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Introduction of Vector 

Physical quantities having magnitude, direction and obeying laws of 
vector algebra are called vectors. 

Example : Displacement, velocity, acceleration, momentum, force, 

impulse, weight, thrust, torque, angular momentum, angular velocity etc. 

If a physical quantity has magnitude and direction both, then it does 
not always imply that it is a vector. For it to be a vector the third condition 
of obeying laws of vector algebra has to be satisfied. 

Example : The physical quantity current has both magnitude and 
direction but is still a scalar as it disobeys the laws of vector algebra.  

Types of Vector 

(1) Equal vectors : Two vectors A  and B  are said to be equal when they 

have equal magnitudes and same direction.  

(2) Parallel vector : Two vectors A  and B  are said to be parallel 

when  

(i) Both have same direction. 

(ii) One vector is scalar (positive) non-zero multiple of another 
vector.  

(3) Anti-parallel vectors : Two  vectors A  and B  are said to be 

anti-parallel when 

(i) Both have opposite direction. 

(ii) One vector is scalar non-zero negative multiple of another 
vector. 

(4) Collinear vectors : When the vectors under consideration can 
share the same support or have a common support then the considered 
vectors are collinear. 

(5) Zero vector )0( : A vector having zero magnitude and arbitrary 

direction (not known to us) is a zero vector. 

(6) Unit vector : A vector divided by its magnitude is a unit vector. Unit 

vector for A  is Â  (read as A cap or A hat). 

Since, 
A

A
A ˆ   AAA ˆ . 

Thus, we can say that unit vector gives us the direction. 

(7) Orthogonal unit vectors  ji ˆ,ˆ  and k̂ are called orthogonal unit 

vectors. These vectors must form a Right Handed Triad (It is a coordinate 
system such that when we Curl the fingers of right hand from x to y then 
we must get the direction of z along thumb). The  

  
x

x
i ˆ ,

y

y
j ˆ ,

z

z
k ˆ  

  ixx ˆ ,  jyy ˆ , kzz ˆ  

(8) Polar vectors : These have starting point or point of application . 

Example displacement and force etc.  

(9) Axial Vectors : These represent rotational effects and are always 
along the axis of rotation in accordance with right hand screw rule. Angular 
velocity, torque and angular momentum, etc., are example of physical 
quantities of this type.  

 

 

 

 

 

 

 (10) Coplanar vector : Three (or more) vectors are called 

coplanar vector if they lie in the same plane. Two (free) vectors are always 
coplanar.  

Triangle Law of Vector Addition of Two Vectors 

If two non zero vectors are represented by the two sides of a 
triangle taken in same order then 
the resultant is given by the 

closing side of triangle in opposite 

order. i.e. BAR    

 ABOAOB   

 

(1) Magnitude of resultant 
vector 
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ĵ  

k̂  

z 

y 

x 

Fig. 0.1 

Fig. 0.2 

BAR   

B 

O A 
A  

B  

Fig. 0.3 



 
  2 Vectors 

In ,ABN
B

AN
cos  cosBAN    

B

BN
sin    sinBBN   

In ,OBN  we have 222 BNONOB   

 

 

 

 

 

 222 )sin()cos(  BBAR    

  222222 sincos2cos BABBAR   

  cos2)sin(cos 22222 ABBAR   

 cos2222 ABBAR   

 cos222 ABBAR   

(2) Direction of resultant vectors : If   is angle between A  and 

,B  then 

cos2|| 22 ABBABA   

If R makes an angle  with ,A  then in ,OBN   

ANOA

BN

ON

BN


tan  






cos

sin
tan

BA

B


  

Parallelogram Law of Vector Addition  

 If two non zero vectors are represented by the two adjacent sides of 
a parallelogram then the resultant is given by the diagonal of the 

parallelogram passing through the point of intersection of the two vectors. 

(1) Magnitude   

Since, 222 CNONR   

 222 )( CNANOAR   

 cos2222 ABBAR   

    cos2|||| 22 ABBABARR   

 

 

 

 

 

 

 

Special cases : BAR   when  = 0o  

BAR   when  = 180o  

22 BAR   when  = 90o  

(2) Direction  
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Polygon Law of Vector Addition 

If a number of non zero vectors are represented by the        (n – 1) 
sides of an n-sided polygon then the resultant is given by the closing side or 
the nth side of the polygon taken in opposite order. So, 

EDCBAR   

OEDECDBCABOA   

 

 

 

 

 

 

 

 

Note :  Resultant of two unequal vectors can not be zero. 

             Resultant of three co-planar vectors may or may not be 
zero 

             Resultant of three non co- planar vectors can not be 
zero. 

Subtraction of vectors 
 

Since, )( BABA    and 

 cos2|| 22 ABBABA   

  )180(cos2|| 22  oABBABA   

Since,  cos)180(cos   

  cos2|| 22 ABBABA   
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But  sin)180sin(   and  cos)180cos(   







cos

sin
tan 2

BA
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 Resolution of Vector Into Components 

Consider a vector R  in X-Y plane as 

shown in fig.  If we draw orthogonal vectors 

xR  and yR  along x and y axes respectively, 

by law of vector addition,  yx RRR      

Now as for any vector nAA ˆ   so, 

xx RiR ˆ  and yy RjR ˆ   

so yx RjRiR ˆˆ      …(i) 

But from figure cosRRx     …(ii)  

and sinRRy      …(iii) 

Since R and  are usually known, Equation (ii) and (iii) give the 

magnitude of the components of R  along x and y-axes respectively. 

Here it is worthy to note once a vector is resolved into its 

components, the components themselves can be used to specify the vector 
as  

(1) The magnitude of the vector R  is obtained by squaring and 
adding equation (ii) and (iii), i.e. 

22
yx RRR      

(2) The direction of the vector R  is obtained by dividing equation 
(iii) by (ii), i.e.   

 )/(tan xy RR  or )/(tan 1
xy RR    

 Rectangular Components of 3-D Vector 

qRRRR zyx   or  kRjRiRR zyx
ˆˆˆ   

 

 

 

 

 

 

 

 

If R  makes an angle  with x axis,  with y axis and  with z axis, 

then 

  l
RRR

R

R

R

zyx

xx 



222

cos  

  m
RRR

R

R

R

zyx

yy





222
cos   

  n
RRR

R

R

R

zyx

zz 



222

cos  

Where l, m, n are called Direction Cosines of the vector R  and 

 222 nml 1coscoscos
222

222

222 





zyx

zyx

RRR

RRR
  

Note :  When a point P have coordinate (x, y, z) 

then its position vector kzjyixOP ˆˆˆ   

               When a particle moves from point (x
1

, y
1

, z
1

) to (x
2

, y
2

, 

z
2

) then its displacement vector 

 kzzjyyixxr ˆ)()̂(ˆ)( 121212 


 

Scalar Product of Two Vectors 

(1) Definition : The scalar product (or dot product) of two vectors is 
defined as the product of the magnitude of two vectors with cosine of angle 
between them. 

Thus if there are two vectors A and B  having angle   between 

them, then their scalar product written as BA .  is defined as BA .  

cosAB  

(2) Properties : (i) It is always a scalar 

which is positive if angle between the vectors is 
acute (i.e., < 90°) and negative if angle between 

them is obtuse (i.e. 90°< < 180°).  

(ii) It is commutative, i.e. ABBA ..   

(iii) It is distributive, i.e. 

CABACBA ..)(.   

(iv) As by definition cos. ABBA    

The angle between the vectors 













 

AB

BA .
cos 1  

(v) Scalar product of two vectors will be maximum when 

,1maxcos   i.e. ,0o  i.e., vectors are parallel  

ABBA max).(  

(vi) Scalar product of two vectors will be minimum when 

,0min|cos|  i.e. o90   

0).( min BA  

i.e. if the scalar product of two nonzero vectors vanishes the vectors 

are orthogonal. 

(vii) The scalar product of a vector by itself is termed as self dot 

product and is given by 22 cos.)( AAAAAA    
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i.e. AAA .  

(viii) In case of unit vector n̂  

10cos11ˆ.ˆ nn   so 1ˆ.ˆˆ.ˆˆ.ˆˆ.ˆ  kkjjiinn  

(ix) In case of orthogonal unit vectors ji ˆ,ˆ  and ,k̂   

090cos11ˆ.ˆˆ.ˆˆ.ˆ  ikkjji  

(x) In terms of components 

 )(.)(. zyxzyx BkBjBiAkAjAiBA  ][ zZyyxx BABABA   

(3) Example : (i) Work W : In physics for constant force work is 

defined as, cosFsW     …(i) 

But by definition of scalar product of two vectors, cos. FssF   

     …(ii) 

So from eqn (i) and (ii) sFW .   i.e. work is the scalar product of 

force with displacement. 

(ii) Power P : 

As sFW .  or 
dt

sd
F

dt

dW
.   [As F  is constant] 

or vFP .    i.e., power is the scalar product of force with 

velocity. 













 v

dt

sd
P

dt

dW
andAs  

(iii) Magnetic Flux  :  

Magnetic flux through an area is 

given by  cosdsBd   …(i) 

But by definition of scalar 

product cos. BdssdB     ...(ii) 

So from eqn (i) and (ii) we have 

sdBd .   or  sdB .  

(iv) Potential energy of a dipole U : If an electric dipole of moment 

p  is situated in an electric field E  or a magnetic dipole of moment M  

in a field of induction ,B  the potential energy of the dipole is given by : 

EpUE .  and BMUB .  

 Vector Product of Two Vectors 

(1) Definition : The vector product or cross product of two vectors 
is defined as a vector having a magnitude equal to the product of the 

magnitudes of two vectors with the sine of angle between them, and 
direction perpendicular to the plane containing the two vectors in 
accordance with right hand screw rule.  

  BAC   

Thus, if A  and B  are two vectors, then their vector product 

written as BA   is a vector C  defined by  

  nABBAC ˆsin  

 

 

 

 

 

 

 

The direction of ,BA   i.e. C  is perpendicular to the plane 

containing vectors A  and B  and in the sense of advance of a right 

handed screw rotated from A  (first vector) to B  (second vector) through 

the smaller angle between them. Thus, if a right handed screw whose axis is 

perpendicular to the plane framed by A  and B  is rotated from A  to B  

through the smaller angle between them, then the direction of advancement 

of the screw gives the direction of BA   i.e. C   

(2) Properties  

(i) Vector product of any two vectors is always a vector 

perpendicular to the plane containing these two vectors, i.e., orthogonal to 

both the vectors A  and ,B though the vectors A  and B  may or may 

not be orthogonal. 

(ii) Vector product of two vectors is not commutative, i.e., 

ABBA   [but ]AB  

Here it is worthy to note that  

sin|||| ABABBA   

i.e. in case of vector BA   and AB   magnitudes are equal but 
directions are opposite. 

(iii) The vector product is distributive when the order of the vectors 
is strictly maintained, i.e.  

  CABACBA  )(  

(iv) The vector product of two vectors will be maximum when 

,1maxsin   i.e., o90  

nABBA ˆ][ max   

i.e. vector product is maximum if the vectors are orthogonal.  

(v) The vector product of two non- zero vectors will be minimum when 

|sin|   minimum = 0, i.e., o0  or o180   

0][ min  BA  

i.e.  if the vector product of two non-zero vectors vanishes, the 
vectors are collinear. 

(vi) The self cross product, i.e., product of a vector by itself 

vanishes, i.e., is null vector 0ˆ0sin  nAAAA o  

(vii) In case of unit vector 0ˆˆ nn so that 

0ˆˆˆˆˆˆ  kkjjii  

(viii) In case of orthogonal unit vectors, kji ˆ,ˆ,ˆ  in accordance with 

right hand screw rule :  
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 ,ˆˆˆ kji   ikj ˆˆˆ    and  jik ˆˆˆ   

And as cross product is not commutative, 

 kij ˆˆˆ  , ijk ˆˆˆ  and jki ˆˆˆ   

(x) In terms of components  

zyx

zyx

BBB

AAA

kji

BA

ˆˆˆ

  

)(ˆ yzzy BABAi  )(ˆ)(ˆ xyyxzxxz BABAkBABAj   

(3) Example : Since vector product of two vectors is a vector, vector 

physical quantities (particularly representing rotational effects) like torque, 
angular momentum, velocity and force on a moving charge in a magnetic field 
and can be expressed as the vector product of two vectors. It is well – 
established in physics that : 

(i) Torque Fr  

(ii) Angular momentum prL   

(iii) Velocity rv   

(iv) Force on a charged particle q moving with velocity v  in a 

magnetic field B  is given by  )( BvqF   

(v) Torque on a dipole in a field EpE   and BMB   

 Lami's Theorem 

In any CBA  with sides cba ,,  

cba

 sinsinsin
    

 

 

 

 

 

 

 

i.e. for any triangle the ratio of the sine of the angle containing the 

side to the length of the side is a constant. 

For a triangle whose three sides are in the same order we establish 

the Lami's theorem in the following manner. For the triangle shown 

0 cba  [All three sides are taken in order] …(i) 

 cba      …(ii) 

Pre-multiplying both sides by a  

cabaa  )(   caba 0   

acba      …(iii) 

Pre-multiplying both sides of (ii) by b  

cbbab  )(   cbbbab   

 cbba  cbba      …(iv) 

From (iii) and (iv), we get  accbba   

Taking magnitude, we get  |||||| accbba    

)180sin()180sin()180sin(   cabcab   

 sinsinsin cabcab   

Dividing through out by abc, we have  

cba

 sinsinsin
  

 Relative Velocity 

(1) Introduction :  When we consider the motion of a particle, we 

assume a fixed point relative to which the given particle is in motion. For 
example, if we say that water is flowing or wind is blowing or a person is 
running with a speed v, we mean that these all are relative to the earth 
(which we have assumed to be fixed). 

 

 

 

 

 

 

 

Now to find the velocity of a moving object relative to another 
moving object, consider a particle P whose position relative to frame S is 


PSr  while relative to S   is 


SPr .  

If the position of frames S   relative to S at any time is SSr 



 then 

from figure, 










 SSSPPS rrr  

Differentiating this equation with respect to time 

dt

dr

dt

dr

dt

dr SSSPPS











  

or  










 SSSPPS vvv   [as dt/rdv


 ] 

or 






  SSPSSP vvv  
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ĵ  

k̂  
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mv


 

(2) General Formula : The relative velocity of a particle P
1

 moving 

with velocity 


1v with respect to another particle P
2

 moving with velocity 



2v is given by,  12rv


= 


1v – 


2v  

 

 

 

 

 

(i) If both the particles are moving in the same direction then :  

21 –
12

 r  

(ii) If the two particles are moving in the opposite direction, then : 

2112
 r    

(iii) If the two particles are moving in the mutually perpendicular 

directions, then:  

 2
2

2
112

 r  

(iv) If the angle between 


1 and 2



  be , then 

  2/1

21
2
2

2
1 cos2–

12
 r . 

(3) Relative velocity of satellite : If a satellite is moving in equatorial 

plane with velocity sv


 and a point on the surface of earth with ev


 

relative to the centre of earth, the velocity of satellite relative to the surface 

of earth   

esse vvv


  

So if the satellite moves form west to east (in the direction of 

rotation of earth on its axis) its velocity relative to earth's surface will be 

esse vvv   

And if the satellite moves from east to west, i.e., opposite to the 

motion of earth, esesse vvvvv  )(  

(4) Relative velocity of rain : If rain is falling vertically with a 

velocity 


Rv  and an observer is moving horizontally with speed Mv


 the 

velocity of rain relative to observer will be 


 MRRM vvv  

which by law of vector addition has magnitude  

22
MRRM vvv    

direction )/(tan 1
RM vv  with the vertical as shown in fig. 

 

 

 

 

 

 

 

(5) Relative velocity of swimmer : If a man can swim relative to 

water with velocity 


v  and water is flowing relative to ground with velocity 



Rv  velocity of man relative to ground 


Mv  will be given by:  

,
RM vvv



  i.e., RM vvv


   

So if the swimming is in the direction of flow of water, 

RM
vvv   

And if the swimming is opposite to the flow of water, 
RM

vvv   

(6) Crossing the river : Suppose, the river is flowing with velocity 

r


. A man can swim in still water with velocity m


. He is standing on one 

bank of the river and wants to cross the river, two cases arise.  

(i) To cross the river over shortest distance : That is to cross the 

river straight, the man should swim making angle  with the upstream as 
shown. 

 

 

 

 

 

 

 

Here OAB is the triangle of vectors, in which 


 ., rm ABvOA   

Their resultant is given by 


 OB . The direction of swimming makes 

angle  with upstream. From the triangle OBA, we find,  

m

r




 cos  Also 

m

r




 sin   

Where  is the angle made by the direction of swimming with the 

shortest distance (OB) across the river.  

Time taken to cross the river : If w be the width of the river, then 

time taken to cross the river will be given by 

22
1

– rm

ww
t


  

 (ii) To cross the river in shortest possible time : The man should 

swim perpendicular to the bank.  

 The time taken to cross the river will be:  

 
m

w
t


2  
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 In this case, the man will touch the opposite bank at a distance AB 

down stream. This distance will be given by:  

m

rr

w
tAB


  2         or  wAB

m

r




  

 
 
 
 
 
 

 All physical quantities having direction are not vectors. For 
example, the electric current possesses direction but it is a scalar 
quantity because it can not be added or multiplied according to the rules 
of vector algebra. 

 A vector can have only two rectangular components in plane and 

only three rectangular components in space.  

 A vector can have any number, even infinite components. 
(minimum 2 components) 

 Following quantities are neither vectors nor scalars : Relative 
density, density, viscosity, frequency, pressure, stress, strain, modulus of 
elasticity, poisson’s ratio, moment of inertia, specific heat, latent heat, 
spring constant loudness, resistance, conductance, reactance, impedance, 
permittivity, dielectric constant, permeability, susceptibility, refractive 
index, focal length, power of lens, Boltzman constant, Stefan’s constant, 

Gas constant, Gravitational constant, Rydberg constant, Planck’s constant 
etc. 

 Distance covered is a scalar quantity. 

 The displacement is a vector quantity. 

 Scalars are added, subtracted or divided algebraically.  

 Vectors are added and subtracted geometrically.  

 Division of vectors is not allowed as directions cannot be divided.  

 Unit vector gives the direction of vector.  

 Magnitude of unit vector is 1.  

 Unit vector has no unit. For example, velocity of an object is 5 ms–1 
due East. 

i.e.  15  msv


 due east. 

East
5

East)(5

||
ˆ

1

1






ms

ms

v

v
v 



 

So unit vector v̂  has no unit as East is not a physical quantity.  

 Unit vector has no dimensions. 

 1ˆ.ˆˆ.ˆˆ.ˆ  kkjjii  

 0ˆˆˆˆˆˆ


 kkjjii  

 jikikjkji ˆˆˆ,ˆˆˆ,ˆˆˆ   

 0ˆ.ˆˆ.ˆˆ.ˆ  ikkjji  

 0


 AA . Also 0


 AA  But AAAA


  

Because AAA


  and AA


  is collinear with A


 

 Multiplication of a vector with –1 reverses its direction. 

If BA


 , then A = B and BA ˆˆ  . 

If 0


 BA , then A = B but BA ˆˆ  . 

 Minimum number of collinear vectors whose resultant can be zero 
is two.  

 Minimum number of coplaner vectors whose resultant is zero is 

three. 

 Minimum number of non coplaner vectors whose resultant is zero 
is four.  

 Two vectors are perpendicular to each other if 0. BA


. 

 Two vectors are parallel to each other if .0BA


 

 Displacement, velocity, linear momentum and force are polar 

vectors.  

 Angular velocity, angular acceleration, torque and angular 
momentum are axial vectors.  

 Division with a vector is not defined because it is not possible to 
divide with a direction. 

 Distance covered is always positive quantity. 

 The components of a vectors can have magnitude than that of the 

vector itself. 

 The rectangular components cannot have magnitude greater than 
that of the vector itself. 

 When we multiply a vector with 0 the product becomes a null 
vector. 

 The resultant of two vectors of unequal magnitude can never be a 
null vector. 

 Three vectors not lying in a plane can never add up to give a null 

vector. 

 A quantity having magnitude and direction is not necessarily a 
vector. For example, time and electric current. These quantities have 

magnitude and direction but they are scalar. This is because they do not 
obey the laws of vector addition.  

 A physical quantity which has different values in different 
directions is called a tensor. For example : Moment of inertia has 

different values in different directions. Hence moment of inertia is a 
tensor. Other examples of tensor are refractive index, stress, strain, 
density etc. 

 The magnitude of rectangular components of a vector is always less 
than the magnitude of the vector 

 If BA


 , then yyxx BABA  ,  and zz BA  . 

 If CBA


 . Or if 0


 CBA , then BA


,  and C


 lie in 

one plane. 

 If CBA


 , then C


 is perpendicular to A


 as well as B


. 

 If |||| BABA


 , then angle between A


 and B


is 90°. 

 Resultant of two vectors will be maximum when  = 0° i.e. vectors 
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are parallel. 

||0cos222
max QPPQQPR   

 Resultant of two vectors will be minimum when  = 180° i.e. 
vectors are anti-parallel. 

||180cos222
min QPPQQPR   

Thus, minimum value of the resultant of two vectors is equal to the 
difference of their magnitude.  

 Thus, maximum value of the resultant of two vectors is equal to 
the sum of their magnitude. 

 When the magnitudes of two vectors are unequal, then  

0min  QPR                                                   

|]|||[ QP


   

Thus, two vectors P


 and Q


 having different magnitudes can never be 

combined to give zero resultant. From here, we conclude that the 
minimum number of vectors of unequal magnitude whose resultant can 

be zero is three. On the other hand, the minimum number of vectors of 
equal magnitude whose resultant can be zero is two. 

 Angle between two vectors A


 and B


 is given by 

       
||||

.
cos

BA

BA




  

 Projection of a vector A


 in the direction of vector B


 

        
||

.

B

BA




  

 Projection of a vector B


 in the direction of vector A


 

       
||

.

A

BA




  

 If vectors CBA


 and,  are represented by three sides ab, bc and 

ca respectively taken in a order, then  

ca

C

bc

B

ab

A ||||||


  

 The vectors kji ˆˆˆ   is equally inclined to the coordinate axes at 

an angle of 54.74 degrees. 

 If CBA


 , then 0. CBA


. 

 If 0. CBA


, then BA


.  and C


 are coplanar. 

 If angle between A


 and B


 is 45°, 

then ||. BABA


  

 If 0......321


 nAAAA  and nAAAA  ......321  

then the adjacent vector are inclined to each other at angle n/2 . 

 If CBA


  and 222 CBA  , then the angle between A


 

and B


is 90°. Also A, B and C can have the following values. 
(i) A = 3, B = 4, C = 5  
(ii) A = 5, B = 12, C = 13 

(iii) A = 8, B = 15, C = 17. 
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Fundamentals of Vectors  

1. The vector projection of a vector ki ˆ4ˆ3  on y-axis is 

    [RPMT 2004] 

(a) 5 (b) 4 

(c) 3 (d)  Zero 

2. Position of a particle in a rectangular-co-ordinate system is (3, 2, 5). 
Then its position vector will be 

(a) kji ˆ2ˆ5ˆ3   (b) kji ˆ5ˆ2ˆ3   

(c) kji ˆ2ˆ3ˆ5   (d) None of these 

3. If a particle moves from point P (2,3,5) to point Q (3,4,5). Its 
displacement vector be 

(a) kji ˆ10ˆˆ   (b) kji ˆ5ˆˆ   

(c) ji ˆˆ   (d) kji ˆ6ˆ4ˆ2   

4. A force of 5 N acts on a particle along a direction making an angle of 
60° with vertical. Its vertical component be  

(a)  10 N  (b) 3 N 

(c) 4 N (d) 2.5 N 

5. If jiA ˆ4ˆ3   and ,ˆ24ˆ7 jiB  the vector having the same 

magnitude as B and parallel to A is  

(a) ji ˆ20ˆ5   (b) ji ˆ10ˆ15   

(c) ji ˆ15ˆ20   (d) ji ˆ20ˆ15   

6. Vector A  makes equal angles with x, y and z axis. Value of its 

components (in terms of magnitude of A ) will be 

(a) 
3

A
 (b) 

2

A
  

(c)  A3  (d) 
A

3
 

7. If kjiA ˆ5ˆ4ˆ2   the direction of cosines of the vector A  are 

(a) 
45

5
and

45

4
,

45

2 
 (b) 

45

3
and

45

2
,

45

1
 

(c) 
45

4
and0,

45

4
 (d) 

45

5
and

45

2
,

45

3
 

8. The vector that must be added to the vector kji ˆ2ˆ3ˆ   and 

kji ˆ7ˆ6ˆ3   so that the resultant vector is a unit vector along 

the y-axis is 

(a) kji ˆ5ˆ2ˆ4   (b) kji ˆ5ˆ2ˆ4   

(c) kji ˆ5ˆ4ˆ3   (d) Null vector 

9. How many minimum number of coplanar vectors having different 
magnitudes can be added to give zero resultant  

(a) 2 (b) 3 

 (c) 4 (d) 5  

10. A hall has the dimensions .141210 mmm  A fly starting at one 

corner ends up at a diametrically opposite corner. What is the 
magnitude of its displacement  

(a) 17 m (b) 26 m 

 (c) 36 m (d) 20 m  

11. 100 coplanar forces each equal to 10 N act on a body. Each force 

makes angle 50/ with the preceding force. What is the resultant 

of the forces  

(a) 1000 N (b) 500 N 

 (c) 250 N (d) Zero  

12. The magnitude of a given vector with end points (4, – 4, 0) and (– 
2, – 2, 0) must be 

(a) 6 (b) 25  

 (c) 4 (d) 102   

13. The expression 













 ji ˆ

2

1ˆ

2

1
 is a  

(a) Unit vector (b) Null vector  

(c) Vector of magnitude 2  (d) Scalar  

14. Given vector ,ˆ3ˆ2 jiA  the angle between A and y-axis is  

   [CPMT 1993] 

(a) 2/3tan 1  (b) 3/2tan 1  

(c) 3/2sin 1  (d) 3/2cos 1   

15. The unit vector along ji ˆˆ   is   

(a) k̂  (b) ji ˆˆ   

(c) 
2

ˆˆ ji 
 (d) 

2

ˆˆ ji 
  

16. A vector is represented by kji ˆ2ˆˆ3  . Its length in  XY  plane is   [EAMCET (Engg.) 1994] 

(a) 2 (b) 14  

 (c) 10  (d) 5   

17. Five equal forces of 10 N each are applied at one point and all are 
lying in one plane. If the angles between them are equal, the 

resultant force will be   [CBSE PMT 1995] 

(a) Zero (b) 10 N 

 (c) 20 N (d) N210  

18. The angle made by the vector jiA ˆˆ   with x- axis is  

[EAMCET (Engg.) 1999]   

(a) 90° (b) 45° 

(c) 22.5° (d) 30°  

19. Any vector in an arbitrary direction can always be replaced by two 
(or three) 

(a) Parallel vectors which have the original vector as their 
resultant  

(b) Mutually perpendicular vectors which have the original vector 

as their resultant  
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(c) Arbitrary vectors which have the original vector as their 
resultant  

(d) It is not possible to resolve a vector  

20. Angular momentum is    [MNR 1986] 

(a) A scalar  (b) A polar vector 

(c) An axial vector (d) None of these  

21. Which of the following is a vector 

(a) Pressure (b) Surface tension 

(c) Moment of inertia (d) None of these 

22. If QP


 then which of the following is NOT correct 

(a) QP ˆˆ   (b) |||| QP


  

(c) PQQP ˆˆ   (d) QPQP ˆˆ 


 

23. The position vector of a particle is jtaitar )̂sin()̂cos(  


. 

The velocity of the particle is    [CBSE PMT 1995] 

(a) Parallel to the position vector 

(b) Perpendicular to the position vector 

(c) Directed towards the origin 

(d) Directed away from the origin 

24. Which of the following is a scalar quantity  [AFMC 1998] 

(a) Displacement (b) Electric field  

(c) Acceleration (d) Work 

25. If a unit vector is represented by kcji ˆˆ8.0ˆ5.0  , then the value 

of ‘c’ is   [CBSE PMT 1999; EAMCET 1994] 

(a) 1 (b) 11.0  

(c) 01.0  (d) 39.0  

26. A boy walks uniformally along the sides of a rectangular park of size 

400 m× 300 m, starting from one corner to the other corner 
diagonally opposite. Which of the following statement is incorrect 
  [HP PMT 1999] 

(a) He has travelled a distance of 700 m  

(b) His displacement is 700 m 

(c) His displacement is 500 m 

(d) His velocity is not uniform throughout the walk 

27. The unit vector parallel to the resultant of the vectors 

kjiA ˆ6ˆ3ˆ4 


 and kjiB ˆ8ˆ3ˆ 


 is [EAMCET 2000] 

 (a) )ˆ2ˆ6ˆ3(
7

1
kji   (b) )ˆ2ˆ6ˆ3(

7

1
kji   

(c) )ˆ2ˆ6ˆ3(
49

1
kji   (d) )ˆ2ˆ6ˆ3(

49

1
kji   

28. Surface area is    [J&K CET 2002] 

(a) Scalar (b) Vector 

(c) Neither scalar nor vector (d) Both scalar and vector  

29. With respect to a rectangular cartesian coordinate system, three 

vectors are expressed as  

 jia ˆˆ4 


, jib ˆ2ˆ3 


 and  kc ˆ


 

 where kji ˆ,ˆ,ˆ are unit vectors, along the X, Y and Z-axis respectively. 

The unit vectors r̂ along the direction of sum of these vector is
 [Kerala CET (Engg.) 2003] 

(a) )ˆˆ(̂
3

1
ˆ kjir   (b) )ˆˆ(̂

2

1
ˆ kjir   

(c) )ˆˆ(̂
3

1
ˆ kjir   (d) )ˆˆ(̂

2

1
ˆ kjir   

30. The angle between the two vectors kjiA ˆ5ˆ4ˆ3 


and 

kjiB ˆ5ˆ4ˆ3 


 is   [DPMT 2000] 

(a) 60° (b) Zero 

(c) 90° (d) None of these 

31. The position vector of a particle is determined by the expression 

kjtitr ˆ7ˆ4ˆ3 22 


 

The distance traversed in first 10 sec is  [DPMT 2002] 

(a) 500 m (b) 300 m 

(c) 150 m (d) 100 m 

32. Unit vector parallel to the resultant of vectors jiA ˆ3ˆ4 


and 

jiB ˆ8ˆ8 


will be   [BHU 1995] 

(a) 
13

ˆ5ˆ24 ji 
 (b) 

13

ˆ5ˆ12 ji 
 

(c) 
13

ˆ5ˆ6 ji 
 (d) None of these 

33. The component of vector jiA ˆ3ˆ2  along the vector ji ˆˆ  is 

  [KCET 1997] 

(a) 
2

5
 (b) 210  

(c) 25  (d) 5 

34. The angle between the two vectors kjiA ˆ5ˆ4ˆ3 


 and 

kjiB ˆ5ˆ4ˆ3 


 will be    [Pb. CET 2001] 

(a) 90° (b) 0° 

(c) 60° (d) 45° 

 

Addition and Subtraction of Vectors 

1. There are two force vectors, one of 5 N and other of 12 N at what 
angle the two vectors be added to get resultant vector of 17 N, 7 N 
and 13 N respectively 

 (a) 0°, 180° and 90° (b) 0°, 90° and 180° 

 (c) 0°, 90° and 90° (d) 180°, 0° and 90° 

2. If  jiA ˆ3ˆ4   and jiB ˆ8ˆ6   then magnitude and direction of 

BA   will be 
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(a) )4/3(tan,5 1  (b) )2/1(tan,55 1  

(c) )5(tan,10 1  (d) )4/3(tan,25 1  

3. A truck travelling due north at 20 m/s turns west and travels at the 
same speed. The change in its velocity be  

[UPSEAT 1999] 

(a) 40 m/s N–W (b) 220 m/s N–W 

(c) 40 m/s S–W (d) 220  m/s S–W 

4. If the sum of two unit vectors is a unit vector, then magnitude of 
difference is    [CPMT 1995; CBSE PMT 1989] 

(a) 2  (b) 3  

(c) 2/1  (d) 5  

5. kjBjiA ˆˆ3,ˆˆ2   and kiC ˆ2ˆ6  . 

 Value of CBA 32   would be  

(a) kji ˆ4ˆ5ˆ20   (b) kji ˆ4ˆ5ˆ20   

(c) kji ˆ20ˆ5ˆ4   (d) kji ˆ10ˆ4ˆ5   

6. An object of m kg with speed of v m/s strikes a wall at an angle  

and rebounds at the same speed and same angle. The magnitude of 
the change in momentum of the object will be  

(a) cos2 vm   

(b) sin2 vm  

(c) 0 

(d) vm2  

7. Two forces, each of magnitude F have a resultant of the same 
magnitude F. The angle between the two forces is  

 [CBSE PMT 1990]  

(a) 45° (b) 120° 

(c) 150° (d) 60°  

8. For the resultant of the two vectors to be maximum, what must be 

the angle between them 

(a) 0° (b) 60° 

(c) 90° (d) 180°  

9. A particle is simultaneously acted by two forces equal to 4 N and 3 
N. The net force on the particle is  [CPMT 1979] 

(a) 7 N (b) 5 N 

(c) 1 N (d) Between 1 N and 7 N  

10. Two vectors A and B lie in a plane, another vector C lies outside 

this plane, then the resultant of these three vectors i.e., CBA     [CPMT 1983] 

(a) Can be zero  

(b) Cannot be zero 

(c) Lies in the plane containing BA   

(d) Lies in the plane containing C


  

11. If the resultant of the two forces has a magnitude smaller than the 
magnitude of larger force, the two forces must be 

(a) Different both in magnitude and direction 

(b) Mutually perpendicular to one another 

(c) Possess extremely small magnitude  

(d) Point in opposite directions   

12. Forces 1F  and 2F  act on a point mass in two mutually 

perpendicular directions. The resultant force on the point mass will 
be   [CPMT 1991] 

(a) 21 FF   (b) 21 FF   

(c) 2
2

2
1 FF   (d) 2

2
2

1 FF    

13. If |,||||| BABA  the angle between A and B  is 

(a) 60° (b) 0° 
(c) 120° (d) 90°  

14. Let  the angle between two nonzero vectors A  and B  be 120° and 

resultant be C  

(a) C  must be equal to || BA   

(b) C  must be less than || BA   

(c) C  must be greater than || BA   

(d) C  may be equal to || BA   

15. The magnitude of vector BA,  and C  are respectively 12, 5 and 13 

units and CBA   then the angle between A  and B  is    [CPMT 1997]  

(a) 0 (b)   

(c) 2/  (d) 4/   

16. Magnitude of vector which comes on addition of two vectors, 

ji ˆ7ˆ6   and ji ˆ4ˆ3   is   [BHU 2000]  

(a) 136  (b) 2.13  

(c) 202  (d) 160   

17. A particle has displacement of 12 m towards east and 5 m towards 

north then 6 m vertically upward. The sum of these displacements is   [AIIMS 1998] 

(a) 12 (b) 10.04 m 

(c) 14.31 m (d) None of these  

18. The three vectors kjiBkjiA ˆ5ˆ3ˆ,ˆˆ2ˆ3   and 

kjiC ˆ4ˆˆ2   form 

(a) An equilateral triangle (b) Isosceles triangle 
(c) A right angled triangle (d)  No triangle  

19. For the figure  

(a) CBA   

 (b) ACB   

(c) BAC   

(d) 0 CBA   

20. Let BAC   then 

(a) || C  is always greater then || A  

 (b) It is possible to have |||| AC   and |||| BC   

(c) C is always equal to A + B  

 (d) C is never equal to A + B  

21. The value of the sum of two vectors A  and B  with   as the 

angle between them is    [BHU 1996]  

(a) cos222 ABBA   (b) cos222 ABBA   

B  
 

C  
 

A  
 

  v1 
 v2 
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(c) sin222 ABBA   (d) sin222 ABBA    

22. Following sets of three forces act on a body. Whose resultant cannot 
be zero    [CPMT 1985] 

(a) 10, 10, 10 (b) 10, 10, 20 

(c) 10, 20, 23 (d) 10, 20, 40  

23. When three forces of 50 N, 30 N and 15 N  act on a body, then the 

body is  

(a) At rest  

(b) Moving with a uniform velocity 

(c) In equilibrium  

(d) Moving with an acceleration  

24. The sum of two forces acting at a point is 16 N. If the resultant 
force is 8 N and its direction is perpendicular to minimum force 
then the forces are   [CPMT 1997] 

(a) 6 N and 10 N (b) 8 N and 8 N 

(c) 4 N and 12 N (d) 2 N and 14 N  

25. If vectors P, Q and R have magnitude 5, 12 and 13 units and 

,RQP   the angle between Q and R is [CEET 1998]  

(a) 
12

5
cos 1  (b) 

13

5
cos 1  

(c) 
13

12
cos 1  (d) 

13

7
cos 1   

26. The resultant of two vectors A and B is perpendicular to the vector 
A and its magnitude is equal to half the magnitude of vector B. The 
angle between A and B is  

(a) 120° (b) 150° 

(c) 135° (d) None of these  

27. What vector must be added to the two vectors kji ˆ2ˆ2ˆ   and 

,ˆˆˆ2 kji   so that the resultant may be a unit vector along     x-

axis   [BHU 1990] 

(a) kji ˆˆˆ2   (b) kji ˆˆˆ2   

(c) kji ˆˆˆ2   (d) kji ˆˆˆ2   

28. What is the angle between P  and  the resultant of )( QP   and 

)( QP   

(a) Zero (b) )/(tan 1 QP  

(c) )/(tan 1 PQ  (d) )/()(tan 1 QPQP    

29. The resultant of P  and Q  is perpendicular to P . What is the 

angle between P  and Q   

(a) )/(cos 1 QP  (b) )/(cos 1 QP  

(c) )/(sin 1 QP  (d) )/(sin 1 QP   

30. Maximum and minimum magnitudes  of the resultant of two vectors 

of magnitudes P and Q are in the ratio .1:3 Which of the 
following relations is true  

(a) QP 2  (b) QP   

(c) 1PQ  (d) None of these  

31. The resultant of two vectors P  and Q  is .R  If Q  is doubled, the 

new resultant is perpendicular to P. Then R equals 

(a) P (b) (P+Q) 

(c) Q (d) (P–Q)  

32. Two forces, 1F  and  2F  are acting on a body. One force is double 

that of the other force and the resultant is equal to the greater 
force. Then the angle between the two forces is  

 (a) )2/1(cos 1  (b) )2/1(cos 1   

(c) )4/1(cos 1   (d) )4/1(cos 1   

33. Given that CBA  and that C  is   to A . Further if 

|,||| CA  then what is the angle between A  and B  

(a) radian
4


 (b) radian

2


 

(c) radian
4

3
 (d) radian  

34. A body is at rest under  the action of three forces, two of which are 

,ˆ6,ˆ4 21 jFiF 


the third force is  [AMU 1996] 

 (a) ji ˆ6ˆ4   (b) ji ˆ6ˆ4   

(c) ji ˆ6ˆ4   (d) ji ˆ6ˆ4    

35. A plane is revolving around the earth with a speed of 100 km/hr at a 
constant height from the surface of earth. The change in the velocity 
as it travels half circle is  

 [RPET 1998; KCET 2000] 

(a) 200 km/hr (b) 150 km/hr 

(c) hrkm /2100  (d) 0  

36. What displacement must be added to the displacement 

mji ˆ6ˆ25   to give a displacement of 7.0 m pointing in the x- 

direction 

(a) ji ˆ6ˆ18   (b) ji ˆ13ˆ32   

(c) ji ˆ6ˆ18   (d) ji ˆ13ˆ25    

37. A body moves due East with velocity 20 km/hour and then due 

North with velocity 15 km/hour. The resultant velocity   

  [AFMC 1995] 

(a) 5 km/hour (b) 15 km/hour 

(c) 20 km/hour (d) 25 km/hour  

38.  The magnitudes of vectors  BA


, and C


are 3, 4 and 5 units 

respectively. If CBA


 , the angle between A


and B


is  

    [CBSE PMT 1990] 

(a) 
2


 (b) )6.0(cos 1  

(c) 








5

7
tan 1  (d) 

4


 

39. While travelling from one station to another, a car travels 75 km 

North, 60 km North-east and 20 km East. The minimum distance 
between the two stations is  [AFMC 1993] 

(a) 72 km (b) 112 km 

(c) 132 km (d) 155 km 

40. A scooter going due east at 10 ms–1 turns right through an angle of 
90°. If the speed of the scooter remains unchanged in taking turn, 
the change is the velocity of the scooter is  
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   [BHU 1994] 

(a) 20.0 ms–1 south eastern direction 

(b) Zero 

(c) 10.0 ms–1 in southern direction 

(d) 14.14 ms–1 in south-west direction 

41. A person goes 10 km north and 20 km east. What will be 

displacement from initial point   [AFMC 1994, 2003] 

(a) 22.36 km (b) 2 km 

(c) 5 km (d) 20 km 

42. Two forces kjiF ˆ20ˆ10ˆ51 


and kjiF ˆ15ˆ5ˆ102 


 act on 

a single point. The angle between 1F


and 2F


 is nearly  

  [AMU 1995] 

(a) 30° (b) 45° 

(c) 60° (d) 90° 

43. Which pair of the following forces will never give resultant force of 

2 N   [HP PMT 1999] 

(a) 2 N and 2 N (b) 1 N and 1 N 

(c) 1 N and 3 N (d) 1 N and 4 N 

44. Two forces 3N and 2 N are at an angle  such that the resultant is 

R. The first force is now increased to 6N and the resultant become 

2R. The value of  is [HP PMT 2000] 

(a) 30° (b) 60° 

(c) 90° (d) 120° 

45. Three concurrent forces of the same magnitude are in equilibrium. 

What is the angle between the forces ? Also name the triangle 
formed by the forces as sides  

     [JIPMER 2000] 

(a) 60° equilateral triangle   

(b) 120° equilateral triangle   

(c) 120°, 30°, 30° an isosceles triangle 

(d) 120° an obtuse angled triangle 

46. If |||||| BABA


 , then angle between A


and B


 will be 

   [CBSE PMT 2001] 

(a) 90° (b) 120° 

(c) 0° (d) 60° 

47. The maximum and minimum magnitude of the resultant of two 
given vectors are 17 units and 7 unit respectively. If these two 
vectors are at right angles to each other, the magnitude of their 
resultant is  [Kerala CET (Engg.) 2000] 

(a) 14 (b) 16 

(c) 18 (d) 13 

48. The vector sum of two forces is perpendicular to their vector 
differences. In that case, the forces   [CBSE PMT 2003] 

(a) Are equal to each other in magnitude  

(b) Are not equal to each other in magnitude  

(c) Cannot be predicted   

(d) Are equal to each other 

49. y component of velocity is 20 and x component of velocity is 10. The 
direction of motion of the body with the horizontal at this instant is   [Manipal 2003] 

(a) )2(tan 1  (b) )2/1(tan 1  

(c) 45° (d) 0° 

50. Two forces of 12 N and 8 N act upon a body. The resultant force on 

the body has maximum value of  [Manipal 2003] 

(a) 4 N (b) 0 N 

(c) 20 N (d) 8 N 

51. Two equal forces (P each) act at a point inclined to each other at an 

angle of 120°. The magnitude of their resultant is     [Karnataka CET 2004] 

(a) 2/P  (b) 4/P  

(c) P  (d) 2P 

52. The vectors ji 85  and ji 72  are added. The magnitude of the 

sum of these vector is    [BHU 2000] 

(a) 274  (b) 38 

(c) 238 (d) 560 

53. Two vectors BA


 and  are such that BABA


 .  Then 

   [AMU (Med.) 2000] 

(a)  0. BA


 (b) 0BA


 

(c) 0A


 (d) 0B  
 

Multiplication of Vectors 

1. If a vector kji ˆ8ˆ3ˆ2  is perpendicular to the vector 

kij ˆˆ4ˆ4  . Then the value of   is  [CBSE PMT 2005] 

(a) –1 (b) 
2

1
 

(c) 
2

1
  (d) 1 

2.  If two vectors kji ˆˆ3ˆ2   and kji ˆˆ6ˆ4   are parallel to 

each other then value of  be  

(a)  0 (b) 2 

(c) 3 (d)  4 

3.  A body, acted upon by a force of 50 N is displaced through a 
distance 10 meter in a direction making an angle of 60° with the 

force. The work done by the force be  

(a) 200 J (b) 100 J 

(c) 300 (d) 250 J 

4. A particle moves from position kji ˆ6ˆ2ˆ3   to kji ˆ9ˆ13ˆ14   

due to a uniform force of .)ˆ3ˆˆ4( Nkji   If the displacement in 

meters then work done will be  

[CMEET 1995; Pb. PMT 2002, 03] 

(a)  100 J (b) 200 J 

(c) 300 J (d) 250 J 

5.  If for two vector A  and B , sum )( BA   is perpendicular to the 

difference )( BA  . The ratio of their magnitude is 

(a) 1 (b) 2 
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(c) 3 (d) None of these 

6.  The angle between the vectors A  and B  is . The value of the 

triple product )(. ABA   is    [CBSE PMT 1991, 2005] 

(a) BA 2  (b) Zero 

(c)  sin2 BA  (d) cos2 BA  

7.  If 


 ABBA  then the angle between A and B is 

 [AIEEE 2004] 

(a)  / 2  (b)  / 3 

(c)  (d)  / 4 

8. If kjiA ˆ2ˆˆ3   and kjiB ˆ4ˆ2ˆ2   then value of 

|| BA   will be  

(a) 28  (b) 38  

(c)  58  (d) 85  

9. The torque of the force NkjiF )ˆ4ˆ3ˆ2(   acting at the point 

)ˆ3ˆ2ˆ3( kjir  m about the origin be 

[CBSE PMT 1995] 

(a) kji ˆ12ˆ6ˆ6   (b) kji ˆ13ˆ6ˆ17   

(c) kji ˆ12ˆ6ˆ6   (d) kji ˆ13ˆ6ˆ17   

10. If ,CBA  then which of the following statements is wrong 

(a) AC   (b) BC   

(c) )( BAC   (d) )( BAC   

11. If a particle of mass m is moving with constant velocity v parallel to 

x-axis in x-y plane as shown in fig. Its angular momentum with 
respect to origin at any time t will be  

(a) kmvb ˆ  (b) kmvb ˆ  

(c) imvb ˆ  (d) imv ˆ  

12. Consider two vectors kiF ˆ5ˆ21   and .ˆ4ˆ32 kjF   The 

magnitude of the scalar product of these vectors is  

 [MP PMT 1987] 

(a) 20 (b) 23 

(c) 335  (d) 26  

13. Consider a vector .ˆ3ˆ4 jiF  Another vector that is 

perpendicular to F  is 

(a) ji ˆ3ˆ4   (b) î6  

(c) k̂7  (d) ji ˆ4ˆ3    

14. Two vectors A  and B  are at right angles to each other, when   [AIIMS 1987] 

(a) 0 BA  (b) 0 BA  

(c) 0BA  (d) 0. BA   

15. If |||| 2121 VVVV  and 2V  is finite, then  [CPMT 1989] 

(a) 1V  is parallel to 2V    

 (b) 21 VV    

(c) 1V  and 2V  are mutually perpendicular 

 (d) |||| 21 VV    

16. A force )ˆ3ˆ5( jiF  Newton is applied over a particle which 

displaces it from its origin to the point )ˆ1ˆ2( jir   metres. The 

work done on the particle is   [MP PMT 1995] 

(a) – 7 J (b) +13 J 

(c) +7 J (d)  +11 J 

17. The angle between two vectors kji ˆˆ3ˆ2   and kji ˆ4ˆ2ˆ   is    [EAMCET 1990] 

(a) 0° (b) 90° 

(c) 180° (d) None of the above  

18. The angle between the vectors )ˆ(̂ ji   and )ˆˆ( kj   is 

    [EAMCET 1995] 

(a) 30° (b) 45° 

(c) 60° (d) 90°  

19. A particle moves with a velocity smkji /ˆ3ˆ4ˆ6  under the 

influence of a constant force .ˆ5ˆ15ˆ20 NkjiF  The 

instantaneous power applied to the particle is 

 [CBSE PMT 2000]  

(a) 35 J/s (b) 45 J/s 

(c) 25 J/s (d) 195 J/s  

20. If ,. PQQP  then angle between P and Q  is [AIIMS 1999] 

(a) 0° (b) 30° 

(c) 45° (d) 60°  

21. A force kji ˆ4ˆ6ˆ5F   acting on a body, produces a 

displacement .ˆ5ˆ6S ki  Work done by the force is 

 [KCET 1999]   

(a) 10 units  (b) 18 units 

(c) 11 units (d) 5 units  

22. The angle between the two vectors jiA ˆ5ˆ5   and 

jiB ˆ5ˆ5  will be    [CPMT 2000]  

(a) Zero (b) 45° 

(c) 90° (d) 180°  

23. The vector kjaiaP ˆ3ˆˆ   and kjiaQ ˆˆ2ˆ   are 

perpendicular to each other. The positive value of a is   

[AFMC 2000; AIIMS 2002] 

(a) 3 (b) 4 

(c) 9 (d) 13  

24. A body, constrained to move in the Y-direction is subjected to a 

force given by .)ˆ6ˆ15ˆ2( NkjiF   What is the work done by 

this force in moving the body a distance 10 m along the Y-axis    [CBSE PMT 1994] 

(a) 20 J (b) 150 J 

(c) 160 J (d) 190 J  



 

 Vectors 15 

25. A particle moves in the x-y plane under the action of a force F  such 

that the value of its linear momentum )(P  at anytime t is 

.sin2,cos2 tptP yx  The angle  between F  and P  at a 

given time t. will be [MNR 1991; UPSEAT 2000] 

(a)  0  (b)  30  

(c)  90  (d)  180   

26. The area of the parallelogram represented by the vectors 

jiA ˆ3ˆ2   and jiB ˆ4ˆ   is  

(a) 14 units (b) 7.5 units 

(c) 10 units (d) 5 units  

27. A vector 1F is along the positive X-axis. If its  vector product with 

another vector 2F is zero then 2F  could be  

    [MP PMT 1987] 

(a) ĵ4  (b) )ˆ(̂ ji   

(c) )ˆˆ( kj   (d) )ˆ4( i   

28. If for two vectors A  and ,0, BAB the vectors  

(a) Are perpendicular to each other 

(b) Are parallel to each other 

(c) Act at an angle of 60°  

(d) Act at an angle of 30°  

29. The angle between vectors )BA(   and )AB(   is   

(a) Zero (b)  

(c) 4/  (d) 2/   

30. What is the angle between )( QP   and )( QP   

(a) 0 (b) 
2


 

(c) 
4


 (d)    

31. The resultant of the two vectors having magnitude 2 and 3 is 1. 
What is their cross product   

(a) 6 (b) 3 

(c) 1 (d) 0  

32. Let  sinˆcosˆ AjAiA   be any vector. Another vector B  

which is normal to A is    [BHU 1997] 

(a)  sincosˆ BjBi   (b)  cossinˆ BjBi   

(c)  cossinˆ BjBi   (d)  sincosˆ BjBi    

33. The angle between two vectors given by kji 366   and 

kji 447   is   [EAMCET (Engg.) 1999]  

(a) 














3

1
cos 1  (b) 















3

5
cos 1  

(c) 














3

2
sin 1  (d) 
















3

5
sin 1   

34. A vector A  points vertically upward and B points towards north. 

The vector product BA   is  [UPSEAT 2000] 

(a) Zero (b) Along west 

(c) Along east (d) Vertically downward  

35. Angle between the vectors )ˆ(̂ ji   and )ˆˆ( kj   is  

(a) 90° (b) 0° 

(c) 180° (d) 60°  

36. The position vectors of points A, B, C and D are 

kjiCkjiBkjiA ˆ3ˆ9ˆ7,ˆ6ˆ5ˆ4,ˆ5ˆ4ˆ3   and 

jiD ˆ6ˆ4   then the displacement vectors AB and CD are  

(a) Perpendicular   

(b) Parallel 

(c) Antiparallel  

(d) Inclined at an angle of 60°  

37. If force jiF ˆ5ˆ4)(  and displacement kis ˆ6ˆ3)(   then the 

work done is    [Manipal 1995] 

(a) 34   (b) 65   

(c) 36   (d) 64    

38. If |,.||| BABA   then angle between A and B  will be  

 [AIIMS 2000; Manipal 2000] 

(a) 30° (b) 45° 

(c) 60° (d) 90°  

39. In an clockwise system    [CPMT 1990] 

(a) ikj ˆˆˆ   (b) 0ˆ.ˆ ii  

(c) 1ˆˆ  jj  (d) 1ˆ.ˆ jk   

40. The linear velocity of a rotating body is given by ,rv  where   

is the angular velocity and r  is the radius vector. The angular velocity 

of a body is kji ˆ2ˆ2ˆ   and the radius vector ,ˆ3ˆ4 kjr   

then || v  is 

(a) 29 units (b) 31 units  

(c) 37 units (d) 41 units  

41. Three vectors ba, and c  satisfy the relation 0. ba  and 

.0. ca  The vector a  is parallel to  [AIIMS 1996]  

(a) b  (b) c  

(c) cb .  (d) cb    

42. The diagonals of a parallelogram are î2  and .ˆ2 j What is the area 

of the parallelogram 

(a) 0.5 units (b) 1 unit 

(c) 2 units (d) 4 units  

43. What is the unit vector perpendicular to the following vectors 

kji ˆˆ2ˆ2   and kji ˆ2ˆ3ˆ6   
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(a) 
175

ˆ18ˆ10ˆ kji 
 (b) 

175

ˆ18ˆ10ˆ kji 
 

(c) 
175

ˆ18ˆ10ˆ kji 
 (d) 

175

ˆ18ˆ10ˆ kji 
  

44. The area of the parallelogram whose sides are represented by the 

vectors kj ˆ3ˆ   and kji ˆˆ2ˆ   is 

(a) 61 sq.unit (b) 59 sq.unit 

(c) 49 sq.unit (d) 52 sq.unit  

45. The position of a particle is given by )2( kjir   momentum 

).243( kjiP  The angular momentum is perpendicular to  [EAMCET (Engg.) 1998] 

(a) x-axis  

(b) y-axis 

(c) z-axis  

(d) Line at equal angles to all the three axes  

46. Two vector A and B have equal magnitudes. Then the vector A + B 
is  perpendicular to  

(a) BA  (b) A – B 

(c) 3A – 3B (d) All of these  

47. Find the torque of a force kjiF ˆ5ˆˆ3   acting at the point 

kjir ˆˆ3ˆ7    

[CPMT 1997; CBSE PMT 1997; CET 1998; DPMT 2004] 

(a) kji ˆ16ˆ38ˆ14   (b) kji ˆ6ˆ4ˆ4   

(c) kji ˆ4ˆ4ˆ21   (d) kji ˆ16ˆ34ˆ14    

48. The value of )()( BABA   is    

 [RPET 1991, 2002; BHU 2002] 

(a) 0 (b) 22 BA   

(c) AB  (d) )(2 AB   

49. If A


 and B


 are perpendicular vectors and vector 

kjiA ˆ3ˆ7ˆ5 


 and .ˆˆ2ˆ2 kajiB 


 The value of a is 

[EAMCET 1991] 

(a) – 2 (b) 8 

(c) – 7 (d) – 8 

50. A force vector applied on a mass is represented as 

kjiF ˆ10ˆ8ˆ6 


 and accelerates with 2/1 sm . What will be the 

mass of the body in kg.    

[CMEET 1995] 

(a) 210  (b) 20  

(c) 102  (d) 10 

51. Two adjacent sides of a parallelogram are represented by the two 

vectors kji ˆ3ˆ2ˆ   and kji ˆˆ2ˆ3  . What is the area of 

parallelogram    

[AMU 1997] 

(a) 8 (b) 38  

(c) 83  (d) 192 

52. The position vectors of radius are kji ˆˆˆ2   and kji ˆˆ3ˆ2   

while those of linear momentum are .ˆˆ3ˆ2 kji   Then the angular 

momentum is    [BHU 1997] 

(a) ki ˆ4ˆ2   (b) ki ˆ8ˆ4   

(c) kji ˆ2ˆ4ˆ2   (d) ki ˆ8ˆ4   

53. What is the value of linear velocity, if kji ˆˆ4ˆ3 


 and 

kjir ˆ6ˆ6ˆ5 


  [CBSE PMT 1999; CPMT 1999, 2001;        

  Pb. PMT 2000; Pb. CET 2000] 

(a) kji ˆ3ˆ2ˆ6   (b) kji ˆ8ˆ2ˆ6   

(c) kji ˆ6ˆ13ˆ4   (d) kji ˆ2ˆ13ˆ18   

54. Dot product of two mutual perpendicular vector is  

[Haryana CEET 2002] 

(a) 0 (b) 1 

(c)  (d) None of these 

55. When |,|||. BABA 


 then   [Orissa JEE 2003] 

(a) A


 and B


 are perpendicular to each other  

(b) A


 and B


 act in the same direction 

(c) A


 and B


 act in the opposite direction 

(d) A


 and B


 can act in any direction 

56. If ,.3|| BABA


  then the value of || BA


  is  

[CBSE PMT 2004] 

(a) 

2/1

22

3















AB
BA  (b) BA   

(c) 2/122 )3( ABBA   (d) 2/122 )( ABBA   

57. A force kjciF ˆ2ˆˆ3 


 acting on a particle causes a 

displacement kjiS ˆ3ˆ2ˆ4 


 in its own direction. If the work 

done is 6J, then the value of c will be  [DPMT 1997] 

(a) 12 (b) 6 

(c) 1 (d) 0 

58. A force NjiF )ˆ3ˆ5( 


is applied over a particle which displaces it 

from its original position to the point )ˆ1ˆ2( jis 


m. The work done 

on the particle is    [BHU 2001] 

(a) + 11 J (b) + 7 J 

(c) + 13 J (d) – 7 J 
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59. If a vector A


 is parallel to another vector B


 then the resultant of 

the vector BA


  will be equal to  

   [Pb. CET 1996] 

(a) A (b) A


 

(c) Zero vector  (d) Zero 
 

 

Lami's Theorem 
 

1. P, Q and R  are three coplanar forces acting at a point and are in 

equilibrium. Given P = 1.9318 kg wt, 1sin 0.9659, the value of R 

is ( in kg wt) [CET 1998] 

 

(a) 0.9659 

(b) 2 

(c) 1 

(d) 
2

1
  

2. A body is in equilibrium under the action of three coplanar forces P, 
Q and R as shown in the figure. Select the correct statement    [AFMC 1994] 

(a) 
 sinsinsin

RQP
  

 (b) 
 coscoscos

RQP
  

(c) 
 tantantan

RQP
  

 (d) 
 sinsinsin

RQP
   

3. If a body is in equilibrium under a set of non-collinear forces, then 
the minimum number of forces has to be  

    [AIIMS 2000] 

(a) Four (b) Three 

(c) Two  (d) Five  

4. How many minimum number of non-zero vectors in different planes 
can be added to give zero resultant  

(a) 2 (b) 3 

(c) 4 (d) 5  

5. As shown in figure the tension in the horizontal cord is 30 N. The 
weight W  and tension in the string OA in Newton are   

  [DPMT 1992] 

 

(a) 30 ,3 30 

 (b) 30 ,3 60 

(c) 60 ,3 30 

 (d) None of these  

 

Relative Velocity 
 

1. Two cars are moving in the same direction with the same speed 30 
km/hr. They are separated by a distance of 5 km, the speed of a car 
moving in the opposite direction if it meets these two cars at an 
interval of 4 minutes, will be 

(a) 40 km/hr (b) 45 km/hr 

(c) 30 km/hr (d) 15 km/hr 

2. A man standing on a road hold his umbrella at 30° with the vertical 
to keep the rain away. He throws the umbrella and starts running at 
10 km/hr. He finds that raindrops are hitting his head vertically, the 
speed of raindrops with respect to the road will be  

 (a) 10 km/hr (b) 20 km/hr 

 (c) 30 km/hr (d) 40 km/hr 

3. In the above problem, the speed of raindrops w.r.t. the moving man, 
will be 

(a) hkm /2/10  (b) 5 km/h 

(c) hkm /310  (d) hkm /3/5  

4. A boat is moving with a velocity 3i + 4j with respect to ground. The 
water in the river is moving with a velocity – 3i – 4j with respect to 
ground. The relative velocity of the boat with respect to water is    [CPMT 1998] 

(a) 8j  (b) – 6i – 8j  

(c) 6i +8j  (d) 25  

5. A 150 m long train is moving to north at a speed of 10 m/s. A parrot 

flying towards south with a speed of 5 m/s crosses the train. The 
time taken by the parrot the cross to train would be:    [CBSE PMT 1992] 

(a) 30 s (b) 15 s 

(c) 8 s (d) 10 s 

6. A river is flowing from east to west at a speed of 5 m/min. A man 

on south bank of river, capable of swimming 10m/min in still water, 
wants to swim across the river in shortest time. He should swim       [BHU 1998] 

(a) Due north  

(b) Due north-east  

(c) Due north-east with double the speed of river 

(d) None of these  

7. A person aiming to reach the exactly opposite point on the bank of 

a stream is swimming with a speed of 0.5 m/s at an angle of 1200 
with the direction of flow of water. The speed of water in the 
stream is    [CBSE PMT 1999] 

(a) 1 m/s (b) 0.5 m/s 

(c) 0.25 m/s (d) 0.433 m/s  

8. A moves with 65 km/h while B is coming back of A with 80 km/h. 
The relative velocity of B with respect to A is  

[AFMC 2000] 

(a) 80 km/h (b) 60 km/h 

(c) 15 km/h (d) 145 km/h   

9. A thief is running away on a straight road on a jeep moving with a 

speed of 9 m/s. A police man chases him on a motor cycle moving 
at a speed of 10 m/s. If the instantaneous separation of jeep from the 
motor cycle is 100 m, how long will it take for the policemen to 
catch the thief 

(a) 1 second  (b) 19 second 

(c) 90 second (d) 100 second 

10. A man can swim with velocity v relative to water. He has to cross a 

river of width d flowing with a velocity u (u > v). The distance 

through which he is carried down stream by the river is x. Which of 

the following statement is correct  

(a) If he crosses the river in minimum time 
v

du
x   

150o 
 

P 
 

Q 
 

R 
 

1 
 

2 
 

 
 

Q 
 P 

 

R 
 

 
 

 
 

A 
 

O 
 

W 
 

30o 
 

30 N 
 



 

  18 Vectors 

(b) x can not be less than 
v

du
 

(c) For x to be minimum he has to swim in a direction making an 

angle of 







 

u

v1sin
2


 with the direction of the flow of 

water 

(d) x will be max. if he swims in a direction making an angle  of 

u

v1sin
2




 with direction of the flow of water 

11. A man sitting in a bus travelling in a direction from west to east 

with a speed of 40 km/h observes that the rain-drops are falling 

vertically down. To the another man standing on ground the rain 

will appear   [HP PMT 1999] 

(a) To fall vertically down 

(b) To fall at an angle going from west to east 

(c) To fall at an angle going from east to west  

(d) The information given is insufficient to decide the direction of 

rain.  

12. A boat takes two hours to travel 8 km and back in still water. If the 

velocity of water is 4 km/h, the time taken for going upstream 8 km 

and coming back is   [EAMCET 1990] 

(a) 2h  

(b) 2h 40 min 

(c) 1h 20 min  

(d) Cannot be estimated with the information given  

13. A 120 m long train is moving towards west with a speed of 10 m/s. A 

bird flying towards east with a speed of 5 m/s crosses the train. The 

time taken by the bird to cross the train will be   [Manipal 2002] 

(a) 16 sec (b) 12 sec 

(c) 10 sec (d) 8 sec 

14. A boat crosses a river with a velocity of 8 km/h. If the resulting 

velocity of boat is 10 km/h then the velocity of river water is    [CPMT 2001] 

(a) 4 km/h (b) 6 km/h 

(c) 8 km/h (d) 10 km/h 

 

 

 

 

1. If a vector P  making angles , , and  respectively with the X, Y 

and Z axes respectively.  

 Then   222 sinsinsin  

(a) 0 (b) 1 

(c) 2 (d)  3 

2. If the resultant of n forces of different magnitudes acting at a point 

is zero, then the minimum value of n is  [SCRA 2000] 

(a) 1 (b) 2 

(c) 3 (d) 4 

3. Can the resultant of 2 vectors be zero [IIIT 2000] 

(a) Yes, when the 2 vectors are same in magnitude and direction 

(b) No 

(c) Yes, when the 2 vectors are same in magnitude but opposite in 

sense 

(d) Yes, when the 2 vectors are same in magnitude making an 

angle of 
3

2
with each other 

4. The sum of the magnitudes of two forces acting at point is 18 and 

the magnitude of their resultant is 12. If the resultant is at 90° with 

the force of smaller magnitude, what are the, magnitudes of forces [Roorkee 1992; AIEEE 2002] 

(a) 12, 5 (b) 14, 4 

(c) 5, 13 (d) 10, 8 

5. A vector a  is turned without a change in its length through a small 

angle .d The value of || a  and a  are respectively  

(a) da,0  (b) 0,da  

(c) 0, 0 (d) None of these 

6. Find the resultant of three vectors OBOA,  and OC  shown in the 

following figure. Radius of the circle is R. 

(a) 2R 

(b) )21( R  

(c) 2R  

(d) )12( R   

7. Figure shows ABCDEF as a regular hexagon. What is the value of 

AFAEADACAB   

(a) AO  

(b) AO2  

(c) AO4  

(d) AO6   

8. The length of second's hand in watch is 1 cm. The change in velocity 

of its tip in 15 seconds is   [MP PMT 1987]  

(a) Zero (b) sec/
230

cm


 

(c) sec/
30

cm


 (d) sec/
30

2
cm


 

9. A particle moves towards east with velocity 5 m/s. After 10 seconds 
its direction changes towards north with same velocity. The average 
acceleration of the particle is  

 [CPMT 1997; IIT-JEE 1982] 

B 
 

C 
 

O 

 

A 
 

45o 
 

45o 
 

O 
 

F 
 

A 
 

E 
 

D 
 

C 
 

B 
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(a) Zero (b) WNsm 2/
2

1
 

(c) ENsm 2/
2

1
 (d)  WSsm 2/

2

1
 

10. A force )ˆˆ( jxiyKF   (where K is a positive constant) acts on 

a particle moving in the x-y plane. Starting from the origin, the 
particle is taken along the positive x- axis to the point (a, 0) and 
then parallel to the y-axis to the point (a, a). The total work done by 

the forces F  on the particle is  

 [IIT-JEE 1998] 

(a) 22 Ka  (b) 22 Ka  

(c) 2Ka  (d) 2Ka  

11. The vectors from origin to the points A and B are 

kjiA ˆ2ˆ6ˆ3   and kjiB ˆ2ˆˆ2   respectively. The area of 

the triangle OAB be 

(a) 17
2

5
 sq.unit (b) 17

5

2
 sq.unit 

(c) 17
5

3
 sq.unit (d) 17

3

5
 sq.unit 

12. A metal sphere is hung by a string fixed to a wall. The sphere is 
pushed away from the wall by a stick. The forces acting on the 
sphere are shown in the second diagram. Which of the following 
statements is wrong 

(a) tanWP   

(b) 0 WPT  

(c) 222 WPT   

(d) WPT    

13. The speed of a boat is 5 km/h in still water. It crosses a river of 

width 1 km along the shortest possible path in 15 minutes. The 
velocity of the river water is  

 [IIT 1988; CBSE PMT 1998, 2000] 

(a) 1 km/h (b) 3 km/h 

(c) 4 km/h  (d) 5 km/h 

14. A man crosses a 320 m wide river perpendicular to the current in 4 
minutes. If in still water he can swim with a speed 5/3 times that of 
the current, then the speed of the current, in m/min is              [Roorkee 1998] 

(a) 30 (b) 40 

(c) 50 (d) 60.  

 

 

 

 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

 

1. Assertion  : BA


  is perpendicular to both BA


  as well as 

.BA


  

 Reason  : BA


  as well as BA


  lie in the plane 

containing A


 and B


, but BA


  lies 

perpendicular to the plane containing A


 and .B


 

2. Assertion  : Angle between iji  ̂and ˆˆ   is 45° 

 Reason  :  ˆˆ ji  is equally inclined to both î  and  ĵ and the 

angle between î  and  ĵ is 90° 

3. Assertion  : If  be the angle between A


 and B


, then 

BA

BA




.
tan


   

 Reason  : BA


  is perpendicular to BA


.  

4. Assertion  : If |||| BABA


 , then angle between A


 

and B


 is 90° 

 Reason  : ABBA


  

5. Assertion  : Vector product of two vectors is an axial vector  

 Reason  : If v


 = instantaneous velocity, r


= radius vector and 




 = angular velocity, then .rv


  

6. Assertion  : Minimum number of non-equal vectors in a plane 
required to give zero resultant is three. 

 Reason  : If ,0


 CBA then they must lie in one plane 

7. Assertion  : Relative velocity of A w.r.t. B is greater than the 
velocity of either, when they are moving in opposite 
directions.  

 Reason  : Relative velocity of A w.r.t. BA vvB


  

8. Assertion  : Vector addition of two vectors A


 and B


 is 
commutative. 

 Reason  : ABBA


  

9. Assertion  : ABBA


..   

 Reason  : Dot product of two vectors is commutative. 

10. Assertion  : rFFr


 and     

 Reason  : Cross product of vectors is commutative. 
11. Assertion  : A negative acceleration of a body is associated with 

a slowing down of a body. 
 Reason  : Acceleration is vector quantity. 
12. Assertion  : A physical quantity cannot be called as a vector if 

its magnitude is zero.  

 Reason  : A vector has both, magnitude and direction. 
13. Assertion  : The sum of two vectors can be zero.  
 Reason  : The vector cancel each other, when they are equal 

and opposite. 
14. Assertion  : Two vectors are said to be like vectors if they have 

same direction but different magnitude.  
 Reason  : Vector quantities do not have specific direction. 
15. Assertion  : The scalar product of two vectors can be zero. 
 Reason  : If two vectors are perpendicular to each other, their 

scalar product will be zero. 
16. Assertion  : Multiplying any vector by an scalar is a meaningful 

operations.  
 Reason  : In uniform motion speed remains constant. 

 
 

P 
 W 
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17. Assertion  : A null vector is a vector whose magnitude is zero 
and direction is arbitrary.  

 Reason  : A null vector does not exist. 

18. Assertion  : If dot product and cross product of A


 and B


 are 

zero, it implies that one of the vector A


 and B


 
must be a null vector.  

 Reason  : Null vector is a vector with zero magnitude. 
19. Assertion  : The cross product of a vector with itself is a null 

vector. 
 Reason  : The cross-product of two vectors results in a vector 

quantity. 
20. Assertion  : The minimum number of non coplanar vectors 

whose sum can be zero, is four. 
 Reason  : The resultant of two vectors of unequal magnitude 

can be zero. 

21. Assertion  : If ,.. CBBA


 then A


 may not always be equal to 

C


 

 Reason  : The dot product of two vectors involves cosine of 
the angle between the two vectors. 

22. Assertion  : Vector addition is commutative. 

 Reason  : ).()( ABBA
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Fundamentals of Vectors 
 

 

1 d 2 b 3 c 4 d 5 d 

6 a 7 a 8 b 9 b 10 d 

11 d 12 d 13 a 14 b 15 c 

16 c 17 a 18 b 19 c 20 c 

21 d 22 d 23 b 24 d 25 b 

26 b 27 a 28 a 29 a 30 d 

31 a 32 b 33 a 34 a   

 

 

Addition and Subtraction of Vectors 
 

 

1 a 2 b 3 d 4 b 5 b 

6 a 7 b 8 a 9 d 10 b 

11 d 12 c 13 a 14 c 15 c 

16 c 17 c 18 c 19 c 20 b 

21 a 22 d 23 d 24 a 25 c 

26 b 27 b 28 a 29 b 30 a 

31 c 32 c 33 c 34 d 35 a 

36 c 37 d 38 a 39 c 40 d 

41 a 42 b 43 d 44 d 45 a 

46 c 47 d 48 a 49 a 50 c 

51 c 52 a 53 d     

 

 

Multiplication of Vectors 
 

 

1 c 2 b 3 d 4 a 5 a 

6 b 7 c 8 b 9 b 10 d 

11 b 12 d 13 c 14 d 15 c 

16 c 17 b 18 c 19 b 20 a 

21 a 22 c 23 a 24 b 25 c 

26 d 27 d 28 b 29 b 30 b 

31 d 32 c 33 d 34 b 35 d 

36 b 37 a 38 b 39 a 40 a 

41 d 42 d 43 c 44 b 45 a 

46 a 47 a 48 d 49 d 50 a 

51 b 52 b 53 d 54 a 55 c 

56 d 57 a 58 b 59 c   

 
 

Lami's Theorem 
 

 

1 c 2 a 3 b 4 c 5 b 

 

 
 

Relative Velocity 
 

 

1 b 2 b 3 c 4 c 5 d 

6 a 7 c 8 c 9 d 10 ac 

11 b 12 b 13 d 14 b   

 
 

Critical Thinking Questions 
 

 

1 c 2 c 3 c 4 c 5 b 

6 b 7 d 8 d 9 b 10 c 

11 a 12 d 13 b 14 d   

 

 

Assertion and Reason 
 

 

1 a 2 a 3 d 4 b 5 c 

6 b 7 a 8 b 9 a 10 c 

11 b 12 e 13 a 14 c 15 a 

16 b 17 c 18 b 19 b 20 c 

21 a 22 c       

 
 
 
 
 
 

Fundamentals of Vectors 
 

1. (d) As the multiple of ĵ  in the given vector is zero therefore this 

vector lies in XZ plane and projection of this vector on y-axis is 
zero. 

2. (b) If a point have coordinate (x, y, z) then its position vector 

.ˆˆˆ kzjyix   

3. (c) Displacement vector kzjyixr ˆˆˆ   

 kji ˆ)55()̂34()̂23(  ji ˆˆ   

4. (d)  

 

 

 

 
 

 The component of force in vertical direction  

  =  60coscos FF  N5.2
2

1
5   

5. (d) 22 )24(7|| B  625  25  

  Unit vector in the direction of A will be 
5

ˆ4ˆ3ˆ ji
A


  

  So required vector =












 

5

ˆ4ˆ3
25

ji
 ji ˆ20ˆ15   

6. (a) Let the components of A  makes angles , and   with x, y 

and z axis respectively then    

y 

x 

60o 

F sin 60o 

F 
co

s 
6
0

o  

F  
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  1coscoscos 222     

   1cos3 2    
3

1
cos    

  
3

cos
A

AAAA zyx    

7. (a) kjiA ˆ5ˆ4ˆ2 


 45)5()4()2(|| 222 A  

  
45

5
cos,

45

4
cos,

45

2
cos


   

8. (b) Unit vector along y axis ĵ  so the required vector 

)]ˆ7ˆ6ˆ3()ˆ2ˆ3ˆ[(ˆ kjikjij  kji ˆ5ˆ2ˆ4    

9. (b) 213 FFF


  

There should be minimum three coplaner 
vectors having different magnitude which 
should be added to give zero resultant 

10. (d) Diagonal of the hall = 222 hbl   

 222 141210   

 196144100   

 m20400   

11. (d) Total angle = 


2
50

100   

So all the force will pass through one point and all forces will 
be balanced. i.e. their resultant will be zero. 

12. (d) )ˆ0ˆ4ˆ4()ˆ0ˆ2ˆ2(12 kjikjirrr 


 

  kjir ˆ0ˆ2ˆ6 


 

  102404360)2()6(|| 222 r


  

13. (a) jiP ˆ

2

1ˆ

2

1





22

2

1

2

1
|| 



























P


= 1 

  It is a unit vector. 

14. (b)  

15. (c) R̂ ji
ji

R

R ˆ

2

1ˆ

2

1

11

ˆˆ

|| 22









 

16. (c) kjiR ˆ2ˆˆ3 


 

  Length in XY plane = 2222 13  yx RR 10  

17. (a) If the angle between all forces which are equal and lying in one 

plane are equal then resultant force will be zero. 

18. (b) jiA ˆˆ 


 211|| 22 A  

  45cos
2

1

||
cos

A

Ax    45  

19. (c)  

20. (c)   

21. (d) All quantities are tensors. 

22. (d) QQPPQP ˆˆ 


 

23. (b) jtaitar )̂sin()̂cos(  


 

  jtaita
dt

rd
v ˆcosˆsin  




 

 As 0. vr


 therefore velocity of the particle is perpendicular 
to the position vector. 

24. (d) Displacement, electrical and acceleration are vector quantities. 

25. (b) Magnitude of unit vector = 1 

   1)8.0()5.0( 222  c  

  By solving we get 11.0c  

26. (b)  

 

 

 

 

 

  Displacement BCABAC   

  mBCABAC 500)300()400()()( 2222   

  Distance mBCAB 700300400   

27. (a) Resultant of vectors A  and B  

  kjikjiBAR ˆ8ˆ3ˆˆ6ˆ3ˆ4   

  kjiR ˆ2ˆ6ˆ3   

  
7

ˆ2ˆ6ˆ3

)2(63

ˆ2ˆ6ˆ3

||

ˆ
222

kjikji

R

R
R







    

28. (a) AB. .  In this formula A  is a area vector. 

29. (a) cbar


 kjiji ˆˆ2ˆ3ˆˆ4  kji ˆˆˆ   

  
3

ˆˆˆ

)1(11

ˆˆˆ

||
ˆ

222

kjikji

r

r
r











 

30. (d) 
2516925169

25169

||||

.
cos






BA

BA
 = 1

50

50
  

 1cos    )1(cos 1  

31. (a) kjtitr ˆ7ˆ4ˆ3 22 


 

  at 0t , kr ˆ71 


 

  at sec10t , kjir ˆ7ˆ400ˆ3002 


, 

   jirrr ˆ400ˆ30012 


 

  mrrr 500)400()300(|||| 22
12 


 

32. (b) Resultant of vectors A  and B  

  jijiBAR ˆ8ˆ8ˆ3ˆ4   ji ˆ5ˆ12   

  
22 )5()12(

ˆ5ˆ12

||
ˆ






ji

R

R
R

13

ˆ5ˆ12 ji 
  

F3 

 F2 

 

F1 

 

l b 

h 

D C 

300 m 

B 
400 m 

A 
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33. (a) 
2

)ˆ(̂)ˆ3ˆ2(

||

. jiji

ji

BA 





2

5

2

32



  

34. (a) 
2516925169

)ˆ5ˆ4ˆ3()ˆ5ˆ4ˆ3(

||||

.
cos






kjikji

BA

BA
  

  0
50

25169



  

   0cos  ,   90  
 

Addition and Subtraction of Vectors 
 

1. (a) For 17 N both the vector should be parallel i.e. angle between 
them should be zero. 

 For 7 N both the vectors should be antiparallel i.e. angle 

between them should be 180° 

 For 13 N both the vectors should be perpendicular to each 

other i.e. angle between them should be 90° 

2. (b) jijijiBA ˆ5ˆ10ˆ8ˆ6ˆ3ˆ4   

 22 )5()10(||  BA  55  

 
2

1

10

5
tan    








 

2

1
tan 1  

3. (d) From figure  

 jv ˆ201   and iv ˆ202   

 )ˆ(̂2012 jivvv   

 220|| v and direction  

   45)1(tan 1  i.e. S–W 

4. (b) Let 1n̂  and 2n̂  are the two unit vectors, then the sum is  

 21
ˆˆ nnns   or cos2 21

2
2

2
1

2 nnnnns   

     cos211   

 Since it is given that sn  is also a unit vector, therefore 

cos2111   
2

1
cos     120  

 Now the difference vector is 21
ˆˆˆ nnnd   or 

cos2 21
2
2

2
1

2 nnnnnd  )120cos(211   

  312)2/1(222 dn 3 dn  

5. (b) )ˆ2ˆ6(3)ˆˆ3(2)ˆˆ2(32 kikjjiCBA   

 kikjji ˆ6ˆ18ˆ2ˆ6ˆˆ2  = kji ˆ4ˆ5ˆ20   

6. (a) jvmivmP ˆcosˆsin1     

 and jvmivmP ˆcosˆsin2    

 So change in momentum  

 ,ˆcos212 jvmPPP  cos2|| vmP   

7. (b) cos222 ABBAR   

By substituting, FBFA  ,  and FR   we get  

  120
2

1
cos   

8. (a)  

9. (d) If two vectors A


and B


 are given then the resultant maxR  = 

NBA 7 and NR 134min    

i.e. net force on the particle is between 1 N and 7 N. 

10. (b) If C


 lies outside the plane then resultant force can not be 
zero. 

11. (d)   

12. (c)  90cos2 21
2

2
2

1 FFFFF 2
2

2
1 FF   

13. (a)  

14. (c)  

 

15. (c) 22 BAC   

 The angle between A and B is 
2


 

 
 

 

16. (c) BAR


 = jiji ˆ4ˆ3ˆ7ˆ6  = ji ˆ11ˆ9   

  20212181119|| 22 R


 

17. (c) mR 31.1420536251446512 222   

18. (c) kjiA ˆˆ2ˆ3 


, kjiB ˆ5ˆ3ˆ 


, kjiC ˆ4ˆˆ2 


 

141491)2(3|| 222 A


 

3525915)3(1|| 222 B


 

211614)4(12|| 222 A


 

As 22 CAB  therefore ABC will be right angled 
triangle. 

19. (c)  

20. (b) BAC


 .  

 The value of C lies between BA   and BA   

  ||||or|||| BCAC


  

21. (a)   

22. (d)  

23. (d) Here all the three force will not keep the particle in equilibrium 
so the net force will not be zero and the particle will move 
with an acceleration. 

24. (a) 16 BA  (given)    …(i) 

 


 90tan
cos

sin
tan






BA

B
  

   0cos  BA  
B

A
cos  …(ii) 

O  

– v1 v 

v1 =20 m/s 

v2 =20 m/s 

A 

C B 
 

 

 

90° 
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 cos28 22 ABBA    …(iii) 

 By solving eq. (i), (ii) and (iii) we get ,6NA   NB 10  

25. (c) 5|| P


, 12|| Q


 and 13|| R


 

 
13

12
cos 

R

Q
  

   







 

13

12
cos 1  

26. (b) cos2
2

22 ABBA
B

   …(i) 

  0cos
cos

sin
90tan 


 




BA

BA

B
 

  
B

A
cos  

 Hence, from (i) 
2

32
4

222
2 B

AABA
B

  

  
2

3
cos 

B

A
   150  

27. (b) iRkjikji 


)ˆˆˆ2()ˆ2ˆ2(̂  

  Required vector R


= kji ˆˆˆ2   

28. (a) Resultant PQPQPR


2  

The angle between P


 and P


2  is zero. 

29. (b)  

 

 

 
 

  




cos

sin
90tan

QP

Q


  0cos  QP  

 
Q

P
cos  







 
 

Q

P1cos  

30. (a) According to problem 1 and3  QPQP  

By solving we get 1 and2  QP  2
Q

P
 QP 2  

31. (c)  

32. (c)  

33. (c)  

34. (d) 0321  FFF  0ˆ6ˆ4 3  Fji  

  jiF ˆ6ˆ43 


 

35. (a) 







 90sin2

2
sin2 vvv


 

 hrkm/2001002   

36. (c)  

37. (d) Resultant velocity 22 1520    

= hrkm/25625225400   

38. (a) 22 BAC   

  = 543 22   

   Angle between A  and B  is 
2


 

39. (c)   

40. (d)  

 

 

 

 

  If the magnitude of vector remains same, only direction change 

by   then 

  12 vvv  , )( 12 vvv   

  Magnitude of change in vector 









2
sin2||


vv  

  






 


2

90
sin102|| v = 210 = sm /14.14  

  Direction is south-west as shown in figure. 

41. (a) BCABAC   

  22 )()( BCABAC   

  22 )20()10(   

  400100  500 km36.22  

42. (b) 
||||

.
cos

21

21

FF

FF
  

  
2252510040010025

)ˆ15ˆ5ˆ10).(ˆ20ˆ10ˆ5(






kjikji

350525

3005050 
  

   
2

1
cos    45  

43. (d) If two vectors A and B are given then Range of their resultant 

can be written as )()( BARBA  . 

  i.e. BAR max  and BAR min  

  If B = 1 and A = 4 then their resultant will lies in between 3N 
and 5N. It can never be 2N. 

44. (d) NA 3 , NB 2  then cos222 ABBAR   

  cos1249 R     …(i) 

  Now NA 6 , NB 2  then  

  cos244362 R    …(ii) 

  from (i) and (ii) we get 
2

1
cos    120  

45. (a) In N forces of equal magnitude works 
on a single point and their resultant is 

Q 
R 

P 

 
 

 

 

Q 
R 

P 

 

C 
 

B 
 

A 
 

–v1 

 v1 

 

v 

 

v2 

 

 

E 

N 

S 

W 

20km 

C B 

A 

10km 

120° 

120° 

120° 

F 

F 

F 
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zero then angle between any two forces is given 

N

360
  120

3

360
 

  If these three vectors are represented by three sides of triangle 

then they form equilateral triangle 

46. (c) Resultant of two vectors A  and B  can be given by 

BAR   

  cos2|||| 22 ABBABAR   

  If  0  then BAR || |||| BA   

47. (d) 17max  BAR  when  0  

  7min  BAR  when  180  

  by solving we get 12A  and 5B  

  Now when  90  then 22 BAR   

   22 )5()12( R 169 13  

48. (a) If two vectors are perpendicular then their dot product must 

be equal to zero. According to problem 

  0)).((  BABA  0....  BBABBAAA  

   022  BA  22 BA   

   BA   i.e. two vectors are equal to each other in 
magnitude. 

49. (a) 20yv  and 10xv  

   velocity jiv ˆ20ˆ10 


 

  direction of velocity with x axis 

  2
10

20
tan 

x

y

v

v
  

   )2(tan 1  

50. (c) BAR max  when  0  NR 20812max   

51. (c) cos222 ABBAR   

  If PBA   and  120  then PR   

52. (a) Sum of the vectors jijiR ˆ7ˆ2ˆ8ˆ5  ji ˆ15ˆ7   

  magnitude of 22549||  RR 274  

53. (d) 
 

Multiplication of Vectors 
 

1. (c) Given vectors can be rewritten as kjiA ˆ8ˆ3ˆ2   and 

kjiB ˆˆ4ˆ4   

Dot product of these vectors should be equal to zero because 
they are perpendicular. 

  08128.  BA   48    2/1  

2. (b) Let kjiA ˆˆ3ˆ2   and kjiB ˆˆ6ˆ4    

 A  and B  are parallel to each other   

 
3

3

2

2

1

1

b

a

b

a

b

a
  i.e. 



1

6

3

4

2 






2  . 

3. (d) cos. FSSFW   

 .250
2

1
105060cos1050 J  

4. (a) 12 rrS   

 SFW .  )ˆ15ˆ11ˆ11(.)ˆ3ˆˆ4( kjikji   

 .100)153111114( J  

5. (a) )( BA   is perpendicular to )( BA  . Thus 

 )( BA  . )( BA   = 0  

 or 0.. 22  BBAABA  

 Because of commutative property of dot product  ABBA ..   

  022  BA  or BA   

 Thus the ratio of magnitudes A/B = 1 

6. (b) Let CAABA .).(   

 Here ABC   Which is perpendicular to both vector  

 A  and B      0. CA  

7. (c) We know that )( ABBA   because the angle between 

these two is always 90°.  

 But if the angle between A  and B  is 0 or  .  Then 

0 ABBA . 

8. (b) 

422

213

ˆˆˆ





kji

BA  

kji ˆ)2123()̂3422()̂2241(    

kji ˆ8ˆ8ˆ8   

 Magnitude of 222 )8()8()8(|BA|BA    

 38  

9. (b) Fr   

432

323

ˆˆˆ





kji

 

     ji ˆ)43()32(ˆ)33()42(   

  k̂)22()33(  kji ˆ13ˆ6ˆ17   

10. (d) From the property of vector product, we notice that C  must 

be perpendicular to the plane formed by vector A  and B . 

Thus C  is perpendicular to both A  and B  and 

)( BA  vector also, must lie in the plane formed by vector A  

and B . Thus C  must be perpendicular to )( BA   also but 

 
vx 

x 

v 

vy 

y 
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the cross product )( BA  gives a vector C  which can not be 

perpendicular to itself. Thus the last statement is wrong. 

11. (b) We know that, Angular momentum  

 prL   in terms of component becomes  

 

zyx ppp

zyx

kji

L

ˆˆˆ

  

 

 As motion is in x-y plane (z = 0 and 0zP ), so 

)( xy ypxpkL   

 Here x = vt, y = b, vmp x   and 0yp  

    kmvbmvbvtkL ˆ0   

12. (d) )ˆ4ˆ3)(ˆ5ˆ2(. 21 kjkjFF 


 

 26620206   

13. (c) Force F lie in the x-y plane so a vector along z-axis will be 

perpendicular to F. 

14. (d) 090cos..cos.||.||.  BABABA


  

15. (c)  

 

 

 

According to problem |||| 2121 VVVV


  

 |||| netnet VV

  

 So 1V  and 2V  will be mutually perpendicular.  

16. (c) 7310)ˆˆ2)(ˆ3ˆ5(.  jijirFW


J. 

17. (b) 0
2114

462

||||

.
cos 




BA

BA




    90  

18. (c) 10100)ˆˆ).(ˆ(̂  kjji  

 
2

1

22

1

||||

.
cos 




BA

BA




   60  

19. (b) 3)5()4(15620.  vFP


 

     45751201560120  J/s 

20. (a) 1
.

cos 
PQ

QP


   0  

21. (a) 102030)ˆ5ˆ6)(ˆ4ˆ6ˆ5(.  kikjisFW J 

22. (c) 0. BA


  90  

23. (a) 0. QP  0322  aa  3a  

24. (b) rFW


. 150)ˆ10)(ˆ6ˆ15ˆ2(  jkji  

25. (c) tPx cos2 , tPy sin2   jtitP ˆsin2ˆcos2 


 

 jtit
dt

Pd
F ˆcos2ˆsin2 




 

 0. PF


  90  

26. (d) |)ˆ4(̂)ˆ3ˆ2(||| jijiBA 


unitsk 5|ˆ5|   

27. (d)  

28. (b) 0 BA


 0sin    0  

 Two vectors will be parallel to each other. 

29. (b) BA


  and AB


  are parallel and opposite to each other. So 

the angle will be . 

30. (b) Vector )( QP


  lies in a plane and vector )( QP


  is 

perpendicular to this plane i.e. the angle between given vectors 

is 
2


. 

31. (d) 1cos32232 22    

By solving we get  180  0 BA


 

32. (c) Dot product of two perpendicular vector will be zero. 

33. (d) 
16164993636

122442
cos






AB

BA



719

56
  

 
719

56
cos    

3

5
sin   or 














 

3

5
sin 1  

34. (b) Direction of vector A is along z-axis  kaA ˆ


 

Direction of vector B is towards north  jbB ˆ


 

 Now )ˆ(ˆˆ jabjbkaBA 


 

  The direction is BA


  is along west.  

35. (d) 
2

1

22

1

||||

.
cos 

BA

BA




   60  

36. (d) )ˆ5ˆ4ˆ3()ˆ6ˆ5ˆ4( kjikjiAB  = kji ˆˆˆ   

 )ˆ3ˆ9ˆ7()ˆ6ˆ4( kjijiCD   kji ˆ3ˆ3ˆ3   

 AB  and CD  are parallel, because its cross-products is 0. 

37. (a) SFW


 12)ˆ6ˆ3)(ˆ5ˆ4(  jiji  

38. (b) BABA


.||    cossin ABAB   1tan   

   45  

39. (a)  

40. (a) rv


 kji

kji
ˆ4)3(ˆ)86(ˆ

340

221

ˆˆˆ





  

 kji


432   

 222 4)3()2(|| v


unit29  

41. (d) 0. ba


i.e. a


and b


will be perpendicular to each other  

0. ca


i.e. a


and c


will be perpendicular to each other 

m 

O 
x 

y 

b 

v  

V1 

V2 

Vnet 

 

 

 

–V2 

V 'net 

V1 
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cb


 will be a vector perpendicular to both b


 and c


 

So a


is parallel to cb


  

42. (d) Area ji ˆ2ˆ2  k̂4 .4 unit  

43. (c) kjiA ˆˆ2ˆ2 


and kjiB ˆ2ˆ3ˆ6 


 

    kjikjiBAC ˆ2ˆ3ˆ6ˆˆ2ˆ2 


 

 

236

122

ˆˆˆ





kji

kji ˆ18ˆ10ˆ   

 Unit vector perpendicular to both A


 and B


 

 
222 18101

ˆ18ˆ10ˆ






kji

175

ˆ18ˆ10ˆ kji 
  

44. (b) kjA ˆ3ˆ 


, kjiB ˆˆ2ˆ 


 

 BAC




121

310

ˆˆˆ





kji

kji ˆˆ3ˆ7   

 Hence area = unitsqC 591949|| 


 

45. (a) 

243

121

ˆˆˆ





kji

prL


kj ˆ2ˆ   

i.e. the angular momentum is perpendicular to x-axis. 

46. (a) BA


  is a vector perpendicular to plane BA


  and hence 

perpendicular to BA


 . 

47. (a) )ˆ5ˆˆ3()ˆˆ3ˆ7( kjikjiFr 


  

 

513

137

ˆˆˆ





kji




kji ˆ16ˆ38ˆ14   

48. (d) )()( BABA


  BBABBAAA


  

 00  ABBA


)(2 ABABAB


  

49. (d) For perpendicular vector 0. BA  

   0)ˆˆ2ˆ2).(ˆ3ˆ7ˆ5(  kajikji  

   031410  a   8a  

50. (a) 
a

F ||

onAccelerati

Force
Mass



  

 = 
1

1006436 
kg210  

51. (a) Area of parallelogram BA   

  )ˆˆ2ˆ3()ˆ3ˆ2(̂ kjikji   

  

123

321

ˆˆˆ





kji

kji ˆ)8()̂8()̂8(   

  Magnitude 646464  = 38  

52. (b) Radius vector )ˆˆˆ2()ˆˆ3ˆ2(12 kjikjirrr 


 

   jr ˆ4


 

  Linear momentum kjip ˆˆ3ˆ2   

  )ˆˆ3ˆ2()ˆ4( kjijprL 


 

  

132

040

ˆˆˆ





kji

ki ˆ8ˆ4   

53. (d) 

665

143

ˆˆˆ





kji

rv


 kji ˆ2ˆ13ˆ18   

54. (a)  

55. (c) cos. ABBA   

  In the problem ABBA . i.e. 1cos    180  

  i.e. A  and B  acts in the opposite direction. 

56. (d) ).(3|| BABA   

   cos3sin ABAB    3tan    60  

  Now cos2|||| 22 ABBABAR   

  









2

1
222 ABBA 2/122 )( ABBA   

57. (a) )ˆ3ˆ2ˆ4).(ˆ2ˆˆ3(. kjikjcisFW  6212  c  

  Work done J6  (given)  

   66212  c   12c  

58. (b) sFW . )ˆˆ2).(ˆ3ˆ5( jiji  310   = J7  

59. (c) nABBA ˆsin  

  for parallel vectors  0  or 180 , 0sin   
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   0̂ BA  
   

Lami's Theorem 
 

1. (c) 



150sinsinsin 21

RQP


 

 



150sinsin

93.1

1

R


 

 1
9659.0

5.093.1

sin

150sin93.1

1










R  

2. (a) According to Lami's theorem 

 
 sinsinsin

RQP
   

3. (b)   

4. (c)   

5. (b)  

 

 

 

 

 From the figure 3030sin oT   …(i) 

                          WT o 30cos  …(ii) 

 By solving equation (i) and (ii) we get  

 NW 330  and NT 60    
 

Relative Velocity 

 
1. (b) The two car (say A and B) are moving with same velocity, the 

relative velocity of one (say B) with respect to the other 

0,  vvvvvA ABBA  

 So the relative separation between them (= 5 km) always 
remains the same. 

 Now if the velocity of car (say C) moving in opposite direction 

to A and B, is Cv  relative to ground then the velocity of car C 

relative to A and B will be vvv Crel .  

 But as v  is opposite to v
C

  

 So ./)30()30( hrkmvvv Ccrel   

 So, the time taken by it to cross the cars A and B   

30

5

60

4




Crel vv

d
t  

 ./45 hrkmvC   

2. (b) When the man is at rest w.r.t. the ground, the rain comes to 
him at an angle 30° with the vertical. This is the direction of 
the velocity of raindrops with respect to the ground. 

 Here rgv velocity of rain with respect to the ground    

 mgv  velocity of the man with respect to the ground. 

 and rmv velocity of the rain with respect to the man, 

 We have 
mgmrgr vvv   ......(i) 

 Taking horizontal components equation (i) gives  

 hrkmvv gmgr /1030sin    

 or  hrkmv gr /20
30sin

10



  

3. (c)  Taking vertical components equation (i) gives 

hrkmvv rmrg /310
2

3
2030cos   

4. (c) Relative velocity = (3i + 4j) – (– 3i – 4j)  = 6i  + 8j 

5. (d) Relative velocity of parrot with respect to train  

 = sec/15105)10(5 m  

 Time taken by the parrot .sec10
15

150

rel.


v

d
  

6. (a)  

 
 
 

 
  For shortest time, swimmer should swim along AB, so he will 

reach at point C due to the velocity of river. 

 i.e. he should swim due north. 

7. (c)  

  

 

 

 
m

ro

v

v
30sin

22

1 m
r

v
v  =

2

5.0
sm/25.0  

8. (c)  AB vv


 hrkmvv AB /1456580 


 

9. (d) Relative speed of police with respect to thief 

 sm/1910   

 Instantaneous separation = 100 m 

 Time = .sec100
1

100

veclotiy

distance
  

10. (a,c)  

11. (b) A man is sitting in a bus and travelling from west to east, and 
the rain drops are appears falling vertically down. 

 

 

 

 

 

 

  mv  velocity of man 

  rv  Actual velocity of rain which is falling at an angle   

with vertical 

  rmv  velocity of rain w.r.t. to moving man 

  If the another man observe the rain then he will find that 

actually rain falling with velocity rv  at an angle going from 

west to east. 

12. (b) Boat covers distance of 16km in a still water in 2 hours.  

150o 
 

P 
 

Q 
 

R 
 

1 
 

2 
 

30N 
 

W 
 

30° 
 

T 
 Tcos 30° 

 

Tsin 30° 

vm 

vr 

30° 

90° 

–vm 

 vm 

 

vr 
 

vrm 

 

 

 

A 

B 

 

C 
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  i.e. hrkmvB /8
2

16
  

  Now velocity of water hrkmvw /4 . 

  Time taken for going upstream  

  
wB vv

t



8

1 hr2
48

8



  

  (As water current oppose the motion of boat) 

  Time taken for going down stream  

  
wB vv

t



8

2 hr
12

8

48

8



  

  (As water current helps the motion of boat) 

    Total time hrtt 









12

8
221  or 2hr 40min 

13. (d) Relative velocity sm /15510  . 

  Time taken by the bird to cross the train sec8
15

120
  

14. (b) rbbr vvv   

   22
rbbr vvv   

   22810 rv  

   hrkmvr /6 . 

 

Critical Thinking Questions 
 

1. (c)  sinsinsin 22   

 222 cos1cos1cos1   

 )coscos(cos3 222   213   

2. (c) If vectors are of equal magnitude then two vectors can give 
zero resultant, if they works in opposite direction. But if the vectors 
are of different magnitudes then minimum three vectors are 
required to give zero resultant.  

3. (c)  

4. (c) Let P be the smaller force and Q be the greater force then 

according to problem – 

 P + Q = 18    ......(i) 

 12cos222  PQQPR   .......(ii) 

 


 90tan
cos

sin
tan






QP

Q
 

  0cos    QP    .......(iii) 

 By solving (i), (ii) and (iii) we will get ,5P  and 13Q  

5. (b) From the figure aOA ||  and aOB ||  

 Also from triangle rule aABOAOB   

ABa  ||  

 Using angle 
radius

arc
  

    AB = a . d 

 So daa  ||  

 a  means change in magnitude of vector i.e. |||| OAOB   

0 aa  

 So 0a  

6. (b) )12(222
net  RRRRRRR  

7. (d)  

8. (d) 






 
 45sin2

2

90
sin2 vvv vv 2

2

1
2   

 scmr /
30`

2

60

2
122


   

 

9. (b) 







 45sin52

2
sin2


vv =

2

10
 

  2/
2

1

10

2/10
sm

t

v
a 




  

10. (c) For motion of the particle from (0, 0) to (a, 0) 

 )ˆˆ0( jaiKF  jKaF ˆ  

 Displacement  iajijiar ˆ)ˆ0ˆ0()ˆ0ˆ(   

 So work done from (0, 0) to (a, 0) is given by  

 rFW . 0ˆ.ˆ  iajKa  

 For motion (a, 0) to (a, a) 

 )ˆˆ( jaiaKF   and displacement  

 jajiajaiar ˆ)ˆ0ˆ()ˆˆ(   

 So work done from (a, 0) to (a, a) rFW .   

 2ˆ.)ˆˆ( KajajaiaK   

 So total work done 2Ka  

11. (a) Given kjiaOA ˆ2ˆ6ˆ3   and kjibOB ˆ2ˆˆ2   

 

212

263

ˆˆˆ

)(





kji

ba  

 kji ˆ)123()̂64()̂212(   

 kji ˆ15ˆ10ˆ10  222 151010||  ba   

 425  175  

 Area of 
2

175
||

2

1
 baOAB sq.unit. 

12. (d)  

 

 

 

 

  As the metal sphere is in equilibrium under the effect of three 

forces therefore 0 WPT  

From the figure WT cos   …(i) 

                          PT sin   …(ii) 

 From equation (i) and (ii) we get tanWP   

  and 222 WPT   
13. (b)  

14. (d)  
 

 

Assertion and Reason 
 

vbr 

vb 

vr 

B 

A 

O 

a 

a 

d 

a
 

P 
 W 

 

 
 

T 
 Tcos 

 

Tsin 
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1 (a) Cross product of two vectors is perpendicular to the plane 
containing both the vectors.  

2 (a) 
2

1

|ˆ||ˆˆ|

)ˆ).(ˆ(̂
cos 






iji

iji
 . Hence .45   

3 (d) n
AB

nAB

BA

BA
ˆtan

cos

ˆsin

.












 

  where n̂  is unit vector perpendicular to both A


 and B


. 

However tan
.

||




BA

BA




 

4 (b) |||| BABA


  

  cos222 ABBA  = cos222 ABBA   

 Hence 0cos   which gives  90  

 Also vector addition is commutative.  

 Hence .ABBA


  

5 (c) rv


   

 The expression rv


  is wrong. 

6 (b) For giving a zero resultant, it should be possible to represent 
the given vectors along the sides of a closed polygon and 
minimum number of sides of a polygon is three. 

7 (a) Since velocities are in opposite direction, therefore 

BABAAB vvvvv  ||


. 

 Which is greater than Av  or Bv  

8 (b) Vector addition of two vectors is commutative 

i.e. .ABBA


  

9 (a)  

10 (c) Cross-product of two vectors is anticommutative.  

i.e. ABBA


  

11 (b)  

12 (e) If a vector quantity has zero magnitude then it is called a null 

vector. That quantity may have some direction even if its 
magnitude is zero. 

13 (a) Let  P


 and Q


 are two vectors in opposite direction, then 

their sum QPQP


 )(  

If QP


 then sum equal to zero. 

14 (c) If two vectors are in opposite direction, then they cannot be 

like vectors. 

15 (a) If  be the angle between two vectors A


 and B


, then their 

scalar product, cos. ABBA 


  

 If  90  then 0. BA


  

 i.e. if A


 and B


 are perpendicular to each other then their 

scalar product will be zero. 

16 (b) We can multiply any vector by any scalar.  

 For example, in equation amF


  mass is a scalar quantity, 

but acceleration is a vector quantity.  

17 (c) If two vectors equal in magnitude are in opposite direction, 
then their sum will be a null vector.  

 A null vector has direction which is intermediate (or depends 
on direction of initial vectors) even its magnitude is zero. 

18 (b) 0cos||||.  BABA


 

 0sin||||  BABA


 

 If A


 and B


 are not null vectors then it follows that sin  

and cos  both should be zero simultaneously. But it cannot 

be possible so it is essential that one of the vector must be null 
vector. 

19 (b)  

20 (c) The resultant of two vectors of unequal magnitude given by 

cos222 ABBAR   cannot be zero for any value of 

. 

21 (a) CBBA


..    21 coscos  BCAB    

  A = C, only when 21    

 So when angle between A


and B


 is equal to angle between 

B


 and C


 only then A


 equal to C


 

22 (c) Since vector addition is commutative, therefore 

.ABBA
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1. kcji ˆˆ8.0ˆ4.0   represents a unit vector when c is  

(a) – 0.2 (b) 2.0  

 (c) 8.0  (d) 0  

2. The angles which a vector kji ˆ2ˆˆ   makes with X, Y and Z axes 

respectively are 

(a) 60°, 60°, 60° (b) 45°, 45°, 45° 

 (c) 60°, 60°, 45° (d) 45°, 45°, 60°  

3. The value of a unit vector in the direction of vector ,ˆ12ˆ5 jiA   

is  

(a) î  (b) ĵ  

(c) 13/)ˆ(̂ ji   (d) 13/)ˆ12ˆ5( ji    

4. Which of the following is independent of the choice of co-ordinate 
system    

(a) RQP


  (b) iRQP xxx )̂(   

(c) kRjQiP zyx
ˆˆˆ   (d) None of these 

5. A car travels 6 km towards north at an angle of 45° to the east and 
then travels distance of 4 km towards north at an angle of 135° to 
the east. How far is the point from the starting point. What angle 
does the straight line joining its initial and final position makes with 

the east  

(a) km50  and )5(tan 1    

(b) 10 km and )5(tan 1  

(c) km52 and )5(tan 1   

(d) km52  and )5(tan 1  

6. Given that CBA  = 0 out of three vectors two are equal in 

magnitude and the magnitude of third vector is 2  times that of 

either of the two having equal magnitude. Then the angles between 
vectors are given by 

(a) 30°, 60°, 90° (b) 45°, 45°, 90°  

(c) 45°, 60°, 90° (d) 90°, 135°, 135° 

7. Two forces NF 11  and NF 22  act along the lines x = 0 and y 

= 0 respectively. Then the resultant of forces would be  

(a) ji ˆ2ˆ   (b) ji ˆˆ   

(c) ji ˆ2ˆ3   (d) ji ˆˆ2   

8. At what angle must the two forces (x + y) and (x – y) act so that 

the resultant may be )( 22 yx   

(a) 



















)(2
cos

22

22
1

yx

yx
 (b) 




















22

22
1 )(2

cos
yx

yx
 

(c) 



















22

22
1cos

yx

yx
 (d) 




















22

22
1cos

yx

yx
  

9. Following forces start acting on a particle at rest at the origin of the 
co-ordinate system simultaneously 

kjiF ˆ5ˆ5ˆ41  , kjiF ˆ6ˆ8ˆ52  , kjiF ˆ7ˆ4ˆ33   

and kjiF ˆ2ˆ3ˆ24   then the particle will move 

(a) In x – y plane (b) In y – z plane 

(c) In x – z plane (d)  Along x -axis 

10. The resultant of BA   is .1R  On reversing the vector ,B the 

resultant becomes .2R What is the value of 2
2

2
1

RR   

(a) 22 BA   (b) 22 BA   

(c) )(2 22 BA   (d) )(2 22 BA   

11. Figure below shows a body of mass M moving with the uniform 
speed on a circular path of radius, R. What is the change in 

acceleration in going from 1P  to 2P  

(a) Zero 

(b) Rv 2/2  

(c) Rv /2 2  

(d) 2
2


R

v
 

12. A particle is moving on a circular path of radius r  with uniform 

velocity v. The change in velocity when the particle moves from P to 

Q is )40( POQ  
 

(a) 40cos2v  

(b) 40sin2v  

(c) 20sin2v  

(d) 20cos2v   

13. kjiA ˆ4ˆ4ˆ2   and kjiB ˆ4ˆ2ˆ4   are two vectors. 

The angle between them will be  

(a) 0° (b) 45° 

(c) 60° (d) 90° 

14. If kji ˆˆ3ˆ2   and kjiB ˆ4ˆ3ˆ   then projection of A  

on B  will be 

(a) 
13

3
 (b) 

26

3
 

 

P1 
 

P2 
 

R 
 

v 
 

40o 
 

P 
 

Q 
 

r 
 

v 
 

v 
 

O 
 



 

  32 Vectors 

(c) 
26

3
 (d) 

13

3
 

15. In above example a unit vector perpendicular to both A  and B  
will be  

(a) )ˆˆ(̂
3

1
kji   (b) )ˆˆ(̂

3

1
kji   

(c) Both (a) and (b) (d) None of these  

16. Two constant forces kjiF ˆ3ˆ3ˆ21  (N) and 

kjiF ˆ2ˆˆ
2  (N) act on a body and displace it from the position 

kjir ˆ2ˆ2ˆ
1  (m) to the position kjir ˆ5ˆ10ˆ72  (m). 

What is the work done  

(a) 9 J (b) 41 J 

(c) – 3 J (d) None of these  

17. For any two vectors A  and B , if |,|. BABA   the 

magnitude of BAC   is equal to  

(a) 22 BA   (b) BA   

(c) 
2

22 AB
BA   (d) ABBA  222   

18. Which of the following is the unit vector perpendicular to A  and 

B   

(a) 
sin

ˆˆ

AB

BA 
 (b) 

cos

ˆˆ

AB

BA 
 

(c) 
sinAB

BA 
 (d) 

cosAB

BA 
  

19. Two vectors kjbiP ˆ2ˆˆ2   and kjiQ ˆˆˆ   will be parallel 

if  

(a) b = 0 (b) b = 1 

(c) b = 2   (d) b= – 4  

20. Which of the following is not true ? If jiA ˆ4ˆ3   and 

jiB ˆ8ˆ6   where A and B  are the magnitudes of A and B  

(a) 0 BA  (b) 
2

1


B

A
 

(c) 48. BA  (d) A = 5  

21. The area of the triangle formed by kji ˆˆˆ2   and kji ˆˆˆ   is 

(a) 3 sq.unit  

(b) 32  sq. unit 

(c) 142  sq. unit  

(d) 
2

14
 sq. unit  

22. Two trains along the same straight rails moving with constant speed 

60 km/hr and 30 km/hr respectively towards each other. If at time 

0t , the distance between them is 90 km, the time when they 

collide is 

(a)  1 hr (b) 2 hr 

(c) 3 hr (d) 4 hr 

23. A steam boat goes across a lake and comes back (a) On a quite day 

when the water is still and (b) On a rough day when there is 

uniform air current so as to help the journey onward and to impede 

the journey back. If the speed of the launch on both days was same, 

in which case it will complete the journey in lesser time 

 (a) Case (a)  

(b) Case (b) 

 (c) Same in both  

(d) Nothing can be predicted  

24. To a person, going eastward in a car with a velocity of 25 km/hr, a 

train appears to move towards north with a velocity of 325  

km/hr. The actual velocity of the train will be  

(a) 25 km/hr (b) 50 km/hr 

(c) 5 km/hr (d) 35  km/hr 

25. A swimmer can swim in still water with speed  and the river is 

flowing with velocity v/2. To cross the river in shortest distance, he 

should swim making angle  with the upstream. What is the ratio of 

the time taken to swim across the shortest time to that is swimming 

across over shortest distance 

(a) cos  (b) sin   

(c) tan   (d) cot  

26. A bus is moving with a velocity 10 m/s on a straight road. A 

scooterist wishes to overtake the bus in 100 s. If the bus is at a 

distance of 1 km from the scooterist, with what velocity should the 

scooterist chase the bus  

(a) 50 m/s (b) 40 m/s 

(c) 30 m/s (d) 20 m/s 
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1. (b) 1)8.0()4.0( 222  c  

  164.016.0 2  c  2.0c  

2. (c) kjiR ˆ2ˆˆ 


 

Comparing the given vector with kRjRiRR zyx
ˆˆˆ    

2,1,1  zyx RRR and 222|| zyx RRRR 


= 2 

  60
2

1
cos 

R

Rx  

  60
2

1
cos 

R

Ry
 

  45
2

1
cos 

R

Rz  

3. (d) jiA ˆ12ˆ5 


, 22 )12(5|| A


= 14425  13  

 Unit vector 
||

ˆ

A

A
A 



 =
13

ˆ12ˆ5 ji 
 

4. (a) 

5. (c)  

 

 

 

 

 

 

 Net movement along x-direction S
x

 = (6 – 4) cos 45° î   

                  km2
2

1
2   

 Net movement along y-direction S
y

 = (6 + 4) sin 45° ĵ   

   km25
2

1
10   

 Net movement from starting point  

 
22

|| yx SSS     22

252  = km52  

 Angle which makes with the east direction  

 
componentX

componentY
tan




  

2

25
   )5(tan 1  

6. (d)  

 

 

 

 
 

 From polygon law, three vectors having summation zero should 

form a closed polygon. (Triangle) since the two vectors are 

having same magnitude and the third vector is 2  times that 

of either of two having equal magnitude. i.e. the triangle should 

be right angled triangle 

 Angle between A and B,  = 90º 

 Angle between B and C,  = 135º   

 Angle between A and C,  = 135º 

7. (d) x = 0 means y-axis jF ˆ
1   

 y = 0 means x-axis  iF ˆ22    

 so resultant jiFFF ˆˆ221   

8. (a) cos2222 ABBAR   

Substituting, )( yxA  , )( yxB   and )( 22 yxR    

 we get 

















 

)(2

)(
cos

22

22
1

yx

yx
  

9. (b) 4321 FFFF


  

 = )ˆ2ˆ3ˆ5ˆ4( iiii  )ˆ3ˆ4ˆ8ˆ5( jjjj   

    )ˆ2ˆ7ˆ6ˆ5( kkkk  kj ˆ2ˆ4   

  the particle will move in y – z plane. 

10. (c) BAR


1 , BAR


2  

 
2

22
2

222
2

2
1 







 






  BABARR =  222 BA   

11. (d) 









2
sin2


aa =  45sin2a

R

v
a

2

22   

12. (b) 







 20sin2

2
sin2 vvv


 

13. (c) 
||.||||.||

.
cos 332211

B

bababa

B

B









  

 0
||.||

442442





BA
 

  )0(cos 1     90  

14. (b) 222 )1(32||  194   14  

 222 43)1(|| B  1691   26  

 3)4()1(33)1(2. BA  

 The projection of BA on  
||

.

B

BA
  

26

3
  

15. (c) )ˆˆ(̂
3

1

38

ˆ8ˆ8ˆ8

||

ˆ kji
kji

BA

BA
n 







  

 There are two unit vectors perpendicular to both A  and B  

they are )ˆˆ(̂
3

1
ˆ kjin   

4 km 
6 km 

45o 
E(X) W 

N 

S (Y) 

O 

A 

C B 
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16. (a) )( 12 rrFW   

 971618)ˆ7ˆ8ˆ6)(ˆˆ2ˆ3(  kjikji J 

17. (d)  sincos ABAB   1tan    45  

   45cos2|| 22 ABBAC ABBA 222   

18. (c) Vector perpendicular to A and B, nABBA ˆsin


 

  Unit vector perpendicular to A and B 

 
sin||||

ˆ
BA

BA
n 






  

19. (c) P and Q will be parallel if 
1

2

11

2


b
  2b  

20. (b) 5|| A


, 10|| B


 
2

1


B

A
 

21. (d) kjiBkjiA ˆˆˆ,ˆˆˆ2 


 

Area of the triangle  BA



2

1
 

111

112

ˆˆˆ

2

1


kji

kji ˆˆ3ˆ2
2

1
 194

2

1
  

unitsq.
2

14
  

 

 

 

 

 

 

 

 

 

22. (a) The relative velocity ./90)30(60. hrkmvrel   

 Distance between the train ,90. kmsrel    

   Time when they collide .1
90

90

.

. hr
v

s

rel

rel   

23. (b) If the breadth of the lake is l and velocity of boat is v
b

. Time in 
going and coming back on a quite day  

 
bbb

Q
v

l

v

l

v

l
t

2
    .....(i) 

 Now if v
a

 is the velocity of air- current then time taken in going 

across the lake, 

 
ab vv

l
t


1             [As current helps the motion]  

 and time taken in coming back 
ab vv

l
t


2   

[As current opposes the motion] 

 So 21 tttR 
])/(1[

2
2

bab vvv

l


  .....(ii) 

 From equation (i) and (ii) 

 ]11 as[1
])/(1[

1
2

2

2





b

a

baQ

R

v

v

vvt

t
   i.e. QR tt    

 i.e. time taken to complete the journey on quite day is lesser 
than  that on rough day. 

24. (a)  22
CTCT vvv  = 2

2

)25()325(   

 = 6251875  = 2500  = 25 km/hr 

25. (b)  

26. (d) Let the velocity of the scooterist =v 

 Relative velocity of scooterist with respect to bus )10(  v  

 100)10(  vS 100)10(1000  v  

  smv /201010   
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Physical Quantity 

A quantity which can be measured and by which various physical 
happenings can be explained and expressed in the form of laws is called a 
physical quantity. For example length, mass, time, force etc.  

On the other hand various happenings in life e.g., happiness, sorrow 
etc. are not physical quantities because these can not be measured. 

Measurement is necessary to determine magnitude of a physical 
quantity, to compare two similar physical quantities and to prove physical 
laws or equations. 

A physical quantity is represented completely by its magnitude and 
unit. For example, 10 metre means a length which is ten times the unit of 
length. Here 10 represents the numerical value of the given quantity and 
metre represents the unit of quantity under consideration. Thus in 
expressing a physical quantity we choose a unit and then find that how 
many times that unit is contained in the given physical quantity, i.e. 

Physical quantity  (Q) = Magnitude × Unit  = n × u 

Where, n represents the numerical value and u represents the unit. 
Thus while expressing definite amount of physical quantity, it is clear that 
as the unit(u) changes, the magnitude(n) will also change but product ‘nu’ 
will remain same. 

i.e. n u  = constant,  or constant2211  unun ;   
u

n
1

  

i.e. magnitude of a physical quantity and units are inversely 
proportional to each other .Larger the unit, smaller will be the magnitude. 

(1) Ratio (numerical value only) : When a physical quantity is the 
ratio of two similar quantities, it has no unit. 

e.g. Relative density =  Density of object/Density of water at 4oC  

Refractive index = Velocity of light in air/Velocity of light in medium 

Strain = Change in dimension/Original dimension 

(2) Scalar (magnitude only) : These quantities do not have any 
direction e.g. Length, time, work, energy etc. 

Magnitude of a physical quantity can be negative. In that case 
negative sign indicates that the numerical value of the quantity under 
consideration is negative. It does not specify the direction. 

Scalar quantities can be added or subtracted with the help of ordinary 
laws of addition or subtraction. 

(3) Vector (magnitude and direction) : These quantities have 
magnitude and direction both and can be added or subtracted with the help 
of laws of vector algebra e.g. displacement, velocity, acceleration, force etc. 

Fundamental and Derived Quantities 

(1) Fundamental quantities : Out of large number of physical 
quantities which exist in nature, there are only few quantities which are 
independent of all other quantities and do not require the help of any other 
physical quantity for their definition, therefore these are called absolute 
quantities. These quantities are also called fundamental or basic quantities, 
as all other quantities are based upon and can be expressed in terms of 
these quantities. 

(2) Derived quantities : All other physical quantities can be derived by 
suitable multiplication or division of different powers of fundamental 
quantities. These are therefore called derived quantities. 

If length is defined as a fundamental quantity then area and volume 
are derived from length and are expressed in term of length with power 2 
and 3 over the term of length. 

Note :  In mechanics, Length, Mass and Time are arbitrarily 

chosen as fundamental quantities. However this set of fundamental 
quantities is not a unique choice. In fact any three quantities in mechanics 
can be termed as fundamental as all other quantities in mechanics can be 
expressed in terms of these. e.g. if speed and time are taken as fundamental 
quantities, length will become a derived quantity because then length will be 

expressed as  Speed  Time. and if force and acceleration are taken as 
fundamental quantities, then mass will be defined as Force / acceleration 
and will be termed as a derived quantity. 

Fundamental and Derived Units 

Normally each physical quantity requires a unit or standard for its 

specification so it appears that there must be as many units as there are 
physical quantities. However, it is not so. It has been found that if in 
mechanics we choose arbitrarily units of any three physical quantities we 
can express the units of all other physical quantities in mechanics in terms 
of these. Arbitrarily the physical quantities mass, length and time are chosen 
for this purpose. So any unit of mass, length and time in mechanics is called 
a fundamental, absolute or base unit. Other units which can be expressed in 
terms of fundamental units, are called derived units. For example light year 
or km is a fundamental unit as it is a unit of length while s–1, m2 or kg/m are 

derived units as these are derived from units of time, mass and length. 
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System of units : A complete set of units, both fundamental and 
derived for all kinds of physical quantities is called system of units. The 
common systems are given below  

(1) CGS system : This system is also called Gaussian system of units. 
In this length, mass and time have been chosen as the fundamental 
quantities and corresponding fundamental units are centimetre (cm), gram 
(g) and second (s) respectively. 

(2) MKS system : This system is also called Giorgi system. In this 
system also length, mass and time have been taken as fundamental 
quantities, and the corresponding fundamental units are metre, kilogram 
and second. 

(3) FPS system : In this system foot, pound and second are used 
respectively for measurements of length, mass and time. In this system force 
is a derived quantity with unit poundal. 

(4) S. I. system : It is known as International system of units, and is 
extended system of units applied to whole physics. There are seven 
fundamental quantities in this system. These quantities and their units are 
given in the following table 

Table 1.1 : Unit and symbol of quantities 
 

Quantity Unit Symbol 

Length metre m 

Mass kilogram kg 

Time second s 

Electric Current ampere A 

Temperature Kelvin K 

Amount of Substance mole mol 

Luminous Intensity candela cd 

 

Besides the above seven fundamental units two supplementary units 

are also defined – 

Radian (rad) for plane angle and Steradian (sr) for solid angle. 

Note :  Apart from fundamental and derived units we also use 

practical units very frequently. These may be fundamental or derived units 
e.g., light year is a practical unit (fundamental) of distance while horse power is a 
practical unit (derived) of power.  

 Practical units may or may not belong to a system but can be 
expressed in any system of units  

  e.g., 1 mile = 1.6 km = 1.6 × 103 m. 

S.I. Prefixes 

In physics we deal from very small (micro) to very large 

(macro) magnitudes, as one side we talk about the atom while on the 

other side of universe, e.g., the mass of an electron is 9.1  10–3 1 kg 

while that of the sun is 2  10 3 0 kg. To express such large or small 

magnitudes we use the following prefixes :  

Table 1.2 : Prefixes and symbol 

Power of 10 Prefix Symbol 

1018 exa E 

1015 peta P 

1012 tera T 

109 giga G 

106 mega M 

103 kilo k 

102 hecto h 

101 deca da 

10–1 deci d 

10–2 centi c 

10–3 milli m 

10–6 micro  

10–9 nano n 

10–12 pico p 

10–15 femto f 

10–18 atto a 

 

Standards of Length, Mass and Time 

(1) Length : Standard metre is defined in terms of wavelength of 

light and is called atomic standard of length. 

The metre is the distance containing 1650763.73 wavelength in 

vacuum of the radiation corresponding to orange red light emitted by an 

atom of krypton-86. 

Now a days metre is defined as length of the path travelled by light 

in vacuum in 1/299,7792, 45 part of a second.  

(2) Mass : The mass of a cylinder made of platinum-iridium alloy 

kept at International Bureau of Weights and Measures is defined as 1 kg.  

On atomic scale, 1 kilogram is equivalent to the mass of 5.0188  1025 

atoms of 
6

C12 (an isotope of carbon). 

(3) Time : 1 second is defined as the time interval of 9192631770 

vibrations of radiation in Cs-133 atom. This radiation corresponds to the 

transition between two hyperfine level of the ground state of Cs-133. 

Practical Units  

(1) Length  

(i) 1 fermi = 1 fm = 10–15 m  

(ii) 1 X-ray unit = 1XU = 10–13 m  

(iii) 1 angstrom = 1Å = 10–10 m = 10–8 cm = 10–7 mm = 0.1 mm  

(iv) 1 micron = m = 10–6 m  

(v) 1 astronomical unit = 1 A.U. = 1. 49  1011 m  

                     1.5  1011 m   108 km  

(vi) 1 Light year = 1 ly = 9.46  1015 m  

(vii) 1 Parsec = 1pc = 3.26 light year 

(2) Mass  

(i) Chandra Shekhar unit : 1 CSU = 1.4 times the mass of sun = 2.8  

1030 kg  

(ii) Metric tonne : 1 Metric tonne = 1000 kg  

(iii) Quintal : 1 Quintal = 100 kg  

(iv) Atomic mass unit (amu) :  amu = 1.67  10–27 kg  

Mass of proton or neutron is of the order of 1 amu 

(3) Time  

(i) Year : It is the time taken by the Earth to complete 1 revolution 
around the Sun in its orbit. 

(ii) Lunar month : It is the time taken by the Moon to complete 1 

revolution around the Earth in its orbit.  

1 L.M. = 27.3 days 
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(iii) Solar day : It is the time taken by Earth to complete one 
rotation about its axis with respect to Sun. Since this time varies from day 
to day, average solar day is calculated by taking average of the duration of 
all the days in a year and this is called Average Solar day.  

1 Solar year = 365.25 average solar day 

or  average solar day 
25.365

1
  the part of solar year 

(iv) Sedrial day : It is the time taken by earth to complete one rotation 
about its axis with respect to a distant star.  

1 Solar year = 366.25 Sedrial day  

     = 365.25 average solar day  

Thus 1 Sedrial day is less than 1 solar day. 

(v) Shake : It is an obsolete and practical unit of time. 

1 Shake = 10– 8 sec 

Dimensions 

When a derived quantity is expressed in terms of fundamental 
quantities, it is written as a product of different powers of the fundamental 
quantities. The powers to which fundamental quantities must be raised in 
order to express the given physical quantity are called its dimensions.  

To make it more clear, consider the physical quantity force 

Force = mass × acceleration  

time

 velocity mass 
   

time

elength/tim  mass 
   

= mass × length × (time)–2     … (i) 

Thus, the dimensions of force are 1 in mass, 1 in length and – 2 in 
time. 

Here the physical quantity that is expressed in terms of the basic 

quantities is enclosed in square brackets to indicate that the equation is 

among the dimensions and not among the magnitudes.  

Thus equation (i) can be written as [force] = [MLT–2]. 

Such an expression for a physical quantity in terms of the 
fundamental quantities is called the dimensional equation. If we consider 
only the R.H.S. of the equation, the expression is termed as dimensional 
formula. 

Thus, dimensional formula for force is, [MLT – 2]. 

Quantities Having same Dimensions 
 

Dimension Quantity 

[M0L0T–1] 
Frequency, angular frequency, angular velocity, 

velocity gradient and decay constant 

[M1L2T–2] 
Work, internal energy, potential energy, kinetic 

energy, torque, moment of force 

[M1L–1T–2] 
Pressure, stress, Young’s modulus, bulk modulus, 

modulus of rigidity, energy density 

[M1L1T–1] Momentum, impulse 

[M0L1T–2] 
Acceleration due to gravity, gravitational field 

intensity 

[M1L1T–2] Thrust, force, weight, energy gradient 

[M1L2T–1] Angular momentum and Planck’s constant 

[M1L0T–2] 
Surface tension, Surface energy (energy per unit 

area) 

[M0L0T0] 

Strain, refractive index, relative density, angle, solid 

angle, distance gradient, relative permittivity 

(dielectric constant), relative permeability etc. 

[M0L2T–2] Latent heat and gravitational potential 

[ML2T–2–1] 
Thermal capacity, gas constant, Boltzmann constant 

and entropy 

[M0L0T1] 

gRkmgl ,, , where l = length 

g = acceleration due to gravity, m = mass,   k = 

spring constant, R = Radius of earth 

[M0L0T1] L/R, LC , RC where L = inductance,        R = 

resistance, C = capacitance  

[ML2T–2] 

2
2

2
2

2 ,  ,  ,  ,  ,, CV
C

q
LIqVVItt

R

V
RtI  where I = 

current, t = time, q = charge,  

L = inductance, C = capacitance, R = resistance 

 

Important Dimensions of Complete Physics 
 

Heat 

Quantity Unit Dimension 

Temperature (T) Kelvin [M0L0T0 1] 

Heat (Q) Joule [ML2T– 2] 

Specific Heat (c)  Joule/kg-K [M0L2T– 2 –1] 

Thermal capacity Joule/K [M1L2T – 2 –1] 

Latent heat (L) Joule/kg [M0L2T – 2] 

Gas constant (R) Joule/mol-K [M1L2T– 2 – 1] 

Boltzmann constant (k) Joule/K [M1L2T– 2 – 1] 

Coefficient of thermal 
conductivity (K) 

Joule/m-s-K [M1L1T– 3 – 1] 

Stefan's constant () Watt/m2-K4 [M1L0T– 3 – 4] 

Wien's constant (b) Metre-K [M0L1T 0 1] 

Planck's constant (h) Joule-s [M1L2T–1] 

Coefficient of Linear Expansion 

() 
Kelvin–1 [M0L0T0 –1] 

Mechanical equivalent of Heat 
(J) 

Joule/Calorie [M0L0T0] 

Vander wall’s constant (a) Newton-m4 [ML5T– 2] 

Vander wall’s constant (b) m3 [M0L3T0] 

 

Electricity 

Quantity Unit Dimension 

Electric charge (q) Coulomb [M0L0T1A1] 

Electric current (I) Ampere [M0L0T0A1] 

Capacitance (C) Coulomb/volt or Farad [M–1L– 2T 4A2] 

Electric potential (V) Joule/coulomb [M1L2T–3A–1] 

Permittivity of free 

space (
0

) 2

2

metre-Newton

Coulomb
 [M–1L–3T 4A2] 

Dielectric constant (K) Unitless [M0L0T0] 

Resistance (R) Volt/Ampere or ohm [M1L2T– 3A– 2] 
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Quantity Unit Dimension 

Resistivity or Specific 

resistance () 
Ohm-metre [M1L3T– 3A– 2] 

Coefficient of Self-
induction (L) ampere

secondvolt 
or henry 

or ohm-second 

[M1L2T– 2A– 2] 

Magnetic flux () Volt-second or weber [M1L2T–2A–1] 

Magnetic induction (B) 

metreampere

newton



2metreampere

Joule



2

second

metre

volt 
 or Tesla 

[M1L0T– 2A– 1] 

Magnetic Intensity (H) Ampere/metre [M0L– 1T0A1] 

Magnetic Dipole 
Moment (M) 

Ampere-metre2 [M0L2T0A1] 

Permeability of Free 

Space (
0

) 

2ampere

Newton
  

 or 
metreampere

Joule

2
 

or 
metreampere

Volt



 second
 

or 
metre

ondOhm sec
  

or 
metre

henry
 

[M1L1T–2A–2] 

Surface charge density 

() 
2metreCoulomb  [M0L–2T1A1] 

Electric dipole moment 
(p) metreCoulomb   [M0L1T1A1] 

Conductance (G) (1/R) 1ohm  [M–1L–2T3A2] 

Conductivity () (1/) 11  metreohm  [M–1L–3T3A2] 

Current density (J) Ampere/m2 M0L–2T0A1 

Intensity of electric 
field (E) 

Volt/metre, 
Newton/coulomb 

M1L1T –3A–1 

Rydberg constant (R) m–1 M0L–1T0 
 

Application of Dimensional Analysis 

(1) To find the unit of a physical quantity in a given system of units 
: To write the definition or formula for the physical quantity we find its 
dimensions. Now in the dimensional formula replacing M, L and T by the 
fundamental units of the required system we get the unit of physical 
quantity. However, sometimes to this unit we further assign a specific name,  

e.g., Work = Force  Displacement  

So  [W] = [MLT–2]  [L]  = [ML2T–2]  

So its unit in C.G.S. system will be g cm2/s2 which is called erg while 

in M.K.S. system will be kg-m2/s2 which is called joule. 

(2) To find dimensions of physical constant or coefficients : As 

dimensions of a physical quantity are unique, we write any formula or 
equation incorporating the given constant and then by substituting the 
dimensional formulae of all other quantities, we can find the dimensions of 
the required constant or coefficient. 

(i) Gravitational constant : According to Newton’s law of gravitation 

2

21

r

mm
GF   or 

21

2

mm

Fr
G   

Substituting the dimensions of all physical quantities  

][
]][[

]][[
][ 231

22




 TLM
MM

LMLT
G  

(ii) Plank constant : According to Planck hE   or 


E
h   

Substituting the dimensions of all physical quantities  

][
][

][
][ 12

1

22






 TML
T

TML
h  

(iii) Coefficient of viscosity : According to Poiseuille’s formula  

l

pr

dt

dV





8

4

  or 
)/(8

4

dtdVl

pr
   

Substituting the dimensions of all physical quantities 

][
]/][[

]][[
][ 11

3

421




 TML
TLL

LTML
  

(3) To convert a physical quantity from one system to the other : The 

measure of a physical quantity is  nu = constant  

If a physical quantity X has dimensional formula [MaLbTc] and if 

(derived) units of that physical quantity in two systems are ][
111
cba TLM  

and ][
222
cba TLM  respectively and n

1

 and n
2

 be the numerical values in the 

two systems respectively, then ][][ 2211 unun    

 ][][
22221111
cbacba TLMnTLMn    
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M
nn 
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1
12  

where M
1

, L
1

 and T
1

 are fundamental units of mass, length and time 
in the first (known) system and M

2

, L
2

 and T
2

 are fundamental units of mass, 
length and time in the second (unknown) system. Thus knowing the values 
of fundamental units in two systems and numerical value in one system, the 

numerical value in other system may be evaluated.  

Example : (i) conversion of Newton into Dyne.  

The Newton is the S.I. unit of force and has dimensional formula 
[MLT–2].  

So 1 N = 1 kg-m/ sec2  

By using   
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gm 510  

 1 N = 105 Dyne  

(ii) Conversion of gravitational constant (G) from C.G.S. to M.K.S. 

system  
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The value of G in C.G.S. system is 6.67  10–8 C.G.S. units while its 

dimensional formula is [M–1L3T–2] 

So G = 6.67  10–8 cm3/g s2   

By using 

cba

T

T

L

L

M

M
nn 
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gm

gm
 

111067.6   

  G =  6.67  10–11 M.K.S. units  

(4) To check the dimensional correctness of a given physical relation 
: This is based on the ‘principle of homogeneity’. According to this principle 
the dimensions of each term on both sides of an equation must be the 

same.  

If DEFBCAX  2)( ,  

then according to principle of homogeneity  

 [X] = [A] = [(BC)2] ][ DEF  

If the dimensions of each term on both sides are same, the equation 
is dimensionally correct, otherwise not. A dimensionally correct equation 
may or may not be physically correct. 

Example : (i) 22 / rmvF   

By substituting dimension of the physical quantities in the above 

relation, 2212 ]/[]][[][ LLTMMLT    

i.e. ][][ 22   MTMLT  

As in the above equation dimensions of both sides are not same; this 
formula is not correct dimensionally, so can never be physically. 

(ii) 2)2/1( atuts   

By substituting dimension of the physical quantities in the above 
relation  

 [L] = [LT–1][T] – [LT–2][T2] 

i.e.  [L] = [L] – [L] 

As in the above equation dimensions of each term on both sides are 
same, so this equation is dimensionally correct. However, from equations of 

motion we know that 2)2/1( atuts   

(5) As a research tool to derive new relations : If one knows the 

dependency of a physical quantity on other quantities and if the dependency 
is of the product type, then using the method of dimensional analysis, 
relation between the quantities can be derived.  

Example : (i) Time period of a simple pendulum.  

Let time period of a simple pendulum is a function of mass of the bob 

(m), effective length (l), acceleration due to gravity (g) then assuming the 
function to be product of power function of m, l and g   

i.e., zyx glKmT  ; where K = dimensionless constant  

If the above relation is dimensionally correct then by substituting 
the dimensions of quantities – 

[T] = [M]x [L]y [LT–2]z        or     [M0L0T1]  = [MxLy+zT–2z] 

Equating the exponents of similar quantities x = 0, y = 1/2 and z = – 

1/2 

So the required physical relation becomes 
g

l
KT    

The value of dimensionless constant is found (2 ) through 

experiments so 
g

l
T 2  

(ii) Stoke’s law : When a small sphere moves at low speed through a 

fluid, the viscous force F, opposes the motion, is found experimentally to 

depend on the radius r, the velocity of the sphere v and the viscosity  of 

the fluid.  

So F = f (, r, v) 

If the function is product of power functions of , r and v,   

zyx vrKF  ;  where K is dimensionless constant. 

If the above relation is dimensionally correct  

zyx LTLTMLMLT ][][][][ 1112    

or ][][ 2 zxzyxx TLMMLT    

Equating the exponents of similar quantities  

x = 1;   – x + y + z = 1  and  – x – z = – 2 

Solving these for x, y and z, we get x = y = z = 1 

So equation (i) becomes    F = Krv  

On experimental grounds, K = 6; so  F = 6rv  

This is the famous Stoke’s law. 

Limitations of Dimensional Analysis 

Although dimensional analysis is very useful it cannot lead us too far 

as,  

(1) If dimensions are given, physical quantity may not be unique as 

many physical quantities have same dimensions. For example if the 

dimensional formula of a physical quantity is ][ 22 TML it may be work or 

energy or torque. 

(2) Numerical constant having no dimensions [K] such as (1/2), 1 or 

2 etc. cannot be deduced by the methods of dimensions. 

(3) The method of dimensions can not be used to derive relations 

other than product of power functions. For example, 

2)2/1( tatus   or tay sin  

cannot be derived by using this theory (try if you can). However, the 

dimensional correctness of these can be checked. 

(4) The method of dimensions cannot be applied to derive formula 
if in mechanics a physical quantity depends on more than 3 physical 
quantities as then there will be less number (= 3) of equations than the 
unknowns (>3). However still we can check correctness of the given 

equation dimensionally. For example mglIT 2 can not be derived by 

theory of dimensions but its dimensional correctness can be checked.  
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(5) Even if a physical quantity depends on 3 physical quantities, out 
of which two have same dimensions, the formula cannot be derived by 
theory of dimensions, e.g., formula for the frequency of a tuning fork 

vLdf )/( 2  cannot be derived by theory of dimensions but can be 

checked. 

Significant Figures 

Significant figures in the measured value of a physical quantity tell 

the number of digits in which we have confidence. Larger the number of 

significant figures obtained in a measurement, greater is the accuracy of the 

measurement. The reverse is also true.  

The following rules are observed in counting the number of 

significant figures in a given measured quantity. 

(1) All non-zero digits are significant.  

Example :  42.3 has three significant figures. 

   243.4 has four significant figures. 

   24.123 has five significant figures. 

(2) A zero becomes significant figure if it appears between two non-

zero digits.  

Example :  5.03 has three significant figures.  

             5.604 has four significant figures. 

   4.004 has four significant figures.  

(3) Leading zeros or the zeros placed to the left of the number are 

never significant.  

Example : 0.543 has three significant figures.  

                0.045 has two significant figures. 

  0.006 has one significant figure.  

(4) Trailing zeros or the zeros placed to the right of the number are 

significant.  

Example : 4.330 has four significant figures. 

  433.00 has five significant figures. 

  343.000 has six significant figures. 

(5) In exponential notation, the numerical portion gives the number 

of significant figures.  

Example : 1.32  10–2 has three significant figures. 

  1.32  104 has three significant figures. 

Rounding Off 

While rounding off measurements, we use the following rules by 

convention: 

(1) If the digit to be dropped is less than 5, then the preceding digit 
is left unchanged.  

Example : 82.7x  is rounded off to 7.8,  

again 94.3x  is rounded off to 3.9.  

(2) If the digit to be dropped is more than 5, then the preceding 

digit is raised by one.  

Example : x = 6.87 is rounded off to 6.9,  

again x = 12.78 is rounded off to 12.8. 

(3) If the digit to be dropped is 5 followed by digits other than zero, 
then the preceding digit is raised by one.  

Example : x = 16.351 is rounded off to 16.4,  

again x = 6.758 is rounded off to 6.8.  

(4) If digit to be dropped is 5 or 5 followed by zeros, then preceding 
digit is left unchanged, if it is even. 

Example : x = 3.250 becomes 3.2 on rounding off,  

again x = 12.650 becomes 12.6 on rounding off.  

(5) If digit to be dropped is 5 or 5 followed by zeros, then the 
preceding digit is raised by one, if it is odd.  

Example : x = 3.750 is rounded off to 3.8, 

again x = 16.150 is rounded off to 16.2.   

Significant Figures in Calculation 

In most of the experiments, the observations of various 

measurements are to be combined mathematically, i.e., added, subtracted, 

multiplied or divided to achieve the final result. Since, all the observations in 

measurements do not have the same precision, it is natural that the final 

result cannot be more precise than the least precise measurement. The 

following two rules should be followed to obtain the proper number of 

significant figures in any calculation.  

(1) The result of an addition or subtraction in the number having 

different precisions should be reported to the same number of decimal places 
as present in the number having the least number of decimal places. The rule 
is illustrated by the following examples : 

(i)   33.3  (has only one decimal place) 

  3.11 

           + 0.313 

  36.723  (answer should be reported to  

      one decimal place) 

 Answer = 36.7 

(ii)  3.1421 

  0.241 

           +  0.09  (has 2 decimal places) 

   3.4731  (answer should be reported  

      to 2 decimal places) 

 Answer = 3.47  

(iii)  62.831  (has 3 decimal places) 

          –  24.5492 

  38.2818  (answer should be reported to 3  

     decimal places after rounding off) 

 Answer = 38.282 

(2) The answer to a multiplication or division is rounded off to the 

same number of significant figures as possessed by the least precise term 
used in the calculation. The rule is illustrated by the following examples : 

(i)   142.06 

             0.23  (two significant figures) 

   32.6738  (answer should have two  

      significant figures) 

 Answer = 33 

(ii)  51.028 

              1.31  (three significant figures) 

  66.84668 

 Answer = 66.8 

(iii)  2112676.0
26.4

90.0
  

  Answer = 0.21 
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Order of Magnitude 

In scientific notation the numbers are expressed as, Number 
xM 10 . Where M is a number lies between 1 and 10 and x is integer. 

Order of magnitude of quantity is the power of 10 required to represent the 
quantity. For determining this power, the value of the quantity has to be 
rounded off. While rounding off, we ignore the last digit which is less than 
5. If the last digit is 5 or more than five, the preceding digit is increased by 
one. For example,  

(1) Speed of light in vacuum  

smms /10103 818          (ignoring 3 < 5) 

(2) Mass of electron kgkg 3031 10101.9     (as 9.1 > 5). 

Errors of Measurement 

The measuring process is essentially a process of comparison. Inspite 
of our best efforts, the measured value of a quantity is always somewhat 
different from its actual value, or true value. This difference in the true 
value and measured value of a quantity is called error of measurement.  

(1) Absolute error : Absolute error in the measurement of a physical 
quantity is the magnitude of the difference between the true value and the 
measured value of the quantity.  

Let a physical quantity be measured n times. Let the measured value 
be a

1

, a
2

, a
3

, ….. a
n

. The arithmetic mean of these value is 

n

aaa
a n

m




......21  

Usually, a
m

 is taken as the true value of the quantity, if the same is 
unknown otherwise.  

By definition, absolute errors in the measured values of the quantity 
are  

  11 aaa m   

  22 aaa m 
 

  …………. 

  nmn aaa   

The absolute errors may be positive in certain cases and negative in 
certain other cases.  

(2) Mean absolute error : It is the arithmetic mean of the 
magnitudes of absolute errors in all the measurements of the quantity. It is 

represented by .a  Thus  

n

aaa
a n ||.....|||| 21 
  

Hence the final result of measurement may be written as 

aaa m   

This implies that any measurement of the quantity is likely to lie 

between )( aam   and ).( aam   

(3) Relative error or Fractional error : The relative error or 
fractional error of measurement is defined as the ratio of mean absolute 
error to the mean value of the quantity measured. Thus  

Relative error or Fractional error 
ma

a


  valueMean

error absolute Mean
 

(4) Percentage error : When the relative/fractional error is expressed 
in percentage, we call it percentage error. Thus 

Percentage error %100



ma

a
 

Propagation of Errors 

(1) Error in sum of the quantities : Suppose   x = a + b  

Let a = absolute error in measurement of a  

b = absolute error in measurement of b  

x = absolute error in calculation of x  
i.e. sum of a and b.  

The maximum absolute error in x is )( bax   

Percentage error in the value of %100
)(







ba

ba
x  

(2) Error in difference of the quantities : Suppose x = a – b  

Let   a = absolute error in measurement of a,  

b = absolute error in measurement of b  

x = absolute error in calculation of x i.e. difference of a and b. 

The maximum absolute error in x is )( bax   

Percentage error in the value of %100
)(







ba

ba
x  

(3) Error in product of quantities :  

Suppose x = a  b 

Let  a = absolute error in measurement of a,  

b = absolute error in measurement of b  

x = absolute error in calculation of x i.e. product of a and b. 

The maximum fractional error in x is 






 







b

b

a

a

x

x
 

Percentage error in the value of x  

         = (% error in value of a) + (% error in value of b) 

(4) Error in division of quantities : Suppose 
b

a
x   

Let  a = absolute error in measurement of a,  

      b = absolute error in measurement of b  

      x = absolute error in calculation of x i.e. division of a and b. 

The maximum fractional error in x is 






 







b

b

a

a

x

x
 

Percentage error in the value of x  

= (% error in value of a) + (% error in value of b) 

(5) Error in quantity raised to some power : Suppose 
m

n

b

a
x   

Let   a = absolute error in measurement of a,  

b = absolute error in measurement of b  

x = absolute error in calculation of x 

The maximum fractional error in x is 






 







b

b
m

a

a
n

x

x
 

Percentage error in the value of x  

= n (% error in value of a) + m (%error in value of b) 

 

 

 

 

 

 The standard of Weight and Measures Act was passed in India in 
1976. It recommended the use of SI in all fields of science, technology, 

trade and industry. 

 The dimensions of many physical quantities, especially those in 
heat, thermodynamics, electricity and magnetism in terms of mass, 
length and time alone become irrational. Therefore, SI is adopted which 
uses 7 basic units. 

 The dimensions of a physical quantity are the powers to which 
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basic units (not fundamental units alone) should be raised to represent 
the derived unit of that physical quantity. 

 The dimensional formula is very helpful in writing the unit of a 
physical quantity in terms of the basic units. 

 The dimensions of a physical quantity do not depend on the system 
of units. 

 A physical quantity that does not have any unit must be 
dimensionless. 

 The pure numbers are dimensionless. 

 Generally, the symbols of those basic units, whose dimension 

(power) in the dimensional formula is zero, are omitted from the 
dimensional formula. 

 It is wrong to say that the dimensions of force are MLT–2. On the 
other hand we should say that the dimensional formula for force is MLT–2 
and that the dimensions of force are 1 in mass, 1 in length and –2 in 
time. 

 Physical quantities defined as the ratio of two similar quantities are 
dimensionless. 

 The physical relation involving logarithm, exponential, 
trigonometric ratios, numerical factors etc. cannot be derived by the 
method of dimensional analysis. 

 Physical relations involving addition or subtraction sign cannot be 
derived by the method of dimensional analysis. 

 If units or dimensions of two physical quantities are same, these 
need not represent the same physical characteristics. For example torque 

and work have the same units and dimensions but their physical 
characteristics are different. 

 The standard units must not change with space and time. That is 

why atomic standard of length and time have been defined. Attempts are 
being made to define the atomic standard for mass as well. 

 The unit of time, the second, was initially defined in terms of the 

rotation of the earth around the sun as well as that about its own axis. 
This time standard is subjected to variation with time. Therefore, the 
atomic standard of time has been defined. 

 Any repetitive phenomenon, such as an oscillating pendulum, 

spinning of earth about its axis, etc can be used to measure time. 

 The product of numerical value of the physical quantity (n) and its 

unit (U) remains constant. 

That is : nU = constant or n
1

U
1

 = n
2

U
2

. 

 The product of numerical value (n) and unit (U) of a physical 

quantity is called magnitude of the physical quantity. 

Thus : Magnitude = nU 

 Poiseuille (unit of viscosity) = pascal (unit of pressure) × second. 

That is :  Pl : Pa- s. 

 The unit of power of lens (dioptre) gives the ability of the lens to 

converge or diverge the rays refracted through it. 

 The order of magnitude of a quantity means its value (in suitable 
power of 10) nearest to the actual value of the quantity. 

 Angle is exceptional physical quantity, which though is a ratio of 

two similar physical quantities (angle = arc / radius) but still requires a 
unit (degrees or radians) to specify it along with its numerical value. 

 Solid angle subtended at a point inside the closed surface is 4 

steradian. 

 A measurement of a physical quantity is said to be accurate if the 

systematic error in its measurement is relatively very low. On the other 
hand, the measurement of a physical quantity is said to be precise if the 
random error is small.  

 A measurement is most accurate if its observed value is very close 
to the true value.  

 Errors are always additive in nature. 

 For greater accuracy, the quantity with higher power should have 

least error. 

 The absolute error in each measurement is equal to the least count 

of the measuring instrument. 

 Percentage error = relative error × 100. 

 The unit and dimensions of the absolute error are same as that of 

quantity itself. 

 Absolute error is not dimensionless quantity. 

 Relative error is dimensionless quantity. 

 Least Count = 
(n) scale vernier on of partsNumber 

(s) scale main on  part1of  value
 

 Least count of vernier callipers  

  = 

















)( scaler     vernie

of   part1of  value

)( scale main    

of   part1of  value

vs
 

        Least count of vernier calliper = 1 MSD – 1 VSD 

           where  MSD = Main Scale Division 

         VSD = Vernier Scale Division 

 Least count of screw guaze = 
)( scalecircular  on of parts No.

)Pitch(

n

p
 

 Smaller the least count, higher is the accuracy of measurement. 

 Larger the number of significant figures after the decimal in a 
measurement, higher is the accuracy of measurement. 

 Significant figures do not change if we measure a physical quantity 
in different units. 

 Significant figures retained after mathematical operation (like 

addition, subtraction, multiplication and division) should be equal to the 
minimum significant figures involved in any physical quantity in the 
given operation.  

 Significant figures are the number of digits upto which we are sure 
about their accuracy. 

 If a number is without a decimal and ends in one or more zeros, 
then all the zeros at the end of the number may not be significant. To 
make the number of significant figures clear, it is suggested that the 
number may be written in exponential form. For example 20300 may be 
expressed as 203.00×102, to suggest that all the zeros at the end of 20300 
are significant.   

 1 inch = 2.54 cm 

1 foot = 12 inches = 30.48 cm = 0.3048 m 

1 mile = 5280 ft = 1.609 km 

 1 yard = 0.9144 m 



 

 Units, Dimensions and Measurement 43 

 1 slug = 14.59 kg 

 1 barn = 10–28 m2 

 1 liter = 103 cm3 = 10–3 m3 

 1 km/h = 
18

5
 m/s 

1 m/s = 3.6 km/h 

 1 g/cm3 = 1000 kg/m3 

 1 atm. = 76 cm of Hg = 1.013 × 105 N/m2 

1 N/m2 = Pa (Pascal) 

 When we add or subtract two measured quantities, the absolute 
error in the final result is equal to the sum of the absolute errors in the 

measured quantities. 

 When we multiply or divide two measured quantities, the relative 
error in the final result is equal to the sum of the relative errors in the 

measured quantities. 
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Units 
 

1. Light year is a unit of    

[MP PMT 1989; CPMT 1991; AFMC 1991,2005] 

(a) Time (b) Mass 

(c) Distance (d) Energy 

2. The magnitude of any physical quantity 

(a) Depends on the method of measurement 

(b) Does not depend on the method of measurement 

(c) Is more in SI system than in CGS system 

(d) Directly proportional to the fundamental units of mass, length 
and time 

3. Which of the following is not equal to watt 

[SCRA 1991; CPMT 1990] 

(a) Joule/second (b) Ampere   volt 

(c) (Ampere)2  ohm (d) Ampere/volt 

4. Newton–second is the unit of  

[CPMT 1984, 85; MP PMT 1984] 

(a) Velocity (b) Angular momentum 

(c) Momentum (d) Energy 

5. Which of the following is not represented in correct unit   

    [NCERT 1984; MNR 1995] 

(a)  2/
Strain

Stress
mN  (b) Surface tension = mN/  

(c) Energy sec/-mkg  (d) Pressure 2/mN   

6. One second is equal to    [MNR 1986] 

(a) 1650763.73 time periods of Kr  clock 

(b) 652189.63 time periods of Kr  clock 

(c) 1650763.73 time periods of Cs  clock 

(d) 9192631770 time periods of Cs  clock 

7. One nanometre is equal to    [SCRA 1986; MNR 1986] 

(a) mm910  (b) cm610  

(c) cm710   (d) cm910   

8. A micron is related to centimetre as 

(a) cmmicron 8101   (b) cmmicron 6101   

(c) cmmicron 5101   (d) cmmicron 4101   

9. The unit of power is   [CPMT 1985] 

(a) Joule 

(b) Joule per second only 

(c) Joule per second and watt both 

(d) Only watt  

10. A suitable unit for gravitational constant is [MNR 1988] 

(a) 1sec- mkg  (b) sec1mN  

(c) 22 kgmN  (d) 1secmkg  

11. SI unit of pressure is 

[EAMCET 1980; DPMT 1984; CBSE PMT 1988;  

NCERT 1976; AFMC 1991; USSR MEE 1991] 

(a) Pascal  (b) 2/ cmDynes   

(c) cm  of Hg  (d) Atmosphere 

12. The unit of angular acceleration in the SI system is 

[SCRA 1980; EAMCET 1981] 

(a) 1kgN  (b) 2sm  

(c) 2srad  (d) Kkgm 1  

13. The unit of Stefan's constant   is 

[AFMC 1986; MP PET 1992; MP PMT 1992;  

CBSE PMT 2002] 

(a) 12  KmW  (b) 42 KmW  

(c) 42  KmW  (d) 42 KmW   

14. Which of the following is not a unit of energy  [AIIMS 1985] 

(a) s-W  (b) sec/- mkg  

(c) mN-  (d) Joule 

15. In 2ctbtaS  . S   is measured in metres and t  in seconds. 

The unit of c  is    [MP PMT 1993] 

(a) None (b) m  

(c) 1ms  (d) 2ms  

16. Joule-second is the unit of 

[CPMT 1990; CBSE PMT 1993; BVP 2003] 

(a) Work (b) Momentum 

(c) Pressure (d) Angular momentum 

17. Unit of energy in SI system is  [CPMT 1971; NCERT 1976] 

(a) Erg (b) Calorie 

(c) Joule (d) Electron volt 

18. A cube has numerically equal volume and surface area. The volume 
of such a cube is    [CPMT 1971, 74] 

(a) 216 units (b) 1000 units 

(c) 2000 units (d) 3000 units 

19. Wavelength of ray of light is m00006.0 . It is equal to      

[CPMT 1977] 

(a) microns6  (b) microns60  

(c) microns600  (d) microns6.0  

20. Electron volt is a unit of    [MP PMT 1993] 

(a) Charge  (b) Potential difference 

(c) Momentum (d) Energy 

21. Temperature can be expressed as a derived quantity in terms of any 
of the following  

[MP PET 1993; UPSEAT 2001] 

(a) Length and mass  

(b) Mass and time 

(c) Length, mass and time  

(d) None of these 

22. Unit of power is  [NCERT 1972; CPMT 1971; DCE 1999] 
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(a) Kilowatt (b) Kilowatt-hour 

(c) Dyne (d) Joule 

23. Density of wood is ccgm /5.0  in the CGS system of units. The 

corresponding value in MKS units is 

[CPMT 1983; NCERT 1973; JIPMER 1993] 

(a) 500 (b) 5 

(c) 0.5 (d) 5000 

24. Unit of energy is   [NCERT 1974; CPMT 1975] 

(a) sec/J  (b) dayWatt  

(c) Kilowatt (d) 2sec/-cmgm  

25. Which is the correct unit for measuring nuclear radii 

(a) Micron (b) Millimetre 

(c) Angstrom (d) Fermi 

26. One Mach number is equal to 

(a) Velocity of light 

(b) Velocity of sound sec)/332( m  

(c) sec/1 km  

(d) sec/1m  

27. The unit for nuclear dose given to a patient is 

(a) Fermi (b) Rutherford 

(c) Curie (d) Roentgen 

28. Volt/metre is the unit of  [AFMC 1991; CPMT 1984] 

(a) Potential  (b) Work 

(c) Force (d) Electric intensity 

29. 2reNewton/met  is the unit of 

[CPMT 1985; ISM Dhanbad 1994; AFMC 1995] 

(a) Energy (b) Momentum 

(c) Force (d) Pressure 

30. The unit of surface tension in SI system is 

 [MP PMT 1984; AFMC 1986; CPMT 1985, 87; CBSE PMT 1993; KCET 1999; 

DCE 2000, 01] 

(a) 2/ cmDyne  (b) mNewton /  

(c) cmDyne /  (d) 2/ mNewton  

31. The unit of reduction factor of tangent galvanometer is  

 [CPMT 1987; AFMC 2004] 

(a) Ampere (b) Gauss 

(c) Radian (d) None of these 

32. The unit of self inductance of a coil is 

[MP PMT 1983, 92; SCRA 1986; CBSE PMT 1993;  

CPMT 1984, 85, 87] 

(a) Farad (b) Henry 

(c) Weber (d) Tesla 

33. Henry/ohm can be expressed in   [CPMT 1987] 

(a) Second (b) Coulomb 

(c) Mho (d) Metre 

34. The SI unit of momentum is [SCRA 1986, 89; CPMT 1987] 

(a)  
m

kg
 (b)  

sec

.mkg
 

(c) 
sec

. 2mkg
 (d) Newtonkg   

35. The velocity of a particle depends upon as 
2ctbtav  ; if the 

velocity is in sec/m , the unit of a  will be  

 [CPMT 1990] 

(a) sec/m  (b) 2sec/m  

(c) sec/2m  (b) 3sec/m  

36. One million electron volt  )1( MeV  is equal to 

[JIPMER 1993, 97] 

(a) eV510  (b) eV610  

(c) eV410  (d) eV710  

37. 1mErg  can be the unit of measure for [DCE 1993] 

(a) Force (b) Momentum 

(c) Power (d) Acceleration 

38. The unit of potential energy is   [AFMC 1991] 

(a) )sec/( 2cmg  (b) 2sec)/(cmg  

(c) sec)/( 2cmg  (d) sec)/(cmg  

39. Which of the following represents a volt 

[CPMT 1990; AFMC 1991] 

(a) Joule/second (b) Watt/Ampere 

(c) Watt/Coulomb (d) Coulomb/Joule 

40. hourKilowatt  is a unit of [NCERT 1975; AFMC 1991] 

(a) Electrical charge (b) Energy 

(c) Power (d) Force 

41. What is the SI unit of permeability   [CBSE PMT 1993] 

(a) Henry per metre  

(b) Tesla metre per ampere 

(c) Weber per ampere metre  

(d) All the above units are correct 

42. In which of the following systems of unit, Weber  is the unit of 

magnetic flux    

   [SCRA 1991; CBSE PMT 1993; DPMT 2005] 

(a) CGS (b) MKS 

(c) SI (d) None of these 

43. Tesla is a unit for measuring   [CBSE PMT 1993] 

(a) Magnetic moment (b) Magnetic induction 

(c) Magnetic intensity (d) Magnetic pole strength 

44. If the unit of length and force be increased four times, then the unit 

of energy is   [Kerala PMT 2005] 

(a) Increased 4 times (b) Increased 8 times 

(c) Increased 16 times (d) Decreased 16 times 

45. Oersted is a unit of   [SCRA 1989] 

(a) Dip (b) Magnetic intensity 

(c) Magnetic moment (d) Pole strength 

46. hourAmpere   is a unit of 

[SCRA 1980, 89; ISM Dhanbad 1994] 

(a) Quantity of electricity  

(b) Strength of electric current 

(c) Power 

(d) Energy 

47.  The unit of specific resistance is   

[SCRA 1989; MP PET 1984; CPMT 1975] 

(a) 2/cmOhm  (b) cmOhm/  

(c) cmOhm  (d) 1)( cmOhm  

48. The binding energy of a nucleon in a nucleus is of the order of a 
few   [SCRA 1979] 
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(a) eV  (b) Ergs 

(c) MeV  (d) Volts 

49. secPar  is a unit of   [SCRA 1986; BVP 2003; AIIMS 2005] 

(a) Distance (b) Velocity  

(c) Time (d) Angle 

50. If 1u  and 2u  are the units selected in two systems of measurement 

and 1n  and 2n  their numerical values, then   

  [SCRA 1986] 

(a) 2211 unun   (b) 02211  unun  

(c) 2121 uunn   (d) )()( 2211 unun   

51. eV1  is   [SCRA 1986] 

(a) Same as one joule (b) J19106.1   

(c) V1  (d) C19106.1   

52. kWh1                [AFMC 1986; SCRA 1986, 91] 

(a) W1000  (b) J51036  

(c) J1000  (d) J3600  

53. Universal time is based on    [SCRA 1989] 

(a) Rotation of the earth on its axis 

(b) Earth's orbital motion around the earth 

(c) Vibrations of cesium atom 

(d) Oscillations of quartz crystal 

54. The nuclear cross-section is measured in barn, it is equal to 

(a) 22010 m  (b) 23010 m  

(c) 22810 m  (d) 21410 m  

55. Unit of moment of inertia in MKS system [MP PMT 1984] 

(a) 2cmkg   (b) 2/cmkg  

(c) 2mkg   (d) mJoule  

56. Unit of stress is   [MP PMT 1984] 

(a) mN/  (b) mN  

(c) 2/mN  (d) 2mN  

57. Unit of Stefan's constant is    [MP PMT 1989] 

(a) 1sJ  (b) 412  KsmJ  

(c) 2mJ  (d) sJ  

58. Unit of magnetic moment is  [MP PET 1989] 

(a) 2metreAmpere  (b) metreAmpere  

(c) 2metreWeber  (c) metreWeber/  

59. Curie is a unit of [CBSE PMT 1992; CPMT 1992] 

(a) Energy of -rays (b) Half life 

(c) Radioactivity (d) Intensity of -rays 

60. Hertz is the unit for 

[MNR 1983; SCRA 1983; RPMT 1999] 

(a) Frequency (b) Force 

(c) Electric charge (d) Magnetic flux 

61. One pico Farad is equal to 

(a) F2410   (b) F1810   

(c) F1210   (d) F610   

62. In SI, Henry is the unit of 

[MP PET 1984; CBSE PMT 1993; DPMT 1984] 

(a) Self inductance (b) Mutual inductance 

(c) (a) and (b) both (d) None of the above 

63. The unit of ... fme is    [CPMT 1986; AFMC 1986] 

(a) Joule (b) Joule-Coulomb 

(c) Volt–Coulomb (d) Joule/Coulomb 

64. Which of the following is not the unit of time 

[CPMT 1991; NCERT 1990; DPMT 1987; AFMC 1996] 

(a) Micro second (b) Leap year 

(c) Lunar months (d) Parallactic second 

(e) Solar day 

65. Unit of self inductance is    [MP PET 1982] 

(a) 
AmpereCoulomb

second-Newton


 (b) 

Ampere

SecondombJoule/Coul 
 

(c) 
Coulomb

metreVolt
 (d)  

Ampere

metreNewton 
 

66.  To determine the Young's modulus of a wire, the formula is 

;
L

L

A

F
Y


  where L  = length, A area of cross-section of the 

wire, L change in length of the wire when stretched with a force 

F . The conversion factor to change it from CGS to MKS system is    [MP PET 1983] 

(a) 1 (b) 10 

(c) 0.1 (d) 0.01 

67. Young's modulus of a material has the same units as  

   [MP PMT 1994] 

(a) Pressure (b) Strain 

(c) Compressibility (d) Force 

68. One yard in SI units is equal     [MP PMT 1995] 

(a) 1.9144 metre  (b) 0.9144 metre  

(c) 0.09144 kilometre  (d) 1.0936 kilometre  

69. Which of the following is smallest unit   [AFMC 1996] 

(a) Millimetre (b) Angstrom 

(c) Fermi (d) Metre 

70. Which one of the following pairs of quantities and their units is a 

proper match  

(a) Electric field – mCoulomb /  

(b) Magnetic flux – Weber  

(c) Power – Farad 

(d) Capacitance – Henry 

71. The units of modulus of rigidity are   [MP PMT 1997] 

(a) mN  (b) mN/  

(c) 2mN  (d) 2/mN  

72. The unit of absolute permittivity is  [CMEET Bihar 1995] 

(a) Fm  (Farad-meter) (b) 1Fm  (Farad/meter) 

(c) 2Fm (Farad/ 2metre ) (d) F  (Farad) 

(e) None of these 

73. Match List-I with List-II and select the correct answer using the 
codes given below the lists    [SCRA 1994] 

 List-I  List-II 

 I. Joule A. Henry   Amp/sec 

 II. Watt B. Farad   Volt 

 III. Volt C. Coulomb   Volt 
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 IV. Coulomb D. Oersted   cm 

   E. Amp   Gauss 

   F. 2Amp    Ohm 

 Codes: 

(a) DIVEIIIFIIAI  ,,,  

(b) BIVAIIIFIICI  ,,,  

(c) EIVAIIIFIICI  ,,,  

(d) CIVAIIIFIIBI  ,,,  

74. Which relation is wrong   [RPMT 1997] 

(a) 1 Calorie = 4.18 Joules  

(b) mÅ 10101   

(c) JoulesMeV 13106.11   

(d) DynesNewton 5101   

75. If 2btatx  , where x  is the distance travelled by the body in 

kilometres while t  is the time in seconds, then the units of b are   [CBSE PMT 1993] 

(a) skm /  (b) skm  

(c) 2/skm  (d) 2skm  

76. The equation 









2V

a
P  )( bV   constant. The units of a  are         [MNR 1995; AFMC 1995] 

(a) 5cmDyne   (b) 4cmDyne   

(c) 3/cmDyne  (d) 2/cmDyne  

77. Which of the following quantity is expressed as force per unit area    [AFMC 1995] 

(a) Work (b) Pressure 

(c) Volume (d) Area 

78. Match List-I  with List-II and select the correct answer by using the 
codes given below the lists  [NDA 1995] 

 List-I             List-II 

(a)  Distance between earth and stars  1. Microns 

(b) Inter-atomic distance in a solid  2. Angstroms 

(c) Size of the nucleus   3. Light years 

(d) Wavelength of infrared laser  4. Fermi 

            5. Kilometres 

 Codes 

 a     b     c     d  a     b     c     d  

(a) 5     4     2     1 (b) 3     2     4     1 

(c) 5     2     4     3 (d) 3     4     1     2 

79. Unit of impulse is    [CPMT 1997] 

(a) Newton (b) mkg  

(c) smkg /  (d) Joule 

80. Which is not a unit of electric field   [UPSEAT 1999] 

(a) 1NC  (b) 1Vm  

(c) 1JC  (d) 11  mJC  

81. The correct value of Co0  on the Kelvin scale is 

[UPSEAT 2000]  

(a) K15.273  (b) K85.272  

(c) K273  (d) K2.273  

82. 'Torr' is the unit of    [RPMT 1999, 2000] 

(a) Pressure (b) Volume 

(c) Density (d) Flux 

83. Which of the following is a derived unit  [BHU 2000] 

(a) Unit of mass (b) Unit of length 

(c) Unit of time (d) Unit of volume 

84. Dyne/cm2 is not a unit of    [RPET 2000] 

(a) Pressure (b) Stress 

(c) Strain (d) Young's modulus  

85. The units of angular momentum are  [MP PMT 2000] 

(a) 22/smkg  (b) sJoule  

(c) sJoule/  (d) 2smkg   

86. Which of the following  is not the unit of energy 

[MP PET 2000] 

(a) Calorie (b) Joule 

(c) Electron volt (d) Watt 

87. Which of the following is not a unit of time  [UPSEAT 2001] 

(a) Leap year (b) Micro second 

(c) Lunar month (d) Light year 

88. The S.I. unit of gravitational potential is  [AFMC 2001] 

(a) J  (b) 1- kgJ  

(c) kgJ-  (d) 2- kgJ  

89. Which one of the following is not a unit of young's modulus 

   [KCET 2005] 

(a) 1Nm  (b) 2Nm  

(c) 2cmDyne  (d) Mega Pascal 

90. In C.G.S. system the magnitutde of the force is 100 dynes. In another 

system where the fundamental physical quantities are kilogram, 
metre and minute, the magnitude of the force is     [EAMCET 2001] 

(a) 0.036 (b) 0.36 

(c) 3.6 (d) 36 

91. The unit of RL /  is (where L  = inductance and R  = resistance)    [Orissa JEE 2002] 

(a) sec  (b) 1sec   

(c) Volt (d) Ampere 

92. Which is different from others by units  [Orissa JEE 2002] 

(a) Phase difference (b) Mechanical equivalent 

(c) Loudness of sound (d) Poisson's ratio 

93. Length cannot be measured by    [AIIMS 2002] 

(a) Fermi (b) Debye 

(c) Micron (d) Light year 

94. The value of Planck's constant is   [CBSE PMT 2002] 

(a) sec-1063.6 34 J  (b) sec/1063.6 34 J  

(c) 234 -1063.6 mkg  (d) sec/1063.6 34 kg  

95. A physical quantity is measured and its value is found to be nu  
where n  numerical value and u  unit. Then which of the 
following relations is true   [RPET 2003] 

(a) 2un   (b) un   

(c) un   (d) 
u

n
1

  

96. Faraday is the unit of   [AFMC 2003] 
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 (a) Charge (b) emf 

 (c) Mass (d) Energy 

97. Candela is the unit of  [UPSEAT 1999; CPMT 2003] 

 (a) Electric intensity (b) Luminous intensity 

 (c) Sound intensity (d) None of these 

98. The unit of reactance is     [MP PET 2003] 

 (a) Ohm (b) Volt 

 (c) Mho (d) Newton 

99. The unit of Planck's constant is  

   [RPMT 1999; MP PET 2003; Pb. PMT 2004] 

 (a) Joule (b) Joule/s 

 (c) Joule/m (d) Joule-s 

100. Number of base SI units is     [MP PET 2003] 

 (a) 4 (b) 7 

(c) 3 (d) 5 

101. SI unit of permittivity is   [KCET 2004] 

(a) 122 NmC  (b) 221  NmC  

(c) 222 NmC  (d) 122  NmC  

102. Which does not has the same unit as others 

   [Orissa PMT 2004] 

(a) Watt-sec (b) Kilowatt-hour 

(c) eV (d) J-sec 

103. Unit of surface tension is   [Orissa PMT 2004] 

(a) 1Nm  (b) 2Nm  

(c) 12 mN  (d) 3Nm  

104. Which of the following system of units is not based on units of 

mass, length and time alone  [Kerala PMT 2004] 

(a) SI (b) MKS 

(c) FPS (d) CGS 

105. The unit of the coefficient of viscosity in S.I. system is 

     [J & K CET 2004] 

(a) skgm -/  (b) 2/- kgsm  

(c) 2-/ smkg  (d) smkg -/  

106. The unit of Young’s modulus is  [Pb. PET 2001] 

(a) 2Nm  (b) 2Nm  

(c) Nm (d) 1Nm  

107. One femtometer is equivalent to  [DCE 2004] 

(a) m1510  (b) m1510  

(c) m1210  (d) m1210  

108. How many wavelength of  86Kr  are there in one metre  

 [MNR 1985; UPSEAT 2000; Pb. PET 2004] 

(a) 1553164.13 (b) 1650763.73 

(c) 652189.63 (d) 2348123.73 

109. Which of the following pairs is wrong [AFMC 2003] 

(a) Pressure-Baromter 

(b) Relative density-Pyrometer 

 (c) Temperature-Thermometer 

 (d) Earthquake-Seismograph 
 

Dimensions 
 

1. Select the pair whose dimensions are same 

(a) Pressure and stress 

(b) Stress and strain 

(c) Pressure and force 

(d) Power and force 

2. Dimensional formula 21  TML   does not represent the physical 
quantity    [Manipal MEE 1995] 

(a) Young's modulus of elasticity 

(b) Stress 

(c) Strain 

(d) Pressure 

3. Dimensional formula 32 TML  represents 

[EAMCET 1981; MP PMT 1996, 2001] 

(a) Force (b) Power 

(c) Energy (d) Work 

4. The dimensions of calorie are    [CPMT 1985] 

(a) 
22 TML  (b) 

2MLT  

(c) 
12 TML  (d) 

32 TML  

5. Whose dimensions is 12 TML   [CPMT 1989] 

(a) Torque (b) Angular momentum 

(c) Power (d) Work 

6. If L  and R  are respectively the inductance and resistance, then 

the dimensions of 
R

L
 will be    

 [CPMT 1986; CBSE PMT 1988; Roorkee 1995; MP PET/PMT 

1998; DCE 2002] 

(a) 100 TLM   

(b) 00 LTM  

(c) TLM 00  

(d) Cannot be represented in terms of LM,  and T 

7. Which pair has the same dimensions  

  [EAMCET 1982; CPMT 1984, 85;  

Pb. PET 2002; MP PET 1985] 

(a) Work and power  

(b) Density and relative density 

(c) Momentum and impulse 

(d) Stress and strain 

8. If C  and R  represent capacitance and resistance respectively, then 

the dimensions of RC  are 

[CPMT 1981, 85; CBSE PMT 1992, 95; Pb. PMT 1999] 

(a) 200 TLM  (b) TLM 00  

(c) 1ML  (d) None of the above 

9. Dimensions of one or more pairs are same. Identify the pairs    [IIT 1986] 

(a) Torque and work 

(b) Angular momentum and work 

(c) Energy and Young's modulus 

(d) Light year and wavelength 

10. Dimensional formula for latent heat is 

[MNR 1987; CPMT 1978, 86; IIT 1983, 89; RPET 2002] 

(a) 220 TLM  (b) 2MLT  
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(c) 22 TML  (d) 12 TML  

11. Dimensional formula for volume elasticity is 

[MP PMT 1991, 2002; CPMT 1991; MNR 1986] 

(a) 221  TLM  (b) 231  TLM   

(c) 221 TLM  (d) 211  TLM  

12. The dimensions of universal gravitational constant are      

 [MP PMT 1984, 87, 97, 2000;  CBSE PMT 1988, 92; 2004   

MP PET 1984, 96, 99; MNR 1992; DPMT 1984;  

CPMT 1978, 84, 89, 90, 92, 96; AFMC 1999;  

NCERT 1975; DPET 1993; AIIMS 2000;   

RPET 2001; Pb. PMT 2002, 03; UPSEAT 1999;  

BCECE 2003, 05;]  

(a) 222  TLM  (b) 231  TLM  

(c) 21  TML  (d) 22 TML  

13. The dimensional formula of angular velocity is 

[JIPMER 1993; AFMC 1996; AIIMS 1998] 

(a) 100 TLM  (b) 1MLT  

(c) 100 TLM  (d) 20 TML  

14. The dimensions of power are  

[CPMT 1974, 75; SCRA 1989] 

(a) 321 TLM  (b) 212 TLM  

(c) 121 TLM  (d) 211 TLM  

15. The dimensions of couple are  [CPMT 1972; JIPMER 1993] 

(a) 22 TML  (b) 2MLT  

(c) 31  TML  (d) 22  TML  

16. Dimensional formula for angular momentum  is 

 [CBSE PMT 1988, 92; EAMCET 1995; DPMT 1987;  

CMC Vellore 1982; CPMT 1973, 82, 86;  

MP PMT 1987;  BHU 1995; IIT 1983;  

Pb. PET 2000] 

(a)  22 TML  (b) 12 TML  

(c) 1MLT  (d) 220 TLM  

17. The dimensional formula for impulse is 

[EAMCET 1981; CBSE PMT 1991; CPMT 1978;  

AFMC 1998; BCECE 2003] 

(a) 2MLT  (b) 1MLT  

(c) 12 TML  (d) 12 LTM  

18. The dimensional formula for the modulus of rigidity is                      

[MNR 1984; IIT 1982; MP PET 2000] 

(a) 22 TML  (b) 31  TML  

(c) 22  TML  (d) 21  TML  

19. The dimensional formula for ... smr  (root mean square) velocity is 

(a) 10 LTM  (b) 200 TLM  

(c) 100 TLM  (d) 3MLT  

20. The dimensional formula for Planck's constant )(h   is    

[DPMT 1987; MP PMT 1983, 96;  IIT 1985; MP PET 1995;  

AFMC 2003; RPMT 1999; Kerala PMT 2002] 

(a)  32  TML  (b) 22 TML  

(c) 12 TML  (d) 22  TML  

21. Out of the following, the only pair that does not have identical 
dimensions is   [MP PET/PMT 1998; BHU 1997] 

(a) Angular momentum and Planck's constant 

(b) Moment of inertia and moment of a force 

(c) Work and torque 

(d) Impulse and momentum 

22. The dimensional formula for impulse is same as the dimensional 

formula for 

[CPMT 1982, 83; CBSE PMT 1993; UPSEAT 2001] 

(a) Momentum 

(b) Force 

(c) Rate of change of momentum  

(d) Torque 

23. Which of the following is dimensionally correct 

(a) Pressure = Energy per unit area 

(b) Pressure = Energy per unit volume 

(c) Pressure = Force per unit volume 

(d) Pressure = Momentum per unit volume per unit time 

24. Planck's constant has the dimensions (unit) of 

[CPMT 1983, 84, 85, 90, 91; AIIMS 1985; MP PMT 1987;  

EAMCET 1990; RPMT 1999; CBSE PMT 2001; 

 MP PET 2002; KCET 2004] 

(a) Energy (b) Linear momentum 

(c) Work (d) Angular momentum 

25. The equation of state of some gases can be expressed as 

RTbV
V

a
P 








 )(

2
. Here P  is the pressure, V  is the 

volume, T  is the absolute temperature and Rba ,,  are constants. 

The dimensions of '' a   are 

[CBSE PMT 1991, 96; NCERT 1984; MP PET 1992;  

CPMT 1974, 79, 87, 97; MP PMT 1992, 94;  

MNR 1995; AFMC 1995] 

(a) 25 TML  (b) 21  TML  

(c) 030 TLM  (d) 060 TLM  

26. If V  denotes the potential difference across the plates of a capacitor 

of capacitance C , the dimensions of 2CV are   

[CPMT 1982] 

(a) Not expressible in MLT  (b) 2MLT  

(c) 12 LTM  (d) 22 TML  

27. If L  denotes the inductance of an inductor through which a 

current i  is flowing, the dimensions of 2Li  are  

[CPMT 1982, 85, 87] 

(a) 22 TML  (b) Not expressible in MLT  

(c) 2MLT  (d) 222 TLM  

28. Of the following quantities, which one has dimensions different from 
the remaining three  

[AIIMS 1987; CBSE PMT 1993] 

(a) Energy per unit volume  

(b) Force per unit area 

(c) Product of voltage and charge per unit volume 

(d) Angular momentum per unit mass 

29. A spherical body of mass m  and radius r  is allowed to fall in a 

medium of viscosity  .  The time in which the velocity of the body 
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increases from zero to 0.63 times the terminal velocity )(v  is called 

time constant )( . Dimensionally   can be represented by     [AIIMS 1987] 

(a)  
6

2mr
 (b) 















2

6

g

mr
 

(c)  
rv

m

6
 (d) None of the above 

30. The frequency of vibration f  of a mass m  suspended from a 

spring of spring constant K is given by a relation of this type 
yx KmCf  ; where C  is a dimensionless quantity. The value of 

x  and y  are     [CBSE PMT 1990] 

(a)  
2

1
,

2

1
 yx  (b)  

2

1
,

2

1
 yx  

(c)  
2

1
,

2

1
 yx  (d)  

2

1
,

2

1
 yx  

31. The quantities A and B  are related by the relation, BAm / , 

where m  is the linear density and A  is the force. The dimensions 

of B  are of 

(a) Pressure (b) Work 

(c) Latent heat (d) None of the above  

32. The velocity of water waves v  may depend upon their wavelength 

 , the density of water   and the acceleration due to gravity g . 

The method of dimensions gives the relation between these 
quantities as 

[NCERT 1979; CET 1992; MP PET 2001; UPSEAT 2000] 

(a) 112  gv  (b) gv 2  

(c) gv 2  (d) 312  gv  

33. The dimensions of Farad are    [MP PET 1993] 

(a) 2221 QTLM   (b) TQLM 21   

(c) QTLM 221   (d) 221 TQLM   

34. The dimensions of resistivity in terms of TLM ,,  and Q  where 

Q  stands for the dimensions of charge, is 

[MP PET 1993] 

(a) 213  QTML  (b) 123  QTML  

(c) 112  QTML  (d) 11  QMLT  

35. The equation of a wave is given by 

 







 k

v

x
AY sin  

 where   is the angular velocity and v  is the linear velocity. The 

dimension of k  is   [MP PMT 1993] 

(a) LT   (b) T  

(c) 1T  (d) 2T  

36. The dimensions of coefficient of thermal conductivity is   

 [MP PMT 1993] 

(a) 122  KTML  (b) 13  KMLT  

(c) 12  KMLT  (d) KMLT 3  

37. Dimensional formula of stress is 

(a) 20 LTM  (b) 210  TLM  

(c) 21  TML  (d) 22 TML  

38. Dimensional formula of velocity of sound is 

(a) 20 LTM  (b) 0LT  

(c) 10 LTM  (d) 110  TLM  

39. Dimensional formula of capacitance is 

[CPMT 1978; MP PMT 1979; IIT 1983] 

(a) 2421 ATLM   (b) 242 ATML  

(c) 24 AMLT   (d) 2421  ATLM  

40. 1MLT  represents the dimensional formula of 

[CPMT 1975] 

(a) Power (b) Momentum 

(c) Force (d) Couple 

41. Dimensional formula of heat energy is  

[CPMT 1976, 81, 86, 91] 

(a) 22 TML  (b) 1MLT  

(c) 200 TLM  (d) None of these 

42. If C  and L  denote capacitance and inductance respectively, then 

the dimensions of LC  are 

[CPMT 1981; MP PET 1997] 

(a) 000 TLM  (b) 200 TLM  

(c) 202 TLM  (d) 2MLT  

43. Which of the following quantities has the same dimensions as that 
of energy  [AFMC 1991; CPMT 1976; DPMT 2001] 

(a) Power (b) Force 

(c) Momentum (d) Work 

44. The dimensions of "time constant" 
R

L
 during growth and decay of 

current in all inductive circuit is same as that of                               

[MP PET 1993; EAMCET 1994] 

(a) Constant (b) Resistance 

(c) Current (d) Time 

45. The period of a body under SHM i.e. presented by cba SDPT  ; 

where P  is pressure, D  is density and S  is surface tension. The 

value of ba,  and c  are  [CPMT 1981] 

(a) 1,
2

1
,

2

3
  (b) 3,2,1   

(c) 
2

1
,

2

3
,

2

1
  (d) 

3

1
,2,1  

46. Which of the following pairs of physical quantities has the same 

dimensions    [CPMT 1978; NCERT 1987] 

(a) Work and power (b) Momentum and energy 

(c) Force and power (d) Work and energy 

47. The velocity of a freely falling body changes as qphg  where g is 

acceleration due to gravity and h  is the height. The values of p  

and q  are  [NCERT 1983; EAMCET 1994] 

(a)  
2

1
,1  (b)  

2

1
,

2

1
 

(c)  1,
2

1
 (d) 1,1  
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48. Which one of the following does not have the same dimensions   [CPMT 1985] 

(a) Work and energy 

(b) Angle and strain 

(c) Relative density and refractive index 

(d) Planck constant and energy 

49. Dimensions of frequency are     [CPMT 1988] 

(a) 010 TLM   (b) 100 TLM  

(c) TLM 00  (d) 2MT  

50. Which one has the dimensions different from the remaining three   [CBSE PMT 1988] 

(a) Power (b) Work 

(c) Torque (d) Energy 

51. A small steel ball of radius r  is allowed to fall under gravity 

through a column of a viscous liquid of coefficient of viscosity  . 

After some time the velocity of the ball attains a constant value 

known as terminal velocity Tv . The terminal velocity depends on (i) 

the mass of the ball m , (ii)  , (iii) r  and (iv) acceleration due to 

gravity g . Which of the following relations is dimensionally correct 

[CPMT 1992; CBSE PMT 1992;  

NCERT 1983; MP PMT 2001] 

(a)  
r

mg
vT


  (b) 

mg

r
vT


  

(c) rmgvT   (d) 


mgr
vT   

52. The quantity 
t

LV
X 0 : 0  is the permittivity of free space, 

L is length, V  is potential difference and t  is time. The 

dimensions of X   are same as that of  [IIT 2001] 

(a) Resistance (b) Charge 

(c) Voltage (d) Current 

53. 0  and 0  denote the permeability and permittivity of free space, 

the dimensions of 00  are 

(a) 1LT  (b) 22TL  

(c) 2231 TQLM   (d) 2231 TILM   

54. The expression ][ 22 TML  represents [JIPMER 1993, 97] 

(a) Pressure (b) Kinetic energy 

(c) Momentum (d) Power 

55. The dimensions of physical quantity X  in the equation Force 

Density

X
  is given by    [DCE 1993] 

(a) 241 TLM  (b) 122  TLM  

(c) 222  TLM  (d) 121  TLM  

56. The dimensions of 2CV  matches with the dimensions of 

 [DCE 1993] 

(a) IL2  (b) 22 IL  

(c) 
2LI  (d) 

LI

1
 

57. The Martians use force )(F ,  acceleration )(A  and time )(T  as 

their fundamental physical quantities. The dimensions of length on 
Martians system are   [DCE 1993] 

(a) 2FT  (b) 21TF   

(c) 121  TAF  (d) 2AT  

58. The dimension of 

00

1


 is that of  [SCRA 1986] 

(a) Velocity (b) Time 

(c) Capacitance (d) Distance 

59. An athletic coach told his team that muscle times speed equals 
power. What dimensions does he view for muscle 

(a) 2MLT  (b) 22 TML  

(c) 2MLT  (d) L  

60. The foundations of dimensional analysis were laid down by  

(a) Gallileo (b) Newton 

(c) Fourier (d) Joule 

61. The dimensional formula of wave number is 

(a) 100 TLM  (b) 010 TLM   

(c) 011 TLM   (d) 000 TLM  

62. The dimensions of stress are equal to [MP PET 1991, 2003] 

(a) Force (b) Pressure 

(c) Work (d)  
Pressure

1
 

63. The dimensions of pressure are 

[CPMT 1977; MP PMT 1994] 

(a) 2MLT  (b) 22TML  

(c) 21  TML  (d) 2MLT  

64. Dimensions of permeability are  

[CBSE PMT 1991; AIIMS 2003] 

(a) 2112  TLMA  (b) 2MLT  

(c) 10 TML  (d) 21MLTA  

65. Dimensional formula of magnetic flux is 

[DCE 1993; IIT 1982; CBSE PMT 1989, 99; 

 DPMT 2001; Kerala PMT 2005] 

(a) 122  ATML  (b) 220  ATML  

(c) 3220  ATLM  (d) 322 ATML   

66. If P  represents radiation pressure, c  represents speed of light and 

Q  represents radiation energy striking a unit area per second, then 

non-zero integers yx,  and z  such that zyx cQP  is 

dimensionless, are  

[AFMC 1991; CBSE PMT 1992;  

CPMT 1981, 92; MP PMT 1992] 

(a) 1,1,1  zyx   

(b) 1,1,1  zyx  

(c) 1,1,1  zyx   

(d) 1,1,1  zyx  

67. Inductance L  can be dimensionally represented as     

 [CBSE PMT 1989, 92; IIT 1983; CPMT 1992;  

DPMT 1999; KCET 2004; J&K CET 2005] 
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(a) 222  ATML  (b) 342  ATML  

(c) 222  ATML  (d) 342 ATML  

68. Dimensions of strain are [MP PET 1984; SCRA 1986] 

(a) 1MLT  (b)  12 TML  

(c) 2MLT  (d) 000 TLM  

69. Dimensions of time in power are   [EAMCET 1982] 

(a) 1T  (b) 2T  

(c) 3T  (d) 0T  

70. Dimensions of kinetic energy are  

 [Bihar PET 1983; DPET 1993; AFMC 1991] 

(a) 22 TML  (b) 12 LTM  

(c) 12 TML  (d) 13 TML  

71. Dimensional formula for torque is 

 [DPMT 1984; IIT 1983; CBSE PMT 1990; MNR 1988; AIIMS 2002; BHU 1995, 

2001; RPMT 1999;  

RPET 2003; DCE 1999, 2000; DCE 2004] 

(a) 22 MTL  (b) 21  MTL  

(c) 32 MTL  (d) 2LMT  

72. Dimensions of coefficient of viscosity are 

[AIIMS 1993; CPMT 1992; Bihar PET 1984;  

MP PMT 1987, 89, 91; AFMC 1986;   

CBSE PMT 1992; KCET 1994;   

DCE 1999; AIEEE 2004; 

 DPMT 2004] 

(a) 22 TML  (b) 12 TML  

(c) 11  TML  (d) MLT  

73. The dimension of quantity )/( RCVL  is  [Roorkee 1994] 

(a) ][A  (b) ][ 2A  

(c) ][ 1A  (d) None of these 

74. The dimension of the ratio of angular to linear momentum is    [MNR 1994] 

(a) 010 TLM  (b) 111 TLM  

(c) 121 TLM  (d) 111  TLM  

75. The pair having the same dimensions is 

[MP PET 1994; CPMT 1996] 

(a) Angular momentum, work  

(b) Work, torque 

(c) Potential energy, linear momentum 

(d) Kinetic energy, velocity 

76. The dimensions of surface tension are 

[MP PMT 1994, 99; UPSEAT 1999] 

(a) 21  TML  (b) 2MLT  

(c) 11  TML  (d) 2MT  

77. In the following list, the only pair which have different dimensions, 
is     [Manipal MEE 1995] 

(a) Linear momentum and moment of a force 

(b) Planck's constant and angular momentum 

(c) Pressure and modulus of elasticity 

(d) Torque and potential energy 

78. If R  and L  represent respectively resistance and self inductance, 
which of the following combinations has the dimensions of 
frequency 

[MP PMT 1996, 2000, 02; MP PET 1999] 

(a) 
L

R
 (b) 

R

L
 

(c) 
L

R
 (d) 

R

L
 

79. If velocity v , acceleration A  and force F  are chosen as 
fundamental quantities, then the dimensional formula of angular 

momentum  in terms of Av,  and F  would be 

(a) vFA 1  (b) 23 AFv  

(c) 12 AFv  (d) 122 AvF  

80. The dimensions of permittivity 0  are   

[MP PET 1997; AIIMS-2004; DCE-2003] 

(a) 3122  LMTA  (b) 3142  LMTA  

(c) 342 MLTA   (d) 3142  LMTA  

81. Dimensions of the following three quantities are the same  

 [MP PET 1997] 

(a) Work, energy, force 

(b) Velocity, momentum, impulse 

(c) Potential energy, kinetic energy, momentum 

(d) Pressure, stress, coefficient of elasticity 

82. The dimensions of Planck's constant and angular momentum are 

respectively  [CPMT 1999; BCECE 2004] 

(a) 12 TML  and 1MLT  (b) 12 TML  and 12 TML  

(c) 1MLT  and 12 TML  (d) 1MLT  and 22 TML  

83. Let ][ 0  denotes the dimensional formula of the permittivity of the 

vacuum and ][ 0  that of the permeability of the vacuum. If 

massM , lengthL , TimeT  and currentelectric I ,  

then    [IIT 1998] 

(a) ITLM 231
0 ][   (b) 2431

0 ][ ITLM   

(c) 22
0 ][  IMLT  (d) ITML 12

0 ][   

84. Dimensions of CR  are those of  

[EAMCET (Engg.) 1995; AIIMS 1999] 

(a) Frequency (b) Energy 

(c) Time period (d) Current 

85. The physical quantity that has no dimensions 

[EAMCET (Engg.) 1995] 

(a) Angular Velocity (b) Linear momentum 

(c) Angular momentum (d) Strain 

86. 21  TML  represents   

[EAMCET (Med.) 1995; Pb. PMT 2001] 

(a) Stress  

(b) Young's Modulus 

(c) Pressure  

(d) All the above three quantities 

87. Dimensions of magnetic field intensity is 

[RPMT 1997; EAMCET (Med.) 2000; MP PET 2003] 

(a) ][ 1010 ATLM   (b) ][ 11  AMLT  

(c) ][ 120  ATML  (d) ][ 2 AMLT   
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88. The force F  on a sphere of radius ''a  moving in a medium with 

velocity ''v  is given by avF 6 . The dimensions of   are      [CBSE PMT 1997; DPMT 2000] 

(a) 11  TML  (b) 1MT  

(c) 2MLT  (d) 3ML  

89. Which physical quantities have the same dimension   

 [CPMT 1997] 

(a) Couple of force and work  

(b) Force and power 

(c) Latent heat and specific heat  

(d) Work and power 

90. Two quantities A and B have different dimensions. Which 
mathematical operation given below is physically meaningful    [CPMT 1997] 

(a) BA /  (b) BA   

(c) BA   (d) None 

91. Given that v  is speed, r  is the radius and g  is the acceleration 

due to gravity. Which of the following is dimensionless    [CET 1998] 

(a) rgv /2  (b) grv /2  

(c) rgv /2  (d) rgv 2  

92. The physical quantity which has the dimensional formula 31 TM  

is     [CET 1998] 

(a) Surface tension (b) Solar constant 

(c) Density (d) Compressibility 

93. A force F  is given by 2btatF  , where t  is time. What are 

the dimensions of a  and b    

 [AFMC 2001; BHU 1998, 2005] 

(a) 3MLT  and 42 TML   (b) 3MLT  and 4MLT  

(c) 1MLT  and 0MLT   (d) 4MLT  and 1MLT  

94. The dimensions of inter atomic force constant are   

 [UPSEAT 1999] 

(a) 2MT   (b) 1MLT  

(c) 2MLT  (d) 11  TML  

95. If the speed of light )(c , acceleration due to gravity )(g  and 

pressure )(p  are taken as the fundamental quantities, then the 

dimension of gravitational constant is  

[AMU (Med.) 1999] 

(a) 202 pgc  (b) 120 pgc  

(c) 23 pcg  (d) 101  pgc  

96. If the time period )(T   of vibration of a liquid drop depends on 

surface tension )(S , radius )(r   of the drop and density )(  of the 

liquid, then the expression of T  is  

[AMU  (Med.) 2000] 

(a) SrkT /3  (b) SrkT /32/1  

(c) 2/13 / SrkT   (d) None of these 

97. 213  QTML   is dimension of    [RPET 2000] 

(a) Resistivity (b) Conductivity 

(c) Resistance (d) None of these 

98. Dimension of electric current is    [CBSE PMT 2000] 

(a) ][ 100 QTLM   (b) ][ 12 QTML   

(c) ][ 12 QLTM   (d) ][ 122 QTLM   

99. The fundamental physical quantities that have same dimensions in 
the dimensional formulae of torque and angular momentum are     [EAMCET (Eng.) 2000] 

(a) Mass, time (b) Time, length 

(c) Mass, length (d) Time, mole 

100. If pressure P , velocity V   and time T  are taken as fundamental 
physical quantities, the dimensional formula of force is     [EAMCET (Eng.) 2000] 

(a) 22TPV   (b) 221  TVP  

(c) 2PVT  (d) 21VTP   

101. The physical quantity which has dimensional formula as that of 

LengthMass

Energy


 is     [EAMCET (Eng.) 2000] 

(a) Force (b) Power 

(c) Pressure (d) Acceleration 

102. If energy )(E , velocity )(v and force )(F  be taken as fundamental 

quantity, then what are the dimensions of mass  

[AMU 2000] 

(a) 2Ev  (b) 2Ev  

(c) 1Fv  (d) 2Fv  

103. Dimensions of luminous flux are   [UPSEAT 2001] 

(a) 22 TML  (b) 32 TML  

(c) 12 TML  (d) 2MLT  

104. A physcial quantity x  depends on quantities y  and z  as follows: 

CzBAyx tan , where BA,  and C   are constants. Which of 

the following do not have the same dimensions    [AMU (Engg.) 2001] 

(a) x  and B   (b) C  and 1z  

(c) y  and AB /  (d) x  and A  

105. Which of the following pair does not have similar dimensions    [AIIMS 2001] 

(a) Stress and pressure  

(b) Angle and strain 

(c) Tension and surface tension 

(d) Planck's constant and angular momentum 

106. Out of the following which pair of quantities do not have same 

dimensions    [RPET 2001]  

(a) Planck's constant and angular momentum 

(b) Work and energy 

(c) Pressure and Young's modulus 

(d) Torque & moment of inertia  

107. Identify the pair which has different dimensions 

[KCET 2001] 

(a) Planck's constant and angular momentum 

(b) Impulse and linear momentum 

(c) Angular momentum and frequency 

(d) Pressure and Young's modulus 

108. The dimensional formula 220 TLM  stands for [KCET 2001] 

(a) Torque 

(b) Angular momentum 

(c) Latent heat 

(d) Coefficient of thermal conductivity  
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109. Which of the following represents the dimensions of Farad   

 [AMU (Med.) 2002] 

(a) 2421 ATLM   (b) 222 ATML  

(c) 122 ATML  (d) 12  AMT  

110. If CL,  and R  denote the inductance, capacitance and resistance 

respectively, the dimensional formula for LRC 2  is     [UPSEAT 2002] 

(a) ][ 012 ITML   (b) ][ 0300 ITLM  

(c) ][ 2621 ITLM   (d) ][ 0200 ITLM  

111. If the velocity of light )(c , gravitational constant )(G  and Planck's 

constant )(h  are chosen as fundamental units, then the dimensions 

of mass in new system is  [UPSEAT 2002] 

(a) 2/12/12/1 hGc  (b) 2/12/12/1 hGc  

(c) 2/12/12/1 hGc   (d) 2/12/12/1 hGc  
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112. Dimensions of charge are     [DPMT 2002] 

(a) 1100  ATLM  (b) 1MLTA  

(c) AT 1  (d) TA  

113. According to Newton, the viscous force acting between liquid layers 

of area A and velocity gradient zv  /  is given by 
z

v
AF



   

where   is constant called coefficient of viscosity. The dimension of 

  are   [JIPMER 2001, 02] 

(a) ][ 22 TML  (b) ][ 11  TML  

(c) ][ 22  TML  (d) ][ 000 TLM  

114. Identify the pair whose dimensions are equal [AIEEE 2002] 

(a) Torque and work (b) Stress and energy 

(c) Force and stress (d) Force and work 

115. The dimensions of pressure is equal to   [AIEEE 2002] 

(a) Force per unit volume 

(b) Energy per unit volume 

(c) Force 

(d) Energy 

116. Which of the two have same dimensions  [AIEEE 2002] 

(a) Force and strain  

(b) Force and stress 

(c) Angular velocity and frequency 

(d) Energy and strain 

117. An object is moving through the liquid. The viscous damping force 
acting on it is proportional to the velocity. Then dimension of 
constant of proportionality is  

[Orissa JEE 2002] 

(a) 11  TML  (b) 1MLT  

(c) 10 LTM  (d) 10 TML  

118. The dimensions of emf in MKS is    [CPMT 2002] 

(a) 221  QTML  (b) 222  QTML  

(c) 12  QMLT  (d) 122  QTML  

119. Which of the following quantities is dimensionless   

  [MP PET 2002] 

(a) Gravitational constant (b) Planck's constant 

(c) Power of a convex lens (d) None 

120. The dimensional formula for Boltzmann's constant is     

[MP PET 2002; Pb. PET 2001] 

(a) ][ 122  TML  (b) ][ 22 TML  

(c) ][ 120  TML  (d) ][ 112  TML  

121. The dimensions of K  in the equation 2

2

1
KxW   is   

 [Orissa JEE 2003] 

(a) 201 TLM  (b) 110 TLM  

(c) 211 TLM  (d) 101 TLM  

122. The physical quantities not having same dimensions are   

   [AIEEE 2003] 

(a) Speed and 2/1
00 )(   

 (b) Torque and work 

 (c) Momentum and Planck's constant 

 (d) Stress and Young's modules 

123. Dimension of R  is  [AFMC 2003; AIIMS 2005] 

 (a) 12 TML  (b) 232  ATML  

 (c) 21  TML  (d) None of these 

124. The dimensional formula of relative density is  [CPMT 2003] 

 (a) 3ML  (b) 1LT  

 (c) 2MLT  (d) Dimensionless 

125. The dimensional formula for young's modulus is 
[BHU 2003; CPMT 2004] 

 (a) 21  TML  (b) 20 LTM  

 (c) 2MLT  (d) 22 TML  

126. Frequency is the function of density )( , length )(a  and surface 

tension )(T . Then its value is  [BHU 2003] 

 (a) Tak /2/32/1  (b) Tak /2/32/3  

 (c) 4/32/32/1 / Tak  (d) 2/32/12/1 / Tak  

127. The dimensions of electric potential are  [UPSEAT 2003] 

 (a) ][ 122  QTML  (b) ][ 12  QMLT  

 (c) ][ 12 QTML   (d) ][ 22 QTML   

128. Dimensions of potential energy are   [MP PET 2003] 

 (a) 1MLT  (b) 22 TML  

 (c) 21  TML  (d) 11  TML  

129. The dimension of 
L

R
 are   [MP PET 2003] 

 (a) 2T  (b) T  

 (c) 1T  (d) 2T  

130. The dimensions of shear modulus are [MP PMT 2004] 

(a) 1MLT  (b) 22 TML  

(c) 21  TML  (d) 2MLT  

131. Pressure gradient has the same dimension as that of 
    [AFMC 2004] 

(a) Velocity gradient (b) Potential gradient 

(c) Energy gradient (d) None of these 

132. If force (F), length (L) and time (T) are assumed to be fundamental 
units, then the dimensional formula of the mass will be   [J & K CET 2004] 

(a) 21TFL  (b) 21  TFL  

(c) 11  TFL  (d) 22TFL  

133. The dimensions of universal gas constant is [Pb. PET 2003] 

(a) ][ 122  TML  (b) ][ 22 LTM  

(c) ][ 113  TML  (d) None of these 

134. In the relation )cos( kxtay   , the dimensional formula for k is   [BHU 2004] 

(a) ][ 110  TLM  (b) ][ 10 LTM  

(c) ][ 010 TLM   (d) ][ 0LTM  

135.  Position of a body with acceleration 'a' is given by 

,nm tKax  here t is time. Find dimension of m and n. 

    [Orissa JEE 2005] 

(a) 1m , 1n  (b) 2,1  nm  

(c) 1,2  nm  (d) 2,2  nm  

136.  "Pascal-Second" has dimension of  [AFMC 2005] 

(a) Force  (b) Energy 

(c) Pressure (d) Coefficient of viscosity 

137.  In a system of units if force (F), acceleration (A) and time (T) are 
taken as fundamental units then the dimensional formula of energy 
is    [BHU 2005] 

(a) TFA2  (b) 2FAT  
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(c) ATF2  (d) FAT  

138.  Out of the following pair, which one does not have identical 
dimensions    [AIEEE 2005] 

(a) Moment of inertia and moment of force 

(b) Work and torque  

(c) Angular momentum and Planck's constant 

(d) Impulse and momentum 

139. The ratio of the dimension of Planck's constant and that of moment 
of inertia is the dimension of  [CBSE PMT 2005] 

(a) Frequency (b) Velocity 

(c) Angular momentum (d) Time 

140.  Which of the following group have different dimension    

 [IIT JEE 2005] 

(a) Potential difference, EMF, voltage 

(b) Pressure, stress, young's modulus 

(c) Heat, energy, work-done 

(d) Dipole moment, electric flux, electric field  

141. Out of following four dimensional quantities, which one quantity is 

to be called a dimensional constant  [KCET 2005] 

(a) Acceleration due to gravity 

(b) Surface tension of water  

(c) Weight of a standard kilogram mass  

(d) The velocity of light in vacuum 

142.  Density of a liquid in CGS system is 0.625 3/ cmg . What is its 

magnitude in SI system   [J&K CET 2005] 

(a) 0.625 (b) 0.0625 

(c) 0.00625 (d) 625 
 

Errors of Measurement 
 

1. The period of oscillation of a simple pendulum is given by 

g

l
T 2 where l is about 100 cm and is known to have 1mm 

accuracy. The period is about 2s. The time of 100 oscillations is 
measured by a stop watch of least count 0.1 s. The percentage error 
in g is 

(a) 0.1% (b) 1% 

(c) 0.2% (d) 0.8% 

2. The percentage errors in the measurement of mass and speed are 
2% and 3% respectively. How much will be the maximum error in 

the estimation of the kinetic energy obtained by measuring mass 
and speed  

(a) 11% (b) 8% 

(c) 5% (d) 1% 

3. The random error in the arithmetic mean of 100 observations is x; 
then random error in the arithmetic mean of 400 observations 
would be  

(a) 4x (b) x
4

1
 

(c) 2x (d) x
2

1
 

4. What is the number of significant figures in 0.310×103  

(a) 2 (b) 3 

(c) 4 (d) 6 

5. Error in the measurement of radius of a sphere is 1%. The error in 
the calculated value of its volume is  [AFMC 2005] 

(a) 1% (b) 3% 

(c) 5% (d) 7% 

6. The mean time period of second's pendulum is 2.00s and mean 
absolute error in the time period is 0.05s. To express maximum 
estimate of error, the time period should be written as  

(a) (2.00  0.01) s (b) (2.00 +0.025) s 

(c) (2.00  0.05) s (d) (2.00  0.10) s 

7. A body travels uniformly a distance of (13.8 0.2) m in a time (4.0 

 0.3) s. The velocity of the body within error limits is  

(a) (3.45  0.2) ms-1  (b) (3.45  0.3) ms-1 

(c) (3.45  0.4) ms-1 (d) (3.45  0.5) ms-1 

8. The percentage error in the above problem is  

(a) 7% (b) 5.95% 

(c) 8.95% (d) 9.85% 

9. The unit of percentage error is  

(a) Same as that of physical quantity 

(b) Different from that of physical quantity 

(c) Percentage error is unit less 

(d) Errors have got their own units which are different from that 
of physical quantity measured 

10. The decimal equivalent of 1/20 upto three significant figures is  

(a) 0.0500 (b) 0.05000 

(c) 0.0050 (d) 5.0 × 10-2 

11. Accuracy of measurement is determined by  

(a) Absolute error (b) Percentage error  

(c) Both (d) None of these  

12. The radius of a sphere is (5.3  0.1) cm. The percentage error in its 

volume is 

(a) 100
3.5

1.0
  (b) 100

3.5

1.0
3   

(c) 
53.3

1001.0 
 (d) 100

3.5

1.0
3   

13. A thin copper wire of length l metre increases in length by 2% 
when heated through 10ºC. What is the percentage increase in area 

when a square copper sheet of length l metre is heated through 
10ºC 

(a) 4% (b) 8% 

(c) 16% (d) None of the above 

14. In the context of accuracy of measurement and significant figures in 

expressing results of experiment, which of the following is/are 
correct  

(1)  Out of the two measurements 50.14 cm and 0.00025 ampere, 
the first one has greater accuracy 

(2)  If one travels 478 km by rail and 397 m. by road, the total 
distance travelled is 478 km. 

(a) Only (1) is correct (b) Only (2) is correct 

(c) Both are correct (d) None of them is correct. 

15. A physical parameter a can be determined by measuring the 

parameters b, c, d and e using the relation a =  edcb / . 

If the maximum errors in the measurement of b, c, d and e 

are 1b %, 1c %, 1d % and 1e %, then the maximum error in 

the value of a determined by the experiment is   

(a) ( 1111 edcb  )%   

(b) ( 1111 edcb  )%  

(c) ( 1111 edcb   )%   
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(d) ( 1111 edcb   )% 

16. The relative density of material of a body is found by weighing it 

first in air and then in water. If the weight in air is (5.00 05.0 ) 

Newton and weight in water is (4.00  0.05) Newton. Then the 
relative density along with the maximum permissible percentage 
error is  

(a) 5.0  11% (b) 5.0  1% 

(c) 5.0  6% (d) 1.25  5% 

17. The resistance R =
i

V
 where  V= 100  5 volts and  i = 10  0.2 

amperes. What is the total error in R  

(a) 5% (b) 7% 

(c) 5.2% (d) 
2

5
% 

18. The period of oscillation of a simple pendulum in the experiment is 
recorded as 2.63 s, 2.56 s, 2.42 s, 2.71 s and 2.80 s respectively. The 
average absolute error is  

(a) 0.1 s (b) 0.11 s 

(c) 0.01 s (d) 1.0 s 

19. The length of a cylinder is measured with a meter rod having least 
count 0.1 cm. Its diameter is measured with vernier calipers having 
least count 0.01 cm. Given that length is 5.0 cm. and radius is 2.0 

cm. The percentage error in the calculated value of the volume will 
be 

(a) 1% (b) 2% 

(c) 3% (d) 4% 

20. In an experiment, the following observation's were recorded : L = 

2.820 m, M = 3.00 kg, l = 0.087 cm, Diameter              D = 0.041 cm 

Taking g = 9.81 2/sm using the formula , Y=
lD

MgL
2

4


, the maximum 

permissible error in Y is 
(a) 7.96% (b) 4.56% 

(c) 6.50% (d) 8.42% 

21. According to Joule's law of heating, heat produced 2IH  Rt, 
where I is current, R is resistance and t is time. If the errors in the 
measurement of I, R and t are 3%, 4% and 6% respectively then 
error in the measurement of H is  

(a)  17% (b)  16% 

(c)  19% (d)  25% 

22. If there is a positive error of 50% in the measurement of velocity of 

a body, then the error in the measurement of kinetic energy is 

(a) 25% (b) 50% 

(c) 100% (d) 125% 

23. A physical quantity P is given by P=

2

3

4

2

1

3

DC

BA



. The quantity which 

brings in the maximum percentage error in P is 

(a) A (b) B 

(c) C (d) D 

24. If cmBcmL 1.2,331.2  , then  BL  [DCE 2003] 

(a) 4.431 cm (b) 4.43 cm 

(c) 4.4 cm (d) 4 cm 

25. The number of significant figures in all the given numbers 25.12, 

2009, 4.156 and 410217.1   is[Pb. PET 2003] 

(a) 1 (b) 2 

(c) 3 (d) 4 

26.  If  the length of rod A is 3.25  0.01 cm and that of B is 4.19  0.01 

cm then the rod B is longer than rod A by   

 [J&K CET 2005] 

(a) 0.94   0.00 cm (b) 0.94   0.01 cm 

(c) 0.94   0.02 cm (d) 0.94   0.005 cm 

27. A physical quantity is given by cba TLMX  . The percentage error 

in measurement of LM, and T are , and   respectively. Then 

maximum percentage error in the quantity X is   [Orissa JEE 2005] 

(a)  cba   (b)  cba   

(c) 


cba
  (d) None of these 

28.  A physical quantity A is related to four observable cba ,,  and d as 

follows, 
dc

ba
A

32

 , the percentage errors of measurement in 

cba ,,  and d are 1%,3%,2% and 2% respectively. What is the 

percentage error in the quantity A 

       [Kerala PET 2005] 

(a) 12% (b) 7% 

(c) 5% (d) 14% 

 

 

 

 
 

 

1. If the acceleration due to gravity is 210 ms  and the units of 

length and time are changed in kilometer and hour respectively, the 
numerical value of the acceleration is  

[Kerala PET 2002] 
(a) 360000 (b) 72,000 

 (c) 36,000  (d) 129600 

2. If CL,  and R  represent inductance, capacitance and resistance 

respectively, then which of the following does not represent 
dimensions of frequency  [IIT 1984] 

(a)  
RC

1
 (b) 

L

R
 

(c)  
LC

1
 (d) 

L

C
 

3. Number of particles is given by 
12

12

xx

nn
Dn




  crossing a unit 

area perpendicular to X-axis in unit time, where 1n  and 2n  are 

number of particles per unit volume for the value of x  meant to 

2x  and 1x . Find dimensions of D  called as diffusion constant   [CPMT 1979] 

(a) 20 LTM  (b) 420 TLM  

(c) 30 LTM  (d) 120 TLM  

4. With the usual notations, the following equation 

)12(
2

1
 tauS t  is 

(a) Only numerically correct  
(b) Only dimensionally correct 

(c) Both numerically and dimensionally correct 
 (d) Neither numerically nor dimensionally correct 
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5. If the dimensions of length are expressed as zyx hcG ; where cG,  

and h   are the universal gravitational constant, speed of light and 
Planck's constant respectively, then  [IIT 1992] 

(a) 
2

1
,

2

1
 yx  (b)  

2

1
,

2

1
 zx  

(c) 
2

3
,

2

1
 zy  (d) 

2

1
,

2

3
 zy   

6. A highly rigid cubical block A  of small mass M  and side L  is 

fixed rigidly onto another cubical block B of the same dimensions 

and of low modulus of rigidity   such that the lower face of A  

completely covers the upper face of B . The lower face of B is 

rigidly held on a horizontal surface. A small force F  is applied 

perpendicular to one of the side faces of A . After the force is 

withdrawn block A  executes small oscillations. The time period of 
which is given by   

 [IIT 1992] 

(a)  
L

M
2  (b) 




M

L
2  

(c) 



ML

2  (d) 
L

M


2  

7. The pair(s) of physical quantities that have the same dimensions, is 
(are)    [IIT 1995] 
(a) Reynolds number and coefficient of friction 
(b) Latent heat and gravitational potential 

(c) Curie and frequency of a light wave  
(d) Planck's constant and torque 

8. The speed of light )(c , gravitational constant )(G  and Planck's 

constant )(h  are taken as the fundamental units in a system. The 

dimension of time in this new  system should be     [AMU 1995] 

(a) 2/52/12/1 chG  (b) 2/12/12/1 chG  

(c) 2/32/12/1 chG  (d) 2/12/12/1 chG  

9. If the constant of gravitation )(G , Planck's constant )(h  and the 

velocity of light )(c  be chosen as fundamental units. The dimension 

of the radius of gyration is  [AMU (Eng.) 1999] 

(a) 2/12/32/1 Gch   (b) 2/12/32/1 Gch  

(c) 2/12/32/1  Gch  (d) 2/12/32/1 Gch   

10. 23YZX   find dimension of Y  in (MKSA) system, if X  and Z  
are the dimension of capacity and magnetic field respectively   [MP PMT 2003] 

(a) 1423  ATLM  (b) 2ML  

(c) 4423 ATLM   (d) 4823 ATLM   

11. In the relation 






k

Z

eP


  P is pressure, Z is the distance, k is 

Boltzmann constant and  is the temperature. The dimensional 

formula of  will be  [IIT (Screening) 2004] 

(a) ][ 020 TLM  (b) ][ 121 TLM  

(c) ][ 101 TLM  (d) ][ 120 TLM  

12. The frequency of vibration of string is given by 

2/1

2 









m

F

l

p
 . 

Here p is number of segments in the string and l is the length. The 
dimensional formula for m will be 

[BHU 2004] 

(a) ][ 10 LTM  (b) ][ 10 TML  

(c) ][ 01TML  (d) ][ 000 TLM  

13. Column I Column II 

 (i) Curie (A) 2MLT  

 (ii) Light year (B) M  

 (iii) Dielectric strength (C) Dimensionless 

 (iv) Atomic weight (D) T  

 (v) Decibel (E) 22 TML  

   (F)  3MT  

   (G)  1T  

   (H) L  

   (I) 13  IMLT  

   (J) 1LT  

 Choose the correct match   [IIT 1992] 

(a) (i) G, (ii) H, (iii) C, (iv) B, (v) C 

(b) (i) D, (ii) H, (iii) I,  (iv) B, (v) G 

(c) (i) G, (ii) H, (iii) I,  (iv) B, (v) G 

(d) None of the above 

14. A wire has a mass g003.03.0  , radius mm005.05.0   and 

length cm06.06  . The maximum percentage error in the 

measurement of its density is  [IIT (Screening) 2004] 

(a) 1 (b) 2 

(c) 3 (d) 4 

15. If 97.52 is divided by 2.54, the correct result in terms of significant 

figures is  

(a) 38.4 (b) 38.3937 

(c) 38.394 (d) 38.39 

 

 

 

 

 

Choose any one of the following four responses : 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false. 
(e) If assertion is false but reason is true. 
 

1. Assertion  :  ‘Light year’ and ‘Wavelength’ both measure 
distance.  

 Reason  :   Both have dimensions of time. 

2. Assertion  :  Light year and year, both measure time.   

 Reason  :   Because light year is the time that light takes to 
reach the earth from the sun. 

3. Assertion  :  Force cannot be added to pressure.  

 Reason  :  Because their dimensions are different. 

4. Assertion  :  Linear mass density has the dimensions of [M1L–1T0]. 

 Reason  :  Because density is always mass per unit volume. 

5. Assertion  :  Rate of flow of a liquid represents velocity of flow. 

 Reason  :  The dimensions of rate of flow are [M0L1T–1]. 

6. Assertion  :  Units of Rydberg constant R are m–1 

 Reason  :  It follows from Bohr’s formula 















2
2

2
1

11

nn
Rv ,  

   where the symbols have their usual meaning. 
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7. Assertion  :  Parallex method cannot be used for measuring 
distances of stars more than 100 light years away. 

 Reason  :  Because parallex angle reduces so much that it 
cannot be measured accurately. 

8. Assertion  :  Number of significant figures in 0.005 is one and 
that in 0.500 is three. 

 Reason  :  This is because zeros are not significant. 

9. Assertion  : Out of three measurements l = 0.7 m;                l 
= 0.70 m and l = 0.700 m, the last one is most 
accurate. 

 Reason  :  In every measurement, only the last significant digit 
is not accurately known. 

10. Assertion  : Mass, length and time are fundamental physical 
quantities. 

 Reason  :  They are independent of each other. 

11. Assertion  : Density is a derived physical quantity.  

 Reason  :  Density cannot be derived from the fundamental 
physical quantities. 

12. Assertion  : Now a days a standard metre is defined as in terms 
of the wavelength of light.  

 Reason  :  Light has no relation with length.  

13. Assertion  : Radar is used to detect an aeroplane in the sky 

 Reason  :  Radar works on the principle of reflection of waves. 

14. Assertion  : Surface tension and surface energy have the same 
dimensions.  

 Reason  :  Because both have the same S.I. unit 

15. Assertion  : In ),sin( kxtAy   )( kxt  is dimensionless. 

 Reason  :  Because dimension of ].[ 00 TLM  

16. Assertion  : Radian is the unit of distance.  

 Reason  :  One radian is the angle subtended at the centre of 
a circle by an arc equal in length to the radius of 
the circle. 

17. Assertion  : A.U. is much bigger than Å. 

 Reason  :  A.U. stands for astronomical unit and Å stands 
from Angstrom. 

18. Assertion  : When we change the unit of measurement of a 
quantity, its numerical value changes. 

 Reason  :  Smaller the unit of measurement smaller is its 
numerical value.  

19. Assertion  : Dimensional constants are the quantities whose 
value are constant. 

 Reason  :  Dimensional constants are dimensionless. 

20. Assertion  : The time period of a pendulum is given by the 

formula, lgT /2 .  

 Reason  :  According to the principle of homogeneity of 
dimensions, only that formula is correct in which 
the dimensions of L.H.S. is equal to dimensions of 
R.H.S. 

21. Assertion  : In the relation ,
2

1

m

T

l
f  where symbols have 

standard meaning, m represent linear mass density. 

 Reason  :  The frequency has the dimensions of inverse of 
time. 

22. Assertion  : The graph between P and Q is straight line, when 
P/Q is constant. 

 Reason  :  The straight line graph means that P proportional 
to Q or P is equal to constant multiplied by Q. 

23. Assertion  : Avogadro number is the number of atoms in one 
gram mole. 

 Reason  :  Avogadro number is a dimensionless constant. 

24. Assertion  : L/R and CR both have same dimensions. 

 Reason  :  L/R and CR both have dimension of time.  

25. Assertion  : The quantity )/1( 00  is dimensionally equal to 

velocity and numerically equal to velocity of light.  

 Reason  :  0  is permeability of free space and 0 is the 

permittivity of free space. 
 

 
 

 

 

 

Units 
 

1 c 2 b 3 d 4 c 5 c 

6 d 7 c 8 d 9 c 10 c 

11 a 12 c 13 c 14 b 15 d 

16 d 17 c 18 a 19 b 20 d 

21 d 22 a 23 a 24 b 25 d 

26 b 27 d 28 d 29 d 30 b 

31 a 32 b 33 a 34 b 35 a 

36 b 37 a 38 b 39 b 40 b 

41 d 42 c 43 c, b 44 c 45 b 

46 a 47 c 48 c 49 a 50 a 

51 b 52 b 53 c 54 c 55 c 

56 c 57 b 58 a 59 c 60 a 

61 c 62 c 63 d 64 d 65 b 

66 c 67 a 68 b 69 c 70 b 

71 d 72 b 73 b 74 d 75 c 

76 b 77 b 78 b 79 c 80 c 

81 a 82 a 83 d 84 c 85 b 

86 d 87 d 88 b 89 a 90 c 

91 a 92 d 93 b 94 a 95 d 

96 a 97 b 98 a 99 d 100 b 

101 d 102 d 103 a 104 a 105 d 

106 b 107 b 108 b 109 b   

 

Dimensions 
 

1 a 2 c 3 b 4 a 5 b 

6 c 7 c 8 b 9 ad 10 a 

11 d 12 b 13 a 14 a 15 a 

16 b 17 b 18 d 19 a 20 c 

21 b 22 a 23 b 24 d 25 a 

26 d 27 a 28 d 29 d 30 d 

31 c 32 c 33 a 34 a 35 b 

36 b 37 c 38 c 39 a 40 b 

41 a 42 b 43 d 44 d 45 a 
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46 d 47 b 48 d 49 b 50 a 

51 a 52 d 53 b 54 b 55 c 

56 c 57 d 58 a 59 a 60 c 

61 b 62 b 63 c 64 a 65 a 

66 b 67 a 68 d 69 c 70 a 

71 a 72 c 73 c 74 a 75 b 

76 d 77 a 78 a 79 b 80 b 

81 d 82 b 83 bc 84 c 85 d 

86 d 87 c 88 a 89 a 90 a 

91 a 92 b 93 b 94 a 95 b 

96 a 97 a 98 a 99 c 100 a 

101 d 102 b 103 b 104 d 105 c 

106 d 107 c 108 c 109 a 110 b 

111 c 112 d 113 b 114 a 115 b 

116 c 117 d 118 d 119 d 120 a 

121 a 122 c 123 b 124 d 125 a 

126 a 127 a 128 b 129 c 130 c 

131 d 132 a 133 a 134 c 135 b 

136 d 137 b 138 a 139 a 140 d 

141 d 142 d       

 

Errors of Measurement 
 

1 c 2 b 3 b 4 b 5 b 

6 c 7 b 8 c 9 c 10 a 

11 b 12 b 13 a 14 c 15 d 

16 a 17 b 18 b 19 c 20 c 

21 b 22 d 23 c 24 c 25 d 

26 c 27 a 28 d     

 

Critical Thinking Questions 
 

1 d 2 d 3 d 4 c 5 bd 

6 d 7 abc 8 a 9 a 10 d 

11 a 12 c 13 a 14 d 15 a 

 

Assertion and Reason 
 

1 c 2 d 3 a 4 c 5 d 

6 a 7 a 8 c 9 b 10 a 

11 c 12 c 13 a 14 c 15 c 

16 e 17 b 18 c 19 c 20 e 

21 b 22 a 23 c 24 a 25 b 
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Units  
 

1. (c) Light year is a distance which light travels in one year. 

2. (b)  Because magnitude is absolute. 

3. (d) Watt=Joule/second = Ampere×volt = Ampere2×Ohm 

4. (c)  Impulse = change in momentum = F × t 

 So the unit of momentum will be equal to Newton-sec. 

5. (c)  Unit of energy will be 22 sec/- mkg  

6. (d)  It is by standard definition. 

7. (c)  cmmnm 79 10101    

8. (d)  cmmmicron 46 10101    

9. (c) Watt = Joule/sec. 

10. (c) ;
2

21

d

mGm
F    22

21

2

/ kgNm
mm

Fd
G   

11. (a)   

12. (c)  Angular acceleration 
2secTime

locityAngular ve rad
  

13. (c) Stefan's law is )( 4TE   
4T

E
  

where, E  
TimeArea

Energy


 

2

Watt

m
  

  42

4

2-Watt 


 KmWatt
K

m
  

14. (b) Kg-m/sec is the unit of linear momentum 

15. (d) 2ct  must have dimensions of L  

    c  must have dimensions of 2/ TL  i.e. 2LT . 

16. (d)  
dt

dL
   dtdL  dtFr   

 i.e. the unit of angular momentum is joule-second. 

17. (c)  

18. (a) Volume of cube = 3a  

Surface area of cube = 26a  

  according to problem a3 = 6a2  a = 6 

   unitsaV 2163  . 

19. (b) microns601060106 65    

20. (d)  

21. (d) Because temperature is a fundamental quantity. 

22. (a)  

23. (a) 1 C.G.S unit of density = 1000 M.K.S. unit of density 


3/500/5.0 mkgccgm   

24. (b)  

25. (d)  

26. (b) Mach number
soundof  Velocity

objectof  Velocity
 . 

27. (d)  

28. (d) 
dx

dV
E   

29. (d)   

30. (b) Surface tension = 
Length

Force
 = metreNewtons /  

31. (a)  

32. (b) Henry
A

W b

I
L 


. 

33. (a) 
R

L
 is a time constant of L-R circuit so Henry/ohm can be 

expressed as second. 

34. (b) 









sec

m
kgmv  

35. (a) Quantities of similar dimensions can be added or subtracted so 
unit of a will be same as that of velocity. 

36. (b) eVMeV 6101   

37. (a) Energy (E) = F × d  
d

E
F  so Erg/metre can be the unit of 

force. 

38. (b) Potential energy 

2

2 secsec



















cm
gcm

cm
gmgh  

39. (b) volt
ampere

watt
  

40. (b)  

41. (d)  

42. (c)  

43. (b,c) 

44. (c) Energy = force   distance,  so if both are increased by 4 times 
then energy will increase by 16 times. 

45. (b) 1 Oerstead = 1 Gauss = Tesla410  

46. (a) Charge = current   time 

47. (c) cmohm
L

RA

A

L
R    

48. (c)  
49. (a) Astronomical unit of distance. 

50. (a) Physical quantity (p) = Numerical value (n)  Unit (u) 

 If physical quantity remains constant then n  1/u  n
1

u
1

 = n
2

u
2

 
. 

51. (b) JvoltcoulombeV 1919 106.11106.11   . 

52. (b) JWkWh 53 1036sec36001011   

53. (c) According to the definition. 

54. (c)  

55. (c) As I 22 mkgMR   

56. (c) 
Area

Force
Stress   = 

2m

N
 

57. (b) 4124  KsJmAT
t

Q
  

58. (a) M = Pole strength   length  

  = metremetreamp   2metreamp   

59. (c) Curie = disintegration/second 

60. (a)  

61. (c) Pico prefix used for 
1210
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62. (c)  

63. (d) Unit of ... fme  = volt = joule/coulomb 

64. (d)  

65. (b)  

66. (c) 
L

L

A

F
Y


 . = 2

24

5

2
/1.0

10

10
mN

m

N

cm

dyne






 

67. (a) Pressure
essDimensionl

Force/Area

Strain

Stress
 YY . 

68. (b) mcminchesyard 9144.054.236361  . 

69. (c) metre-1510fermi1   

70. (b)  

71. (d)  

72. (b)  

73. (b)  

74. (d) 1 Newton = 105 Dyne 

75. (c) 222 /]/[][][][ skmtxbbtx   

76. (b) Units of a and PV2 are same and equal to dyne × cm4. 

77. (b)  

78. (b)  

79. (c) Impulse = Force   time smkgssmkg /-)/-( 2   

80. (c)  

81. (a) 15.273 CK  

82. (a)  

83. (d)  

84. (c)  

85. (b)  

86. (d) Watt is a unit of power 

87. (d) meter151046.9yearlight1   

88. (b) 
m

W
V   so, SI unit = 

kg

Joule
 

89. (a)  

90. (c) 

2

2

1

2

1

1

2

1
12














































T

T

L

L

M

M
nn  

 = 

211
sec

100




























minm

cm

kg

gm
 

 = 

21

2

1

3 sec60

sec

1010
100

































cm

cm

gm

gm
 

 n
2

 = 6.3
10

3600
3

   

91. (a) ]/[ RL  is a time constant so its unit is Second. 

92. (d) Poission ratio is a unitless quantity. 

93. (b)   

94. (a)  

95. (d) 
u

nnuP
1

  

96. (a) 1 Faraday = 96500 coulomb. 

97. (b)  

98. (a)  

99. (d)  

100. (b)  

101. (d) 122

2

21

2

21

4

1

4

1 


 NmC
Fr

qq

r

qq
F


 

102. (d) Joule-sec is the unit of angular momentum where as other 
units are of energy. 

103. (a) 1 Nm
l

F
T  

104. (a) Because in S.I. system there are seven fundamental quantities. 

105. (d) 11][  TML so its unit will be kg/m-sec. 

106. (b)  

107. (b) 

108. (b) According to the definition. 

109. (b)  Pyrometer is used for measurement of temperature. 

 

Dimensions  
 

1. (a) Pressure 21

Area

Force  TML  

  Stress 21

Area

forceRestoring  TML  

2. (c) Strain 



L

L
 dimensionless quantity 

3. (b) Power 32
22

Time

Work 


 TML
T

TML
 

4. (a) Calorie is the unit of heat i.e., energy. 

  So dimensions of energy 22  TML  

5. (b) Angular momentum = 121   TMLLMLTmvr  

6. (c) 
R

L
 = Time constant 

7. (c) Impulse = change in momentum so dimensions of both 
quantities will be same and equal to MLT–1  

8. (b) TRC   

  ∵ ][][ 232  ITMLR  and ][][ 2421 ITLMC   

9. (a,d) [Torque] = [work] = [ML2T–2]  

[Light year] = [Wavelength] = ][L  

10. (a) 
m

Q
LmLQ    (Heat is a form of energy) 

  = ][ 220
22




 TLM
M

TML
 

11. (d) Volume elasticity = 
strain Volume

Force/Area
 

Strain is dimensionless, so 

  = ][
Area

Force 21

2

2




 TML
L

MLT
 

12. (b) 
21

2

2

21

mm

Fd
G

d

mGm
F   

   ][
][

]][[
][ 231

2

22




 TLM
M

LMLT
G  
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13. (a) Angular velocity = ,
t


 [] ][

][

][ 1
000

 T
T

TLM
 

14. (a) Power = ][
Time

doneWork 32
22
















 TML

T

TML
 

15. (a) Couple = Force   Arm length  = ][][][ 222   TMLLMLT  

16. (b) Angular momentum = mvr  

  ][][][ 121   TMLLMLT  

17. (b) Impulse = Force   Time = ][][][ 12   MLTTMLT  

18. (d) Modulus of rigidity = 
strainShear

stressShear
 ][ 21  TML  

19. (a)  

20. (c) ][][][][][ 12122   TMLhThTMLhvE  

21. (b) ][][inertiaof  Moment 22 LMmr   

Moment of Force = Force   Perpendicular distance  

  = ][][][ 222   TMLLMLT  

22. (a) Momentum = ][ 1 MLTmv   

  Impulse = Force   Time = ][][][ 12   MLTTMLT  

23. (b) Pressure = 
Volume

Energy

Area

 Force
 = 21  TML  

24. (d) ][momentum]Angular [][ 12  TMLh  

25. (a) By principle of dimensional homogenity  P
V

a









2

 

   ][][][][][ 6212 LTMLVPa     = ][ 25 TML  

26. (d) 2

2

1
CV  Stored energy in a capacitor = ][ 22 TML  

27. (a) 2

2

1
Li  = Stored energy in an inductor = ][ 22 TML  

28. (d) Energy per unit volume = ][
][

][ 21

3

22




 TML
L

TML
 

Force per unit area = ][
][

][ 21

2

2




 TML
L

MLT
 

 Product of voltage and charge per unit volume 

Volume

TimePower

VolumeVolume







VItQV
 

  ][
][

][][ 21

3

32




 TML
L

TTML
 

Angular momentum per unit mass = ][
][

][ 12
12




 TL
M

TML
 

  So angular momentum per unit mass has different dimension. 

29. (d) Time constant ][T  and Viscosity ][ 11  TML  

  For options (a), (b) and (c) dimensions are not matching with 
time constant. 

30. (d) By putting the dimensions of each quantity both the sides we 

get yx MTMT ][][][ 21    

Now comparing the dimensions of quantities in both sides we 

get 12 and0  yyx    
2

1
,

2

1
 yx  

31. (c) m  = linear density = mass per unit length = 








L

M
 

 A= force = ][ 2MLT  [B]=
][

][

][

][
1

2






ML

MLT

m

A
][ 22  TL  

  This is same dimension as that of latent heat. 

32. (c) Let .zyx kgv  Now by substituting the dimensions of 

each quantities and equating the powers of M, L and T we get 

0  and 1,1,2  zyx  . 

33. (a) Farad is the unit of capacitance and 

V

Q
C  =

][

][
122  QTML

Q
= 2221 QTLM   

34. (a) 
l

RA
 i.e. dimension of resistivity is ][ 213  QTLM  

35. (b) From the principle of homogenity 








v

x
 has dimensions of T. 

36. (b) 









dx

d
KA

dt

dQ 
 

    [K] = 
][][

][

][

][
2

22

KL

L

T

TML




= 13  KMLT  

37. (c) Stress = ][
][

][

Area

Force 21

2

2




 TML
L

MLT
 

38. (c)  

39. (a) [C] = ][ 2421

22

222

ATLM
TML

TA

W

Q

V

Q 







































 

40. (b) Momentum = mv  = ][ 1MLT  

41. (a) ][ 22  TMLQ   (All energies have same dimension) 

42. (b) ][
1

2

1 200

2
TLM

f
LC

LC
f 


 

43. (d) Energy = Work done [Dimensionally] 

44. (d) 
R

L
 Time constant. 

45. (a) By substituting the dimension of each quantity we get 
cba MTMLTMLT ][][][ 2321   

By solving we get a = – 3/2, b = 1/2 and c = 1 

46. (d)  

47. (b) qphgv   (given)  

 By substituting the dimension of each quantity and comparing 

the powers in both sides we get qp LLTLT ][][][ 21    

    
2

1
,

2

1
,12,1  qppqp  

48. (d) [Planck constant] = ][ 12 TML and  

 [Energy] = ][ 22 TML   

49. (b) Frequency ][
1 100  TLM
T
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50. (a)  Power = 
Time

Energy
 

51. (a) By substituting dimension of each quantity in R.H.S. of option 

(a) we get 




























LTML

LTM

r

mg
11

2


= ][ 1LT .  

This option gives the dimension of velocity. 

52. (d) [ L0 ] = [C]  
t

Q

t

VC

t

LV
X 


 0 = current 

53. (b) 

00

1


C  










200

1

C
 (where C = velocity of light) 

  22
00 ][ TL  

54. (b)  

55. (c) [X] = [F] × [] = ][][ 222

3

2  







 TLM

L

M
MLT  

56. (c) Both are the formula of energy . 







 22

2

1

2

1
LICVE  

57. (d) Acceleration = 
2time

cedistan
 22 ATLLTA    

58. (a)  C

00

1


 velocity of light 

59. (a) According to problem muscle × speed = power  

  muscle = 
1

32

speed

power 





LT

TML
= 2MLT   

60. (c)  

61. (b) Wave number = 


1
  dimension is ][ 010 TLM   

62. (b) [Pressure] =[stress] = ][ 21  TML  

63. (c)  

64. (a) 
r

lII
F 210 2

4


    ][][][ 222

0
  AMLTAF  

65. (a) ][
][][

][][ 122
22







 ATML
LA

LMLT
A

LI

F
BA  

66. (b) By substituting the dimension of given quantities 
01321 ][][][][ MLTLTMTTML zyx   

By comparing the power of M, L, T in both sides 0 yx    .....(i) 

0 zx    .....(ii) 

032  zyx   …(iii) 

  The only values of  zyx ,,  satisfying (i), (ii) and (iii) 

corresponds to (b). 

67. (a) 2

2

1
LiE   hence ][ 222  ATMLL  

68. (d) Strain is dimensionless. 

69. (c) Dimensions of power is ][ 32 TML  

70. (a) Kinetic energy = ][][
2

1 22212   TMLLTMmv  

71. (a) Torque = force   distance = ][ 22 TML  

72. (c) ][][. 11  TML
dx

dv
AF   

73. (c) ][
1 1








 A

Q

T

CVR

L

RCV

L
 

74. (a) ][
momentumLinear 

momentumAngular 010 TLMr
mv

mvr
  

75. (b) Dimension of work and torque = ][ 22 TML  

76. (d) Surface tension = ][
][

Length

Force 2
2




 MT
L

MLT
 

77. (a) Linear momentum = Mass   Velocity = ][ 1MLT  

  Moment of a force = Force   Distance = ][ 22 TML  

78. (a) 



TITV

IV

L

R 1

/

/
Frequency 

79. (b) zyx FAvL     zyx FAkvL   

Putting the dimensions in the above relation 

zyx MLTLTLTkTML ][][][][ 22112    

 ][][ 2212 zyxzyxz TLMkTML    

Comparing the powers of LM,  and T  

1z   …(i) 

2 zyx   …(ii) 

122  zyx   …(iii) 

On solving (i), (ii) and (iii) 1,2,3  zyx  

So dimension of L  in terms of Av,  and f   

  ][][ 23  AFvL  

80. (b) 
2

21

04

1

r

qq
F


  

   ][
][][

][

][][

|||| 3142

22

22

2

21
0




 LMTA

LMLT

TA

rF

qq
   

81. (d) [Pressure] = [Stress] = [coefficient of elasticity] = ][ 21  TML   

82. (b)  

83. (b, c)  

84. (c) Capacity   Resistance = 
amp

Volt

Potential

Charge
  

  = Second
ampVolt

Voltsecondamp





 

85. (d) Strain has no dimensions. 

86. (d)  

87. (c) ][
][][

][ 12
2




 AMT
LA

MLT

IL

F
B  

88. (a) ][
][][

][ 11

1

2






 TML
LTL

MLT

av

F
  

89. (a) Couple of force = ][|| 22  TMLFr  

  Work = ][].[ 22  TMLdF


 

90. (a) Quantities having different dimensions can only be divided or 
multiplied but they cannot be added or subtracted. 

91. (a) Angle of banking : 
rg

v2

tan  . i.e. 
rg

v 2

is dimensionless. 
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92. (b) Solar constant is energy received per unit area per unit time i.e. 

][
][][

][ 31

2

22




 TM
TL

TML
 

93. (b) From the principle of dimensional homogenity 

][][ 3







 MLT

t

F
a  and ][][ 4

2









 MLT

t

F
b  

94. (a) 0rYK  = ][][ 21 LTML  = ][ 2MT  

  Y = Young's modulus and 0r  = Interatomic distance  

95. (b) Let zyx pgcG ][  

by substituting the following dimensions :  

][][],[][],[][ 21231   LTgLTcTLMG  

][][ 21  TMLp  

and by comparing the powers of both sides 

we can get 1,2,0  zyx  

   120][  pgcG  

96. (a) Let zyxrST   

by substituting the dimension of ][][ TT   

][][],[][],[][ 32   MLLrMTS   

and by comparing the power of both the sides 

2/1,2/3,2/1  zyx  

  so 
S

r
kTSrT

3
3 /


   

97. (a) Resistivity ][][ where
][

][.][
][ 212  QTMLR

l

AR
  

   ][][ 213  QTML  

98. (a) ][
][

][ 100 QTLM
T

Q

t

Q
I   

99. (c) Torque = ][ 22 TML , Angular momentum =  ][ 12 TML  So 

mass and length have the same dimensions 

100. (a) Let zyx TVPF   

by substituting the following dimensions :  

][][ 21  TMLP ][][],[][ 1 TTLTV    

and comparing the dimension of both sides 

  2,2,1  zyx , so 22TPVF   

101. (d) ][
][][

][

lengthmass

Energy 2
22







LT
LM

TML
 

102. (b) Let zyx FvEm   

By substituting the following dimensions : 

][][],[][],[][ 2122   MLTFLTvTMLE  

and by equating the both sides 

  0,2,1  zyx . So ][][ 2 Evm  

103. (b)  

104. (d) CzBAyx tan  

From the dimensional homogenity 




















A

B
y

A

x
BAyx ][][][][  

 ][][ 000 TLMCz Dimension less 

x  and B ; C  and yZ ;1  and 
A

B
  have the same dimension 

but  x  and A  have the different dimensions. 

105. (c) Tension = ][ 2MLT , Surface Tension = ][ 2MT  

106. (d) Torque = ][ 22 TML , Moment of inertia = ][ 2ML  

107. (c) Angular momentum = ][ 12 TML , Frequency = ][ 1T  

108. (c) Latent Heat ][
][

][

mass

Energy 22
22




 TL
M

TML

m

Q
L  

109. (a) ][
][

][ 2421

132
ATLM

ATML

AT

V

Q
C 


  

110. (b) ][
1

][][ 34222 T
T

T
L

R
LCLRC 

















  

  As T
R

L









 and TLC   

111. (c) Let zyx hGCm   

By substituting the following dimensions :  

][][;][ 2311   TLMGLTC  and ][][ 12  TMLh   

Now comparing both sides we will get  

2/1,2/1;2/1  zyx  

  So 2/12/12/1 hGcm   

112. (d) Charge = Current   Time = ][AT  

113. (b) ][][ 11 



 TML

z

v
AF   

  As ][],[],[ 122  



 T

z

v
LAMLTF  

114. (a)  

115. (b) ][
Volume

Energy 21

3

22




 TML
L

TML
= Pressure 

116. (c) ][ 1 T
dt

d
  and frequency ][][ 1 Tn  

117. (d) ][][ 1

1

2



























 MT

LT

MLT

v

F
kkvFvF  

118. (d) 







 

T

A
ATMLe

dt

di
Le ][][ 222  

  ][][ 122
22
















 QTML

AT

TML
e  

119. (d) ][][];[][ 12231   TMLhTLMG  

Power = ][
lengthfocal 

1 1 L  

  All quantities have dimensions 

120. (a) ][ 122 







 TML

N

R
k  

121. (a) ][
][

][
][

2

1 2

2

22

2

2 














 MT

L

TML

x

W
kkxW  



 
  66 Units, Dimensions and Measurement 

122. (c) Momentum ][ 1MLT , Planck's constant ][ 12 TML  

123. (b) 
I

V
R 
















A

ATML 132

= ][ 232  ATML  

124. (d) Relative density =
of water density

substanceof  Density
][ 000 TLM  

125. (a)  

126. (a) Let cba Takn   where ][][],[][ 3 LaML    and 

][][ 2 MTT  

Comparing both sides, we get 

2

3
,

2

1
 ba  and 

2

1
c   

T

ak 2/32/1
     

127. (a) ][ 122  QTML
Q

W
V  

128. (b)  

129. (c) RL /  is a time constant so 1)/(  TLR  

130. (c) Shear modulus = 
 strainShearing 

stressShearing 
][ 21  TML

A

F


 

131. (d) Velocity gradient ][
][

][ 1
1




 T
L

LT

x

v
 

  Potential gradient
][

][ 132

L

ATML

x

V 

 ][ 13  AMLT   

  Energy gradient ][
][

][ 2
22

 MLT
L

TML

x

E
 

 and pressure gradient ][
][

][ 22
21




 TML
L

TML

x

P
 

132. (a) Let cba TLKFm   

 Substituting the dimension of  

 ],[][ 2 MLTF  ][][][][ TTandLC    

 and comparing both sides, we get 21  TFLm  

133. (a) 
T

PV
R  ][ 122

321















 
 


TML

LTML
 

134. (c) ][Kx = Dimension of t (dimensionless) hence 

 111  L
LX

K     ][][ 1 LK  

135. (b) As nm tKax   

        nmmnm
TLTLTLTM   2200  

  1m  and 02  nm  2n . 

136. (d)   SNmNSm 22  Pascal-second. 

137. (b) cba TAKFE   

        c
ba

TLTMLTTML 2222    

    cbabaa TLMTML   2222  

   1a , 2 ba   1b   

 and 2222  ccba  

    2KFATE  . 

138. (a) 

139. (a)  1

2

12
















 T

ML

TML

I

h
 

140. (d) 

141. (d) 

142. (d) CGS        SI 

 2211 UNUN   

    3
222

3
111

  LMNLMN  

   

3

2

1

2

1
12






















L

L

M

M
NN  

3

1

1

1

1
625.0






















m

cm

kg

g
 

 6251010625.0 63    
 

Errors of Measurement  
 

1. (c) glT /2  glT /4 22   
2

24

T

l
g


  

 Here % error in l = %1.0100
100

1.0
100

100

1


cm

mm

 and % error in T = %05.0100
1002

1.0



 

  % error in g = % error in l + 2(% error in T) 

 05.021.0  = 0.2 % 

2. (b)  2

2

1
mvE   

 % Error in K.E.  

 = % error in mass + 2 × % error in velocity  
   = 2 + 2 × 3 = 8 % 

3. (b) 

4. (b) Number of significant figures are 3, because 103 is decimal 
multiplier.  

5. (b) 3

3

4
rV   

  % error is volume %3   error in radius  

 13  = 3% 

6. (c) Mean time period T = 2.00 sec  

 & Mean absolute error T = 0.05 sec. 

 To express maximum estimate of error, the time period should 

be written as )05.000.2(  sec 

7. (b) Here, )2.08.13( S m  

 and )3.00.4( t  sec  

 Expressing it in percentage error, we have, 

 %4.18.13%100
8.13

2.0
8.13 S  

 and %5.74%100
4

3.0
0.4 t  

 
t

s
V  ./)3.045.3(

5.74

4.18.13
sm




  

8. (c) % error in velocity = %error in L + %error in t  

 100
4

3.0
100

8.13

2.0
  

 = 1.44 + 7.5 = 8.94 % 
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9. (c)  

10. (a) 05.0
20

1
  

 Decimal equivalent upto 3 significant figures is 0.0500 

11. (b)  

12. (b) 3

3

4
rV   

  % error in volume  

 %3   error in radius.  

 100
3.5

1.03



   

13. (a) Since percentage increase in length = 2 % 

 Hence, percentage increase in area of square sheet  

 %22   = 4%  

14. (c) Since for 50.14 cm, significant number = 4 and for 0.00025, 
significant numbers = 2 

15. (d)  edcba /  

  So maximum error in a is given by  

  100.100.100
max



















c

c

b

b

a

a
   

           100.100. 






e

e

d

d
  

   %1111 edcb    

16. (a) Weight in air N)05.000.5(   

  Weight in water N)05.000.4(   

  Loss of weight in water N)1.000.1(   

  Now relative density 
 waterin loss weight

air inweight
    

  i.e. R . D
1.000.1

05.000.5




  

  Now relative density with max permissible error  

  100
00.1

1.0

00.5

05.0

00.1

00.5









 )%101(0.5   

%110.5   

17. (b)  100100100
max



















I

I

V

V

R

R
 

 100
10

2.0
100

100

5
  )%25(   = 7% 

18. (b) Average value 
5

80.271.242.256.263.2 
  

              sec62.2  

  Now  01.062.263.2|| 1 T  

  06.056.262.2|| 2 T  

  20.042.262.2|| 3 T  

  09.062.271.2|| 4 T  

  18.062.280.2|| 5 T  

  Mean absolute error  

  
5

|||||||||| 54321 TTTTT
T


  

  sec11.0108.0
5

54.0
  

19.  (c) Volume of cylinder lrV 2  

  Percentage error in volume  

 100100
2

100 








l

l

r

r

V

V
                  

 







 100

0.5

1.0
100

0.2

01.0
2  )%21(   = %3  

20. (c) 
lD

MgL
Y

2

4


  so maximum permissible error in Y 

= 100
2

100 






 
















l

l

D

D

L

L

g

g

M

M

Y

Y
 

  100
87

1

41

1
2

2820

1

981

1

300

1








  

%5.6100065.0   

21.  (b) tRIH 2  

  100
2

100 






 











t

t

R

R

I

I

H

H
 

)%6432(   %16  

22. (d) Kinetic energy 2

2

1
mvE   

  100100
2

22








v

vv

E

E
 

  100]1)5.1[( 2   

  %125100 



E

E
 

23. (c) Quantity C has maximum power. So it brings maximum error 
in P. 

24. (c) Given, cmL 331.2  

  33.2  (correct upto two decimal places) 

  and cmB 1.2 cm10.2  

 cmBL 43.410.233.2  . cm4.4  

 Since minimum significant figure is 2. 
25. (d) The number of significant figures in all of the given number is 

4. 

26. (c)  

27. (a) Percentage error in X  cba   

28. (d) Percentage error in A 

%14%2
2

1
213312 








  

 

Critical Thinking Questions  
 

1. (d) 

2

2

1

1

2

1
12





















T

T

L

L
nn

21
sec

10





















hrkm

meter
 

   

21

32
sec3600

sec

10
10





















m

m
n 129600  
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2.  (d) 
LC

f
2

1
    









L

C
does not represent the dimension of 

frequency 

3. (d) [n] = Number of particles crossing a unit area in unit time = 

][ 12  TL  

     12 nn number of particles per unit volume = [L–3] 

 ][][ 12 xx  = positions 

  
 
 

 
][

][][
3

12

12

12



 







L

LTL

nn

xxn
D =  12 TL  

4. (c) We can derive this equation from equations of motion so it is 
numerically correct. 

tS = distance travelled in tth second = ][
time

Distance 1 LT  

u  = velocity = ][ 1LT and ][)12(
2

1 1 LTta  

  As dimensions of each term in the given equation are same, 
hence equation is dimensionally correct also. 

5. (b, d) Length  Gxcyhz  

 L= xTLM ][ 231  zy TMLLT ][][ 121   

By comparing the power of M, L and T  in both sides we get 

0 zx , 123  zyx and 02  zyx  

By solving above three equations we get 

  
2

1
,

2

3
,

2

1
 zyx  

6. (d) By substituting the dimensions of mass [M], length [L] and 

coefficient of rigidity  21  TML   we get 
L

M
T


2 is the 

right formula for time period of oscillations  

7. (a, b, c) Reynolds number and coefficient of friction are 
dimensionless. 

 Latent heat and gravitational potential both have dimension 

][ 22 TL .  

 Curie and frequency of a light wave both have dimension 

][ 1T . But dimensions of Planck's constant is ][ 12 TML and 

torque is  22 TML  

8. (a) Time zyxzyx hGkcThGc   

Putting the dimensions in the above relation 

   zyx TMLTLMLTTLM ][][][][ 122311100   

   ][][ 223100 zyxzyxzy TLMTLM    

Comparing the powers of LM,  and T  

0 zy    …(i) 

023  zyx    …(ii) 

12  zyx    …(iii) 

On solving equations (i) and (ii) and (iii)  

2

1
,

2

5



 zyx  

  Hence dimension of time  are ][ 2/52/12/1 chG  

9. (a) Let radius of gyration zyx Gchk ][][][][   

By substituting the dimension of ][][ Lk   

][][],[][],[][ 231112   TLMGLTcTMLh  

and by comparing the power of both sides  

we can get 2/1,2/3,2/1  zyx  

  So dimension of radius of gyration are 2/12/32/1 ][][][ Gch   

10. (d) ][
][3

4823

212

2421

2
ATLM

AMT

ATLM

Z

X
Y 





  

11. (a) In given equation, 




k

z
 should be dimensionless  

   ][
][

][
][ 2

122







 MLT
L

KKTML

z

k



  

 and ][
][

][
][ 020

21

2

TLM
TML

MLT

p
P 





















.  

12. (c) 

2/1

2 









m

F

l

P


222

2
2

4 


l

F
m

m

F

l

P









  

 ][][ 01

22

2

TML
TL

MLT
m 

















  

13. (a)  

14. (d)  Density, 
Lr

M

V

M
2

   

  
L

L

r

r

M

M 









 2




 

  
6

06.0

5.0

005.0
2

3.0

003.0
  

  04.001.002.001.0   

  Percentage error %410004.0100 






 

15. (a) 

 
 

Assertion and Reason  
 

1. (c) Light year and wavelength both represents the distance, so 
both has dimension of length not of time.   

2. (d) Light year measures distance and year measures time. One light 
year is the distance traveled by light in one year.     

3. (a) Addition and subtraction can be done between quantities 
having same dimension.    

4. (c) Density is not always mass per unit volume.  

5. (d) Rate of flow of liquid is expressed as the volume of liquid 

flowing per second and it has dimension ].[ 13 TL      

6. (a)   

7. (a) As the distance of star increases, the parallax angle decreases, 

and great degree of accuracy is required for its measurement. 
Keeping in view the practical limitation in measuring the 
parallax angle, the maximum distance of a star we can measure 
is limited to 100 light year.  
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8. (c) Since zeros placed to the left of the number are never 
significant, but zeros placed to right of the number are 
significant.    

9. (b) The last number is most accurate because it has greatest 

significant figure (3).  

10. (a) As length, mass and time represent our basic scientific 
notations, therefore they are called fundamental quantities and 
they cannot be obtained from each other.   

11. (c) Because density can be derived from fundamental quantities.   

12. (c) Because representation of standard metre in terms of 
wavelength of light is most accurate.      

13. (a) As radar is most accurate instrument used to detect aeroplane 
in sky based on principle of reflection of radio waves.          

14. (c) As surface tension and surface energy both have different S.I. 
unit and same dimensional formula.   

15. (c) As  (angular velocity) has the dimension of ][ 1T  not ][T .   

16. (e) Radian is the unit of plane angle.   

17. (b) A.U. is used (Astronomical units) to measure the average 
distance of the centre of the sun from the centre of the earth, 
while angstrom is used for very short distances. 1 A.U. = 

;105.1 11 m  .101 10 mÅ   

18. (c) We know that 2211 ununQ   are the two units of 

measurement of the quantity Q and n
1

, n
2

 are their respective 

numerical values. From relation ,22111 ununQ   nu = 

constant un /1  i.e., smaller the unit of measurement, 

greater is its numerical value.   

19. (c) Dimensional constants are the quantities whose value are 

constant and they posses dimensions. For example, velocity of 

light in vacuum, universal gravitational constant, Boltzman 

constant, Planck’s constant etc. 

20. (e) Let us write the dimension of various quantities on two sides of 

the given relation. 

 L.H.S. ],[TT   R.H.S. ][/2 1
2




 T
L

LT
lg  

 ( 2  has no dimension). As dimensions of L.H.S. is not equal 

to dimension of R.H.S. therefore according to principle of 

homogeneity the relation  

 lgT /2  is not valid.  

21. (b) From, ,
2

1

m

T

l
f   

ml

T
f

2

2

4
  

or, 
length

Mass][

4 22

2

22






L

M

TL

MLT

fl

T
m = linear mass 

density.  

22. (a) According to statement of reason, as the graph is a straight 

line, ,QP   or P = constant  Q  

i.e. 
Q

P
= constant  

23. (c) Avogadro number (N) represents the number of atoms in 1 

gram mole of an element, i.e. it has the dimensions of mole -1.  

24. (a) Unit of quantity (L/R) is Henry/ohm.  

As Henry = ohm  sec, hence unit of L/R is sec i.e.  

[L/R] = [T].  

Similarly, unit of product CR is farad  ohm or,  

Amp

Volt

Volt

Coulomb
  or, 

Amp

AmpSec 
 or, sec i.e. [CR] =  

[T] therefore [L/R] and [CR] both have the same dimension.  

25. (b) Both assertion and reason are true but reason is not the 

correct explanation of assertion.  

 ][][ 2431
0 ITLM  ,  ][][ 22

0
 IMLT  

 16

7

9

00

109
10

109

4)4/(

1









E

 

 ./103 8 sm   

 Therefore 

00

1


 has dimension of velocity and numerically 

equal to velocity of light. 
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1. The surface tension of a liquid is cmdyne /70 . In MKS system its 

value is  

[CPMT 1973, 74; AFMC 1996; BHU 2002] 

(a) mN/70  (b) mN/107 2  

(c) mN/107 3  (d) mN/107 2  

2. The SI unit of universal gas constant )(R  is 

[MP Board 1988; JIPMER 1993; AFMC 1996;  

MP PMT 1987, 94; CPMT 1984, 87; UPSEAT 1999] 

(a) 11  molKWatt   

(b) 11  molKNewton  

(c) 11  molKJoule  

(d) 11  molKErg  

3. The unit of permittivity of free space 0  is 

[MP PET 1993; MP PMT 2003; CBSE PMT 2004] 

(a) Coulomb/Newton-metre 

(b) Newton- 22 /Coulombmetre  

(c) 22 )-/(Coulomb metreNewton  

(d) 22 -/ metreNewtonCoulomb  

4. The temperature of a body on Kelvin scale is found to be KX . 

When it is measured by a Fahrenheit thermometer, it is found to be 

FX 0 .  Then X  is  

[UPSEAT 2000] 

(a) 301.25  

(b) 574.25 

(c) 313  

(d) 40 

5. What are the units of 04/1 K  

   [AFMC 2004] 

(a) 212  mNC  (b) 22 CNm  

(c) 22CNm  (d) Unitless 

6. The SI unit of surface tension is [DCE 2003] 

(a) Dyne/cm (b) Newton/cm 

(c) Newton/metre (d) Newton-metre 

7. lmE ,,  and G  denote energy, mass, angular momentum  and 

gravitational constant respectively, then the dimension of  
25

2

Gm

El
  

are   [AIIMS 1985] 

(a) Angle (b) Length 

(c) Mass (d) Time 

8. From the equation 
2

tan
v

rg
 , one can obtain the angle of 

banking   for a cyclist taking a curve (the symbols have their usual 

meanings). Then say, it is 

(a) Both dimensionally and numerically correct 

(b) Neither numerically nor dimensionally correct 

(c) Dimensionally correct only 

(d) Numerically correct only 

9. A dimensionally consistent relation for the volume V  of a liquid of 

coefficient of viscosity   flowing per second through a tube of 

radius r  and length l  and having a pressure difference p  across 

its end, is 

(a)  
l

pr
V





8

4

  (b)  
48 pr

l
V


  

(c)  
4

8

r

lp
V




  (d)  

48lr

p
V


  

10. The velocity v  (in sec/cm ) of a particle is given in terms of time 

t  (in sec) by the relation 
ct

b
atv


  ; the dimensions of ba,  

and c  are   [CPMT 1990] 

(a) 22 ,, LTcTbLa    

(b) LcLTbLTa  ,,2  

(c) TcLbLTa   ,,2   

(d) 2,, TcLTbLa   

11. From the dimensional consideration, which of the following equation 
is correct   [CPMT 1983] 

(a)  
GM

R
T

3

2  (b)  
3

2
R

GM
T   

(c) 
2

2
R

GM
T   (d) 

GM

R
T

2

2  

12. The position of a particle at time t  is given by the relation 

)1()( 0 tc
v

tx 











 ,  where 0v  is a constant and 0 . The 

dimensions of 0v   and   are respectively 

[CBSE PMT 1995] 

(a) 110 TLM  and 1T  

(b) 010 TLM  and 1T  

(c) 110 TLM  and 2LT  

(d) 110 TLM  and T  
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13. The equation of state of some gases can be expressed as 

V

R

V

a
P













2
 Where P  is the pressure, V  the volume,   

the absolute temperature and a  and b  are constants. The 
dimensional formula of a  is 

    [UPSEAT 2002; Orissa PMT 2004] 

(a) ][ 25 TML  (b) ][ 251  TLM  

(c) ][ 21  TML  (d) ][ 25  TML  

14. The dimensions of 
b

a
 in the equation 

bx

ta
P

2
 , where P  is 

pressure, x  is distance and t  is time, are   

[KCET 2003] 

(a) 2MT  (b) 32 LTM  

(c) 13 TML  (d) 3LT  

15. Dimensions of  
00

1


, where symbols have their usual meaning, 

are    [AIEEE 2003] 

 (a) ][ 1LT  (b) ][ 1TL  

 (c) ][ 22TL  (d) ][ 22 TL  

16. The dimensions of hce 0
2 4/  , where he ,, 0  and c are 

electronic charge, electric permittivity, Planck’s constant and velocity 
of light in vacuum respectively [UPSEAT 2004] 

(a) ][ 000 TLM  (b) ][ 001 TLM  

(c) ][ 010 TLM  (d) ][ 100 TLM  

17. If radius of the sphere is )1.03.5(  cm. Then percentage error in 

its volume will be [Pb. PET 2000] 

(a) 
3.5

100
01.63   (b) 

3.5

100
01.0

3

1
  

(c) 100
3.5

1.03







 
 (d) 100

3.5

1.0
  

18. The pressure on a square plate is measured by measuring the force 
on the plate and the length of the sides of the plate. If the maximum 
error in the measurement of force and length are respectively 4% 
and 2%, The maximum error in the measurement of pressure is  

[CPMT 1993] 

(a) 1% (b) 2% 

(c) 6% (d) 8% 

19. While measuring the acceleration due to gravity by a simple 
pendulum, a student makes a positive error of 1% in the length of 
the pendulum and a negative error of 3% in the value of time 
period. His percentage error in the measurement of g by the 

relation  22 /4 Tlg   will be  

(a) 2% (b) 4% 

(c) 7% (d) 10% 

20. The length, breadth and thickness of a block are given by 

cmbcml 6,12   and cmt 45.2  

The volume of the block according to the idea of significant figures 
should be   [CPMT 2004] 

(a) 32101 cm  (b) 32102 cm  

(c) 3210763.1 cm  (d) None of these 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

(SET -1) 
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1. (b)  1 dyne 510  Newton, mcm 2101   

  
m

N

cm

dyne
2

5

10

1070
70




  

  = mN /107 2 . 

2. (c) 11

 




 molJK
Kelvinmole

Joule

nT

PV
RnRTPV  

3. (d) 
2

21

0

.
4

1

r

QQ
F


  

  
2

2

0
rF

Q


   

  So 0  has units of 22 -/ mNewtonCoulomb  

4. (b) 25.574
5

273

9

32

5

273

9

32












x

xxKF
 

5. (b) Unit of 22
0 -/ mNC Unit of K = 22 CNm  

6. (c) 

7. (a) ][][],[][],[][ 1222   TMLlMmTMLE and 

][][ 231  TLMG  Substituting the dimension of above 

quantities in the given formula :  

                

25

2

Gm

El
][

][][

][][ 000

463

463

22315

21222

TLM
TLM

TLM

TLMM

TMLTML










 

8. (c) Given equation is dimensionally correct because both sides are 

dimensionless but numerically wrong because the correct 

equation is 
rg

v 2

tan  .   

9. (a) Formula for viscosity 
l

pr
V

Vl

pr






88

44

  

10. (c) From the principle of dimensional homogenity 

][][][][ 2 LTaatv . Similarly ][][and ][][ TcLb   

11. (a) By substituting the dimensions in 
GM

R
T

3

2   

 we get T
MTLM

L


 231

3

 

12. (a) Dimension of t = ][ 000 TLM   [] = ][ 1T  

Again ][0 L
v











so ][][ 1

0
 LTv  

 

 

13. (a) By the principle of dimensional homogenity  

][][][][][][ 6212

2
LTMLVPa

V

a
P 








  

  = ][ 25 TML  

14. (a) ][][ 2Ta   and 
][][][][

][
][

21

22

LTML

T

xP

ta
b





  

 ][][ 41TMb    

So ][
][

][ 2

41

2












MT

TM

T

b

a
 

15. (d) ][
11 222

0000

 TLcC


 

16. (a) ],[][ ATe  ],[ 2431
0 ATLM   ][][ 12  TMLh   

 and ][][ 1 LTc  

  



























  1122431

22

0

2

4 LTTMLATLM

TA

hc

e


 

 ][ 000 TLM  

17. (c) Volume of sphere 3

3

4
)( rV   

  % error in volume 1003 



r

r
100

3.5

1.0
3 








   

18. (d) ,
2l

F

A

F
P   so maximum error in pressure (P) 

  1002100100
max



















l

l

F

F

P

P
 

  =4%+2×2%=8% 

19. (c) Percentage error in g = )in(%error l + 2(% error in T) = 

1% + 2(3%) = 7% 

20. (b) Volume tblV   

 45.2612  34.176 cm  

V 3210764.1 cm  

since, the minimum number of significant figure is one in 

breadth, hence volume will also contain only one significant 

figure. Hence, 32102 cmV  . 

*** 
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Position 

Any object is situated at point O and three observers from three 

different places are 

looking at same 

object, then all three 

observers will have 

different 

observations about 

the position of point 

O and no one will 

be wrong. Because 

they are observing 

the object from different positions. 

Observer ‘A’ says : Point O is 3 m away in west direction. 

Observer ‘B’ says : Point O is 4 m away in south direction.   

Observer ‘C’ says : Point O is 5 m away in east direction. 

Therefore position of any point is completely expressed by two 
factors: Its distance from the observer and its direction with respect to 
observer. 

That is why position is characterised by a vector known as position 
vector. 

Consider a point P in xy plane and its 

coordinates are (x, y). Then position vector )(r


 of 

point will be jyix ˆˆ   and if the point P is in space 

and its coordinates are (x, y, z) then position vector 

can be expressed as .ˆˆˆ kzjyixr 


 

Rest and Motion 

If a body does not change its position as time passes with respect to 

frame of reference, it is said to be at rest. 

And if a body changes its position as time passes with respect to 

frame of reference, it is said to be in motion. 

Frame of Reference : It is a system to which a set of coordinates are 

attached and with reference to which observer describes any event. 

A passenger standing on platform observes that a tree on a platform is 

at rest. But the same passenger passing away in a train through station, 

observes that tree is in motion. In both conditions observer is right. But 

observations are different because in first situation observer stands on a 

platform, which is reference frame at rest and in second situation observer 

moving in train, which is reference frame in motion. 

So rest and motion are relative terms. It depends upon the frame of 

references. 

Table 2.1 : Types of motion 
 

One dimensional Two dimensional Three dimensional 

Motion of a body in a 

straight line is called 

one dimensional 

motion. 

Motion of body in a 

plane is called two 

dimensional motion. 

Motion of body in a 

space is called three 

dimensional motion. 

When only one 

coordinate of the 

position of a body 

changes with time then 

it is said to be moving 

one dimensionally. 

When two coordinates 

of the position of a 

body changes with 

time then it is said to 

be moving two 

dimensionally. 

When all three 

coordinates of the 

position of a body 

changes with time then 

it is said to be moving 

three dimensionally. 

Ex.. (i) Motion of car on a 

straight road. 

 (ii)  Motion of freely 

falling body. 

Ex. (i) Motion of car on 

a circular turn. 

 (ii) Motion of billiards 

ball. 

Ex..  (i) Motion of flying 

kite. 

(ii) Motion of flying 

insect. 

 

Particle or Point Mass or Point object 

The smallest part of matter with zero dimension which can be 
described by its mass and position is defined as a particle or point mass.  

If the size of a body is negligible in comparison to its range of motion 
then that body is known as a particle. 

A body (Group of particles) can be treated as a particle,  depends 

upon types of motion. For example in a planetary motion around the sun 

the different planets can be presumed to be the particles. 
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 In above consideration when we treat body as particle, all parts of 

the body undergo same displacement and have same velocity and 

acceleration. 

Distance and Displacement 

(1) Distance : It is the actual length of the path covered by a moving 

particle in a given interval of time. 

(i) If a particle starts from A and reach to C through point B as shown 

in the figure. 

Then distance travelled by particle  

7 BCAB m 

(ii) Distance is a scalar quantity.  

(iii) Dimension : [M0L1T0] 

(iv) Unit : metre (S.I.) 

(2) Displacement : Displacement is the change in position vector i.e., A 

vector joining initial to final position. 

(i) Displacement is a vector quantity 

(ii) Dimension : [M0L1T0] 

(iii) Unit : metre (S.I.) 

(iv) In the above figure the displacement of the particle 

 BCABAC    || AC  

       oBCABBCAB 90cos)()(2)()( 22  = 5 m 

(v) If nSSSS


........,, 321  are the displacements of a body then the 

total (net) displacement is the vector sum of the individuals. 

nSSSSS


 ........321  

(3) Comparison between distance and displacement : 

(i) The magnitude of displacement is equal to minimum possible 

distance between two positions. 

So distance  |Displacement|.     

(ii) For a moving particle distance can never be negative or zero while 

displacement can be.  

(zero displacement means that body after motion has came back to 

initial position)  

i.e., Distance > 0 but  Displacement  > = or < 0  

(iii) For motion between two points, displacement is single valued 

while distance depends on actual path and so can have many values. 

(iv) For a moving particle distance can never decrease with time while 

displacement can. Decrease in displacement with time means body is 

moving towards the initial position. 

(v) In general, magnitude of displacement is not equal to distance. 

However, it can be so if the motion is along a straight line without change 

in direction. 

(vi) If Ar


 and Br


 are the position 

vectors of particle initially and finally. 

Then displacement of the particle 

ABAB rrr


  

and s is the distance travelled if the 
particle has gone through the path APB. 

Speed and Velocity 

(1) Speed : The rate of distance 

covered with time is called speed. 

(i) It is a scalar quantity having symbol  .  

(ii) Dimension : [M0L1T–1] 

(iii) Unit : metre/second (S.I.), cm/second (C.G.S.) 

(iv) Types of speed : 

(a) Uniform speed : When a particle covers equal distances in equal 

intervals of time, (no matter how small the intervals are) then it is said to 

be moving with uniform speed. In given illustration motorcyclist travels 

equal distance (= 5m) in each second. So we can say that particle is moving 

with uniform speed of 5 m/s. 

 

 

 

 

 

 

(b) Non-uniform (variable) speed : In non-uniform speed particle 

covers unequal distances in equal intervals of time. In the given illustration 

motorcyclist travels 5m in 1st second, 8m in 2nd second, 10m in 3rd second, 4m 

in 4th second etc. 

Therefore its speed is different for every time interval of one second. 

This means particle is moving with variable speed. 

 

 

 

 

 
 

(c) Average speed : The average speed of a particle for a given ‘Interval 
of time’ is defined as the ratio of total distance travelled to the time taken.  

Average speed 
 takenTime

 travelleddistanceTotal 
  ;   

t

s
vav




  

 Time average speed : When particle moves with different uniform 

speed 1 , 2 , 3  ... etc in different time intervals 1t , 2t , 3t , ... etc 

respectively, its average speed over the total time of journey is given as 

elapsed Total time

covered distanceTotal 
avv  

......

......

321

321






ttt

ddd
 = 

......

......

321

332211





ttt

ttt 
 

 Distance averaged speed : When a particle describes different 

distances 1d , 2d , 3d , ...... with different time intervals 1t , 2t , 3t , ...... 

with speeds ......,, 321 vvv  respectively then the speed of particle averaged 

over the total distance can be given as 

elapsed Total time

covered distanceTotal 
av

......

......

321

321






ttt

ddd
  

        

......

......

3

3

2

2

1

1

321








ddd

ddd
 

  If speed is continuously changing with time then 
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(d) Instantaneous speed : It is the speed of a particle at a particular 
instant of time. When we say ‚speed‛, it usually means instantaneous speed. 

The instantaneous speed is average speed for infinitesimally small time 

interval (i.e., 0t ). Thus 

Instantaneous speed 
t

s
v

t 




 0
lim

dt

ds
  

(2) Velocity : The rate of change of position i.e. rate of displacement 
with time is called velocity.  

(i) It is a vector quantity having symbol v


.  

(ii) Dimension : [M0L1T–1] 

(iii) Unit : metre/second (S.I.), cm/second (C.G.S.) 

(iv) Types of velocity : 

(a) Uniform velocity : A particle is said to have uniform velocity, if 

magnitudes as well as direction of its velocity remains same and this is 

possible only when the particles moves in same straight line without 

reversing its direction.  

(b) Non-uniform velocity : A particle is said to have non-uniform 

velocity, if either of magnitude or direction of velocity changes or both of 

them change. 

(c) Average velocity : It is defined as the ratio of displacement to time 

taken by the body 

 takenTime

ntDisplaceme
 velocityAverage  ;   

t

r
vav









 

(d) Instantaneous velocity :  Instantaneous velocity is defined as rate of 

change of position vector of particles with time at a certain instant of time. 

Instantaneous velocity 
t

r
v

t 









0
lim

dt

rd


  

(v) Comparison between instantaneous speed and instantaneous 
velocity  

(a) instantaneous velocity is always tangential to the path followed by 
the particle. 

When a stone is thrown from point O then at point of projection the 

instantaneous velocity of stone is 1v


, at point A the instantaneous velocity 

of stone is 2v


, similarly at point B and C are 3v


 and 4v


 respectively. 

 

 

 

 

 

 

Direction of these velocities can be found out by drawing a tangent on 
the trajectory at a given point. 

(b) A particle may have constant instantaneous speed but variable 
instantaneous velocity.  

Example : When a particle is performing uniform circular motion then 
for every instant of its circular motion its speed remains constant but 
velocity changes at every instant. 

(c) The magnitude of instantaneous velocity is equal to the 
instantaneous speed. 

(d) If a particle is moving with constant velocity then its average 
velocity and instantaneous velocity are always equal. 

(e) If displacement is given as a function of time, then time derivative 
of displacement will give velocity. 

Let displacement         2
210 tAtAAx 


 

Instantaneous velocity )( 2
210 tAtAA

dt

d

dt

xd
v 




 

tAAv 21 2


 

For the given value of t, we can find out the instantaneous velocity.  

e.g for 0t ,Instantaneous velocity 1Av 


 and Instantaneous 

speed 1|| Av 


 

(vi) Comparison between average speed and average velocity  
(a) Average speed is a scalar while average velocity is a vector 

both having same units (m/s) and dimensions ][ 1LT . 

(b) Average speed or velocity depends on time interval over which it is 
defined. 

(c) For a given time interval average velocity is single valued while 
average speed can have many values depending on path followed. 

(d) If after motion body comes back to its initial position then 

0avv


 (as 0r


) but 0avv  and finite as )0( s . 

(e) For a moving body average speed can never be negative or zero 

(unless )t  while average velocity can be i.e. 0avv  while av


= or < 

0. 
(f) As we know for a given time interval  

Distance  |displacement|  

 Average speed  |Average velocity| 

Acceleration 

The time rate of change of velocity of an object is called acceleration 

of the object. 

(1) It is a vector quantity. It’s direction is same as that of change in 

velocity (Not of the velocity) 

Table 2.2 : Possible ways of velocity change  
 

When only direction of 

velocity changes 

When only magnitude 

of velocity changes 

When both magnitude 

and direction of 

velocity changes 

Acceleration 

perpendicular to 

velocity  

Acceleration parallel or 

anti-parallel to velocity  

Acceleration has two 

components one is 

perpendicular to 

velocity and another 

parallel or anti-parallel 

to velocity  

Ex.. Uniform circular 

motion 

Ex.. Motion under 

gravity  

Ex.. Projectile motion  

 

(2) Dimension : [M0L1T–2] 

(3) Unit : metre/second2 (S.I.); cm/second2 (C.G.S.) 

(4) Types of acceleration :  

(i) Uniform acceleration : A body is said to have uniform 

acceleration if magnitude and direction of the acceleration remains constant 

during particle motion.  

(ii) Non-uniform acceleration :  A body is said to have non-uniform 

acceleration, if either magnitude or direction or both of them change during 

motion.  

(iii) Average acceleration : 
t

vv

t

v
aa









 12



  

The direction of average acceleration vector is the direction of the 

change in velocity vector as 
t

v
a









 

(iv) Instantaneous acceleration = 
dt

vd

t

v
a

t










 0
lim  

2v
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(v) For a moving body there is no relation between the direction of 

instantaneous velocity and direction of acceleration. 

 

 

  

  

 

 

 

Ex.. (a) In uniform circular motion  = 90º always 

(b) In a projectile motion   is variable for every point of trajectory. 

(vi) If a force F  acts on a particle of mass m, by Newton’s 2nd law, 

acceleration 
m

F
a



  

(vii) By definition 
2

2

dt

xd

dt

vd
a




 









dt

xd
v




As  

i.e., if x is given as a function of time, second time derivative of 

displacement gives acceleration  

(viii) If velocity is given as a function of position, then by chain rule 











dt

dx
v

dx

d
v

dt

dx

dx

dv

dt

dv
a as.


 

(xi) Acceleration can be positive, zero or negative. Positive 

acceleration means velocity increasing with time, zero acceleration means 

velocity is uniform constant while negative acceleration (retardation) means 

velocity is decreasing with time.  

(xii) For motion of a body under gravity, acceleration will be equal 

to ‚g‛, where g is the acceleration due to gravity. Its value is 2m/s8.9  or 

2cm/s980  or 2feet/s32 . 

Position time Graph 

During motion of the particle its parameters of kinematical analysis 

(v, a, s) changes with time. This can be represented on the graph.  

Position time graph is plotted by taking time t along x-axis and 

position of the particle on y-axis. 

 

 

 

 

 

 

 

 

Let AB is a position-time graph for any moving particle 

As Velocity = 
12

12

 takenTime

 positionin Change

tt

yy




  …(i) 

From triangle ABC, 
12

12tan
tt

yy

AC

AD

AC

BC




  ….(ii) 

By comparing (i) and (ii) Velocity = tan  

                          v = tan 

It is clear that slope of tangent on position-time graph represents 

the velocity of the particle. 

Table 2.3 : Various position -time graphs and their interpretation 
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 = 0° so v = 0  

i.e., line parallel to time axis represents that the particle is at rest. 

 

 

  

 = 90° so v =   

i.e., line perpendicular to time axis represents that particle is changing its position but time does not changes it 

means the particle possesses infinite velocity. 

Practically this is not possible. 

  

 = constant so v = constant, a = 0 

i.e., line with constant slope represents uniform velocity of the particle. 

 

  

  is increasing so v is increasing, a is positive. 

i.e., line bending  towards position axis represents increasing velocity of particle. It means the particle possesses 

acceleration. 

 

  

 is decreasing so v is decreasing, a is negative 

i.e., line bending towards time axis represents decreasing velocity of the particle. It means the particle possesses 

retardation. 

 

  

 constant but > 90o so v will be constant but negative 

i.e., line with negative slope represent that particle returns towards the point of reference. (negative displacement).  

 

  

Straight line segments of different slopes represent that velocity of the body changes after certain interval of time. 

 

  

This graph shows that at one instant the particle has two positions, which is not possible.  

 

 

  

The graph shows that particle coming towards origin initially and after that it is moving away from origin.  

 

 

 Note :  If the graph is plotted between distance and time then 

it is always an increasing curve and it never 
comes back towards origin because distance 
never decrease with time. Hence such type 
of distance time graph is valid up to point A 

only, after point A, it is not valid as shown 
in the figure.  

Velocity-time Graph  
The graph is plotted by taking time t 

along x-axis and velocity of the particle on y-axis. 

Calculation of Distance and displacement : The area covered 
between the velocity time graph and time axis gives the displacement and 
distance travelled by the body for a given time interval. 

Total distance |||||| 321 AAA   

= Addition of modulus of different area. i.e.  dts ||   

Total displacement 321 AAA   

= Addition of different area considering their sign.  
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i.e.  dtr   

Area above time axis is taken as positive, while area below time axis 
is taken as negative 

 

 

 

here A
1

 and A
2

 are area of triangle 1 and 2 respectively and A
3

 is the 

area of trapezium . 

Calculation of Acceleration : Let AB is a velocity-time graph for any 

moving particle 

 

 

 

 

 

 

 

As Acceleration = 
 takenTime

 velocityin Change
 

12

12

tt

vv




      …(i) 

From triangle ABC, 
AC

AD

AC

BC
tan  

12

12

tt

vv




      ….(ii) 

By comparing (i) and (ii) 

Acceleration (a) = tan  

It is clear that slope of tangent on velocity-time graph represents the 

acceleration of the particle. 

 

Table 2.4 : Various velocity -time graphs and their interpretation 
 

 

 

 

 

 = 0°, a = 0, v = constant 

i.e., line parallel to time axis represents that the particle is moving with constant velocity.  

 

 

 

 

 

 

 = 90o, a = ,  v = increasing 

i.e., line perpendicular to time axis represents that the particle is increasing its velocity, but time does 

not change. It means the particle possesses infinite acceleration. Practically it is not possible.  

 

 

 

 

 

 

 = constant, so  a = constant and v is increasing uniformly with time 

i.e., line with constant slope represents uniform acceleration of the particle. 

 

 

 

 

 

 

 

 increasing so acceleration increasing 

i.e., line bending towards velocity axis represent the increasing acceleration in the body. 

 

 

 

 

 

 decreasing so acceleration decreasing 
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i.e. line bending towards time axis represents the decreasing acceleration in the body 

 

 

 

 

 

 

Positive constant acceleration because  is constant and < 90o but initial velocity of the particle is 

negative. 

 

 

 

 

 

 

 

Positive constant acceleration because   is constant and < 90o but initial velocity of particle is positive. 

 

 

 

 

 

 

 

Negative constant acceleration because   is constant and > 90o but initial velocity of the particle is 

positive. 

 

 

 

 

 

 

 

Negative constant acceleration because   is constant and > 90o but initial velocity of the particle is zero. 

 

 

 

 

 

 

 

Negative constant acceleration because  is constant and > 90o but initial velocity of the particle is 

negative. 

 

 

Equation of Kinematics 

These are the various relations between u, v, a, t and s for the particle 

moving with uniform acceleration where the notations are used as : 

u = Initial velocity of the particle at time t = 0 sec 

v = Final velocity at time t sec 

a = Acceleration of the particle 

s = Distance travelled in time t sec  

s
n

 = Distance travelled by the body in nth sec  

(1) When particle moves with zero acceleration  

(i) It is a unidirectional motion with constant speed. 

(ii) Magnitude of displacement is always equal to the distance 

travelled. 

(iii) v = u,     s = u t  [As a = 0] 

(2) When particle moves with constant acceleration  

(i) Acceleration is said to be constant when both the magnitude and 

direction of acceleration remain constant. 

(ii) There will be one dimensional motion if initial velocity and 

acceleration are parallel or anti-parallel to each other.  

(iii) Equations of motion  Equation of motion 
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Motion of Body Under Gravity (Free Fall) 

The force of attraction of earth on bodies, is called force of 

gravity. Acceleration produced in the body by the force of gravity, is 

called acceleration due to gravity. It is represented by the symbol g. 

In the absence of air resistance, it is found that all bodies 

(irrespective of the size, weight or composition) fall with the same 

acceleration near the surface of the earth. This motion of a body falling 

towards the earth from a small altitude (h << R) is called free fall.  

An ideal example of one-dimensional motion is motion under gravity 

in which air resistance and the small changes in acceleration with height are 

neglected.  

 (1) If a body is dropped from some height (initial velocity zero) 

(i) Equations of motion : Taking initial position as origin and 
direction of motion (i.e., downward direction) as a positive, here we have 

 

 

 

 

 

 

 

 

 

 

 

 u = 0      [As body starts from rest] 

 a = +g       [As acceleration is in the direction of motion] 

  v = g t     …(i) 

 2

2

1
gth    …(ii)  

 gh22    …(iii) 

 )12(
2

 n
g

hn   ...(iv)  

(ii) Graph of distance, velocity and acceleration with respect to time 
: 

  

 

 

 

 

 

 
 

(iii) As h = (1/2)gt2, i.e., h  t2, distance covered in time t, 2t, 3t, etc., 
will be in the ratio of 12 : 22 : 32, i.e., square of integers.  

(iv) The distance covered in the nth sec, )12(
2

1
 nghn  

So distance covered in 1st, 2nd, 3rd sec, etc., will be in the ratio of 1 : 3 : 

5, i.e., odd integers only. 

(2) If a body is projected vertically downward with some initial 
velocity 

Equation of motion :  tgu   

2

2

1
tguth   

ghu 222   

)12(
2

 n
g

uhn   

(3) If a body is projected vertically upward 

(i) Equation of motion : Taking initial position as origin and 
direction of motion (i.e., vertically up) as positive 

a = – g  [As acceleration is downwards while motion upwards] 

So, if the body is projected with velocity u and after time t it 

reaches up to height h then  

tgu  ; 2

2

1
tguth  ; ghu 222  ; )12(

2
 n

g
uhn  

(ii) For maximum height v = 0  

So from above equation u = gt, 

2

2

1
gth   

and    ghu 22    

 

 

 

 

 

 

 

 

(iii) Graph of displacement, velocity and acceleration with respect to 

time (for maximum height) : 

 

 

 

 

 

 

 

 

 

 

 

 

It is clear that both quantities do not depend upon the mass of the 

body or we can say that in absence of air resistance, all bodies fall on the 

surface of the earth with the same rate. 
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(4) The motion is independent of the mass of the body, as in any 

equation of motion, mass is not involved. That is why a heavy and light 

body when released from the same height, reach the ground simultaneously 

and with same velocity i.e., )/2( ght   and ghv 2 . 

(5) In case of motion under gravity, time taken to go up is equal to 

the time taken to fall down through the same distance. Time of descent (t
2

) 

= time of ascent (t
1

) = u/g  

 Total time of flight T = t
1

 + t
2

 
g

u2
  

(6) In case of motion under gravity, the speed with which a body is 

projected up is equal to the speed with which it comes back to the point of 

projection. 

As well as the magnitude of velocity at any point on the path is same 

whether the body is moving in upwards or downward direction. 

(7) A body is thrown vertically upwards. If air resistance is to be 

taken into account, then the time of ascent is less than the time of descent.  

t
2

 > t
1

  

Let u is the initial velocity of body then time of ascent 
ag

u
t
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and 
)(2

2

ag

u
h


   

where g is acceleration due to gravity and a is retardation by air 

resistance and for upward motion both will work vertically downward. 

For downward motion a and g will work in opposite direction 

because a always work in direction opposite to motion and g always work 

vertically downward. 

So 2
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tagh      

  2
2

2

)(
2

1

)(2
tag

ag

u



  

 
))((

2
agag

u
t


    

Comparing t
1

 and t
2

 we can say that t
2

 > t
1

  

since (g + a ) > (g – a)  

Motion with Variable Acceleration 

(i) If acceleration is a function of time  

)(tfa   then 
t

dttfuv
0

)(   

and  dtdttfuts
t

 
0

)(  

(ii) If acceleration is a function of distance  

)(xfa   then 
x

x
dxxfuv

0
)(222  

(iii) If acceleration is a function of velocity 

a = f (v)  then 
v

u vf

dv
t

)(
  and 

v

u vf

vdv
xx

)(
0  

 

 

 

 
 

 

 During translational motion of the body, there is change in the 
location of the body.  

 During rotational motion of the body, there is change in the 

orientation of the body, while there is no change in the location of the 
body from the axis of rotation.  

 A point object is just a mathematical point. This concept is 
introduced to study the motion of a body in a simple manner. 

 The choice of the origin is purely arbitrary. 

 For one dimensional motion the angle between acceleration and 

velocity is either 0° or 180° and it does not change with time.  

 For two dimensional motion, the angle between acceleration and 
velocity is other than 0° or 180° and also it may change with time. 

 If the angle between a


and v


is 90°, the path of the particle is a 
circle. 

 The particle speed up, that is the speed of the particle increases when 

the angle between a


 and v


 lies between –90° and +90°. 

 The particle speeds down, that is the speed of the particle 

decreases, when the angle between a


 and v


 lies between +90° and 
270°. 

 The speed of the particle remains constant when the angle between 

a


 and v


 is equal to 90°. 

 The distance covered by a particle never decreases with time, it 
always increases. 

 Displacement of a particle is the unique path between the initial 

and final positions of the particle. It may or may not be the actually 
travelled path of the particle. 

 Displacement of a particle gives no information regarding the 

nature of the path followed by the particle. 

 Magnitude of displacement   Distance covered. 

 Since distance  |Displacement|, so average speed of a body is equal 

or greater than the magnitude of the average velocity of the body. 

 The average speed of a body is equal to its instantaneous speed if 
the body moves with a constant speed  

 No force is required to move the body or an object with uniform 
velocity. 

 Velocity of the body is positive, if it moves to the right side of the 
origin. Velocity is negative if the body moves to the left side of the 

origin.  

 When a particle returns to the starting point, its displacement is 
zero but the distance covered is not zero. 

 When a body reverses its direction of motion while moving along a 

straight line, then the distance travelled by the body is greater than the 
magnitude of the displacement of the body. In this case, average speed of 
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the body is greater than its average velocity.  

 Speedometer measures the instantaneous speed of a vehicle. 

 When particle moves with speed v
1

 upto half time of its total 

motion and in rest time it is moving with speed v
2

 then 
2

21 vv
vav


  

 When particle moves the first half of a distance at a speed of v
1

 and 
second half of the distance at speed v

2

 then 

21

212

vv

vv
vav


  

 When particle covers one-third distance at speed v
1

, next one third at 
speed v

2

 and last one third at speed v
3

, then 

133221

3213

vvvvvv

vvv
vav


  

 For two particles having displacement time graph with slopes 
1

 

and 
2

 possesses velocities  v
1

 and v
2

 respectively then 
2

1

2

1

tan

tan








  

 Velocity of a particle having uniform motion = slope of 
displacement–time graph.  

 Greater the slope of displacement-time graph, greater is the 
velocity and vice-versa. 

 Area under v – t graph = displacement of the particle. 

 Slope of velocity-time graph = acceleration. 

 If a particle is accelerated for a time t
1

 with acceleration a
1

 and for 
time t

2

 with acceleration a
2

 then average acceleration is 

21

2211

tt

tata
aa




  

 If same force is applied on two bodies of different masses 1m  and 

2m  separately then it produces accelerations 1a  and 2a  respectively. 

Now these bodies are attached together and form a combined system 
and same force is applied on that system so that a be the acceleration of 
the combined system, then 

21

21

aa

aa
a


  

 If a body starts from rest and moves with uniform acceleration 
then distance covered by the body in t sec is proportional to t2 (i.e. 

2ts  ). 

So we can say that the ratio of distance covered in 1 sec, 2 sec 

and  3 sec is 222 3:2:1  or 1 : 4 : 9. 

 If a body starts from rest and moves with uniform acceleration 

then distance covered by the body in nth sec is proportional to )12( n  

(i.e. ns (2n –1)) 

So we can say that the ratio of distance covered in 1st, 2nd and 3rd is 1 : 3 : 5. 

 A body moving with a velocity u is stopped by application of 

brakes after covering a distance s. If the same body moves with 

velocity nu and same braking force is applied on it then it will come 

to rest after covering a distance of n2s. 

As asu 222    asu 20 2     
a

u
s

2

2

 ,  2us 

 [since a is constant] 

So we can say that if u becomes n times then s becomes n2 times that of 

previous value. 

 A particle moving with uniform acceleration from A to B along a 

straight line has velocities 1  and 2  at A and B respectively. If C is 

the mid-point between A and B then velocity of the particle at C is equal 

to  

  
2

2
2

2
1 




  

 The body returns to its point of projection with the same 

magnitude of the velocity with which it was thrown vertically upward, 

provided air resistance is neglected.  

 All bodies fall freely with the same acceleration. 

 The acceleration of the falling bodies does not depend on the mass 

of the body. 

 If two bodies are dropped from the same height, they reach the 

ground in the same time and with the same velocity. 

 If a body is thrown upwards with velocity u from the top of a 

tower and another body is thrown downwards from the same point and 

with the same velocity, then both reach the ground with the same speed. 

 When a particle returns to the starting point, its average velocity is 

zero but the average speed is not zero. 


 If both the objects A and B move along parallel lines in the 

same direction, then the relative velocity of A w.r.t. B is given by v
AB

 = 
v

A

 – v
B  

and the relative velocity of B w.r.t. A is given by  v
BA

 = v
B

 – v
A

 

 If both the objects A and B move along parallel lines in the 

opposite direction, then the relative velocity of A w.r.t. B is given by  v
AB

 = 

v
A

 – (– v
B

) = v
A

 + v
B

 

and the relative velocity of B w.r.t. A is given by  v
BA

 = – v
B

 – v
A

 

 Suppose a body is projected upwards from the ground and with 

the velocity u. It is assumed that the friction of the air is negligible. The 
characteristics of motion of such a body are as follows. 

(i) The maximum height attained = H = u2/2g. 

(ii) Time taken to go up (ascent) = Time taken to come down (descent) 
= t = u/g. 

(iii) Time of flight T = 2t = 2u/g. 

(iv) The speed of the body on return to the ground = speed with which 
it was thrown upwards. 

(v) When the height attained is not large, that is u is not large, the mass, 
the weight as well as the acceleration remain constant with time. But its 
speed, velocity, momentum, potential energy and kinetic energy change 
with time. 

(vi) Let m be the mass of the body. Then in going from the ground to 
the highest point, following changes take place. 
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(a) Change in speed = u 

(b) Change in velocity = u 

(c) Change in momentum = m u 

(d) Change in kinetic energy = Change in potential energy              = 

(1/2) mu2. 

(vii) On return to the ground the changes in these quantities are as 

follows  

(a) Change in speed = 0 

(b) Change in velocity = 2u 

(c) Change in momentum = 2mu 

(d) Change in kinetic energy = Change in potential energy = 0 

(viii) If, the friction of air be taken into account, then the motion of the 

object thrown upwards will have the following properties 

(a) Time taken to go up (ascent) < time taken to come down (descent) 

(b) The speed of the object on return to the ground is less than the 
initial speed. Same is true for velocity (magnitude), momentum 
(magnitude) and kinetic energy. 

(c) Maximum height attained is less than u2/2g. 

(d) A part of the kinetic energy is used up in overcoming the friction. 

 A ball is dropped from a building of height h and it reaches after t 
seconds on earth. From the same building if two balls are thrown (one 
upwards and other downwards) with the same velocity u and they reach 

the earth surface after t
1

 and t
2

 seconds respectively then 

 21ttt   

 A particle is dropped vertically from rest from a height. The time 
taken by it to fall through successive distance of 1m each will then be in 
the ratio of the difference in the square roots of the integers i.e.  

 .),........34).......(23(),12(,1   
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Distance and Displacement 
 
1. A Body moves 6 m north. 8 m east and 10m vertically upwards, 

what is its resultant displacement from initial position     [DCE 2000] 

(a) m210  (b) m10  

(c) m
2

10
 (d) m210   

2. A man goes 10m towards North, then 20m towards east then 
displacement is  

[KCET 1999; JIPMER 1999; AFMC 2003] 

(a) 22.5m (b) 25m 

(c) 25.5m (d) 30m 

3. A person moves 30 m north and then 20 m towards east and finally 

230  m in south-west direction. The displacement of the person 

from the origin will be  

    [J & K CET 2004]  

 (a)  10 m along north (b) 10 m long south 

 (c)  10 m along west  (d) Zero 

4. An aeroplane flies 400 m  north and 300 m south and then flies 
1200 m upwards then net displacement is 

     [AFMC 2004] 

 (a) 1200 m (b) 1300 m 

 (c)  1400 m (d) 1500 m 

5. An athlete completes one round of a circular track of radius R in 40 
sec. What will be his displacement at the end of 2 min. 20 sec  [NCERT 1990; Kerala PMT 2004] 

(a) Zero (b) 2R  

(c) R2  (d) R7  

6. A wheel of radius 1 meter rolls forward half a revolution on a 
horizontal ground. The magnitude of the displacement of the point 
of the wheel initially in contact with the ground is 

  [BCECE 2005] 

 (a) 2  (b) 2  

(c) 42   (d)  
 

Uniform Motion 
 

1. A person travels along a straight road for half the distance with 

velocity 1v  and the remaining half distance with velocity 2v  The 

average velocity is given by [MP PMT 2001] 

(a) 21vv  (b) 
2
1

2
2

v

v
 

(c) 
2

21 vv 
 (d) 

21

212

vv

vv


 

2.  The displacement-time graph for two particles A and B are straight 

lines inclined at angles of o30  and o60  with the time axis. The 

ratio of velocities of BA VV :  is    

[CPMT 1990; MP PET 1999; MP PET 2001; Pb. PET 2003] 

(a) 2:1  (b) 3:1  

(c) 1:3  (d) 3:1  

3. A car travels from A to B at a speed of hrkm /20  and returns at 

a speed of hrkm /30 . The average speed of the car for the  whole 

journey is     [MP PET 1985] 

(a) hrkm /25  (b) hrkm /24  

(c) hrkm /50  (d) hrkm /5  

4. A boy walks to his school at a distance of 6 km with constant speed 

of 2.5 km/hour and walks back with a constant speed of 4 km/hr. 
His average speed for round trip expressed in km/hour, is    [AIIMS 1995] 

(a) 24/13 (b) 40/13 

(c) 3 (d) 1/2 

5. A car travels the first half of a distance between two places at a 

speed of 30 km/hr and the second half of the distance at 50 km/hr. 
The average speed of the car for the whole journey is       [Manipal MEE 1995; AFMC 1998] 

(a) 42.5 km/hr (b) 40.0 km/hr 

(c) 37.5 km/hr (d) 35.0 km/hr 

6. One car moving on a straight road covers one third of the distance 

with 20 km/hr and the rest with 60 km/hr. The average speed is  [MP PMT 1999; CPMT 2002] 

(a) 40 km/hr (b) 80 km/hr 

(c) 
3

2
46  km/hr (d) 36 km/hr 

7. A car moves for half of its time at 80 km/h and for rest half of time 

at 40 km/h. Total distance covered is 60 km. What is the average 
speed of the car   [RPET 1996] 

(a) 60 hkm /  (b) 80 hkm /  

(c) 120 hkm /  (d) 180 hkm /  

8. A train has a speed of 60 km/h. for the first one hour and 40 km/h 
for the next half hour. Its average speed in km/h is 

 [JIPMER 1999] 

(a) 50 (b) 53.33 

(c) 48 (d) 70 

9. Which of the following is a one dimensional motion    

 [BHU 2000; CBSE PMT 2001] 

(a) Landing of an aircraft 

(b) Earth revolving a round the sun 

(c) Motion of wheels of a moving trains  

(d) Train running on a straight track 

10. A 150 m long train is moving with a uniform velocity of 45 km/h. 

The time taken by the train to cross a bridge of length 850 meters 
is     [CBSE PMT 2001]  

(a) 56 sec (b) 68 sec 

(c) 80 sec (d) 92 sec  

11. A particle is constrained to move on a straight line path. It returns 

to the starting point after 10 sec. The total distance covered by the 

particle during this time is 30 m. Which of the following statements 

about the motion of the particle is false   [CBSE PMT 2000; AFMC 2001] 

(a) Displacement of the particle is zero 

(b) Average speed of the particle is 3 m/s 

(c) Displacement of the particle is 30 m 

(d) Both (a) and (b) 

12. A particle moves along a semicircle of radius 10m in 5 seconds. The 

average velocity of the particle is   

[Kerala (Engg.) 2001] 
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(a) 12 ms  (b) 14 ms  

(c) 12 ms  (d) 14 ms  

13. A man walks on a straight road from his home to a market 2.5 km 

away with a speed of 5 km/h. Finding the market closed, he instantly 

turns and walks back home with a speed of 7.5 km/h. The average 

speed of the man over the interval of time 0 to 40 min. is equal to    [AMU (Med.) 2002] 

(a) 5 km/h (b) 
4

25
 km/h 

(c) 
4

30
 km/h (d) 

8

45
 km/h 

14. The ratio of the numerical values of the average velocity and average 

speed of a body is always   [MP PET 2002] 

(a) Unity (b) Unity or less 

(c) Unity or more (d) Less than unity 

15. A person travels along a straight road for the first half time with a 

velocity 1v  and the next half time with a velocity 2v  . The mean 

velocity V  of the man is 

[RPET 1999; BHU 2002] 

(a) 
21

112

vvV
  (b) 

2

21 vv
V


  

(c) 21vvV   (d) 
2

1

v

v
V   

16. If a car covers 2/5th of the total distance with v
1

 speed and 3/5th 

distance with v
2

 then average speed is [MP PMT 2003] 

(a) 21
2

1
vv  (b) 

2

21 vv 
 

(c) 
21

212

vv

vv


 (d) 

21

21

23

5

vv

vv


 

17. Which of the following options is correct for the object having a 
straight line motion represented by the following graph   [DCE 2004] 

 

 

 

 

 

 

 (a)  The object moves with constantly increasing velocity from O to 

A and then it moves with constant velocity. 

 (b) Velocity of the object increases uniformly 

 (c)  Average velocity is zero  

 (d) The graph shown is impossible 

18. The numerical ratio of displacement to the distance covered is 
always   [BHU 2004] 

 (a)  Less than one  

 (b) Equal to one 

 (c)  Equal to or less than one  

 (d) Equal to or greater than one 

19. A 100 m long train is moving with a uniform velocity of 45 km/hr. 
The time taken by the train to cross a bridge of length 1 km is     [BHU 2004] 

 (a)  58 s (b) 68 s 

 (c)  78 s (d) 88 s 

20. A particle moves for 20 seconds with velocity 3 m/s and then 
velocity 4 m/s for another 20 seconds and finally moves with 
velocity 5 m/s for next 20 seconds. What is the average velocity of 

the particle   [MH CET 2004] 

 (a)  3 m/s (b) 4 m/s 

 (c)  5 m/s (d) Zero 

21. The correct statement from the following is  [MP PET 1993] 

(a) A body having zero velocity will not necessarily have zero 
acceleration 

(b) A body having zero velocity will necessarily have zero 

acceleration 

(c) A body having uniform speed can have only uniform 

acceleration 

(d) A body having non-uniform velocity will have zero acceleration 

22. A bullet fired into a fixed target loses half of its velocity after 

penetrating 3 cm. How much further it will penetrate before coming 
to rest assuming that it faces constant resistance to motion?    [AIEEE 2005] 

 (a) 1.5 cm (b) 1.0 cm 

 (c) 3.0 cm (d) 2.0 cm 

23. Two boys are standing at the ends A and B of a ground where 

aAB  . The boy at B starts running in a direction perpendicular 

to AB with velocity .1v  The boy at A starts running simultaneously 

with velocity v  and catches the other boy in a time t, where t is  [CBSE PMT 2005] 

 (a) 2
1

2/ vva   (b) )/( 2
1

22 vva   

 (c) )/( 1vva   (d) )/( 1vva   

24. A car travels half the distance with constant velocity of 40 kmph 
and the remaining half with a constant velocity of 60 kmph. The 
average velocity of the car in kmph is 

     [Kerala PMT 2005] 

 (a) 40 (b) 45 

 (c) 48 (d) 50 
 

Non-uniform Motion 
 

1. A particle experiences a constant acceleration for 20 sec after 

starting from rest. If it travels a distance 1S  in the first 10 sec and a 

distance 2S  in the next 10 sec, then 

[NCERT 1972; CPMT 1997; MP PMT 2002] 

(a) 21 SS   (b) 3/21 SS   

(c) 2/21 SS   (d) 4/21 SS   

2. The displacement x   of a particle along a straight line at time t  is 

given by 2
210 tataax  . The acceleration of the  particle is  [NCERT 1974; RPMT 1999; AFMC 1999] 

(a) 0a  (b) 1a  

s 

t 

D 

C 

B 

A 

O 
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(c) 22a   (d) 2a  

3. The coordinates of a moving particle at any time are given by 
2atx   and 2bty  . The speed of the particle at any moment is                

  [DPMT 1984; CPMT 1997] 

(a) )(2 bat   (b) )(2 22 bat   

(c) 22 bat   (d) )(2 22 bat   

4. An electron starting from rest has a velocity that increases linearly 

with the time that is ,ktv   where 2sec/2mk  . The distance 

travelled in the first 3 seconds will be  

 [NCERT 1982] 

(a) 9 m   (b) 16 m  

(c) 27 m   (d) 36 m  

5. The displacement of a body is given to be proportional to the cube 

of time elapsed. The magnitude of the acceleration of the body is    [NCERT 1990] 

(a) Increasing with time (b) Decreasing with time 

(c) Constant but not zero (d) Zero 

6. The instantaneous velocity of a body can be measured  

(a) Graphically (b) Vectorially 

(c) By speedometer (d) None of these 

7. A body is moving from rest under constant acceleration and let 1S  

be the displacement in the first )1( p  sec and 2S  be the 

displacement in the first .secp  The displacement in 

thpp )1( 2   sec. will be 

(a) 21 SS   (b) 21SS  

(c) 21 SS   (d) 21 / SS  

8. A body under the action of several forces will have zero acceleration 

(a) When the body is very light 

(b) When the body is very heavy 

(c) When the body is a point body 

(d) When the vector sum of all the forces acting on it is zero 

9. A body starts from the origin and moves along the X-axis such that the 

velocity at any instant is given by )24( 3 tt  , where t  is in sec and 

velocity in sm / . What  is the acceleration of the particle, when it is 2 m 

from the origin 

(a) 2/28 sm  (b) 2/22 sm  

(c) 2/12 sm  (d) 2/10 sm  

10. The relation between time and distance is xxt   2 , where   

and   are constants. The retardation is    

  [NCERT 1982; AIEEE 2005] 

(a) 32 v  (b) 32 v  

(c) 32 v  (d) 322 v  

11. A point moves with uniform acceleration and 21 ,vv  and 3v  

denote the average velocities in the three successive intervals of time 

21 , tt  and 3t . Which of the following relations is correct    [NCERT 1982] 

(a) )(:)()(:)( 32213221 ttttvvvv   

(b) )(:)()(:)( 32213221 ttttvvvv   

(c) )(:)()(:)( 31213221 ttttvvvv   

(d) )(:)()(:)( 32213221 ttttvvvv   

12. The acceleration of a moving body can be found from   

[DPMT 1981] 

(a) Area under velocity-time graph 

(b) Area under distance-time graph 

(c) Slope of the velocity-time graph 

(d) Slope of distance-time graph 

13. The initial velocity of a particle is u   (at 0t ) and the 

acceleration f  is given by at . Which of the following relation is 

valid   [CPMT 1981; BHU 1995] 

(a) 2atuv   (b) 
2

2t
auv   

(c) atuv   (d) uv   

14. The initial velocity of the particle is sec/10 m  and its retardation 

is 2sec/2m . The distance moved by the particle in th5   second 

of its motion is    [CPMT 1976] 

(a) m1  (b) m19  

(c) m50  (d) m75  

15. A motor car moving with a uniform speed of sec/20 m  comes to 

stop on the application of brakes after travelling a distance of m10  

Its acceleration is  [EAMCET 1979] 

(a) 2sec/20 m  (b) 2sec/20m  

(c) 2sec/40 m  (d) 2sec/2m  

16. The velocity of a body moving with a uniform acceleration of 
2sec/.2 m  is sec/10 m . Its velocity after an interval of 4 sec is    [EAMCET 1979] 

(a) sec/12 m  (b) sec/14 m  

(c) sec/16 m  (d) sec/18 m  

17. A particle starting from rest travels a distance x  in first 2 seconds 
and a distance y  in next two seconds, then 

     [EAMCET 1982] 

(a) xy   (b) xy 2  

(c) xy 3  (d) xy 4  

18. The initial velocity of a body moving along a straight line is 7 sm / . 

It has a uniform acceleration of 2/4 sm . The distance covered by 

the body in the 5 th second of its motion is     [MP PMT 1994] 

(a) 25 m (b) 35 m 

(c) 50 m (d) 85 m 

19. The velocity of a body depends on time according to the equation 
21.020 tv  . The body is undergoing  

[MNR 1995; UPSEAT 2000] 

(a) Uniform acceleration   

(b) Uniform retardation 

(c) Non-uniform acceleration  

(d) Zero acceleration 

20. Which of the following four statements is false  

[Manipal MEE 1995] 
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(a) A body can have zero velocity and still be accelerated 

(b) A body can have a constant velocity and still have a varying 
speed 

(c) A body can have a constant speed and still have a varying 
velocity 

(d) The direction of the velocity of a body can change when its 
acceleration is constant 

21. A particle moving with a uniform acceleration travels 24 m and 64 
m in the first two consecutive intervals of 4 sec each. Its initial 

velocity is   [MP PET 1995] 

(a) 1 m/sec (b) sec/10 m  

(c) 5 m/sec (d) 2 m/sec 

22. The position of a particle moving in the xy-plane at any time t  is 

given by )63( 2 ttx   metres, )2( 2 tty   metres. Select the 

correct statement about the moving particle from the following     [MP PMT 1995] 

(a) The acceleration of the particle is zero at 0t  second 

(b) The velocity of the particle is zero at 0t  second  

(c) The velocity of the particle is zero at 1t  second 

(d) The velocity and acceleration of the particle are never zero 

23. If body having initial velocity zero is moving with uniform 

acceleration 2sec/8 m  the distance travelled by it in fifth second 

will be         [MP PMT 1996; DPMT 2001] 

(a) 36 metres (b) 40 metres 

(c) 100 metres  (d) Zero 

24. An alpha particle enters a hollow tube of 4 m length with an initial 

speed of 1 km/s. It is accelerated in the tube and comes out of it 
with a speed of 9 km/s. The time for which it remains inside the 
tube is  

(a) 3108  s (b) s31080   

(c) s310800   (d) s4108   

25. Two cars A  and B  are travelling in the same direction with 

velocities 1v  and 2v )( 21 vv  . When the car A  is at a distance 

d  ahead of the car B , the driver of the car A  applied the brake 
producing a uniform retardation a  There will be no collision when    [Pb. PET 2004] 

(a) 
a

vv
d

2

)( 2
21 

  (b) 
a

vv
d

2

2
2

2
1 

  

(c) 
a

vv
d

2

)( 2
21 

  (d) 
a

vv
d

2

2
2

2
1 

  

26. A body of mass 10 kg is moving with a constant velocity of 10 m/s. 
When a constant force acts for 4 seconds on it, it moves with a 
velocity 2 m/sec in the opposite direction. The acceleration produced 
in it is    [MP PET 1997] 

(a) 2sec/3 m  (b) 2sec/3m  

(c) 2sec/3.0 m  (d) 2sec/3.0 m  

27. A body starts from rest from the origin with an acceleration of 
2/6 sm  along the x-axis and 2/8 sm  along the y-axis. Its 

distance from the origin after 4 seconds will be 

[MP PMT 1999] 

(a) 56 m (b) 64 m 

(c) 80 m (d) 128 m 

28. A car moving with a velocity of 10 m/s can be stopped by the 

application of a constant force F in a distance of 20 m. If the velocity 
of the car is 30 m/s, it can be stopped by this force in     [MP PMT 1999] 

(a) m
3

20
 (b) 20 m 

(c) 60 m (d) 180 m 

29. The displacement of a particle is given by 42 dtctbtay  .  

The initial velocity and acceleration are respectively      [CPMT 1999, 2003] 

(a) db 4,  (b) cb 2,  

(c) cb 2,  (d) dc 4,2   

30. A car moving with a speed of 40 km/h can be stopped by applying 
brakes after atleast 2 m. If the same car is moving with a speed of 
80 km/h, what is the minimum stopping distance 

[CBSE PMT 1998,1999; AFMC 2000; JIPMER 2001, 02] 

(a) 8 m (b) 2 m 

(c) 4 m (d) 6 m 

31. An elevator car, whose floor to ceiling distance is equal to 2.7 m, starts 
ascending with constant acceleration of 1.2 ms–2.     2 sec after the 
start, a bolt begins fallings from the ceiling of the car. The free fall 
time of the bolt is  [KCET 1994] 

(a) s54.0  (b) s6  

(c) 0.7 s (d)  1 s 

32. The displacement is given by 52 2  ttx , the acceleration at  

st 2  is   [EAMCET (Engg.) 1995] 

(a) 2/4 sm  (b) 2/8 sm  

(c) 2/10 sm  (d) 2/15 sm  

33. Two trains travelling on the same track are approaching each other 

with equal speeds of 40 m/s. The drivers of the trains begin to 
decelerate simultaneously when they are just 2.0 km apart. 
Assuming the decelerations to be uniform and equal, the value of 
the deceleration to barely avoid collision should be    [AMU 1995] 

(a) 11.8 2/ sm  (b) 11.0 2/ sm  

(c) 2.1 2/ sm  (d) 0.8 2/ sm  

34. A body moves from rest with a constant acceleration of 2/5 sm . 

Its instantaneous speed (in )/ sm  at the end of 10 sec  is    [SCRA 1994] 

(a) 50 (b) 5 

(c) 2 (d) 0.5 

35. A boggy of uniformly moving train is suddenly detached from train 
and stops after covering some distance. The distance covered by the 

boggy and distance covered by the train in the same time has 
relation   [RPET 1997] 

(a) Both will be equal 

(b) First will be half of second 

(c) First will be 1/4 of second 

(d) No definite ratio 

36. A body starts from rest. What is the ratio of the distance travelled 

by the body during the 4th and 3rd second  

 [CBSE PMT 1993] 

(a) 
5

7
 (b) 

7

5
 

(c) 
3

7
 (d) 

7

3
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37. The acceleration '' a  in 2/ sm  of a particle is given by 

223 2  tta  where t  is the time. If the particle starts out 

with a velocity  smu /2  at 0t , then the velocity at the end 

of  2 second is   [MNR 1994; SCRA 1994] 

(a) 12 m/s (b) 18 m/s 

(c) 27 m/s (d) 36 m/s 

38. A particle moves along a straight line such that its displacement at 

any time t  is given by 

 436 23  tttS  metres 

 The velocity when the acceleration is zero is 

[CBSE PMT 1994; JIPMER 2001, 02] 

(a) 13 ms  (b) 112  ms  

(c) 142 ms  (d) 19  ms  

39. For a moving body at any instant of time [NTSE 1995] 

(a) If the body is not moving, the acceleration is necessarily zero 

(b) If the body is slowing, the retardation is negative 

(c) If the body is slowing, the distance is negative 

(d) If displacement, velocity and acceleration at that instant are 
known, we can find the displacement at any given time in 
future 

40. The x  and y  coordinates of a particle at any time t  are given by 

247 ttx   and ty 5 ,  where x  and y  are in metre and t   

in seconds. The acceleration of particle at 5t s is    [SCRA 1996] 

(a) Zero (b) 2/8 sm  

(c) 20 2/ sm  (d) 40 2/ sm  

41. The engine of a car produces acceleration 2/4 sm  in the car. If 

this car pulls another car of same mass, what will be the 

acceleration produced   [RPET 1996] 

(a) 2/8 sm  (b) 2/2 sm  

(c) 2/4 sm  (d) 2/
2

1
sm  

42. If a body starts from rest and travels 120 cm in the 6th second, then 
what is the acceleration  [AFMC 1997] 

(a) 0.20 2/ sm  (b) 0.027 2/ sm  

(c) 0.218 2/ sm  (d) 0.03 2/ sm  

43.  If a car at rest accelerates uniformly to a speed of  144 km/h in  20 

s. Then it covers a distance of   [CBSE PMT 1997] 

(a) 20 m (b) 400 m 

(c) 1440 m (d) 2880 m 

44. The position x   of a particle varies with time t  as 
32 btatx  . The acceleration of the particle will be zero at time 

t   equal to 

[CBSE PMT 1997; BHU 1999; DPMT 2000;  

KCET 2000] 

(a) 
b

a
 (b) 

b

a

3

2
 

(c) 
b

a

3
 (d) Zero 

45. A truck and a car are moving with equal velocity. On applying the 
brakes both will stop after certain distance, then    

[CPMT 1997] 

(a) Truck will cover less distance before rest 

(b) Car will cover less distance before rest 

(c) Both will cover equal distance 

(d) None 

46. If a train travelling at 72 kmph is to be brought to rest in a distance 
of 200 metres, then its retardation should be  

 [SCRA 1998; MP PMT 2004] 

(a) 20 2ms  (b) 10 2ms  

(c) 2 2ms  (d) 1 2ms  

47. The displacement of a particle starting from rest (at 0t ) is given 

by 326 tts  . The time in seconds at which the particle will 

attain zero velocity again, is  [SCRA 1998] 

(a) 2 (b) 4 

(c) 6 (d) 8 

48. What is the relation between displacement, time and acceleration in 
case of a body having uniform acceleration  

[DCE 1999] 

(a) 2

2

1
ftutS   (b) tfuS )(   

(c) fsvS 22   (d) None of these 

49. Two cars A and B at rest at same point initially. If A starts with 
uniform velocity of 40 m/sec and B starts in the same direction with 

constant acceleration of 2/4 sm , then B will catch A after how 

much time    [RPET 1999] 

(a) 10 sec (b) 20 sec 

(c) 30 sec (d) 35 sec 

50. The motion of a particle is described by the equation 2btax   

where 15a  cm and 3b  cm/s2. Its instantaneous velocity at 

time 3 sec will be  

[AMU (Med.) 2000] 

(a) 36 cm/sec (b) 18 cm/sec 

(c) 16 cm/sec (d) 32 cm/sec 

51. A body travels for 15 sec starting from rest with constant 

acceleration. If it travels distances 21 , SS  and 3S  in the first five 

seconds, second five seconds and next five seconds respectively the 

relation between 21 , SS  and 3S  is  

[AMU (Engg.) 2000] 

(a) 321 SSS   (b) 321 35 SSS   

(c) 321
5

1

3

1
SSS   (d) 321

3

1

5

1
SSS   

52. A body is moving according to the equation 32 ctbtatx   

where x  displacement and ba,  and c  are constants. The 

acceleration of the body is  

[BHU 2000] 

(a) bta 2  (b) ctb 62   

(c) ctb 62   (d) 263 ctb   

53. A particle travels 10m in first 5 sec and 10m in next 3 sec. Assuming 

constant acceleration what is the distance travelled in next 2 sec     [RPET 2000] 

(a) 8.3 m (b) 9.3 m 

(c) 10.3 m (d) None of above  

54. The distance travelled by a particle is proportional to the squares of 
time, then the particle travels with                               

[RPET 1999; RPMT 2000] 

(a) Uniform acceleration (b) Uniform velocity 

(c) Increasing acceleration (d) Decreasing velocity  
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55. Acceleration of a particle changes when  [RPMT 2000] 

(a) Direction of velocity changes 

(b) Magnitude of velocity changes 

(c) Both of above   

(d) Speed changes 

56. The motion of a particle is described by the equation atu  . The 
distance travelled by the particle in the first 4 seconds   [DCE 2000] 

(a) a4  (b) a12  

(c) a6  (d) a8  

57. The relation 633  xt  describes the displacement of a 

particle in one direction where x  is in metres and t  in sec. The 

displacement, when velocity is zero, is   [CPMT 2000] 

(a) 24 metres (b) 12 metres 

(c) 5 metres (d) Zero 

58. A constant force acts on a body of mass 0.9 kg at rest for 10s. If the 
body moves a distance of 250 m, the magnitude of the force is     [EAMCET (Engg.) 2000] 

(a) N3  (b) N5.3  

(c) N0.4  (d) N5.4  

59. The average velocity of a body moving with uniform acceleration 
travelling a distance of 3.06 m is 0.34 ms–1. If the change in velocity of 
the body is 0.18ms–1 during this time, its uniform acceleration is [EAMCET (Med.) 2000] 

(a) 0.01 ms–2 (b) 0.02 ms–2 

(c) 0.03 ms–2 (d) 0.04 ms–2 

60. Equation of displacement for any particle is 

mttts 81473 23  . Its acceleration at time 1t  sec is 

[CBSE PMT 2000] 

(a) 10 m/s2 (b) 16 m/s2 

(c) 25 m/s2 (d) 32 m/s2 

61. The position of a particle moving along the x-axis at certain times is 
given below : 

t (s) 0 1 2 3 

x (m) –2 0 6 16 

Which of the following describes the motion correctly  

[AMU (Engg.) 2001] 

(a) Uniform, accelerated 

(b) Uniform, decelerated 

(c) Non-uniform, accelerated 

(d) There is not enough data for generalization 

62. Consider the acceleration, velocity and displacement of a tennis ball 
as it falls to the ground and bounces back. Directions of which of 
these changes in the process   

 [AMU (Engg.) 2001] 

(a) Velocity only   

(b) Displacement and velocity  

(c) Acceleration, velocity and displacement  

(d) Displacement and acceleration 

63. The displacement of a particle, moving in a straight line, is given by 

422 2  tts  where s  is in metres and t  in seconds. The 

acceleration of the particle is  [CPMT 2001] 

(a) 2 m/s2 (b) 4 m/s2 

(c) 6 m/s2 (d) 8 m/s2 

64. A body A starts from rest with an acceleration 1a . After 2 seconds, 

another body B starts from rest with an acceleration 2a . If they 

travel equal distances in the 5th second, after the start of A, then 

the ratio 21 : aa  is equal to  

[AIIMS 2001] 

(a) 5 : 9 (b) 5 : 7 

(c) 9 : 5 (d) 9 : 7 

65. The velocity of a bullet is reduced from 200m/s to 100m/s while 
travelling through a wooden block of thickness 10cm. The 
retardation, assuming it to be uniform, will be   

 [AIIMS 2001] 

(a) 41010   m/s2 (b) 41012  m/s2 

(c) 4105.13   m/s2 (d) 41015   m/s2 

66. A body of 5 kg is moving with a velocity of 20 m/s. If a force of 
100N is applied on it for 10s in the same direction as its velocity, 
what will now be the velocity of the body                                     

[MP PMT 2000; RPET 2001] 

(a) 200 m/s (b) 220 m/s 

(c) 240 m/s (d) 260 m/s 

67. A particle starts from rest, accelerates at 2 m/s2 for 10s and then 
goes for constant speed for 30s and then decelerates at 4 m/s2 till it 
stops. What is the distance travelled by it        

 [DCE 2001; AIIMS 2002; DCE 2003] 

(a) 750 m (b) 800 m 

(c) 700 m (d) 850 m  

68. The engine of a motorcycle can produce a maximum acceleration 5 

m/s2. Its brakes can produce a maximum retardation 10 m/s2. What is 
the minimum time in which it can cover a distance of 1.5 km   [Pb. PMT 2002] 

(a) 30 sec (b) 15 sec 

(c) 10 sec (d) 5 sec 

69. The path of a particle moving under the influence of a force fixed in 
magnitude and direction is  

[MP PET 2002] 

(a) Straight line (b) Circle 

(c) Parabola  (d) Ellipse 

70. A car, moving with a speed of 50 km/hr, can be stopped by brakes 

after at least 6m. If the same car is moving at a speed of 100 km/hr, 
the minimum stopping distance is 

[AIEEE 2003] 

(a) 6m (b) 12m 

(c) 18m (d) 24m 

71. A student is standing at a distance of 50metres from the bus. As soon 
as the bus begins its motion with an acceleration of 1ms–2, the 
student starts running towards the bus with a uniform velocity u . 

Assuming the motion to be along a straight road, the minimum 
value of u , so that the student is able to catch the bus is  [KCET 2003] 

(a) 5 ms–1 (b) 8 ms–1 

(c) 10 ms–1 (d) 12 ms–1 

72. A body A moves with a uniform acceleration a  and zero initial 
velocity. Another body B, starts from the same point moves in the 
same direction with a constant velocity v . The two bodies meet 

after a time t . The value of t  is     

  [MP PET 2003] 

(a) 
a

v2
 (b) 

a

v
 

(c) 
a

v

2
 (d) 

a

v

2
 

73. A particle moves along X-axis in such a way that its coordinate X 

varies with time t  according to the equation 

mttx )652( 2 . The initial velocity of the  particle is   
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  [MNR 1987; MP PET 1996; Pb. PET 2004] 

(a) sm /5  (b) sm /6  

(c) sm /3  (d) sm /3  

74. A car starts from rest and moves with uniform acceleration a on a 
straight road from time t = 0 to t = T. After that, a constant 
deceleration brings it to rest. In this process the average speed of 
the car is    [MP PMT 2004] 

 (a)  
4

aT
 (b) 

2

3aT
 

 (c)  
2

aT
 (d) aT  

75. An object accelerates from rest to a velocity 27.5 m/s in 10 sec then 
find distance covered by object in next 10 sec 

   [BCECE 2004] 

 (a)  550 m (b) 137.5 m 

 (c)  412.5 m (d) 275 m 

76. If the velocity of a particle is given by 2/1)16180( xv   m/s, 

then its acceleration will be  [J & K CET 2004] 

 (a)  Zero (b) 8 m/s2 

 (c)  – 8 m/s2 (d) 4 m/s2 

77. The displacement of a particle is proportional to the cube of time 
elapsed. How does the acceleration of the particle depends on time 
obtained    [Pb. PET 2001] 

 (a) 2ta   (b) ta 2  

 (c)  3ta   (d) ta  

78. Starting from rest, acceleration of a particle is ).1(2  ta  The 

velocity of the particle at st 5  is [RPET 2002] 

 (a)  15 m/sec (b) 25 m/sec 

 (c)  5 m/sec (d) None of these 

79. A body is moving with uniform acceleration describes 40 m in the 
first 5 sec and 65 m in next 5 sec. Its initial velocity will be    [Pb. PET 2003] 

 (a)  4 m/s (b) 2.5 m/s 

 (c)  5.5 m/s (d) 11 m/s 

80. Speed of two identical cars are u  and u4  at a specific instant. The 
ratio of the respective distances in which the two cars are stopped 

from that instant is  [AIEEE 2002] 

(a) 1 : 1 (b) 1 : 4  

(c) 1 : 8 (d) 1 : 16 

81. The displacement x  of a particle varies with time 
tt beaext   , , where   and,,ba are positive constants. 

The velocity of the particle will [CBSE PMT 2005] 

 (a) Go on decreasing with time  

 (b) Be independent of   and   

 (c) Drop to zero when     

 (d) Go on increasing with time 

82. A car, starting from rest, accelerates at the rate f through a distance 

S, then continues at constant speed for time t and then decelerates 

at the rate 
2

f
 to come to rest. If the total distance traversed is 15 S, 

then  [AIEEE 2005] 

 (a) 2

2

1
ftS   (b) 2

4

1
ftS   

 (c) 2

72

1
ftS   (d) 2

6

1
ftS   

83. A man is 45 m behind the bus when the bus start accelerating from 

rest with acceleration 2.5 m/s2. With what minimum velocity should 
the man start running to catch the bus ?   [J&K CET 2005] 

 (a) 12 m/s (b) 14 m/s 

 (c) 15 m/s (d) 16 m/s 

84. A particle moves along x-axis as 

 2)2()2(4  tatx  

 Which of the following is true ?   [J&K CET 2005] 

 (a) The initial velocity of particle is 4  

 (b) The acceleration of particle is 2a 

 (c) The particle is at origin at t = 0  

 (d) None of these 

85. A body starting from rest moves with constant acceleration. The 
ratio of distance covered by the body during the 5th sec to that 

covered in 5 sec is    [Kerala PET 2005] 

 (a) 9/25 (b) 3/5 

 (c) 25/9 (d) 1/25 

86. What determines the nature of the path followed by the particle   [AFMC 2005] 

 (a) Speed (b) Velocity 

 (c) Acceleration (d) None of these 
 

Relative Motion 
 

1. Two trains, each 50 m long are travelling in opposite direction with 
velocity 10 m/s and 15 m/s. The time of crossing is     [CPMT 1999; JIPMER 2000; RPET 2001] 

(a) s2  (b) s4  

(c) s32  (d) s34  

2. A 120 m  long train is moving in a direction with speed 20 m/s. A 

train B moving with 30 m/s in the opposite direction and 130 m long 
crosses the first train in a time 

[CPMT 1996; Kerala PET 2002] 

(a) s6  (b) 36 s 

(c) 38 s (d) None of these 

3. A 210 meter long train is moving due North at a of 25m/s. A small 

bird is flying due South a little above the train with speed 5m/s. The 
time taken by the bird to cross the train is    

 [AMU (Med.) 2001] 

(a) s6  (b) s7  

(c) s9  (d) s10  

4. A police jeep is chasing with, velocity of 45 km/h a thief in another 

jeep moving with velocity 153 km/h. Police fires a bullet with muzzle 
velocity of 180 m/s. The velocity it will strike the car of the thief is   [BHU 2003; CPMT 2004] 

(a) 150 m/s (b) 27 m/s 

(c) 450 m/s (d) 250 m/s 

5. A boat is sent across a river with a velocity of 8 km/hr. If the 
resultant velocity of boat is 10 km/hr, then velocity of the river is :   [Pb. PET 2004] 

 (a)  10 km/hr (b) 8 km/hr 

 (c)  6 km/hr (d) 4 km/hr  

6. A train of 150 meter length is going towards north direction at a 

speed of sec/10m . A parrot flies at the speed of sec/5 m  

towards south direction parallel to the railway track. The time taken 
by the parrot to cross the train is 

[CBSE PMT 1992; BHU 1998] 

(a) 12 sec (b) 8 sec 

(c) 15 sec (d) 10 sec  
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7. A boat is moving with velocity of ji ˆ4ˆ3   in river and water is 

moving with a velocity of ji ˆ4ˆ3   with respect to ground. 

Relative velocity of boat with respect to water is : 

    [Pb. PET 2002] 

 (a)  ji ˆ8ˆ6   (b) ji ˆ8ˆ6   

 (c)  î8  (d) î6  

8. The distance between two particles is decreasing at the rate of 6 
m/sec. If these particles travel with same speeds and in the same 
direction, then the separation increase at the rate of 4 m/sec. The 
particles have speeds as   [RPET 1999] 

(a) 5 m/sec ; 1 m/sec (b) 4 m/sec ; 1 m/sec  

(c) 4 m/sec ; 2 m/sec (d) 5 m/sec ; 2 m/sec  

9. A boat moves with a speed of 5 km/h relative to water in a river 

flowing with a speed of 3 km/h and having a width of 1 km. The 
minimum time taken around a round trip is 

 [J&K CET 2005] 

 (a) 5 min (b) 60 min 

 (c) 20 min (d) 30 min 

10. For a body moving with relativistic speed, if the velocity is doubled, 

then   [Orissa JEE 2005] 

 (a) Its linear momentum is doubled  

 (b) Its linear momentum will be less than double 

 (c) Its linear momentum will be more than double  

 (d) Its linear momentum remains unchanged 

11. A river is flowing from W to E with a speed of 5 m/min. A man can 

swim in still water with a velocity 10 m/min. In which direction 
should the man swim so as to take the shortest possible path to go 
to the south. [BHU 2005] 

 (a) 30° with downstream (b) 60° with downstream 

 (c) 120° with downstream (d) South 

12. A train is moving towards east and a car is along north, both with 
same speed. The observed direction of car to the passenger in the 
train is    [J & K CET 2004] 

 (a)  East-north direction (b) West-north direction 

 (c)  South-east direction (d) None of these 

13. An express train is moving with a velocity v
1

. Its driver finds another 
train is moving on the same track in the same direction with velocity 
v

2

. To escape collision, driver applies a retardation a on the train. the 
minimum time of escaping collision will be    [RPET 2002] 

 (a)  
a

vv
t 21   (b) 

2

2
2

2
1

1

vv
t


  

 (c)  None  (d) Both 

 

Motion Under Gravity 
 

1. A stone falls from a balloon that is descending at a uniform rate of 

sm /12 . The displacement of the stone from the point of release 

after 10 sec is  

(a) 490 m   (b) 510 m  

(c) 610 m  (d) 725 m  

2. A ball is dropped on the floor from a height of 10 m. It rebounds to 

a height of 2.5 m. If the ball is in contact with the floor for 0.01 sec, 
the average acceleration during contact is   [BHU 1997; CPMT 1997] 

(a) 2100 2sec/m downwards (b) 2100 2sec/m upwards 

(c) 1400 2sec/m  (d) 700 2sec/m  

3. A body A is projected upwards with a velocity of sm /98 . The 

second body B is projected upwards with the same initial velocity 

but after 4 sec. Both the bodies will meet after  

(a) 6 sec (b) 8 sec 

(c) 10 sec (d) 12 sec 

4. Two bodies of different masses am  and bm  are dropped from two 

different heights a  and b . The ratio of the time taken by the two 
to cover these distances are   

[NCERT 1972; MP PMT 1993] 

(a) ba :  (b) ab :  

(c) ba :  (d) 22 : ba  

5. A body falls freely from rest. It covers as much distance in the last 
second of its motion as covered in the first three seconds. The body 
has fallen for a time of  [MNR 1998] 

(a) s3  (b) s5  

(c) s7  (d) s9  

6. A stone is dropped into water from a bridge 1.44 m  above the 
water. Another stone is thrown vertically downward 1 sec later. Both 
strike the water simultaneously. What was the initial speed of the 
second stone 

(a) sm /25.12  (b) sm /75.14  

(c) sm /23.16  (d) sm /15.17  

7. An iron ball and a wooden ball of the same radius are released from 
the same height in vacuum. They take the same time to reach the 
ground. The reason for this is  

(a) Acceleration due to gravity in vacuum is same  irrespective of 
the size and mass of the body 

(b) Acceleration due to gravity in vacuum depends upon the mass 
of the body 

(c) There is no acceleration due to gravity in vacuum 

(d) In vacuum there is a resistance offered to the motion of the 
body and this resistance depends upon the mass of the body 

8. A body is thrown vertically upwards. If air resistance is to be taken 
into account, then the time during which the body rises is  

  [RPET 2000; KCET 2001; DPMT 2001] 

(a) Equal to the time of fall  

(b) Less than the time of fall 

(c) Greater than the time of fall 

(d) Twice the time of fall 

9. A ball P is dropped vertically and another ball Q is thrown 
horizontally with the same velocities from the same height and at 
the same time. If air resistance is neglected, then  

  [MNR 1986; BHU 1994] 

(a) Ball P reaches the ground first 

(b) Ball Q reaches the ground first 

(c) Both reach the ground at the same time 

(d) The respective masses of the two balls will decide the time 

10. A body is released from a great height and falls freely towards the 
earth. Another body is released from the same height exactly one 
second later. The separation between the two bodies, two seconds 
after the release of the second body is                   [CPMT 1983; Kerala PMT 2002] 

(a) m9.4  (b) m8.9  

(c)  m6.19  (d) m5.24  
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11. An object is projected upwards with a velocity of 100 sm / . It will 

strike the ground after (approximately) 

[NCERT 1981; AFMC 1995] 

(a) 10 sec (b) 20 sec 

(c) 15 sec (d) 5 sec 

12. A stone dropped from the top of the tower touches the ground in 4 
sec. The height of the tower is about          

[MP PET 1986; AFMC 1994; CPMT 1997; BHU 1998; 

 DPMT 1999; RPET 1999; MH CET 2003] 

(a) m80  (b) m40  

(c) m20  (d) m160  

13. A body is released from the top of a tower of height h . It takes t  

sec to reach the ground. Where will be the ball after time 2/t  sec [NCERT 1981; MP PMT 2004] 

(a) At 2/h from the ground 

(b) At 4/h  from the ground 

(c) Depends upon mass and volume of the body 

(d) At 4/3h   from the ground 

14. A mass m  slips along the wall of a semispherical surface of radius 

R . The velocity at the bottom of the surface is 
  [MP PMT 1993] 

(a) Rg  

(b) Rg2  

(c) Rg2  

(d) Rg  

15. A frictionless wire AB is fixed on a sphere of radius R. A very small 
spherical ball slips on this wire. The time taken by this ball to slip 
from A to B is  

(a) 
cos

2

g

gR
 

(b) 
g

gR
cos

.2  

(c) 
g

R
2  

(d) 
cosg

gR
 

16. A body is slipping from an inclined plane of height h  and length l . 

If the angle of inclination is  , the time taken by the body to come 

from the top to the bottom of this inclined plane is   

(a) 
g

h2
 (b) 

g

l2
 

(c) 
g

h2

sin

1


 (d) 

g

h2
sin  

17. A particle is projected up with an initial velocity of sec/80 ft . The 

ball will be at a height of ft96  from the ground after     [MP PMT 1985] 

(a) 2.0 and 3.0 sec (b) Only at 3.0 sec 

(c) Only at 2.0 sec (d) After 1 and 2 sec 

18. A body falls from rest, its velocity at the end of first second is 

sec)/32( ftg     [AFMC 1980] 

(a) sec/16 ft  (b) sec/32 ft  

(c) sec/64 ft  (d) sec/24 ft  

19. A stone thrown upward with a speed u   from the top of the tower 

reaches the ground with a velocity u3 . The height of the tower is      
     [EAMCET 1983; RPET 2003] 

(a) gu /3 2  (b) gu /4 2  

(c) gu /6 2  (d) gu /9 2  

20. Two stones of different masses are dropped simultaneously from the 
top of a building     [EAMCET 1978] 

(a) Smaller stone hit the ground earlier 

(b) Larger stone hit the ground earlier 

(c) Both stones reach the ground simultaneously 

(d) Which of the stones reach the ground earlier depends on the 

composition of the stone 

21. A body thrown with an initial speed of sec/96 ft  reaches the 

ground after )sec/32( 2ftg     [EAMCET 1980] 

(a) 3 sec (b) 6 sec 

(c) 12 sec  (d) 8  sec  

22. A stone is dropped from a certain height which can reach the 
ground in 5 second. If the stone is stopped after 3 second of its fall 

and then allowed to fall again, then the time taken by the stone to 
reach the ground for the remaining distance is    [MNR 1985] 

(a) 2 sec (b) 3 sec 

(c) 4 sec (d) None of these 

23. A man in a balloon rising vertically with an acceleration of 
2sec/9.4 m  releases a ball 2 sec after the balloon is let go from 

the ground. The greatest height above the ground reached by the 

ball is )sec/8.9( 2mg    [MNR 1986] 

(a) 14.7 m (b) 19.6 m 

(c) 9.8 m (d) 24.5 m 

24. A particle is dropped under gravity from rest from a height 

)sec/8.9( 2mgh   and it travels a distance 25/9h  in the last 

second, the height h  is     [MNR 1987] 

(a) 100 m (b) 122.5 m 

(c) 145 m (d) 167.5 m 

25. A balloon is at a height of 81 m and is ascending upwards with a 

velocity of 12 m/s. A body of kg2  weight is dropped from it. If 

2/10 smg  , the body will reach the surface of the earth in    [MP PMT 1994] 

(a) 1.5 s (b) 4.025 s 

(c) 5.4 s (d) 6.75 s 

26. An aeroplane is moving with a velocity u . It drops a packet from a 

height h . The time t  taken by the packet in reaching the ground 
will be  

(a) 








h

g2
 (b) 









g

u2
 

(c) 








g

h

2
 (d) 
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27. Water drops fall at regular intervals from a tap which is m5  above 

the ground. The third drop is leaving the tap at the instant the first 

m 

R 

B 

A 

O 

R 

 

C 
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drop touches the ground. How far above the ground is the second 
drop at that instant  [CBSE PMT 1995] 

(a) 2.50 m (b) 3.75 m 

(c) 4.00 m (d) 1.25 m  

28. A ball is thrown vertically upwards from the top of a tower at 
19.4 ms . It strikes the pond near the base of the tower after 3 

seconds. The height of the tower is 

[Manipal MEE 1995] 

(a) 73.5 m (b) 44.1 m 

(c) 29.4 m (d) None of these 

29. An aeroplane is moving with horizontal velocity u  at height h .  
The velocity of a packet dropped from it on the earth's surface will 

be ( g  is acceleration due to gravity)  

[MP PET 1995] 

(a) ghu 22   (b) gh2  

(c) gh2  (d) ghu 22   

30. A rocket is fired upward from the earth's surface such that it creates 

an acceleration of 19.6 m/sec2. If after 5 sec its engine is switched off, 
the maximum height of the rocket from earth's surface would be    [MP PET 1995] 

(a) 245 m (b) 490 m 

(c) 980 m (d) 735 m 

31. A bullet is fired with a speed of sec/1000 m  in order to hit a 

target 100 m away. If 2/10 smg  , the gun should be aimed    [MP PET 1996] 

(a) Directly towards the target 

(b) 5 cm above the target 

(c) 10 cm above the target 

(d) 15 cm above the target 

32. A body starts to fall freely under gravity. The distances covered by it 
in first, second and third second are in ratio                             

 [MP PET 1997; RPET 2001] 

(a) 5:3:1  (b) 3:2:1  

(c) 9:4:1  (d) 6:5:1  

33. QP,  and R  are three balloons ascending with velocities UU 4,  

and U8  respectively. If stones of the same mass be dropped from 
each, when they are at the same height, then     [ISM Dhanbad 1994] 

(a) They reach the ground at the same time 

(b) Stone from P  reaches the ground first 

(c) Stone from R  reaches the ground first 

(d) Stone from Q  reaches the ground first 

34. A body is projected up with a speed ''u  and the time taken by it is 

T  to reach the maximum height H . Pick out the correct 
statement   [EAMCET (Engg.) 1995] 

(a) It reaches 2/H  in 2/T  sec 

(b) It acquires velocity 2/u  in sec2/T  

(c) Its velocity is 2/u  at 2/H  

(d) Same velocity at T2   

35. A body falling for 2 seconds covers a distance S  equal to that 

covered in next second. Taking  Ssmg ,/10 2    

 [EAMCET (Engg.) 1995] 

(a) 30 m (b) 10 m 

(c) 60 m (d) 20 m 

36. A body dropped from a height h  with an initial speed zero, strikes 

the ground with a velocity hkm /3 . Another body of same mass is 

dropped from the same height h  with an initial speed 

hkmu /4  . Find the final velocity of second body with which 

it strikes the ground  [CBSE PMT 1996] 

(a) 3 km/h (b) 4 km/h 

(c) 5 km/h (d) 12 km/h 

37. A ball of mass 1m  and another ball of mass 2m  are dropped from 

equal height. If time taken by the balls are 1t  and 2t  respectively, 

then    [BHU 1997] 

(a)  
2

2
1

t
t   (b) 21 tt   

(c) 21 4 tt   (d) 
4

2
1

t
t   

38. With what velocity a ball be projected vertically so that the distance 

covered by it in 5 th second is twice the distance it covers in its 6 th 

second )/10( 2smg   

[CPMT 1997; MH CET 2000] 

(a) 58.8 m/s (b) 49 m/s 

(c) 65 m/s (d) 19.6 m/s 

39. A body sliding on a smooth inclined plane requires 4 seconds to 

reach the bottom starting from rest at the top. How much time does 
it take to cover one-fourth distance starting from rest at the top    [BHU 1998] 

(a) 1 s (b) 2 s 

(c) 4 s (d) 16 s 

40. A ball is dropped downwards. After 1 second another ball is dropped 

downwards from the same point. What is the distance between them 
after 3 seconds  [BHU 1998] 

(a) 25 m (b) 20 m  

(c) 50 m (d) 9.8 m 

41. A stone is thrown with an initial speed of 4.9 m/s from a bridge in 

vertically upward direction. It falls down in water after 2 sec. The 
height of the bridge is    [AFMC 1999; Pb. PMT 2003] 

(a) 4.9 m (b) 9.8 m 

(c) 19.8 m (d) 24.7 m 

42. A stone is shot straight upward with a speed of 20 m/sec from a 
tower 200 m high. The speed with which it strikes the ground is 
approximately    [AMU (Engg.) 1999] 

(a) 60 m/sec (b) 65 m/sec 

(c) 70 m/sec (d) 75 m/sec 

43. A body freely falling from the rest has a velocity ‘v’ after it falls 
through a height ‘h’. The distance it has to fall down for its velocity 

to become double, is    [BHU 1999] 

(a) h2  (b) h4  

(c) h6  (d) h8  

44. The time taken by a block of wood (initially at rest) to slide down a smooth 

inclined plane 9.8 m long (angle of inclination is o30 ) is  

[JIPMER 1999] 

(a) sec
2

1
 

(b) 2 sec 

(c) 4 sec 

(d) 1 sec  30° 
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45. Velocity of a body on reaching the point from which it was 
projected upwards, is  [AIIMS 1999; Pb. PMT 1999] 

(a) 0v  (b) uv 2  

(c) uv 5.0  (d) uv   

46. A body projected vertically upwards with a velocity u  returns to the 

starting point in 4 seconds. If 10g m/sec2, the value of u  is [KCET 1999] 

(a) 5 m/sec (b) 10 m/sec 

(c) 15 m/sec (d) 20 m/sec 

47. Time taken by an object falling from rest to cover the height of 1h  

and 2h  is respectively 1t  and 2t  then the ratio of 1t  to 2t  is[RPMT 1999; RPET 2002] 

(a) 21 : hh  (b) 21 : hh  

(c) 21 2: hh  (d) 2h
1

 : h
2

 

48. A body is thrown vertically up from the ground. It reaches a 
maximum height of 100m in 5sec. After what time it will reach the 

ground from the maximum height position   

[Pb. PMT 2000] 

(a) 1.2 sec (b) 5 sec 

(c) 10 sec (d) 25 sec 

49. A body thrown vertically upwards with an initial velocity u  reaches 

maximum height in 6 seconds. The ratio of the distances travelled 
by the body in the first second and the seventh second is[EAMCET (Engg.) 2000] 

(a) 1 : 1 (b) 11 : 1 

(c) 1 : 2 (d) 1 : 11 

50. A particle is thrown vertically upwards. If its velocity at half of the 
maximum height is 10 m/s, then maximum height attained by it is 

(Take 10g  m/s2)   

[CBSE PMT 2001, 2004] 

(a) 8 m (b) 10 m 

(c) 12 m (d) 16 m 

51. A body, thrown upwards with some velocity, reaches the maximum 
height of 20m. Another body with double the mass thrown up, with 
double initial velocity will reach a maximum height of    [KCET 2001] 

(a) 200 m (b) 16 m 

(c) 80 m (d) 40 m 

52. A balloon starts rising from the ground with an acceleration of 1.25 

m/s2 after 8s, a stone is released from the balloon. The stone will 

( 10g  m/s2)  [KCET 2001] 

(a) Reach the ground in 4 second 

(b) Begin to move down after being released  

(c) Have a displacement of 50 m 

(d) Cover a distance of 40 m in reaching the ground 

53. A body is thrown vertically upwards with a velocity u . Find the true 
statement from the following   [Kerala 2001] 

(a) Both velocity and acceleration are zero at its highest point  

(b) Velocity is maximum and acceleration is zero at the highest 

point 

(c) Velocity is maximum and acceleration is g  downwards at its 

highest point 

(d) Velocity is zero at the highest point and maximum height 

reached is gu 2/2  

54. A man throws a ball vertically upward and it rises through 20 m 

and returns to his hands. What was the initial velocity )(u  of the 

ball and for how much time )(T  it remained in the air 

]/10[ 2smg       [MP PET 2001] 

(a) u = 10 m/s, T = 2s  (b) u = 10 m/s, T = 4s 

(c) u = 20 m/s, T = 2s  (d) u = 20 m/s, T = 4s 

55. A particle when thrown, moves such that it passes from same height 
at 2 and 10s, the height is   [UPSEAT 2001] 

(a) g  (b) g2  

(c) g5  (d) g10  

56. Three different objects of masses 21 ,mm  and 3m  are allowed to 

fall from rest and from the same point ‘O’ along three different 
frictionless paths. The speeds of the three objects, on reaching the 
ground, will be in the ratio of  

[AIIMS 2002] 

(a) 321 :: mmm  (b) 321 3:2: mmm  

(c) 1 : 1 : 1 (d) 
321

1
:

1
:

1

mmm
 

57. From the top of a tower, a particle is thrown vertically downwards 

with a velocity of 10 m/s. The ratio of the distances, covered by it in 

the 3rd and 2nd seconds of the motion is (Take 2/10 smg  )  

  [AIIMS 2000; CBSE PMT 2002] 

(a) 5 : 7 (b) 7 : 5 

(c) 3 : 6 (d) 6 : 3 

58. Two balls A and B of same masses are thrown from the top of the 
building. A, thrown upward with velocity V and B, thrown 
downward with velocity V, then  [AIEEE 2002] 

(a) Velocity of A is more than B at the ground 

(b) Velocity of B is more than A at the ground 

(c) Both A & B strike the ground with same velocity 

(d) None of these 

59. A ball is dropped from top of a tower of 100m height. 

Simultaneously another ball was thrown upward from bottom of the 

tower with a speed of 50 m/s ( )/10 2smg  . They will cross each 

other after [Orissa JEE 2002] 

(a) s1  (b) s2  

(c) s3  (d) s4  

60. A cricket ball is thrown up with a speed of 19.6 ms–1. The maximum 

height it can reach is   [Kerala PMT 2002] 

(a) 9.8 m (b) 19.6 m 

(c) 29.4 m (d) 39.2 m 

61. A very large number of balls are thrown vertically upwards in quick 
succession in such a way that the next ball is thrown when the 
previous one is at the maximum height. If the maximum height is 

5m, the number of ball thrown per minute is (take 210  msg )  [KCET 2002] 

(a) 120 (b) 80 

(c) 60 (d) 40 

62. A body falling from a high Minaret travels 40 meters in the last 2 
seconds of its fall to ground. Height of Minaret in meters is (take 

2/10 smg  )     [MP PMT 2002] 

(a) 60 (b) 45 

(c) 80 (d) 50 

63. A body falls from a height mh 200  (at New Delhi). The ratio of 

distance travelled in each 2 sec during t = 0 to 6t  second of the 
journey is     [BHU 2003; CPMT 2004] 

(a) 1 : 4 : 9 (b) 1 : 2 : 4 

(c) 1 : 3 : 5 (d) 1 : 2 : 3 
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64. A man drops a ball downside from the roof of a tower of height 400 
meters. At the same time another ball is thrown upside with a 
velocity 50 meter/sec. from the surface of the tower, then they will 
meet at which height from the surface of the tower     [CPMT 2003] 

(a) 100 meters  (b) 320 meters 

(c) 80 meters (d) 240 meters 

65. Two balls are dropped from heights h  and h2  respectively from 

the earth surface. The ratio of time of these balls to reach the earth 
is     [CPMT 2003] 

(a) 2:1  (b) 2  : 1 

(c) 2 : 1 (d) 1 : 4 

66. The acceleration due to gravity on the planet A is 9 times the 
acceleration due to gravity on planet B. A man jumps to a height of 

m2  on the surface of A. What is the height of jump by the same 
person on the planet B  [CBSE PMT 2003] 
(a) 18m (b) 6m 

(c) m
3

2
 (d) m

9

2
 

67. A body falls from rest in the gravitational field of the earth. The 
distance travelled in the fifth second of its motion is 

)/10( 2smg       [MP PET 2003] 

(a) 25m (b) 45m 
(c) 90m (d) 125m 

68. If a body is thrown up with the velocity of 15 m/s then maximum 
height attained by the body is (g = 10 m/s2)  

[MP PMT 2003] 
 (a) 11.25 m (b) 16.2 m 
 (c) 24.5 m (d) 7.62 m 
69. A balloon is rising vertically up with a velocity of 29 ms–1. A stone is 

dropped from it and it reaches the ground in 10 seconds. The height 
of the balloon when the stone was dropped from it is (g = 9.8 ms–2)  [KCET 2004] 

 (a)  100 m  (b) 200 m 
 (c)  400 m (d) 150 m 
70. A ball is released from the top of a tower of height h meters. It 

takes T seconds to reach the ground. What is the position of the ball 
in T/3 seconds    [AIEEE 2004] 

 (a)  h/9 meters from the ground  
 (b) 7h/9 meters from the ground 

 (c)  8h/9 meters from the ground  
 (d) 17h/18 meters from the ground 
71. Two balls of same size but the density of one is greater than that of 

the other are dropped from the same height, then which ball will 
reach the earth first (air resistance is negligible)   [J & K CET 2004]  

 (a)  Heavy ball   
 (b) Light ball 

 (c)  Both simultaneously   
 (d) Will depend upon the density of the balls  
72. A packet is dropped from a balloon which is going upwards with the 

velocity 12 m/s, the velocity of the packet after 2 seconds will be    [Pb PMT 2004] 
 (a)  –12 m/s  (b) 12 m/s 
 (c)  –7.6 m/s (d) 7.6 m/s  
73. If a freely falling body travels in the last second a distance equal to 

the distance travelled by it in the first three second, the time of the 
travel is [Pb. PMT 2004; MH CET 2003] 

 (a)  6 sec  (b) 5 sec 
 (c)  4 sec (d) 3 sec 
74. The effective acceleration of a body, when thrown upwards with 

acceleration a will be :   [Pb. PMT 2004] 

 (a)  2ga   (b) 22 ga   

 (c)  )( ga   (d) )( ga   

75. A body is thrown vertically upwards with velocity u. The distance 
travelled by it in the fifth and the sixth seconds are equal. The 
velocity u is given by (g = 9.8 m/s2) 

    [UPSEAT 2004]  

 (a)  24.5 m/s (b) 49.0 m/s 
 (c)  73.5 m/s (d) 98.0 m/s 
76. A body, thrown upwards with some velocity reaches the maximum 

height of 50 m. Another body with double the mass thrown up with 
double the initial velocity will reach a maximum height of    [BHU 2004] 

 (a)  100 m (b) 200 m 

 (c)  300 m (d) 400 m  

77. A parachutist after bailing out falls 50 m without friction. When 
parachute opens, it decelerates at 2 m/s2. He reaches the ground with 
a speed of 3 m/s. At what height, did he bail out ?    [AIEEE 2005]  

 (a) 293 m (b) 111 m 

 (c) 91 m (d) 182 m 

78. Three particles A, B and C are thrown from the top of a tower with 
the same speed. A is thrown up, B is thrown down and C is 

horizontally. They hit the ground with speeds BA VV ,  and CV  

respectively.   [Orissa JEE 2005] 

 (a) CBA VVV   (b) CBA VVV   

 (c) ACB VVV   (d) CBA VVV   

79. From the top of a tower two stones, whose masses are in the ratio 1 
: 2 are thrown one straight up with an initial speed u and the 
second straight down with the same speed u. Then, neglecting air 
resistance   [KCET 2005] 

 (a) The heavier stone hits the ground with a higher speed  

 (b) The lighter stone hits the ground with a higher speed 

 (c) Both the stones will have the same speed when they hit the 
ground.  

 (d) The speed can't be determined with the given data. 

80. When a ball is thrown up vertically with velocity oV , it reaches a 

maximum height of 'h'. If one wishes to triple the maximum height 

then the ball should be thrown with velocity   [AIIMS 2005] 

 (a) oV3  (b) oV3  

 (c) oV9  (d) oV2/3  

81. An object start sliding on a frictionless inclined plane and from same 
height another object start falling freely  

[RPET 2000] 

 (a) Both will reach with same speed    

 (b) Both will reach with same acceleration 

 (c) Both will reach in same time 

 (d) None of above 
 

 
 

 
 

 

 
1. A particle moving in a straight line covers half the distance with 

speed of 3 m/s. The other half of the distance is covered in two 
equal time intervals with speed of 4.5 m/s and 7.5 m/s respectively. 
The average speed of the particle during this motion is    [IIT 1992] 

 (a) 4.0 m/s (b) 5.0 m/s 

(c) 5.5 m/s (d) 4.8 m/s 

2. The acceleration of a particle is increasing linearly with time t  as 

bt . The particle starts from the origin with an initial velocity 0v  

The distance travelled by the particle in time t  will be    [CBSE PMT 1995] 

(a) 2
0

3

1
bttv   (b) 3

0
3

1
bttv   
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(c) 3
0

6

1
bttv   (d)  2

0
2

1
bttv   

3. The motion of a body is given by the equation )(30.6
)(

tv
dt

tdv
 . 

where )(tv  is speed in sm /  and t  in sec . If body was at rest at 

0t   [IIT-JEE 1995] 

(a) The terminal speed is 2.0 sm /  

(b) The speed varies with the time as smetv t /)1(2)( 3  

(c) The speed is sm /1.0  when the acceleration is half the initial 

value 

(d) The magnitude of the initial acceleration is 2/0.6 sm  

4. A particle of mass m  moves on the x-axis as follows : it starts from 

rest at 0t  from the point 0x  and comes to rest at 1t  at 

the point 1x . No other information is available about its motion 

at intermediate time )10(  t . If   denotes the instantaneous 

acceleration of the particle, then    [IIT-JEE 1993] 

(a)   cannot remain positive for all t  in the interval 10  t  

(b) ||   cannot exceed 2 at any point in its path 

(c) ||   must be 4  at some point or points in its path 

(d)   must change sign during the motion but no other assertion 

can be made with the information given 

5. A particle starts from rest. Its acceleration (a) versus time (t) is as 
shown in the figure. The maximum speed of the particle will be [IIT-JEE (Screening) 2004] 

 (a)  110 m/s 

 (b) 55 m/s 

 (c)  550 m/s  

 (d) 660 m/s  

6. A car accelerates from rest at a constant rate  for some time, after 

which it decelerates at a constant rate  and comes to rest. If the 

total time elapsed is t, then the maximum velocity acquired by the 
car is   

[IIT 1978; CBSE PMT 1994] 

(a) t
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(c) 


 t)( 
 (d) 







t
 

7. A stone dropped from a building of height h   and it reaches after 
t  seconds on earth. From the same building if two stones are 
thrown (one upwards and other downwards) with the same velocity 

u and they reach the earth surface after 1t  and 2t  seconds 

respectively, then 
 [CPMT 1997; UPSEAT 2002; KCET 2002] 

(a) 21 ttt   (b) 
2

21 tt
t


  

(c) 21 ttt   (d) 2
2

2
1 ttt   

8. A ball is projected upwards from a height h  above the surface of 
the earth with velocity v . The time at which the ball strikes the 
ground is   

(a) 
2

2hg

g

v
  (b) 
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9. A particle is dropped vertically from rest from a height. The time 
taken by it to fall through successive distances of 1 m each will then 
be    [Kurukshetra CEE 1996] 

(a) All equal, being equal to g/2  second 

(b) In the ratio of the square roots of the integers 1, 2, 3..... 

(c) In the ratio of the difference in the square roots of the integers 

i.e. )34(),23(),12(,1  .... 

(d) In the ratio of the reciprocal of the square roots of the integers 

i.e.,.  
4

1
,

3

1
,

2

1
,

1

1
 

10. A man throws balls with the same speed vertically upwards one 
after the other at an interval of 2 seconds. What should be the speed 
of the throw so that more than two balls are in the sky at any time 

(Given )/8.9 2smg    

  [CBSE PMT 2003] 

(a) At least 0.8 m/s  

(b) Any speed less than 19.6 m/s 

(c) Only with speed 19.6 m/s 

(d) More than 19.6 m/s 

11. If a ball is thrown vertically upwards with speed u , the distance 

covered during the last t  seconds of its ascent is    

[CBSE PMT 2003] 

(a) 2

2

1
gt  (b) 2

2

1
gtut   

(c) tgtu )(   (d) ut d 

12. A small block slides without friction down an inclined plane starting 

from rest. Let nS be the distance travelled from time 1 nt  to 

.nt   Then 
1n

n

S

S
 is  

[IIT-JEE (Screening) 2004] 

(a) 
n

n

2

12 
 (b) 

12

12





n

n
 

(c) 
12

12





n

n
 (d) 

12
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1. The variation of velocity of a particle with time moving along a 

straight line is illustrated in the following figure. The  distance 
travelled by the  particle in four seconds is  

 [NCERT 1973] 

 

(a) 60 m  

(b) 55 m  

(c) 25 m  

(d) 30 m  1 2 3 4 
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2. The displacement of a particle as a function of time is shown in the 
figure. The figure shows that 

 [CPMT 1970, 86] 

 

 

   

 
 

(a) The particle starts with certain velocity but the motion is 

retarded and finally the particle stops 

(b) The velocity of the particle is constant throughout 

(c) The acceleration of the particle is constant throughout. 

(d) The particle starts with constant velocity, then motion is 
accelerated and finally the particle moves with another constant 
velocity 

3. A ball is thrown vertically upwards. Which of the following 
graph/graphs represent velocity-time graph of the ball during its 
flight (air resistance is neglected) 

[CPMT 1993; AMU (Engg.) 2000] 

 

 

   

 

 

 

 

 

 
 

(a) A (b) B 

(c) C (d) D 

4. The graph between the displacement x  and time t  for a particle 

moving in a straight line is shown in figure. During the interval 

BCABOA ,,  and CD , the acceleration of the particle is    [CPMT 1986] 

 OA,   AB,   BC,   CD 

(a) +      0      +      + 

(b) –      0     +      0 

(c) +      0       –      + 

(d) –       0       –       0  

5. The tv   graph of a moving object is given in figure. The 

maximum acceleration is     [NCERT 1972] 

 

 

 

 

 

 

 

(a) 2sec/1 ccm  (b) 2sec/2cm  

(c) 2sec/3 cm  (d) 2sec/6 cm  

6. The displacement versus time graph for a body moving in a straight 

line is shown in figure. Which of the following regions represents 

the motion when no force is acting on the body   [NCERT 1971] 

 

 

 

 

 

 

(a) ab  (b) bc  

(c) cd  (d) de  

7. The tx   graph shown in figure represents  [CPMT 1984] 

 

 

 

 

(a) Constant velocity 

(b) Velocity of the body is continuously changing 

(c) Instantaneous velocity 

(d) The body travels with constant speed upto time 1t  and then 

stops 

8. A lift is going up. The variation in the speed of the lift is as given in 

the graph. What is the height to which the lift takes the passengers    [IIT 1970] 

 

 

(a) 3.6 m  

(b) 28.8 m  

(c) 36.0 m  

(d) Cannot be calculated from the above graph 

9. The velocity-time graph of a body moving in a straight line is shown 

in the figure. The displacement and distance travelled by the body in 6 

sec are respectively  [MP PET 1994] 

 

 

 

 

 

 

(a) 8 m, 16 m (b) 16 m, 8 m 

(c) 16 m, 16 m (d) 8 m, 8 m 

10. Velocity-time (v-t) graph for a moving object is shown in the figure. 

Total displacement of the object during the time interval when there 
is non-zero acceleration and retardation is    [Kerala PMT 2005] 
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 (a) 60 m 

 (b) 50 m 

 (c) 30 m 

 (d) 40 m  

11. Figures (i) and (ii) below show the displacement-time graphs of two 

particles moving along the x-axis. We can say that     [Kurukshetra CEE 1996] 

 

   

 

 

(a) Both the particles are having a uniformly accelerated motion 

(b) Both the particles are having a uniformly retarded motion 

(c) Particle (i) is having a uniformly accelerated motion while 
particle (ii) is having a uniformly retarded motion 

(d) Particle (i) is having a uniformly retarded motion while particle 
(ii) is having a uniformly accelerated motion 

12. For the velocity-time graph shown in figure below the distance 
covered by the body in last two seconds of its motion is what 
fraction of the total distance covered by it in all the seven seconds    [MP PMT/PET 1998; RPET 2001] 

(a) 
2

1
 

(b)  
4

1
 

(c) 
3

1
 

(d)  
3

2
 

13. In the following graph, distance travelled by the body in metres is    [EAMCET 1994] 

 

(a) 200 

(b) 250 

(c) 300 

(d) 400 

14. Velocity-time curve for a body projected vertically upwards is      [EAMCET (Med.) 1995; AIIMS 1999;  

Pb. PMT 2004; BHU 2004] 

(a) Parabola (b) Ellipse 

(c) Hyperbola (d) Straight line 

15. The displacement-time graph of moving particle is shown below 

 

 

 

 
 

The instantaneous velocity of the particle is negative at the point    [CBSE PMT 1994] 

(a) D (b) F 

(c) C (d) E 

16. An object is moving with a uniform acceleration which is parallel to 
its instantaneous direction of motion. The displacement 

)(s velocity (v) graph of this object is 

[SCRA 1998; DCE 2000; AIIMS 2003; Orissa PMT 2004] 

 
(a)  (b)  

 

 

 

(c)  (d)  

 

17. Which of the following graph represents uniform motion  

 [DCE 1999] 

 

 

(a)  (b)  

 

 
 

 

 

(c)  (d)  

 

18. A ball is dropped vertically from a height d  above the ground. It 

hits the ground and bounces up vertically to a height 2/d . 

Neglecting subsequent motion and air resistance, its velocity v  

varies with the height h  above the ground is   [IIT-JEE Screening 2000] 
 

 

 

(a)  (b)  

 

 

 

 

 

(c)  (d)  

 

 

19. The graph of displacement v/s time is 

 

 

 

 

 

Its corresponding velocity-time graph will be   [DCE 2001] 
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(a)  (b)  

 
 

 

(c)  (d)  
 

 

 

 

 

 

20. A train moves from one station to another in 2 hours time. Its 
speed-time graph during this motion is shown in the figure. The 
maximum acceleration during the journey is    

  [Kerala PET 2002] 

 

 

 

 

 

 
 

(a) 140 km h–2 (b) 160 km h–2 

(c) 100 km h–2 (d) 120 km h–2 

21. The area under acceleration-time graph gives  
     [Kerala PET 2005] 
 (a) Distance travelled  (b) Change in acceleration 

 (c) Force acting (d) Change in velocity 

22. A ball is thrown vertically upwards. Which of the following plots 
represents the speed-time graph of the ball during its height if the 
air resistance is not ignored  

[AIIMS 2003] 

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

23. Which graph represents the uniform acceleration 

[DCE 2003] 

 

 (a)   (b)  

 

 

 

 (c)   (d)  

 
 

24. Which of the following velocity-time graphs shows a realistic 
situation for a body in motion   [AIIMS 2004] 

 

 

 (a)   (b)  

 

 

 

 

 (c)   (d)  

25. Which of the following velocity-time graphs represent uniform 

motion    [Kerala PMT 2004]  

 

 

 (a)   (b)  

 

 

 

 (c)   (d)  

 

26. Acceleration-time graph of a body is shown. The corresponding 

velocity-time graph of the same body is  

    [DPMT 2004]  

 

 

 

 

 

 

 (a)   (b)  

 

 (c)   (d)  

 

 

27. The given graph shows the variation of velocity with displacement. 

Which one of the graph given below correctly represents the 

variation of acceleration with displacement   

 [IIT-JEE (Screening) 2005] 

  

 

 

 

 

 (a)  (b)  

 

 

 
 (c)   (d)  

 

28. The acceleration-time graph of a body is shown below   
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 The most probable velocity-time graph of the body is 

 

 

 
 (a)  (b)  

 

 

 
 

 

 (c)  (d)   

 

29. From the following displacement-time graph find out the velocity of 

a moving body 

 

 

 

 

 

 

 (a) 
3

1
 m/s  (b) 3 m/s  

 (c) 3  m/s  (d) 
3

1
 

30. The t  plot of a moving object is shown in the figure. The 

average velocity of the object during the first 10 seconds is 

 

 

 

 

 

 

 (a) 0 (b) 2.5 ms–1 

 (c) 5 ms–1  (d) 2 ms–1  

 

 

 

 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  :  A body can have acceleration even if its velocity is 
zero at a given instant of time. 

Reason  : A body is momentarily at rest when it reverses its 

direction of motion.  

2. Assertion  :  Two balls of different masses are thrown vertically 

upward with same speed. They will pass through 
their point of projection in the downward direction 
with the same speed.  

 Reason  :   The maximum height and downward velocity 
attained at the point of projection are independent 

of the mass of the ball.  

3. Assertion  : If the displacement of the body is zero, the distance 
covered by it may not be zero. 

Reason  : Displacement is a vector quantity and distance is a 
scalar quantity. 

4. Assertion  :  The average velocity of the object over an interval 

of time is either smaller than or equal to the 
average speed of the object over the same interval. 

Reason  : Velocity is a vector quantity and speed is a scalar 

quantity. 

5. Assertion  :  An object can have constant speed but variable 
velocity. 

Reason  : Speed is a scalar but velocity is a vector quantity. 

6. Assertion  :  The speed of a body can be negative. 

Reason  : If the body is moving in the opposite direction of 
positive motion, then its speed is negative. 

7. Assertion  :  The position-time graph of a uniform motion in one 
dimension of a body can have negative slope. 

Reason  : When the speed of body decreases with time, the 
position-time graph of the moving body has 
negative slope. 

8. Assertion  :  A positive acceleration of a body can be associated 

with a ‘slowing down’ of the body. 

Reason  : Acceleration is a vector quantity. 

9. Assertion  :  A negative acceleration of a body can be associated 
with a ‘speeding up’ of the body. 

Reason  : Increase in speed of a moving body is independent 
of its direction of motion. 

10. Assertion  :  When a body is subjected to a uniform acceleration, 
it always move in a straight line. 

Reason  : Straight line motion is the natural tendency of the 
body. 

11. Assertion  : Rocket in flight is not an illustration of projectile. 

Reason  : Rocket takes flight due to combustion of fuel and does 

not move under the gravity effect alone. 

12. Assertion  :  The average speed of a body over a given interval of 

time is equal to the average velocity of the body in 
the same interval of time if a body moves in a 
straight line in one direction. 
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Reason  : Because in this case distance travelled by a body is 
equal to the displacement of the body. 

13. Assertion  :  Position-time graph of a stationary object is a 
straight line parallel to time axis. 

Reason  : For a stationary object, position does not change 

with time. 

14. Assertion  :  The slope of displacement-time graph of a body 

moving with high velocity is steeper than the slope 
of displacement-time graph of a body with low 
velocity. 

Reason  : Slope of displacement-time graph = Velocity of the 

body. 

15. Assertion  :  Distance-time graph of the motion of a body having 

uniformly accelerated motion is a straight line 
inclined to the time axis. 

Reason  : Distance travelled by a body having uniformly 

accelerated motion is directly proportional to the 
square of the time taken. 

16. Assertion  :  A body having non-zero acceleration can have a 

constant velocity. 

Reason  : Acceleration is the rate of change of velocity. 

17. Assertion  :  A body, whatever its motion is always at rest in a 
frame of reference which is fixed to the body itself. 

Reason  : The relative velocity of a body with respect to itself 
is zero. 

18. Assertion  :  Displacement of a body may be zero when distance 
travelled by it is not zero. 

Reason  : The displacement is the longest distance between 
initial and final position. 

19. Assertion  :  The equation of motion can be applied only if 
acceleration is along the direction of velocity and is 
constant. 

Reason  : If the acceleration of a body is constant then its 

motion is known as uniform motion. 

20. Assertion  :  A bus moving due north takes a turn and starts 
moving towards east with same speed. There will be 
no change in the velocity of bus. 

Reason  : Velocity is a vector-quantity. 

21. Assertion  :  The relative velocity between any two bodies 
moving in opposite direction is equal to sum of the 
velocities of two bodies. 

Reason  : Sometimes relative velocity between two bodies is 
equal to difference in velocities of the two. 

22. Assertion  :  The displacement-time graph of a body moving 
with uniform acceleration is a straight line. 

Reason  : The displacement is proportional to time for 
uniformly accelerated motion. 

23. Assertion  :  Velocity-time graph for an object in uniform 
motion along a straight path is a straight line 
parallel to the time axis. 

Reason  : In uniform motion of an object velocity increases as 
the square of time elapsed. 

24. Assertion  :  A body may be accelerated even when it is moving 
uniformly. 

Reason  : When direction of motion of the body is changing 
then body may have acceleration. 

25. Assertion  :  A body falling freely may do so with constant 
velocity. 

Reason  : The body falls freely, when acceleration of a body is 
equal to acceleration due to gravity. 

26. Assertion  :  Displacement of a body is vector sum of the area 

under velocity-time graph. 

Reason  : Displacement is a vector quantity. 

27. Assertion  :  The position-time graph of a body moving 
uniformly is a straight line parallel to position-axis. 

Reason  : The slope of position-time graph in a uniform 
motion gives the velocity of an object. 

28. Assertion  :  The average speed of an object may be equal to 
arithmetic mean of individual speed. 

Reason  : Average speed is equal to total distance travelled 
per total time taken. 

29. Assertion  :  The average and instantaneous velocities have same 
value in a uniform motion. 

Reason  : In uniform motion, the velocity of an object 

increases uniformly. 

30. Assertion  :  The speedometer of an automobile measure the 
average speed of the automobile. 

Reason  : Average velocity is equal to total displacement per 

total time taken. 
 

 

 

 

 

 
 

Distance and Displacement 
 

1 a 2 a 3 c 4 a 5 b 

6 c         

 

Uniform Motion 
 

1 d 2 d 3 b 4 b 5 c 

6 d 7 a 8 b 9 d 10 c 

11 c 12 d 13 d 14 b 15 b 

16 d 17 c 18 c 19 d 20 b 

21 a 22 b 23 b 24 c   

 

Non-uniform Motion 
 

1 b 2 c 3 d 4 a 5 a 

6 ac 7 a 8 d 9 b 10 a 

11 b 12 c 13 b 14 a 15 b 

16 d 17 c 18 a 19 c 20 b 

21 a 22 c 23 a 24 d 25 c 

26 b 27 c 28 d 29 c 30 a 

31 c 32 a 33 d 34 a 35 b 

36 a 37 b 38 d 39 d 40 b 

41 b 42 c 43 b 44 c 45 b 

46 d 47 b 48 a 49 b 50 b 
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51 c 52 c 53 a 54 a 55 c 

56 d 57 d 58 d 59 b 60 d 

61 c 62 b 63 b 64 a 65 d 

66 b 67 a 68 a 69 a 70 d 

71 c 72 a 73 a 74 c 75 c 

76 c 77 d 78 a 79 c 80 d 

81 d 82 c 83 c 84 b 85 a 

86 d         

 

Relative Motion 
 

1 b 2 d 3 b 4 a 5 c 

6 d 7 b 8 a 9 d 10 c 

11 c 12 b 13 a     
 

 

Motion Under Gravity 
 

1 c 2 b 3 d 4 c 5 b 

6 a 7 a 8 b 9 c 10 d 

11 b 12 a 13 d 14 b 15 c 

16 c 17 a 18 b 19 b 20 c 

21 b 22 c 23 a 24 b 25 c 

26 d 27 b 28 c 29 a 30 d 

31 b 32 a 33 b 34 b 35 a 

36 c 37 b 38 c 39 b 40 a 

41 b 42 b 43 b 44 b 45 d 

46 d 47 b 48 b 49 b 50 b 

51 c 52 a 53 d 54 d 55 d 

56 c 57 b 58 c 59 b 60 b 

61 c 62 b 63 c 64 c 65 a 

66 a 67 b 68 a 69 b 70 c 

71 c 72 c 73 b 74 c 75 b 

76 b 77 a 78 a 79 c 80 a 

81 a         

 

Critical Thinking Questions 
 

1 a 2 c 3 abd 4 ad 5 b 

6 d 7 c 8 c 9 c 10 d 

11 a 12 c       

 

Graphical Questions 
 

1 b 2 a 3 d 4 b 5 d 

6 c 7 d 8 c 9 a 10 b 

11 c 12 b 13 a 14 d 15 d 

16 c 17 a 18 a 19 a 20 b 

21 d 22 c 23 a 24 b 25 a 

26 c 27 a 28 c 29 c 30 a 

 

Assertion and Reason 
 

1 a 2 a 3 a 4 a 5 a 

6 d 7 c 8 b 9 b 10 e 

11 a 12 a 13 a 14 a 15 e 

16 e 17 a 18 c 19 d 20 e 

21 b 22 d 23 c 24 e 25 e 

26 a 27 e 28 b 29 c 30 e 
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Distance and Displacement 
 

1. (a)  kzjyixr ˆˆˆ 


   222 zyxr     

 r m2101086 222   

2. (a) jir ˆ10ˆ20 


      5.221020 22 r m 

3. (c) From figure, jiOA 300  , jiAB 020   

  

 

 

 

 

 icosBC o45230 jo45sin230  ji 3030   

  Net displacement, BCABOAOC   ji 010   

                                  .10 mOC   

4. (a) An aeroplane flies 400 m north and 300 m south so the net 

displacement is 100 m towards north.  

 Then it flies 1200 m upward so 22 )1200()100( r   

                                                                     

mm 1200~1204   

    The option should be 1204 m, because this value mislead one 
into thinking that net displacement is in upward direction only. 

5. (b) Total time of motion is 2 min 20 sec = 140 sec.  

 As time period of circular motion is 40 sec  so in 140 sec. 
athlete will complete 3.5 revolution i.e., He will be at 
diametrically opposite point i.e., Displacement = 2R.    

6. (c)  Horizontal distance covered by the wheel in half revolution = 

.R  

 

 

 

 
 So the displacement of the point which was initially in contact 

with ground = AA' = 22 )2()( RR        

         = 42 R 42     )1( mRAs   

 

Uniform Motion 
 

1. (d) As  the total distance is divided into two equal parts therefore 

distance averaged speed  
21

212

vv

vv


   

2. (d) 
B

A

B

A

v

v





tan

tan
  






60tan

30tan

3

1

3

3/1
  

3. (b) Distance average speed
21

212

vv

vv


  

3020

30202




   

 hrkm /24
5

120
  

4. (b) Distance average speed 
21

212

vv

vv




45.2

45.22




  

 hrkm /
13

40

65

200
  

5. (c) Distance average speed
21

212

vv

vv




5030

50302




      

 hrkm /5.37
2

75
  

6. (d) Average speed
Total time

 distanceTotal 


21 tt

x


   

 

21

3/23/

v

x

v

x

x



 hrkm /36

603

2

203

1

1







   

7. (a) Time average speed = 





2

4080

2

21 vv
hrkm /60 .  

8. (b) Distance travelled by train in first 1 hour is 60 km and distance 
in next 1/2 hour is 20 km. 

So Average speed
2/3

2060

 Total time

 distanceTotal 
  

           hourkm /33.53  

9. (d) 

10. (c) Total distance to be covered for crossing the bridge 

  = length of train + length of bridge  

 mmm 1000850150   

 sec80

18

5
45

1000

 Velocity

 Distance
 Time 



    

11. (c) Displacement of the particle will be zero because it comes back 
to its starting point  

 sm
sec

m
/3

10

30

 Total time

 distanceTotal 
 speed Average   

12. (d) Velocity of particle
 Total time

 tdiplacemenTotal 
  

 sm /4
5

102

5

circleof Diameter 



   

13. (d) A man walks from his home to market with a speed of 

hkm /5 .Distance km5.2  and time hr
v

d

2

1

5

5.2
 . 

2R 

A' Final 

A 
R 

Initial 

230  

30 m 

A 
20 m 

B 
45° 

C O 



 

  106 Motion in one Dimension 

and he returns back with speed of hkm /5.7  in rest of time 

of 10 minutes. 

Distance km25.1
60

10
5.7   

So, Average speed
 Total time

 distanceTotal 
  

hrkm
hr

km
/

8

45

)60/40(

)25.15.2(



 . 

14. (b) 1
|distance|

|ntdisplaceme|

|speed Average|

| velocityAverage|
  

because displacement will either be equal or less than distance. 
It can never be greater than distance. 

15. (b)  

16. (d) Average speed 
  takenTotal time

 travelleddistanceTotal 
  

  

21

5/35/2

v

x

v

x

x




21

21

23

5

vv

vv


   

17. (c) From given figure, it is clear that the net displacement is zero. 
So average velocity will be zero.  

18. (c) Since displacement is always less than or equal to distance, but 
never greater than distance. Hence numerical ratio of 
displacement to the distance covered is always equal to or less 
than one.   

19. (d) Length of train = 100 m  

Velocity of train smhrkm /5.12
18

5
45/45   

Length of bridge = 1 km = 1000 m  

Total length covered by train = 1100 m  

Time taken by train to cross the bridge 
5.12

1100
 = 88 sec  

20. (b) Time average velocity =
3

321 vvv 
 sm /4

3

543



  

21. (a) When the body is projected vertically upward then at the 
highest point its velocity is zero but acceleration is not equal to 

zero )/8.9( 2smg  .  

22. (b) Let initial velocity of the bullet = u 

 After penetrating 3 cm its velocity becomes 
2

u
    

  From asuv 222    

 )3(2
2

2

2

au
u









 

   
4

3
6

2u
a    

8

2u
a   

 Let further it  will penetrate through distance x and stops at 
point C.  

 For distance BC, 8/,,2/,0 2uaxsuuv   

 From asuv 222   x
uu

.
8

2
2

0
22























  1x  cm.  

23. (b) Let two boys meet at point C after time 't' from the starting. 

Then tvAC  ,  tvBC 1  

 

 

 

 

 

  222 )()()( BCABAC     22
1

222 tvatv   

  By solving we get 
2
1

2

2

vv

a
t


  

24. (c)  .48
100

604022

21

21 kmph
vv

vv
vav 





  

 

Non-uniform Motion 
  

1. (b) As 2

2

1
atutS   aaS 50)10(

2

1 2
1            .....(i) 

 atuvAs    velocity acquired by particle in 10 sec 

10 av  

 For next 10 sec ,   2
2 )10()(

2

1
10)10(  aaS  

 2S a150                            .....(ii) 

 From (i) and (ii) 3/21 SS   

2. (c) Acceleration 22

2

2a
dt

xd
   

3. (d) Velocity along X-axis at
dt

dx
v x 2  

Velocity along Y-axis bt
dt

dy
v y 2  

Magnitude of velocity of the particle, 

 2222 2 batvvv yx   

4. (a) mktdtktdtvS 992
2

1

2

1
3

0

2
3

0

3

0









    

5. (a) 3ktS    kt
dt

Sd
a 6

2

2

   i.e.    ta   

6. (a,c) 

7. (a) From 2

2

1
tautS   

 2
1 )1(

2

1
 PaS  and 2

2
2

1
PaS     0[ uAs ] 

 From )12(
2

 n
a

uS n  

  1)1(2
2

2

)1( 2 


PP
a

S thPP
  122

2

2  PP
a

 

 It is clear that 21)1( 2 SSS thPP



  

8. (d) 
m

F
a



 . If 0F


 then 0a


.  

9. (b) ttv 24 3   (given)  212 2  t
dt

dv
a  

 and 24

0

3

0
)24( ttdtttdtvx

tt

   

 When particle is at 2m from the origin 224  tt  

u A v = 0 B 
C 

3 cm 

Target 

u/2 

x 

A 

v 

B 

v1 

C 

a 
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  0224  tt  0)1()2( 22  tt   sec2t  

 Acceleration at sec2t  given by, 

 212 2  ta 2212  = 2/22 sm    

10. (a) 






x

vx
dx

dt

2

1
2  

   
dt

dx

dx

dv

dt

dv
a .  

 32

2
2..2

)2(

2.
vvv

x

v

dx

dv
va 









     

     Retardation 32 v  

11. (b) Let 321 ,, uuu  and 4u  be velocities at time )(,,0 211 tttt   

and )( 321 ttt  respectively and acceleration is a then 

2
and

2
,

2

43
3

32
2

21
1

uu
v

uu
v

uu
v








  

 Also )(, 2113112 ttauuatuu   

 and  )( 32114 tttauu   

 By solving, we get 
)(

)(

32

21

32

21

tt

tt

vv

vv









 

12. (c) Acceleration tana , where  is the angle of tangent drawn 
on the graph with the time axis.  

13. (b) If acceleration is variable (depends on time) then    

dtfuv  )( dttau  )(
2

2ta
u   

14. (a) )12(
2

 n
a

uSn meter1)152(
2

2
10   

15. (b) From aSuv 222    aSu 20 2   

   2
22

/20
102

)20(

2
sm

S

u
a 







   

16. (d) sec/184210 matuv   

17. (c) If particle starts from rest and moves with constant 
acceleration then in successive equal interval of time the ratio 
of distance covered by it will be 

 7:5:3:1  ..... )12( n   

 i.e. ratio of x and y will be 3:1  i.e. 
3

1


y

x
  xy 3   

18. (a)  12
2

 n
a

uSn  

   mS th 25187152
2

4
7

5
 . 

19. (c) Acceleration t
dt

dv
a 21.0  t2.0  

 Which is time dependent i.e. non-uniform acceleration.  

20. (b) Constant velocity means constant speed as well as same 
direction throughout.  

21. (a) Distance travelled in 4 sec 

 16
2

1
424  au   …(i) 

 Distance travelled in total 8 sec 

 64
2

1
888  au   …(ii) 

 After solving (i) and (ii), we get 1u m/s.   

22. (c) 66)63( 2  ttt
dt

d

dt

dx
vx . At 0,1  xvt   

 22)2( 2  ttt
dt

d

dt

dy
vy . At 0,1  yvt  

 Hence 022  yx vvv  

23. (a) Distance travelled in thn  second )12(
2

 n
a

u  

 Distance travelled in th5 second  152
2

8
0  =36m 

24. (d) 2222 )1000()9000(2  asuv 42  a  

 27 /10 sma  Now 
a

uv
t


  

 sect 4

7
108

10

10009000 


   

25. (c) Initial relative velocity 21 vv  , Final relative velocity 0  

 From asuv 222   savv  2)(0 2
21  

   
a

vv
s

2

)( 2
21   

If the distance between two cars is 's' then collision will take 

place. To avoid collision sd   
a

vv
d

2

)( 2
21   

where d  actual initial distance between two cars. 

26. (b) 2/34102 secmaaatuv    

27. (c) mStatuS xxxx 48166
2

1

2

1 2   

 mStatuS yyyy 64168
2

1

2

1 2   

 mSSS yx 8022   

28. (d) 2uS  . If u becomes 3 times then S will become 9 times i.e. 

m180209    

29. (c) 42 dtctbtay   

 342 dtctb
dt

dy
v   and 2122 dtc

dt

dv
a   

 Hence, at t = 0, v
initial

 = b and a
initial 

= 2c. 

30. (a) 2uS    

2

2

1

2

1
















u

u

S

S
 mS

S
8

4

12
2

2

   

31. (c) 
)(

2

ag

h
t


 sec7.049.0

11

4.5

)2.18.9(

7.22





  

 As 0u and lift is moving upward with acceleration  

32. (a) Displacement 52 2  ttx  

 Velocity 14  t
dt

dx
 

 Acceleration 4
2

2


dt

xd
 i.e. independent of time  
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 Hence acceleration 2/4 sm   

33. (d) Both trains will travel a distance of 1 km before to come in rest. 

In this case by using asuv 222   

 10002)40(0 2  a 2/8.0 sma    

34. (a) smvatuv /501050    

35. (b) Let 'a' be the retardation of boggy then distance covered by it 
be S. If u is the initial velocity of boggy after detaching from 
train (i.e. uniform speed of train) 

 
a

u
sasuasuv b

2
202

2
222   

 Time taken by boggy to stop 

 
a

u
tatuatuv  0  

 In this time t distance travelled by train
a

u
utst

2

  

 Hence ratio 
2

1


t

b

s

s
  

36. (a) )12(
2

)12(
2

 n
a

n
a

uS n  because 0u  

 Hence 
5

7

3

4 
S

S
  

37. (b)    dtttudtauv )223( 2  

 tttut
tt

u 22
2

2

3

3 23
23

  

 sm /184482    (As t = 2 sec) 

38. (d) 3123 2  tt
dt

ds
v  and 126  t

dt

dv
a  

 For 0a , we have 2t  and at 19,2  msvt   

39. (d)  

40. (b) 22
yx aaa   

2

1

2

2

2
2

2

2













































dt

yd

dt

xd
  

 Here 0
2

2


dt

yd
. Hence 2

2

2

/8 sm
dt

xd
a   

41. (b) amF  , If force is constant then 
m

a
1

 . So If mass is 

doubled then acceleration becomes half. 

42. (c) )12(
2

 n
a

uS n   )162(
2

02.1 
a

 

  2/218.0
11

22.1
sma 


   

43. (b) Here smhkmv /40/144   

atuv   2/220040 smaa   

  mats 400)20(2
2

1

2

1 22    

44. (c) 
b

a
tbta

dt

xd
btat

dt

dx

3
06232

2

2
2    

45. (b) Stopping distance 
F

mu 2

2

1

forceRetardins

energyKinetic 
  

If retarding force (F) and velocity (v) are equal then stopping 

distance  m (mass of vehicle) 

As truckcar mm   therefore car will cover less distance before 

coming to rest.  

46. (d) ,/2072 smkmphu   0v  

 By using asuv 222   
s

u
a

2

2

 2
2

/1
2002

)20(
sm


    

47. (b) 2312 tt
dt

ds
v   

Velocity is zero for 0t  and sec4t  
48. (a)  
49. (b) Let A and B will meet after time t sec. it means the distance 

travelled by both will be equal.   

 tutS A 40  and 22 4
2

1

2

1
tatS B   

 204
2

1
40 2  tttSS BA sec  

50. (b) bt
dt

dx
vbtax 2,2   

 Instantaneous velocity sec/18332 cmv   

51. (c) If the body starts from rest and moves with constant 
acceleration then the ratio of distances in consecutive equal 

time interval 5:3:1:: 321 SSS  

52. (c) ctb
dt

xd
actbtatx 62,

2

2
32    

53. (a) Let initial )0( t  velocity of particle u  

For first 5 sec motion metres 105   

22 )5(
2

1
510

2

1
auatuts   

452  au          …(i) 

For first 8 sec of motion metres 208   

582)8(
2

1
820 2  auau    …(ii)  

By solving 2/
3

1
 and/

6

7
smasmu   

Now distance travelled by particle in Total 10 sec. 

2
10 )10(

2

1
10 aus   

By substituting the value of u and a we will get ms 3.2810   

so the distance in last 810sec2 ss   

m3.8203.28   

54. (a) 2ts   (given)  2Kts   

 Acceleration k
dt

sd
a 2

2

2

  (constant)  

 It means the particle travels with uniform acceleration. 
55. (c) Because acceleration is a vector quantity  

56. (d)  
2

,
2at

dtatdtuxatu  
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 For axt 8sec,4    

57. (d) 2)63(3633  txxt  

 12123 2  ttx  

 126  t
dt

dx
v , for sec2,0  tv  

 012212)2(3 2 x  

58. (d) sec10,250,0  tmSu  

 2

2

1
atutS   22 /5]10[

2

1
250 smaa   

 So, NmaF 5.459.0   

59. (b) sec9
34.0

06.3

 velocityAverage

Distance
Time   

 Acceleration
 Time

  velocityin Change


9

18.0
 =0.02 2/ sm  

60. (d) mttts 81473 23   

 1418
2

2

 t
dt

sd
a  at 2/32sec1 smat    

61. (c) Instantaneous velocity 
t

x
v




  

By using the data from the table  

smvsmv /6
1

06
,/2

1

)2(0
21 





  

smv /10
1

616
3 


  

So, motion is non-uniform but accelerated.  
62. (b) Only direction of displacement and velocity gets changed, 

acceleration is always directed vertically downward.    

63. (b) 2

2

2
2 /4,422 sm

dt

sd
atts   

64. (a) According to problem  

 Distance travelled by body A in th5 sec and distance travelled 

by body B in rd3  sec. of its motion are equal. 

 ]132[
2

0)152(
2

0 21 
aa

 

 
9

5
59

2

1
21 

a

a
aa     

65. (d) mssmvsmu 1.0,/100,/200   

 24
2222

/1015
1.02

)100()200(

2
sm

s

vu
a 







  

66. (b) smt
m

F
uatuv /22010

5

100
20 

















   

67. (a) Velocity acquired by body in 10sec 

 smv /201020   

 and distance travelled by it in 10 sec 

 mS 100)10(2
2

1 2
1   

 then it moves with constant velocity (20 m/s) for sec30  

 mS 60030202   

 After that due to retardation )/4( 2sm it stops  

 m
a

v
S 50

42

)20(

2

22

3 


  

 Total distance travelled mSSS 750321     

68. (a) If a body starts from rest with acceleration   and then 

retards with retardation   and comes to rest. The total time 

taken for this journey is t and distance covered is S 

then 2
2

)105(

105

2

1

)(2

1
t

t
S 












 

    2

)105(

105

2

1
1500 t




   sec30 t . 

69. (a)  

70. (d) 2uS  . Now speed is two times so distance will be four times 

mS 2464    
71. (c) Let student will catch the bus after t sec. So it will cover 

distance ut. 

Similarly distance travelled by the bus will be 2

2

1
at  for the 

given condition 

2
50

2

1
50

2
2 t

atut   [ 2/1 sma  ]  

 u 
2

50 t

t
  

To find the minimum value of u 

0
dt

du
, so we get sec10t , then smu /10    

72. (a) 
a

v
tvtat

2

2

1 2   

73. (a) The velocity of the particle is  

 )1250()652( 2 ttt
dt

d

dt

dx
  

 For initial velocity 0t , hence smv /5 .  

74. (c) For First part, 
 u = 0, t = T and acceleration = a 

 aTaTv  0 and 22
1

2

1

2

1
0 aTaTS   

 For Second part,  

 ,aTu   retardation=a
1

, 0v  and time taken = T
1

 (let) 

  110 Tau  11TaaT   

 and from 2
22 2aSuv   

1

22

1

2

2
2

1

2 a

Ta

a

u
S    

  12
2

1
TaTS               















1

1
T

aT
aAs  

  
1

1
2

1

21 2

1

2

1

TT

TaTaT

TT

SS
vav









  

 
1

1 )(
2

1

TT

TTaT





  aT
2

1
  

75.  (c) u = 0, smv /5.27  and t = 10 sec  

 2/75.2
10

05.27
sma 


  

 Now, the distance traveled in next 10 sec,  

 2

2

1
atutS  10075.2

2

1
105.27   

 = 275 + 137.5 = 412.5 m   

76. (c) 2/1)16180( xv    
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 As 
dt

dx

dx

dv

dt

dv
a .  

 







 

dt

dx
xa )16()16180(

2

1 2/1  

 vx   2/1)16180(8  

 2/12/1 )16180()16180(8 xx   2/8 sm  

77. (d) 3tx    3Ktx   

 23 Kt
dt

dx
v  and Kt

dt

dv
a 6   

 i.e. ta   

78. (a) )1(2  t
dt

dv
a dttdv )1(2   

 

5

0

25

0 2
2)1(2












  t

t
dttv 








 5

2

25
2  = 15 m/s  

79. (c) 2
1

2

1
atutS   .....(i) 

 and velocity after first t sec  

 atuv    

 Now, 2
2

2

1
atvtS   

 2

2

1
)( attatu   ..... (ii) 

 Equation (ii) – (i) 2
12 atSS   

 2

22

12 /1
)5(

4065
sm

t

SS
a 





  

 From equation (i), we get,  

 2
1

2

1
atutS  251

2

1
540  u  

 5.275  u  smu /5.5   

80. (d) 
16

1

4

1
2

2

12 









S

S
uS  

81. (d) 
tt beaex   
  

Velocity )( tt beae
dt

d

dt

dx
v   

 

 ).)(.   tt beea  
 

tt ebea    
 

Acceleration   .)( btt ebea  
 

tt ebea   22  
 

 Acceleration is positive so velocity goes on increasing with 
time. 

82. (c) Let car starts from point A from rest and moves up to point B 
with acceleration f 

 

 

 Velocity of car at point B,      fSv 2         

                                                                      ]2 A[ 22 asuvs   

 Car moves distance BC with this constant velocity in time t 

 tfSx .2       ......(i)   [As uts  ] 

 So the velocity of car at point C also will be fs2  and finally 

car stops after covering distance y. 

 Distance CD  
)2/(2

)2( 2

f

fS
y  S

f

fS
2

2
  ....(ii)   

                            

]2/2 As[ 222 ausasuv   

 So, the total distance AD = CDBCAB  =15S (given) 

             SSxS 152    Sx 12  

Substituting the value of x in equation (i) we get  

tfSx .2  tfSS .212    22 .2144 tfSS   

 2

72

1
ftS  . 

83. (c) Let man will catch the bus after 't' sec . So he will cover 
distance ut. 

Similarly distance travelled by the bus will be 2

2

1
at . For the 

given condition 

2

2

1
45 tatu 

225.145 t         ]/5.2[ 2smaAs    

 t
t

u 25.1
45

  

To find the minimum value of u 

0
dt

du
 so we get sec6t then, 

smu /155.75.7625.1
6

45
  

84. (b) 2)2()2(4  tatx  

At 8448,0  aaxt   

)2(24  ta
dt

dx
v  

At )1(444,0 aavt   

But acceleration, a
dt

xd
a 2

2

2

   

85. (a) Distance covered in 5 th second, 

  
2

9
)152(

2
0)12(

25

aa
n

a
uS th   

  and distance covered in 5 second,  

  
2

25
25

2

1
0

2

1 2
5

a
aatutS   

   
25

9

5

5 
S

S th

 

86. (d) The nature of the path is decided by the direction of velocity, 
and the direction of acceleration. The trajectory can be a 
straight line, circle or a parabola depending on these factors.  

 

S x 
C A B D 

y 
t 

A 
t1 t2 

C 

t1 = t2 = t (given) 

s1 s2 
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Relative Motion 
 

1. (b) Time sec4
25

100

1510

5050

  velocityRelative

 lengthTotal 





   

2. (d) Total distance m250120130   

Relative velocity sm /50)20(30   

Hence st 550/250   

3. (b) Relative velocity of bird w.r.t train sm /30525   

 time taken by the bird to cross the train  sect 7
30

210
  

4. (a) Effective speed of the bullet 
 = speed of bullet + speed of police jeep 

 smsmhkmsm /5.192/)5.12180(/45/180   

 Speed of thief ’s jeep smhkm /5.42/153   

 Velocity of bullet w.r.t thief ’s car 5.425.192  =150m/s  

5. (c) Given AB Velocity of boat= 8 km/hr 

 AC Resultant velocity of boat = 
10 km/hr 

 BC Velocity of 

river 22 ABAC   

 hrkm /6)8()10( 22   

6. (d) Relative velocity  

 secm /15510   

  sect 10
15

150
  

7. (b) The relative velocity of boat w.r.t. water  

 waterboat vv  )ˆ4ˆ3()ˆ4ˆ3( jiji  ji ˆ8ˆ6   

8. (a) When two particles moves towards each other then 

621  vv  ...(i) 

When these particles moves in the same direction then 

421  vv  ...(ii) 

 By solving 51 v  and smv /12   

9. (d) For the round trip he should cross perpendicular to the river 

Time for trip to that side hr.
km/hr

km
250

4

1
  

 To come back, again he take 0.25 hr to cross the river.  

 Total time is 30 min, he goes to the other bank and come back 
at the same point. 

10. (c) Relativistic momentum 
22

0

/1 cv

vm


  

  If velocity is doubled then the relativistic mass also increases. 
Thus value of linear momentum will be more than double. 

11. (c) For shortest possible path man should swim with an angle 

(90+) with downstream.  

From the fig, 

2

1

10

5
sin 

m

r

v

v
  

    = 30° 

 So angle with downstream 

=  1203090   

12. (b)  tcct vvv   

)( tcct vvv   

 
 

 Velocity of car w.r.t. train )( ctv  is towards West – North 

13. (a) As the trains are moving in the same direction. So the initial 

relative speed )( 21 vv   and by applying retardation final 

relative speed becomes zero. 

  From atuv    atvv  )(0 21   
a

vv
t 21   

 

Motion Under Gravity 
  

1. (c) smu /12 , 2sec/8.9 mg  , sec10t  

 Displacement 2

2

1
gtut   

                       m6101008.9
2

1
1012    

2. (b) Velocity at the time of striking the floor, 

 smghu /14108.922 1   

 Velocity with which it rebounds. 

 smghv /75.28.922 2   

  Change in velocity smv /21)14(7   

  Acceleration 2/2100
01.0

21
sm

t

v





  (upwards)  

3. (d) Let t be the time of flight of the first body after meeting, then 

)4( t sec will be the time of flight of the second body. Since 

21 hh   

  22 )4(
2

1
)4(98

2

1
98  tgtgtt  

 On solving, we get 12t seconds   

4. (c) ghtgth /2
2

1 2   

 
b

a

t

t

g

b
t

g

a
t

b

a
ba 

2
and

2
 

5. (b) snn
g

g 5)12(
2

)3(
2

1 2    

6. (a) Time taken by first stone to reach the water surface from the 
bridge be t, then 

 22 8.9
2

1
01.44

2

1
ttgtuth   

 sect 3
8.9

1.442



  

 Second stone is thrown 1 sec later and both strikes 
simultaneously. This means that the time left for second stone 

sec213   

 Hence 2)2(8.9
2

1
21.44  u   

 smuu /25.1226.191.44    

7. (a)   
8. (b) Let the initial velocity of ball be u 

Time of rise 
ag

u
t


1 and height reached 

)(2

2

ag

u


  

Time of fall 2t  is given by  

A 

 

B C 

vm 

W E 

 

vR 

vR 

45° 

v
c 

– v
t

 v
t 

ctv  
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)(2
)(

2

1 2
2
2

ag

u
tag


  

ag

ag

ag

u

agag

u
t











)())((
2  

 12 tt   because 
agag 




11
 

9. (c) Vertical component of velocities of both the balls are same and 

equal to zero. So 
g

h
t

2
    

10. (d) The separation between the two bodies, two seconds after the 
release of second body 

                      m5.24])2()3[(8.9
2

1 22    

11. (b) Time of flight sec
g

u
20

10

10022



   

12. (a) mgth 80)4(10
2

1

2

1 22   

13. (d) Let the body after time 2/t be at x from the top, then   

 
842

1 22 gtt
gx     …(i) 

 2

2

1
gth     …(ii) 

 Eliminate t from (i) and (ii), we get 
4

h
x   

  Height of the body from the ground 
4

3

4

hh
h     

14. (b) By applying law of conservation of energy  

 RgvmvmgR 2
2

1 2   

15. (c) Acceleration of body along AB  is cosg  

 Distance travelled in time t sec = 2)cos(
2

1
tgAB    

 From 2cos
2

1
cos2;cos2, tgRRABABC    

  
g

R
t

42  or 
g

R
t 2  

16. (c) Force down the plane sinmg  

  Acceleration down the plane sing  

 Since 2sin
2

1
0 tgl   

 
g

h
t

g

h

g

l
t

2

sin

1

sin

2

sin

2
2

2


   

17. (a) 22

2

32
8096

2

1
ttgtuth   

 20652  ttt sec or 3 sec 

18. (b) sec/32132 fttgv    

19. (b) ghuv 222   
g

u
hghuu

2
22 4

2)()3(   

20. (c) 
g

h
t

2
  and h and g are same.   

21. (b) Time of flight sec
g

u
6

32

9622



  

22. (c) Total distance ggt
2

25

2

1 2   

 Distance moved in 3 sec g
2

9
  

 Remaining distance g
2

16
  

 If t is the time taken by the stone to reach the ground for the 
remaining distance then 

 sec4
2

1

2

16 2  tgtg   

23. (a) Height travelled by ball (with balloon) in 2 sec 

 mtah 8.929.4
2

1

2

1 22
1   

 Velocity of the balloon after 2 sec 

 smtav /8.929.4   

 Now if the ball is released from the balloon then it acquire 
same velocity in upward direction.  

 Let it move up to maximum height 2h  

 2
22 2ghuv    2

2 )8.9(2)8.9(0 h  2h =4.9m 

 Greatest height above the ground reached by the ball 

mhh 7.149.48.921   

24. (b) Let h distance is covered in n sec 

 2

2

1
gnh     …(i) 

 Distance covered in thn sec )12(
2

1
 ng  

 )12(
225

9
 n

gh
   …(ii) 

 From (i) and (ii), mh 5.122  

25. (c) 2

2

1
gtuth  secttt 4.510

2

1
1281 2   

26. (d) The initial velocity of aeroplane is horizontal, then the vertical 
component of velocity of packet will be zero.  

So 
g

h
t

2
     

27. (b) Time taken by first drop to reach the ground 
g

h
t

2
  

  
10

52
 t sec1  

 As the water drops fall at regular intervals from a tap therefore 

time difference between any two drops sec
2

1
  

 In this given time, distance of second drop from the 

tap mg 25.1
5

5

2

1

2

1
2









  

 Its distance from the ground m75.325.15    

28. (c) smutgtuth /9.4sec,3,
2

1 2   

 mh 4.2999.439.4     

29. (a) Horizontal velocity of dropped packet u  

Vertical velocity gh2  

 Resultant velocity at earth ghu 22   
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30. (d) Given gsma 2/6.19 2   

 Resultant velocity of the rocket after 5 sec 

 smggv /1052   

 Height achieved after 5 sec, mgh 245252
2

1
1   

 On switching off the engine it goes up to height 2h  where its 

velocity becomes zero.  

 mhghg 4902)10(0 22
2   

 Total height of rocket m735490245     

31. (b) Bullet will take 1.0
1000

100
 sec to reach target. 

 During this period vertical distance (downward) 

 travelled by the bullet 2

2

1
gt

 cmm 5)1.0(10
2

1 2   

 So the gun should be aimed 5 cm above the target.    

32. (a) )12(
2

 n
g

uS n ; when 0u , 5:3:1:: 321 SSS  

33. (b) It has lesser initial upward velocity.   

34. (b) At maximum height velocity 0v  

We know that atuv  , hence 

gTugTu 0  

When 
2

u
v  , then  

2222

T
t

gT
gt

u
gtgtu

u
  

Hence at 
2

T
t  , it acquires velocity 

2

u
  

35. (a) If u  is the initial velocity then distance covered by it in 2 sec  

 202410
2

1
2

2

1 2  uuatutS   …(i) 

 Now distance covered by it in 3rd sec 

   2510132
23

 u
g

uS rd                 …(ii) 

 From(i) and (ii), 525202  uuu  

  mS 302052    

36. (c) For first case ghv 2022    gh2)3( 2   

For second case ghuv 2)( 22 
22 34   v 5km/h 

37. (b) The time of fall is independent of the mass.  

38. (c) )12(
2

 n
g

uh thn
 

 45)152(
2

10
5

 uuh th  

 55)162(
2

10
6

 uuh th  

 Given thth hh
65

2 .By solving we get smu /65   

39. (b) 22

2

1
0

2

1
atatutS   

Hence St   i.e., if S  becomes  one-fourth then t will 
become half i.e., 2 sec  

40. (a) Distance between the balls = Distance travelled by first ball in 3 
seconds –Distance travelled by second ball in 2 seconds 

= mgg 252045)2(
2

1
)3(

2

1 22    

41. (b) Speed of stone in a vertically upward direction is 4.9 m/s. So 

for vertical downward motion we will consider smu /9.4  

 22 )2(8.9
2

1
29.4

2

1
 gtuth m8.9  

42. (b) Speed of stone in a vertically upward direction is 20m/s. So for 

vertical downward motion we will consider smu /20  

 smghuv /43202008.92)20(2 222   

  smv /65~ .  

43. (b) Let at point A initial velocity of body is equal to zero  

for path AB : ghv 202   …(i) 

for path AC : gxv 20)2( 2   

                       gxv 24 2   …(ii)  

Solving (i) and (ii) hx 4   

 
44. (b) For one dimensional motion along a plane  

 2

2

1
atutS 

2

1
08.9 

230sin tg o  sec2t   

45. (d) Body reaches the point of projection with same velocity. 

46. (d) Time of flight smu
g

u
T /20sec4

2
   

47. (b) 
2

1

2

12

h

h

t

t

g

h
t   

48. (b) Time of ascent = Time of descent = 5 sec  

49. (b) Time of ascent smu
g

u
/60sec6   

Distance in first second m
g

h 55)112(
2

60first   

Distance in seventh second will be equal to the distance in first 
second of vertical downward motion 

m
g

h 5)112(
2

seventh   seventhfirst / hh 1:11  

50. (b) Let particle thrown with velocity u and its maximum height is 

H then 
g

u
H

2

2

  

When particle is at a height 2/H , then its speed is 10 m/s 

From equation ghuv 222   

g

u
gu

H
gu

4
2

2
2)10(

2
222 








 2002  u  

Maximum height m
g

u
H 10

102

200

2

2




   

51. (c) Mass does not affect on maximum height. 

x 

A 

B 

C 

u = 0 

h 

v 

2v 
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 2
2

2
uH

g

u
H  , So if velocity is doubled then height will 

become four times. i.e. mH 80420    

52. (a) When the stone is released from the balloon. Its height 

math 40)8(25.1
2

1

2

1 22   and velocity  

 smatv /10825.1    

 Time taken by the stone to reach the ground  

 










 















)10(

40102
11

10

102
11

2v

gh

g

v
t =4 sec 

53. (d) At highest point 0v and
g

u
H

2

2

max   

54. (d) smghu /20201022   

 and 4
10

2022





g

u
T sec  

55. (d) If 1t  and 2t are the time, when body is at the same height 

then, 21
2

1
ttgh  gg 10102

2

1
  

56. (c) Speed of the object at reaching the ground ghv 2    

 If heights are equal then velocity will also be equal.  

57. (b) mS rd 35)132(
2

10
10

3
  

 mS nd 25)122(
2

10
10

2
   

5

7

2

3 
nd

rd

S

S
 

58. (c) ghuvghuv 22 222   

 so for both the cases velocity will be equal.   

59. (b) 2
1

2

1
gth  , 2

2
2

1
50 gtth   

 

 

 

 

 

  

 Given mhh 10021    sec210050  tt  

60. (b) m
g

u
H 6.19

8.92

6.196.19

2

2

max 



   

61. (c) Maximum height of ball = 5 m 

So velocity of projection  ghu 2 sm /10  

Time interval between two balls (time of ascent) 

minsec
g

u

60

1
1  . 

So number of ball thrown per min. = 60 

62. (b) Let height of minaret is H and body take time T to fall from 
top to bottom. 

 

 

 

 

 
 

 2

2

1
gTH     …(i)  

 In last 2 sec. body travels distance of 40meter so in )2( T sec 

distance travelled mH )40(  . 

 2)2(
2

1
)40(  TgH    …(ii) 

 By solving (i) and (ii) 3T sec and mH 45 . 

63. (c) )12(  nS n . In equal time interval of 2 seconds 

Ratio of distance 5:3:1  

64. (c) Let both balls meet at point P after time t. 
 
 
 
 
 
 
 
 

 The distance travelled by ball A, 2
1

2

1
gth    

 The distance travelled by ball B, 2
2

2

1
gtuth   

 mhh 40021    sectut 850/400,400   

  mhmh 80and320 21   

65. (a) 
2

1

2

12

2

1

2

1 
h

h

t

t

g

h
t   

66. (a) 
g

H
g

u
H

1

2
max

2

max   

 On planet B value of g is 9/1 times to that of A. So value of 

maxH will become 9 times i.e. metre1892    

67. (b) mhn
g

h thn 45)152(
2

10
)12(

2 5
 .  

68. (a) m
g

u
h 25.11

102

)15(

2

22

max 


 .  

69. (b) For stone to be dropped from rising balloon of velocity 29 m/s. 

 ,/29 smu   t = 10 sec. 

 1008.9
2

1
1029 h  

 = – 290 + 490 = 200 m. 

70. (c) 2

2

1
gtuth  2

2

1
gTh   

  

 

 

 

 

u = 0 

100 m 

h1 

h2 

u=50 m/s 

H H 

(H-40) m 

40m 2 sec 

(T-2)sec 
H T 

h 

h 

h–h 

t=T/3 

A 

h1 

h2 

400 m 

B 

P 



 

 Motion in One Dimension 115 

 After 
3

T
 seconds, the position of ball,  

 2

2

92

1

32

1
0 T

gT
gh 








  

 2

92

1
' T

g
h  m

h

9
  from top  

  Position of ball from ground .
9

8

9
m

hh
h    

71. (c) Since acceleration due to gravity is independent of mass, hence 
time is also independent of mass             (or density) of 
object.    

72. (c) When packet is released from the balloon, it acquires the 
velocity of balloon of value 12 m/s. Hence velocity of packet 
after 2 sec, will be  

 gtuv  28.912   = – 7.6 m/s. 

73. (b) The distance traveled in last second.  

 )12(
2

Last  t
g

uS )12(8.9
2

1
 t )12(9.4  t   

 and distance traveled in first three second,  

 mS 1.4498.9
2

1
0Three   

 According to problem ThreeLast SS   

 9121.44)12(9.4  tt   t = 5 sec.  

74. (c) Net acceleration of a body when thrown upward  

 = acceleration of body – acceleration due to gravity 

 = a – g  

75. (b) The given condition is possible only when body is at its highest 

position  after 5 seconds 

 It means time of ascent = 5 sec  

 and time of flight 10
2


g

u
T   smu /50  

76. (b) 2
max uH  , It body projected with double velocity then 

maximum height will become four times i.e.  200 m.  

77. (a) After bailing out from point A parachutist falls freely under 
gravity. The velocity acquired by it will ‘v’ 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  From asuv 222  508.920  = 980 

                  [As u = 0, 
2/8.9 sma  , s = 50 m] 

  At point B, parachute opens and it moves with retardation of 

2 2/ sm  and reach at ground (Point C) with velocity of 

sm /3  

  For the part ‘BC’ by applying the equation asuv 222   

  smv /3 , smu /980 , 
2/2 sma  , s = h 

  h )2(2)980()3( 22  h49809   

   
4

9980 
h   243~7.242

4

971
 m. 

  So, the total height by which parachutist bail out         = 

24350   = 293 m. 

78. (a)  

79. (c)  

80. (a) 2
max uH    maxHu    

  i.e. to triple the maximum height, ball should be thrown with 

velocity u3 .   

81. (a)    
 

Critical Thinking Questions 
 

1. (a) If 1t and 22t  are the time taken by particle to cover first and 

second half distance respectively. 

 
63

2/
1

xx
t     …(i) 

 21 5.4 tx  and 22 5.7 tx   

 So, 
2

5.75.4
2

2221

x
tt

x
xx   

 
24

2

x
t     …(ii)  

 Total time 
4126

2 21

xxx
ttt   

 So, average speed secm /4 . 

2. (c) 1

2

2
K

bt
vdtbtdvbt

dt

dv
  

 At 010,0 vKvvt   

 We get 0
2

2

1
vbtv   

 Again 20

2

0
2

32

1

2

1
Ktv

bt
xvbt

dt

dx
  

 At 00,0 2  Kxt  

  tvbtx 0
3

6

1
   

3. (a,b,d) dt
v

dv
v

dt

dv





36
36  

 Integrating both sides,  


dt
v

dv

36
 

u = 0 

50 m 

(A) 

(B) 

(C) 

h 

Ground 

v 
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  1
3

)36(log
Kt

ve 



 

  23)36(log Ktve    …(i) 

 At 0,0  vt  26log Ke   

 Substituting  the value of 2K  in equation (i) 

 6log3)36(log ee tv   

  t
v

e 3
6

36
log 







 
   

6

363 v
e t 

  

  tev 3636    )1(63 3 tev    

  )1(2 3 tev   

  smv /2trminal  (When t ) 

 Acceleration    tt ee
dt

d

dt

dv
a 33 612    

 Initial acceleration = 2/6 sm . 

4. (a,d) The body starts from rest at 0x  and then again comes to 

rest at 1x . It means initially acceleration is positive and 
then negative. 

 So we can conclude that  can not  remains positive for all t in 

the interval 10  t  i.e.  must change sign during the 
motion.   

5. (b) The area under acceleration time graph gives change in 
velocity. As acceleration is zero at the end of 11 sec  

i.e. maxv Area of OAB  

 sm /551011
2

1
   

 

 
 

6. (d) Let the car accelerate at rate   for time 1t  then maximum 

velocity attained, 110 ttv    

 Now, the car decelerates at a rate   for time )( 1tt   and 

finally comes to rest. Then,   

 )(0 1ttv    110 ttt     

  tt





1  

  tv





  

7. (c) If a stone is dropped from height h  

 then 2

2

1
tgh     …(i) 

 If a stone is thrown upward with velocity u then 

 2
11

2

1
tgtuh     …(ii) 

 If a stone is thrown downward with velocity u then 

 2
22

2

1
gtuth     …(iii) 

 From (i) (ii) and (iii) we get 

 22
11

2

1

2

1
tgtgut     …(iv) 

 22
22

2

1

2

1
tgtgut     …(v) 

 Dividing (iv) and (v) we get 

 

)(
2

1

)(
2

1

2
2

2

2
1

2

2

1

ttg

ttg

ut

ut








  

 or 
2
2

2

2
1

2

2

1

tt

tt

t

t




  

 By solving 21ttt    

8. (c) Since direction of v is opposite to the direction of g and h so 
from equation of motion   

 2

2

1
gtvth   

 0222  hvtgt  

 
g

ghvv
t

2

842 2 
   

 













2

2
11

v

gh

g

v
t   

9. (c) gtgttgtuth /2
2

1
01

2

1
1

2
11

2   

Velocity after travelling 1m distance  

gvgvghuv 212)0(2 2222   

For second 1 meter distance 

0222
2

1
21 2

2
2

2
22  tggtgttg  

gg

ggg
t

22

2

8822
2





  

Taking +ve sign gt /)22(2   

  
12

1

/)22(

/2

2

1







g

g

t

t
 and so on. 

10. (d) Interval of ball throw = 2 sec. 
 If we want that minimum three (more than two) ball remain in 

air then time of flight of first ball must be greater than 4 sec. 

 4T sec 

 smusec
g

u
/6.194

2
  

 for u =19.6.  First ball will just strike the ground(in sky) 

 Second ball will be at highest point (in sky) 

 Third ball will be at point of projection or at ground (not in 
sky)  

11. (a) The distance covered by the ball during the last t seconds of its 
upward motion = Distance covered by it in first t seconds of its 
downward motion  

From 2

2

1
tguth    

10 m/s2 B 

a 

O A 

11 sec. 
t 
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2

2

1
tgh                  [As u = 0 for it downward motion] 

12. (c) 
 

Graphical Questions 
  

1. (b) Distance = Area under v – t graph 4321 AAAA   

 

 

 

 

 

 

 
 )110(1)1020(

2

1
)120(201

2

1
  

 m5510152010   

2. (a) The slope of displacement-time graph goes on decreasing, it 
means the velocity is decreasing i.e. It's motion is retarded and 
finally slope becomes zero i.e. particle stops.    

3. (d) In the positive region the velocity decreases linearly (during 
rise) and in the negative region velocity increases linearly 
(during fall) and the direction is opposite to each other during 
rise and fall, hence fall is shown in the negative region.   

4. (b) Region OA shows that graph bending toward time axis i.e. 
acceleration is negative. 

Region AB shows that graph is parallel to time axis i.e. velocity 
is zero. Hence acceleration is zero. 

Region BC shows that graph is bending towards displacement 
axis i.e. acceleration is positive. 

Region CD shows that graph having constant slope i.e. velocity 
is constant. Hence acceleration is zero.  

5. (d) Maximum acceleration means maximum change in velocity in 
minimum time interval.  

In time interval 30t  to sec40t  

2sec/6
10

60

3040

2080
cm

t

v
a 









   

6. (c) In part cd displacement-time graph shows constant slope i.e. 
velocity is constant. It means no acceleration or no force is 
acting on the body. 

7. (d) Up to time 1t  slope of the graph is constant and after 1t slope 

is zero i.e. the body travel with constant speed up to time 1t  

and then stops. 

8. (c) Area of trapezium m0.36)812(6.3
2

1
   

9. (a) Displacement = Summation of all the area with sign 

 )()()( 321 AAA  )22()22()42(   

  

 

 

 

 

 

 

  Displacement = 8 m 

 Distance =Summation of all the areas without sign 

 |4||4||8||||||| 321  AAA = 448   

   Distance = 16 m. 

10. (b) Between time interval 20 sec to 40 sec, there is non-zero 
acceleration and retardation. Hence distance travelled during 
this interval 

 = Area between time interval 20 sec to 40 sec 

 = 120320
2

1
  = 30 + 20 = 50 m. 

11. (c)  

12. (b) 
4

1

102
2

1
102102

2

1

102
2

1

)(

)(

7

)2(







s

slast

S

S
  

13. (a) Distance = Area covered between graph and displacement 

axis meter20010)1030(
2

1
 .  

14. (d) Because acceleration due to gravity is constant so the slope of 
line will be constant i.e. velocity time curve for a body 

projected vertically upwards is straight line.  

15. (d) Slope of displacement time graph is negative only at point E.  

16. (c) aSuv 222  , If 0u  then Sv 2   

 i.e. graph should be parabola symmetric to displacement axis. 

17. (a) This graph shows uniform motion because line having a 

constant slope.  

18. (a) For the given condition initial height dh   and velocity of the 

ball is zero. When the ball moves downward its velocity 
increases and it will be maximum when the ball hits the 
ground & just after the collision it becomes half and in 
opposite direction. As the ball moves upward its velocity again 

decreases and becomes zero at height 2/d . This explanation 

match with graph (A).   

19. (a) We know that the velocity of body is given by the slope of 

displacement – time graph. So it is clear that initially slope of 
the graph is positive and after some time it becomes zero 
(corresponding to the peak of graph) and then it will becomes 
negative.   

20. (b) Maximum acceleration will be represented by CD part of the 
graph  

Acceleration 2/160
25.0

)2060(
hkm

dt

dv



   

21. (d)  

22. (c) For upward motion 

 Effective acceleration )( ag   

 and for downward motion 

 Effective acceleration )( ag   

 But both are constants. So the slope of speed-time graph will 

be constant.   

23. (a) Since slope of graph remains constant for velocity-time graph.  

24. (b) Other graph shows more than one velocity of the particle at 
single instant of time which is not practically possible. 

25. (a) Slope of velocity-time graph measures acceleration. For graph 

(a) slope is zero. Hence 0a  i.e. motion is uniform.  

26. (c) From acceleration time graph, acceleration is constant for first 

part of motion so, for this part velocity of body increases 

1 2 3 4 
0 

10 

20 

30 

V
el

oc
it
y 
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/s

) 

Time (Second) 

A1 
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uniformly with time and as a = 0 then the velocity becomes 
constant. Then again increased because of constant 
acceleration. 

27. (a) Given line have positive intercept but negative slope. So its 
equation can be written as 

0vmxv   …..(i) [where 
0

0tan
x

v
m   ]  

By differentiating with respect to time we get 

mv
dt

dx
m

dt

dv
  

Now substituting the value of v from eq. (i) we get 

0
2

0][ mvxmvmxm
dt

dv
   0

2 mvxma   

i.e. the graph between a and x should have positive slope but 

negative intercept on a-axis. So graph (a) is correct. 

28. (c) From given ta   graph it is clear that acceleration is 
increasing at constant rate  

  k
dt

da
  (constant)  kta   (by integration) 

  kt
dt

dv
   ktdtdv   

    tdtkdv 
2

2kt
v   

 i.e. v is dependent on time parabolically and parabola is 
symmetric about v-axis.  

 and suddenly acceleration becomes zero. i.e. velocity becomes 

constant.  

 Hence (c) is most probable graph. 

29. (c)  In first instant you will apply  tan  and say, 

3

1
30tan  o  m/s. 

 But it is wrong because formula  tan  is valid when 

angle is measured with time axis. 

 Here angle is taken from displacement axis. So angle from time 

axis 
ooo 603090   

 Now 360tan  o  

30. (a) Since total displacement is zero, hence average velocity is also 
zero. 

 

Assertion and Reason 
 

1. (a) When body going vertically upwards, reaches at the highest 
point, then it is momentarily at rest and it then reverses its 

direction. At the highest point of motion, its velocity is zero 
but its acceleration is equal to acceleration due to gravity.  

2. (a) As motion is governed by force of gravity and acceleration due 
to gravity (g) is independent of mass of object.  

3. (a) As distance being a scalar quantity is always positive but 

displacement being a vector may be positive, zero and negative 
depending on situation.  

4. (a) As displacement is either smaller or equal to distance but never 
be greater than distance. 

5. (a) Since velocity is a vector quantity, hence as its direction 
changes keeping magnitude constant, velocity is said to be 

changed. But for constant speed in equal time interval distance 
travelled should be equal.  

6. (d) Speed can never be negative because it is a scalar quantity.    

7. (c)  Negative slope of position time graph represents that the body 
is moving towards the negative direction and if the slope of the 
graph decrease with time then it represents the decrease in 

speed i.e. retardation in motion.  

8. (b) A body having positive acceleration can be associated with 
slowing down, as time rate of change of velocity decreases, but 
velocity increases with time, from graph it is clear that slope 
with time axis decreases, but velocity increases with time.     

9. (b) A body having negative acceleration can be associated with a 
speeding up, if object moves along negative       X-direction 
with increasing speed.  

10. (e) It is not necessary that an object moving under uniform 
acceleration have straight path. eg. projectile motion.     

11. (a) Motion of rocket is based on action reaction phenomena and is 

governed by rate of fuel burning causing the change in 
momentum of ejected gas.   

12. (a) When a body moves on a straight path in one direction value 
of distance & displacement remains same so that average speed 

equals the average velocity for a given time interval.   

13. (a) Position-time graph for a stationary object is a straight line 
parallel to time axis showing that no change in position with 
time.  

14. (a) Since slope of displacement-time graph measures velocity of an 
object.  

15. (e) For distance-time graph, a straight line inclined to time axis 

measures uniform speed for which acceleration is zero and for 

uniformly accelerated motion 2tS  .  

16. (e) As per definition, acceleration is the rate of change of velocity, 

i.e. .
dt

vd
a



  

  If velocity is constant ,0/ dtvd


 .0a


 

 Therefore, if a body has constant velocity it cannot have non 
zero acceleration.  

17. (a) A body has no relative motion with respect to itself. Hence if a 
frame of reference of the body is fixed, then the body will be 
always at relative rest in this frame of reference.  

18. (c) The displacement is the shortest distance between initial and 

final position. When final position of a body coincides with its 
initial position, displacement is zero, but the distance travelled 
is not zero.   

19. (d) Equation of motion can be applied if the acceleration is in 

opposite direction to that of velocity and uniform motion mean 
the acceleration is zero.   

20. (e) As velocity is a vector quantity, its value changes with change 

in direction. Therefore when a bus takes a turn from north to 
east its velocity will also change.  

21. (b) When two bodies are moving in opposite direction, relative 
velocity between them is equal to sum of the velocity of bodies. 

But if the bodies are moving in same direction their relative 
velocity is equal to difference in velocity of the bodies.  

22. (d) The displacement of a body moving in straight line is given by, 

.
2

1 2atuts   This is a equation of a parabola, not straight 

line. Therefore the displacement-time graph is a parabola. The 
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displacement time graph will be straight line, if acceleration of 
body is zero or body moving with uniform velocity.  

23. (c) In uniform motion the object moves with uniform velocity, the 
magnitude of its velocity at different instant i.e. at t = 0, t = 
1sec, t = 2sec,.... will always be constant. Thus velocity-time 
graph for an object in uniform motion along a straight path is 
a straight line parallel to time axis.  

24. (e) The uniform motion of a body means that the body is moving 
with constant velocity, but if the direction of motion is 
changing (such as in uniform circular motion), its velocity 

changes and thus acceleration is produced in uniform motion.  

25. (e) When a body falling freely, only gravitational force acts on it in 
vertically downward direction. Due to this downward 

acceleration the velocity of a body increases and will be 
maximum when the body touches the ground.  

26. (a) According to definition,displacement = velocity  time Since 

displacement is a vector quantity so its value is equal to the 
vector sum of the area under velocity-time graph.  

27. (e) If the position-time graph of a body moving uniformly in a 

straight line parallel to position axis, it means that the position 
of body is changing at constant time. The statement is abrupt 
and shows that the velocity of body is infinite.  

28. (b) Average speed = Total distance /Total time  

Time average speed 
n

vvv ......321 
   

29. (c) An object is said to be in uniform motion if it undergoes equal 
displacement in equal intervals of time.  

 
...

...

321

321






ttt

sss
vav

t

s

nt

ns

ttt

sss







...

...
 

 and .
t

s
vins   

 Thus, in uniform motion average and instantaneous velocities 
have same value and body moves with constant velocity.  

30. (e) Speedometer measures instantaneous speed of automobile. 
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1. A car travels a distance S on a straight road in two hours and then 
returns to the starting point in the next three hours. Its average 
velocity is   

(a) 5/S  (b) 5/2S  

(c) 3/2/ SS   (d) None of the above  

2. A particle moves along the sides AB, BC, CD of a square of side 25 

m with a velocity of 15 .1ms Its average velocity is  

 

(a) 15 1ms  

(b) 10 1ms  

(c) 7.5 1ms  

(d) 5 1ms   

3. A body has speed V, 2V and 3V in first 1/3 of distance S, seconds 1/3 
of S and third 1/3 of S respectively. Its average speed will be   

(a) V (b) 2V 

(c) V
11

18
 (d) V

18

11
 

4. If the body covers one-third distance at speed v
1

, next one third at 
speed v

2

 and last one third at speed v
3

, then average speed will be   

(a) 
321

133221








 (b) 

3

321  
 

 (c) 
133221

321






 (d) 

133221

3213






 

5. The displacement of the particle varies with time according to the 

relation ]1[ bte
b

k
x  . Then the velocity of the particle is  

(a) )( btek   (b) 
bteb

k
2

 

(c) btebk   (d) None of these 

6. The acceleration of a particle starting from rest, varies with time 

according to the relation A = – a2 sin t. The displacement of this 

particle at a time t will be 

 (a) 22 )sin(
2

1
tta   (b) ta  sin  

 (c) ta  cos  (d) ta sin  

7. If the velocity of a particle is (10 + 2t2) m/s, then the average 

acceleration of the particle between s2 and s5  is 

 (a) 2/2 sm  (b) 2/4 sm  

 (c) 2/12 sm  (d) 2/14 sm  

8. A bullet moving with a velocity of 200 cm/s penetrates a wooden 

block and comes to rest after traversing 4 cm inside it. What 
velocity is needed for travelling distance of 9 cm in same block  

 (a) 100 cm/s (b) scm /2.136  

(c) scm /300  (d) 250 cm/s 

9. A thief is running away on a straight road in jeep moving  with a 

speed of 9 .1ms  A police man chases him on a motor cycle 

moving at a speed of 10 .1ms If the instantaneous separation of 
the jeep from the motorcycle is 100 m, how long will it take for the 
police to catch the thief 

(a) 1 s (b) 19 s 

(c) 90 s (d) 100 s 

10. A car A is travelling on a straight level road with a uniform speed of 

60 ./ hkm It is followed by another car B which is moving with a 

speed of 70 ./ hkm When the distance between them is 2.5 km, the 

car B is given a deceleration of 20 ./ 2hkm After how much time 

will B catch up with A  

(a) 1 hr (b) 1/2 hr 

(c) 1/4 hr (d) 1/8 hr  

11. The speed of a body moving with uniform acceleration is u. This 

speed is doubled while covering a distance S. When it covers an 
additional distance S, its speed would become  

(a) u3  (b) u5  

(c) u11  (d) u7   

12. Two trains one of length 100 m and another of length 125 m, are 

moving in mutually opposite directions along parallel lines, meet 

each other, each with speed 10 sm / . If their acceleration are 

0.3 2/ sm and 0.2 2/ sm respectively, then the time they take to 

pass each other will be   

(a) 5 s (b) 10 s  

(c) 15 s (d)  20 s 

13. A body starts from rest with uniform acceleration. If its velocity 

after n second is , then its displacement in the last two seconds is 

(a) 
 
n

n 12 
 (b) 

 
n

n 1
 

(c) 
 

n

n 1
 (d) 

 
n

n 12 
 

14. A point starts moving in a straight line with a certain acceleration. 

At a time t after beginning of motion the acceleration suddenly 

becomes retardation of the same value. The time in which the point 
returns to the initial point is   

 (a) t2  

 (b) t)22(   

 (c) 
2

t
 

 

C B 

A D 
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 (d) Cannot be predicted unless acceleration is given 

15. A particle is moving in a straight line and passes through a point 

O with a velocity of .6 1ms The particle moves with a constant 

retardation of 22 ms for 4 s and there after moves with constant 

velocity. How long after leaving O does the particle return to O   

 (a) s3  (b) s8  

 (c)  Never (d) s4  

16. A bird flies for 4 s with a velocity of smt /|2|   in a straight 

line, where t is time in seconds. It covers a distance of   

 (a) m2  (b) m4  

 (c) m6  (d) m8  

17. A particle is projected with velocity 0 along axisx  . The 

deceleration on the particle is proportional to the square of the 

distance from the origin i.e., .2xa  The distance at which the 

particle stops is  

(a) 




2

3 0  (b) 
3

1

2

3










ov

 

(c) 




2

3 2
0  (d) 

3

1

2
0

2

3


















 

18. A body is projected vertically up with a velocity v and after some 
time it returns to the point from which it was projected. The 
average velocity and average speed of the body for the total time of 
flight are  

(a) 2/v


and 2/v  (b) 0 and 2/v  

(c) 0 and 0 (d) 2/v


 and 0  

19. A stone is dropped from a height h. Simultaneously, another stone is 
thrown up from the ground which reaches a height 4 h. The two 
stones cross each other after time 

(a) 
g

h

8
 (b) hg8  

(c) hg2  (d) 
g

h

2
  

20. Four marbles are dropped from the top of a tower one after the 

other with an interval of one second. The first one reaches the 
ground after 4 seconds. When the first one reaches the ground the 

distances between the first and second, the second and third and the 
third and forth will be  respectively 

(a) 35, 25 and 15 m (b) 30, 20 and 10 m  

(c) 20, 10 and 5 m (d) 40, 30 and 20 m 

21. A balloon rises from rest with a constant acceleration 8/g . A stone 

is released from it when it has risen to height h. The time taken by 
the stone to reach the ground is  

(a) 
g

h
4  (b) 

g

h
2  

(c) 
g

h2
 (d) 

h

g
 

22. Two bodies are thrown simultaneously from a tower with same 

initial velocity :0v one vertically upwards, the other vertically 

downwards. The distance between the two bodies after time t is  

(a) 2
0

2

1
2 tgtv   (b) tv02  

(c) 2
0

2

1
tgtv   (d) tv0  

23. A body falls freely from the top of a tower. It covers 36% of the 
total height in the last second before striking the ground level. The 
height of the tower is   

 (a) 50 m (b) 75 m 

 (c) 100 m (d) 125 m 

24. A particle is projected upwards. The times corresponding to height 
h while ascending and while descending are t

1

 and t
2

 respectively. The 
velocity of projection will be  

 (a) 1gt  (b) 2gt  

 (c)  21 ttg   (d)  
 

2

21 ttg 
 

25. A projectile is fired vertically upwards with an initial velocity u. 
After an interval of T seconds a second projectile is fired vertically 

upwards, also with initial velocity u. 

 (a) They meet at time 
g

u
t   and at a height 

82

22 gT

g

u
  

(b) They meet at time 
2

T

g

u
t   and at a height 

82

22 gT

g

u
  

(c) They meet at time 
2

T

g

u
t   and at a height 

82

22 gT

g

u
  

(d) They never meet 
 

 

 

 
 

 

1. (d)  Average velocity 0
32

0

Time

 ntdisplacemeTotal 



  

2. (d) Average velocity = 
takenTime

ntdisplacemeTotal

15/75

25
 =5m/s 

3. (c) 

v

x

v

x

v

x

x
vav

3

3/

2

3/3/takenTime

distanceTotal



 v
11

18
  

4. (d) 
313221

321

321

3

3/3/3/ vvvvvv

vvv

v

x

v

x

v

x

x
vav






  

(SET -2) 
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5. (a)  







 bte

b

k

dt

d

dt

dx
v 1  bteb

b

k  )(0
btke  . 

6. (d) Velocity tadttadtAv  cos)sin( 2     

Displacement x tadttadtv  sincos     

7. (d) Average acceleration 
  takenTime

  velocityin Change


12

12

tt

vv




  

   
3

1860

3

)2(210)5(210 22 



 2/14 sm . 

8. (c) As asuasuv 22 222      )0( v  

  su  2    

2/1

1

2

1

2
















s

s

u

u
 

  scmuuu /300
2

3

4

9
11

2/1

2 







 .  

9. (d) The relative velocity of policeman w.r.t. thief 

sm /1910  . 

   Time taken by police to catch the thief 
1

100
 =100 sec 

10. (b) Let car B catches, car A after ‘t’ sec, then 

  220
2

1
705.260 ttt   

   05.21010 2  tt  025.02  tt  

   hrt
2

1

2

)25.0(411



  

11. (d) As asuv 222    222 322)2( uasasuu   

  Now, after covering an additional distance s, if velocity becomes 
v, then, 

  )2(222 sauv  asu 42  22 6uu  27u  

             uv 7 . 

12. (b) Relative velocity of one train w.r.t. other       

                                                  =10+10=20m/s. 

 Relative acceleration =0.3+0.2=0.5 m/s2 

  If trains cross each other then from 2

2

1
atuts   

  21, sssAs  225125100   

   25.0
2

1
20225 tt    0450405.0 2  tt  

   
1

450)005.(4160040 
t 5040   

   sec10t  (Taking +ve value). 

13. (d) nvanav /0   

  Now, distance travelled in n sec.  2

2

1
anS n  and distance 

travelled in sec)2( n  2
2 )2(

2

1
 naS n  

   Distance travelled in last two seconds, 

  2 nn SS 22 )2(
2

1

2

1
 naan  

   22 )2(
2

 nn
a

)]2()][2([
2

 nnnn
a

 

  = )22( na   )22(  n
n

v
 

n

nv )1(2 
  

14. (b) In this problem point starts moving with uniform acceleration 
a and after time t (Position B) the direction of acceleration get 
reversed i.e. the retardation of same value works on the point. 
Due to this velocity of points goes on decreasing and at 

position C its velocity becomes zero. Now the direction of 
motion of point reversed and it moves from C to A under the 
effect of acceleration a. 

 We have to calculate the total time in this motion. Starting 

velocity at position A is equal to zero. 

Velocity at position B  v at   [As u = 0]               
 

 
 

Distance between A and B, 2

2

1
atS AB   

As same amount of retardation works on a point and it comes 

to rest therefore ABBC SS   2

2

1
ta  

 2taSSS BCABAC   and time required to cover this 

distance is also equal to t. 

 Total time taken for motion between A and C = 2t 

Now for the return journey from C to A  2taS AC   

2

2

1
attuS AC    2

1
2

2

1
0 tata    tt 21   

Hence total time in which point returns to initial point  

ttT 22  t)22(   

15. (b) Let the particle moves toward right with velocity 6 m/s. Due to 

retardation after time 1t its velocity becomes zero. 

 

 

 

From tauv   1260 t   sec31 t  

But retardation works on it for 4 sec. It means after reaching 
point A direction of motion get reversed and acceleration 
works on the particle for next one second. 

C B A 

A 

B 

u =6 m/s 

t1 O 

C 
1 sec 
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      2
11

2

1
tatuS OA  m9918)3()2(

2

1
36 2   

      mS AB 1)1(2
2

1 2   

  ABABC SSS  0  19  m8  

 Now velocity of the particle at point B in return journey 

 120 v sm /2  

 In return journey from B to C, particle moves with constant 
velocity 2 m/s to cover the distance 8m. 

 Time taken sec4
2

8

Velocity

 Distance
  

 Total time taken by particle to return at point 0 is 

 BCABA tttT  0 sec8413  . 

16. (b) The velocity time graph for given problem is shown in the 

figure. 

 

 

 

 

 

  Distance travelled S = Area under curve= 2+2=4m  

17. (d) 
dt

dx

dx

dv

dt

dv
a   2x

dx

dv
v       (given) 

    

0

0

2

0v

S

dxxvdv    

S

v

xv

0

3
0

2

32
0

























  

    
32

32
0 Sv 
  

3

1

2
0

2

3

















v
S  

18. (b) Average velocity =0 because net displacement of the body is 
zero. 

Average speed 
flightof  Time

 covered distanceTotal 


gu

H

/2

2 max  

  
gu

gu
vav

/2

2/2 2

   2/uvav    

 Velocity of projection = v (given) 

   2/av vv   

19. (a) For first stone 0u and 

 For second stone ghuh
g

u
84

2

2
2

  

   ghu 8  

 Now, 2
1

2

1
gth    

 2
2

2

1
8 gttghh   

 where, t =time to cross each other. 

 hhh  21  

  hgttghgt  22

2

1
8

2

1
  

g

h

gh

h
t

88
    

20. (a)  For first marble, ggh 816
2

1
1   

 

 

 

 

 

 

For Second marble, ggh 5.49
2

1
2   

For third marble, ggh 24
2

1
3   

For fourth marble, ggh 5.01
2

1
4    

 ggghh 5.35.4821  = 35m. 

mggghh 255.225.432  and 

mggghh 155.15.0243  . 

21. (b)  The velocity of balloon at height h,  h
g

v 









8
2  

When the stone released from this balloon, it will go upward  with 

velocity v =
2

gh
 (Same as that of balloon). In this condition time 

taken by stone to reach the ground 














2

2
11

v

hg

g

v
t  














4/

2
11

2/

gh

hg

g

hg
 

  
g

h

g

hg
2

2
    

22. (b) For vertically upward motion, 2
01

2

1
tgtvh  and for 

vertically down ward motion, 2
02

2

1
tgtvh   

  Total distance covered in t sec tvhhh o221  .  

23. (d) Let height of tower is h and body takes t time to reach to 

ground when it fall freely. 

   2

2

1
tgh     …(i) 

 In last second i.e. tht sec body travels = 0.36 h 

 It means in rest of the time i.e. in )1( t sec it travels 

           hhh 64.036.0   

   Now applying equation of motion for (t – 1) sec 

 2)1(
2

1
64.0  tgh   …(ii) 

 v(m/s) 

 t (sec)  2 
 0 

 4 

 2 

 h
1

 
 h 

 u=0 

 h
2

 

 ghu 8  

 t=4s 

 t=0 

 t=1s 

 t=2s 

 t=3s 

 h
2

 
 h

3

 

 h
1

 

 h
4
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 From (i) and (ii) we get, sec5t  and mh 125   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24. (d) If 1t  and 2t  are time of ascent and descent respectively then 

time of flight  
g

u
ttT

2
21    

   
2

)( 21 ttg
u


   

25. (c) For first projectile, 2
1

2

1
gtuth   

 For second projectile, 2
2 )(

2

1
)( TtgTtuh   

 When both meet i.e. 21 hh   

22 )(
2

1
)(

2

1
TtgTtugtut   

 gtTgTuT  2

2

1
 

 
2

T

g

u
t   

and 

2

1
222

1

2



















Tu
g

T

g

u
uh  

82

22 gT

g

u
 .  

*** 
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The motion of an object is called two dimensional, if two of the 

three co-ordinates required to specify the position of the object in space, 

change w.r.t time.  

In such a motion, the object moves in a plane. For example, a 

billiard ball moving over the billiard table, an insect crawling over the 

floor of a room, earth revolving around the sun etc. 

Two special cases of motion in two dimension are          

1. Projectile motion        2.  Circular motion 

Introduction of Projectile Motion 

A hunter aims his gun and fires a bullet directly towards a 

monkey sitting on a distant tree. If the monkey remains in his position, 

he will be safe but at the instant the bullet leaves the barrel of gun, if 

the monkey drops from the tree, the bullet will hit the monkey because 

the bullet will not follow the linear path.  

 

 

 

 

 

 

 

 
 

The path of motion of a bullet will be parabolic and this motion of 

bullet is defined as projectile motion.  

If the force acting on a particle is oblique with initial velocity then the 

motion of particle is called projectile motion. 

Projectile 

A body which is in flight through the atmosphere under the effect of 

gravity alone and is not being propelled by any fuel is called projectile.  

Example:   

(i) A bomb released from an aeroplane in level flight  

(ii) A bullet fired from a gun 

(iii) An arrow released from bow  

(iv) A Javelin thrown by an athlete   

Assumptions of Projectile Motion 

(1) There is no resistance due to air.  

(2) The effect due to curvature of earth is negligible.  

(3) The effect due to rotation of earth is negligible.  

(4) For all points of the trajectory, the acceleration due to gravity ‘g’ 

is constant in magnitude and direction. 

Principle of Physical Independence of Motions 

(1) The motion of a projectile is a two-dimensional motion. So, it can 

be discussed in two parts. Horizontal motion and vertical motion. These two 

motions take place independent of each other. This is called the principle of 

physical independence of motions.  

(2) The velocity of the particle can be resolved into two mutually 

perpendicular components. Horizontal component and vertical component. 

(3) The horizontal component remains unchanged throughout the 

flight. The force of gravity continuously affects the vertical component. 

(4) The horizontal motion is a uniform motion and the vertical motion is 

a uniformly accelerated or retarded motion. 

Types of Projectile Motion 

(1) Oblique projectile motion        

(2) Horizontal projectile motion       

(3) Projectile motion on an inclined plane 

 

 

 

 

 

 

Fig : 3.1 
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vx 

 

 

 

 

 

 

Oblique Projectile 

In projectile motion, horizontal component of velocity (u cos), 

acceleration (g) and mechanical energy remains constant while, speed, 

velocity, vertical component of velocity (u sin ), momentum, kinetic energy 

and potential energy all changes. Velocity, and KE are maximum at the point 

of projection while minimum (but not zero) at highest point. 

(1) Equation of trajectory : A projectile is thrown with velocity u at 

an angle  with the horizontal. The velocity u can be resolved into two 

rectangular components.  

 

 

 

 

 
 

v cos   component along X–axis and u sin  component  along Y–

axis.  

For horizontal motion x = u cos   t     
cosu

x
t   … (i) 

For vertical motion 2

2

1
)sin( gttuy           …(ii)   

From equation (i) and (ii)   





























22

2

cos2

1

cos
sin

u

x
g

u

x
uy  




22

2

cos2

1
tan

u

gx
xy        

This equation shows that the trajectory of projectile is parabolic 

because it is similar to equation of parabola 

y = ax – bx2  

Note :  Equation of oblique projectile also can be 

written as  











R

x
xy 1tan  (where R = horizontal range = 

g

u 2sin2

) 

(2) Displacement of projectile )r(


 : Let the particle acquires a 

position P having the coordinates (x, y) just after time t from the instant of 

projection. The corresponding position vector of the particle at time t is r


 

as shown in the figure. 

 

 

 

 

 
 

 

jyixr ˆˆ 


   …(i) 

The horizontal distance covered during time t is given as 

tuxtvx x cos   …(ii) 

The vertical velocity of the particle at time t is given as 

,)( 0 gtvv yy     …(iii) 

Now the vertical displacement y is given as 

22/1sin gttuy     …(iv) 

Putting the values of x and y from equation (ii) and equation (iv) in 

equation (i) we obtain the position vector at any time t as 

jgttuitur ˆ
2

1
)sin(ˆ)cos( 2









 


    


2

22

2

1
)sin()cos( 








 gttutur    

u

gt

u

gt
tur

sin

2
1

2









  and )/(tan 1 xy   




















 

)cos(

2

1
sin

tan

2

1





tu

gtut

 or 








 
 






cos2

sin2
tan 1

u

gtu
 

Note :  The angle of elevation  of the highest 

point of the projectile and the angle of projection  are related to each 

other as 

           tan
2

1
tan    

 

 

 

(3) Instantaneous velocity v : In projectile motion, vertical 

component of velocity changes but  horizontal component of velocity 

remains always constant. 

Example : When a man jumps over the hurdle leaving behind its 

skateboard then vertical component of his velocity is changing, but not the 

horizontal component which matches with the skateboard velocity. 

As a result, the skateboard stays underneath him, allowing him to land on 

it. 

 

 

 

 

 
 

 

Let v
i

 be the instantaneous velocity of projectile at time t, direction 

of this velocity is along the tangent to the trajectory at point P. 

 jvivv yxi
ˆ
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yxi vvv   
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u  cos   222 )sin(cos gtuu     

 sin2222 gtutguvi         

Direction of instantaneous velocity 





cos

sin
tan

u

gtu

v

v

x

y 
    

or            







   sectantan 1

u

gt
 

(4) Change in velocity : Initial velocity (at projection point) 

juiuu i
ˆsinˆcos    

Final velocity (at highest point) jiuu f
ˆ0ˆcos    

(i) Change in velocity (Between projection point and highest point) 

juuuu if
ˆsin


  

When body reaches the ground after completing its motion then 

final velocity juiuu f
ˆsinˆcos    

(ii) Change in velocity (Between complete projectile motion) 

iuuuu if
ˆsin2 


 

 (5) Change in momentum : Simply by the multiplication of mass in the 

above expression of velocity (Article-4). 

(i) Change in momentum (Between projection point and highest 

point) jmuppp if
ˆsin


  

 (ii) Change in momentum (For the complete projectile motion) 

jmuppp if
ˆsin2 


 

(6) Angular momentum : Angular momentum of projectile at 

highest point of trajectory about the point of projection is given by  

mvrL                













g

u
Hr

2

sin
 Here

22 
 

 
g

u
umL

2

sin
cos

22 
  

g

um

2

sincos 23 
  

 

 

 

 
 

  

 (7) Time of flight : The total time taken by the projectile to go up 

and come down to the same level from which it was projected is called time 

of flight.  

For vertical upward motion  0 = u sin  – gt   

  t  = (u sin /g)  

Now as time taken to go up is equal to the time taken to come 

down so  

Time of flight 
g

u
tT

sin2
2     

(i) Time of flight can also be expressed as :  
g

u
T

y.2
   (where u

y

 is 

the vertical component of initial velocity). 

(ii) For complementary angles of projection  and 90o –    

(a) Ratio of time of flight =
gu

gu

T

T

/)90sin(2

/sin2

2

1






   

= tan    tan
2

1 
T

T
  

 (b) Multiplication of time of flight = 
g

u

g

u
TT

 cos2sin2
21     

  
g

R
TT

2
21   

(iii) If t
1

 is the time taken by projectile to rise upto point p and t
2

 is 

the time taken in falling from point p to ground level then  


g

u
tt

sin2
21  time of flight  or  

2

)(
sin 21 ttg

u


  

 

 

 

 

and height of the point p is given by 2
11

2

1
sin tgtuh    

 2
11

21

2

1

2

)(
tgt

tt
gh 


  

by solving 
2

21 ttg
h   

(iv) If B and C are at the same level on trajectory and the time 

difference between these two points 

is t
1

, similarly A and D are also at 

the same level and the time 

difference between these two 

positions is t
2

 then  

  
g

h
tt

82
1

2
2    

 (8) Horizontal range : It is the horizontal distance travelled by a 

body during the time of flight.  

So by using second equation of motion in x-direction 

TuR  cos  

 )/sin2(cos guu    

g

u 2sin2

  

g

u
R

2sin2

   

(i) Range of projectile can also be expressed as : 

 R = u cos × T = 
g

u
u




sin2
cos  

 
g

2usincos2 x yu

g

uu



 

 
g

2ux yu
R     (where u

x

 and u
y

 are the horizontal and vertical 

component of initial velocity) 

 (ii) If angle of projection is changed from  to   = (90 – ) then 

range remains unchanged. 
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 2sin)]90(2sin['2sin
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 So a projectile has same range at angles of projection  and (90 – 

), though time of flight, maximum height and trajectories are different.  

These angles  and 90o –  are called complementary angles of 

projection and for complementary angles of projection, ratio of range 

1
/)]90(2[sin

/2sin
2

2

2

1 



gu

gu

R

R
o 


   1

2

1 
R

R
 

(iii) For angle of projection 
1

 = (45 – ) and 
2

 = (45 + ), range 

will be same and equal to u2 cos 2/g. 


1

 and 
2

 are also the complementary angles. 

(iv) Maximum range : For range to be maximum  

0
d

dR
  0

2sin2














g

u

d

d 


  

  cos 2 = 0  i.e. 2 = 90o    = 45o   

and    R
max

 = (u2/g) 

i.e., a projectile will have maximum range when it is projected at an 

angle of 45o to the horizontal and the maximum range will be (u2/g).  

When the range is maximum, the height H reached by the projectile 

 

 

 

 
 

442

45sin
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sin max
22222 R
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i.e., if a person can throw a projectile to a maximum distance R
max

, 

The maximum height during the flight to which it will rise is 








4

maxR
. 

(v) Relation between horizontal range and maximum height : 

g

u
R

2sin2

  and 
g

u
H

2

sin22 
  

  



cot4

2/sin

/2sin
22

2


gu

gu

H

R
   cot4HR   

(vi) If in case of projectile motion range R is n times the maximum 

height H  

i.e.  R = nH    
g

u
n

g

u

2

sin2sin 222 
   

  ]/4[tan n   or  ]/4[tan 1 n  

The angle of projection is given by ]/4[tan 1 n   

Note  :  If R = H then )4(tan 1  or o76 . 

   If R = 4H then )1(tan 1  or o45 . 

(9) Maximum height : It is the maximum height from the point of 

projection, a projectile can reach.  

So, by using asuv 222   

gHu 2)sin(0 2    

g

u
H

2

sin22 
   

(i) Maximum height can also be expressed as  

g

u
H

y

2

2

  (where yu  is the vertical component of initial velocity). 

(ii) 
g

u
H

2

2

max  (when sin2 = max = 1  i.e.,  = 90o) 

i.e., for maximum height body should be projected vertically upward. 

So it falls back to the point of projection after reaching the maximum 

height. 

(iii) For complementary angles of projection  and 90o –    

Ratio of maximum height  

= 
gu

gu

H

H
o 2/)90(sin

2/sin
22

22

2

1
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2
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(10) Projectile passing through two different points on same height 

at time t
1

 and t
2

 : If the particle passes two points situated at equal height y 

at 1tt   and ,2tt   then 

(i) Height (y):   2
11

2

1
sin gttuy    …(i) 

and         2
22

2

1
sin gttuy     …(ii) 

 

 

 

 

 

 
Comparing equation  (i) with equation (ii)  
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sin 21 ttg
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Substituting this value in equation (i) 

2
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2
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21 tgt
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(ii) Time (t
1

 and t
2

): 2

2

1
sin gttuy    
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(11) Motion of a projectile as observed from another projectile : 

Suppose two balls A and B are projected simultaneously from the origin, 

with initial velocities u
1

 and u
2

 at angle 
1

 and 
2

, respectively with the 

horizontal.  

 

 

 

 

 

 
The instantaneous positions of the two balls are given by 

Ball A : x
1

 = (u
1

 cos
1

)t, 2
111

2

1
)sin( gttuy    

Ball B : x
2

 = (u
2

 cos
2

)t, 2
222

2

1
)sin( gttuy     

The position of the ball A with respect to ball B is given by 

tuuxxx )coscos( 221121    

 tuuyyy )sinsin( 221121    

Now 


















2211

2211

coscos

sinsin





uu

uu

x

y
 constant  

Thus motion of a projectile relative to another projectile is a straight line. 

(12) Energy of projectile : When a projectile moves upward its 

kinetic energy decreases, potential energy increases but the total energy 

always remain constant. 

If a body is projected 

with initial kinetic energy K(=1/2 

mu2), with angle of projection  

with the horizontal then at the 

highest point of trajectory  

(i) Kinetic energy 

 222 cos
2

1
)cos(

2

1
muum 

   

   2cos' KK   

(ii) Potential energy mgH  
g

u
mg

2

sin22 
 

 22 sin
2

1
mu               
















g

u
H

2

sin
 As

22 
 

 2sinK  

(iii) Total energy = Kinetic energy + Potential energy  

  2222 sin
2

1
cos

2

1
mumu   

 = 2

2

1
mu = Energy at the point of projection. 

This is in accordance with the law of conservation of energy. 

Horizontal Projectile 

 When a body is projected horizontally from a certain height ‘y’ 

vertically above the ground with initial velocity u. If friction is considered to 

be absent, then there is no other horizontal force which can affect the 

horizontal motion. The horizontal velocity therefore remains constant and 

so the object covers equal distance in horizontal direction in equal intervals 

of time. 

 The horizontal velocity therefore remains constant and so the 

object covers equal distance in horizontal direction in equal intervals of 

time.  

(1) Trajectory of horizontal projectile : The horizontal displacement x 

is governed by the equation  

 x = ut    
u

x
t   …. (i) 

The vertical displacement y is 

governed by   

  
2

1
y gt2    …. (ii)  

(since initial vertical velocity is 

zero)  

By substituting the value of t in equation (ii) 
2

2

2

1

u

xg
y     

 (2) Displacement of Projectile )(r


 : After time t, horizontal displacement 

utx   and vertical displacement 2

2

1
gty  .  

So, the position vector jgtiutr ˆ
2

1ˆ 2


  

Therefore  

2

2
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2
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(3) Instantaneous velocity : Throughout the motion, the horizontal 

component of the velocity is v
x

 = u.  

The vertical component of velocity increases with time and is given 

by  

 v
y

 = 0 + g t = g t    (From v = u + g t) 

So, jvivv yx
ˆˆ 


  = jtgiu ˆˆ    
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i.e.  22 gtuv   
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Direction of instantaneous velocity : 
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Where  is the angle of instantaneous velocity from the horizontal. 

(4) Time of flight : If a body is projected horizontally from a height 
h with velocity u and time taken by the body to reach the ground is T, then 

 2

2

1
0 gTh   (for vertical motion) 

 
g

h
T

2
  

(5) Horizontal range : Let R is the horizontal distance travelled by 

the body  

 20
2

1
TuTR   (for horizontal motion) 

 
g

h
uR

2
   

 (6) If projectiles A and B are projected horizontally with different 
initial velocity from same height and third particle C  is dropped from same 
point then  

(i) All three particles will take equal time to reach the ground. 

(ii) Their net velocity would be different but all three particle 
possess same vertical component of velocity. 

 (iii) The trajectory of projectiles A and B will be straight line w.r.t. 
particle C. 

 

 

 

 

 

 (7) If various particles thrown with same initial velocity but in 
different direction then 

 

 

 

 

 

 

(i) They strike the ground with same speed at different times 
irrespective of their initial direction of velocities. 

(ii) Time would be least for particle E which was thrown vertically 

downward. 

(iii) Time would be maximum for particle A which was thrown 
vertically upward.  

Projectile Motion on An Inclined Plane 

Let a particle be projected up with a speed u from an inclined 
plane which makes an angle   with the horizontal and velocity of 

projection makes an angle  with the inclined plane. 

We have taken reference x-axis in the direction of plane. 

Hence the component of initial velocity parallel and perpendicular to 

the plane are equal to cosu  and sinu  respectively i.e. cos|| uu   

and  sinuu  . 

The component of g along the plane is sing  and perpendicular 

to the plane is cosg  as shown in the figure i.e. sin|| ga   and 

cosga  . 

 Therefore the particle decelerates at a rate of sing  as it moves 

from O to P. 

(1) Time of flight : We know for oblique projectile motion 

g

u
T

sin2
 or    we can say  
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u
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  Time of flight on an inclined plane 
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u
T   

(2) Maximum height : We know for oblique projectile motion 

g

u
H

2

sin22 
       or  we can say 
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  Maximum height on an inclined plane 
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(3) Horizontal range : For one dimensional motion 2

2

1
atuts   

Horizontal range on an inclined plane 2
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2

1
TaTuR   

2sin
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By solving  
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)cos(sin2 


g

u
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(i) Maximum range occurs when 
24


   

(ii) The maximum range along the inclined plane when the projectile 
is thrown upwards is given by  
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)sin1(

2

max



g

u
R  

(iii) The maximum range along the inclined plane when the 
projectile is thrown downwards is given by  

)sin1(

2

max



g

u
R  

Circular Motion 

Circular motion is another example of motion in two dimensions. To 

create circular motion in a body it 

must be given some initial velocity and 

a force must then act on the body 

which is always directed at right angles 

to instantaneous velocity. 

Since this force is always at 

right angles to the displacement 

therefore no work is done by the force 

on the particle. Hence, its kinetic 

energy and thus speed is unaffected. 

But due to simultaneous action of the 

force and the velocity the particle 

follows resultant path, which in this case is a circle. Circular motion can be 

classified into two types – Uniform circular motion and non-uniform 

circular motion. 

Variables of Circular Motion 

 (1) Displacement and distance : When particle moves in a circular 

path describing an angle  during time t (as shown in the figure) from the 

position A to the position B, we see that the magnitude of the position 

vector r


 (that is equal to the radius of the circle) remains constant. i.e., 

rrr  21


 and the direction of the position vector changes from time to 

time. 

(i) Displacement : The change of position vector or the displacement 

r


  of the particle from position A to the position B is given by referring 

the figure.  

12 rrr


   12 rrrr 


    

cos2 21
2
2

2
1 rrrrr   

Putting rrr  21  we obtain 

cos.222 rrrrr   

  cos12 2  rr  











2
sin22 22 

r  

2
sin2


rr     

(ii) Distance : The distanced covered by the particle during the time 

t is given as 

d = length of the arc AB = r   

(iii) Ratio of distance and displacement :   
2/s i n2 



r

r

r

d



   

)2/(cosec
2




  

(2) Angular displacement () : The angle turned by a body moving 

in a circle from some reference line is called angular displacement.  

(i) Dimension = [M0L0T0] (as  = radius)/arc .  

(ii) Units =  Radian or Degree. It is some time also specified in terms 

of fraction or multiple of revolution.  

(iii) Revolution1360rad2  o  

(iv) Angular displacement is a axial vector quantity.  

Its direction depends upon the sense of rotation of the object and 

can be given by Right Hand Rule; which states that if the curvature of the 

fingers of right hand represents the sense of 

rotation of the object, then the thumb, held 

perpendicular to the curvature of the fingers, 

represents the direction of angular displacement 

vector.  

(v) Relation between linear displacement 

and angular displacement rs   

or  rs   

(3) Angular velocity () : Angular velocity of an object in circular 

motion is defined as the time rate of change of its angular displacement.  

(i) Angular velocity  =
dt

d

t
Lt
t









 0 takentime

 tracedangle
 

 
dt

d
     

(ii) Dimension : [M0L0T–1]  

(iii) Units : Radians per second (rad.s–1) or Degree per second.  

(iv) Angular velocity is an axial vector. 

Its direction is the same as that of . For anticlockwise rotation of 

the point object on the circular path, the direction of , according to Right 

hand rule is along the axis of circular path directed upwards.  For clockwise 

rotation of the point object on the circular path, the direction of  is along 

the axis of circular path directed downwards. 

(v) Relation between angular velocity and linear velocity rv   

(vi) For uniform circular motion  remains constant where as for non-

uniform motion  varies with respect to time.  

 Note :  It is important to note that nothing actually 

moves in the direction of the angular velocity vector  . The direction of 

  simply represents that the circular motion is taking place in a plane 

perpendicular to it. 

(4) Change in velocity : We want to know the magnitude and 

direction of the change in velocity of the particle which is performing 

uniform circular motion as it moves from A to B  during time t as shown in 

figure. The change in velocity vector is given as  
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  12 vvv


  

 

 

 

 

 

 

 

or  12 vvv


    cos2 21
2
2

2
1 vvvvv   

For uniform circular motion vvv  21  

So   cos12 2  vv  
2

sin2


v  

The direction of v


  is shown in figure that can be given as  

 2/90
2

180



 


 o

o

 

 (5) Time period (T) : In circular motion, the time period is defined 

as the time taken by the object to complete one revolution on its circular 

path. 

(i) Units : second. 

(ii) Dimension : [M0L0T] 

(iii) Time period of second’s hand of watch = 60  second. 

(iv) Time period of minute’s hand of watch = 60 minute  

(v) Time period of hour’s hand of watch = 12 hour  

(6) Frequency (n) : In circular motion, the frequency is defined as 

the number of revolutions completed by the object on its circular path in a 

unit time.  

(i) Units : s–1 or hertz (Hz). 

(ii) Dimension : [M0L0T–1] 

Note :  Relation between time period and frequency 

: If n is the frequency of revolution of an object in circular motion, then the 
object completes n revolutions in 1 second. Therefore, the object will 
complete one revolution in 1/n second. 

 nT /1  

  Relation between angular velocity, frequency and time period : 

Consider a point object describing a uniform circular motion with frequency 

n and time period T. When the object completes one revolution, the angle 

traced at its axis of circular motion is 2 radians. It means, when time t = T,  

 2  radians. Hence, angular velocity n
Tt




 2
2

       (  T 

= 1/n) 

n
T




 2
2

  

  If two particles are moving on same circle or different coplanar 

concentric circles in same direction with different uniform angular speeds 


A

 and 
B

 respectively, the angular velocity of B relative to A  will be 

AB  rel  

So the time taken by one to complete one revolution around O with 

respect to the other (i.e., time in which B complete one revolution around O 

with respect to the other (i.e., time in which B completes one more or less 

revolution around O than A) 

21

21

12rel

22

TT

TT
T














  












2
 as T   

 Special case : If 0, rel   AB  and so T = ., particles will 

maintain their position relative to each other. This is what actually happens 

in case of geostationary satellite                         (
1

 = 
2

 = constant) 

 (7) Angular acceleration () : Angular acceleration of an object in 

circular motion is defined as the time rate of change of its angular velocity. 

(i) If  be the change in angular velocity of the object in time 

interval t, while moving on a circular path, then angular acceleration of 

the object will be  

 

 

 

 
 

dt

d

t
Lt
t


 






 0
 

2

2

dt

d 
   

(ii) Units : rad. s–2  

(iii) Dimension : [M0L0T–2] 

(iv) Relation between linear acceleration and angular acceleration 

ra     

(v) For uniform circular motion since  is constant so 

0
dt

d
   

(vi) For non-uniform circular motion 0  

Centripetal Acceleration 

(1) Acceleration acting on the object undergoing uniform circular 
motion is called centripetal acceleration.  

(2) It always acts on the object along the 
radius towards the centre of the circular path. 

(3) Magnitude of centripetal acceleration,  

 r
T

rnr
r

v
a

2

2
222

2 4
4


    

(4) Direction of centripetal acceleration : It is always the same as 

that of  . When t decreases,   also decreases. Due to which 


  

becomes more and more perpendicular to  . When  t  0,   

becomes perpendicular to the velocity vector. As the velocity vector of the 

particle at an instant acts along the tangent to the circular path, therefore 

  and hence the centripetal acceleration vector acts along the radius of 

the circular path at that point and is directed towards the centre of the 

circular path. 

Centripetal force 

 According to Newton's first law of motion, whenever a body moves 

in a straight line with uniform velocity, no force is required to maintain this 

velocity. But when a body moves along a circular path with uniform speed, 

its direction changes continuously i.e. velocity keeps on changing on account 
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of a change in direction. According to Newton's second law of motion, a 

change in the direction of motion of the body can take place only if some 

external force acts on the body. 

Due to inertia, at every point of the circular path; the body tends to 

move along the tangent to the circular path 

at that point (in figure). Since every body has 

directional inertia, a velocity cannot change 

by itself and as such we have to apply a force. 

But this force should be such that it changes 

the direction of velocity and not its 

magnitude. This is possible only if the force 

acts perpendicular to the direction of velocity. 

Because the velocity is along the tangent, this 

force must be along the radius (because the 

radius of a circle at any point is perpendicular 

to the tangent at that point). Further, as this force is to move the body in a 

circular path, it must acts towards the centre. This centre-seeking force is 

called the centripetal force.  

Hence, centripetal force is that force which is required to move a 

body in a circular path with uniform speed. The force acts on the body 

along the radius and towards centre. 

Formulae for centripetal force :   

2

2
222

2 4
4

T

rm
rnmrm

r

mv
F


    

Table 3.1 : Centripetal force in different situation 

Situation Centripetal Force 

A particle tied to a string and 

whirled in a horizontal circle 

Tension in the string 

Vehicle taking a turn on a level 

road 

Frictional force exerted by the 

road on the tyres 

A vehicle on a speed breaker     Weight of the body or a 

component of weight 

Revolution of earth around the 

sun 

Gravitational force exerted by the 

sun 

Electron revolving around the 

nucleus in an atom 

Coulomb attraction exerted by the 

protons in the nucleus 

A charged particle describing a 

circular path in a magnetic field 

Magnetic force exerted by the 

agent that sets up the magnetic 

field 

 

Centrifugal Force 

It is an imaginary force due to incorporated effects of inertia. When 

a body is rotating in a circular path and the centripetal force vanishes, the 

body would leave the circular path. To an observer A who is not sharing the 

motion along the circular path, the body appears to fly off tangentially at 

the point of release. To another observer B, who is sharing the motion along 

the circular path (i.e., the observer B is also rotating with the body with the 

same velocity), the body appears to be stationary before it is released. When 

the body is released, it appears to B, as if it has been thrown off along the 

radius away from the centre by some force. In reality no force is actually 

seen to act on the body. In absence of any real force the body tends to 

continue its motion in a straight line due to its inertia. The observer A 

easily relates this events to be due to inertia but since the inertia of both 

the observer B and the body is same, the observer B can not relate the 

above happening to inertia. When the centripetal force ceases to act on the 

body, the body leaves its circular path and continues to move in its straight-

line motion but to observer B it appears that a real force has actually acted 

on the body and is responsible for throwing the body radially out-wards. 

This imaginary force is given a name to explain the effects of inertia to the 

observer who is sharing the circular motion of the body. This inertial force 

is called centrifugal force. Thus centrifugal force is a fictitious force which 

has significance only in a rotating frame of reference. 

Work Done by Centripetal Force 

The work done by centripetal force is 
always zero as it is perpendicular to velocity and 
hence instantaneous displacement. 

Work done = Increment in kinetic energy 
of revolving body  

Work done = 0 

Also W = SF .  = F  S cos  = FS cos 

90o = 0 

Example : (i) When an electron revolves around the nucleus in 

hydrogen atom in a particular orbit, it neither absorb nor emit any energy 
means its energy remains constant.  

 (ii) When a satellite established once in a orbit around the earth and 

it starts revolving with particular speed, then no fuel is required for its 
circular motion. 

Skidding of Vehicle on A Level Road 

When a vehicle takes a turn on a circular path it requires centripetal 
force. 

If friction provides this centripetal force then vehicle can move in 

circular path safely if  

  Friction force  Required centripetal force  

   

 

 
 

 

r

mv
mg

2

  

 rgv safe    

This is the maximum speed by which vehicle can take a turn on a 

circular path of radius r, where coefficient of friction between the road and 

tyre is . 

Skidding of Object on A Rotating Platform 

On a rotating platform, to avoid the skidding of an object (mass m) 

placed at a distance r from axis of rotation, the centripetal force should be 
provided by force of friction.  

Centripetal force  Force of friction  

m2r  mg 

 ,)/(max rg   

 Hence maximum angular velocity of rotation of the platform is 

,)/( rg  so that object will not skid on it. 

Bending of A Cyclist 

S 

F 

90o 

Fig : 3.31 
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 A cyclist provides himself the necessary centripetal force by leaning 

inward on a horizontal track, while going round a curve. Consider a cyclist 
of weight mg taking a turn of radius r with velocity v. In order to provide 

the necessary centripetal force, the cyclist leans through angle   inwards as 

shown in figure. 

The cyclist is under the action of the following forces : 

The weight mg acting vertically downward at the centre of gravity of 
cycle and the cyclist. 

The reaction R of the ground on cyclist. It will act along a line-

making angle  with the vertical. 

The vertical component R cos of the normal reaction R will balance 

the weight of the cyclist, while the horizontal component R sin  will 

provide the necessary centripetal force to the cyclist. 

r

mv
R

2

sin    …(i)   

and  R cos   = mg  …(ii) 

Dividing equation (i) by (ii), we have 

 
mg

rvm

R

R 2

cos

sin





   

or  
rg

v2

tan      …(iii) 

 

Therefore, the cyclist should bend through an angle 














 

rg

v 2
1tan  

It follows that the angle through which cyclist should bend will be 

greater, if  

(i) The radius of the curve is small i.e. the curve is sharper  

(ii) The velocity of the cyclist is large. 

Note :  For the same reasons, an ice skater or an 

aeroplane has to bend inwards, while taking a turn. 

Banking of A Road 

For getting a centripetal force, cyclist bend towards the centre of 

circular path but it is not possible in case of four wheelers. 

Therefore, outer bed of the road is raised so that a vehicle moving 

on it gets automatically inclined towards the centre. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the figure (A) shown reaction R is resolved into two components, 

the component R cos balances weight of vehicle 

  mgR cos     …(i) 

 and the horizontal component R sin   provides necessary 

centripetal force as it is directed towards centre of desired circle  

Thus 
r

mv
R

2

sin        …(ii)   

Dividing (ii) by (i), we have 

gr

v 2

tan       …(iii) 

or  
g

v

g

r 
 

2

tan      …(iv)  [As v = r ] 

If l = width of the road, h = height of the outer edge from the 
ground level then from the figure (B)  

l

h

x

h
tan            …(v)   [since   is very small] 

From equation (iii), (iv) and (v)   

rg

v 2

tan 
l

h

g

v

g

r


 2

 

Note :  If friction is also present between the tyres 

and road then 




tan1

tan2






rg

v
  

  Maximum safe speed on a banked frictional road 





tan1

)tan(






rg
v  

Overturning of Vehicle 

When a car moves in a circular path with speed more than a certain 

maximum speed then it overturns even if friction is sufficient to avoid 

skidding and its inner wheel leaves the ground first  

 

 

 

 

 

 
 

Weight of the car = mg  

Speed of the car = v  

Radius of the circular path = r  

Distance between the centre of wheels of the car = 2a  

Height of the centre of gravity (G) of the car from the road level = h 

Reaction on the inner wheel of the car by the ground = R
1

  

Reaction on the outer wheel of the car by the ground = R
2

  

When a car move in a circular path, horizontal friction force F 
provides the required centripetal force 

mg 

R cos 

R sin mv2/r 

 

R 

R cos  

 

mg 

 

 

 

R 
 

R sin  

 
 

  
 

Fig. (A) 
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Fig. (B) 
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i.e., 
R

mv
F

2

     …(i) 

For rotational equilibrium, by taking the moment of forces R
1

, R
2

 and 
F about G 

 aRaRFh 21      …(ii)  

As there is no vertical motion so R
1

 + R
2

 = mg  …(iii) 

By solving (i), (ii) and (iii) 














ra

hv
gMR

2

1
2

1
    …(iv)  

and  













ra

hv
gMR

2

2
2

1
   …(v)  

It is clear from equation (iv) that if v increases value of R
1

 decreases 

and for   R
1

 = 0  

g
ra

hv


2

 or  
h

gra
v   

i.e. the maximum speed of a car without overturning on a flat road is given 

by 
h

gra
v   

Motion of Charged Particle In Magnetic Field 

 When a charged particle having mass m , charge q enters 

perpendicularly in a magnetic field B with velocity v then it describes a 

circular path.  

Because magnetic force (qvB) works in the perpendicular direction of 

v and it provides required centripetal force  

Magnetic force = Centripetal force  

 qvB = 
r

mv 2

  

 radius of the circular path  

qB

mv
r   

 

 

Reaction of Road On Car 

(1) When car moves on a concave bridge then  

 

 

 

 

 

 

Centripetal force = cosmgR   
r

mv 2

  

and reaction  
r

mv
mgR

2

cos    

(2) When car moves on a convex bridge 

 

 

 

 

 

 

Centripetal force = Rmg cos  
r

mv 2

  

 and reaction 
r

mv
mgR

2

cos    

Non-Uniform Circular Motion 

If the speed of the particle in a horizontal circular motion changes 

with respect to time, then its motion is said to be non-uniform circular 

motion.  

Consider a particle describing a circular path of radius r with centre 

at O. Let at an instant the particle be at P and   be its linear velocity and 

  be its angular velocity.  

Then, r


  …(i) 

 Differentiating both sides of w.r.t. time t we have  

dt

dr
r

dt

d

dt

d


 
 

 …(ii)     

Here,  ,a
dt

dv 




(Resultant acceleration) 

             


 ra    


 





dt

d
(Angular acceleration) 

 ct aaa


                …(iii)           








dt

dr
 (Linear velocity) 

Thus the resultant acceleration of the particle at P has two 
component accelerations 

(1) Tangential acceleration : rat      

It acts along the tangent to the circular path at P in the plane of 
circular path.  

According to right hand rule since 


 and r


 are perpendicular to 
each other, therefore, the magnitude of tangential acceleration is given by  

.90sin|||| rrra o
t     

(2) Centripetal (Radial) acceleration : vac    

It is also called centripetal acceleration of the particle at P. 

It acts along the radius of the particle at P.  

According to right hand rule since   and   are perpendicular to 
each other, therefore, the magnitude of centripetal acceleration is given by 

 o
ca 90sin||||  


= rrr /)( 22    

Table 3.2 : Tangential and centripetal acceleration 

Centripetal 

acceleration 

Tangential 

acceleration 

Net acceleration Type of motion 

ac = 0 at = 0 a = 0 Uniform 

R
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translatory 

motion 

ac = 0 at  0 a = at Accelerated 

translatory 

motion 

ac  0 at = 0 a = ac Uniform 

circular motion 

ac  0 at  0 22
tc aaa   

Non-uniform 

circular motion  
 

 

Note :  Here a
t

 governs the magnitude of v  while 

ca  its direction of motion. 

(3) Force : In non-uniform circular motion the particle 

simultaneously possesses two forces  

Centripetal force : 2
2

mr
r

mv
maF cc    

Tangential force : tt maF    

Net force : maF net = 22
tc aam   

Note :  In non-uniform circular motion work done 

by centripetal force will be zero since vFc


  

 In non uniform circular motion work done by 

tangential force will not be zero since F
t

  0 

 Rate of work done by net force in non-uniform 

circular motion = rate of work done by tangential force  

  i.e. vF
dt

dW
P t


.  

Equations of Circular Motion 

 

For accelerated motion For retarded motion 

t  12  t  12  

2
1

2

1
tt    2

1
2

1
tt    

 222

12
   222

12
  

)12(
2

1  nn


  )12(

2
1  nn


  

 

 

Where   

 
1

 = Initial angular velocity of particle 

 
2

 = Final angular velocity of particle 

    = Angular acceleration of particle 

   = Angle covered by the particle in time t 

 
n

  = Angle covered by the particle in nth second 

Motion in vertical circle 

This is an example of non-uniform circular motion. In this motion 

body is under the influence of gravity of earth. When body moves from 

lowest point to highest point. Its speed decrease and becomes minimum at 

highest point. Total mechanical energy of the body remains conserved and 

KE converts into PE and vice versa. 

(1) Velocity at any point on vertical loop : If u is the initial velocity 

imparted to body at lowest point then velocity of body at height h is given 

by 

 )cos1(22 22  glughuv        

              [As h = l – l cos = l (1 – cos)]  

where l is the length of the string  

 

 

 

 

 

 

 

 
(2) Tension at any point on vertical loop : Tension at general point 

P, According to Newton’s second law of motion. 

Net force towards centre = centripetal force  

l

mv
mgT

2

cos         

 or  
l

mv
mgT

2

cos        

)]cos32([ 2  glu
l

m
T  

[As )cos1(22  gluv ] 

 

Table 3.3 : Velocity and tension in a vertical loop 
 

Position Angle Velocity Tension 

A 0o u mg
l

mu


2

 

B 90o 
glu 22   mg

l

mu
2

2

  

C 180o 
glu 42   mg

l

mu
5

2

  

D 270o 
glu 22   mg

l

mu
2

2

  

  

 It is clear from the table that :  CBA TTT   and T
B

 = T
D

  

 ,3mgTT BA   

 mgTT CA 6   

 and mgTT CB 3   

Table 3.4 : Various conditions for vertical motion 
 

Velocity at lowest 

point 

Condition 

gluA 5  
Tension in the string will not be zero at any of the 

point and body will continue the circular motion. 

,5gluA   
Tension at highest point C will be zero and body will 

just complete the circle. 

,52 glugl A 

 

Particle will not follow circular motion. Tension in 

string become zero somewhere between points B and 

C whereas velocity remain positive. Particle leaves 

circular path and follow parabolic trajectory. 
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gluA 2  
Both velocity and tension in the string becomes zero at 

B and particle will oscillate along semi-circular path. 

gluA 2  
velocity of particle becomes zero between A and B but 

tension will not be zero and the particle will oscillate 

about the point A. 

Note :  K.E. of a body moving in horizontal circle is 

same throughout the path but the K.E. of the body moving in vertical circle 

is different at different places. 

 If body of mass m is tied to a string of length l and is 

projected with a horizontal velocity u then : 

 Height at which the velocity vanishes is 
g

u
h

2

2

   

 Height at which the tension vanishes is 
g

glu
h

3

2 
  

(3) Critical condition for vertical looping : If the tension at C is zero, 

then body will just complete revolution in the vertical circle. This state of 

body is known as critical state. The speed of body in critical state is called 

as critical speed.  

From the above table 3.3  T
C

 = 05
2

 mg
l

mu
  

 glu 5   

It means to complete the vertical circle the body must be projected 

with minimum velocity of gl5  at the lowest point.   

Table 3.5 : Different variables in vertical loop 
 

Quantity Point A Point B Point C Point D Point P 

Linear velocity (v) 
gl5  gl3  gl  gl3  )cos23( gl  

Angular velocity () 

l

g5
 

l

g3
 

l

g
 

l

g3
 )cos23( 

l

g
 

Tension in String (T) 6 mg 3 mg 0 3 mg )cos1(3 mg  

Kinetic Energy (KE) 
mgl

2

5
 mgl

2

3
 mgl

2

1
 mgl

2

3
 05

2

 mg
l

mu
 

Potential Energy (PE) 0 mgl 2 mgl mgl )cos1( mgl  

Total Energy (TE)  
mgl

2

5
 mgl

2

5
 mgl

2

5
 mgl

2

5
 mgl

2

5
 

 

(4) Motion of a block on frictionless hemisphere : A small block of mass m 

slides down from the top of a frictionless hemisphere of radius r. The component 

of the force of gravity (mg cos) provides required centripetal force but at point B 

it's circular motion ceases and the block lose contact with the surface of the sphere.  

 

 

 

 

 

For point B, by equating the forces,  

r

mv
mg

2

cos           …(i)  

For point A and B, by law of conservation of energy  

Total energy at point A = Total energy at point B  

K.E.
(A)

 + P.E.
(A)

 = K.E.
(B)

 + P.E.
(B)

  

0 + mgr = mghmv 2

2

1
   )(2 hrgv            …(ii)  

and from the given figure cosrh         …(iii) 

By substituting the value of v and h from eqn (ii) and (iii) in eqn (i)  

 2)(2 hrg
r

m

r

h
mg 








  )(2 hrh     rh

3

2
  

i.e. the block lose contact at the height of r
3

2
 from the ground.  

 and angle from the vertical can be given by 
3

2
cos 

r

h
       

  
3

2
cos 1 . 

Conical Pendulum 

This is the example of uniform circular motion in horizontal plane.  

A bob of mass m attached to a light and in-extensible string rotates 

in a horizontal circle of radius r with constant angular speed  about the 

vertical. The string makes angle  with vertical and appears tracing the 

surface of a cone. So this arrangement is called conical pendulum.  

 The force acting on the bob are tension and weight of the bob. 

From the figure  
r

mv
T

2

sin     ….(i) 

and mgT cos      ….(ii) 
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(1) Tension in the string : 

2
2

1















rg

v
mgT     

 
22cos rl

mglmg
T





        [As 

l

rl

l

h 22

cos


 ] 

 

 

 

 

 

(2) Angle of string from the vertical : 
rg

v 2

tan    

(3) Linear velocity of the bob : tangrv   

(4) Angular velocity of the bob :  

     



cos

tan
l

g

h

g

r

g
  

 (5) Time period of revolution :  

      
g

h

g

l
TP 


 2

cos
2   

          



tan

22
22

g

r

g

rl



  

 
 
 
 
 

 Consider a projectile of mass m thrown with velocity u making 

angle   with the horizontal. It is projected from the point O and 

returns to the ground at G. Also M is the highest point attained by it. 

(See figure). 

 

 

 

 

 

 

 
 

(i) In going from O to M, following changes take place – 

(a) Change in velocity sinu  

(b) Change in speed )2/(cos2)cos1( 2  uu   

(c) Change in momentum sinmu  

(d) Change (loss) in kinetic energy 22 sin2/1 mu  

(e) Change (gain) in potential energy 22 sin2/1 mu  

(f) Change in the direction of motion   

(ii) On return to the ground, that is in going from O to G, the following 

changes take place  

(a) Change in speed = zero 

(b) Change in velocity = sin2u  

(c) Change in momentum = sin2mu  

(d) Change in kinetic energy = zero 

(e) Change in potential energy = zero 

(f) Change in the direction of motion = 2  

 (i) At highest point, the horizontal component of velocity is v
x

=u cos 

 and vertical component of velocity v
y

 is zero.  

(ii) At highest point, linear momentum of a particle  

m v
x

 = mu cos. 

(iii) Kinetic energy of the particle at the highest point = 2

2

1
xmv  

.cos
2

1 22 mu  

 At highest point, acceleration due to gravity acting vertically 

downward makes an angle of 90° with the horizontal component of the 

velocity of the projectile. 

 At the highest point, momentum of the projectile thrown at an 

angle  with horizontal is cosp  and K.E. = (K.E.)
i 

cos2.  

 In projectile motion, horizontal component ucos of velocity u 

remains constant throughout, whereas vertical component usin changes 

and becomes zero at the highest point. 

 The trajectory of a projectile is parabolic.  

 For a projectile, time of flight and maximum height depend on the 

vertical component of the velocity of projection.  

 The range of the projectile is maximum for the angle of projection 

 45 . 

 The maximum range of the projectile is : 

g

u
R

2

max   

 When the range is maximum, the height attained by the projectile 

is : 

44

max
2 R

g

u
H   

 When the range of the projectile is maximum, the time of flight is : 

g

u
tT

2
2   

 The height attained by a projectile is maximum, when  90 .  

g

u
H

2

2

max   

It is twice that of height attained, when the range is maximum. 
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 The time of flight of the projectile is also largest for  90 .  

g

u
T

2
max   

 The trajectory of the projectile is a symmetric parabola only when 

g is constant through out the motion and   is not equal to 0°, 90° or 

180°.  

 If velocity of projection is made n times, the maximum height 

attained and the range become n2 times and the time of flight becomes n 

times the initial value. 

 If the force acting on a particle is always perpendicular to the 

velocity of the particle, then the path of the particle is a circle. The 

centripetal force is always perpendicular to the velocity of the particle. 

 If circular motion of the object is uniform, the object will possess 

only centripetal acceleration. 

 If circular motion of the object is non-uniform, the object will 

possess both centripetal and transverse acceleration. 

 When the particle moves along the circular path with constant 

speed, the angular velocity is also constant. But linear velocity, 

momentum as well as centripetal acceleration change in direction, 

although their magnitude remains unchanged.  

 For circular motion of rigid bodies with uniform speed, the angular 

speed is same for all particles, but linear speed varies directly as the 

radius of the circular path described by the particle )( rv  . 

 When a body rotates, all its particles describe circular paths about 

a line, called axis of rotation. 

 The centre of the circle describe by the different particles of the 

rotating body lie on the axis of rotation. 

 Centripetal force F
c

 = ma
c 

, rm 2  where m = mass of the body. 

 Centripetal force is always directed towards the centre of the 

circular path. 

 When a body rotates with uniform velocity, its different particles 

have centripetal acceleration directly proportional to the radius 

)( rac  . 

 There can be no circular motion without centripetal force. 

 Centripetal force can be mechanical, electrical or magnetic force.  

 Planets go round the earth in circular orbits due to the centripetal 

force provided by gravitational force of the sun.  

 Gravitational pull of earth provides centripetal force for the orbital 

motion of the moon and artificial satellites.  

 Centripetal force cannot change the kinetic energy of the body. 

 In uniform circular motion the magnitude of the centripetal 

acceleration remains constant whereas its direction changes continuously 

but always directed towards the centre. 

 A pseudo force, that is equal and opposite to the centripetal force 

is called centrifugal force. 

 The 


,  and 


 are directed along the axis of the circular path. 

Their sense of direction is given by the right hand fist rule as follows : ‘If 

we catch axis of rotation in right hand fist such that the fingers point in 

the direction of rotation, then the outstretched thumb gives the direction 

of 


,  and 


 

 


,  and 


 are called pseudo vectors or axial vectors. 

 For circular motion we have – 

(i) vr


                      (ii) r


 antiparallel to ca


 

(iii) vac


                   (iv) tc aa


  

(v) 


,,  are perpendicular to vaar tc


,,,  

(vi) tc aar


,,  and v


 lie in the same plane 
P 
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Uniform Circular Motion 
 

1. If the body is moving in a circle of radius r with a constant speed 
v , its angular velocity is  [CPMT 1975; RPET 1999] 

(a) rv /2  (b) vr  

(c) rv /  (d)  vr /  

2. Two racing cars of masses 1m  and 2m  are moving in circles of 

radii 1r  and 2r  respectively. Their speeds are such that each makes 

a complete circle in the same duration of time t . The ratio of the 
angular speed of the first to the second car is   [NCERT 1980; MNR 1995;  

CBSE PMT 1999; UPSEAT 2000] 

(a) 21 : mm  (b) 21 : rr  

(c) 1 : 1 (d) 2211 : rmrm  

3. A cyclist turns around a curve at 15 miles/hour. If he turns at double 
the speed, the tendency to overturn is 

[CPMT 1974; AFMC 2003] 

(a) Doubled (b) Quadrupled 

(c) Halved (d) Unchanged 

4. A body of mass m  is moving in a circle of radius r  with a 

constant speed v . The force on the body is 
r

mv 2

 and is directed 

towards the centre. What is the work done by this force in moving 
the body over half the circumference of the circle                               [NCERT 1977; RPET 1999] 

(a) r
r

mv


2

 (b) Zero 

(c) 
2

2

r

mv
 (d) 

2

2

mv

r
 

5. If a particle moves in a circle describing equal angles in equal times, 
its velocity vector      

[CPMT 1972, 74; JIPMER 1997] 

(a) Remains constant  

(b) Changes in magnitude 

(c) Changes in direction 

(d) Changes both in magnitude and direction 

6. A stone of mass m  is tied to a string of length l  and rotated in a 
circle with a constant speed v . If the string is released, the stone 
flies   [NCERT 1977] 

(a) Radially outward 

(b) Radially inward 

(c) Tangentially outward 

(d) With an acceleration 
l

mv 2

 

7. A body is moving in a circular path with a constant speed. It has     [CPMT 1972] 

(a) A constant velocity 

(b) A constant acceleration 

(c) An acceleration of constant magnitude 

(d) An acceleration which varies with time 

8. A motor cyclist going round in a circular track at constant speed has    [NCERT 1975] 

(a) Constant linear velocity (b) Constant acceleration 

(c) Constant angular velocity (d) Constant force 

9. A particle P  is moving in a circle of radius '' a  with a uniform 

speed v . C  is the centre of the circle and AB  is a diameter. 

When passing through B the angular velocity of P  about A   and  

C  are in the ratio  [NCERT 1982] 

(a) 1 : 1 (b) 1 : 2 

(c) 2 : 1 (d) 4 : 1 

10. A car moving on a horizontal road may be thrown out of the road in 
taking a turn   [NCERT 1983] 

(a) By the gravitational force  

(b) Due to lack of sufficient centripetal force 

(c) Due to rolling frictional force between tyre and road 

(d) Due to the reaction of the ground 

11. Two particles of equal masses are revolving in circular paths of radii 

1r  and 2r  respectively with the same speed. The ratio of their 

centripetal forces is   [NCERT 1984] 

(a)  
1

2

r

r
 (b)  

1

2

r

r
 

(c)  

2

2

1















r

r
 (d)  

2

1

2















r

r
 

12. A particle moves with constant angular velocity in a circle. During 
the motion its 

(a) Energy is conserved 

(b) Momentum is conserved 

(c) Energy and momentum both are conserved 

(d) None of the above is conserved 

13. A stone tied to a string is rotated in a circle. If the string is cut, the 
stone flies away from the circle because 

(a) A centrifugal force acts on the stone 

(b) A centripetal force acts on the stone 

(c) Of its inertia 

(d) Reaction of the centripetal force 

14. A body is revolving with a constant speed along a circle. If its 
direction of motion is reversed but the speed remains the same, 
then which of the following statement is true 

(a) The centripetal force will not suffer any change in magnitude 

(b) The centripetal force will have its direction reversed 

(c) The centripetal force will not suffer any change in direction 

(d) The centripetal force would be doubled 

15. When a body moves with a constant speed along a circle 

  [CBSE PMT 1994; Orissa PMT 2004] 

(a) No work is done on it 

(b) No acceleration is produced in the body 

(c) No force acts on the body 

(d) Its velocity remains constant 

16. A body of mass m  moves in a circular path with uniform angular 
velocity. The motion of the body has constant   

   [MP PET 2003] 

(a) Acceleration (b) Velocity 

(c) Momentum (d) Kinetic energy 

17. On a railway curve, the outside rail is laid higher than the inside one 

so that resultant force exerted on the wheels of the rail car by the 
tops of the rails will 

(a) Have a horizontal inward component  
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(b) Be vertical 

(c) Equilibriate the centripetal force 

(d) Be decreased 

18. If the overbridge is concave instead of being convex, the thrust on 
the road at the lowest position will be 

(a) 
r

mv
mg

2

  (b)  
r

mv
mg

2

  

(c) 
r

gvm 22

 (d) 
r

gv 2

 

19. A cyclist taking turn bends inwards while a car passenger taking 
same turn is thrown outwards. The reason is   

    [NCERT 1972; CPMT 1974] 

(a) Car is heavier than cycle 

(b) Car has four wheels while cycle has only two 

(c) Difference in the speed of the two 

(d) Cyclist has to counteract the centrifugal force while in the case 

of car only the passenger is thrown by this force 

20. A car sometimes overturns while taking a turn. When it overturns, it 
is   [AFMC 1988; MP PMT 2003] 

(a) The inner wheel which leaves the ground first 

(b) The outer wheel which leaves the ground first 

(c) Both the wheels leave the ground simultaneously 

(d) Either wheel leaves the ground first 

21. A tachometer is a device to measure [DPMT 1999] 

(a) Gravitational pull (b) Speed of rotation 

(c) Surface tension (d) Tension in a spring 

22. Two bodies of mass 10 kg and 5 kg moving in concentric orbits of 

radii R  and r  such that their periods are the same. Then the ratio 
between their centripetal acceleration is 

   [CBSE PMT 2001] 

(a) rR /  (b) Rr /  

(c) 22 / rR  (d) 22 / Rr  

23. The ratio of angular speeds of minute hand and hour hand of a 
watch is     [MH CET 2002] 

(a) 1 : 12 (b) 6 : 1 

(c) 12 : 1 (d) 1 : 6 

24. A car travels north with a uniform velocity. It goes over a piece of 
mud which sticks to the tyre. The particles of the mud, as it leaves 
the ground are thrown 

(a) Vertically upwards (b) Vertically inwards 

(c) Towards north (d) Towards south 

25. An aircraft executes a horizontal loop with a speed of 150 m/s with 

its, wings banked at an angle of o12 . The radius of the loop is 

)/10( 2smg     [Pb. PET 2001] 

(a) 10.6 km (b) 9.6 km 

 (c) 7.4 km (d) 5.8 km 
26. A particle is moving in a horizontal circle with constant speed. It has 

constant 

[MP PMT 1987; AFMC 1993; CPMT 1997; MP PET 2000] 

(a) Velocity (b) Acceleration 

(c) Kinetic energy (d) Displacement 

27. A motor cyclist moving with a velocity of 72 km/hour on a flat road 
takes a turn on the road at a point where the radius of curvature of 
the road is 20 meters. The acceleration due to gravity is 10 m/sec2. In 

order to avoid skidding, he must not bend with respect to the 
vertical plane by an angle greater than      [CPMT 1986] 

(a) 6tan 1  (b) 2tan 1  

(c) 92.25tan 1  (d) 4tan 1  

28. A train is moving towards north. At one place it turns towards 
north-east, here we observe that  [AIIMS 1980] 

(a) The radius of curvature of outer rail will be greater than that 
of the inner rail 

(b) The radius of the inner rail will be greater than that of the 
outer rail 

(c) The radius of curvature of one of the rails will be greater 

(d) The radius of curvature of the outer and inner rails will be the 
same 

29. The angular speed of a fly wheel making 120 revolutions/minute is       [CBSE PMT 1995; AFMC 2002] 

(a) srad /2  (b) srad /4 2  

(c) srad /  (d) srad /4  

30. A particle is moving on a circular path with constant speed, then its 
acceleration will be    [RPET 2003] 

(a) Zero 

(b) External radial acceleration 

(c) Internal radial acceleration 

(d) Constant acceleration 

31. A car is moving on a circular path and takes a turn. If 1R  and 2R   

be the reactions on the inner and outer wheels respectively, then    [MH CET (Med.) 2001] 

(a) 21 RR   (b) 21 RR   

(c) 21 RR   (d) 21 RR   

32. A mass of 100 gm is tied to one end of a string 2 m long. The body 
is revolving in a horizontal circle making a maximum of 200 
revolutions per min. The other end of the string is fixed at the 

centre of the circle of revolution. The maximum tension that the 
string can bear is (approximately)  

[MP PET 1993] 

(a) 8.76 N (b) 8.94 N 

(c) 89.42 N (d) 87.64 N 

33. A road is 10 m wide. Its radius of curvature is 50 m. The outer edge 
is above the lower edge by a distance of 1.5 m. This road is most 
suited for the velocity 

(a) 2.5 m/sec (b) 4.5 m/sec 

(c) 6.5 m/sec (d) 8.5 m/sec 

34. Certain neutron stars are believed to be rotating at about 

sec/1rev . If such a star has a radius of 20 km, the acceleration of 

an object on the equator of the star will be 

[NCERT 1982] 

(a) 28 sec/1020 m  (b) 25 sec/108 m  

(c) 25 sec/10120 m  (d) 28 sec/104 m  

35. A particle revolves round a circular path. The acceleration of the 
particle is    [MNR 1986; UPSEAT 1999] 

(a) Along the circumference of the circle 

(b) Along the tangent 

(c) Along the radius 

(d) Zero 

36. The length of second's hand in a watch is 1 cm. The change in 
velocity of its tip in 15 seconds is [MP PMT 1987, 2003] 
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(a) Zero (b) sec/
230

cm


 

(c) sec/
30

cm


 (d) sec/
30

2
cm


 

37. A particle moves in a circle of radius 25 cm at two revolutions per 

second. The acceleration of the particle in 2/ sm  is[MNR 1991; UPSEAT 2000;  

   DPMT 1999; RPET 2003; Pb. PET 2004] 

(a) 2  (b) 28  

(c) 24  (d) 22  

38. An electric fan has blades of length 30 cm as measured from the 

axis of rotation. If the fan is rotating at 1200 r.p.m. The acceleration 
of a point on the tip of the blade is about   

   [CBSE PMT 1990] 

(a) 1600 2sec/m  (b) 4740 2sec/m  

(c) 2370 2sec/m   (d) 5055 2sec/m  

39. The force required to keep a body in uniform circular motion is  [EAMCET 1982; AFMC 2003] 

(a) Centripetal force (b) Centrifugal force 

(c) Resistance (d) None of the above 

40. Cream gets separated out of milk when it is churned, it is due to     [EAMCET 1981] 

(a) Gravitational force (b) Centripetal force 

(c) Centrifugal force (d) Frictional force 

41. A particle of mass m  is executing uniform circular motion on a 
path of radius r . If p  is the magnitude of its linear momentum. 

The radial force acting on the particle is  

   [MP PET 1994] 

(a) pmr  (b) 
p

rm
 

(c) 
r

mp 2

 (d) 
rm

p 2

 

42. A particle moves in a circular orbit under the action of a central 

attractive force inversely proportional to the distance ''r . The speed 
of the particle is    [CBSE PMT 1995] 

(a) Proportional to 2r  (b) Independent of r  

(c) Proportional to r  (d) Proportional to r/1  

43. Two masses M  and m  are attached to a vertical axis by weightless 

threads of combined length l . They are set in rotational motion in a 
horizontal plane about this axis with constant angular velocity  . If 

the tensions in the threads are the same during motion, the distance 

of M  from the axis is     [MP PET 1995] 

(a) 
mM

Ml


 (b) 

mM

ml


 

(c) l
M

mM 
 (d) l

m

mM 
 

44. A boy on a cycle pedals around a circle of 20 metres radius at a 

speed of .sec/20 metres  The combined mass of the boy and the 

cycle is 90 kg. The angle that the cycle makes with the vertical so 

that it may not fall is )sec/8.9( 2mg     

  [MP PMT 1995] 

(a) o25.60  (b) o90.63  

(c) o12.26  (d) o00.30  

45. The average acceleration vector for a particle having a uniform 
circular motion is  [Kurukshetra CEE 1996] 

(a) A constant vector of magnitude 
r

v 2

 

(b) A vector of magnitude 
r

v 2

 directed normal to the plane of the 

given uniform circular motion 

(c) Equal to the instantaneous acceleration vector at the start of 
the motion 

(d) A null vector 

46. Radius of the curved road on national highway is R . Width of the 

road is b . The outer edge of the road is raised by h  with respect 
to inner edge so that a car with velocity v  can pass safe over it. 

The value of h  is  [MP PMT 1996] 

(a) 
Rg

bv 2

 (b) 
Rgb

v
 

(c) 
g

Rv 2

 (d) 
R

bv 2

 

47. When a particle moves in a uniform circular motion. It has 

(a) Radial velocity and radial acceleration 

(b) Tangential velocity and radial acceleration 

(c) Tangential velocity and tangential acceleration 

(d) Radial velocity and tangential acceleration 

48. A motorcycle is going on an overbridge of radius R . The driver 

maintains a constant speed. As the motorcycle is ascending on the 
overbridge, the normal force on it 

    [MP PET 1997] 

(a) Increases (b) Decreases 

(c) Remains the same (d) Fluctuates 

49. A mass of 2 kg is whirled in a horizontal circle by means of a string 
at an initial speed of 5 revolutions per minute. Keeping the radius 
constant the tension in the string is doubled. The new speed is 

nearly 

[MP PMT/PET 1998; JIPMER 2000] 

(a) 14 rpm (b) 10 rpm 

(c) 2.25 rpm (d) 7 rpm 

50. The magnitude of the centripetal force acting on a body of mass m  
executing uniform motion in a circle of radius r  with speed v  is  [AFMC 1998; MP PET 1999] 

(a) mvr  (b) rmv /2  

(c) mrv 2/  (d) rmv /  

51. A string breaks if its tension exceeds 10 newtons. A stone of mass 

250 gm tied to this string of length 10 cm is rotated in a horizontal 
circle. The maximum angular velocity of rotation can be    [MP PMT 1999] 

(a) 20 rad/s (b) 40 rad/s 

(c) 100 rad/s (d) 200 rad/s 

52. A 500 kg car takes a round turn of radius 50 m with a velocity of 
36 km/hr. The centripetal force is  

  [KCET 2001; CBSE PMT 1999; 
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JIPMER 2001, 02] 

(a) 250 N (b) 750 N 

(c) 1000 N (d) 1200 N 

53. A ball of mass 0.25 kg attached to the end of a string of length 1.96 
m is moving in a horizontal circle. The string will break if the 
tension is more than 25 N. What is the maximum speed with which 
the ball can be moved  

[CBSE PMT 1998] 

(a) 14 m/s (b) 3 m/s 

(c) 3.92 m/s (d) 5 m/s 

54. A body of mass 5 kg is moving in a circle of radius m1  with an 

angular velocity of 2 radian/sec. The centripetal force is   

  [AIIMS 1998] 

(a) 10 N (b) 20 N 

(c) 30 N (d) 40 N 

55. If a particle of mass m  is moving in a horizontal circle of radius r   

with a centripetal force )/( 2rk , the total energy is          [EAMCET (Med.) 1995; AMU (Engg.) 2001] 

(a) 
r

k

2
  (b) 

r

k
  

(c) 
r

k2
  (d) 

r

k4
  

56. A stone of mass of 16 kg is attached to a string 144 m long and is 
whirled in a horizontal circle. The maximum tension the string can 
withstand is 16 Newton. The maximum velocity of revolution that 

can be given to the stone without breaking it, will be    [SCRA 1994] 

(a) 20 1ms  (b) 16 1ms  

(c) 14 1ms  (d) 12 1ms  

57. A circular road of radius 1000 m has banking angle o45 . The 

maximum safe speed of a car having mass 2000 kg will be, if the 
coefficient of friction between tyre and road is 0.5   

   [RPET 1997] 

(a) 172 m/s (b) 124 m/s 

(c) 99 m/s (d) 86 m/s 

58. The second's hand of a watch has length 6 cm. Speed of end point 
and magnitude of difference of velocities at two perpendicular 
positions will be    [RPET 1997] 

(a) 6.28 and 0 mm/s (b) 8.88 and 4.44 mm/s 

(c) 8.88 and 6.28 mm/s (d) 6.28 and 8.88 mm/s 

59. A sphere of mass m  is tied to end of a string of length l  and 
rotated through the other end along a horizontal circular path with 
speed v . The work done in full horizontal circle is    

[CPMT 1993; JIPMER 2000] 

(a) 0 (b) l
l

mv
2.

2














 

(c) lmg 2.  (d) )(.
2

l
l

mv













 

60. A body is whirled in a horizontal circle of radius 20 cm. It has 
angular velocity of 10 rad/s. What is its linear velocity at any point 
on circular path     [CBSE PMT 1996] 

(a) 10 m/s  (b) 2 m/s 

(c) 20 m/s (d) 2  m/s 

61. Find the maximum velocity for skidding for a car moved on a 
circular track of radius 100 m. The coefficient of friction between the 
road and tyre is 0.2 

[CPMT 1996; Pb. PMT 2001] 

(a) 0.14 m/s (b) 140 m/s 

(c) 1.4 km/s (d) 14 m/s 

62. A car when passes through a convex bridge exerts a force on it 

which is equal to     [AFMC 1997] 

(a) 
r

Mv
Mg

2

  (b) 
r

Mv 2

 

(c) Mg  (d) None of these 

63. The angular speed of seconds needle in a mechanical watch is 

[RPMT 1999; CPMT 1997; MH CET 2000, 01; BHU 2000] 

(a) 
30


rad/s (b) 2 rad/s 

(c)  rad/s (d) 


60
rad/s 

64. The angular velocity of a particle rotating in a circular orbit 100 
times per minute is  [SCRA 1998; DPMT 2000] 

(a) 1.66 rad/s (b) 10.47 rad/s 

(c) 10.47 deg/s (d) 60 deg/s 

65. A body of mass 100 g is rotating in a circular path of radius r with 
constant velocity. The work done in one complete revolution is     [AFMC 1998] 

(a) 100 rJ (b) Jr )100/(  

(c) Jr)/100(  (d) Zero 

66. A particle comes round a circle of radius 1 m once. The time taken 
by it is 10 sec. The average velocity of motion is  

    [JIPMER 1999] 

(a) 0.2 sm /  (b) sm /2   

(c) 2 sm /  (d) Zero 

67. An unbanked curve has a radius of m60 . The maximum speed at 

which a car can make a turn if the coefficient of static friction is 
0.75, is     [JIPMER 1999] 

(a) 2.1 sm /  (b) 14 sm /  

(c) 21 sm /  (d) 7 sm /  

68. A wheel completes 2000 revolutions to cover the 9.5 km. distance. 
then the diameter of the wheel is  [RPMT 1999] 

(a) 1.5 m  (b) 1.5 cm 

(c) 7.5 cm (d) 7.5 m 

69. A cycle wheel of radius 0.4 m completes one revolution in one 
second then the acceleration of a point on the cycle wheel will be  [MH CET (Med.) 1999] 

(a) 0.8 m/s2 (b) 0.4 m/s2  

(c) 22 /6.1 sm  (d) 22 /4.0 sm  

70. The centripetal acceleration is given by [RPET 1999] 

(a) v2/r (b) vr 

(c) vr2 (d) v/r 

71. A cylindrical vessel partially filled with water is rotated about its 
vertical central axis.  It’s surface will  [RPET 2000] 

(a) Rise equally  (b) Rise from the sides 

(c) Rise from the middle (d) Lowered equally 
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72. If a particle covers half the circle of radius R with constant speed 
then   [RPMT 2000] 

(a) Momentum change is mvr 
  (b) Change in K.E. is 1/2 mv2 

(c) Change in K.E. is mv2  

(d) Change in K.E. is zero 

73. An aeroplane is flying with a uniform speed of 100 m/s along a 
circular path of radius 100 m.  the angular speed of the aeroplane 
will be   [KCET 2000] 

(a) 1 rad/sec (b) 2 rad/sec 
(c) 3 rad/sec (d) 4 rad/sec 

74. A body moves with constant angular velocity on a circle.  Magnitude 
of angular acceleration   [RPMT 2000] 

(a) r2 (b) Constant 

(c) Zero (d) None of the above 

75. What is the value of linear velocity, if kji ˆˆ4ˆ3 


 and 

kjir ˆ6ˆ6ˆ5 


    [Pb. PMT 2000] 

(a)  kji ˆ3ˆ2ˆ6   (b) kji ˆ2ˆ13ˆ18   

(c) kji ˆ6ˆ13ˆ4   (d) kji ˆ8ˆ2ˆ6   

76. A stone is tied to one end of a string 50 cm long is whirled in a 
horizontal circle with a constant speed.  If the stone makes 10 
revolutions in 20 s, what is the magnitude of acceleration of the 
stone    [Pb. PMT 2000] 

(a) 493 cm/s2 (b) 720 cm/s2 

(c) 860 cm/s2 (d) 990 cm/s2 

77. A 100 kg car is moving with a maximum velocity of 9 m/s across a 
circular track of radius 30 m.  The maximum force of friction 
between the road and the car is  [Pb. PMT 2000] 

(a) 1000 N  (b) 706 N 

(c) 270 N (d) 200 N 

78. The maximum speed of a car on a road–turn of radius 30 m, if the 
coefficient of friction between the tyres and the road is 0.4, will be    [CBSE PMT 2000] 

(a) 10.84 m/sec  (b) 9.84 m/sec 
(c) 8.84 m/sec (d) 6.84 m/sec 

79. The angular velocity of a wheel is 70 rad/sec.  If the radius of the 
wheel is 0.5 m, then linear velocity of the wheel is 

   [MH CET 2000] 

(a) 70 m/s  (b) 35 m/s 
(c) 30 m/s (d) 20 m/s 

80. A cyclist goes round a circular path of circumference 34.3 m in 

22  sec. the angle made by him, with the vertical, will be     [MH CET 2000] 

(a) 45o  (b) 40 o 

(c) 42 o (d) 48 o 

81. A particle of mass M is moving in a horizontal circle of radius R 
with uniform speed V. When it moves from one point to a 
diametrically opposite point, its  

    [CBSE PMT 1992] 

(a) Kinetic energy changes by 4/2MV  

(b) Momentum does not change 

(c) Momentum changes by 2MV 

(d) Kinetic energy changes by 2MV  

82. A ball of mass 0.1 Kg. is whirled in a horizontal circle of radius 1 m. 
by means of a string at an initial speed of 10 R.P.M.  Keeping the 
radius constant, the tension in the string is reduced to one quarter 
of its initial value.  The new speed is    [MP PMT 2001] 

(a) 5 r.p.m.  (b) 10 r.p.m. 

(c) 20 r.p.m. (d) 14 r.p.m. 

83. A cyclist riding the bicycle at a speed of 314  ms–1 takes a turn 

around a circular road of radius 320  m without skidding.  Given 

g = 9.8 ms–2, what is his inclination to the vertical    [Kerala (Engg.) 2001] 

(a) 30o (b) 90 o 

(c) 45 o (d) 60 o 

84. If a cycle wheel of radius 4 m completes one revolution in two 
seconds.  Then acceleration of a point on the cycle wheel will be    [Pb. PMT 2001] 

(a) 22 / sm   (b) 22 /2 sm  

(c) 22 /4 sm  (d) 2/8 sm  

85. A bob of mass 10 kg is attached to wire 0.3 m long.  Its breaking 

stress is 4.8 × 107 N/m2.  The area of cross section of the wire is 10 –6 
m2.  The maximum angular velocity with which it can be rotated in a 
horizontal circle [Pb. PMT 2001] 

(a) 8 rad/sec (b) 4 rad/sec 

(c) 2 rad/sec (d) 1 rad/sec 

86. In uniform circular motion, the velocity vector and acceleration 
vector are [DCE 2000, 01, 03] 

(a) Perpendicular to each other   

(b) Same direction 

(c) Opposite direction  

(d) Not related to each other 

87. A point mass m is suspended from a light thread of length l, fixed at 
O, is whirled in a horizontal circle at constant speed as shown.  
From your point of view, stationary with respect to the mass, the 
forces on the mass are  [AMU (Med.) 2001] 

 

 

 

 

 

 
 

(a)   (b) 

 

 
 

 

(c)   (d) 

 

  

88. If a cyclist moving with a speed of 4.9 m/s on a level road can take a 

sharp circular turn of radius 4 m, then coefficient of friction 
between the cycle tyres and road is 

[AIIMS 1999; AFMC 2001] 

(a) 0.41  (b) 0.51 

(c) 0.61 (d) 0.71 

89. A car moves on a circular road.  It describes equal angles about the 

centre in equal intervals of time. Which of the following statement 
about the velocity of the car is true  

   [BHU 2001] 

(a) Magnitude of velocity is not constant  

(b) Both magnitude and direction of velocity change  

(c) Velocity is directed towards the centre of the circle 

(d) Magnitude of velocity is constant but direction changes 
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90. A scooter is going round a circular road of radius 100 m at a speed 

of 10 m/s.  The angular speed of the scooter will be 

   [Pb. PMT 2002] 

(a) 0.01 rad/s  (b) 0.1 rad/s 

(c) 1 rad/s (d) 10 rad/s 

91. A particle of mass M moves with constant speed along a circular 

path of radius r under the action of a force F.  Its speed is    [MP PMT 2002] 

(a) 
m

Fr
  (b) 

r

F
 

(c) rmF  (d) 
rm

F
 

92. In an atom for the electron to revolve around the nucleus, the 

necessary centripetal force is obtained from the following force 
exerted by the nucleus on the electron [MP PET 2002] 

(a) Nuclear force (b) Gravitational force 

(c) Magnetic force (d) Electrostatic force 

93. A particle moves with constant speed v along a circular path of 

radius r and completes the circle in time T. The acceleration of the 
particle is   [Orissa JEE 2002] 

(a) Tv /2   (b) Tr /2  

(c) Tr /2 2  (d) Tv /2 2  

94. The maximum velocity (in ms–1) with which a car driver must 

traverse a flat curve of radius 150 m and coefficient of friction 0.6 to 
avoid skidding is     [AIEEE 2002]  

(a) 60  (b) 30 

(c) 15 (d) 25 

95.  A car is moving with high velocity when it has a turn.  A force acts 

on it outwardly because of    [AFMC 2002] 

(a) Centripetal force  (b) Centrifugal force 

(c) Gravitational force (d) All the above 

96. A motor cycle driver doubles its velocity when he is having a turn.  

The force exerted outwardly will be [AFMC 2002] 

(a) Double  (b) Half 

(c) 4 times (d) 
4

1
 times 

97. The coefficient of friction between the tyres and the road is 0.25.  

The maximum speed with which a car can be driven round a curve 
of radius 40 m without skidding is (assume     g = 10 ms–2)   [Kerala (Med.) 2002] 

(a) 40 ms–1  (b) 20 ms–1  

(c) 15 ms–1 (d) 10 ms–1  

98. An athlete completes one round of a circular track of radius 10 m in 

40 sec.  The distance covered by him in 2 min 20 sec is    [Kerala (Med.) 2002] 

(a) 70 m  (b) 140 m 

(c) 110 m (d) 220 m 

99. A proton of mass 1.6 × 10–27 kg goes round in a circular orbit of radius 

0.10 m under a centripetal force of 4 × 10–13 N.  then the frequency of 
revolution of the proton is about  

    [Kerala (Med.) 2002] 

(a) 0.08 × 108 cycles per sec   

(b) 4 × 108 cycles per sec 

(c) 8 × 108 cycles per sec  

(d) 12 × 108 cycles per sec 

100. A particle is moving in a circle with uniform speed v.  In moving 

from a point to another diametrically opposite point   

[Orissa JEE 2003] 

(a) The momentum changes by mv   

(b) The momentum changes by 2mv 

(c) The kinetic energy changes by (1/2)mv2 

 (d) The kinetic energy changes by mv2 

101. In uniform circular motion   [MP PMT 1994] 

(a) Both the angular velocity and the angular momentum vary  

(b) The angular velocity varies but the angular momentum remains 

constant 

(c) Both the angular velocity and the angular momentum stay 
constant 

(d) The angular momentum varies but the angular velocity remains 
constant 

102. When a body moves in a circular path, no work is done by the force 

since,       [KCET 2004] 

(a) There is no displacement 

(b) There is no net force 

(c) Force and displacement are perpendicular to each other 

(d) The force is always away from the centre 

103. Which of the following statements is false for a particle moving in a 

circle with a constant angular speed 

[AIEEE 2004] 

(a) The velocity vector is tangent to the circle 

(b) The acceleration vector is tangent to the circle 

(c) The acceleration vector points to the centre of the circle 

(d) The velocity and acceleration vectors are perpendicular to each 
other 

104. If ra  and ta represent radial and tangential accelerations, the 

motion of a particle will be uniformly circular if  

  [CPMT 2004] 

(a) 0ra  and 0ta  (b) 0ra  but 0ta  

(c) 0ra  but 0ta  (d) 0ra  and 0ta  

105. A person with his hands in his pockets is skating on ice at the 
velocity of 10 m/s and describes a circle of radius 50 m. What is his 
inclination with vertical  [Pb. PET 2000] 

(a) 








10

1
tan 1  (b) 









5

3
tan 1  

(c) )1(tan 1  (d) 








5

1
tan 1  

106. If the radius of curvature of the path of two particles of same 
masses are in the ratio 1 : 2, then in order to have constant 
centripetal force, their velocity, should be in the ratio of  

   [Pb. PET 2000] 

(a) 1 : 4 (b) 4 : 1 

(c) 1:2  (d) 2:1  

107. An object is moving in a circle of radius 100 m with a constant 
speed of 31.4 m/s. What is its average speed for one complete 
revolution   [DCE 2004] 

(a) Zero (b) 31.4 m/s 

(c) 3.14 m/s (d) sm /4.312   

108. A body of mass 1 kg tied to one end of string is revolved in a 
horizontal circle of radius 0.1 m with a speed of 3 revolution/sec, 
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assuming the effect of gravity is negligible, then linear velocity, 
acceleration and tension in the string will be   [DPMT 2003] 

(a) Nsmsm 5.35,/5.35,/88.1 2  

(b) Nsmsm 5.45,/5.45,/88.2 2  

(c) Nsmsm 5.55,/5.55,/88.3 2  

(d) None of these 

109. The acceleration of a train travelling with speed of 400 m/s as it 
goes round a curve of radius 160 m, is  

[Pb. PET 2003] 

(a) 2/1 skm  (b) 2/100 sm  

(c) 2/10 sm  (d) 2/1 sm  

110. A car of mass 800 kg moves on a circular track of radius 40 m. If 
the coefficient of friction is 0.5, then maximum velocity with which 
the car can move is   [MH CET 2004] 

(a) 7 m/s (b) 14 m/s 

(c) 8 m/s (d) 12 m/s 

111. A 500 kg crane takes a turn of radius 50 m with velocity of 36 
km/hr. The centripetal force is   [Pb. PMT 2003] 

(a) 1200 N (b) 1000 N 

(c) 750 N (d) 250 N 

112. Two bodies of equal masses revolve in circular orbits of radii 1R  

and 2R  with the same period. Their centripetal forces are in the 

ratio   [Kerala PMT 2004] 

(a) 

2

1

2















R

R
 (b) 

2

1

R

R
 

(c) 

2

2

1















R

R
 (d) 21 RR  

113. In case of uniform circular motion which of the following physical 
quantity do not remain constant 

[Kerala PMT 2004] 

(a) Speed (b) Momentum 

(c) Kinetic energy (d) Mass 

114. What happens to the centripetal acceleration of a revolving body if 

you double the orbital speed v  and half the angular velocity   

(a) The centripetal acceleration remains unchanged 

(b) The centripetal acceleration is halved 

(c) The centripetal acceleration is doubled 

(d) The centripetal acceleration is quadrupled  

115. A mass is supported on a frictionless horizontal surface. It is 

attached to a string and rotates about a fixed centre at an angular 

velocity 0 . If the length of the string and angular velocity are 

doubled, the tension in the string which was initially 0T  is now     [AIIMS 1985] 

(a) 0T  (b) 2/0T  

(c) 04T  (d) 08T  

116. In 1.0 s, a particle goes from point A to point B, moving in a 

semicircle of radius 1.0 m (see figure). The magnitude of the average 
velocity is    [IIT-JEE 1999] 

 

 

 
 

 

 

(a) sm /14.3  (b) 2.0 sm /  

(c) 1.0 sm /  (d) Zero 

117. Three identical particles are joined together by a thread as shown in 

figure.  All the three particles are moving in a horizontal plane.  If 
the velocity of the outermost particle is v

0

, then the ratio of tensions 
in the three sections of the string is   [UPSEAT 2003] 

 

 
  

 (a) 3 : 5 : 7  (b) 3 : 4 : 5 

(c) 7 : 11 : 6 (d) 3 : 5 : 6 

118. A particle is moving in a circle of radius R with constant speed v, if 
radius is double then its centripetal force to keep the same speed 

should be   [BCECE 2005] 

 (a) Doubled 

 (b) Halved 

 (c) Quadrupled 

 (d) Unchanged 

119. A stone ties to the end of a string m1  long is whirled in a 

horizontal circle with a constant speed. If the stone makes 22 
revolution in 44 seconds, what is the magnitude and direction of 
acceleration of the stone [CBSE PMT 2005] 

(a) 
2

2

4

ms


 and direction along the radius towards the centre 

(b) 
22 ms  and direction along the radius away from the 

centre  

(c) 
22 ms  and direction along the radius towards the centre  

 (d) 
22 ms  and direction along the tangent to the circle 

120. A particle describes a horizontal circle in a conical funnel whose 

inner surface is smooth with speed of 0.5 m/s. What is the height of 
the plane of circle from vertex of the funnel ? 

[J&K CET 2005] 

 (a) 0.25 cm (b) 2 cm 

 (c) 4 cm (d) 2.5 cm 

121. What is the angular velocity of earth [Orissa JEE 2005]  

(a) sec/
86400

2
rad


 (b) sec/

3600

2
rad


 

 (c) sec/
24

2
rad


 (d) sec/

6400

2
rad


 

122. If the length of the second's hand in a stop clock is 3 cm the angular 
velocity and linear velocity of the tip is  

    [Kerala PET 2005]  

(a) 0.2047 rad/sec., 0.0314 m/sec  

(b) 0.2547 rad/sec., 0.314 m/sec 

 (c) 0.1472 rad/sec., 0.06314 m/sec  A 

1.0 m 

B 

l l l 

O A B C 
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 (d) 0.1047 rad/sec., 0.00314 m/sec 
 

Non-uniform Circular Motion 

 

1. In a circus stuntman rides a motorbike in a circular track of radius 

R  in the vertical plane. The minimum speed at highest point of 
track will be 

[CPMT 1979; JIPMER 1997; RPET 1999] 

(a) gR2  (b) gR2  

(c) gR3  (d) gR  

2. A block of mass m  at the end of a string is whirled round in a 

vertical circle of radius R . The critical speed of the block at the top 
of its swing below which the string would slacken before the block 
reaches the top is  [DCE 1999, 2001] 

(a) Rg  (b) 2)(Rg  

(c) gR /  (d) Rg  

3. A sphere is suspended by a thread of length l . What minimum 

horizontal velocity has to be imparted the ball for it to reach the 
height of the suspension  

 [ISM Dhanbad 1994] 

(a) gl  (b) gl2  

(c) gl  (d) gl2  

4. A bottle of sodawater is grasped by the neck and swing briskly in a 

vertical circle. Near which portion of the bottle do the bubbles 
collect 

(a) Near the bottom 

(b) In the middle of the bottle 

(c) Near the neck 

(d) Uniformly distributed in the bottle 

5. A bucket tied at the end of a 1.6 m long string is whirled in a 

vertical circle with constant speed. What should be the minimum 
speed so that the water from the bucket does not spill, when the 

bucket is at the highest position (Take 2sec/10mg  )     [AIIMS 1987] 

(a) 4 m/sec (b) 6.25 m/sec 

(c) 16 m/sec (d) None of the above 

6. A wheel is subjected to uniform angular acceleration about its axis. 
Initially its angular velocity is zero. In the first 2 sec, it rotates 

through an angle 1 . In the next 2 sec, it rotates through an 

additional angle 2 . The ratio of 12 /  is   

   [AIIMS 1985] 

(a) 1 (b) 2 

(c) 3 (d) 5 

7. A 1 kg stone at the end of 1 m long string is whirled in a vertical 

circle at constant speed of 4 m/sec. The tension in the string is 6 N, 
when the stone is at (g = 10 m/sec2)  

[AIIMS 1982] 

(a) Top of the circle (b) Bottom of the circle 

(c) Half way down (d) None of the above 

8. A cane filled with water is revolved in a vertical circle of radius 4 
meter and the water just does not fall down. The time period of 
revolution will be   [CPMT 1985;  

   RPET 1995; UPSEAT 2002; MH CET 2002] 

(a) 1 sec (b) 10 sec 

(c) 8 sec (d) 4 sec 

9. A 2 kg  stone at the end of a string 1 m long is whirled in a vertical 

circle at a constant speed. The speed of the stone is 4 m/sec. The 
tension in the string will be 52 N, when the stone is      [AIIMS 1982] 

(a) At the top of the circle 

(b) At the bottom of the circle 

(c) Halfway down 

(d) None of the above 

10. A body slides down a frictionless track which ends in a circular loop 

of diameter D , then the minimum height h  of the body in term of 

D  so that it may just complete the loop, is 

(a) 
2

5D
h   (b) 

4

5D
h   

(c) 
4

3D
h   (d) 

4

D
h   

11. A car is moving with speed 30 sec/m on a circular path of radius 

500 m. Its speed is increasing at the rate of ,sec/2 2m  What is 

the acceleration of the car 

  [MP PMT 2003; Roorkee 1982; RPET 1996; MH CET 2002] 

(a) 2sec/2m  (b) 2sec/7.2 m  

(c) 2sec/8.1 m  (d) 2sec/8.9 m  

12. The string of pendulum of length l  is displaced through o90  from 

the vertical and released. Then the minimum strength of the string 
in order to withstand the tension, as the pendulum passes through 
the mean position is   

    [MP PMT 1986] 

(a) mg  (b) mg3  

(c) mg5  (d) mg6  

13. A weightless thread can support tension upto 30 N. A stone of mass 

0.5 kg is tied to it and is revolved in a circular path of radius 2 m in 

a vertical plane. If 2/10 smg  , then the maximum angular 

velocity of the stone will be  

  [MP PMT 1994] 

(a) srad /5  (b) srad /30  

(c) srad /60  (d) srad /10  

14. A particle originally at rest at the highest point of a smooth vertical circle is 

slightly displaced. It will leave the circle at a vertical distance h below the 
highest point such that 

(a) Rh    

(b) 
3

R
h   

(c) 
2

R
h    

R 

h 



 

 Motion in Two Dimension 149 

(d) 
3

2R
h   

15. A heavy mass is attached to a thin wire and is whirled in a vertical 
circle. The wire is most likely to break 

[MP PET 1997] 

(a) When the mass is at the highest point of the circle 

(b) When the mass is at the lowest point of the circle 

(c) When the wire is horizontal 

(d) At an angle of )3/1(cos 1  from the upward vertical 

16. A weightless thread can bear tension upto 3.7 kg wt. A stone of 

mass 500 gms is tied to it and revolved in a circular path of radius 

4 m in a vertical plane. If 210  msg , then the maximum angular 

velocity of the stone will be   

   [MP PMT/PET 1998] 

(a) 4 radians/sec (b) 16 radians/sec 

(c) 21  radians/sec (d) 2 radians/sec 

17. The maximum velocity at the lowest point, so that the string just 

slack at the highest point in a vertical circle of radius l   

 [CPMT 1999; MH CET 2004] 

(a) gl  (b) gl3  

(c) gl5  (d) gl7  

18. If the equation for the displacement of a particle moving on a 

circular path is given by 5.02)( 3  t , where   is in radians 

and t  in seconds, then the angular velocity of the particle after 2 
sec from its start is   [AIIMS 1998] 

(a) 8 rad/sec (b) 12 rad/sec 

(c) 24 rad/sec (d) 36 rad/sec 

19. A body of mass m  hangs at one end of a string of length l, the 
other end of which is fixed. It is given a horizontal velocity so that 

the string would just reach where it makes an angle of o60  with 

the vertical. The tension in the string at mean position is    [ISM Dhanbad 1994] 

(a) mg2  (b) mg  

(c) mg3  (d) mg3  

20. In a vertical circle of radius r, at what point in its path a particle has 

tension equal to zero if it is just able to complete the vertical circle    [EAMCET 1994] 

(a) Highest point 

(b) Lowest point 

(c) Any point 

(d) At a point horizontally from the centre of circle of radius r 

21. The tension in the string revolving in a vertical circle with a mass  
m  at the end which is at the lowest position  

[EAMCET (Engg.) 1995; AIIMS 2001] 

(a) 
r

mv 2

 (b) mg
r

mv


2

 

(c) mg
r

mv


2

 (d) mg  

22. A hollow sphere has radius 6.4 m. Minimum velocity required by a 
motor cyclist at bottom to complete the circle will be     [RPET 1997] 

(a) 17.7 m/s (b) 10.2 m/s 

(c) 12.4 m/s (d) 16.0 m/s 

23. A block follows the path as shown in the figure from height h . If 
radius of circular path is r , then relation that holds good to 
complete full circle is    [RPET 1997] 

(a) 2/5rh    

(b) 2/5rh   

(c) 2/5rh    

(d) 2/5rh   

24. A pendulum bob on a 2 m string is displaced 60o from the vertical 
and then released.  What is the speed of the bob as it passes 
through the lowest point in its path [JIPMER 1999] 

(a) sm /2   (b) sm /8.9  

(c) 4.43 m/s (d) sm /2/1  

25. A fan is making 600 revolutions per minute.  If after some time it 

makes 1200 revolutions per minute, then increase in its angular 
velocity is   [BHU 1999] 

(a) sec/10 rad   (b) sec/20 rad  

(c) sec/40 rad  (d) sec/60 rad  

26. A particle is tied to 20cm long string.  It performs circular motion in 
vertical plane. What is the angular velocity of string when the 
tension in the string at the top is zero  

[RPMT 1999] 

(a) secrad/5   (b) secrad/2  

(c) secrad/5.7  (d) secrad/7  

27. A stone tied with a string, is rotated in a vertical circle.  The 
minimum speed with which the string has to be rotated 

   [CBSE PMT 1999] 

(a) Is independent of the mass of the stone 

(b) Is independent of the length of the string 

(c) Decreases with increasing mass of the stone  

(d) Decreases with increasing in length of the string 

28. For a particle in a non-uniform accelerated circular motion 

  [AMU (Med.) 2000] 

(a) Velocity is radial and acceleration is transverse only   

(b) Velocity is transverse and acceleration is radial only 

(c) Velocity is radial and acceleration has both radial and 
transverse components  

(d) Velocity is transverse and acceleration has both radial and 

transverse components 

29. A fighter plane is moving in a vertical circle of radius ‘r’.  Its 
minimum velocity at the highest point of the circle will be 

   [MP PET 2000] 

(a) rg3   (b) rg2  

(c) rg  (d) 2/gr  

30. A ball is moving to and fro about the lowest point A of a smooth 

hemispherical bowl.  If it is able to rise up to a height of 20 cm on either 
side of A, its speed at A must be (Take = 10 m/s2, mass of the body 5 
g)    [JIPMER 2000] 

(a) 0.2 m/s (b) 2 m/s 

(c) 4 m/s (d) 4.5 ms–1 

31. A stone of mass m is tied to a string and is moved in a vertical 
circle of radius r making n revolutions per minute.  The total 
tension in the string when the stone is at its lowest point is  [Kerala (Engg.) 2001] 

(a) mg  (b) )( 2rngm   

h 

r 
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(c) )( rngm   (d) }900/)({ 22 rngm   

32. As per given figure to complete the circular loop what should be the 
radius if initial height is 5 m [RPET 2001] 

 

(a) 4 m  

(b) 3 m 

(c) 2.5 m 

(d) 2 m 

33. A coin, placed on a rotating turn-table slips, when it is placed at a 
distance of 9 cm from the centre.  If the angular velocity of the 
turn-table is trippled, it will just slip, if its distance from the centre 
is    [CPMT 2001] 

(a) 27 cm  (b) 9 cm 

(c) 3 cm (d) 1 cm 

34. When a ceiling fan is switched off its angular velocity reduces to 
50% while it makes 36 rotations.  How many more rotation will it 

make before coming to rest (Assume uniform angular retardation)    [KCET 2001] 

(a) 18  (b) 12 

(c) 36 (d) 48 

35. A body crosses the topmost point of a vertical circle with critical 
speed.  Its centripetal acceleration, when the string is horizontal will 
be    [MH CET 2002]   

(a) 6 g  (b) 3 g 

(c) 2 g (d) g 

36. A simple pendulum oscillates in a vertical plane.  When it passes 
through the mean position, the tension in the string is 3 times the 

weight of the pendulum bob.  What is the maximum displacement 
of the pendulum of the string with respect to the vertical     [Orissa JEE 2002] 

(a) 30o  (b) 45 o 

(c) 60 o (d) 90 o 

37. A particle is moving in a vertical circle.  The tensions in the string 
when passing through two positions at angles 30 o and 60o from 
vertical (lowest position) are T

1

 and T
2

 respectively.  then    [Orissa JEE 2002] 

(a) T
1

 = T
2

  

(b) T
2

 > T
1

 

(c) T
1

 > T
2

  

(d) Tension in the string always remains the same 

38. A particle is kept at rest at the top of a sphere of diameter 42 m.  
When disturbed slightly, it slides down.  At what height ‘h’ from the 

bottom, the particle will leave the sphere  

   [BHU 2003] 

(a) 14 m  (b) 28 m 

(c) 35 m (d) 7 m 

39. The coordinates of a moving particle at any time ‘t’ are given by x = 

t3 and y = t3.  The speed of the particle at time ‘t’ is given by    [AIEEE 2003] 

(a) 22     (b) 223  t  

(c) 2223  t  (d) 222  t  

40. A small disc is on the top of a hemisphere of radius R . What is the 
smallest horizontal velocity v that should be given to the disc for it 
to leave the hemisphere and not slide down it ? [There is no 
friction]   [CPMT 1991] 

(a) gRv 2  (b) gRv   

(c) 
R

g
v   (d) Rgv 2  

41. A body of mass 0.4 kg is whirled in a vertical circle making 2 
rev/sec.  If the radius of the circle is 2 m, then tension in the string 
when the body is at the top of the circle, is 

   [CBSE PMT 1999] 

(a) 41.56 N (b) 89.86 N 

(c) 109.86 N (d) 115.86 N 

42. A bucket full of water is revolved in vertical circle of radius 2m. 
What should be the maximum time-period of revolution so that the 
water doesn't fall off the bucket  [AFMC 2004] 

(a) 1 sec (b) 2 sec 

(c) 3 sec (d) 4 sec 

43. Figure shows a body of mass m moving with a uniform speed v 
along a circle of radius r. The change in velocity in going from A to 
B is    [DPMT 2004] 

 

(a) 2v  

(b) 2/v  

(c) v  

(d) zero 

44. The maximum and minimum tension in the string whirling in a 
circle of radius 2.5 m with constant velocity are in the ratio 5 : 3 
then its velocity is    [Pb. PET 2003] 

(a) sm /98  (b) sm /7  

(c) sm /490  (d) 9.4  

45. For a particle in circular motion the centripetal acceleration is 

(a) Less than its tangential acceleration 

(b) Equal to its tangential acceleration 

(c) More than its tangential acceleration 

(d) May be more or less than its tangential acceleration 

46. A particle moves in a circular path with decreasing speed. Choose 
the correct statement.   [IIT JEE 2005] 

 (a) Angular momentum remains constant   

 (b) Acceleration ( a


) is towards the center  

 (c) Particle moves in a spiral path with decreasing radius  

 (d) The direction of angular momentum remains constant 

47. A body of mass 1 kg is moving in a vertical circular path of radius 
1m. The difference between the kinetic energies at its highest and 
lowest position is   

(a) 20J (b) 10J 

 (c) J54  (d)  J1510   

48. The angle turned by a body undergoing circular motion depends on 

time as 2
210 tt   . Then the angular acceleration of the 

body is   [Orissa JEE 2005] 

(a) 1  (b) 2  

 (c) 12  (d) 22  

 

Horizontal Projectile Motion 
 

1. The maximum range of a gun on horizontal terrain is 16 km. If 
2/10 smg  . What must be the muzzle velocity of the shell  [KCET 1999; BHU 2003] 

D 

A 
O 

C 

B 

h = 5 m 
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(a) 200 m/s (b) 400 m/s 

(c) 100 m/s (d) 50 m/s 

2. A stone is just released from the window of a train moving along a 
horizontal straight track. The stone will hit the ground following[NCERT 1972; AFMC 1996; BHU 2000] 

(a) Straight path (b) Circular path 

(c) Parabolic path (d) Hyperbolic path 

3. A bullet is dropped from the same height when another bullet is 
fired horizontally. They will hit the ground 

(a) One after the other (b) Simultaneously 

(c) Depends on the observer (d) None of the above 

4. An aeroplane is flying at a constant horizontal velocity of 600 km/hr 
at an elevation of 6 km towards a point directly above the target on 

the earth's surface. At an appropriate time, the pilot releases a ball 
so that it strikes the target at the earth. The ball will appear to be 
falling [MP PET 1993] 

(a) On a parabolic path as seen by pilot in the plane 

(b) Vertically along a straight path as seen by an observer on the 

ground near the target 

(c) On a parabolic path as seen by an observer on the ground near 

the target 

(d) On a zig-zag path as seen by pilot in the plane 

5. A bomb is dropped from an aeroplane moving horizontally at 
constant speed. When air resistance is taken into consideration, the 
bomb 

[EAMCET (Med.) 1995; AFMC 1999] 

(a) Falls to earth exactly below the aeroplane 

(b) Fall to earth behind the aeroplane 

(c) Falls to earth ahead of the aeroplane 

(d) Flies with the aeroplane 

6. A man projects a coin upwards from the gate of a uniformly moving 
train. The path of coin for the man will be   

    [RPET 1997] 

(a) Parabolic (b) Inclined straight line 

(c) Vertical straight line (d) Horizontal straight line 

7. An aeroplane is flying horizontally with a velocity of 600 km/h at a 
height of 1960 m. When it is vertically at a point A on the ground, a 
bomb is released from it. The bomb strikes the ground at point B. 
The distance AB is 

[CPMT 1996; JIPMER 2001, 02] 

(a) 1200 m (b) 0.33 km 

(c) 3.33 km (d) 33 km 

8. A ball is rolled off the edge of a horizontal table at a speed of 4 

m/second.  It hits the ground after 0.4 second.  Which statement 
given below is true     [AMU (Med.) 1999] 

(a) It hits the ground at a horizontal distance 1.6 m from the edge 
of the table  

(b) The speed with which it hits the ground is 4.0 m/second 

(c) Height of the table is 0.8 m  

(d) It hits the ground at an angle of 60o to the horizontal 

9. An aeroplane flying 490 m above ground level at 100 m/s, releases a 
block.  How far on ground will it strike 

 [RPMT 2000] 

(a) 0.1 km  (b) 1 km 

(c) 2 km (d) None 

10. A body is thrown horizontally from the top of a tower of height 5 
m.  It touches the ground at a distance of 10 m from the foot of the 
tower.  The initial velocity of the body is (g = 10 ms–2)       [EAMCET (Engg.) 2000] 

(a) 2.5 ms–1  (b) 5 ms–1 

(c) 10 ms–1 (d) 20 ms–1 

11. An aeroplane moving horizontally with a speed of 720 km/h drops a 

food pocket, while flying at a height of 396.9 m.  the time taken by 
a food pocket to reach the ground and its horizontal range is (Take 
g = 9.8 m/sec2) [AFMC 2001] 

(a) 3 sec and 2000 m (b) 5 sec and 500 m 

(c) 8 sec and 1500 m (d) 9 sec and 1800 m 

12. A particle (A) is dropped from a height and another particle (B) is 

thrown in horizontal direction with speed of 5 m/sec from the same 
height. The correct statement is 

 [CBSE PMT 2002; Orissa JEE 2003] 

(a) Both particles will reach at ground simultaneously  

(b) Both particles will reach at ground with same speed 

(c) Particle (A) will reach at ground first with respect to particle 
(B)  

(d) Particle (B) will reach at ground first with respect to particle 
(A) 

13. A particle moves in a plane with constant acceleration in a direction 
different from the initial velocity. The path of the particle will be [MP PMT 2004; CPMT 1982] 

(a) A straight line (b) An arc of a circle 

(c) A parabola (d) An ellipse 

14. At the height 80 m, an aeroplane is moving with 150 m/s. A bomb is 

dropped from it so as to hit a target. At what distance from the 
target should the bomb be dropped (given g = 10 m/s2)   [BCECE 2004] 

(a) 605.3 m (b) 600 m 

(c) 80 m (d) 230 m 

15. A bomber plane moves horizontally with a speed of 500 m/s and a 
bomb released from it, strikes the ground in 10 sec. Angle at which 

it strikes the ground will be )/10( 2smg   

   [MH CET 2003] 

(a) 








5

1
tan 1  (b) 









5

1
tan  

(c) )1(tan 1  (d) )5(tan 1  

16. A large number of bullets are fired in all directions with same speed 
v . What is the maximum area on the ground on which these 
bullets will spread 

(a) 
g

v 2

  (b) 
2

4

g

v
  

(c) 
2

4
2

g

v
  (d) 

2

2
2

g

v
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Oblique Projectile Motion 
 

1. A projectile fired with initial velocity u  at some angle   has a 

range R . If the initial velocity be doubled at the same angle of 
projection, then the range will be 

(a) R2  (b) 2/R  

(c) R  (d) R4  

2. If the initial velocity of a projectile be doubled, keeping the angle of 
projection same, the maximum height reached by it will 

(a) Remain the same (b) Be doubled 

(c) Be quadrupled (d) Be halved 

3. In the motion of a projectile freely under gravity, its 

(a) Total energy is conserved  

(b) Momentum is conserved 

(c) Energy and momentum both are conserved 

(d) None is conserved 

4. The range of a projectile for a given initial velocity is maximum 

when the angle of projection is o45 . The range will be minimum, if 

the angle of projection is 

(a) o90  (b) o180  

(c) o60  (d) o75  

5. The angle of projection at which the horizontal range and maximum 

height of projectile are equal is 

[Kurukshetra CEE 1996; BCECE 2003; Pb. PET 2001] 

(a) o45  (b) )25.0(tan 1  

(c) 4tan 1 or )76(   (d) o60  

6. A ball is thrown upwards and it returns to ground describing a 

parabolic path. Which of the following remains constant   

 [BHU 1999; DPMT 2001; AMU (Engg.) 2000] 

(a) Kinetic energy of the ball  

(b) Speed of the ball 

(c) Horizontal component of velocity 

(d) Vertical component of velocity 

7. At the top of the trajectory of a projectile, the directions of its 

velocity and acceleration are  

(a) Perpendicular to each other  

(b) Parallel to each other 

(c) Inclined to each other at an angle of  o45  

(d) Antiparallel to each other 

8. An object is thrown along a direction inclined at an angle of o45  
with the horizontal direction. The horizontal range of the particle is 

equal to    [MP PMT 1985] 

(a) Vertical height 

(b) Twice the vertical height 

(c) Thrice the vertical height  

(d) Four times the vertical height 

9. The height y  and the distance x  along the horizontal plane of a 

projectile on a certain planet (with no surrounding atmosphere) are 

given by )58( 2tty   meter and tx 6  meter, where t  is in 

second. The velocity with which the projectile is projected is[CPMT 1981; MP PET 1997] 

(a) 8 m/sec 

(b) 6 m/sec 

(c) 10 m/sec 

(d) Not obtainable from the data 

10. Referring to above question, the angle with the horizontal at which 

the projectile was projected is [CPMT 1981] 

(a) 4/3(tan 1 ) 

(b) )3/4(tan 1  

(c) 4/3(sin 1 ) 

(d) Not obtainable from the given data 

11. Referring to the above two questions, the acceleration due to gravity 

is given by    [CPMT 1981] 

(a) 2sec/10 m  (b) 2sec/5m   

(c) 2sec/20 m  (d) 2sec/5.2 m  

12. The range of a particle when launched at an angle of o15  with the 
horizontal is 1.5 km. What is the range of the projectile when 

launched at an angle of o45  to the horizontal    [CPMT 1982] 

(a) 1.5 km (b) 3.0 km 

(c) 6.0 km (d) 0.75 km 

13. A cricketer hits a ball with a velocity sm /25  at o60  above the 

horizontal. How far above the ground it passes over a fielder 50 m  
from the bat (assume the ball is struck very close to the ground)    [BVP 2003] 

(a) 8.2 m (b) 9.0 m 

(c) 11.6 m (d) 12.7 m 

14. A stone is projected from the ground with velocity sm /25 . Two 

seconds later, it just clears a wall 5 m high. The angle of projection 

of the stone is )sec/10( 2mg   

(a) o30  (b) o45  

(c) o2.50  (d) o60  

15. Galileo writes that for angles of projection of a projectile at angles 

)45(   and )45(  , the horizontal ranges described by the 

projectile are in the ratio of (if )45    

 [MP PET 1993] 

(a) 2 : 1 (b) 1 : 2 

(c) 1 : 1 (d) 2 : 3 

16. A projectile thrown with a speed v  at an angle   has a range R  

on the surface of earth. For same v  and  , its range on the 

surface of moon will be 

(a) 6/R  (b) R6  

(c) 36/R  (d) R36  

17. The greatest height to which a man can throw a stone is h . The 

greatest distance to which he can throw it, will be 
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(a) 
2

h
 (b) h  

(c) h2  (d) h3  

18. The horizontal range is four times the maximum height attained by 

a projectile. The angle of projection is 

[MP PET 1994; CBSE PMT 2000; RPET 2001] 

(a) o90  (b) o60  

(c) o45  (d) o30  

19. A ball is projected with kinetic energy E at an angle of o45  to the 
horizontal. At the highest point during its flight, its kinetic energy 
will be    

 [MP PMT 1994; CBSE PMT 1997, 2001; AIEEE 2002; Pb. PMT 2004; 

Orissa PMT 2004] 

(a) Zero (b) 
2

E
 

(c) 
2

E
 (d) E  

20. A particle of mass m  is projected with velocity v  making an angle 

of o45 with the horizontal. The magnitude of the angular 

momentum of the particle about the point of projection when the 
particle is at its maximum height is (where g  acceleration due to 

gravity) 

[MP PMT 1994; MP PET 2001; Pb. PET 2004] 

(a) Zero (b) )24/(3 gmv  

(c) )2/(3 gmv  (d) gmv 2/2  

21. A particle reaches its highest point when it has covered exactly one 

half of its horizontal range. The corresponding point on the 
displacement time graph is characterised by  

 [AIIMS 1995] 

(a) Negative slope and zero curvature 

(b) Zero slope and negative curvature 

(c) Zero slope and positive curvature 

(d) Positive slope and zero curvature 

22. At the top of the trajectory of a projectile, the acceleration is      [Manipal MEE 1995] 

(a) Maximum (b) Minimum 

(c) Zero (d) g 

23. When a body is thrown with a velocity u  making an angle   with 

the horizontal plane, the maximum distance covered by it in 
horizontal direction is [MP PMT 1996; RPET 2001] 

(a) 
g

u sin2

 (b)  
g

u

2

2sin2 
 

(c) 
g

u 2sin2

 (d)  
g

u 2cos2

 

24. A football player throws a ball with a velocity of 50 metre/sec at an 
angle 30 degrees from the horizontal. The ball remains in the air for 

)/10( 2smg   

(a) 2.5 sec (b) 1.25 sec 

(c) 5 sec (d) 0.625 sec 

25. A body of mass 0.5 kg is projected under gravity with a speed of 98 

m/s at an angle of o30  with the horizontal. The change in 

momentum (in magnitude) of the body is   
 [MP PET 1997] 

(a) sN 5.24  (b) sN 0.49  

(c) sN 0.98  (d) sN 0.50  

26. A body is projected at such an angle that the horizontal range is 
three times the greatest height. The angle of projection is                     [AIIMS 1998; DPMT 2000] 

(a) 825 o  (b) 733 o  

(c) 842 o  (d) 853 o   

27. A gun is aimed at a target in a line of its barrel. The target is 
released and allowed to fall under gravity at the same instant the 
gun is fired. The bullet will   [EAMCET 1994] 

(a) Pass above the target (b) Pass below the target 

(c) Hit the target (d) Certainly miss the target 

28. Two bodies are projected with the same velocity. If one is projected 

at an angle of o30  and the other at an angle of o60  to the 

horizontal, the ratio of the maximum heights reached is 
[AIIMS 2001; EAMCET (Med.) 1995; Pb. PMT 2000] 

(a) 3 : 1 (b) 1 : 3 

(c) 1 : 2 (d) 2 : 1 

29. If the range of a gun which fires a shell with muzzle speed V  is 

R , then the angle of elevation of the gun is [AMU 1995] 

(a) 















Rg

V 2
1cos  (b) 









2

1cos
V

gR
 

(c) 














Rg

V 2

2

1
 (d) 









2

1sin
2

1

V

gR
 

30. If time of flight of a projectile is 10 seconds. Range is 500 meters. 
The maximum height attained by it will be   

   [RPMT 1997] 

(a) 125 m (b) 50 m 

(c) 100 m (d) 150 m 

31. If a body A of mass M is thrown with velocity V at an angle of o30  
to the horizontal and another body B of the same mass is thrown 

with the same speed at an angle of o60  to the horizontal. The ratio 
of horizontal range of A to B will be    

[CBSE PMT 1992] 

(a) 1 : 3  (b) 1 : 1 

(c) 3:1  (d) 1:3  

32. A bullet is fired from a cannon with velocity 500 m/s. If the angle of 

projection is o15  and 2/10 smg  .  Then the range is     [CPMT 1997] 

(a) m31025   (b) m3105.12   

(c) m21050   (d) m21025   

33. A ball thrown by a boy is caught by another after 2 sec. some 

distance away in the same level. If the angle of projection is 30 o, the 
velocity of projection is  [JIPMER 1999] 

(a) 19.6 m/s  (b) 9.8 m/s 
(c) 14.7 m/s (d) None of these 

34. A particle covers 50 m distance when projected with an initial 

speed.  On the same surface it will cover a distance, when projected 
with double the initial speed [RPMT 2000] 

(a) 100 m  (b) 150 m 

(c) 200 m (d) 250 m 

35. A ball is thrown upwards at an angle of 60o to the horizontal.  It 
falls on the ground at a distance of 90 m.  If the ball is thrown with 
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the same initial velocity at an angle 30o, it will fall on the ground at a 
distance of [BHU 2000] 

(a) 30 m  (b) 60 m 

(c) 90 m (d) 120 m 

36. Four bodies P, Q, R and S are projected with equal velocities having 
angles of projection 15o, 30o, 45o and 60o with the horizontal 
respectively.  The body having shortest range is  [EAMCET (Engg.) 2000] 

(a) P  (b) Q 

(c) R (d) S 

37. For a projectile, the ratio of maximum height reached to the square 

of flight time is (g = 10 ms–2)  

 [EAMCET (Med.) 2000] 

(a) 5 : 4  (b) 5 : 2 

(c) 5 : 1 (d) 10 : 1 

38. A stone projected with a velocity u at an angle  with the horizontal 

reaches maximum height H
1

.  When it is projected with velocity u at 

an angle 











2
 with the horizontal, it reaches maximum height 

H
2

.  The relation between the horizontal range R of the projectile, H
1

 
and H

2 

is     [EAMCET 2000] 

(a) 214 HHR   (b) )(4 21 HHR   

(c) )(4 21 HHR   (d) 
2

2

2
1

H

H
R   

39. An object is projected with a velocity of 20 m/s making an angle of 
45o with horizontal. The equation for the trajectory is h = Ax – Bx2 
where h is height, x is horizontal distance, A and B are constants.  
The ratio A : B is  (g = 10 ms–2)   

   [EAMCET 2001] 

(a) 1 : 5  (b) 5 : 1 

(c) 1 : 40 (d) 40 : 1 

40. Which of the following sets of factors will affect the horizontal 
distance covered by an athlete in a long–jump event   [AMU (Engg.) 2001]  

(a) Speed before he jumps and his weight   

(b) The direction in which he leaps and the initial speed 

(c) The force with which he pushes the ground and his speed 

(d)  None of these 

41. A ball thrown by one player reaches the other in 2 sec.  the 
maximum height attained by the ball above the point of projection 
will be about    [Pb. PMT 2002] 

(a) 10 m  (b) 7.5 m 

(c) 5 m (d) 2.5 m 

42. In a projectile motion, velocity at maximum height is 

   [AIEEE 2002] 

(a) 
2

cosu
  (b) cosu  

(c) 
2

sinu
 (d) None of these 

43. If two bodies are projected at 30o and 60o respectively, with the same 
velocity, then [JIPMER 2002; CBSE PMT 2000] 

(a) Their ranges are same   

(b) Their heights are same 

(c) Their times of flight are same 

(d) All of these 

44. A body is thrown with a velocity of 9.8 m/s making an angle of 30o 
with the horizontal. It will hit the ground after a time 

   [JIPMER 2001, 2002; KCET 2001] 

(a) 1.5 s  (b) 1 s 

(c) 3 s (d) 2 s 

45. The equation of motion of a projectile are given by x = 36 t metre 
and 2y = 96 t – 9.8 t2 metre.  The angle of projection is       [EAMCET 2003] 

(a) 








5

4
sin 1   (b) 









5

3
sin 1  

(c) 








3

4
sin 1  (d) 









4

3
sin 1

 

46. For a given velocity, a projectile has the same range R for two angles 
of projection if t

1

 and t
2

 are the times of flight in the two cases then[KCET 2003; AIEEE 2004] 

(a) 2
21 Rtt    (b) Rtt 21  

(c) 
R

tt
1

21   (d) 
221

1

R
tt   

47. A body of mass m is thrown upwards at an angle  with the 

horizontal with velocity v.  While rising up the velocity of the mass 
after t seconds will be    [AMU (Engg.) 1999] 

(a) 22 )sin()cos(  vv     

(b) gtvv  2)sincos(   

(c) gtvtgv )sin2(222    

(d) gtvtgv )cos2(222   

48. A cricketer can throw a ball to a maximum horizontal distance of 
100 m. With the same effort, he throws the ball vertically upwards.  
The maximum height attained by the ball is     [UPSEAT 2002] 

(a) 100 m  (b) 80 m 

(c) 60 m (d) 50 m 

49. A cricketer can throw a ball to a maximum horizontal distance of 
100 m.  The speed with which he throws the ball is (to the nearest 
integer)   [Kerala (Med.) 2002] 

(a) 30 ms–1  (b) 42 ms–1 

(c) 32 ms–1 (d) 35 ms–1 

50. A ball is projected with velocity oV  at an angle of elevation 30°. 

Mark the correct statement   [MP PMT 2004] 

(a) Kinetic energy will be zero at the highest point of the trajectory 

(b) Vertical component of momentum will be conserved 

(c) Horizontal component of momentum will be conserved 

(d) Gravitational potential energy will be minimum at the highest 
point of the trajectory 

51. Neglecting the air resistance, the time of flight of a projectile is 
determined by    [J & K CET 2004] 

(a) verticalU  

(b) horizontalU  

(c) horizontalvertical UUU 22   

(d) 2/122 )( horizontalvertical UUUU   

52. A ball is thrown from a point with a speed ov  at an angle of 

projection  . From the same point and at the same instant a 

person starts running with a constant speed 2/ov  to catch the 

ball. Will the person be able to catch the ball? If yes, what should be 
the angle of projection [AIEEE 2004] 

(a) Yes, o60  (b) Yes, o30  

(c) No (d) Yes, o45  
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53. A stone is thrown at an angle  to the horizontal reaches a 

maximum height H. Then the time of flight of stone will be  

    [BCECE 2004] 

(a) 
g

H2
 (b) 

g

H2
2  

(c) 
g

H sin22
 (d) 

g

H sin2
 

54. The horizontal range of a projectile is 34  times its maximum 

height. Its angle of projection will be 

[J & K CET 2004; DPMT 2003] 

(a) o45  (b) o60  

(c) o90  (d) o30  

55. A ball is projected upwards from the top of tower with a velocity 
150 ms  making an angle o30  with the horizontal. The height of 

tower is 70 m. After how many seconds from the instant of 
throwing will the ball reach the ground 

   [DPMT 2004] 

(a) 2 s (b) 5 s 

(c) 7 s (d) 9 s 

56. Two bodies are thrown up at angles of 45o and 60o, respectively, with 

the horizontal. If both bodies attain same vertical height, then the 
ratio of velocities with which these are thrown is    [DPMT 2005] 

(a) 
3

2
 (b) 

3

2
 

 (c) 
2

3
 (d) 

2

3
 

57. At what point of a projectile motion acceleration and velocity are 

perpendicular to each other [Orissa JEE 2005] 

(a) At the point of projection 

(b) At the point of drop 

(c) At the topmost point 

(d) Any where in between the point of projection and topmost 
point 

58. An object is projected at an angle of 45° with the horizontal. The 
horizontal range and the maximum height reached will be in the 
ratio.    [Kerala PET 2005] 

 (a) 1 : 2 (b) 2 : 1 

(c) 1 : 4 (d) 4 : 1 

59. The maximum horizontal range of a projectile is 400 m. The 

maximum value of height attained by it will be  

   [AFMC 2005] 

 (a) 100 m (b) 200 m 

 (c) 400 m (d) 800 m 

 

 

 

 

 

1. A particle is acted upon by a force of constant magnitude which is 

always perpendicular to the velocity of the particle. The motion of 
the particle takes place in a plane. It follows that     [IIT 1987] 

(a) Velocity is constant 

(b) Acceleration is constant 

(c) Kinetic energy is constant 

(d) It moves in a circular path 

2. A tube of length L  is filled completely with an incompressible 

liquid of mass M  and closed at both the ends. The tube is then 
rotated in a horizontal plane about one of its ends with a uniform 
angular velocity  . The force exerted by the liquid at the other end 

is [IIT 1992] 

(a) 
2

2ML
 (b) 2ML  

(c) 
4

2ML
 (d) 

2

22ML
 

3. The kinetic energy k  of a particle moving along a circle of radius 

R  depends on the distance covered s  as 2ask   where a  is a 

constant. The force acting on the particle is 

[MNR 1992; JIPMER 2001, 02; AMU (Engg.) 1999] 

(a) 
R

s
a

2

2  (b)  

2/1

2

2

12















R

s
as  

(c) as2  (d) 
s

R
a

2

2  

4. A car is moving in a circular horizontal track of radius 10 m with a 
constant speed of 10 m/sec. A plumb bob is suspended from the roof 
of the car by a light rigid rod of length 1.00 m. The angle made by 
the rod with track is 

[IIT 1992] 

(a) Zero (b) o30  

(c) o45  (d) o60  

5. A particle of mass m  is moving in a circular path of constant 

radius r  such that its centripetal acceleration ca  is varying with 

time t as, 22rtkac  , The power delivered to the particle by the 

forces acting on it is  [IIT 1994] 

(a) trmk 222  (b) trmk 22  

(c) 
3

524 trmk
 (d) Zero 

6. A string of length L is fixed at one end and carries a mass M at the 

other end.  The string makes 2/ revolutions per second around the 

vertical axis through the fixed end as shown in the figure, then 
tension in the string is 

[BHU 2002; DPMT 2004] 

 

(a) ML   

(b) 2 ML 

(c) 4 ML  

(d) 16 ML 

7. A stone of mass 1 kg tied to a light inextensible string of length 

mL
3

10
  is whirling in a circular path of radius L  in a vertical 

plane. If the ratio of the maximum tension in the string to the 
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minimum tension in the string is 4 and if g  is taken to be 

2sec/10m , the speed of the stone at the highest point of the 

circle is    [CBSE PMT 1990] 

(a) sec/20m  (b) sec/310 m  

(c) sec/25 m  (d) sec/10m  

8. A particle P  is sliding down a frictionless hemispherical bowl. It 

passes the point  A  at 0t . At this instant of time, the 

horizontal component of its velocity is v . A bead Q  of the same 

mass as P  is ejected from A  at 0t  along the horizontal string 

AB  (see figure) with the speed v . Friction between the bead and 

the string may be neglected. Let Pt  and Qt  be the respective time 

taken by P  and Q  to reach the point B . Then    [IIT 1993] 

   

(a) QP tt    

(b) QP tt   

(c) QP tt    

(d) All of these 

9. A long horizontal rod has a bead which can slide along its length, 

and initially placed at a distance L from one end A of the rod.  The 
rod is set in angular motion about A with constant angular 

acceleration . If the coefficient of friction between the  rod and the 

bead is , and gravity is neglected, then the time after which the 
bead starts slipping is 

   [IIT-JEE Screening 2000] 

(a) 



 (b) 




 

(c) 


1
 (d) Infinitesimal  

10. A small block is shot into each of the four tracks as shown below.  
Each of the tracks rises to the same height.  The speed with which 
the block enters the track is the same in all cases.  At the highest 
point of the track, the normal reaction is maximum in   [IIT-JEE Screening 2001] 

 

 

(a)  (b) 

 

 

 

 

(c)                                 (d)  

 

11. A simple pendulum is oscillating without damping.  When the 
displacement of the bob is less than maximum, its acceleration 

vector a


 is correctly shown in 

   [IIT-JEE Screening 2002] 

 

 

 

(a)                                (b) 

 

 

 

 

(c)   (d)                                            

 

 

 

 

 

12. A solid disc rolls clockwise without slipping over a horizontal path 
with a constant speed  .  Then the magnitude of the velocities of 

points A, B and C (see figure) with respect to a standing observer 
are respectively  [UPSEAT 2002] 

(a)    and ,   

(b) zeroand 2,2   

(c) zeroand 2,2    

(d)  2and 2,2  

13. A stone tied to a string of length L  is whirled in a vertical circle 
with the other end of the string at the centre. At a certain instant of 
time, the stone is at its lowest position and has a speed u . The 
magnitude of the change in its velocity as it reaches a position 
where the string is horizontal is  

  [IIT 1998; CBSE PMT 2004] 

(a) gLu 22   (b) gL2  

(c) glu 2  (d) )(2 2 gLu   

14. The driver of a car travelling at velocity v suddenly see a broad wall 
in front of him at a distance d. He should   

[IIT 1977] 
(a) Brake sharply (b) Turn sharply 
(c) (a) and (b) both (d) None of the above 

15. Four persons MLK ,,  and N  are initially at the corners of a 

square of side of length d . If every person starts moving, such that 

K  is always headed towards LL,  towards MM,  is headed 

directly towards N  and N  towards K , then the four persons will 
meet after    [IIT 1984] 

(a) 
v

d
 sec (b) 

v

d2
 sec 

(c) 
v

d

2
 sec  (d) 

v

d

2
 sec 

16. The coordinates of a particle moving in a plane are given by 

)cos()( ptatx   and )sin()( ptbty   where )(, aba   and p  

are positive constants of appropriate dimensions. Then   
   [IIT-JEE 1999] 

(a) The path of the particle is an ellipse 
(b) The velocity and acceleration of the particle are normal to each 

other at )2/( pt   

(c) The acceleration of the particle is always directed towards a 
focus 
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(d) The distance travelled by the particle in time interval 0t  to 

)2/( pt   is a  

17. A particle is moving eastwards with velocity of 5 m/s. In 10 sec the 
velocity changes to 5 m/s northwards. The average acceleration in 
this time is   

[IIT 1982; AFMC 1999; Pb PET 2000; JIPMER 2001, 02] 
(a) Zero 

(b) 2/
2

1
sm  toward north-west 

(c) 2/
2

1
sm  toward north-east 

(d) 2/
2

1
sm toward north-west 

 

 

 

 
 

1. Figure shows four paths for a kicked football.  Ignoring the effects of 
air on the flight, rank the paths according to initial horizontal 
velocity component, highest first  

    [AMU (Med.) 2000] 

 (a) 1, 2, 3, 4 

 (b) 2, 3, 4, 1 

 (c) 3, 4, 1, 2 

 (d) 4, 3, 2, 1 

2. The path of a projectile in the  absence of air drag is shown in the 
figure by dotted line. If the air resistance is not ignored then which 
one of the path shown in the figure is appropriate for the projectile  

 

 (a) B  

 (b) A 

 (c) D 

 (d) C 

3. The trajectory of a particle moving in vast maidan is as shown in the 

figure. The coordinates of a position A are (0,2). The coordinates of 
another point at which the instantaneous velocity is same as the 
average velocity between the points are 

 

 (a) (1, 4) 

 (b) (5, 3) 

 (c) (3, 4)  

 (d) (4, 1) 

4. Which of the following is the graph between the height (h) of a 

projectile and time (t), when it is projected from the ground 

 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 
 

5. Which of the following is the altitude-time graph for a projectile 

thrown horizontally from the top of the tower  

 

 

 

 (a)  (b)  

 

 

 

 
 

 (c)  (d)  

 

 

 

 

 

 

 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false. 
(e) If assertion is false but reason is true. 

 

1. Assertion  :  In projectile motion, the angle between the 

instantaneous velocity and acceleration at the 
highest point is 180°. 

Reason  : At the highest point, velocity of projectile will be in 

horizontal direction only. 

2. Assertion  :  Two particles of different mass, projected with 

same velocity at same angles. The maximum height 
attained by both the particle will be same. 

 Reason  : The maximum height of projectile is independent of 

particle mass. 

3. Assertion  :  The maximum horizontal range of projectile is 
proportional to square of velocity. 

 Reason  : The maximum horizontal range of projectile is 
equal to maximum height attained by projectile. 

4. Assertion  :  Horizontal range is same for angle of projection  

and (90 – ). 

 Reason  : Horizontal range is independent of angle of 
projection. 

5. Assertion  :  For projection angle )4(tan 1 , the horizontal 

range and the maximum height of a projectile are 
equal. 
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Reason  : The maximum range of projectile is directly 
proportional to square of velocity and inversely 
proportional to acceleration due to gravity. 

6. Assertion  :  The trajectory of projectile is quadratic in y and 
linear in x. 

 Reason  : y component of trajectory is independent of x-
component. 

7. Assertion  :  In javelin throw, the athlete throws the projectile at 

an angle slightly more than 45°. 

Reason  : The maximum range does not depends upon angle 

of projection. 

8. Assertion  :  When a body is dropped or thrown horizontally 

from the same height, it would reach the ground at 
the same time. 

 Reason  : Horizontal velocity has no effect on the vertical 

direction. 

9. Assertion  :  When the velocity of projection of a body is made n 
times, its time of flight becomes n times. 

Reason  : Range of projectile does not depend on the initial 
velocity of a body. 

10. Assertion  :  The height attained by a projectile is twenty five 
percent of range, when projected for maximum 
range. 

 Reason  : The height is independent of initial velocity of 
projectile. 

11. Assertion  :  When range of a projectile is maximum, its angle of 
projection may be 45° or 135°. 

Reason  : Whether  is 45° or 135°, value of range remains 

the same, only the sign changes. 

12. Assertion  :  In order to hit a target, a man should point his rifle 

in the same direction as target. 

 Reason  : The horizontal range of the bullet is dependent on 

the angle of projectile with horizontal direction. 

13. Assertion  :  When a particle moves in a circle with a uniform 
speed, its velocity and acceleration both changes. 

Reason  : The centripetal acceleration in circular motion is 
dependent on angular velocity of the body. 

14. Assertion  :  During a turn, the value of centripetal force should 
be less than the limiting frictional force. 

 Reason  : The centripetal force is provided by the frictional 
force between the tyres and the road. 

15. Assertion  :  When a vehicle takes a turn on the road, it travels 
along a nearly circular path. 

Reason  : In circular motion, velocity of vehicle remains same.  

16. Assertion  :  As the frictional force increases, the safe velocity 
limit for taking a turn on an unbanked road also 
increases. 

 Reason  : Banking of roads will increase the value of limiting 
velocity. 

17. Assertion  :  If the speed of a body is constant, the body cannot 
have a path other than a circular or straight line 
path. 

Reason  : It is not possible for a body to have a constant 

speed in an accelerated motion. 

18. Assertion  :  In circular motion, work done by centripetal force 
is zero. 

 Reason  : In circular motion centripetal force is perpendicular 
to the displacement. 

19. Assertion  :  In circular motion, the centripetal and centrifugal 
force acting in opposite direction balance each 
other. 

Reason  : Centripetal and centrifugal forces don’t act at the 

same time. 

20. Assertion  :  If both the speed of a body and radius of its 
circular path are doubled, then centripetal force 
also gets doubled. 

 Reason  : Centripetal force is directly proportional to both 
speed of a body and radius of circular path. 

21. Assertion  :  When an automobile while going too fast around a 
curve overturns, its inner wheels leave the ground 
first. 

Reason  : For a safe turn the velocity of automobile should be 
less than the value of safe limit velocity. 

22. Assertion  :  A safe turn by a cyclist should neither be fast nor 

sharp. 

 Reason  : The bending angle from the vertical would decrease 
with increase in velocity. 

23. Assertion  :  Improper banking of roads causes wear and tear of 
tyres. 

Reason  : The necessary centripetal force is provided by the 
force of friction between the tyres and the road. 

24. Assertion  :  Cream gets separated out of milk when it is 
churned, it is due to gravitational force. 

 Reason  : In circular motion gravitational force is equal to 

centripetal force. 

25. Assertion  :  Two similar trains are moving along the equatorial 
line with the same speed but in opposite direction. 
They will exert equal pressure on the rails. 

Reason  : In uniform circular motion the magnitude of 
acceleration remains constant but the direction 
continuously changes. 

26. Assertion  :  A coin is placed on phonogram turn table. The 
motor is started, coin moves along the moving 
table. 

 Reason  : The rotating table is providing necessary centripetal 
force to the coin. 

 

 

 

 

 
 

 

Uniform Circular Motion 
 

1 c 2 c 3 b 4 b 5 c 

6 c 7 c 8 c 9 b 10 b 

11 a 12 a 13 c 14 ac 15 a 

16 d 17 a 18 a 19 d 20 a 

21 b 22 a 23 c 24 d 25 a 

26 c 27 b 28 a 29 d 30 c 

31 b 32 d 33 d 34 b 35 c 

36 d 37 c 38 b 39 a 40 c 

41 d 42 b 43 b 44 b 45 d 

46 a 47 b 48 a 49 d 50 b 
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51 a 52 c 53 a 54 b 55 a 

56 d 57 a 58 d 59 a 60 b 

61 d 62 d 63 a 64 b 65 d 

66 d 67 c 68 a 69 c 70 a 

71 b 72 d 73 a 74 c 75 b 

76 a 77 c 78 a 79 b 80 a 

81 c 82 a 83 d 84 c 85 b 

86 a 87 c 88 c 89 d 90 b 

91 a 92 d 93 a 94 b 95 b 

96 c 97 d 98 d 99 a 100 b 

101 c 102 c 103 b 104 c 105 d 

106 d 107 b 108 a 109 a 110 b 

111 b 112 b 113 b 114 a 115 d 

116 b 117 d 118 b 119 c 120 d 

121 a 122 d       

 

Non-uniform Circular Motion 
 

1 d 2 d 3 d 4 c 5 a 

6 c 7 a 8 d 9 b 10 b 

11 b 12 b 13 a 14 b 15 b 

16 a 17 c 18 c 19 a 20 a 

21 c 22 a 23 d 24 c 25 b 

26 d 27 a 28 d 29 c 30 b 

31 d 32 d 33 d 34 b 35 b 

36 d 37 c 38 c 39 c 40 b 

41 d 42 c 43 a 44 a 45 d 

46 d 47 a 48 d     

 

Horizontal Projectile Motion 
 

1 b 2 c 3 b 4 c 5 b 

6 c 7 c 8 ac 9 b 10 c 

11 d 12 a 13 c 14 a 15 a 

16 b         

 

Oblique Projectile Motion 
 

1 d 2 c 3 a 4 a 5 c 

6 c 7 a 8 d 9 c 10 b 

11 a 12 b 13 a 14 a 15 c 

16 b 17 c 18 c 19 b 20 b 

21 b 22 d 23 c 24 c 25 b 

26 d 27 c 28 b 29 d 30 a 

31 b 32 b 33 a 34 c 35 c 

36 a 37 a 38 a 39 d 40 b 

41 c 42 b 43 a 44 b 45 a 

46 b 47 c 48 d 49 c 50 c 

51 a 52 a 53 b 54 d 55 c 

56 c 57 c 58 d 59 b   

 

Critical Thinking Questions 
 

1 cd 2 a 3 b 4 c 5 b 

6 d 7 d 8 a 9 a 10 a 

11 c 12 b 13 d 14 a 15 a 

16 ab 17 b       

 

Graphical Questions  
 

1 d 2 a 3 b 4 c 5 d 

 

Assertion and Reason 
 

1 e 2 a 3 c 4 c 5 b 

6 d 7 d 8 a 9 c 10 c 

11 a 12 e 13 b 14 a 15 c 

16 b 17 d 18 a 19 d 20 c 

21 b 22 c 23 a 24 d 25 e 

26 d         
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Uniform Circular Motion 
 

1. (c) rv    
r

v
  = constant [As v and r are constant] 

2. (c) As time periods are equal therefore ratio of angular speeds will 

be same. 
T




2
  

3. (b) 
r

mv
F

2

   2vF  . If v becomes double then F (tendency 

to overturn) will become four times.  

4. (b) Work done by centripetal force is always zero. 

5. (c) It is always directed in a direction of tangent to circle.  

6. (c) Stone flies in the direction of instantaneous velocity due to 

inertia 

7. (c) Centripetal acceleration 
r

v2

 = constant. Direction keeps 

changing.  

8. (c) Linear velocity, acceleration and force varies in direction. 

9. (b) Angular velocity of particle P about point A,  

 
r

v

r

v

AB

A
2

  

 Angular velocity of particle P about 
point C,  

 
r

v

r

v

BC

C   

 Ratio .
2

1

/

2/


rv

rv

C

A




 

10. (b)  

11. (a) .
2

r

mv
F   If m and v are constants then 

r
F

1
  

  














1

2

2

1

r

r

F

F
  

12. (a) In uniform circular motion (constant angular velocity) kinetic 

energy remains constant but due to change in velocity of 
particle its momentum varies.  

13. (c)   

14. (a,c) Centripetal force = 
r

mv 2

 and is directed always towards the 

centre of circle. Sense of rotation does not affect magnitude 
and direction of this centripetal force. 

15. (a) When speed is constant in circular motion, it means work done 
by centripetal force is zero. 

16. (d)  

17. (a) This horizontal inward component provides required 
centripetal force.  

18. (a) Thrust at the lowest point of concave bridge 

 = 
r

mv
mg

2

  

19. (d)  

20. (a) Because the reaction on inner wheel decreases and becomes 
zero. So it leaves the ground first. 

21. (b) 

22. (a) 
r

R

r

R

T

T

r

R

a

a

R

r

r

R

r

R 





2

2

2

2




  [As T

r

 = T
R

] 

23. (c) 
min

Rad

60

2
min


  and 

min

Rad
hr

6012

2





  

  
6012/2

60/2min












hr

  

24. (d) The particle performing circular motion flies off tangentially. 

25. (a) The angle of banking, 
rg

v 2

tan   

  
10

)150(
12tan

2




r
  kmmr 6.10106.10 3   

26. (c) K.E. 2

2

1
mv . Which is scalar, so it remains constant. 

27. (b) sec/20/72 mhourkmv    

 )2(tan
1020

2020
tantan 11

2
1  





























rg

v
  

28. (a) 

29. (d) sec/4sec/
60

2
120min/120 radradrev 


  

30. (c) In uniform circular motion, acceleration causes due to change 
in direction and is directed radially towards centre. 

31. (b) Reaction on inner wheel  













ra

hv
gMR

2

1
2

1
  

Reaction on outer wheel 













ra

hv
gMR

2

2
2

1
  

where, r = radius of circular path, 2a = distance between two 
wheels and h = height of centre of gravity of car.  

32. (d) Maximum tension rm 2 = rnm  224  

By substituting the values we get T
max

 N64.87  

33. (d) 
l

h

rg

v


2


l

rgh
v  sm /57.8

10

8.95.150



  

34. (b) 322222 1020144   rnra  

 a= 25 sec/108 m  

35. (c)  

36. (d) In 15 second's hand rotate through 90°.  

 Change in velocity )2/sin(2 vv   

 

 

 

 
 

v2 
 

v1 
 

90° 

A 
2r 

r 

v 

B C 
P 
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)2/90sin()(2  r
2

12
12 

T


 

sec30

2

260

4 cm
   [As T = 60 sec]   

37. (c) Since 2n , 2/422 srad   

So acceleration r2 222 4/
100

25
)4(   sm  

38. (b) rnr 222 4  = 30
60

1200
4

3

2 







 2/4740 sm  

39. (a) 

40. (c) Particles of cream are lighter so they get deposited near the 
centre of circular path.  

41. (d) Radial force 
mr

p

m

p

r

m

r

mv 222









  [As p = mv] 

42. (b) 
r

K

r

mv


2

  v  r°  

 i.e. speed of the particle is independent of r. 

43. (b) If the both mass are revolving about the axis yy' and tension in 
both the threads are equal then 

 )(22 xlmxM     

  )( xlmMx   

  
mM

ml
x


  

44. (b) 
8.920

400
tan

2




rg

v
    9.63  

45. (d) In complete revolution change in velocity becomes zero so 

average acceleration will be zero.  

46. (a) We know that 
Rg

v 2

tan   and 
b

h
tan  

Hence 
Rg

v

b

h 2

   
Rg

bv
h

2

  

47. (b) 

48. (a) 
r

mv
mgR

2

cos     

 

 

 

 
 

when  decreases cos increases i.e., R increases. 

49. (d) Tension in the string mrnrmT 222 4    

   2nT    
1

2

1

2

T

T

n

n
   rpm

T

T
n 7

2
52   

50. (b) 

51. (a) rmT 2   1.025.010 2     srad/20  

52. (c) 
s

m

h

km
v 1036   .1000

50

1005002

N
r

mv
F 


  

53. (a) 
r

mv
T

2

   
96.1

25.0
25

2v
   smv /14  

54. (b) Centripetal force Nmr 20)2(15 22    

55. (a) 
2

2

r

k

r

mv
   

r

k
mv 2  K.E.= 

r

k
mv

22

1 2    

 P.E.  drF
r

k
dr

r

k
  2

  

  Total energy = K.E. + P.E. 
r

k

r

k

r

k

22
  

56. (d) Maximum tension = N
r

mv
16

2

  

  16
144

16 2


 v

 v = 12 m/s 

57. (a) The maximum velocity for a banked road with friction,  

 



















tan1

tan2 grv   

  













15.01

15.0
10008.92v  smv /172  

58. (d) smm
T

r
rv /28.6

60

206.02









  

Magnitude of change in velocity = || 12 vv   

smmvv /88.82
2

2
1    smmvv /28.6 As 21   

59. (a) Work done by centripetal force in uniform circular motion is 
always equal to zero.  

60. (b) smscmrv /2/1020    

61. (d) smrgv /148.91002.0max    

62. (d) 
r

mv
mgF

2

  

63. (a) srad
T

/
3060

22 
    

64. (b) sradn /47.10
60

1002
2 





  

65. (d) Work done in circular motion is always zero. 

66. (d) In complete revolution total displacement is zero so average 
velocity is zero 

67. (c) smrgv /218.96075.0max    

68. (a) Distance covered in ‘n’ revolution = n 2 r= Dn  

 95002000  D [As n = 2000, distance = 9500 m] 

  mD 5.1
2000

9500






 

69. (c) Centripetal acceleration = 42n2r=42×(1)×0.4=1.62 

70. (a) 

71. (b) Due to centrifugal force. 

72. (d) As momentum is vector quantity  

 change in momentum  

180° 

mv 

mv 

M m x 

y 

l 
y' 

R 

 
 
 
 

 

 
 
 
 
 

mg cos 

 
 
 
 
 
 

mg 
 
 
 
 
 
 

v 

 
 
 
 
 
 

 

 
 
 
 
 
 

Convex bridge 
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P = )2/sin(2 mv  

= mvmv 2)90sin(2   

But kinetic energy remains always constant so change in kinetic 
energy is zero.  

73. (a) srad
r

v
/1

100

100
  

74. (c) 0
dt

d
   (As  = constant)  

75. (b) kji

kji

rv ˆ2ˆ13ˆ18

665

143

ˆˆˆ





   

76. (a) 2

2

222 /49350
2

1
44 scmrna 








   

77. (c) Maximum force of friction = centripetal force 

 N
r

mv
270

30

)9(100 22




  

78. (a) smrgv /84.108.9304.0    

79. (b) smrv /35705.0    

80. (a) 3.342 r   
2

3.34
r  and 

22

22 r

T

r
v


   

Angle of binding 













  45tan

2
1

rg

v
  

81. (c)  

82. (a) rmT 2  T  rpm5
24

1 1
2

1

2 






 

83. (d) ]3[tan
8.9320

)314(
tantan 1

2
1

2
1  

































rg

v
  60  

84. (c) Centripetal acceleration 2

2

222 44
2

1
44  








 rn  

85. (b) Centripetal force = breaking force 

  rm 2 breaking stress  cross sectional area 

  Aprm 2   
3.010

10108.4 67











mr

Ap
  

  sec/4 rad  

86. (a) Because velocity is always tangential and centripetal 
acceleration is radial. 

87. (c) T = tension, W = weight and F = centrifugal force. 

88. (c) 61.0
8.94

)9.4( 22





rg

v
  

89. (d) As body covers equal angle in equal time intervals. its angular 

velocity and hence magnitude of linear velocity is constant. 

90. (b) srad
r

v
/1.0

100

10
  

91. (a) 
r

mv
F

2

   
m

rF
v   

92. (d) Electrostatic force provides necessary centripetal force for 
circular motion of electron. 

93. (a) Acceleration v
T

v
r

v
r




22
2   

94. (b) smrgv /30101506.0    

95. (b) 

96. (c) 
r

mv
F

2

   2vF   i.e. force will become 4 times. 

97. (d) smrgv /10104025.0    

98. (d) Time period = 40 sec 

No. of revolution
 periodTime

Total time
 Rev5.3

sec40

sec140
 . 

So, distance mR 2201025.325.3   . 

99. (a) 1322 1044 rnm   .sec/1008.0 8 cyclesn   

100. (b) Momentum changes by 2mv but kinetic energy remains same. 

101. (c) .IL  In U.C.M. =constant  L = constant.  

102. (c)   cosFSW     = 90° 

103. (b)  

104. (c) In uniform circular motion tangential acceleration remains zero 

but magnitude of radial acceleration remains constant.  

105. (d) The inclination of person from vertical is given by, 

 
5

1

1050

)10(
tan

22





rg

v
  )5/1(tan 1   

106. (d) The centripetal force, 
r

mv
F

2

   
F

mv
r

2

  

 2vr   or rv   (If m and F are constant),  

 
2

1

2

1

2

1 
r

r

v

v
  

107. (b) As the speed is constant throughout the circular motion 
therefore its average speed is equal to instantaneous speed. 

108. (a) Linear velocity, 

 smnrrv /88.11.0314.322    

 Acceleration, 222 /5.351.0)6( smra    

 Tension in string, NrmT 5.351.0)6(1 22     

109. (a) 223
22

/1/10
160

)400(
skmsm

r

v
a   

110. (b) rgv .max sm /148.9405.0   

111. (b) N
r

mv
F 3

2

10
50

100500



  



 

 Motion in Two Dimension 165 

112. (b) R
T

mF















2

24
. If masses and time periods are same then 

RF    2121 // RRFF   

113. (b) It is a vector quantity. 

114. (a) v
r

v
a 

2

  ava 









2
)2(


i.e. remains constant. 

115. (d) Tension in the string 2
00 mRT    

 In the second case 2
0

2
0 8)4)(2(  mRRmT  08T  

116. (b) Average velocity 12
1

2

Total time

ntdisplacemeTotal  ms
s

m
 

117. (d) Let   is the angular speed of revolution 

 

 

 

  lmT 32
3   

  lmTT 22
32    lmT 52

2   

  lmTlmTT 62
1

2
21    

 6:5:3:: 123 TTT  

118. (b) 
r

mv
F

2

 . For same mass and same speed if radius is 

doubled then force should be halved.   

119. (c) a r
r

v 2
2

 1
44

22
44

2

222 







  rn

22 / sm  

  and its direction is always along the radius and towards 

the centre. 

120. (d) The particle is moving in circular path  

From the figure, sinRmg            …(i) 

 cos
2

R
r

mv
       …(ii) 

 From equation (i) and (ii) we get 

 
2

tan
v

rg
 but 

h

r
tan  

  cmm
g

v
h 5.2025.0

10

)5.0( 22

   

121. (a) Angular velocity hrrad
T

/
24

22 
 srad/

86400

2
  

122. (d) srad
T

/1047.0
60

22



  

 and smrv /00314.01031047.0 2    

 

Non-uniform Circular Motion 

 

1. (d) Minimum speed at the highest point of vertical circular path 

gRv   

2. (d) At highest point mg
R

mv


2

  gRv   

3. (d) Kinetic energy given to a sphere at lowest point           = 

potential energy at the height of suspension  

 

  mglmv 2

2

1
 

  glv 2   

4. (c) Due to less centrifugal force experienced by the bubbles. 

5. (a) Critical velocity at highest point 6.110 gR =4m/s 

6. (c) Using relation 2
0

2

1
att     

 2)2)((
2

1 2
1   …(i)  (As sec2,00  t ) 

Now using same equation for t = 4 sec, 
0

 = 0 

 8)4(
2

1 2
21    …(ii) 

From (i) and (ii),  21  and  62   3
1

2 



 

7. (a) ,10101 Nmg   16
1

)4(1 22





r

mv
 

Tension at the top of circle = Nmg
r

mv
6

2

  

Tension at the bottom of circle = Nmg
r

mv
26

2

  

8. (d) For critical condition at the highest point Rg/  

  8.9/414.32/2
2

 gRT 



= 4 sec. 

9. (b) Nmg 20  and N
r

mv
32

1

)4(2 22




  

It is clear that 52 N tension will be at the bottom of the circle. 

Because we know that 
r

mv
mgT

2

Bottom   

10. (b) 
4

5

22

5

2

5 DD
Rh 








  

11. (b) Net acceleration in nonuniform circular motion,  

 a 22
ct aa 

2

2

2 /7.2
500

900
)2( sm








  

 ta tangential acceleration 

 ca centripetal acceleration 
r

v2

  

12. (b) 
l

mv
mgT

2

  mgmgmg 32   

2

2

1
. mvEK   

P.E. = mgl 

l 

O 
T1 A T2 B T3 C 

l l l 

Rcos 

R 
Rsin 

mg 

h  
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  where glv 2  from mglmv 2

2

1
 

13. (a) mgrmT  2
max max   gr

m

T
 2max   

  rmax
210

5.0

30
  srad

r
/5

2

5050
max   

14. (b)   

15. (b) Because here tension is maximum. 

16. (a) Max. tension that string can bear = 3.7 kgwt = 37N 

Tension at lowest point of vertical rmmg 2loop   

                                = 
22 2545.0105.0    

 37 = 5 + 22   = 4 rad/s. 

17. (c)  

18. (c) 23 6)5.02( tt
dt

d

dt

d



   

at t =2 s, srad/24)2(6 2   

19. (a) When body is released from the position p (inclined at angle  
from vertical) then velocity at mean position  

 )cos1(2  glv  

  Tension at the lowest point = 
l

mv
mg

2

  

 )]60cos1(2[  gl
l

m
mg mgmgmg 2  

20. (a) 

21. (c) Tension = Centrifugal force + weight mg
r

mv


2

 

22. (a) sec/7.175min mgrv   

23. (d)   

24. (c) )60cos1(28.92)cos1(2  glv sm/43.4  

25. (b) Increment in angular velocity )(2 12 nn    

 
s

rad

min

rad

60

6002
)6001200(2







s

rad
20  

26. (d) srad
r

g
/7

2.0

8.9
  

27. (a) 

28. (d) In non-uniform circular motion particle possess both 
centripetal as well as tangential acceleration. 

29. (c) 

30. (b) smghv /22.01022   

31. (d) }4{ 222 rngmrmmgT    

 
































































90060
4

222

2 rn
gmr

n
gm


  

32. (d) rh
2

5
   metrehr 25

5

2

5

2
  

33. (d) In the given condition friction provides the required centripetal 

force and that is constant. i.e. m2r=constant 

  
2

1


r  cmrr 1

3

1
9

22

2

1
12 



























 

34. (b) By using equation  22
0

2   

 )2(2
2

2
0

2

0 n












3644

3
2
0







 , (n = 36) ..(i) 

 Now let fan completes total n revolution from the starting to 

come to rest 

 )2(20 2
0 n    





4

2
0n  

 substituting the value of  from equation (i) 

 48
3

3644

4 2
0

2
0 











n revolution 

 Number of rotation = 48 – 36 = 12 

35. (b) grv 3 and g
r

gr

r

v
a 3

32

  

36. (d) Tension at mean position, mg
r

mv
mg 3

2

  

 glv 2    …(i) 

 and if the body displaces by angle  with the vertical then 

)cos1(2  glv    …(ii) 

 Comparing (i) and (ii), cos    90  

37. (c) Tension, cos
2

mg
r

mv
T   

For,  30cos,30
2

1 mg
r

mv
T  

21

2

2 60cos,60 TTmg
r

mv
T   

38. (c) As we know for hemisphere the particle will leave the sphere at 

height 3/2rh   

 mh 1421
3

2
  

 
 but from the bottom 

 metrerhH 352114   

39. (c) 3tx  and 3ty  (given) 

 23 t
dt

dx
v x  and 23 t

dt

dy
v y   

 Resultant velocity 22222 3   tvvv yx  

40. (b)  

41. (d) Tension at the top of the circle, mgrmT  2  

P 

h 

H r 
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 NnT 86.1158.94.0244.0 22    

42. (c) Minimum angular velocity Rg /min   

 
g

R
T 




2

2

min

max  = s322
10

2
2    

43. (a) 45sin2
2

90
sin2)2/sin(2 vvvv 








  2v  

44. (a) In this problem it is assumed that particle although moving in 

a vertical loop but its speed remain constant.  

Tension at lowest point mg
r

mv
T 

2

max  

Tension at highest point mg
r

mv
T 

2

min  

3

5
2

2

min

max 







mg
r

mv

mg
r

mv

T

T
 

by solving we get, grv 4 5.28.94   sm/98  

45. (d) There is no relation between centripetal and tangential 

acceleration. Centripetal  acceleration is must for circular 
motion but tangential acceleration may be zero. 

46. (d) Angular momentum is a axial vector. It is directed always in a fix 
direction (perpendicular to the plane of rotation either outward 
or inward), if the sense of rotation remain same. 

47. (a) Difference in kinetic energy = Jrmg 20110122   

48. (d) Angular acceleration
2

2

dt

d 
 = 2

2

 

 

Horizontal Projectile Motion 
 

1. (b) 3
2

max 1016 
g

u
R   smu /400  

2. (c) Due to constant velocity along horizontal and vertical 
downward force of gravity stone will hit the ground following 
parabolic path. 

3. (b) Because the vertical components of velocities of both the 

bullets are same and equal to zero and 
g

h
t

2
 . 

4. (c) The pilot will see the ball falling in straight line because the 
reference frame is moving with the same horizontal velocity 
but the observer at rest will see the ball falling in parabolic 
path.  

5. (b) Due to air resistance, it’s horizontal velocity will decrease so it 

will fall behind the aeroplane. 

6. (c) Because horizontal velocity is same for coin and the observer. 
So relative horizontal displacement will be zero. 

7. (c) Horizontal displacement of the bomb  

 AB = Horizontal velocity × time available 

 
g

h
uAB

2


8.9

19602

18

5
600


 .33.3 Km  

8. (a,c) Vertical component of velocity of ball at point P  

 smgtvV /44.0100   

 Horizontal component of velocity = initial velocity         

 smvH /4  

 

 

 

 

 

  

  

 So the speed with which it hits the ground 

 smvvv VH /2422   

 and 1
4

4
tan 

H

V

v

v
    45  

 It means the ball hits the ground at an angle of 45  to the 

horizontal. 

 Height of the table mgth 8.0)4.0(10
2

1

2

1 22   

 Horizontal distance travelled by the ball from the edge of table 

muth 6.14.04   

9. (b) kmm
g

h
uS 11000

8.9

4902
100

2



  

10. (c) 
g

h
uS

2
   

10

5
210  u   smu /10  

11. (d) sec9~
8.9

9.39622





g

h
t and smhrkmu /200/720    

  mtuR 18009200   

12. (a) For both cases 
g

h
t

2
constant.  

 Because vertical downward component of velocity will be zero 
for both the particles. 

13. (c)  

14. (a) The horizontal distance covered by bomb, 

 m
g

h
vBC H 660

10

802
150

2



  

  

 

 
  

 

  The distance of target from dropping point of bomb, 

 mBCABAC 3.605)600()80( 2222   

15. (a) Horizontal component of velocity v
x

= 500 m/s 

 4m/s 

vH 

P 

 

v 

vV 

A 

B C 

x 
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and vertical components of 
velocity while striking the 
ground. 

 smvy /10010100   

 Angle with which it strikes 

the ground. 
































 

5

1
tan

500

100
tantan 111

x

y

v

v


 

16. (b) Area in which bullet will spread = 2r  

For maximum area, ]45 when[
2

max  
g

v
Rr  

Maximum area 
2

4
2

2
2
max

g

v

g

v
R


 














  

 

Oblique Projectile Motion 
 

1. (d) 2
2 2sin

uR
g

u
R 


. If initial velocity be doubled then 

range will become four times. 

2. (c) .
2

sin 2
22

uH
g

u
H 


If initial velocity be doubled then 

maximum height reached by the projectile will quadrupled. 

3. (a) An external force by gravity is present throughout the motion 

so momentum will not be conserved. 

4. (a) Range
g

u 2sin2

 ; when  90 , 0R  i.e. the body will 

fall at the point of projection after completing one dimensional 

motion under gravity. 

5. (c) .cot4 HR   

 When HR   then 4/1cot  )4(tan 1  

6. (c) Because there is no accelerating or retarding force available in 
horizontal motion. 

7. (a) Direction of velocity is always tangent to the path so at the top 

of trajectory, it is in horizontal direction and acceleration due 
to gravity is always in vertically downward direction. It means 

angle between v


 and g


 are perpendicular to each other. 

8. (d) cot4HR   if  45  then HHR 4)45cot(4   

9. (c) t
dt

dy
vy 108  , 6

dt

dx
vx  

at the time of projection i.e. 8
dt

dy
vy and 6xv   

smvvv yx /1086 2222   

10. (b) The angle of projection is given by 























 

3

4
tantan 11

x

y

v

v
  

11. (a) 0)(  xx v
dt

d
a , 2/10)( smv

dt

d
a yy   

 Net acceleration a = 22
yx aa  = 22 100  =10m/s2 

12. (b) 
g

u
R

)152sin(2

15


 km

g

u
5.1

2

2

   

km
g

u

g

u
R 325.1

)452sin( 22

45 


  

13. (a) Horizontal component of velocity 

       smvx /5.1260cos25   

 Vertical component of velocity 

       smvy /35.1260sin25   

 

 

 

 

 

 

 Time to cover 50 m distance sec4
5.12

50
t  

 The vertical height y is given by 

 mgttvy y 2.8168.9
2

1
435.12

2

1 2   

14. (a) For vertical upward motion 2

2

1
gtuth   

 2)2(10
2

1
2)sin25(5    

 25 = 50 sin  
2

1
sin     30  

15. (c) For angle )45(  , 
g

u

g

u
R

 2cos)290sin( 22




  

For angle )45(  , 
g

u

g

u
R

 2cos)290sin( 22




  

16. (b) Range is given by 
g

u
R

2sin2

  

On moon 
6

g
gm  . Hence RRm 6  

17. (c) For greatest height  = 90° 

       h
g

u

g

u
H 




22

)90(sin 222

max  (given) 

       h
g

u

g

u
R 2

)45(2sin 222

max 


  

18. (c) ,cot4 HR  if R = 4H then  451cot   

19. (b) 
2

)45(coscos' 22 E
EEE    

20. (b)   

21. (b)   

22. (d) Acceleration through out the projectile motion remains 
constant and equal to g. 

23. (c)  

24. (c) Time of flight
g

u sin2
 = s5

10

30sin502



 

25. (b) Change in momentum = sin2mu  

50 m 

v = 25 m/s 

60° 

A X 

y 

Y 

 

500 m/s 

100 m/s 

u = 500 m/s 
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      = 30sin985.02  = sN-45  

26. (d) ,cot4 HR  if R= H3 then 
4

3
cot   '853  

27. (c) Became vertical downward displacement of both (barrel and 
bullet) will be equal.  

28. (b) As
g

u
H

2

sin22 
  

60sin

30sin

sin

sin
2

2

2

1
2

2

1 






H

H
=

3

1

4/3

4/1
  

29. (d) 
g

v
R

2sin2

   







 

2

1sin
2

1

v

gR
  

30. (a) smu
g

u
T /50sinsec10

sin2
 


 

  m
g

u

g

u
H 125

102

5050

2

)sin(

2

sin 222








 

31. (b) For complementary angles range will be equal. 

32. (b) m
g

u
R 3

22

105.12
10

30sin)500(2sin






 

33. (a) 
g

u
T

sin2
   sm

gT
u /6.19

30sin2

8.92

sin2











 

34. (c) .
2sin 2

2

uR
g

u
R 


So if the speed of projection 

doubled, the range will becomes four times,  

 i.e., m200504   

35. (c) Range will be equal for complementary angles. 

36. (a) When the angle of projection is very far from 45° then range 
will be minimum. 

37. (a) 
g

u
H

2

sin22 
  and 

g

u
T

sin2
  

So 
4

5

8/sin4

2/sin
222

22

2


g

gu

gu

T

H




 

38. (a) 
g

u
H

2

sin22

1


  and 

g

u

g

u
H

2

cos

2

)90(sin 2222

2





  

 
1616

)2sin(

2

cos

2

sin 2

2

222222

21

R

g

u

g

u

g

u
HH 
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39. (d) Standard equation of projectile motion 

  



22

2

cos2
tan

u

gx
xy   

  Comparing with given equation 

  tanA  and 
22 cos2u

g
B   

  So 40
cos2tan 22





g

u

B

A 
 

 (As 2/10,/20,45 smgsmu  ) 

40. (b) Range .
2sin2

g

u 
 It is clear that range is proportional to the 

direction (angle) and the initial speed.  

41. (c) sec2
sin2


g

u 
 10sin u  

 m
gg

u
H 5

2

100

2

sin22




 

42. (b) Only horizontal component of velocity )cos( u . 

43. (a) For complementary angles range is same. 

44. (b) s
g

u
T 1

8.9

30sin8.92sin2






  

45. (a) tx 36  sm
dt

dx
vx /36   

  29.448 tty   tvy 8.948   

  at 0t  36xv  and smvy /48  

  So, angle of projection 





















 

3

4
tantan 11

x

y

v

v
  

  Or )5/4(sin 1  

46. (b) For same range angle of projection should be  and 90– 

So, time of flights 
g

u
t

sin2
1   and 

g

u

g

u
t

 cos2)90sin(2
2 


  

By multiplying
2

2

21

cossin4

g

u
tt


  

g

R

g

u

g
tt

2)2sin(2 2

21 


  Rtt 21  

47. (c) Instantaneous velocity of rising mass after t sec will be 

22
yxt vvv   

where  cosvv x Horizontal component of velocity 

 gtvvy sin Vertical component of velocity 

22 )sin()cos( gtvvvt    

gtvtgvvt sin2222    

48. (d) Maximum range m
g

u
100

2

  

 Maximum height m
g

u
50

2

100

2

2

  

49. (c) 100
2

max 
g

u
R   smu /321010   

50. (c) Since horizontal component of velocity is constant, hence 

momentum is constant. 

51. (a) Time of flight = 
g

u

g

u

g

u y vertical22sin2 



 

52. (a) Person will catch the ball if its velocity will be equal to 
horizontal component of velocity of the ball. 

cos
2

0
0 v

v
  

2

1
cos     60  

53. (b) 
g

u
H

2

sin22 
  and 

g

u
T

sin2
   

2

22
2 sin4

g

u
T
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gH

T 82

   
g

H

g

H
T

2
2

8
  

54. (d) ,cot4 HR  if R = H34 then 3cot    30  

55. (c) The vertical component of velocity of projection 

sm/2530sin50   

If t be the time taken to reach the ground, 

2

2

1
gtuth    210

2

1
2570 tt   

 252570 tt   01452  tt  t= – 2s and 7s 

Since, t = – 2 s is not valid  t = 7 s 

56. (c) H
max

 
g

u

2

sin22 
  

According to problem 
g

u

g

u

2

60sin

2

45sin 22
2

22
1 




  

 .
2

3

2/1

2/3

45sin

60sin

2

1

2

2

2
2

2
1 






u

u

u

u
 

57. (c)  

58. (d)  ,cot4 HR   if  45 then HR 4  
1

4


H

R
 

59. (b) 
g

u
R

2

max  m400   )45For (    

 m
g

u
H 200

2

400

2

2

max      )90For (   

 

Critical Thinking Questions 
 

1. (c,d) In the given condition, the particle undergoes uniform circular 
motion and for uniform circular motion the velocity and 
acceleration vector changes continuously but kinetic energy is 
constant for every point. 

2. (a) dx
L

M
dM 








  

 force on ‘dM’ mass is 

 xdMdF 2)(   

 By integration we can get the force exerted by whole liquid  

  dxx
L

M
F

L 2

0
 LM 2

2

1
  

3. (b) According to given problem 22

2

1
asmv 

m

a
sv

2
  

So 
mR

as

R

v
aR

22 2
    …(i) 

Further more as 
ds

dv
v

dt

ds

ds

dv

dt

dv
at   …(ii) 

   (By chain rule) 

Which in light of equation (i) i.e. 
m

a
sv

2
  yields 

m

as

m

a

m

a
sat

222





























   …(iii) 

So that 

22
2

22 22























m

as

mR

as
aaa tR  

Hence 2]/[1
2

Rs
m

as
a   

 2]/[12 RsasmaF   

4. (c) 
rg

v

g

rv 22 /
tan   

  













 

rg

v 2
1tan 












 

1010

1010
tan 1  

    45)1(tan 1   

5. (b) Here the tangential acceleration also exits which requires 
power. 

Given that 22rtkaC   and 
r

v
aC

2

  22
2

rtk
r

v
  

 or 2222 trkv   or krtv   

Tangential acceleration kr
dt

dv
a   

Now force mkramF   

So power trmkkrtmkrvFP 22  

6. (d) RMT 2sin      …(i) 

  sinsin 2LMT     …(ii) 

 From (i) and (ii) 

 LMT 2  

 LnM 224  

 LM

2

2 2
4 











  

 ML16   

7. (d) Since the maximum tension BT  in the string moving in the 

vertical circle is at the bottom and minimum tension TT  is at 

the top. 

  mg
L

mv
T B

B 
2

 and mg
L

mv
T T

T 
2

 

  
1

4
2

2









mg
L

mv

mg
L

mv

T

T

T

B

T

B  or 
1

4
2

2






gLv

gLv

T

B  

 or gLvgLv TB 44 22   but gLvv TB 422   

  gLvgLgLv TT 444 22   gLvT 93 2   

dx 

x 

 

 

g 

v2/r 

 

 
 
 

T 

 
 
 

 

 
 
 

R 

 

m2R 

 

L 
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3

10
10332  LgvT  or sec/10mvT   

8. (a) For particle P, motion between A and C will be an accelerated 
one while between C and B a retarded one. But in any case 
horizontal component of it’s velocity will be greater than or 

equal to v on the other hand in case of particle Q, it is always 
equal to v. horizontal displacement of both the particles are 

equal, so QP tt  . 

9. (a) Let the bead starts slipping after time t 

 For critical condition 

 Frictional force provides the centripetal 
force 

  LmamRLm t 2  

   mLLtm 2)(   



t  (As t  ) 

10. (a) Normal reaction at the highest point 

 mg
r

mv
R 

2

 

 Reaction is inversely proportional to the radius of the curvature 

of path and radius is minimum for path depicted in (a). 

11. (c) ca centripetal acceleration 

 ta  tangential acceleration 

 Na net acceleration = Resultant of ca  and ta  

 

 

 

 

 

 

12. (b)  

 

 

 
 

13. (d) mgLmvmu  22

2

1

2

1
  

  gLuv 22   

 )(22|| 22222 gLugLuuvuuv 


 

14. (a) When driver applies brakes and the car covers distance x 
before coming to rest, under the effect of retarding force F  

then Fxmv 2

2

1
 

F

mv
x

2

2

  

But when he takes turn then F
r

mv


2

 
F

mv
r

2

  

It is clear that 2/rx   

i.e. by the same retarding force the car can be stopped in a less 
distance if the driver apply breaks. This retarding force is 
actually a friction force. 

15. (a) It is obvious from considerations of symmetry that at any 

moment of time all of the persons will be at the corners of 
square whose side gradually decreases (see fig.) and so they will 
finally meet at the centre of the square O. 

 

 

 

 

 

 
 

 The speed of each person along the line joining his initial 

position and O will be 2/45cos vv  .  

 As each person has displacement 2/45cos dd   to reach 
the centre, the four persons will meet at the centre of the 
square O after time.  

  
v

d

v

d
t 

2/

2/
 

16. (a,b) )cos(ptax   and )sin(ptby   (given) 

  
a

x
pt cos  and 

b

y
pt sin  

 By squaring and adding  

 1)(sin)(cos
2

2

2

2
22 

b

y

a

x
ptpt  

 Hence path of the particle is ellipse. 

 Now differentiating x and y w.r.t. time 

 )sin())cos(( ptappta
dt

d

dt

dx
vx   

 )cos())sin(( ptbpptb
dt

d

dt

dy
vy   

 jptbpiptapjvivv yx )̂cos()̂sin(ˆˆ 


 

 Acceleration  ])̂cos()̂sin([ jptbpiptap
dt

d

dt

vd
a 




 

 jptbpiptapa )̂sin(ˆ)cos( 22 


 

 Velocity at 
p

t
2


   

 j
p

pbpi
p

papv ˆ
2

cosˆ
2

sin 



















iap ˆ  

 Acceleration at 
p

t
2


    

 j
p

pbpi
p

papa ˆ
2

sinˆ
2

cos 22





















jbp ˆ2  

 As 0. av


 

 Hence velocity and acceleration are perpendicular to each other 

at 
p

t
2


 . 

17. (b) 12 


 o90cos2 21
2
2

2
1   2555 22   

L 



Na  

aC 

 

at 

 
A 

C 
v 

v 

B v 

v 

v v 

A 

B 

C 

A 

B 

2v 

2v C 

Pure translation Pure Rotation Rolling without Slipping 

+ = 

+ = 

K K' L 

L' 

M' M 

N' 

N 

O 

1v
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 Average acceleration  

 2m/s
2

1

10

25







t


  

 Directed toward north-west  

 (As clear from the figure). 

  
 

Graphical Questions 
 

 

1. (d) 
g

vu

g

u
R

yx22sin2




 

  Range  horizontal initial velocity (u
x

) 

 In path 4 range is maximum so football possess maximum 

horizontal velocity in this path. 

2. (a) If air resistance is taken into consideration then range and 
maximum height, both will decrease. 

3. (b)  

4. (c)  

5. (d)  
 

Assertion and Reason  
 

1. (e) At the highest point, vertical component of velocity becomes 

zero so there will be only horizontal velocity and it is 

perpendicular to the acceleration due to gravity. 

2. (a) 
g

u
H

2

sin22 
 i.e. it is independent of mass of projectile. 

3. (c) 
g

u
R

2sin2

 
g

u
R

2

max  when  45  2
max uR    

  

 Height 
g

u
H

2

sin22 
  

g

u
H

2

2

max   when  90  

 It is clear that 
2

max
max

R
H   

4. (c) Horizontal range depends upon angle of projection and it is 

same for complementary angles i.e. ).90(and     

5. (b) We know cot4HR   

if HR   then 









4

1
cot  or tan )4(  

and 
g

u
R

2sin2

   
g

u
R

2

  

6. (d) 



22

2

cos2
tan

u

gx
xy    

7. (d) If a body is projected from a place above the surface of earth, 

then for the maximum range, the angle of projection should be 

slightly less than o45 . 

8. (a) Both body will take same time to reach the earth because 

vertical downward component of velocity for both the bodies 

will be zero and time of descent 
g

h
t

2
 . Horizontal velocity 

has no effect on the vertical direction. 

9. (c) uT   and 2uR   

When velocity of projection of a body is made n times, then its 

time of flight becomes n times and range becomes n2 times. 

10. (c) Range will be maximum when  45  and in this condition 

HR 4  H 4/R    (always)  

  because cot4HR   and  45  

 So maximum height is 25% of maximum range. 

 It does not depends upon the velocity of projection. 

11. (a) Range, 
g

u
R

2sin2

  

when ,45 o  
g

u

g

u
R o

22

max 90sin   

when ,135o  
g

u

g

u
R o

22

max 270sin


  

Negative sign shows opposite direction.  

12. (e) The man should point his rifle at a point higher than the target 

since the bullet suffers a vertically downward deflection 









 2

2

1
gty  due to gravity. 

13. (b) In uniform circular motion, the magnitude of velocity and 

acceleration remains same, but due to change in direction of 

motion, the direction of velocity and acceleration changes. Also 

the centripetal acceleration is given by .2ra   

14. (a) The body is able to move in a circular path due to centripetal 

force. The centripetal force in case of vehicle is provided by 

frictional force. Thus if the value of frictional force mg  is 

less than centripetal force, then it is not possible for a vehicle 

to take a turn and the body would overturn. 

 Thus condition for safe turning of vehicle is, .
2

r

mv
mg   

15. (c) In circular motion the frictional force acting towards the centre 

of the horizontal circular path provides the centripetal force 

and avoid overturning of vehicle. Due to the change in 

direction of motion, velocity changes in circular motion. 

16. (b) On an unbanked road, friction provides the necessary 

centripetal force mg
r

mv


2

 .rgv   

 Thus with increase in friction, safe velocity limit also increases. 

 When the road is banked with angle of  then its limiting 

velocity is given by 




tan1

)(tan






rg
v . 

sm /52 


 


  

90o 

sm /51 
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 Thus limiting velocity increase with banking of road. 

17. (d) If the speed of a body is constant, all curved paths are possible.  

In uniform circular motion a body has constant speed, but its 

direction keeps on changing, due to which it has non-zero 

acceleration. 

18. (a) We know that cosFsW   

in the circular motion if o90 then 0W  

19. (d) While moving along a circle, the body has a constant 
tendency to regain its natural straight line path. 

This tendency gives rise to a force called centrifugal force. The 
centrifugal force does not act on the body in motion, the only 
force acting on the body in motion is centripetal force. The 
centrifugal force acts on the source of centripetal force to 
displace it radially outward from centre of the path. 

20. (c) Centripetal force is defined from formula 

 
r

mv
F

2

  
r

v
F

2

  

 If v and r both are doubled then F also gets doubled. 

21. (b) When automobile moves in circular path then reaction on inner 

wheel and outer wheel will be different. 














ra

hv
g

M
R

2

inner
2

and 













ra

hv
g

M
R

2

outer
2

 

In critical condition 
h

gra
v safe  

If v is equal or more that thus critical value then reaction on 
inner wheel becomes zero. So it leaves the ground first.  

22. (c) For safe turn .tan
2

rg

v
  

It is clear that for safe turn v should be small and r should be 
large. Also bending angle from the vertical would increase with 
increase in velocity. 

23. (a) When roads are not properly banked, force of friction 
between tyres and road provides partially the necessary 
centripetal force. This cause wear and tear of tyres. 

24. (d) When the milk is churned centrifugal force acts on it outward 
and due to which cream in milk is separated from it. 

25. (e) Due to earth’s axial rotation, the speed of the trains relative 
to earth will be different and hence the centripetal forces 
on them will be different. Thus their effective weights 

r

mv
mg

2

 and 
r

mv
mg

2

  will be different. So they exert 

different pressure on the rails.  

26. (d) Within a certain speed of the turn table the frictional force 

between the coin and the turn table supplies the necessary 
centripetal force required for circular motion. On further 
increase of speed, the frictional force cannot supply the 
necessary centripetal force. Therefore the coin flies off 
tangentially. 
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1. Roads are banked on curves so that  

(a) The speeding vehicles may not fall outwards 

(b) The frictional force between the road and vehicle may be 
decreased 

(c) The wear and tear of tyres may be avoided 

(d) The weight of the vehicle may be decreased 

2. In uniform circular motion 

(a) Both velocity and acceleration are constant 

(b) Acceleration and speed are constant but velocity changes 

(c) Both acceleration and velocity changes 

(d) Both acceleration and speed are constant 

3. For a body moving in a circular path, a condition for no skidding if 

   is the coefficient of friction, is  

(a) mg
r

mv


2

 (b) mg
r

mv


2

 

(c) g
r

v
  (d) mg

r

mv


2

 

4. A car is moving with a uniform speed on a level road. Inside the car 

there is a balloon filled with helium and attached to a piece of string 
tied to the floor. The string is observed to be vertical. The car now 
takes a left turn maintaining the speed on the level road. The 
balloon in the car will 

(a) Continue to remain vertical 

(b) Burst while taking the curve 

(c) Be thrown to the right side 

(d) Be thrown to the left side 

5. A particle is moving on a circular path of radius r  with uniform 
velocity v . The change in velocity when the particle moves from P 

to Q is )40( oPOQ   

 

 

(a) ov 40cos2  

(b) ov 40sin2  

(c) ov 20sin2   

(d) ov 20cos2  

6. A body is revolving with a uniform speed v  in a circle of radius r . 
The tangential acceleration is 

(a) 
r

v
 (b) 

r

v 2

 

(c) Zero (d) 
2r

v
 

7. A particle does uniform circular motion in a horizontal plane.  The 

radius of the circle is 20 cm. The centripetal force acting on the 
particle is 10 N. It's kinetic energy is 

(a) 0.1 J (b) 0.2 J 

(c) 2.0 J (d) 1.0 J 

8. A body of mass m  is suspended from a string of length l . What is 

minimum horizontal velocity that should be given to the body in its 
lowest position so that it may complete one full revolution in the 
vertical plane with the point of suspension as the centre of the circle 

(a) lg2v  (b) lg3v  

(c) lg4v  (d) lg5v  

9. A particle moves with constant angular velocity in circular path of 

certain radius and is acted upon by a certain centripetal force F . If 
the angular velocity is doubled, keeping radius the same, the new 
force will be 

(a) F2  (b) 2F  

(c) F4  (d) 2/F  

10. In the above question, if the angular velocity is kept same but the 
radius of the path is halved, the new force will be 

(a) F2  (b) 2F  

(c) 2/F  (d) 4/F  

11. In above question, if the centripetal force F  is kept constant but 

the angular velocity is doubled, the new radius of the path (original 

radius R  ) will be 

(a) R2  (b) 2/R  

(c) 4/R  (d) R4  

12. A small body of mass m  slides down from the top of a hemisphere 
of radius r . The surface of block and hemisphere are frictionless. 

The height at which the body lose contact with the surface of the 
sphere is 

 

 

 
 

(a) r
2

3
 (b) r

3

2
 

(c) 2

2

1
gt  (d) 

g

v

2

2

 

13. A body of mass m  kg is rotating in a vertical circle at the end of a 
string of length r   metre. The difference in the kinetic energy at the 
top and the bottom of the circle is 

(a) 
r

mg
 (b) 

r

mg2
 

(c) mgr2  (d) mgr  

14. A car is travelling with linear velocity v  on a circular road of radius 

r . If it is increasing its speed at the rate of '' a  2sec/meter , 

then the resultant acceleration will be 

 

v 

p 

v 
 = 40° 

r 

O 

Q 

h 
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(a) 
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15. A ball of mass 0.1 kg is suspended by a string. It is displaced 

through an angle of o60  and left. When the ball passes through 
the mean position, the tension in the string is 

(a) 19.6 N (b) 1.96 N 

(c) 9.8 N (d) Zero 

16. An aeroplane moving horizontally at a speed of 200 m/s and at a 

height of 3100.8  m  is to drop a bomb on a target. At what 

horizontal distance from the target should the bomb be released 

(a) 7.234 km (b) 8.081 km 

(c) 8.714 km (d) 9.124 km 

17. A body is projected horizontally from a height with speed 20 
metres/sec. What will be its speed after 5 seconds 

( )sec/10 2metresg   

(a) 54 metres/sec (b) 20 metres/sec 

(c) 50 metres/sec (d) 70 metres/sec 

18. A man standing on the roof of a house of height h  throws one 

particle vertically downwards and another particle horizontally 
with the same velocity u . The ratio of their velocities when they 
reach the earth's surface will be 

(a) uugh :2 2  (b) 2:1  

(c) 1:1  (d) ghugh 2:2 2  

19. (A projectile projected at an angle o30  from the horizontal has a 

range R . If the angle of projection at the same initial velocity be 
o60 , then the range will be 

(a) R  (b) R2  

(c) 2/R  (d) 2R  

20. At the highest point of the path of a projectile, its 

(a) Kinetic energy is maximum 

(b) Potential energy is minimum 

(c) Kinetic energy is minimum 

(d) Total energy is maximum 

21. A cricket ball is hit at o30  with the horizontal with kinetic energy 

K . The kinetic energy at the highest point is 

(a) Zero (b) 4/K  

(c) 2/K  (d) 4/3K  

22. A cannon on a level plane is aimed at an angle   above the 

horizontal and a shell is fired with a muzzle velocity 0v  towards a 

vertical cliff a distance D away. Then the height from the bottom at 
which the shell strikes the side walls of the cliff is 

(a) 



22

0

2

sin2
sin

v

gD
D   (b) 




22
0

2

cos2
cos

v

gD
D   

(c) 



22

0

2

cos2
tan

v

gD
D   (d) 




22
0

2

sin2
tan

v

gD
D   

23. A stone is projected  from the ground with velocity 50 m/s at an 

angle of o30 . It crosses a wall after 3 sec. How far beyond the wall 

the stone will strike the ground )sec/10( 2mg   

(a) 90.2 m (b) 89.6 m 

(c) 86.6 m (d) 70.2 m 

24. A body of mass m  is projected at an angle of o45  with the 

horizontal. If air resistance is negligible, then total change in 
momentum when it strikes the ground is 

(a) mv2  (b) mv2  

(c) mv  (d) 2/mv  

25. A ball of mass m  is thrown vertically upwards. Another ball of 

mass m2  is thrown at an angle   with the vertical. Both of them 

stay in air for same period of time. The heights attained by the two 
balls are in the ratio of 

(a) 2 : 1 (b) cos:1  

(c) 1 : 1 (d) 1:cos  

26. A particle is projected with a velocity v such that its range on the 
horizontal plane is twice the greatest height attained by it. The 

range of the projectile is (where g  is acceleration due to gravity) 

(a) 
g

v

5

4 2

 (b) 
25

4

v

g
 

(c) 
g

v 2

 (d) 
g

v

5

4 2

 

 

 

 

 

 

1. (a) By doing so component of weight of vehicle provides 
centripetal force.  

2. (c) Both changes in direction although their magnitudes remains 
constant. 

3. (a) The value of frictional force should be equal or more than 

required centripetal force. i.e. 
r

mv
mg

2

  

4. (d) Air outside the balloon is heavier so it will have more tendency 
to move towards right and will keep the balloon towards left 
side (Here in this question car is supposed to be air tight).  

(SET -3) 
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5. (c) Change in velocity = )2/sin(2 v  20sin2v  

6. (c) In uniform circular motion only centripetal acceleration works. 

7. (d) 10
2


r

mv
  J

r
mv 1

2
10

2

1 2      

8. (d) For looping the loop minimum velocity at the lowest point 

should be gl5 . 

9. (c) RmF 2   2F  (m and R are constant) 
 If angular velocity is doubled force will becomes four times.  

10. (c) RmF 2   RF   (m and  are constant) 
 If radius of the path is halved, then force will also become half. 

11. (c) RmF 2   
2

1


R  (m and F are constant) 

 If  is doubled then radius will become 1/4 times i.e. R/4 
12. (b)  
13. (c) Difference in K.E. = Difference in P.E. =  2mgr 

14. (b) 2

2

4
2
tangential

2
radialresultant a

r

v
aaa   

15. (b) 
l

mv
mgT

2

  =  )cos1(2  gl
l

m
mg  

 = )60cos1(2  mgmg = mg2 =2× 0.1 × 9.8=1.96N 

16. (b) Horizontal distance travelled by the bomb tuS   

 
8.9

1082
200

2
200

3


g

h
= 8.081km 

17. (a) Horizontal velocity smv x /20   

 Vertical velocity sec/505100 mgtuvy   

 Net velocity  2222 )50()20(  yx vvv = 54 m/s. 

18. (c) When particle thrown in vertical downward direction with 

velocity u then final velocity at the ground level  

 

 

 

ghuv 222    ghuv 22   

Another particle is thrown horizontally with same velocity then 
at the surface of earth. 

 
 
 

 
 
 

 
 

Horizontal component of velocity uv x   

Resultant velocity, ghuv 22   

For both the particle final velocities when they reach the earth's 
surface are equal. 

19. (a) For complementary angles of projection horizontal range is 
same. 

20. (c) At the highest point of the path. Potential energy is maximum, 
so the kinetic energy will be minimum. 

21. (d) Kinetic energy at the highest point  

 30coscos' 22 KKK  
4

3

2

3
2

K
K 














  

22. (c) Equation of trajectory for oblique projectile motion  

 



22

2

cos2
tan

u

gx
xy   

 Substituting Dx   and 0vu   

 .
cos2

tan
22

0

2




u

gD
Dh   

23. (c) Total time of flight  s
g

u
5

102

1502sin2








 

 Time to cross the wall = 3 sec (given) 
 Time in air after crossing the wall = (5 – 3) = 2 sec 

  Distance travelled beyond the wall tu )cos(   

 m6.862
2

3
50   

24. (b) Change in momentum= sin2mv
4

sin2


mv = mv2  

25. (c) The vertical components of velocity of both the balls will be 
same if they stay in air for the same period of time. Hence 
vertical height attained will be same. 

26. (a) HR 2  given 

 We know cot4HR   
2

1
cot   

 From triangle we can say that 
5

2
sin  ,

5

1
cos   

  Range of projectile 
g

v
R

 cossin2 2

  

 
5

1

5

22 2


g

v
 = 

g

v

5

4 2

. 
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1 

2 
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ghuv 2
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u 
h 

ghvy 2  v 
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Point Mass 

(1) An object can be considered as a point object if during motion in 

a given time, it covers distance much greater than its own size. 

(2) Object with zero dimension considered as a point mass.  

(3) Point mass is a mathematical concept to simplify the problems. 

Inertia 

(1) Inherent property of all the bodies by virtue of which they 

cannot change their state of rest or uniform motion along a straight line by 

their own is called inertia. 

(2) Inertia is not a physical quantity, it is only a property of the 

body which depends on mass of the body. 

(3) Inertia has no units and no dimensions  

(4) Two bodies of equal mass, one in motion and another is at rest, 

possess same inertia because it is a factor of mass only and does not depend 

upon the velocity. 

Linear Momentum 

(1) Linear momentum of a body is the quantity of motion contained 

in the body. 

(2) It is measured in terms of the force required to stop the body in 

unit time. 

(3) It is also measured as the product of the mass of the body and 

its velocity i.e., Momentum = mass × velocity.  

If a body of mass m  is moving with velocity v  then its linear 

momentum p is given by vmp   

(4) It is a vector quantity and it’s direction is the same as the 

direction of velocity of the body. 

(5) Units : kg-m/sec [S.I.],  g-cm/sec [C.G.S.] 

(6) Dimension : ][ 1MLT  

(7) If two objects of different masses have same momentum, the 

lighter body possesses greater velocity. 

11vmp  22vm = constant   
1

2

2

1

m

m

v

v
    

 i.e.  
m

v
1

  

                 [As p is constant] 

(8) For a given body vp   

(9) For different bodies moving with same velocities mp  

 

 

 

 

 

 
 

Newton’s First Law 

A body continue to be in its state of rest or of uniform motion along 
a straight line, unless it is acted upon by some external force to change the 
state. 

(1) If no net force acts on a body, then the velocity of the body 
cannot change i.e. the body cannot accelerate. 

(2) Newton’s first law defines inertia and is rightly called the law of 
inertia. Inertia are of three types : 

 Inertia of rest, Inertia of motion and Inertia of direction. 

 (3) Inertia of rest : It is the inability of a body to change by itself, its 

state of rest. This means a body at rest remains at rest and cannot start 

moving by its own. 

Example : (i) A person who is standing freely in bus, thrown 

backward, when bus starts suddenly. 

When a bus suddenly starts, the force responsible for bringing bus 

in motion is also transmitted to lower part of body, so this part of the body 

   

Newton's Laws of Motion 
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v 

m = constant 
p 

m 

v = constant 

Fig : 4.2 Fig : 4.3 
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comes in motion along with the bus. While the upper half of body (say 

above the waist) receives no force to overcome inertia of rest and so it stays 

in its original position. Thus there is a relative displacement between the 

two parts of the body and it appears as if the upper part of the body has 

been thrown backward. 

Note :  (i) If the motion of the bus is slow, the inertia of 

motion will be transmitted to the body of the person uniformly and so the 

entire body of the person will come in motion with the bus and the person 

will not experience any jerk. 

 (ii) When a horse starts suddenly, the rider tends to fall backward 

on account of inertia of rest of upper part of the body as explained above. 

(iii) A bullet fired on a window pane makes a clean hole through it, 

while a ball breaks the whole window. The bullet has a speed much greater 

than the ball. So its time of contact with glass is small. So in case of bullet 

the motion is transmitted only to a small portion of the glass in that small 

time. Hence a clear hole is created in the glass window, while in case of ball, 

the time and the area of contact is large. During this time the motion is 

transmitted to the entire window, thus creating the cracks in the entire 

window. 

 

 

 

 

 

 

(iv) In the arrangement shown in the figure : 

(a) If the string B is pulled with a sudden jerk then it will experience 

tension while due to inertia of rest of mass M this force 

will not be transmitted to the string A and so the string 

B will break. 

(b) If the string B is pulled steadily the force 

applied to it will be transmitted from string B to A 

through the mass M and as tension in A will be greater 

than in B by Mg (weight of mass M), the string A will 

break. 

(v) If we place a coin on smooth piece of card 

board covering a glass and strike the card board piece 
suddenly with a finger. The cardboard slips away and the coin falls into the 
glass due to inertia of rest. 

 (vi) The dust particles in a carpet falls off when it is beaten with a 

stick. This is because the beating sets the carpet in motion whereas the dust 

particles tend to remain at rest and hence separate. 

(4) Inertia of motion : It is the inability of a body to change by itself 

its state of uniform motion i.e., a body in uniform motion can neither 

accelerate nor retard by its own. 

Example : (i) When a bus or train stops suddenly, a passenger sitting 

inside tends to fall forward. This is because the lower part of his body 

comes to rest with the bus or train but the upper part tends to continue its 

motion due to inertia of motion. 

(ii) A person jumping out of a moving train may fall forward. 

(iii) An athlete runs a certain distance before taking a long jump. 

This is because velocity acquired by running is added to velocity of the 

athlete at the time of jump. Hence he can jump over a longer distance. 

(5) Inertia of direction : It is the inability of a body to change by 

itself it's direction of motion. 

Example : (i) When a stone tied to one end of a string is whirled 

and the string breaks suddenly, the stone flies off along the tangent to the 

circle. This is because the pull in the string was forcing the stone to move 

in a circle. As soon as the string breaks, the pull vanishes. The stone in a 

bid to move along the straight line flies off tangentially. 

(ii) The rotating wheel of any vehicle throw out mud, if any, 

tangentially, due to directional inertia. 

(iii) When a car goes round a curve suddenly, the person sitting 

inside is thrown outwards. 

Newton’s Second Law 

(1) The rate of change of linear momentum of a body is directly 

proportional to the external force applied on the body and this change 

takes place always in the direction of the applied force. 

(2) If a body of mass m, moves with velocity v


 then its linear 

momentum can be given by vmp


  and if force 


F  is applied on a body, 

then 

  
dt

pd
KF

dt

pd
F


  

or 
dt

pd
F


   (K = 1 in C.G.S. and S.I. units) 

or  am
dt

vd
mvm

dt

d
F





 )(   

(As 
dt

vd
a



acceleration produced in the body) 

 amF


     

Force = mass  acceleration 

Force  

(1) Force is an external effect in the form of a push or pull which 

(i) Produces or tries to produce motion in a body at rest. 

(ii) Stops or tries to stop a moving body. 

 (iii) Changes or tries to change the direction of motion of the body. 

Table 4.1 : Various condition of  force application 

 

 

 

Body remains at rest. Here force is 

trying to change the state of rest. 

 

 

 

Body starts moving. Here force 

changes the state of rest. 

 

 

 

In a small interval of time, force 

increases the magnitude of speed and 

direction of motion remains same. 

F 

u = 0 v = 0 

F 

u = 0 v > 0 

F 

v > u u  0 

Cracks by the ball Hole by the bullet 

Fig : 4.4 

M 

A 

B 

Fig : 4.5 
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 In a small interval of time, force 

decreases the magnitude of speed and 

direction of motion remains same. 

 In uniform circular motion only 

direction of velocity changes, speed 

remains constant. Force is always 

perpendicular to velocity. 

 

 

 

In non-uniform circular motion, 

elliptical, parabolic or hyperbolic 

motion force acts at an angle to the 

direction of motion. In all these 

motions. Both magnitude and 

direction of velocity changes. 

 

(2) Dimension : Force = mass  acceleration  

][]][[][ 22   MLTLTMF  

(3) Units :   Absolute units : (i) Newton (S.I.) (ii) Dyne (C.G.S)  

Gravitational units : (i) Kilogram-force (M.K.S.) (ii) Gram-force 

(C.G.S) 

Newton : One Newton is that force which produces an 

acceleration of 2/1 sm  in a body of mass 1 Kilogram.  

 1 Newton 2/1 smkg  

Dyne : One dyne is that force which produces an acceleration 

of 2/1 scm  in a body of mass 1 gram.   

 1 Dyne 2sec/1 cmgm   

Relation between absolute units of force  1 Newton 510 Dyne  

Kilogram-force : It is that force which produces an 

acceleration of 2/8.9 sm  in a body of mass 1 kg.  

 1 kg-f = 9.80 Newton 

Gram-force : It is that force which produces an acceleration 

of 2/980 scm  in a body of mass 1gm.  

 1 gm-f = 980 Dyne  

(4) amF


  formula is valid only if force is changing the state of 

rest or motion and the mass of the body is constant and finite. 

(5) If m is not constant 
dt

dm
v

dt

vd
mvm

dt

d
F





 )(  

(6) If force and acceleration have three component along x, y and z 
axis, then 

 kFjFiFF zyx
ˆˆˆ 


 and kajaiaa zyx

ˆˆˆ 


 

From above it is clear that zzyyxx maFmaFmaF  ,,  

(7) No force is required to move a body uniformly along a straight 

line with constant speed. 

 amF


   0F  (As 0a


) 

(8) When force is written without direction then positive force 

means repulsive while negative force means attractive. 

Example : Positive force – Force between two similar charges  

Negative force – Force between two opposite charges  

(9) Out of so many natural forces, for distance 1510 metre, 
nuclear force is strongest while gravitational force weakest. 

nalgravitationeticelectromagnuclear FFF   

(10) Ratio of electric force and gravitational force between two 

electron’s 4310/ ge FF   ge FF   

(11) Constant force : If the direction and magnitude of a force is 

constant. It is said to be a constant force. 

(12) Variable or dependent force :  

(i) Time dependent force : In case of impulse or motion of a charged 

particle in an alternating electric field force is time dependent. 

(ii) Position dependent force : Gravitational force between two 

bodies 
2

21

r

mGm
 

 or   Force between two charged particles 
2

0

21

4 r

qq


 . 

(iii) Velocity dependent force : Viscous force )6( rv  

Force on charged particle in a magnetic field )sin( qvB  

(13) Central force : If a position dependent force is directed towards 
or away from a fixed point it is said to be central otherwise non-central. 

Example : Motion of Earth around the Sun. Motion of electron in an 

atom. Scattering of -particles from a nucleus. 

 

 

 

 

 

(14) Conservative or non conservative force : If under the action of a 

force the work done in a round trip is zero or the work is path 

independent, the force is said to be conservative otherwise non conservative. 

Example : Conservative force : Gravitational force, electric force, 

elastic force. 

Non conservative force : Frictional force, viscous force. 

(15) Common forces in mechanics : 

 (i) Weight : Weight of an object is the force with which earth attracts it. 

It is also called the force of gravity or the gravitational force. 

(ii) Reaction or Normal force : When a body is placed on a rigid 

surface, the body experiences a force which is perpendicular to the surfaces 

in contact. Then force is called ‘Normal force’ or ‘Reaction’. 

 

 

 

 

 

(iii) Tension : The force exerted by the end of taut string, rope or 

chain against pulling (applied) force is called the tension. The direction of 

tension is so as to pull the body. 

 

 
 

(iv) Spring force : Every spring resists any attempt to change its 

length. This resistive force increases with change in length. Spring force is 

F u 

v < u 

v 
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given by  KxF  ; where x is the change in length and K is the spring 

constant (unit N/m). 

 

 

 

 

 

 

 
 Equilibrium of Concurrent Force 

(1) If all the forces working on a body are acting on the same point, 

then they are said to be concurrent. 

(2) A body, under the action of concurrent forces, is said to be in 

equilibrium, when there is no change in the state of rest or of uniform 

motion along  a straight line. 

(3) The necessary condition for the equilibrium of a body under the 

action of concurrent forces is that the vector sum of all the forces acting on 

the body must be zero. 

(4) Mathematically for equilibrium   0netF


  or     0xF ; 

  0yF ; ,   0zF  

(5) Three concurrent forces will be in equilibrium, if they can be 

represented completely by three sides of a triangle taken in order. 

 

 

 

 
(6) Lami’s Theorem : For three concurrent forces in equilibrium 

 sinsinsin

321 FFF
  

 

 

 

 

 

Newton’s Third Law 

To every action, there is always an equal (in magnitude) and 

opposite (in direction) reaction. 

(1) When a body exerts a force on any other body, the second body 

also exerts an equal and opposite force on the first. 

(2) Forces in nature always occurs in pairs. A single isolated force is 

not possible. 

(3) Any agent, applying a force also experiences a force of equal 

magnitude but in opposite direction. The force applied by the agent is called 

‘Action’ and the counter force experienced by it is called ‘Reaction’. 

(4) Action and reaction never act on the same body. If it were so, 

the total force on a body would have always been zero i.e. the body will 

always remain in equilibrium. 

(5) If ABF = force exerted on body A by body B (Action) and BAF = 

force exerted on body B by body A (Reaction) 

Then according to Newton’s third law of motion BAAB FF   

(6) Example : (i) A book lying on a table exerts a force on the table 

which is equal to the weight of the book. This is the force of action. 

 

 

 

 

 

The table supports the book, by exerting an equal force on the book. 

This is the force of reaction. 

As the system is at rest, net force on it is zero. Therefore force of 

action and reaction must be equal and opposite. 

(ii) Swimming is possible due to third law of motion. 

(iii) When a gun is fired, the bullet moves forward (action). The gun 

recoils backward (reaction) 

(iv) Rebounding of rubber ball takes place due to third law of 

motion. 

 

 

 

 
 

 

 
(v) While walking a person presses the ground in the backward 

direction (action) by his feet. The ground pushes the person in forward 

direction with an equal force (reaction). The component of reaction in 

horizontal direction makes the person move forward. 

 (vi) It is difficult to walk on sand or ice. 

 (vii) Driving a nail into a wooden block without holding the block is 

difficult. 

Frame of Reference 

(1) A frame in which an observer is situated and makes his 

observations is known as his ‘Frame of reference’. 

(2) The reference frame is associated with a co-ordinate system and 

a clock to measure the position and time of events happening in space. We 

can describe all the physical quantities like position, velocity, acceleration 

etc. of an object in this coordinate system. 

(3) Frame of reference are of two types :  (i) Inertial frame of 

reference  (ii) Non-inertial frame of reference. 

(i) Inertial frame of reference :  

(a) A frame of reference which is at rest or which is moving with a 

uniform velocity along a straight line is called an inertial frame of reference. 

(b) In inertial frame of reference Newton’s laws of motion holds 

good. 

(c) Inertial frame of reference are also called unaccelerated frame of 

reference or Newtonian or Galilean frame of reference. 

(d) Ideally no inertial frame exist in universe. For practical purpose a 

frame of reference may be considered as inertial if it’s acceleration is 

negligible with respect to the acceleration of the object to be observed. 
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C 2F  

1F  3F  
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(e) To measure the acceleration of a falling apple, earth can be 

considered as an inertial frame. 

(f) To observe the motion of planets, earth can not be considered as 

an inertial frame but for this purpose the sun may be assumed to be an 

inertial frame. 

Example : The lift at rest, lift moving (up or down) with constant 

velocity, car moving with constant velocity on a straight road.  

(ii) Non-inertial frame of reference  

(a) Accelerated frame of references are called non-inertial frame of 

reference. 

(b) Newton’s laws of motion are not applicable in non-inertial frame 

of reference. 

Example : Car moving in uniform circular motion, lift which is 

moving upward or downward with some acceleration, plane which is taking 

off. 

Impulse 

(1) When a large force works on a body for very small time interval, 

it is called impulsive force. 

An impulsive force does not remain constant, but changes first from 
zero to maximum and then from maximum to zero. In such case we 

measure the total effect of force. 

(2) Impulse of a force is a measure of total effect of force. 

(3) 
2

1

t

t
dtFI . 

(4) Impulse is a vector quantity and its direction is same as that of 
force. 

(5) Dimension : [ 1MLT ] 

(6) Units : Newton-second or Kg-m- 1s  (S.I.)  

 Dyne-second or gm-cm-
1s  (C.G.S.) 

(7) Force-time graph : Impulse is equal to the area under F-t curve. 

If we plot a graph between force and time, the area under the curve 
and time axis gives the value of impulse.  

 I Area between curve and time axis  

    
2

1
 Base   Height  

    tF
2

1
  

 

(8) If avF  is the average magnitude of the force then  

     tFdtFdtFI av

t

tav

t

t
 

2

1

2

1
 

(9) From Newton’s second law  

dt

pd
F 


  

or    2

1

2

1

p

p

t

t
pddtF   

 pppI  12


 

i.e. The impulse of a force is equal to the change in momentum. 

This statement is known as Impulse momentum theorem. 

Examples : Hitting, kicking, catching, jumping, diving, collision etc.  

In all these cases an impulse acts.  

  ptFdtFI av . constant 

So if time of contact t is increased, average force is decreased (or 

diluted) and vice-versa. 

(i) In hitting or kicking a ball we decrease the time of contact so 

that large force acts on the ball producing greater acceleration. 

(ii) In catching a ball a player by drawing his hands backwards 

increases the time of contact and so, lesser force acts on his hands and his 

hands are saved from getting hurt. 

 

 

 

 

 
 

 

(iii) In jumping on sand (or water) the time of contact is increased 

due to yielding of sand or water so force is decreased and we are not 

injured. However if we jump on cemented floor the motion stops in a very 

short interval of time resulting in a large force due to which we are 

seriously injured. 

(iv) An athlete is advised to come to stop slowly after finishing a fast 

race, so that time of stop increases and hence force experienced by him 

decreases. 

(v) China wares are wrapped in straw or paper before packing. 

Law of Conservation of Linear Momentum 

If no external force acts on a system (called isolated) of constant 

mass, the total momentum of the system remains constant with time. 

(1) According to this law for a system of particles 
dt

pd
F   

In the absence of external force 0F


 then p


 constant 

i.e.,  ....321 pppp constant.  

or 


....332211 vmvmvm constant  

This equation shows that in absence of external force for a closed 

system the linear momentum of individual particles may change but their 

sum remains unchanged with time. 

(2) Law of conservation of linear momentum is independent of 

frame of reference, though linear momentum depends on frame of 

reference. 

(3) Conservation of linear momentum is equivalent to Newton’s 

third law of motion. 

For a system of two particles in absence of external force, by law of 

conservation of linear momentum. 

 21 pp  constant. 

  2211 vmvm


 constant. 

Differentiating above with respect to time 

 02
2

1
1 

dt

vd
m

dt

vd
m



  02211  amam


  021  FF  

 12 FF   
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Fav 

t1 t2 t 

Impulse 
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i.e. for every action there is an equal and opposite reaction which is 

Newton’s third law of motion. 

(4) Practical applications of the law of conservation of linear 

momentum 

(i) When a man jumps out of a boat on the shore, the boat is 

pushed slightly away from the shore. 

 (ii) A person left on a frictionless surface can get away from it by 

blowing air out of his mouth or by throwing some object in a direction 

opposite to the direction in which he wants to move. 

(iii) Recoiling of a gun : For bullet and gun system, the force exerted 

by trigger will be internal so the momentum of the system remains 

unaffected.  

 

 
 

 

Let Gm  mass of gun, Bm  mass of bullet,  

       Gv  velocity of gun, Bv  velocity of bullet 

Initial momentum of system = 0 

Final momentum of system BBGG vmvm


  

By the law of conservation of linear momentum  

 0 BBGG vmvm


 

So recoil velocity 
B

G

B
G v

m

m
v


   

(a) Here negative sign indicates that the velocity of recoil Gv


 is 

opposite to the velocity of the bullet. 

(b) 
G

G
m

v
1

  i.e. higher the mass of gun, lesser the velocity of 

recoil of gun. 

(c) While firing the gun must be held tightly to the shoulder, this 

would save hurting the shoulder because in this condition the body of the 

shooter and the gun behave as one body. Total mass become large and 

recoil velocity becomes too small. 

man

1

mm
v

G

G


  

(iv) Rocket propulsion : The initial momentum of the rocket on its 

launching pad is zero. When it is fired from the launching pad, the exhaust 

gases rush downward at a high speed and to conserve momentum, the 

rocket moves upwards. 

 

 

 

 

 

 

 

 

 
 

Let 0m  initial mass of rocket,  

 m = mass of rocket at any instant ‘t’ (instantaneous mass) 

rm  residual mass of empty container of the rocket 

 u = velocity of exhaust gases, 

 v = velocity of rocket at any instant ‘t’ (instantaneous velocity) 


dt

dm
 rate of change of mass of rocket = rate of fuel consumption  

       = rate of ejection of the fuel. 

(a) Thrust on the rocket : mg
dt

dm
uF   

Here negative sign indicates that direction of thrust is opposite to 

the direction of escaping gases. 

dt

dm
uF   (if effect of gravity is neglected) 

(b) Acceleration of the rocket :       g
dt

dm

m

u
a    

and if effect of gravity is neglected 
dt

dm

m

u
a    

(c) Instantaneous velocity of the rocket :  

gt
m

m
uv e 








 0log  

and if effect of gravity is neglected 









m

m
uv e

0log  











m

m
u 0

10log303.2  

(d) Burnt out speed of the rocket : 














r

eb
m

m
uvv 0

max log  

The speed attained by the rocket when the complete fuel gets burnt is 

called burnt out speed of the rocket. It is the maximum speed acquired by 

the rocket. 

Free Body Diagram 

  In this diagram the object of interest is isolated from its 

surroundings and the interactions between the object and the surroundings 

are represented in terms of forces. 

Example : 
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Apparent Weight of a Body in a Lift 

When a body of mass m is placed on a weighing machine which is 

placed in a lift, then actual weight of the body is mg. 

 

 

 

 

 
This acts on a weighing machine which offers a reaction R given by 

the reading of weighing machine. This reaction exerted by the surface of 

contact on the body is the apparent weight of the body. 

Table 4.2 : Apparent weight in a lift 

Condition Figure Velocity Acceleration Reaction Conclusion 

Lift is at rest 

 

 

 

 

 

 

 

 

v = 0 a = 0 
R – mg = 0 

 R = mg 

Apparent weight  

= Actual weight 

Lift moving upward or 
downward with 
constant velocity 

 

 

 

 

 

 

 

 

v = constant 

 
a = 0 

R – mg = 0 

 R = mg 

Apparent weight  

= Actual weight 

Lift accelerating 
upward at the rate of 
'a’ 

 

 

 

 

 

 

 

 

v = variable 

 
a < g 

R – mg = ma 

R = m(g + a)  

Apparent weight  

> Actual weight 

Lift accelerating 
upward at the rate of 
‘g’ 

 

 

 

 

 

 

 

 

v = variable 

 
a = g 

R – mg = mg 

R = 2mg 

Apparent weight  

= 2 Actual weight 

Lift accelerating 
downward at the rate 
of ‘a’ 

 

 

 

 

 

 

 

 

v = variable 

 
a < g 

mg – R = ma  

 R = m(g – a)  

Apparent weight < Actual 
weight 

Lift accelerating 
downward at the rate 
of ‘g’ 

 

 

 

 

 

 

 

 

v = variable 

 
a = g 

mg – R = mg  

R = 0 

Apparent weight  

= Zero (weightlessness) 

Lift accelerating 
downward at the rate 

 

 

v = variable 

 
a > g 

mg – R = ma  

R = mg – ma  
Apparent weight negative 
means the body will rise 

mg 

R 

Fig : 4.21 

     Spring Balance 

R 

mg 

LIFT 

     Spring Balance 

R 

mg 

LIFT 

a 

     Spring Balance 

R 

mg 

LIFT 

g 

     Spring Balance 

R 

mg 

LIFT 

a 

     Spring Balance 

R 

mg 

LIFT 

g 

     Spring Balance 

R 

mg 

LIFT 

a > g 

     Spring Balance 

R 

mg 

LIFT 



 
  184 Newton's Laws of Motion 

of a(>g)  

 

 

 

 

 

R = – ve from the floor of the lift 
and stick to the ceiling of 
the lift. 
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Acceleration of Block on Horizontal Smooth Surface  

(1) When a pull is horizontal 

R = mg  

and F = ma 

 a = F/m 
 

(2) When a pull is acting at an angle () to the horizontal (upward) 

R + F sin  = mg 

 R = mg – F sin   

and  F cos = ma 

 
m

F
a

cos
  

(3) When a push is acting at an angle () to the horizontal 

(downward) 

R = mg + F sin   

and F cos = ma 

m

F
a

cos
  

Acceleration of Block on Smooth Inclined Plane 

(1) When inclined plane is at rest 

Normal reaction R = mg cos 

Force along a inclined plane  

F = mg sin  ;  ma = mg  sin  

a = g sin  

(2) When a inclined plane given a horizontal acceleration ‘b’  

Since the body lies in an accelerating frame, an inertial force (mb) 
acts on it in the opposite direction. 

 

 

 

 
 

 

Normal reaction R = mg cos + mb sin 

and ma = mg  sin  – mb cos    

   a = g sin – b cos  

Note :  The condition for the body to be at rest relative to the 

inclined plane : a = g sin – b cos = 0  

  b = g tan 

Motion of Blocks In Contact 
 

Condition Free body diagram Equation Force and acceleration 
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Motion of Blocks Connected by Mass Less String 

 

Condition  Free body diagram Equation Tension and acceleration 
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Motion of Connected Block Over A Pulley  
 

Condition Free body diagram Equation Tension and acceleration 
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Condition Free body diagram Equation Tension and acceleration 

When pulley have a finite mass M 
and radius R then tension in two 
segments of string are different 
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Condition Free body diagram Equation Tension and acceleration 
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Table 4.3 : Motion of massive string 

Condition Free body diagram Equation Tension and acceleration 
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m = Mass of string 

T = Tension in string at a distance x 
from the end where the force is 
applied 
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M = Mass of uniform string 

L = Length of string 
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Spring Balance and Physical Balance 

(1) Spring balance : When its upper end is fixed with rigid support 

and body of mass m hung from its lower end. Spring is stretched and the 

weight of the body can be measured by the reading 

of spring balance mgWR   

The mechanism of weighing machine is 

same as that of spring balance. 

Effect of frame of reference : In inertial 

frame of reference the reading of spring balance 

shows the actual weight of the body but in non-

inertial frame of reference reading of spring balance 

increases or decreases in accordance with the 

direction of acceleration 

(2) Physical balance : In physical balance actually we compare the 

mass of body in both the pans. Here we does not calculate the absolute 

weight of the body. 

 

 

 

 

 

Here X and Y are the mass of the empty pan. 

(i) Perfect physical balance :  

Weight of the pan should be equal i.e. X = Y  

and the needle must in middle of the beam i.e. a = b. 
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Effect of frame of reference : If the physical balance is perfect then 

there will be no effect of frame of reference (either inertial or non-inertial) 

on the measurement. It is always errorless. 

 

 

 

 

 

(ii) False balance : When the masses of the pan are not equal then 

balance shows the error in measurement. False balance may be of two types 

(a) If the beam of physical balance is horizontal (when the pans are 

empty) but the arms are not equal 

YX   and  ba      

For rotational equilibrium about point ‘O’ 

YbXa   …(i) 

In this physical balance if a body of weight W is placed in pan X 

then to balance it we have to put a weight 1W in pan Y. 

For rotational equilibrium about point ‘O’ 

bWYaWX )()( 1  …(ii) 

Now if the pans are changed then to balance the body we have to 

put a weight 2W  in pan X. 

For rotational equilibrium about point ‘O’ 

bWYaWX )()( 2   …(iii) 

From (i), (ii) and (iii)  

True weight 21 WWW   

(b) If the beam of physical balance is not horizontal (when the pans 

are empty) and the arms are equal  

i.e. YX  and ba   

In this physical balance if a body of weight W is placed in X Pan 

then to balance it.  

We have to put a weight W
1

 in Y Pan    

For equilibrium 1WYWX   …(i) 

 

 

 

 

 

 

Now if pans are changed then to balance the body we have to put a 

weight 2W in X Pan. 

For equilibrium WYWX  2  …(ii) 

From (i) and (ii) 

True weight 
2

21 WW
W


  

Modification of Newton’s Laws of motion  

According to Newton, time and space are absolute. The velocity of 

observer has no effect on it. But, according to special theory of relativity 

Newton’s laws are true, as long as we are dealing with velocities which are 

small compare to velocity of light. Hence the time and space measured by two 

observers in relative motion are not same. Some conclusions drawn by the 

special theory of relativity about mass, time and distance which are as follows : 

(1) Let the length of a rod at rest with respect to an observer is 

.0L If the rod moves with velocity v w.r.t. observer and its length is L, then  

22
0 /1 cvLL    

where, c is the velocity of light. 

Now, as v increases L decreases, hence the length will appear 
shrinking. 

(2) Let a clock reads T
0

 for an observer at rest. If the clock moves 

with velocity v and clock reads T with respect to observer, then 

2

2

0

1
c

v

T
T



   

Hence, the clock in motion will appear slow. 

(3) Let the mass of a body is 0m at rest with respect to an 

observer. Now, the body moves with velocity v with respect to observer and 

its mass is m, then 

2

2

0

1
c

v

m
m



   

m
0

 is called the rest mass. 

Hence, the mass increases with the increases of velocity. 

 Note :  If ,cv  i.e., velocity of the body is very small w.r.t. 

velocity  of light, then .0mm  i.e., in the practice there will be no change 

in the mass. 

   If v is comparable to c, then m > m
0

 i.e., mass will increase. 

  If ,cv  then  

2

2

0

1
v

v

m
m



  or .
0

0 
m

m  Hence, the 

mass becomes infinite, which is not possible, thus the speed cannot be equal 
to the velocity of light. 

  The velocity of particles can be accelerated up to a certain limit. 
Even in cyclotron the speed of charged particles cannot be increased beyond 

a certain limit. 

 

 
 
 
 
 

 

 Inertia is proportional to mass of the body. 

 Force cause acceleration. 

 In the absence of the force, a body moves along a straight line path. 

 A system or a body is said to be in equilibrium, when the net force 

acting on it is zero. 

 If a number of forces .........,,, 321 FFF


 act on the body, then it is 

in equilibrium when 0.........321
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 A body in equilibrium cannot change the direction of motion. 

 Four types of forces exist in nature. They are – gravitation )( gF , 

electromagnetic )( emF , weak force )( wF  and nuclear force )( nF . 

)( gF : )( wF : )( emF : )( nF : : 1 : 1025 : 1036 : 1038 

 If a body moves along a curved path, then it is certainly acted upon 

by a force. 

 A single isolated force cannot exist. 

 Forces in nature always occur in pairs. 

 Newton's first law of the motion defines the force. 

 Absolute units of force remains the same throughout the universe 

while gravitational units of force varies from place to place as they 

depend upon the value of ‘g’.  

 Newton's second law of motion gives the measure of force i.e. F = 

ma. 

 Force is a vector quantity.  

 Absolute units of force are dyne in CGS system and newton (N) in 

SI. 

 1 N = 105 dyne.  

 Gravitational units of force are gf (or gwt) in CGS system and kgf 

(or kgwt) in SI. 

 1 gf = 980 dyne and 1 kgf = 9.8 N 

 The beam balance compares masses. 

 Acceleration of a horse-cart system is  

mM

FH
a




   

where H = Horizontal component of reaction; F = force of friction; M = 

mass of horse; m = mass of cart. 

 The weight of the body measured by the spring balance in a lift is 

equal to the apparent weight. 

 Apparent weight of a freely falling body = ZERO, (state of 

weightlessness).  

 If the person climbs up along the rope with acceleration a, then 

tension in the rope will be m(g+a) 

 If the person climbs down along the rope with acceleration, then 

tension in the rope will be m(g – a) 

 When the person climbs up or down with uniform speed, tension 

in the string will be mg. 

 A body starting from rest moves along a smooth inclined plane of 

length l, height h and having angle of inclination  . 

(i) Its acceleration down the plane is g sin . 

(ii) Its velocity at the bottom of the inclined plane will be 

sin22 glgh  . 

(iii) Time taken to reach the bottom will be  

 
sin

2

g

l
t   

g

h2

sin

1


  

(iv) If the angle of inclination is changed keeping the height constant 

then 

1

2

2

1

sin

sin






t

t
 

 For an isolated system (on which no external force acts), the total 

momentum remains conserved (Law of conservation of momentum). 

 The change in momentum of a body depends on the 

magnitude and direction of the applied force and the period of 

time over which it is applied i.e. it depends on its impulse. 

 Guns recoil when fired, because of the law of conservation of 

momentum. The positive momentum gained by the bullet is equal 

to negative recoil momentum of the gun and so the total 

momentum before and after the firing of the gun is zero.  

 Recoil velocity of the gun is v
M

m
V

 
  

 where m = mass of bullet, M = mass of gun and v


 = muzzle 

velocity of bullet. 

 The rocket pushes itself forwards by pushing the jet of exhaust 

gases backwards. 

 Upthrust on the rocket = 
dt

dm
u  . 

where u = velocity of escaping gases relative to rocket and 
dt

dm
 rate 

of consumption of fuel. 

 Initial thrust on rocket = m(g + a), where a is the acceleration of 

the rocket. 

 Upward acceleration of rocket = .
dt

dm

m

u
  

 Impulse,  tFI


 change in momentum  

 Unit of impulse is N-s. 

 Action and reaction forces never act on the same body. They act on 

different bodies. If they act on the same body, the resultant force on the 

body will be zero i.e., the body will be in equilibrium. 

 Action and reaction forces are equal in magnitude but opposite in 

direction.   

 Action and reaction forces act along the line joining the centres of 

two bodies. 

 Newton's third law is applicable whether the bodies are at rest or 

in motion. 

 The non-inertial character of the earth is evident from the fact that 

a falling object does not fall straight down but slightly deflects to the 



 

 Newton's Law of motion 193 

east.  

 

 

 

 
 

First law of motion 
 

1. A rider on horse back falls when horse starts running all of a sudden 
because   [MP PMT 1982] 

 (a) Rider is taken back 

 (b) Rider is suddenly afraid of falling 

 (c) Inertia of rest keeps the upper part of body at rest whereas 
lower part of the body moves forward with the horse 

 (d) None of the above 

2. When a train stops suddenly, passengers in the running train feel an 
instant jerk in the forward direction because  

  [MP PMT 1982] 

 (a) The back of seat suddenly pushes the passengers forward 

 (b) Inertia of rest stops the train and takes the body forward 

 (c) Upper part of the body continues to be in the state of motion 

whereas the lower part of the body in contact with seat 
remains at rest 

 (d) Nothing can be said due to insufficient data 

3. Inertia is that property of a body by virtue of which the body is   [MGIMS Wardha 1982] 

 (a) Unable to change by itself the state of rest 

 (b) Unable to change by itself the state of uniform motion 

 (c) Unable to change by itself the direction of motion 

 (d) Unable to change by itself the state of rest and of uniform 
linear motion 

4. A man getting down a running bus falls forward because  

  [CPMT 1981] 

 (a) Due to inertia of rest, road is left behind and man reaches 
forward 

 (b) Due to inertia of motion upper part of body continues to be in 
motion in forward direction while feet come to rest as soon as 
they touch the road 

 (c) He leans forward as a matter of habit 

 (d) Of the combined effect of all the three factors stated in (a), (b) 

and (c) 

5. A boy sitting on the topmost berth in the compartment of a train 
which is just going to stop on a railway station, drops an apple 
aiming at the open hand of his brother sitting vertically below his 
hands at a distance of about 2 meter. The apple will fall   [CPMT 1986] 

 (a) Precisely on the hand of his brother 

 (b) Slightly away from the hand of his brother in the direction of 
motion of the train 

 (c) Slightly away from the hand of his brother in the direction 

opposite to the direction of motion of the train 

 (d) None of the above 
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6. Newton's first law of motion describes the following 

[MP PMT 1996] 

 (a) Energy (b) Work 

 (c) Inertia (d) Moment of inertia 

7. A person sitting in an open car moving at constant velocity throws a 
ball vertically up into air. The ball falls 

[EAMCET (Med.) 1995; MH CET 2003;BCECE 2004] 

 (a) Outside the car 

 (b) In the car ahead of the person 

 (c) In the car to the side of the person 

 (d) Exactly in the hand which threw it up 

8. A bird weighs 2 kg and is inside a closed cage of 1 kg. If it starts 
flying, then what is the weight of the bird and cage assembly   [AFMC 1997] 

 (a) 1.5 kg (b) 2.5 kg 

 (c) 3 kg (d) 4 kg 

9. A particle is moving with a constant speed along a straight line path. 

A force is not required to [AFMC 2001] 

(a) Increase its speed  

(b) Decrease the momentum 

(c) Change the direction 

(d) Keep it moving with uniform velocity 

10. When a bus suddenly takes a turn, the passengers are thrown 
outwards because of  

[AFMC 1999; CPMT 2000, 2001] 

(a) Inertia of motion (b) Acceleration of motion 

(c) Speed of motion (d) Both (b) and (c) 

11. A mass of 1 kg is suspended by a string A. Another string C is 

connected to its lower end (see figure). If a sudden jerk is given to 
C, then 
 

 (a) The portion AB of the string will break 

 (b) The portion BC of the string will break 

 (c) None of the strings will break 

 (d) The mass will start rotating 

12. In the above Question, if the string C is stretched slowly, then 

 (a) The portion AB of the string will break 

 (b) The portion BC of the string will break 

 (c) None of the strings will break 

(d) None of the above 

 

Second Law of Motion 
 

1. If a bullet of mass 5 gm moving with velocity 100 m /sec, penetrates 

the wooden block upto 6 cm. Then the average force imposed by 

the bullet on the block is  [MP PMT 2003] 

 (a) 8300 N (b) 417 N 

 (c) 830 N (d) Zero 

2. Newton's second law gives the measure of 

[CPMT 1982] 

 (a) Acceleration (b) Force 

 (c) Momentum (d) Angular momentum 

3. A force of 100 dynes acts on mass of 5 gm for 10 sec. The velocity 

produced is   [MNR 1987] 

 (a) 2 cm/sec (b) 20 cm/sec 

 (c) 200 cm/sec (d) 2000 cm/sec 

4. An object will continue moving uniformly until 

    [CPMT 1975] 

 (a) The resultant force acting on it begins to decrease 

 (b) The resultant force on it is zero 

 (c) The resultant force is at right angle to its rotation 

 (d) The resultant force on it is increased continuously 

5. A diwali rocket is ejecting 0.05 kg of gases per second at a velocity 

of 400 m/sec. The accelerating force on the rocket is 

[NCERT 1979; DPMT 2001; MP PMT 2004] 

 (a) 20 dynes (b) 20 N 

 (c) 22 dynes (d) 1000 N 

6. A body of mass 2 kg moving on a horizontal surface with an initial 

velocity of 4 m/sec comes to rest after 2 sec. If one wants to keep 

this body moving on the same surface with a velocity of 4 m/sec, the 

force required is [NCERT 1977] 

 (a) 8 N (b) 4 N 

 (c) Zero (d) 2 N 

7. A body of mass 2 kg is hung on a spring balance mounted vertically 

in a lift. If the lift descends with an acceleration equal to the 

acceleration due to gravity ‘g’, the reading on the spring balance will 

be   [NCERT 1977] 

 (a) 2 kg (b)  kgg)4(   

 (c) kgg)2(   (d)  Zero 

8. In the above problem, if the lift moves up with a constant velocity of 

2 m/sec, the reading on the balance will be 

[NCERT 1977] 

 (a) 2 kg (b) 4 kg 

 (c) Zero (d) 1 kg 

9. In the above problem if the lift moves up with an acceleration equal 

to the acceleration due to gravity, the reading on the spring balance 

will be [NCERT 1977] 

 (a) 2 kg (b) kgg)2(   

 (c) kgg)4(   (d) 4 kg 

10. A coin is dropped in a lift. It takes time 1t  to reach the floor when 

lift is stationary. It takes time 2t  when lift is moving up with 

constant acceleration. Then   

 (a) 21 tt   (b) 12 tt   

(c) 21 tt   (d) 21 tt   

11. If the tension in the cable of 1000 kg elevator is 1000 kg weight, the 

elevator   [NCERT 1971] 

 (a) Is accelerating upwards 

 (b) Is accelerating downwards 

 (c) May be at rest or accelerating 

 (d) May be at rest or in uniform motion 

12. A man weighing 80 kg is standing in a trolley weighing 320 kg. The 

trolley is resting on frictionless horizontal rails. If the man starts 
walking on the trolley with a speed of 1 m / s, then after 4 sec his 
displacement relative to the ground will be  [CPMT 1988, 89, 2002] 

 (a) 5 m (b) 4.8 m 

 (c) 3.2 m (d) 3.0 m 

B 1kg 

A 

C 



 
 Newton's Laws of motion 195 

13. In doubling the mass and acceleration of the mass, the force acting on 
the mass with respect to the previous value 

 (a) Decreases to half (b) Remains unchanged 

 (c) Increases two times (d) Increases four times 

14. A force of 5 N  acts on a body of weight 9.8 N. What is the 

acceleration produced in 2sec/m   [NCERT 1990] 

 (a) 49.00 (b) 5.00 

 (c) 1.46 (d) 0.51 

15. A body of mass 40 gm is moving with a constant velocity of 2 
cm/sec on a horizontal frictionless table. The force on the table is   [NCERT 1978] 

 (a) 39200 dyne (b) 160 dyne 

 (c) 80 dyne (d) Zero dyne 

16. When 1 N force acts on 1 kg body that is able to move freely, the 
body receives   [CPMT 1971] 

 (a) A speed of 1 m/sec 

 (b) An acceleration of 2sec/1m  

 (c) An acceleration of 2sec/980 cm  

 (d) An acceleration of 2sec/1 cm  

17. An object with a mass 10 kg moves at a constant velocity of 10 

m/sec. A constant force then acts for 4 second on the object and 
gives it a speed of 2 m/sec in opposite direction. The acceleration 
produced in it, is  [CPMT 1971] 

 (a) 2sec/3 m  (b) 2sec/3 m  

 (c) 2sec/3.0 m  (d) 2sec/3.0 m  

18. In the above question, the force acting on the object is 

[CPMT 1971] 

 (a) 30 N (b) – 30 N 

 (c) 3 N (d) – 3 N 

19. In the above question, the impulse acting on the object is 

[CPMT 1971] 

 (a) sec120 newton  (b) sec120 newtont  

 (c) sec30 newton  (d) sec30  newton  

20. A machine gun is mounted on a 2000 kg car on a horizontal 
frictionless surface. At some instant the gun fires bullets of mass 10 
gm with a velocity of 500 m/sec with respect to the car. The 
number of bullets fired per second is ten. The average thrust on the 
system is  [CPMT 1971] 

 (a) 550 N (b) 50 N 

 (c) 250 N (d) 250 dyne 

21. In the above question, the acceleration of the car will be  

[CPMT 1971] 

 (a) 2sec/25.0 m  (b) 2sec/5.2 m  

 (c) 2sec/0.5 m  (d) 2sec/025.0 m  

22. A person is standing in an elevator. In which situation he finds his 

weight less than actual when  [AIIMS 2005] 

(a) The elevator moves upward with constant acceleration 

(b) The elevator moves downward with constant acceleration. 

(c) The elevator moves upward with uniform velocity 

(d) The elevator moves downward with uniform velocity  

23. A particle of mass 0.3 kg is subjected to a force kxF   with 

./15 mNk   What will be its initial acceleration if it is released 

from a point 20 cm away from the origin  

[AIEEE 2005] 

(a) 5 m/s2  (b) 10 m/s2

  

(c) 3 m/s2  (d) 15 m/s2  

24.  A block of metal weighing 2 kg is resting on a frictionless plane. It 
is struck by a jet releasing water at a rate of 1 kg/sec and at a speed 
of 5 m/sec. The initial acceleration of the block will be   [MNR 1979] 

 (a) 2sec/5.2 m  (b) 2sec/0.5 m  

 (c) 2sec/10 m  (d) None of the above 

25. Gravels are dropped on a conveyor belt at the rate of 0.5 kg/sec. The 
extra force required in newtons to keep the belt moving at 2 m/sec 
is   [EAMCET 1988] 

 (a) 1 (b) 2 

 (c) 4 (d) 0.5 

26. A parachutist of weight ‘w’ strikes the ground with his legs fixed and 
comes to rest with an upward acceleration of magnitude 3 g. Force 
exerted on him by ground during landing is   [EAMCET 1988] 

 (a) w (b) 2w 

 (c) 3w (d) 4w 

27. At a place where the acceleration due to gravity is 2sec10 m  a 

force of 5 kg-wt acts on a body of mass 10 kg initially at rest. The 

velocity of the body after 4 second is 

[EAMCET 1981] 

 (a) 1sec5 m  (b) 1sec10 m  

 (c) 1sec20 m  (d) 1sec50 m  

28. In a rocket of mass 1000 kg fuel is consumed at a rate of 40 kg/s. 

The velocity of the gases ejected from the rocket is sm /105 4 . 

The thrust on the rocket is [MP PMT 1994] 

 (a) N3102  (b) N4105   

 (c) N6102  (d) N9102  

29. A man is standing on a weighing machine placed in a lift. When 
stationary his weight is recorded as 40 kg. If the lift is accelerated 

upwards with an acceleration of 2/2 sm , then the weight recorded 

in the machine will be )/10( 2smg   

[MP PMT 1994] 

 (a) 32 kg (b) 40 kg 

 (c) 42 kg (d) 48 kg 

30. A body of mass 4 kg weighs 4.8 kg when suspended in a moving lift. 
The acceleration of the lift is  

[Manipal MEE 1995] 

 (a) 280.9 ms  downwards (b) 9.80 2ms  upwards 

 (c) 1.96 2ms  downwards (d) 1.96 2ms  upwards 

31. An elevator weighing 6000 kg is pulled upward by a cable with an 

acceleration of 25 ms . Taking g to be 210 ms , then the tension 

in the cable is  [Manipal MEE 1995] 

 (a) 6000 N (b) 9000 N 

 (c) 60000 N (d) 90000 N 

32. A ball of mass 0.2 kg moves with a velocity of 20 m/sec and it stops 
in  0.1 sec; then the force on the ball is [BHU 1995] 
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 (a) 40 N (b) 20 N 

 (c) 4 N (d) 2 N 

33. A vehicle of 100 kg is moving with a velocity of 5 m/sec. To stop it 

in sec
10

1
, the required force in opposite direction is 

[MP PET 1995] 

 (a) 5000 N (b) 500 N 

 (c) 50 N (d) 1000 N 

34. A boy having a mass equal to 40 kilograms is standing in an 
elevator. The force felt by the feet of the boy will be greatest when 
the elevator 

 )sec/8.9( 2metresg   [MP PMT 1995; BVP 2003] 

 (a) Stands still 

 (b) Moves downward at a constant velocity of 4 metres/sec 

 (c) Accelerates downward with an acceleration equal to 
2sec/4 metres  

 (d) Accelerates upward with an acceleration equal to 
2sec/4 metres  

35. A rocket has an initial mass of kg31020  . If it is to blast off 

with an initial acceleration of 24 ms , the initial thrust needed is 

)10~( 2 msg  [Kurukshetra CEE 1996] 

 (a) N4106   (b) N41028   

 (c) N41020   (d) N41012  

36. The ratio of the weight of a man in a stationary lift and when it is 

moving downward with uniform acceleration ‘a’ is 3 : 2. The value of 

‘a’ is (g-Acceleration due to gravity of the earth)   [MP PET 1997] 

 (a) g
2

3
 (b)  

3

g
 

 (c) g
3

2
 (d) g 

37. The mass of a lift is 500 kg. When it ascends with an acceleration of 

2/2 sm , the tension in the cable will be ]/10[ 2smg     [MP PMT 1999, 2000] 

 (a) 6000 N (b) 5000 N 

 (c) 4000 N (d) 50 N 

38. If force on a rocket having exhaust velocity of 300 m/sec is 210 N, 

then rate of combustion of the fuel is   

[CBSE PMT 1999; MH CET 2003; Pb. PMT 2004] 

 (a) 0.7 kg/s (b) 1.4 kg/s 

 (c) 0.07 kg/s (d) 10.7 kg/s 

39. In an elevator moving vertically up with an acceleration g, the force 

exerted on the floor by a passenger of mass M is 

[CPMT 1999] 

 (a) Mg (b) Mg
2

1
 

 (c) Zero (d) 2 Mg 

40. A mass 1 kg is suspended by a thread. It is  

 (i) lifted up with an acceleration 2/9.4 sm   

 (ii) lowered with an acceleration 2/9.4 sm .  

 The ratio of the tensions is   [CBSE PMT 1998] 

 (a) 3 : 1 (b) 1 : 3 

 (c) 1 : 2 (d) 2 : 1 

41. A 5000 kg rocket is set for vertical firing. The exhaust speed is 

1800 ms . To give an initial upward acceleration of 220 ms , the 

amount of gas ejected per second to supply the needed thrust will 

be )10( 2 msg  [CBSE PMT 1998] 

 (a) 15.127 skg  (b) 15.187 skg  

 (c) 15.185 skg  (d) 15.137 skg  

42. If a person with a spring balance and a body hanging from it goes 

up and up in an aeroplane, then the reading of the weight of the 

body as indicated by the spring balance will 

[AIIMS 1998; JIPMER 2000] 

 (a) Go on increasing  

 (b) Go on decreasing 

 (c) First increase and then decrease 

 (d) Remain the same 

43. The time period of a simple pendulum measured inside a stationary 

lift is found to be T. If the lift starts accelerating upwards with an 

acceleration g/3, the time period is 

[EAMCET 1994; CMEET Bihar 1995; RPMT 2000] 

 (a) 3T  (b) 2/3T  

 (c) 3/T  (d) 3/T  

44. A cork is submerged in water by a spring attached to the bottom of 

a pail. When the pail is kept in a elevator moving with an 

acceleration downwards, the spring length 

[EAMCET (Engg.) 1995] 

 (a) Increases (b) Decreases 

 (c) Remains unchanged (d) Data insufficient 

45. Two trolleys of mass m and 3m are connected by a spring. They 

were compressed and released once, they move off in opposite 

direction and comes to rest after covering distances 1S and 2S  

respectively. Assuming the coefficient of friction to be uniform, the 

ratio of distances 21 : SS  is 

[EAMCET (Engg.) 1995] 

 (a) 1 : 9 (b) 1 : 3 

 (c) 3 : 1 (d) 9 : 1 

46. A boy of 50 kg is in a lift moving down with an acceleration 

28.9 ms . The apparent weight of the body is )8.9( 2 msg [EAMCET (Med.) 1995; Pb. PMT 1999;  

KCET 2000] 

 (a) N8.950   (b) Zero 

 (c) 50 N (d) N
8.9

50
 

47. A body is imparted motion from rest to move in a straight line. If it 

is then obstructed by an opposite force, then 

[NTSE 1995] 

 (a) The body may necessarily change direction 
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 (b) The body is sure to slow down 

 (c) The body will necessarily continue to move in the same 

direction at the same speed 

 (d) None of these 

48. A mass of 10 gm is suspended by a string and the entire system is 

falling with a uniform acceleration of .sec/400 2cm The tension 

in the string will be )sec/980( 2cmg     [SCRA 1994] 

 (a) 5,800 dyne (b) 9,800 dyne 

 (c) 11,800 dyne (d) 13,800 dyne 

49. A second's pendulum is mounted in a rocket. Its period of oscillation 

decreases when the rocket [CBSE PMT 1994] 

 (a) Comes down with uniform acceleration 

 (b) Moves round the earth in a geostationary orbit 

 (c) Moves up with a uniform velocity 

 (d) Moves up with uniform acceleration 

50. Two balls of masses 1m  and 2m  are separated from each other by 

a powder charge placed between them. The whole system is at rest 

on the ground. Suddenly the powder charge explodes and masses are 

pushed apart. The mass 1m  travels a distance 1s  and stops. If the 

coefficients of friction between the balls and ground are same, the 

mass 2m  stops after travelling the distance   [BHU 1994] 

 (a) 1

2

1
2 s

m

m
s   (b) 1

1

2
2 s

m

m
s   

 (c) 12
2

2
1

2 s
m

m
s   (d) 12

1

2
2

2 s
m

m
s   

51. A force vector applied on a mass is represented as 

kjiF ˆ10ˆ8ˆ6 


 and accelerates with 2/1 sm . What will be the 

mass of the body   [CBSE PMT 1996] 

 (a) kg210  (b) kg102  

 (c) 10 kg (d) 20 kg 

52. A cart of mass M is tied by one end of a massless rope of length 10 

m. The other end of the rope is in the hands of a man of mass M. 

The entire system is on a smooth horizontal surface. The man is at x 

= 0 and the cart at x = 10 m. If the man pulls the cart by the rope, 

the man and the cart will meet at the point   [CBSE PMT 1997] 

 (a) 0x  (b) mx 5  

 (c) mx 10  (d) They will never meet 

53. A cricket ball of mass 250 g collides with a bat with velocity 10 m/s 

and returns with the same velocity within 0.01 second. The force 

acted on bat is  [CPMT 1997] 

 (a) 25 N (b) 50 N 

 (c) 250 N (d) 500 N 

54. A pendulum bob of mass 50 gm is suspended from the ceiling of an 

elevator. The tension in the string if the elevator goes up with 

uniform velocity is approximately  

[AMU (Med.) 1999] 

 (a) 0.30 N (b) 0.40 N 

 (c) 0.42 N (d) 0.50 N 

55. A train is moving with velocity 20 m/sec. on this dust is falling at 

the rate of 50 kg/minute. The extra force required to move this train 

with constant velocity will be [RPET 1999] 

 (a) 16.66 N (b) 1000 N 

 (c) 166.6 N (d) 1200 N 

56. The average force necessary to stop a bullet of mass 20 g moving 

with a speed of 250 m/s, as it penetrates into the wood for a 

distance of 12 cm is  

[CBSE PMT 2000; DPMT 2003] 

(a) N3102.2   (b) N3102.3   

(c) N3102.4   (d) N3102.5   

57. The average resisting force that must act on a 5 kg mass to reduce 

its speed from 65 cm/s to 15 cm/s in 0.2s is 

[RPET 2000] 

(a) 12.5 N (b) 25 N 

(c) 50 N (d) 100 N 

58. A mass is hanging on a spring balance which is kept in a lift.  The 

lift ascends. The spring balance will show in its reading  

[DCE 2000] 

(a) Increase  

(b) Decrease  

(c) No change 

(d) Change depending upon velocity 

59. An army vehicle of mass 1000 kg is moving with a velocity of 10 m/s 

and is acted upon by a forward force of 1000  N due to the engine and 

a retarding force of 500 N due to friction. What will be its velocity 

after 10 s  [Pb. PMT 2000] 

(a) 5 m/s (b) 10 m/s 

(c) 15 m/s (d) 20 m/s 

60. A body of mass 2 kg is moving with a velocity 8 m/s on a smooth 

surface. If it is to be brought to rest in 4 seconds, then the force to 

be applied is   [Pb. PMT 2000]  

(a) 8 N (b) 4 N 

(c) 2 N (d) 1 N 

61. The apparent weight of the body, when it is travelling upwards with 

an acceleration of 2/2 sm  and mass is 10 kg, will be   [Pb. PMT 2001] 

(a) 198 N (b) 164 N 

(c) 140 N (d) 118 N 

62. A man measures time period of a pendulum )(T  in stationary lift. If 

the lift moves upward with acceleration ,
4

g
 then new time period 

will be   [BHU 2001] 

(a) 
5

2T
 (b) 

2

5T
 

(c) 
T2

5
 (d) 

T5

2
 

63. A 30 gm bullet initially travelling at 120 m/s penetrates 12 cm into a 

wooden block. The average resistance exerted by the wooden block 

is [AFMC 1999; CPMT 2001] 

(a) 2850N (b) 2200 N 

(c) 2000N (d) 1800 N 
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64. A force of 10 Newton acts on a body of mass 20kg for 10 seconds.  

Change in its momentum is [MP PET 2002] 

(a) 5 smkg /  (b) smkg /100  

(c) smkg /200  (d) 1000 smkg /  

65. A body of mass 1.0kg is falling with an acceleration of 10 2/ secm . 

Its apparent weight will be )sec/10( 2mg   

[MP PET 2002] 

(a) wtkg0.1  (b) wtkg0.2  

(c) wtkg5.0  (d) Zero 

66. A player caught a cricket ball of mass 150 gm moving at the rate of 

20 m/sec. if the catching process be completed in 0.1 sec the force of 

the blow exerted by the ball on the hands of player is    [Kerala PET 2005] 

(a) 0.3 N  (b) 30 N
 

(c) 300 N (d) 3000 N 

67. If rope of lift breaks suddenly, the tension exerted by the surface of 

lift    [AFMC 2002]  

(a = acceleration of lift) 

(a) mg (b) )( agm   

(c) )( agm   (d) 0  

68. A boy whose mass is 50kg stands on a spring balance inside a lift. 

The lift starts to ascent with an acceleration of .2 2ms  The 

reading of the machine or balance )10( 2 msg is  

[Kerala PET 2002] 

(a) kg50  (b) Zero  

(c) kg49  (d) kg60  

69. A rocket is ejecting g50  of gases per sec at a speed of ./500 sm  

The accelerating force on the rocket will be  

[Pb. PMT 2002] 

(a) N125  (b) N25  

(c) N5  (d) Zero 

70. A block of mass kg5  is moving horizontally at a speed of 1.5 m/s. 

A perpendicular force of 5N acts on it for 4 sec. What will be the 

distance of the block from the point where the force started acting   [Pb. PMT 2002] 

(a) 10 m (b) 8 m 

(c) 6 m (d) 2 m 

71. A lift of mass 1000 kg is moving with an acceleration of 1 2/ sm  in 

upward direction. Tension developed in the string, which is 

connected to the lift, is  [CBSE PMT 2002] 

(a) 9,800 N (b) 10,000 N 

(c) 10,800 N (d) 11,000 N 

72. A lift accelerated downward with acceleration 'a'. A man in the lift 

throws a ball upward with acceleration ).( 00 aaa   Then 

acceleration of ball observed by observer, which is on earth, is   [AIEEE 2002] 

(a) )( 0aa   upward (b) )( 0aa   upward 

(c) )( 0aa   downward (d) )( 0aa   downward 

73. A lift is moving down with acceleration a. A man in the lift drops a 

ball inside the lift. The acceleration of the ball as observed by the 

man in the lift and a man standing stationary on the ground are 

respectively [AIEEE 2002] 

(a) gg,  (b) agag  ,  

(c) gag ,  (d) ga,  

74. A man weighs .80kg  He stands on a weighing scale in a lift which 

is moving upwards with a uniform acceleration of ./5 2sm  What 

would be the reading on the scale. )/10( 2smg     [CBSE PMT 2003] 

(a) 400 N (b) 800 N 

(c) 1200 N (d) Zero 

75. A monkey of mass 20kg is holding a vertical rope. The rope will not 

break when a mass of 25 kg is suspended from it but will break if 

the mass exceeds 25 kg. What is the maximum acceleration with 

which the monkey can climb up along the rope )/10( 2smg     [CBSE PMT 2003] 

(a) 2/10 sm  (b) 2/25 sm  

(c) 2/5.2 sm  (d) 2/5 sm  

76. If in a stationary lift, a man is standing with a bucket full of water, 

having a hole at its bottom. The rate of flow of water through this 

hole is .0R  If the lift starts to move up and down with same 

acceleration and then that rates of flow of water are uR  and ,dR  

then   [UPSEAT 2003] 

(a) du RRR 0  (b)  du RRR  0  

(c) ud RRR  0  (d) 0RRR du   

77. A rocket with a lift- off mass 4105.3  kg  is blasted upwards 

with an initial acceleration of ./10 2sm  Then the initial thrust of 

the blast is   [AIEEE 2003] 

(a) N51075.1   (b) N5105.3   

(c) N5100.7   (d) N5100.14   

78. A spring balance is attached to the ceiling of a lift. A man hangs his 

bag on the spring and the spring reads 49 N, when the lift is 

stationary. If the lift moves downward with an acceleration of 

,/5 2sm  the reading of the spring balance will be     [AIEEE 2003] 

(a) 49 N (b) 24 N 

(c) 74 N (d) 15 N 

79. A plumb line is suspended from a ceiling of a car moving with 

horizontal acceleration of a. What will be the angle of inclination 

with vertical    [Orissa JEE 2003] 

(a) )/(tan 1 ga  (b) )/(tan 1 ag  

(c) )/(cos 1 ga  (d) )/(cos 1 ag  

80. Mass of a person sitting in a lift is 50 kg. If lift is coming down with 

a constant acceleration of 10 ./ 2secm  Then the reading of spring 

balance will be )/10( 2secmg   

  [RPET 2003; Kerala PMT 2005] 

 (a) 0 (b) 1000N 

 (c) 100 N (d) 10 N 
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81. A body of mass 2 kg has an initial velocity of 3 meters per second 

along OE and it is subjected to a force of 4 N in a direction 

perpendicular to OE. The distance of the body from O after 4 

seconds will be   [CPMT 1976] 

 (a) 12 m (b) 20 m 

 (c) 8 m (d) 48 m 

82. A block of mass m is placed on a smooth wedge of inclination  . 

The whole system is accelerated horizontally so that the block does 

not slip on the wedge. The force exerted by the wedge on the block 

(g is acceleration due to gravity) will be    [CBSE PMT 2004] 

(a) cosmg  (b) sinmg  

 (c) mg  (d) cos/mg  

83. A machine gun fires a bullet of mass 40 g with a velocity 

.1200 1ms  The man holding it can exert a maximum force of 

144 N on the gun. How many bullets can he fire per second at the 

most   [AIEEE 2004] 

(a) One  (b) Four 

(c) Two (d) Three 

84. An automobile travelling with a speed of ,/60 hkm  can brake to 

stop within a distance of 20 m. If the car is going twice as fast, i.e. 

120 km/h, the stopping distance will be  

[AIEEE 2004] 

(a) 20 m (b) 40 m 

(c) 60 m (d) 80 m 

85. A man of weight 75 kg is standing in an elevator which is moving 

with an acceleration of 2/5 sm  in upward direction the apparent 

weight of the man will be )/10( 2smg   

[Pb. PMT 2004] 

(a) 1425 N (b) 1375 N 

 (c) 1250 N (d) 1125 N 

86. The adjacent figure is the part of a horizontally stretched net. 

section AB is stretched with a force of 10 N. The tensions in the 

sections BC and BF are   [KCET 2005] 

 

 

 

 

 

 

(a) 10 N, 11 N  

(b) 10 N, 6 N 

(c) 10 N, 10 N  

(d) Can't calculate due to insufficient data 

87. The linear momentum p of a body moving in one dimension varies 

with time according to the equation 2btap   where a and b 

are positive constants. The net force acting on the body is    [Pb. PET 2002] 

(a) A constant 

(b) Proportional to 2t  

(c) Inversely proportional to t 

(d) Proportional to t 

88. The spring balance inside a lift suspends an object. As the lift begins 
to ascent, the reading indicated by the spring balance will    [DCE 2003] 

(a) Increase 

(b) Decrease 

(c) Remain unchanged 

(d) Depend on the speed of ascend 

89. There is a simple pendulum hanging from the ceiling of a lift. When 

the lift is stand still, the time period of the pendulum is T. If the 

resultant acceleration becomes ,4/g  then the new time period of 

the pendulum is  [DCE 2004] 

(a) 0.8 T (b) 0.25 T 

(c) 2 T (d) 4 T 

90. A man of weight 80 kg is standing in an elevator which is moving 

with an acceleration of 2/6 sm  in upward direction. The apparent 

weight of the man will be )/10( 2smg     [DPMT 2003] 

(a) 1480 N (b) 1280 N 

(c) 1380 N (d) None of these 

91. A force of 100 dynes acts on a mass of 5 gram for 10 sec. The 

velocity produced is    [Pb. PET 2004] 

(a) sec/2000 cm  (b) sec/200 cm  

(c) sec/20 cm  (d) sec/2 cm  

92. When the speed of a moving body is doubled 

[UPSEAT 2004] 

(a) Its acceleration is doubled   

(b) Its momentum is doubled   

(c) Its kinetic energy is doubled   

(d) Its potential energy is doubled 

93. A body of mass m collides against a wall with a velocity v and 

rebounds with the same speed. Its change of momentum is    [Kerala PMT 2004] 

(a) 2 mv (b) mv   

(c) – mv (d) Zero  

94. A thief stole a box full of valuable articles of weight W and while 
carrying it on his back, he jumped down a wall of height ‘h’ from 
the ground. Before he reached the ground he experienced a load of    [NCERT 1973] 

 (a) 2W (b) W 

 (c) W/2 (d) Zero 

95. N bullets each of mass m kg are fired with a velocity 1msv  at the 

rate of n bullets per second upon a wall. The reaction offered by the 
wall to the bullets is given by 

 (a) nmv (b) 
n

Nmv
 

 (c) 
v

Nm
n  (d) 

m

Nv
n  

120° 120° 

A 

G 
120° 

E 

150° 150° 

B 

F 

D 

C 
H 
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96. If a body of mass m is carried by a lift moving with an upward 
acceleration a, then the forces acting on the body are (i) the reaction 
R on the floor of the lift upwards (ii) the weight mg of the body 
acting vertically downwards. The equation of motion will be given by[MNR 1998] 

 (a) mamgR   (b) mamgR   

 (c) mgmaR   (d) mamgR   

97. With what minimum acceleration can a fireman slides down a rope 

while breaking strength of the rope is 
3

2
 of his weight   [CPMT 1979] 

 (a) g
3

2
 (b) g 

 (c) g
3

1
 (d) Zero 

98. A ball of mass m moves with speed v and it strikes normally with a 
wall and reflected back normally, if its time of contact with wall is t 
then find force exerted by ball on wall 

    [BCECE 2005]  

 (a) 
t

mv2
 (b) 

t

mv
 

 (c) mvt  (d) 
t

mv

2
 

99. The velocity of a body at time t = 0 is 210  m/s in the north-east 

direction and it is moving with an acceleration of 2 m/s2 directed 

towards the south.  The magnitude and direction of the velocity of 
the body after 5 sec will be 

   [AMU (Engg.) 1999] 

(a) 10 m/s, towards east 

(b) 10 m/s, towards north 

(c) 10 m/s, towards south 

(d) 10 m/s, towards north-east 

100. A body of mass 5 kg starts from the origin with an initial velocity 

1ˆ40ˆ30  msjiu . If a constant force NjiF )ˆ5(̂   acts on 

the body, the time in which the y–component of the velocity 

becomes zero is  

[EAMCET (Med.) 2000] 

(a) 5 seconds  (b) 20 seconds 

(c) 40 seconds (d) 80 seconds 

101. A body of mass 8kg is moved by a force ,3 NxF   where x  is 

the distance covered. Initial position is mx 2  and the final 

position is 10x m. The initial speed is ./0.0 sm  The final speed 

is   [Orissa JEE 2002] 

(a) 6 m/s (b) 12 m/s 

(c) 18 m/s (d) 14 m/s 

102. The linear momentum p of a body moving in one dimension varies 

with time according to the equation 2btap  , where a and b 

are positive constants. The net force acting on the body is   [MP PMT 1993] 

(a) Proportional to 
2t  

(b) A constant 

(c) Proportional to t 

(d) Inversely proportional to t 

103. A ball of mass 0.5 kg moving with a velocity of 2 m/sec strikes a 

wall normally and bounces back with the same speed. If the time of 

contact between the ball and the wall is one millisecond, the average 

force exerted by the wall on the ball is   [CBSE PMT 1990] 

(a) 2000 N (b) 1000 N 

(c) 5000 N (d) 125 N 

104. A particle moves in the xy-plane under the action of a force F such 

that the components of its linear momentum p at any time t are 

tpx cos2 , tpy sin2 . The angle between F and p  at time t 

is  

[MP PET 1996; UPSEAT 2000] 

(a) 90° (b) 0° 

(c) 180° (d) 30° 

105. n small balls each of mass m impinge elastically each second on a 

surface with velocity u. The force experienced by the surface will be    [MP PMT/PET 1998;  

   RPET 2001; BHU 2001; MP PMT 2003] 

(a) mnu (b) 2 mnu 

(c) 4 mnu (d) mnu
2

1
 

106. A ball of mass 400 gm is dropped from a height of 5m. A boy on 

the ground hits the ball vertically upwards with a bat with an 

average force of 100 newton so that it attains a vertical height of 20 

m. The time for which the ball remains in contact with the bat is 

]/10[ 2smg   [MP PMT 1999] 

(a) 0.12s (b) 0.08 s 

(c) 0.04 s (d) 12 s 

107. The time in which a force of 2 N produces a change of momentum 

of 14.0 mskg  in the body is 

[CMEET Bihar 1995] 

(a) 0.2 s (b) 0.02 s 

(c) 0.5 s (d) 0.05 s 

108. A gun of mass kg10  fires 4 bullets per second. The mass of each 

bullet is 20 g and the velocity of the bullet when it leaves the gun is 

.300 1ms  The force required to hold the gun while firing is  

[EAMCET (Med.) 2000] 

(a) 6 N (b) 8 N 

(c) 24 N (d) 240 N 

109. A gardner waters the plants by a pipe of diameter 1mm. The water 

comes out at the rate or 10 cm3/sec. The reactionary force exerted on 

the hand of the gardner is 

 [KCET 2000] 

(a) Zero (b) N21027.1   

(c) N41027.1   (d) N127.0  

110. A solid disc of mass M is just held in air horizontally by throwing 40 

stones per sec vertically upwards to strike the disc each with a 

velocity 6 1ms . If the mass of each stone is kg05.0  what is the 

mass of the disc 210(  msg ) 

   [Kerala (Engg.) 2001] 
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(a) kg2.1  (b) kg5.0  

(c) kg20  (d) 3kg 

111. A ladder rests against a frictionless vertical wall, with its upper end 

6m above the ground and the lower end 4m away from the wall. The 

weight of the ladder is 500 N and its C. G. at 1/3rd distance from the 

lower end. Wall's reaction will be, (in Newton)   [AMU (Med.) 2000] 

(a) 111 (b) 333 

(c) 222 (d) 129 

112. A satellite in force-free space sweeps stationary interplanetary dust 

at a rate vdtdM /  where M is the mass, v is the velocity of 

the satellite and   is a constant. What is the deacceleration of the 

satellite [CBSE PMT 1994] 

 (a) Mv /2 2  (b) Mv /2  

 (c) Mv /2  (d) 2v  

113. 10,000 small balls, each weighing 1 gm, strike one square cm of area 
per second with a velocity 100 m/s in a normal direction and 
rebound with the same velocity. The value of pressure on the 
surface will be   [MP PMT 1994] 

  (a) 23 /102 mN  (b) 25 /102 mN  

  (c) 27 /10 mN  (d) 27 /102 mN  

 

Third Law of Motion 
 

1. Swimming is possible on account of  [AFMC 1998, 2003] 

 (a) First law of motion 

 (b) Second law of motion 

 (c) Third law of motion 

 (d) Newton's law of gravitation 

2. When we jump out of a boat standing in water it moves 

 (a) Forward (b) Backward 

 (c) Sideways (d) None of the above 

3. You are on a frictionless horizontal plane. How can you get off if no 
horizontal force is exerted by pushing against the surface 

 (a) By jumping 

 (b) By spitting or sneezing 

 (c) By rolling your body on the surface 

 (d) By running on the plane 

4. On a stationary sail-boat, air is blown at the sails from a fan 

attached to the boat. The boat will 

 (a) Remain stationary 

 (b) Spin around 

 (c) Move in a direction opposite to that in which air is blown 

 (d) Move in the direction in which the air is blown 

5. A man is at rest in the middle of a pond on perfectly smooth ice. He 
can get himself to the shore by making use of Newton's   [CPMT 1981] 

 (a) First law (b) Second law 

 (c) Third law (d) All the laws 

6. A cannon after firing recoils due to  [EAMCET 1980] 

 (a) Conservation of energy 

 (b) Backward thrust of gases produced 

 (c) Newton's third law of motion 

 (d) Newton's first law of motion 

7. A body floats in a liquid contained in a beaker. If the whole system 

as shown in figure falls freely under gravity, then the upthrust on 

the body due to liquid is [Manipal MEE 1995] 

  

 (a) Zero 

 (b) Equal to the weight of liquid displaced 

 (c) Equal to the weight of the body in air 

 (d) None of these 

8. Newton's third law of motion leads to the law of conservation of   [Manipal MEE 1995] 

 (a) Angular momentum (b) Energy 

 (c) Mass (d) Momentum 

9. A man is carrying a block of a certain substance (of density 1000 
3kgm ) weighing 1 kg in his left hand and a bucket filled with 

water and weighing 10 kg in his right hand. He drops the block into 
the bucket. How much load does he carry in his right hand now   [Manipal MEE 1995] 

 (a) 9 kg (b) 10 kg 

 (c) 11 kg (d) 12 kg 

10. A man is standing on a balance and his weight is measured. If he 

takes a step in the left side, then weight [AFMC 1996] 

 (a) Will decrease  

 (b) Will increase 

 (c) Remains same  

 (d) First decreases then increases 

11. A man is standing at a spring platform. Reading of spring balance is 
60 kg wt. If man jumps outside platform, then reading of spring 
balance  

[AFMC 1996; AIIMS 2000; Pb. PET 2000] 

 (a) First increases then decreases to zero 

 (b) Decreases 

 (c) Increases 

 (d) Remains same 

12. A cold soft drink is kept on the balance. When the cap is open, then 
the weight   [AFMC 1996] 

 (a) Increases  

 (b) Decreases 

 (c) First increases then decreases 

 (d) Remains same 

13. Action and reaction forces act on 

 (a) The same body (b) The different bodies 

 (c) The horizontal surface (d) Nothing can be said 

14. A bird is sitting in a large closed cage which is placed on a spring 

balance. It records a weight of 25 N. The bird (mass m = 0.5 kg) 

flies upward in the cage with an acceleration of 2/2 sm . The 

spring balance will now record a weight of 

[MP PMT 1999] 

 (a) 24 N (b) 25 N 

 (c) 26 N (d) 27 N 

15. A light spring balance hangs from the hook of the other light spring 

balance and a block of mass M kg hangs from the former one. Then 

the true statement about the scale reading is  

[AIEEE 2003] 

 (a) Both the scales read M/2 kg each 

 (b) Both the scales read M kg each 
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 (c) The scale of the lower one reads M kg and of the upper one 

zero 

 (d) The reading of the two scales can be anything but the sum of 

the reading will be M kg 

16. A machine gun fires 20 bullets per second into a target. Each bullet 

weighs 150 gms and has a speed of 800 m/sec. Find the force 

necessary to hold the gun in position 

[EAMCET 1994] 

 (a) 800 N (b) 1000 N 

 (c) 1200 N (d) 2400 N 

17.  The tension in the spring is  [AMU (Engg.) 2001] 

 
 

(a) Zero (b) N5.2  

(c) N5  (d) N10  

18. A book is lying on the table. What is the angle between the action of 

the book on the table and the reaction of the table on the book  [Kerala PMT 2005] 

(a) 0° (b) 30° 

(c) 45° (d) 180° 

19. When a horse pulls a wagon, the force that causes the horse to 

move forward is the force   [Pb. PET 2004] 

(a) The ground exerts on it (b) It exerts on the ground 

(c) The wagon exerts on it (d) It exerts on the wagon 

20. A student attempts to pull himself up by tugging on his hair. He will 

not succeed   [KCET 2005] 

(a) As the force exerted is small 

(b) The frictional force while gripping, is small. 

(c) Newton's law of inertia is not applicable to living beings. 

(d) As the force applied is internal to the system. 

21. A man is standing at the centre of frictionless pond of ice. How can 

he get himself to the shore  [J&K CET 2005] 

 (a) By throwing his shirt in vertically upward direction 

 (b) By spitting horizontally 

 (c) He will wait for the ice to melt in pond 

 (d) Unable to get at the shore 

22. A body of mass 5kg is suspended by a spring balance on an inclined 

plane as shown in figure. The spring balance measure 

 

(a) 50 N  

(b) 25 N 

(c) 500 N 

(d) 10 N 

23. A lift is going up. The total mass of the lift and the passenger 

is 1500 kg. The variation in the speed of the lift is as given in the 

graph. The tension in the rope pulling the lift at t  = 11th sec will be 

 

 (a) 17400 N 

 (b) 14700 N 

 (c) 12000 N 

 (d) Zero 

24. In the above ques., the height to which the lift takes the passenger is 

 (a) 3.6 meters (b) 8 meters 

 (c) 1.8 meters (d) 36 meters 
 

Conservation of Linear Momentum and Impulse 
 

1. A jet plane flies in the air because  [NCERT 1971] 

  (a) The gravity does not act on bodies moving with high speeds 

 (b) The thrust of the jet compensates for the force of gravity 

 (c) The flow of air around the wings causes an upward force, 

which compensates for the force of gravity 

 (d) The weight of air whose volume is equal to the volume of the 

plane is more than the weight of the plane 

2. A player caught a cricket ball of mass 150 gm moving at a rate of 20 

m/s. If the catching process be completed in 0.1 s, then the force of 

the blow exerted by the ball on the hands of the player is[AFMC 1993; CBSE PMT 2001; BHU 2001] 

 (a) 0.3 N (b) 30 N 

 (c) 300 N (d) 3000 N 

3. A rocket has a mass of 100 kg. 90% of this is fuel. It ejects fuel 

vapours at the rate of 1 kg/sec with a velocity of 500 m/sec relative 

to the rocket. It is supposed that the rocket is outside the 

gravitational field. The initial upthrust on the rocket when it just 

starts moving upwards is [NCERT 1978] 

 (a) Zero (b) 500 N 

 (c) 1000 N (d) 2000 N 

4. In which of the following cases forces may not be required to keep 

the   [AIIMS 1983] 

 (a) Particle going in a circle 

 (b) Particle going along a straight line 

 (c) The momentum of the particle constant 

 (d) Acceleration of the particle constant 

5. A wagon weighing 1000 kg is moving with a velocity 50km/h on 

smooth horizontal rails. A mass of 250 kg is dropped into it. The 

velocity with which it moves now is 

[MP PMT 1994] 

 (a) 2.5 km/hour (b) 20 km/hour 

 (c) 40 km/hour (d) 50 km/hour 

6. If a force of 250 N act on body, the momentum acquired is 125 kg-

m/s. What is the period for which force acts on the body   [CMEET Bihar 1995] 

 (a) 0.5 sec (b) 0.2 sec 

 (c) 0.4 sec (d) 0.25 sec 

7. A 100 g iron ball having velocity 10 m/s collides with a wall at an 

angle 30° and rebounds with the same angle. If the period of contact 

between the ball and wall is 0.1 second, then the force experienced 

by the wall is [CPMT 1997] 

 (a) 10 N (b) 100 N 

 (c) 1.0 N (d) 0.1 N 

5 N 5 N 

M 

30° 

3.6 
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8. A ball of mass 150g starts moving with an acceleration of 2/20 sm . 

When hit by a force, which acts on it for 0.1 sec. The impulsive force 

is [AFMC 1999; Pb. PMT 2003]  

(a) 0.5 N-s (b) 0.1 N-s  

(c) 0.3 N-s (d) 1.2 N-s 

9. A body, whose momentum is constant, must have constant  

[AIIMS  2000] 

(a) Force  (b) Velocity 

(c) Acceleration (d) All of these 

10. The motion of a rocket is based on the principle of conservation of    [AFMC 2000]  

(a) Mass (b) Kinetic energy 

(c) Linear momentum (d) Angular momentum 

11. A rope of length 5m is kept on frictionless surface and a force of 5N 

is applied to one of its end. Find tension in the rope at 1m from this 

end   [RPET 2000] 

(a) 1 N (b) 3 N 

(c) 4 N (d) 5 N 

12. An aircraft is moving with a velocity of .300 1ms  If all the forces 

acting on it are balanced, then  [Kerala PMT 2004] 

(a) It still moves with the same velocity 

(b) It will be just floating at the same point in space 

(c) It will fall down instantaneously  

(d) It will lose its velocity gradually 

(e) It will explode 

13. A rocket of mass 1000 kg exhausts gases at a rate of 4 kg/sec with a 

velocity 3000 m/s. The thrust developed on the rocket is   [Orissa JEE 2005] 

(a) 12000 N (b) 120 N 

(c) 800 N (d) 200 N 

14. The momentum is most closely related to  [DCE 2001] 

(a) Force  (b) Impulse 

(c) Power (d) K.E. 

15. Rocket engines lift a rocket from the earth surface because hot gas 

with high velocity [AIIMS 1998; JIPMER 2001, 02] 

(a) Push against the earth 

 (b) Push against the air 

 (c) React against the rocket and push it up 

 (d) Heat up the air which lifts the rocket 

16. A man fires a bullet of mass 200 g at a speed of 5 m/s. The gun is 

of one kg mass. by what velocity the gun rebounds backwards[CBSE PMT 1996; JIPMER 2000] 

 (a) 0.1 m/s (b) 10 m/s 

 (c) 1 m/s (d) 0.01 m/s 

17. A bullet of mass 5 g is shot from a gun of mass 5 kg. The muzzle 

velocity of the bullet is 500 m/s. The recoil velocity of the gun is    [DCE 2004] 

(a) 0.5 m/s (b) 0.25 m/s 

(c) 1 m/s (d) Data is insufficient 

18. A force of 50 dynes is acted on a body of mass 5 g which is at rest 

for an interval of 3 seconds, then impulse is 

[AFMC 1998] 

 (a) Ns31015.0   (b) Ns31098.0   

(c) Ns3105.1   (d) Ns3105.2   

19. A body of mass M at rest explodes into three pieces, two of which of 

mass M/4 each are thrown off in perpendicular directions with 

velocities of 3 m/s and 4 m/s respectively. The third piece will be 

thrown off with a velocity of 

[CPMT 1990] 

(a) 1.5 m/s (b) 2.0 m/s 

(c) 2.5 m/s (d) 3.0 m/s 

20. The momentum of a system is conserved [CPMT 1982] 

(a) Always  

(b) Never 

(c) In the absence of an external force on the system 

(d) None of the above 

21. A body of mass 0.25 kg is projected with muzzle velocity 1100 ms  

from a tank of mass 100 kg. What is the recoil velocity of the tank   [AFMC 1996] 

(a) 15 ms  (b) 125 ms  

(c) 15.0 ms  (d) 125.0 ms  

22. A bullet is fired from a gun. The force on the bullet is given by 

tF 5102600  , where F is in newtons and t in seconds. The 

force on the bullet becomes zero as soon as it leaves the barrel. 
What is the average impulse imparted to the bullet   [CBSE PMT 1998] 

(a) 9 Ns (b) Zero 

(c) 0.9 Ns (d) 1.8 Ns 

23. A bullet of mass 0.1 kg is fired with a speed of 100 m/sec, the mass 
of gun is 50 kg. The velocity of recoil is 

[AFMC 1995; JIPMER 2000; Pb.PMT 2002] 

(a) 0.2 m/sec (b) 0.1 m/sec 

(c) 0.5 m/sec (d) 0.05 m/sec 

24. A bullet mass 10 gm is fired from a gun of mass 1kg. If the recoil 
velocity is 5 m/s, the velocity of the muzzle is 

[Orissa JEE 2002] 

 (a) 0.05 m/s (b) 5 m/s 

(c) 50 m/s (d) 500 m/s 

25. A rocket can go vertically upwards in earth's atmosphere because   [CPMT 1980] 

 (a) It is lighter than air 

 (b) Of gravitational pull of the sun 

 (c) It has a fan which displaces more air per unit time than the 
weight of the rocket 

 (d) Of the force exerted on the rocket by gases ejected by it 

26. At a certain instant of time the mass of a rocket going up vertically 
is 100 kg. If it is ejecting 5 kg of gas per second at a speed of 400 

m/s, the acceleration of the rocket would be (taking )/10 2smg     [NCERT 1984] 

 (a) 2/20 sm  (b) 2/10 sm  

 (c) 2/2 sm  (d) 2/1 sm  

27. A jet engine works on the principle of 

[CPMT 1973; MP PMT 1996] 

 (a) Conservation of mass 

 (b) Conservation of energy 

 (c) Conservation of linear momentum 

(d) Conservation of angular momentum 
 

Equilibrium of Forces 
 

1. The weight of an aeroplane flying in the air is balanced by 

[NCERT 1974] 
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 (a) Vertical component of the thrust created by air currents 
striking the lower surface of the wings 

 (b) Force due to reaction of gases ejected by the revolving 

propeller 

 (c) Upthrust of the air which will be equal to the weight of the air 
having the same volume as the plane 

 (d) Force due to the pressure difference between the upper and 
lower surfaces of the wings created by different air speeds on 

the surfaces 

2. When a body is stationary   [NCERT 1978] 

 (a) There is no force acting on it 

 (b) The force acting on it is not in contact with it 

 (c) The combination of forces acting on it balances each other 

 (d) The body is in vacuum 

3. Two forces of magnitude F have a resultant of the same magnitude 

F. The angle between the two forces is 

[CBSE PMT 1990] 

 (a) 45° (b) 120° 

 (c) 150° (d) 60° 

4. Two forces with equal magnitudes F act on a body and the 

magnitude of the resultant force is F/3. The angle between the two 

forces is   [MP PMT 1999] 

 (a) 









18

17
cos 1  (b) 










3

1
cos 1  

 (c) 








3

2
cos 1  (d) 









9

8
cos 1  

5. An object is subjected to a force in the north-east direction. To 

balance this force, a second force should be applied in the direction   [KCET 1994] 

 (a) North-East (b) South 

 (c) South-West (d) West 

6. The resultant force of 5 N and 10 N can not be 

[RPET 2000] 

(a) 12 N (b) 8 N 

(c) 4 N (d) 5 N 

7. The resultant of two forces P3  and P2 is R. If the first force is 

doubled then the resultant is also doubled. The angle between the 

two forces is [KCET 2001] 

(a) o60  (b) o120  

(c) o70  (d) o180  

8. The resultant of two forces, one double the other in magnitude, is 

perpendicular to the smaller of the two forces.  The angle between 

the two forces is  

[KCET 2002] 

(a) 060  (b) 0120  

(c) 0150  (d) 090  

9. Two forces are such that the sum of their magnitudes is 18 N and 

their resultant is perpendicular to the smaller force and magnitude 

of resultant is 12 N. Then the magnitudes of the forces are   [AIEEE 2002]  

(a) 12 N, 6 N (b) 13 N, 5N 

(c) 10 N, 8 N (d) 16 N, 2 N 

10. Which of the four arrangements in the figure correctly shows the 

vector addition of two forces 1F  and 2F  to yield the third force 

3F     [Orissa JEE 2003] 

 

 

(a)  (b)  

 
 

 

 

 

(c)  (d)  

 
 

11. Which of the following sets of concurrent forces may be in 

equilibrium   [KCET 2003] 

(a) NFNFNF 9,5,3 321   

(b) NFNFNF 1,5,3 321   

(c) NFNFNF 15,5,3 321   

(d) NFNFNF 6,5,3 321   

12. Three forces starts acting simultaneously on a particle moving with 

velocity .v


 These forces are represented in magnitude and direction 
by the three sides of a triangle ABC (as shown). The particle will 
now move with velocity 

[AIEEE 2003] 

(a) v  remaining unchanged  

(b) Less than v  

(c) Greater than v  

 (d) v  in the direction of the largest force BC 

13. Which of the following groups of forces could be in equibrium   [UPSEAT 2004] 

(a) 3 N, 4 N, 5 N (b) 4N, 5 N, 10 N 

(c) 30N, 40 N, 80 N (d) 1N, 3 N, 5 N 

14. Two blocks are connected by a string as shown in the diagram. The 

upper block is hung by another string. A force F applied on the 

upper string produces an acceleration of 2/2 sm  in the upward 

direction in both the blocks. If T and T    be the tensions in the 

two parts of the string, then 

[AMU (Engg.) 2000] 

 

(a) NT 8.70  and NT 2.47  

(b) NT 8.58  and NT 2.47  

(c) NT 8.70  and NT 8.58  

(d) NT 8.70  and 0T  

15. Consider the following statements about the blocks shown in the 

diagram that are being pushed by a constant force on a frictionless 

table   [AMU (Engg.) 2001] 

 

 

3F


 1F


 

2F


 

3F


 1F


 

2F


 

1F


 

3F


 2F


 
3F


 
1F


 

2F


 

C 

A B 

F 

T 

2 kg 

4 kg 

T' 

3 kg 

2 kg 
1 kg 

F 
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A. All blocks move with the same acceleration 

B. The net force on each block is the same Which of these 

statements are/is correct 

(a) A only (b) B only 

(c) Both A and B (d) Neither A nor B 

16. If two forces of 5 N each are acting along X and Y axes, then the 

magnitude and direction of resultant is  

[DCE 2004] 

(a) 3/,25   (b) 4/,25   

(c) 3/,25   (d) 4/,25   

17. Which of the following is the correct order of forces 

[AIEEE 2002] 

(a) Weak < gravitational forces < strong forces (nuclear) < 

electrostatic 

(b) Gravitational < weak < (electrostatic) < strong force 

(c) Gravitational < electrostatic < weak < strong force 

(d) Weak < gravitational < electrostatic < strong forces 

18. A block is kept on a frictionless inclined surface with angle of 

inclination ''. The incline is given an acceleration 'a' to keep the 

block stationary. Then a is equal to  [AIEEE 2005] 

(a) g  

(b) g tan   

(c) g / tan  

(d) g cosec   

 

Motion of Connected Bodies 

 

1. A block of mass M is pulled along a horizontal frictionless surface by 

a rope of mass m. If a force P is applied at the free end of the rope, 

the force exerted by the rope on the block will be  

[CBSE PMT 1993; CPMT 1972, 75, 82;  

MP PMT 1996; AIEEE 2003] 

 (a) P (b) 
mM

Pm


 

 (c) 
mM

PM


 (d) 

mM

Pm


 

2. A rope of length L is pulled by a constant force F. What is the 
tension in the rope at a distance x from the end where the force is 
applied [MP PET 1996, 97, 2000] 

 (a) 
x

FL
 (b) 

L

xLF )( 
 

 (c) 
xL

FL


 (d) 

xL

Fx


 

3. Three equal weights A, B and C of mass 2 kg each are hanging on a 

string passing over a fixed frictionless pulley as shown in the figure 

The tension in the string connecting weights B and C is[MP PET 1985; SCRA 1996] 

 
 

(a) Zero  

(b) 13 N 

 (c) 3.3 N  

 (d) 19.6 N 

4. Two masses of 4 kg and 5 kg are connected by a string passing 

through a frictionless pulley and are kept on a frictionless table as 

shown in the figure. The acceleration of 5 kg mass is 

 (a) 2/49 sm   

 (b) 2/44.5 sm  

 (c) 2/5.19 sm  

 (d) 2/72.2 sm  

5. Two masses 2 kg and 3 kg are attached to the end of the string 

passed over a pulley fixed at the top. The tension and acceleration 

are 

 (a) 
8

;
8

7 gg
 (b) 

8
;

8

21 gg
 

 (c) 
5

;
8

21 gg
 (d) 

5
;

5

12 gg
 

6. Three blocks A, B and C weighing 1, 8 and 27 kg respectively are 

connected as shown in the figure with an inextensible string and are 

moving on a smooth surface. 3T  is equal to 36 N. Then 2T  is   [EAMCET 1983] 

(a) 18 N  

(b) 9 N 

 (c) 3.375 N  

 (d) 1.25 N 

7. Two bodies of mass 3 kg and 4 kg are suspended at the ends of 

massless string passing over a frictionless pulley. The acceleration of 

the system is )/8.9( 2smg   

[MP PET 1994; CBSE PMT 2001] 

 (a) 2/9.4 sm  (b) 2/45.2 sm  

 (c) 2/4.1 sm  (d) 2/5.9 sm  

8. Three solids of masses 21,mm  and 3m  are connected with 

weightless string in succession and are placed on a frictionless table. 

If the mass 3m  is dragged with a force T, the tension in the string 

between 2m  and 3m  is 

[MP PET 1995] 

 (a) T
mmm

m

321

2


 (b) T

mmm

m

321

3


 

 (c) T
mmm

mm

321

21




 (d) T

mmm

mm

321

32




 

9. Three blocks of masses 21,mm  and 3m  are connected by massless 

strings as shown on a frictionless table. They are pulled with a force 

NT 403  . If kgmkgm 6,10 21   and kgm 43  , the 

tension 2T  will be   [MP PMT/PET 1998] 

A 
B 

C 

A 
T1 

B C 

T2 
T3 

4kg 

5kg 

a 
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  (a) 20 N (b) 40 N 

 (c) 10 N (d) 32 N 

10. A block of mass 1m  rests on a horizontal table. A string tied to the 

block is passed on a frictionless pulley fixed at the end of the table 

and to the other end of string is hung another block of mass 2m . 

The acceleration of the system is 

[EAMCET (Med.) 1995; DPMT 2000] 

 (a) 
)( 21

2

mm

gm


 (b) 

)( 21

1

mm

gm


 

 (c) g (d) 
1

2

m

gm
 

11. A 2 kg block is lying on a smooth table which is connected by a 

body of mass 1 kg by a string which passes through a pulley. The 1 

kg mass is hanging vertically. The acceleration of block and tension 

in the string will be  [RPMT 1997] 

 (a) Nsm 54.6,/27.3 2  (b) Nsm 54.6,/38.4 2  

 (c) Nsm 86.9,/27.3 2  (d) Nsm 86.9,/38.4 2  

12. A light string passes over a frictionless pulley. To one of its ends a 

mass of 6 kg is attached. To its other end a mass of 10 kg is 

attached. The tension in the thread will be 

[RPET 1996; JIPMER 2001, 02] 

 

 (a) 24.5 N 

 (b) 2.45 N 

 (c) 79 N 

 (d) 73.5 N 

13. USS 150) Two masses of 5kg and 10kg are connected to a pulley as 

shown. What will be the acceleration of the system g( acceleration 

due to gravity)  [CBSE PMT 2000] 

(a) g  

(b) 
2

g
 

(c) 
3

g
  

(d) 
4

g
 

14. A block A of mass 7 kg is placed on a frictionless table. A thread 

tied to it passes over a frictionless pulley and carries a body B of 

mass 3 kg at the other end. The acceleration of the system is (given 

g = 10 )2ms   [Kerala (Engg.) 2000] 

(a) 2100 ms  

(b) 
23 ms  

(c) 210 ms   

(d) 230 ms  

15. Three blocks of masses 2 kg, 3 kg and 5 kg are connected to each 

other with light string and are then placed on a frictionless surface as 

shown in the figure. The system is pulled by a force ,10NF   then 

tension 1T  [Orissa JEE 2002] 

 

(a) 1N 

(b) 5 N 

(c) 8 N 

(d) 10 N 

16. Two masses 1m  and 2m  are attached to a string which passes 

over a frictionless smooth pulley. When ,101 kgm   

,62 kgm  the acceleration of masses is  [Orissa JEE 2002]  

(a) 20 2/ sm  

(b) 2/5 sm  

(c) 2.5 2/ sm  

(d) 2/10 sm  

17. A body of weight 2kg is suspended as shown in the figure. The 

tension 1T  in the horizontal string (in kg wt) is  

[Kerala PMT 2002] 

(a) 3/2   

(b) 2/3  

(c) 32   

(d) 2  

18. One end of a massless rope, which passes over a massless and 

frictionless pulley P is tied to a hook C while the other end is free. 

Maximum tension that the rope can bear is 360 N. with what value 

of minimum safe acceleration (in )2ms  can a monkey of kg60  

move down on the rope 

 [AIEEE 2002] 

 

(a) 16  

(b) 6 

(c) 4  

(d) 8 

19. A light string passing over a smooth light pulley connects two blocks 

of masses 1m  and 2m  (vertically). If the acceleration of the system is 

g/8 then the ratio of the masses is 

[AIEEE 2002] 

(a) 8 : 1 (b) 9 : 7 

(c) 4 : 3 (d) 5 : 3 

m1 T1 
m2 m3 T2 

T3 

30° 

T1 

2 kg-wt 

10 kg 6 kg 

10 kg 
5 kg 

A 

B 

T1 

3kg 
T2 10N 

2kg 5kg 

m2 m1 

P 

C 
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20. Two masses kgm 51   and kgm 8.42   tied to a string are 

hanging over a light frictionless pulley. What is the acceleration of 

the masses when they are free to move )/8.9( 2smg     [AIEEE 2004] 

 

(a) 2/2.0 sm  

(b) 2/8.9 sm  

(c) 2/5 sm   

 (d) 2/8.4 sm  

21. A block of mass 4 kg is suspended through two light spring balances 

A and B. Then A and B will read respectively  

[AIIMS 1995] 

 

 

(a) 4 kg and zero kg  

 (b) Zero kg and 4 kg 

 (c) 4 kg and 4 kg 

 (d) 2 kg and 2 kg 

22. Two masses M and M/2 are joint together by means of a light 

inextensible string passes over a frictionless pulley as shown in 

figure. When bigger mass is released the small one will ascend with 

an acceleration of   [Kerala PET 2005] 

 

 

(a) g/3  

(b) 3g/2 

(c) g/2  

(d) g 

23. Two masses m
1

 and m
2

 (m
1

 > m
2

) are connected by massless flexible 

and inextensible string passed over massless and frictionless pulley. 

The acceleration of centre of mass is   [J&K CET 2005] 

 (a) g
mm

mm
2

21

21


















 (b) g

mm

mm

21

21




 

 (c) g
mm

mm

21

21




 (d) Zero 

 

 

 

 
 

1. A vessel containing water is given a constant acceleration a towards 

the right, along a straight horizontal path. Which of the following 

diagram represents the surface of the liquid 

[IIT 1981] 

 

 

 

 
 

 (a) A (b) B 

 (c) C (d) D 

2. A closed compartment containing gas is moving with some 
acceleration in horizontal direction. Neglect effect of gravity. Then 
the pressure in the compartment is [IIT-JEE 1999] 

(a) Same everywhere (b) Lower in front side 

(c) Lower in rear side (d) Lower in upper side 

3. A ship of mass kg7103  initially at rest is pulled by a force of 

N4105   through a distance of 3 m. Assume that the resistance 

due to water is negligible, the speed of the ship is 

[IIT 1980; MP PMT 2000] 

 (a) 1.5 m/s (b) 60 m/s 

 (c) 0.1 m/s (d) 5 m/s  

4. The mass of a body measured by a physical balance in a lift at rest 

is found to be m. If the lift is going up with an acceleration a, its 
mass will be measured as [MP PET 1994] 

 (a) 









g

a
m 1  (b) 










g

a
m 1  

 (c) m (d) Zero 

5. Three weights W, 2W and 3W are connected to identical springs 
suspended from a rigid horizontal rod. The assembly of the rod and 
the weights fall freely. The positions of the weights from the rod are 
such that   [Roorkee 1999] 

 (a) 3W will be farthest 

 (b) W will be farthest 

 (c) All will be at the same distance 

(d) 2W will be farthest 

6. When forces 321 ,, FFF  are acting on a particle of mass m such that 

2F  and 3F  are mutually perpendicular, then the particle remains 

stationary. If the force 1F  is now removed then the acceleration of 

the particle is 

[AIEEE 2002] 

(a) mF /1  (b) 132 /mFFF  

(c) mFF /)( 32   (d) mF /2  

7. The spring balance A reads 2 kg with a block m suspended from it. 

A balance B reads 5 kg when a beaker filled with liquid is put on the 

pan of the balance. The two balances are now so arranged that the 

hanging mass is inside the liquid as shown in figure. In this situation  [IIT 1985] 

  

 

 

 

 

 

 

 (a) The balance A will read more than 2 kg 

 (b) The balance B will read more than 5 kg 

 (c) The balance A will read less than 2 kg and B will read more 

than 5 kg 

 (d) The balances A and B will read 2 kg and 5 kg respectively 

8. A rocket is propelled by a gas which is initially at a temperature of 

4000 K. The temperature of the gas falls to 1000 K as it leaves the 

a a a a 

(A) (B) (C) (D) 

m2 

m1 

4kg 

B 

A 

M 

M/2 

A 

B 

m 
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exhaust nozzle. The gas which will acquire the largest momentum 

while leaving the nozzle, is 

[SCRA 1994] 

 (a) Hydrogen (b) Helium 

 (c) Nitrogen (d) Argon 

9. Consider the following statement: When jumping from some height, 

you should bend your knees as you come to rest, instead of keeping 

your legs stiff. Which of the following relations can be useful in 

explaining the statement 

[AMU (Engg.) 2001] 

(a) 21 PP    

(b) 0)(  KEPEE  

(c) vmtF   

(d) Fx   

 Where symbols have their usual meaning 

10. A false balance has equal arms. An object weigh X when placed in 

one pan and Y when placed in other pan, then the weight W of the 

object is equal to  [AFMC 1994] 

 (a) XY   

 (b) 
2

YX 
 

 (c) 
2

22 YX 
 

 (d) 
22

2

YX 
 

11. The vector sum of two forces is perpendicular to their vector 

differences. In that case, the force  [CBSE PMT 2003]  

(a) Are equal to each other in magnitude 

(b) Are not equal to each other in magnitude 

(c) Cannot be predicted  

(d) Are equal to each other 

12. In the arrangement shown in figure the ends P and Q of an 

unstretchable string move downwards with uniform speed U. Pulleys 

A and B are fixed. Mass M moves upwards with a speed   [IIT 1982] 

 (a) cos2U   

 (b) cosU  

 (c) 
cos

2U
  

 (d) 
cos

U
 

13. The pulleys and strings shown in the figure are smooth and of 

negligible mass. For the system to remain in equilibrium, the angle 

 should be   [IIT-JEE 2001] 

(a) o0   

(b) o30  

(c) o45   

(d) o60  

14. A string of negligible mass going over a clamped pulley of mass m 

supports a block of mass M as shown in the figure. The force on the 

pulley by the clamp is given by 

[IIT-JEE 2001] 

 

(a) Mg2   

(b) mg2  

(c) gmmM 22)(    

(d) gMmM 22)(   

15. A pulley fixed to the ceilling carries a string with blocks of mass m 

and 3 m attached to its ends. The masses of string and pulley are 

negligible. When the system is released, its centre of mass moves 

with what acceleration  

[UPSEAT 2002] 

(a) 0 (b) 4/g  

(c) 2/g  (d) 2/g  

16. A solid sphere of mass 2 kg is resting inside a cube as shown in the 

figure. The cube is moving with a velocity smjtitv /)ˆ2ˆ5(  . 

Here t is the time in second. All surface are smooth. The sphere is at 

rest with respect to the cube. What is the total force exerted by the 

sphere on the cube. (Take g = 10 m/s2) 

 

 

 

 

 

 (a) N29  (b) 29 N 

 (c) N26  (d) N89  

17. A stick of 1 m is moving with velocity of 18107.2  ms . What is 

the apparent length of the stick )103( 18  msc     

  [BHU 1995] 

(a) 10 m (b) 0.22 m 

(c) 0.44 m (d) 2.4 m 

18. One day on a spacecraft corresponds to 2 days on the earth. The 

speed of the spacecraft relative to the earth is   

[CBSE PMT 1993] 

(a) 18105.1  ms  (b) 18101.2  ms  

(c) 
18106.2  ms  (d) 

18102.5  ms  

  

Q P 
M 

A B 

m2  
m 

 

m 

m 

M 

D C 

A B 

y 

O x 
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19. A flat plate moves normally with a speed 1v  towards a horizontal 

jet of water of uniform area of cross-section. The jet discharges 

water at the rate of volume V per second at a speed of 2v . The 

density of water is  . Assume that water splashes along the surface 

of the plate at right angles to the original motion. The magnitude of 

the force acting on the plate due to the jet of water is   [IIT 1995] 

(a) 1Vv  (b) )( 21 vvV   

 (c) 2
1

21

v
vv

V




 (d) 2

21

2

)( vv
v

V









  

 

 

 

 

 
 

1. A block B is placed on block A. The mass of block B is less than the 
mass of block A. Friction exists between the blocks, whereas the 
ground on which the block 
A is placed is taken to be 
smooth. A horizontal force 
F, increasing linearly with 
time begins to act on B. 

The acceleration Aa and 

Ba  of blocks A and B 

respectively are plotted against t. The correctly plotted graph is   

 
 

 (a)  (b)  

 

 

 

 (c)  (d)  
 

 

 
 

2. In the figure given below, the position-time graph of a particle of 

mass 0.1 Kg is shown. The impulse at sec2t  is     [AIIMS 2005] 

(a) 0.2 1secmkg   

(b) 1sec2.0  mkg  

(c) 1sec1.0 mkg  

 (d) 1sec4.0  mkg  
 

3. The force-time (F – t) curve of a particle executing linear motion is 

as shown in the figure. The momentum acquired by the particle in 

time interval from zero to 8 second will be 

     [CPMT 1989] 

 (a) – 2 N-s  

 (b) + 4 N-s 

 (c) 6 N-s  

 (d) Zero 

4. Figure shows the displacement of a particle going along the X-axis 

as a function of time. The force acting on the particle is zero in the 

region 

(a) AB 

 (b) BC 

 (c) CD 

 (d) DE 

5. A body of 2 kg has an initial speed 5ms–1. A force acts on it for some 

time in the direction of motion. The force  time graph is shown in 

figure. The final speed of the body. 
 

 (a) 125.9 ms  

 (b) 15 ms  

 (c) 14.25 ms–1  

 (d) 4.25 ms–1 

6. Which of the following graph depicts spring constant k versus 

length l of the spring correctly 
 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

7. A particle of mass m moving with velocity u makes an elastic one 
dimensional collision with a stationary particle of mass m. They are 
in contact for a very short time T. Their force of interaction 
increases from zero to F

0

 linearly in time T/2, and decreases linearly 
to zero in further time T/2. The magnitude of F

0

 is 

 (a) Tmu /  

 (b) Tmu /2  

 (c) Tmu 2/   

 (d) None of these 

8. A particle of mass m, initially at rest, is acted upon by a variable force 

F for a brief interval of time T. It begins to move with a velocity u 

after the force stops acting. F is shown in the graph as a function of 

time. The curve is a semicircle. 

 (a) 
m

F
u

2

2
0

   

 (b) 
m

T
u

8

2
  

 (c) 
m

TF
u

4

0
   

 (d) 
m

TF
u

2

0  

9. A body of mass 3kg is acted on by a force which varies as shown in 

the graph below. The momentum acquired is given by  

 (a) Zero 

 (b) 5 N-s 

 (c) 30 N-s 

 (d) 50 N-s 

Ba  
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a 
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10. The variation of momentum with time of one of the body in a two 

body collision is shown in fig. The instantaneous force is maximum 

corresponding to point  
 

 (a) P  

 (b) Q 

 (c) R  

 (d) S 

11. Figures I, II, III and IV depict variation of force with time 

 

 

 

 (I)  (II)  

  

 

 
 (III)  (IV)  

 

 

 The impulse is highest in the case of situations depicted. Figure 

 (a) I and II (b) III and I 

 (c) III and IV (d) IV only 

 

 

 

 

 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 

explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 

explanation of the assertion. 

(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false. 

(e) If assertion is false but reason is true. 
 

1. Assertion  :  Inertia is the property by virtue of which the body 

is unable to change by itself the state of rest only. 

Reason  : The bodies do not change their state unless acted 

upon by an unbalanced external force. 

2. Assertion  :  If the net external force on the body is zero, then 

its acceleration is zero. 

 Reason  : Acceleration does not depend on force. 

3. Assertion  :  Newton’s second law of motion gives the 
measurement of force. 

Reason  : According to Newton’s second law of motion, force 
is directly proportional to the rate of change of 
momentum. 

4. Assertion  :  Force is required to move a body uniformly along a 
circle. 

 Reason  : When the motion is uniform, acceleration is zero. 

5. Assertion  :  If two objects of different masses have same 
momentum, the lighter body possess greater 
velocity. 

Reason  : For all bodies momentum always remains same. 

6. Assertion  :  Aeroplanes always fly at low altitudes. 

 Reason  : According to Newton’s third law of motion, for 
every action there is an equal and opposite reaction. 

7. Assertion  :  No force is required by the body to remain in any 
state. 

Reason  : In uniform linear motion, acceleration has a finite 
value. 

8. Assertion  :  Mass is a measure of inertia of the body in linear 
motion. 

 Reason  : Greater the mass, greater is the force required to 

change its state of rest or of uniform motion. 

9. Assertion  :  The slope of momentum versus time curve give us 
the acceleration. 

Reason  : Acceleration is given by the rate of change of 
momentum. 

10. Assertion  :  A cyclist always bends inwards while negotiating a 
curve. 

 Reason  : By bending, cyclist lowers his centre of gravity. 

11. Assertion  :  The work done in bringing a body down from the 
top to the base along a frictionless incline plane is 
the same as the work done in bringing it down the 

vertical side. 

Reason  : The gravitational force on the body along the 
inclined plane is the same as that along the vertical 
side. 

12. Assertion  :  Linear momentum of a body changes even when it 
is moving uniformly in a circle. 

 Reason  : Force required to move a body uniformly along a 
straight line is zero. 

13. Assertion  :  A bullet is fired from a rifle. If the rifle recoils 
freely, the kinetic energy of rifle is more than that 
of the bullet. 

Reason  : In the case of rifle bullet system the law of 

conservation of momentum violates. 

14. Assertion  :  A rocket works on the principle of conservation of 
linear momentum. 

 Reason  : Whenever there is a change in momentum of one 
body, the same change occurs in the momentum of 
the second body of the same system but in the 

opposite direction. 

15. Assertion  :  The apparent weight of a body in an elevator 
moving with some downward acceleration is less 
than the actual weight of body. 

Reason  : The part of the weight is spent in producing 
downward acceleration, when body is in elevator. 

16. Assertion  :  When the lift moves with uniform velocity the man 
in the lift will feel weightlessness. 

 Reason  : In downward accelerated motion of lift, apparent 
weight of a body decreases. 

17. Assertion  :  In the case of free fall of the lift, the man will feel 

weightlessness. 

Reason  : In free fall, acceleration of lift is equal to 

acceleration due to gravity. 

18. Assertion  :  A player lowers his hands while catching a cricket 

ball and suffers less reaction force. 

Reason  : The time of catch increases when cricketer lowers 
its hand while catching a ball. 
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19. Assertion  :  The acceleration produced by a force in the motion 
of a body depends only upon its mass. 

 Reason  : Larger is the mass of the body, lesser will be the 
acceleration produced. 

20. Assertion  :  Linear momentum of a body changes even when it 

is moving uniformly in a circle. 

Reason  : In uniform circular motion velocity remain 

constant. 

21. Assertion  :  Newton’s third law of motion is applicable only 

when bodies are in motion. 

 Reason  : Newton’s third law applies to all types of forces, e.g. 
gravitational, electric or magnetic forces etc. 

22. Assertion  :  A reference frame attached to earth is an inertial 
frame of reference. 

Reason  : The reference frame which has zero acceleration is 
called a non inertial frame of reference. 

23. Assertion  :  A table cloth can be pulled from a table without 
dislodging the dishes. 

 Reason  : To every action there is an equal and opposite 
reaction. 

24. Assertion  :  A body subjected to three concurrent forces cannot 

be in equilibrium. 

Reason  : If large number of concurrent forces acting on the 

same point, then the point will be in equilibrium, if 
sum of all the forces is equal to zero. 

25. Assertion  :  Impulse and momentum have different dimensions. 

 Reason  : From Newton’s second law of motion, impulse is 
equal to change in momentum. 

 

 

 
 

 
 

 

First Law of Motion 
 

1 c 2 c 3 d 4 b 5 b 

6 c 7 d 8 c 9 d 10 a 

11 b 12 a       

 

Second Law of Motion 
 

 

1 b 2 b 3 c 4 b 5 b 

6 b 7 d 8 a 9 d 10 a 

11 d 12 c 13 d 14 b 15 a 

16 b 17 b 18 b 19 b 20 b 

21 d 22 b 23 b 24 a 25 a 

26 d 27 c 28 c 29 d 30 d 

31 d 32 a 33 a 34 d 35 b 

36 b 37 a 38 a 39 d 40 a 

41 b 42 c 43 b 44 b 45 d 

46 b 47 b 48 a 49 d 50 c 

51 a 52 b 53 d 54 d 55 a 

56 d 57 a 58 d 59 c 60 b 

61 d 62 a 63 d 64 b 65 d 

66 b 67 d 68 d 69 b 70 a 

71 c 72 d 73 c 74 c 75 c 

76 b 77 c 78 b 79 a 80 a 

81 b 82 d 83 d 84 d 85 d 

86 c 87 d 88 a 89 c 90 b 

91 b 92 b 93 a 94 d 95 a 

96 b 97 c 98 a 99 a 100 c 

101 a 102 c 103 a 104 a 105 b 

106 a 107 a 108 c 109 d 110 a 

111 a 112 c 113 d     

 

Third Law of Motion 
 

 

1 c 2 b 3 b 4 a 5 c 

6 c 7 a 8 d 9 c 10 c 

11 a 12 c 13 b 14 b 15 b 

16 d 17 c 18 d 19 a 20 d 

21 b 22 b 23 c 24 d   
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Conservation of Linear Momentum Impulse 
 

 

1 b 2 b 3 b 4 c 5 c 

6 a 7 a 8 c 9 b 10 c 

11 c 12 a 13 a 14 b 15 c 

16 c 17 a 18 c 19 c 20 c 

21 d 22 c 23 a 24 d 25 d 

26 b 27 c       

 

Equilibrium of Forces  
 

1 d 2 c 3 b 4 a 5 c 

6 c 7 b 8 b 9 b 10 c 

11 d 12 a 13 a 14 a 15 a 

16 b 17 b 18 b     

 

Motion of Connected Bodies 
 

1 c 2 b 3 b 4 b 5 d 

6 b 7 c 8 c 9 d 10 a 

11 a 12 d 13 c 14 b 15 c 

16 c 17 c 18 c 19 b 20 a 

21 c 22 a 23 a     

 

Critical Thinking Questions 
 

1 c 2 b 3 c 4 c 5 c 

6 a 7 bc 8 d 9 c 10 b 

11 a 12 d 13 c 14 d 15 b 

16 c 17 c 18 c 19 d   

 

Graphical Questions 
 

1 d 2 b 3 d 4 ac 5 c 

6 d 7 b 8 c 9 d 10 c 

11 c         

 

Assertion & Reason 
 

1 e 2 c 3 a 4 b 5 c 

6 a 7 c 8 a 9 d 10 c 

11 c 12 b 13 d 14 a 15 c 

16 e 17 a 18 a 19 b 20 c 

21 e 22 d 23 b 24 e 25 e 

 

 
 
 
 

 
First Law of Motion 

 

1. (c) 

2. (c) 

3. (d)  

4. (b) 

5. (b) Horizontal velocity of apple will remain same but due to 
retardation of train, velocity of train and hence velocity of boy 
w.r.t. ground decreases, so apple falls away from the hand of 
boy in the direction of motion of the train. 

6. (c) Newton’s first law of motion defines the inertia of body. It 
states that every body has a tendency to remain in its state 
(either rest or motion) due to its inerta. 

7. (d) Horizontal velocity of ball and person are same so both will 
cover equal horizontal distance in a given interval of time and 
after following the parabolic path the ball falls exactly in the 
hand which threw it up. 

8. (c) When the bird flies, it pushes air down to balance its weight. 

So the weight of the bird and closed cage assembly remains 
unchanged. 

9. (d) Particle will move with uniform velocity due to inertia. 

10. (a) 

11. (b) When a sudden jerk is given to C, an impulsive tension 

exceeding the breaking tension develops in C first, which 
breaks before this impulse can reach A as a wave through 
block. 

12. (a) When the spring C is stretched slowly, the tension in A is 

greater than that of C, because of the weight mg and the 
former reaches breaking point earlier. 

 

Second Law of Motion 

 

1. (b) msvsmu 06.0,0,/100   

Retardation 
12

101

06.02

)100(

2

622 





s

u
a  

 Force Nma 417
12

5000

12

101105 63







 

2. (b) amF   

3. (c) Acceleration 2/20
5

100
scm

m

F
a   

Now scmatv /2001020    

4. (b) 

5. (b) N
dt

dm
uF 2005.0400 








  

6. (b) smu /4 , sec2,0  tv  

 atuv    a240    2/2 sma   

 Retarding force 422 ma N 
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This force opposes the motion. If the same amount of force is 
applied in forward direction, then the body will move with 
constant velocity. 

7. (d) Reading on the spring balance  = m (g – a) 

 and since a = g   Force = 0 

8. (a) The lift is not accelerated, hence the reading of the balance will 
be equal to the true weight. 

 NewtongmgR 2  or  2 kg  

9. (d) When lift moves upward then reading of the spring balance, 

kgNgggagmR 44)(2)(    [As ga  ] 

10. (a) For stationary lift 
g

h
t

2
1   

 and when the lift is moving up with constant acceleration 

ag

h
t




2
2  21 tt   

11. (d) Since T= mg, it implies that elevator may be at rest or in 
uniform motion. 

12. (c) If the man starts walking on the trolley in the forward direction 
then whole system will move in backward direction with same 
momentum. 

 

 

 

 

 

Momentum of man in forward direction = Momentum of 
system (man + trolley) in backward direction 

 v )32080(180  smv /2.0  

So the velocity of man w.r.t. ground sm /8.02.00.1   

 Displacement of man w.r.t. ground m2.348.0      

13. (d) Force = Mass  Acceleration. If mass and acceleration both are 
doubled then force will become four times. 

14. (b) As weight = 9.8 N  Mass = 1 kg 

 Acceleration 2/5
1

5

Mass

Force
sm   

15. (a) Force on the table = mg = 98040 39200 dyne 

16. (b) 2/1
1

1
sm

kg

N

m

F
a   

17. (b) 212 /3
4

12

4

)10()2(
sm

t

vv
a 











  

18. (b) NmaF 30)3(10    

19. (b) Impulse = Force  Time = 120430  N-s 

20. (b) u = velocity of bullet  

 
dt

dm
Mass thrown per second by the machine gun  

    = Mass of bullet × Number of bullet fired per second 

     sec/1010 bulletg sec/1.0sec/100 kgg   

  Thrust N
dt

udm
501.0500   

21. (d) Acceleration of the car 
car of the Mass

car  theon Thrust
  

 2/025.0
40

1

2000

50
sm   

22. (b)  

 

23. (b) Force on particle at 20 cm away kxF   

F = 15 × 0.2 = 3 N  mNk /15 As   

  Acceleration = 2/10
3.0

3

Mass

Force
sm  

24. (a) Force on the block F N
dt

dm
u 515 








  

  Acceleration of block a 2/5.2
2

5
sm

m

F
  

25. (a) Opposing force N
dt

dm
uF 15.02 








    










dt

du
uFAs,  

So same amount of force is required to keep the belt moving at 
2 m/s 

26. (d) Resultant force is www 43   

27. (c) Acceleration 2/5
10

50

Mass

Force
sm

kg

N
  

From smatuv /20450   

28. (c) Thrust 









dt

dm
uF N64 10240105   

29. (d) In stationary lift man weighs 40 kg i.e. 400 N. 

 When lift accelerates upward it's apparent weight 

)( agm  N480)210(40   i.e. 48 kg 

 For the clarity of concepts in this problem kg-wt can be used 
in place of kg.   

30. (d) As the apparent weight increase therefore we can say that 
acceleration of the lift is in upward direction. 

 )( agmR   )(48.4 agg   

  2/96.12.0 smga   

31. (d) NagmT 90000)510(6000)(   

32. (a) maF   N
t

vm
40

1.0

202.0








  

33. (a) N
dt

dv
mF 5000

1.0

5100












   

34. (d) 

35. (b) NagmF 43 1028)410(1020)(   

36. (b) 
2

3

)(


 agm

mg
  3/ga   

37. (a) NagmT 6000)210(500)(   

38. (a) 









dt

dm
uF   skg

u

F

dt

dm
/7.0

300

210
  

39. (d) mgggmagmR 2)()(   

40. (a) 
2

3

2
1)(1

gg
gagmT 








  

v 

1m/s 
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22

1)(2

gg
gagmT 








    

1

3

2

1 
T

T
 

41. (b) )( agm
dt

udm
F   

   
u

agm

dt

dm )( 
  

800

)2010(5000 
  skg /5.187  

42. (c) Initially due to upward acceleration apparent weight of the 
body increases but then it decreases due to decrease in gravity. 

43. (b) 
g

l
T 2  and 

3/4
2'

g

l
T   

 
3

4

3
'[

gg
gaggAs  ]  

  'T T
2

3
 

44. (b) Density of cork = d, Density of water =  

Resultant upward force on cork gdV )(    

This causes elongation in the 
spring. When the lift moves down 
with acceleration a, the resultant 
upward force on 

cork ))(( agdV    which is 

less than the previous value. So the 
elongation decreases. 

45. (d) When trolley are released then they 
posses same linear momentum but in opposite direction. 
Kinetic energy acquired by any trolley will dissipate against 
friction. 

  
m

p
smg

2

2

   
2

1

m
s   [As P and u are constants]   

  
1

9

1

3
22

1

2

2

1 























m

m

s

s
  

46. (b) Apparent weight )( agm  0)8.98.9(50   

47. (b) Opposite force causes retardation. 

48. (a) )( agmT  = 10(980 – 400) = 5800 dyne 

49. (d) 
g

l
T 2 . T will decrease, If g increases. 

 It is possible when rocket moves up with uniform acceleration. 

50. (c) We know that in the given condition 
2

1

m
s   

 

2

2

1

1

2
















m

m

s

s
  1

2

2

1
2 s

m

m
s 














  

51. (a) 200
1

1086 222





a

F
m kg210  

52. (b) In the absence of external force, position of centre of mass 
remain same therefore they will meet at their centre of mass. 

53. (d)Force N
dt

dv
m 5002025

01.0

)]10()10[(25.0












  

54. (d) NmgT 5.0101050 3    

55. (a) N
dt

dm
uF 66.16

60

50
20 








  

56. (d) smu /250 , 0v , metres 12.0  

 
12.02

)250(1020

2

2322


















 




s

vu
mmaF  

      NF 3102.5   

57. (a) N
t

uv
mF 5.12

2.0

10)1565(5 2











 




 

58. (d) 

59. (c) smt
m

F
uv /1510

1000

5001000
10 







 
  

60. (b) N
t

vum
maF 4

4

)08(2)(






  

61. (d) NagmR 118)28.9(10)(   

62. (a) 
g

l
T 2   

5

2

5

4

4











g
g

g

g

g

T

T
 

63. (d) N
S

vum
F 1800

10122

)120(1030

2

)(
2

2322














 

64. (b) smkgdtFdp /1001010   

65. (d)  )1010()( magmR zero 

66. (b)  Force exerted by the ball   

  N
dt

dv
mF 30

1.0

20
15.0 








  

67. (d) If rope of lift breaks suddenly, acceleration becomes equal to g 

so that tension, 0)(  ggmT  

68. (d) wtkgNagmR 60600)210(50)(   

69. (b) N
dt

dm
uF 251050500 3 








   

70. (a) mutS 645.1Horizontal   

 mt
m

F
atS 8161

2

1

2

1

2

1 22
Vertical   

 mS 1086 22
Net    

71. (c) NagmT 10800)18.9(1000)(   

72. (d) The effective acceleration of ball observed by observer on earth 

= (a – a
0

) 

As ,0 aa   hence net acceleration is in downward direction. 

73. (c) Due to relative motion, acceleration of ball observed by 

observer in lift = (g – a) and for man on earth the acceleration 
remains g. 

74. (c) For accelerated upward motion 

 NagmR 1200)510(80)(   

75. (c) Tension the string  )( agm Breaking force 

  gag  25)(20   2/5.24/ smga   

Cork 
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76. (b) Rate of flow will be more when lift will move in upward 
direction with some acceleration because the net downward 
pull will be more and vice-versa. 

 )(upward agmF   and )(downward agmF   

77. (c) Initial thrust must be 

 Nagm 54 107)1010(105.3][   

78. (b) When the lift is stationary mgW   

  8.949 m   .5 kgm   

 When the lift is moving downward with an acceleration 

NamR 24]58.9[5)8.9(   

79. (a) When car moves towards right with acceleration  a then due to 
pseudo force the plumb line will tilt in backward direction 

making an angle   with vertical. 

  From the figure, 

 ga /tan     

  )/(tan 1 ga  

   

 

80. (a) 0)(  agmR  

81. (b) Displacement of body in 4 sec along OE  

 mtvs xx 1243   

  

 

 

 

 

 

 Force along OF (perpendicular to OE) = 4 N 

   2/2
2

4
sm

m

F
ay   

 Displacement of body in 4 sec along OF  

  2

2

1
tatus yyy  m16)4(2

2

1 2     [As 0yu ] 

 Net displacement msss yx 20)16()12( 2222   

82. (d)  

 

 

 

 

 When the whole system is accelerated towards left then pseudo 
force (ma) works on a block towards right. 

 For the condition of equilibrium  

  cossin mamg    




cos

sing
a    

  Force exerted by the wedge on the block  

  sincos mamgR      

R 



 sin

cos

sin
cos 










g
mmg





cos

)sin(cos 22 


mg
 

 R
cos

mg
  

83. (d) u = velocity of bullet 


dt

dm
Mass fired per second by the gun 

dt

dm
= Mass of bullet (m

B

) × Bullets fired per sec (N) 

Maximum force that man can exert 









dt

dm
uF  

 NmuF B    

 3
12001040

144
3








um

F
N

B

 

84. (d) The stopping distance, 2uS   )2( 22 asuv   

  4
60

120
22

1

2

1

2 























u

u

S

S
 

  mSS 802044 12   

85. (d) The apparent weight, 

 NagmR 1125)510(75)(   

86. (c)  By drawing the free body diagram of point B 

 Let the tension in the section BC and BF are 1T  and 

2T respectively. 

 From Lami's theorem  

 






 120sin120sin120sin

21 TTT
    

  .1021 NTTT   

87. (d) btbta
dt

d

dt

dp
F 2)( 2   tF   

88. (a) When the lift moves upwards, the apparent weight, 

 )( agm  . Hence reading of spring balance increases. 

89. (c) When lift is at rest, glT /2  

If acceleration becomes g/4 then 

T
g

l

g

l
T  2

4
2

4/
2    

90. (b) The apparent weight of man, 

 NagmR 1280)610(80)(   

91. (b) sec/20010
5

100
0 cmt

m

F
atuv 

















  

92. (b) 

93. (a) mvmvmvppp fi 2)(   

94. (d) In the condition of free fall apparent weight becomes zero.  

95. (a) Total mass of bullets = Nm, time 
n

N
t   

Momentum of the bullets striking the wall = Nmv 

Rate of change of momentum (Force) = 
t

Nmv
= nmv. 

96. (b)  

 

a 

 

g 

a 

F = 4N 

vx = 3m/s 

E O 

F 

ux = 0 

mg sin  

ma cos 

ma  

mg 

mg cos 
+  

ma sin  

a  

 

R 

 

 

T1 T2 

120° 

A 

F C 

120° 120° 

T=10N 

B 
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97. (c) If man slides down with some acceleration then its apparent 
weight decreases. For critical condition rope can bear only 2/3 
of his weight. If a is the minimum acceleration then, 

Tension in the rope )( agm  = Breaking strength 

 mgagm
3

2
)(   

33

2 gg
ga      

98. (a) For exerted by ball on wall  

= rate of change in momentum of ball 

= 
t

mv

t

mvmv 2)(



 

99. (a) tauv   cos2222 atutauv   

  135cos102102100200 v sm /10  

 

 

 

 

 

 

 

 

  1
135cos10210

135sin10

cos

sin
tan 









atu

at
  45  

  i.e. resultant velocity is 10 m/s towards East. 

 

100. (c) smuy /40 , NFy 5 , kgm 5 . 

So 2/1 sm
m

F
a

y

y   (As atuv  ) 

 0140  tvy   sec40t . 

101. (a) Increment in kinetic energy = work done 

   
10

2

22 )3(.)(
2

1 2

1

dxxdxFuvm
x

x
 

  ]4100[
2

3
][

2

3

2

1 10
2

22  xmv  

  96
2

3
8

2

1 2  v   smv /6  

102. (c) 
dt

pd
F


 = btbta

dt

d
2)( 2   i.e. tF   

103. (a) 
310

25.022)(


















t

mv

t

mvmv

t

p
Fav = 2000 N 

104. (a) Given that jtitjpipp yx
ˆsin2ˆcos2ˆˆ 


 

  jtit
dt

pd
F ˆcos2ˆsin2 


 

 Now, 0. pF


 i.e. angle between pF


 and is 90°. 

105. (b) 
dt

pd
F


 Rate of change of momentum 

As balls collide elastically hence, rate of change of momentum 

of ball = )]([ mumun  = mnu2  

i.e. mnuF 2  

106. (a) Velocity by which the ball hits the bat 

 51022 11  ghv or smsmv /10/101   

 velocity of rebound 

 smghv /20201022 22   or smv /202   

 N
dtdt

vvm

dt

dv
mF 100

)1020(4.0)( 12 





  

 by solving sec12.0dt  

107. (a) s
F

p
t

t

p
F 2.0

2

4.0

||

||








 


 

108. (c) Rate of change of momentum of the bullet in forward direction 
= Force required to hold the gun. 

NnmvF 2430010204 3    

109. (d) Rate of flow of water 
sec

1010
sec

10 3
6

3 mcm

t

V   

Density of water 
3

310

m

kg
  

Cross-sectional area of pipe 23)105.0(  A  

Force
At

V

At

V

t

V

t

vV

t

mv

dt

dv
m


2









  

   









At

V
v  

By substituting the value in the above formula we get 

 NF 127.0  

110. (a) Weight of the disc will be balanced by the force applied by the 
bullet on the disc in vertically upward direction. 

 MgnmvF  605.040  

  kgM 2.1
10

605.040



  

111. (a)  

112. (c) 2v
dt

dM
v

dt

dp
F 








 

M

v

M

F
a

2
  

113. (d) 
A

mnv

A

mvmvn

A

F
P

2)]([



  

 
4

243

10

1010102


 
 27 /102 mN  

 

 

Third Law of Motion 
 

1. (c) Swimming is a result of pushing water in the opposite 
direction of the motion. 

2. (b) Because for every action there is an equal and opposite reaction 
takes place. 

3. (b) 

4. (a) The force exerted by the air of fan on the boat is internal and 
for motion external force is required. 

5. (c) 

6. (c) 

7. (a) Up thrust on the body gv . For freely falling body 

effective g becomes zero. So up thrust becomes zero 

8. (d)  

9. (c) Total weight in right hand = 10 + 1 = 1 kg 

10. (c) 

135 

 v 

East West 

u=102 m/s 

at = 10 m/s 

North 

South 
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11. (a)  For jumping he presses the spring platform, so the reading of 
spring balance increases first and finally it becomes zero.   

12. (c) Gas will come out with sufficient speed in forward direction, so 

reaction of this forward force will change the reading of the 
spring balance. 

13. (b)  

14. (b) Since the cage is closed and we can treat bird, cage and the air 
as a closed (isolated) system. In this condition the force applied 

by the bird on cage is an internal force, due to this the reading 
of spring balance will not change. 

15. (b) As the spring balance are massless therefore both the scales 
read M kg each. 

16. (d) .24008002010150 3 NmnvF    

17. (c) 5N force will not produce any tension in spring without 
support of other 5N force. So here the tension in the spring 

will be 5N only. 

18. (d) Since action and reaction acts in opposite direction on same 
line, hence angle between them is 180°. 

19. (a)  

20. (d) As by an internal force momentum of the system can not be 
changed. 

21. (b)  

22. (b) Since downward force along the inclined plane 

 = sinmg  30sin105 = N25  

23. (c) At 11th second lift is moving upward with acceleration  

 2/8.1
2

6.30
sma 


  

 Tension in rope, )( agmT   

 )8.18.9(1500  = N12000  

24. (d) Distance travelled by the lift 

   Area under velocity time graph 

   
















 6.32

2

1
6.386.32

2

1
= m36  

 

Conservation of Linear Momentum and Impulse 
  

1. (b)   

2. (b) Force exerted by the ball on hands of the player  

 N
dt

mdv
30

1.0

2015.0



  

3. (b) N
dt

dm
uF 5001500 








  

4. (c) If momentum remains constant then force will be zero 

because
dt

dP
F   

5. (c) According to principle of conservation of linear momentum 

v 1250501000   hrkmv /40  

6. (a) Change in momentum = Impulse 

  sec5.0
250

125





F

p
ttFp  

7. (a) During collision of ball with the wall horizontal momentum 

changes (vertical momentum remains constant) 

 
contactof  Time

 momentum horizontal in Change
F          

 
1.0

cos2

1.0

cos2  mvP
  

 
1.0

60cos101.02 
 N10  

8. (c) Impulse = Force  time = m a t 

 sN-3.01.02015.0   

9. (b) For a given mass vP  . If the momentum is constant then 
it's velocity must have constant. 

10. (c) 

11. (c) N
L

xLF
T 4

5

)15(5)(






  

12. (a)  

13. (a) N
dt

dm
uF 1200043000 








  

14. (b) 

15. (c) It works on the principle of conservation of momentum.  

16. (c) sm
m

vm
v

G

BB
G /1

1

52.0



  

17. (a) By the conservation of linear momentum aaBB vmvm   

 
5

500105 3 







G

BB
G

m

vm
v sm /5.0  

18. (c) Impulse, 31050 5  tFI = sN-105.1 3  

19. (c) Momentum of one piece 3
4


M
 

Momentum of the other piece 4
4


M
 

 Resultant momentum 
4

5

16

9 2
2 M

M
M

  

The third piece should also have the same momentum. Let its 
velocity be v, then 

 v
MM


24

5
 or secmv /5.2

2

5
  

20. (c)  

21. (d) Using law of conservation of momentum, we get 

 10025.0100 v   smv /25.0  

22. (c) 0102600 5  tF   sec103 3t  

Impulse 



3103

0

3

0
)102600( dttdtFI

t
 

 sec9.0]10600[
3103

0
25 

 Ntt  

23. (a) According to principle of conservation of linear momentum, 

BBGG vmvm   

   sm
m

vm
v

G

BB
G /2.0

50

101.0 2




  

30° 

60° 

P=mv 
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24. (d) BBGG vmvm    sm
m

vm
v

B

GG
B /500

1010

51
3








 

25. (d)  

26. (b) The acceleration of a rocket is given by  

 10
1

5

100

400






















 g

t

m

m

v
a  

 2/10)1020( sm  

27. (c)  
 

Equilibrium of Forces 

  

1. (d) Application of Bernoulli's theorem. 

2. (c) 

3. (b) cos.2)()( 22 FFFFF    120   

4. (a) cos2 21
2

2
2

1
2 FFFFF
net

   

  

2

3







 F
cos2 222 FFF    










18

17
cos  

5. (c) Direction of second force should be at 180°. 

6. (c) NF 15105max   and NF 5510min   

Range of resultant 155  F  

7. (b) cos232)2()3( 222  PPPPR  …(i) 

 cos262)2()6()2( 222  PPPPR  …(ii) 

 by solving (i) and (ii), 2/1cos     120  

8. (b) 








cos2

sin2
tan

FF

F
(as  = 90°) 

  0cos2  FF  

 
2

1
cos   

  120   

9. (b) 18 BA    …(i) 

 cos212 22 ABBA    …(ii) 

 


 90tan
cos

sin
tan






BA

B
  

B

A
cos  …(iii)  

 By solving (i), (ii) and (iii), NA 13  and NB 5  

10. (c) 

11. (d) Range of resultant of 1F  and 2F  varies between (3+5)=8N  and 

N2)35(  . It means for some value of angle )( , 

resultant 6 can be obtained. So, the resultant of 3N, 5N and 6N 

may be zero and the forces may be in equilibrium. 

12. (a) Net force on the particle is zero so the v  remains unchanged. 

13. (a) For equilibrium of forces, the resultant of two (smaller) forces 
should be equal and opposite to third one. 

14. (a) FBD of mass 2 kg FBD of mass 4kg 

 

 

 

 

 

 420 TT   ….(i) 840 T    …(ii) 

 By solving (i) and (ii) NT 23.47  and NT 8.70  

15. (a) 

16. (b) .2555 22 NF   

and 
5

5
tan  =1 

.4/   

17. (b) 

18. (b)  

 

 

 

 Let the mass of a block is m. It will remains stationary if forces 

acting on it are in equilibrium i.e,  sincos mgma   

tanga     

  Here ma  = Pseudo force on block, mg = Weight. 
 

 

Motion of Connected Bodies 
 

  

1. (c)   

  

 Acceleration of the system 
Mm

P


  

 The force exerted by rope on the mass 
Mm

MP


  

2. (b)  

3. (b) Tension between 2m  and 3m  is given by 

 g
mmm

mm
T 




321

312
 

 8.9
222

222





 = 13 N 

 

4. (b) 2

21

2 /44.5
9

49
8.9

54

5
smg

mm

m
a 





  

5. (d) ggg
mm

mm
T

5

12

32

3222

21

21 






  

 
523

23

21

12 g
gg

mm

mm
a 






























  

6. (b) )(2 BA mmT  ×
CBA mmm

T



3  

2 kg 

4 N 

20 N 

T 

T 

 

2 F R 

 = 90° 

F 

8 N T 

40 N 

4 kg 

 

F 

F y
= 

5N
 

y 

x 
Fx= 5N 

P 
m 

M 

T 

m2 

m3 

m1 

a 

 

ma  

mg 

mg sin   

 

mg cos   
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 NT 9
)2781(

36
)81(2 


  

7. (c) Acceleration g
mm

mm

)(

)(

12

12




  

 2sec/4.1
7

8.9
8.9

34

34
m




  

8. (c)  

 

 

 
321

21 )('
mmm

T
mmT


  

9. (d) 
20

40)610(
)(

321

3
212







mmm

T
mmT N32  

10. (a)  

11. (a) Acceleration g
mm

m





21

2  2/27.38.9
12

1
sm


  

and NamT 54.627.321   

12. (d) Ng
mm

mm
T 5.738.9

610

61022

21

21 






  

13. (c) 
3510

510

21

12 g
gg

mm

mm
a 









  

14. (b) 2

21

2 /310
37

3
smg

mm

m
a 





  

15. (c) Ng
mmm

mm
T 810

532

53

321

32
1 






















  

16. (c) 2

21

12 /5.210
610

610
smg

mm

mm
a 






























  

17. (c) wtkgT 230sin    

  wtkgT 4  

 30cos1 TT  ° 

 30cos4 ° 

 32  

18. (c) If monkey move downward with acceleration a then its 
apparent weight decreases. In that condition 

Tension in string )( agm   

This should not be exceed over breaking strength of the rope 

i.e. )(360 agm   )10(60360 a   

 2/4 sma    

19. (b) g
mm

mm
a 



















21

21   g
mm

mmg



















21

21

8
  

7

9

2

1 
m

m
 

20. (a) 2

21

21 /2.08.9
8.45

8.45
smg

mm

mm
a 

























  

21. (c) As the spring balances are massless therefore the reading of 
both balance should be equal.   

22. (a)  
32/

2/

21

12 g
g

mm

mm
g

mm

mm
a 






























  

23. (a) Acceleration of each mass g
mm

mm
a 



















21

21  

 Now acceleration of centre of mass of the system 

 
21

2111

mm

amam
Acm




  

 As both masses move with same acceleration but in opposite 

direction so 21 aa   = a (let) 

 
21

21

mm

amam
Acm




  

 g
mm

mm

mm

mm




































21

21

21

21  

 g
mm

mm




















2

21

21   

 

Critical Thinking Questions 

  

1. (c) Due to acceleration in forward direction, vessel is an 

accelerated frame therefore a Pseudo force will be exerted in 

backward direction. Therefore water will be displaced in 

backward direction.  

2. (b) The pressure on the rear side would be more due to fictitious 

force (acting in the opposite direction of acceleration) on the 

rear face. Consequently the pressure in the front side would be 

lowered. 

3. (c) s
m

F
asv 








 222     ]0[ uAs  

  
100

1
3

103

105
2

7

4
2 


















v   

  smv /1.0  

4. (c) Mass measured by physical balance remains unaffected due to 

variation in acceleration due to gravity.   

5. (c) For W, 2W, 3W apparent weight will be zero because the 

system is falling freely. So the distances of the weight from the 

rod will be same. 

6. (a) For equilibrium of system, 2
3

2
21 FFF   As  90  

 In the absence of force 1F , Acceleration
Mass

force Net
  

 
m

F

m

FF
1

2
3

2
2




  

m1 T' 
m2 m3 T 

T 

30o 

2 kg-wt 

30o 

T1 T cos 30 

T sin 30 

a a m2 
m1 
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7. (b,c) Force of upthrust will be there on mass m shown in 

figure, so A weighs less than 2 kg. Balance will show 

sum of load of beaker and reaction of upthrust so it 

reads more than 5 kg. 

8. (d) Heavier gas will acquire largest momentum i.e. Argon. 

9. (c) vmtF   
t

vm
F


  

 By doing so time of change in momentum increases and 

impulsive force on knees decreases. 

10. (b) When false balance has equal arms then,
2

YX
W


  

11. (a) Let two vectors be A  and B  then 0).()(  BABA  

 0....  BBABBBAA  

 022  BA  22 BA  BA   

12. (d)  

 

 

 

 

 As P and Q fall down, the length l decreases at the rate of U 
m/s. 

From the figure, 222 ybl   

 Differentiating with respect to time 

 
dt

dy
y

dt

db
b

dt

dl
l  222 








 U

dt

dl

dt

db
,0 As  

 
dt

dl

y

l

dt

dy










 coscos

1 U
U

dt

dy









  

13. (c) From the figure for the equilibrium of the system 

 mgT 2cos2    
2

1
cos     45  

 

 

 

 

 

14. (d) Force on the pulley by the clamp 
 

 22 ])[( gmMTFpc   

 22 ])[()( gmMMgFpc   

 gmMMFpc
22 )(    

15. (b) 
43

3
22

21

21 g
g

mm

mm
g

mm

mm
acm 






























  

16. (c) jtitv ˆ2ˆ5 As 


 jaiaa yx
ˆˆ 


ji ˆ2ˆ5   

 

  jagmimaF yx )̂(ˆ 


 

   NagamF yx 26)(|| 22 


 

17. (c) 
2

2

0 1
c

v
ll  ml 44.0

103

107.2
11

2

8

8



















  

18. (c) 
2/122

0

)]/(1[ cv

T
T


  

By substituting 0T 1 day and T 2 days we get 

18106.2  msv  

19. (d) Force acting on plate, 









dt

dm
v

dt

dp
F  

 Mass of water reaching the plate per sec =
dt

dm
  

  )( 21 vvAAv  )( 21

2

vv
v

V
  

 (  21 vvv velocity of water coming out of jet w.r.t. plate) 

 ( A  Area of cross section of jet 
2v

V
 ) 

  )()( 2121

2

vvvv
v

V
v

dt

dm
F    2

21

2

)( vv
v

V









   

 

Graphical Questions 
 

1. (d) If the applied force is less than limiting friction between block 
A and B, then whole system move with common acceleration 

i.e. 
BA

BA
mm

F
aa


  

But the applied force increases with time, so when it becomes 

more than limiting friction between A and B, block B starts 
moving under the effect of net force F – F

k 

 

Where kF Kinetic friction between block A and B 

 Acceleration of block B, 
B

k
B

m

FF
a


  

As F is increasing with time so a
B

 will increase with time 

Kinetic friction is the cause of motion of block A 

 Acceleration of block A, 
A

k
A

m

F
a   

It is clear that AB aa  . i.e. graph (d) correctly represents the 

variation in acceleration with time for block A and B. 

2. (b) Velocity  between 0t  and sec2t  

  sm
dt

dx
vi /2

2

4
  

  

Q P 
M 

A y 

b b 

B 

O 
l 

m2  
m 

T 
  

m 

T 

T T 

m 

Mg 

T 

mg 

FPC 

ay 

max 

ax 

m(g+ay) 
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 Velocity at t sec2 , 0fv  

 Impulse = Change in momentum )( if vvm    

 )20(1.0   1sec2.0  mkg  

3. (d) Momentum acquired by the particle is numerically equal to 

area enclosed between the F-t curve and time axis. For the 
given diagram area in upper half is positive and in lower half is 
negative (and equal to upper half), so net area is zero. Hence 
the momentum acquired by the particle will be zero.  

4. (a,c) In region AB and CD, slope of the graph is constant i.e. velocity 
is constant. It means no force acting on the particle in this 
region.   

5. (c) Impulse = Change in momentum )( 12 vvm       …(i) 

 Again impulse = Area between the graph and time axis 

 5.225.0)5.24(
2

1
4242

2

1
  

 5625.184   625.18  ...(ii) 

 From (i) and (ii), 625.18)( 12  vvm  

  smv
m

v /25.145
2

625.18625.18
12   

6. (d) 
x

F
K   and increment in length is proportional the original 

length i.e. lx     
l

K
1

  

It means graph between K and l should be hyperbolic in 
nature.   

7. (b) In elastic one dimensional collision particle rebounds with same 
speed in opposite direction  

 i.e. change in momentum mu2  

But Impulse  TF Change in momentum 

 muTF 20   
T

mu
F

2
0      

8. (c) Initially particle was at rest. By the application of force its 
momentum increases. 

Final momentum of the particle  Area of F - t graph 

 mu Area of semi circle 

 
2

2r
mu




2

21rr


2

)2/()( 0 TF
 

m

TF
u

4

0
  

9. (d) momentum acquired = Area of force-time graph 

 SN-504010104)10()2(
2

1
   

10. (c) 
dt

dp
F  , so the force is maximum when slope of graph is 

maximum 

11. (c) Impulse = Area between force and time graph and it is 
maximum for graph (III) and (IV) 

 

 

Assertion and Reason 
 

1. (e) Inertia is the property by virtue of which the body is unable to 
change by itself not only the state of rest, but also the state of 
motion.  

2. (c) According to Newton’s second law 

 Acceleration = 
Mass

Force
 i.e. if net external force on the body is 

zero then acceleration will be zero  

3. (a) According to second law .ma
dt

dp
F   

If we know the values of m and a, the force acting on the body 
can be calculated and hence second law gives that how much 
force is applied on the body.  

4. (b) When a body is moving in a circle, its speed remains same but 
velocity changes due to change in the direction of motion of 
body. According to first law of motion, force is required to 
change the state of a body. As in circular motion the direction 
of velocity of body is changing so the acceleration cannot be 
zero. But for a uniform motion acceleration is zero (for 
rectilinear motion).  

5. (c) According to definition of momentum 

 mvP  if P = constant then mv = constant or .
1

m
v   

As velocity is inversely proportional to mass, therefore lighter 

body possess greater velocity.  

6. (a) The wings of the aeroplane pushes the external air backward 
and the aeroplane move forward by reaction of pushed air. At 
low altitudes. density of air is high and so the aeroplane gets 
sufficient force to move forward.  

7. (c) Force is required to change the state of the body. In uniform 
motion body moves with constant speed so acceleration should 
be zero.  

8. (a) According to Newton’s second law of motion 
m

F
a   i.e. 

magnitude of the acceleration produced by a given force is 
inversely proportional to the mass of the body. Higher is the 
mass of the body, lesser will be the acceleration produced i.e. 
mass of the body is a measure of the opposition offered by the 
body to change a state, when the force is applied i.e. mass of a 
body is the measure of its inertia.  

9. (d) 
dt

dp
F Slope of momentum-time graph 

i.e. Rate of change of momentum = Slope of momentum- time 

graph = force. 

10. (c) The purpose of bending is to acquire centripetal force for 
circular motion. By doing so component of normal reaction will 
counter balance the centrifugal force.   

11. (c) Work done in moving an object against gravitational force 

(conservative force) depends only on the initial and final 
position of the object, not upon the path taken. But 
gravitational force on the body along the inclined plane is not 
same as that along the vertical and it varies with the angle of 
inclination.  

12. (b) In uniform circular motion of a body the speed remains constant 

but velocity changes as direction of motion changes.  

 As linear momentum = mass × velocity, therefore linear momentum 
of a body changes in a circle.  

On the other hand, if the body is moving uniformly along a 

straight line then its velocity remains constant and hence 
acceleration is equal to zero. So force is equal to zero.  
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13. (d) Law of conservation of linear momentum is correct when no 
external force acts . When bullet is fired from a rifle then both 
should possess equal momentum but different kinetic energy. E 

m

P

2

2

   Kinetic energy of the rifle is less than that of bullet 

because mE /1  

14. (a) As the fuel in rocket undergoes combustion, the gases so 
produced leave the body of the rocket with large velocity and 
give upthrust to the rocket. If we assume that the fuel is burnt 
at a constant rate, then the rate of change of momentum of the 
rocket will be constant. As more and more fuel gets burnt, the 
mass of the rocket goes on decreasing and it leads to increase 

of the velocity of rocket more and more rapidly.  

15. (c) The apparent weight of a body in an elevator moving with 

downward acceleration a is given by ).( agmW   

16. (e) For uniform motion apparent weight = Actual weight 

For downward accelerated motion,  

Apparent weight < Actual weight    

17. (a)  

18. (a) By lowering his hand player increases the time of catch, by 
doing so he experience less force on his hand because 

dtF /1 . 

19. (b) According to Newton’s second law,  

mFamaF /  

For constant F, acceleration is inversely proportional to mass 
i.e. acceleration produced by a force depends only upon the 
mass of the body and for larger mass acceleration will be less.  

20. (c) In uniform circular motion, the direction of motion changes, 

therefore velocity changes.  

As P = mv therefore momentum of a body also changes in 
uniform circular motion.  

21. (e) According to third law of motion it is impossible to have a 
single force out of mutual interaction between two bodies, 
whether they are moving or at rest. While, Newton’s third law 

is applicable for all types of forces.   

22. (d) An inertial frame of reference is one which has zero 
acceleration and in which law of inertia hold good i.e. Newton’s 
law of motion are applicable equally. Since earth is revolving 
around the sun and earth is rotating about its own axis also, 
the forces are acting on the earth and hence there will be 
acceleration of earth due to these factors. That is why earth 
cannot be taken as inertial frame of reference.  

23. (b) According to law of inertia (Newton’s first law), when cloth is 
pulled from a table, the cloth come in state of motion but 
dishes remains stationary due to inertia. Therefore when we 
pull the cloth from table the dishes remains stationary.  

24. (e) A body subjected to three concurrent forces is found to in 
equilibrium if sum of these force is equal to zero.  

i.e. .0.....321  FFF


 

25. (e) From Newton's second law  

 Impulse = Change of momentum.  

So they have equal dimensions  
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1. A car is moving with uniform velocity on a rough horizontal road. 

Therefore, according to Newton's first law of motion 

 (a) No force is being applied by its engine 

 (b) A force is surely being applied by its engine 

 (c) An acceleration is being produced in the car 

 (d) The kinetic energy of the car is increasing 

2. A person is sitting in a travelling train and facing the engine. He 

tosses up a coin and the coin falls behind him. It can be concluded 

that the train is   [SCRA 1994] 

 (a) Moving forward and gaining speed 

 (b) Moving forward and losing speed 

 (c) Moving forward with uniform speed 

 (d) Moving backward with uniform speed 

3. A block can slide on a smooth inclined plane of inclination   kept 

on the floor of a lift. When the lift is descending with a retardation 

a, the acceleration of the block relative to the incline is 

 (a) sin)( ag   (b) )( ag   

 (c) sing  (d) sin)( ag   

4. A 60 kg man stands on a spring scale in the lift. At some instant he 

finds, scale reading has changed from 60 kg to 50kg for a while and 

then comes back to the original mark. What should we conclude ? 

 (a) The lift was in constant motion upwards 

 (b) The lift was in constant motion downwards 

 (c) The lift while in constant motion upwards, is stopped suddenly 

 (d) The lift while in constant motion downwards, is suddenly 

stopped 

5. When a body is acted by a constant force, then which of the 

following quantities remains constant 

 (a) Velocity (b) Acceleration 

 (c) Momentum (d) None of these 

6. A man of weight mg is moving up in a rocket with acceleration 4 g. 

The apparent weight of the man in the rocket is 

 (a) Zero (b) 4 mg 

 (c) 5 mg (d) mg 

7. A spring balance and a physical balance are kept in a lift. In these 

balances equal masses are placed. If now the lift starts moving 

upwards with constant acceleration, then 

 (a) The reading of spring balance will increase and the 

equilibrium position of the physical balance will disturb 

 (b) The reading of spring balance will remain unchanged and 

physical balance will remain in equilibrium 

 (c) The reading of spring balance will decrease and physical 

balance will remain in equilibrium 

 (d) The reading of spring balance will increase and the physical 

balance will remain in equilibrium 

8. As shown in the figure, two equal masses each of 2 kg are 

suspended from a spring balance. The reading of the spring balance 

will be 

 

(a) Zero  

 (b) 2 kg 

 (c) 4 kg  

 (d) Between zero and 2 kg 

9. A player kicks a football of mass 0.5 kg and the football begins to 

move with a velocity of 10 m/s. If the contact between the leg and 

the football lasts for 
50

1
sec, then the force acted on the football 

should be 

 (a) 2500 N (b) 1250 N 

 (c) 250 N (d) 625 N 

10. The engine of a jet aircraft applies a thrust force of N510  during 

take off and causes the plane to attain a velocity of 1 km/sec in 10 
sec. The mass of the plane is 

 (a) kg210  (b) kg310  

 (c) kg410  (d) kg510  

11. A force of 50 dynes is acted on a body of mass 5 g which is at rest 

for an interval of 3 seconds, then impulse is  

   [AFMC 1998] 

 (a) sN-1015.0 3  (b) sN-1098.0 3  

 (c) sN-105.1 3  (d) sN-105.2 3  

12. Two weights 1w  and 2w  are suspended from the ends of a light 

string passing over a smooth fixed pulley. If the pulley is pulled up at 

an acceleration g, the tension in the string will be  

 (a) 
21

214

ww

ww


  

 (b) 
21

212

ww

ww


 

 (c) 
21

21

ww

ww
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 (d) 
)(2 21

21

ww

ww


 

13. The masses of 10 kg and 20 kg respectively are connected by a 

massless spring as shown in figure. A force of 200 N acts on the 20 

kg mass. At the instant shown, the 10 kg mass has acceleration 

2sec/12 m . What is the acceleration of 20 kg mass 

 

 

 (a) 2sec/12 m  (b) 2sec/4 m  

 (c) 2sec/10 m  (d) Zero 

14. Two masses M and m are connected by a weightless string. They are 
pulled by a force F on a frictionless horizontal surface. The tension 
in the string will be 

 

 

 

 

(a) 
Mm

FM


 (b) 

mM

F


 

 (c) 
m

FM
 (d) 

mM

Fm


 

15. In the above question, the acceleration of mass m is 

 (a) 
m

F
 (b) 

m

TF 
 

 (c) 
m

TF 
 (d) 

M

F
 

16. Three weight A, B and C are connected by string as shown in the 
figure. The system moves over a frictionless pulley. The tension in 
the string connecting A and B is (where g is acceleration due to 
gravity) 

(a) g  

(b) 
9

g
 

 (c) 
9

8 g
  

 (d) 
9

10g
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (b) Since, force needed to overcome frictional force. 

2. (a) The coin falls behind him it means the velocity of train was 

increasing otherwise the coin fall directly into the hands of 

thrower. 

3. (a) Acceleration of block in a stationary lift = sing  

If lift is descending with acc. then it will be (g–a)sin. 

but in the problem acceleration = – a (retardation) 

Acceleration of block = sin)]([ ag   = sin)( ag   

4. (c) For upward acceleration apparent weight )( agm   

10 kg 

20 kg 
200N 

T 
m 

F 
M 

(SET –4) 

5 kg 
3 kg 

1 kg 

C A 

B 
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If lift suddenly stops during upward motion then apparent 

weight = )( agm   because instead of acceleration, we will 

consider retardation. 

In the problem it is given that scale reading initially was 60 kg 

and due to sudden jerk reading decreasing and finally comes 

back to the original mark i.e., 60 kg. 

So, we can conclude that lift was moving upward with constant 

speed and suddenly stops. 

5. (b) maF   for a given body if F constant then a = constant. 

6. (c) mgggmagmR 5)4()(    

7. (d) The fictitious force will act downwards. So the reading of 

spring balance will increase. In case of physical balance, the 

fictitious force will act on both the pans, so the equilibrium is 

not affected. 

8. (b) In this case, one 2 kg wt on the left will act as the support for 

the spring balance. Hence its reading will be 2 kg.  

9. (c) Force on the football 
dt

dv
mF   

 
dt

vvm
F

)( 12 
50/1

)010(5.0 
 N250 . 

 

 

 

 

 

 

 

 

 

10. (b) Acceleration produced in jet = 
Time

 velocityin Change
 

 
10

)010( 3 
a 2/100 sm  

  Mass = kg3

2

5

10
10

10

onAccelerati

Force
 . 

11. (c)  Impulse = Force × Time = 50 × 10–5 × 3  

                                          = 1.5 × 10–3 N-s 

12. (a) )(
)(

2

21

21 ag
mm

mm
T 




21

21 )(2

mm

ggmm




  

 
21

21

21

21 44

ww

ww
g

mm

mm
T





  

13. (b) As the mass of 10 kg has acceleration 12 m/s2 therefore it apply 

120N force on mass 20kg in a backward direction. 

Net forward force on 20 kg mass = 200 – 120 = 80N 

 Acceleration 2/4
20

80
sm . 

14. (a) aMT  = 











Mm

F
M  

15. (b) Net force on mass m, TFma    
m

TF
a


  

16. (d) gg
mmm

mm
T

CBA

CB 










513

5122
g

9

10
 . 
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Introduction 

If we slide or try to slide a body over a surface, the motion is resisted 

by a bonding between the body and the surface. This resistance is represented 

by a single force and is called friction force. 

The force of friction is parallel to the surface and opposite to the 

direction of intended motion.  

Types of Friction 

(1) Static friction : The opposing force that comes into play when 

one body tends to move over the surface of another, but the actual motion 

has yet not started is called static friction.  

(i) If applied force is P and the 

body remains at rest then static friction F = 

P. 

(ii) If a body is at rest and no 

pulling force is acting on it, force of 

friction on it is zero. 

(iii) Static friction is a self-adjusting 

force because it changes itself in accordance with the applied force and is 

always equal to net external force. 

(2) Limiting friction : If the applied force is increased, the force of 

static friction also increases. If the applied force exceeds a certain 

(maximum) value, the body starts moving. This maximum value of static 

friction upto which body does not move is called limiting friction. 

(i) The magnitude of limiting friction between any two bodies in 

contact is directly proportional to the normal reaction between them.  

RFl   or RF sl   

(ii) Direction of the force of limiting friction is always opposite to 
the direction in which one body is at the verge of moving over the other 

(iii) Coefficient of static friction : (a) s  is called coefficient of 

static friction and is defined as the ratio of force of limiting friction and 

normal reaction 
R

F
s   

(b) Dimension : ][ 000 TLM  

(c) Unit : It has no unit. 

(d) Value of   depends on material and nature of surfaces in 

contact that means whether dry or wet ; rough or smooth polished or non-

polished.  

(e) Value of   does not depend upon apparent area of contact. 

(3) Kinetic or dynamic friction : If the applied force is increased 

further and sets the body in motion, the friction opposing the motion is 

called kinetic friction. 

(i) Kinetic friction depends upon the normal reaction.   

RFk   or RF kk   where k  is called the coefficient of kinetic 

friction  

(ii) Value of k  depends upon the nature of surface in contact. 

(iii) Kinetic friction is always lesser than limiting friction lk FF   

 sk    

i.e. coefficient of kinetic friction is always less than coefficient of 

static friction. Thus we require more force to start a motion than to 

maintain it against friction. This is because once the motion starts actually ; 

inertia of rest has been overcome. Also when motion has actually started, 

irregularities of one surface have little time to get locked again into the 

irregularities of the other surface. 

(iv) Kinetic friction does not depend upon the velocity of the body. 

(v) Types of kinetic friction  

(a) Sliding friction : The opposing force that comes into play when 

one body is actually sliding over the surface of the other body is called 
sliding friction. e.g. A flat block is moving over a horizontal table.  

(b) Rolling friction : When objects such as a wheel (disc or ring), 

sphere or a cylinder rolls over a surface, the force of friction that comes 
into play is called rolling friction.  

 Rolling friction is directly proportional to the normal reaction (R) 

and inversely proportional to the radius (r) of the rolling cylinder or wheel.  

r

R
F rrolling   

   

Friction 
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5 

P 

R 

F 

mg 

Fig. 5.1 
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r  is called coefficient of rolling friction. It would have the dimensions 

of length and would be measured in metre. 

 Rolling friction is often quite small as compared to the sliding 

friction. That is why heavy loads are transported by placing them on carts 
with wheels.  

  In rolling the surfaces at contact do not rub each other.  

 The velocity of point of contact with respect to the surface 

remains zero all the times although the centre of the wheel moves forward.  

Graph Between Applied Force and Force of Friction 

(1) Part OA of the curve represents static friction )( sF . Its value 

increases linearly with the applied force  

(2) At point A the static friction is maximum. This represent 

limiting friction )( lF . 

(3) Beyond A, the force 

of friction is seen to decrease 
slightly. The portion BC of the 
curve represents the kinetic 

friction )( kF .  

(4) As the portion BC 

of the curve is parallel to x-axis 
therefore kinetic friction does 
not change with the applied force, it remains constant, whatever be the 
applied force. 

Friction is a Cause of Motion 

It is a general misconception that friction always opposes the motion. 
No doubt friction opposes the motion of a moving body but in many cases 

it is also the cause of motion. For example : 

(1) While moving, a person or vehicle pushes the ground backwards 
(action) and the rough surface of ground reacts and exerts a forward force 
due to friction which causes the motion. If there had been no friction there 
will be slipping and no motion.  

 

 

 

 

 

(2) During cycling, the rear wheel moves by the force 

communicated to it by pedalling while front wheel moves by itself. So, 

when pedalling a bicycle, the force exerted by rear wheel on ground 

makes force of friction act on it in the forward direction (like 

walking). Front wheel moving by itself experience force of friction in 

backward direction (like rolling of a ball). [However, if pedalling is 

stopped both wheels move by themselves and so experience force of 

friction in backward direction]. 

 

 

 

 

 

 

(3) If a body is placed in a vehicle which is accelerating, the force 

of friction is the cause of motion of the body along with the vehicle 

(i.e., the body will remain at rest in the accelerating vehicle until 

).mgma s  If there had been no friction between body and vehicle, 

the body will not move along with the vehicle.  

 

 

 

 

 
 

 From these examples it is clear that without friction motion cannot 

be started, stopped or transferred from one body to the other. 

Advantages and Disadvantages of Friction 

(1) Advantages of friction  

(i) Walking is possible due to friction. 

(ii) Two body sticks together due to friction. 

 

 

 

 

 

(iii) Brake works on the basis of friction. 

(iv) Writing is not possible without friction. 

(v) The transfer of motion from one part of a machine to other part 

through belts is possible by friction. 

(2) Disadvantages of friction  

(i) Friction always opposes the relative motion between any two 

bodies in contact. Therefore extra energy has to be spent in over coming 

friction. This reduces the efficiency of machine. 

(ii) Friction causes wear and tear of the parts of machinery in 

contact. Thus their lifetime reduces.  

(iii) Frictional force result in the production of heat, which 

causes damage to the machinery.  

Methods of Changing Friction 

We can reduce friction  

(1) By polishing. 

(2) By lubrication. 

(3) By proper selection of material. 

(4) By streamlining the shape of the body. 

(5) By using ball bearing. 

Also we can increase friction by throwing some sand on slippery 

ground. In the manufacturing of tyres, synthetic rubber is preferred 

because its coefficient of friction with the road is larger. 

Angle of Friction 

Angle of friction may be defined as the angle which the resultant of 

limiting friction and normal reaction makes with the normal reaction.  

While pedalling Pedalling is stoped 

Fig. 5.4 

A 

C B 

Fl Fk 

Fo
rc

e 
of

 f
ri
ct

io
n

 

Applied force 
O 

Fs 

Fig. 5.2 

Action 

Friction 

 

Fig. 5.3 

ma smg 

a 

Fig. 5.5 

Fig. 5.6 Fig. 5.7 

P 

R 

F 

mg 

 

S 

Fig. 5.8 



 
  230 Friction 

By definition angle   is called the angle of friction 

 
R

Fltan  

   tan  = 
s

            [As we know s
l

R

F
  ] 

or   )(tan 1
L   

Hence coefficient of static friction is equal to tangent of the angle of 

friction.  

Resultant Force Exerted by Surface on Block  

In the above figure resultant force 22 RFS   

22 )()( mgmgS    

12  mgS  

when there is no friction )0(   S will be minimum  

i.e. S = mg 

Hence the range of S can be given by, 

 12  mgSmg  

Angle of Repose 

Angle of repose is defined as the angle of the inclined plane with 

horizontal such that a body placed on it is just begins to slide.  

By definition,   is called the angle of repose.  

In limiting condition sinmgF  and cosmgR   

 

 

 

 

 
 

 

 

 

So  tan
R

F
 

    tantan  s
R

F
   [As we know  tan s

R

F
] 

Thus the coefficient of limiting friction is equal to the tangent of 
angle of repose.  

As well as    i.e. angle of repose = angle of friction.  

Calculation of Required Force in Different Situation  

If W = weight of the body,  = angle of friction, 

  tan coefficient of friction  

Then we can calculate required force for different situation in the 

following manner :   

(1) Minimum pulling force P at an angle  from the horizontal  

 

 

 

 

By resolving P in horizontal and vertical direction (as shown in 

figure) 

 

 

 

 

 

For the condition of equilibrium  

cosPF   and sinPWR    

By substituting these value in RF   

)sin(cos  PWP    

   )sin(
cos

sin
cos 




 PWP      [As  tan ] 

 

           
)(cos

sin








W
P  

(2) Minimum pushing force P at an angle  from the horizontal 

 

 

 

 
By Resolving P in horizontal and vertical direction (as shown in the 

figure) 

 

 

 

 

 

 

For the condition of equilibrium  

cosPF   and  sinPWR    

By substituting these value in RF    

  )sin(cos  PWP   

  )sin(
cos

sin
cos 




 PWP    [As  tan ] 

  
)(cos

sin








W
P  

(3) Minimum pulling force P to move the body up on an inclined 
plane 

 

 

 

 

 

 

By Resolving P in the direction of the plane and perpendicular to the 
plane (as shown in the figure) 

 

 

R 

mg cos  
 

 

F 

mg sin  

mg 

Fig. 5.9 
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For the condition of equilibrium 

 cossin WPR   

    sincos PWR   and  cossin PWF   

    sincos WPF   

By substituting these values in RF   and solving we get  

)(cos

)(sin










W
P  

(4) Minimum force to move a body in downward direction along the surface 
of inclined plane  

 

 

 

 

 

 

By Resolving P in the direction of the plane and perpendicular to the 
plane (as shown in the figure) 

 

 

 

 

 

 

For the condition of equilibrium  

 cossin WPR   

   sincos PWR   and   sincos WPF   

By substituting these values in RF   and solving we get   

)(cos

)sin(










W
P  

(5) Minimum force to avoid sliding of a body down on an inclined 

plane 

 

 

 

 

 

 

By Resolving P in the direction of the plane and perpendicular to the 

plane (as shown in the figure) 

 

 

 

 

 

 

For the condition of equilibrium 

 cossin WPR   

  sincos PWR   and   sincos WFP   

  cossin PWF   

By substituting these values in RF   and solving we get  















)(cos

)(sin




WP  

(6) Minimum force for motion along horizontal surface and its 

direction  

 

 

 

 

Let the force P be applied at an angle with the horizontal. 

By resolving P in horizontal and vertical direction (as shown in 

figure) 

 

 

 

 

 

 

For vertical equilibrium 

 mgPR  sin  

 sinPmgR      …(i) 

and for horizontal motion  

  FP cos  

i.e. RP  cos     …(ii) 

Substituting value of R from (i) in (ii)  

 )sin(cos  PmgP   

 




sincos 


mg
P    …(iii) 

For the force P to be minimum )sin(cos    must be 

maximum i.e. 

0]sin[cos  
d

d
  

   0cossin      

     tan   

or      frictionof  angle)(tan 1     

i.e. For minimum value of P its angle from the horizontal should be 
equal to angle of friction 

As  tan  so from the figure, 
21

sin








   

and  
21

1
cos






  

By substituting these value in equation (iii) 
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R + P sin 

P cos  
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Acceleration of a Block Against Friction 

 (1) Acceleration of a block on horizontal surface  

 When body is moving under application of force P, then kinetic 

friction opposes its motion.  

Let a is the net acceleration of the body  

From the figure  

kFPma   

 
m

FP
a k
  

(2) Acceleration of a block sliding down over a rough inclined plane  

When angle of inclined plane is more than angle of repose, the body 

placed on the inclined plane slides down with an acceleration a.  

From the figure Fmgma  sin  

  Rmgma   sin  

   cossin mgmgma   
 

 Acceleration ]cos[sin   ga  

Note  :  For frictionless inclined plane 0  singa  . 

(3) Retardation of a block sliding up over a rough inclined plane  

When angle of inclined plane is less than angle of repose, then for 

the upward motion 

Fmgma  sin  

 cossin mgmgma   

 

Retardation ]cos[sin   ga  

Note  :  For frictionless inclined plane 0  singa   

Work done against friction 

(1) Work done over a rough inclined surface  

If a body of mass m is moved up slowly on a rough inclined plane 
through distance s, then  

Work done = force  distance   

= ma  s = mg [sin  +  cos ]s ]cos[sin   smg  

 

 

 

 

 

 

(2) Work done over a horizontal surface  

In the above expression if we put  = 0 then  

Work done = force  distance = F  s =  mg s 

It is clear that work done depends upon  

 

 

 

 

 

(i) Weight of the body.  

(ii) Material and nature of surface in contact.  

(iii) Distance moved.  

Motion of Two Bodies one Resting on the Other 

 When a body A of mass m is resting on a body B of mass M then 
two conditions are possible  

(1) A force F is applied to the upper body, (2) A force F is applied to 

the lower body 

 

 

 

 

 

We will discuss above two cases one by one in the following manner 

: 

(1) A force F is applied to the upper body, then following four 

situations are possible 

(i) When there is no friction  

(a) The body A will move on body B with acceleration (F/m). 

  mFaA /  

(b) The body B will remain at rest  

  0Ba  

(c) If L is the length of B as shown in figure, A will fall from B after 
time t  

F

mL

a

L
t

22
       








 F/mata and

2

1
sAs 2  

(ii) If friction is present between A and B only and applied force is less than 

limiting friction (F < F
l

)  

(F = Applied force on the upper body, F
l

 = limiting friction between A and 
B, F

k

 = Kinetic friction between A and B) 

(a) The body A will not slide on body B till lFF   i.e. mgF s  

(b) Combined system (m + M) will move together with common 

acceleration 
mM

F
aa BA


  

(iii) If friction is present between A and B only and applied force is greater 

than limiting friction (F > F
l

)
 

 

In this condition the two bodies will move in the same direction (i.e. of 
applied force) but with different acceleration. Here force of kinetic friction 

mgk  will oppose the motion of A while cause the motion of B. 

 

       Ak amFF    Free body diagram of A  

F m A  

M B  
L 

Fig. 5.28 
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i.e.   
m

FF
a k

A


   

        
m

mgF
a k

A

)( 
  

 Bk aMF    

i.e.  
M

F
a k

B   

 
M

mg
a k

B


  

Free body diagram of B 

 

Note  :  As both the bodies are moving in the same direction. 

Acceleration of body A relative to B will be   

mM

MmmgMF
aaa k

BA

)( 



 

So, A will fall from B after time  

)(

22

MmmgMF

MLm

a

L
t

k 



 

(iv) If there is friction between B and floor  

(where gmMFl )(   = limiting friction between B and floor, F
k

 

= kinetic friction between A and B) 

B will move only if lk FF   and then Blk aMFF   

 

 

 

However if B does not move then static friction will work (not 

limiting friction) between body B and the floor i.e. friction force = applied 

force (= F
k

) not lF . 

(2) A force F is applied to the lower body, then following four 

situations are possible 

(i) When there is no friction  

(a) B will move with acceleration (F/M) while A will remain at rest 

(relative to ground) as there is no pulling force on A. 











M

F
aB  and 0Aa  

(b) As relative to B, A will move backwards with acceleration (F/M) 

and so will fall from it in time t. 

 

 

 
 

   
F

ML

a

L
t

22
  

(ii) If friction is present between A and B only and F < F
l 

 

(where F = Pseudo force on body A and  F
l

 = limiting friction 

between body A and B)  

(a) Both the body will move together with common acceleration 

mM

F
a


  

(b) Pseudo force on the body A,  

Mm

mF
maF


  and mgF sl   

(c) lFF      mg
Mm

mF
s


   gMmF s )(    

So both bodies will move together with acceleration  

Mm

F
aa BA


  if gMmF s ][    

(iii) If friction is present between A and B only and F > F
l

  

(where F
l

 = 
s

 mg = limiting friction between body A and B) 

Both the body will move with different acceleration. Here force of 

kinetic friction mgk  will oppose the motion of B while will cause the 

motion of A. 

 

    mgma kA   

i.e. ga kA   

Free body diagram of A  

 

 

  Bk MaFF    

i.e.   
M

mgF
a k

B

][ 
  

 

Free body diagram of B 

 

Note  :  As both the bodies are moving in the same direction  

 Acceleration of body A relative to B will be  

 






 


M

MmgF
aaa k

BA

)(
 

 Negative sign implies that relative to B, A will move backwards 
and will fall it after time 

 
)(

22

MmgF
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(iv) If there is friction between B and floor and F > F
l

 :  

(where F
l

 = 
s

(m+M)g = limiting friction between body B and 

surface) 

The system will move only if ''
lFF   then replacing F by  lFF . 

The entire case (iii) will be valid.  

However if  1FF  the system will not move and friction between 

B and floor will be F while between A and B is zero. 
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Motion of an Insect in the Rough Bowl 

The insect crawl up the bowl, up to a certain height h only till the 
component of its weight along the bowl is balanced by limiting frictional 
force.  

 

 

 

 

 
 
 

Let  m = mass of the insect, r = radius of the bowl,  = coefficient of 
friction 

for limiting condition at point A  

cosmgR   ......(i)    and    sinmgFl       ......(ii) 

Dividing (ii) by (i) 

 
R

Fltan             RFl As   

 


y

yr 22

    or    
21 


r

y  

So  

















21

1
1


ryrh ,  


















21

1
1


rh   

Minimum Mass Hung from the String to Just 

Start the Motion 

 (1) When a mass m
1

 placed on a rough horizontal plane  Another mass 

2m  hung from the string connected by frictionless pulley, the tension 

(T) produced in string will try to start the motion of mass 1m . 

 

 

 

 

 

 
At limiting condition  lFT   

   Rgm 2     gmgm 12   

 12 mm   this is the minimum value of 2m  to start the 

motion. 

Note  :  In the above condition Coefficient of friction 
1

2

m

m
  

(2) When a mass m
1  

placed on a rough inclined plane  Another 

mass 2m  hung from the string connected by frictionless pulley, the 

tension (T) produced in string will try to start the motion of mass 1m .  

 

 

 

 

 

 

At limiting condition 

For gmTm 22      …(i) 

For FgmTm  sin11   

   RgmT   sin1   

  cossin 11 gmgmT     …(ii)  

From equation (i) and (ii)   ]cos[sin12  mm  

this is the minimum value of 2m  to start the motion 

Note  :  In the above condition Coefficient of friction 

 







 


 tan

cos1

2

m

m
 

Maximum Length of Hung Chain 

A uniform chain of length l is placed on the table in such a manner 

that its 'l  part is hanging over the edge of table without sliding. Since the 
chain have uniform linear density therefore the ratio of mass and ratio of 
length for any part of the chain will be equal.  

We know      
 table theonlying  mass

 table thefromhanging  mass

1

2 
m

m
       

 For this case we can rewrite above expression in the following 
manner  

 table theonlying  length

 table thefromhanging  length
  [As chain have uniform linear 

density] 

              
ll

l




  

by solving 
)1( 




 l
l  

Coefficient of Friction Between a Body and Wedge 

 A body slides on a smooth wedge of angle   and its time of descent 
is t. 

 

 

 

 

 

 

If the same wedge made rough then time taken by it to come down 
becomes n times more (i.e. nt)  

The length of path in both the cases are same. 

 For smooth wedge, 2
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From equation (i) and (ii)  
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Stopping of Block Due to Friction 

(1) On horizontal road  

(i) Distance travelled before coming to rest : A block of mass m is 
moving initially with velocity u on a rough surface and due to friction, it 

comes to rest after covering a distance S.  
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      [As  momentum P = mu] 
(ii) Time taken to come to rest 

From equation tauv     tgu 0   
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(2) On inclined road : When block starts with velocity u its kinetic 

energy will be converted into potential energy and some part of it goes 

against friction and after travelling distance S it comes to rest i.e. v = 0.  

We know that retardation ]cos[sin   ga  

By substituting the value of v and a in the following equation  
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Stopping of Two Blocks Due to Friction 

When two masses compressed towards each other and suddenly 

released then energy acquired by each block will be dissipated against 

friction and finally block comes to rest  

i.e.,  F × S = E   [Where F = Friction, S = Distance covered 

by block, E = Initial kinetic energy of the block] 
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          [Where P = momentum of block] 

 
m

P
Smg

2

2

            [As F =  mg]   

 
gm

P
S

2

2

2
  

In the given condition P and  are same for both the blocks.  
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Velocity at the Bottom of Rough Wedge 

A body of mass m which is placed at the top of the wedge (of height 

h) starts moving downward on a rough inclined plane. 

 Loss of energy due to friction = FL (Work against friction) 

 PE at point   A = mgh  

 KE at point B = 2

2

1
mu  

 

 By the law of conservation of energy 
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Sticking of a Block With Accelerated Cart 

When a cart moves with some acceleration toward right then a 

pseudo force (ma) acts on block toward left. 

This force (ma) is action force by a block on cart.  

 

 

 

 

 

Now block will remain static w.r.t. cart. If friction force mgR   

 mgma                     ]As[ maR   
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This is the minimum acceleration of the cart so that block does not 
fall. 

and the minimum force to hold the block together  
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Sticking of a Person with the Wall of Rotor 
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 A person with a mass m stands in contact against the wall of a 

cylindrical drum (rotor). The coefficient of friction between the wall and the 

clothing is .  

If Rotor starts rotating about its axis, then person thrown away from 

the centre due to centrifugal force at a particular speed  , the person 

stuck to the wall even the floor is removed, because friction force balances 

its weight in this condition. 

From the figure.  

Friction force (F) = weight of person (mg) 

 R = mg   mgFc    

            [Here, F
c

= centrifugal force] 
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min  
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 Force of friction is non-conservative force. 

 Force of friction always acts in a direction opposite to that of the 

relative motion between the surfaces. 

 Rolling friction is much less than the sliding friction. This 

knowledge was used by man to invent the wheels. 

 The friction between two surfaces increases (rather than to 

decrease), when the surfaces are made highly smooth.  

 The atomic and molecular forces of attraction between the two 

surfaces at the point of contact give rise to friction between the surfaces.  
 

 

 

 

 
 

Static and limiting friction 
 

1. The coefficient of friction   and the angle of friction   are related 

as 

 (a)  sin  (b)  cos  

 (c)  tan  (d)  tan  

2. A force of 98 N is required to just start moving a body of mass 100 
kg over ice. The coefficient of static friction is 

 (a) 0.6 (b) 0.4 

 (c) 0.2 (d) 0.1 

3. A block weighs W is held against a vertical wall by applying a 
horizontal force F. The minimum value of F needed to hold the 
block is   [MP PMT 1993] 

 (a) Less than W (b) Equal to W 

 (c) Greater than W (d) Data is insufficient 

4. The maximum static frictional force is  

 (a) Equal to twice the area of surface in contact 

 (b) Independent of the area of surface in contact 

 (c) Equal to the area of surface in contact 

 (d) None of the above 

5. Maximum value of static friction is called  

    [BHU 1995; RPET 2000] 

 (a) Limiting friction (b) Rolling friction 

 (c) Normal reaction (d) Coefficient of friction 

6. Pulling force making an angle   to the horizontal is applied on a 

block of weight W placed on a horizontal table. If the angle of 

friction is  , then the magnitude of force required to move the 

body is equal to   [EAMCET 1987] 
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7. In the figure shown, a block of weight 10 N resting on a horizontal 

surface. The coefficient of static friction between the block and the 

surface 4.0s . A force of 3.5 N will keep the block in uniform 

motion, once it has been set in motion. A horizontal force of 3 N is 

applied to the block, then the block will    [MP PET 1993] 

 

 

 

  (a) Move over the surface with constant velocity 

 (b) Move having accelerated motion over the surface 

 (c) Not move 

 (d) First it will move with a constant velocity for some time and 

then will have accelerated motion 

8. Two masses A and B of 10 kg and 5 kg respectively are connected 

with a string passing over a frictionless pulley fixed at the corner of 

a table as shown. The coefficient of static friction of A with table is 

0.2. The minimum mass of C that may be placed on A to prevent it 

from moving is  

  [MP PET 1984] 

 

 (a) 15 kg 

 (b) 10 kg 

 (c) 5 kg 

 (d) 12 kg 

9. The limiting friction is  

 (a) Always greater than the dynamic friction 

 (b) Always less than the dynamic friction 
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 (c) Equal to the dynamic friction 

 (d) Sometimes greater and sometimes less than the dynamic 

friction 

10. Which is a suitable method to decrease friction 

 (a) Ball and bearings (b) Lubrication 

 (c) Polishing (d) All the above 
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11. A uniform rope of length l lies on a table. If the coefficient 

of friction is  , then the maximum length 1l  of the part of 

this rope which can overhang from the edge of the table 

without sliding down is   [DPMT 2001] 

 (a) 


l
 (b) 

l

l


 

 (c) 




1

l
 (d) 

1

l
 

12. Which of the following statements is not true 

     [CMC Vellore 1989] 

 (a) The coefficient of friction between two surfaces 

increases as the surface in contact are made rough 

 (b) The force of friction acts in a direction opposite to the 

applied force 

 (c) Rolling friction is greater than sliding friction 

 (d) The coefficient of friction between wood and wood is 

less than 1 

13. A block of 1 kg is stopped against a wall by applying a 

force F perpendicular to the wall. If 2.0  then 

minimum value of F will be    [MP PMT 2003] 

 (a) 980 N (b) 49 N 

 (c) 98 N (d) 490 N 

14. A heavy uniform chain lies on a horizontal table-top. If the 

coefficient of friction between the chain and table surface 

is 0.25, then the maximum fraction of length of the chain, 

that can hang over one edge of the table is[CBSE PMT 1990] 

 (a) 20% (b) 25% 

 (c) 35% (d) 15% 

15. The blocks A and B are arranged as shown in the figure. 

The pulley is frictionless. The mass of A is 10 kg. The 

coefficient of friction of A with the horizontal surface is 

0.20. The minimum mass of B to start the motion will be 

    [MP PET 1994] 

 

 (a) 2 kg 

 (b) 0.2 kg 

 (c) 5 kg 

 (d) 10 kg 

16. Work done by a frictional force is 

 (a) Negative (b) Positive 

 (c) Zero (d) All of the above 

17. A uniform chain of length L changes partly from a table 

which is kept in equilibrium by friction. The maximum 

length that can withstand without slipping is l, then 

coefficient of friction between the table and the chain is 

     [EAMCET (Engg.) 1995] 
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18. When two surfaces are coated with a lubricant, then they 

 [AFMC 1998, 99; AIIMS 2001] 

 (a) Stick to each other (b) Slide upon each other 

 (c) Roll upon each other (d) None of these 

19. A 20 kg block is initially at rest on a rough horizontal 

surface.  A horizontal force of 75 N is required to set the 

block in motion.  After it is in motion, a horizontal force of 

60 N is required to keep the block moving with constant 

speed.  The coefficient of static friction is  [AMU 1999] 

(a) 0.38  (b) 0.44 

(c) 0.52 (d) 0.60 

20. A block A with mass 100 kg is resting on another block B 

of mass 200 kg.  As shown in figure a horizontal rope tied 

to a wall holds it.  The coefficient of friction between A 

and B is 0.2 while coefficient of friction between B and the 

ground is 0.3. The minimum required force F to start 

moving B will be  

A 

B 

B 

A 
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 [RPET 1999] 

(a) 900 N   

(b) 100 N 

(c) 1100 N  

(d) 1200 N 

21. To avoid slipping while walking on ice, one should take 

smaller steps because of the  [BHU 1999; BCECE 2004] 

(a) Friction of ice is large 

(b) Larger normal reaction 

(c) Friction of ice is small  

(d) Smaller normal reaction 

22. A box is lying on an inclined plane what is the coefficient 

of static friction if the box starts sliding when an angle of 

inclination is 60o [KCET 2000] 

(a) 1.173  (b) 1.732 

(c) 2.732 (d) 1.677 

23. A block of mass 2 kg is kept on the floor.  The coefficient 

of static friction is 0.4.  If a force F of 2.5 Newtons is 

applied on the block as shown in the figure, the frictional 

force between the block and the floor will be   [MP PET 2000] 

(a) 2.5 N  

(b) 5 N 

(c) 7.84 N 

(d) 10 N 

24. Which one of the following is not used to reduce friction 

  [Kerala (Engg.) 2001] 

(a) Oil  (b) Ball bearings 

(c) Sand (d) Graphite 

25. If a ladder  weighing 250N is placed against a smooth 

vertical wall having coefficient of friction between it and 

floor is 0.3, then what is the maximum force of friction 

available at the point of contact between the ladder and 

the floor   [AIIMS 2002] 

(a) 75 N (b) 50 N 

(c) 35 N (d) 25 N 

26. A body of mass 2 kg is kept by pressing to a vertical wall 

by a force of 100 N.  The coefficient of friction between 

wall and body is 0.3. Then the frictional force is equal to 

    [Orissa JEE 2003] 

(a) 6 N  (b) 20 N 

(c) 600 N (d) 700 N 

27. A horizontal force of 10 N is necessary to just hold a 

block stationary against a wall. The coefficient of friction 

between the block and the wall is 0.2.  the weight of the 

block is  

  [AIEEE 2003] 

(a) 2 N   

(b) 20 N 

(c) 50 N  

(d) 100 N 

28. The coefficient of static friction, ,s  between block A of 

mass 2 kg and the table as shown in the figure is 0.2. 

What would be the maximum mass value of block B so 

that the two blocks do not move? The string and the 

pulley are assumed to be smooth and massless. 

)/10( 2smg   

[CBSE PMT 2004] 

  

 (a) 2.0 kg  

 (b) 4.0 kg 

(c) 0.2 kg  

(d) 0.4 kg 

29. If mass of kgA 10 , coefficient of static friction     = 0.2, 

coefficient of kinetic friction = 0.2. Then mass of B to start 

motion is   [Orissa PMT 2004] 

 

(a) 2 kg  
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(b) 2.2 kg 

(c) 4.8 kg 

 (d) 200 gm 

30. A uniform metal chain is placed on a rough table such 

that one end of chain hangs down over the edge of the 

table. When one-third of its length hangs over the edge, 

the chain starts sliding. Then, the coefficient of static 

friction is   

 [Kerala PET 2005] 

 (a) 
4

3
 (b) 

4

1
 

 (c) 
3

2
 (d) 

2
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31. A lift is moving downwards with an acceleration equal to 

acceleration due to gravity. A body of mass m kept on the 

floor of the lift is pulled horizontally. If the coefficient of 

friction is , then the frictional resistance offered by the 

body is    [DPMT 2004] 

(a) mg (b) mg  

(c) mg2  (d) Zero 

32. If a ladder weighing 250 N is placed against a smooth 

vertical wall having coefficient of friction between it and 

floor is 0.3, then what is the maximum force of friction 

available at the point of contact between the ladder and 

the floor   [BHU 2004] 

 (a) 75 N (b) 50 N 

 (c) 35 N (d) 25 N 

 

Kinetic Friction 
 

1. Which one of the following statements is correct 

 (a) Rolling friction is greater than sliding friction 

 (b) Rolling friction is less than sliding friction 

 (c) Rolling friction is equal to sliding friction 

 (d) Rolling friction and sliding friction are same 

2. The maximum speed that can be achieved without 

skidding by a car on a circular unbanked road of radius R 

and coefficient of static friction  , is  [NCERT 1990] 

(a) Rg  (b) Rg  

 (c) Rg  (d) Rg  

3. A car is moving along a straight horizontal road with a 

speed 0v . If the coefficient of friction between the tyres 

and the road is  , the shortest distance in which the car 

can be stopped is [MP PET 1985; BHU 2002] 

 (a) 
g

v

2
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0  (b) 

g

v
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 (c) 
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4. A block of mass 5 kg is on a rough horizontal surface and 

is at rest. Now a force of 24 N is imparted to it with 

negligible impulse. If the coefficient of kinetic friction is 0.4 

and 2/8.9 smg  , then the acceleration of the block is 

 (a) 2/26.0 sm  (b) 2/39.0 sm  

 (c) 2/69.0 sm  (d) 2/88.0 sm  

5. A body of mass 2 kg is being dragged with uniform 

velocity of 2 m/s on a rough horizontal plane. The 

coefficient of friction between the body and the surface is 

0.20. The amount of heat generated in 5 sec is  

 caljouleJ /2.4(   and )/8.9 2smg   

    [MH CET (Med.) 2001] 

 (a) 9.33 cal (b) 10.21 cal 

 (c) 12.67 cal (d) 13.34 cal 

6. Two carts of masses 200 kg and 300 kg on horizontal 

rails are pushed apart. Suppose the coefficient of friction 

between the carts and the rails are same. If the 200 kg 

cart travels a distance of 36 m and stops, then the 

distance travelled by the cart weighing 300 kg is 

   [CPMT 1989; DPMT 2002] 

  

 

 

  (a) 32 m (b) 24 m 

 (c) 16 m (d) 12 m 

7. A body B lies on a smooth horizontal table and another 

body A is placed on B. The coefficient of friction between 

A B 
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A and B is  . What acceleration given to B will cause 

slipping to occur between A and B 

 (a) g  (b) /g  

 (c) g/  (d) g  

8. A 60 kg body is pushed with just enough force to start it 

moving across a floor and the same force continues to act 

afterwards. The coefficient of static friction and sliding 

friction are 0.5 and 0.4 respectively. The acceleration of 

the body is 

 (a) 2/6 sm  (b) 2/9.4 sm  

 (c) 2/92.3 sm  (d) 2/1 sm  

9. A car turns a corner on a slippery road at a constant 

speed of sm /10 . If the coefficient of friction is 0.5, the 

minimum radius of the arc in meter in which the car turns 

is 

 (a) 20 (b) 10 

 (c) 5 (d) 4 

10. A motorcyclist of mass m is to negotiate a curve of radius 

r with a speed v. The minimum value of the coefficient of 

friction so that this negotiation may take place safely, is   

  [Haryana CEE 1996] 

 (a) rgv2  (b) 
gr

v 2

 

 (c) 
2v

gr
 (d) 

rv

g
2

 

11. On a rough horizontal surface, a body of mass 2 kg is 

given a velocity of 10 m/s. If the coefficient of friction is 

0.2 and  2/10 smg  , the body will stop after covering a 

distance of 

   [MP PMT 1999] 

 (a) 10 m (b) 25 m 

 (c) 50 m (d) 250 m 

12. A block of mass 50 kg can slide on a rough horizontal 

surface. The coefficient of friction between the block and 

the surface is 0.6. The least force of pull acting at an 

angle of 30° to the upward drawn vertical which causes 

the block to just slide is   [ISM Dhanbad 1994] 

 (a) 29.43 N (b) 219.6 N 

 (c) 21.96 N (d) 294.3 N 

13. A body of 10 kg is acted by a force of 129.4 N if 

2sec/8.9 mg  . The acceleration of the block is  

2/10 sm . What is the coefficient of kinetic friction[EAMCET 1994] 

 (a) 0.03 (b) 0.01 

 (c) 0.30 (d) 0.25 

14. Assuming the coefficient of friction between the road and 

tyres of a car to be 0.5, the maximum speed with which 

the car can move round a curve of 40.0 m radius without 

slipping, if the road is unbanked, should be [AMU 1995] 

 (a) 25 m/s (b) 19 m/s 

 (c) 14 m/s (d) 11 m/s 

15. Consider a car moving along a straight horizontal road 

with a speed of 72 km/h. If the coefficient of kinetic friction 

between the tyres and the road is 0.5, the shortest 

distance in which the car can be stopped is ]10[ 2 msg  

     [CBSE  PMT 1992] 

 (a) 30 m (b) 40 m 

 (c) 72 m (d) 20 m 

16. A 500 kg horse pulls a cart of mass 1500 kg along a level 

road with an acceleration of 21 ms . If the coefficient of 

sliding friction is 0.2, then the force exerted by the horse 

in forward direction is   [SCRA 1998] 

 (a) 3000 N (b) 4000 N 

 (c) 5000 N (d) 6000 N 

17. The maximum speed of a car on a road turn of radius 

30m; if the coefficient of friction between the tyres and the 

road is 0.4; will be   [MH CET (Med.) 1999] 

(a) 9.84 m/s  (b) 10.84 m/s 

(c) 7.84 m/s (d) 5.84 m/s 



 

  242 Friction 

18. A block of mass 50 kg slides over a horizontal distance of 

1 m.  If the coefficient of friction between their surfaces is 

0.2, then work done against friction is 

[BHU 2001; CBSE PMT 1999, 2000; AIIMS 2000] 

(a) 98 J  (b) 72J 

(c) 56 J (d) 34 J 

19. On the horizontal surface of a truck ( = 0.6), a block of 

mass 1 kg is placed.  If the truck is accelerating at the 

rate of 5m/sec2 then frictional force on the block will be 

[CBSE PMT 2001] 

(a) 5 N  (b) 6 N 

(c) 5.88 N (d) 8 N 

20. A vehicle of mass m is moving on a rough horizontal road 

with momentum P. If the coefficient of friction between the 

tyres and the road be , then the stopping distance is 

   [CBSE PMT 2001] 

(a) 
gm

P

2
  (b) 

gm

P

2

2

 

(c) 
gm

P
22

 (d) 
gm

P
2

2

2
 

21. A body of weight 64 N is pushed with just enough force to 

start it moving across a horizontal floor and the same force 

continues to act afterwards.  If the coefficients of static and 

dynamic friction are 0.6 and 0.4 respectively, the 

acceleration of the body will be (Acceleration due to gravity 

= g)    

   [EAMCET 2001] 

(a) 
4.6

g
  (b) 0.64 g 

(c) 
32

g
 (d) 0.2 g 

22. When a body is moving on a surface, the force of friction 

is called   [MP PET 2002] 

(a) Static friction  (b) Dynamic friction 

(c) Limiting friction (d) Rolling friction 

23. A block of mass 10 kg is placed on a rough horizontal 

surface having coefficient of friction  = 0.5.  If a 

horizontal force of 100 N is acting on it, then acceleration 

of the block will be   [AIIMS 2002] 

(a)  0.5 m/s2 (b) 5 m/s2 

(c) 10 m/s2 (d) 15 m/s2 

24. It is easier to roll a barrel than pull it along the road.  This 

statement is    [BVP 2003] 

(a) False  (b) True 

(c) Uncertain (d) Not possible 

25. A marble block of mass 2 kg lying on ice when given a 

velocity of 6 m/s is stopped by friction in 10s.  Then the 

coefficient of friction is     [AIEEE 2003] 

(a) 0.01  (b) 0.02 

(c) 0.03 (d) 0.06 

26. A horizontal force of 129.4 N is applied on a 10 kg block 

which rests on a horizontal surface. If the coefficient of 

friction is 0.3, the acceleration should be 

 (a) 2/8.9 sm  (b) 2/10 sm  

 (c) 2/6.12 sm  (d) 2/6.19 sm  

27. A 60 kg weight is dragged on a horizontal surface by a 

rope upto 2 metres. If coefficient of friction is 5.0 , the 

angle of rope with the surface is 60° and 2sec/8.9 mg  , 

then work done is   [MP PET 1995] 

 (a) 294 joules (b) 315 joules 

 (c) 588 joules (d) 197 joules 

28. A car having a mass of 1000 kg is moving at a speed of 

30 metres/sec. Brakes are applied to bring the car to rest. 

If the frictional force between the tyres and the road 

surface is 5000 newtons, the car will come to rest in [MP PMT 1995] 

 (a) 5 seconds (b) 10 seconds 

 (c) 12 seconds (d) 6 seconds 

29. If ks  ,  and r  are coefficients of static friction, sliding 

friction and rolling friction, then  [EAMCET (Engg.) 1995] 

 (a) rks    (b) srk    

(c) skr    (d) skr    
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30. A body of mass 5kg rests on a rough horizontal surface of 

coefficient of friction 0.2.  The body is pulled through a 

distance of 10m by a horizontal force of 25 N.  The kinetic 

energy acquired by it is (g = 10 ms2) 

[EAMCET (Med.) 2000] 

(a) 330 J  (b) 150 J 

(c) 100 J (d) 50 J 

31. A motorcycle is travelling on a curved track of radius 500m. 

If the coefficient of friction between road and tyres is 0.5, 

the speed avoiding skidding will be  [MH CET (Med.) 2001] 

(a) 50 m/s  (b) 75 m/s 

(c) 25 m/s (d) 35 m/s 

32. A fireman of mass 60 kg slides down a pole.  He is 

pressing the pole with a force of 600 N.  The coefficient of 

friction between the hands and the pole is 0.5, with what 

acceleration will the fireman slide down (g = 10 m/s2)   

[Pb. PMT 2002] 

(a) 1 m/s2  (b) 2.5 m/s2 

(c) 10 m/s2 (d) 5 m/s2 

33. A block of mass kgM 5  is resting on a rough horizontal 

surface for which the coefficient of friction is 0.2. When a 

force NF 40  is applied, the acceleration of the block 

will be )/10( 2smg     [MP PMT 2004] 

(a) 2sec/73.5 m   

(b) 2sec/0.8 m  

(c) 2sec/17.3 m  

(d) 2sec/0.10 m  

34. A body is moving along a rough horizontal surface with an 

initial velocity ./6 sm  If the body comes to rest after 

travelling 9 m, then the coefficient of sliding friction will be 

  

   [BCECE 2004] 

(a) 0.4 (b) 0.2 

(c) 0.6 (d) 0.8 

35. Consider a car moving on a straight road with a speed of 

100 m/s. The distance at which car can be stopped is 

]5.0[ k    [AIEEE 2005] 

(a) 100 m (b) 400 m 

(c) 800 m (d) 1000 m 

36. A cylinder of 10 kg is sliding in a plane with an initial 

velocity of 10 m/s. If the coefficient of friction between the 

surface and cylinder is 0.5 then before stopping, it will 

cover. )/10( 2smg     [Pb. PMT 2004] 

(a) 2.5 m (b) 5 m 

(c) 7.5 m (d) 10 m 

 

Motion on Inclined Surface 
 

1. When a body is lying on a rough inclined plane and does 

not move, the force of friction 

 (a) is equal to R  (b) is less than R  

 (c) is greater than R  (d) is equal to R 

2. When a body is placed on a rough plane inclined at an 

angle   to the horizontal, its acceleration is 

 (a) )cos(sin  g  (b) )cos(sin  g  

 (c) )cos1sin(  g  (d) )cos(sin  g  

3. A block is at rest on an inclined plane making an angle   

with the horizontal. As the angle   of the incline is 

increased, the block starts slipping when the angle of 

inclination becomes  . The coefficient  of static friction 

between the block and the surface of the inclined plane is 

or  

 A body starts sliding down at an angle   to horizontal. 

Then coefficient of friction is equal to [CBSE PMT 1993] 

 (a) sin  (b) cos  

 (c) tan  (d) Independent of   

4. A given object takes n times as much time to slide down a 

45° rough incline as it takes to slide down a perfectly 

M 

F 

30° 
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smooth 45° incline. The coefficient of kinetic friction 

between the object and the incline is given by  [RPET 1999; AMU 2000] 

 (a) 









2

1
1

n
 (b) 

21

1

n
 

 (c) 









2

1
1

n
 (d) 

21

1

n
 

5. The force required just to move a body up an inclined 

plane is double the force required just to prevent the body 

sliding down. If the coefficient of friction is 0.25, the angle 

of inclination of the plane is 

 (a) 36.8° (b) 45°  

 (c) 30° (d) 42.6° 

6. Starting from rest, a body slides down a 45° inclined 

plane in twice the time it takes to slide down the same 

distance in the absence of friction. The coefficient of 

friction between the body and the inclined plane is  [CBSE PMT 1990] 

 (a) 0.33 (b) 0.25 

 (c) 0.75 (d) 0.80 

7. The coefficient of friction between a body and the surface 

of an inclined plane at 45° is 0.5. If 2/8.9 smg  , the 

acceleration of the body downwards in 2/ sm  is 

     [EAMCET 1994] 

 (a) 
2

9.4
 (b) 29.4  

 (c) 26.19  (d) 4.9 

8. A box is placed on an inclined plane and has to be 

pushed down. The angle of inclination is  [EAMCET 1994] 

 (a) Equal to angle of friction  

 (b) More than angle of friction 

 (c) Equal to angle of repose 

 (d) Less than angle of repose 

9. A force of 750 N is applied to a block of mass 102 kg to 

prevent it from sliding on a plane with an inclination angle 

30° with the horizontal. If the coefficients of static friction 

and kinetic friction between the block and the plane are 

0.4 and 0.3 respectively, then the frictional force acting on 

the block is   [SCRA 1994] 

 (a) 750 N (b) 500 N 

 (c) 345 N (d) 250 N 

10. A block is lying on an inclined plane which makes 60° 

with the horizontal. If coefficient of friction between block 

and plane is 0.25 and 2/10 smg  , then acceleration of 

the block when it moves along the plane will be[RPET 1997] 

 (a) 2/50.2 sm  (b) 2/00.5 sm  

 (c) 2/4.7 sm  (d) 2/66.8 sm  

11. A body of mass 100 g is sliding from an inclined plane of 

inclination 30°. What is the frictional force experienced if 

7.1    [BHU 1998] 

 (a) N
3

1
27.1   (b) N

2

1
37.1   

 (c) N37.1   (d) N
3

1
27.1   

12. A body takes just twice the time as long to slide down a 

plane inclined at 30o to the horizontal as if the plane were 

frictionless.  The coefficient of friction between the body 

and the plane is   [JIPMER 1999] 

(a) 
4

3
  (b) 3  

(c) 
3

4
 (d) 

4

3
 

13. A brick of mass 2 kg begins to slide down on a plane 

inclined at an angle of 45o with the horizontal.  The force 

of friction will be   [CPMT 2000] 

(a) 19.6 sin 45o  (b) 19.6 cos 45o 

(c) 9.8 sin 45o (d) 9.8 cos 45o 

14. The upper half of an inclined plane of inclination  is 

perfectly smooth while the lower half is rough.  A body 

starting from the rest at top comes back to rest at the 

bottom if the coefficient of friction for the lower half  is 

given by 

    [Pb. PMT 2000]  

(a)  = sin   (b)  = cot  

(c)  = 2 cos  (d)  = 2 tan  
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15. A body is sliding down an inclined plane having 

coefficient of friction 0.5.  If the normal reaction is twice 

that of the resultant downward force along the incline, the 

angle between the inclined plane and the horizontal is       

    [EAMCET (Engg.) 2000] 

(a) 15o  (b) 30 o 

(c) 45 o (d) 60 o 

16. A body of mass 10 kg is lying on a rough plane inclined at 

an angle of 30o to the horizontal and the coefficient of 

friction is 0.5.  the minimum force required to pull the 

body up the plane is   [JIPMER 2000] 

(a) 914 N  (b) 91.4 N 

(c) 9.14 N (d) 0.914 N 

17. A block of mass 1 kg slides down on a rough inclined 

plane of inclination 60o starting from its top. If the 

coefficient of kinetic friction is 0.5 and length of the plane 

is 1 m, then work done against friction is  (Take g = 9.8 

m/s2) 

[AFMC 2000; KCET 2001] 

(a) 9.82 J  (b) 4.94 J 

(c) 2.45J (d) 1.96 J 

18. A block of mass 10 kg is placed on an inclined plane.  

When the angle of inclination is 30o, the block just begins to 

slide down the plane.  The force of static friction is  

   [Kerala (Engg.) 2001] 

(a) 10 kg wt  (b) 89 kg w 

(c) 49 kg wt (d) 5 kg wt 

19. A body of 5 kg weight kept on a rough inclined plane of 

angle 30o starts sliding with a constant velocity.  Then the 

coefficient of friction is  (assume g = 10 m/s2)  [JIPMER 2002] 

(a) 3/1   (b) 3/2  

(c) 3  (d) 32  

20. 300 Joule of work is done in sliding up a 2 kg block on an 

inclined plane to a height of 10 metres. Taking value of 

acceleration due to gravity ‘g’ to be 10 m/s2, work done 

against friction is   [MP PMT 2002] 

(a) 100 J  (b) 200 J 

(c) 300 J (d) Zero 

21. A 2 kg mass starts from rest on an inclined smooth 

surface with inclination 30o and length 2 m.  How much 

will it travel before coming to rest on a frictional surface 

with frictional coefficient of 0.25   [UPSEAT 2003] 

(a) 4 m  (b) 6 m 

(c) 8 m (d) 2 m 

22. A block rests on a rough inclined plane making an angle 

of o30  with the horizontal. The coefficient of static friction 

between the block and the plane is 0.8. If the frictional 

force on the block is 10 N, the mass of the block (in kg) is 

(take )/10 2smg     [AIEEE 2004] 

(a) 2.0 (b) 4.0 

(c) 1.6 (d) 2.5 

23. A body takes time t to reach the bottom of an inclined 

plane of angle  with the horizontal. If the plane is made 

rough, time taken now is 2t. The coefficient of friction of 

the rough surface is  

(a) tan
4

3
 (b) tan

3

2
 

(c) tan
4

1
 (d) tan

2

1
 

24. A block is kept on an inclined plane of inclination  of 

length l. The velocity of particle at the bottom of inclined 

is (the coefficient of friction is )  

(a) )sincos(2  gl  (b) )cos(sin2  gl  

(c) )cos(sin2  gl  (d) )sin(cos2  gl  

 

 

 

 

 

1. A block of mass m lying on a rough horizontal plane is 

acted upon by a horizontal force P and another force Q 

inclined at an angle   to the vertical. The block will 

remain in equilibrium, if the coefficient of friction between 

it and the surface is   [Haryana CEE 1996] 
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 (a) 
)cos(

)sin(





Qmg

QP




  

 (b) 
)sin(

)cos(





Qmg

QP




 

 (c) 
)sin(

)cos(





Qmg

QP




  

 (d) 
)cos(

)sin(





Qmg

QP




 

2. Which of the following is correct, when a person walks on 

a rough surface   [IIT 1981] 

 (a) The frictional force exerted by the surface keeps him 

moving  

 (b) The force which the man exerts on the floor keeps 

him moving 

 (c) The reaction of the force which the man exerts on 

floor keeps him moving 

 (d) None of the above 

3. A block of mass 0.1 kg is held against a wall by applying 

a horizontal force of 5 N on the block. If the coefficient of 

friction between the block and the wall is 0.5, the 

magnitude of the frictional force acting on the block is[IIT 1994] 

 (a) 2.5 N (b) 0.98 N 

 (c) 4.9 N (d) 0.49 N 

4. A body of mass M is kept on a rough horizontal surface 

(friction coefficient  ). A person is trying to pull the body 

by applying a horizontal force but the body is not moving. 

The force by the surface on the body is F, where 

     [MP PET 1997] 

 (a) MgF   (b) MgfF   

 (c) 21  MgFMg  (d) 21  MgFMg  

5. What is the maximum value of the force F such that the 

block shown in the arrangement, does not move 

   [IIT-JEE Screening 2003] 

 

 

 

 

 (a) 20 N  (b) 10 N 

 (c) 12 N (d) 15 N 

6. A block P of mass m is placed on a frictionless horizontal 

surface. Another block Q of same mass is kept on P and 

connected to the wall with the help of a spring of spring 

constant k as shown in the figure. s  is the coefficient of 

friction between P and Q. The blocks move together 

performing SHM of amplitude A. The maximum value of 

the friction force between P and Q is  

[IIT-JEE (Screening) 2004] 

 

 

 (a) kA  

 (b) 
2

kA
 

(c) Zero 

(d) mgs  

7. A body of mass m rests on horizontal surface. The 

coefficient of friction between the body and the surface is 

.  If the mass is pulled by a force P as shown in the 

figure, the limiting friction between body and surface will 

be 

[BHU 2004] 

 (a) mg   

 (b) 

















2

P
mg  

(c) 

















2

P
mg   

(d) 





























2

3 P
mg  

8. A 40 kg slab rests on a frictionless floor as shown in the 

figure. A 10 kg block rests on the top of the slab. The 

static coefficient of friction between the block and slab is 

0.60 while the kinetic friction is 0.40. The 10 kg block is 

acted upon by a horizontal force 100 N. If 2/8.9 smg  , 

the resulting acceleration of the slab will be [NCERT 1982] 

M 

Q 

P 

 

m 

P 
30° 

F 

60° 

32

1
  

m=3kg 

Smooth 

surface 

 

P 

Q 
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(a) 2/98.0 sm   

(b) 2/47.1 sm  

 (c) 2/52.1 sm  

 (d) 2/1.6 sm  

9. A block of mass 2 kg rests on a rough inclined plane 

making an angle of 30° with the horizontal. The coefficient 

of static friction between the block and the plane is 0.7. 

The frictional force on the block is [IIT 1980; J & K CET 2004] 

 (a) 9.8 N  

 (b) N38.97.0   

 (c) N38.9    

 (d) N8.98.0   

10. When a bicycle is in motion, the force of friction exerted 

by the ground on the two wheels is such that it acts 

   [IIT 1990; Manipal MEE 1995; MP PET 1996] 

 (a) In the backward direction on the front wheel and in 

the forward direction on the rear wheel 

 (b) In the forward direction on the front wheel and in the 

backward direction on the rear wheel 

 (c) In the backward direction on both front and the rear 

wheels 

 (d) In the forward direction on both front and the rear 

wheels 

11. An insect crawls up a hemispherical surface very slowly 

(see the figure). The coefficient of friction between the 

insect and the surface is 1/3. If the line joining the centre 

of the hemispherical surface to the insect makes an angle 

 with the vertical, the maximum possible value of   is 

given by     [IIT-JEE 2001] 

(a) 3cot    

(b) 3tan   

(c) 3sec    

(d) 3cosec   
 

 

 

 

 

Read the assertion and reason carefully to mark the correct 

option out of the options given below: 

(a) If both assertion and reason are true and the reason is 

the correct explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the 

correct explanation of the assertion. 

(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false. 

(e) If assertion is false but reason is true. 
 

 

1. Assertion  :  On a rainy day, it is difficult to drive a car or 

bus at high speed. 

 Reason  : The value of coefficient of friction is lowered 

due to wetting of the surface. 

2. Assertion  :  When a bicycle is in motion, the force of 

friction exerted by the ground on the two 

wheels is always in forward direction. 

Reason  : The frictional force acts only when the 

bodies are in contact. 

3. Assertion  :  Pulling a lawn roller is easier than pushing 

it. 

 Reason  : Pushing increases the apparent weight and 

hence the force of friction. 

4. Assertion  :  Angle of repose is equal to angle of limiting 

friction. 

Reason  : When the body is just at the point of 

motion, the force of friction in this stage is 

called as limiting friction. 

5. Assertion  :  Two bodies of masses M and m (M > m) 

are allowed to fall from the same height if 

the air resistance for each be the same 

then both the bodies will reach the earth 

simultaneously. 

 Reason  : For same air resistance, acceleration of 

both the bodies will be same. 

6. Assertion  :  Friction is a self adjusting force. 

100 N 10 kg 

40 kg 

A 

B 
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Reason  : Friction does not depend upon mass of the 

body. 

7. Assertion  :  The value of dynamic friction is less than 

the limiting friction. 

 Reason  : Once the motion has started, the inertia of 

rest has been overcome. 

8. Assertion  :  The acceleration of a body down a rough 

inclined plane is greater than the 

acceleration due to gravity. 

Reason  : The body is able to slide on a inclined plane 

only when its acceleration is greater than 

acceleration due to gravity. 

 

 

 

 

 
 

Static and Limiting Friction 
 

1 c 2 d 3 c 4 b 5 a 

6 c 7 c 8 a 9 a 10 d 

11 c 12 c 13 b 14 a 15 a 

16 d 17 c 18 b 19 a 20 c 

21 c 22 b 23 a 24 c 25 a 

26 b 27 a 28 d 29 a 30 d 

31 d 32 a       

 

Kinetic Friction 

 

1 b 2 d 3 a 4 d 5 a 

6 c 7 a 8 d 9 a 10 b 

11 b 12 d 13 c 14 c 15 b 

16 d 17 b 18 a 19 a 20 d 

21 d 22 b 23 b 24 b 25 d 

26 b 27 b 28 d 29 c 30 b 

31 a 32 d 33 a 34 b 35 d 

36 d         

 

Motion on Inclined Surface 

 

1 b 2 b 3 c 4 a 5 a 

6 c 7 a 8 d 9 d 10 c 

11 b 12 a 13 a 14 d 15 c 

16 b 17 c 18 d 19 a 20 a 

21 a 22 a 23 a 24 b   

 

Critical Thinking Questions 

 

1 a 2 c 3 b 4 c 5 a 

6 b 7 c 8 a 9 a 10 ac 

11 a         

 

Assertion & Reason 

 

1 a 2 e 3 a 4 b 5 d 

6 d 7 a 8 d     
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Static and Limiting Friction 
 
 

1. (c)   

2. (d) 1.0
10

1

8.9100

98





mg

F

R

F
      

3. (c) Here applied horizontal force F acts as normal reaction. 

For holding the block  

Force of friction = Weight of block 

Wf   WR   WF   

 


W
F    

As 1  WF   

4. (b)    

5. (a)    

6. (c)    

7. (c) NmgRF sl 4104.04.0   i.e. minimum 4N 

force is required to start the motion of a body. But applied 
force is only 3N. So the block will not move.    

8. (a) For limiting condition 
CA

B

mm

m


  

Cm


10

5
2.0  

  52.02  Cm  kgmC 15   

9. (a)    

10. (d) Ball and bearing produce rolling motion for which force of 

friction is low. Lubrication and polishing reduce roughness of 
surface.   

11. (c) For given condition we  can apply direct formula 

  ll 













1
1




  

12. (c) Sliding friction is greater than rolling friction.   

13. (b) N
W

F 49
2.0

8.91






 

14. (a) %20
5125.0

25.0

1

' 
























l
lll




 of l.   

15. (a) kgm
m

m

m
B

B

A

B 2
10

2.0     

16. (d) Work done by friction can be positive, negative and zero 
depending upon the situation.   

17. (c) 
 table theonlying  chainof  Lenght

 table thefromhanging  chainof  Lenght


lL

l


    

18. (b) Surfaces always slide over each other.   

19. (a) Coefficient of friction 
8.920

7575




mgR

Fl
s 38.0  

20. (c)  

 

 

 

 

 

 BGAB ffF   

 gmmgm BABGaAB )(    

 101002.0   

             10)300(3.0   

 N1100900200   

21. (c)    

22. (b) tan (Angle of repose) 732.160tan     

23. (a) Applied force N5.2  

Limiting friction Nmg 84.78.924.0    

For the given condition applied force is very smaller than 

limiting friction.  

 Static friction on a body = Applied force = 2.5 N   

24. (c) Sand is used to increase the friction.   

25. (a) NRF 752503.0      

26. (b) For the given condition, Static friction  

  = Applied force = Weight of body N20102     

27. (a) 


W
F     NFW 2102.0    

28. (d) 
A

B
s

m

m
   

2
2.0 Bm
   kgmB 4.0     

29. (a) kgm
m

m

m
B

B

A

B
s 2

10
2.0   

30. (d) 
 table theonlying  chain of the Length

  table thefromhanging  chain of the  Lenght
s  

 
2

1

3/2

3/

3/

3/





l

l

ll

l
 

31. (d) 

32. (a) 
 

Kinetic Friction 

 

1. (b)      
2. (d) In the given condition the required centripetal force is provided 

by frictional force between the road and tyre. 

 mg
R

mv


2

    Rgv     

3. (a) Retarding force mgRmaF      ga   

 Now from equation of motion  asuv 222   

 asu 20 2    
g

u

a

u
s

22

22

    
g

v

2

2
0    

f 

W 

R 
F 

B 

A 

F fBG 

fAB 

Ground 
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4. (d) Net force = Applied force – Friction force 

 mgma  24 8.954.024  6.1924   

  2/88.0
5

4.4
sma     

5. (a) Work done = Force × Displacement )( tvmg    

jouleW 528.92)2.0(   

Heat generated Q
J

W


2.4

528.922.0 
 33.9 cal  

6. (c) For given condition
2

1

m
s  

22

2

1

1

2

300

200
























m

m

s

s
 

     mss 16
9

4
36

9

4
12    

7. (a) There is no friction between the body B and surface of the 
table. If the body B is pulled with force F then  

ammF BA )(   

 Due to this force upper body A will feel the pseudo force in a 
backward direction. 

 amf A   

 

 

 

 But due to friction between A  and B, body will not move. The 
body A will start moving when pseudo force is more than 

friction force. 

  i.e. for slipping, gmam AA    ga    

8. (d) Limiting friction NmgR ss 30010605.0    

Kinetic friction NmgR kk 24010604.0    

 Force applied on the body = 300 N and if the body is moving 
then, Net accelerating force 

                                =Applied force – Kinetic friction  

   60240300 ma   2/1
60

60
sma       

9. (a) 20
105.0

1002





g

v
rrgv


      

10. (b)   

11. (b) m
g

u
S 25

102.02

)10(

2

22







   

12. (d)   

 

 

 

 

For limiting condition Rf    

 )30cos(30sin  FmgF  , By solving NF 3.294  

13. (c) Net force on the body = Applied force – Friction 

 mgFma k  3.0
8.910

10104.129










mg

maF
k  

14. (c) smgrv /14196408.95.0      

15. (b) m
g

u
s 40

105.02

)20(

2

22







  

16. (d) Net force in forward direction = Accelerating force + Friction  

   )102.01)(5001500()(  gammgma   

   N600032000   

17. (b) smrgv /84.108.9304.0      

18. (a) JmgSW 9818.9502.0      

19. (a) NmgFl 88.58.916.0    

Pseudo force on the block = Nma 551   

Pseudo is less then limiting friction hence static force of 

friction = 5 N.   

20. (d) 
gm

P

gm

um

g

u
S

2

2

2

222

222 
    

21. (d) Weight of the body = 64N  

 so mass of the body kgm 4.6 , 6.0s , 4.0k  

Net acceleration 
 bodyof the Mass

frictionKinetic - force Applied
  

ggg
m

mgmg
ks

ks 2.0)4.06.0()( 


 


 

22. (b)   

23. (b) 
mass

frictionKinetic  –force Applied
a  

 2/5
10

10105.0100
sm


    

24. (b)   

25. (d) 0 gtuatuv    06.0
1010

6





gt

u
  

26. (b) From the relation mamgF    

 2/10
10

8.9103.04.129
sm

m

mgF
a 








 

27. (b) Let body is dragged with force P, making an angle 60° with the 
horizontal.  

 

 

 
 

 

 kF  Kinetic friction in the motion = Rk  

 From the figure  60cosPFk  and  60sinPmgR  

  )60sin(60cos  PmgP k  

  















2

3
10605.0

2

PP
  NP 1.315  

  NPFk
2

1.315
60cos   

 Work done JoulesFk 3152
2

1.315
    

B 

A 
f 

R 
F 

F 

F sin 30° 

F cos 30° 

f 

mg 

 

R 

P 

P cos 60° 

P sin 60° 

Fk 

mg 

60° 

R 
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28. (d) 
a

u
tatuv    [As 0v ] 

 
F

mu
t


 sec6

5000

100030



  

29. (c)  

30. (b) Kinetic energy acquired by body 

= (Total work done on the body) – (work against friction)   

101052.01025  mgSSF   

Joule150100250   

31. (a) smrgv /50105005.0    

32. (d) Net downward acceleration 
Mass

force Friction-Weight
  

 
m

Rmg )( 
   

 
60

6005.01060 
  

 2/5
60

300
sm  

33. (a)  

 

 

 

 

 

 Kinetic friction = Rk )30sin(2.0  Fmg  











2

1
401052.0 N6)2050(2.0   

Acceleration of the block 
Mass

frictionKinetic 30cos 


F
 

2/73.5
5

6
2

3
40

sm



   

34. (b) We know 
g

u
s

2

2

    2.0
9102

)6(

2

22





gs

u
  

35. (d)  m
g

u
s 1000

105.02

)100(

2

22







 

36. (d) Kinetic energy of the cylinder will go against friction  

  2

2

1
mv = mgs  m

g

u
s 10

10)5.0(2

)10(

2

22







 

 

 

Motion on Inclined Surface  
 

1. (b) When the body is at rest then static friction works on it, which 

is less than limiting friction )( R .   

2. (b)     

3. (c) Coefficient of friction = Tangent  of angle of repose  

   tan      

4. (a) 









2

1
1tan

n
   

2

1
1

n
       [As  45 ] 

5. (a) Retardation in upward motion )cos(sin   g  

Force required just to move up )cos(sin   mgFup  

Similarly for down ward motion a )cos(sin   g  

 Force required just to prevent the body sliding down  

                                               

)cos(sin   mgFdn  

According to problem dnup FF 2  

 )cos(sin2)cos(sin   mgmg  

  cos2sin2cossin   

  sincos3    3tan   

 )75.0(tan)25.03(tan)3(tan 111     8.36     

6. (c) 









2

1
1tan

n
  

  45  and 2n  (Given) 

  75.0
4

3

4

1
1

2

1
145tan

2









      

7. (a) )45cos5.05(sin8.9)cos(sin ooga    

    2sec/
2

9.4
m    

8. (d) Because if the angle of inclination is equal to or more than 

angle of repose then box will automatically slides down the 
plane.    

9. (d)  

 

 

 

 

 

 

 Net force along the plane  

 = sinmgP  = 500750   = N250  

 Limiting friction =  cosmgRF ssl   

 = 0.4 × 102 × 9.8 × cos 30 = 346 N  

 As net external force is less than limiting friction therefore 

friction on the body will be 250 N. 

10. (c) )cos(sin   ga )60cos25.060(sin10   

 2/4.7 sma     

11. (b)  cosmgRF kkk   

  30cos101.07.1kF N
2

3
7.1    

12. (a) 
4

3

2

1
130tan

1
1tan

22




















n
     

13. (a) For angle of repose,   

 Friction =Component of weight along the plane  

W 

R 

F 

600N 

F 

F cos 30° 

F sin 30° 

Fk 

mg 

30° 

R 

R 

mg cos  
 

 

F 

P 

mg 
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 = sinmg
o45sin8.92  o45sin6.19  

14. (d) For upper half  

  sin2/)sin(22/222 gllgaluv   

 For lower half  

 
2

)cos(sin20 2 l
gu    

 

 

 
 

  )cos(sinsin   glgl  

   tan2sin2cos     

15. (c) Resultant downward force along the incline  

 )cos(sin   mg    

 Normal reaction cosmg  

 Given : )cos(sin2cos   mgmg  

 By solving o45 . 

16. (b) )cos(sin   mgF  

    N4.91)30cos5.030(sin8.910  .        

17. (c) JSmgW 45.21
2

1
8.915.0cos    

18. (d) wtkgNmgF -55030sin  .   

19. (a) 
3

1
30tan  . 

20. (a) Work done against gravity mgh   J20010102   

 Work done against friction = (Total work done – work done 

against gravity) J100200300   

21. (a)  

 

 

 
 

 

 30sin20222 gasuv  2   20v  

 Let it travel distance ‘S’ before coming to rest  

 m
g

v
S 4

1025.02

20

2

2







 

22. (a) Angle of repose   6.38)8.0(tan)(tan 11   

 Angle of inclined plane is given  30 .  

It means block is at rest therefore, 

Static friction = component of weight in downward direction 

Nmg 10sin     kgm 2
30sin9

10



     

23. (a) 









2

1
1tan

n
  tan

4

3

2

1
1tan

2









  

24. (b) Acceleration (a) )cos(sin   g  and s = l 

                         asv 2 )cos(sin2   gl  

 

Critical Thinking Questions 

 

1. (a) By drawing the free body diagram of the block for critical 

condition 

 RF   sinQP   

    )cos(  Qmg             

  





cos

sin

Qmg

QP




  

2. (c)   

3. (b) Limiting friction 

NRF sl 5.2)5(5.0    

Since downward force is less than 

limiting friction therefore block is at 
rest so the static force of friction will 
work on it. 

sF = downward force = Weight 

98.08.91.0  N 

4. (c) Maximum force by surface when friction works  

 1)( 22222   RRRRfF  

 Minimum force R  when there is no friction  

 Hence ranging from R to 12 R  

 We get, 12  MgFMg   

5. (a)  

 

 

 

 

 

 Rf   

 )60sin(60cos  FWF   

 Substituting 
32

1
  & 310W we get NF 20  

6. (b) When two blocks performs simple harmonic motion together then 

at the extreme position ( at amplitude =A) 

Restoring force maKAF 2   
m

KA
a

2
  

There will be no relative motion between P and Q if pseudo 
force on block P is less than or just equal to limiting friction 
between P and Q. 

i.e. 








m

KA
m

2
Limiting friction 

 Maximum friction 
2

KA
   

7.  (c) Normal reaction oPmgR 30sin
2

P
mg   

  

l/2 

l/2 

 

S 

2m 

30° 
Rough 

R  

mg + Q cos 

F 
P+Q sin 

R 5N 

R 

mg 

310W  

F 

F cos 60 

F sin 60 

R 

60° 

f 

F 
P cos 30° 

R + P sin 30° 

mg 

P 

30°
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  Limiting friction between body and surface is given by, 











2

P
mgRF  . 

8. (a) Limiting friction between block and slab gm As  

                                      N8.588.9106.0   

 But applied force on block A is 100 N. So the block will slip 
over a slab. 

 Now kinetic friction works between block and slab 

gmF Akk   N2.398.9104.0   

 This kinetic friction helps to move the slab  

   Acceleration of slab 2/98.0
40

2.392.39
sm

mB

    

9. (a) Limiting friction  cosmgFl   

 NFl 1230cos1027.0  (approximately) 

 But when the block is lying on the inclined plane then 

component of weight down the plane sinmg  

                                N8.930sin8.92   

 It means the body is stationary, so static friction will work on it  

  Static friction = Applied force = 9.8 N  

10. (a,c) In cycling, the rear wheel moves by the force communicated to 
it by pedalling while front wheel moves by it self. So, while 
pedalling a bicycle, the force exerted by rear wheel on ground 
makes force of friction act on it in the forward direction (like 
walking). Front wheel moving by itself experience force of 
friction in backward direction (like rolling of a ball). [However, 
if pedalling is stopped both wheels move by themselves and so 
experience force of friction in backward direction]. 

11. (a)  
 

Assertion & Reason 

 

1. (a) On a rainy day, the roads are wet. Wetting of roads lowers the 

coefficient of friction between the tyres and the road. 
Therefore, grip of car on the road reduces and thus chances of 
skidding increases. 

2. (e) When a bicycle is in motion, two cases may arise : 

(i) When the bicycle is being pedalled. In this case, the applied 

force has been communicated to rear wheel. Due to which the 
rear wheel pushes the earth backwards. Now the force of 
friction acts in the forward direction on the rear wheel but 
front wheel move forward due to inertia, so force of friction 
works on it in backward direction 

(ii) When the bicycle is not being pedalled : 

In this case both the wheels move in forward direction, due to 
inertia. Hence force of friction on both the wheels acts in 

backward direction. 

3. (a) Suppose the roller is pushed as in figure (b). The force F is 
resolved into two components, horizontal component F

H

 which 
helps the roller to move forward, and the vertical component 

acting downwards adds to the weight. Thus weight is increased. 
But in the case of pull [fig (a)] the vertical component is 

opposite to its weight. Thus weight is reduced. So pulling is 
easier than pushing the lawn roller. 

 
 

 

 

 

 
 

 

 

 

 

4. (b)    

5. (d) The force acting on the body of mass M are its weight Mg 

acting vertically downwards and air resistance F acting 
vertically upward. 

 Acceleration of the body, 
M

F
g

M

FMg
a 


  

Now, M > m, therefore, the body with larger mass will have 

greater acceleration and it will reach the ground first. 

6. (d) Only static friction is a self adjusting force. This is because 

force of static friction is equal and opposite to applied force (so 

long as actual motion does not start). Frictional force = mg 

i.e. friction depends on mass. 

7. (a)  

8. (d) Acceleration down a rough inclined plane 

 )cos(sin   ga  and this is less than g. 

FH 

FV 

F  

W  
W  

F  

FH 

FV 

(a) (b) 



 

 Friction 251 

 

 

 

 

 

 

1. A force of 19.6 N when applied parallel to the surface just moves a 
body of mass 10 kg kept on a horizontal surface. If a 5 kg mass is 

kept on the first mass, the force applied parallel to the surface to 
just move the combined body is 

 (a) 29.4 N (b) 39.2 N 

 (c) 18.6 N (d) 42.6 N 

2. If the normal force is doubled, the coefficient of friction is 

 (a) Not changed (b) Halved 

(c) Doubled (d) Tripled 

3. A body of weight 50 N placed on a horizontal surface is just moved 
by a force of 28.2 N. The frictional force and the normal reaction are 

  (a) 10 N, 15 N  

 (b) 20 N, 30 N 

 (c) 2 N, 3 N  

 (d) 5 N, 6 N 

4. Block A weighing 100 kg rests on a block B and is tied with a 
horizontal string to the wall at C. Block B weighs 200 kg. The 
coefficient of friction between A and B is 0.25 and between B and 
the surface is 1/3. The horizontal force P necessary to move the 

block B should be )/10( 2smg   

 (a) 1150 N  

 (b) 1250 N 

 (c) 1300 N  

 (d) 1420 N 

5. A rough vertical board has an acceleration ‘a’ so that a 2 kg block 
pressing against it does not fall. The coefficient of friction between 
the block and the board should be 

 

 (a) ag/   

 (b) ag/  

 (c) ag/   

 (d) ga/  

6. A stone weighing 1 kg and sliding on ice with a velocity of 2 m/s is 
stopped by friction in 10 sec. The force of friction (assuming it to be 
constant) will be 

 (a) N20  (b) N2.0  

 (c) 0.2 N (d) 20 N 

7. A body of mass 10 kg slides along a rough horizontal surface.  The 

coefficient of friction is 3/1 . Taking 2/10 smg  , the least force 

which acts at an angle of 30° to the horizontal is 

 (a) 25 N (b) 100 N 

 (c) 50 N (d) N
3

50
 

8. A lift is moving downwards with an acceleration equal to 
acceleration due to gravity. A body of mass M kept on the floor of 
the lift is pulled horizontally. If the coefficient of friction is  , then 

the frictional resistance offered by the body is 

 (a) Mg (b) Mg  

 (c) Mg2  (d) Zero 

9. In the above question, if the lift is moving upwards with a uniform 
velocity, then the frictional resistance offered by the body is 

 (a) Mg (b) Mg  

 (c) Mg2  (d) Zero 

10. A body of mass 2 kg is moving on the ground comes to rest after 
some time. The coefficient of kinetic friction between the body and the 
ground is 0.2. The retardation in the body is 

 (a) 2/8.9 sm  (b) 2/73.4 sm  

 (c) 2/16.2 sm  (d) 2/96.1 sm  

11. A cyclist moves in a circular track of radius 100 m. If the coefficient 
of friction is 0.2, then the maximum velocity with which the cyclist 
can take the turn with leaning inwards is 

 (a) 9.8 m/s (b) 1.4 m /s 
 (c) 140 m/s (d) 14 m/s 
12. A block of mass 5 kg lies on a rough horizontal table. A force of 19.6 

N is enough to keep the body sliding at uniform velocity. The 
coefficient of sliding friction is 

 (a) 0.5 (b) 0.2 
 (c) 0.4 (d) 0.8 

13. A motor car has a width 1.1 m between wheels. Its centre of gravity 
is 0.62 m above the ground and the coefficient of friction between 
the wheels and the road is 0.8. What is the maximum possible 
speed, if the centre of gravity inscribes a circle of radius 15 m ? 
(Road surface is horizontal) 

 (a) 7.64 m/s (b) 6.28 m/s 
 (c) 10.84 m/s (d) 11.23 m/s 
14. A child weighing 25 kg slides down a rope hanging from the branch 

of a tall tree. If the force of friction acting against him is 2 N, what 

is the acceleration of the child (Take )/8.9 2smg   

 (a) 2/5.22 sm  (b) 2/8 sm  

 (c) 2/5 sm  (d) 2/72.9 sm  

 

 

 
 

 

 

(SET -5) 

28.2 N 

45° 

50 N 

B 

A 

P 

C 

a 

2 kg 
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1. (a) RFl      mFl   i.e. limiting friction depends upon the 

mass of body. So, 
10

510'

)(

)( 




m

m

F

F

l

l  

  NFF ll 4.296.19
2

3

2

3
)(   

2. (a) Coefficient of friction is constant for two given surface in 
contact. It does not depend upon the weight or normal 
reaction.   

3. (b)  

 

 

 

 

 Frictional force =  45cos2.28f  N20
2

1
2.28   

 Normal reaction  45sin2.2850R N30  

4.  (b) Friction between block A and block B & between block B and 

surface will oppose the P 

  BSAB FFP   gmmgm BABSAAB )(    

 10)200100(
3

1
1010025.0  =1250 N 

5. (a) For the limiting condition upward friction force between board 

and block will balance the weight of the block. 

i.e. mgF   

 mgR )(  

 mgma )(  

 
a

g
  

 

 

 

 

 

 

 

 

 

 

 

6. (b) sec10,0,/2  tvsmu  

  2/2.0
5

1

10

2

10

20
sm

t

uv
a 





  

  Friction force Nma 2.0)2.0(1     

7. (c) Let P force is acting at an angle 30° with the horizontal.  

 For the condition of motion RF   

 )30sin(30cos  PmgP   

  









2

1
100

3

1

2

3
PP  










2
100

2

3 PP
 

  1002 P  NP 50  

8.  (d) )( agmR   for downward motion of lift  

 If ga   then 0R  0 RF     

9. (b) When the lift is moving upward with constant velocity then, 

mgR    mgRF    

10. (d) We know that a 2/96.18.92.0 smg      

11. (d) grv  sm /14210101002.0   

12. (c) 
R

F
k 4.0

5

2

8.95

6.19



  

13. (c) smrgv /84.10158.98.0     

14. (d) Net downward force = Weight – Friction 

  28.925 ma   2/72.9
25

28.925
sma 
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28.2 cos 45° 

50 N 

28.2 sin 45° 
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Introduction  

The terms 'work', 'energy' and 'power' are frequently used in 

everyday language. A farmer clearing weeds in his field is said to be working 
hard. A woman carrying water from a well to her house is said to be 
working. In a drought affected region she may be required to carry it over 
large distances. If she can do so, she is said to have a large stamina or 
energy. Energy is thus the capacity to do work. The term power is usually 
associated with speed. In karate, a powerful punch is one delivered at great 

speed. In physics we shall define these terms very precisely. We shall find 
that there is a loose correlation between the physical definitions and the 
physiological pictures these terms generate in our minds.  

Work is said to be done when a force applied on the body displaces 
the body through a certain distance in the direction of force. 

Work Done by a Constant Force 

Let a constant force F  be applied on the body such that it makes 

an angle  with the horizontal and body is displaced through a distance s  

By resolving force F  into two components :  

(i) F cos  in the direction of displacement of the body.  

(ii) F sin  in the perpendicular direction of displacement of the body.  

 
 

 

 

 

 
Since body is being displaced in the direction of cosF , therefore 

work done by the force in displacing the body through a distance s is given 
by  

 cos)cos( FssFW   

or  sFW .   

Thus work done by a force is equal to the scalar (or dot product) of 
the force and the displacement of the body. 

If a number of forces nFFFF ......,, 321  are acting on a body and 

it shifts from position vector 
1r  to position vector 

2r  then 

).()....( 12321 rrFFFFW n   

Nature of Work Done 

Positive work 

Positive work means that force (or its component) is parallel to 
displacement  

 

 

       oo 900    

 
 

The positive work signifies that the external force favours the 
motion of the body. 

Example: (i) When a person lifts a body from the ground, the work 

done by the (upward) lifting force is positive 

 

 

 

 

 

 

(ii) When a lawn roller is pulled by applying a force along the 
handle at an acute angle, work done by the applied force is positive. 

 

 

 

(iii) When a spring is stretched, work done by the external 
(stretching) force is positive. 

 

   

Work, Energy, Power and Collision  

Chapter  

6 

F sin 

 

F cos 

s  

 

F 

Fig. 6.1 
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F  

s  

Fig. 6.2 
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s  
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F  
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Maximum work : sFW max   

When  1maximumcos    i.e. o0  

It means force does maximum work when angle between force and 
displacement is zero. 

Negative work 

Negative work means that force (or its component) is opposite to 
displacement i.e.  

 

 

      oo 18090    

 

 

The negative work signifies that the external force opposes the 
motion of the body. 

Example: (i) When a person lifts a body from the ground, the work 
done by the (downward) force of gravity is negative. 

 

 

 

 

 

 

(ii) When a body is made to slide over a rough surface, the work 

done by the frictional force is negative. 

Minimum work : sFW min   

 
 

 

When 1minimumcos   i.e o180  

It means force does minimum [maximum negative] work when 
angle between force and displacement is 180 o. 

(iii) When a positive charge is moved towards another positive 
charge. The work done by electrostatic force between them is negative. 

 

Zero work 

Under three condition, work done becomes zero 0cos  FsW  

(1) If the force is perpendicular to the displacement ][ sF  

Example:  (i)  When a coolie travels on a horizontal platform with a load on his head, work 

done against gravity by the coolie is zero. 

        (ii)  When a body moves in a circle the work done by the centripetal force is 

always zero. 

        (iii) In case of motion of a charged particle in a magnetic field as force 

)]([ BvqF   is always perpendicular to motion, work done by this force is 

always zero. 

(2) If there is no displacement [s = 0] 

Example: (i)   When a person tries to displace a wall or heavy stone by applying a force and it 

does not move, then work done is zero. 

         (ii) A weight lifter does work in lifting the weight off the ground but does not work 

in holding it up. 

(3) If there is no force acting on the body [F = 0] 

Example: Motion of an isolated body in free space. 

  

Work Done by a Variable Force 

When the magnitude and direction of a force varies with position, 
the work done by such a force for an infinitesimal displacement is given by  

sdFdW .  

 

 

 

 

 

 

The total work done in going from A to B as shown in the figure is 

 
B

A

B

A
dsFsdFW )cos(.   

In terms of rectangular component kFjFiFF zyx
ˆˆˆ   

kdzjdyidxsd ˆˆˆ   

)ˆˆˆ.()ˆˆˆ( kdzjdyidxkFjFiFW
B

A zyx    

or    B

A

B

A

B

A

z

z z

x

x

y

y yx dzFdyFdxFW  

gF  

s  

0s  

F  

A 

B 

ds 

F 
 

Fig. 6.9 
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Fig. 6.6 

s  
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Dimension and Units of Work 

Dimension :  As work =  Force  displacement 

              [W] ][][][ 222   TMLLMLT  

Units :  The units of work are of two types 
 

Absolute units Gravitational units 

Joule [S.I.]: Work done is said to be 

one Joule, when 1 Newton force 
displaces the body through 1 metre in 
its own direction. 

From, W = F.s  

1 Joule = 1 Newton 1 m  

kg-m [S.I.]: 1 kg-m  of work is 

done when a force of 1kg-wt. 
displaces the body through 1m 
in its own direction. 

From    W = F s  

1 kg-m = 1 kg-wt  1 m 

= 9.81 N  1 metre  

= 9.81 Joule 

erg [C.G.S.] : Work done is said to 
be one erg when 1 dyne force 
displaces the body through 1 cm in 
its own direction. 

From W = F s  

       cmdyneerg 111   

Relation between Joule and erg  

1 Joule = 1 N  1 m  

= 105 dyne  102 cm  

= 107 dyne  cm = 107 erg  

gm-cm [C.G.S.] :  1 gm-cm of 
work is done when a force of 
1gm-wt displaces the body 
through 1cm in its own 
direction. 

From W = F s 

1 gm-cm = 1gm-wt  1cm. = 981 

dyne  1cm  

= 981 erg  

Work Done Calculation by Force Displacement 

Graph 

Let a body, whose initial position is ix , is acted upon by a variable 

force (whose magnitude is changing continuously) and consequently the 

body acquires its final position fx . 

 

 

 

 

 

 

 

Let F be the average value of variable force within the interval dx 
from position x to (x + dx) i.e. for small displacement dx. The work done 
will be the area of the shaded strip of width dx. The work done on the body 

in displacing it from position ix  to fx  will be equal to the sum of areas 

of all the such strips  

dxFdW   

 
f

i

f

i

x

x

x

x
dxFdWW  

 f

i

x

x
dxW )widthofstripofArea(  

fi xxW andbetweencurveunderArea   

i.e. Area under force-displacement curve with proper algebraic sign 
represents work done by the force. 

Work Done in Conservative and  

Non-conservative Field 

(1) In conservative field, work done by the force (line integral of the 

force i.e.  ldF. ) is independent of the path followed between any two 

points.  

III PathII PathI Path

BABABA WWW    

or  

III PathII PathI Path

...   ldFldFldF  

 

(2) In conservative field work done by the force (line integral of the force 

i.e.  ldF. ) over a closed path/loop is zero. 

0  ABBA WW  

or    0. ldF


 

 
 

 

Conservative force : The forces of these type of fields are known as 
conservative forces. 

Example : Electrostatic forces, gravitational forces, elastic forces, 
magnetic forces etc and all the central forces are conservative in nature.  

If a body of mass m lifted to height h from the ground level by 

different path as shown in the figure  

 

 

 

 

 

 

 

 
 

Work done through different paths  

mghhmgsFWI  .  

mgh
h

mglmgsFWII 



sin

sinsin.

 4321 000 mghmghmghmghWIII   

mghhhhhmg  )( 4321   

mghsdFWIV   .   

 It is clear that mghWWWW IVIIIIII  .  

Further if the body is brought back to its initial position A, similar 
amount of work (energy) is released from the system, it means 

mghWAB   and  mghWBA  . 

Hence the net work done against gravity over a round trip is zero.  

BAABNet WWW  0)(  mghmgh  

i.e. the gravitational force is conservative in nature.  

Non-conservative forces : A force is said to be non-conservative if 
work done by or against the force in moving a body from one position to 
another, depends on the path followed between these two positions and for 

complete cycle this work done can never be zero.  

F
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Example:  Frictional force, Viscous force, Airdrag etc.  

If a body is moved from position A to another position B on a rough 

table, work done against frictional force shall depend on the length of the 
path between A and B and not only on the position A and B.  

  mgsWAB   

Further if the body is brought back to its initial position A, work has 

to be done against the frictional force, which opposes the motion. Hence the 
net work done against the friction over a round trip is not zero. 

 

 

 

 
 

   .mgsWBA   

.02  mgsmgsmgsWWW BAABNet   

i.e. the friction is a non-conservative force. 

Work Depends on Frame of Reference 

With change of frame of reference (inertial), force does not change 
while displacement may change. So the work done by a force will be 
different in different frames. 

Examples : (1) If a porter with a suitcase on his head moves up a 
staircase, work done by the 
upward lifting force relative 
to him will be zero (as 
displacement relative to 
him is zero) while relative 
to a person on the ground 

will be mgh.  

(2) If a person is 
pushing a box inside a 
moving train, the work 
done in the frame of train 

will sF.  while in the 

frame of earth will be )(. 0ssF   where 
0s  is the displacement of the 

train relative to the ground. 

Energy 

The energy of a body is defined as its capacity for doing work.  

(1) Since energy of a body is the total quantity of work done, 
therefore it is a scalar quantity. 

(2) Dimension: ][ 22 TML  it is same as that of work or torque. 

(3) Units : Joule [S.I.], erg [C.G.S.] 

Practical units : electron volt (eV), Kilowatt hour (KWh), Calories 
(cal) 

Relation between different units:   

1 Joule = 710  erg  

1 eV  = 19106.1   Joule  

1 kWh = 6106.3  Joule  

1 calorie = Joule18.4   

(4) Mass energy equivalence : Einstein’s special theory of relativity shows that 

material particle itself is a form of energy. 

The relation between the mass of a particle m and its equivalent 
energy is given as  

2mcE   where c = velocity of light in vacuum. 

If kgamum 271067.11    

then JouleMeVE 10105.1931  . 

If kgm 1  then JouleE 16109  

Examples : (i) Annihilation of matter when an electron )( e  and a 

positron )( e  combine with each other, they annihilate or destroy each 

other. The masses of electron and positron are converted into energy. This 

energy is released in the form of  -rays. 

   ee  

Each    photon has energy = 0.51 MeV.  

Here two   photons  are emitted instead of one   photon to 

conserve the linear momentum. 

(ii) Pair production :  This process is the reverse of annihilation of 

matter. In this case, a photon )(  having energy equal to 1.02 MeV interacts 

with a nucleus and give rise to electron )( e and positron )( e . Thus 

energy is converted into matter. 

 

 

 

(iii) Nuclear bomb : When the nucleus is split up due to mass defect 
(The difference in the mass of nucleons and the nucleus), energy is released 

in the form of  -radiations  and  heat.  

(5) Various forms of energy  

(i) Mechanical energy (Kinetic and Potential)   

(ii) Chemical energy    

(iii) Electrical energy 

(iv) Magnetic energy    

(v) Nuclear energy   

(vi) Sound energy 

(vii) Light energy     

(viii) Heat energy 

(6) Transformation of energy : Conversion of energy from one form 
to another is possible through various devices and processes. 

Table : 6.1 Various devices for energy conversion from one form to another 
 

Mechanical  electrical Light  Electrical Chemical  electrical 
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Chemical  heat Sound  Electrical Heat  electrical 
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Kinetic Energy 

The energy possessed by a body by virtue of its motion, is called 

kinetic energy.  

Examples : (i) Flowing water possesses kinetic energy which is used 

to run the water mills. 

(ii) Moving vehicle possesses kinetic energy. 

(iii) Moving air (i.e. wind) possesses kinetic energy which is used to 

run wind mills. 

(iv) The hammer possesses kinetic energy which is used to drive the 

nails in wood. 

(v) A bullet fired from the gun has kinetic energy and due to this 

energy the bullet penetrates into a target. 

 

 

 

 

 

(1) Expression for kinetic energy :  

Let    m  = mass of the body,     

u = Initial velocity of the body (= 0) 

F = Force acting on the body,   

a = Acceleration of the body, 

s = Distance travelled by the body,    

v = Final velocity of the body 

From asuv 222   

  asv 202    
a

v
s

2

2

  

Since the displacement of the body is in the direction of the applied 

force, then work done by the force is  

sFW 
a

v
ma

2

2

  

 2

2

1
mvW   

This work done appears as the kinetic energy of the body 

2

2

1
mvWKE   

(2) Calculus method : Let a body is initially at rest and force F  is 

applied on the body to displace it through small displacement sd


 along its 

own direction then small work done  

        dsFsdFdW  .  

         dsamdW     [As F = ma] 

         ds
dt

dv
mdW    










dt

dv
aAs  

  
dt

ds
mdvdW .   

  dvvmdW      …(i)  
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 v

dt

ds
As  

Therefore work done on the body in order to increase its velocity 
from zero to v is given by  

 













v v

v

v
mdvvmdvmvW

0 0

0

2

2
 2

2

1
mv  

This work done appears as the kinetic energy of the body 

2

2

1
mvKE  . 

In vector form ).(
2

1
vvmKE    

As m and vv .  are always positive, kinetic energy is always positive 

scalar i.e. kinetic energy can never be negative. 

(3) Kinetic energy depends on frame of reference : The kinetic 

energy of a person of mass m, sitting in a train moving with speed v, is zero 

in the frame  of train but 2

2

1
mv  in the frame of the earth. 

(4) Kinetic energy according to relativity : As we know 

2

2

1
mvE  .  

But this formula is valid only for (v << c) If v is comparable to c 

(speed of light in free space = sm /103 8 ) then according to Einstein 

theory of relativity  

2

22

2

)/(1

mc

cv

mc
E 



  

(5) Work-energy theorem: From equation (i)  dvmvdW  . 

Work done on the body in order to increase its velocity from u to v 
is given by  


v

u
dvmvW  














v

u

v

u

v
mdvvm

2

2

 

 ][
2

1 22 uvmW   

Work done = change in kinetic energy 

EW   

This is work energy theorem, it states that work done by a force 

acting on a body is equal to the change in the kinetic energy of the body. 

This theorem is valid for a system in presence of all types of forces 

(external or internal, conservative or non-conservative). 

If kinetic energy of the body increases, work is positive i.e. body 

moves in the direction of the force (or field) and if kinetic energy decreases, 
work will be negative and object will move opposite to the force (or field). 

Examples : (i) In case of vertical motion of body under gravity when 

the body is projected up, force of gravity is opposite to motion and so 
kinetic energy of the body decreases and when it falls down, force of gravity 
is in the direction of motion so kinetic energy increases.  

(ii) When a body moves on a rough horizontal surface, as force of 

friction acts opposite to motion, kinetic energy will decrease and the 
decrease in kinetic energy is equal to the work done against friction.     

(6) Relation of kinetic energy with linear momentum: As we know  

22

2

1

2

1
v

v

P
mvE 








    [As mvP  ] 

 PvE
2

1
    

or   
m

P
E

2

2

    









m

P
vAs  

So we can say that kinetic energy 
m

p
PvmvE

22

1

2

1 2
2   

and Momentum P mE
v

E
2

2
  

From above relation it is clear that a body can not have kinetic energy 

without having momentum and vice-versa.

(7) Various graphs of kinetic energy  

 

 

  E  v2  

   m = constant 

 

 

 

    2PE   

    m = constant 

 

    
m

E
1

  

    P = constant 

 

 

    EP   

    m = constant 

 

Stopping of Vehicle by Retarding Force 

 If a vehicle moves with some initial velocity and due to some retarding 

force it stops after covering some distance after some time. 

 (1) Stopping distance :  Let    m = Mass of vehicle,   

v  = Velocity,   P = Momentum,  E = Kinetic energy  

F = Stopping force,     x = Stopping distance,  

t = Stopping time  

E 

v 

E 

m 

v 

E 

P 

E  
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Then, in this process stopping force does work on the vehicle and 

destroy the motion. 

By the work- energy theorem 

2

2

1
mvKW   

 

 

 

 
 

  Stopping force (F)  Distance (x) = Kinetic energy (E) 

  Stopping distance (x) 
)(forceStopping

)(energyKinetic

F

E
    

  
F

mv
x

2

2

     …(i) 

(2) Stopping time : By the impulse-momentum theorem 

PtFPtF   

 
F

P
t    

or 
F

mv
t      …(ii) 

(3) Comparison of stopping distance and time for two vehicles : 
Two vehicles of masses m

1 

and m
2

 are moving with velocities v
1

 and v
2

 
respectively. When they are stopped by the same retarding force (F).  

The ratio of their stopping distances 
2
22

2
11

2

1

2

1

vm

vm

E

E

x

x
   

and the ratio of their stopping time  
22

11

2

1

2

1

vm

vm

P

P

t

t
  

 (i) If vehicles possess same velocities 

  v
1

 = v
2

 

   
2

1

2

1

m

m

x

x
   ; 

2

1

2

1

m

m

t

t
  

 (ii) If vehicle possess same kinetic momentum 

 P
1

 = P
2

 

 
1

2

2
2

2

1

2
1

2

1

2

1 2

2 m

m

P

m

m

P

E

E

x
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 1
2

1

2

1 
P

P

t

t
 

 (iii) If vehicle possess same kinetic energy 

 1
2

1

2

1 
E

E

x

x
 

 
2

1

22

11

2

1

2

1

2

2

m

m

Em

Em

P

P

t

t
  

Note :  If vehicle is stopped by friction then  

Stopping distance 
F

mv

x

2

2

1


ma

mv 2

2

1


g

v

2

2

         

          ]As[ ga   

Stopping time  
F

mv
t 

gm

mv




g

v


  

Potential Energy 

Potential energy is defined only for conservative forces. In the space 
occupied by conservative forces every point is associated with certain energy 
which is called the energy of position or potential energy. Potential energy 
generally are of three types : Elastic potential energy, Electric potential energy 
and Gravitational potential energy. 

(1) Change in potential energy : Change in potential energy between 
any two points is defined in the terms of the work done by the associated 
conservative  force in displacing the particle between these two points 
without any change in kinetic energy.    

   2

1
.12

r

r
WrdFUU


  …(i) 

We can define a unique value of potential energy only by assigning 
some arbitrary value to a fixed point called the reference point. Whenever 
and wherever possible, we take the reference point at infinity and assume 

potential energy to be zero there, i.e. if we take 1r  and rr 2  then 

from equation (i) 

  
r

WrdFU


.   

In case of conservative force (field) potential energy is equal to 
negative of work done by conservative force in shifting the body from 
reference position to given position.  

This is why, in shifting a particle in a conservative field (say 
gravitational or electric), if the particle moves opposite to the field, work 
done by the field will be negative and so change in potential energy will be 
positive i.e. potential energy will increase. When the particle moves in the 
direction of field, work will be positive and change in potential energy will 

be negative i.e. potential energy will decrease. 

(2) Three dimensional formula for potential energy: For only 

conservative fields F


 equals the negative gradient )( 


 of the potential 

energy. 

So UF 


  (


 read as Del operator or Nabla operator and 

k
z

j
y

i
x

ˆˆˆ
















) 

 





















 k

z

U
j

y

U
i

x

U
F ˆˆˆ


 

where,  

 




x

U
Partial derivative of U w.r.t. x (keeping y and z constant) 






y

U
Partial derivative of U w.r.t. y  (keeping x and z constant) 






z

U
Partial derivative of U w.r.t. z  (keeping x and y constant) 

(3) Potential energy curve : A graph plotted between the potential 
energy of a particle and its displacement from the centre of force is called 

potential energy curve.  

Initial velocity = v 

x 

Final velocity = 0 

Fig. 6.18 

U(x) 

A 

B 

C D 

O 
x 

Fig. 6.19 
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Figure shows a graph of potential energy function U(x) for one 
dimensional motion. 

As we know that negative gradient of the potential energy gives 
force. 

 F
dx

dU
  

(4) Nature of force   

(i) Attractive force : 

On increasing x, if U increases,  

positive
dx

dU
, then F is in negative direction  

i.e. force is attractive in nature. 

In graph this is represented in region BC. 

(ii) Repulsive force :  

On increasing x, if U decreases,  

negative
dx

dU
, then F is in positive direction  

i.e. force is repulsive in nature.  

In graph this is represented in region AB. 

(iii) Zero force :  

On increasing x, if U does not change,   

0
dx

dU
 then F is zero 

i.e. no force works on the particle.  

Point B, C and D represents the point of zero force or these points 
can be termed as position of equilibrium. 

(5) Types of equilibrium : If net force acting on a particle is zero, it 
is said to be in equilibrium. 

For equilibrium 0
dx

dU
, but the equilibrium of particle can be of three 

types :
 

Stable Unstable Neutral 

When a particle is displaced slightly from its 

present position, then a force acting on it 
brings it back to the initial position, it is said 
to be in stable equilibrium position. 

When a particle is displaced slightly from its 

present position, then a force acting on it tries 
to displace the particle further away from the 
equilibrium position, it is said to be in unstable 
equilibrium. 

When a particle is slightly displaced from its 

position then it does not experience any force acting 
on it and continues to be in equilibrium in the 
displaced position, it is said to be in neutral 
equilibrium. 

Potential energy is minimum. Potential energy is maximum. Potential energy is constant. 

 0
dx

dU
F  0

dx

dU
F  0

dx

dU
F  

 positive
2

2


dx

Ud
  

i.e. rate of change of 
dx

dU
 is positive. 

      negative
2

2


dx

Ud
 

i.e. rate of change of 
dx

dU
 is negative. 

      0
2

2


dx

Ud
 

 i.e. rate of change of 
dx

dU
 is zero. 

Example :  

 

 

 

 

A marble placed at the bottom of a 
hemispherical bowl. 

Example : 

 

 

 

 

A marble balanced on top of a hemispherical 
bowl. 

Example : 

 

 

 

 

A marble placed on horizontal table. 

 

Elastic Potential Energy 

(1) Restoring force and spring constant : When a spring is stretched or 

compressed from its normal position (x = 0) by a small distance x, then a 

restoring force is produced in the spring to bring it to the normal position. 

According to Hooke’s law this restoring force is proportional to the 

displacement x and its direction is always opposite to the displacement. 

 

 

 

 

 

 

 

 

 

 

i.e.  xF    

or  xkF      …(i) 

where k is called spring constant. 

If x = 1, F = k (Numerically) 

or   k = F  

Hence spring constant is numerically equal to force required to 
produce unit displacement (compression or extension) in the spring. If 

required force is more, then spring is said to be more stiff and vice-versa. 

Actually k is a measure of the stiffness/softness of the spring. 

Dimension : As 
x

F
k         

m 

m 

F 

F 

Fext 

Fext 

– x 

m 

x = 0 

+x 

Fig. 6.20 
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L

MLT

x

F
k

][

][

][
][

2

 ][ 2 MT  

Units :  S.I. unit Newton/metre, C.G.S unit Dyne/cm. 

Note :  Dimension of force constant is similar to 

surface tension. 

(2) Expression for elastic potential energy : When a spring is 
stretched or compressed from its normal position (x = 0), work has to be 

done by external force against restoring force. xkFF restoring ext  

Let the spring is further stretched through the distance dx, then 

work done  

odxFxdFdW 0cos.. extext  dxkx  [As cos 0o = 1] 

Therefore total work done to stretch the spring through a distance x 
from its mean position is given by 

2

0

2

00 2

1

2
kx

x
kdxkxdWW

x

xx













   

This work done is stored as the potential energy in the stretched 

spring. 

 Elastic potential energy 2

2

1
kxU   

 FxU
2

1
   










x

F
k As  

 
k

F
U

2

2

    









k

F
x As  

  Elastic potential energy 
k

F
FxkxU

22

1

2

1 2
2   

Note :  If spring is stretched from initial position 

1x  to final position 2x  then work done  

= Increment in elastic potential energy 

)(
2

1 2
1

2
2 xxk   

             Work done by the spring-force on the block in various 
situation are shown in the following table 

Table : 6.2 Work done for spring 

Initial state of the spring Final state of the spring Initial position (x1) Final position (x2) Work done (W) 

Natural Compressed 0 –x –1/2 kx2 

Natural Elongated 0 x –1/2 kx2 

Elongated Natural x 0 1/2 kx2 

Compressed Natural – x 0 1/2 kx2 

Elongated Compressed x – x 0 

Compressed Elongated – x x 0 

 

(3) Energy graph for a spring : If the mass attached with spring 
performs simple harmonic motion about its mean position then its potential 
energy at any position (x) can be given by  

 

 

 

 

 

 

 

 

 

 

 2

2

1
kxU      …(i) 

So for the extreme position 

 2

2

1
kaU   [As x =  a for extreme] 

 

 

 

 

 

This is maximum potential energy or the total energy of mass. 

 Total energy 2

2

1
kaE    …(ii) 

[Because velocity of mass is zero at extreme position] 

 0
2

1 2  mvK ] 

Now kinetic energy at any position  

UEK  22

2

1

2

1
xkak   

)(
2

1 22 xakK     …(iii) 

From the above formula we can check that 
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2
max

2

1
kaU    [At extreme x =  a]    

and    0min U    [At mean x = 0] 

2
max

2

1
kaK    [At mean x = 0]  

and    0min K    [At extreme x =  a] 

 2

2

1
kaE  constant (at all positions) 

It means kinetic energy and potential energy changes parabolically 
w.r.t. position but total energy remain always constant irrespective to 

position of the mass 

Electrical Potential Energy 

It is the energy associated with state of separation between charged 

particles that interact via electric force. For two point charge 1q  and 2q , 

separated by distance r.  

r

qq
U 21

0

.
4

1


  

While for a point charge q at a point in an electric field where the 
potential is V  

U = qV 

As charge can be positive or negative, electric potential energy can be 
positive or negative. 

Gravitational Potential Energy 

It is the usual form of potential energy and this is the energy 

associated with the state of separation 
between two bodies that interact via 
gravitational force.  

For two particles of masses m
1

 and 
m

2

 separated by a distance r 

Gravitational potential energy 
r

mmG
U 21  

(1) If a body of mass m at height h relative to surface of earth then  

Gravitational potential energy 

R

h

mgh
U





1

 

Where R = radius of earth, g = acceleration due to gravity at the 
surface of the earth. 

(2) If h << R then above formula reduces to U = mgh. 

(3) If V is the gravitational potential at a point, the potential energy 
of a particle of mass m at that point will be  

U = mV  

(4) Energy height graph : When a body projected vertically upward 
from the ground level with some initial velocity then it possess kinetic 
energy but its initial potential energy is zero. 

As the body moves upward its potential energy increases due to 
increase in height but kinetic energy decreases (due to decrease in velocity). 

At maximum height its kinetic energy becomes zero and potential energy 

maximum but through out the complete motion, total energy remains 
constant as shown in the figure. 

 

 

 

 

 

Work Done in Pulling the Chain Against Gravity 

A chain of length L and mass M is held on a frictionless table with 
(1/n)th of its length hanging over the edge. 

Let 
L

M
m  mass per 

unit length of the chain and y is the 
length of the chain hanging over the 
edge. So the mass of the chain of 
length y will be ym and the force 
acting on it due to gravity will be 
mgy. 

The work done in pulling the 
dy length of the chain on the table.  

dW = F(– dy)  [As y is decreasing] 

i.e. dW = mgy (– dy) 

So the work done in pulling the hanging portion on the table. 

  

    

0

/

20

/ 2
nL

nL

y
mgdymgyW












  2

2

2n

Lmg
  

  
22n

MgL
W    [As m = M/L] 

Alternative method :  

If point mass m is pulled 
through a height h then work 
done   W = mgh  

Similarly for a chain we 
can consider its centre of mass at 

the middle point of the hanging 
part i.e. at a height of L/(2n) from 
the lower end and mass of the 

hanging part of chain 
n

M
  

So work done to raise the centre of mass of the chain on the table is 
given by 

n

L
g

n

M
W

2
   [As W = mgh] 

or 
22n

MgL
W   

Velocity of Chain While Leaving the Table 
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Taking surface of table as a reference level (zero potential energy) 

Potential energy of chain when 1/nth length hanging from the edge 

22n

MgL
  

Potential energy of chain when it leaves the table 
2

MgL
  

Kinetic energy of chain = loss in potential energy  

  
2

2

222

1

n

MgLMgL
Mv   

  









2

2 1
1

22

1

n

MgL
Mv  

 Velocity of chain   









2

1
1

n
gLv  

Law of Conservation of Energy 

 (1) Law of conservation of energy  

For a body or an isolated system by work-energy theorem we have 

 rdFKK


.12    …(i) 

But according to definition of potential energy in a conservative field 

 rdFUU


.12  …(ii) 

So from equation (i) and (ii) we have  

    )( 1212 UUKK    

or 1122 UKUK   

i.e.  K + U = constant. 

For an isolated system or body in presence of conservative forces, 
the sum of kinetic and potential energies at any point remains constant 
throughout the motion. It does not depend upon time. This is known as the 
law of conservation of mechanical energy. 

0)(  EUK    

[As E is constant in a conservative field] 

  0 UK  

i.e. if the kinetic energy of the body increases its potential energy will 
decrease by an equal amount and vice-versa. 

(2) Law of conservation of total energy : If some non-conservative 
force like friction is also acting on the particle, the mechanical energy is no 

more constant. It changes by the amount equal to work done by the 
frictional force. 

fWEUK  )(     

[where fW  is the work done against friction] 

The lost energy is transformed into heat and the heat energy developed is 
exactly equal to loss in mechanical energy. 

We can, therefore, write E + Q = 0   

[where Q is the heat produced] 

This shows that if the forces are conservative and non-conservative 
both, it is not the mechanical energy which is conserved, but it is the total 
energy, may be heat, light, sound or mechanical etc., which is conserved. 

In other words : ‚Energy may be transformed from one kind to 
another but it cannot be created or destroyed. The total energy in an 
isolated system remain constant". This is the law of conservation of energy. 

Power 

Power of a body is defined as the rate at which the body can do the 
work. 

Average power 
t

W

t

W
P 




)( av.  

Instantaneous power 
dt

dW
P )( inst.

dt

sdF


.
  [As sdFdW


. ] 

vFP


.inst     [As 
dt

sd
v



 ] 

i.e. power is equal to the scalar product of force with velocity. 

Important Points 

(1) Dimension : ][][][][][ 12  LTMLTvFP  

  ][][ 32  TMLP  

(2) Units : Watt or Joule/sec [S.I.] 

   Erg/sec [C.G.S.] 

Practical units :  Kilowatt (KW), Mega watt (MW) and Horse power 
(hp)  

Relations between different units : 

sec/10sec/11 7 ergJouleWatt   

Watthp 7461   

           WattMW 6101   

  WattKW 3101   

(3) If work done by the two bodies is same then power
time

1
   

i.e. the body which perform the given work in lesser time possess 

more power and vice-versa. 

(4) As power = work/time, any unit of power multiplied by a unit of 

time gives unit of work (or energy) and not power, i.e. Kilowatt-hour or 
watt-day are units of work or energy. 

 Joulesec
sec

J
KWh 63 106.3)6060(101   

(5) The slope of work time curve gives the instantaneous power. As 

P = dW/dt = tan   

 

 

 

 

 

(6) Area under power-time curve gives the work done as 
dt

dW
P   

   dtPW  

   W = Area under P-t curve 

Position and Velocity of an Automobile w.r.t Time 

An automobile of mass m accelerates, starting from rest, while the 
engine supplies constant power P, its position and velocity changes w.r.t 
time. 

(1) Velocity : As Fv = P = constant  

i.e. Pv
dt

dv
m    










dt

mdv
F As  

Work 

Time 

 

Fig. 6.28 
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or   dt
m

P
dvv  

By integrating both sides we get 1

2

2
Ct

m

Pv
  

As initially the body is at rest i.e. v = 0 at t = 0, so 01 C  

 

2/1
2











m

Pt
v  

(2) Position : From the above expression 
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i.e.  
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By integrating both sides we get     

2
2/3

2/1

3

2
.

2
Ct

m

P
s 








  

Now as at   t  = 0, s = 0, so 02 C  
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P
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Collision 

Collision is an isolated event in which a strong force acts between 

two or more bodies for a short time as a result of which the energy and 
momentum of the interacting particle change. 

In collision particles may or may not come in real touch e.g. in 
collision between two billiard balls or a ball and bat, there is physical 

contact while in collision of alpha particle by a nucleus (i.e. Rutherford 
scattering experiment) there is no physical contact. 

(1) Stages of collision : There are three distinct identifiable stages in 
collision, namely, before, during and after. In the before and after stage the 
interaction forces are zero. Between these two stages, the interaction forces 
are very large and often the dominating forces governing the motion of 
bodies. The magnitude of the interacting force is often unknown, therefore, 
Newton’s second law cannot be used, the law of conservation of momentum 
is useful in relating the initial and final velocities. 

 

 

 

 

 

 

 

(2) Momentum and energy conservation in collision  

(i) Momentum conservation : In a collision, the effect of external 
forces such as gravity or friction are not taken into account as due to small 

duration of collision (t) average impulsive force responsible for collision is 
much larger than external force acting on the system and since this 
impulsive force is 'Internal' therefore the total momentum of system always 
remains conserved. 

(ii) Energy conservation : In a collision 'total energy' is also always 
conserved. Here total energy includes all forms of energy such as mechanical 
energy, internal energy, excitation energy, radiant energy or even mass 
energy. 

These laws are the fundamental laws of physics and applicable for 
any type of collision but this is not true for conservation of kinetic energy. 

(3) Types of collision : (i)  On the basis of conservation of kinetic 
energy. 

 

Perfectly elastic collision Inelastic collision Perfectly inelastic collision 

If in a collision, kinetic energy after collision is equal 
to kinetic energy before collision, the collision is said 
to be perfectly elastic. 

If in a collision kinetic energy after collision is 
not equal to kinetic energy before collision, the 
collision is said to inelastic. 

If in a collision two bodies stick together or 
move with same velocity after the collision, 
the collision is said to be perfectly inelastic. 

Coefficient of restitution e = 1 Coefficient of restitution 0 < e < 1 Coefficient of restitution e = 0 

 

 

(KE)
final

 = (KE)
initial

  

Here kinetic energy appears in other forms. In 
some cases (KE)

final

 < (KE)
initial

 such as  when initial 
KE is converted into internal energy of the 
product (as heat, elastic or excitation) while in 
other cases (KE)

final

 > (KE)
initial

  such as when 
internal energy stored in the colliding particles 

is released 

The term 'perfectly inelastic' does not 
necessarily mean that all the initial kinetic 
energy is lost, it implies that the loss in 
kinetic energy is as large as it can be. 
(Consistent with momentum conservation). 

Examples : (1) Collision between atomic particles 

(2) Bouncing of ball with same velocity after the 
collision with earth. 

Examples : (1) Collision between two billiard 
balls. 

(2) Collision between two automobile on a 
road. 

In fact all majority of collision belong to this 
category. 

Example : Collision between a bullet and a 
block of wood into which it is fired. When 
the bullet remains embedded in the block. 

(ii) On the basis of the direction of colliding bodies 

Head on or one dimensional collision Oblique collision 

In a collision if the motion of colliding particles before and after the collision 

is along the same line, the collision is said to be head on or one dimensional. 

If two particle collision is ‘glancing’ i.e. such that their directions of 

motion after collision are not along the initial line of motion, the collision 
is called oblique. 

If in oblique collision the particles before and after collision are in same 

plane, the collision is called 2-dimensional otherwise 3-dimensional. 

Impact parameter b is zero for this type of collision. 

 

Impact parameter b lies between 0 and )( 21 rr   i.e. 

0 < b < )( 21 rr   where 1r  and 2r  are radii of colliding bodies. 

Before collision After collision 

m2 

m1 

u1 

 

v1 

v2 

u2  

b
 

m2 

m1 

Before collision After collision 

m1 

u1 u2 
m2 m1 

v1 v2 
m2 

m2 m1 
u2 u1 

m1 m2 
m2 m1 

v2 v1 

m1 m2 

F 

Before collision After collision During collision 

t 

Fext 

t 

Fig. 6.29 
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Example : collision of two gliders on an air track. Example : Collision of billiard balls. 

 

Perfectly elastic head on collision 

Let two bodies of masses 1m  and 2m  moving with initial velocities 

1u  and 2u  in the same direction and they collide such that after collision 

their final velocities are 1v  and 2v  respectively. 

 

 

 

 

According to law of conservation of momentum  

   22112211 vmvmumum    … (i) 

  )()( 222111 uvmvum     …(ii) 

According to law of conservation of kinetic energy 

2
22

2
11

2
22

2
11

2

1

2

1

2

1

2

1
vmvmumum    …(iii) 

 )()( 2
2

2
22

2
1

2
11 uvmvum     …(iv) 

Dividing equation (iv) by equation (ii) 

 2211 uvuv      …(v) 

 1221 vvuu      …(vi) 

Relative velocity of separation is equal to relative velocity of 

approach.  

Note :  The ratio of relative velocity of separation and 

relative velocity of approach is defined as coefficient of restitution.  

21

12

uu

vv
e




     

 or   )( 2112 uuevv   

 For perfectly elastic collision, e = 1 

 2112 uuvv   [As shown in eq. (vi)] 

 For perfectly inelastic collision,  e = 0 

 012  vv  or 12 vv   

 It means that two body stick together and move with same velocity.  

   For inelastic collision,  0 < e < 1      

       )( 2112 uuevv   

 In short we can say that e is the degree of elasticity of collision and 

it is dimensionless quantity. 

 Further from equation (v) we get  

              2112 uuvv   

 Substituting this value of 2v  in equation (i) and rearranging  

 we get,  
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   …(vii) 

Similarly we get,  
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    …(viii) 

(1) Special cases of head on elastic collision 

(i) If projectile and target are of same mass i.e. m
1

 = m
2

  

Since 2
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          and  
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Substituting 21 mm   we get   

21 uv     and   12 uv    

It means when two bodies of equal masses undergo head on elastic collision, their velocities get interchanged. 

Example : Collision of two billiard balls 

 

 

 

 

(ii) If massive projectile collides with a light target i.e. m
1

 >> m
2

 

Sub case : 02 u  i.e. target is at rest 

01 v  and 12 uv   

u1 = 50m/s 

10 kg 

Before collision 

u2 = 20m/s 

10 kg 

After collision 

v1 = 20 m/s 

10 kg 

v2 = 50 m/s 

10 kg 

Before collision After collision 

m1 

u1 u2 
m2 m1 

v1 v2 
m2 

Fig. 6.30 
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Since 
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Substituting 02 m , we get 

11 uv   and 212 2 uuv   

Example : Collision of a truck with a cyclist 

 

 

 

 

 

 Before collision       

 

 

 

 

 

 After collision 

(iii) If light projectile collides with a very heavy target i.e. m
1

 << m
2

  

Since 
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Substituting 01 m , we get  

211 2uuv   and 22 uv   

Example : Collision of a ball with a massive wall. 

 

 

 

 

 

 

 

 

 

(2) Kinetic energy transfer during head on elastic collision 

Kinetic energy of projectile before collision 2
11

2

1
umKi   

Kinetic energy of projectile after collision 2
11

2

1
vmK f   

Kinetic energy transferred from projectile to target K = decrease in 

kinetic energy in projectile   

 2
11

2
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2

1

2

1
vmumK    )(

2

1 2
1

2
11 vum   

Fractional decrease in kinetic energy  
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We can substitute the value of 1v  from the equation  
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If the target is at rest i.e. u
2

 = 0 then 1
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From equation (i) 
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  …(iii)  

or 
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  …(iv) 

Note :  Greater the difference in masses, 

lesser will be transfer of kinetic energy and vice versa 

Sub case : 02 u  i.e. target is at rest 

v
1

 = u
1

 and v
2

 = 2u
1

  

v1 = 120 km/hr 

v2 = 230 km/hr 

m1 = 10
3 kg m2 = 60 kg 

u1 = 120 km/hr 

u2 = 10 km/hr 

Sub case : 02 u  i.e. target is at rest 

v
1

 = – u
1

 and v
2

 = 0 

i.e. the ball rebounds with same speed in opposite 
direction when it collide with stationary and very massive 

wall. 
m1 = 50gm 

u1 = 30 m/s 

Before collision 

v2 = 2 m/s u2 = 2 m/s 

m2 = 100 kg 

v1 = – 26 m/s 

After collision 
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  Transfer of kinetic energy will be maximum when the 

difference in masses is minimum 

 i.e. 021 mm  or 21 mm  then   

 %1001 


K

K
 

 So the transfer of kinetic energy in head on elastic collision 

(when target is at rest) is maximum when the masses of particles are equal 

i.e. mass ratio is 1 and the transfer of kinetic energy is 100%. 

  If 12 mnm   then from equation (iii) we get   
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  Kinetic energy retained by the projectile  
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K
 kinetic energy transferred by projectile 
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(3) Velocity, momentum and kinetic energy of stationary target after head on 

elastic collision 

(i) Velocity of target : We know  
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(ii) Momentum of target : 222 vmP 
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(iii) Kinetic energy of target :  
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(iv) Relation between masses for maximum velocity, momentum and 

kinetic energy 

 

 

Velocity 

n

u
v




1

2 1
2  

For 2v  to be maximum n must be minimum 

i.e.  0
1

2 
m

m
n  12 mm   

 

Target should be very light. 

Momentum 

)/11(

2 11
2

n

um
P


  

For 2P  to be maximum, (1/n) must be minimum or n must be 

maximum. 

i.e.  
1

2

m

m
n  12 mm   

 

Target should be massive. 

Kinetic energy 

nn

nK
K

4)1(

4
2

1
2


  

For 2K  to be maximum 2)1( n  must be minimum. 

i.e.  
1

2101
m

m
nn   12 mm   

 

Target and projectile should 
be of equal mass. 

 

Perfectly Elastic Oblique Collision 

Let two bodies moving as shown in figure. 

By law of conservation of momentum 

 

 

 

 

 

 
 

Along x-axis,  coscos 22112211 vmvmumum     ...(i) 

Along y-axis,  sinsin0 2211 vmvm            ...(ii) 

Before collision After collision 

m1 

u1 u2=0 
m2 m1 

v1 v2 
m2 

Fig. 6.31 

Before collision After collision 

m2 

m1 

u1 

 

v1 

v2 

u2  

m2 

m1 

Fig. 6.32 
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By law of conservation of kinetic energy  

2
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2
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2

1
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1
vmvmumum                     ...(iii) 

In case of oblique collision it becomes difficult to solve problem 

unless some experimental data is provided, as in these situations more 

unknown variables are involved than equations formed. 

Special condition : If 21 mm   and 02 u  substituting these 

values in equation (i), (ii) and (iii) we get 

 coscos 211 vvu                        ...(iv) 

 sinsin0 21 vv              ...(v) 

and 2
2

2
1

2
1 vvu   …(vi) 

Squaring (iv) and (v) and adding we get  

)cos(2 21
2
2

2
1

2
1   vvvvu             …(vii) 

Using (vi) and (vii) we get 0)cos(   

  2/   

i.e. after perfectly elastic oblique collision of two bodies of equal masses (if 

the second body is at rest), the scattering angle    would be o90 . 

Head on Inelastic Collision 

(1) Velocity after collision : Let two bodies A and B collide 
inelastically and coefficient of restitution is e. 

Where  

 
approachof   velocityRelative

separationof   velocityRelative

21

12 
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 )( 2112 uuevv    

  )( 2112 uuevv     …(i) 

From the law of conservation of linear momentum 

 22112211 vmvmumum    …(ii) 

By solving (i) and (ii) we get 
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By substituting e = 1, we get the value of 1v  and 2v  for perfectly 

elastic head on collision. 

(2) Ratio of velocities after inelastic collision : A sphere of mass m 
moving with velocity u hits inelastically with another stationary sphere of 
same mass. 
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      euvv  12     …(i) 

By conservation of momentum : 

Momentum before collision = Momentum after collision 

21 mvmvmu   

 uvv  21     …(ii) 

Solving equation (i) and (ii) we get )1(
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and )1(
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(3) Loss in kinetic energy  

 Loss in K.E. (K) = Total initial kinetic energy  

       – Total final kinetic energy 

= 
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Substituting the value of 1v  and 2v  from the above expressions  

Loss (K) = 2
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By substituting e = 1 we get K = 0 i.e. for perfectly elastic collision, 

loss of kinetic energy will be zero or kinetic energy remains same before 

and after the collision. 

Rebounding of Ball After Collision With Ground 

If a ball is dropped from a height h on a horizontal floor, then it 
strikes with the floor with a speed. 

 00 2ghv    [From ]222 ghuv   

and it rebounds from the floor with a speed 

 

 

 

 

 

 

 01 vev  02ghe      











collision  beforevelocity

collisionafter  velocity
 Ase  

(1) First height of rebound : 0
2

2
1

1
2

he
g

v
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  h
1

 = e2h
0

  

(2) Height of the ball after n th rebound : Obviously, the velocity of 
ball after nth rebound will be 

Before collision After collision 

m 

u1 = u u2 = 0 
m 

v1 v2 
m m 

Fig. 6.33 

v0 v1 v2 

h0 

h1 h2 

t0 t1 t2 

Fig. 6.34 
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   0vev n
n   

Therefore the height after nth rebound will be  
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(3) Total distance travelled by the ball before it stops bouncing 
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(4) Total time taken  by the ball to stop bouncing 
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Perfectly Inelastic Collision 

In such types of collisions, the bodies move independently before 

collision but after collision as a one single body. 

(1) When the colliding bodies are moving in the same direction   

By the law of conservation of momentum  

comb212211 )( vmmumum   
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Loss in kinetic energy  
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[By substituting the value of v
comb

] 

(2) When the colliding bodies are moving in the opposite direction  

By the law of conservation of momentum 

comb212211 )()( vmmumum    

(Taking left to right as positive) 
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when 2211 umum   then 0comb v  (positive)  

i.e. the combined body will move along the direction of motion of 

mass 1m . 

when 2211 umum   then 0comb v  (negative)  

i.e. the combined body will move in a direction opposite to the 

motion of mass 1m . 

(3) Loss in kinetic energy  

K = Initial kinetic energy – Final kinetic energy 
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Collision Between Bullet and Vertically 

Suspended Block 

A bullet of mass m is fired horizontally with velocity u in block of 
mass M suspended by vertical thread. 

After the collision bullet gets embedded in block. Let the combined 

system raised upto height h and the string makes an angle  with the 

vertical.  

(1) Velocity of system 

Let v be the velocity of the system (block + bullet) just after the 

collision. 

 

 

 

 

 

 

Momentum
bullet

 + Momentum
block

 = Momentum
bullet and block system

 

vMmmu )(0   

   
)( Mm
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v


     …(i) 

(2) Velocity of bullet : Due to energy which remains in the bullet-
block system, just after the collision, the system (bullet + block) rises upto 
height h. 

By the conservation of mechanical energy 

ghMmvMm )()(
2

1 2    ghv 2  

Before collision After collision 

m1 

u1 u2 
m2 m2 m1 

vcomb 

Fig. 6.35 

Before collision 
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u1 
m2 

u2 

Fig. 3.36 
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h m u 
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Fig. 3.37 



 
  270 Work, Energy, Power and Collision 

Now substituting this value in the equation (i) we get 
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(3) Loss in kinetic energy : We know that the formula for loss of 

kinetic energy in perfectly inelastic collision 
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  (When the bodies are moving in 

same direction.) 
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[As uu 1 , 02 u , mm 1  and Mm 2 ] 

(4) Angle of string from the vertical  

From the expression of velocity of bullet 
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 The area under the force-displacement graph is equal to the work 

done. 

 Work done by gravitation or electric force does not depend on the 

path followed. It depends on the initial and final positions of the body. 

Such forces are called conservative. When a body returns to the starting 

point under the action of conservative force, the net work done is zero 

that is 0 dW . 

 Work done against friction depends on the path followed. Viscosity 

and friction are not conservative forces. For non conservative forces, the 

work done on a closed path is not zero. That is 0 dW . 

 Work done is path independent only for a conservative field. 

 Work done depends on the frame of reference. 

 Work done by a centripetal force is always zero.  

 Energy is a promise of work to be done in future. It is the stored 

ability to do work. 

 Energy of a body is equal to the work done by the body and it has 

nothing to do with the time taken to perform the work. On the other 
hand, the power of the body depends on the time in which the work is 

done.  

 When work is done on a body, its kinetic or potential energy 

increases.  

 When the work is done by the body, its potential or kinetic energy 

decreases. 

 According to the work energy theorem, the work done is equal to 

the change in energy. That is EW  . 

 Work energy theorem is particularly useful in calculation of 

minimum stopping force or minimum stopping distance. If a body is 
brought to a halt, the work done to do so is equal to the kinetic energy 
lost. 

 Potential energy of a system increases when a conservative force 

does work on it. 

 The kinetic energy of a body is always positive. 

 When the momentum of a body increases by a factor n, then its 
kinetic energy is increased by factor n2. 

 If the speed of a vehicle is made n times, then its stopping distance 

becomes n2 times. 

 The total energy (including mass energy) of the universe remains 

constant. 

 One form of energy can be changed into other form according to 
the law of conservation of energy. That is amount of energy lost of one 
form should be equal to energy or energies produced of other forms. 

 Kinetic energy can change into potential energy and vice versa. 

When a body falls, potential energy is converted into kinetic energy. 

 Pendulum oscillates due to conversion of kinetic energy into 

potential energy and vice versa. Same is true for the oscillations of mass 
attached to the spring. 

 Conservation laws can be used to describe the behaviour of a 

mechanical system even when the exact nature of the forces involved is 
not known. 

 Although the exact nature of the nuclear forces is not known, yet 
we can solve problems regarding the nuclear forces with the help of the 

conservation laws. 

 Violation of the laws of conservation indicates that the event cannot 
take place. 

 The gravitational potential energy of a mass m at a height h above 

the surface of the earth (radius R) is given by
Rh

mgh
U

/1 
 . When h << 

R, we find U=mgh. 

 Electrostatic energy in capacitor - 
2

2

1
CVU  , where C is 

capacitance, V = potential difference between the plates. 

 Electric potential energy of a test charge q
0

 at a place where electric 

potential is V, is given by : U
P

=q
0

V. 

 Electric potential energy between two charges (q
1

 and q
2

) separated 

by a distance r is given by 
r

qq
U 21

04

1


 . Here 0  is permittivity of 

vacuum and 
229

0 1094/1  CNm . 

 Magnetic energy stored in an inductor – 

2

2

1
LIU  , where L = inductance, I = current. 
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 Energy gained by a body of mass m, specific heat C, when its 

temperature changes by   is given by :  mCQ .  

 The Potential energy associated with a spring of constant k when 

extended or compressed by distance x is given by 
2

2

1
kxU  . 

 Kinetic energy of a particle executing SHM is given by : 

)(
2

1 222 yamK   where m = mass,  = angular frequency, a= 

amplitude, y = displacement. 

 Potential energy of a particle executing SHM is given by : 

22

2

1
ymU  . 

 Total energy of a particle executing SHM is given by : 

22

2

1
amUKE  . 

 Energy density associated with a wave 
22

2

1
a  where 

 =density of medium,  = angular frequency, a = amplitude of the of 

the wave. 

 Energy associated with a photon : 

 /hchE  , where h = planck’s constant,  = frequency of the 

light wave, c = velocity of light,  = wave length. 

 Mass and energy are interconvertible. That is mass can be 

converted into energy and energy can be converted into mass. 

 A mass m (in kg) is equivalent to energy (in J) which is equal to 

mc2 where c = speed of light. 

 A stout spring has a large value of force constant, while for a 

delicate spring, the value of spring constant is low. 

 The term energy is different from power. Whereas energy refers to 

the capacity to perform the work, power determines the rate of 
performing the work. Thus, in determining power, time taken to perform 
the work is significant but it is of no importance for measuring energy 
of a body. 

 Collision is the phenomenon in which two bodies exert mutual 

force on each other. 

 The collision generally occurs for very small interval of time. 

 Physical contact between the colliding bodies is not essential for the 
collision. 

 The mutual forces between the colliding bodies are action and 
reaction pair. In accordance with the Newton’s third law of motion, they 
are equal and opposite to each other. 

 The collision is said to be elastic when the kinetic energy is 

conserved. 

 In the elastic collisions the forces involved are conservative. 

 In the elastic collisions, the kinetic or mechanical energy is not 
converted into any other form of energy. 

 Elastic collisions produce no sound or heat. 

 There is no difference between the elastic and perfectly elastic 
collisions. 

 In the elastic collisions, the relative velocity before collision is equal 

to the relative velocity after the collision. That is 1221 vvuu


  

where 1u


 and 2u


 are initial velocities and 1v


 and 2v


 are the velocities 

of the colliding bodies after the collision. This is called Newton's law of 
impact. 

 The collision is said to be inelastic when the kinetic energy is not 
conserved. 

 In the perfectly inelastic collision, the colliding bodies stick 
together. That is the relative velocity of the bodies after the collision is 
zero. 

 In an elastic collision of two equal masses, their kinetic energies are 
exchanged. 

 If a body of mass m moving with velocity v, collides elastically with 
a rigid wall, then the change in the momentum of the body is 2mv. 
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  is called coefficient of restitution. Its value is 1 for 

elastic collisions. It is less than 1 for inelastic collisions and zero for 
perfectly inelastic collision. 

 During collision, velocity of the colliding bodies changes.  

 Linear momentum is conserved in all types of collisions. 

 Perfectly elastic collision is a rare physical phenomenon. 

 Collisions between two ivory or steel or glass balls are nearly 
elastic.  

 The force of interaction in an inelastic collision is non-conservative 
in nature. 

 In inelastic collision, the kinetic energy is converted into heat 
energy, sound energy, light energy etc. 

 In head on collisions, the colliding bodies move along the same 

straight line before and after collision. 

 Head on collisions are also called one dimensional collisions. 

 In the oblique collisions the colliding bodies move at certain angles 
before and/or after the collisions.  

 The oblique collisions are two dimensional collisions.  

 When a heavy body collides head-on elastically with a lighter body, 
then the lighter body begins to move with a velocity nearly  double the 
velocity of the heavier body.   

 When a light body collides with a heavy body, the lighter body 
returns almost with the same speed.  

 If a light and a heavy body have equal momenta, then lighter body 
has greater kinetic energy. 

 Suppose, a body is dropped form a height h
0

 and it strikes the 
ground with velocity v

0

. After the (inelastic) collision let it rise to a 
height h

1

. If v
1

 be the velocity with which the body rebounds, then  
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 If after n collisions with the ground, the velocity is v
n

 and the height 
to which it rises be h
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, then  
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 where v


 is the velocity of the body and 

  is the angle between F


 and v
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 Area under the vF   graph is equal to the power dissipated. 

 Power dissipated by a conservative force (gravitation, electric force 

etc.) does not depend on the path followed. It depends on the initial and 

final positions of the body. That is 0 dP . 

 Power dissipated against friction depends on the path followed. 

That is 0 dP . 

 Power is also measured in horse power (hp). It is the fps unit of 

power. 1 hp = 746 W. 

 An engine pulls a train of mass m with constant velocity. If the rails 
are on a plane surface and there is no friction, the power dissipated by 
the engine is zero. 

 In the above case if the coefficient of friction for the rail is  , the 

power of the engine is mgvP  . 

 In the above case if the engine pulls on a smooth track on an 

inclined plane (inclination  ), then its power vmgP )sin(  . 

 In the above case if the engine pulls upwards on a rough inclined 

plane having coefficient of friction  , then power of the engine is  

vmgP )sincos(   . 

 If the engine pulls down on the inclined plane then power of the 
engine is 

vmgP )sincos(   . 
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Work Done by Constant Force 
 

1. A body of mass m is moving in a circle of radius r with a constant 

speed v. The force on the body is 
r

mv 2

 and is directed towards the 

centre. What is the work done by this force in moving the body over 
half the circumference of the circle   [NCERT 1977] 

(a) 
2

2

r

mv


 (b) Zero  

(c) 
2

2

r

mv
 (d) 

2

2

mv

r
 

2. If the unit of force and length each be increased by four times, then 

the unit of energy is increased by  [CPMT 1987] 

(a) 16 times (b) 8 times 

(c) 2 times (d) 4 times 

3. A man pushes a wall and fails to displace it. He does 

 [CPMT 1992] 

(a) Negative work  

(b) Positive but not maximum work 

(c) No work at all 

(d) Maximum work 

4. The same retarding force is applied to stop a train. The train stops 

after 80 m. If the speed is doubled, then the distance will be   [CPMT 1984] 

(a) The same  (b) Doubled 

(c) Halved (d) Four times  

5. A body moves a distance of 10 m along a straight line under the 
action of a force of 5 N. If the work done is 25 joules, the angle 
which the force makes with the direction of motion of the body is  

           [NCERT 1980; JIPMER 1997; CBSE PMT 1999; 

  BHU 2000; RPMT 2000; Orissa JEE 2002] 

(a) 0° (b) 30° 

(c) 60° (d) 90° 

6. You lift a heavy book from the floor of the room and keep it in the 

book-shelf having a height 2 m. In this process you take 5 seconds. 
The work done by you will depend upon 

[MP PET 1993] 

(a) Mass of the book and time taken 

(b) Weight of the book and height of the book-shelf 

(c) Height of the book-shelf and time taken 

(d) Mass of the book, height of the book-shelf and time taken 

7. A body of mass m kg is lifted by a man to a height of one metre in 
30 sec. Another man lifts the same mass to the same height in 60 
sec. The work done by them are in the ratio    [MP PMT 1993] 

(a) 2:1  (b) 1 : 1 

(c) 2 : 1 (d) 4 : 1 

8. A force )ˆ3ˆ5( jiF   newton is applied over a particle which 

displaces it from its origin to the point )ˆ1ˆ2( jir   metres. The 

work done on the particle is 

 [MP PMT 1995; RPET 2003] 

(a) – 7 joules (b) + 13 joules 

(c) + 7 joules (d) + 11 joules 

9. A force acts on a 30 gm particle in such a way that the position of 

the particle as a function of time is given by 3243 tttx  , 

where x is in metres and t is in seconds. The work done during the 
first 4 seconds is 

 [CBSE PMT 1998] 

(a) 5.28 J (b) 450 mJ 

(c) 490 mJ (d) 530 mJ 

10. A body of mass 10 kg is dropped to the ground from a height of 10 

metres. The work done by the gravitational force is 

)sec/8.9( 2mg     [SCRA 1994] 

(a) – 490 Joules (b) + 490 Joules 

(c) – 980 Joules (d) + 980 Joules 

11. Which of the following is a scalar quantity [AFMC 1998] 

(a) Displacement (b) Electric field 

(c) Acceleration (d) Work 

12. The work done in pulling up a block of wood weighing 2 kN for a 
length of 10m on a smooth plane inclined at an angle of 15° with the 
horizontal is  [AFMC 1999; Pb PMT 2003] 

(a) 4.36 kJ (b) 5.17 kJ 

(c) 8.91 kJ (d) 9.82 kJ 

13. A force kjiF ˆ4ˆ6ˆ5 


 acting on a body, produces a 

displacement .56 kis


  Work done by the force is 

 [KCET 1999] 

(a) 18 units (b) 15 units 

(c) 12 units (d) 10 units 

14. A force of 5 N acts on a 15 kg body initially at rest. The work done by 
the force during the first second of motion of the body is   [JIPMER 1999] 

(a) 5 J (b) J
6

5
 

(c) 6 J (d) J75  

15. A force of 5 N, making an angle   with the horizontal, acting on an 

object displaces it by m4.0  along the horizontal direction. If the 

object gains kinetic energy of 1J, the horizontal component of the 
force  is 

[EAMCET (Engg.) 2000] 

(a) 1.5 N (b) 2.5 N 

(c) 3.5 N (d) 4.5 N 

16. The work done against gravity in taking 10 kg mass at 1m height in 

1sec will be    [RPMT 2000] 

(a) 49 J (b) 98 J 

(c) 196 J (d) None of these 
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17. The energy which an e  acquires when accelerated through a 

potential difference of 1 volt is called  [UPSEAT 2000] 

(a) 1 Joule (b) 1 Electron volt 

(c) 1 Erg (d) 1 Watt. 

18. A body of mass 6kg is under a force which causes displacement in it 

given by 
4

2t
S   metres where t is time. The work done by the 

force in 2 seconds is 

 [EAMCET 2001] 

(a) 12 J (b) 9 J 

(c) 6 J (d) 3 J 

19. A body of mass 10kg at rest is acted upon simultaneously by two 

forces 4 N and 3N at right angles to each other. The kinetic energy 
of the body at the end of    10 sec is  

[Kerala (Engg.) 2001] 

(a) 100 J (b) 300 J 

(c) 50 J (d) 125 J 

20. A cylinder of mass 10kg is sliding on a plane with an initial velocity 

of 10m/s. If coefficient of friction between surface and cylinder is 0.5, 
then before stopping it will describe 

 [Pb. PMT 2001] 

(a) 12.5 m (b) 5 m 

(c) 7.5 m (d) 10 m 

21. A force of )ˆ4ˆ3( ji   Newton acts on a body and displaces it by 

.)ˆ4ˆ3( mji   The work done by the force is [AIIMS 2001] 

(a) 10 J (b) 12 J 

(c) 16 J (d) 25 J 

22. A 50kg man with 20kg load on his head climbs up 20 steps of 
0.25m height each. The work done in climbing is  

[JIPMER 2002] 

(a) 5 J (b) 350 J 

(c) 100 J (d) 3430 J 

23. A force kjiF ˆ3ˆ2ˆ6   acts on a particle and produces a 

displacement of .ˆˆ3ˆ2 kxjis   If the work done is zero, the 

value of x is   [Kerala PMT 2002] 

(a) – 2 (b) 1/2 

(c) 6 (d) 2 

24. A particle moves from position kjir ˆ6ˆ2ˆ31 


 to position 

kjir ˆ9ˆ13ˆ142 


 under the action of force .ˆ3ˆˆ4 Nkji   The 

work done will be   [Pb. PMT 2002,03] 

(a) 100 J (b) 50 J 

(c) 200 J (d) 75 J 

25. A force kjciF ˆ2ˆˆ3)( 


 acting on a particle causes a 

displacement: kjis ˆ3ˆ2ˆ4)( 


 in its own direction. If the work 

done is ,6 J  then the value of ''c is [CBSE PMT 2002] 

(a) 0 (b) 1 

(c) 6 (d) 12 

26. In an explosion a body breaks up into two pieces of unequal masses. 

In this    [MP PET 2002] 

(a) Both parts will have numerically equal momentum 

(b) Lighter part will have more momentum 

(c) Heavier part will have more momentum  

(d) Both parts will have equal kinetic energy 

27. Which of the following is a unit of energy  [AFMC 2002] 

(a) Unit (b) Watt 

(c) Horse Power (d) None 

28. If force and displacement of particle in direction of force are 

doubled. Work would be   [AFMC 2002] 

(a) Double  (b) 4 times 

(c) Half (d) 
4

1
times 

29. A body of mass 5 kg is placed at the origin, and can move only on 
the x-axis. A force of 10 N is acting on it in a direction making an 

angle of o60  with the x-axis and displaces it along the x-axis by 4 

metres. The work done by the force is   [MP PET 2003] 

(a) 2.5 J (b) 7.25 J 

(c) 40 J (d) 20 J 

30. A force )ˆ4ˆ5( jiF   N acts on a body and produces a 

displacement )ˆ3ˆ5ˆ6( kjiS  m. The work done will be 

 [CPMT 2003] 

(a) 10 J (b) 20 J 

 (c) 30 J (d) 40 J 

31. A uniform chain of length 2m is kept on a table such that a length 
of 60cm hangs freely from the edge of the table. The total mass of 
the chain is 4kg. What is the work done in pulling the entire chain 
on the table    [AIEEE 2004] 

(a) 7.2 J (b) 3.6 J  

(c) 120 J (d) 1200 J 

32. A particle is acted upon by a force of constant magnitude which is 
always perpendicular to the velocity of the particle, the motion of 
the particle takes place in a plane. It follows that     [AIEEE 2004] 

(a) Its velocity is constant   

(b) Its acceleration is constant   

(c) Its kinetic energy is constant  

(d) It moves in a straight line 

33. A ball of mass m moves with speed v and strikes a wall having 

infinite mass and it returns with same speed then the work done by 
the ball on the wall  is  [BCECE 2004] 

(a) Zero (b) Jmv    

(c) m/v.J (d) v/m J 

34. A force NkjiF )ˆ2ˆ3ˆ5( 


 is applied over a particle which 

displaces it from its origin to the point mjir )ˆˆ2( 


. The work 

done on the particle in joules is  [AIEEE 2004] 

(a) – 7 (b) +7   

(c) +10 (d) +13 

35. The kinetic energy acquired by a body of mass m is travelling some 

distance s, starting from rest under the actions of a constant force, 
is directly proportional to 

 [Pb. PET 2000] 

(a) 0m  (b) m   

(c) 2m  (d) m  

36. If a force jiF ˆ5ˆ4 


 causes a displacement kis ˆ6ˆ3 


, work 

done is    [Pb. PET 2002] 

(a) 64   unit  (b) 36  unit  
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(c) 65  unit (d) 34  unit 

37.  A man starts walking from a point on the surface of earth (assumed 

smooth) and reaches diagonally opposite point. What is the work 
done by him   [DCE  2004] 

(a) Zero (b) Positive  

(c) Negative  (d) Nothing can be said  

38. It is easier to draw up a wooden block along an inclined plane than 
to haul it vertically, principally because 

[CPMT 1977; JIPMER 1997] 

(a) The friction is reduced 

(b) The mass becomes smaller 

(c) Only a part of the weight has to be overcome 

(d) ‘g’ becomes smaller 

39. Two bodies of masses 1 kg and 5 kg are dropped gently from the top 
of a tower. At a point 20 cm from the ground, both the bodies will 
have the same  [SCRA 1998] 

(a) Momentum (b) Kinetic energy 

 (c) Velocity (d) Total energy 

40. Due to a force of Nji )ˆ2ˆ6(   the displacement of a body is 

mji )ˆˆ3(  , then the work done is  [Orissa JEE 2005] 

(a) 16 J (b) 12 J 

(c) 8 J (d) Zero 

41. A ball is released from the top of a tower. The ratio of work done by 
force of gravity in first, second and third second of the motion of 
the ball is     [Kerala PET 2005] 

(a) 1 : 2 : 3 (b) 1 : 4 : 9 

(c) 1 : 3 : 5 (d) 1 : 5 : 3 
 

Work Done by Variable Force 
 

1. A particle moves under the effect of a force F  = Cx from x = 0 to 

1xx  . The work done in the process is 

  [CPMT 1982; DCE 2002;Orissa JEE 2005] 

(a) 2
1Cx  (b) 2

1
2

1
Cx  

(c) 1Cx  (d) Zero 

2. A cord is used to lower vertically a block of mass M by a distance d 

with constant downward acceleration 
4

g
. Work done by the cord 

on the block is  [CPMT 1972] 

(a) 
4

d
Mg  (b) 

4
3

d
Mg  

(c) 
4

3
d

Mg  (d) Mgd 

3. Two springs have their force constant as 1k  and )( 212 kkk  . 

When they are stretched by the same force [EAMCET 1981] 

(a) No work is done in case of both the springs 

(b) Equal work is done in case of both the springs 

(c) More work is done in case of second spring 

(d) More work is done in case of first spring 

4. A spring of force constant 10 N/m has an initial stretch 0.20 m. In 
changing the stretch to 0.25 m, the increase in potential energy is 
about   [CPMT 1977] 

(a) 0.1 joule (b) 0.2 joule 

(c) 0.3 joule (d) 0.5 joule 

5. The potential energy of a certain spring when stretched through a 
distance ‘S’ is 10 joule. The amount of work (in joule) that must be 
done on this spring to stretch it through an additional distance ‘S’ 
will be 

  [MNR 1991; CPMT 2002; UPSEAT 2000; Pb. PET 2004] 

(a) 30 (b) 40 

(c) 10 (d) 20 

6. Two springs of spring constants 1500 N/m and 3000 N/m 
respectively are stretched with the same force. They will have 
potential energy in the ratio 

[MP PMT/PET 1998; Pb. PMT 2002] 

(a) 4 : 1 (b) 1 : 4 

(c) 2 : 1 (d) 1 : 2 

7. A spring 40 mm long is stretched by the application of a force. If 10 

N force required to stretch the spring through 1 mm, then work 
done in stretching the spring through 40 mm is  [AIIMS 1998; AFMC 2000; JIPMER 2000] 

(a) 84 J (b) 68 J 

(c) 23 J (d) 8 J 

8. A position dependent force newtonxxF 2327   acts on a 

small body of mass 2 kg and displaces it from 0x  to mx 5 . 

The work done in joules is [CBSE PMT 1994] 

(a) 70 (b) 270 

(c) 35 (d) 135 

9. A body of mass 3 kg is under a force, which causes a displacement 

in it is given by 
3

3t
S   (in m). Find the work done by the force in 

first 2 seconds [BHU 1998] 

(a) 2 J (b) 3.8 J 

(c) 5.2 J (d) 24 J 

10. The force constant of a wire is k and that of another wire is .2k  

When both the wires are stretched through same distance, then the 
work done    [MH CET 2000] 

(a) 2
12 2WW   (b) 12 2WW   

(c) 12 WW   (d) 12 5.0 WW   

11. A body of mass 0.1 kg moving with a velocity of 10 m/s hits a spring 

(fixed at the other end) of force constant 1000 N/m and comes to 
rest after compressing the spring. The compression of the spring is    [MP PMT 2001] 

(a) m01.0  (b) m1.0  

(c) m2.0  (d) m5.0  

12. When a 1.0kg mass hangs attached to a spring of length 50 cm, the 

spring stretches by 2 cm. The mass is pulled down until the length 
of the spring becomes 60 cm. What is the amount of elastic energy 
stored in the spring in this condition, if g = 10 m/s2   [MP PET 2001] 

(a) 1.5 Joule (b) 2.0 Joule 

(c) 2.5 Joule (d) 3.0 Joule 

13. A spring of force constant 800 N/m has an extension of 5cm. The 

work done in extending it from 5cm  to 15 cm is 

 [AIEEE 2002] 

(a) 16 J (b) 8 J 

(c) 32 J (d) 24 J 
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14. When a spring is stretched by 2 cm, it stores 100 J of energy. If it is 

stretched further by 2 cm, the stored energy will be increased by    [Orissa JEE 2002] 

(a) 100 J (b) 200 J 

(c) 300 J (d) 400 J 

15. A spring when stretched by 2 mm its potential energy becomes 4 J. 

If it is stretched by 10 mm, its potential energy is equal to   [BCECE 2003] 

(a) 4 J (b) 54 J 

(c) 415 J (d) None 

16. A spring of spring constant 5  103 N/m is stretched initially by 5cm 

from the unstretched position. Then the work required to stretch it 

further by another  cm5  is 

  [AIEEE 2003]  

(a) 6.25 N-m  (b) 12.50 N-m 

(c) 18.75 N-m (d) 25.00 N-m 

17. A mass of 0.5kg moving with a speed of 1.5 m/s on a horizontal 
smooth surface, collides with a nearly weightless spring of force 

constant mNk /50 . The maximum compression of the spring 

would be   [CBSE PMT 2004] 

(a) 0.15 m (b) 0.12 m   

(c) 1.5 m (d) 0.5 m 

18. A particle moves in a straight line with retardation proportional to 

its displacement. Its loss of kinetic energy for any displacement x is 
proportional to  [AIEEE 2004] 

(a) 2x  (b) xe   

(c) x (d) xelog  

19. A spring with spring constant k when stretched through 1 cm, the 
potential energy is U. If it is stretched by 4 cm. The potential energy 
will be     [Orissa PMT 2004] 

(a) 4U (b) 8U   

(c) 16 U (d) 2U 

20. A spring with spring constant k is extended from 0x to 1xx  . 

The work done will be   [Orissa PMT 2004] 

(a) 2
1kx  (b) 2

1
2

1
kx    

(c) 2
12kx  (d) 12kx  

21. If a long spring is stretched by 0.02 m, its potential energy is U. If 

the spring is stretched by 0.1 m, then its potential energy will be  

  [MP PMT 2002; CBSE PMT 2003; UPSEAT 2004] 

(a) 
5

U
 (b) U   

(c) 5U (d) 25U 

22. Natural length of a spring is 60 cm, and its spring constant is 4000 
N/m. A mass of 20 kg is hung from it. The extension produced in 

the spring is, (Take 2/8.9 smg  ) [DCE 2004] 

(a) 4.9 cm (b) 0.49 cm  

(c) 9.4 cm (d) 0.94 cm 

23. The spring extends by x on loading, then energy stored by the 
spring is : 

(if T is the tension in spring and k is spring constant) 

      [Pb. PMT 2003] 

(a) 
k

T

2

2

 (b) 
2

2

2k

T
 

(c) 
2

2

T

k
 (d) 

k

T 22
 

24. The potential energy of a body is given by,                                 

U = 2BxA  (Where x is the displacement). The magnitude of force 
acting on the particle is  [BHU 2002] 

(a) Constant  

(b) Proportional to x 

(c) Proportional to 2x  

(d) Inversely proportional to x 

25. The potential energy between two atoms in a molecule is given by 

612
)(

x

b

x

a
xU  ; where a and b are positive constants and x is 

the distance between the atoms. The atom is in stable equilibrium 
when  [CBSE PMT 1995] 

 (a) 6

5

11

b

a
x   (b)  6

2b

a
x   

 (c) 0x  (d) 6
2

b

a
x   

26. Which one of the following is not a conservative force 

[Kerala PMT 2005] 

(a) Gravitational force 

(b) Electrostatic force between two charges  

(c) Magnetic force between two magnetic dipoles 

 (d) Frictional force 
 

Conservation of Energy and Momentum 

 

1. Two bodies of masses 1m  and 2m  have equal kinetic energies. If 

1p  and 2p  are their respective momentum, then ratio 21 : pp  is 

equal to  [MP PMT 1985; CPMT 1990] 

(a) 21 : mm  (b) 12 : mm  

(c) 21 : mm  (d) 2
2

2
1 : mm  

2. Work done in raising a box depends on  

(a) How fast it is raised  

(b) The strength of the man  

(c) The height by which it is raised 

(d) None of the above 

3. A light and a heavy body have equal momenta. Which one has 
greater K.E 

  [MP PMT 1985; CPMT 1985; Kerala PMT 2004] 

(a) The light body  (b) The heavy body  

(c) The K.E. are equal (d) Data is incomplete 

4. A body at rest may have  

(a) Energy (b) Momentum 

(c) Speed  (d) Velocity 

5. The kinetic energy possessed by a body of mass m moving with a 

velocity v  is equal to 2

2

1
mv , provided 

(a) The body moves with velocities comparable to that of light 
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(b) The body moves with velocities negligible compared to the 
speed of light 

(c) The body moves with velocities greater than that of light 

(d) None of the above statement is correcst  

6. If the momentum of a body is increased n times, its kinetic energy 

increases 

(a) n times (b) 2n times 

(c) n times (d) 2n  times  

7. When work is done on a body by an external force, its 

(a) Only kinetic energy increases 

(b) Only potential energy increases  

(c) Both kinetic and potential energies may increase 

(d) Sum of kinetic and potential energies remains constant 

8. The bob of a simple pendulum (mass m and length l) dropped from 
a horizontal position strikes a block of the same mass elastically 
placed on a horizontal frictionless table. The K.E. of the block will be  

(a) 2 mgl (b) mgl/2 

(c) mgl (d) 0 

9. From a stationary tank of mass 125000 pound a small shell of mass 

25 pound is fired with a muzzle velocity of 1000 ft/sec. The tank 
recoils with a velocity of [NCERT 1973] 

(a) 0.1 ft/sec (b) 0.2 ft/sec 

(c) 0.4 ft/sec (d) 0.8 ft/sec 

10. A bomb of 12 kg explodes into two pieces of masses 4 kg  and 8 kg. 
The velocity of 8kg mass is 6 m/sec. The kinetic energy of the other 
mass is 

[MNR 1985; CPMT 1991; Manipal MEE 1995; 

 Pb. PET 2004] 

(a) 48 J (b) 32 J 

(c) 24 J (d) 288 J 

11. A rifle bullet loses 1/20th of its velocity in passing through a plank. 

The least number of such planks required just to stop the bullet is[EAMCET  1987; AFMC 2004] 

(a) 5 (b) 10 

(c) 11 (d) 20 

12. A body of mass 2 kg is thrown up vertically with K.E. of 490 joules. 

If the acceleration due to gravity is 9.8 2/ sm , then the height at 

which the K.E. of the body becomes half its original value is given by   [EAMCET  1986] 

(a) 50 m (b) 12.5 m 

(c) 25 m (d) 10 m 

13. Two masses of 1 gm  and 4 gm are moving with equal kinetic 

energies. The ratio of the magnitudes of their linear momenta is 

 [AIIMS 1987; NCERT 1983; MP PMT 1993; IIT 1980;     RPET 1996; CBSE PMT 

1997; Orissa JEE 2003;            KCET 1999; DCE 2004] 

(a) 4 : 1 (b) 1:2  

(c) 1 : 2 (d) 1 : 16 

14. If the K.E. of a body is increased by 300%, its momentum will 

increase by  [JIPMER 1978; AFMC 1993;  

RPET 1999; CBSE PMT 2002] 

(a) 100% (b) 150% 

(c) %300  (d) 175% 

15. A light and a heavy body have equal kinetic energy. Which one has a 

greater momentum ? 

[NCERT 1974; CPMT 1997; DPMT 2001] 

(a) The light body 

(b) The heavy body 

(c) Both have equal momentum 

(d) It is not possible to say anything without additional information 

16. If the linear momentum is increased by 50%, the kinetic energy will 

increase by 

  [CPMT 1983; MP PMT 1994; MP PET 1996, 99; UPSEAT 2001] 

(a) 50% (b) 100% 

(c) 125% (d) 25% 

17. A free body of mass 8 kg is travelling at 2 meter per second in a 

straight line. At a certain instant, the body splits into two equal 
parts due to internal explosion which releases 16 joules of energy. 
Neither part leaves the original line of motion finally   [NCERT 1979] 

(a) Both parts continue to move in the same direction as that of 

the original body 

(b) One part comes to rest and the other moves in the same 

direction as that of the original body 

(c) One part comes to rest and the other moves in the direction 

opposite to that of the original body 

(d) One part moves in the same direction and the other in the 

direction opposite to that of the original body 

18. If the K.E. of a particle is doubled, then its momentum will 

 [EAMCET 1979; CPMT 2003: Kerala PMT 2005] 

(a) Remain unchanged  (b) Be doubled 

(c) Be quadrupled (d) Increase 2  times 

19. If the stone is thrown up vertically and return to ground, its 
potential energy is maximum   [EAMCET 1979] 

(a) During the upward journey 

(b) At the maximum height 

(c) During the return journey 

(d) At the bottom 

20. A body of mass 2 kg is projected vertically upwards with a velocity 

of 1sec2 m . The K.E. of the body just before striking the ground 

is   [EAMCET 1980] 

(a) 2 J (b) 1 J 

(c) 4 J (d) 8 J 

21. The energy stored in wound watch spring is 

[EAMCET 1982] 

(a) K.E. (b) P.E. 

(c) Heat energy (d) Chemical energy 

22. Two bodies of different masses 1m  and 2m  have equal momenta. 

Their kinetic energies 1E  and 2E  are in the ratio 

 [EAMCET 1990] 

(a) 21 : mm  (b) 21 : mm  

(c) 12 : mm  (d) 2
2

2
1 : mm  

23. A car travelling at a speed of 30 km/hour is brought to a halt in 8 

m by applying brakes. If the same car is travelling at 60 km/hour, it 
can be brought to a halt with the same braking force in   [NCERT 1976] 

(a) 8 m (b) 16 m 

(c) 24 m (d) 32 m 

24. Tripling the speed of the motor car multiplies the distance needed 
for stopping it by   [NCERT 1978] 

(a) 3 (b) 6 
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(c) 9 (d) Some other number 

25. If the kinetic energy of a body increases by 0.1%, the percent 

increase of its momentum will be [MP PMT 1994] 

(a) 0.05% (b) 0.1% 

(c) 1.0% (d) 10% 

26. If velocity of a body is twice of previous velocity, then kinetic energy 
will become   [AFMC 1996] 

(a) 2 times (b) 
2

1
times 

(c) 4 times (d) 1 times 

27. Two bodies A and B having masses in the ratio of 3 : 1 possess the 
same kinetic energy. The ratio of their linear momenta is then   [Haryana CEE 1996] 

(a) 3 : 1 (b) 9 : 1 

(c) 1 : 1 (d) 1:3  

28. In which case does the potential energy decrease 

[MP PET 1996] 

(a) On compressing a spring 

(b) On stretching a spring 

(c) On moving a body against gravitational force 

(d) On the rising of an air bubble in water 

29. A sphere of mass m, moving with velocity V, enters a hanging bag of 

sand and stops. If the mass of the bag is M and it is raised by height 
h, then the velocity of the sphere was    [MP PET 1997] 

(a) gh
m

mM
2


 (b) gh

m

M
2  

(c) gh
mM

m
2


 (d) gh

M

m
2  

30. Two bodies of masses m and 2m have same momentum. Their 

respective kinetic energies 1E  and 2E  are in the ratio 

 [MP PET 1997; KCET 2004] 

(a) 1 : 2 (b) 2 : 1 

(c) 2:1  (d) 1 : 4 

31. If a lighter body (mass 1M  and velocity 1V ) and a heavier body 

(mass 2M  and velocity 2V ) have the same kinetic energy, then   [MP PMT 1997] 

(a) 1122 VMVM   (b) 1122 VMVM   

(c) 2112 VMVM   (d) 1122 VMVM   

32. A frictionless track ABCDE ends in a circular loop of radius R. A 
body slides down the track from point A which is at a height h = 5 

cm. Maximum value of R for the body to successfully complete the 
loop is  [MP PMT/PET 1998] 

  (a) 5 cm  

 (b) cm
4

15
 

(c) cm
3

10
  

(d) 2 cm 

33. The force constant of a weightless spring is 16 N/m. A body of mass 
1.0 kg suspended from it is pulled down through 5 cm and then 
released. The maximum kinetic energy of the system (spring + body) 

will be [MP PET 1999; DPMT 2000] 

(a) J2102   (b) J2104   

(c) J2108   (d) J21016   

34. Two bodies with kinetic energies in the ratio of 4 : 1 are moving 

with equal linear momentum. The ratio of their masses is   [CBSE PMT 1999] 

(a) 1 : 2 (b) 1 : 1 

(c) 4 : 1 (d) 1 : 4 

35. If the kinetic energy of a body becomes four times of its initial value, 
then new momentum will  

  [AIIMS 1998; AIIMS 2002;  

KCET 2000; J & K CET 2004] 

(a) Becomes twice its initial value 

(b) Become three times its initial value 

(c) Become four times its initial value 

(d) Remains constant 

36. A bullet is fired from a rifle. If the rifle recoils freely, then the 

kinetic energy of the rifle is 

[AIIMS 1998; JIPMER 2001; UPSEAT 2000] 

(a) Less than that of the bullet 

(b) More than that of the bullet 

(c) Same as that of the bullet 

(d) Equal or less than that of the bullet 

37. If the water falls from a dam into a turbine wheel 19.6 m below, 

then the velocity of water at the turbine is )/8.9( 2smg     [AIIMS 1998] 

(a) 9.8 m/s (b) 19.6 m/s 

(c) 39.2 m/s (d) 98.0 m/s 

38. Two bodies of masses 2m and m have their K.E. in the ratio 8 : 1, 

then their ratio of momenta is [EAMCET (Engg.) 1995] 

(a) 1 : 1 (b) 2 : 1 

(c) 4 : 1 (d) 8 : 1 

39. A bomb of 12 kg divides in two parts whose ratio of masses is 1 : 3. 
If kinetic energy of smaller part is 216 J, then momentum of bigger 

part in kg-m/sec will be [RPET 1997] 

(a) 36 (b) 72 

(c) 108 (d) Data is incomplete 

40. A 4 kg mass and a 1 kg mass are moving with equal kinetic energies. 
The ratio of the magnitudes of their linear momenta is[CBSE PMT 1993; Orissa JEE 2003] 

(a) 1 : 2 (b) 1 : 1 

(c) 2 : 1 (d) 4 : 1 

41. Two identical cylindrical vessels with their bases at same level each 

contains a liquid of density . The height of the liquid in one vessel 

is 1h  and that in the other vessel is 2h . The area of either base is 

A. The work done by gravity in equalizing the levels when the two 

vessels are connected, is  

 [SCRA 1996] 

(a) ghh )( 21   (b) gAhh )( 21   

(c) gAhh 2
21 )(

2

1
  (d) gAhh 2

21 )(
4

1
  

42. If the increase in the kinetic energy of a body is 22%, then the 
increase in the momentum will be 

A 

h 

B 

2R 

E 

D 

C 
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[RPET 1996; DPMT 2000] 

(a) 22% (b) 44% 

(c) 10% (d) 300% 

43. If a body of mass 200 g falls from a height 200 m and its total P.E. 
is converted into K.E. at the point of contact of the body with earth 
surface, then what is the decrease in P.E. of the body at the contact 

)/10( 2smg   [AFMC 1997] 

(a) 200 J (b) 400 J 

(c) 600 J (d) 900 J 

44. If momentum is increased by 20%, then K.E. increases by  

[AFMC 1997; MP PMT 2004] 

(a) 44% (b) 55% 

(c) 66% (d) 77% 

45. The kinetic energy of a body of mass 2 kg and momentum of 2 Ns is  [AFMC 1998; DPMT 2000] 

(a) 1 J (b) 2 J 

(c) 3 J (d) 4 J 

46. The decrease in the potential energy of a ball of mass 20 kg which 

falls from a height of 50 cm is [AIIMS 1997] 

(a) 968 J (b) 98 J 

(c) 1980 J (d) None of these 

47. An object of 1 kg mass has a momentum of 10 kg m/sec then the 

kinetic energy of the object will be [RPMT 1999] 

(a) 100 J (b) 50 J 

(c) 1000 J (d) 200 J 

48. A ball is released from certain height. It loses 50% of its kinetic 

energy on striking the ground. It will attain a height again equal to   [RPMT 2000] 

(a) One fourth the initial height 

(b) Half the initial height 

(c) Three fourth initial height 

(d) None of these  

49. A 0.5 kg ball is thrown up with an initial speed 14 m/s and reaches a 
maximum height of 8.0m. How much energy is dissipated by air 
drag acting on the ball during the ascent 

[AMU (Med.) 2000] 

(a) Joule6.19  (b) Joule9.4  

(c) Joule10  (d) Joule8.9  

50. An ice cream has a marked value of 700 kcal. How many kilowatt- 
hour of energy will it deliver to the body as it is digested   [AMU (Med.) 2000] 

(a) kWh81.0  (b) kWh90.0  

(c) kWh11.1  (d) kWh71.0  

51. What is the velocity of the bob of a simple pendulum at its mean 

position, if it is able to rise to vertical height of cm10  (Take 

)/8.9 2smg     [BHU 2000] 

(a) 0.6 m/s 

(b) 1.4 m/s 

(c) 1.8 m/s  

(d) 2.2 m/s 

52. A particle of mass 'm' and charge 'q' is accelerated through a 
potential difference of 'V' volt. Its energy is [UPSEAT 2001] 

(a) qV  (b) Vmq  

(c) V
m

q








 (d) 

Vm

q
 

53. A running man has half the kinetic energy of that of a boy of half of 
his mass. The man speeds up by 1m/s so as to have same K.E. as that 
of the boy. The original speed of the man will be   [Pb. PMT 2001] 

(a) sm /2  (b) sm /)12(   

(c) sm /
)12(

1


 (d) sm /

2

1
 

54. The mass of two substances are 4gm and gm9  respectively. If their 

kinetic energies are same, then the ratio of their momenta will be   [CPMT 2001] 

(a) 4 : 9 (b) 9 : 4 

(c) 3 : 2 (d) 2 : 3 

55. If the momentum of a body is increased by 100%, then the 
percentage increase in the kinetic energy is 

[BHU 1999; Pb. PMT 1999; CPMT 2000;  

CBSE PMT 2001; BCECE 2004] 

(a) 150% (b) 200% 

(c) 225% (d) 300% 

56. If a body looses half of its velocity on penetrating 3 cm in a wooden 

block, then how much will it penetrate more before coming  to rest  [AIEEE 2002; DCE 2002] 

(a) 1 cm (b) 2 cm 

(c) 3 cm (d) 4 cm 

57. A bomb of mass 9kg explodes into 2 pieces of mass 3kg and 6kg. 

The velocity of mass 3kg is 1.6 m/s, the K.E. of mass 6kg is   [AIEEE 2002]  

(a) 3.84 J (b) 9.6 J 

(c) 1.92 J (d) 2.92 J 

58. Two masses of 1kg and 16kg are moving with equal K.E. The ratio of 

magnitude of the linear momentum is  [AIEEE 2002] 

(a) 1 : 2 (b) 1 : 4 

(c) 2:1  (d) 1:2  

59. A machine which is 75 percent efficient, uses 12 joules of energy in 

lifting up a 1 kg mass through a certain distance. The mass is then 
allowed to fall through that distance. The velocity at the end of its 

fall  is (in )1ms [Kerala PMT 2002] 

(a) 24  (b) 32  

(c) 18  (d) 9  

60. Two bodies moving towards each other collide and move away in 

opposite directions. There is some rise in temperature of bodies 
because a part of the kinetic energy is converted into     [BHU 2002] 

(a) Heat energy  (b) Electrical energy 

(c) Nuclear energy (d) Mechanical energy 

61. A particle of mass m at rest is acted upon by a force F for a time t. 
Its Kinetic energy after an interval t is  

 [Kerala PET 2002] 

(a) 
m

tF 22

 (b) 
m

tF

2

22

 

(c) 
m

tF

3

22

 (d) 
m

tF

2
  

62. The potential energy of a weight less spring compressed by a 

distance a is proportional to   [MP PET 2003] 

(a) a  (b) 2a  
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(c) 2a  (d) 0a  

63. Two identical blocks A and B, each of mass 'm' resting on smooth 

floor are connected by a light spring of natural length L and spring 
constant K, with the spring at its natural length. A third identical 
block 'C' (mass m) moving with a speed v along the line joining A 
and B collides with A. the maximum compression in the spring is[EAMCET 2003] 

(a) 
k

m
v

2
 (b) 

k

v
m

2
 

(c) 
k

mv
 (d) 

k

mv

2
 

64. Two bodies of masses m and 4 m are moving with equal K.E. The 

ratio of their linear momentums is   

[Orissa JEE 2003; AIIMS 1999] 

(a) 4 : 1 (b) 1 : 1 

(c) 1 : 2 (d) 1 : 4 

65. A stationary particle explodes into two particles of a masses m
1

 and 

m
2

 which move in opposite directions with velocities 1v  and .2v  

The ratio of their kinetic energies 21 / EE is 

 [CBSE PMT 2003] 

(a) 21 /mm  (b) 1 

(c) 1221 / vmvm  (d) 12 /mm  

66. The kinetic energy of a body of mass 3 kg and momentum 2 Ns is    [MP PET 2004] 

(a) 1 J (b) J
3

2
  

(c) J
2

3
 (d) 4 J 

67. A bomb of mass 3.0 Kg explodes in air into two pieces of masses 2.0 

kg and 1.0 kg. The smaller mass goes at a speed of 80 m/s.The total 
energy imparted to the two fragments is  

 [AIIMS 2004] 

(a) 1.07 kJ (b) 2.14 kJ  

(c) 2.4 kJ (d) 4.8 kJ 

68. A bullet moving with a speed of 100 1ms can just penetrate two 

planks of equal thickness. Then the number of such planks 
penetrated by the same bullet when the speed is doubled will be     [KCET 2004] 

(a) 4 (b) 8 

(c) 6 (d) 10 

69. A particle of mass 1m  is moving with a velocity 1v and another 

particle of mass 2m is moving with a velocity 2v . Both of them 

have the same momentum but their different kinetic energies are 

1E and 2E respectively. If 21 mm   then     [CBSE PMT 2004] 

(a) 21 EE   (b) 
2

1

2

1

m

m

E

E
   

(c) 21 EE   (d) 21 EE   

70. A ball of mass 2kg and another of mass 4kg are dropped together 

from a 60 feet tall building. After a fall of 30 feet each towards 
earth, their respective kinetic energies will be in the ratio of     [CBSE PMT 2004] 

(a) 1:2  (b) 4:1  

(c) 2:1  (d) 2:1  

71. Four particles given, have same momentum which has maximum 
kinetic energy   [Orissa PMT 2004] 

(a) Proton  (b) Electron  

(c) Deutron  (d)  -particles  

72. A body moving with velocity v has momentum and kinetic energy 
numerically equal. What is the value of v   

 [Pb. PMT 2002; J&K CET 2004] 

(a) 2m/s (b) sm /2  

(c) 1m/s (d) sm /2.0  

73. If a man increase his speed by 2 m/s , his K.E. is doubled, the 
original speed of the man is    [Pb. PET 2002] 

(a) sm /)221(   (b) 4 m/s 

(c) sm /)222(   (d) sm /)22(   

74. An object of mass 3m splits into three equal fragments. Two 

fragments have velocities jv̂  and ivˆ . The velocity of the third 

fragment is    [UPSEAT 2004] 

(a) )ˆˆ( ijv   (b) )ˆ(̂ jiv   

(c) )ˆ(̂ jiv   (d) 
2

)ˆ(̂ jiv 
 

75. A bomb is kept stationary at a point. It suddenly explodes into two 

fragments of masses 1 g  and g3 . The total K.E. of the fragments 

is J4104.6  . What is the K.E. of the smaller fragment     [DCE 2004] 

(a) J4105.2   (b) J4105.3   

(c) J4108.4   (d) J4102.5   

76. Which among the following, is a form of energy  [DCE 2004] 

(a) Light  (b) Pressure   

(c) Momentum  (d) Power 

77. A body is moving with a velocity v, breaks up into two equal parts. 
One of the part retraces back with velocity v. Then the velocity of 
the other part is     [DCE 2004] 

(a) v in forward direction (b) 3v in forward direction   

(c) v in backward direction  (d) 3v in backward direction  

78. If a shell fired from a cannon, explodes in mid air, then 

        [Pb. PET 2004] 

(a) Its total kinetic energy increases  

(b) Its total momentum increases   

(c) Its total momentum decreases   

(d) None of these 

79. A particle of mass m moving with velocity 0V strikes a simple 

pendulum of mass m and sticks to it. The maximum height attained 

by the pendulum will be  [RPET 2002] 

 (a) 
g

V
h

8

2
0  (b) gV0   

 (c) 
g

V02  (d) 
g

V

4

2
0  
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80. Masses of two substances are 1 g and 9 g respectively. If their kinetic 
energies are same, then the ratio of their momentum will be   [BHU 2004] 

(a) 1 : 9 (b) 9 : 1 

(c) 3 : 1 (d) 1 : 3 

81. A body of mass 5 kg is moving with a momentum of 10 kg-m/s. A 
force of 0.2 N acts on it in the direction of motion of the body for 10 
seconds. The increase in its kinetic energy is 

 [MP PET 1999] 

(a) 2.8 Joule (b) 3.2 Joule 

(c) 3.8 Joule (d) 4.4 Joule 

82. If the momentum of a body increases by 0.01%, its kinetic energy 
will increase by   [MP PET 2001] 

(a) 0.01% (b) 0.02% 

(c) 0.04% (d) 0.08% 

83. 1 a.m.u. is equivalent to   [UPSEAT 2001] 

(a) Joule12106.1   (b) Joule19106.1   

(c) Joule10105.1   (d) Joule19105.1   

84. A block of mass m initially at rest is dropped from a height h on to 
a spring of force constant k. the maximum compression in the 
spring is x then  [BCECE 2005] 

 (a) 
2

2

1
kxmgh    

 (b) 
2

2

1
)( kxxhmg    

 (c) 
2)(

2

1
hxkmgh    

 (d) 
2)(

2

1
)( hxkxhmg   

85. A spherical ball of mass 20 kg is stationary at the top of a hill of 
height 100 m. It slides down a smooth surface to the ground, then 

climbs up another hill of height 30 m and finally slides down to a 
horizontal base at a height of 20 m above the ground. The velocity 
attained by the ball is  

[AIEEE 2005] 

(a) 10 m/s  (b) 3010 m/s 

(c) 40 m/s (d) 20 m/s  

86. The block of mass M moving on the frictionless horizontal surface 
collides with the spring of spring constant K and compresses it by 
length L. The maximum momentum of the block after collision is    [AIEEE 2005] 

(a) Zero   

(b) 
K

ML2

  

(c) LMK   

(d) 
M

KL

2

2

 

87. A bomb of mass kg30 at rest explodes into two pieces of masses 

kg18  and kg12 . The velocity of kg18 mass is 16 ms . The 

kinetic energy of the other mass is 

[CBSE PMT 2005] 

(a) 256 J (b) 486 J  

(c) 524 J (d) 324 J 

88. A mass of 100g strikes the wall with speed 5m/s at an angle as 

shown in figure and it rebounds with the same speed. If the contact 

time is sec102 3 , what is the force applied on the mass by the 

wall   [Orissa JEE 2005] 

(a) 3250 N to right 

(b) 250 N to right 

(c) 3250 N to left  

(d) 250 N to left 
 

Power 
 

1. If a force F  is applied on a body and it moves with a velocity v, the 
power will be 

 [CPMT 1985, 97; DCE 1999; UPSEAT 2004] 

(a) vF  (b) vF /  

(c) 2/ vF  (d) 2vF  

2. A body of mass m accelerates uniformly from rest to 1v  in time 1t . 

As a function of time t, the instantaneous power delivered to the 
body is   [AIEEE 2004] 

(a) 
1

1

t

tmv
 (b) 

1

2
1

t

tmv
 

 (c) 
1

2
1

t

tmv
 (d) 

2
1

2
1

t

tmv
 

3. A man is riding on a cycle with velocity 7.2 km/hr up a hill having a 
slope 1 in 20. The total mass of the man and cycle is 100 kg. The 
power of the man is 

(a) 200 W (b) 175 W 

(c) 125 W (d) 98 W 

4. A 12 HP motor has to be operated 8 hours/day. How much will it 
cost at the rate of 50 paisa/kWh in 10 days 

(a) Rs. 350/- (b) Rs. 358/- 

(c) Rs. 375/- (d) Rs. 397/- 

5. A motor boat is travelling with a speed of 3.0 m/sec. If the force on 
it due to water flow is 500 N, the power of the boat is    [EAMCET 1982] 

(a) 150 kW (b) 15 kW 

(c) 1.5 kW (d) 150 W 

6. An electric motor exerts a force of 40 N on a cable and pulls it by a 

distance of 30 m in one minute. The power supplied by the motor 
(in Watts)  is   [EAMCET 1984] 

(a) 20 (b) 200 

(c) 2 (d) 10 

7. An electric motor creates a tension of 4500 newton in a hoisting 
cable and reels it in at the rate of 2 m/sec. What is the power of 
electric motor   [MNR 1984] 

(a) 15 kW (b) 9 kW 

(c) 225 W (d) 9000 HP 

8. A weight lifter lifts 300 kg from the ground to a height of 2 meter 
in 3 second. The average power generated by him is 

 [CPMT 1989; JIPMER 2001,02] 

(a) 5880 watt (b) 4410 watt 

(c) 2205 watt (d) 1960 watt 

M 

h 

60° 

60° 

100 g 
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9. Power of a water pump is 2 kW. If 2sec/10 mg  , the amount of 

water it can raise in one minute to a height of 10 m is  [CBSE PMT 1990; Kerala PMT 2004] 

(a) 2000 litre (b) 1000 litre 

(c) 100 litre (d) 1200 litre 

10. An engine develops 10 kW of power. How much time will it take to 

lift a mass of 200 kg to a height of 40 m. )sec/10( 2mg     [CPMT 1992] 

(a) 4 sec (b) 5 sec 

(c) 8 sec (d) 10 sec 

11. A car of mass ‘m’ is driven with acceleration ‘a’ along a straight level 
road against a constant external resistive force ‘R’. When the velocity 
of the car is ‘V’, the rate at which the engine of the car is doing 

work will be  

[MP PMT/PET 1998; JIPMER 2000] 

(a) RV (b) maV 

(c) VmaR )(   (d) VRma )(   

12. The average power required to lift a 100 kg mass through a height 
of 50 metres in approximately 50 seconds would be 

 [SCRA 1994; MH CET 2000] 

(a) 50 J/s (b) 5000 J/s 

(c) 100 J/s (d) 980 J/s 

13. From a waterfall, water is falling down at the rate of 100 kg/s on the 
blades of turbine. If the height of the fall is 100 m, then the power 
delivered to the turbine is approximately equal to[KCET 1994; BHU 1997; MP PET 2000] 

(a) 100 kW (b) 10 kW 

(c) 1 kW (d) 1000 kW 

14. The power of a pump, which can pump 200kg of water to a height 

of 200m in 10sec is )/10( 2smg   [CBSE PMT 2000] 

(a) 40 kW (b) 80 kW 

(c) 400 kW (d) 960 kW 

15. A 10 H.P. motor pumps out water from a well of depth 20m and fills 
a water tank of volume 22380 litres at a height of 10m from the 
ground. the running time of the motor to fill the empty water tank 

is 210(  msg )  

[EAMCET (Engg.) 2000] 

(a) 5 minutes (b) 10 minutes 

(c) 15 minutes (d) 20 minutes 

16. A car of mass 1250 kg is moving at 30m/s. Its engine delivers 30 kW 
while resistive force due to surface is 750N. What max acceleration 

can be given in the car 

 [RPET 2000]  

(a) 2/
3

1
sm  (b) 2/

4

1
sm  

(c) 2/
5

1
sm  (d) 2/

6

1
sm  

17. A force applied by an engine of a train of mass kg61005.2   

changes its velocity from sm /5  to 25 sm /  in 5  minutes. The 

power of the engine is  [EAMCET 2001] 

(a) MW025.1  (b) MW05.2  

(c) MW5  (d) MW6  

18. A truck of mass 30,000kg moves up an inclined plane of slope 1 in 
100 at a speed of 30 kmph. The power of the truck is (given 

)10 1 msg    [Kerala (Engg.) 2001] 

(a) 25 kW (b) 10 kW 

(c) 5 kW (d) 2.5 kW 

19. A 60 kg man runs up a staircase in 12 seconds while a 50 kg man 
runs up the same staircase in 11, seconds, the ratio of the rate of 
doing their work is    [AMU (Engg.) 2001] 

(a) 6 : 5   (b) 12 : 11 

(c) 11 : 10 (d) 10 : 11 

20. A pump motor is used to deliver water at a certain rate from a 
given pipe. To obtain twice as much water from the same pipe in 
the same time, power of the motor has to be increased to   [JIPMER 2002] 

(a) 16 times (b) 4 times 

(c) 8 times (d) 2 times 

21. What average horsepower is developed by an 80 kg man while 
climbing in 10 s  a flight of stairs that rises 6 m vertically   [AMU (Med.) 2002] 

(a) 0.63 HP (b) 1.26 HP 

(c) 1.8 HP (d) 2.1 HP 

22. A car of mass 1000 kg accelerates uniformly from rest to a velocity 
of 54 km/hour in 5s. The average power of the engine during this 
period in watts is (neglect friction)  

[Kerala PET 2002] 

(a) 2000 W (b) 22500 W 

(c) 5000 W (d) 2250 W 

23. A quarter horse power motor runs at a speed of 600 r.p.m. 
Assuming 40% efficiency the work done by the motor in one 
rotation will be   [Kerala PET 2002]  

(a) 7.46 J (b) 7400 J 

(c) 7.46 ergs (d) 74.6 J 

24. An engine pumps up 100 kg of water through a height of 10 m in 5 

s. Given that the efficiency of the engine is 60% . If 210  msg , 

the power of the engine is [DPMT 2004] 

(a) kW3.3  (b) kW33.0   

(c) kW033.0  (d) kW33  

25. A force of Nkji ˆ4ˆ3ˆ2  acts on a body for 4 second, produces a 

displacement of .)ˆ5ˆ4ˆ3( mkji  The power used is [Pb. PET 2001; CBSE PMT 2001] 

(a) 9.5 W (b) 7.5 W 

(c) 6.5 W (d) 4.5 W 

26. The power of pump, which can pump 200 kg of water to a height of 
50 m in 10 sec, will be  [DPMT 2003] 

 (a) watt31010   (b) watt31020    

 (c) watt3104   (d) watt31060   

27. From an automatic gun a man fires 360 bullet per minute with a 
speed of 360 km/hour. If each weighs 20 g, the power of the gun is    [Pb. PET 2003] 

 (a) W600  (b) W300   

 (c) W150  (d) W75  

28. An engine pump is used to pump a liquid of density   

continuously through a pipe of cross-sectional area A. If the speed of 

flow of the liquid in the pipe is v, then the rate at which kinetic 
energy is being imparted to the liquid is 

(a) 3

2

1
vA  (b) 2

2

1
vA  

 (c) vA
2

1
 (d) vA  
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29. If the heart pushes 1 cc of blood in one second under pressure 
20000 N/m2 the power of heart is [J&K CET 2005] 

 (a) 0.02 W (b) 400 W 

 (c) 5 × 10–10 W (d) 0.2 W 

30. A man does a given amount of work in 10 sec. Another man does 
the same amount of work in 20 sec. The ratio of the output power 
of first man to the second man is 

[J&K CET 2005] 

 (a) 1 (b) 1/2 

 (c) 2/1 (d) None of these 
 

Elastic and Inelastic Collision  

1. The coefficient of restitution e for a perfectly elastic collision is    [CBSE PMT 1988] 

(a) 1 (b) 0 

(c)   (d) – 1 

2. The principle of conservation of linear momentum can be strictly 
applied during a collision between two particles provided the time of 
impact is 

(a) Extremely small  

(b) Moderately small 

(c) Extremely large  

(d) Depends on a particular case 

3. A shell initially at rest explodes into two pieces of equal mass, then 

the two pieces will 

[CPMT 1982; EAMCET 1988; Orissa PMT 2004] 

(a) Be at rest 

(b) Move with different velocities in different directions 

(c) Move with the same velocity in opposite directions 

(d) Move with the same velocity in same direction 

4. A sphere of mass m moving with a constant velocity u hits another 

stationary sphere of the same mass. If e is the coefficient of 
restitution, then the ratio of the velocity of two spheres after 
collision will be  [RPMT 1996; BHU 1997] 

(a) 
e

e





1

1
 (b) 

e

e





1

1
 

(c) 
1

1





e

e
 (d) 2

1

1
t

e

e




 

5. Two solid rubber balls A and B  having masses 200 and 400 gm 
respectively are moving in opposite directions with velocity of A 
equal to 0.3 m/s. After collision the two balls come to rest, then the 
velocity of B is [CPMT 1978, 86, 88] 

(a) 0.15 m/sec (b) 1.5 m/sec 

(c) – 0.15 m/sec (d) None of the above 

6. Two perfectly elastic particles P and Q of equal mass travelling along 

the line joining them with velocities 15 m/sec and 10 m/sec. After 
collision, their velocities respectively (in m/sec) will be  [CPMT 1988; MP PMT 1994] 

(a) 0, 25 (b) 5, 20 

(c) 10, 15 (d) 20, 5 

7. A cannon ball is fired with a velocity 200 m/sec at an angle of 60° 
with the horizontal. At the highest point of its flight it explodes into 
3 equal fragments, one going vertically upwards with a velocity 100 
m/sec, the second one falling vertically downwards with a velocity 
100 m/sec. The third fragment will be moving with a velocity 

[NCERT 1983; AFMC 1997] 

(a) 100 m/s in the horizontal direction 

(b) 300 m/s in the horizontal direction 

(c) 300 m/s in a direction making an angle of 60° with the 

horizontal 

(d) 200 m/s in a direction making an angle of 60° with the 
horizontal 

8. A lead ball strikes a wall and falls down, a tennis ball having the 

same mass and velocity strikes the wall and bounces back. Check the 
correct statement 

(a) The momentum of the lead ball is greater than that of the 
tennis ball 

(b) The lead ball suffers a greater change in momentum compared 

with the tennis ball 

(c) The tennis ball suffers a greater change in momentum as 
compared with the lead ball 

(d) Both suffer an equal change in momentum 

9. When two bodies collide elastically, then 

[CPMT 1974; MP PMT 2001; RPET 2000; Kerala PET 2005] 

(a) Kinetic energy of the system alone is conserved 

(b) Only momentum is conserved 

(c) Both energy and momentum are conserved 

(d) Neither energy nor momentum is conserved 

10. Two balls at same temperature collide. What is conserved 

 [NCERT 1974; CPMT 1983; DCE 2004] 

(a) Temperature (b) Velocity 

(c) Kinetic energy (d) Momentum 

11. A body of mass 5 kg explodes at rest into three fragments with 
masses in the ratio 1 : 1 : 3. The fragments with equal masses fly in 
mutually perpendicular directions with speeds of 21 m/s. The velocity 
of the heaviest fragment will be 

 [CBSE PMT 1991] 

(a) 11.5 m/s (b) 14.0 m/s 

(c) 7.0 m/s (d) 9.89 m/s 

12. A heavy steel ball of mass greater than 1 kg moving with a speed of 

2 1secm collides head on with a stationary ping-pong ball of mass 

less than 0.1 gm. The collision is elastic. After the collision the ping-
pong ball moves approximately with speed   [EAMCET 1982] 

(a) 1sec2 m  (b) 1sec4 m  

(c) 14 sec102  m  (d) 13 sec102  m  

13. A body of mass ‘M’ collides against a wall with a velocity v and 
retraces its path with the same speed. The change in momentum is 
(take initial direction of velocity as positive) 

 [EAMCET 1982] 

(a) Zero (b) 2Mv 

(c) Mv (d) – 2 Mv 

14. A gun fires a bullet of mass 50 gm with a velocity of 1sec30 m . 

Because of this the gun is pushed back with a velocity of 1sec1 m . 

The mass of the gun is 

[EAMCET 1989; AIIMS 2001] 

(a) 15 kg (b) 30 kg 

(c) 1.5 kg (d) 20 kg 

15. In an elastic collision of two particles the following is conserved[MP PET 1994; DPMT 2001] 
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(a) Momentum of each particle 

(b) Speed of each particle 

(c) Kinetic energy of each particle 

(d) Total kinetic energy of both the particles 

16. A U238  nucleus decays by emitting an alpha particle of speed 
1msv . The recoil speed of the residual nucleus is (in 1ms )[CBSE PMT 1995; AIEEE 2003] 

(a) 234/4v  (b) 4/v  

(c) 238/4v  (d) 238/4v  

17. A smooth sphere of mass M moving with velocity u directly collides 
elastically with another sphere of mass m at rest. After collision their 
final velocities are V and v respectively. The value of v is   [MP PET 1995] 

(a) 
m

uM2
 (b) 

M

um2
 

(c) 

M

m

u

1

2
 (d) 

m

M

u

1

2
 

18. A body of mass m having an initial velocity v, makes head on 
collision with a stationary body of mass M. After the collision, the 
body of mass m comes to rest and only the body having mass M 
moves. This will happen only when 

  [MP PMT 1995] 

(a) Mm   (b) Mm   

(c) Mm   (d) Mm
2

1
  

19. A particle of mass m moving with a velocity V


 makes a head on 
elastic collision with another particle of same mass initially at rest. 
The velocity of the first particle after the collision will be  

 [MP PMT 1997; MP PET 2001; UPSEAT 2001] 

(a) V


 (b) V


  

(c) V


2  (d) Zero 

20. A particle of mass m moving with horizontal speed 6 m/sec as 

shown in figure. If Mm   then for one dimensional elastic 
collision, the speed of lighter particle after collision will be   [MP PMT 2003] 

 

 

(a) 2m/sec  in original direction 

(b) 2 m/sec opposite to the original direction 

(c)  4 m/sec opposite to the original direction 

(d)  4 m/sec in original direction 

21. A shell of mass m moving with velocity v suddenly breaks into 2 
pieces. The part having mass m/4 remains stationary. The velocity of 
the other shell will be [CPMT 1999] 

(a) v (b) 2v 

(c) v
4

3
 (d) v

3

4
 

22. Two equal masses 1m  and 2m  moving along the same straight line 

with velocities + 3 m/s and – 5 m/s respectively collide elastically. 
Their velocities after the collision will be respectively[CBSE PMT 1994, 98; AIIMS 2000] 

(a) + 4 m/s for both (b) – 3 m/s and +5 m/s 

(c) – 4 m/s and + 4 m/s (d) – 5 m/s and + 3 m/s 

23. A rubber ball is dropped from a height of 5 m on a planet where 

the acceleration due to gravity is not known. On bouncing, it rises to 
1.8 m. The ball loses its velocity on bouncing by a factor of   [CBSE PMT 1998] 

(a) 16/25 (b) 2/5 

(c) 3/5 (d) 9/25 

24. A metal ball falls from a height of 32 metre on a steel plate. If the 

coefficient of restitution is 0.5, to what height will the ball rise after 
second bounce   [EAMCET 1994] 

(a) 2 m (b) 4 m 

(c) 8 m (d) 16 m 

25. At high altitude, a body explodes at rest into two equal fragments 
with one fragment receiving horizontal velocity of 10 m/s. Time 
taken by the two radius vectors connecting point of explosion to 
fragments to make 90° is  

[EAMCET (Engg.) 1995; DPMT 2000] 

(a) 10 s (b) 4 s 

(c) 2 s (d) 1 s 

26.  A ball of mass 10 kg is moving with a velocity of 10 m/s. It strikes 
another ball of mass 5 kg which is moving in the same direction 
with a velocity of 4 m/s. If the collision is elastic, their velocities 
after the collision will be, respectively 

 [CMEET Bihar 1995] 

(a) 6 m/s, 12 m/s (b) 12 m/s, 6 m/s 

(c) 12 m/s, 10 m/s (d) 12 m/s, 25 m/s 

27. A body of mass 2 kg collides with a wall with speed 100 m/s and 
rebounds with same speed. If the time of contact was 1/50 second, 

the force exerted on the wall is [CPMT 1993] 

(a) 8 N (b) N4102  

(c) 4 N (d) N410  

28. A body falls on a surface of coefficient of restitution 0.6 from a 

height of 1 m. Then the body rebounds to a height of 

 [CPMT 1993; Pb. PET 2001] 

(a) 0.6 m (b) 0.4 m 

(c) 1 m (d) 0.36 m 

29. A ball is dropped from a height h. If the coefficient of restitution be 
e, then to what height will it rise after jumping twice from the 
ground [RPMT 1996; Pb. PET 2001] 

(a) eh/2 (b) 2eh 

(c) eh (d) he 4  

30. A ball of weight 0.1 kg coming with speed 30 m/s strikes with a bat 
and returns in opposite direction with speed 40 m/s, then the 
impulse is (Taking final velocity as positive) 

 [AFMC 1997] 

(a) )30(1.0)40(1.0   (b) )30(1.0)40(1.0   

(c) )30(1.0)40(1.0   (d) )20(1.0)40(1.0   

31. A billiard ball moving with a speed of 5 m/s collides with an 

identical ball originally at rest. If the first ball stops after collision, 
then the second ball will move forward with a speed of   [SCRA 1998] 

(a) 110 ms  (b) 15 ms  

(c) 15.2 ms  (d) 10.1 ms  

32. If two balls each of mass 0.06 kg moving in opposite directions with 
speed 4 m/s collide and rebound with the same speed, then the 
impulse imparted to each ball due to other is   [AFMC 1998,2001] 

(a) 0.48 kg-m/s (b) 0.24 kg-m/s 

u1 = 6 m/s 
m 

u2 = 4 m/s 
M 
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(c) 0.81 kg-m/s (d) Zero 

33. A ball of mass m falls vertically to the ground from a height h
1

 and 

rebound to a height 2h . The change in momentum of the ball on 

striking the ground is  [AMU (Engg.) 1999] 

(a) )( 21 hhmg   (b) )22( 21 ghghm   

(c) )(2 21 hhgm   (d) )(2 21 hhgm   

34. A body of mass 50 kg is projected vertically upwards with velocity of 
100 m/sec. 5 seconds after this body breaks into 20 kg and 30 kg.  If 
20 kg piece travels upwards with 150 m/sec, then the velocity of 
other block will be  [RPMT 1999] 

(a) 15 m/sec downwards (b) 15 m/sec upwards 

(c) 51 m/sec downwards (d) 51 m/sec upwards 

35. A steel ball of radius 2 cm is at rest on a frictionless surface. 
Another ball of radius 4cm moving at a velocity of 81 cm/sec collides 
elastically with first ball. After collision the smaller ball moves with 
speed of    [RPMT 1999] 

(a) 81 cm/sec (b) 63 cm/sec 

(c) 144 cm/sec (d) None of these 

36. A space craft of mass M is moving with velocity V and suddenly 
explodes into two pieces. A part of it of mass m becomes at rest, 
then the velocity of other part will be 

      [RPMT 1999] 

(a) 
mM

MV


 (b) 

mM

MV


 

(c) 
mM

mV


 (d) 

m

VmM )( 
 

37. A ball hits a vertical wall horizontally at 10m/s bounces back at 10 
m/s   [JIPMER 1999] 

(a) There is no acceleration because 01010 
s

m

s

m
  

(b) There may be an acceleration because its initial direction is 

horizontal  

(c) There is an acceleration because there is a momentum change 

(d) Even though there is no change in momentum there is a 

change in direction. Hence it has an acceleration 

38. A bullet of mass 50 gram is fired from a 5 kg gun with a velocity of 

1km/s. the speed of recoil of the gun is 

 [JIPMER 1999] 

(a) sm /5  (b) sm /1  

(c) sm /5.0  (d) sm /10  

39. A body falling from a height of 10m rebounds from hard floor. If it 
loses 20% energy in the impact, then coefficient of restitution is   [AIIMS 2000] 

(a) 0.89 (b) 0.56 

(c) 0.23 (d) 0.18 

40. A body of mass 1m  moving with a velocity 3 ms–1 collides with 

another body at rest of mass .2m After collision the velocities of the 

two bodies are 2 ms–1 and 5ms–1 respectively along the direction of 

motion of 1m  The ratio 21 /mm  is 

 [EAMCET (Engg.) 2000]  

(a) 
12

5
 (b) 5  

(c) 
5

1
 (d) 

5

12
 

41. 100 g of a iron ball having velocity 10 m/s collides with a wall at an 

angle o30  and rebounds with the same angle. If the period of 

contact between the ball and wall is 0.1 second, then the force 
experienced by the ball is  

[DPMT 2000] 

(a) 100N (b) 10 N 

(c) 0.1 N (d) 1.0 N 

42. Two bodies having same mass 40 kg are moving in opposite 

directions, one with a velocity of 10 sm /  and the other with 

./7 sm  If they collide and move as one body, the velocity of the 

combination is    [Pb. PMT 2000] 

(a) sm /10  (b) sm /7  

(c) sm /3  (d) sm /5.1  

43. A body at rest breaks up into 3 parts. If 2 parts having equal masses 

fly off perpendicularly each after with a velocity of 12m/s, then the 
velocity of the third part which has 3 times mass of each part is   [UPSEAT 2001] 

(a) sm /24  at an angle of o45  from each body 

(b) sm /224  at an angle of o135 from each body 

(c) sm /26  at o135 from each body 

(d) sm /24  at o135  from each body 

44. A particle falls from a height h upon a fixed horizontal plane and 

rebounds. If e is the coefficient of restitution, the total distance 
travelled before rebounding has stopped is 

 [EAMCET 2001] 

(a) 

















2

2

1

1

e

e
h  (b) 


















2

2

1

1

e

e
h  

(c) 

















2

2

1

1

2 e

eh
 (d) 


















2

2

1

1

2 e

eh
 

45. The bob A of a simple pendulum is released when the string makes 

an angle of o45 with the vertical. It hits another bob B of the same 

material and same mass kept at rest on the table. If the collision is 
elastic     [Kerala (Engg.) 2001] 

 

 

 

 

 

 

(a) Both A and B rise to the same height  

(b) Both A and B come to rest at B 

(c) Both A and B move with the same velocity of A 

45o 

B 

A 

O 
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(d) A comes to rest and B moves with the velocity of A 

46. A big ball of mass M, moving with velocity u strikes a small ball of 

mass m, which is at rest. Finally small ball obtains velocity u and big 
ball v. Then what is the value of v  [RPET 2001] 

(a) u
mM

mM




 (b) u

mM

m


 

(c) u
mM

m



2
 (d) u

mM

M


 

47. A body of mass 5 kg moving with a velocity 10m/s collides with 
another body of the mass 20 kg at, rest and comes to rest. The 

velocity of the second body due to collision is 

 [Pb. PMT 1999; KCET 2001] 

(a) 2.5 m/s (b) 5 m/s 

(c) 7.5 m/s (d) 10 m/s 

48. A ball of mass m moving with velocity V, makes a head on elastic 

collision with a ball of the same mass moving with velocity 2V 
towards it. Taking direction of V as positive velocities of the two 
balls after collision are [MP PMT 2002] 

(a) V  and V2  (b) V2 and V  

(c) V and V2  (d) V2  and V  

49. A body of mass 1M  collides elastically with another mass 2M  at 

rest. There is maximum transfer of energy when 

 [Orissa JEE 2002; DCE 2001, 02] 

(a) 21 MM   

(b) 21 MM   

(c) 21 MM    

(d) Same for all values of 1M  and 2M  

50. A body of mass 2kg makes an elastic collision with another body at 
rest and continues to move in the original direction with one fourth 
of its original speed. The mass of the second body which collides 

with the first body is [Kerala PET 2002] 

(a) 2 kg (b) 1.2 kg 

(c) 3 kg (d) 1.5 kg 

51. In the elastic collision of objects  [RPET 2003] 

(a) Only momentum remains constant 

(b) Only K.E. remains constant 

(c) Both remains constant  

(d) None of these 

52. Two particles having position vectors )ˆ5ˆ3(1 jir   metres and 

)ˆ3ˆ5(2 jir   metres are moving with velocities 

smjiv /)ˆ3ˆ4(1   and )ˆ7ˆ(2 jiv    ./ sm  If they collide 

after 2 seconds, the value of ''  is  [EAMCET 2003] 

(a) 2 (b) 4 

(c) 6 (d) 8 

53. A neutron makes a head-on elastic collision with a stationary 
deuteron. The fractional energy loss of the neutron in the collision is   [AIIMS 2003] 

 (a) 16/81 (b) 8/9 

 (c) 8/27 (d) 2/3 

54. A body of mass m is at rest. Another body of same mass moving 
with velocity V makes head on elastic collision with the first body. 
After collision the first body starts to move with velocity   [Orissa PMT 2004] 

(a) V (b) 2V 

(c) Remain at rest (d) No predictable 

55. A body of mass M moves with velocity v and collides elastically with 

a another body of mass m (M>>m) at rest then the velocity of body 
of mass m is [BCECE 2004]   

(a) v (b) 2v  

(c) v/2 (d) Zero 

56. Four smooth steel balls of equal mass at rest are free to move along 

a straight line without friction. The first ball is given a velocity of 
0.4 m/s. It collides head on with the second elastically, the second 
one similarly with the third and so on. The velocity of the last ball is[UPSEAT 2004] 

(a) sm /4.0  (b) sm /2.0  

(c) sm /1.0  (d) sm /05.0  

57. A space craft of mass 'M' and moving with velocity 'v' suddenly 
breaks in two pieces of same mass m. After the explosion one of the 

mass 'm' becomes stationary. What is the velocity of the other part 
of craft [DCE 2003] 

(a) 
mM

Mv


 (b) v   

(c) 
m

Mv
 (d) v

m

mM 
 

58. Two masses Am and Bm moving with velocities Av and Bv in 

opposite directions collide elastically. After that the masses Am and 

Bm move with velocity Bv and Av respectively. The ratio 

BA mm /( ) is 

 [RPMT 2003, AFMC 2002] 

(a) 1 (b) 
BA

BA

vv

vv




 

(c) ABA mmm /)(   (d) BA vv /  

59. A ball is allowed to fall from a height of 10 m. If there is 40% loss of 
energy due to impact, then after one impact ball will go up to   [CPMT 1985] 

(a) 10 m (b) 8 m 

(c) 4 m (d) 6 m 

60. Which of the following statements is true  [NCERT 1984] 

(a) In elastic collisions, the momentum is conserved but not in 
inelastic collisions 

(b) Both kinetic energy and momentum are conserved in elastic as 
well as inelastic collisions 

(c) Total kinetic energy is not conserved but momentum is 
conserved in inelastic collisions 

(d) Total kinetic energy is conserved in elastic collisions but 
momentum is not conserved in elastic collisions 

61. A tennis ball dropped from a height of 2 m  rebounds only 1.5 m 
after hitting the ground. What fraction of its energy is lost in the 
impact 

(a) 
4

1
 (b) 

2

1
 

(c) 
3

1
 (d) 

8

1
 

62. A body of mass m moving with velocity v makes a head-on collision 
with another body of mass 2 m which is initially at rest. The loss of 
kinetic energy of the colliding body (mass m) is   [MP PMT 1996] 

(a) 
2

1
 of its initial kinetic energy 
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(b) 
9

1
 of its initial kinetic energy 

(c) 
9

8
 of its initial kinetic energy 

(d) 
4

1
of its initial kinetic energy 

63. The quantities remaining constant in a collision are  [MP PET 1997] 

(a) Momentum, kinetic energy and temperature 

(b) Momentum and kinetic energy but not temperature 

(c) Momentum and temperature but not kinetic energy 

(d) Momentum but neither kinetic energy nor temperature 

64. An inelastic ball is dropped from a height of 100 m. Due to earth, 

20% of its energy is lost. To what height the ball will rise    [RPMT 1996] 

(a) 80 m (b) 40 m 

(c) 60 m (d) 20 m 

65. A ball is projected vertically down with an initial velocity from a 
height of 20 m onto a horizontal floor. During the impact it loses 

50% of its energy and rebounds to the same height. The initial 
velocity of its projection is 

[EAMCET (Engg.) 2000] 

(a) 120 ms  (b) 115 ms  

(c) 110 ms  (d) 15 ms  

66. A tennis ball is released from height h above ground level. If the ball 
makes inelastic collision with the ground, to what height will it rise 
after third collision [RPET 2002] 

 (a) 
6he  (b) he 2

  

 (c) he 3
 (d) None of these 

67. A mass 'm' moves with a velocity 'v' and collides inelastically with 

another identical mass. After collision the Ist mass moves with 

velocity 
3

v
 in a direction perpendicular to the initial direction of 

motion. Find the speed of the 2nd mass after collision   [AIEEE 2005] 

(a) v
3

2
  

(b) 
3

v
  

(c) v  

(d) v3  

68. A sphere collides with another sphere of identical mass. After 
collision, the two spheres move. The collision is inelastic. Then the 
angle between the directions of the two spheres is   [KCET 1994] 

(a) 90° (b) 0° 

(c) 45° (d) Different from 90° 
 

Perfectly Inelastic Collision 
 

1. A particle of mass m moving eastward with a speed v collides with 
another particle of the same mass moving northward with the same 
speed v. The two particles coalesce on collision. The new particle of 

mass 2m will move in the north-easterly direction with a velocity[NCERT 1980;  

   CPMT 1991; MP PET 1999; DPMT 1999, 2005] 

(a) v/2 (b) 2v 

(c) 2/v  (d) v 

2. The coefficient of restitution e for a perfectly inelastic collision is   [DPMT 1988] 

(a) 1 (b) 0 

(c)   (d) – 1 

3. When two bodies stick together after collision, the collision is said to 
be 

(a) Partially elastic (b) Total elastic 

(c) Total inelastic (d) None of the above 

4. A bullet of mass a and velocity b is fired into a large block of mass 

c. The final velocity of the system is 

 [AFMC 1981, 94, 2000; NCERT 1971; MNR 1998] 

(a) b
ba

c



 (b) b

ca

a



 

 (c) a
c

ba
.


 (d) b

a

ca



 

5. A mass of 10 gm moving with a velocity of 100 cm/s strikes a 
pendulum bob of mass 10 gm. The two masses stick together. The 

maximum height reached by the system now is )/10( 2smg     [MP PET 1993] 

(a) Zero (b) 5 cm 

(c) 2.5 cm (d) 1.25 cm 

6. A completely inelastic collision is one in which the two colliding 

particles 

(a) Are separated after collision 

(b) Remain together after collision 

(c) Split into small fragments flying in all directions 

(d) None of the above 

7. A bullet hits and gets embedded in a solid block resting on a 

horizontal frictionless table. What is conserved ? 

[NCERT 1973; CPMT 1970; AFMC 1996; BHU 2001] 

(a) Momentum and kinetic energy 

(b) Kinetic energy alone 

(c) Momentum alone 

(d) Neither momentum nor kinetic energy 

8. A body of mass 2 kg moving with a velocity of 3 m/sec collides head 

on with a body of mass 1 kg  moving in opposite direction with a 
velocity of 4 m/sec. After collision, two bodies stick together and 
move with a common velocity which in m/sec  is equal to 

[NCERT 1984; MNR 1995, 98; UPSEAT 2000] 

(a) 1/4 (b) 1/3 

(c) 2/3 (d) 3/4 

9. A body of mass m moving with a constant velocity v hits another 
body of the same mass moving with the same velocity v but in the 
opposite direction and sticks to it. The velocity of the compound 
body after collision is 

[NCERT 1977; RPMT 1999] 

(a) v (b) 2v 

(c) Zero (d) v/2 

10. In the above question, if another body is at rest, then velocity of the 

compound body after collision is 

(a) v/2 (b) 2v 

(c) v (d) Zero 

11. A bag (mass M) hangs by a long thread and a bullet (mass m) 

comes horizontally with velocity v and gets caught in the bag. Then 
for the combined (bag + bullet) system  

[CPMT 1989; Kerala PMT 2002] 

m m 

3

v
 

before 

collision  

After 

collision  

3

v
 

before collision  After collision  

m 
v 

m 
At rest 
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(a) Momentum is 
mM

mvM


 

(b) Kinetic energy is 
2

2mv
 

(c) Momentum is 
M

mMmv )( 
 

(d) Kinetic energy is 
)(2

22

mM

vm


 

12. A 50 g bullet moving with velocity 10 m/s strikes a block of mass 
950 g at rest and gets embedded in it. The loss in kinetic energy will 
be   [MP PET 1994] 

(a) 100% (b) 95% 

(c) 5% (d) 50% 

13. Two putty balls of equal mass moving with equal velocity in 
mutually perpendicular directions, stick together after collision. If 

the balls were initially moving with a velocity of 1245 ms  each, 

the velocity of their combined mass after collision is[Haryana CEE 1996; BVP 2003] 

(a) 1245 ms  (b) 145 ms  

(c) 190 ms  (d) 125.22 ms  

14. A particle of mass m moving with velocity v strikes a stationary 
particle of mass 2m and sticks to it. The speed of the system will be   

 [MP PMT/PET 1998; AIIMS 1999; JIPMER 2001, 02] 

(a) 2/v  (b) 2v 

(c) 3/v  (d) 3v 

15. A moving body of mass m and velocity 3 km/h collides with a rest 

body of mass 2m and sticks to it. Now the combined mass starts to 
move. What will be the combined velocity  

[CBSE PMT 1996; JIPMER 2001, 02] 

(a) 3 km/h (b) 2 km/h 

(c) 1 km/h (d) 4 km/h 

16. If a skater of weight 3 kg has initial speed 32 m/s and second one of 
weight 4 kg has 5 m/s. After collision, they have speed (couple)  5 
m/s. Then the loss in K.E. is 

[CPMT 1996] 

(a) 48 J (b) 96 J 

(c) Zero (d) None of these 

17. A ball is dropped from height 10 m. Ball is embedded in sand 1 m 
and stops, then   [AFMC 1996] 

(a) Only momentum remains conserved 

(b) Only kinetic energy remains conserved 

(c) Both momentum and K.E. are conserved 

(d) Neither K.E. nor momentum is conserved 

18. A metal ball of mass 2 kg moving with a velocity of 36 km/h has an 
head on collision with a stationary ball of mass 3 kg. If after the 
collision, the two balls move together, the loss in kinetic energy due 

to collision is 

[CBSE PMT 1997; AIIMS 2001] 

(a) 40 J (b) 60 J 

(c) 100 J (d) 140 J 

19. A body of mass 2kg is moving with velocity 10 m/s towards east. 

Another body of same mass and same velocity moving towards 
north collides with former and coalsces and moves towards north-
east. Its velocity is 

[CPMT 1997; JIPMER 2000] 

(a) 10 m/s (b) 5 m/s 

(c) 2.5 m/s (d) sm /25  

20. Which of the following is not a perfectly inelastic collision 

 [BHU 1998; JIPMER 2001, 02; BHU 2005] 

(a) Striking of two glass balls 

(b) A bullet striking a bag of sand 

(c) An electron captured by a proton 

(d) A man jumping onto a moving cart 

21. A mass of 20 kg moving with a speed of 10m/s collides with another 

stationary mass of .5kg  As a result of the collision, the two masses 

stick together. The kinetic energy of the composite mass will be   [MP PMT 2000] 

(a) 600 Joule (b) 800 Joule 

(c) 1000 Joule (d) 1200 Joule 

22. A neutron having mass of kg271067.1   and moving at 

sm /108  collides with a deutron at rest and sticks to it. If the 

mass of the deutron is kg271034.3  then the speed of the 

combination is   [CBSE PMT 2000] 

(a) sm /1056.2 3  (b) sm /1098.2 5  

(c) sm /1033.3 7  (d) sm /1001.5 9  

23. The quantity that is not conserved in an inelastic collision is 

 [Pb. PMT 2000] 

(a) Momentum  (b) Kinetic energy  

(c) Total energy (d) All of these 

24. A body of mass 40kg having velocity 4 m/s collides with another 
body of mass 60kg having velocity 2 m/s. If the collision is inelastic, 
then loss in kinetic energy will be 

  [Pb. PMT 2001] 

(a) 440 J (b) 392 J 

(c) 48 J (d) 144 J 

25. A body of mass 1m is moving with a velocity V. It collides with 

another stationary body of mass .2m  They get embedded. At the 

point of collision, the velocity of the system   [DCE 1999, 2001] 

(a) Increases  

(b) Decreases but does not become zero 

(c) Remains same  

(d) Become zero 

26. A bullet of mass m moving with velocity v strikes a block of mass M 
at rest and gets embedded into it. The kinetic energy of the 
composite block will be [MP PET 2002] 

(a) 
)(2

1 2

Mm

m
mv


  (b) 

)(2

1 2

Mm

M
mv


  

 (c) 
M

mM
mv

)(

2

1 2 
  (d) 

)(2

1 2

Mm

m
Mv


  

27. In an inelastic collision, what is conserved [DCE 2004] 

(a) Kinetic energy (b) Momentum  

(c) Both (a) and (b)  (d) Neither (a) nor (b) 

28. Two bodies of masses 0.1 kg and 0.4 kg move towards each other 
with the velocities 1 m/s and 0.1 m/s respectively, After collision they 
stick together. In 10 sec the combined mass travels   [Pb. PET 2003] 

(a) 120 m (b) 0.12 m 

(c) 12 m (d) 1.2 m 



 

  290 Work, Energy, Power and Collision 

29. A body of mass 4 kg moving with velocity 12 m/s collides with 
another body of mass 6 kg at rest. If two bodies stick together after 
collision, then the loss of kinetic energy of system is    [J&K CET 2005] 

 (a) Zero (b) 288 J 

(c) 172.8 J (d) 144 J 

30. Which of the following is not an example of perfectly inelastic 

collision    [AFMC 2005] 

 (a) A bullet fired into a block if bullet gets embedded into block  
  

 (b) Capture of electrons by an atom  

 (c) A man jumping on to a moving boat  

 (d) A ball bearing striking another ball bearing 

 

 

 

 
 

1. A ball hits the floor and rebounds after inelastic collision.  In this 
case   [IIT 1986] 

(a) The momentum of the ball just after the collision is the same 
as that just before the collision 

(b) The mechanical energy of the ball remains the same in the 

collision 

(c) The total momentum of the ball and the earth is conserved 

(d) The total energy of the ball and the earth is conserved 

2. A uniform chain of length L and mass M is lying on a smooth table 

and one third of its length is hanging vertically down over the edge 
of the table. If g is acceleration due to gravity, the work required to 
pull the hanging part on to the table is[IIT 1985; MNR 1990; AIEEE 2002;  

MP PMT 1994, 97, 2000; JIPMER 2000] 

(a) MgL (b) MgL/3 

(c) MgL/9 (d) MgL/18 

3. If 21 ,WW  and 3W  represent the work done in moving a particle 

from A to B along three different paths 1, 2 and 3 respectively (as 
shown) in the gravitational field of a point mass m, find the correct 

relation between 21 ,WW  and 3W    [IIT-JEE Screening 2003] 

 

(a) 321 WWW    

(b) 321 WWW   

(c) 321 WWW   

(d) 312 WWW   

4. A particle of mass m is moving in a horizontal circle of radius r 

under a centripetal force equal to 2/ rK , where K is a constant. 

The total energy of the particle is [IIT 1977] 

(a) 
r

K

2
 (b) 

r

K

2
  

(c) 
r

K
  (d) 

r

K
 

5. The displacement x of a particle moving in one dimension under the 
action of a constant force is related to the time t by the equation 

3 xt , where x is in meters and t is in seconds. The work 

done by the force in the first 6 seconds is 

 [IIT 1979] 

(a) 9 J (b) 6 J 

(c) 0 J (d) 3 J 

6. A force )( jiF xyK   (where K is a positive constant) acts on a 

particle moving in the xy-plane. Starting from the origin, the particle 
is taken along the positive x-axis to the point (a, 0) and then parallel 
to the y-axis to the point (a, a). The total work done by the force F 
on the particles is 

   [IIT 1998] 

(a) 22Ka  (b) 22Ka  

(c) 2Ka  (d) 2Ka  

7. If g is the acceleration due to gravity on the earth's surface, the gain 

in the potential energy of an object of mass m  raised from the 
surface of earth to a height equal to the radius of the earth R, is   [IIT 1983] 

(a) mgR
2

1
 (b) 2 mgR 

(c) mgR (d) mgR
4

1
 

8. A lorry and a car moving with the same K.E. are brought to rest by 
applying the same retarding force, then 

[IIT 1973; MP PMT 2003] 

(a) Lorry will come to rest in a shorter distance 

(b) Car will come to rest in a shorter distance 

(c) Both come to rest in a same distance 

(d) None of the above 

9. A particle free to move along the x-axis has potential energy given 

by ])exp(1[)( 2xkxU   for  x , where k is a 

positive constant of appropriate dimensions. Then  

 [IIT-JEE 1999; UPSEAT 2003] 

(a) At point away from the origin, the particle is in unstable 

equilibrium 

(b) For any finite non-zero value of x, there is a force directed 
away from the origin 

(c) If its total mechanical energy is k/2, it has its minimum kinetic 

energy at the origin 

(d) For small displacements from x = 0, the motion is simple 
harmonic 

10. The kinetic energy acquired by a mass m in travelling a certain 
distance d starting from rest under the action of a constant force is 
directly proportional to [CBSE PMT 1994] 

(a) m  (b) Independent of m 

(c) m/1  (d) m 

11. An open knife edge of mass 'm' is dropped from a height 'h' on a 

wooden floor. If the blade penetrates upto the depth 'd' into the 
wood, the average resistance offered by the wood to the knife edge 
is   [BHU 2002] 

(a) mg  (b) 









d

h
mg 1  

(c) 









d

h
mg 1  (d) 

2

1 









d

h
mg  

12. Consider the following two statements 

1. Linear momentum of a system of particles is zero 

2. Kinetic energy of a system of particles is zero 

 Then   [AIEEE 2003] 

(a) 1 implies 2 and 2 implies 1 

(b) 1 does not imply 2 and 2 does not imply 1 

B 

1 

m 

2 

3 

A 
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(c) 1 implies 2 but 2 does not imply 1 

(d) 1 does not imply 2 but 2 implies 1 

13. A body is moved along a straight line by a machine delivering 
constant power. The distance moved by the body in time t is 
proportional to 

  [IIT 1984; BHU 1984, 95; MP PET 1996; JIPMER 2000; AMU 

(Med.) 1999] 

(a)  2/1t  (b) 4/3t  

(c) 2/3t  (d) 2t  

14. A shell is fired from a cannon with velocity v m/sec at an angle   

with the horizontal direction. At the highest point in its path it 
explodes into two pieces of equal mass. One of the pieces retraces 
its path to the cannon and the speed in m/sec of the other piece 
immediately after the explosion is 

 [IIT 1984; RPET 1999, 2001; UPSEAT 2002] 

(a) cos3v  (b) cos2v  

(c) cos
2

3
v  (d) cos

2

3
v  

15. A vessel at rest explodes into three pieces. Two pieces having equal 
masses fly off perpendicular to one another with the same velocity 
30 meter per second. The third piece has three times mass of each 
of other piece. The magnitude and direction of the velocity of the 
third piece will be  

[AMU (Engg.) 1999] 

(a) secondm /210  and 135° from either 

(b) secondm /210  and 45° from either 

(c) secondm /
2

10
 and 135° from either 

(d) secondm /
2

10
 and 45° from either 

16. Two particles of masses 1m  and 2m  in projectile motion have 

velocities 1v


 and 2v


 respectively at time t = 0. They collide at time 

0t . Their velocities become '1v


 and '2v


 at time 02t  while still 

moving in air. The value of )()''(| 22112211 vmvmvmvm  | is 

 [IIT-JEE Screening 2001]  

(a) Zero (b) 021 )( gtmm   

(c) 021 )(2 gtmm   (d) 021 )(
2

1
gtmm   

17. Consider elastic collision of a particle of mass m moving with a 

velocity u with another particle of the same mass at rest. After the 
collision the projectile and the struck particle move in directions 

making angles 1 and 2 respectively with the initial direction of 

motion. The sum of the angles. ,21   is   [UPSEAT 2004] 

(a) 45° (b) 90° 

(c) 135° (d) 180° 

18. A body of mass m moving with velocity v collides head on with 
another body of mass 2m which is initially at rest. The ratio of K.E. 
of colliding body before and after collision will be    [Roorkee 1982] 

(a) 1 : 1 (b) 2 : 1 

(c) 4 : 1 (d) 9 : 1 

19. A particle P moving with speed v undergoes a head -on elastic 
collision with another particle Q of identical mass but at rest. After 
the collision   [Roorkee 2000] 

(a) Both P and Q move forward with speed 
2

v
 

(b) Both P and Q move forward with speed 
2

v
 

(c) P comes to rest and Q moves forward with speed v 

(d) P and Q move in opposite directions with speed 
2

v
 

20. A set of n identical cubical blocks lies at rest parallel to each other 
along a line on a smooth horizontal surface. The separation between 
the near surfaces of any two adjacent blocks is L. The block at one 

end is given a speed v towards the next one at time 0t . All 
collisions are completely inelastic, then   [IIT 1995] 

 (a) The last block starts moving at 
v

Ln
t

)1( 
  

(b) The last block starts moving at 
v

Lnn
t

2

)1( 
  

(c) The centre of mass of the system will have a final speed v 

 (d) The centre of mass of the system will have a final speed  
n

v
 

 

 

 

 

1. A batsman hits a sixer and the ball touches the ground outside the 

cricket ground. Which of the following graph describes the variation 
of the cricket ball's vertical velocity v with time  between the time 

1t  as it hits the bat and time t
2

 when it touches the ground   [AMU (Med.) 2001] 

 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 
 

2. The relationship between force and position is shown in the figure 
given (in one dimensional case). The work done by the force in 
displacing a body from x = 1 cm  to x = 5 cm is 

 [CPMT 1976] 

 (a) 20 ergs  

 (b) 60 ergs 

 (c) 70 ergs 

 (d) 700 ergs 

3. The pointer reading v/s load graph for a spring balance is as given 

in the figure. The spring constant is 
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(a) 0.1 kg/cm  

(b) 5 kg/cm 

(c) 0.3 kg/cm  

(d) 1 kg/cm 

4. A force-time graph for a linear motion is shown in figure where the 
segments are circular. The linear momentum gained between zero 
and 8 second is [CPMT 1989] 

 

 

 

 

 

(a) secondnewton 2  (b) secondnewtonZero   

 (c) secondnewton 4  (d) secondnewton 6  

5. Adjacent figure shows the force-displacement graph of a moving 

body, the work done in displacing body from 0x  to mx 35  

is equal to   [BHU 1997] 

 

(a) 50 J  

(b) 25 J 

 (c) 287.5 J  

 (d) 200 J 

6. A 10kg mass moves along x-axis. Its acceleration as a function of its 

position is shown in the figure. What is the total work done on the mass 

by the force as the mass moves from 0x  to cmx 8    [AMU (Med.) 2000]  

(a) joules2108    

(b) joules21016   

(c) joules4104    

(d) joules3106.1   

7. A toy car of mass 5 kg moves up a ramp under the influence of 
force F plotted against displacement x. The maximum height 

attained is given by 

 

 

 (a) my 20max    

 (b) my 15max   

 (c) my 11max   

 (d)  my 5max   

8. The graph between the resistive force F acting on a body and the 
distance covered by the body is shown in the figure. The mass of the 
body is 25 kg and initial velocity is 2 m/s. When the distance 
covered by the body is 4m, its kinetic energy would be 

 

 (a) 50 J  

 (b) 40 J  

 (c) 20 J 

 (d) 10 J 

9. A particle of mass 0.1 kg is subjected to a force which varies with 

distance as shown in fig. If it starts its journey from rest at 0x , 

its velocity at mx 12  is  [AIIMS 1995] 

 (a) 0 m/s 

 (b) sm /220  

 (c) sm /320  

 (d) sm /40  

10. The relation between the displacement X of an object produced by 

the application of the variable force F is represented by a graph 
shown in the figure. If the object undergoes a displacement from 

mX 5.0  to mX 5.2  the work done will be approximately 

equal to  [CPMT 1986]  

 

 

 (a) 16 J  

 (b) 32 J  

 (c) 1.6 J  

 (d)  8 J 
 

11. A particle is dropped from a height h. A constant horizontal velocity 

is given to the particle. Taking g to be constant every where, kinetic 
energy E of the particle w. r. t. time t is correctly shown in 

 

 (a)  (b)  

  

 

 

 (c)  (d) 

 
 

  

12. The adjoining diagram shows the velocity versus time plot for a 
particle. The work done by the force on the particle is positive from 

(a) A to B  

 (b) B to C 

 (c) C to D  

 (d) D to E 
 

13. A particle which is constrained to move along the x-axis, is subjected 

to a force in the same direction which varies with the distance x of the 

particle from the origin as 
3)( axkxxF  . Here k and a are 

positive constants. For 0x , the functional from of the potential 

energy )(xU  of the particle is   [IIT-JEE (Screening) 2002] 
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 (c)  (d)  

 

14. A force F acting on an object varies with distance x as shown here. 

The force is in newton and x  in metre. The work done by the force 

in moving the object from 0x to mx 6  is   [CBSE PMT 2005] 

 

 (a) 4.5 J 

 (b) 13.5 J 

 (c) 9.0 J 

 (d) 18.0 J 

15. The potential energy of a system is represented in the first figure. 
the force acting on the system will be represented by  

 

 

 

 

 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

16. A particle, initially at rest on a frictionless horizontal surface, is 

acted upon by a horizontal force which is constant in size and 
direction. A graph is plotted between the work done (W) on the 
particle, against the speed of the particle, (v). If there are no other 
horizontal forces acting on the particle the graph would look like 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

17. Which of the following graphs is correct between kinetic energy (E), 
potential energy (U) and height (h) from the ground of the particle 

 

 

 (a)  (b)  

 

 

  

 (c)  (d)  

 

18. The graph between E and 
p

1
 is ( E =kinetic energy and p = 

momentum) 

 

 

 (a)  (b)  

 

 

 (c)  (d)  

 

 

19. The force acting on a body moving along x-axis varies with the 
position of the particle as shown in the fig. 

   

 

 

 

 The body is in stable equilibrium at 

(a) 1xx   (b) 2xx   

(c) both 1x  and 2x  (d) neither 1x  nor 2x  

20. The potential energy of a particle varies with distance x as shown in 
the graph. 

  

 

 

 

 

 The force acting on the particle is zero at 

 (a) C (b) B 

 (c) B and C (d) A and D 

21. Figure shows the F-x graph. Where F is the force applied and x is 
the distance covered 
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 by the body along a straight line path. Given that F is in newton and 
x in metre, what is the work done ? 

 (a) 10 J (b) 20 J 

 (c) 30 J (d) 40 J 

22. The force required to stretch a spring varies with the distance as 

shown in the figure. If the experiment is performed with the above 
spring of half length, the line OA will 

 (a) Shift towards F-axis  

 (b) Shift towards X-axis 

 (c) Remain as it is  

 (d) Become double in length 

23. The graph between E  and v is 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

24. A particle of mass m moving with a velocity u makes an elastic one 
dimensional collision with a stationary particle of mass m 
establishing a contact with it for extremely small time T. Their force 

of contact increases from zero to F
0

 linearly in time 
4

T
, remains 

constant for a further time 
2

T
 and decreases linearly from F

0

 to 

zero in further time 
4

T
 as shown. The magnitude possessed by F

0

 is 

 (a) 
T

mu
  

 (b) 
T

mu2
 

 (c) 
T

mu

3

4
  

 (d) 
T

mu

4

3
 

25. A body moves from rest with a constant acceleration. Which one of 
the following graphs represents the variation of its kinetic energy K 
with the distance travelled x ? 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

26. The diagrams represent the potential energy U of a function of the 

inter-atomic distance r. Which diagram corresponds to stable 
molecules found in nature. 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

27. The relationship between the force F and position x of a body is as 

shown in figure. The work done in displacing the body from x = 1 m 
to x = 5 m will be [KCET 2005] 

 

(a) 30 J 

(b) 15 J 

(c) 25 J 

(d) 20 J 

28. A particle is placed at the origin and a force kxF  is acting on it 

(where k is positive constant). If 0)0( U , the graph of )(xU  

versus x will be (where U is the potential energy function)[IIT-JEE (Screening) 2004] 

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

 

 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 
(a) If both assertion and reason are true and the reason is the correct 

explanation of the assertion. 
(b) If both assertion and reason are true but reason is not the correct 

explanation of the assertion. 
(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : A person working on a horizontal road with a load 
on his head does no work. 
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Reason  : No work is said to be done, if directions of force 
and displacement of load are perpendicular to each 
other. 

2. Assertion  :  The work done during a round trip is always zero. 

 Reason  : No force is required to move a body in its round 

trip. 

3. Assertion  :  Work done by friction on a body sliding down an 

inclined plane is positive. 

Reason  : Work done is greater than zero, if angle between 
force and displacement is acute or both are in same 
direction. 

4. Assertion  :  When a gas is allowed to expand, work done by gas 
is positive. 

Reason  : Force due to gaseous pressure and displacement (of 

piston) are in the same direction. 

5. Assertion  :  A light body and heavy body have same 

momentum. Then they also have same kinetic 
energy. 

 Reason  : Kinetic energy does not depend on mass of the 

body. 

6. Assertion  :  The instantaneous power of an agent is measured 

as the dot product of instantaneous velocity and the 
force acting on it at that instant. 

Reason  : The unit of instantaneous power is watt. 

7. Assertion  :  The change in kinetic energy of a particle is equal 
to the work done on it by the net force. 

 Reason  : Change in kinetic energy of particle is equal to the 
work done only in case of a system of one particle. 

8. Assertion  :  A spring has potential energy, both when it is 

compressed or stretched. 

Reason  : In compressing or stretching, work is done on the 

spring against the restoring force. 

9. Assertion  :  Comets move around the sun in elliptical orbits. 
The gravitational force on the comet due to sun is 
not normal to the comet’s velocity but the work 
done by the gravitational force over every complete 

orbit of the comet is zero. 

 Reason  : Gravitational force is a non conservative force. 

10. Assertion  :  The rate of change of total momentum of a many 
particle system is proportional to the sum of the 
internal forces of the system. 

Reason  : Internal forces can change the kinetic energy but 
not the momentum of the system. 

11. Assertion  :  Water at the foot of the water fall is always at 
different temperature from that at the top. 

 Reason  : The potential energy of water at the top is 
converted into heat energy during falling. 

12. Assertion  :  The power of a pump which raises 100 kg of water 
in 10sec to a height of 100 m is 10 KW. 

Reason  : The practical unit of power is horse power. 

13. Assertion  :  According to law of conservation of mechanical 
energy change in potential energy is equal and 

opposite to the change in kinetic energy. 

 Reason  : Mechanical energy is not a conserved quantity. 

14. Assertion  :  When the force retards the motion of a body, the 
work done is zero. 

Reason  : Work done depends on angle between force and 

displacement. 

15. Assertion  :  In an elastic collision of two bodies, the momentum 
and energy of each body is conserved. 

 Reason  : If two bodies stick to each other, after colliding, the 
collision is said to be perfectly elastic. 

16. Assertion  :  A body cannot have energy without having 
momentum but it can have momentum without 
having energy. 

Reason  : Momentum and energy have same dimensions. 

17. Assertion  :  Power developed in circular motion is always zero. 

 Reason  : Work done in case of circular motion is zero. 

18. Assertion  :  A kinetic energy of a body is quadrupled, when its 
velocity is doubled. 

Reason  : Kinetic energy is proportional to square of velocity. 

19. Assertion  :  A quick collision between two bodies is more 
violent than slow collision, even when initial and 
final velocities are identical. 

 Reason  : The rate of change of momentum determine that 
force is small or large. 

20. Assertion  :  Work done by or against gravitational force in 
moving a body from one point to another is 
independent of the actual path followed between 
the two points. 

Reason  : Gravitational forces are conservative forces. 

21. Assertion  :  Wire through which current flows gets heated. 

 Reason  : When current is drawn from a cell, chemical energy 
is converted into heat energy. 

22. Assertion  :  Graph between potential energy of a spring versus 

the extension or compression of the spring is a 
straight line. 

Reason  : Potential energy of a stretched or compressed 

spring, proportional to square of extension or 
compression. 

23. Assertion  :  Heavy water is used as moderator in nuclear 

reactor. 

 Reason  : Water cool down the fast neutron. 

24. Assertion  :  Mass and energy are not conserved separately, but 
are conserved as a single entity called mass-energy. 

Reason  : Mass and energy conservation can be obtained by 
Einstein equation for energy. 

25. Assertion  :  If two protons are brought near one another, the 
potential energy of the system will increase. 

 Reason  : The charge on the proton is C19106.1  . 

26. Assertion  :  In case of bullet fired from gun, the ratio of kinetic 

energy of gun and bullet is equal to ratio of mass of 
bullet and gun. 

Reason  : In firing, momentum is conserved. 

27. Assertion  :  Power of machine gun is determined by both, the 
number of bullet fired per second and kinetic 
energy of bullets. 

 Reason  : Power of any machine is defined as work done (by 

it) per unit time. 

28. Assertion  :  A work done in moving a body over a closed loop is 

zero for every force in nature. 

Reason  : Work done does not depend on nature of force. 
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29. Assertion  :  Mountain roads rarely go straight up the slope. 

 Reason  : Slope of mountains are large therefore more 
chances of vehicle to slip from roads. 

30. Assertion  :  Soft steel can be made red hot by continued 
hammering on it, but hard steel cannot. 

Reason  : Energy transfer in case of soft iron is large as in 
hard steel. 

 
 

 

 

 
 

Work Done by Constant Force 
 

1 b 2 a 3 c 4 d 5 c 

6 b 7 b 8 c 9 a 10 d 

11 d 12 b 13 d 14 b 15 b 

16 b 17 b 18 d 19 d 20 d 

21 d 22 d 23 d 24 a 25 c 

26 a 27 d 28 b 29 d 30 a 

31 b 32 c 33 a 34 b 35 a 

36 d 37 a 38 c 39 c 40 a 

41 c         

 

Work Done by Variable Force 
 

1 b 2 c 3 c 4 a 5 a 

6 c 7 d 8 d 9 d 10 b 

11 b 12 c 13 b 14 c 15 d 

16 c 17 a 18 a 19 c 20 b 

21 d 22 a 23 a 24 b 25 d 

26 d         

 

Conservation of Energy and Momentum 
 

1 c 2 c 3 a 4 a 5 b 

6 d 7 c 8 c 9 b 10 d 

11 c 12 b 13 c 14 a 15 b 

16 c 17 b 18 d 19 b 20 c 

21 b 22 c 23 d 24 c 25 a 

26 c 27 d 28 d 29 a 30 b 

31 d 32 d 33 a 34 d 35 a 

36 a 37 b 38 c 39 a 40 c 

41 d 42 c 43 b 44 a 45 a 

46 b 47 b 48 b 49 d 50 a 

51 b 52 a 53 c 54 d 55 d 

56 a 57 c 58 b 59 c 60 a 

61 b 62 b 63 a 64 c 65 d 

66 b 67 d 68 b 69 a 70 c 

71 b 72 a 73 c 74 c 75 c 

76 a 77 b 78 a 79 a 80 d 

81 d 82 b 83 c 84 b 85 c 

86 c 87 b 88 c     

 

Power 
 

1 a 2 d 3 d 4 b 5 c 

6 a 7 b 8 d 9 d 10 c 

11 c 12 d 13 a 14 a 15 c 

16 c 17 b 18 a 19 c 20 c 

21 a 22 b 23 a 24 a 25 a 

26 a 27 a 28 a 29 a 30 c 

 

Elastic and Inelastic collision 
 

1 a 2 a 3 c 4 a 5 c 

6 c 7 b 8 c 9 c 10 d 

11 d 12 b 13 d 14 c 15 d 

16 a 17 c 18 c 19 d 20 a 

21 d 22 d 23 b 24 a 25 c 

26 a 27 b 28 d 29 d 30 b 

31 b 32 a 33 b 34 a 35 c 

36 a 37 c 38 d 39 a 40 b 

41 b 42 d 43 d 44 a 45 d 

46 a 47 a 48 d 49 c 50 b 

51 c 52 d 53 b 54 a 55 b 

56 a 57 a 58 a 59 d 60 c 

61 a 62 c 63 d 64 a 65 a 

66 a 67 a 68 d     

 

Perfectly Inelastic Collision 
 

1 c 2 b 3 c 4 b 5 d 

6 b 7 c 8 c 9 c 10 a 

11 d 12 b 13 b 14 c 15 c 

16 d 17 a 18 b 19 d 20 a 

21 b 22 c 23 b 24 c 25 b 

26 a 27 b 28 d 29 c 30 d 

 

Critical Thinking Questions 
 

1 c 2 d 3 b 4 b 5 c 

6 c 7 a 8 c 9 d 10 b 

11 c 12 d 13 c 14 a 15 a 

16 c 17 b 18 d 19 c 20 bd 

 

Graphical Questions 
 

1 c 2 a 3 a 4 b 5 c 

6 a 7 c 8 d 9 d 10 a 

11 a 12 a 13 d 14 b 15 c 

16 d 17 a 18 c 19 b 20 c 

21 a 22 a 23 a 24 c 25 c 

26 a 27 b 28 a     

 

Assertion and Reason 
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1 a 2 d 3 e 4 a 5 d 

6 b 7 c 8 a 9 c 10 e 

11 a 12 b 13 c 14 e 15 d 

16 d 17 e 18 a 19 a 20 a 

21 c 22 e 23 c 24 a 25 b 

26 a 27 a 28 d 29 a 30 a 
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Work Done by Constant Force 
 
1. (b) Work done by centripetal force is always zero, because force 

and instantaneous  displacement are always perpendicular. 

 0)90cos(cos.  FsFssFW   

2. (a) Work = Force × Displacement (length) 

If unit of force and length be increased by four times then the 
unit of energy will increase by 16 times. 

3. (c) No displacement is there. 

4. (d) Stopping distance 2uS  . If the speed is doubled then the 

stopping distance will be four times. 

5. (c) cosFsW   
2

1

50

25
cos 

Fs

W
    60  

6. (b) Work done = Force × displacement 

= Weight of the book × Height of the book shelf 

7. (b) Work done does not depend on time. 

8. (c) )ˆˆ2).(ˆ3ˆ5(. jijisFW  = 10 – 3 = 7 J 

9. (a) 2383 tt
dt

dx
v   

  smv /30   and smv /194   

 )(
2

1 2
0

2
4 vvmW    (According to work energy theorem) 

     J28.5)319(03.0
2

1 22   

10. (d) As the body moves in the direction of force therefore work 

done by gravitational force will be positive.  

 JmghFsW 980108.910   

11. (d)  

12. (b) smgW  sin  

 1015sin102 3   

 kJ17.5  

 

13. (d) )ˆ5ˆ6).(ˆ4ˆ6ˆ5(. kikjisFW  102030   units 

14. (b) 2

2

1
atFFsW   








 2

2

1
from atuts  

  















 2

2

1
t

m

F
FW J

m

tF

6

5

30

25

152

)1(25

2

222





  

15. (b) Work done on the body = K.E. gained by the body 

 1cos Fs  cosF N
s

5.2
4.0

11
  

16. (b) Work done Jmgh 9818.910   

17. (b)  

18. (d) 
4

2t
s    dt

t
ds

2
  

N
t

dt

d

dt

smd
maF 3

4

6 2

2

2

2

2













  

Now 

  J
t

dt
t

dsFW 3)0()2(
4

3

22

3

2
3 22

2

0

22

0

2

0













    

19. (d) Net force on body N534 22   

  2/2/110/5/ smmFa   

 Kinetic energy = 2

2

1
mv Jatm 125)(

2

1 2   

20. (d) m
g

u
s 10

105.02

1010

2

2








 

21. (d) sFW . Jjiji 25169)ˆ4ˆ3).(ˆ4ˆ3(   

22. (d) Total mass = (50 + 20) = 70 kg 

Total height = 20 × 0.25 = 5m 

 Work done = mgh = 70 × 9.8 × 5 = 3430 J 

23. (d) 0)ˆˆ3ˆ2).(ˆ3ˆ2ˆ6(.  kxjikjisFW  

 03612  x   2x  

24. (a) )ˆ15ˆ11ˆ11)(ˆ3ˆˆ4().( 12 kjikjirrFW   

 JouleW 100451144   

25. (c) JkjikjciW 6)ˆ3ˆ2ˆ4).(ˆ2ˆˆ3(   

 66212  cW   6c  

26. (a) Both part will have numerically equal momentum and lighter 
part will have more velocity.  

27. (d) Watt and Horsepower are the unit of power 

28. (b) Work = Force × Displacement  

If force and displacement both are doubled then work would 
be four times. 

29. (d) JouleFSW 2060cos410cos    

30. (a) )ˆ3ˆ5ˆ6).(ˆ4ˆ5(. kjijisFW  J102030   

31. (b) Fraction of length of the chain hanging from the table  

 
10

3

200

601


cm

cm

n
 

3

10
n  

 Work done in pulling the chain on the table  

 
22n

mgL
W   

 J6.3
)3/10(2

2104
2





  

32. (c) When a force of constant magnitude which is perpendicular to 

the velocity of particle acts on a particle, work done is zero and 
hence change in kinetic energy is zero. 

33. (a) The ball rebounds with the same speed. So change in it's 
Kinetic energy will be zero i.e. work done by the ball on the 
wall is zero. 

34. (b) JjikjirFW 7310)ˆˆ2).(ˆ2ˆ3ˆ5(.   

35. (a) K.E. acquired by the body = work done on the body 

 

mg sin  

s 

m 

L/n 
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 FsmvEK  2

2

1
.. i.e. it does not depend upon the mass of the 

body although velocity depends upon the mass 

 
m

v
12   [If F and s are constant] 

36. (d) )ˆ6ˆ0ˆ3).(ˆ0ˆ5ˆ4(. kjikjisFW   34   units 

37. (a) As surface is smooth so work done against friction is zero. Also 

the displacement and force of gravity are perpendicular so 
work done against gravity is zero. 

38. (c) Opposing force in vertical pulling = mg 

But opposing force on an inclined plane is mg sin, which is 

less than mg. 

39. (c) Velocity of fall is independent of the mass of the falling body. 

40. (a) Work done sF.  

 Jjiji 162181236)ˆˆ3()ˆ2ˆ6(   

41. (c)  When the ball is released from the top of tower then ratio of 
distances covered by the ball in first, second and third second 

:5:3:1:: IIIIII hhh  [because )]12(  nhn  

 Ratio of work done IIIIII mghmghmgh :: = 1:3:5 

 

Work Done by Variable Force 
 

1. (b) 2
1

0

2

00 2

1

2
.

1
11

Cx
x

CdxCxdxFW

xxx













   

2. (c) When the block moves vertically downward with acceleration 

4

g
 then tension in the cord 

 Mg
g

gMT
4

3

4









  

 Work done by the cord = cos. FssF   

 = )180cos( Td d
Mg











4

3

4
3

d
Mg  

3. (c) 
k

F
W

2

2

   

 If both springs are stretched by same force then
k

W
1

   

 As 21 kk   therefore 21 WW    

 i.e. more work is done in case of second spring.  

4. (a) P.E. ])20.0()25.0[(10
2

1
)(

2

1 222
1

2
2  xxk  

 J1.005.045.05   

5. (a) JkS 10
2

1 2    (given in the problem) 

  222

2

1
3)()2(

2

1
kSSSk  = 3 × 10 = 30 J  

6. (c) 
k

F
U

2

2

  
1

2

2

1

k

k

U

U
  (if force are same) 

  
1

2

1500

3000

2

1 
U

U
 

7. (d) Here mN
x

F
k /10

101

10 4

3






 

W Jkx 8)1040(10
2

1

2

1 2342     

8. (d)  

5

0

2

5

0

)327( dxxxFdxW  = 5
0

32 ]7[ xxx   

= 35 – 25 + 125 = 135 J 

9. (d) 
3

3t
S   dttdS 2  

 2
3

2

2

2

2

/2
3

smt
t

dt

d

dt

Sd
a 












  

 Now work done by the force  
2

0

2

0

.. dSmadSFW  

  
2

0

223 dttt 
2

0

36 dtt =  204

2

3
t = 24 J 

10. (b) 2

2

1
kxW    

 If both wires are stretched through same distance then 

kW  . As 12 2kk   so 12 2WW   

11. (b) 22

2

1

2

1
kxmv   m

k

m
vx 1.0

1000

1.0
10   

12. (c) Force constant of a spring 

 
2102

101





x

mg

x

F
k   mNk /500  

 Increment in the length = 60 – 50 = 10 cm  

 JkxU 5.2)1010(500
2

1

2

1 222    

13. (b) 4222
1

2
2 10)515(800

2

1
)(

2

1  xxkW J8  

14. (c) 2

2

1
100 kx    (given) 

 ])2[(
2

1
)(

2

1 222
1

2
2 xxkxxkW   

 Jkx 3001003
2

1
3 2 








  

15. (d) 2

2

1
kxU   if x becomes 5 times then energy will become 25 

times i.e. J100254   

16. (c) 42232
1

2
2 10)510(105

2

1
)(

2

1  xxkW  

 J75.18  

17. (a) The kinetic energy of mass is converted into potential energy 
of  a spring  

 22

2

1

2

1
kxmv   m

k

mv
x 15.0

50

)5.1(5.0 22




  

T 

d 
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18. (a) This condition is applicable for simple harmonic motion. As 
particle moves from mean position to extreme position its 

potential energy increases according to expression 2

2

1
kxU   

and accordingly kinetic energy decreases.  

19. (c) Potential energy 2

2

1
kxU    

  2xU  [if k = constant] 

If elongation made 4 times then potential energy will become 
16 times. 

20. (b)  

21. (d) 2xU    25
02.0

1.0
22

1

2

1

2 























x

x

U

U
 UU 252   

22. (a) If x is the extension produced in spring.  

 kxF    
k

F
x  = cm

k

mg
9.4

4000

8.920



  

23. (a) 
k

T

k

F
U

22

22

  

24. (b) 2BxAU   Bx
dx

dU
F 2   xF   

25. (d) Condition for stable equilibrium 0
dx

dU
F  

  0
612











x

b

x

a

dx

d
  0612 713   bxax  

  
713

612

x

b

x

a
  62

x
b

a
  6

2

b

a
x   

26.  (d) Friction is a non-conservative force. 

 

Conservation of Energy and Momentum 
 

1. (c) mEP 2   mP   const.)if ( E  
2

1

2

1

m

m

P

P
  

2. (c) Work in raising a box  

 = (weight of the box) × (height by which it is raised) 

3. (a) 
m

P
E

2

2

  if P = constant then
m

E
1

  

4. (a) Body at rest may possess potential energy. 

5. (b) Due to theory of relativity. 

6. (d) 
m

E
2

P 2

   2PE    

 i.e. if P is increased n times then E will increase n2 times.  

7. (c) 

8. (c) P.E. of bob at point A = mgl 

This amount of energy will be converted into kinetic energy  

 K.E. of bob at point B = mgl  

 

 

 

 

 
 

and as the collision between bob and block (of same mass) is 
elastic so after collision bob will come to rest and total Kinetic 
energy will be transferred to block. So kinetic energy of block = 
mgl 

9. (b) According to conservation of momentum  

Momentum of tank = Momentum of shell 

125000 × v
tank

 = 25 × 1000  v
tank = 

0.2 ft/sec.
 

10. (d) As the initial momentum of bomb was zero, therefore after 
explosion two parts should possess numerically equal 
momentum 

 

 

 

  i.e. BBAA vmvm   684  Av  smvA /12  

  Kinetic energy of other mass A, = 2

2

1
AAvm  

 = 2)12(4
2

1
 = 288 J. 

11. (c) Let the thickness of one plank is s  

if bullet enters with velocity u then it leaves with velocity  

u
u

uv
20

19

20









   

 from asuv 222   

 asuu 2
20

19 2

2









 

as

u

239

400 2

  

 Now if the n planks are arranged just to stop the bullet then 

again from asuv 222   

 ansu 20 2   

  
39

400

2

2


as

u
n  

  25.10n  

 As the planks are more than 10 so we can consider  n = 11 

12. (b) Let h is that height at which the kinetic energy of the body 

becomes half its original value i.e. half of its kinetic energy will 
convert into potential energy 

  mgh = 
2

490
 

2

490
8.92  h  .5.12 mh   

13. (c) .2mEP   If E are same then mP   

  
2

1

4

1

2

1

2

1 
m

m

P

P
 

14. (a) Let initial kinetic energy, EE 1   

Final kinetic energy, %3002  EE  of E = 4E 

As EP   2
4

1

2

1

2 
E

E

E

E

P

P
 12 2PP   

 %10012  PP  of 1P  

 i.e. Momentum will increase by 100%. 

15. (b) mEP 2  if E are equal then mP    

A 

B 
m m 

m 

4kg 8kg 

A B 

vA vB 

u v= 
19 

20 
u 

s 

u v=0 

ns 
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i.e. heavier body will possess greater momentum. 

16. (c) Let PP 1 , %5012  PP  of 1P = 
2

3

2

11
1

PP
P   

 2PE   
4

92/3
2

1

1

2

1

2

1

2 




























P

P

P

P

E

E
 

  EE 25.22  11 25.1 EE   

  112 of %125 EEE   

 i.e. kinetic energy will increase by 125%. 

17. (b)  

 

 

 As the body splits into two equal parts due to internal 

explosion therefore momentum of system remains conserved 

i.e. 21 4428 vv   421  vv  …(i)  

 By the law of conservation of energy  

 Initial kinetic energy + Energy released due to explosion 

 = Final kinetic energy of the system  

  2
2

2
1

2 4
2

1
4

2

1
16)2(8

2

1
vv   

  162
2

2
1  vv     …(ii)  

 By solving eq. (i) and (ii) we get 41 v  and 02 v   

 i.e. one part comes to rest and other moves in the same 
direction as that of original body. 

18. (d) mEP 2  EP   

i.e. if kinetic energy of a particle is doubled the its momentum 

will becomes 2 times.  

19. (b) Potential energy = mgh  

Potential energy is maximum when h is maximum 

20. (c) If particle is projected vertically upward with velocity of 2m/s 
then it returns with the same velocity.  

 So its kinetic energy Jmv 4)2(2
2

1

2

1 22   

21. (b)  

22. (c) 
m

P
E

2

2

  if bodies possess equal linear momenta then  

 
m

E
1

  i.e. 
1

2

2

1

m

m

E

E
  

23. (d) 2us   i.e. if speed becomes double then stopping distance 

will become four times i.e. m3248   

24. (c) 2us   i.e. if speed becomes three times then distance needed 
for stopping will be nine times. 

25. (a) mEP 2  EP   

Percentage increase in
2

1
P (percentage increase in E) 

= %05.0%)1.0(
2

1
   

26. (c) Kinetic energy = 2

2

1
mv   K.E. v2 

If velocity is doubled then kinetic energy will become four 
times. 

27. (d) mEP 2  
2

1

2

1

m

m

P

P
  (if E = constant) 

  
1

3

2

1 
P

P
 

28. (d) In compression or extension of a spring work is done against 
restoring force.  

 In moving a body against gravity work is done against 
gravitational force of attraction. 
It means in all three cases potential energy of the system 
increases.  

But when the bubble rises in the direction of upthrust force 
then system works so the potential energy of the system 
decreases.  

29. (a)  

 

 

 
 

 By the conservation of linear momentum  

Initial momentum of sphere  

 = Final momentum of system  

 sys.)( vMmmV     …(i)  

 If the system rises up to height h then by the conservation of 
energy  

 ghMmvMm )()(
2

1 2
sys.    …(ii) 

  ghv 2sys.   

 Substituting this value in equation (i)  

 gh
m

Mm
V 2







 
  

30. (b) .
2

2

m

P
E   If momentum are same then 

m
E

1
  

  
1

22

1

2

2

1 
m

m

m

m

E

E
 

31. (d) .2mEP  If kinetic energy are equal then mP   

i.e., heavier body posses large momentum 

As 21 MM  therefore 2211 VMVM   

32. (d) Condition for vertical looping cmrh 5
2

5
   r = 2 cm 

33. (a) Max. K.E. of the system = Max. P.E. of the system 

2

2

1
kx = J222 102)105()16(

2

1    

34. (d) 
m

p
E

2

2

   
E

m
1

  (If momentum are constant) 

 
4

1

1

2

2

1 
E

E

m

m
 

35. (a) mEP 2   EP   i.e. if kinetic energy becomes four 

time then new momentum will become twice.  

4kg 
v1 

4kg 
v2 

After explosion 

8kg 
2m/s 

Before explosion 

V 
m 

M m 
h 
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36. (a) .
2

2

m

P
E  If P = constant then 

m
E

1
  

i.e. kinetic energy of heavier body will be less. As the mass of 
gun is more than bullet therefore it possess less kinetic energy. 

37. (b) Potential energy of water = kinetic energy at turbine  

 2

2

1
mvmgh   smghv /6.196.198.922   

38. (c) mEp 2  
1

4

1

8

1

2

2

1

2

1

2

1 
E

E

m

m

p

p
 

39. (a) The bomb of mass 12kg divides into two masses  

m
1

 and m
2

 then 1221 mm  …(i) 

and 
3

1

2

1 
m

m
   …(ii) 

by solving we get kgm 31   and kgm 92    

Kinetic energy of smaller part = Jvm 216
2

1 2
11   

 
3

22162
1


v  smv /121   

So its momentum = skgvm /m-3612311   

As both parts possess same momentum therefore momentum 

of each part is smkg /-36   

40. (c) .2mEP   If E are const. then 
1

4

2

1

2

1 
m

m

P

P
= 2  

41. (d)  

 

 

 

 If h is the common height when they are connected, by 
conservation of mass 

 )( 212211 AAhhAhA    

 2/)( 21 hhh   [as AAA  21  given] 

 As (h
1

/2) and (h
2

/2) are heights of initial centre of gravity of 
liquid in two vessels., the initial potential energy of the system   

 
2

)(

2
)(

2
)(

2
2

2
12

2
1

1

hh
gA

h
Ah

h
gAhUi


    ...(i) 

 When vessels are connected the height of centre of gravity of 

liquid in each vessel will be h/2,  

 i.e. (
4

)( 21 hh 
 [as ]2/)( 21 hhh    

 Final potential energy of the system 

 






 







 


42

)( 2121 hh
gA

hh
UF   

 










 


4

)( 2
21 hh

gA    …(ii) 

 Work done by gravity 

  ])()(2[
4

1 2
21

2
2

2
1 hhhhgAUUW fi    

 2
21 )~(

4

1
hhgA  

42. (c) .2mEP   If m is constant then  

 
E

E

E

E

P

P 22.1

1

2

1

2   1.122.1
1

2 
P

P
 

  12 1.1 PP   11112 of %101.0 PPPPP   

 So the momentum will increase by 10% 

43. (b) 200102.0  mghU = 400 J 

  Gain in K.E. = decrease in P.E. = 400 J. 

44. (a) .
2

2

m

P
E   If m  is constant then 2PE   

  44.1
2.1

22

1

2

1

2 























P

P

P

P

E

E
 

  1112 44.044.1 EEEE   

 %4412  EE  of 1E  

 i.e. the kinetic energy will increase by 44% 

45. (a) J
m

P
E 1

22

)2(

2

22




  

46. (b) JmghU 985.08.920   

47. (b) J
m

P
E 50

12

)10(

2

22




  

48. (b) Because 50% loss in kinetic energy will affect its potential 
energy and due to this ball will attain only half of the initial 
height. 

49. (d) If there is no air drag then maximum height 

 m
g

u
H 10

8.92

1414

2

2





  

 But due to air drag ball reaches up to height 8m only. So loss 
in energy 

 Jmg 8.928.95.0)810(   

50. (a) JCaloriekcal 4200101 3   kW h
6106.3

4200


  

  kWhkWhkcal 81.0
106.3

4200700
700

6





  

51. (b) smghv /4.196.11.08.922   

52. (a) 

53. (c) Let m = mass of boy, M = mass of man 

v = velocity of boy, V = velocity of man 









 22

2

1

2

1

2

1
mvMV   …..(i) 









 22

2

1
1)1(

2

1
mvVM  …..(ii) 

Putting 
2

M
m   and solving 

12

1


V  

54. (d) mEP 2   
3

2

9

4

2

1

2

1 
m

m

P

P
 

h h h1 h2 
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55. (d) 
m

P
E

2

2

   

2

1

2
12 















P

P
EE

2

1

2










P

P
E  

  EEEE 342  %300 E  of E 

56. (a) For first condition 

Initial velocity = u, Final velocity = u/2, s = 3 cm 

From asuv 222   asu
u

2
2

2

2









 

s

u
a

8

3 2

  

Second condition  

Initial velocity = u/2, Final velocity = 0  

From axuv 222   ax
u

2
4

0
2

  

 cms
u

su

a

u
x 13/

324

8

24 2

22








  

 

57. (c)  

 

 

 As the bomb initially was at rest therefore  

Initial momentum of bomb = 0 

Final momentum of system = 2211 vmvm   

As there is no external force 

 02211  vmvm   066.13 2  v  

velocity of 6 kg mass smv /8.02   (numerically) 

Its kinetic energy 2
22

2

1
vm J92.1)8.0(6

2

1 2   

58. (b) .2mEP   mP   
4

1

16

1

2

1 
P

P
 

59. (c) Potential energy of a body = 75% of 12 J  

mgh = 9 J  mh 9.0
101

9



  

Now when this mass allow to fall then it acquire velocity  

 189.01022  ghv m/s. 

60. (a)  

61. (b) Kinetic energy 
m

Ft

m

P
E

2

)(

2

22


m

tF

2

22

  [As P = F t]   

62. (b) Potential energy of spring = 2

2

1
Kx   

  2xPE   2aPE   

63. (a)  

 

 

 

 
 

 Initial momentum of the system (block C) = mv 

 After striking with A, the block C comes to rest and now both 
block A and B moves with velocity V, when compression in 
spring is maximum. 

 By the law of conservation of linear momentum  

 mv = (m + m) V  
2

v
V   

 By the law of conservation of energy  

 K.E. of block C = K.E. of system + P.E. of system  

 222

2

1
)2(

2

1

2

1
kxVmmv   

  2

2

2

2

1

2
)2(

2

1

2

1
kx

v
mmv 








   

  22

2

1
mvkx   

  
k

m
vx

2
  

64. (c) mEP 2   mP    
2

1

42

1

2

1 
m

m

m

m

P

P
 

65. (d) 
m

P
E

2

2

   
m

E
1

   
1

2

2

1

m

m

E

E
  

66. (b) J
m

P
E

3

2

32

4

2

2




  

67. (d) Both fragment will possess the equal linear momentum  

 2211 vmvm    22801 v   smv /.402    

  Total energy of system 2
22

2
11

2

1

2

1
vmvm   

  = 22 )40(2
2

1
)80(1

2

1
  

 = 4800 J = 4.8 kJ 

68. (b)  

 

 

 

 

 

 Let the thickness of each plank is s. If the initial speed of bullet is 

100 m/s then it stops by covering a distance 2s 

By applying asuv 222   asu 20 2   

a

u
s

2

2

  2us   [If retardation is constant] 

If the speed of the bullet is double then bullet will cover four 

times distance before coming to rest  

i.e. )2(4)(4 12 sss    ss 82   

So number of planks required = 8 

69. (a) 
m

P
E

2

2

  if P = constant then 
m

E
1

  

According to problem 21 mm    21 EE    

9kg At rest 

Before explosion 

3kg 
v1=1.6 m/s 

6kg 
v2 

After explosion 

m1 m2 

u=100 m/s v=0 

2s 

m m m 

v 

C A B 
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70. (c) Kinetic energy 2

2

1
mv   

As both balls are falling through same height therefore they 

possess same velocity. 

but mKE    (If v = constant) 

 
 
  2

1

4

2

2

1

2

1 
m

m

KE

KE
 

71. (b) 
m

P
E

2

2

   
m

E
1

   (If P = constant) 

i.e. the lightest particle will possess maximum kinetic energy 

and in the given option mass of electron is minimum.  

72. (a) EP    2

2

1
mvmv    smv /2  

73. (c) Initial kinetic energy 2

2

1
mvE    …(i) 

Final kinetic energy 2)2(
2

1
2  vmE  …(ii)  

by solving equation (i) and (ii) we get  

smv /)222(   

74. (c) 

 

 

 

 
 

 Initial momentum of 3m mass = 0  …(i)  

Due to explosion this mass splits into three fragments of equal 
masses.  

Final momentum of system = jmvimvVm ˆˆ 


 …(ii)  

By the law of conservation of linear momentum  

0ˆˆ  jmvimvVm


 )ˆ(̂ jivV 


 

75. (c) 

 

 

 As the momentum of both fragments are equal therefore 

1

3

1

2

2

1 
m

m

E

E
i.e. 21 3EE   …(i) 

 According to problem JEE 4
21 104.6    …(i)  

 By solving equation (i) and (ii) we get  

 JE 4
1 108.4  and JE 4

2 106.1   

76. (a) 

77. (b) 

 

 

 Let the initial mass of body = m  

Initial linear momentum = mv   …(i) 

When it breaks into equal masses then one of the fragment 
retrace back with same velocity  

  Final linear momentum = )(
2

)(
2

2v
m

v
m

  …(ii) 

 By the conservation of linear momentum  

  
22

2mvmv
mv 


  vv 32    

 i.e. other fragment moves with velocity 3v in forward direction 

78. (a) 

79. (a)  

 

 

 

 

 Initial momentum of particle = 0mV   

Final momentum of system (particle + pendulum) = 2mv 

By the law of conservation of momentum  

 mvmV 20   Initial velocity of system v = 
2

0V
 

 Initial K.E. of the system = 2)2(
2

1
vm =

2

0

2
)2(

2

1







 V
m  

If the system rises up to height h then P.E. = mgh2  

By the law of conservation of energy  

mgh
V

m 2
2

)2(
2

1
2

0 







  

g

V
h

8

2
0   

80. (d) 
2

1

2

1

m

m

P

P


3

1

9

1
   

81. (d) Change in momentum = Force × time 

 2102.012  tFPP  

  smkgPP /-121022 12   

 Increase in K.E. =  222
1

2
2 )10()12(

52

1
)(

2

1



 PP

m
 

 J4.4
10

44
  

82. (b) 2PE   (if m = constant) 

Percentage increase in E = 2(Percentage increase in P)  

                                       = 2 × 0.01%=0.02% 

83. (c) 1 amu kg271066.1   

JmcE 1028272 105.1)103(1066.1    

84. (b)  Change in gravitational potential energy  

 = Elastic potential energy stored in compressed spring 

 2

2

1
)( kxxhmg   

85. (c)  

 

 

 

 

 Ball starts from the top of a hill which is 100 m high and finally 
rolls down to a horizontal base which is      20 m above the 

3m 

At rest 

Before explosion 

m 

m 

m 

v 

V 

v 

After explosion 

1g 3g 
v2 

E1 E2 

v1 

m 
v 

Before explosion 

m/2 
v1= –v v2 

After explosion 

m/2 

20 m 30 m 100 m 

v 

m m 

V0 

2m 

h 

v 
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ground so from the conservation of energy 

2
21

2

1
)( mvhhmg    

  )20100(102)(2 21  hhgv  

 sm/401600  . 

86. (c) When block of mass M collides with the spring its kinetic 
energy gets converted into elastic potential energy of the 

spring.  

 From the law of conservation of energy  

 22

2

1

2

1
KLMv     L

M

K
v   

 Where v is the velocity of block by which it collides with spring. 

So, its maximum momentum  

 L
M

K
MMvP   = LMK  

 After collision the block will rebound with same linear 

momentum. 

87. (b) 

 

 

   According to law of conservation of linear momentum   

 BBAA vmvm  = Bv 12618  smvB /9  

 K.E.  of mass 12 kg, 2

2

1
BBB vmE   

   = J486)9(12
2

1 2   

88. (c) Force = Rate of change of momentum  

Initial momentum jmvimvP ˆcosˆsin1  


 

Final momentum jmvimvP ˆcosˆsin2  


 

  
3102

sin2










mv

t

P
F




 

Substituting m = 0.1 kg, v = 5 m/s,  = 60° 

Force on the ball NF 3250


 

Negative sign indicates direction of the force  

 

Power 

 

1. (a)  

2. (d) vFP


. atma tma 2  [as u = 0] 

 
2
1

2
1

2

1

1

t

tmv
t

t

v
m 













    11 / As tva   

3. (d) sm
h

km
v /2

18

5
2.72.7   

 Slope is given 1 in 20  

  
20

1
sin   

 

 When man and cycle moves up then component of weight 

opposes it motion  i.e. sinmgF   

 So power of the man vFP  vmg  sin  

 = W att982
20

1
8.9100 








  

4. (b) If a motor of 12 HP works for 10 days at the rate of 8 hr/day 
then energy consumption = power × time  

= sec)606080(
sec

74612 
J

 

J60608074612  = 2.5 × 109 J 

Rate of energy = 
kW h

paisa
50  

i.e. J6106.3   energy cost 0.5 Rs 

So 2.5 × 109 J energy cost = Rs358
106.32

105.2
6

9





 

5. (c) P = Fv kWW 5.115003500   

6. (a) P = Fv W
t

s
F 20

60

30
40   

7. (b) P = Fv kWW 9900024500   

8. (d) P
Time

Workdone
 = 

t

mgh
W1960

3

28.9300



  

9. (d) P = 
t

mgh
 m = 

1010

60102 3








gh

tp
1200 kg 

 As volume = 
density

mass
 3

33
2.1

/10

1200
m

mkg

kg
v   

 Volume = litrelitrem 1200102.12.1 33   

10. (c) 31010 
t

mgh
P  

31010

1040200




t sec8  

11. (c) Force required to move with constant velocity  

  Power = FV 

 Force is required to oppose the resistive force R and also to 

accelerate the body of mass with acceleration a. 

  Power = VmaR )(    

12. (d) 
t

mgh
P  = sJ/980

50

508.9100



  

13. (a) kWWgh
t

m
P 1001010010100 5 








  

14. (a) kW
t

mgh
p 40

10

20010200



  

15.  (c) Volume of water to raise = 22380 l = 22380×10–3m3 

 
t

ghV

t

mgh
P


   

P

ghV
t


  

 t 15
74610

1010101022380 33









min 

16. (c) Force produced by the engine
30

1030 3


v

P
F =103N 

Acceleration=
carof  mass

force resistive–engine  byforce Forward
 

R 

 

 
mg cos  

P 

F 

mg 
mg sin  

12kg 
vB 

A B 

vA 
18kg 
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1250

250

1250

7501000



 = 2/

5

1
sm  

17. (b) Power
t

uvm )(
2

1

time

doneWork 
22 

  

 P
605

)]5()25[(1005.2

2

1 226




  

 MWWP 05.21005.2 6   

18. (a) As truck is moving on an incline plane therefore only 

component of weight )sin( mg  will oppose the upward 

motion  

Power = force × velocity = vmg sin  

kW25
18

530

100

1
1030000 










  

19. (c) 
t

mgh
P    

1

2

2

1

2

1

t

t

m

m

P

P
    (As h = constant) 

 
10

11

12

11

50

60

2

1 
P

P
 

20. (c) Power of a pump 3

2

1
Av  

To get twice amount of water from same pipe v has to be 
made twice. So power is to be made 8 times. 

21. (a) HPHPW
t

mgh
p 63.0

746

470

10

68.980



  

22. (b) Power
time

K.E. in Increase

time

doneWork 
  

W
t

mv

P 22500
5

)15(10
2

1

2

1 232





  

23. (a) Motor makes 600 revolution per minute 

  n = 
sec

10
minute

revolution
600

rev
  

  Time required for one revolution 
10

1
 sec 

 Energy required for one revolution = power × time  

                         = J
40

746

10

1
746

4

1
  

 But work done = 40% of input  

                         J46.7
40

746

100

40

40

746
%40   

24. (a) Work output of engine = mgh = J4101010100   

Efficiency () = 
input

output
  Input energy = 



outupt
 

J
6

10
100

60

10 54

  

 Power = 
time

energy input
= kW3.3

30

10

5

6/10 55

  

25. (a) 
4

)ˆ5ˆ4ˆ3).(ˆ4ˆ3ˆ2(. kjikji

t

sF
P


 W5.9

4

38
  

26. (a) 
10

5010200 


t

mgh

t

W
P W31010  

27. (a) Power of gun 
time

 bulletfiredof  K.E.Total 
  

 W
t

mvn

600)100(102
2

1

60

3602

1

22

2





   

28. (a) Energy supplied to liquid per second by the pump 

= 
t

mv 2

2

1
= 

t

vV 2

2

1 
= 2

2

1
v

t

l
A 








   








 v

t

l
 

2

2

1
vvA   = 3

2

1
vA  

29. (a) 
time

 volumein change  pressure

time

workdone
Power


   

 = 
1

10120000 6
W02.0102 2    

30. (c) .Power
t

W
  If W is constant then 

t
P

1
   

i.e. 
1

2

10

20

1

2

2

1 
t

t

P

P
 

 

Elastic and Inelastic Collision  
 

1. (a)  

2. (a) 

3. (c) According to law of conservation of linear momentum both 
pieces should possess equal momentum after explosion. As 
their masses are equal therefore they will possess equal speed 
in opposite direction. 

4. (a)  

5. (c) 

 

 

 Initial linear momentum of system = BBAA vmvm


  

                                         = 0.2 × 0.3 + 0.4 × v
B

 

Finally both balls come to rest  

 final linear momentum = 0  

By the law of conservation of linear momenum  

       0.2 × 0.3 + 0.4 × v
B

 = 0 

                                  smvB /15.0
4.0

3.02.0



   

6. (c) For a collision between two identical perfectly elastic particles 

of equal mass, velocities after collision get interchanged. 

7. (b) 

 

 

 

 

 Momentum of ball (mass m) before explosion at the highest 

point imuimv ˆ60cosˆ   

 = im ˆ
2

1
200  = 1ˆ100 kgmsim  

 

0.4kg 
vB 

A B 

vA 
0.2kg 

X 
 

O 

u 

Y 

mv 

X 
O 

Y 

100m/s 

100m/s 

V 
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 Let the velocity of third part after explosion is V  

 After explosion momentum of system = 321 PPP


  

 = iV
m

j
m

j
m ˆ

3
ˆ100

3
ˆ100

3
  

 By comparing momentum of system before and after the 

explosion 

 imiV
m

j
m

j
m ˆ100ˆ

3
ˆ100

3
ˆ100

3
   smV /300  

8. (c) Change in the momentum  

 = Final momentum – initial momentum  

 

 

 

 

For lead ball vmvmP


 0lead   

For tennis ball vmvmvmP


2tennis   

 i.e. tennis ball suffers a greater change in momentum. 

9. (c) 

10. (d) 

11. (d)  

 

 

 

 

 

 
 

 smkgvmP xx /21211   

 smkgvmP yy /21211   

  Resultant = 22122  yx PP kg m/s 

 The momentum of heavier fragment should be numerically 

equal to resultant of xP


 and yP


. 

 2213 22  yx PPv  27v  = 9.89 m/s 

12. (b) We know that when heavier body strikes elastically with a 

lighter body then after collision lighter body will move with 
double velocity that of heavier body.  

i.e.the ping pong ball move with speed of sm/422   

13. (d) Change in momentum 12 vmvm


 mvmvmv 2  

14. (c) 
G

BB
G

v

vm
m  kg5.1

1

301050 3


 

 

15. (d)  

16. (a) Initially 238U nucleus was at rest and after decay its part moves 
in opposite direction. 

 

 

 

According to conservation of momentum 

Vv 2344  = 238 × 0  
234

4v
V   

17. (c) 

 
 

 
21

11
2

21

12
2

2

mm

um
u

mm

mm
v






















M

m

u

mM

Mu








1

22
 

18. (c) Velocity exchange takes place when the masses of bodies are 

equal  

19. (d) In perfectly elastic head on collision of equal masses velocities 

gets interchanged 

20. (a)  

 

 

 
21

22
1

21

21
1

2

mm

um
u

mm

mm
v




















  

 Substituting m
1

 = 0, 211 2uuv   

  )4(261 v  sm/2  

 i.e. the lighter particle will move in original direction with the 

speed of 2 m/s. 

21. (d) 

 

 

 According to conservation of momentum  

21
4

3

4
v

m
v

m
mv 

















  vv

3

4
2   

22. (d) 

 

 

 As 21 mm   therefore after elastic collision velocities of 

masses get interchanged  

i.e. velocity of mass smm /51   

and velocity of mass smm /32   

23. (b) If ball falls from height 1h  and bounces back up to height 2h  

then 
1

2

h

h
e   

 

 

 

 

 

 

Similarly if the velocity of ball before and after collision are 1v  

and 2v  respectively then 
1

2

v

v
e    

m 
v 

m 

Lead ball 

m 
v 

m 

Tennis ball 

v 

1kg 

1kg 

3kg 

Y 

v 

X 

21m/s 

21m/s 

234 
V 

 particle Residual nucleus 

v 
4 

M 

u1=u 

m 

u2=0 

Before collision 

M 

v1=V 

m 

v2=v 

After collision 

M 

u1=6m/s 

m 

u2=4m/s 

m 
v 

Before explosion 

m/4 

v1= 0 
v2 

After explosion 

3m/4 

m2 

v2=–5m/s 
 

v1=+3m/s 

m1 

v1 

v2 

h1 

h2 
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So 
5

3

25

9

5

8.1

1

2

1

2 
h

h

v

v
 

i.e. fractional loss in velocity 
5

2

5

3
11

1

2 
v

v
 

24. (a) n
n heh 2 = m2

16

32

2

1
32

4









 (here n = 2, e = 1/2) 

25. (c) As the body at rest explodes into two equal parts, they acquire 
equal velocities in opposite directions according to conservation 
of momentum. 

When the angle between the radius vectors connecting the 
point of explosion to the fragments is 90°, each radius vector 
makes an angle 45°  with the vertical.  

To satisfy this condition, the distance of free fall AD should be 

equal to the horizontal range in same interval of time. 

DBAD   

22 510
2

1
0 ttAD   

tutDB 10  

 sec2105 2  ttt  

26. (a) 2

21

2
1

21

21
1

2
u

mm

m
u

mm

mm
v 

































  and 

2

21

21
1

21

1
2

2
u

mm

mm
u

mm

m
v 

































  

on putting the values smv /61   and smv /122   

27. (b) 
50/1

2vm

dt

dv
m

dt

dp
F


 = N4102

50/1

10022



 

28. (d) n
n heh 2 121  e = m36.0)6.0(1 2   

29. (d) n
n heh 2 , if n = 2 then 4hehn   

30. (b) Impulse = change in momentum  

 12 mvmv  = )30(1.0401.0   

31. (b) In elastic head on collision velocities gets interchanged. 

32. (a) Impulse = change in momentum = 2 mv 

              = smkg /48.0406.02   

33. (b) When ball falls vertically downward from height 1h  its velocity 

11 2ghv   

and its velocity after collision 22 2ghv   

Change in momentum 

)22()( 2112 ghghmvvmP 


 

(because 1v  and 2v  are opposite in direction) 

34. (a) Velocity of 50 kg. mass after 5 sec of projection 

gtuv  sm/5158.9100   

At this instant momentum of body is in upward direction  

smkgP /25505150initial   

After breaking 20 kg piece travels upwards with 150 m/s let the 
speed of 30 kg mass is V  

VP  3015020final  

By the law of conservation of momentum  

 finalinitial PP   

  smVV /1530150202550   

 i.e. it moves in downward direction. 

35. (c) Ratio in radius of steel balls = 1/2 

So, ratio in their masses
8

1
   [As 3rVM  ] 

 Let mm 81   and mm 2  

 

 

 

 scm
mm

m

mm

um
v /144

8

81822

21

11
2 







  

36. (a) After explosion m mass comes at rest and let Rest )( mM   

mass moves with velocity v. 

By the law of conservation of momentum vmMMV )(   

 
)( mM

MV
v


  

37. (c) As the ball bounces back with same speed so change in 
momentum = 2 mv  

 and we know that force = rate of change of momentum  

i.e. force will act on the ball so there is an acceleration. 

38. (d) According to conservation of momentum 

 0 GGBB vmvm   
G

BB
G

m

vm
v   

 smvG /10
5

101050 33







 

39. (a) As 20% energy lost in collision therfore 

 12 of %80 mghmgh    8.0
1

2 
h

h
 

but 89.08.0
1

2 
h

h
e  

40. (b) 

 
 

 If target is at rest then final velocity of bodies are  

1

21

21
1 u

mm

mm
v 

















  …(i) and 

21

11
2

2

mm

um
v


  …(ii) 

From (i) and (ii) 
5

2

2 1

21

2

1 



m

mm

v

v
 5

2

1 
m

m
 

41. (b) F = Rate of change in momentum 

 
t

mv sin2
  

 
1.0

30sin10102 1 




 

  NF 10  

45° 90° 

A 

D B 

u2 = 0 u1 = 81 cm/s 

m 8m 

m1 

u1 
m2 

u2=0 

Before collision 

m1 
v1 

m2 
v2 

After collision 

mv 

mv 

30 
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42. (d) By the conservation of momentum 

v 80)7()40(1040   smv /5.1  

43. (d) 

 

 

 

 

 

 

 The momentum of third part will be equal and opposite to the 
resultant of momentum of rest two equal parts  

let V is the velocity of third part.  

By the conservation of linear momentum  

2123  mVm  smV /24  

44. (a) 

 

 

 Particle falls from height h then formula for height covered by 

it in nth rebound is given by  

n
n heh 2  

 where e = coefficient of restitution, n = No. of rebound 

Total distance travelled by particle before rebounding has 

stopped 

........2222 321  nhhhhhH  

.........2222 8642  heheheheh  

.......)(2 8642  eeeehh  


















































2

2

2

2

2

2

1

1

1

2
1

1
2

e

e
h

e

e
h

e

e
hh  

45. (d) Due to the same mass of A and B as well as due to elastic 
collision velocities of spheres get interchanged after the 
collision. 

46. (a) 

 

 

 

From the formulae 1

21

21
1 u

mm

mm
v 

















  

We get u
mM

mM
v 












  

47. (a) Momentum conservation 

 v 2005020105  smv /5.2  

48. (d) Due to elastic collision of bodies having equal mass, their 

velocities get interchanged. 

49. (c) 

50. (b) kgm 21  and 1

21

21
1 u

mm

mm
v 



















4

1u
 (given) 

 By solving we get kgm 2.12   

51. (c) 

52. (d) It is clear from figure that the displacement vector r  

between particles 1p  and 2p  is jirrr ˆ8ˆ812   

 

 

 

 

 

 

28)8()8(|| 22 r   …..(i) 

Now, as the particles are moving in same direction 

) are  and ( 21 vevv  , the relative velocity is given by 

jivvv rel
ˆ4)̂4(12    

16)4( 2  relv    …..(ii) 

Now, we know 
t

r
v rel

||
||


  

Substituting the values of relv  and || r  from equation (i) 

and (ii) and st 2 , then on solving we get 8  

53. (b) Fractional decrease in kinetic energy of neutron 

=

2

21

211 


















mm

mm
 [As m

1

=1 and m
2

 = 2] 

2

21

21
1 














9

8

9

1
1

3

1
1

2









  

54. (a)  

55. (b) When target is very light and at rest then after head on elastic 
collision it moves with double speed of projectile i.e. the 
velocity of body of mass m will be 2v.  

56. (a) In head on elastic collision velocity get interchanged (if masses 
of particle are equal). i.e. the last ball will move with the 
velocity of first ball i.e 0.4 m/s 

57. (a) By the principle of conservation of linear momentum, 

 21 mvmvMv   2)(0 vmMMv  
mM

Mv
v


2  

58. (a) Since bodies exchange their velocities, hence their masses are 

equal so that 1
B

A

m

m
 

59. (d) mgh  initial potential energy 

 hmg  final potential energy after rebound 

 As 40% energy lost during impact mgh'=60% of mgh  

  mhh 610
100

60

100

60
'   

60. (c) 

61. (a) Fractional loss 
mgh

hhmg

U

U )( 





4

1

2

5.12



  

62. (c) 





























































22

21

21

2

2
11

mm

mm

mm

mm

K

K

9

8
  

m 

m 

3m 

Y 

V 

X 

135° 

12m/s 

12m/s 

h1 
h 

h2 h3 

m1=M 

Before collision 

M 

v1=v 

m 

After collision 

m2=m 

u1=u u2=0 v2=u 

p1 

p2 
1r  

2r  

r  

x 

y 
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 K = K
9

8
i.e. loss of kinetic energy of the colliding body is 

9

8
 

of its initial kinetic energy. 
63. (d) 

64. (a) 100
100

80
 mgmgh   mh 80  

65. (a) Let ball is projected vertically downward with velocity v from 
height h 

Total energy at point mghmvA  2

2

1
 

During collision loss of energy is 50% and the ball rises up to 
same height. It means it possess only potential energy at same 
level. 

50% mghmghmv 







2

2

1
 

mghmghmv 







2

2

1

2

1
 

201022  ghv  

 smv /20  

66. (a) n
n heh 2  after third collision 6

3 heh   [as n = 3] 

67. (a) Let mass A moves with velocity v and collides inelastically with 

mass B, which is at rest.  

 

 

 

 

 

 

 

 According to problem mass A moves in a perpendicular 

direction and let the mass B moves at angle  with the 
horizontal with velocity v.  
Initial horizontal momentum of system 

(before collision)   = mv                       ....(i) 

Final horizontal momentum of system  

(after collision)       = mV cos               ....(ii) 

From the conservation of horizontal linear momentum      mv 
= mV cos  v = V cos           ...(iii) 

Initial vertical momentum of system (before collision) is zero. 

Final vertical momentum of system sin
3

mV
mv

  

From the conservation of vertical linear momentum 

0sin
3

 mV
mv

 sin
3

V
v

   ...(iv) 

By solving (iii) and (iv)  

)cos(sin
3

222
2

2   V
v

v     

 
2

2

3

4
V

v
    vV

3

2
 . 

68. (d) Angle will be 90° if collision is perfectly elastic 
 

Perfectly Inelastic Collision 

 

1. (c)  

 

 

 

 

 
 

 Initial momentum of the system  

 jmvimvPi
ˆˆ 


 

 mvPi 2|| 


 

 Final momentum of the system = 2mV 

 By the law of conservation of momentum  

 
2

22
v

VmVmv   

2. (b)  

3. (c) 

4. (b) 

 

 

 

 Initially bullet moves with velocity b and after collision bullet 
get embedded in block and both move together with common 
velocity. 

 By the conservation of momentum 

  a  b + 0 = (a + c) V  
ca

ab
V


  

5. (d) Initially mass 10 gm  moves with velocity 100 cm/s 

  Initial momentum = 10 × 100 = 
sec

1000
mgm 

 

 After collision system moves with velocity sys.v  then  

 Final momentum = sys.)1010( v    

 By applying the conservation of momentum  

 10000 = sys.20 v  scmv /50sys.   

 If system rises upto height h then  

 cm
g

v
h 25.1

2

5.2

10002

5050

2

2
sys.





  

6. (b) 

7. (c) 

8. (c) vmmvmvm )( 212211   

 v)12(4132   smv /
3

2
  

9. (c) Initial momentum of the system = 0mvmv  

As body sticks together  final momentum = mV2  

 By conservation of momentum 02 mV  V = 0 

10. (a) If initially second body is at rest then  

Initial momentum = mv  

Final momentum = 2mV 

By conservation of momentum mvmV 2   
2

v
V   

11. (d) 

 

 

v = 0 A  v  

h 

v A 

At rest 

B 

A 

3/v  

 

V B 

m 

m 

m m 

m 

m 
v 

v 

2m 

V 

b 

a 

V 

c a + c 

v M 
m 
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 Initial momentum = mv   

 Final momentum = VMm )(    

 By conservation of momentum VMmmv )(    

  Velocity of (bag + bullet) system
mM

mv
V


  

  Kinetic energy = 2)(
2

1
VMm   

 =

2

)(
2

1












mM

mv
Mm

mM

vm




22

2

1
 

12. (b) 
 

 Initial K.E. of system = K.E. of the bullet = 2

2

1
BBvm  

By the law of conservation of linear momentum  

sys.sys.0 vmvm BB   

 sm
m

vm
v BB /5.0

95050

1050

sys.

sys. 



  

Fractional loss in K.E.  = 
2

2
sys.sys.

2

2

1
2

1

2

1

BB

BB

vm

vmvm 

 

By substituting smvkgm BB /10,1050 3    

                      smvkgm s /5.0,1sys.   we get  

Fractional loss = 
100

95
  Percentage loss = 95% 

13. (b) 

 

 

 

 

 

 

 Initial momentum  

 jmimP ˆ245ˆ245 


 90|| mP


 

 Final momentum Vm 2   

 By conservation of momentum 902  mVm  

  smV /45  

14. (c) 

 

 
 

 Initial momentum = mv  

Final momentum = mV3  

By the law of conservation of momentum mVmv 3  

 3/vV   

15. (c) 

 

 

 Initial momentum = mmm 3023   

Final momentum = Vm 3  

By the law of conservation of momentum  

Vmm  33  hkmV /1  

16. (d) Loss in K.E. = (initial K.E. – Final K.E.) of system  

2
21

2
22

2
11 )(

2

1

2

1

2

1
Vmmumum   

 222 )5()43(
2

1
)5(4

2

1
)32(3

2

1
  

 = 986.5 J 

17. (a) Momentum of earth-ball system remains conserved. 

18. (b) smhkmv /10/36   

By law of conservation of momentum 

V)32(102    smV /4  

Loss in K.E. J60)4(5
2

1
)10(2

2

1 22   

19. (d) Initial momentum = jmvimvP ˆˆ 


 

 mvP 2|| 


 

 Final momentum = Vm 2  

 By the law of conservation of momentum  

 mvVm 22   
2

v
V   

 In the problem smv /10  (given)   smV /25
2

10
  

20. (a) Because in perfectly inelastic collision the colliding bodies stick 

together and move with common velocity  

21. (b) sys.212211 )( vmmvmvm   

sys.)520(051020 v   smv /8sys.   

K.E. of composite mass J800)8()520(
2

1 2   

22. (c) According to law of conservation of momentum. 

Momentum of neutron = Momentum of combination 

 v)1034.31067.1(101067.1 2727827    

 smv /1033.3 7  

23. (b) 

24. (c) Loss in kinetic energy 

 2

21

2
2121 )24(

6040

6040

2

1)(

2

1




















mm

uumm
J48  

25. (b) By momentum conservation before and after collision. 

vmmmVm )(0 2121    V
mm

m
v

21

1


  

i.e. Velocity of system is less than V. 

vB 
M 

mB 

m 

m 

v=452 
2m 

V 

v=452 

3m 
V 

After collision 

m 
v 

At rest 

Before collision 

2m 

3m 
V 

After collision 

m 
3km/h 

At rest 

Before collision 

2m 
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26. (a) By conservation of momentum, VMmMmv )(0   

 Velocity of composite block v
Mm

m
V 










  

 K.E. of composite block 2)(
2

1
VmM   

 






















Mm

m
mvv

mM

m
mM 22

2

2

1
)(

2

1
 

27. (b) 

28. (d) Velocity of combined mass, 
21

2211

mm

vmvm
v




  

= sm/12.0
5.0

1.04.011.0



 

 Distance travelled by combined mass 

                           =  tv  0.12 × 10 = 1.2 m. 

29. (c) Loss in K.E. =  221

21

21

)(2
uu

mm

mm



  

                    = 2)012(
102

64





= 172.8 J  

30. (d) In case of perfectly inelastic collision, the bodies stick together 
after impact. 

 

Critical Thinking Questions 
 

1. (c) By the conservation of momentum in the absence of external 
force total momentum of the system (ball + earth) remains 
constant. 

2. (d) 

 

 

 

 

 
18)3(22 22

MgLMgL

n

MgL
W   (n = 3 given) 

3. (b) Gravitational force is a conservative force and work done 

against it is a point function i.e. does not depend on the path. 

4. (b) Here 
2

2

r

K

r

mv
   K.E.

r

K
mv

22

1 2   

 
r

K
dr

r

K
drFU

rr









   2

.  

 Total energy 
r

K

r

K

r

K
E

22
P.E.K.E.   

5. (c) 2)3(  tx  )3(2  t
dt

dx
v  

 at 0t ; smv /61   and at sec6t , smv /62   

 so, change in kinetic energy 0
2

1

2

1 2
1

2
2  mvmvW  

6. (c) While moving from (0,0) to (a,0)  

 Along positive x-axis, y = 0 jkxF ˆ


 

 i.e.  force is in negative y-direction while displacement is in 
positive x-direction. 

  01 W   

 Because force is perpendicular to displacement  

 Then particle moves from )0,(a  to ),( aa  along a line parallel 

to y-axis )( ax   during this )ˆˆ( JaiykF 


 

 The first component of force, ikyˆ will not contribute any 

work because this component is along negative    x-direction 

)ˆ( i  while displacement is in positive           y-direction (a,0) 

to (a,a). The second component of force i.e. jkâ will perform 

negative work 

  )ˆ()ˆ(2 jajkaW  = 2)()( kaaka   

 So net work done on the particle 21 WWW   

 = 22)(0 kaka   

7. (a) Gain in potential energy 

R

h

mgh
U





1

 

If Rh   then mgR

R

R

mgR
U

2

1

1





  

8. (c) 
forceretarding 

energykinetic 
distanceStopping  

F

mu
s

2

2

1
  

If lorry and car both possess same kinetic energy and retarding 
force is also equal then both come to rest in the same distance. 

9. (d) Potential energy of the particle )1(
2xekU   

 Force on particle )]2([
2

xek
dx

dU
F x 


   

 F
2

2 xkxe 











 ......

!2
12

4
2 x

xkx  

 For small displacement kxF 2  

  xF   i.e. motion is simple harmonic motion. 

10. (b) Kinetic energy acquired by the body  

 = Force applied on it × Distance covered by the body 

 K.E. = F × d 

 If F and d both are same then K.E. acquired by the body will be 
same 

11. (c) Let the blade stops at depth d into the wood. 

aSuv 222    

 daggh )(2)2(0 2   

by solving g
d

h
a 








 1  

So the resistance offered by the wood 









d

h
mg 1  

12. (d) Because linear momentum is vector quantity where as kinetic 
energy is a scalar quantity. 

L/3 

A 
h 

B 
d 

v = 0 
c 

u=2gh 
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13. (c) v
dt

dv
mmavFvP 








  dvvdt

m

P
  


2

2v
t

m

P
  2/1

2/1

)(
2

t
m

P
v 








  

Now   







 dtt

m

P
dtvs 2/1

2/1
2

 

 





















3

22 2/32/1
t

m

P
s  2/3ts   

14. (a) Shell is fired with velocity v at an angle  with the horizontal.  

 So its velocity at the highest point  

 = horizontal component of velocity = cosv  

 So momentum of shell before explosion = cosmv  

 

 

 

 

 

When it breaks into two equal pieces and one piece retrace its 

path to the canon, then other part move with velocity V.  

 

 

 

 

 

So momentum of two pieces after explosion 

                V
m

v
m

2
)cos(

2
   

 By the law of conservation of momentum  

 V
m

v
m

mv
2

cos
2

cos 


   cos3vV    

15. (a) Let two pieces are having equal mass m and third piece have a 
mass of 3m. 

 

 

 

 

 

 

 According to law of conservation of linear momentum. Since 

the initial momentum of the system was zero, therefore final 
momentum of the system must be zero i.e. the resultant of 
momentum of two pieces must be equal to the momentum of 
third piece. We know that if two particle possesses same 
momentum and angle in between them is 90° then resultant 

will be given by 23022 mmvP   

 Let the velocity of mass 3m is V. So 2303 mmV   

  210V  and angle 135° from either. 

  (as it is clear from the figure) 

16. (c) The momentum of the two-particle system, at t = 0 is 

2211 vmvmPi


  

Collision between the two does not affect the total momentum 

of the system. 

A constant external force gmm )( 21   acts on the system.  

The impulse given by this force, in time t = 0 to 02tt   is 

021 2)( tgmm   

 |Change in momentum in this interval 

 02122112211 )(2)|(''| gtmmvmvmvmvm 


  

17. (b) If the masses are equal and target is at rest and after collision 
both masses moves in different direction. Then angle between 
direction of velocity will be 90°, if collision is elastic. 

18. (d) K.E. of colliding body before collision 2

2

1
mv  

After collision its velocity becomes 

33)(

)(

21

21 v
v

m

m
v

mm

mm
v 




  

 K.E. after collision 2'
2

1
mv

92

1 2mv
  

 Ratio of kinetic energy = 1:9

92

1

2

1

K.E.

K.E.
2

2

after

before 
mv

mv

 

19. (c)  

20. (b,d) 

 

 

 Since collision is perfectly inelastic so all the blocks will stick 
together one by one and move in a form of combined mass. 

Time required to cover a distance ‘L’ by first block 
v

L
  

Now first and second block will stick together and move with 
v/2 velocity (by applying conservation of momentum) and 

combined system will take time 
v

L

v

L 2

2/
  to reach up to 

block third. 

Now these three blocks will move with velocity v/3 and 

combined system will take time 
v

L

v

L 3

3/
  to reach upto the 

block fourth. 

So, total time 
v

Ln

v

L

v

L

v

L )1(
...

32 


v

Lnn

2

)1( 
  

and velocity of combined system having n blocks as 
n

v
. 

 

Graphical questions 
 

1. (c) At time 1t  the velocity of ball will be maximum and it goes on 

decreasing with respect to time.  

X 
 

O 

v 

Y 

mv cos  

X 
O 

Y 

v cos  
–m 
2 

V 
m 
2 

m 

m 

3m 

Y 

v 

X 

135° 

30m/s 

30m/s 

L L L 

v 
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 At the highest point of path its velocity becomes zero, then it 
increases but direction is reversed 

This explanation match with graph (c). 

2. (a) Work done = area between the graph and position axis  

 ergW 20110120120110   

3. (a) Spring constant 
x

F
k Slope of curve 

  cmkgk /1.0
30

3

30

14



  

4. (b) As the area above the time axis is numerically equal to area 
below the time axis therefore net momentum gained by body 
will be zero because momentum is a vector quantity. 

5. (c)  

  

 

 

 
 

 

 Work done = (Shaded area under the graph between  

                        x = 0 to x = 35 m) J5.287  

6. (a) Work done = Area covered in between force displacement curve 

and displacement axis 

 = Mass  Area covered in between acceleration-displacement 

curve and displacement axis. 

 = )1020108(
2

1
10 22    

 = J2108   

7. (c) Work done = Gain in potential energy  

 Area under curve = mgh 

  h 10510011
2

1
 

  mh 11  

8. (d) Initial K.E. of the body = Jmv 50425
2

1

2

1 2   

Work done against resistive force 

= Area between F-x graph  

= J40204
2

1
  

Final K.E. = Initial K.E. – Work done against resistive force 

               = J104050   

9. (d) Area between curve and displacement axis  

 = 10)412(
2

1
 = 80 J 

 In this time body acquire kinetic energy = 2

2

1
mv  

 by the law of conservation of energy  

 Jmv 80
2

1 2   

  801.0
2

1 2  v  

  v2 = 1600  

  v = 40 m/s 

10. (a) Work done = Area under curve and displacement axis 

 = Area of trapezium 

 = 
2

1
×(sum of two parallel lines) × distance between them 

 = )5.05.2()410(
2

1
  

 = 214
2

1
 = 14 J  

 As the area actually is not trapezium so work done will be more than 

14 J i.e. approximately 16 J 

11. (a) As particle is projected with some velocity therefore its initial 

kinetic energy will not be zero.  

As it moves downward under gravity then its velocity increases 

with time K.E.  v2  t2  (As v  t) 

So the graph between kinetic energy and time will be parabolic 

in nature.  

12. (a) From the graph it is clear that force is acting on the particle in 

the region AB and due to this force kinetic energy (velocity) of 

the particle increases. So the work done by the force is 

positive. 

13. (d) dxFdU
dx

dU
F 


  

  
x

dxaxKxU
0

3 )(
42

42 axkx
  

  We get U = 0 at x = 0 and x = ak/2   

 and also U = negative for akx /2 . 

 So F = 0 at x = 0  

 i.e. slope of U – x graph is zero at x = 0.  

14. (b) Work done = Area enclosed by F – x graph  

 J5.133)63(
2

1
  

15. (c) As slope of problem graph is positive and constant upto 

certain distance and then it becomes zero.  

 So from 
dx

dU
F


 , up to distance a, F = constant (negative) 

and becomes zero suddenly. 

16. (d) Work done = change in kinetic energy  

15 

10 

5 

0 5 10 15 20 25 30 35 40 

Fo
rc

e 
(N

) 

Displacement (m) 
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 2

2

1
mvW    2vW  graph will be parabolic in nature 

17. (a) Potential energy increases and kinetic energy decreases when 

the height of the particle increases it is clear from the graph 

(a). 

18. (c) mEP 2  it is clear that EP   

 So the graph between P  and E  will be straight line.  

 but graph between 
P

1
 and E  will be hyperbola 

19. (b) When particle moves away from the origin then at position 

1xx   force is zero and at ,1xx   force is positive 

(repulsive in nature) so particle moves further and does not 

return back to original position. 

i.e. the equilibrium is not stable.  

Similarly at position 2xx   force is zero and at ,2xx   

force is negative (attractive in nature) 

So particle return back to original position i.e. the equilibrium 

is stable. 

20. (c) 
dx

dU
F


  it is clear that slope of U – x curve is zero at 

point B and C.  F = 0 for point B and C  

21. (a) Work done = area under curve and displacement axis 

                   = J10101101101   

22. (a) When the length of spring is halved, its spring constant will 

becomes double.     (because 
L

k
Lx

k
111

 ) 

Slope of force displacement graph gives the spring constant (k) 
of spring. 

If k becomes double then slope of the graph increases i.e. 
graph shifts towards force-axis. 

23. (a) Kinetic energy 2

2

1
mvE   2vE   

 graph will be parabola symmetric to E-axis. 

24. (c) Change in momentum = Impulse  

 = Area under force-time graph 

  mv Area of trapezium  

  0
22

1
F

T
Tmv 








  

  0
4

3
F

T
mv  

T

mu
F

3

4
0    

25. (c) When body moves under action of constant force then kinetic 

energy acquired by the body K.E. = F × S 

  KE  S  (If F = constant) 

 So the graph will be straight line. 

26. (a) When the distance between atoms is large then interatomic 
force is very weak. When they come closer, force of attraction 
increases and at a particular distance force becomes zero. 

When they are further brought closer force becomes repulsive 
in nature.  

 This can be explained by slope of xU   curve shown in 
graph (a). 

27. (b) Work done = area under F-x graph 

  = area of rectangle ABCD + area of rectangle LCEF 

  + area of rectangle GFIH + area of triangle IJK  

 

 

 

 

 

 

  )05)(34()05)(23()010()12(   

   )010)(45(
2

1
 J15  

28. (a)   
2

2x
kdxkxFdxU  

 This is the equation of parabola symmetric to U axis in 

negative direction 

 

Assertion and Reason 
 

1. (a) The work done, cos. FssFW  , when a person walk on 

a horizontal road with load on his head then  90 . 

Hence 090cos  FsW  

Thus no work is done by the person. 

2. (d) In a round trip work done is zero only when the force is 

conservative in nature.   

Force is always required to move a body in a conservative or 

non-conservative field 

3. (e) When a body slides down on inclined plane,  

 work done by friction is negative because it opposes the 

motion ( = 180° between force and displacement) 

If  90  then W =positive because cos..sFW   

4. (a) Since the gaseous pressure and the displacement (of piston) 

are in the same direction. Therefore  0  

 Work done =  FsFs cos Positive 

Thus during expansion work done by gas is positive. 

5. (d) When two bodies have same momentum then lighter body 

possess more kinetic energy because 
m

P
E

2

2

  


m

E
1

  when P = constant 

6. (b) vFP .  and unit of power is Watt. 

7. (c) Change in kinetic energy = work done by net force. 

–10 
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This relationship is valid for particle as well as system of 

particles. 

8. (a) The work done on the spring against the restoring force is 

stored as potential energy in both conditions when it is 

compressed or stretched. 

9. (c) The gravitational force on the comet due to the sun is a 

conservative force. Since the work done by a conservative force 

over a closed path is always zero (irrespective of the nature of 

path), the work done by the gravitational forces over every 

complete orbit of the comet is zero. 

10. (e) Rate of change of momentum is proportional to external forces 
acting on the system. The total momentum of whole system 
remain constant when no external force is acted upon it.  

 Internal forces can change the kinetic energy of the system. 

11. (a) When the water is at the top of the fall it has potential energy 
mgh (where m is the mass of the water and h is the height of 
the fall). On falling, this potential energy is converted into 
kinetic energy, which further converted into heat energy and so 

temperature of water increases. 

12. (b) The power of the pump is the work done by it per sec. 

 Power
10

10010100

time

work 


t

mgh
 

kWW 10104   

Also 1 Horse power (hp) =746 W. 

13. (c) For conservative forces the sum of kinetic and potential 

energies at any point remains constant throughout the motion. 
This is known as law of conservation of mechanical energy. 
According to this law, 

Kinetic energy + Potential energy = constant 

or, 0 UK  or, UK   

14. (e) When the force retards the motion, the work done is negative.  

Work done depends on the angle between force and 

displacement cosFsW   

15. (d) In an elastic collision both the momentum and kinetic energy 
remains conserved. But this rule is not for individual bodies, 
but for the system of bodies before and after the collision. 
While collision in which there occurs some loss of kinetic 

energy is called inelastic collision. Collision in daily life are 
generally inelastic. The collision is said to be perfectly inelastic, 
if two bodies stick to each other. 

16. (d) A body can have energy without having momentum if it 
possess potential energy but if body possess momentum then it 
must posses kinetic energy. Momentum and energy have 

different dimensions. 

17. (e) Work done and power developed is zero in uniform circular 
motion only. 

18. (a) 2

2

1
mvK    2vK    

If velocity is doubled then K.E. will be quadrupled. 

19. (a) In a quick collision, time t is small. As  tF constant, 
therefore, force involved is large, i.e. collision is more violent in 
comparison to slow collision. 

20. (a) From, definition, work done in moving a body against a 

conservative force is independent of the path followed. 

21. (c) When we supply current through the cell, chemical reactions 
takes place, so chemical energy of cell is converted into 
electrical energy. If a large amount of current is drawn from 
wire for a long time only then wire get heated. 

22. (e) Potential energy 2

2

1
kxU   i.e. 2xU   

This is a equation of parabola, so graph between U and x is a 
parabola, not straight line. 

23. (c) When two bodies of same mass undergo an elastic collision, 

their velocities get interchanged after collision. Water and 
heavy water are hydrogenic materials containing protons 
having approximately the same mass as that of a neutron. 
When fast moving neutrons collide with protons, the neutrons 
come to rest and protons move with the velocity of that of 
neutrons. 

24. (a) From Einstein equation 2mcE   

it can be observed that if mass is conserved then only energy is 

conserved and vice versa. Thus, both cannot be treated 
separately. 

25. (b) If two protons are brought near one another, work has to be 

done against electrostatic force because same charge repel each 
other. This work done is stored as potential energy in the 
system. 

26. (a) 
m

P
E

2

2

 . In firing momentum is conserved 
m

E
1

  

So 
gun

bullet

bullet

gun

m

m

E

E
  

27. (a) K.E. of one bullet = k  K.E. of n bullet = nk 

According to law of conservation of energy, the kinetic energy 

of bullets be equal to the work done by machine gun per sec. 

28. (d) Work done in the motion of a body over a closed loop is zero 

only when the body is moving under the action of conservative 
forces (like gravitational or electrostatic forces). i.e. work done 
depends upon the nature of force. 

29. (a) If roads of the mountain were to go straight up, the slope  

would have been large, the frictional force  cosmg  would 

be small. Due to small friction, wheels of vehicle would slip. 
Also for going up a large slope, a greater power shall be 
required. 

30. (a) The rise in temperature of the soft steel is an example of 
transferring energy into a system by work and having it appear 
as an increase in the internal energy of the system. This works 

well for the soft steel because it is soft. This softness results in 
a deformation of the steel under blow of the hammer. Thus the 
point of application of the force is displaced by the hammer 
and positive work is done on the steel. With the hard steel, less 
deformation occur, thus, there is less displacement of point of 
application of the force and less work done on the steel. The 
soft steel is therefore better in absorbing energy from the 
hammer by means                                             of work 
and its temperature rises more rapidly. 
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1. How much work does a pulling force of 40 N do on the 20 kg box 
in pulling it 8 m across the floor at a constant speed. The pulling 
force is directed at 60° above the horizontal 

(a) 160 J (b) 277 J 

(c) 784 J (d) None of the above 

2. A horizontal force of 5 N is required to maintain a velocity of 2 m/s 
for a block of 10 kg mass sliding over a rough surface. The work 
done by this force in one minute is 

(a) 600 J (b) 60 J 

(c) 6 J (d) 6000 J 

3. Work done in time t on a body of mass m which is accelerated from 

rest to a speed v in time 1t  as a function of time t is given by 

(a) 2

12

1
t

t

v
m  (b) 2

1

t
t

v
m  

 (c) 2

2

12

1
t

t

vm













 (d) 2

2
1

2

2

1
t

t

v
m  

4. What is the shape of the graph between the speed and kinetic 
energy of a body  

(a) Straight line (b) Hyperbola 

(c) Parabola  (d) Exponential 

5. When a body moves with some friction on a surface 

 (a) It loses kinetic energy but momentum is constant 

(b) It loses kinetic energy but gains potential energy 

(c) Kinetic energy and momentum both decrease 

(d) Mechanical energy is conserved 

6. A bullet of mass m moving with velocity v strikes a suspended 
wooden block of mass M. If the block rises to a height h, the initial 
velocity of the block will be  

(a) gh2  (b) gh
m

mM
2


 

(c) gh
mM

m
2


 (d) gh

M

mM
2


 

7. There will be decrease in potential energy of the system, if work is 
done upon the system by 

(a) Any conservative or non-conservative force 

(b) A non-conservative force 

(c) A conservative force 

(d) None of the above 

8. The slope of kinetic energy displacement curve of a particle in 
motion is 

(a) Equal to the acceleration of the particle 

(b) Inversely proportional to the acceleration 

(c) Directly proportional to the acceleration 

(d) None of the above 

9. The energy required to accelerate a car from 10 m/s to 20 m/s is 
how many times the energy required to accelerate the car from rest 
to 10 m/s 

(a) Equal (b) 4 times 

(c) 2 times  (d) 3 times  

10. A body of mass 2 kg slides down a curved track which is quadrant 
of a circle of radius 1 metre. All the surfaces are frictionless. If the 
body starts from rest, its speed at the bottom of the track is 

 

(a) 4.43 m/sec 

(b) 2 m/sec 

(c) 0.5 m/sec 

(d) 19.6 m/sec 

11. The kinetic energy of a body decreases by 36%. The decrease in its 
momentum is 

(a) 36% (b) 20% 

(c) 8% (d) 6% 

12. A bomb of mass 3m kg explodes into two pieces of mass m kg and 
2m kg. If the velocity of m kg mass is 16 m/s, the total kinetic energy 
released in the explosion is 

(a) 192 mJ (b) 96 mJ 

(c) 384 mJ (d) 768 mJ 

13. Which one of the following statement does not hold good when two 

balls of masses 1m  and 2m  undergo elastic collision 

(a) When 21 mm   and 2m  at rest, there will be maximum 

transfer of momentum 

(b) When 21 mm   and 2m  at rest, after collision the ball of 

mass 2m  moves with four times the velocity of 1m  

(c) When 21 mm   and 2m  at rest, there will be maximum 

transfer of K.E. 

(d) When collision is oblique and 2m  at rest with 21 mm  , after 

collision the balls move in opposite directions 

14. A neutron travelling with a velocity v and K.E. E collides perfectly 
elastically head on with the nucleus of an atom of mass number A at 
rest. The fraction of total energy retained by neutron is 

(a) 

2

1

1













A

A
 (b) 

2

1

1













A

A
 

(c) 

2
1







 

A

A
 (d) 

2
1







 

A

A
 

15. A body of mass 1m  moving with uniform velocity of 40 m/s collides 

with another mass 2m  at rest and then the two together begin to 

move with uniform velocity of 30 m/s. The ratio of their masses 

2

1

m

m
 is 

(a) 0.75 (b) 1.33 

(c) 3.0 (d) 4.0 

16. Six identical balls are lined in a straight groove made on a horizontal 
frictionless surface as shown. Two similar balls each moving with a 
velocity v collide elastically with the row of 6 balls from left. What 
will happen 

 

1m 

1m 
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(a) One ball from the right rolls out with a speed 2v and the 
remaining balls will remain at rest 

(b) Two balls from the right roll out with speed v each and the 
remaining balls will remain stationary 

(c) All the six balls in the row will roll out with speed v/6 each and 
the two colliding balls will come to rest 

(d) The colliding balls will come to rest and no ball rolls out from 
right 

17. A wooden block of mass M rests on a horizontal surface. A bullet of 
mass m moving in the horizontal direction strikes and gets 
embedded in it. The combined system covers a distance x on the 
surface. If the coefficient of friction between wood and the surface is 
 , the speed of the bullet at the time of striking the block is 

(where m is mass of the bullet) 

(a) 
m

Mg



2
 (b) 

Mx

mg2
 

 (c) 






 

m

mM
gx2  (d) 

mM

mx



2
 

18. A ball moving with speed v hits another identical ball at rest. The 
two balls stick together after collision. If specific heat of the material 
of the balls is S, the temperature rise resulting from the collision is   [Roorkee 1999] 

(a) 
S

v

8

2

 (b) 
S

v

4

2

 

(c) 
S

v

2

2

 (d) 
S

v 2

 

19. A bag of sand of mass M is suspended by a string. A bullet of mass 
m is fired at it with velocity v and gets embedded into it. The loss of 
kinetic energy in this process is 

(a) 2

2

1
mv  (b) 

mM
mv




1

2

1 2  

 (c) 
m

M
mv 2

2

1
 (d) 
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1. (a) JsFW 16060cos840. 


 

2. (a) tvFsFW  J6006025   

3. (d) Work done = 2

2

1
atmasF     
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 from atuts  
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4. (c) Kinetic energy 2

2

1
mvk   2vk   

It means the graph between the speed and kinetic energy will 

parabola 

5. (c) Friction is a non-conservative external force to the system, it 

decreases momentum and kinetic energy both. 

6. (a) Initial K.E. of block when bullet strikes to it   

 2)(
2

1
VMm    

 Due to this K.E. block will rise to a height h.  

 Its potential energy = .)( ghMm    

 By the law of conservation of energy  

 ghMmVMm )()(
2

1 2    ghV 2  

7. (c) 

8. (c) .
2

1 2mvE   Differentiating w.r.t. x, we get 

  ma
v

a
mv

dx

dt

dt

dv
mv

dx

dv
vm

dx

dE
 2

2

1
 

9. (d) Kinetic energy for first condition  

=    222
1

2
2 1020

2

1

2

1
 mvvm = mJ150  

K.E. for second condition =   mJm 50010
2

1 22   

 3
50

150

.).(

.).(


m

m

IIEK

IEK
 

10. (a) By conservation of energy, 2

2

1
mvmgh   

   smghv /43.46.1918.922   

11. (b) mEP 2   EP   

In given problem K.E. becomes 64% of the original value. 

8.0
100

64

1

2

1

2 
E

E

E

E

P

P
 PP 8.02   

 %802 P  of the original value. 

 i.e. decrease in momentum is 20%. 

12. (a) 

 
 

 By the conservation of momentum, BBAA vmvm   

 Bvmm  216  smvB /8  

Kinetic energy of system = 22

2

1

2

1
BBAA vmvm   

1928)2(
2

1
)16(

2

1 22  mm m J 

13. (b,d) When 21 mm   and 2m  at rest, after collision the ball of 

mass 2m  moves with double the velocity of 1u . So option (b) 

is incorrect.  

 When collision is oblique and 2m  at rest with 21 mm  , 

after collision the ball moves in perpendicular direction. So 
option (d) is also incorrect. 

14. (a) 
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21
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mm

mm
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k
  

15. (c) 

 

 

 Initial momentum of the system = 040 21  mm  

Final momentum of the system = 30)( 21 mm  

By the law of conservation of momentum 

30)(040 2121  mmmm  

 211 303040 mmm    21 3010 mm  = 3
2

1 
m

m
 

16. (b) Momentum and kinetic energy is conserved only in this case. 

 

17. (c) 

 

 

 

 Let speed of the bullet = v  

Speed of the system after the collision = V  

By conservation of momentum VMmmv )(   

  
mM

mv
V


  

 So the initial K.E. acquired by the system  

 2)(
2

1
VmM 

2

)(
2

1












mM

mv
Mm = 

)(2

1 22

Mm

vm


 

 This kinetic energy goes against friction work done by friction 

= xgMmxR  )(  

 By the law of conservation of energy  

 
)(2

1 22

Mm

vm


xgMm  )(  
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m
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gxv 2  

18. (a) 

 

 

Initial momentum = mv 

 Final momentum = 2mV 

m 2m 

A B 

vA vB 

Neutron Nucleus at rest 

m1 = 1 
m2 = A 

m1 

40m/s 
m2 

At rest 

m1+m2 
30m/s 

M 
m 

x 

v 
V 

m 

v 
m 

Before collision 

2m 
V 

At rest 

After collision 
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By the conservation of momentum, mVmv 2  

 
2

v
V   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K.E. of the system after the collision =  
2

2
2

2

1







 v
m  

 loss in K.E. 222

4

1

4

1

2

1
mvmvmv   

This loss in K.E. will increase the temperature  

 2
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1
2 mvtsm    

s

v
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19. (d) 

 

 

 

 

 Initial kinetic energy of bullet = 2

2

1
mv  

After inelastic collision system moves with velocity V  

By the conservation of momentum  

VMmmv )(0    
Mm

mv
V


  

 Kinetic energy of system = 2)(
2

1
VMm   

 = 

2

)(
2

1












Mm

mv
Mm  

 Loss of kinetic energy = 

2

2 )(
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Introduction  

N ewton at the age of twenty-three is said to have seen an apple 

falling down from tree in his orchid. This was the year 1665. He started 
thinking about the role of earth's attraction in the motion of moon and 
other heavenly bodies.  

 

 

 

 

 

 

 

 

By comparing the acceleration due to gravity due to earth with the 
acceleration required to keep the moon in its orbit around the earth, he was 
able to arrive the Basic Law of Gravitation.   

  

Newton's law of Gravitation 
 

Newton's law of gravitation states that every body in this universe 

attracts every other body with a force, which is directly proportional to the 
product of their masses and inversely proportional to the square of the 
distance between their centres. The direction of the force is along the line 
joining the particles.  

Thus the magnitude of the gravitational force F that two particles of 

masses 1m  and 2m  are separated by a distance r exert on each other is 

given by 
2

21

r

mm
F   

or  
2

21

r

mm
GF   

Vector form : According to Newton's law of gravitation  

2
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12
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mGm
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Here negative sign indicates that the direction of 12



F  is opposite to that 

of 21r̂ . 

Similarly
2
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mGm
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21

r

mGm
 21r̂   [ ]ˆˆ

2112 rr   

 It is clear that 12



F = – 21



F . Which is Newton's third law of 

motion.  

Here G is constant of proportionality which is called 'Universal 
gravitational constant'. 

If 21 mm   and 1r  then FG   

i.e.  universal gravitational constant is equal to the force of 
attraction between two bodies each of unit mass whose centres are placed 

unit distance apart. 

(i) The value of G in the laboratory was first determined by 
Cavendish using the torsional balance. 

(ii) The value of G is 6.67×10–11 N–m2 kg–2 in S.I. and 6.67×10–8 dyne- 
cm2-g–22 – t–––– in C.G.S. system. 

(iii) Dimensional formula ][ 231  TLM . 

(iv) The value of G does not depend upon the nature and size of the 
bodies.  

(v) It also does not depend upon the nature of the medium between 

the two bodies.  

(vi) As G is very small, hence gravitational forces are very small, 
unless one (or both) of the mass is huge.  

 

Properties of Gravitational Force 
 

   

12r̂  = unit vector from A to B 

21r̂  = unit vector from B to A, 

12



F = gravitational force exerted on 
body A by body B  

21



F = gravitational force exerted on 

body B by body A 

12
F


 
21

F


 

m1 m2 

r 

A B 

Fig. 8.2 
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(1) It is always attractive in nature while electric and magnetic force 
can be attractive or repulsive. 

(2) It is independent of the medium between the particles while 
electric and magnetic force depend on the nature of the medium between 
the particles. 

(3) It holds good over a wide range of distances. It is found true for 
interplanetary to inter atomic distances. 

(4) It is a central force i.e. acts along the line joining the centres of 

two interacting bodies.  

(5) It is a two-body interaction i.e. gravitational force between two 

particles is independent of the presence or absence of other particles; so the 
principle of superposition is valid i.e. force on a particle due to number of 
particles is the resultant of forces due to individual particles i.e.  

........321 


FFFF  

While nuclear force is many body interaction  

(6) It is the weakest force in nature : As F
nuclear 

> F
 electromagnetic  

> F
 gravi ta tional 

. 

(7) The ratio of gravitational force to electrostatic force between two 

electrons is of the order of 4310 .  

(8) It is a conservative force i.e. work done by it is path independent 

or work done in moving a particle round a closed path under the action of 
gravitational force is zero.  

(9) It is an action reaction pair i.e. the force with which one body (say 

earth) attracts the second body (say moon) is equal to the force with which 
moon attracts the earth. This is in accordance with Newton's third law of 
motion. 

Note :   The law of gravitation is stated for two 

point masses, therefore for any two arbitrary finite size bodies, as shown in 
the figure, It can not be applied as there is not unique value for the 
separation.  

 

 

 

 

But if the two bodies are uniform spheres then the separation r may be 

taken as the distance between their centres because a sphere of uniform mass 
behave as a point mass for any point lying outside it. 

Acceleration Due to Gravity 

The force of attraction exerted by the earth on a body is called 
gravitational pull or gravity.  

We know that when force acts on a body, it produces acceleration. 
Therefore, a body under the effect of gravitational pull must accelerate. 

The acceleration produced in the motion of a body under the effect 
of gravity is called acceleration due to gravity, it is denoted by g. 

Consider a body of mass m is lying on the surface of earth then 

gravitational force on the body is given by 

F 
2R

GMm
     …(i) 

Where M = mass of the earth and R = radius of the earth.  

If g is the acceleration due to gravity, then the force on the body 

due to earth is given by  

Force = mass  acceleration  

or       F = mg   …(ii) 

From (i) and (ii) we have mg 
2R

GMm
  

 
2R

GM
g    …(iii) 

 







  3

2 3

4
R

R

G
g   

 [As mass (M) = volume ( 3

3

4
R ) × density ()] 

  GRg 
3

4
   …(iv) 

(i) From the expression GR
R

GM
g 

3

4
2
  it is clear that its 

value depends upon the mass radius and density of planet and it is 

independent of mass, shape and density of the body placed on the surface 

of the planet. i.e. a given planet (reference body) produces same acceleration 

in a light as well as heavy body. 

(ii) The greater the value of )/( 2RM  or ,R  greater will be value 

of g for that planet.  

(iii) Acceleration due to gravity is a vector quantity and its direction 

is always towards the centre of the planet.  

(iv) Dimension [g] = [LT–2] 

(v) it’s average value is taken to be 9.8 m/s2 or 981 cm/sec2

 

or 32 

feet/sec2, on the surface of the earth at mean sea level. 

(vi) The value of acceleration due to gravity vary due to the 

following factors : (a) Shape of the earth, (b) Height above the earth 

surface, (c) Depth below the earth surface and (d) Axial rotation of 

the earth.  

Variation in g Due to Shape of Earth 
 

 Earth is elliptical in shape. It is 

flattened at the poles and bulged out at 
the equator. The equatorial radius is 
about 21 km longer than polar radius, 

from 
2R

GM
g   

 At equator  
2
e

e
R

GM
g 

  …(i)  

 At poles  
2
p

p
R

GM
g     …(ii) 

 From (i) and (ii) 
2

2

e

p

p

e

R

R

g

g
  

 Since poleequator RR      

  equatorpole gg   and 2018.0  msgg ep  

m 

mg R 

Earth 
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r 
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Therefore the weight of body increases as it is taken from equator to 
the pole. 

 

Variation in g With Height 

 Acceleration due to gravity at the surface of the earth   

 
2R

GM
g        …(i) 

 Acceleration due to gravity at height h from the surface of the earth 
  

 
2)(

'
hR

GM
g


      …(ii)  

 From (i) and (ii) 

2

' 











hR

R
gg   …(iii) 

 =
2

2

r

R
g       …(iv)    

  [As r = R + h] 

(i) As we go above the surface of the earth, the value of g decreases 

because 
2

1

r
g  . 

(ii) If r  then 0g , i.e., at infinite distance from the earth, 

the value of g becomes zero. 

(iii) If Rh   i.e., height is negligible in comparison to the radius 
then from equation (iii) we get 

  

2













hR

R
gg

2

1













R

h
g 










R

h
g

2
1  

  [As Rh  ] 

(iv) If Rh   then decrease in the value of g with height :  

Absolute decrease 
R

hg
ggg

2
  

Fractional decrease 
R

h

g

gg

g

g 2






 

Percentage decrease %100
2

%100 


R

h

g

g
 

Variation in g With Depth 
 

Acceleration due to gravity at the surface of the earth 

GR
R

GM
g 

3

4
2
   …(i)  

Acceleration due to gravity at depth d from the surface of the earth 

)(
3

4
dRGg     …(ii) 

From (i) and (ii)  









R

d
gg 1  

 

(i) The value of g decreases on going below the surface of the earth. 

From equation (ii) we get )( dRg  . 

So it is clear that if d increase, the value of g decreases. 

(ii) At the centre of earth Rd   0 g , i.e., the acceleration due 

to gravity at the centre of earth becomes zero. 

(iii) Decrease in the value of g with depth 

Absolute decrease 
R

dg
ggg   

Fractional decrease 
R

d

g

gg

g

g






 

Percentage decrease %100%100 


R

d

g

g
 

(iv) The rate of decrease of gravity outside the earth ( Rh if ) is 

double to that of inside the earth. 

Variation in g Due to Rotation of Earth 
 

As the earth rotates, a body placed 
on its surface moves along the circular path 
and hence experiences centrifugal force, due 

to it, the apparent weight of the body 
decreases.  

Since the magnitude of centrifugal 
force varies with the latitude of the place, 
therefore the apparent weight of the body 
varies with latitude due to variation in the 
magnitude of centrifugal force on the body. 

If the body of mass m lying at point P, whose latitude is , then due 

to rotation of earth its apparent weight can be given by cFmggm   

or  )180cos(2)()( 22  cc FmgFmggm   

 )cos(cos2)cos()( 2222   RmmgRmmggm  

[As  cos22 RmrmFc  ] 

By solving we get  22 cosRgg   

Note :  The latitude at a point on the surface of the 

earth is defined as the angle, which the line joining that point to the centre 

of earth makes with equatorial plane. It is denoted by  .  

  For the poles o90  and for equator o0  

(i) Substituting o90  in the above expression we get 

o
pole Rgg 90cos22   

 ggpole     …(i) 

i.e., there is no effect of rotational motion of the earth on the value 

of g  at the poles. 

(ii) Substituting o0  in the above expression we get 

o
eqator Rgg 0cos22  

  Rggequator
2    …(ii) 

i.e., the effect of rotation of earth on the value of g  at the equator 

is maximum. 

From equation (i) and (ii)  

22 /034.0 smRgg equatorpole    

(iii) When a body of mass m  is moved from the equator to the 

poles, its weight increases by an amount 

P 

r 
R g 
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d 

Fig. 8.7 
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Rmggm ep
2)(   

(iv) Weightlessness due to rotation of earth : As we know that apparent 
weight of the body decreases due to rotation of earth. If   is the angular 

velocity of rotation of earth for which a body at the equator will become 
weightless 

 22 cosRgg   

 oRg 0cos0 22      [As o0  for equator] 

  02  Rg    

 
R

g
  

or time period of rotation of earth 
g

R
T 




2

2
  

Substituting the value of mR 3106400  and     2/10 smg   

we get  

sec

rad31025.1
800

1  and  .40.15.5026 hrsecT   

Note :  This time is about 
17

1
 times the present time 

period of earth. Therefore if earth starts rotating 17 times faster then all 
objects on equator will become weightless.  

  If earth stops rotation about its own axis then at the 

equator the value of g  increases by R2  and consequently the weight of 

body lying there increases by Rm 2 . 

 After considering the effect of rotation and elliptical 

shape of the earth, acceleration due to gravity at the poles and equator are 
related as 

2/018.0034.0 smgg ep      2/052.0 smgg ep   

Mass and Density of Earth 
 

Newton’s law of gravitation can be used to estimate the mass and 

density of the earth. 

As we know 
2R

GM
g  , so we have 

G

gR
M

2

  

 kgkgM 2524

11

26

101098.5
1067.6

)104.6(8.9








 

and as we know GRg 
3

4
 , so we have 

GR

g




4

3
  

 3

611
/4.5478

104.61067.614.34

8.93
mkg







  

 

Inertial and Gravitational Masses 
 

(1) Inertial mass : It is the mass of the material of the body, which 

measures its inertia. 

If an external force F acts on a body of mass m
i

, then according to 

Newton’s second law of motion 

amF i  or 
a

F
m i   

Hence inertial mass of a body may be measured as the ratio of the 

magnitude of the external force applied on it to the magnitude of 

acceleration produced in its motion.  

(i) It is the measure of ability of the body to oppose the production of 

acceleration in its motion by an external force.  

(ii) Gravity has no effect on inertial mass of the body. 

(iii) It is proportional to the quantity of matter contained in the 

body. 

(iv) It is independent of size, shape and state of body. 

(v) It does not depend on the temperature of body. 

(vi) It is conserved when two bodies combine physically or 

chemically. 

(vii) When a body moves with velocity v , its inertial mass is given 

by  

2

2

0

1
c

v

m
m



 , where m
0

 = rest mass of body, c = velocity of light 

in vacuum,  

(2) Gravitational Mass : It is the mass of the material of body, which 

determines the gravitational pull acting upon it. 

If M is the mass of the earth and R is the radius, then gravitational 

pull on a body of mass gm  is given by  

2R

GMm
F

g
  or 

I

F

RGM

F
mg 

2/
 

Here gm  is the gravitational mass of the body, if 1I  then 

Fmg   

Thus the gravitational mass of a body is defined as the gravitational 
pull experienced by the body in a gravitational field of unit intensity, 

(3) Comparison between inertial and gravitational mass 

(i) Both are measured in the same units. 

(ii) Both are scalar. 

(iii) Both do not depend on the shape and state of the body 

(iv) Inertial mass is measured by applying Newton’s second law of 
motion where as gravitational mass is measured by applying Newton’s law 
of gravitation. 

(v) Spring balance measure gravitational mass and inertial balance 
measure inertial mass. 

(4) Comparison between mass and weight of the body  
 

Mass (m) Weight (W) 

It is a quantity of matter 
contained in a body. 

It is the attractive force exerted 
by earth on any body. 

Its value does not change with g Its value changes with g. 

Its value can never be zero for 
any material particle. 

At infinity and at the centre of 
earth its value is zero. 

Its unit is kilogram and its Its unit is Newton or kg-wt and 
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dimension is [M]. dimension are [ 2MLT ] 

It is determined by a physical 
balance. 

It is determined by a spring 
balance. 

It is a scalar quantity. It is a vector quantity. 

 

Gravitational Field 
 

The space surrounding a material body in which gravitational force 

of attraction can be experienced is called its gravitational field. 

Gravitational field intensity : The intensity of the gravitational field 

of a material body at any point in its field is defined as the force 
experienced by a unit mass (test mass) placed at that point, provided the 
unit mass (test mass) itself does not produce any change in the field of the 
body. 

So if a test mass m  at a point in a gravitational field experiences a 

force F  then 

m

F
I   

 (i) It is a vector quantity and is always directed towards the centre 
of gravity of body whose gravitational field is considered. 

(ii) Units : Newton/kg or m/s2  

(iii) Dimension : [M0LT–2]  

(iv) If the field is produced by a point mass M  and the test mass 
m  is at a distance r  from it then by Newton’s law of gravitation 

2r

GMm
F  , then intensity of gravitational field  

m

rGMm

m

F
I

2/
  

  
2r

GM
I   

(v) As the distance )(r  of test mass from the point mass )(M , 

increases, intensity of gravitational field decreases 

 
2r

GM
I  ;   

  
2

1

r
I   

(vi) Intensity of gravitational field 0I , when r . 

(vii) Intensity at a given point (P) due to the combined effect of 
different point masses can be calculated by vector sum of different 
intensities  

 ........321  IIIInet   

(viii) Point of zero intensity : If two bodies A and B of different 

masses 1m  and 2m  are d  distance apart. 

Let P  be the point of zero intensity i.e., the intensity at this point 

is equal and opposite due to two bodies A  and B  and if any test mass 

placed at this point it will not experience any force. 

 

 

 

 

For point P, 021  II     0
)( 2

2

2

1 





xd

Gm

x

Gm
 

By solving  

21

1

mm

dm
x


  and 

21

2
)(

mm

dm
xd


  

(ix) Gravitational field line is a line, straight or curved such that a 
unit mass placed in the field of another mass would always move along this 
line. Field lines for an isolated mass m  are radially inwards. 

 

 

 

 

(x) As 
2r

GM
I   and also 

2R

GM
g   gI    

Thus the intensity of gravitational field at a point in the field is 

equal to acceleration of test mass placed at that point. 

Gravitational Field Intensity for Different Bodies 
 

(1) Intensity due to uniform solid sphere 

 

 

 

 

 

 

 

Outside the surface 

r > R 

On the surface 

r = R 

Inside the surface 

r < R 
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GM
I   

3R

GMr
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(2) Intensity due to spherical shell 

 

 

 

 

 

 
 

Outside the surface 

r > R 

On the surface 

r = R 

Inside the surface 

r < R 

 

 

 

 2r

GM
I   

2R

GM
I   

I = 0 

(3) Intensity due to uniform circular ring  
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At a point on its axis At the centre of the ring 

2/322 )( ra

GMr
I


  

I = 0 

(4) Intensity due to uniform disc  

 

 

 

 
 

At a point on its axis At the centre of the disc 


















222

112

arra

GMr
I  

or )cos1(
2

2


a

GM
I  

I = 0 

Gravitational Potential 

At a point in a gravitational field potential V  is defined as negative 

of work done per unit mass in shifting a test mass from some reference 
point (usually at infinity) to the given point i.e., 

m

W
V  

m

rdF.
  rdI .  [As I

m

F
 ] 

  
dr

dV
I   

 i.e., negative gradient of potential gives intensity of field or 
potential is a scalar function of position whose space derivative gives 
intensity. Negative sign indicates that the direction of intensity is in the 
direction where the potential decreases. 

(i) It is a scalar quantity because it is defined as work done per unit 
mass. 

(ii) Unit : Joule/kg or m2/sec2 

(iii) Dimension : [M0L2T–2] 

(iv) If the field is produced by a point mass then 

 drIV dr
r

GM
 










2
        [As 

2r

GM
I  ] 

 c
r

GM
V               [Here c = constant of integration] 

Assuming reference point at   and potential to be zero there we 

get     

 00 


 cc
GM

 

  Gravitational potential 
r

GM
V   

(v) Gravitational potential difference : It is defined as the work done 
to move a unit mass from one point to the other in the gravitational field. 
The gravitational potential difference in bringing unit test mass m from 
point A to point B under the gravitational influence of source mass M is 

 

 

 

 

 
 














 

AB

BA
AB

rr
GM

m

W
VVV

11
 

(vi) Potential due to large numbers of particle is given by scalar 
addition of all the potentials. 
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Gravitational Potential for Different Bodies 
 

 (1) Potential due to uniform ring  

 

 

 

 

 

 

At a point on its axis At the centre 
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 (2) Potential due to spherical shell 
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 (3) Potential due to uniform solid sphere 
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Outside the 

surface 

r > R 

On the surface 

r = R 

Inside the surface 

r < R 
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at the centre (r = 0) 
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Gravitational Potential Energy 
  

 The gravitational potential energy of a body at a point is defined as 
the amount of work done in bringing the body from infinity to that point 

against the gravitational force. 

 











r
r

x
GMmdx

x

GMm
W

1
2

 

 
r

GMm
W    

 This work done is stored inside the body as its gravitational potential 

energy 

 
r

GMm
U   

(i) Potential energy is a scalar quantity. 

(ii) Unit : Joule 

(iii) Dimension : [ML2T–2] 

(iv) Gravitational potential energy is always negative in the 

gravitational field because the force is always attractive in nature. 

(v) As the distance r  increases, the gravitational potential energy 

becomes less negative i.e., it increases. 

(vi) If r  then it becomes zero (maximum) 

(vii) In case of discrete distribution of masses 

Gravitational potential energy  









 ........

23

32

12

21

r

mGm

r

mGm
uU i   

(viii) If the body of mass m  is moved from a point at a distance 1r  

to a point at distance )( 212 rrr   then change in potential energy 
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112

1 rr
GMmdx
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r

r
  

or 









21

11

rr
GMmU  

As 1r  is greater than 2r , the change in potential energy of the body 

will be negative. It means that if a body is brought closer to earth it's 
potential energy decreases. 

(ix) Relation between gravitational potential energy and potential 

r

GMm
U  










r

GM
m  

 mVU   

(x) Gravitational potential energy at the centre of earth relative to 
infinity.  

centrecentre VmU  
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R

GMm
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(xi) Gravitational potential energy of a body at height h from the 
earth surface is given by  
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h

mgR

hR

mgR

hR

GMm
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Work Done Against Gravity 

 If the body of mass m  is moved from the surface of earth to a 

point at distance h  above the surface of earth, then change in potential 
energy or work done against gravity will be  
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 [As Rr 1  and hRr 2 ] 
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] 

 (i) When the distance h  is not negligible and is comparable to radius 
of the earth, then we will use above formula.  

(ii) If nRh   then 











1n

n
mgRW  

(iii) If Rh   then mgRW
2

1
  

(iv) If h  is very small as compared to radius of the earth then term 

Rh /  can be neglected 

From 
Rh

mgh
W

/1 
 mgh   
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Escape Velocity 

The minimum velocity with which a body must be projected up so 

as to enable it to just overcome the gravitational pull, is known as escape 
velocity. 

The work done to displace a body from the surface of earth (r = R) 
to infinity ( r ) is  

dx
x

GMm
W

R
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This work required to project the body so as to escape the 
gravitational pull is performed on the body by providing an equal amount 
of kinetic energy to it at the surface of the earth. 

If ev  is the required escape velocity, then kinetic energy which 

should be given to the body is 2

2

1
emv  

 
R

GMm
mv e 2

2

1


R

GM
ve

2
  

     gRve 2   [As 2gRGM  ]s 

or RGRve  
3

4
2   GRve

3

8
  

     [As GRg 
3

4
 ] 

(i) Escape velocity is independent of the mass and direction of 
projection of the body. 

(ii) Escape velocity depends on the reference body. Greater the value 

of )/( RM  or )(gR  for a planet, greater will be escape velocity. 

(iii) For the earth as 2/8.9 smg   and kmR 6400  

sec/2.11104.68.92 6 kmve   

(iv) A planet will have atmosphere if the velocity of molecule in its 

atmosphere 













M

RT
vrms

3
 is lesser than escape velocity. This is why 

earth has atmosphere (as at earth erms vv  ) while moon has no 

atmosphere (as at moon erms vv  ) 

(v) If a body projected with velocity lesser than escape velocity 

( evv  ), it will reach a certain maximum height and then may either move 

in an orbit around the planet or may fall down back to the planet. 

(vi) Maximum height attained by body : Let a projection velocity of 

body (mass m ) is v , so that it attains a maximum height h . At maximum 

height, the velocity of particle is zero, so kinetic energy is zero. 

By the law of conservation of energy 

Total energy at surface = Total energy at height h . 

0
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 ] 

(vii) If a body is projected with velocity greater than escape velocity 

)( evv   then by conservation of energy. 

Total energy at surface = Total energy at infinite 

0)(
2

1

2

1 22  vm
R

GMm
mv  

i.e., 
R

GM
vv

2
)( 22    222' evvv       [As 22

ev
R

GM
 ] 

  22
evvv   

i.e, the body will move in interplanetary or inter stellar space with 

velocity 22
evv  . 

(viii) Energy to be given to a stationary object on the surface of earth so 
that its total energy becomes zero, is called escape energy. 

Total energy at the surface of the earth 
R

GMm
PEKE  0  

 Escape energy 
R

GMm
  

(ix) If the escape velocity of a body is equal to the velocity of light 
then from such bodies nothing can escape, not even light. Such bodies are 
called black holes. 

The radius of a black hole is given as  

2

2

C

GM
R   

[As 
R

GM
C

2
 , where C  is the velocity of light] 

Kepler’s Laws of Planetary Motion 

Planets are large natural bodies rotating around a star in definite 

orbits. The planetary system of the star sun called solar system consists of 
nine planets, viz., Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune and Pluto. Out of these planets Mercury is the smallest and closest 
to the sun and so hottest. Jupiter is largest and has maximum moons (12). 
Venus is closest to Earth and brightest. Kepler after a life time study, work 
out three empirical laws which govern the motion of these planets and are 
known as Kepler’s laws of planetary motion. These are, 

(1) The law of Orbits : Every planet moves around the sun in an 
elliptical orbit with sun at one of the foci. 

(2) The law of Area : The line joining the sun to the planet sweeps 
out equal areas in equal interval of time. i.e. areal velocity is constant. 
According to this law planet will move slowly when it is farthest from sun 

and more rapidly when it is nearest to sun. It is similar to law of 
conservation of angular momentum. 

Areal velocity rv
dt

vdtr

dt

dA

2

1)(

2

1
  

 
m

L

dt

dA

2
    

    [As mvrL  ; 
m

L
rv  ] 

(3) The law of periods : The square of period of revolution )(T  of 

any planet around sun is directly proportional to the cube of the semi-major 

axis of the orbit. 

32 aT   or 

3

212

2







 


rr
T  

Proof :  From the figure FBAFAB   

dA 
r 

v dt 

Sun 

Fig. 8.23 
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212 rra     
2

21 rr
a


   

 

 

 

 

 

where  a = semi-major axis  

1r  Shortest distance of planet from sun (perigee).  

2r  Largest distance of planet from sun (apogee). 

Important data 
 

Planet Semi-major 

axis 

a (1010 meter) 

Period 

T(year) 

T2/a3 

(10–34 year2/meter3) 

Mercury 5.79 0.241 2.99 

Venus 10.8 0.615 3.00 

Earth 15.0 1.00 2.96 

Mars 22.8 1.88 2.98 

Jupiter 77.8 11.9 3.01 

Saturn 143 29.5 2.98 

Uranus 287 84.0 2.98 

Neptune 450 165 2.99 

Pluto 590 248 2.99 

Note :  Kepler's laws are valid for satellites also.  

 

 

 

 

 

 

 

 

 

 

 

Velocity of a Planet in Terms of Eccentricity 

Applying the law of conservation of angular momentum at perigee 

and apogee 
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Applying the conservation of mechanical energy at perigee and 
apogee 
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Thus the speeds of planet at apogee and perigee are  
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Note::  The gravitational force is a central force so torque 

on planet relative to sun is always zero, hence angular momentum of a 
planet or satellite is always constant irrespective of shape of orbit. 

Some Properties of the Planet 
 

 Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune Pluto 

Mean distacne from sun, 106 km 57.9 108 150 228 778 1430 2870 4500 5900 

Period of revolution, year 0.241 0.615 1.00 1.88 11.9 29.5 84.0 165 248 

Orbital speed, km/s 47.9 35.0 29.8 24.1 13.1 9.64 6.81 5.43 4.74 

Equatiorial diameter, km 4880 12100 12800 6790 143000 120000 51800 49500 2300 

Mass (Earth =1) 0.0558 0.815 1.000 0.107 318 95.1 14.5 17.2 0.002 

Density (Water =1) 5.60 5.20 5.52 3.95 1.31 0.704 1.21 1.67 2.03 

Surface value of g, m/s2 3.78 8.60 9.78 3.72 22.9 9.05 7.77 11.0 0.5 

Escape velocity, km/s 4.3 10.3 11.2 5.0 59.5 35.6 21.2 23.6 1.1 

Known satellites 0 0 1 2 16+ring 18+rings 17+rings 8+rings 1 
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Orbital Velocity of Satellite 
 

Satellites are natural or artificial bodies describing orbit around a 
planet under its gravitational attraction. Moon is a natural satellite while 
INSAT-1B is an artificial satellite of earth. Condition for establishment of 
artificial satellite is that the 
centre of orbit of satellite must 
coincide with centre of earth or 
satellite must move around 
great circle of earth. 

Orbital velocity of a 
satellite is the velocity required 
to put the satellite into its orbit 
around the earth. 

For revolution of 
satellite around the earth, the 
gravitational pull provides the 
required centripetal force. 
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2
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mv
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[As 2gRGM   and hRr  ] 

(i) Orbital velocity is independent of the mass of the orbiting body 
and is always along the tangent of the orbit i.e., satellites of diferent masses 
have same orbital velocity, if they are in the same orbit. 

(ii) Orbital velocity depends on the mass of central body and radius 
of orbit. 

(iii) For a given planet, greater the radius of orbit, lesser will be the 

orbital velocity of the satellite  rv /1 . 

(iv) Orbital velocity of the satellite when it revolves very close to the 

surface of the planet  

hR

GM
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v


       gR

R

GM
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    [As 0h  and 2gRGM  ] 

For the earth 6104.68.9 v  sec/8/9.7 kmsmk   

(v) Close to the surface of planet  
R
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     [As 
R

GM
ve

2
 ] 

  
2

ev
v   i.e., orbitalescape vv 2  

It means that if the speed of a satellite orbiting close to the earth is 

made 2  times (or increased by 41%) then it will escape from the 

gravitational field. 

(vi) If the gravitational force of attraction of the sun on the planet 

varies as 
nr

F
1

  then the orbital velocity varies as 
1

1
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v . 

 Time Period of Satellite 

It is the time taken by satellite to go once around the earth. 
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(i) From 
GM

r
T

3

2 , it is clear that time period is independent 

of the mass of orbiting body and depends on the mass of central body and 
radius of the orbit 

(ii) 
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r
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3

2  

  3
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2 4
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T


  i.e., 32 rT   

This is in accordance with Kepler’s third law of planetary motion r  

becomes a (semi major axis) if the orbit is elliptic. 

(iii) Time period of nearby satellite, 
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    [As 0h  and 2gRGM  ] 

For earth kmR 6400  and 2/8.9 smg   

hrT 4.1minute6.84   

(iv) Time period of nearby satellite in terms of density of planet can 
be given as  
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(v) If the gravitational force of attraction of the sun on the planet 

varies as 
nr

F
1

  then the time period varies as 2

1



n

rT  

(vi) If there is a satellite in the equatorial plane rotating in the 

direction of earth’s rotation from west to east, then for an observer, on the 

earth, angular velocity of satellite will be )( ES   . The time interval 

between the two consecutive appearances overhead will be 

SE

ES

Es TT

TT
T
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2
As T  

If ES   , T  i.e. satellite will appear stationary relative to 

earth. Such satellites are called geostationary satellites. 
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Height of Satellite 

As we know, time period of satellite 
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By squaring and rearranging both sides  3
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By knowing the value of time period we can calculate the height of 

satellite from the surface of the earth. 

Geostationary Satellite 

The satellite which appears stationary relative to earth is called 
geostationary or geosynchronous satellite, communication satellite. 

A geostationary satellite always stays over the same place above the 
earth such a satellite is never at rest. Such a satellite appears stationary due 
to its zero relative velocity w.r.t. that place on earth.  

The orbit of a geostationary satellite is known as the parking orbit. 

(i) It should revolve in an orbit concentric and coplanar with the 
equatorial plane. 

(ii) Its sense of rotation should be same as that of earth about its 

own axis i.e., in anti-clockwise direction (from west to east). 

(iii) Its period of revolution around the earth should be same as 

that of earth about its own axis. 

  sec8640024  hrT  

 (iv) Height of geostationary satellite  

 As  
GM
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3

2    hr
GM

hR
24
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2

3




  

Substituting the value of G  and M  we get 

RkmrhR 742000   

 height of geostationary satellite from the surface of earh 

kmRh 360006   

 (v) Orbital velocity of geo stationary satellite can be calculated by 

r

GM
v   

 Substituting the value of G  and M  we get 

sec/08.3 kmv   

Angular Momentum of Satellite 

Angular momentum of satellite mvrL   

  r
r

GM
mL   [As 

r

GM
v  ] 

    GMrmL 2  

i.e., Angular momentum of satellite depends on both the mass of 

orbiting and central body as well as the radius of orbit. 

(i) In case of satellite motion, force is central so torque = 0 and 

hence angular momentum of satellite is conserved i.e., L constant 

 

 

 

(ii) In case of satellite motion as areal velocity 
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    [As mvrL  ] 

 But as L  constant,  areal velocity (dA/dt) = constant which is 

Kepler’s II law 

i.e., Kepler’s II law or constancy of areal velocity is a consequence of 

conservation of angular momentum. 

Energy of Satellite 

When a satellite revolves around a planet in its orbit, it possesses both 

potential energy (due to its position against gravitational pull of earth) and 

kinetic energy (due to orbital motion). 

(1) Potential energy : 
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(2) Kinetic energy : 
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(3) Total energy :  
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(i) Kinetic energy, potential energy or total energy of a satellite 

depends on the mass of the satellite and the central body and also on the 
radius of the orbit. 

(ii) From the above expressions we can say that 

Kinetic energy (K) = – (Total energy) 

Potential energy (U) = 2 (Total energy) 

Potential energy (K) = – 2 (Kinetic energy) 

(iii) Energy graph for a satellite    

(iv) Energy distribution in elliptical orbit 
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(v) If the orbit of a satellite is elliptic then  

(a) Total energy 



a

GMm
E

2
)(  constant ;  where a is semi-major 

axis . 

(b) Kinetic energy )(K  will be maximum when the satellite is 

closest to the central body (at perigee) and minimum when it is farthest 

from the central body (at apogee) 

(c) Potential energy )(U  will be minimum when kinetic energy = 

maximum i.e., the satellite is closest to the central body (at perigee) and 

maximum when kinetic energy = minimum i.e., the satellite is farthest from 

the central body (at apogee). 

(vi) Binding Energy : Total energy of a satellite in its orbit is negative. 

Negative energy means that the satellite is bound to the central body by an 
attractive force and energy must be supplied to remove it from the orbit to 
infinity. The energy required to remove the satellite from its orbit to infinity is 
called Binding Energy of the system, i.e., 

Binding Energy (B.E.) 
r

GMm
E

2
  

Change in the Orbit of Satellite 

 When the satellite is transferred to a higher orbit )( 12 rr   then 

variation in different quantities can be shown by the following table 

Quantities Variation Relation with r 

Orbital velocity   Decreases 

r
v

1
  

Time period  Increases 2/3rT   

Linear momentum Decreases 

r
P

1
  

Angular momentum Increases 
rL   

Kinetic energy  
  

Decreases 

r
K

1
  

Potential energy  Increases 

r
U

1
  

Total energy Increases 

r
E

1
  

Binding energy  Decreases 

r
BE

1
  

 

Note::  Work done in changing the orbit 
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 Weightlessness 

The weight of a body is the force with which it is attracted towards 

the centre of earth. When a body is stationary with respect to the earth, its 
weight equals the gravity. This weight of the body is known as its static or 
true weight. 

We become conscious of our weight, only when our weight (which is 

gravity) is opposed by some other object. Actually, the secret of measuring 
the weight of a body with a weighing machine lies in the fact that as we 
place the body on the machine, the weighing machine opposes the weight of 
the body. The reaction of the weighing machine to the body gives the 
measure of the weight of the body. 

The state of weightlessness can be observed in the following 
situations. 

(1) When objects fall freely under gravity : For example, a lift falling 
freely, or an airship showing a feat in which it falls freely for a few seconds 
during its flight, are in state of weightlessness. 

(2) When a satellite revolves in its orbit around the earth : 
Weightlessness poses many serious problems to the astronauts. It becomes 

quite difficult for them to control their movements. Everything in the 
satellite has to be kept tied down. Creation of artificial gravity is the answer 
to this problem. 

(3) When bodies are at null points in outer space : On a body 

projected up, the pull of the earth goes on decreasing, but at the same time 
the gravitational pull of the moon on the body goes on increasing. At one 
particular position, the two gravitational pulls may be equal and opposite 
and the net pull on the body becomes zero. This is zero gravity region or 
the null point and the body in question is said to appear weightless. 

Weightlessness in a Satellite 

A satellite, which does not produce its own gravity moves around 

the earth in a circular orbit under the action of gravity. The acceleration of 

satellite is 
2r

GM
 towards the centre of earth. 

If a body of mass m placed on a surface inside a satellite moving 
around the earth. Then force on the body are 

 

 

 

 

 

 

 

 

 

(i) The gravitational pull of earth 
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(ii) The reaction by the surface R  

By Newton’s law  amR
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Thus the surface does not exert any force on the body and hence its 
apparent weight is zero. 

A body needs no support to stay at rest in the satellite and hence all 
position are equally comfortable. Such a state is called weightlessness. 

(i) One will find it difficult to control his movement, without weight 

he will tend to float freely. To get from one spot to the other he will have 
to push himself away from the walls or some other fixed objects. 

(ii) As everything is in free fall, so objects are at rest relative to each 

other, i.e., if a table is withdrawn from below an object, the object will 
remain where it was without any support. 

(iii) If a glass of water is tilted and glass is pulled out, the liquid in 
the shape of container will float and will not flow because of surface 
tension. 

(iv) If one tries to strike a match, the head will light but the stick 
will not burn. This is because in this situation convection currents will not 
be set up which supply oxygen for combustion 

(v) If one tries to perform simple pendulum experiment, the 

pendulum will not oscillate. It is because there will not be any restoring 

torque and so  )/(2 gLT  .     [As 0g ]  

(vi) Condition of weightlessness can be experienced only when the 
mass of satellite is negligible so that it does not produce its own gravity. 

e.g. Moon is a satellite of earth but due to its own weight it applies 

gravitational force of attraction on the body placed on its surface and hence 
weight of the body will not be equal to zero at the surface of the moon. 

 

 
 
 
 

 
 

 The reference frame attached to the earth is non-inertial, because 

the earth revolves about its own axis as well as about the sun. 

 Gravity holds the atmosphere around to the earth. 

 If the earth were at one fourth the present distance from the sun, 

the duration of the year will be one eighth of the present year. 

 If a packet is just released from an artificial satellite, it does not fall 

to the earth. On the other hand it will continue orbiting along with the 

satellite. 

 Astronauts orbiting around the earth cannot use a pendulum clock. 

however, they can use spring clock 

 To the astronauts in space, the sky appears black due to the 

absence of atmosphere above them. 

 The gravitational force is much smaller than the electrical force 

because the value of G is very very small. 

 The dimensional formula of gravitational field is same as that of 

acceleration due to gravity. 

 A body in gravitational field has maximum binding energy when it 

is at rest. 

 The moon is the natural satellite of the earth, but a man does not 

feel weightlessness on the surface of the moon. This is because, the mass 

of the moon is very large and it exerts a gravitational force on the man. 

On the other hand, the mass of the artificial satellite is very small and it 

exerts negligible or no gravitational force on the astronaut, so astronaut 

feels weightlessness in the artificial satellite but not on the moon. 

 The planets are heavenly bodies revolving around the sun. The sun 

and the nine planets, revolving around it, constitute the solar system. 

 All other planets except mercury and pluto revolve around the sun 

in almost circular orbits. 

 If the radius of planet decreases by x% keeping the mass constant. 

The acceleration due to gravity on its surface increases by 2x%.  

 If the mass of a planet increases by x% keeping radius constant, the 

acceleration due to gravity on its surface increases by x%. 

 If the density of the planet decreases by x%, keeping the radius 

constant, the acceleration due to gravity decreases by x%. 

 If the radius of the planet decreases by x%, keeping the density 

constant, the acceleration due to gravity decreases by x%.  

 For the planets orbiting around the sun, angular speed, linear 

speed, kinetic energy etc. change with time but angular momentum 

remains constant. 

 The ratio of inertial mass to gravitational mass is 1. 

 Inertial mass m becomes infinite if the body moves with velocity of 

light. 

 Intensity of gravitational field inside a shell is zero. 

 If two spheres of same material, mass and radius are put in contact, 

the gravitational attraction between them is directly proportional to the 

fourth power of their radius. 

 (a) There is no atmosphere on the moon because escape velocity on 

the moon is less than the rms velocity of the gas molecules. 

(b) Two satellites are orbiting in circular orbits of radii r
1

 and r
2

. Their 

orbital speeds are in the ratio : 
2/1

1221 )/(/ rrvv  . It is independent to 

their masses 

 Planets describe equal area around the sun in equal intervals of 

time. 

 If the gravitational attraction of the sun on the planets varies as nth 

power of distance (of the planet from the sun), then year of the planet 

will be proportional to R(n+1)/2. 

 An object will experience weightlessness at equator, if the angular 

speed of the earth about its axis becomes more than (1/800) rad s–1. 

 Orbital velocity very near the surface of the earth is about 7.92 

kms–1. 

 Greater the height of the satellite, smaller is the orbital velocity. 

 Orbital velocity independent of the mass of the satellite. 

 Orbital velocity is depends on the mass of the planet as well as 

radius of the orbit. 

 If the altitude of the satellite is n times the radius of the earth, then 

the orbital velocity will be )1/1( n  times the orbital velocity near the 

surface of the earth. 

 If the radius of the orbit of a sattelite is n times the radius of the 

earth, then its orbital velocity will be )/1( n  the orbital velocity near 

the surface of the earth. 

 The centripetal acceleration of the satellite is equal to the 
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acceleration due to gravity. 

 The gravitational potential energy of a satellite of mass m is  

,/ rGMmUp  where r is the radius of the orbit of satellite. 

 Kinetic energy of the satellite 

r

GMm

2
  

 Total energy of the satellite 

 
r

GMm

r

GMm

r

GMm
KUE

22
  

 When velocity of the satellite increases, its kinetic energy increases 

and hence total energy becomes less negative. That is the satellite begins 

to revolve in orbit of greater radius. 

 If the total energy of the satellite becomes +ve, the satellite escapes 

from the gravitational pull of the earth. 

 When the satellite is taken to greater height the potential energy 

increases (becomes less negative) and kinetic energy decreases. 

 For the orbiting satellite, the kinetic energy is less than potential 

energy. When KE = PE, the satellite escapes away from the gravitation 

pull of the earth. 

 No energy is dissipated in keeping the satellite in orbit around a 

planet 

 Time period of the satellite very near the surface of the earth is 

about 84.6 minutes or 1.4 hr. 

 Geo-stationary satellite is a satellite which appear stationary to the 

observers on the earth. It is also called geosynchronous satellite. 

 The orbit of a geostationery satellite is known as the parking orbit. 

 To throw an ant or an elephant out of the gravitational field, the 

required velocity of projection is same ! 

 Escape velocity depends on the mass and size of the planet. That is 

why escape velocity on the planet Jupiter is more than on the earth and 

escape velocity on the Moon is less than that on the earth.  

 If a body is orbiting around the earth, then it will escape away, 

when its velocity is increased by 41.8%. 

 If the radius of earth is doubled keeping the density unchanged the 

escape velocity will be doubled. 

 Escape velocity  2 orbital velocity. 

 If the body is at a height h above the surface of the earth, then 

escape velocity is given by  

)(2 hRgves   

 It is the least velocity required by a body to escape away from the 

gravitational pull of the earth. 

 Escape velocity from the surface of the earth 

120.112  kmsgR  

 Body does not return to the earth when fired with escape velocity, 

irrespective of the angle of projection 

 The escape velocity from the moon is 2.4 kms–1. 

 When a projectile is fired with velocity less than the escape velocity, 

the sum of its gravitational potential and kinetic energy is negative. 

 If ratio of the radii of two planets is r and the ratio of the 

acceleration due to gravity on the their surface is a, then ratio of escape 

velocities is ar . 

 If the radius of the earth is doubled keeping the mass unchanged, 

the escape velocity will becomes )2/1(  times the present value 

 If a body falls freely from infinite height, then it reaches the surface 

of the earth with velocity 11.2 km/s 

 When a body falls from a height h to the surface of the earth, its 

velocity on reaching the surface of the earth is given by  

2/1

2 



















hR

h
gR  

When h << R, we find : ghv 2  

 The tail of the comets points away from the sun due to the 

radiation pressure the sun. 
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Newton’s Law of Gravitation 

1. The tidal waves in the sea are primarily due to 

 (a) The gravitational effect of the moon on the earth 

 (b) The gravitational effect of the sun on the earth 

 (c) The gravitational effect of venus on the earth 

 (d) The atmospheric effect of the earth itself 

2. If there were a smaller gravitational effect, which of the following 

forces do you think would alter in some respect 

 [NCERT 1978] 

 (a) Viscous forces (b) Archimedes uplift 

 (c) Electrostatic force (d) None of the above 

3.  A satellite of the earth is revolving in a circular orbit with a 

uniform speed v. If the gravitational force suddenly disappears, the 
satellite will   [AIIMS 1982; AIEEE 2002] 

 (a) Continue to move with velocity v along the original orbit 

 (b) Move with a velocity v, tangentially to the original orbit 

 (c) Fall down with increasing velocity 

 (d) Ultimately come to rest somewhere on the original orbit 

4. The atmosphere is held to the earth by   [IIT 1986] 

 (a) Winds (b) Gravity 

 (c) Clouds (d) None of the above 

5. The weight of a body at the centre of the earth is 

      [AFMC 1988] 

 (a) Zero  

 (b) Infinite 

 (c) Same as on the surface of earth  

 (d) None of the above 

6.  If the distance between two masses is doubled, the gravitational 

attraction between them  

    [CPMT 1973; AMU (Med.) 2000] 

 (a) Is doubled (b) Becomes four times 

 (c) Is reduced to half (d) Is reduced to a quarter 

7. Which of the following is the evidence to show that there must be a 

force acting on earth and directed towards the sun 

 [AIIMS 1980] 

 (a) Deviation of the falling bodies towards east 

 (b) Revolution of the earth round the sun 

 (c) Phenomenon of day and night  

 (d) Apparent motion of sun round the earth 

8. The gravitational force between two stones of mass 1 kg each 
separated by a distance of 1 metre in vacuum is 

[DPMT 1984] 

 (a) Zero (b) newton510675.6   

 (c) newton1110675.6   (d) newton810675.6   

9. Two particles of equal mass go round a circle of radius R under the 
action of their mutual gravitational attraction. The speed of each 
particle is  [CBSE PMT 1995; RPMT 2003] 

 (a) 
GmR

v
1

2

1
  (b) 

R

Gm
v

2
  

 (c) 
R

Gm
v

2

1
  (d) 

R

Gm
v

4
  

10. The earth (mass )106 24 kg ) revolves round the sun with 

angular velocity srad /102 7  in a circular orbit of radius 

km8105.1  . The force exerted by the sun on the earth in 

newtons, is  [CBSE PMT 1995; AFMC 1999; Pb. PMT 2003] 

 (a) 251018  (b) Zero 

 (c) 391027  (d) 211036  

11. Gravitational mass is proportional to gravitational  

   [AIIMS 1998] 

 (a) Field (b) Force 

 (c) Intensity (d) All of these 

12. The gravitational force between two point masses 1m  and 2m  at 

separation r is given by 
2

21

r

mm
kF    

 The constant k   [CPMT 1993] 

 (a) Depends on system of units only 

 (b) Depends on medium between masses only 

 (c) Depends on both (a) and (b) 

 (d) Is independent of both (a) and (b) 

13. The distance of the centres of moon and earth is D. The mass of 

earth is 81 times the mass of the moon. At what distance from the 
centre of the earth, the gravitational force will be zero    [RPET 1996] 

 (a) 
2

D
 (b) 

3

2D
 

 (c) 
3

4 D
 (d) 

10

9D
 

14. Who among the following gave first the experimental value of G    [AFMC 1997] 

 (a) Cavendish (b) Copernicus 

 (c) Brook Teylor (d) None of these 

15. The mass of the moon is kg221034.7   and the radius is 

m61074.1  . The value of gravitation force will be 

     [AMU 1999] 

 (a) 1.45 N/kg (b) 1.55 N/kg 

 (c) 1.75 N/kg (d) 1.62 N/kg 

16. The centripetal force acting on a satellite orbiting round the earth 

and the gravitational force of earth acting on the satellite both equal 
F. The net force on the satellite is   

  [AMU 1999] 

(a) Zero  (b) F 

(c) 2F  (d) 2 F 

17. Reason of weightlessness in a satellite is  [RPMT 2000] 

(a) Zero gravity 

(b) Centre of mass 

(c) Zero reaction force by satellite surface 
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(d) None  

18. Mass M is divided into two parts xM and Mx)1(  . For a given 

separation, the value of x for which the gravitational attraction 
between the two pieces becomes maximum is  

 [EAMCET 2001] 

(a) 
2

1
 (b) 

5

3
 

(c) 1 (d) 2 

19. The force of gravitation is    [AIIMS 2002] 

(a) Repulsive  (b) Electrostatic 

(c) Conservative  (d) Non-conservative 

20. The gravitational force gF  between two objects does not depend on 

   [RPET 2003] 

(a)  Sum of the masses 

(b) Product of the masses 

(c) Gravitational constant 

(d) Distance between the masses  

21. Two sphere of mass m and M are situated in air and the 

gravitational force between them is F. The space around the masses 
is now filled with a liquid of specific gravity 3. The gravitational 
force will now be   [CBSE PMT 2003] 

(a) F  (b) 
3

F
 

 (c) 
9

F
 (d) 3 F 

22. Earth binds the atmosphere because of  [J&K CET 2005] 

 (a) Gravity  

 (b) Oxygen between earth and atmosphere 

 (c) Both (a) and (b)  

 (d) None of these 

23. Which of the following statements about the gravitational constant 
is true   [Kerala PET 2005] 

 (a) It is a force  

 (b) It has no unit 

 (c) It has same value in all systems of units 

 (d) It depends on the value of the masses 

 (e)  It does not depend on the nature of the medium in which the 

bodies are kept. 

24. Two identical solid copper spheres of radius R placed in contact 
with each other. The gravitational attracton between them is 
proportional to     [Kerala PET 2005] 

 (a) R2 (b) R–2 

 (c) R4 (d) R–4 
 

Acceleration Due to Gravity 
 

1. Weightlessness experienced while orbiting the earth in space-ship, is 
the result of [NCERT 1978; DPMT 1982] 

 (a) Inertia (b) Acceleration 

 (c) Zero gravity (d) Free fall towards earth 

2. If the change in the value of ‘g’ at a height h above the surface of 

the earth is the same as at a depth x below it, then (both x and h 
being much smaller than the radius of the earth)   [NCERT 1983; BHU 2002] 

 (a) hx   (b) hx 2  

 (c) 
2

h
x   (d) 2hx   

3. The time period of a simple pendulum on a freely moving artificial 
satellite is   [CPMT 1984; AFMC 2002] 

 (a) Zero (b) 2 sec 

 (c) 3 sec (d) Infinite 

4. Two planets have the same average density but their radii are 1R  

and 2R . If acceleration due to gravity on these planets be 1g  and 

2g  respectively, then [AIIMS 1985] 

 (a) 
2

1

2

1

R

R

g

g
  (b) 

1

2

2

1

R

R

g

g
  

 (c) 
2
2

2
1

2

1

R

R

g

g
  (d) 

3
2

3
1

2

1

R

R

g

g
  

5. An iron ball and a wooden ball of the same radius are released from 
a height ‘h’ in vacuum. The time taken by both of them to reach the 
ground is 

  [NCERT 1975; AFMC 1998] 

 (a) Unequal  (b) Exactly equal 

 (c) Roughly equal (d) Zero 

6. The correct answer to above question is based on 

      [NCERT 1975] 

 (a) Acceleration due to gravity in vacuum is same irrespective of 
size and mass of the body 

 (b) Acceleration due to gravity in vacuum depends on the mass of 
the body  

 (c) There is no acceleration due to gravity in vacuum 

 (d) In vacuum there is resistance offered to the motion of the body 
and this resistance depends on the mass of the body 

7. When a body is taken from the equator to the poles, its weight   [EAMCET 1978] 

 (a) Remains constant  

 (b) Increases 

 (c) Decreases  

 (d) Increases at N-pole and decreases at S-pole 

8. A body of mass m is taken to the bottom of a deep mine. Then   [NCERT 1982] 

 (a) Its mass increases  (b) Its mass decreases 

 (c) Its weight increases (d) Its weight decreases 

9. A body weighs 700 gm wt on the surface of the earth. How much 

will it weigh on the surface of a planet whose mass is 
7

1
 and radius 

is half that of the earth 

 [CMC Vellore 1984; AFMC 2000] 

 (a) 200 gm wt (b) 400 gm wt 

 (c) 50 gm wt (d) 300 gm wt 

10. In order to find time, the astronaut orbiting in an earth satellite 
should use    [DPMT 1982] 

 (a) A pendulum clock 

 (b) A watch having main spring to keep it going 

 (c) Either a pendulum clock or a watch  

 (d) Neither a pendulum clock nor a watch 

11. A spherical planet far out in space has a mass 0M  and diameter 

0D . A particle of mass m falling freely near the surface of this 

planet will experience an acceleration due to gravity which is equal 
to   [MP PMT 1987; DPMT 2002] 

 (a) 2
00 / DGM  (b) 2

00 /4 DmGM  
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 (c) 2
00 /4 DGM  (d)  2

00 / DGmM  

12. If the earth stops rotating, the value of ‘g’ at the equator will 

 [CPMT 1986] 

 (a) Increase (b) Remain same 

 (c) Decrease  (d) None of the above 

13. The mass and diameter of a planet have twice the value of the 

corresponding parameters of earth. Acceleration due to gravity on 
the surface of the planet is 

  [NCERT 1971; Pb. PMT 2000] 

 (a) 2sec/8.9 m  (b) 2sec/9.4 m  

 (c) 2sec/980 m  (d) 2sec/6.19 m  

14. As we go from the equator to the poles, the value of g  

 [CPMT 1975; AFMC 1995; AFMC 2004] 

 (a) Remains the same  

 (b) Decreases 

 (c) Increases  

 (d) Decreases upto a latitude of 45° 

15. Force of gravity is least at   [CPMT 1992] 

 (a) The equator 

 (b) The poles 

 (c) A point in between equator and any pole 

 (d) None of these 

16. The radius of the earth is 6400 km and 2sec/10mg  . In order 

that a body of 5 kg weighs zero at the equator, the angular speed of 
the earth is   [MP PMT 1985] 

 (a) 1/80 radian/sec (b) 1/400 radian/sec 

 (c) 1/800 radian/sec (d) 1/1600 radian/sec 

17. The value of ‘g’ at a particular point is 2/8.9 sm . Suppose the 

earth suddenly shrinks uniformly to half its present size without 
losing any mass. The value of ‘g’ at the same point (assuming that 
the distance of the point from the centre of earth does not shrink) 
will now be 

     [NCERT 1984; DPMT 1999] 

 (a) 2sec/9.4 m  (b) 2sec/1.3 m  

 (c) 2sec/8.9 m  (d) 2sec/6.19 m  

18. If R is the radius of the earth and g the acceleration due to gravity 
on the earth's surface, the mean density of the earth is   [CPMT 1990; BHU 1998; Kerala PMT 2002;  

MH CET (Med.) 1999; CBSE PMT 1995] 

 (a) gRG 3/4  (b) gGR 4/3  

 (c) RGg 4/3  (d) GRG 12/  

19. The weight of an object in the coal mine, sea level, at the top of the 

mountain are 21, WW  and 3W   respectively, then  

 [EAMCET 1990] 

 (a) 321 WWW   (b) 321 WWW   

 (c) 321 WWW   (d) 321 WWW   

20.  The radii of two planets are respectively 1R  and 2R  and their 

densities are respectively 1  and 2 . The ratio of the accelerations 

due to gravity at their surfaces is 

   [MP PET 1994] 

 (a) 
2
2

2

2
1

1
21 ::

RR
gg


  (b) 212121 :: RRgg   

 (c) 122121 ::  RRgg   (d) 221121 ::  RRgg   

21. The mass of the earth is 81 times that of the moon and the radius of 

the earth is 3.5 times that of the moon. The ratio of the acceleration 
due to gravity at the surface of the moon to that at the surface of 
the earth is  [MP PMT 1994] 

 (a) 0.15 (b) 0.04 

 (c) 1 (d) 6 

22. Spot the wrong statement : 

 The acceleration due to gravity ‘g’ decreases if 

 [MP PMT 1994] 

 (a) We go down from the surface of the earth towards its centre 

 (b) We go up from the surface of the earth 

 (c) We go from the equator towards the poles on the surface of 

the earth 

 (d) The rotational velocity of the earth is increased 

23. Which of the following statements is true 

      [Manipal MEE 1995] 

 (a) g is less at the earth's surface than at a height above it or a 
depth below it 

 (b) g is same at all places on the surface of the earth 

 (c) g has its maximum value at the equator 

 (d) g is greater at the poles than at the equator 

24. A spring balance is graduated on sea level. If a body is weighed with 

this balance at consecutively increasing heights from earth's surface, 
the weight indicated by the balance     [MP PET 1995] 

 (a) Will go on increasing continuously 

 (b) Will go on decreasing continuously 

 (c) Will remain same 

 (d) Will first increase and then decrease 

25. The value of g on the earth's surface is 2sec/980 cm . Its value at 

a height of 64 km from the earth's surface is 

 [MP PMT 1995] 

 (a) 2sec/40.960 cm  (b) 2sec/90.984 cm  

 (c) 2sec/45.982 cm  (d) 2sec/55.977 cm  

 (Radius of the earth R = 6400 kilometers) 

26. Choose the correct statement from the following : 

 Weightlessness of an astronaut moving in a satellite is a situation of   [MP PMT 1995] 

 (a) Zero g (b) No gravity 

 (c) Zero mass (d) Free fall  

27. If the earth rotates faster than its present speed, the weight of an 
object will    [Haryana CEE 1996] 

 (a) Increase at the equator but remain unchanged at the poles 

 (b) Decrease at the equator but remain unchanged at the poles 

 (c) Remain unchanged at the equator but decrease at the poles 

 (d) Remain unchanged at the equator but increase at the poles 

28. If the earth suddenly shrinks (without changing mass) to half of its 
present radius, the acceleration due to gravity will be 

 [MNR 1998] 

 (a) g/2 (b) 4g 

 (c) g/4 (d) 2g 

29. The moon's radius is 1/4 that of the earth and its mass is 1/80 times 
that of the earth. If g represents the acceleration due to gravity on 
the surface of the earth, that on the surface of the moon is   [MP PMT 1997;  
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   MP PET 2000, 01; RPET 2000; Pb. PET 2001] 

 (a) g/4 (b) g/5 

 (c) g/6 (d) g/8 

30. R is the radius of the earth and   is its angular velocity and pg  is 

the value of g at the poles. The effective value of g at the latitude 

 60  will be equal to [MP PMT 1999] 

 (a) 2

4

1
Rgp   (b) 2

4

3
Rgp   

 (c) 2Rgp   (d) 2

4

1
Rgp   

31. The depth d at which the value of acceleration due to gravity 

becomes 
n

1
 times the value at the surface, is [R = radius of the 

earth]  [MP PMT 1999; Kerala PMT 2005] 

 (a) 
n

R
 (b) 







 

n

n
R

1
 

 (c) 
2n

R
 (d) 









1n

n
R  

32. At what height over the earth's pole, the free fall acceleration 

decreases by one percent (assume the radius of earth to be 6400 
km)    [KCET 1994] 

 (a) 32 km (b) 80 km 

 (c) 1.253 km (d) 64 km 

33. The diameters of two planets are in the ratio 4 : 1 and their mean 
densities in the ratio 1 : 2. The acceleration due to gravity on the 
planets will be in ratio [ISM Dhanbad 1994] 

 (a) 1 : 2 (b) 2 : 3 

 (c) 2 : 1 (d) 4 : 1 

34. At what altitude in metre will the acceleration due to gravity be 25% 
of that at the earth's surface (Radius of earth = R metre)    [ISM Dhanbad 1994] 

 (a) R
4

1
 (b) R 

 (c) R
8

3
 (d) 

2

R
 

35. If the angular speed of the earth is doubled, the value of acceleration 
due to gravity (g) at the north pole 

   [EAMCET (Med.) 1995] 

 (a) Doubles (b) Becomes half 

 (c) Remains same (d) Becomes zero 

36. At the surface of a certain planet, acceleration due to gravity is one-

quarter of that on earth. If a brass ball is transported to this planet, 
then which one of the following statements is not correct   [SCRA 1994] 

 (a) The mass of the brass ball on this planet is a quarter of its 
mass as measured on earth  

 (b) The weight of the brass ball on this planet is a quarter of the 

weight as measured on earth 

 (c) The brass ball has the same mass on the other planet as on 
earth 

 (d) The brass ball has the same volume on the other planet as on 

earth 

37. Weight of 1 kg becomes 1/6 on moon. If radius of moon is 

m610768.1  , then the mass of moon will be [RPET 1997] 

 (a) kg301099.1   (b) kg221056.7   

 (c) kg241098.5   (d) kg221065.7   

38. Radius of earth is around 6000 km. The weight of body at height of 
6000 km from earth surface becomes 

 [RPMT 1997] 

 (a) Half (b) One-fourth 

 (c) One third (d) No change 

39. Let g be the acceleration due to gravity at earth's surface and K be 
the rotational kinetic energy of the earth. Suppose the earth's radius 
decreases by 2% keeping all other quantities same, then   [BHU 1994; JIPMER 2000] 

 (a) g decreases by 2% and K decreases by 4% 

 (b) g decreases by 4% and K increases by 2% 

 (c) g increases by 4% and K increases by 4% 

 (d) g decreases by 4% and K increases by 4% 

40. Where will it be profitable to purchase 1 kilogram sugar 

 [RPET 1996] 

 (a) At poles (b) At equator 

 (c) At 45° latitude (d) At 40° latitude 

41. If the radius of the earth shrinks by 1.5% (mass remaining same), 
then the value of acceleration due to gravity changes by    [BHU 1997] 

 (a) 1% (b) 2% 

 (c) 3% (d) 4% 

42. If radius of the earth contracts 2% and its mass remains the same, 

then weight of the body at the earth surface 

 [CPMT 1997; KCET (Engg./Med.) 2001] 

 (a) Will decrease (b) Will increase 

 (c) Will remain the same (d) None of these 

43. If mass of a body is M on the earth surface, then the mass of the 

same body on the moon surface is 

 [AIIMS 1997; RPMT 1997;  JIPMER 2000] 

 (a) M/6 (b) Zero 

 (c) M (d) None of these 

44. Mass of moon is 221034.7  kg. If the acceleration due to gravity 

on the moon is 2/4.1 sm , the radius of the moon is  

  )/10667.6( 2211 kgNmG    [AFMC 1998] 

 (a) m41056.0   (b) m61087.1   

(c) m61092.1   (d) m81001.1   

45. What should be the velocity of earth due to rotation about its own 
axis so that the weight at equator become 3/5 of initial value. Radius 
of earth on equator is 6400 km 

 [AMU 1999] 

 (a) sec/104.7 4 rad  (b) sec/107.6 4 rad  

 (c) sec/108.7 4 rad  (d) sec/107.8 4 rad  

46. Acceleration due to gravity is ‘g’ on the surface of the earth. The 
value of acceleration due to gravity at a height of 32 km above 
earth’s surface is (Radius of the earth = 6400 km)   

 [KCET (Engg./Med.) 1999] 

(a) 0.9 g (b) 0.99 g 

(c) 0.8 g (d) 1.01 g 

47. At what height from the ground will the value of ‘g’ be the same as 
that in 10 km deep mine below the surface of earth 

  [RPET 1999] 

(a) 20 km  (b) 10 km 

(c) 15 km (d) 5 km 

48. If the Earth losses its gravity, then for a body  

[BHU 1999; MHCET 2003] 
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(a) Weight becomes zero, but not the mass 

(b) Mass becomes zero, but not the weight 

(c) Both mass and weight become zero 

(d) Neither mass nor weight become zero 

49. The height of the point vertically above the earth’s surface, at which 

acceleration due to gravity becomes 1% of its value at the surface is 
(Radius of the earth = R)  

  [EAMCET (Engg.) 2000] 

(a) 8 R  (b) 9 R 

(c) 10 R (d) 20 R 

50. An object weights 72 N on earth. Its weight at a height of R/2 from 
earth is    [AIIMS 2000] 

(a) 32 N  (b) 56 N 

(c) 72 N (d) Zero 

51. The angular velocity of the earth with which it has to rotate so that 
acceleration due to gravity on 60o latitude becomes zero is (Radius 

of earth = 6400 km. At the poles )10 2 msg    [EAMCET 2000] 

(a) srad/105.2 3  (b) srad/100.5 1  

(c) srad /1010 1  (d) srad/108.7 2  

52. Assuming earth to be a sphere of a uniform density, what is the 

value of gravitational acceleration in a mine 100 km below the 
earth’s surface (Given R = 6400 km)  

 [AFMC 2000; Pb. PMT 2000] 

(a) 2/66.9 sm  (b) 2/64.7 sm  

(c) 5.06m/s2 (d) 2/10.3 sm  

53. If radius of earth is R then the height ‘h’ at which value of ‘g’ 

becomes one-fourth is    [BHU 2000] 

(a) 
4

R
 (b) 

4

3R
 

(c) R (d) 
8

R
 

54. R and r are the radii of the earth and moon respectively. e  and 

m  are the densities of earth and moon respectively. The ratio of 

the accelerations due to gravity on the surfaces of earth and moon is   [EAMCET 2000] 

(a) 
m

e

r

R




 (b) 

m

e

R

r




 

(c) 
e

m

R

r




 (d) 

m

e

r

R




 

55. If the mass of earth is 80 times of that of a planet and diameter is 

double that of planet and ‘g’ on earth is 2/8.9 sm , then the value 

of ‘g’ on that planet is  

[Pb. PMT 1999; CPMT 2000] 

(a) 2/9.4 sm  (b) 2/98.0 sm  

(c) 2/49.0 sm  (d) 2/49 sm  

56. Assume that the acceleration due to gravity on the surface of the 

moon is 0.2 times the acceleration due to gravity on the surface of 

the earth. If eR  is the maximum range of a projectile on the earth’s 

surface, what is the maximum range on the surface of the moon for 
the same velocity of projection   [Kerala (Engg.) 2001] 

(a) eR2.0  (b) eR2  

(c) eR5.0  (d) eR5  

57. The angular speed of earth, so that the object on equator may 

appear weightless, is 2/10( smg  , radius of earth 6400 km)    [Pb. PMT 2001] 

(a) secrad/1025.1 3  (b) secrad/1056.1 3  

(c) secrad/1025.1 1  (d) 1.56 rad/sec 

58. At what distance from the centre of the earth, the value of 
acceleration due to gravity g will be half that on the surface (R = 
radius of earth)   [MP PMT 2001] 

(a) 2 R  (b) R 

(c) 1.414 R (d) 0.414 R 

59. If density of earth increased 4 times and its radius become half of 
what it is, our weight will  [AMU (Engg.) 2001] 

(a) Be four times its present value 

(b) Be doubled 

(c) Remain same 

(d) Be halved 

60. A man can jump to a height of 1.5 m on a planet A. What is the 

height he may be able to jump on another planet whose density and 
radius are, respectively, one-quarter and one-third that of planet A   [AMU (Med.) 2001] 

(a) 1.5 m  (b) 15 m 

(c) 18 m (d) 28 m 

61. Weight of a body is maximum at  [AFMC 2001] 

(a) Moon  (b) Poles of earth 

(c) Equator of earth (d) Centre of earth 

62. What will be the acceleration due to gravity at height h if h >> R. 

Where R is radius of earth and g is acceleration due to gravity on 
the surface of earth    [RPET 2001] 

(a) 
2

1 









R

h

g
 (b) 










R

h
g

2
1  

(c) 
2

1 









R

h

g
 (d) 










R

h
g 1  

63. The acceleration due to gravity near the surface of a planet of radius 
R and density d is proportional to  

  [MP PET 2002; AIEEE 2004] 

(a) 
2R

d
 (b) 2dR  

(c) dR (d) 
R

d
 

64. The acceleration due to gravity is g at a point distant r from the 

centre of earth of radius R. If Rr  , then  [CPMT 2002] 

(a) rg   (b) 2rg   

(c) 1 rg  (d) 2 rg  

65. A body weight W newton at the surface of the earth. Its weight at a 
height equal to half the radius of the earth will be  

 [UPSEAT 2002] 

(a) 
2

W
 (b) 

3

2W
 

(c) 
9

4W
 (d) 

27

8W
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66. If the density of the earth is doubled keeping its radius constant 

then acceleration due to gravity will be )/8.9( 2smg  [Pb. PMT 2002; Orissa 2002] 

(a) 2/6.19 sm  (b) 2/8.9 sm  

(c) 2/9.4 sm  (d) 2/45.2 sm  

67. The acceleration due to gravity at pole and equator can be related as   [DPMT 2002] 

(a) ep gg   (b) ggg ep   

(c) ggg ep   (d) ep gg   

68. If the value of ‘g’ acceleration due to gravity, at earth surface is 
2/10 sm , its value in 2/sm  at the centre of the earth, which is 

assumed to be a sphere of radius ‘R’ metre and uniform mass 
density is    [AIIMS 2002] 

(a) 5  (b) 10/R 

(c) 10/2R (d) Zero 

69. A research satellite of mass 200 kg circles the earth in an orbit of 

average radius 3R/2 where R is the radius of the earth. Assuming the 
gravitational pull on a mass of 1 kg on the earth’s surface to be 10 N, 
the pull on the satellite will be  

[Kerala (Engg.) 2002] 

(a) 880 N  (b) 889 N 

(c) 890 N (d) 892 N 

70. Acceleration due to gravity on moon is 1/6 of the acceleration due to 

gravity on earth.  If the ratio of densities of earth )( e  and moon 

)( m  is 
3

5















m

e




 then radius of moon R

m

 in terms of R
e

 will be  [MP PMT 2003] 

(a) eR
18

5
 (b) eR

6

1
 

 (c) eR
18

3
 (d) eR

32

1
 

71. The acceleration of a body due to the attraction of the earth (radius 
R) at a distance 2 R from the surface of the earth is (g = 
acceleration due to gravity at the surface of the earth) 

  [MP PET 2003] 

(a) 
9

g
 (b) 

3

g
 

(c) 
4

g
 (d) g 

72. The depth at which the effective value of acceleration due to gravity 

is 
4

g
 is   [MP PET 2003] 

(a) R  (b) 
4

3R
 

(c) 
2

R
 (d) 

4

R
 

73. Weight of a body of mass m decreases by 1% when it is raised to 
height h above the earth’s surface. If the body is taken to a depth h 
in a mine, change in its weight is  

[KCET 2003; MP PMT 2003] 

(a)  2% decrease (b) 0.5% decrease 

(c) 1% increase (d) 0.5% increase 

74. If both the mass and the radius of the earth decrease by 1%, the 
value of the acceleration due to gravity will  

[MP PET 2004] 

  (a) Decrease by 1% (b) Increase by 1% 

 (c) Increase by 2% (d) Remain unchanged 

75.  The density of a newly discovered planet is twice that of earth. The 
acceleration due to gravity at the surface of the planet is equal to 
that at the surface of the earth. If the radius of the earth is R, the 
radius of the planet would be  

[CBSE PMT 2004] 

 (a) R2  (b) R4  

 (c) R
4

1
 (d) R

2

1
 

76.  Two planets of radii in the ratio 2 : 3 are made from the material of 

density in the ratio 3 : 2. Then the ratio of acceleration due to 

gravity 21 / gg  at the surface of the two planets will be    [J & K CET 2004] 

 (a) 1 (b) 2.25 

 (c) 4/9 (d) 0.12 

77.  A person will get more quantity of matter in kg –wt. at  

   [J & K CET 2004] 

 (a) Poles (b) At latitude of 60o 

 (c) Equator (d) Satellite 

78.  At what depth below the surface of the earth, acceleration due to 

gravity g will be half its  value 1600 km above the surface of the 
earth   [Pb. PMT 2004] 

 (a) m6102.4   (b) m61019.3   

 (c) m61059.1   (d) None of these 

79.  What should be the angular speed of earth, so that body lying on 
equator may appear weightlessness 

 )6400,/10( 2 kmRsmg     [Pb. PET 2000] 

 (a) srad /
800

1
 (b) srad /

400

1
 

 (c) srad /
600

1
 (d) srad /

100

1
 

80.  A body weight 500 N on the surface of the earth. How much would 
it weigh half way below the surface of the earth 

 [Pb. PET 2001; BHU 2004] 

 (a) 125 N (b) 250 N 

 (c) 500 N (d) 1000 N 

81.  If the density of a small planet is the same as that of earth, while 
the radius of the planet is 0.2 times that of the earth, the 
gravitational acceleration on the surface of that planet is  

 [UPSEAT 2004; CBSE PMT 2005] 

 (a) 0.2 g (b) 0.4 g 

 (c) 2 g (d) 4 g 

82.  Acceleration due to gravity 'g' for a body of mass 'm' on earth's 
surface is proportional to (Radius of earth=R, mass of earth=M)   [DCE 2004] 

 (a) 2/ RGM  (b) 0m  

 (c) mM  (d) 2/3/1 R  

83.  A body has a weight 90 kg on the earth's surface, the mass of the 

moon is 1/9 that of the earth's mass and its radius is 1/2 that of the 
earth's radius. On the moon the weight of the body is    [Pb. PET 2003] 
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 (a) 45 kg (b) 202.5 kg 

 (c) 90 kg (d) 40 kg 

84.  If it is assumed that the spinning motion of earth increases, then 
the weight of a body on equator [RPMT 2003] 

 (a) Decreases (b) Remains constant 

 (c) Increases (d) Becomes more at poles 

85.  The masses of two planets are in the ratio 1 : 2. Their radii are in 
the ratio 1 : 2. The acceleration due to gravity on the planets are in 
the ratio   [MH CET 2004] 

 (a) 1 : 2 (b) 2 : 1 

 (c) 3 : 5 (d) 5 : 3 

86. If earth is supposed to be a sphere of radius R, if g
30

 is value of 
acceleration due to gravity at latitude of 30o and g at the equator, 

the value of ogg
30

  is    [DCE 2005] 

(a) R2

4

1
  (b) R2

4

3
  

(c) R2  (d) R2

2

1
  

87. If M the mass of the earth and R its radius, the ratio of the 
gravitational acceleration and the gravitational constant is 

[J&K CET 2005] 

(a) 
M

R 2

 (b) 
2R

M
 

(c) 2MR  (d) 
R

M
 

 

Gravitation Potential, Energy and Escape Velocity 
 

1. A body of mass m rises to height h = R/5 from the earth's surface, 
where R is earth's radius. If g is acceleration due to gravity at earth's 
surface, the increase in potential energy is   

[CPMT 1989; SCRA 1996; DPMT 2001] 

 (a) mgh (b) mgh
5

4
 

 (c) mgh
6

5
 (d) mgh

7

6
 

2. In a gravitational field, at a point where the gravitational potential is 

zero   [CPMT 1990] 

 (a) The gravitational field is necessarily zero 

 (b) The gravitational field is not necessarily zero 

 (c) Nothing can be said definitely about the gravitational field 

 (d) None of these 

3.  The gravitational field due to a mass distribution is 3/ xKE   in 

the x-direction. (K is a constant). Taking the gravitational potential 
to be zero at infinity, its value at a distance x is    [MP PET 1994] 

 (a) K/x (b) K/2x 

 (c) 2/ xK  (d) 22/ xK  

4. The mass of the earth is kg241000.6   and that of the moon is 

kg221040.7  . The constant of gravitation 

2211 /1067.6 kgmNG   . The potential energy of the 

system is joules281079.7  . The mean distance between the 

earth and moon is    [MP PMT 1995] 

 (a) metres81080.3   (b) metres61037.3   

 (c) metres41060.7   (d) metres21090.1    

5. The change in potential energy, when a body of mass m is raised to 
a height nR from the earth's surface is (R = Radius of earth)   [MP PMT 1996] 

 (a) 
1n

n
mgR  (b) nmgR 

 (c)  
12

2

n

n
mgR  (d) 

1n

n
mgR  

6. The masses and radii of the earth and moon are 11, RM  and 

22, RM  respectively. Their centres are distance d apart. The 

minimum velocity with which a particle of mass m should be 
projected from a point midway between their centres so that it 
escapes to infinity is    [MP PET 1997] 

 (a) )(2 21 MM
d

G
  (b) )(

2
2 21 MM

d

G
  

 (c) )(2 21 MM
d

Gm
  (d) 

)(

)(
2

21

21

RRd

MMGm




 

7. If mass of earth is M, radius is R and gravitational constant is G, 
then work done to take 1 kg mass from earth surface to infinity will 
be   [RPET 1997] 

 (a) 
R

GM

2
 (b) 

R

GM
 

 (c) 
R

GM2
 (d) 

R

GM

2
 

8. A rocket is launched with velocity 10 km/s. If radius of earth is R, 
then maximum height attained by it will be 

 [RPET 1997] 

 (a) 2R (b) 3R 

 (c) 4R (d) 5R 

9. There are two bodies of masses 100 kg and 10000 kg separated by a 

distance 1 m. At what distance from the smaller body, the intensity 
of gravitational field will be zero 

 [BHU 1997] 

 (a) m
9

1
 (b) m

10

1
 

 (c) m
11

1
 (d) m

11

10
 

10. What is the intensity of gravitational field of the centre of a 
spherical shell    [RPET 2000] 

(a) 2/rGm  (b) g 

(c) Zero (d) None of these 

11. The gravitational potential energy of a body of mass ‘m’ at the 

earth’s surface emgR . Its gravitational potential energy at a 

height eR  from the earth’s surface will be (Here eR  is the radius 

of the earth)  

[AIIMS 2000; MP PET 2000; Pb. PMT 2004] 

(a) emgR2  (b) emgR2  
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(c) emgR
2

1
 (d) emgR

2

1
  

12. Escape velocity of a body of 1 kg mass on a planet is 100 m/sec. 
Gravitational Potential energy of the body at the Planet is    [MP PMT 2002] 

(a) – 5000 J (b) – 1000 J 

(c) – 2400 J (d) 5000 J 

13. A body of mass m is placed on the earth’s surface. It is taken from 

the earth’s surface to a height Rh 3 . The change in gravitational 
potential energy of the body is  

 [CBSE PMT 2002] 

(a) mgR
3

2
  (b) mgR

4

3
 

(c) 
2

mgR
 (d) 

4

mgR
 

14. A body of mass m kg. starts falling from a point  2R above the 

Earth’s surface. Its kinetic energy when it has fallen to a point ‘R’ 
above the Earth’s surface [R-Radius of Earth, M-Mass of Earth, G-
Gravitational Constant] [MP PMT 2002] 

(a) 
R

GMm

2

1
 (b) 

R

GMm

6

1
 

(c) 
R

GMm

3

2
 (d) 

R

GMm

3

1
 

15. A body is projected vertically upwards from the surface of a planet 
of radius R with a velocity equal to half the escape velocity for that 
planet. The maximum height attained by the body is [KCET (Engg./Med.) 2002] 

(a) R/3  (b) R/2 

(c) R/4 (d) R/5 

16. Energy required to move a body of mass m from an orbit of radius 2R 
to 3R is     [AIEEE 2002] 

(a) 212/ RGMm  (b) 23/ RGMm  

(c) RGMm 8/  (d) RGMm 6/  

17. The kinetic energy needed to project a body of mass m from the 

earth surface (radius R) to infinity is  

[AIEEE 2002] 

(a) mgR/2 (b) 2 mgR 

(c) mgR (d) mgR/4 

18. Radius of orbit of satellite of earth is R. Its kinetic energy is 

proportional to   [BHU 2003; CPMT 2004] 

(a) 
R

1
 (b) 

R

1
 

(c) R (d) 
2/3

1

R
 

19. In some region, the gravitational field is zero. The gravitational 

potential in this region [BVP 2003] 

(a) Must be variable  (b) Must be constant 

(c) Cannot be zero (d) Must be zero 

20. A particle falls towards earth from infinity. It’s velocity on reaching 

the earth would be    [Orissa JEE 2003] 

(a) Infinity  (b) gR2  

(c) gR2  (d) Zero 

21. Gas escapes from the surface of a planet because it acquires an 

escape velocity. The escape velocity will depend on which of the 
following factors : 

 I. Mass of the planet 

 II. Mass of the particle escaping 

 III. Temperature of the planet 

 IV. Radius of the planet 

 Select the correct answer from the codes given below : 

     [SCRA 1994] 

 (a) I and II (b) II and IV 

 (c) I and IV (d) I, III and IV 

22. ev  and pv  denotes the escape velocity from the earth and another 

planet having twice the radius and the same mean density as the 
earth. Then  [NCERT 1974; MP PMT 1994] 

 (a) pe vv   (b) 2/pe vv   

 (c) pe vv 2  (d) 4/pe vv   

23. The escape velocity of a sphere of mass m from earth having mass 
M and radius R is given by 

 [NCERT 1981, 84; CBSE PMT 1999] 

 (a) 
R

GM2
 (b) 

R

GM
2  

 (c) 
R

GMm2
 (d) 

R

GM
 

24. The escape velocity for a rocket from earth is 11.2 km/sec. Its value 
on a planet where acceleration due to gravity is double that on the 
earth and diameter of the planet is twice that of earth will be in 
km/sec   [NCERT 1983; 

    CPMT 1990; MP PMT 2000; UPSEAT 1999] 

 (a) 11.2 (b) 5.6 

 (c) 22.4 (d) 53.6 

25. The escape velocity from the earth is about 11 km/second. The escape 

velocity from a planet having twice the radius and the same mean 
density as the earth, is 

   [NCERT 1980; MP PMT 1987; MP PET 2001, 2003; AIIMS 2001; 

UPSEAT 1999] 

 (a) 22 km/sec (b) 11 km/sec 

 (c) 5.5 km/sec (d) 15.5 km/sec 

26. A missile is launched with a velocity less than the escape velocity. 
The sum of its kinetic and potential energy is  

 [MNR 1986; MP PET 1995] 

 (a) Positive  

 (b) Negative 

 (c) Zero  

 (d) May be positive or negative depending upon its initial velocity 

27. If g is the acceleration due to gravity at the earth's surface and r is 
the radius of the earth, the escape velocity for the body to escape 
out of earth's gravitational field is 

    [NCERT 1975; RPET 2003] 

 (a) gr (b) gr2  

 (c) rg /  (d) gr /  

28. The escape velocity of a projectile from the earth is approximately[DPMT 1982, 84; RPMT 1997; BHU 1998] 

 (a) 11.2 m/sec (b) 112 km/sec 

 (c) 11.2 km/sec (d) 11200 km/sec 
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29. The escape velocity of a particle of mass m varies as 

  [CPMT 1978; RPMT 1999; AIEEE 2002] 

 (a) 2m  (b) m 

 (c) 0m  (d) 1m  

30. For the moon to cease to remain the earth's satellite, its orbital 
velocity has to increase by a factor of  [MP PET 1994] 

 (a) 2 (b) 2  

 (c) 2/1  (d) 3  

31. The escape velocity of an object from the earth depends upon the 

mass of the earth (M), its mean density )( , its radius (R) and the 

gravitational constant (G). Thus the formula for escape velocity is    [MP PMT 1995] 

 (a) 


GRv
3

8
  (b) GRMv

3

8
  

 (c) GMRv 2  (d) 
2

2

R

GM
v   

32. Escape velocity on a planet is ev . If radius of the planet remains 

same and mass becomes 4 times, the escape velocity becomes [MP PMT 1996; DPMT 1999] 

 (a) ev4  (b) ev2  

 (c) ev  (d) ev
2

1
 

33. The mass of the earth is 81 times that of the moon and the radius of 
the earth is 3.5 times that of the moon. The ratio of the escape 
velocity on the surface of earth to that on the surface of moon will 
be [MP PMT/PET 1998; JIPMER 2000] 

 (a) 0.2 (b) 2.57 

 (c) 4.81 (d) 0.39 

34. The escape velocity from the surface of earth is eV . The escape 

velocity from the surface of a planet whose mass and radius are 3 
times those of the earth will be  

  [MP PMT/PET 1998; JIPMER 2001, 02; Pb. PMT 2004] 

 (a) eV  (b) eV3  

 (c) eV9  (d) eV27  

35. How much energy will be necessary for making a body of 500 kg 
escape from the earth  

 2/8.9[ smg  , radius of earth ]104.6 6 m  

 [MP PET 1999] 

 (a) About J6108.9   (b) About J8104.6    

 (c) About J10101.3   (d) About J12104.27   

36. The escape velocity for the earth is 11.2 km/sec. The mass of another 
planet is 100 times that of the earth and its radius is 4 times that of 
the earth. The escape velocity for this planet will be[MP PMT 1999; Pb. PMT 2002] 

 (a) 112.0 km/s (b) 5.6 km/s 

 (c) 280.0 km/s (d) 56.0 km/s 

37. The escape velocity of a planet having mass 6 times and radius 2 
times as that of earth is 

 [CPMT 1999; MP PET 2003; Pb. PET 2002] 

 (a) eV3  (b) eV3  

 (c) eV2  (d) eV2  

38. The escape velocity of an object on a planet whose g value is 9 times 

on earth and whose radius is 4 times that of earth in km/s is     [EAMCET 1994] 

 (a) 67.2 (b) 33.6 

 (c) 16.8 (d) 25.2 

39. The escape velocity on earth is 11.2 km/s. On another planet having 
twice radius and 8 times mass of the earth, the escape velocity will 

be    [Bihar CMEET 1995] 

 (a) 3.7 km/s (b) 11.2 km/s 

 (c) 22.4 km/s (d) 43.2 km/s 

40.  The escape velocity of a body on the surface of the earth is 11.2 

km/s. If the earth's mass increases to twice its present value and the 
radius of the earth becomes half, the escape velocity would become   [CBSE PMT 1997] 

 (a) 5.6 km/s   

 (b) 11.2 km/s (remain unchanged) 

 (c) 22.4 km/s 

 (d) 44.8 km/s 

41. Given mass of the moon is 1/81 of the mass of the earth and 
corresponding radius is 1/4 of the earth. If escape velocity on the 
earth surface is  11.2 km/s, the value of same on the surface of the 

moon is 

    [CPMT 1997; AIIMS 2000; Pb. PMT 2001] 

 (a) 0.14 km/s (b) 0.5 km/s 

 (c) 2.5 km/s (d) 5 km/s 

42. The angular velocity of rotation of star (of mass M and radius R) at 

which the matter start to escape from its equator will be    [MH CET 1999] 

(a) 
R

GM 22
 (b) 

g

GM2
 

(c) 
3

2

R

GM
 (d) 

M

GR2
 

43. The least velocity required to throw a body away from the surface of 
a planet so that it may not return is (radius of the planet is 

)/8.9,104.6 26 secmgm   [AMU (Engg.) 1999] 

(a) secm/108.9 3  (b) secm/108.12 3  

(c) secm/108.9 3  (d) secm/102.11 3  

44. How many times is escape velocity )( eV , of orbital velocity )( 0V  

for a satellite revolving near earth  [RPMT 2000] 

(a) 2  times (b) 2 times 

(c) 3 times (d) 4 times 

45. Escape velocity on earth is 11.2 km/s. What would be the escape 
velocity on a planet whose mass is 1000 times and radius is 10 times 
that of earth   [DCE 2001; DPMT 2004] 

(a) 112 km/s (b) 11.2 km/s 

(c) 1.12 km/s (d) 3.7 km/s 

46. If the radius of a planet is R and its density is ρ , the escape 

velocity from its surface will be   [MP PMT 2001] 

(a) Rve   (b) Rve   

(c) 
R

ve


  (d) 

R
ve



1
  

47. Escape velocity on the earth    [BHU 2001] 

(a) Is less than that on the moon 

(b) Depends upon the mass of the body  
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(c) Depends upon the direction of projection 

(d) Depends upon the height from which it is projected  

48. If acceleration due to gravity on the surface of a planet is two times 
that on surface of earth and its radius is double that of earth. Then 

escape velocity from the surface of that planet in comparison to 
earth will be  [RPET 2001] 

(a) 2 v
e 

 (b) 3 v
e

 

(c) 4 v
e

 (d) None of these 

49. The escape velocity of a rocket launched from the surface of the 
earth    [UPSEAT 2001] 

(a) Does not depend on the mass of the rocket 

(b) Does not depend on the mass of the earth 

(c) Depends on the mass of the planet towards which it is moving 

(d) Depends on the mass of the rocket 

50. The ratio of the radii of planets A and B is 1k  and ratio of 

acceleration due to gravity on them is 2k . The ratio of escape 

velocities from them will be  [BHU 2002] 

(a) 21kk   (b) 21kk  

(c) 
2

1

k

k
 (d) 

1

2

k

k
 

51. A mass of kg24106   is to be compressed in a sphere in such a 

way that the escape velocity from the sphere is sm /103 8 . 

Radius of the sphere should be )/1067.6( 2211 kgmNG     [UPSEAT 2002] 

(a) 9 km  (b) 9 m 

(c) 9 cm (d) 9 mm 

52. The escape velocity of a body on an imaginary planet which is thrice 

the radius of the earth and double the mass of the earth is ev(  is 

the escape velocity of earth)   

[Kerala (Med.) 2002] 

(a) ev3/2  (b) ev2/3  

(c) ev3/2  (d) ev3/2  

53. Escape velocity on the surface of earth is skm/2.11 . Escape 

velocity from a planet whose mass is the same as that of earth and 
radius 1/4 that of earth is  

[CBSE PMT 2000; JIPMER 2002; BHU 2004] 

(a) 2.8 km/s  (b) 15.6 km/s 

(c) 22.4 km/s (d) 44.8 km/s 

54. The velocity with which a projectile must be fired so that it escapes 

earth’s gravitation does not depend on  

[AIIMS 2003] 

(a) Mass of the earth 

(b) Mass of the projectile 

(c) Radius of the projectile’s orbit 

(d) Gravitational constant 

55. The radius of a planet is 
4

1
 of earth’s radius and its acceleration 

due to gravity is double that of earth’s acceleration due to gravity. 
How many times will the escape velocity at the planet’s surface be as 
compared to its value on earth’s surface   [BCECE 2003; MH CET 2000] 

(a) 
2

1
 (b) 2  

(c) 22  (d) 2 

56. The escape velocity for the earth is ev . The escape velocity for a 

planet whose radius is four times and density is nine times that of 
the earth, is    [MP PET 2003] 

(a) ev36   (b) ev12  

(c) ev6  (d) ev20  

57. The escape velocity for a body projected vertically upwards from the 

surface of earth is 11 km/s. If the body is projected at an angle of 45 o 
with the vertical, the escape velocity will be    [AIEEE 2003] 

(a) skm /
2

11
  (b) skm /211  

(c) 22 km/s (d) 11 km/s 

58.  If V, R and g denote respectively the escape velocity from the 

surface of the earth radius of the earth, and acceleration due to 
gravity, then the correct equation is  [MP PMT 2004] 

 (a) gRV   (b) 3

3

4
gRV   

 (c) gRV   (d) gRV 2  

59.  The escape velocity for a body of mass 1 kg from the earth surface 

is .2.11 1kms  The escape velocity for a body of mass 100 kg 

would be    [DCE 2003] 

 (a) 12102.11  kms  (b) 12.11 kms  

 (c) 12102.11  kms  (d) None of these 

60.  The acceleration due to gravity on a planet is same as that on earth 
and its radius is four times that of earth. What will be the value of 

escape velocity on that planet if it is ev  on earth   [RPET 2002] 

 (a) ev  (b) ev2  

 (c) ev4  (d) 
2

ev
  

61.  If the radius of a planet is four times that of earth and the value of 
g is same for both, the escape velocity on the planet will be   [RPET 2002] 

 (a) skm /2.11  (b) skm /6.5  

 (c) skm /4.22  (d) None 

62.  If the radius and acceleration due to gravity both are doubled, 

escape velocity of earth will become 

[RPMT 2002] 

 (a) 11.2 km/s (b) 22.4 km/s 

 (c) 5.6 km/s (d) 44.8 km/s 

63.  A planet has twice the radius but the mean density is th
4

1
 as 

compared to earth. What is the ratio of escape velocity from earth 
to that from the planet  [MH CET 2004] 

 (a) 3 : 1 (b) 1 : 2 

 (c) 1 : 1 (d) 2 : 1 

64.  The escape velocity from earth is .esv  A body is projected with 

velocity esv2 with what constant velocity will it move in the inter 

planetary space    [DCE 2002] 
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 (a) esv  (b) esv3  

 (c) esv3  (d) esv5  

65. A particle of mass 10 g is kept on the surface of a uniform sphere of 
mass 100 kg and radius 10 cm. Find the work to be done against the 
gravitational force between them to take the particle far away from 

the sphere (you may take )/1067.6 2211 kgNmG     [AIEEE 2005] 

(a) 6.67  10–9 J  (b) 6.67  10–10 J  

(c) 13.34  10–10 J (d) 3.33  10–10 J  

66. For a satellite moving in an orbit around the earth, the ratio of 

kinetic energy to potential energy is  [CBSE PMT 2005] 

(a) 2 (b) 
2

1
 

(c) 
2

1
 (d) 2  

67. 3 particles each of mass m are kept at vertices of an equilateral 

triangle of side L. The gravitational field at centre due to these 
particles is    [DCE 2005]   

(a) Zero (b) 
2

3

L

GM
 

(c) 
2

9

L

GM
 (d) 

2
3

12

L

GM
 

68. The value of escape velocity on a certain planet is 2 km/s. Then the 
value of orbital speed for a satellite orbiting close to its surface is    [DCE 2005] 

(a) 12 km/s (b) 1 km/s 

(c) 2 km/s (d) skm /22  

69. Four particles each of mass M, are located at the vertices of a square 

with side L. The gravitational potential due to this at the centre of 
the square is   [Kerala PET 2005] 

(a) 
L

GM
32  (b) 

2
64

L

GM
  

(c) Zero (d) 
L

GM
32  

70. There are two planets. The ratio of radius of the two planets is K 

but ratio of acceleration due to gravity of both planets is g. What 
will be the ratio of their escape velocity   [BHU 2005] 

(a) 2/1)(Kg  (b) 2/1)( Kg  

(c) 2)(Kg  (d) 2)( Kg  

 

Motion of Satellite 
 

1. If ev  and ov  represent the escape velocity and orbital velocity of a 

satellite corresponding to a circular orbit of radius R, then [CPMT 1982; MP PMT 1997;  

  KCET (Engg./Med.) 1999; AIIMS 2002] 

 (a) oe vv   

 (b) eo vv 2  

 (c) 2/0vve   

 (d) ev  and ov  are not related 

2. If r  represents the radius of the orbit of a satellite of mass m 
moving around a planet of mass M, the velocity of the satellite is 
given by  

   [CPMT 1974; MP PMT 1987; RPMT 1999] 

 (a) 
r

M
gv 2  (b) 

r

GMm
v 2  

 (c) 
r

GM
v   (d) 

r

GM
v 2  

3. Select the correct statement from the following 

   [MP PMT 1993] 

 (a) The orbital velocity of a satellite increases with the radius of 
the orbit 

 (b) Escape velocity of a particle from the surface of the earth 
depends on the speed with which it is fired 

 (c) The time period of a satellite does not depend on the radius of 
the orbit 

 (d) The orbital velocity is inversely proportional to the square root 
of the radius of the orbit 

4. An earth satellite of mass m revolves in a circular orbit at a height h 
from the surface of the earth. R is the radius of the earth and g is 
acceleration due to gravity at the surface of the earth. The velocity 
of the satellite in the orbit is given by 

 [NCERT 1983; AIEEE 2004] 

 (a) 
hR

gR



2

 (b) gR 

 (c) 
hR

gR


 (d) 

hR

gR



2

 

5. Consider a satellite going round the earth in an orbit. Which of the 

following statements is wrong  [NCERT 1966] 

 (a) It is a freely falling body 

 (b) It suffers no acceleration 

 (c) It is moving with a constant speed 

 (d) Its angular momentum remains constant 

6. Two satellites of masses 1m  and )( 212 mmm   are revolving 

round the earth in circular orbits of radius 1r  and )( 212 rrr   

respectively. Which of the following statements is true regarding 

their speeds 1v  and 2v  ? 

 [NCERT 1984; MNR 1995; BHU 1998] 

 (a) 21 vv   (b) 21 vv   

 (c) 21 vv   (d) 
2

2

1

1

r

v

r

v
  

7. A satellite which is geostationary in a particular orbit is taken to 
another orbit. Its distance from the centre of earth in new orbit is 2 

times that of the earlier orbit. The time period in the second orbit is[NCERT 1984; MP PET 1997] 

 (a) 4.8 hours (b) 248  hours 

 (c) 24 hours (d) 224  hours 

8. The ratio of the K.E. required to be given to the satellite to escape 

earth's gravitational field to the K.E. required to be given so that the 
satellite moves in a circular orbit  just  above earth atmosphere is   [NCERT 1975] 

 (a) One (b) Two 

 (c) Half (d) Infinity 
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9. An astronaut orbiting the earth in a circular orbit 120 km above the 
surface of earth, gently drops a spoon out of space-ship. The spoon 
will    [NCERT 1971] 

 (a) Fall vertically down to the earth 

 (b) Move towards the moon 

 (c) Will move along with space-ship 

 (d) Will move in an irregular way then fall down to earth 

10. The period of a satellite in a circular orbit around a planet is 
independent of [NCERT 1974; AIEEE 2004] 

 (a) The mass of the planet 

 (b) The radius of the planet 

 (c) The mass of the satellite 

 (d) All the three parameters (a), (b) and (c) 

11. If a satellite is orbiting the earth very close to its surface, then the 
orbital velocity mainly depends on [NCERT 1982] 

 (a) The mass of the satellite only 

 (b) The radius of the earth only 

 (c) The orbital radius only 

 (d) The mass of the earth only 

12. The relay satellite transmits the T.V. programme continuously from 
one part of the world to another because its    [MNR 1984, 93] 

 (a) Period is greater than the period of rotation of the earth 

 (b) Period is less than the period of rotation of the earth about its 

axis 

 (c) Period has no relation with the period of the earth about its 
axis 

 (d) Period is equal to the period of rotation of the earth about its 
axis 

 (e) Mass is less than the mass of the earth 

13. Two satellites A and B go round a planet P in circular orbits having 

radii 4R and R respectively. If the speed of the satellite A is 3V, the 
speed of the satellite B will be. 

   [MNR 1991; AIIMS 1995; UPSEAT 2000] 

 (a) 12 V (b) 6 V 

 (c) V
3

4
 (d) V

2

3
 

14. A geostationary satellite   [CPMT 1990] 

 (a) Revolves about the polar axis  

 (b) Has a time period less than that of the near earth satellite 

 (c) Moves faster than a near earth satellite 

 (d) Is stationary in the space 

15. A small satellite is revolving near earth's surface. Its orbital velocity 
will be nearly 

 [CPMT 1987; Orissa JEE 2002; JIPMER 2001, 02] 

 (a) 8 km/sec (b) 11.2 km/sec 

 (c) 4 km/sec (d) 6 km/sec 

16. A satellite revolves around the earth in an elliptical orbit. Its speed [NCERT 1981; MP PET 2001] 

 (a) Is the same at all points in the orbit  

 (b) Is greatest when it is closest to the earth 

 (c) Is greatest when it is farthest from the earth 

 (d) Goes on increasing or decreasing continuously depending upon 

the mass of the satellite 

17. The orbital velocity of an artificial satellite in a circular orbit just 
above the earth's surface is v. For a satellite orbiting at an altitude of 
half of the earth's radius, the orbital velocity is 

    [MNR 1994] 

 (a) v
2

3
 (b) v

2

3
 

 (c) v
3

2
 (d) v

3

2
 

18. In a satellite if the time of revolution is T, then K.E. is proportional 

to   [BHU 1995] 

 (a) 
T

1
 (b) 

2

1

T
 

 (c) 
3

1

T
 (d) 3/2T  

19. If the height of a satellite from the earth is negligible in comparison 
to the radius of the earth R, the orbital velocity of the satellite is[MP PET 1995; RPET 2001] 

 (a) gR (b) gR/2 

 (c) Rg /  (d) gR  

20. Choose the correct statement from the following : The radius of the 
orbit of a geostationary satellite depends upon 

 [MP PMT 1995] 

 (a) Mass of the satellite, its time period and the gravitational 
constant 

 (b) Mass of the satellite, mass of the earth and the gravitational 
constant  

 (c) Mass of the earth, mass of the satellite, time period of the 

satellite and the gravitational constant 

 (d) Mass of the earth, time period of the satellite and the 

gravitational constant 

21. Out of the following, the only incorrect statement about satellites is   [Haryana CEE 1996] 

 (a) A satellite cannot move in a stable orbit in a plane passing 
through the earth's centre 

 (b) Geostationary satellites are launched in the equatorial plane 

 (c) We can use just one geostationary satellite for global 
communication around the globe 

 (d) The speed of a satellite increases with an increase in the radius 

of its orbit 

22. A satellite is moving around the earth with speed v in a circular 

orbit of radius r. If the orbit radius is decreased by 1%, its speed will[MP PET 1996, 99, 2002] 

 (a) Increase by 1% (b) Increase by 0.5% 

 (c) Decrease by 1% (d) Decrease by 0.5% 

23. Orbital velocity of an artificial satellite does not depend upon   [MP PMT 1996] 

 (a) Mass of the earth  

 (b) Mass of the satellite 

 (c) Radius of the earth  

 (d) Acceleration due to gravity 

24. The time period of a geostationary satellite is  

    [EAMCET 1994; MP PMT 1999] 

 (a) 24 hours (b) 12 hours 

 (c) 365 days (d) One month 
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25. Orbital velocity of earth's satellite near the surface is 7 km/s. When 
the radius of the orbit is 4 times than that of earth's radius, then 
orbital velocity in that orbit is 

     [EAMCET (Engg.) 1995] 

 (a) 3.5 km/s (b) 7 km/s 

 (c) 72 km/s (d) 14 km/s 

26. Two identical satellites are at R and 7R away from earth surface, the 
wrong statement is (R = Radius of earth) 

 [RPMT 1997] 

 (a) Ratio of total energy will be 4 

 (b) Ratio of kinetic energies will be 4 

 (c) Ratio of potential energies will be 4 

 (d) Ratio of total energy will be 4 but ratio of potential and kinetic 
energies will be 2 

27. For a satellite escape velocity is 11 km/s. If the satellite is launched at 
an angle of 60° with the vertical, then escape velocity will be [CBSE PMT 1993; RPMT 1997] 

 (a) 11 km/s (b) 311  km/s 

 (c) 
3

11
 km/s (d) 33 km/s 

28. The mean radius of the earth is R, its angular speed on its own axis 
is   and the acceleration due to gravity at earth's surface is g. The 

cube of the radius of the orbit of a geostationary satellite will be   [CBSE PMT 1992] 

 (a) /2gR  (b) gR /22  

 (c) 2/Rg  (d) 22 /gR  

29. Which one of the following statements regarding artificial satellite of 
the earth is incorrect  [NDA 1995; MP PMT 2000] 

 (a) The orbital velocity depends on the mass of the satellite 

 (b) A minimum velocity of 8 km/sec is required by a satellite to 
orbit quite close to the earth 

 (c) The period of revolution is large if the radius of its orbit is 
large 

 (d) The height of a geostationary satellite is about 36000 km from 
earth 

30. A ball is dropped from a spacecraft revolving around the earth at a 
height of 120 km. What will happen to the ball   

[CBSE PMT 1996; CPMT 2001; BHU 1999] 

 (a) It will continue to move with velocity v along the original orbit 
of spacecraft 

 (b) It will move with the same speed tangentially to the spacecraft 

 (c) It will fall down to the earth gradually 

 (d) It will go very far in the space 

31. A satellite whose mass is M, is revolving in circular orbit of radius r 
around the earth. Time of revolution of satellite is 

  [AMU 1999] 

 (a) 
GM

r
T

5

  (b) 
GM

r
T

3

  

 (c) 
3/2GM

r
T   (d) 

4/1

3

GM

r
T   

32. An artificial satellite is placed into a circular orbit around earth at 
such a height that it always remains above a definite place on the 
surface of earth. Its height from the surface of earth is     [AMU 1999] 

 (a) 6400 km (b) 4800 km 

 (c) 32000 km (d) 36000 km 

33. The weight of an astronaut, in an artificial satellite revolving around 
the earth, is    [BHU 1999] 

(a) Zero  

(b) Equal to that on the earth 

(c) More than that on the earth 

(d) Less than that on the earth 

34. In the following four periods     [AMU 2000] 

(i) Time of revolution of a satellite just above the earth’s surface 

)( stT  

(ii) Period of oscillation of mass inside the tunnel bored along the 

diameter of the earth )( maT  

(iii) Period of simple pendulum having a length equal to the earth’s 

radius in a uniform field of 9.8 N/kg )( spT  

(iv) Period of an infinite length simple pendulum in the earth’s real 

gravitational field )( isT  

(a) mast TT   (b) stma TT   

(c) issp TT   (d) isspmast TTTT   

35. The periodic time of a communication satellite is  

    [MP PMT 2000] 

(a) 6 hours (b) 12 hours 

(c) 18 hours (d) 24 hours 

36. The orbital speed of an artificial satellite very close to the surface of 

the earth is oV . Then the orbital speed of another artificial satellite 

at a height equal to three times the radius of the earth is    [Kerala (Engg.) 2001] 

(a) oV4   (b) oV2  

(c) oV5.0  (d) oV4  

37. Which of the following statements is correct in respect of a 

geostationary satellite   [MP PET 2001] 

 (a) It moves in a plane containing the Greenwich meridian 

(b) It moves in a plane perpendicular to the celestial equatorial 
plane 

(c) Its height above the earth’s surface is about the same as the 

radius of the earth 

(d) Its height above the earth’s surface is about six times the radius 
of the earth 

38. The distance of a geo-stationary satellite from the centre of the 
earth (Radius R = 6400 km) is nearest to  

    [AFMC 2001] 

(a) 5 R  (b) 7 R 

(c) 10 R (d) 18 R 

39. If Gravitational constant is decreasing in time, what will remain 
unchanged in case of a satellite orbiting around earth    [DCE 1999, 2001] 

(a) Time period  (b) Orbiting radius 

(c) Tangential velocity (d) Angular velocity 

40. Periodic time of a satellite revolving above Earth’s surface at a height 
equal to R, radius of Earth, is  
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[g is acceleration due to gravity at Earth’s surface] 

  [MP PMT 2002] 

(a) 
g

R2
2  (b) 

g

R
24  

(c) 
g

R
2  (d) 

g

R
8  

41. Given radius of Earth ‘R’ and length of a day ‘T’ the height of a 

geostationary satellite is [G–Gravitational Constant, M–Mass of 
Earth]   [MP PMT 2002] 

(a)  

3/1

2

24















T

GM
 (b) R

R

GM









3/1

2

4
 

(c) R
GMT















3/1

2

2

4
 (d) R

GMT















3/1

2

2

4
 

42. A geo-stationary satellite is orbiting the earth at a height of 6 R 

above the surface of earth, R being the radius of earth. The time 
period of another satellite at a height of 2.5 R from the surface of 
earth is  

[UPSEAT 2002; AMU (Med.) 2002; Pb. PET 2003] 

(a) 10 hr (b) hr)2/6(  

(c) 6 hr (d) hr26  

43. The distance between centre of the earth and moon is 384000 km. 

If the mass of the earth is kg24106   and 

2211 /1066.6 kgNmG  . The speed of the moon is nearly  

[MH CET 2002] 

(a) 1 km/sec  (b) 4 km/sec 

(c) 8 km/sec (d) 11.2 km/sec 

44. A satellite is launched into a circular orbit of radius ‘R’ around earth 

while a second satellite is launched into an orbit of radius 1.02 R. 
The percentage difference in the time periods of the two satellites is    [EAMCET 2003] 

(a)  0.7 (b) 1.0 

(c) 1.5 (d) 3 

45.  Where can a geostationary satellite be installed 

[MP PMT 2004] 

 (a) Over any city on the equator 

 (b) Over the north or south pole 

 (c) At height R above earth 

 (d) At the surface of earth 

46. Distance of geostationary satellite from the surface of earth 

)6400( kmRradius e   in terms of eR is  [Pb. PET 2000] 

 (a) eR76.13  (b) eR76.10  

 (c) eR56.6  (d) eR56.2  

47.  A satellite is to revolve round the earth in a circle of radius 8000 

km. The speed at which this satellite be projected into an orbit, will 
be   [Pb. PET 2002] 

 (a) skm /3  (b) skm /16  

 (c) skm /15.7  (d) skm /8  

48.  Two satellite A and B, ratio of masses 3 : 1 are in circular orbits of 
radii r and 4r. Then ratio of total mechanical energy of A to B is    [DCE 2002] 

 (a) 1 : 3 (b) 3 : 1 

 (c) 3 : 4 (d) 12 : 1 

49.  The orbital velocity of a planet revolving close to earth's surface is    [RPMT 2002, 03] 

 (a) gR2  (b) gR  

 (c) 
R

g2
 (d) 

R

g
 

50. If the gravitational force between two objects were proportional to 

1/R (and not as )/1 2R  where R is separation between them, then a 

particle in circular orbit under such a force would have its orbital 
speed v proportional to [CBSE PMT 1994; JIPMER 2001, 02] 

 (a) 2/1 R  (b) 0R  

 (c) 1R  (d) 1/R 

51. A satellite moves around the earth in a circular orbit of radius r 
with speed v. If the mass of the satellite is M, its total energy is    [MP PMT 2001] 

(a) 2

2

1
Mv  (b) 2

2

1
Mv  

(c) 2

2

3
Mv  (d) 2Mv  

52. A satellite with kinetic energy kE  is revolving round the earth in a 

circular orbit. How much more kinetic energy should be given to it 
so that it may just escape into outer space  [KCET (Engg./Med.) 2001] 

(a) kE   (b) 2 kE  

(c) kE
2

1
 (d) 3 kE  

53. Potential energy of a satellite having mass ‘m’ and rotating at a 

height of m6104.6   from the earth surface is  

  [AIIMS 2000; CBSE PMT 2001; BHU 2001] 

(a) emgR5.0  (b) emgR  

(c) emgR2  (d) emgR4  

54. When a satellite going round the earth in a circular orbit of radius r 
and speed v loses some of its energy, then r and v change as [JIPMER 2002; EAMCET 2000] 

(a) r and v both with increase 

(b) r and v both will decrease 

(c) r will decrease and v will increase 

(d) r will decrease and v will decrease 

55. An earth satellite S has an orbit radius which is 4 times that of a 
communication satellite C. The period of revolution of S is    [MP PMT 1994; DCE 1999] 

 (a) 4 days (b) 8 days 

 (c) 16 days (d) 32 days 

56. Which is constant for a satellite in orbit  

     [Bihar CMEET 1995] 

 (a) Velocity  (b) Angular momentum 

 (c) Potential energy (d) Acceleration 

 (e) Kinetic energy 

57. If satellite is shifted towards the earth. Then time period of satellite 
will be    [RPMT 2000] 

(a) Increase  (b) Decrease 

(c) Unchanged (d) Nothing can be said 
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58. Which of the following quantities does not depend upon the orbital 
radius of the satellite    [DCE 2000,03] 

(a) 
R

T
  (b) 

R

T 2

 

(c) 
2

2

R

T
 (d) 

3

2

R

T
 

59. The time period of a satellite of earth is 5 hours. If the separation 
between the earth and the satellite is increased to four times the 
previous value, the new time period will become  [AIIMS 1995; AIEEE 2003] 

(a) 20 hours  (b) 10 hours 

(c) 80 hours (d) 40 hours 

60.  A satellite moves round the earth in a circular orbit of radius R 
making one revolution per day. A second satellite moving in a 
circular orbit, moves round the earth once in 8 days. The radius of 
the orbit of the second satellite is  

[UPSEAT 2004] 

 (a) 8 R (b) 4R 

 (c) 2R (d) R 

61. A person sitting in a chair in a satellite feels weightless because   [UPSEAT 2004] 

 (a) The earth does not attract the objects in a satellite 

(b) The normal force by the chair on the person balances the 
earth's attraction  

 (c) The normal force is zero 

 (d) The person in satellite is not accelerated 

62.  Two satellites A and B go round a planet in circular orbits having 
radii 4R and R, respectively. If the speed of satellite A is 3v, then 
speed of satellite B is   [Pb. PET 2004] 

 (a) 
2

3v
 (b) 

2

4v
 

 (c) v6  (d) v12  

63.  If 
3

1

R
g   (instead of ),

1
2R

 then the relation between time 

period of a satellite near earth's surface and radius R will be    [RPMT 2002] 

 (a) 32 RT   (b) 2RT   

(c) RT 2  (d) RT   

64. To an astronaut in a spaceship, the sky appears 

      [KCET 1994] 

 (a) Black (b) White 

 (c) Green (d) Blue 

65. A geostationary satellite is revolving around the earth. To make it 
escape from gravitational field of earth, is velocity must be increased   [J&K CET 2005] 

 (a) 100% (b) 41.4% 

 (c) 50% (d) 59.6% 

66. A satellite moves in a circle around the earth. The radius of this 
circle is equal to one half of the radius of the moon’s orbit. The 
satellite completes one revolution in  

[J&K CET 2005] 

 (a) 
2

1
 lunar month (b) 

3

2
 lunar month 

 (c) 2/32  lunar month (d) 2/32  lunar month 

67. A satellite of mass m is placed at a distance r from the centre of 
earth (mass M). The mechanical energy of the satellite is 

    [J&K CET 2005] 

(a) 
r

GMm
  (b) 

r

GMm
 

(c) 
r

GMm

2
 (d) 

r

GMm

2
  

 

Kepler’s Laws of  Planetary Motion 
 

1. The distance of neptune and saturn from sun are nearly 1310  and 
1210  meters respectively. Assuming that they move in circular 

orbits, their periodic times will be in the ratio  [NCERT 1975; CBSE PMT 1994; MP PET 2001] 

  (a) 10  (b) 100 

 (c) 1010  (d) 10/1  

2. The figure shows the motion of a planet around the sun in an 
elliptical orbit with sun at the focus. The shaded areas A and B are 

also shown in the figure which can be assumed to be equal. If 1t  

and 2t  represent the time for the planet to move from a to b and d 

to c respectively, then  

 [CPMT 1986, 88] 

 

 (a) 21 tt    

 (b) 21 tt   

 (c) 21 tt   

 (d) 21 tt   

3. The period of a satellite in a circular orbit of radius R is T, the 

period of another satellite in a circular orbit of radius 4R is  [CPMT 1982; MP PET/PMT 1998;  

AIIMS 2000; CBSE PMT 2002] 

 (a) 4T (b) T/4 

 (c) 8T (d)  T/8 

4. Orbit of a planet around a star is    [CPMT 1982] 

 (a) A circle (b) An ellipse 

 (c) A parabola (d) A straight line 

5. If a body describes a circular motion under inverse square field, the 

time taken to complete one revolution T is related to the radius of 
the circular orbit as 

    [NCERT 1975; RPMT 2000] 

 (a) rT   (b) 2rT   

 (c) 32 rT   (d) 4rT   

6. If the earth is at one-fourth of its present distance from the sun, the 

duration of the year will be [EAMCET 1987] 

 (a) Half the present year 

 (b) One-eighth the present year 

 (c) One-fourth the present year 

 (d) One-sixth the present year 

7. The earth revolves about the sun in an elliptical orbit with mean 

radius m7103.9   in a period of 1 year. Assuming that there are 

no outside influences 

 (a) The earth's kinetic energy remains constant 

 (b) The earth's angular momentum remains constant 

 (c) The earth's potential energy remains constant 

 (d) All are correct 

8. Venus looks brighter than other planets because 

      [MNR 1985] 

 (a) It is heavier than other planets 

S 

B 
d c 

A 
a 

b 
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 (b) It has higher density than other planets 

 (c) It is closer to the earth than other planets 

 (d) It has no atmosphere 

9. A planet moves around the sun. At a given point P, it is closest from 

the sun at a distance 1d  and has a speed 1v . At another point Q,  

when  it is farthest from the sun at a distance 2d , its speed will be [MP PMT 1987; DCE 2002] 

 (a) 
2
2

1
2
1

d

vd
 (b) 

1

12

d

vd
 

 (c) 
2

11

d

vd
 (d) 

2
1

1
2
2

d

vd
 

10. The orbital speed of Jupiter is [MNR 1986; UPSEAT 2000] 

 (a) Greater than the orbital speed of earth 

 (b) Less than the orbital speed of earth 

 (c) Equal to the orbital speed of earth 

 (d) Zero 

11. Two planets move around the sun. The periodic times and the mean 

radii of the orbits are 21, TT  and 21, rr  respectively. The ratio 

21 / TT  is equal to   [CPMT 1978] 

 (a) 2/1
21 )/( rr  (b) 21 / rr  

 (c) 2
21 )/( rr  (d) 2/3

21 )/( rr  

12. Kepler's second law regarding constancy of aerial velocity of a planet 
is a consequence of the law of conservation of  

[CPMT 1990; AIIMS 2002] 

 (a) Energy (b) Angular momentum 

 (c) Linear momentum (d) None of these 

13. The largest and the shortest distance of the earth from the sun are 

1r  and 2r , its distance from the sun when it is at the perpendicular 

to the major axis of the orbit drawn from the sun     [CBSE PMT 1991] 

 (a) 
4

21 rr 
 (b) 

21

21

rr

rr


 

 (c) 
21

212

rr

rr


 (d) 

3

21 rr 
 

14. The rotation period of an earth satellite close to the surface of the 
earth is 83 minutes. The time period of another earth satellite in an 
orbit at a distance of three earth radii from its surface will be   [MP PMT 1994] 

 (a) 83 minutes (b) 883  minutes 

 (c) 664 minutes (d) 249 minutes 

15. A satellite of mass m is circulating around the earth with constant 

angular velocity. If radius of the orbit is 0R  and mass of the earth 

M, the angular momentum about the centre of the earth is[MP PMT 1996; RPMT 2000] 

 (a) 0GMRm  (b) 0GmRM  

 (c) 
0R

GM
m  (d) 

0R

GM
M  

16. According to Kepler, the period of revolution of a planet (T) and its 
mean distance from the sun (r) are related by the equation 

   [EAMCET (Med.) 1995; MH CET 2000; Pb. PET 2001] 

 (a) 33rT  constant (b) 32rT  constant 

 (c) 3Tr  constant (d) rT 2  constant 

17. A planet revolves around sun whose mean distance is 1.588 times 
the mean distance between earth and sun. The revolution time of 
planet will be  [RPET 1997] 

 (a) 1.25 years (b) 1.59 years 

 (c) 0.89 years (d) 2 years 

18. A satellite A of mass m is at a distance of r from the centre of the 

earth. Another satellite B of mass 2m is at a distance of 2r from the 
earth's centre. Their time periods are in the ratio of     [CBSE PMT 1993] 

 (a) 1 : 2 (b) 1 : 16 

 (c) 1 : 32 (d) 22:1  

19. The earth E moves in an elliptical orbit with the sun S at one of the 
foci as shown in figure. Its speed of motion will be maximum at the 

point   [BHU 1994; CPMT 1997] 

  

  (a) C 

 (b) A  

 (c) B 

 (d) D 

20. The period of revolution of planet A around the sun is 8 times that 
of B. The distance of A from the sun is how many times greater 
than that of B from the sun 

 [CBSE PMT 1997; BHU 2001] 

 (a) 2 (b) 3 

 (c) 4 (d) 5 

21. If the radius of earth's orbit is made 1/4, the duration of an year will 
become [BHU 1998; JIPMER 2001, 2002] 

 (a) 8 times (b) 4 times 

 (c) 1/8 times (d) 1/4 times 

22. Planetary system in the solar system describes  

[DCE 1999] 

(a) Conservation of energy  

(b) Conservation of linear momentum 

(c) Conservation of angular momentum 

(d) None of these 

23. If mass of a satellite is doubled and time period remain constant the 
ratio of orbit in the two cases will be  

    [RPET 2000]  

(a) 1 : 2  (b) 1 : 1 

(c) 1 : 3 (d) None of these 

24. The earth revolves round the sun in one year. If the distance 
between them becomes double, the new period of revolution will be    [MP PET 2000] 

(a) 1/2 year (b) 22  years 

(c) 4 years (d) 8 years 

25. Kepler discovered    [DCE 2000] 

(a) Laws of motion  

(b) Laws of rotational motion 

(c) Laws of planetory motion 

(d) Laws of curvilinear motion 

26. In the solar system, which is conserved  [DCE 2001] 

(a) Total Energy  (b) K.E. 

(c) Angular Velocity (d) Linear Momentum 

27. The maximum and minimum distances of a comet from the sun are 

m12108   and m12106.1  . If its velocity when nearest to the 

sun is 60 m/s, what will be its velocity in m/s when it is farthest   [Orissa 2001] 

(a) 12  (b) 60 

(c) 112 (d) 6 

28. A body revolved around the sun 27 times faster then the earth what 
is the ratio of their radii  [DPMT 2002] 

S 

D 

B 

C 
E 

A 
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(a) 1/3  (b) 1/9 

(c) 1/27 (d) 1/4 

29. The period of moon’s rotation around the earth is nearly 29 days. If 
moon’s mass were 2 fold, its present value and all other things 
remained unchanged, the period of moon’s rotation would be nearly [Kerala (Engg.) 2002] 

(a) 229 days  (b) 2/29  days 

(c) 29 × 2 days (d) 29 days 

30. Two planets at mean distance 1d  and 2d  from the sun and their 

frequencies are n
1

 and n
2

 respectively then 

[Kerala (Med.) 2002] 

(a) 2
22

2
1

2
1 dndn   (b) 3

1
2
1

3
2

2
2 dndn   

(c) 2
22

2
11 dndn   (d) 2

2
21

2
1 dndn   

31. Which of the following astronomer first proposed that sun is static 
and earth rounds sun    [AFMC 2002] 

(a) Copernicus  (b) Kepler 

(c) Galileo (d) None 

32. The distance of a planet from the sun is 5 times the distance 
between the earth and the sun. The time period of the planet is    [UPSEAT 2003] 

(a) 2/35  years  (b) 3/25  years 

(c) 3/15  years (d) 2/15  years 

33. A planet is revolving around the sun as shown in elliptical path    [UPSEAT 2003] 

 

 

 

 

The correct option is   

(a) The time taken in travelling DAB is less than that for BCD 

(b) The time taken in travelling DAB is greater than that for BCD 

(c) The time taken in travelling CDA is less than that for ABC 

(d) The time taken in travelling CDA is greater than that for ABC 

34. In the previous question the orbital velocity of the planet will be 
minimum at  [UPSEAT 2003; RPET 2002] 

(a) A  (b) B 

(c) C (d) D 

35. The radius of orbit of a planet is two times that of the earth. The 

time period of planet is   [BHU 2003; CPMT 2004] 

(a) 4.2 years (b) 2.8 years 

(c) 5.6 years (d) 8.4 years 

36. The orbital angular momentum of a satellite revolving at a distance r 
from the centre is L. If the distance is increased to 16r, then the new 
angular momentum will be  

 [MP PET 2003] 

(a) 16 L (b) 64 L 

(c) 
4

L
 (d) 4 L 

37. According to Kepler’s law the time period of a satellite varies with 
its radius as     [Orissa JEE 2003] 

(a) 32 RT   (b) 23 RT    

(c) )/1( 32 RT   (d) )/1( 23 RT   

38. In planetary motion the areal velocity of position vector of a planet 

depends on angular velocity )(  and the distance of the planet 

from sun (r). If so the correct relation for areal velocity is    [EAMCET 2003] 

(a) r
dt

dA
   (b) r

dt

dA 2  

(c) 2r
dt

dA
  (d) r

dt

dA
  

39.  The ratio of the distances of two planets from the sun is 1.38. The 
ratio of their period of revolution around the sun is      [Kerala PMT 2004] 

 (a) 1.38 (b) 2/338.1  

 (c) 2/138.1  (d) 338.1  

 (e) .38.1 2  

40. Kepler's second law (law of areas) is nothing but a statement of      [UPSEAT 2004] 

  (a) Work energy theorem 

  (b) Conservation of linear momentum 

 (c) Conservation of angular momentum 

 (d) Conservation of energy 

41.  In an elliptical orbit under gravitational force, in general  

  [UPSEAT 2004] 

 (a) Tangential velocity is constant 

 (b) Angular velocity is constant 

 (c) Radial velocity is constant 

 (d) Areal velocity is constant 

42.  If a new planet is discovered rotating around Sun with the orbital 
radius double that of earth, then what will be its time period (in 
earth's days)   [DCE 2004] 

 (a) 1032 (b) 1023 

 (c) 1024 (d)  1043 

43. Suppose the law of gravitational attraction suddenly changes and 

becomes an inverse cube law i.e. 3/1 rF  , but still remaining a 

central force. Then   [UPSEAT 2002] 

(a) Keplers law of areas still holds 

(b) Keplers law of period still holds 

(c) Keplers law of areas and period still hold 

(d) Neither the law of areas, nor the law of period still holds 

44.  What does not change in the field of central force   

[MP PMT 2004] 

 (a) Potential energy (b) Kinetic energy 

 (c) Linear momentum (d) Angular momentum 

45. The eccentricity of earth's orbit is 0.0167. The ratio of its maximum 
speed in its orbit to its minimum speed is  

 [NCERT 1973] 

 (a) 2.507 (b) 1.033 

 (c) 8.324 (d) 1.000 

46. The mass of a planet that has a moon whose time period and orbital 

radius are T and R respectively can be written as 

 [AMU 1995] 

 (a) 21324  TGR  (b) 21328  TGR  

 (c) 213212  TGR  (d) 213216  TGR  

47. If orbital velocity of planet is given by cba RMGv  , then 

 [EAMCET 1994] 

A 

B 

C 

D 

S 
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 (a) 3/1,3/1,3/1  cba  

 (b) 2/1,2/1,2/1  cba   

 (c) 2/1,2/1,2/1  cba  

 (d) 2/1,2/1,2/1  cba  

48.  Hubble's law states that the velocity with which milky way is 

moving away from the earth is proportional to  

[Kerala PMT 2004] 

 (a) Square of the distance of the milky way from the earth 

 (b) Distance of milky way from the earth 

 (c) Mass of the milky way 

 (d) Product of the mass of the milky way and its distance from the 
earth 

 (e) Mass of the earth 

49. Two satellite are revolving around the earth with velocities 1v and 

2v  and in radii 1r  and )( 212 rrr  respectively. Then 

[BHU 2005] 

(a) 21 vv   (b) 21 vv   

(c) 21 vv   (d) 
2

2

1

1

r

v

r

v
  

50. The condition for a uniform spherical mass m of radius r to be a 

black hole is [G= gravitational constant and g= acceleration due to 
gravity]   [AIIMS 2005] 

(a) crGm 2/1)/2(  (b) crGm 2/1)/2(  

(c) crGm 2/1)/2(  (d) crgm 2/1)/(  

51. Earth is revolving around the sun if the distance of the Earth from 

the Sun is reduced to 1/4 th of the present distance then the present 
day length reduced by  [BHU 2005] 

(a) 
4

1
 (b) 

2

1
 

(c) 
8

1
 (d) 

6

1
 

 

 

 

 

 

1. Imagine a light planet revolving around a very massive star in a 

circular orbit of radius R with a period of revolution T. If the 
gravitational force of attraction between planet and star is 

proportional to 2

5


R , then 2T  is proportional to  

  [IIT 1989; RPMT 1997] 

 (a) 3R  (b) 2/7R  

 (c) 2/5R  (d) 2/3R  

2. The magnitudes of the gravitational force at distances 1r  and 2r  

from the centre of a uniform sphere of radius R and mass M are 1F  

and 2F  respectively. Then [IIT 1994] 

 (a) 
2

1

2

1

r

r

F

F
  if Rr 1  and  Rr 2   

 (b) 
2
2

2
1

2

1

r

r

F

F
  if Rr 1  and  Rr 2  

 (c) 
2

1

2

1

r

r

F

F
  if Rr 1  and  Rr 2   

 (d) 
2

1

2
2

2

1

r

r

F

F
  if Rr 1  and  Rr 2   

3. A satellite S is moving in an elliptical orbit around the earth. The 
mass of the satellite is very small compared to the mass of earth   [IIT 1998] 

 (a) The acceleration of S is always directed towards the centre of 
the earth 

 (b) The angular momentum of S about the centre of the earth 
changes in direction but its magnitude remains constant 

 (c) The total mechanical energy of S varies periodically with time 

 (d) The linear momentum of S remains constant in magnitude 

4. A mass M is split into two parts, m and (M–m), which are then 
separated by a certain distance. What ratio of m/M maximizes the 
gravitational force between the two parts 

 [AMU 2000] 

(a) 1/3  (b) 1/2 

(c) 1/4 (d) 1/5 

5.  Suppose the gravitational force varies inversely as the thn  power of 

distance. Then the time period of a planet in circular orbit of radius 
R around the sun will be proportional to     [AIEEE 2004] 

 (a) 







 

2

1n

R  (b) 







 

2

1n

R  

 (c) nR  (d) 







 

2

2n

R  

6. If the radius of the earth were to shrink by 1% its mass remaining 
the same, the acceleration due to gravity on the earth's surface 
would   

[IIT 1981; CPMT 1981; MP PMT 1996, 97;  

Roorkee 1992; MP PET 1999; Kerala PMT 2004] 

 (a) Decrease by 2%  (b) Remain unchanged 

 (c) Increase by 2% (d)  Increase by 1% 

7. The radius and mass of earth are increased by 0.5%. Which of the 
following statements are true at the surface of the earth    [Roorkee 2000] 

(a) g will increase 

(b) g will decrease 

(c) Escape velocity will remain unchanged 

(d) Potential energy will remain unchanged 

8. In order to make the effective acceleration due to gravity equal to 
zero at the equator, the angular velocity of rotation of the earth 

about its axis should be 210(  msg  and radius of earth is 6400 

kms)    [Roorkee 2000] 

(a) 1sec0 rad  (b) 1

800

1 secrad  

(c) 1

80

1 secrad  (d) 1

8

1 secrad  

9. A simple pendulum has a time period 1T  when on the earth’s 

surface and 2T  when taken to a height R above the earth’s surface, 

where R is the radius of the earth. The value of 12 / TT  is    [IIT-JEE 2001] 

(a) 1  (b) 2  
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(c) 4 (d) 2 

10. A body of mass m is taken from earth surface to the height h equal 
to radius of earth, the increase in potential energy will be  [NCERT 1971; CPMT 1971, 97; IIT 1983; 

   CBSE PMT 1991; Kurukshetra CEE 1996; 

    CMEET Bihar 1995; MNR 1998; AIEEE 2004] 

 (a) mgR (b) mgR
2

1
 

 (c) 2 mgR  (d) mgR
4

1
 

11. An artificial satellite moving in a circular orbit around the earth has 

a total (kinetic + potential) energy 0E . Its potential energy is[IIT 1997 Cancelled; MH CET 2002; 

     MP PMT 2000] 

 (a) 0E  (b) 05.1 E  

 (c) 02 E  (d) 0E  

12. A rocket of mass M is launched vertically from the surface of the 

earth with an initial speed V. Assuming the radius of the earth to be 
R and negligible air resistance, the maximum height attained by the 
rocket above the surface of the earth is    [AMU 1995] 

 (a) 







1

2
/

2V

gR
R  (b) 








1

2 2V

gR
R  

 (c) 







1

2
/

2V

gR
R  (d) 








1

2
2V

gR
R  

13. A solid sphere of uniform 
density and radius 4 units is 
located with its centre at the 
origin O of coordinates. Two 
spheres of equal radii 1 unit with 
their centres at A(– 2, 0, 0) and 

B(2, 0, 0) respectively are taken 
out of the solid leaving behind 
spherical cavities as shown in 
figure   [IIT 1993] 

 (a) The gravitational force due to this object at the origin is zero 

 (b) The gravitational force at the point B (2, 0, 0) is zero 

 (c) The gravitational potential is the same at all points of the circle 

3622  zy  

 (d) The gravitational potential is the same at all points on the 

circle 422  zy  

14. Two bodies of masses 1m  and 2m  are initially at rest at infinite 

distance apart. They are then allowed to move towards each other 
under mutual gravitational attraction. Their relative velocity of 
approach at a separation distance r between them is  [BHU 1994; RPET 1999] 

 (a) 

2/1

21 )(
2 







 

r

mm
G  (b) 

2/1

21(
2









mm

r

G
 

 (c) 

2/1

21 )(2









mmG

r
 (d) 

2/1

21

2








mm

r

G
 

15. A projectile is projected with velocity ekv  in vertically upward 

direction from the ground into the space. ( ev  is escape velocity and 

)1k . If air resistance is considered to be negligible then the 

maximum height from the centre of earth to which it can go, will be 
: (R = radius of earth)  

 [Roorkee 1999; RPET 1999] 

(a) 
12 k

R
 (b) 

12 k

R
 

(c) 
21 k

R


 (d) 

1k

R
 

16. A satellite is launched into a circular orbit of radius R around the 
earth. A second satellite is launched into an orbit of radius (1.01)R. 
The period of the second satellite is larger than that of the first one 
by approximately [IIT 1995] 

 (a) 0.5% (b) 1.0% 

 (c) 1.5% (d) 3.0% 

17. If the distance between the earth and the sun becomes half its 
present value, the number of days in a year would have been    [IIT 1996; RPET 1996] 

 (a) 64.5 (b) 129 

 (c) 182.5 (d) 730 

18. A geostationary satellite orbits around the earth in a circular orbit of 
radius 36000 km. Then, the time period of a satellite orbiting a few 

hundred kilometres above the earth’s surface )6400( Earth kmR   

will approximately be  

[IIT-JEE (Screening) 2002] 

(a) 1/2 h  (b) 1 h 

(c) 2 h (d) 4 h 

 
 

 

 
 

1. Assuming the earth to have a constant density, point out which of 

the following curves show the variation of acceleration due to 
gravity from the centre of earth to the points far away from the 
surface of earth  

     [AMU (Engg.) 2000] 

 

 

(a)   (b)  

 

 

(c)  (d) None of these 

 

 

 

2. The diagram showing the variation of gravitational potential of earth 

with distance from the centre of earth is 

 

 

 (a)  (b)  

 

 

 

  

 (c)  (d)  

 

 

 

3. By which curve will the variation of gravitational potential of a 
hollow sphere of radius R with distance be depicted 
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 (a)  (b)  

 

 

 

 

  

 

 (c)  (d)  

 

 

4. A sphere of mass M and radius R
2

 has a concentric cavity of radius R
1

 
as shown in figure. The force F exerted by the sphere on a particle 

of mass m located at a distance r from the centre of sphere varies as 

)0(  r  

 

 

 

 

 

 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

5. Which one of the following graphs represents correctly the variation 
of the gravitational field (F) with the distance (r) from the centre of 
a spherical shell of mass M and radius a 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

6. Suppose, the acceleration due to gravity at the earth’s surface is 10 
m/s2 and at the surface of Mars it is 4.0 m/s2. A 60 kg passenger goes 

from the earth to the Mars in a spaceship moving with a constant 
velocity. Neglect all other objects in the sky. Which part of figure 
best represents the weight (net gravitational force)of the passenger 
as a function of time. 

 

 

 (a) A  

 (b) B 

 (c) C  

 (d) D 

7. Which of the following graphs represents the motion of a planet 
moving about the sun   [NCERT 1983] 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

8. The curves for potential energy (U) and kinetic energy )( kE  of a 

two particle system are shown in figure. At what points the system 
will be bound? 

 

 (a) Only at point D 

 (b) Only at point A 

 (c) At point D and A 

 (d) At points A, B and C 

9. The correct graph representing the variation of total energy )( tE  

kinetic energy )( kE  and potential energy (U) of a satellite with its 

distance from the centre of earth is 

 

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

10. A shell of mass M and radius R has a point mass m placed at a 

distance r from its centre. The gravitational potential energy U (r) vs 
r will be 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  
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Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  :  Smaller the orbit of the planet around the sun, 
shorter is the time it takes to complete one 
revolution.   

Reason  : According to Kepler’s third law of planetary motion, 
square of time period is proportional to cube of 
mean distance from sun.  

2. Assertion  :  Gravitational force between two particles is 
negligibly small compared to the electrical force.  

Reason  : The electrical force is experienced by charged 
particles only.  

3. Assertion  :  The universal gravitational constant is same as 

acceleration due to gravity.  

Reason  : Gravitational constant and acceleration due to 

gravity have same dimensional formula.       

4. Assertion  :  The value of acceleration due to gravity does not 

depend upon mass of the body on which force is 
applied.  

Reason  : Acceleration due to gravity is a constant quantity.   

5. Assertion  :  If a pendulum is suspended in a lift and lift is 
falling freely, then its time period becomes infinite.  

Reason  : Free falling body has acceleration equal to 
acceleration due to gravity.  

6. Assertion  :  If earth suddenly stops rotating about its axis, then 
the value of acceleration due to gravity will become 
same at all the places.   

Reason  : The value of acceleration due to gravity is 
independent of rotation of earth.  

7. Assertion  :  The difference in the value of acceleration due to 
gravity at pole and equator is proportional to 
square of angular velocity of earth.  

Reason  : The value of acceleration due to gravity is minimum 
at the equator and maximum at the pole.  

8. Assertion  :  There is no effect of rotation of earth on 

acceleration due to gravity at poles.  

Reason  : Rotation of earth is about polar axis.       

9. Assertion  :  A force act upon the earth revolving in a circular 
orbit about the sun. Hence work should be done on 
the earth. 

Reason  : The necessary centripetal force for circular motion 
of earth comes from the gravitational force between 

earth and sun.     

10. Assertion  :  The ratio of inertial mass to gravitational mass is 
equal to one.  

Reason  : The inertial mass and gravitational mass of a body 
are equivalent.  

11. Assertion  :  Gravitational potential of earth at every place on it 
is negative. 

Reason  : Every body on earth is bound by the attraction of 
earth.  

12. Assertion  :  Even when orbit of a satellite is elliptical, its plane 
of rotation passes through the centre of earth.  

Reason  :  According to law of conservation of angular 

momentum plane of rotation of satellite always 
remain same.  

13. Assertion  :  A planet moves faster, when it is closer to the sun 
in its orbit and vice versa.  

Reason  : Orbital velocity in orbital of planet is constant.  

14. Assertion  :  Orbital velocity of a satellite is greater than its 
escape velocity.  

Reason  : Orbit of a satellite is within the gravitational field of 
earth whereas escaping is beyond the gravitational 
field of earth.  

15. Assertion  :  If an earth satellite moves to a lower orbit, there is 
some dissipation of energy but the satellite speed 
increases.  

Reason  : The speed of satellite is a constant quantity.  

16. Assertion  :  Earth has an atmosphere but the moon does not.  

Reason  : Moon is very small in comparison to earth.  

17. Assertion  :  The time period of geostationary satellite is 24 
hours.  

Reason  : Geostationary satellite must have the same time 
period as the time taken by the earth to complete 
one revolution about its axis.  

18. Assertion  :  The principle of superposition is not valid for 
gravitational force.  

Reason  : Gravitational force is a conservative force.  

19. Assertion  :  Two different planets have same escape velocity.  

Reason  : Value of escape velocity is a universal constant.  

20. Assertion  :  The time period of revolution of a satellite close to 
surface of earth is smaller than that revolving away 

from surface of earth.  

Reason  : The square of time period of revolution of a 
satellite is directly proportional to cube of its 
orbital radius.  

21. Assertion  :  When distance between two bodies is doubled and 
also mass of each body is also doubled, gravitational 
force between them remains the same.  

Reason  : According to Newton’s law of gravitation, force is 
directly proportional to mass of bodies and 
inversely proportional to square of distance 
between them.  

22. Assertion  :  Generally the path of a projectile from the earth is 
parabolic but it is elliptical for projectiles going to a 
very large height.  

Reason  : The path of a projectile is independent of the 

gravitational force of earth.   

23. Assertion  :  A body becomes weightless at the centre of earth.  

Reason  : As the distance from centre of earth decreases, 
acceleration due to gravity increases.  

24. Assertion  :  Space rockets are usually launched in the equatorial 
line from west to east.  
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Reason  : The acceleration due to gravity is minimum at the 
equator.  

25. Assertion  :  The binding energy of a satellite does not depend 
upon the mass of the satellite.  

Reason  : Binding energy is the negative value of total energy 
of satellite.  

26. Assertion  :  We can not move even a finger without disturbing 
all the stars. 

Reason  : Every body in this universe attracts every other 
body with a force which is inversely proportional to 
the square of distance between them.  

27. Assertion  :  If earth were a hollow sphere, gravitational field 
intensity at any point inside the earth would be 
zero.  

Reason  : Net force on a body inside the sphere is zero. 

28. Assertion  :  For a satellite revolving very near to earth’s surface 
the time period of revolution is given by 1 hour 24 
minutes.  

Reason  : The period of revolution of a satellite depends only 
upon its height above the earth’s surface.  

29. Assertion  :  A person sitting in an artificial satellite revolving 
around the earth feels weightless.  

Reason  : There is no gravitational force on the satellite.   

30. Assertion  :  The speed of satellite always remains constant in an 
orbit.  

Reason  : The speed of a satellite depends on its path.  

31. Assertion  :  The speed of revolution of an artificial satellite 

revolving very near the earth is 18 kms .  

Reason  : Orbital velocity of a satellite, become independent 
of height of near satellite.  

32. Assertion  :  Gravitational field is zero both at centre and 
infinity.  

Reason  : The dimensions of gravitational field is ][ 2LT .  

33. Assertion  :  For the planets orbiting around the sun, angular 
speed, linear speed, K.E. changes with time, but 
angular momentum remains constant.  

Reason  : No torque is acting on the rotating planet. So its 
angular momentum is constant.  

 
 

 

 
 

 

Newton’s Law of Gravitation 
 

1 a 2 b 3 b 4 b 5 a 

6 d 7 b 8 c 9 c 10 d 

11 d 12 a 13 d 14 a 15 d 

16 b 17 c 18 a 19 c 20 a 

21 a 22 a 23 e 24 c   

 

 Acceleration Due to Gravity 
 

1 d 2 b 3 d 4 a 5 b 

6 a 7 b 8 d 9 b 10 b 

11 c 12 a 13 b 14 c 15 a 

16 c 17 c 18 c 19 a 20 d 

21 a 22 c 23 d 24 b 25 a 

26 d 27 b 28 b 29 b 30 a 

31 b 32 a 33 c 34 b 35 c 

36 a 37 d 38 b 39 c 40 b 

41 c 42 b 43 c 44 b 45 c 

46 b 47 a 48 a 49 b 50 a 

51 a 52 a 53 c 54 a 55 c 

56 d 57 a 58 d 59 b 60 c 

61 b 62 a 63 c 64 a 65 c 

66 a 67 d 68 d 69 a 70 a 

71 a 72 b 73 b 74 b 75 d 

76 a 77 d 78 a 79 a 80 b 

81 a 82 a 83 d 84 a 85 b 

86 b 87 b       

 

Gravitation Potential, Energy and Escape Velocity 
 

1 c 2 a 3 d 4 a 5 d 

6 a 7 b 8 c 9 c 10 c 

11 d 12 a 13 b 14 b 15 a 

16 d 17 c 18 a 19 b 20 b 

21 c 22 b 23 a 24 c 25 a 

26 b 27 b 28 c 29 c 30 b 

31 a 32 b 33 c 34 a 35 c 

36 d 37 a 38 a 39 c 40 c 

41 c 42 c 43 d 44 a 45 a 

46 b 47 d 48 a 49 a 50 b 

51 d 52 a 53 c 54 b 55 a 

56 b 57 d 58 d 59 b 60 b 

61 c 62 b 63 c 64 c 65 b 

66 b 67 a 68 c 69 a 70 a 

 

Motion of Satellite 
 

1 b 2 d 3 d 4 d 5 b 

6 b 7 b 8 b 9 c 10 c 

11 b 12 d 13 b 14 a 15 a 

16 b 17 c 18 d 19 d 20 d 

21 d 22 b 23 b 24 a 25 a 

26 d 27 a 28 d 29 a 30 a 

31 b 32 d 33 a 34 c 35 d 

36 c 37 d 38 b 39 c 40 b 

41 c 42 d 43 a 44 d 45 a 

46 c 47 c 48 d 49 b 50 b 

51 a 52 a 53 a 54 c 55 b 
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56 b 57 b 58 d 59 d 60 b 

61 c 62 c 63 b 64 a 65 b 

66 c 67 d       

 

Kepler’s laws of  Planetary Motion 
 

1 c 2 c 3 c 4 b 5 c 

6 b 7 b 8 c 9 c 10 b 

11 d 12 b 13 c 14 c 15 a 

16 b 17 d 18 d 19 b 20 c 

21 c 22 c 23 b 24 b 25 c 

26 a 27 a 28 b 29 d 30 b 

31 a 32 a 33 a 34 c 35 b 

36 d 37 a 38 c 39 b 40 c 

41 d 42 a 43 d 44 d 45 b 

46 a 47 b 48 b 49 c 50 c 

51 c         
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Critical Thinking Questions 
 

1 b 2 ab 3 a 4 b 5 a 

6 c 7 bcd 8 b 9 d 10 b 

11 c 12 c 13 acd 14 b 15 c 

16 c 17 b 18 c     

 

Graphical Questions 
 

1 c 2 c 3 c 4 b 5 d 

6 c 7 c 8 d 9 c 10 c 

 

Assertion and Reason 

 

1 a 2 b 3 d 4 c 5 a 

6 c 7 b 8 a 9 e 10 a 

11 a 12 a 13 c 14 e 15 c 

16 b 17 b 18 e 19 d 20 a 

21 a 22 c 23 c 24 b 25 e 

26 a 27 a 28 a 29 c 30 e 

31 a 32 b 33 a     

 

    
 
 
 
 
 

Newton’s Law of Gravitation 
 

1. (a)   

2. (b) As it depends on the weight of the body.  

3. (b)  Due to inertia of direction. 

4. (b)   

5. (a)   

6. (d) .
1
2r

F  If r becomes double then F reduces to 
4

F
 

7. (b)   

8. (c)  
2

21

r

mm
GF  N1111

2
10675.610

1

11
675.6  


  

9. (c) Centripetal force provided by the gravitational force of 
attraction between two particles  

 i.e. 
2

2

)2( R

mGm

R

mv 
  

 
R

Gm
v

2

1
  

10. (d) ,106 24 kgm   ,/102 7 srad mR 11105.1    

The force exerted by the sun on the earth RmF 2   

By substituting the value we can get, NF 211036   

11. (d)  

12. (a) k represents gravitational constant which depends only on the 
system of units.  

13. (d)  

 

 
 

 Force will be zero at the point of zero intensity 

d
mm

m
x

21

1


 .

10

9

81

81
DD

MM

M



   

14. (a)   

15. (d) kgN
R

GM
g /62.1

)1074.1(

1034.71067.6
26

2211

2









  

16. (b) Actually gravitational force provides the centripetal force.  

17. (c)   

18. (a) )1()1( 2 xxmmxxmF   

For maximum force 0
dx

dF
 

 2/102 22  xxmm
dx

dF
  

19. (c)   

20. (a)   

21. (a) Gravitational force does not depend on the medium. 

22. (a) 

23. (e) 

24. (c)  
2)2( R

mmG
F


 =

2

2

3

4

3

4

R

RG 
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Acceleration Due to Gravity 

 
1. (d)   

2. (b)  The value of g at the height h from the surface of earth 

 









R

h
gg

2
1  

 The value of g at depth x below the surface of earth 

 









R

x
gg 1  

 These two are given equal, hence 


















R

x

R

h
1

2
1  

 On solving, we get hx 2  

3. (d) Time period of simple pendulum 
'

2
g

l
T   

In artificial satellite 0'g   T = infinite. 

4. (a) GRg 
3

4
 . If   = constant then 

2

1

2

1

R

R

g

g
  

5. (b)  Time of decent
g

h
t

2
 . In vacuum no other force works 

except gravity so time period will be exactly equal. 

6. (a)  

m 
R 

O R 

m 

m1 
m2 

x
 

d 

P 
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7. (b)  Because acceleration due to gravity increases 

8. (d)  Because acceleration due to gravity decreases 

9. (b) We know that 
2R

GM
g   

On the planet g
g

R

GM
g p

7

4

7

4

4/

7/
2

  

Hence weight on the planet wtgm400
7

4
700    

10. (b) In pendulum clock the time period depends on the value of g, 
while in spring watch, the time period is independent of the 
value of g.  

11. (c) 
2
0

0

2
0

0

2

4

)2/( D

GM

D

GM

R

GM
g    

12. (a)   

13. (b) 
2

1

2

2

'

''
22




























R

R

M

M

R

R

M

M

g

g
 

  2/9.4
2

8.9

2
sm

g
g    

14. (c)   

15. (a)   

16. (c) For the condition of weightlessness at equator 

R

g
   srad/

800

1

10640

1
3



   

17. (c) 
2r

GM
g  . Since M and r are constant, so 2/8.9 smg    

18. (c) 
2R

GM
g   and   3

3

4
RM  

 
RG

g

R

GR
g






4

.3

3

4
2

3




   

19. (a) Because value of g decreases when we move either in coal mine 
or at the top of mountain.  

20. (d) GRg 
3

4
 

22

11

2

1





R

R

g

g
   

21. (a) 
2R

GM
g    (Given )5.3,81 meme RRMM   

Substituting the above values, 15.0
e

m

g

g
  

22. (c) Value of g decreases when we go from poles to equator.  

23. (d)  

24. (b) Because value of g decreases with increasing height.  

25. (a)  

22

646400

6400'























hR

R

g

g
 2/40.960' scmg   

26. (d)   

27. (b)  22 cos' Rgg   

 Rotation of the earth results in the decreased weight 
apparently. This decrease in weight is not felt at the poles as 
the angle of latitude is 90o.  

28. (b) .
2R

GM
g   If radius shrinks to half of its present value then g 

will becomes four times. 

29. (b)  Using 
2R

GM
g   we get 5/ggm   

30. (a)  22 cosRgg p =  60cos22Rgp   = 2

4

1
Rg p   

31. (b) 


















R

d
g

n

g

R

d
gg 11 R

n

n
d 







 


1
  

32. (a) 
2r

GM
g  

2

1

r
g  or 

g
r

1
  

 If g decrease by one percent then r should be increase by 

%
2

1
i.e. R  = km326400

1002

1



 

33. (c) RGg
3

4


22

11

2

1

R

R

g

g






1

2

1

4

2

1
   

34. (b) 

2

' 











hR

R
gg  

2

4












hR

R
g

g
 

hR

R




2

1
 

  RhR 2  Rh   

35. (c) Acceleration due to gravity at poles is independent of      the angular speed of earth. 

36. (a) Mass of the ball always remain constant. It does not depend 

upon the acceleration due to gravity 

37. (d) 
2
m

m
m

R

GM
g   and 2/

6

8.9

6
sm

g
g e

m 
2/63.1 sm  

Substituting ,10768.1 6 mRm  2/63.1 smgm   

and 2211 /-1067.6 kgmNG   We get 

kgMm
221065.7   

38. (b)  

2

' 











hR

R
gg  when Rh   then 

4
'

g
g   

So the weight of the body at this height will become one-

fourth. 

39. (c)  
2R

GM
g  and 

I

L
K

2

2

   

If mass of the earth and its angular momentum remains constant 

then 
2

1

R
g   and 

2

1

R
K    

i.e. if radius of earth decreases by 2% then g and K both increases 
by 4%. 

40. (b) Weight is least at the equator.  

41. (c) 
2

1

R
g   

Percentage change in g = 2(percentage change in R) 

                                      %35.12    

42. (b) 
2

1

R
g  . If radius of earth decreases by 2% then g will 

increase by 4% i.e. weight of the body at earth surface will 
increase by 4% 

43. (c) Mass does not vary from place to place.  

44. (b) 
2R

GM
g   

g

GM
R   

Substituting the above values we get .1087.1 6 mR    
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45. (c) Weight of the body at equator = 
5

3
 of initial weight  

  gg
5

3
'  (because mass remains constant) 

  22 cos' Rgg   )0(cos
5

3 22  Rgg   

  
R

g

5

22   
31064005

102

5

2






R

g
  

 = 
sec

108.7 4 rad   

46. (b) kmh 32 , kmR 6400 , so Rh   

 









R

h
gg

2
1 







 


6400

322
1g  ggg 99.0

100

99
  

47. (a) Same change in the value of g can be observed at a depth x 
and height 2x 

given kmxhkmxd 20210    

48. (a)   

49. (b)  Rh
hR

R

hR

R

g

g
9

100

1
22

























 

50. (a)  g
R

R

R
g

hR

R
gg

9

4

2

2

2

































  

 NWW 3272
9

4

9

4
'   

51. (a)  22 cosRgg   oRg 60cos0 22  

 
sec400

1
2

4
0

2 rad

R

gR
g  


 

sec

rad3105.2    

52. (a)  2/66.9
6400

100
18.91' sm

R

d
gg 

















  

53. (c) 
4

'

2
g

hR

R
gg 










 . By solving h = R  

54. (a) GRg 
3

4
  rg   

m

e

m

e

r

R

g

g




   

55. (c) 2

2

)2(
80

1
8.9 







































p

e

e

p

ep
R

R

M

M
gg  

 2/49.020/8.9 sm   

56. (d) Range of projectile
g

u
R

2sin2

  

if u and  are constant then 
g

R
1

  

 
2.02.0

1 e
m

e

m

m

e

e

m R
R

R

R

g

g

R

R
  em RR 5  

57. (a) For condition of weightlessness of equator 

s

rad

R

g 31025.1
800

1    

58. (d) 
hR

R

hR

R
gg















2

1
'

2

 

  RhR 2 RRh 414.0)12(    

59. (b)  Rg   

60. (c) 
g

H
g

u
H

1

2

2

  
B

A

A

B

g

g

H

H
  

Now Rg
g

g A
B  as

12
 

 
B

A

A

B

g

g

H

H
 =12 mHH AB 185.11212    

61. (b)   

62. (a) 
2

2

1 





















R

h

g

hR

R
gg   

63. (c)  dRgGRg  
3

4
   problem) thein given( d  

64. (a)  Inside the earth Grg 
3

4
'   rg '  

65. (c) WWg
hR

R
gg

9

4
'

9

4
'

2











   

66. (a) g   

67. (d)   

68. (d)   

69. (a) g
R

R
g

hR

R
gg

9

4

2/3
'

22




















  

  NmgW 880
9

8.92004

9

4
' 


   

70. (a) RGg 
3

4
  

m

e

m

e

m

e

R

R

g

g
Rg 




  

 em

m

e RR
R

R

18

5

3

5

1

6
   

71. (a)  
92

'

22
g

RR

R
g

hR

R
gg 





















  

72. (b)  Rd
R

d
g

g

R

d
gg

4

3
1

4
1' 

















  

73. (b)  For height %;1
2

%100 


R

h

g

g
 

For depth %5.0%
2

1
%100 



R

h

R

d

g

g
 

74. (b)  As 
2R

GM
g   therefore 1% decrease in mass will decreases the 

value of g by 1%.  



 
  432 Gravitation 

 But 1% decrease in radius will increase the value of      g by 
2%. 

As a whole value of g increase by 1%. 

75. (d) GRg 
3

4
     







































2

1
1

p

e

e

p

e

p

g

g

R

R




 

 
22

RR
R e

p   

76. (a)  1
3

2

2

3

2

1

2

1

2

1 
R

R

g

g




 

77. (d) Because the body weighs zero in satellite 

78. (a)  Radius of earth R = 6400 km  
4

R
h   

Acceleration due to gravity at a height h 

2













hR

R
ggh

2

4





















R

R

R
g g

25

16
  

At depth 'd' value of acceleration due to gravity  

 hd gg
2

1
  (According to problem) 

  ggd 









25

16

2

1










R

d
g 1 g










25

16

2

1
 

 By solving we get md 6103.4   

79. (a)   22 cosRgg   

For weightlessness at equator  0  and 0'g  

 Rg 20   
sec800

1 rad

R

g
   

 

 

80. (b)  Weight on surface of earth, Nmg 500  

and weight below the surface of earth at 
2

R
d   

N
mg

mg
R

d
mggm 250

22

1
11 

















  

81. (a)  GRg
3

4
  and  RGg 

3

4
 

  2.0





R

R

g

g
  gg 2.0  

82. (a)   

83. (d)  
9

4

1

2

9

1
22

































m

e

e

m

e

m

R

R

M

M

g

g
 em gg

9

4
  

 kgWW e 4090
9

4

9

4
m   

84. (a) ,' 2Rgg   when  increases g' decreases. 

85. (b) 
1

2

1

4

2

1
2

2










R

R

M

M

g

g
 

86. (b) Acceleration due to gravity at latitude  is given by 

  22 cosRgg   

 At 222
30

4

3
30cos,30  RgRgg oo   

  .
4

3 2
30 Rgg   

87. (b) Acceleration due to gravity g = 
2R

GM
  

2R

M

G

g
  

 

Gravitational Potential, Energy and Escape Velocity 
 

1. (c) 
Rh

mgh
U

/1 
  

Substituting hR 5  we get mgh
mgh

U
6

5

5/11



   

2. (a) 
dx

dV
I


  

 If V = 0 then gravitational field is necessarily zero. 

 

3. (d)  Gravitational potential  


 dx
x

K
dxI

x 3
 

 
22

13

2213 x

K

x

Kx
K

xx

























 

4. (a) 
r

GMm
U   

 281079.7 
r

242211 106104.71067.6 




  

 mr 8108.3    

5. (d)  
1

11











n

gRnm

R

nR

nRmg

R

h

mgh
U  

6. (a) Gravitational potential at mid point  

 
2/2/

21

d

GM

d

GM
V





  

 Now, )(
2

21 MM
d

Gm
VmPE 


  

 [m = mass of particle] 

 So, for projecting particle from mid point to infinity 

 || PEKE   

 )(
2

2

1
21

2 MM
d

Gm
mv   

d

MMG
v

)(
2 21    

7. (b)  Potential energy of the 1 kg mass which is placed at the earth 

surface = 
R

GM
   

 its potential energy at infinite = 0 

  Work done = change in potential energy = 
R

GM
 

8. (c)   

9. (c) 
22 )1(

10000100

x

G

x

G







mx

xx 11

1

1

10010
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10. (c)   

11. (d)  
2

11
12

e

e

e

e

e

mgR

R

R

mgR

R

h

mgh
UUU 







  

 
2

)(2
e

e

mgR
mgRU    emgRU

2

1
2   

12. (a) 5000100
2


R

GM

R

GM
ve  

Potential energy J
R

GMm
U 5000   

13. (b) mgR

R

R

Rmg

R

h

mgh
U

4

3

3
1

3

1










   

14. (b) Potential energy 
hR

GMm

r

GMm
U





  

 
R

GMm
U tialini

3
  and 

R

GMm
U final

2


  

 Loss in PE = gain in 
R

GMm

R

GMm

R

GMm
KE

632
   

15. (a) If body is projected with velocity v )( evv  then 

height up to which it will rise, 

1
2

2





v

v

R
h

e

 

2

ev
v   (given)  

314
1

2/

2

RR

v

v

R
h

e

e



















   

16. (d) Change in potential energy in displacing a body from 1r  to 2r  

is given by  

 
R

GMm

RR
GMm

rr
GMmU

63

1

2

111

21


















   

17. (c) mgRgRmmv e  2
2

1

2

1 2   

18. (a) 
R

GMm
EK

2
..    

19. (b)  
dr

dV
I


 . If I = 0 then V = constant 

20. (b) This should be equal to escape velocity i.e. gR2  

21. (c) 
R

GM
ve

2
 i.e. escape velocity depends upon the mass and 

radius of the planet. 

22. (b) GR
R

GM
ve

3

82
  

If mean density is constant then Rve   

 
2

1


p

e

p

e

R

R

v

v


2

p

e

v
v   

23. (a)  Escape velocity does not depend on the mass of the projectile  

24. (c) 
e

p

e

p

e

p

R

R

g

g

v

v
 = 222   

 skmvv ep /4.222.1122   

25. (a) GR
R

GM
ve

3

82
  Rve   if  = constant 

 Since the planet having double radius in comparison to earth 

therefore the escape velocity becomes twice i.e. 22 km/s. 

26. (b) If missile launched with escape velocity then it will escape from 
the gravitational field and at infinity its total energy becomes 

zero. 

 But if the velocity of projection is less than escape velocity then 
sum of energies will be negative. This shows that attractive 

force is working on the satellite. 

27. (b)   

28. (c) 

29. (c) Because it does not depend on the mass of projectile 

30. (b)  ,2 0vve   i.e. if the orbital velocity of moon is increased 

by factor of 2  then it will escape out from the gravitational 

field of earth. 

31. (a)  

32. (b) 
R

GM
ve

2
  Mve   if constantR  

If the mass of the planet becomes four times then escape 

velocity will become 2 times. 

33. (c) Escape velocity 
R

GM
ve

2
  

  81.4
5.3

81


em

me

m

e

RM

RM

v

v
  

34. (a)  
R

GM
ve

2
  

R

M
ve   

If mass and radius of the planet are three times than that of 
earth then escape velocity will be same. 

35. (c) Potential energy of a body at the surface of earth  

 
R

mgR

R

GMm
PE

2

 = mgR  

 = 6104.68.9500  = J10101.3   

 So if we give this amount of energy in the form of kinetic 
energy then body escape from the earth. 

36. (d) Escape velocity 
p

e

e

p

e

p

R

R

M

M

v

v

R

GM
v 

2
 

 skmvv ep /562.1155    

37. (a)  3
2

1
6 

p

e

e

p

e

p

R

R

M

M

v

v
 ep vv 3  
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38. (a)  649 
e

p

e

p

e

p

R

R

g

g

v

v
 skmvv ep /2.676   

39. (c)  2
2

1
8 

e

p

e

p

e

p

R

R

M

M

v

v
 skmvv ep /4.222   

40. (c) 
R

GM
ve

2
  

R

M
ve   

If M becomes double and R becomes half then escape velocity 
becomes two times. 

41. (c) On earth skm
R

GM
ve /2.11

2
  

On moon  
R

GM

R

GM
vm

2

9

2

81

42





  

skm /5.22.11
9

2
   

42. (c) Escape velocity 
R

GM
v

2
   

If star rotates with angular velocity   

then 
3

221

R

GM

R

GM

RR

v
    

43. (d)  Escape velocity from surface of earth gRve 2  

= sm/102.11104.68.92 36   

44. (a)   

45. (a) 10
10

1
)1000( 










p

e

e

p

e

p

R

R

M

M

v

v
 

 skmvp /1122.1110   

46. (b) GRve
3

8
   Rve   

47. (d)  
)(

2

hR

GM
ve


  

48. (a) .2gRv   If acceleration due to gravity and radius of the 

planet, both are double that of earth then escape velocity will 

be two times. i.e. ep vv 2   

49. (a)   

50. (b) gRv 2  2121 kkkk
R

R

g

g

v

v

B

A

B

A

B

A   

51. (d)  
RR

GM
ve

2411 1061067.622 



8103   

By solving mmR 9  

52. (a) 
3

2

3

1
2 

p

e

e

p

e

p

R

R

M

M

v

v
 ep vv

3

2
   

53. (c) 
R

ve

1
 . If R becomes 

4

1
 then ev  will be 2 times.  

54. (b)   

55. (a) gRv 2  
2

1

4

1
2 

p

e

e

p

e

p

R

R

g

g

v

v
 

  
2

e
p

v
v   

56. (b) Rv   1294 
e

p

e

p

e

p

R

R

v

v




 

  ep vv 12   

57. (d) Escape velocity does not depends upon the angle of projection.  

58. (d)   

59. (b) Escape velocity is independent of mass of object. 

60. (b) gRv 2   241 
e

p

e

p

e

p

R

R

g

g

v

v
 

  ep vv 2  

61. (c) gRv 2   241 
e

p

e

p

e

p

R

R

g

g

v

v
 

  skmvv ep /4.222.1122   

62. (b) gRv 2 . If g and R both are doubled then v will becomes 

two times i.e. 11.2 × 2 = 22.4 km/s 

63. (c) GRv 
3

8
 

e

p

e

p

e

p

R

R

v

v




 = 1

4

1
2     

43

8
2

3

8 
  GRGRve  

64. (c) Velocity of body in inter planetary space 22' esvvv   

 where esv  escape velocity and  

              v = velocity of projection 

           222 3)2(' eseses vvvv   esvv 3'  

65. (b) Potential energy of system of two mass  

  
R

GMm
U


  = 

2

311

1010

10101001067.6







    

  JU 101067.6   

So, the amount of work done to take the particle up to infinite 

will be 101067.6   J 

66. (b) For a moving satellite kinetic energy 
r

GMm

2
  

  Potential energy 
r

GMm
  

   
2

1

energyPotential

energyKinetic
  

67. (a) Due to three particles net intensity at 
the centre  

 0 CBA IIII


 

 because out of these three intensities 
one equal in magnitude and the angle 
between each other is 120°. 

68. (c) skm
v

v e /2
2

2

2
0   

A 

C 
B 

O 
IA

 

IC
 

IB
 

120° 
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69. (a) Potential at the centre due to single mass = 
2/L

GM
 

Potential  at the centre due to all 
four masses  

= 
2/

4
L

GM
  

L

GM
24  

.32
L

GM
  

70. (a) gRv 2  Kg
R

R

g

g

v

v


2

1

2

1

2

1 = 2/1)(Kg  

 
Motion of Satellite 

 

1. (b) gRve 2  and gRv 0  evv 02   

2. (d)   

3. (d)  
r

GM
v 0  

4. (d) 
hR

gR

r

GM
v




2

0   

5. (b) Centripetal acceleration works on it. 

6. (b) 
r

GM
v  if 21 rr   then 21 vv   

Orbital speed of satellite does not depends upon the mass of 
the satellite 

7. (b) 2/3rT  . If r becomes double then time period will becomes 
(2)3/2 times. 

So new time period will be hr2224  i.e. 248T  

8. (b)  K.E.  required for satellite to escape from earth's gravitational 

field 
R

GMm

R

GM
mmv e 
















2

2 2

2

1

2

1
 

K.E. required for satellite to move in circular orbit 

 
R

GMm

R

GM
mmv

22

1

2

1
2

2
0 














  

 The ratio between these two energies = 2 

9. (c)  The velocity of the spoon will be equal to the orbital velocity 

when dropped out of the space-ship. 

10. (c)  

11. (b) gRv 0   

12. (d)  Telecommunication satellites are geostationary satellite 

13. (b) 
R

GM
v   

R

R

R

R

v

v

A

B

B

A

4


2

1
  

 
2

13


BB

A

v

V

v

v
VvB 6  

14. (a)   

15. (a)  

16. (b)  

17. (c)  
hR

GM
v


  

For first satellite 0h , 
R

GM
v 1  

For second satellite 
2

R
h  , 

R

GM
v

3

2
2   

vvv
3

2

3

2
12   

18. (d) v 
r

GM
   

r
vEK

1
.. 2   and 32 rT   

  3/2..  TEK   

19. (d)  

20. (d)  
GM

r
T

3

2 
2

2
3

4

GMT
r  

3/1

2

2

4 














GMT
r   

21. (d) .
1

r
v   The speed of satellite decreases with an increase in 

the radius of its orbit.  

22. (b) .
1

r
v   

% increase in speed = 
2

1
 (% decrease in radius) 

                                 %5.0%)1(
2

1
  

 i.e. speed will increase by 0.5% 

23. (b)  
r

GM
v   

24. (a)   

25. (a) .
1

r
v   If orbital radius becomes 4 times then orbital 

velocity will become half. i.e. skm /5.3
2

7
  

26. (d) Orbital radius of satellites RRRr 21   

                                         RRRr 872   

 
1

1
r

GMm
U


  and 

2

2
r

GMm
U


  

 
1

1
2r

GMm
K   and 

2

2
2r

GMm
K   

 
1

1
2r

GMm
E   and 

2

2
2r

GMm
E   

  4
2

1

2

1

2

1 
E

E

K

K

U

U
  

27. (a) Escape velocity is same for all angles of projection.  

28. (d) Orbital velocity 
r

gR

r

GM
v

2

0   and rv 0  

L2 

L 

m m 

m m 
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This gives 
2

2
3



gR
r    

29. (a)   

30. (a) Due to inertia it will continue to move along the original path 
of the space craft.  

31. (b)   

32. (d)   

33. (a)   

34. (c) (i)  
GM

hR
Tst

3)(
2


 

g

R
2  

  [As h <<R and ]2gRGM   

(ii) 
g

R
Tma 2  

(iii) 
g

R

Rl
g

Tsp
2

2
11

1
2  











   

 [As l = R] 

(iv) 
g

R
Tis 2  ][ lAs   

35. (d)   

36. (c)  ,
1

r
v   If Rr   then 0Vv   

If RRRhRr 43  then 0
0 5.0

2
V

V
v   

37. (d)   

38. (b) 6R from the surface of earth and 7R from the centre.  

39. (c) 3
2

2 4
r

GM
T


 . If G is variable then time period, angular 

velocity and orbital radius also changes accordingly.  

40. (b) 
g

R

gR

R

gR

hR
T  24

)2(
2

)(
2

2

3

2

3




   

41. (c)  3
2

2
3

)(
4

2 hR
GM

T
GM

r
T 
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GMT

h
GMT

hR 
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2

2
3/1

2

2
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42. (d) Distances of the satellite from the centre are 7R and 3.5R 
respectively. 

 hr
R

R
T

R

R

T

T
26
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5.3
24
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1

2

1
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43. (a) skm
r

GM
v /1

10384000

1061067.6
3

2411









  

44. (d) % change in 
2

3
T  (% change in R) %3)%2(

2

3
   

45. (a)   

46. (c)  

47. (c)  
3

252

0
108000

)1064(10






r

gR

r

GM
v  

 skmsm /15.7/105.71 2   

48. (d) Total mechanical energy of satellite  

 
r

GMm
E

2


  

A

B

B

A

B

A

r

r

m

m

E
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r

r4

1

3
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1

12
 

49. (b)  

50. (b) Gravitational force provides the required centripetal force for 
orbiting the satellite  

 
R

K

R

mv


2

  because 









R
F

1
 

   Rv  

51. (a) Total energy = – (kinetic energy) = 2

2

1
Mv  

52. (a)  Binding energy = – kinetic energy 

And if this amount of energy )( kE  given to satellite then it 

will escape into outer space 

53. (a) Potential energy = 
ee R

GMm

hR

GMm

r

GMm

2








 

= 
e

e

R

mgR

2

2

 emgR
2

1
 emgR5.0   

54. (c) ...
r

GMm
EB   If B.E. decreases then r also decreases and v 

increases as 
r

v
1

   

55. (b) Time period of communication satellite day1cT  

Time period of another satellite = sT  

days.8)4()4( 2/32/3

2/3
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c

s
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r

r

T

T
 

56. (b) Angular momentum is conserved in central field. 

57. (b) 32 rT   

58. (d) 32 RT   
3

2

R

T
constant  

59. (d) hrTT
R

R
TT 408)4( 1

2/3
1

2/3

1

2
12 













  

60. (b) Given that, 11 T day and 2T 8 days 
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  Rrr 44 12   

61. (c) 

62. (c) 2
4


R

R

r

r

v

v

B

A

A

B  

  vvvv AB 6322   

63. (b) Gravitational force provides the required centripetal force  

 
3

2

R

GMm
Rm  

42

24

R

GM

T





2RT   

64. (a) 
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65. (b) 00 414.12 vvve   

Fractional increase in orbital velocity 






 

v

v
 

                                    414.0
0

0 



v

vve  

 Percentage increase = 41.4% 

66. (c) Time period of revolution of moon around the earth     

                         = 1 lunar month. 

2/32/3

2

1
























m

s

m

s

r

r

T

T
 2/32sT  lunar month.  

67. (d)  
 

 

Kepler’s Laws of Planetary Motion 
 

1. (c)  2/1

2/3

12

13
2/3

2

1

2

1 )1000(
10
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R

R

T

T
1010  

2. (c) Areal velocity of the planet remains constant. If the areas A and 

B are equal then 21 tt  . 

3. (c) 12

2/32/3

2

1

2

1 8
4

TT
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R
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T

T























  

4. (b)  

5. (c)   

6. (b) Since 32 rT  TT
T

T

8

1

4

1
32

















 
  

7. (b) Kinetic and potential energies varies with position of earth 

w.r.t. sun. Angular momentum remains constant every where. 

8. (c)  

9. (c) Angular momentum remains constant  

 
2

11
22211

d

dv
vdmvdmv   

10. (b) Orbital radius of Jupiter > Orbital radius of Earth 

 
J

e

e

J

r

r

v

v
 .  As eJ rr   therefore eJ vv   

11. (d) 

2/3

2

1

2

132
















r

r

T

T
rT  

12. (b) 
m

L

dt

dA

2
constant 

13. (c) The earth moves around the sun is elliptical path. so by using 
the properties of ellipse 

 aer )1(1   and aer )1(2   

 
2

21 rr
a


  and 22

21 )1( aerr   

 where a = semi major axis 

 b = semi minor axis 

 e = eccentricity 

 Now required distance = semi latusrectum 
a

b 2
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14. (c) For first satellite Rr 1  and uteminT 831   

For second satellite Rr 42   

 8388)4( 1
2/3

1

2/3

1

2
12 













 TT

r

r
TT =664 minutes 

15. (a) Angular momentum = Mass ×Orbital velocity ×Radius 

00

0

GMRmR
R

GM
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16. (b)  
3

2

r

T
 constant 32  rT = constant 

17. (d) 2)588.1( 2/3

2/3

earth

plant

earth

plant
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r

T

T
  yearT 2planet    

18. (d) Mass of the satellite does not effects on time period  
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19. (b) Speed of the earth will be maximum when its distance from the 
sun is minimum because mvr constant 

20. (c) 

2/3
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B
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T

T
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B

A

r

r
BA rr 3/2)8( .4 Br  

21. (c) .32 rT   If r made half then T will become .
8

T
 

22. (c) 

23. (b) Mass of satellite does not affects on orbital radius. 

24. (b) 22)2( 2/3

2/3

1

2

1

2 














r

r

T

T
 222 T  years. 

25. (c) 

26. (a) 

27. (a) By conservation of angular momentum mvr  = constant 

minmaxmaxmin rvrv   

 smv /12
5

60

108

106.160
12

12

min 



  

28. (b) earthbody 27   
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3/2

1
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body

earth

earth
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27
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29. (d) Time period does not depends upon the mass of satellite.  

30. (b) 
323

2

3

2 1

dnd

T

R

T
constant  

 3
2

2
2

3
1

2
1 dndn     [where n = frequency] 

31. (a)  

32. (a)  
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33. (a) During path DAB planet is nearer to sun as comparison with 
path BCD. So time taken in travelling DAB is less than that for 
BCD because velocity of planet will be more in region DAB. 

34. (c) Because distance of point C is maximum from the sun. 

35. (b) year
R

R
TT 8.2)2(1 2/3

2/3

1

2
12 













  

36. (d) rLGMrmr
r

GM
mmvrL   

37. (a)  

38. (c) 2

2
rvr

dt

dA

m

L

dt

dA
  

39. (b)  

40. (c) 

41. (d) 

42. (a) 32 RT   

332
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E

E

P

E
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R

R

R

T

T
 

  22)2( 2/3 
E

P

T

T
 

  37.103236522 PT = 1032 days 

43. (d)   

44. (d)  For central force, torque is zero. 

 0
dt

dL
   L = constant 

 i.e. Angular momentum is constant. 

45. (b) 033.1
0167.01

0167.01

1

1

min

max 
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v
  

46. (a) 
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47. (b) 
R

GM
v   2/12/12/1  RMG  

48. (b)  

49. (c) 
R

GM
v   if 21 rr   then 21 vv   

50. (c) Escape velocity for that body 
r

Gm
ve

2
  

  ev  should be more than or equal to speed of light 

  i.e. c
r

Gm


2
 

51. (c)  
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Critical Thinking Questions 

 

1. (b) For revolution of planet centripetal force is provided by 

gravitational force of attraction 

 2/52  RRm  2/7

2

1  R
T

2/72 RT   

2. (a, b) Grg 
3

4
   rg   if Rr   

 
2r

GM
g           

2

1

r
g   if Rr   

 If Rr 1  and Rr 2  then
2

1
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1

r
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F

F
    

 If Rr 1  and Rr 2  then
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3. (a)   

4. (b) 
2

)(

r

mMGm
F


   

For maximum force 0
dm

dF
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2

1
02 

M

m
mM  

5. (a) 
nR

Rm
12   

nR
R

T
m

14
2

2














 
 12  nRT  

 







 

 2

1n

RT  

6. (c) .
2R

GM
g   If mass remains constant then 

2

1

R
g   

% increase in g = 2(% decrease in R) =2 × 1% = 2%. 

7. (b, c, d) 
R

GM
v

R

GM
g e

2
,

2
  and 

R

GMm
U


  

  
R

M
v

R

M
g e  ,

2
 and 

R

M
U   

If both mass and radius are increased by 0.5% then ev  and U 

remains unchanged where as g decrease by 0.5%.    

8. (b)  22 cosRgg   

For weightlessness at equator 0  and 0'g  

 Rg 20    
s

rad

R

g

800

1
  

9. (d) If acceleration due to gravity is g at the surface of earth then at 

height R it value becomes 
4

'

2
g

hR

R
gg 










  

 
4/

2 and 2 21
g

l
T

g

l
T    2

1

2 
T

T
  

10. (b) )(
2

1

1

RhmgR

R

h

mgh
U 



    

11. (c) Potential energy = 2 × (Total energy) = 02E   

Because we know = 
r

GMm
U


  and 

r

GMm
E

2
0


  

12. (c) UEK  ..  
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hRR
MGMMV e

11

2

1 2  …(i) 

 Also 
2R

GM
g e    …(ii) 

 On solving (i) and (ii) 













1
2

2V

gR

R
h   

13. (a, c, d) Since cavities  are symmetrical w.r.t. O. So the gravitational 
force at the centre is zero.  

 The radius of the circle 3622  yz  is 6.  

 For all points for ,6r  the body behaves as if whole of the 

mass is concentrated at the centre. So the gravitational 
potential is same.  

 Above is true for 422  yz  as well.   

14. (b) Let velocities of these masses at r distance from each other be 

1v  and 2v  respectively. 

By conservation of momentum 

02211  vmvm  

2211 vmvm     … (i) 

By conservation of energy  

change in P.E.=change in K.E. 

2
22

2
11

21

2

1

2

1
vmvm

r

mGm
  

r

mGm

m

vm

m

vm 21

2

2
2

2
2

1

2
1

2
1 2

       …(ii) 

On solving equation (i) and (ii) 
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G
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15. (c) Kinetic energy = Potential energy 
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h

mgh
kvm e
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1 2  

 
2

2
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Rk
h


  

 Height of Projectile from the earth's surface = h 

 Height from the centre 
2

2

1 k

Rk
RhRr


  

 By solving 
21 k

R
r


  

16. (c) In the problem orbital radius is increased by 1%. 

Time period of satellite 2/3rT    

Percentage change in time period  

= 
2

3
(% change in orbital radius) = %5.1%)1(

2

3
  

17. (b) According to Kepler's third law, the ratio of the squares of the 
periods of any two planets revolving about the sun is equal to 
the ratio of the cubes of their average distances from the sun 
i.e. 

 8
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18. (c) hourT
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r

T
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Graphical Questions 

 

1. (c) rg   )if ( Rr    and 
2

1

r
g    (if r > R) 

2. (c) 


























2

3
2 R

r

R

Gm
Vin , 

r

GM
V

R

GM
V out





 ,surface  

3. (c) For hollow sphere 

 
R

GM
Vin


 ,

r

GM
V

R

GM
V out





 ,surface  

 i.e. potential remain constant inside the sphere and it is equal 

to potential at the surface and increase when the point moves 
away from the surface of sphere. 

4. (b) 0F  when 10 Rr    

 because intensity is zero inside the cavity. 

F increase when 21 RrR    

2

1

r
F   when 2Rr   

5. (d) Intensity will be zero inside the spherical shell.  

 I = 0 upto r = a and 
2

1

r
I   when ar   

6. (c) Initially the weight of the passenger = 60 × 10 = 600 N 

Finally the weight of the passenger = 60 × 4 = 240 N 

and during the flight in between some where its weight will be 
zero because at that point gravitational pull of earth and mars 

will be equal. 

7. (c) Kepler's law 32 RT   

8. (d) The system will be bound at points where total energy is 

negative. In the given curve at point A, B and C the P.E. is 
more than K.E. 

9. (c) 
r

GMm
K

r

GMm
U

2
, 


  and 

r

GMm
E

2


  

For a satellite U,K and E varies with r and also U and E 

remains negative whereas K remain always positive. 

10. (c) Gravitational P.E. = m × gravitational potential  

 mVU   So the graph of U will be same as that of V for a 

spherical shell. 

 

Assertion and Reason 
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1. (a) According to Kepler’s third law 32 rT   

If r is small then T will also be small. 

2. (b) For two electron 4310
e

g

F

F
 i.e. gravitational force is 

negligible in comparison to electrostatic force of attraction.   

3. (d) The universal gravitational constant G is totally different from 

g.  

 
Mm

FR
G

2

  

 The constant G is scalar and posses the dimensions 

][ 231  TLM .  

 
2R

GM
g   

 g is a vector and has got the dimensions ][ 20 LTM .  

 It is not a universal constant. 

4. (c) Acceleration due to gravity is given by 
2R

GM
g  . Thus it does 

not depend on mass of body on which it is acting. Also it is not 
a constant quantity it changes with change in value of both M 
and R (distance between two bodies). 

5. (a) If a pendulum is suspended in a lift and lift is moving 

downward with some acceleration a, then time period of 

pendulum is given by, 
ag

l
T


 2 . 

In the case of free fall, ga   then T  

i.e., the time period of pendulum becomes infinite. 

6. (c) The value of g at any place is given by the relation, 

 22 coseRgg   

When  is angle of latitude and  is the angular velocity of 

earth. If earth suddenly stops rotating, then 0  

 gg  i.e., the value of g will be same at all places. 

7. (b) Acceleration due to gravity, 

 22 cosRgg   

At equator,  0  i.e. 10cos   2Rgge   

At poles,  90  i.e. 090cos    ggp   

Thus, 22  RRgggg ep   

Also, the value of g is maximum at poles and minimum at 

equators. 

8. (a) As the rotation of earth takes place about polar axis therefore 

body placed at poles will not feel any centrifugal force and its 
weight or acceleration due to gravity remains unaffected. 

9. (e) Earth revolves around the sun in circular path and required 

centripetal force is provided by gravitational force between 
earth and sun but the work done by this centripetal force is 
zero. 

10. (a) Inertial mass and gravitational mass are equivalent. Both are 

scalar quantities and measured in the same unit. They are quite 
different in the method of their measurement. Also 

gravitational mass of a body is affected by the presence of 
other bodies near it where as internal mass remain unaffected.  

11. (a) Because gravitational force is always attractive in nature and 

every body is bound by this gravitational force of attraction of 
earth. 

12. (a) As no torque is acting on the planet, its angular momentum 
must remain constant in magnitude as well as direction. 

Therefore, plane of rotation must pass through the centre of 
earth. 

13. (c) According to Kepler’s law of planetary motion, a planet revolves 

around the sun in such a way that its areal velocity is constant. 
i.e., it move faster, when it is closer the sun and vice-versa. 

14. (e) Escape velocity = 2 orbital velocity. 

15. (c) Due to resistance force of atmosphere, the satellite revolving 

around the earth losses kinetic energy. Therefore in a particular 
orbit the gravitational attraction of earth on satellite becomes 
greater than that required for circular orbit there. Therefore 
satellite moves down to a lower orbit. In the lower orbit as the 

potential energy )/( rGMmU  becomes more negative,  

 Hence kinetic energy  rGMmEK 2/  increases, and hence 

speed of satellite increases. 

16. (b) If root mean square velocity of the gas molecules is less than 

escape velocity from that planet (or satellite) then atmosphere 

will remain attached with that planet and if escapevvrms   

then there will be no atmosphere on the planet. This is the 
reason for no atmosphere at moon. 

17. (b) As the geostationary satellite is established in an orbit in the 
plane of the equator at a particular place, so it move in the 
same sense as the earth and hence its time period of revolution 
is equal to 24 hours, which is equal to time period of 
revolution of earth about its axis. 

18. (e) The total gravitational force on one particle due to number of 
particles is the resultant force of attraction (or gravitational 
force) exerted on the given particle due to individual particles. 

i.e., ....321  FFFF  It means the principle of 

superposition is valid. 

19. (d) As, escape velocity 
R

GM2
 , so its value depends on mass 

of planet and radius of the planet. The two different planets 
have same escape velocity, when these quantities (mass and 
radius) are equal. 

20. (a) According to kepler's law 332 )( hRrT   

i.e. if distance of satellite is more then its time period will be 

more. 

21. (a) According to Newton’s law of gravitation, 

2

21

r

mGm
F  . When 21, mm  and 2r  all are doubled, 

2

21

2

21

)2(

)2)(2(

r

mGm

r

mmG
F  , i.e. F remains the same. 

22. (c) Upto ordinary heights, the change in the distance of a projectile 

from the centre of earth is negligible compared to the radius of 
earth. Hence the projectile moves under a nearly uniform 
gravitational force and the path is parabolic. But for the 
projectiles moving to a large height, the gravitational force 
decreases quite decreasing variable force, the path of the 
projectile becomes elliptical. 
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23. (c) As the distance from centre of earth decreases, acceleration due 
to gravity decreases and at the centre of earth it becomes zero.   

.1' 









R

d
gg  If Rd   then 0'g  

24. (b) We know that earth revolves from west to east about its polar 
axis. Therefore, all the particles on the earth have velocity from 
west to east.  

 This velocity is maximum in the equatorial line, as Rv  , 

where R is the radius of earth and  is the angular velocity of 

revolution of earth about its polar axis. 

 When a rocket is launched from west to east in equatorial 

plane, the maximum linear velocity is added to the launching 
velocity of the rocket, due to which launching becomes easier. 

25. (e) Binding energy 
R

GMm
 = – [Total energy of satellite] 

and it is clear that it depends upon the mass of the satellite. 

26. (a) According to Newton’s law of gravitation, every body in this 

universe attracts every other body with a force which is 
inversely proportional to the square of the distance between 
them. When we move our finger, the distance of the objects 
with respect to finger changes, hence the force of attraction 
changes, disturbing the entire universe, including stars.  

27. (a) Intensity inside a hollow sphere is zero, so force is also equal to 

zero. EmF


  

28. (a) The time period of satellite which is very near to earth is given 
by  

minhrmin
g

R
T 24.1842    

29. (c) A person feels his weight only when the surface on which he is 
standing exerts a reactionary force on him. Because the 
acceleration of the person and that of the satellite revolving 
round the earth are equal (= g), hence acceleration of the 
person with respect to the satellite is zero. 

 Therefore person feels weightless on satellite, although the 
gravitational force is acting on a satellite. 

30. (e) If the orbital path of a satellite is  circular, then its speed is 
constant and if the orbital path of a satellite is elliptical, then 
its speed in its orbit is not constant. In that case its areal 
velocity is constant. 

31. (a) 
hR

g
Rv

e

e


0   

 For satellite revolving very near to earth ee RhR   

 As (h<<R) 

 101064~ 5  gRv eo
13 8/108  kmssm  

 Which is independent of height of a satellite. 

32. (b)  

33. (a) The torque on a body is given by 
dt

Ld
  

In case of planet orbiting around sun no torque is acting on it. 

0
dt

Ld
  L = constant. 
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1. Two identical spheres are placed in contact with each other. The 
force of gravitation between the spheres will be proportional to (R = 
radius of each sphere) 

 (a) R (b) 2R  

 (c) 4R  (d) None of these 

2. Suppose that the force of earth's gravity suddenly disappears, choose 
the correct answer out of the following statements 

 (a) The weight of the body will become zero but mass remains the 
same 

 (b) The mass of the body will become zero but the weight remains 
the same 

 (c) Both the mass and weight will be the same 

 (d) Mass and weight will remain the same 

3. An earth satellite is moved from one stable circular orbit to a 

further stable circular orbit, which one of the following quantities 
increase 

 (a) Gravitational force (b) Gravitational P.E. 

 (c) Linear orbital speed (d) Centripetal acceleration 

4. Two planets revolve round the sun with frequencies 1N  and 2N  

revolutions per year. If their average orbital radii be 1R  and 2R  

respectively, then 21 / RR  is equal to 

 (a) 2/3
21 )/( NN  (b) 2/3

12 )/( NN  

 (c) 3/2
21 )/( NN  (d) 3/2

12 )/( NN  

5. There is no atmosphere on the moon because 

 (a) It is closer to the earth 

 (b) It revolves round the earth 

 (c) It gets light from the sun 

 (d) The escape velocity of gas molecules is lesser than their root 
mean square velocity here 

6. Two heavenly bodies 1S  and 2S , not far off from each other are 

seen to revolve in orbits   

 (a) Around their common centre of mass  

 (b) Which are arbitrary 

 (c) With 1S  fixed and 2S  moving round 1S  

 (d) With 2S  fixed and 1S  moving round 2S  

7. The mass of the moon is about 1.2% of the mass of the earth. 
Compared to the gravitational force the earth exerts on the moon, 
the gravitational force the moon exerts on earth     

 (a) Is the same (b) Is smaller 

 (c) Is greater (d) Varies with its phase 

8. A clock S is based on oscillation of a spring and a clock P is based 
on pendulum motion. Both clocks run at the same rate on earth. On 
a planet having the same density as earth but twice the radius      

 (a) S will run faster than P 

 (b) P will run faster than S 

 (c) They will both run at the same rate as on the earth 

 (d) None of these 

9. Consider earth to be a homogeneous sphere. Scientist A goes deep 
down in a mine and scientist B goes high up in a balloon. The value 
of g measured by 

 (a) A goes on decreasing and that by B goes on increasing 

 (b) B goes on decreasing and that by A goes on increasing 

 (c) Each decreases at the same rate 

 (d) Each decreases at different rates 

10. The mass of the moon is 
81

1
 of the earth but the gravitational pull 

is 
6

1
 of the earth. It is due to the fact that 

 (a) The radius of the moon is 
6

81
 of the earth   

 (b) The radius of the earth is 
6

9
 of the moon 

 (c) Moon is the satellite of the earth 

 (d) None of the above 

11. A weight is suspended from the ceiling of a lift by a spring balance. 
When the lift is stationary the spring balance reads W. If the lift 
suddenly falls freely under gravity, the reading on the spring balance 
will be 

 (a) W (b) 2 W 

 (c) W/2 (d) 0 

12. If a planet consists of a satellite whose mass and radius were both 
half that of the earth, the acceleration due to gravity at its surface 
would be (g on earth = 9.8 m/sec2 ) 

 (a) 2sec/9.4 m  (b) 2sec/9.8 m  

 (c) 2sec/6.19 m  (d) 2sec/4.29 m  

13. At a given place where acceleration due to gravity is ‘g’ 2sec/m , a 

sphere of lead of density ‘d’ 3/ mkg  is gently released in a column 

of liquid of density 3/'' mkg . If d , the sphere will      

 (a) Fall vertically with an acceleration ‘g’ 2sec/m  

 (b) Fall vertically with no acceleration 

 (c) Fall vertically with an acceleration 






 

d

d
g


 

 (d) Fall vertically with an acceleration 








d
g


 

14. eg  and pg  denote the acceleration due to gravity on the surface of 

the earth and another planet whose mass and radius are twice as 
that of earth. Then  

 (a) ep gg   (b) 2/ep gg   

 (c) ep gg 2  (d) 4/ep gg   

15. If the value of g at the surface of the earth is 9.8 2sec/m ,  then 

the value of g at a place 480 km above the surface of the earth will 
be (Radius of the earth is 6400 km) 
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 (a) 2sec/4.8 m  (b) 2sec/8.9 m  

 (c) 2sec/2.7 m  (d) 2sec/2.4 m  

16. The acceleration due to gravity about the earth's surface would be 
half of its value on the surface of the earth at an altitude of (R = 
4000 mile)    

 (a) 1200 mile (b) 2000 mile 

 (c) 1600 mile (d) 4000 mile 

17. A pendulum clock is set to give correct time at the sea level. This 
clock is moved to hill station at an altitude of 2500 m above the sea 
level. In order to keep correct time of the hill station, the length of 
the pendulum  

(a) Has to be reduced  

(b) Has to be increased 

(a) Needs no adjustment  

 (d) Needs no adjustment but its mass has to be increased 

18. At some point the gravitational potential and also the gravitational 
field due to earth is zero. The point is 

 (a) On earth's surface  

 (b) Below earth's surface 

 (c) At a height eR  from earth's surface eR(  radius of the 

earth) 

 (d) At infinity 

19. A body falls freely under gravity. Its speed is v when it has lost an 
amount U of the gravitational energy. Then its mass is 

 (a) 
2v

Ug
 (b) 

g

U 2

 

 (c) 
2

2

v

U
 (d) 22 Ugv  

20. The ratio of the radius of the earth to that of the moon is 10. The 

ratio of acceleration due to gravity on the earth and on the moon is 
6. The ratio of the escape velocity from the earth's surface to that 
from the moon is 

 (a) 10 (b) 6 

 (c) Nearly 8 (d) 1.66 

21. Escape velocity from the moon surface is less than that on the earth 

surface, because  

 (a) Moon has no atmosphere while the earth has 

 (b) Radius of moon is less than that of the earth 

 (c) Moon is nearer to the sun 

 (d) Moon is attracted by other planets 

22. The ratio of the radius of a planet ‘A’ to that of planet ‘B’ is ‘r’. The 

ratio of acceleration due to gravity on the planets is ‘x’. The ratio of 
the escape velocities from the two planets is    

 (a) xr (b) 
x

r
 

 (c) rx  (d) 
r

x
 

23. Time period of revolution of a nearest satellite around a planet of 

radius R is T. Period of revolution around another planet, whose 
radius is 3R but having same density is 

 (a) T (b)  3T 

 (c) 9T (d) T33  

24. The maximum possible velocity of a satellite orbiting round the 

earth in a stable orbit is 

 (a) gRe2  (b) gRe  

 (c) 
2

gRe  (d) Infinite 

25. A man inside an artificial satellite feels weightlessness because the 

force of attraction due to earth is 

 (a) Zero at that place 

 (b) Is balanced by the force of attraction due to moon 

 (c) Equal to the centripetal force 

 (d) Non-effective due to particular design of the satellite 

26. Two identical satellites A and B are circulating round the earth at 

the height of R and 2R respectively, (where R is radius of the earth). 
The ratio of kinetic energy of A to that of B is 

 (a) 
2

1
 (b) 

3

2
 

 (c) 2 (d) 
2

3
 

27. The mean radius of the earth's orbit round the sun is 11105.1  . 
The mean radius of the orbit of mercury round the sun is 

m10106 . The mercury will rotate around the sun in    

 (a) A year (b) Nearly 4 years 

 (c) Nearly 
4

1
 year (d) 2.5 years 

 

 

 
 

 

1. (c) 4

2

6

2

2

3

2 )2(

3

4

R
R

R
F

R

RG

R

MM
GF 


















 

2. (a) In the absence of gravity weight of the bodies will become zero 

but mass will not change.  

3. (b) .
r

GMm
U


  If r increases then U also increases.  

(SET - 8) 
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4. (d) According to Kepler's law 32 RT    

 If N is the frequencs then  32 )(  RN  

 or 

2/3

1

2

1

2


















R

R

N

N
 

3/2

1

2

2

1
















N

N

R

R
 

5. (d)  

6. (a)   

7. (a) Force between earth and moon 
2r

mGm
F em  

  This amount of force, both earth and moon will exert on each 

other i.e. they exert same force on each other. 

8. (b) GRg 
3

4
 . If density is same then Rg   

According to problem ep RR 2   ep gg 2  

For clock P (based on pendulum motion) 
g

l
T 2  

Time period decreases on planet so it will run faster because 

ep gg   

For clock S (based on oscillation of spring)
k

m
T 2  

So it does not change. 

9. (d)  For scientist A which goes down in a mine

 









R

d
gg 1'  

 For scientist B, which goes up in a air 









R

h
gg

2
1'  

 So it is clear that value of g measured by each will  decreases 

at different rates. 

10. (b) Gravitational pull depends upon the acceleration due to gravity 

on that planet. 

em MM
81

1
 , em gg

6

1
  

2R

GM
g  

2/1
















e

m

m

e

m

e

g

g

M

M

R

R
=

2/1

6

1
81 








  

 me RR
6

9
  

11. (d) Reading of spring balance )( agmR   

If the lift falls freely then a = g   R = 0 

12. (c) 
2R

GM
g    

2R

M
g   

According to problem 
2

e
p

M
M   and 

2

e
p

R
R   

 2)2(
2

1 2

2








































p

e

e

p

e

p

R

R

M

M

g

g
 

 2/6.198.922 smgg ep   

13. (c) Apparent weight = actual weight – upthrust force 

                   gVVdgVdg '  

 g
d

d
g 







 



'  

14. (b) 
2R

M
g  . If mass and radius of the planet are twice then g  

will be half that of eg  i.e. 
2

e
p

g
g   

15. (a) The value of g on the surface of the earth 
2

1

R
g   

 At height h from the surface of the earth  
2)(

1

hR
g


  

 2

2

2

2

2

/4.8
)4806400(

)6400(8.9

)(
sm

hR

R
gg 







   

16. (c) 

2
'













hR

R

g

g
  

2

2

1












hR

R


2

4000

4000

2

1












h
 

  By solving we get milemileh 160085.1656    

17. (a) 
g

l
T 2 . At the hill g will decrease so to keep the time 

period same the length of pendulum has to be reduced.  

18. (d) 
r

GM
V


 and 

2r

GM
I   

 0V  and 0I  at r   

19. (c) U = Loss in gravitational energy = gain in K.E. 

So, 
2

2 2

2

1

v

U
mmvU    

20. (c) 
m

e

m

e

m R

R

g

g

v

v


 e = 106  (nearly)860    

21. (b) 

22. (c) gRve 2  rx
R

R

g

g

v

v

B

A

B

A

B

A   rx
v

v

B

A    
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23. (a) Time period of satellite which is very near to planet 

 




3

33

3

4
22

RG

R

GM

R
T 



1
 T   

 i.e. time period of nearest satellite does not depends upon the 
radius of planet, it only depends upon the density of the planet. 

 In the problem, density is same so time period will be same. 

24. (b) Otherwise centrifugal force exceeds the force of attraction or 
we can say that gravitational force won't be able to keep the 
satellite in circular motion.   

25. (c)  

26. (d) 
2

32

































RR

RR

hR

hR

r

r

K

K

A

B

A

B

B

A  

27. (c) 
4

1

105.1

106
2/3

11

10
2/3

earth

mercury

earth

mercury




































r

r

T

T
   

(approx.) 

   year
4

1
mercury T  
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Interatomic Forces  

 The forces between the atoms due to electrostatic interaction 
between the charges of the atoms are called interatomic forces. These forces 

are electrical in nature and these are active if the distance between the two 
atoms is of the order of atomic size i.e. 10–10 metre.  

 (1) Every atom is electrically neutral, the number of electrons 
(negative charge) orbiting around the nucleus is equal to the number of 
protons (positive charge) in the nucleus. So if two atoms are placed at a 

very large distance from each other then there will be a very small 
(negligible) interatomic force working between them. 

 (2) When two atoms are brought closer to each other to a distance 
of the order of 10–10 m, the distances between their positive nuclei and 

negative electron clouds get disturbed, and due to this, attractive 
interatomic force is produced between two atoms. 

 (3) This attractive force increases continuously with decrease in r 
and becomes maximum for one value of r called critical distance, 
represented by x (as shown in the 

figure). Beyond this the attractive force 
starts decreasing rapidly with further 
decrease in the value of r. 

 (4) When the distance between 
the two atoms becomes r

0

, the 

interatomic force will be zero. This 
distance r

0

 is called normal or 
equilibrium distance.  

(r
0

 = 0.74 Å for hydrogen). 

 (5) When the distance between 
the two atoms further decreased, the 
interatomic force becomes repulsive in 
nature and increases very rapidly with 
decrease in distance between two atoms. 

 (6) The potential energy U is 
related with the interatomic force F by 
the following relation.  

  
dr

dU
F


  

 (i) When two atoms are at very large distance, the potential energy 

is negative and becomes more negative as r is decreased. 

 (ii) When the distance between the two atoms becomes r
0

, the 
potential energy of the system of two atoms becomes minimum (i.e. attains 
maximum negative value). As the state of minimum potential energy is the 
state of equilibrium, hence the two atoms at separation r

0

 will be in a state 
of equilibrium. 

 ( JouleU 19
0 102.7   for hydrogen). 

 (iii) When the distance between the two atoms is further decreased 
(i.e. r < r

0

) the negative value of potential energy of the system starts 
decreasing. It becomes zero and then attains positive value with further 
decrease in r   (as shown in the figure). 

Intermolecular Forces 
  

The forces between the molecules due to electrostatic interaction 

between the charges of the molecules are called intermolecular forces. These 
forces are also called Vander Waal forces and are quite weak as compared 
to inter-atomic forces. These forces are also electrical in nature and these 
are active if the separation between two molecules is of the order of 

molecular size i.e.  10–9 m. 

(1) It is found that the force of attraction between molecules varies 

inversely as seventh power of the distance between them i.e.  

 
7att

1

r
F       or    

7rep
r

a
F


  

The negative sign indicates that the force is attractive in nature. 

(2) When the distance between molecules becomes less than r
0

, the 

forces becomes repulsive in nature and is found to vary inversely as ninth 
power of the distance between them i.e.  

9rep

1

r
F      or    

9rep
r

b
F  . 

Therefore force between two molecules is given by 

repatt FFF 
97 r

b

r

a



  

The value of constants a and b depend upon the structure and 
nature of molecules. 
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(3) Intermolecular forces between two molecules has the same 

general nature as shown in the figure for interatomic forces. 

(4) Potential Energy : Potential energy can be approximately 

expressed by the formula 
mn r

B

r

A
U   

where the term 
nr

A
 represents repulsive contribution and term 

mr

B
 represents the attractive contribution. Constants A, B and numbers m 

and n are different for different molecules. 

For majority of solids n = 12 and m = 6. 

So potential energy can be expressed as 
612 r

B

r

A
U    

Comparison Between Interatomic and 

Intermolecular Forces 

(1) Similarities 

(i)  Both the forces are electrical in origin. 

(ii) Both the forces are active over short distances. 

(iii) General shape of force-distance graph is similar for both the 
forces. 

(iv) Both the forces are attractive up to certain distance between 
atoms/molecules and become repulsive when the distance between them 
become less than that value. 

(2) Dissimilarities 

(i) Interatomic force depends upon the distance between the two 

atoms, whereas the intermolecular force depends upon the distance between 
the two molecules as well as their relative orientation. 

(ii) Interatomic forces are about 50 to100 times stronger than 
intermolecular forces. 

(iii) The value of r
0

 for two atoms is smaller than the corresponding 
value for the molecules. Therefore one molecule is not restricted to attract 
only one molecule, but can attract many molecule. It is not so incase of 
atoms, since the atoms of one molecule cannot bind the atoms of other 
molecules. 

States of Matter 

 

The three states of matter differ from each other due to the 
following two factors. 

(1) The different magnitudes of the interatomic and intermolecular 
forces. 

(2) The extent of random thermal motion of atoms and molecules of 

a substance (which depends upon temperature). 

 

Comparison Chart of Solid, Liquid and Gaseous States 

Property Solid Liquid Gas 

Shape Definite  Not definite Not definite 

Volume Definite Definite Not definite 

Density Maximum Less than solids but more than 

gases. 

Minimum 

Compressibility Incompressible Less than gases but more than 

solids. 

Compressible 

Crystallinity Crystalline Non-crystalline  

Interatomic  or intermolecular 
distance 

Constant Not constant Not constant 

Relation between kinetic energy K and 
potential energy (U) 

K < U K> U K >> U 

Intermolecular force Strongest Less than solids but more than 
gases. 

Weakest 

Freedom of motion Molecules vibrate about their 
mean position but cannot move 

freely. 

Molecules have limited free motion. Molecules are free to move. 

Effect of temperature Matter remains in solid form 

below a certain temperature. 

Liquids are found at temperatures 

more than that of solid. 

These are found at temperatures 

greater than that of solids and 
liquids. 

 

Note :   The fourth state of matter in which the 

medium is in the form of positive and negative ions, is known as plasma. 
Plasma occurs in the atmosphere of stars (including the sun) and in 
discharge tubes.  

Types of Solids 
 

A solid is that state of matter in which its constituent atoms or 
molecules are held strongly at the position of minimum potential energy 

and it has a definite shape and volume. The solids can be classified into two 
categories, crystalline and glassy or amorphous solids. 

Comparison chart of Crystalline and Amorphous Solids 

Crystalline solids Amorphous or glassy solids 

The constituent atoms, ions or 
molecules are arranged in a 
regular repeated three 
dimensional pattern, within the 

The constituent atoms, ions or 
molecules are not arranged in a 
regular repeated three 
dimensional pattern, within the 
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solid. solid. 

Definite external geometric 
shape. 

No regularity in external shape. 

All the bonds in ions, or atoms 
or molecules are equally strong. 

All the bonds are not equally 
strong. 

They are anisotropic. They are isotropic.  

They have sharp melting point. They don't have sharp melting 
point. 

They have a long-range order of 
atoms or ions or molecules in 
them. 

They don’t have a long-range 
order.  

They are considered true and 
stable solids. 

They are not regarded as true and 
stable solids. 

 

Elastic Property of Matter 

(1) Elasticity : The property of matter by virtue of which a body 

tends to regain its original shape and size after the removal of deforming 
force is called elasticity. 

(2) Plasticity : The property of matter by virtue of which it does not 
regain its original shape and size after the removal of deforming force is 

called plasticity. 

(3) Perfectly elastic body : If on the removal of deforming forces the 
body regain its original configuration completely it is said to be perfectly 

elastic. 

A quartz fibre and phosphor bronze (an alloy of copper containing 
4% to 10% tin, 0.05% to 1% phosphorus)  is the nearest approach to the 

perfectly elastic body. 

(4) Perfectly plastic body : If the body does not have any tendency 
to recover its original configuration, on the removal of deforming force, it is 

said to be perfectly plastic. 

Paraffin wax, wet clay are the nearest approach to the perfectly 

plastic body. 

Practically there is no material which is either perfectly elastic or perfectly 

plastic and the behaviour of actual bodies lies between the two extremes. 

(5) Reason of elasticity : In a solids, atoms and molecules are 

arranged in such a way that each molecule is acted upon by the forces due 
to neighbouring molecules. These forces 
are known as intermolecular forces.  

For simplicity, the two molecules in 

their equilibrium positions (at inter-
molecular distance r = r

0

) are shown by 
connecting them with a spring.  

In fact, the spring connecting the 

two molecules represents the inter-
molecular force between them. On applying the deforming forces, the 
molecules either come closer or go far apart from each other and restoring 
forces are developed. When the deforming force is removed, these restoring 
forces bring the molecules of the solid to their respective equilibrium 
position (r = r

0

) and hence the body regains its original form. 

(6) Elastic limit : Elastic bodies show their property of elasticity 

upto a certain value of deforming force. If we go on increasing the 
deforming force then a stage is reached when on removing the force, the 
body will not return to its original state. The maximum deforming force 
upto which a body retains its property of elasticity is called elastic limit of 
the material of body. 

Elastic limit is the property of a body whereas elasticity is the 
property of material of the body. 

(7) Elastic fatigue : The temporary loss of elastic properties because 

of the action of repeated alternating deforming force is called elastic fatigue. 

Due to elastic fatigue : 

(i) Bridges are declared unsafe after a long time of their use. 

(ii) Spring balances show wrong readings after they have been used 

for a long time. 

(iii) We are able to break the wire by repeated bending. 

(8) Elastic after effect : The time delay in which the substance 

regains its original condition after the removal of deforming force is called 
elastic after effect. It is the time for which restoring forces are present after 
the removal of the deforming force, it is negligible for perfectly elastic 
substance, like quartz, phosphor bronze and large for glass fibre. 

Stress 
 

When a force is applied on a body, there will be relative 
displacement of the particles and due to property of elasticity, an internal 

restoring force is developed which tends to restore the body to its original 
state. 

The internal restoring force acting per unit area of cross section of 
the deformed body is called stress. 

At equilibrium, restoring force is equal in magnitude to external 

force, stress can therefore also be defined as external force per unit area on 

a body that tends to cause it to deform.  

If external force F is applied on the area A of a body then,   

Stress 
A

F


Area

 Force
 

Unit : 2/mN  (S.I.) , 2/ cmdyne  (C.G.S.)  

Dimension : ][ 21  TML  

Stress developed in a body depends upon how the external forces 

are applied over it.  

On this basis there are two types of stresses : Normal and Shear or 

tangential stress 

(1) Normal stress : Here the force is applied normal to the surface.  

It is again of two types : Longitudinal and Bulk or volume stress  

(i) Longitudinal stress  

(a) It occurs only in solids and comes in to picture when one of the 

three dimensions viz. length, breadth, height is much greater than other 

two. 

(b) Deforming force is applied parallel to the length and causes 

increase in length. 

(c) Area taken for calculation of stress is the area of cross section. 

(d) Longitudinal stress produced due to increase in length of a body 

under a deforming force is called tensile stress.  

(e) Longitudinal stress produced due to decrease in length of a body 

under a deforming force is called compressive stress. 

(ii) Bulk or Volume stress  

(a) It occurs in solids, liquids or gases. 

(b) In case of fluids only bulk stress can be found. 

Fig. 9.2 
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(c) It produces change in volume and density, shape remaining 

same. 

(d) Deforming force is applied normal to surface at all points. 

(e) Area for calculation of stress is the complete surface area 

perpendicular to the applied forces. 

(f) It is equal to change in pressure because change in pressure is 

responsible for change in volume. 

(2) Shear or tangential stress : It comes into picture when successive 

layers of solid move on each other i.e. when there is a relative displacement 

between various layers of solid. 

(i) Here deforming force is applied tangential to one of the faces. 

(ii) Area for calculation is 

the area of the face on which force 
is applied. 

(iii) It produces change in 

shape, volume remaining the same. 

Difference between Pressure and Stress  

Pressure Stress 

Pressure is always normal to the 

area. 

Stress can be normal or 

tangential. 

Always compressive in nature. May be compressive or tensile in 

nature. 
 

Strain 

The ratio of change in configuration to the original configuration is 

called strain. 

Being the ratio of two like quantities, it has no dimensions and units.  

Strain are of three types :  

(1) Linear strain : If the deforming force produces a change in length 
alone, the strain produced in the body is called linear 
strain or tensile strain. 

)length(Original 

)length( in Change
strainLinear 

l

l
  

Linear strain in the direction of deforming force is called 

longitudinal strain and in a direction perpendicular to 
force is called lateral strain. 

(2) Volumetric strain : If the deforming 
force produces a change in volume alone the strain 

produced in the body is called volumetric strain. 

)olume(Original v

) volume(in Change
strain Volumetric

V

V


 

(3) Shearing strain : If the deforming force 

produces a change in the shape of the body without changing its volume, 
strain produced is called shearing strain. 

It is defined as angle in radians through which a plane perpendicular 
to the fixed surface of the cubical body gets turned under the effect of 
tangential force. 

L

x
  

Note :   When a beam is bent both compression strain as 

well as an extension strain is produced. 

 
 

Stress-strain Curve 

If by gradually increasing the load on a vertically suspended metal 

wire, a graph is plotted between stress (or load) and longitudinal strain (or 

elongation) we get the curve as shown in figure. From this curve it is clear 

that : 

 

 

 

 

 

(1) When the strain is small (< 2%) (i.e., in region OP) stress is 

proportional to strain. This is the region where the so called Hooke’s law is 

obeyed. The point P is called limit of proportionality and slope of line OP 

gives the Young’s modulus Y of the material of the wire. If  is the angle of 

OP from strain axis then Y = tan . 

(2) If the strain is increased a little bit, i.e., in the region PE, the 

stress is not proportional to strain. However, the wire still regains its 

original length after the removal of stretching force. This behaviour is 

shown up to point E known as elastic limit or yield-point. The region OPE 

represents the elastic behaviour of the material of wire. 

(3) If the wire is stretched beyond the elastic limit E, i.e., between 
EA, the strain increases much more rapidly and if the stretching force is 
removed the wire does not come back to its natural length. Some 
permanent increase in length takes place. 

(4) If the stress is increased further, by a very small increase in it a 
very large increase in strain is produced (region AB) and after reaching 
point B, the strain increases even if the wire is unloaded and ruptures at C. 
In the region BC the wire literally flows. The maximum stress corresponding 
to B after which the wire begins to flow and breaks is called breaking or 
ultimate tensile strength. The region EABC represents the plastic behaviour 
of the material of wire. 

(5) Stress-strain curve for different materials are as follows : 
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The plastic region between E and C is small for 
brittle material and it will break soon after the 

elastic limit is crossed. 

Example : Glass, cast iron. 

 

 

 

 

 

The material of the wire have a good plastic 
range and such materials can be easily changed 

into different shapes and can be drawn into 
thin wires 

Example. Mild steel 

 

 

 

 

 

Stress-strain curve is not a straight line within 
the elastic limit for elastomers and strain 

produced is much larger than the stress 
applied. Such materials have no plastic range 
and the breaking point lies very close to elastic 
limit. Example rubber 

 

Hooke’s law and Modulus of Elasticity 
 

According to this law, within the elastic limit, stress is proportional 

to the strain.  

i.e. stress  strain or E constant
strain

stress
 

The constant E is called modulus of 

elasticity. 

(1) It’s value depends upon the nature of 

material of the body and the manner in which the 

body is deformed. 

(2) It's value depends upon the 

temperature of the body. 

(3) It’s value is independent of the 

dimensions (length, volume etc.) of the body. 

There are three modulii of elasticity namely Young’s modulus (Y), 

Bulk modulus (K) and modulus of rigidity () corresponding to three types 
of the strain. 

Young's Modulus (Y) 
 

It is defined as the ratio of normal stress to longitudinal strain 

within limit of proportionality. 

Al

FL

Ll

AF
Y 

/

/

strainal longitudin

stressNormal 
 

If force is applied on a wire of radius r by hanging a weight of mass 

M, then  

lr

MgL
Y

2
  

(i) If the length of a wire is doubled, 

Then longitudinal strain = 
)length(initial 

)length( in change

L

l
 

1
2

lengthInitial 

lengthinitial lengthfinal 








L

LL
 

 Young’s modulus = 
strain

stress
       Y = stress  

    [As strain = 1] 

So young’s modulus is numerically equal to the stress which will 
double the length of a wire. 

(ii) Increment in the length of wire 
Yr

FL
l

2
   

     









Al

FL
Y As  

So if same stretching force is applied to different wires of same 

material, 
2r

L
l       [As F and Y are constant] 

i.e., greater the ratio 
2r

L
, greater will be the elongation in the wire. 

(iii) Elongation in a wire by its own weight : The weight of the wire 
Mg act at the centre of gravity of the wire so that length of wire which is 
stretched will be L/2. 

 Elongation 
AY

LMg

AY

FL
l

)2/(
 = 

AY

MgL

2 Y

dgL

2

2

  

 [As mass (M) = volume (AL) × density (d)] 

(iv) Thermal stress : If a rod is fixed between two rigid supports, 

due to change in temperature its length will change and so it will exert a 
normal stress (compressive if temperature increases and tensile if 
temperature decreases) on the supports. This stress is called thermal stress.  

 

 

 

As by definition, coefficient of linear expansion 






L

l
  

  thermal strain 
L

l
 

So  thermal stress = Y         [As Y = stress/strain] 

And tensile or compressive force produced in the body = YA  

Note :   In case of volume expansion Thermal stress 

= K 

Where  K = Bulk modulus,  = coefficient of cubical expansion 

(v) Force between the two rods : Two rods of different metals, 

having the same area of cross section A, are placed end to end between two 
massive walls as shown in figure. 
The first rod has a length L

1

, 

coefficient of linear expansion 
1

 

and young’s modulus Y
1

. The 
corresponding quantities for second 

rod are L
2

, 
2

 and Y
2

. If the 

temperature of both the rods is now raised by T degrees. 
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Increase in length of the composite rod (due to heating) will be 
equal to  

 21 ll TLL ][ 2211     [As l = L  ]  

and due to compressive force F from the walls due to elasticity, 

decrease in length of the composite rod will be equal to  

A

F

Y

L

Y

L










2

2

1

1    









AY

FL
l As  

as the length of the composite rod remains unchanged the increase 
in length due to heating must be equal to decrease in length due to 

compression i.e. TLL
Y

L

Y

L

A

F
][ 2211

2

2

1

1  







   

or   














2

2

1

1

2211 ][

Y

L

Y

L

TLLA
F


 

(vi) Force constant of wire : Force required to produce unit 
elongation in a wire is called force constant of material of wire. It is denoted 
by k.  

 
l

F
k       …(i) 

but from the definition of young’s modulus  

L

YA

l

F
      …(ii)  

from (i) and (ii) 
L

YA
k   

It is clear that the value of force constant depends upon the dimension 

(length and area of cross section) and material of a substance. 

(vii) Actual length of the wire : If the actual length of the wire is L, 

then under the tension T
1

, its length becomes L
1

 and under the tension T
2

, its 
length becomes L

2

. 

       11 lLL    
k

T
LL 1

1    …(i)          

and 22 lLL    
k

T
LL 2

2         …(ii) 

From (i) and (ii) we get 
12

1221

TT

TLTL
L




  

Work Done in Stretching a Wire 

In stretching a wire work is done against internal restoring forces. 
This work is stored in the wire as elastic potential energy or strain energy.  

If a force F acts along the length L of the wire of cross-section A and 
stretches it by x then  

Ax

FL

Lx

AF
Y 

/

/

strain

stress
  x

L

YA
F   

So the work done for an additional small increase dx in length, 

dxx
L

YA
FdxdW .  

Hence the total work done in increasing the length by l,       

2

000 2

1
. l

L

YA
dxx

L

YA
FdxdWW

lll
   

This work done is stored in the wire. 

 Energy stored in wire Fl
L

YAl
U

2

1

2

1 2

   









L

YAl
F As   

Dividing both sides by volume of the wire we get energy stored in 
unit volume of wire. 

 
L

l

A

F
UV 

2

1 2)strain(
2

1
strainstress

2

1
 Y  

2)stress(
2

1

Y
  [As AL = volume of wire] 

Total energy stored in wire (U) Energy stored in per unit volume 

of wire (U
V

) 

Fl
2

1
 

volume2

1 Fl
 

volumestrainstress
2

1
  strainstress

2

1
  

volume)strain(
2

1 2  Y  2)strain(
2

1
Y  

volumestress)(
2

1 2 
Y

 2)stress(
2

1


Y
 

 

Note :   If the force on the wire is increased from F
1

 

to F
2

 and the elongation in wire is l then energy stored in the wire 

l
FF

U
2

)(

2

1 21 
  

 Thermal energy density = Thermal energy per unit volume =
2

1
  

Thermal stress  strain 

   = 
L

l

A

F

2

1
 = ))((

2

1
 Y  = 22 )(

2

1
 Y  

Breaking of Wire 

When the wire is loaded beyond the elastic limit, then strain increases much 

more rapidly. The maximum stress corresponding to B (see stress-strain 

curve) after which the wire begin to flow and breaks, is called breaking 

stress or tensile strength and the force by application of which the wire 

breaks is called the breaking force. 

 (i) Breaking force depends upon the area of 

cross-section of the wire i.e., Breaking force  A  

  Breaking force = P × A 

Here P is a constant of proportionality and 

known as breaking stress. 

 (ii) Breaking  stress is a constant for a given 
material and it does not depend upon the dimension 
(length or thickness) of wire. 

 (iii) If a wire of length L is cut into two or more parts, then again 

it's each part can hold the same weight. Since breaking force is independent 
of the length of wire. 

 (iv) If a wire can bear maximum force F, then wire of same material 

but double thickness can bear maximum force 4F  

 (v) The working stress is always kept lower than that of a breaking 

stress. 

F 

A 
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 So that safety factor = 
stressworking 

stressbreaking 
, may have large value. 

 (vi) Breaking of wire under its own weight. 

 Breaking force = Breaking stress  Area of cross section 

 Weight of wire = Mg = ALdg = PA      [P =Breaking stress] 

    [As mass = volume  density = ALd] 

  PLdg   
dg

P
L   

 This is the length of wire if it breaks by its own weight. 

Bulk Modulus 

 When a solid or fluid (liquid or gas) is subjected to a uniform 
pressure all over the surface, such that the shape remains the same, then 
there is a change in volume. 

 Then the ratio of normal stress to the volumetric strain within the 
elastic limits is called as Bulk modulus. This is denoted by K. 

 
strain volumetric

stressNormal 
K  

 
V

pV

VV

AF
K









/

/
 

 

 where p = increase in pressure; V = original volume; V = change in 
volume 

 The negative sign shows that with increase in pressure p, the 

volume decreases by V i.e. if p is positive, V is negative. The reciprocal of 
bulk modulus is called compressibility. 

C = compressibility = 
pV

V

K




1
 

S.I. unit of compressibility is N–1m2 and C.G.S. unit is dyne–1 cm2. 

Gases have two bulk moduli, namely isothermal elasticity E
 

 and 

adiabatic elasticity E . 

(1) Isothermal elasticity (E) : Elasticity possess by a gas in 
isothermal condition is defined as isothermal elasticity. 

For isothermal process, PV = constant       (Boyle’s law) 

Differentiating both sides  

PdV + VdP = 0   PdV = – VdP 

)/( VdV

dP
P




strain

stress
 E     E = P  

 i.e., Isothermal elasticity is equal to pressure. 

 (2) Adiabatic elasticity (E) : Elasticity possess by a gas in adiabatic 

condition is defined as adiabatic elasticity. 

 For adiabatic process,   PV = constant       (Poisson’s law) 

 Differentiating both sides, 

 01  dPVdVVP     0 VdPPdV  

 
strain

stress









 


V

dV

dP
P E  

 E =  P   

i.e., adiabatic elasticity is equal to  times pressure. 

 [Where 
v

p

C

C
 ] 

 Note :   Ratio of adiabatic to isothermal elasticity  

1 






P

P

E

E
   E > E 

 i.e., adiabatic elasticity is always more than isothermal elasticity. 

Density of Compressed Liquid 

 If a liquid of density  , volume V and bulk modulus K is 

compressed, then its density increases. 

 As density  
V

m
  so  

V

V







  …(i) 

 But by definition of bulk modulus  

 
V

PV
K




     

K

P

V

V 



    …(ii)  

 From (i) and (ii) 
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 or    






 


K

P
1 ]1[ PC      








 C

K

1
 As  

Fractional Change in the Radius of Sphere 

  A solid sphere of radius R made of a material of bulk modulus K is 
surrounded by a liquid in a cylindrical container. 

 A massless piston of area A floats on the surface of the liquid. 

 Volume of the spherical body 3

3

4
RV   

 
R

R

V

V 



3  

   
V

V

R

R 




3

1
   …(i) 

 Bulk modulus 
V

P
VK



  

       
AK

mg

K

P

V

V






  …..(ii)  

    









A

mg
P As  

Substituting the value of 
V

V
 from equation (ii) in equation (i) we 

get 
AK

mg

R

R

3

1



 

Modulus of Rigidity 

 Within limits of proportionality, the ratio of tangential stress to the 

shearing strain is called modulus of rigidity of the material of the body and 

is denoted by , i.e. 
strainShearing 

stressShearing 
  

(V – V) 

Fig. 9.13 

m 

Fig. 9.14 
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 In this case the shape of a body 

changes but its volume remains 
unchanged. 

 Consider a cube of material fixed 
at its lower face and acted upon by a 

tangential force F at its upper surface 
having area A. The shearing stress, then, 
will be 

 Shearing stress 
A

F
     

 This shearing force causes the consecutive horizontal layers of the 

cube to be slightly displaced or sheared relative to one another, each line 

such as PQ or RS in the cube is rotated through an angle  by this shear. 

The shearing strain is defined as the angle   in radians through which a 

line normal to a fixed surface has turned. For small values of angle, 

 Shearing strain
L

x

PQ

QQ


'
  

 So 



A

FAF


/

strainshear 

stressshear 
 

 Only solids can exhibit a shearing as these have definite shape. 

Poisson’s Ratio 

 When a long bar is stretched by a force along its length then its 
length increases and the radius decreases as shown in the figure. 

 Lateral strain : The ratio of change 

in radius or diameter to the original radius 
or diameter is called lateral strain. 

 Longitudinal strain : The ratio of 

change in length to the original length is 
called longitudinal strain. 

 The ratio of lateral strain to 

longitudinal strain is called Poisson’s ratio (). 

i.e. 
strainal Longitudin

strainLateral 
  

  
LdL

rdr

/

/
  

Negative sign indicates that the radius of the bar decreases when it is 

stretched. 

Poisson’s ratio is a dimensionless and a unitless quantity. 

Relation Between Volumetric Strain, Lateral 

Strain and Poisson’s Ratio 

 If a long bar have a length L and radius r then volume LrV 2  

 Differentiating both the sides drrLdLrdV 22    

 Dividing both the sides by volume of bar  

Lr

drrL

Lr

dLr

V

dV
22

2 2










r

dr

L

dL
2  

   Volumetric strain = longitudinal strain + 2(lateral strain)  

  

 
L

dL

L

dL

V

dV
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)21(     

    









L
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r

dr

LdL

rdr


/

/
As   

or  







 1

2

1

AdL

dV
      

 [where A = cross-section of bar] 

(i) If a material having  = – 0.5 then 
L

dL

V

dV
]21[   = 0 

  Volume = constant  or  K =  i.e. the material is incompressible. 

(ii) If a material having  = 0, then lateral strain is zero i.e. when a 

substance is stretched its length increases without any decrease in diameter 

e.g. cork. In this case change in volume is maximum. 

(iii) Theoretical value of Poisson’s ratio 5.01   . 

(iv) Practical value of Poisson’s ratio 5.00    

Relation between Y, k,  and  

Moduli of elasticity are three, viz. Y, K and  while elastic constants 

are four, viz, Y, K,  and . Poisson’s ratio  is not modulus of elasticity as 

it is the ratio of two strains and not of stress to strain. Elastic constants are 

found to depend on each other through the relations :  

)21(3  KY      …(i) 

)1(2  Y     …(ii) 

Eliminating  or Y between these, we get 








K

K
Y

3

9
     …(iii) 






26

23






K

K
    …(iv) 

Torsion of Cylinder  

If the upper end of a cylinder is clamped and a torque is applied at 

the lower end the cylinder gets twisted by angle . Simultaneously shearing 

strain   is produced in the cylinder. 

(i) The angle of twist   is directly 

proportional to the distance from the fixed end of the 

cylinder. 

At fixed end o0  and at free end  = 

maximum. 

(ii) The value of angle of shear  is directly 

proportional to the radius of the cylindrical shell. 

At the axis of cylinder  = 0 and at the outermost shell  = 

maximum. 

(iii) Relation between angle of twist () and angle of shear () 

F 

Fixed face 
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 AB = r = l    
l

r
   

(iv) Twisting couple per unit twist or torsional rigidity or torque 
required to produce unit twist. 

l

r
C

2

4
   24 ArC   

(v) Work done in twisting the cylinder through an angle   is  

l

r
CW

42

1 24
2 

   

Interatomic Force Constant 

 Behaviour of solids with respect to external forces is such that if 

their atoms are connected to springs. When an external force is applied on 
a solid, this distance between its atoms changes and interatomic force works 
to restore the original dimension. 

The ratio of interatomic force to that of change in interatomic 

distance is defined as the interatomic force constant. 
r

F
K


  

It is also given by 0rYK   [Where Y = Young's modulus, 0r  = 

Normal distance between the atoms of wire] 

Unit of interatomic force constant is N/m and Dimension MT–2 

 Note :   The number of atoms having interatomic 

distance r
0

 in length l of a wire, N = l/r
0

. 

The number of atoms in area A of wire having interatomic 

separation r
0

 is 2
0/ rAN  . 

Elastic Hysteresis 

 When a deforming force is applied on a body then the strain does not 
change simultaneously with stress rather it lags behind the stress. The lagging 

of strain behind the stress is defined as elastic hysteresis. This is the reason 
why the values of strain for same stress are different while increasing the load 
and while decreasing the load. 

Hysteresis loop : The area of the stress-strain curve is called the 

hysteresis loop and it is numerically equal to the work done in loading the 
material and then unloading it.  

 

 

 

 

 

 

 

If we have two tyres of rubber having different hysteresis loop then 

rubber B should be used for making the car tyres. It is because of the 
reason that area under the curve i.e. work done in case of rubber B is lesser 
and hence the car tyre will not get excessively heated and rubber A should 
be used to absorb vibration of the machinery because of the large area of 
the curve, a large amount of vibrational energy can be dissipated. 

Factors Affecting Elasticity 

(1) Hammering and rolling : Crystal grains break up into smaller 

units by hammering and rolling. This results in increase in the elasticity of 
material. 

(2) Annealing : The metals are annealed by heating and then cooling 

them slowly. Annealing results in decrease in the elasticity of material. 

(3) Temperature : Intermolecular forces decreases with rise in 

temperature. Hence the elasticity decreases with rise in temperature but the 
elasticity of invar steel (alloy) does not change with change of temperature. 

(4) Impurities : Due to impurities in a material, elasticity can  
increase or decrease. The type of effect depends upon the nature of 
impurities present in the material. 

Important Facts About Elasticity 

 (1) The body which requires greater deforming force to produce a 
certain change in dimension is more elastic. 

Example : Ivory and steel balls are more elastic than rubber. 

(2) When equal deforming force is applied on different bodies then 
the body which shows less deformation is more elastic. 

Example : (i) For same load, more elongation is produced in rubber 
wire than in steel wire hence steel is more elastic than rubber. 

(ii) Water is more elastic than air as volume change in water is less 
for same applied pressure. 

(iii) Four identical balls of different materials are dropped from the 
same height then after collision, balls rises upto different heights.  

The order of their height can be given by h
ivory

 > h
steel

 > h
rubber

 > h
clay

 because 
Y

ivory

 > Y
steel

 > Y
rubber

 > Y
clay

. 

(3) The value of moduli of elasticity is independent of the magnitude 

of the stress and strain. It depends only on the nature of material of the 
body. 

(4) For a given material there can be different moduli of elasticity 
depending on the type of stress applied and resulting strain. 

 

Name of substance Young’s modulus (Y) 1010N/m2 Bulk modulus (K) 

1010N/m2 

Modulus of rigidity () 1010N/m2 

Aluminium 6.9 7.0 2.6 

Brass 9.0 6.7 3.4 

Copper 11.0 13.0 4.5 

Iron 19.0 14.0 4.6 

Steel 20.0 16.0 8.4 

Tungsten 36.0 20.0 15.0 

Diamond 83.0 55.0 34.0 
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Water – 0.22 – 

Glycerin – 0.45 – 

Air – 1.01 – 

 

(5) The moduli of elasticity has same dimensional formula and units as 

that of stress since strain is dimensionless.  Dimensional formula is 

[ 21  TML ] while units dyne/cm2 or Newton/m2. 

(6) Greater the value of moduli of elasticity more elastic is the 

material. But as Y  (1/l), K  (1/V) and   (1/) for a constant stress, so 

smaller change in shape or size for a given stress corresponds to greater 
elasticity. 

(7) The moduli of elasticity Y and  exist only for solids as liquids 

and gases cannot be deformed along one dimension only and also cannot 
sustain shear strain. However K exist for all states of matter viz. solid, liquid 

or gas. 

(8) Gases being most compressible are least elastic while solids are 

most i.e. the bulk modulus of gas is very low while that for liquids and 
solids is very high. K

solid

 > K
liquid

 > K
gas

 

(9) For a rigid body l, V or  = 0 so Y, K or  will be , i.e. 
elasticity of a rigid body is infinite.  

Diamond and carborundum are nearest approach to rigid bodies. 

(10) In a suspension bridge there is a stretch in the ropes by the 

load of the bridge. Due to which length of rope changes. Hence Young’s 
modulus of elasticity is involved. 

(11) In an automobile tyre as the air is compressed, volume of the air 

in tyre changes, hence the bulk modulus of elasticity is involved. 

(12) In transmitting power, an automobile shaft is sheared as it 

rotates, so shearing strain is set up, hence modulus of rigidity is involved. 

(13) The shape of rubber heels changes under stress, so modulus of 

rigidity is involved. 

Practical Applications of Elasticity 

(i) The metallic parts of machinery are never subjected to a stress 
beyond elastic limit, otherwise they will get permanently deformed. 

(ii) The thickness of the metallic rope used in the crane in order to 
lift a given load is decided from the knowledge of elastic limit of the 
material of the rope and the factor of safety. 

(iii) The bridges are declared unsafe after long use because during 
its long use, a bridge under goes quick alternating strains continuously. It 
results in the loss of elastic strength. 

(iv) Maximum height of a mountain on earth can be estimated from 
the elastic behaviour of earth. 

At the base of the mountain, the pressure is given by P = hg and it 

must be less than elastic limit (K) of earth’s supporting material. 

K > P  > hg   
g

K
h


  or 

g

K
h


max  

(v) In designing a beam for its use to support a load (in 

construction of roofs and bridges), it is advantageous to increase its depth 
rather than the breadth of the beam because the depression in rectangular 
beam. 

 
3

3

4Ybd

W l
   

 

 

To minimize the depression in the beam, it is designed as I-shaped 
girder. 

(vi) For a beam with circular cross-section depression is given by 

Yr

W L
4

3

12
   

(vii) A hollow shaft is stronger than a solid shaft made of same 

mass, length and material. 

Torque required to produce a unit twist in a solid shaft  

l

r

2

4

solid


      …(i) 

and torque required to produce a unit twist in a hollow shaft  

l

rr

2

)( 4
1

4
2

hollow





        …(ii) 

From (i) and (ii),  
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2
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2
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4
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 …(iii) 

Since two shafts are made from equal volume  

lrrlr )( 2
1

2
2

2       2
1

2
2

2 rrr   

Substituting this value in equation (iii) we get, 

1
2

2
1

2
2

solid

hollow 



r

rr




   

hollow

 > 
solid

 

i.e., the torque required to twist a hollow shaft is greater than the 

torque necessary to twist a solid shaft of the same mass, length and material 
through the same angle. Hence, a hollow shaft is stronger than a solid shaft. 

 

 

 
 
 
 

 

 Metals are polycrystalline materials. 

 Metals are elastic for small strains and for large strains, metals 

become plastic. 

 The substances having large molecular structure (formed by the 

union of two to several thousand simple molecules) are called polymers. 

 Rubber is a polymer. 

 Rubber is elastic for very large strains. 

 It stretches easily at first but then becomes stiffer. 

 Young’s modulus is defined only for the solids. 

 Bulk modulus was first defined by Maxwell. 

 Bulk modulus is defined for all types of materials, solids, liquids and 

gases. 

l 

W 

b 

 
d 

Fig. 9.19 
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 Reciprocal of bulk modules is called compressibility. 

 Hooke’s law is obeyed only for small values of strain. 

 Higher value of the elasticity (modulus) means greater force is 

required for producing a given change. 

 The material which break as soon as the stress goes beyond the 

elastic limit are called brittle. 

 The material which do not break well beyond the elastic limit are 

called ductile. 

 The deformation beyond elastic limit is called plasticity. 

 Rubber sustains elasticity even when stretched several times its 

length. 

However it is not ductile. If breaks down as soon as the elastic limit is 

crossed. 

 Within elastic limit, the force constant for a spring is given by 

L

YA
K   

 Elastic after effect is a temporary absence of the elastic properties. 

 Quartz is the best available example of perfectly elastic materials. 

 Isothermal elasticity = pressure (P) 

 Adiabatic elasticity = Ratio of specific heats × pressure =P 

 Elasticity is meaningless for the rigid bodies. It is the property of 

the non rigid bodies. 

 Diamond and carborundum are the nearest approach to the rigid 
body. 

 Elastic fatigue occurs, when a metal is subjected to repeated 
loading and unloading. 

 Theoretical value of Poisson’s ratio lies between –1 and +1/2 but 

practical value lies between zero and +1/2. 

 Negative value of poisson’s ratio means that if length increases then 
radius decreases. 

 Stress and pressure have the same units and dimensions, but the 
pressure is always normal to the surface but the stress may be parallel 
or perpendicular to the surface. 

 Normal stress is also called tensile stress when the length of the 
body tends to increase.  

 Normal stress is also called compressive stress when length of the 

body tends to decrease.  

 Tangential stress is also called shearing stress. 

 When the deforming force is inclined to the surface, both the 
tangential as well as normal stress are produced. 

 When a body is sheared, two mutually perpendicular strains are 
produced. They are called longitudinal strain and compressional strain. 

Both are equal in magnitude. 

 When a beam is bent, both extensional as well as compressional 
strain is produced. 

 The energy stored by an elastic material is the area under the 
force-extension graph. The area under the stress-strain graph gives the 

energy stored per unit volume. 

 Thermal stress in a rod   Y . It is independent of the area of 

cross section or length of the wire. 

 Breaking stress for a wire of unit cross-section is called tensile 
strength. 

 Breaking stress does not depend on the length or area of cross 

section of the wire. However it depends on the material of the wire. 

 Breaking force depends on the area of cross section. Breaking stress 
of a wire is called tensile strength. 

 If we double the radius of rope its breaking force becomes four 
times. But the breaking stress remains unchanged. 

 If a beam of rectangular cross-section is loaded its depression at 

the beam is inversely proportional to the cube of thickness. 

 If a beam of circular cross-section is loaded, its depression is 

inversely proportional to the fourth power of radius. i.e. 
4

1

r
  

 

 

 

 

 

Young’s Modulus and Breaking Stress 
 

1. The length of an iron wire is L and area of cross-section is A. The 

increase in length is l on applying the force F on its two ends. 
Which of the statement is correct [NCERT 1976] 

 (a) Increase in length is inversely proportional to its length L 

  (b) Increase in length is proportional to area of cross-section A 

 (c) Increase in length is inversely proportional to A 

 (d) Increase in length is proportional to Young's modulus 

2. The increase in length is l of a wire of length L by the longitudinal 
stress. Then the stress is proportional to 

[MP PET 1986] 

 (a) L/l (b) l/L 

 (c) Ll  (d) Ll 2  

3. The dimensions of four wires of the same material are given below. 
In which wire the increase in length will be maximum when the 

same tension is applied 

  [IIT 1981; NCERT 1976; MP PET/PMT 1998; CPMT 1983, 90; MP 

PMT 1992, 94, 97; MP PET 1989, 90, 99] 

 (a) Length 100 cm, Diameter 1 mm 

 (b) Length 200 cm, Diameter 2 mm 

 (c) Length 300 cm, Diameter 3 mm 

 (d) Length 50 cm, Diameter 0.5 mm 
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4. The ratio of the lengths of two wires A and B of same material is 1 : 

2 and the ratio of their diameter is 2 : 1. They are stretched by the 
same force, then the ratio of increase in length will be[MP PMT 1986; MP PET/PMT 1988] 

 (a) 2 : 1 (b) 1 : 4 

 (c) 1 : 8 (d) 8 : 1 

5. The Young's modulus of a wire of length L and radius r is Y N/m2. If 
the length and radius are reduced to L/2 and r/2, then its Young's 
modulus will be 

 [MP PMT 1985; MP PET 1997; KCET 1999] 

 (a) Y/2 (b) Y 

 (c) 2Y (d) 4Y 

6. A beam of metal supported at the two ends is loaded at the centre. 

The depression at the centre is proportional to 

[CPMT 1983, 84] 

 (a) 2Y  (b) Y 

 (c) 1/Y (d) 2/1 Y  

7. When a certain weight is suspended from a long uniform wire, its 

length increases by one cm. If the same weight is suspended from 
another wire of the same material and length but having a diameter 
half of the first one then the increase in length will be    [CPMT 1984, 90] 

 (a) 0.5 cm (b) 2 cm 

 (c) 4 cm (d) 8 cm 

8. Hook's law defines    [MP PMT/PET 1988] 

 (a) Stress (b) Strain 

 (c) Modulus of elasticity (d) Elastic limit 

9. A wire is loaded by 6 kg at its one end, the increase in length is 12 

mm. If the radius of the wire is doubled and all other magnitudes 
are unchanged, then increase in length will be[MP PMT 1987; AI SSCE 1982] 

 (a) 6 mm (b) 3 mm 

 (c) 24 mm (d) 48 mm 

10. The area of cross-section of a wire of length 1.1 metre is 1 mm2. It is 

loaded with 1 kg. If Young's modulus of copper is 
211 /101.1 mN , then the increase in length will be (If 

)/10 2smg      [MP PET 1989] 

 (a) 0.01 mm (b) 0.075 mm 

 (c) 0.1 mm (d) 0. 15 mm 

11. On increasing the length by 0.5 mm in a steel wire of length 2 m 

and area of cross-section 22 mm , the force required is [Y for 

steel ]/102.2 211 mN ]   [MP PET/PMT 1988] 

 (a) N5101.1   (b) N4101.1   

 (c) N3101.1   (d) N2101.1   

12. If Young's modulus of iron is 211 /102 mN  and the interatomic 

spacing between two molecules is 10103  metre, the interatomic 

force constant  is 

[JIPMER 1978] 

(a) 60 N/m (b) 120 N/m 

 (c) 30 N/m (d) 180 N/m 

13. In CGS system, the Young's modulus of a steel wire is 12102 . To 

double the length of a wire of unit cross-section area, the force 
required is   [MP PMT 1989] 

 (a) 6104  dynes (b) 12102 dynes 

 (c) 12102 newtons (d) 8102 dynes 

14. The material which practically does not show elastic after effect is[JIPMER 1997; AMU (Engg.) 1999] 

 (a) Copper (b) Rubber 

 (c) Steel (d) Quartz 

15. If the temperature increases, the modulus of elasticity 

 (a) Decreases (b) Increases 

 (c) Remains constant (d) Becomes zero 

16. A force F is needed to break a copper wire having radius R. The 
force needed to break a copper wire of radius 2R will be 

[MP PET 1990] 

 (a) F/2 (b) 2F 

 (c) 4F (d) F/4 

17. The relationship between Young's modulus Y, Bulk modulus K and 

modulus of rigidity   is 

[MP PET 1991; MP PMT 1997] 

 (a) 
K

K
Y

3

9






 (b) 

KY

YK

3

9


 

 (c) 
K

K
Y




3

9
 (d) 

K

K
Y








9

3
 

18. The diameter of a brass rod is 4 mm and Young's modulus of brass 

is 210 /109 mN . The force required to stretch by 0.1% of its 

length is [MP PET 1991; BVP 2003] 

 (a) N360  (b) 36 N 

 (c) N310144   (d) N51036   

19. If x longitudinal strain is produced in a wire of Young's modulus y, 
then energy stored in the material of the wire per unit volume is 

 [MP PMT 1987, 89, 92; CPMT 1997; Pb. PMT 1999; KCET 2000; AIIMS 

2001] 

 (a) 2yx  (b) 22 yx  

 (c) xy 2

2

1
 (d) 2

2

1
yx  

20. In a wire of length L, the increase in its length is l. If the length is 

reduced to half, the increase in its length will be 

 (a) l (b) 2l 

 (c) 
2

l
 (d) None of the above 

21. The Young's modulus of a rubber string 8 cm long and density 
3/5.1 mkg  is 28 /105 mN , is suspended on the ceiling in a 

room. The increase in length due to its own weight will be    [AIIMS 1986] 

 (a) m5106.9   (b) m11106.9   

 (c) m3106.9   (d) 9.6 m 

22. A and B are two wires. The radius of A is twice that of B. They are 
stretched by the some load. Then the stress on B is 

[MP PMT 1993] 

 (a) Equal to that on A (b) Four times that on A 

 (c) Two times that on A (d) Half that on A 
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23. If the length of a wire is reduced to half, then it can hold the ......... 
load 

 (a) Half (b) Same 

 (c) Double (d) One fourth 

24. To double the length of a iron wire having 25.0 cm  area of cross-

section, the required force will be )/10( 212 cmdyneY      [MP PMT 1987] 

 (a) N7100.1   (b) N7100.1   

 (c) N7105.0   (d) 12105.0  dyne 

25. The spring balance does not read properly after its long use, because 

 (a) The elasticity of spring increases 

 (b) The elasticity decreases 

 (c) Its plastic power decreases 

 (d) Its plastic power increases 

26. Two wires of equal lengths are made of the same material. Wire A 

has a diameter that is twice as that of wire B. If identical weights are 
suspended from the ends of these wires, the increase in length is 

[EAMCET 1983; MP PMT 1990; MP PET 1995] 

 (a) Four times for wire A as for wire B 

 (b) Twice for wire A as for wire B 

 (c) Half for wire A as for wire B 

 (d) One-fourth for wire A as for wire B 

27. Why the spring is made up of steel in comparison of copper 

 (a) Copper is more costly than steel 

 (b) Copper is more elastic than steel 

 (c) Steel is more elastic than copper 

 (d) None of the above 

28. Steel and copper wires of same length are stretched by the same 

weight one after the other. Young's modulus of steel and copper are 
211 /102 mN  and 211 /102.1 mN . The ratio of increase in 

length   [MP PET 1984] 

 (a) 
5

2
 (b) 

5

3
 

 (c) 
4

5
 (d) 

2

5
 

29. An area of cross-section of rubber string is 22 cm . Its length is 

doubled when stretched with a linear force of 5102 dynes. The 

Young's modulus of the rubber in 2/ cmdyne  will be   [MP PET 1985] 

 (a) 5104   (b) 5101  

 (c) 5102  (d) 4101  

30. Increase in length of a wire is 1 mm when suspended by a weight. If 
the same weight is suspended on a wire of double its length and 
double its radius, the increase in length will be 

[CPMT 1976] 

 (a) 2 mm (b) 0.5 mm 

 (c) 4 mm (d) 0.25 mm 

31. The temperature of a wire of length 1 metre and area of cross-

section 21 cm  is increased from 0°C to 100°C. If the rod is not 

allowed to increase in length, the force required will be 

C  /10( 5  and )/10 211 mNY   

[NCERT 1976; CPMT 1982, 91] 

 (a) N310  (b) N410  

 (c) N510  (d) N910  

32. A rod of length l and area of cross-section A is heated from 0°C to 
100°C. The rod is so placed that it is not allowed to increase in 
length, then the force developed is proportional to      [NCERT 1976] 

 (a) l (b) 1l  

 (c) A (d) 1A  

33. An aluminum rod (Young's modulus )/107 29 mN  has a 

breaking strain of 0.2%. The minimum cross-sectional area of the 

rod in order to support a load of 410 Newton's is  

[MP PMT 1991] 

 (a) 22101 m  (b) 23104.1 m  

 (c) 23105.3 m  (d) 24101.7 m  

34.  Two wires of copper having the length in the ratio 4 : 1 and their 
radii ratio as 1 : 4 are stretched by the same force. The ratio of 
longitudinal strain in the two will be  

 (a) 1 : 16 (b) 16 : 1 

 (c) 1 : 64 (d) 64 : 1 

35.  A weight of 200 kg is suspended by vertical wire of length 600.5 

cm. The area of cross-section of wire is 21 mm . When the load is 

removed, the wire contracts by 0.5 cm. The Young's modulus of the 
material of wire will be  

 (a) 212 /1035.2 mN  (b) 210 /1035.1 mN  

(c) 211 /105.13 mN  (d) 29 /105.23 mN  

36.  If a load of 9 kg is suspended on a wire, the increase in length is 

4.5 mm. The force constant of the wire is 

 (a) mN /1049.0 4  (b) mN /1096.1 4  

 (c) mN /109.4 4  (d) mN /10196.0 4  

37.  The ratio of diameters of two wires of same material is n : 1. The 

length of wires are 4 m each. On applying the same load, the 
increase in length of thin wire will be  

 (a) 2n  times (b) n times 

 (c) 2n times (d) None of the above 

38.  Longitudinal stress of 2/1 mmkg  is applied on a wire. The 

percentage increase in length is )/10( 211 mNY   

 (a) 0.002 (b) 0.001 

 (c) 0.003 (d) 0.01 

39.  A steel wire is stretched with a definite load. If the Young's 
modulus of the wire is Y. For decreasing the value of  Y 

 (a) Radius is to be decreased 

 (b) Radius is to be increased 

 (c) Length is to be increased 

 (d) None of the above  

40. The interatomic distance for a metal is m10103  . If the 

interatomic force constant is ÅN /106.3 9 , then the Young's 

modulus in 2/ mN  will be  

 (a) 11102.1   (b) 11102.4   

 (c) 19108.10   (d) 10104.2   
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41. Two identical wires of rubber and iron are stretched by the same 
weight, then the number of atoms in the iron wire will be      [DPMT 1999] 

 (a) Equal to that of rubber  

 (b) Less than that of the rubber  

 (c) More than that of the rubber  

 (d) None of the above  

42. The force constant of a wire does not depend on 

 (a) Nature of the material (b) Radius of the wire 

 (c) Length of the wire (d) None of the above  

43. The elasticity of invar 

 (a) Increases with temperature rise 

 (b) Decreases with temperature rise 

 (c) Does not depend on temperature 

 (d) None of the above 

44. After effects of elasticity are maximum for  

 (a) Glass (b) Quartz 

 (c) Rubber (d) Metal 

45. In suspended type moving coil galvanometer, quartz suspension is 
used because 

 (a) It is good conductor of electricity  

 (b) Elastic after effects are negligible  

 (c) Young's modulus is greater  

 (d) There is no elastic limit 

46. A force of 200 N is applied at one end of a wire of length 2 m and 

having area of cross-section 2210 cm . The other end of the wire is 

rigidly fixed. If coefficient of linear expansion of the wire 

C  /108 6  and Young's modulus 211 /102.2 mNY   

and its temperature is increased by 5°C, then the increase in the 
tension of the wire will be  

 (a) 4.2 N (b) 4.4 N 

 (c) 2.4 N (d) 8.8 N 

47. When compared with solids and liquids, the gases have 

 (a) Minimum volume elasticity 

 (b) Maximum volume elasticity 

 (c) Maximum Young's modulus 

 (d) Maximum modulus of rigidity 

48. The length of a wire is 1.0 m and the area of cross-section is 
22100.1 cm . If the work done for increase in length by 0.2 cm 

is 0.4 joule, then Young's modulus of the material of the wire is  

 (a) 210 /100.2 mN  (b) 210 /104 mN  

 (c) 211 /100.2 mN  (d) 210 /102 mN  

49. The quality of the material which opposes the change in shape, 
volume or length is called 

 (a) Intermolecular repulsion 

 (b) Intermolecular behaviour  

 (c) Viscosity 

 (d) Elasticity  

50. For silver, Young's modulus is 210 /1025.7 mN  and Bulk 

modulus is 210 /1011 mN . Its Poisson's ratio will be 

 (a) – 1 (b) 0.5 

 (c) 0.39 (d) 0.25 

51. The longitudinal strain is only possible in  

 (a) Gases (b) Fluids  

 (c) Solids (d) Liquids  

52. If the density of the material increases, the value of Young's modulus  

 (a) Increases   

 (b) Decreases 

 (c) First increases then decreases 

 (d) First decreases then increases 

53. Young's modulus of rubber is 24 /10 mN  and area of cross-

section is 22 cm . If force of 5102 dynes is applied along its 

length, then its initial length l  becomes  

 (a) 3L (b) 4L 

 (c) 2L (d) None of the above 

54. The elastic limit for a gas  

 (a) Exists  

 (b) Exists only at absolute zero 

 (c) Exists for a perfect gas 

 (d) Does not exist  

55. If Young's modulus for a material is zero, then the state of material 

should be  

 (a) Solid (b) Solid but powder  

 (c) Gas (d) None of the above  

56. Liquids have no Poisson's ratio, because 

 (a) It has no definite shape 

 (b) It has greater volume 

 (c) It has lesser density than solid 

 (d) None of the above  

57. A wire of length L and radius r is  rigidly fixed at one end. On 
stretching the other end of the wire with a force F, the increase in 
its length is l. If another wire of same material but of length 2L and 
radius 2r is stretched with a force of 2F, the increase in its length 
will be  

 [NCERT 1980; AIIMS 1980;  

MP PET 1989, 92; MP PET/PMT 1988;  

MP PMT 1996, 2002; UPSEAT 2002] 

 (a) l (b)  2l 

 (c) 
2

l
 (d) 

4

l
 

58. In steel, the Young's modulus and the strain at the breaking point 

are 211102  Nm  and 0.15 respectively. The stress at the breaking 

point for steel is therefore 

[MP PET 1990; MP PMT 1992; DPMT 2001] 

 (a) 2111033.1  Nm  (b) 2121033.1  Nm  

 (c) 213105.7  Nm  (d) 210103  Nm  

59. Which of the following statements is correct  [MP PET 1992] 

 (a) Hooke's law is applicable only within elastic limit 
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 (b) The adiabatic and isothermal elastic constants of a gas are 
equal 

 (c)  Young's modulus is dimensionless 

 (d) Stress multiplied by strain is equal to the stored energy 

60. The force required to stretch a steel wire of 21 cm  cross-section to 

1.1 times its length would be  )102( 211  NmY  

[MP PET 1992] 

 (a) N6102  (b) N3102  

 (c) N6102   (d) N7102    

61. Which one of the following substances possesses the highest 
elasticity   [MP PMT 1992;  

   RPMT 1999; RPET 2000; MH CET (Med.) 2001] 

 (a) Rubber (b) Glass 

 (c) Steel (d) Copper 

62. Which one of the following quantities does not have the unit of 
force per unit area   [MP PMT 1992] 

 (a) Stress  

 (b)  Strain 

 (c) Young's modulus of elasticity 

 (d) Pressure 

63. A copper wire and a steel wire of the same diameter and length are 
connected end to end and a force is applied, which stretches their 
combined length by 1 cm. The two wires will have   [MP PMT 1992] 

 (a) Different stresses and strains 

 (b) The same stress and strain 

 (c) The same strain but different stresses 

 (d) The same stress but different strains 

64. A steel ring of radius r and cross-section area ‘A’ is fitted on to a 

wooden disc of radius )( rRR  . If Young's modulus be E, then the 

force with which the steel ring is expanded is 

[EAMCET 1986] 

 (a) 
r

R
AE  (b) 







 

r

rR
AE  

 (c) 






 

A

rR

A

E
 (d) 

AR

Er
 

65. A wire extends by 1 mm when a force is applied. Double the force is 
applied to another wire of same material and length but half the 
radius of cross-section. The elongation of the wire in mm will be   [EAMCET 1986] 

 (a) 8 (b) 4 

 (c) 2 (d) 1 

66. Two wires of the same material have lengths in the ratio 1 : 2 and 

their radii are in the ratio 2:1 . If they are stretched by applying 

equal forces, the increase in their lengths will be in the ratio   [MP PET 1994] 

 (a) 2:2  (b) 2:2  

 (c) 1 : 1 (d) 1 : 2 

67. When a weight of 10 kg is suspended from a copper wire of length 3 
metres and diameter 0.4 mm, its length increases by 2.4 cm. If the 
diameter of the wire is doubled, then the extension in its length will 
be   [MP PMT 1994] 

 (a) 9.6 cm (b) 4.8 cm 

 (c) 1.2 cm (d) 0.6 cm 

68. A force of 310  newton stretches the length of a hanging wire by 1 
millimetre. The force required to stretch a wire of same material and 
length but having four times the diameter by 1 millimetre is   [MP PMT 1995] 

 (a) 3104  N (b) 31016  N 

 (c) 310
4

1
 N (d) 310

16

1
 N 

69. Two wires ‘A’ and ‘B’ of the same material have radii in the ratio 2 : 
1 and lengths in the ratio 4 : 1. The ratio of the normal forces 
required to produce the same change in the lengths of these two 
wires is    [Haryana CEE 1996] 

 (a) 1 : 1 (b) 2 : 1 

 (c) 1 : 4 (d) 1 : 2 

70. Density of rubber is d. A thick rubber cord of length L and cross-
section area A undergoes elongation under its own weight on 

suspending it. This elongation is proportional to 

 (a) dL (b) Ad/L 

 (c) 2/ LAd  (d) 2dL  

71. The ratio of two specific heats of gas vp CC /  for argon is 1.6 and 

for hydrogen is 1.4. Adiabatic elasticity of argon at pressure P is E. 
Adiabatic elasticity of hydrogen will also be equal to E at the 
pressure 

 (a) P (b) P
7

8
 

 (c) P
8

7
 (d) 1.4 P 

72. The relation between  ,  and K for a elastic material is 

 (a) 
K9

1

3

11



 (b) 

 9

1

3

11


K
 

 (c) 
 9

1

3

11


K
 (d) 

K9

1

3

11



 

73. A fixed volume of iron is drawn into a wire of length L. The 
extension x produced in this wire by a constant force F is 
proportional to   [MP PMT 1999] 

 (a) 
2

1

L
 (b) 

L

1
 

 (c) 2L  (d) L 

74. A wire of cross-sectional area 23 mm  is first stretched between 

two fixed points at a temperature of 20°C. Determine the tension 
when the temperature falls to 10°C. Coefficient of linear expansion 

1510   C  and 211 /102 mNY      [EAMCET 1994] 

 (a) 20 N (b) 30 N 

 (c) 60 N (d) 120 N 

75. To keep constant time, watches are fitted with balance wheel made 
of   [EAMCET 1994] 

 (a) Invar (b) Stainless steel 

 (c) Tungsten (d) Platinum 

76. A wire is stretched by 0.01 m by a certain force F. Another wire of 
same material whose diameter and length are double to the original 
wire is stretched by the same force. Then its elongation will be [EAMCET (Engg.) 1995; CPMT 2001] 
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 (a) 0.005 m (b) 0.01 m 

 (c) 0.02 m (d) 0.002 m 

77. The possible value of Poisson's ratio is 

[EAMCET (Med.) 1995] 

 (a) 1 (b) 0.9 

 (c) 0.8 (d) 0.4 

78. The coefficient of linear expansion of brass and steel are 1  and 

2 . If we take a brass rod of length 1l  and steel rod of length 2l  

at 0°C, their difference in length )( 12 ll   will remain the same at a 

temperature if  [EAMCET (Med.) 1995] 

 (a) 1221 ll    (b) 2
12

2
21 ll    

 (c) 2
2
21

2
1 ll    (d) 2211 ll    

79. A rod is fixed between two points at 20°C. The coefficient of linear 

expansion of material of rod is C  /101.1 5  and Young's 

modulus is mN /102.1 11 . Find the stress developed in the rod  

if temperature of rod becomes 10°C 

[RPET 1997] 

 (a) 27 /1032.1 mN  (b) 215 /1010.1 mN  

 (c) 28 /1032.1 mN  (d) 26 /1010.1 mN  

80. The extension of a wire by the application of load is 3 mm. The 

extension in a wire of the same material and length but half the 
radius by the same load is   [CMEET Bihar 1995] 

 (a) 12 mm (b) 0.75 mm 

 (c) 15 mm (d) 6 mm 

81. A rubber pipe of density 23 /105.1 mN  and Young's modulus 

26 /105 mN  is suspended from the roof. The length of the pipe 

is 8 m. What will be the change in length due to its own weight   [RPET 1996] 

 (a) 9.6 m (b) m3106.9   

 (c) m2102.19   (d) m2106.9   

82. In which case there is maximum extension in the wire, if same force 
is applied on each wire  [AFMC 1997] 

 (a) L = 500 cm, d = 0.05 mm 

 (b) L = 200 cm, d = 0.02 mm 

 (c) L = 300 cm, d = 0.03 mm 

 (d) L = 400 cm, d = 0.01 mm 

83. If a spring is extended to length l, then according to Hook's law    [CPMT 1997] 

 (a) klF   (b) 
l

k
F   

 (c) lkF 2  (d) 
l

k
F

2

  

84. Which of the following affects the elasticity of a substance 

[AIIMS 1999] 

 (a) Hammering and annealing 

 (b) Change in temperature 

 (c) Impurity in substance 

 (d) All of these 

85. An iron rod of length 2m and cross section area of 250 mm , 

stretched by 0.5 mm, when a mass of 250 kg is hung from its lower 
end. Young's modulus of the iron rod is  

[AFMC 1999] 

 (a) 210 /106.19 mN  (b) 215 /106.19 mN  

 (c) 218 /106.19 mN  (d) 220 /106.19 mN  

86. In solids, inter-atomic forces are  [DCE 1999] 

 (a) Totally repulsive  

 (b) Totally attractive 

 (c) Combination of (a) and (b)  

 (d) None of these 

87. A force F is applied on the wire of radius r and length L and change 
in the length of wire is l.  If the same force F is applied on the wire 
of the same material and radius 2r and length 2L, Then the change 
in length of the other wire is 

[RPMT 1999] 

(a) l  (b) 2l 

(c) l/2 (d) 4l 

88. The modulus of elasticity is dimensionally equivalent to  

[MH CET (Med.) 1999] 

(a) Surface tension  (b) Stress 

(c) Strain (d) None of these 

89. Under elastic limit the stress is  

  [MH CET 1999; KCET 1999] 

(a) Inversely, proportional to strain 

(b) Directly proportional to strain 

(c) Square root of strain 

(d) Independent of strain 

90. A steel wire of lm long and 21 mm  cross section area is hang from 

rigid end. When weight of 1kg is hung from it then change in length 

will be (given )/102 211 mNY   

[RPMT 2000] 

(a) 0.5 mm  (b) 0.25 mm 

(c) 0.05 mm (d) 5 mm 

91. A load W produces an extension of 1mm in a thread of radius r. 
Now if the load is made 4W and radius is made 2r all other things 
remaining same, the extension will become 

[RPET 2000] 

(a) 4 mm  (b) 16 mm 

(c) 1 mm (d) 0.25 mm 

92. The units of Young ‘s modulus of elasticity are 

 [CPMT 2000; KCET 2000] 

(a) 1Nm   (b) N-m 

(c) 2Nm  (d) 2-mN  

93. Two similar wires under the same load yield elongation of 0.1 mm 
and 0.05 mm respectively. If the area of cross- section of the first 

wire is ,4 2mm  then the area of cross section of the second wire is[CPMT 2000; Pb. PET 2002] 

(a) 26mm  (b) 28mm  

(c) 210 mm  (d) 212 mm  
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94. A 5 m long aluminium wire ( )/107 210 mNY   of diameter 3 mm 

supports a 40 kg mass. In order to have the same elongation in a 

copper wire )/1012( 210 mNY   of the same length under the 

same weight, the diameter should now be, in mm.   [AMU 2000] 

(a) 1.75  (b) 1.5 

(c) 2.5 (d) 5.0 

95. How much force is required to produce an increase of 0.2% in the 
length of a brass wire of diameter 0.6 mm  

[MP PMT 2000] 

(Young’s modulus for brass = 211 /109.0 mN ) 

(a) Nearly 17 N (b) Nearly 34 N 

(c) Nearly 51 N (d) Nearly 68 N 

96. On applying a stress of 81020  N/
2m  the length of a perfectly 

elastic wire is doubled. Its Young’s modulus will be 

[MP PET 2000] 

(a) 28 /1040 mN   (b) 28 /1020 mN  

(c) 28 /1010 mN  (d) 28 /105 mN  

97. When a uniform wire of radius r is stretched by a 2kg weight, the 
increase in its length is 2.00 mm. If the radius of the wire is r/2 and 
other conditions remain the same, the increase in its length is[EAMCET (Engg.) 2000] 

(a) 2.00 mm  (b) 4.00 mm 

(c) 6.00mm (d) 8.00 mm 

98. The length of an elastic string is a metre when the longitudinal 
tension is 4 N and b metre when the longitudinal tension is 5 N. 
The length of the string in metre when the longitudinal tension is 9 

N is [EAMCET 2001] 

(a) ba    (b) ab 45   

(c) ab
4

1
2   (d) ba 34   

99. Stress to strain ratio is equivalent to  [RPET 2001] 

(a) Modulus of elasticity 

(b) Poission’s Ratio 

(c) Reyhold number  

(d) Fund number 

100. Which is correct relation   [RPET 2001] 

(a) Y  (b) Y  

(c) Y  (d) 1  

101. If the interatomic spacing in a steel wire is 3.0Å and steelY = 

210 /1020 mN  then force constant is  

[RPET 2001] 

(a) ÅN /106 2   (b) ÅN /106 9  

(c) ÅN /104 5  (d) ÅN /106 5  

102. A copper wire of length 4.0m and area of cross-section 22.1 cm  is 

stretched with a force of 3108.4   N. If Young’s modulus for 

copper is ,/102.1 211 mN  the increase in the length of the wire 

will be   [MP PET 2001] 

(a) 1.33 mm  (b) 1.33 cm 

(c) 2.66 mm (d) 2.66 cm 

103. A metal bar of length L and area of cross-section A is clamped 

between two rigid supports. For the material of the rod, its Young’s 
modulus is Y and coefficient of linear expansion is  . If the 

temperature of the rod is increased by ,Cto  the force exerted by 

the rod on the supports is 

[MP PMT 2001] 

(a) tLAY   (b) tAY   

(c) 
A

tYL 
 (d) tLAY   

104. According to Hook’s law of elasticity, if stress is increased, the ratio 

of stress to strain            [KCET 2000 AIIMS 2001] 

(a) Increases (b) Decreases 

(c) Becomes zero (d) Remains constant 

105. A pan with set of weights is attached with a light spring. When 

disturbed, the mass-spring system oscillates with a time period of 
0.6 s. When some additional weights are added then time period is 
0.7s. The extension caused by the additional weights is 
approximately given by  

[UPSEAT 2002] 

(a) 1.38 cm  (b) 3.5 cm 

(c) 1.75 cm (d) 2.45 cm 

106. A uniform plank of Young’s modulus Y is moved over  a smooth 

horizontal surface by a constant horizontal force F. The area of cross 
section of the plank is A. The compressive strain on the plank in the 
direction of the force is 

[Kerala PET 2002] 

(a) AYF /   (b) AYF /2  

(c) )/(
2

1
AYF  (d) AYF /3  

107. The mean distance between the atoms of iron is m10103   and 

interatomic force constant for iron is mN /7 The Young’s modulus 

of elasticity for iron is  [JIPMER 2002] 

(a) 25 /1033.2 mN   (b) 210 /103.23 mN  

(c) 210 /10233 mN  (d) 210 /1033.2 mN  

108. Two wires A and B are of same materials. Their lengths are in the 

ratio 1 : 2 and diameters are in the ratio 2 : 1 when stretched by 

force AF  and BF  respectively they get equal increase in their 

lengths. Then the ratio BA FF /  should be 

[Orissa JEE 2002] 

(a) 1 : 2  (b) 1 : 1 

(c) 2 : 1 (d) 8 : 1 

109. The breaking stress of a wire depends upon [AIIMS 2002] 

(a) Length of the wire   

(b) Radius of the wire 

(c) Material of the wire  

(d) Shape of the cross section 
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110. The area of cross section of a steel wire )/100.2( 211 mNY  is 

21.0 cm . The force required to double its length will be   [MP PET 2002] 

(a) N12102  (b) N11102  

(c) N10102  (d) N6102  

111. A rubber cord catapult has cross-sectional area 225mm and initial 

length of rubber cord is .10cm  It is stretched to .5 cm  and then 

released to project a missile of mass .5gm  Taking 

28 /105 mNYrubber   velocity of projected missile is 

[CPMT 2002] 

(a) 120 ms   (b) 1100 ms  

(c) 1250 ms  (d) 1200 ms  

112. According to Hook’s law force is proportional to  

[RPET 2003] 

(a) 
x

1
 (b) 

2

1

x
 

(c) x (d) 2x  

113. In the Young’s experiment, If length of wire and radius both are 

doubled then the value of Y  will become [RPET 2003] 

(a) 2 times  (b) 4 times 

(c) Remains same (d) Half 

114. Minimum and maximum values of Poisson’s ratio for a metal lies between   [Orissa JEE 2003] 

(a)   to +   (b) 0 to 1 

(c)  to 1 (d) 0 to 0.5 

115. A wire of diameter 1mm  breaks under a tension of 1000 N. Another 
wire, of same material as that of the first one, but of diameter 2 mm 

breaks under a tension of 

[Orissa JEE 2003] 

(a) 500 N (b) 1000 N 

(c) 10000 N (d) 4000 N 

116. Young’s modulus of perfectly rigid body material is 

[KCET 2003] 

(a) Zero  (b) Infinity 

(c) 210 /101 mN  (d) 210 /1010 mN  

117. A wire of length 2 m is made from 310 cm  of copper. A force F is 

applied so that its length increases by 2 mm. Another wire of length 
8 m is made from the same volume of copper. If the force F is 
applied to it, its length will increase by   [MP PET 2003] 

(a) 0.8 cm (b) 1.6 cm 

 (c) 2.4 cm (d) 3.2 cm 

118. A wire of cross section 4 mm2 is stretched by 0.1 mm by a certain 

weight. How far (length) will be wire of same material and length 
but of area 8 mm2 stretch under the action of same force   [Kerala PMT 2004] 

(a) 0.05 mm (b) 0.10 mm 

(c) 0.15 mm (d) 0.20 mm 

(e) 0.25 mm 

119. A substance breaks down by a stress of 106 N/m2. If the density of the 

material of the wire is 3×103 kg/m3, then the length of the wire of the 

substance which will break under its own weight when suspended 
vertically, is [DPMT 2004] 

(a) 66.6 m  (b) 60.0 m   

(c) 33.3 m (d) 30.0 m 

120. A rubber cord 10 m long is suspended vertically. How much does it 

stretch under its own weight (Density of rubber is 1500 kg/m3, Y = 
5×108 N/m2, g = 10 m/s2) [Pb. PET 2001] 

(a) 15×10–4 m (b)  7.5×10–4 m   

(c)  12×10–4 m  (d)  25×10–4 m 

121. The value of Poisson's ratio lies between  

 [AIIMS 1985; MP PET 1986; DPMT 2002] 

 (a) –1 to 
2

1
 (b) 

4

3
  to 

2

1
  

 (c) 
2

1
  to 1 (d) 1 to 2 

122. The Poisson's ratio cannot have the value [EAMCET 1989] 

 (a) 0.7 (b) 0.2 

 (c) 0.1 (d) 0.5 

123. There is no change in the volume of a wire due to change in its 
length on stretching. The Poisson's ratio of the material of the wire 

is     [MH CET 2004] 

(a) + 0.50 (b) – 0.50 

(c) 0.25 (d) – 0.25 

124. A material has Poisson's ratio 0.50. If a uniform rod of it suffers a 

longitudinal strain of 3102  , then the percentage change in 
volume is   [EAMCET 1987] 

 (a) 0.6 (b) 0.4 

 (c) 0.2 (d) Zero 

125. Four identical rods are stretched by same force. Maximum extension 
is produced in 

(a) mmDcmL 1,10   (b) mmDcmL 2,100   

(c) mmDcmL 3,200   (d) mmDcmL 4,300   

 

Bulk Modulus 
 

1. The isothermal elasticity of a gas is equal to 

 [CPMT 1981; MP PMT 2004] 

 (a) Density (b) Volume 

 (c) Pressure (d) Specific heat 

2. The adiabatic elasticity of a gas is equal to  [CPMT 1982] 

 (a)  density (b)  volume 

 (c)  pressure (d)  specific heat 

3. The specific heat at constant pressure and at constant volume for an 

ideal gas are pC  and vC  and its adiabatic and isothermal 

elasticities are E  and E  respectively. The  ratio of E  to E  is[MP PMT 1989; MP PET 1992] 

 (a) pv CC /  (b) vp CC /  

 (c) vpCC  (d) vpCC/1  

4. The only elastic modulus that applies to fluids is 

[BCECE 2003] 

 (a) Young's modulus (b) Shear modulus 
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 (c) Modulus of rigidity (d) Bulk modulus 

5. The ratio of the adiabatic to isothermal elasticities of a triatomic gas 
is   [MP PET 1991] 

 (a) 3/4 (b) 4/3 

 (c) 1 (d) 5/3 

6. If the volume of the given mass of a gas is increased four times, the 
temperature is raised from 27°C to 127°C. The elasticity will become 

 (a) 4 times (b) 1/4 times 

 (c) 3 times (d) 1/3 times 

7. The compressibility of water is 5104   per unit atmospheric 
pressure. The decrease in volume of 100 cubic centimeter of water 
under a pressure of 100 atmosphere will be    [MP PMT 1990] 

 (a) 0.4 cc (b) cc5104   

 (c) 0.025 cc (d) 0.004 cc 

8. If a rubber ball is taken at the depth of 200 m in a pool, its volume 

decreases by 0.1%. If the density of the water is 33 /101 mkg  

and 2/10 smg  , then the volume elasticity in 2/ mN  will be   [MP PMT 1991] 

 (a) 810  (b) 8102  

 (c) 910  (d) 9102  

9. The compressibility of a material is 

 (a) Product of volume and its pressure 

 (b) The change in pressure per unit change in volume strain 

 (c) The fractional change in volume per unit change in pressure 

 (d) None of the above 

10. When a pressure of 100 atmosphere is applied on a spherical ball, 

then its volume reduces to 0.01%. The bulk modulus of the material 

of the rubber in 2/ cmdyne  is  

 [MP PET 1985; DPMT 2002] 

 (a) 121010  (b) 1210100  

 (c) 12101  (d) 121020  

11. In the three states of matter, the elastic coefficient can be 

 (a) Young's modulus  

 (b) Coefficient of volume elasticity 

 (c) Modulus of rigidity 

 (d) Poisson's ratio 

12. Bulk modulus was first defined by  [CPMT 1987] 

 (a) Young (b) Bulk 

 (c) Maxwell (d) None of the above 

13. A uniform cube is subjected to volume compression. If each side is 

decreased by 1%, then bulk strain is 

[EAMCET (Engg.) 1995; DPMT 2000] 

 (a) 0.01 (b) 0.06 

 (c) 0.02 (d) 0.03 

14. A ball falling in a lake of depth 200 m shows 0.1% decrease in its 
volume at the bottom. What is the bulk modulus of the material of 
the ball   [AFMC 1997] 

 (a) 28 /106.19 mN  (b) 210 /106.19 mN  

 (c) 210 /106.19 mN  (d) 28 /106.19 mN  

15. The isothermal bulk modulus of a gas at atmospheric pressure is    [AIIMS 2000;  

  KCET 1999; Pb. PMT 2003] 

(a) mm1 of Hg  (b) mm6.13 of Hg 

(c) 25 /10013.1 mN  (d) 25 /10026.2 mN  

16. Coefficient of isothermal elasticity E  and coefficient of adiabatic 

elasticity E are related by )/( vp CC  

[MP PET 2000] 

(a)   EE    (b)   EE   

(c)   EE /  (d)   EE 2  

17. The bulk modulus of an ideal gas at constant temperature 

      [MP PMT 2004] 

(a) Is equal to its volume V (b) Is equal to p/2  

(c) Is equal to its pressure p (d) Can not be determined  

18. The Bulk modulus for an incompressible liquid is  

[BHU 2004] 

 (a) Zero (b) Unity 

 (c) Infinity (d) Between 0 to 1 

19. The pressure applied from all directions on a cube is P. How much 
its temperature should be raised to maintain the original volume ? 

The volume elasticity of the cube is   and the coefficient of volume 

expansion is   

 (a) 


P
 (b) 



P
 

 (c) 


P
 (d) 

P


 

20. The pressure of a medium is changed from 1.01  105 Pa to 1.165  105 

Pa and change in volume is 10% keeping temperature constant. The 
Bulk modulus of the medium is  

 (a) 204.8  105 Pa (b) 102.4  105 Pa 

 (c) 51.2  105

 

 Pa (d) 1.55   105 Pa 

21. For a constant hydraulic stress on an object, the fractional change in 

the object's volume 






 

V

V
and its bulk modulus (B) are related as  

(a) B
V

V



 (b) 

BV

V 1



 

(c) 2B
V

V



 (d) 2


B

V

V
 

Rigidity Modulus 
 

1. Modulus of rigidity of diamond is 

 (a) Too less  

 (b) Greater than all matters 

 (c) Less than all matters  

 (d) Zero 

2. The ratio of lengths of two rods A and B of same material is 1 : 2 
and the ratio of their radii is 2 : 1, then the ratio of modulus of 
rigidity of A and B will be 

 (a) 4 : 1 (b) 16 : 1 
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 (c) 8 : 1 (d) 1 : 1 

3. Which statement is true for a metal [DPMT 2001] 

 (a) Y  (b) Y  

 (c) Y  (d) /1Y  

4. Which of the following relations is true  [CPMT 1984] 

 (a) )1(3  KY  (b) 







Y

Y
K

9
 

 (c) YK )6(    (d) 








Y5.0
 

5. Two wires A and B of same length and of the same material have 

the respective radii 1r  and 2r . Their one end is fixed with a rigid 

support, and at the other end equal twisting couple is applied. Then 
the ratio of the angle of twist at the end of A and the angle of twist 
at the end of B will be 

[AIIMS 1980] 

 (a) 
2

2

2
1

r

r
 (b) 

2
1

2
2

r

r
 

 (c) 
4

1

4
2

r

r
 (d) 

4
2

4
1

r

r
 

6. When a spiral spring is stretched by suspending a load on it, the 
strain produced is called  

 (a) Shearing  (b) Longitudinal 

 (c) Volume (d) Transverse 

7. The Young's modulus of the material of a wire is 212 /106 mN  

and  there is no transverse strain in it, then its modulus of rigidity 
will be 

 (a) 212 /103 mN  (b) 212 /102 mN  

 (c) 212 /10 mN  (d) None of the above  

8. If the Young's modulus of the material is 3 times its modulus of 
rigidity, then its volume elasticity will be 

 (a) Zero (b) Infinity 

 (c) 210 /102 mN  (d) 210 /103 mN  

9. Modulus of rigidity of a liquid   [RPET 2000] 

(a) Non zero constant  

(b) Infinite 

(c) Zero  

(d) Can not be predicted 

10. For a given material, the Young's modulus is 2.4 times that of 
rigidity modulus. Its Poisson's ratio is 

[EAMCET 1990; RPET 2001] 

 (a) 2.4 (b) 1.2 

 (c) 0.4 (d) 0.2 

11. A cube of aluminium of sides 0.1 m is subjected to a shearing force 
of 100 N. The top face of the cube is displaced through 0.02 cm with 
respect to the bottom face. The shearing strain would be    

 (a) 0.02 (b) 0.1 

 (c) 0.005 (d) 0.002 

12. The reason for the change in shape of a regular body is 

[EAMCET 1980] 

 (a) Volume stress (b) Shearing strain 

 (c) Longitudinal strain  (d) Metallic strain 

13. The lower surface of a cube is fixed. On its upper surface, force is 
applied at an angle of 30° from its surface. The change will be of the 

type 

 (a) Shape  (b) Size 

 (c) None (d) Shape and size  

14. The upper end of a wire of radius 4 mm and length 100 cm is 
clamped and its other end is twisted through an angle of 30°. Then 

angle of shear is [NCERT 1990; MP PMT 1996] 

 (a) 12° (b) 0.12° 

 (c) 1.2° (d) 0.012° 

15. Mark the wrong statement   [MP PMT 2003] 

 (a) Sliding of molecular layer is much easier than compression or 
expansion 

 (b) Reciprocal of bulk modulus of elasticity is called compressibility 

 (c)  It is difficult to twist a long rod as compared to small rod 

 (d) Hollow shaft is much stronger than a solid rod of same length 
and same mass 

16. A 2 m long rod of radius 1 cm which is fixed from one end is given a 

twist of 0.8 radians. The shear strain developed will be    [RPET 1997] 

 (a) 0.002 (b) 0.004 

 (c) 0.008 (d) 0.016 

17. A rod of length l and radius r is joined to a rod of length l/2 and 

radius r/2 of same material. The free end of small rod is fixed to a 

rigid base and the free end of larger rod is given a twist of  , the 

twist angle at the joint will be  [RPET 1997] 

 (a) 4/  (b) 2/  

 (c) 6/5  (d) 9/8  

18. Shearing stress causes change in  

  [RPET 2002; BCECE 2001, 04] 

(a) Length  (b) Breadth 

(c) Shape (d) Volume 

 

Work Done in Stretching a Wire 
 

1. If the potential energy of a spring is V on stretching it by 2 cm, then 
its potential energy when it is stretched by 10 cm will be   [CPMT 1976] 

 (a) V/25 (b) 5V 

 (c) V/5 (d) 25V 

2. The work done in stretching an elastic wire per unit volume is or 
strain energy in a stretched string is 

[NCERT 1981; EAMCET (Med.) 1995; MNR 1981;  

   MP PET 1984; RPMT 1999; DCE 2003] 

 (a) Stress   Strain (b) 
2

1
Stress  Strain 

 (c) stressstrain2   (d) Stress/Strain 

3. Calculate the work done, if a wire is loaded by 'Mg' weight and the 

increase in length is 'l' 
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[CPMT 1999; DCE 1999, 2001; Pb. PET 2000, 01] 

 (a) Mgl (b) Zero 

 (c) Mgl/2 (d) 2Mgl 

4. Two wires of same diameter of the same material having the length l 
and 2l. If the force F is applied on each, the ratio of the work done 
in the two wires will be [MP PET 1989] 

 (a) 1 : 2 (b) 1 : 4 

 (c) 2 : 1 (d) 1 : 1 

5. A 5 metre long wire is fixed to the ceiling. A weight of 10 kg is hung 
at the lower end and is 1 metre above the floor. The wire was 
elongated by 1 mm. The energy stored in the wire due to stretching 
is    [MP PET 1989] 

 (a) Zero (b) 0.05 joule 

 (c) 100 joule (d) 500 joule 

6. If the force constant of a wire is K, the work done in increasing the 
length of the wire by l is [MP PMT 1989] 

 (a) Kl/2 (b) Kl 

 (c) 2/2Kl  (d) 2Kl  

7. If the tension on a wire is removed at once, then 

 (a) It will break  

 (b) Its temperature will reduce 

 (c) There will be no change in its temperature 

 (d) Its temperature increases 

8. When strain is produced in a body within elastic limit, its internal 

energy 

 (a) Remains constant (b) Decreases 

 (c) Increases (d) None of the above 

9. When shearing force is applied on a body, then the elastic potential 

energy is stored in it. On removing the force, this energy 

 (a) Converts into kinetic energy 

 (b) Converts into heat energy 

 (c) Remains as potential energy 

 (d) None of the above 

10. A brass rod of cross-sectional area 21 cm  and length 0.2 m is 

compressed lengthwise by a weight of 5 kg. If Young's modulus of 

elasticity of brass is 211 /101 mN  and 2sec/10 mg  , then 

increase in the energy of the rod will be     [MP PMT 1991] 

 (a) 510 J (b) 5105.2  J 

 (c) 5105  J (d) 4105.2  J 

11. If one end of a wire is fixed with a rigid support and the other end 
is stretched by a force of 10 N, then the increase in length is 0.5 
mm. The ratio of the energy of the wire and the work done in 
displacing it through 1.5 mm by the weight is 

 (a) 
3

1
 (b) 

4

1
 

 (c) 
2

1
 (d) 1 

12. A wire is suspended by one end. At the other end a weight 
equivalent to 20 N force is applied. If the increase in length is 1.0 
mm, the increase in energy of the wire will be 

 (a) 0.01 J (b) 0.02 J 

 (c) 0.04 J (d) 1.00 J 

13. In the above question, the ratio of the increase in energy of the wire 
to the decrease in gravitational potential energy when load moves 
downwards by 1 mm, will be 

 (a) 1 (b) 
4

1
 

 (c) 
3

1
 (d) 

2

1
 

14. The Young's modulus of a wire is Y.  If the energy per unit volume 
is E, then the strain will be  

 (a) 
Y

E2
 (b) EY2  

 (c) EY (d) 
Y

E
 

15. The ratio of Young's modulus of the material of two wires is 2 : 3. If 
the same stress is applied on both, then the ratio of elastic energy 
per unit volume will be 

 (a) 3 : 2 (b) 2 : 3 

 (c) 3 : 4 (d) 4 : 3 

16. The length of a rod is 20 cm and area of cross-section 22 cm . The 

Young's modulus of the material of wire is 211 /104.1 mN . If 

the rod is compressed by 5 kg-wt along its length, then increase in 
the energy of the rod in joules will be 

 (a) 61057.8   (b) 4105.22   

 (c) 5108.9   (d) 5100.45   

17. If a spring extends by x on loading, then the energy stored by the 
spring is (if T is tension in the spring and k is spring constant)   [AIIMS 1997] 

 (a) 
x

T

2

2

 (b) 
k

T

2

2

 

 (c) 
2

2

T

x
 (d) 

k

T 22
 

18. On stretching a wire, the elastic energy stored per unit volume is   [MP PMT/PET 1988] 

 (a) ALFl 2/  (b) LFA 2/  

 (c) AFL 2/  (d) 2/FL  

19. When a force is applied on a wire of uniform cross-sectional area 
26103 m and length 4m, the increase in length is 1 mm. Energy 

stored in it will be )/102( 211 mNY   

 [MP PET 1995; Pb. PET 2002] 

 (a) 6250 J (b) 0.177 J 

 (c) 0.075 J (d) 0.150 J 

20. K is the force constant of a spring. The work done in increasing its 

extension from 1l  to 2l  will be 

[MP PET 1995; MP PMT 1996] 

 (a) )( 12 llK   (b) )(
2

12 ll
K

  

 (c) )( 2
1

2
2 llK   (d) )(

2

2
1

2
2 ll

K
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21. When a 4 kg mass is hung vertically on a light spring that obeys 
Hooke's law, the spring stretches by 2 cms. The work required to be 
done by an external agent in stretching this spring by 5 cms will be 

)/8.9( 2sexcmetresg   

[MP PMT 1995] 

 (a) 4.900 joule (b) 2.450 joule 

 (c) 0.495 joule (d) 0.245 joule 

22. A wire of length L and cross-sectional area A is made of a material 
of Young's modulus Y. It is stretched by an amount x. The work 

done is   

  [MP PET 1996; BVP 2003; UPSEAT 2001] 

 (a) 
L

YxA

2
 (b) 

L

AYx 2

 

 (c) 
L

AYx

2

2

 (d) 
L

AYx 22
 

23. The elastic energy stored in a wire of Young's modulus Y is 

[MP PMT 1999] 

 (a) 
Volume

Strain 2

Y  

 (b) Stress   Strain   Volume 

 (c) 
Y2

VolumeStress2 
 

 (d) Y
2

1
 Stress   Strain   Volume 

24. A wire of length 50 cm and cross sectional area of 1 sq. mm is 
extended by 1 mm. The required work will be 

)102( 210  NmY    [RPET 1999] 

 (a) J2106   (b) J2104   

 (c) J2102   (d) J2101   

25. The work per unit volume to stretch the length by 1% of a wire with 

cross sectional area of 21mm  will be. ]/109[ 211 mNY     [RPET 1999] 

 (a) J11109   (b) J7105.4   

 (c) J7109   (d) J11105.4   

26. When load of 5kg is hung on a wire then extension of 3m takes 
place, then work done will be  [RPMT 2000] 

(a) 75 joule  (b) 60 joule 

(c) 50 joule (d) 100 joule 

27. A stretched rubber has   [AIIMS 2000] 

(a) Increased kinetic energy  

(b) Increased potential energy 

(c) Decreased kinetic energy 

(d) Decreased potential energy 

28. Which of the following is true for elastic potential energy density   [RPET 2001] 

(a) Energy density = stressstrain
2

1
  

(b) Energy density = volume(strain)2   

(c) Energy density = (strain)× volume 

(d) Energy density = (stress)× volume  

29. A wire suspended vertically from one of its ends is stretched by 
attaching a weight of 200 N to the lower end. The weight stretches 
the wire by 1 mm Then the elastic energy stored in the wire is   [AIEEE 2003] 

(a) 0.1 J  (b) 0.2 J 

(c) 10 J (d) 20  

30. Wires A and B are made from the same material. A has twice the 
diameter and three times the length of B. If the elastic limits are not 
reached, when each is stretched by the same tension, the ratio of 
energy stored in A to that in B is  

[Kerala PMT 2004] 

(a) 2 : 3 (b) 3 : 4  

(c) 3 : 2 (d) 6 : 1 
 

 

 

 

 

 

1. An Indian rubber cord L metre long and area of cross-section 

A 2metre  is suspended vertically. Density of rubber is D 
3/ metrekg  and Young's modulus of rubber is E 

2/ metrenewton . If the wire extends by l metre under its own 

weight, then extension l is 

 (a) EDgL /2  (b) EDgL 2/2  

 (c) EDgL 4/2  (d) L 

2. To break a wire, a force of 26 /10 mN  is required. If the density of 

the material is 33 /103 mkg , then the length of the wire which 

will break by its own weight will be 

[Roorkee 1979; DPMT 2004] 

 (a) 34 m (b) 30 m 

 (c) 300 m (d) 3 m 

3. Two rods of different materials having coefficients of linear 

expansion 21,  and Young's moduli 1Y  and 2Y  respectively are 

fixed between two rigid massive walls. The rods are heated such that 
they undergo the same increase in temperature. There is no bending 

of rods. If 3:2: 21  , the thermal stresses developed in the 

two rods are equally provided 21 : YY  is equal to   [IIT 1989] 

 (a) 2 : 3 (b) 1 : 1 

 (c) 3 : 2 (d) 4 : 9 

4. The extension in a string obeying Hooke's law is x. The speed of 
sound in the stretched string is v. If the extension in the string is 
increased to 1.5x, the speed of sound will be 

[IIT 1996] 

 (a) 1.22 v (b) 0.61 v 

 (c) 1.50 v (d) 0.75 v 

5. One end of a uniform wire of length L and of weight W is attached 

rigidly to a point in the roof and a weight 1W  is suspended from its 

lower end. If S is the area of cross-section of the wire, the stress in 
the wire at a height 3L/4 from its lower end is   [IIT 1992] 

 (a) 
S

W1  (b) 
S

WW )4/(1 
 

 (c) 
S

WW )4/3(1   (d) 
S

WW 1  



 

 Elasticity 469 

6. There are two wires of same material and same length while the 
diameter of second wire is 2 times the diameter of first wire, then 
ratio of  extension produced in the wires by applying same load will 
be 

    [DCE 2000; Roorkee 2000; DCE 2003] 

(a) 1 : 1 (b) 2 : 1 

(c) 1 : 2 (d) 4 : 1 

7. A particle of mass m is under the influence of a force F which varies 

with the displacement x according to the relation 0FkxF  in 

which k and 0F  are constants. The particle when disturbed will 

oscillate  [UPSEAT 2001] 

(a) about mkx / with,0     

(b) about mkx / with,0    

(c) about mkkFx / with/0    

(d) about mkkFx / with/0    

8. An elastic material of Young's modulus Y is subjected to a stress S. 

The elastic energy stored per unit volume of the material is   [MP PET 1991;  

   MP PMT 1990, 96; IIT 1992; AIIMS 1997] 

 (a) 
2

2

S

Y
 (b) 

Y

S

2

2

 

 (c) 
Y

S

2
  (d) 

Y

S 2

  

 

 

 

 

1. The graph shown was obtained from experimental measurements of 
the period of oscillations T for different masses M placed in the 
scale pan on the lower end of the spring balance. The most likely 
reason for the line not passing through the origin is that the[NCERT 1978] 

 

 

 

 

 

  (a) Spring did not obey Hooke's Law 

 (b) Amplitude of the oscillations was too large 

 (c) Clock used needed regulating 

 (d) Mass of the pan was neglected 

2. A graph is shown between stress and strain for a metal. The part in 
which Hooke's law holds good is  

 

 (a) OA  

 (b) AB 

 (c) BC  

 (d) CD 

3. In the above graph, point B indicates 

 (a) Breaking point (b) Limiting point 

 (c) Yield point (d) None of the above 

4. In the above graph, point D indicates 

 (a) Limiting point (b) Yield point 

 (c) Breaking point (d) None of the above 

5. The strain-stress curves of three wires of different materials are 

shown in the figure. P, Q and R are the elastic limits of the wires. 
The figure shows that 

 

 

 

  

 

 

 (a) Elasticity of wire P is maximum 

 (b) Elasticity of wire Q is maximum 

 (c) Tensile strength of R is maximum 

 (d) None of the above is true 

6. The diagram shows a force-extension graph for a rubber band. 
Consider the following statements  [AMU 2001] 

 

 

 

 

 

I. It will be easier to compress this rubber than expand it  

II. Rubber does not return to its original length after it is 
stretched 

III. The rubber band will get heated if it is stretched and released 

 Which of these can be deduced from the graph 

(a) III only  (b) II and III 

(c) I and III (d) I only 

7. The stress versus strain graphs for wires of two materials A and B 

are as shown in the figure. If AY  and BY  are the Young ‘s modulii 

of the materials, then 

[Kerala (Engg.) 2001] 

(a) AB YY 2    

(b) BA YY   

(c) AB YY 3   

(d) BA YY 3  

8. The load versus elongation graph for four wires of the same 
material is shown in the figure. The thickest wire is represented by 
the line  [KCET 2001] 
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(c) OB  

(d) OA 

9. The adjacent graph shows the extension )( l  of a wire of length 

1m suspended from the top of a roof at one end with a load W 
connected to the other end. If the cross sectional area of the wire is 

,10 26 m  calculate the young’s modulus of the material of the wire[IIT-JEE (Screening) 2003] 
 

(a) 211 /102 mN   

(b) 211 /102 mN  

(c) 212 /103 mN   

(d) 213 /102 mN  

10. The graph is drawn between the applied force F and the strain (x) 
for a thin uniform wire. The wire behaves as a liquid in the part[CPMT 1988] 

  

 (a) ab  

 (b) bc 

 (c) cd  

 (d) oa 

11. The graph shows the behaviour of a length of wire in the region for 

which the substance obeys Hook’s law. P and Q represent [AMU 2001]   

  

 

(a) P = applied force, Q = extension  

(b) P = extension, Q = applied force 

(c) P = extension, Q = stored elastic energy   

(d) P = stored elastic energy, Q = extension   

12. The potential energy U between two molecules as a function of the 
distance X between them has been shown in the figure. The two 
molecules are  [CPMT 1986, 88, 91] 

 

 

 

 

 

 (a) Attracted when x lies between A and B and are repelled when X 

lies between B and C 

 (b) Attracted when x lies between B and C and are repelled when 
X lies between A and B 

 (c) Attracted when they reach B 

 (d) Repelled when they reach B 

13. The value of force constant between the applied elastic force F and 
displacement will be 

 (a) 3  

 (b) 
3

1
 

 (c) 
2

1
 

 (d) 
2

3
 

14. The diagram shows stress v/s strain curve for the materials A and B. 
From the curves we infer that [AIIMS 1987] 

 

 (a) A is brittle but B is ductile  

 (b) A is ductile and B is brittle 

 (c) Both A and B are ductile  

 (d) Both A and B are brittle 

15. Which one of the following is the Young’s modulus (in N/m2) for the 
wire having the stress-strain curve shown in the figure 

 (a) 111024   

 (b) 11100.8   

 (c) 111010  

 (d) 11100.2   

16. The diagram shows the change x in the length of a thin uniform 
wire caused by the application of stress F at two different 
temperatures T

1

 and T
2

. The variations shown suggest that   [CPMT 1988] 

 (a) 21 TT    

 (b) 21 TT   

 (c) 21 TT   

 (d) None of these 

17. A student plots a graph from his reading on the determination of 

Young’s modulus of a metal wire but forgets to label.  The 
quantities on X and Y axes may be respectively. 

 

 

 

 (a) Weight hung and length increased 

 (b) Stress applied and length increased 

 (c) Stress applied and strain developed 

 (d) Length increased and weight hung 

18. The points of maximum and minimum attraction in the curve 
between potential energy (U) and distance (r)of a diatomic 
molecules are respectively 

 

 (a) Sand R 

 (b) T and S 

 (c) R and S 

 (d) S and T 

19. The stress-strain curves for brass, steel and rubber are shown in the 
figure. The lines A, B and C are for 

 

 

 

 

 

 (a) Rubber, brass and steel respectively 

 (b) Brass, steel and rubber respectively 

 (c) Steel, brass and rubber respectively 

 (d) Steel, rubber and brass respectively 
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Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : The stretching of a coil is determined by its shear 
modulus. 

Reason  : Shear modulus change only shape of a body 
keeping its dimensions unchanged.   

2. Assertion  :  Spring balances show correct readings even after 
they had been used for a long time interval. 

Reason  : On using for long time, spring balances losses its 
elastic strength.  

3. Assertion  :  Steel is more elastic than rubber.   

Reason  : Under given deforming force, steel is deformed less 
than rubber.  

4. Assertion  :  Glassy solids have sharp melting point.  

Reason  : The bonds between the atoms of glassy solids get 
broken at the same temperature.  

5. Assertion  :  A hollow shaft is found to be stronger than a solid 
shaft made of same material.  

Reason  : The torque required to produce a given twist in 
hollow cylinder is greater than that required to 
twist a solid cylinder of same size and material.  

6. Assertion  :  Bulk modulus of elasticity (K) represents 
incompressibility of the material.  

Reason  : Bulk modulus of elasticity is proportional to change 
in pressure.  

7. Assertion  :  Strain is a unitless quantity.  

Reason  : Strain is equivalent to force.  

8. Assertion  :  The bridges declared unsafe after a long use.  

Reason  : Elastic strength of bridges losses with time.  

9. Assertion  :  Two identical solid balls, one of ivory and the other 
of wet-clay are dropped from the same height on 
the floor. Both the balls will rise to same height 
after bouncing.  

Reason  : Ivory and wet-clay have same elasticity.  

10. Assertion  :  Young’s modulus for a perfectly plastic body is 
zero.  

Reason  : For a perfectly plastic body, restoring force is zero.  

11. Assertion  :  Identical springs of steel and copper are equally 
stretched. More work will be done on the steel 
spring.  

Reason  : Steel is more elastic than copper.  

12. Assertion  :  Sterss is the internal force per unit area of a body. 

 Reason  : Rubber is less elastic than steel.  



 
 Elasticity 473 

 

 

 

 

 

Young’s Modulus and Breaking Stress 

1 c 2 b 3 d 4 c 5 b 

6 c 7 c 8 c 9 b 10 c 

11 d 12 a 13 b 14 d 15 a 

16 c 17 a 18 a 19 d 20 c 

21 b 22 b 23 b 24 d 25 b 

26 d 27 c 28 b 29 b 30 b 

31 b 32 c 33 d 34 b 35 a 

36 b 37 a 38 b 39 d 40 a 

41 c 42 d 43 c 44 a 45 b 

46 d 47 a 48 c 49 d 50 c 

51 c 52 a 53 c 54 a 55 b 

56 a 57 a 58 d 59 a 60 a 

61 c 62 b 63 d 64 b 65 a 

66 c 67 d 68 b 69 a 70 d 

71 b 72 d 73 c 74 c 75 a 

76 a 77 d 78 d 79 a 80 a 

81 d 82 d 83 a 84 d 85 a 

86 c 87 c 88 b 89 b 90 c 

91 c 92 c 93 b 94 c 95 c 

96 b 97 d 98 b 99 a 100 b 

101 b 102 a 103 b 104 d 105 b 

106 a 107 d 108 d 109 c 110 d 

111 c 112 c 113 c 114 d 115 d 

116 b 117 d 118 a 119 c 120 a 

121 a 122 a 123 b 124 b 125 b 

Bulk Modulus 

1 c 2 c 3 b 4 d 5 b 

6 d 7 a 8 d 9 c 10 c 

11 b 12 c 13 d 14 a 15 c 

16 b 17 c 18 c 19 a 20 d 

21 b         

Rigidity Modulus 

1 b 2 d 3 c 4 d 5 c 

6 a 7 a 8 b 9 c 10 d 

11 d 12 b 13 d 14 b 15 c 

16 b 17 d 18 c     

 

Work Done in Stretching a Wire 

1 d 2 b 3 c 4 a 5 b 

6 c 7 d 8 c 9 b 10 b 

11 c 12 a 13 d 14 a 15 a 

16 a 17 b 18 a 19 c 20 d 

21 b 22 c 23 c 24 c 25 b 

26 a 27 b 28 a 29 a 30 b 

Critical Thinking Questions 

1 b 2 a 3 c 4 a 5 c 

6 d 7 c 8 b     

Graphical Questions 

1 d 2 a 3 c 4 c 5 d 

6 a 7 d 8 a 9 a 10 b 

11 c 12 b 13 b 14 b 15 d 

16 a 17 c 18 d 19 c   

Assertion and Reason 

1 a 2 e 3 a 4 d 5 a 

6 a 7 c 8 a 9 d 10 a 

11 a 12 b       
 

  
 
 
 
 
 

Young’s Modulus and Breaking Stress 
 

1. (c)  
A

l
YA

FL
l

1
  

2. (b) Stress  Strain Stress
L

l
    

3. (d) 
2d

L

A

L
l

A

L

A

F
Y


  

  
2d

L
l    [As F and Y are constant]   

 The ratio of 
2d

L
is maximum for case (d) 

4. (c) 



d

L
l

AY

FL
l 

2

1

2

2

1

2

1
















d

d

L

L

l

l

8

1

2

1

2

1
2









    

5. (b) Young's modulus of wire does not varies with dimension of 
wire. It is the property of given material. 
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6. (c) Depression in beam  

 
3

3

4Ybd

W L
  

 
Y

1
   

7. (c) 
2

1

r
l

AY

FL
l   (F, L and Y are constant) 

 4)2( 2

2

2

1

1

2 














r

r

l

l
cmll 44 12       

8. (c)  

9. (b) 
2

1

r
l  . If radius of the wire is doubled then increment in 

length will become 
4

1
 times i.e. mm3

4

12
    

10. (c) mmm
AY

mgL
l 1.0

10101.1

1.1101
611








   

11. (d) 
2

105102102.2 4611  


L

YAl
F N2101.1     

12. (a) Interatomic force constant 0rYK     

            mN /60103102 1011    

13. (b) To double the length of wire, Stress = Young's modulus  

              .102
2

12

cm

dyne

A

F
  

 If A = 1 then F = 2 × 1012 dyne   

14. (d)   

15. (a)  Because due to increase in temperature intermolecular forces 

decreases. 

16. (c) Breaking Force  Area of cross section of wire (r2) 

If radius of wire is double then breaking force will become four 
times. 

17. (a) )1(2and )21(3   YKY  

Eliminating   we get 
K

K
Y

3

9






  

18. (a) N
L

YAl
F 


360

100

1.0104109 610







   

19. (d) Energy stored per unit volume StrainStress
2

1
  

 22

2

1
(Strain) modulus sYoung'

2

1
xY   

20. (c) Ll   i.e. if length is reduced to half then increase in length 

will be .
2

l
   

21. (b) 
8

222

1052

8.95.1)108(

2 






Y

dgL
l m11106.9     

22. (b) 
Area

force
Stress   

2r

1
Stress


  

 AB

B

A

A

B SS
r

r

S

S
4)2( 2

2














    

23. (b) Breaking force  Area of cross section of wire 

i.e. load hold by the wire does not depend upon the length of 
the wire.  

24. (d) If length of wire doubled then strain = 1 

 stressY   AYF  5.01012  dyne12105.0   

25. (b) Due to elastic fatigue its elastic property decreases.   

26. (d) 
AY

FL
l   

2

1

r
l   (F,L and Y are same) 

 

2
















A

B

B

A

r

r

l

l

4

1

2

2
















B

B

r

r
 BA ll 4  or 

4

A
B

l
l     

27. (c)   

28. (b) 
S

cu

cu

S

Y

Y

l

l

AY

FL
l  (F,L and Y are constant)   

  
5

3

102

102.1
11

11







cu

s

l

l
 

29. (b) If length of the wire is doubled then strain = 1 

  Y = 
Area

Force
Stress  = 

2

5
5

10
2

102

cm

dyne



   

30. (b) 
2r

L
l

AY

FL
l   (F and Y are same) 

 
2

1

2

1
2

22

2

1

1

2

1

2 























r

r

L

L

l

l
  .5.0

22

1
2 mm

ll
l     

31. (b) F force developed )(   YA  

 N45411 10100101010       

32. (c) AFYAF     

33. (d) 
strainstrain

/




Y

F
A

AF
Y = 

002.0107

10
9

4


 

= 210
14

1  24101.7 m   

34. (b) 
A

F
stressstrain   

Ratio of strain =
1

16

1

4
22

1

2

1

2 























r

r

A

A
 

35. (a) 2610,5.0,6,2000 mAcmlmLNF   

 212

26
/1035.2

105.010

62000
mN

Al

FL
Y 







  

36. (b) mN
x

F
KKxF /1096.1

105.4

8.99 4

3








   

37. (a) 
Yr

FL
l

2
  

2

1

r
l    constant) are  and, ( YLF  

 1
2

2
2

2

2

1

1

2 )( lnln
r

r

l

l














  

38. (b) Longitudinal strain 5

11

6

10
10

10stress 
YL

l
 

Percentage increase in length %001.010010 5      

l 

W 

b 

 
d 
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39. (d) It is the specific property of a particular metal at a given 
temperature which can be changed only by temperature 
variations.   

40. (a) 
m

ÅN
Y

10

9

103

/106.3







 211 /102.1 mN   

41. (c)  

42. (d) 
L

Yr
K

L

rY

L

YA
K

22







  

i.e. force constant of a wire depends on young's modules 
(nature of the material), radius of the wire and length of the 
wire. 

43. (c)   

44. (a)   

45. (b)   

46. (d) Increase in tension of wire  YA  

 N8.851010102.2108 42116      

47. (a) A small change in pressure produces a large change in volume.  

48. (c) 
L

YAl
W

2

2

1
 

1

)102.0(1

2

1
4.0

226  


Y
 

  Y 211 /102 mN    

49. (d)   

50. (c) )21(3  KY  

K

YK

6

3 
 =

10

1010

10116

1025.710113




39.0    

51. (c)    

52. (a) If density of the material increases then more force (stress) is 
required for same deformation i.e. the value of young's 

modulus increases. 

53. (c) NdyneFmAmNY 2102,102,/10 52424    

L
L

AY

FL
l 






 44 10102

2
 

 Final length = initial length + increment = 2L 

54. (a)   

55. (b) Y is defined for solid only and for powders, 0Y    

56. (a)   

57. (a) 
22 r

FL
l

Yr

FL

AY

FL
l 


 (Y = constant) 

 1
2

1
22

22

2

1

1

2

1

2

1

2 























r

r

L

L

F

F

l

l
 

 12 ll   i.e. increment in its length will be l. 

58. (d) Breaking stress = strain × Young's modulus  

 21011 103215.0  Nm   

59. (a) In accordance with Hooke’s law.   

60. (a) strain YAF = N6114 1021.0102101     

61. (c)   

62. (b) Because strain is a dimensionless and unitless quantity.   

63. (d) 
area

Force
Stress  .  

 In the present case, force applied and area of cross-section of wires 
are same, therefore stress has to be the same.  

 
Y

Stress
Strain   

 Since the Young’s modulus of steel wire is greater than the 
copper wire, therefore, strain in case of steel wire is less than 
that in case of copper wire.     

64. (b) Initial length (circumference) of the ring = 2r 

Final length (circumference) of the ring = 2R 

Change in length = 2R – 2r. 

lengthoriginal 

length in change
strain 

r

rR





2

)(2 


r

rR 
  

Now Young's modulus 
rrR

AF

Ll

AF
E

/)(

/

/

/


  

 






 


r

rR
AEF   

65. (a) 
rr

FL
l

2
  

2r

F
l    (Y and L are constant) 

 8)2(2 2

2

2

1

1

2

1
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r

r

F

F

l

l
 mmll 8188 12    

66. (c) 
Yr

FL
l

2


2r

L
l    (F and Y are constant) 

  2
2

1

2

2

1

2

1 2
2
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r

L

L

l

l
 1:1

2

1 
l

l
   

67. (d) 
2

1

r
l   (F,L and Y are constant) 

 
4

4.2

42

1 1
2

22

2

1

1
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l
l

r

r

l

l
cml 6.02   

68. (b) 
L

l
AYF   2rF  (Y,l and L are constant) 

If diameter is made four times then force required will be 16 
times. i.e. 16 × 103 N  

69. (a) 
L

l
AYF  

L

r
F

2

  (Y and l are constant) 

  1
4

1

1

2
2

1

2

2

2

1

2
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L

L

r

r

F

F
 1:1

2

1 
F

F
  

70. (d) Increment in length 
Y

dgL
l

2

2

  dLl 2    

71. (b) Adiabatic elasticity PE   

For argon PEAr 6.1   ….(i) 

For hydrogen '4.12 PEH   ….(ii) 

As elasticity of hydrogen and argon are equal 

 '4.16.1 PP    PP
7

8
'    

72. (d)   

73. (c) 
VY

FL

YAL

FL

AY

FL
l

22

)(
 .  

 If volume is fixed then 2Ll   

74. (c) tYAF   N60)1020(10103102 5611      

75. (a) Because dimension of invar does not varies with temperature.  

76. (a) 
Yr

FL
l

2
  

2r

L
l   (Y and F are constant) 
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2

1

2

1
)2(

22

2

1

1

2

1

2 























r

r

L

L

l

l
 

  m
ml

l 005.0
2

01.0

2

1
2   

77. (d) Poisson’s ratio varies between – 1 and 0.5   

78. (d) )1( 222   lL  and )1( 111   lL  

 )()()( 11221212  llllLL   

 Now )()( 1212 llLL   so, 01122   ll   

79. (a) Thermal stress = Y  

  )1020(101.1102.1 511   27 /1032.1 mN   

80. (a) 
2

1

r
l

AY

FL
l   (F,L and Y are constant) 

 mmll
r

r

l

l
12344)2( 12

2

2

2

1

1

2 












   

81. (d) 
Y

dgL
l

2

2

 m2

6

32

106.9
1052

10105.1)8( 



     

82. (d) 
2r

L
l   (Y and F are constant) 

Maximum extension takes place in that wire for which the ratio 

of 
2r

L
 will be maximum.  

83. (a)   

84. (d)   

85. (a) 
36 105.01050

28.9250
 




Al

MgL
Y  

     210 /106.19 mN    

86. (c)    

87. (c) 
2r

L
l

AY

FL
l   (F and Y are constant) 

 
2

1

2

1
2

22

2

1

1

2

1

2 























r

r

L

L

l

l

2

1
2

l
l   

 i.e. the change in the length of other wire is 
2

l
  

88. (b)    
89. (b)   

90. (c) mm
YA

MgL
l 05.0

10102

1101
611








  

91. (c) 
2r

F
l

AY

FL
l   

 1
2

1
)4(

22

2

1

1

2

2

1 























r

r

F

F

l

l
 mmll 112     

92. (c)   

93. (b) 
A

l
AY

FL
l

1
  (F,L and Y are constant) 

 









05.0

1.0
12

2

1

1

2 AA
l

l

A

A
= 2

1 8422 mmA    

94. (c) 
Y

r
Yr

FL
l

12

2



 (F,L and l are constant) 

 

2/1

10

102/1

2

1

1

2

1012

107

































Y

Y

r

r
 

  

2/1

2
12

7
5.1 








r = 1.145 mm  dia = 2.29 mm   

95. (c) 
L

YAl
F  N51

100

2.0
)103.0(109.0 2311      

96. (b) Young’s modules =
strain

stress
 

As the length of wire get doubled therefore strain = 1 

 Y = strain = 20 ×108 N/ m2    

97. (d) 
22

1

r
l

Yr

FL
l 


 (F,L and Y are constant) 

 .8244)2( 12
2

2

2

1

1

2 mmll
r

r

l

l














    

98. (b) Let L is the original length of the wire and K is force constant 
of wire.  

Final length = initial length + elongation  

K

F
LL '  

For first condition 
K

La
4

   …(i) 

For second condition 
K

Lb
5

  …(ii) 

By solving (i) and (ii) equation we get 

baL 45   and 
ab

K



1

 

Now when the longitudinal tension is 9N, length of the string = 

K
L

9
 = )(945 abba  ab 45  .   

99. (a)     

100. (b)   

101. (b) mNYrK /601031020 1010
0    

              ÅN/106 9    

102. (a) mm
AY

FL
l 33.1

102.1102.1

4108.4
114

3








  

103. (b)    

104. (d) Constant
Strain

Stress
Y  

It depends only on nature of material. 

105. (b) 6.02 
k

m
   …(i)  and 7.0

'
2 



k

mm
    …(ii) 

 Dividing (ii) by (i) we get 
36

49'

6

7
2













m

mm
 

 
36

13'
1

36

49
1

'




m

m

m

mm
 

36

13
'

m
m   

 Also 
2

2

)6.0(

4


m

k
 

 Desired extension
k

gm '


k

mg


36

13
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 cm5.3
4

36.0
10

36

13
2



 

106. (a) 
AY

FAF
Y  strain

Strain

/
   

107. (d) 210

10
0

/1033.2
103

7
mN

r

k
Y 





   

108. (d) 
L

l
AYF   

L

r
F

2

  (Y and l are constant) 

 
1

8

1

2

1

2
22
















































A

B

B

A

B

A

L

L

r

r

F

F
   

109. (c)   

110. (d) When the length of wire is doubled then Ll   and strain = 1 

 Y = strain =
A

F
 

 Force = Y × A 411 101.0102  N6102  

111. (c) Potential energy stored in the rubber cord catapult will be 
converted into kinetic energy of mass. 

L

YAl
mv

2
2

2

1

2

1
  

mL

YAl
v

2

  

 sm/250
1010105

)105(1025105
23

2268











   

112. (c)   

113. (c)   

114. (d)   

115. (d) Breaking force  r2 

If diameter becomes double then breaking force will become 
four times i.e. 1000 × 4 = 4000 N   

116. (b)   

117. (d) 
VY

FL

YAL

FL

AY

FL
l

22

)(
  

  2Ll   If volume of the wire remains constant 

 16
2

8
22

1

2

1

2 























L

L

l

l
 

  cmmmll 2.33221616 12    

118. (a) 
AY

FL
l   

A
l

1
  (F,L and Y are constant] 

 
2

1

8

4

2

1

1

2 
A

A

l

l
mm

l
l 05.0

2

1.0

2

1
2    

119. (c) m
dg

p
L 3.33

3

100

10103

10
3

6




  

120. (a) m
Y

dgL
l 4

8

22

1015
1052

101500)10(

2





   

121. (a) )1(2),21(3   YKY  

 For ,0Y  we get 021   , also 01   

   lies between 
2

1
 and 1 .   

122. (a)  Value of Poisson’s ratio lie in range of 1  to 
2

1
 

123. (b)  We know that 
L

dL

V

dV
)21(   

If 
2

1
  then 0

V

dV
 

i.e. there is no change in volume. 

124. (b) 
L

dL

V

dV
)21(   

 33 1041022  
V

dV
 










2

1
5.0  

  Percentage change in volume = %4.0104 1    

125. (b) 
Yr

FL
l

2
  

2r

L
l    

Ratio of 
2r

L
 is maximum for wire in option (b). 

 

Bulk Modulus 
 

1. (c) Isothermal elasticity PKi   

2. (c) Adiabatic elasticity PKa    

3. (b)  Ratio of adiabatic and isothermal elasticities 

 
v

p

C

C

P

P

E

E
 






 

4. (d)    

5. (b) For triatomic gas 
3

4
    

6. (d) From the ideal gas equation 
2

22

1

11

T

VP

T

VP
  

 
3

1

300

400

4

1

1

2

2

1

1

2

1

2 

















T

T

V

V

P

P

E

E


3

1
2

E
E   

 i.e. elasticity will become 
3

1
 times.  

7. (a) 
P

VV

K
C






/1
 VPCV   

 cc4.0100100104 5     

8. (d) 9
3

102
100/1.0

1010200

//













VV

gh

VV

P
K


   

9. (c) 
K

1
compressibility 














P

VV/
   

10. (c) 2122116 /10/1010
100/01.0

100
cmdynemNatmK     

11. (b)   
12. (c)    

13. (d) If side of the cube is L then 3LV    
L

dL

V

dV
3  

 % change in volume = 3 × (% change in length) 

= 3 × 1% = 3%  Bulk strain 03.0


V

V
 

14. (a) 
1000/1

8.910200

100/1.0/

3 







gh

VV

p
B


 

 28 /106.19 mN   

15. (c)  Isothermal elasticity 25 /10013.11 mNatmPKi   

16. (b)   
17. (c)  Isothermal bulk modulus = Pressure of gas 
18. (c)  
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19. (a) If coefficient of volume expansion is   and rise in 

temperature is   then  VV  


V

V
 

Volume elasticity 
VV

P

/
  




P
 




P
  

20. (d) 
VV

p
K

/




10/1

10155.0

100/10

10)01.1165.1( 55 



  

pa51055.1   

21. (b) 
VV

p
B

/


   

V

V

B




1
   p[ constant]  

Rigidity Modulus  

1. (b)    

2. (d) Modulus of rigidity is the property of material.   

3. (c) )1(2  Y    

4. (d) 








Y
Y

5.0
)1(2    

5. (c) Twisting couple 
l

r
C

2

4
  

If material and length of the wires A and B are equal and equal 
twisting couple are applied then  

4

1

r
   

4

1

2

2

1
















r

r




 

6. (a) A small part of the spring bear tangential stress, causing 
straining strain.   

7. (a) )1(2  Y  

For no transverse strain ( = 0) 

212 /103
2

2 mN
Y

Y     

8. (b) )1(2  Y   )1(23   
2

1
1

2

3
  

Now substituting the value of  in the following expression. 

)21(3  KY   



)21(3 

Y
K  

9. (c) 

10. (d) )1(2  Y  

 2.012.1)1(24.2    

11. (d) Shearing strain 
cm

cm

L

x

10

02.0
  002.0    

12. (b)    

13. (d) There will be both shear stress and normal stress.   

14. (b) Angle of shear
L

r
 

oo 12.030
100

104 1







 

15. (c) For twisting, Angle of shear 
L

1
  

i.e. if L is more then   will be small.  

16. (b) 004.028.010 2    Lr    

17. (d) 
L

r
C

2
.

4
 Constant 

 

 

 
)2/(2

)'()2/(

2

)( 0
4

0
4

l

r

l

r  



  

 


9

8

162

)(
0

00 


  

18. (c)   

  

Work Done in Stretching a Wire 

1. (d) 2

2

1
l

L

YA
U 








   2lU   

 25
2

10
22

1

2

1

2 























l

l

U

U
 12 25UU   

 i.e. potential energy of the spring will be 25 V   
2. (b)   

3. (c) Work done = 
22

1 Mgl
Fl   

4. (a) FlW
2

1
   lW    (F is constant) 

  
2

1

22

1

2

1 
l

l

l

l

W

W
 

5. (b) mgllFW
2

1

2

1
  

      J05.01011010
2

1 1      

6. (c) 
l

F
K  and  2

2

1

2

1

2

1
KllKlFlW     

7. (d) Due to tension, intermolecular distance between atoms is 

increased and therefore potential energy of the wire is 
increased and with the removal of force interatomic distance is 
reduced and so is the potential energy. This change in potential 
energy appears as heat in the wire and thereby increases the 
temperature.   

8. (c) Due to increase in intermolecular distance.    

9. (b)   

10. (b) volume
(stress)

2

1 2


Y

U = 
YA

LAF






2

2

2

1
 

=
114

22

101101

2.0)50(

2

1

2

1






AY

LF
= J5105.2   

11. (c) Work done in stretching a wire  

 3105.010
2

1

2

1  FlW = J3105.2   

 Work done to displace it through 1.5 mm 

 JlFW 3105   
 The ratio of above two work = 1 : 2  

12. (a) Increase in energy J01.010120
2

1 3    

13. (d)  Ratio of work done = 
2

12/1


Fl

Fl
 

14. (a) Energy per unit volume 2strain)(Y
2

1
  

 
Y

E2
strain    

15. (a) Energy per unit volume = 
Y2

stress)( 2

 

l/2 

l 

=0 

0 
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1

2

2

1

Y

Y

E

E
  (Stress is constant) 

2

3

2

1 
E

E
  

16. (a) Energy = 
AY

LF

AY

FL
FFl

2

2

1

2

1

2

1









  

114

22

104.1102

1020)50(

2

1










J61057.8    

17. (b) 
K

T

K

F
U

22

22

    

18. (a) Energy stored per unit volume = 
















L

l

A

F

2

1
= 

AL

Fl

2
 

19. (c) 
L

YAl
U

2

2

1


4

)101(103102

2

1 23611  
  

 J075.0    

20. (d) At extension 1l , the stored energy 2
1

2

1
Kl  

At extension 2l , the stored energy 2
2

2

1
Kl  

Work done in increasing its extension from 1l  to 2l  

    )(
2

1 2
1

2
2 llK     

21. (b) 
x

F
K  mN/2.0

102

40
2






  

Work done JKx 5.2)05.0()2.0(
2

1

2

1 22    

22. (c)  
23. (c)   

24. (c) 
2

236102

10502

)10(10102

2 








L

YAl
W J2102     

25. (b) 

2

112

100

1
109

2

1
)Strain(

2

1








 YU  

                                  J7105.4     

26. (a) JlMgFlW 753105
2

1

2

1

2

1
    

27. (b)    
28. (a)   

29. (a)  JlFU 1.010200
2

1

2

1 3    

30. (b)  
AY

LF
FlU

22

1 2

 .  
2r

L
U   (F and Y are constant) 

 

2






























B

A

B

A

B

A

r

r

L

L

U

U
= 

4

3

2

1
)3(

2









  

  

Critical Thinking Questions 
 
1. (b)  

2. (a) m
dg

P
L 34

3

100

10103

6
3




   

3. (c) Thermal stress = Y .  

 If thermal stress and rise in temperature are equal then 



1
Y   

2

3

1

2

2

1 




Y

Y
   

4. (a) Speed of sound in a stretched string 


T
v   …(i)  

Where T  is the tension in the string and  is mass per unit 

length. 

According to Hooke’s law, xF    xT   …(ii) 

From (i) and (ii) xv   vvv 22.15.1'   

5. (c) Total force at height 4/3L  from its lower end 

= Weight suspended + Weight of 3/4 of the chain  

)4/3(1 WW   

 Hence stress 
S

WW )4/3(1    

6. (d) 
AY

FL
l   

2

1

r
l   (F, L and Y are constant)  

 4)2( 2

2

1

2

2

1 














r

r

l

l
   

7. (c) Restoring force is zero at mean position  

 0FKxF   00 FKx  
K

F
x 0   

 i.e. the particle will oscillate about 
K

F
x 0    

8. (b)   

Graphical Questions 

1. (d) 
K

M
T 2  MT 2   

 If we draw a graph between 2T and M then it will be straight 

line. 

 and for M = 0, T2 = 0 

 i.e. the graph should pass through the origin. 

 but from the it is not reflected it means the mass of pan was 

neglected.  

2. (a) In the region OA, stress  strain i.e. Hooke's law hold good.  

3. (c)   

4. (c)    

5. (d) As stress is shown on x-axis and strain on y-axis  

 So we can say that 
slope

1

tan

1
cot 


Y  

 So elasticity of wire P is minimum and of wire R is maximum 

6. (a) Area of hysterisis loop gives the energy loss in the process of 

stretching and unstretching of rubber band and this loss will 
appear in the form of heating.     

7. (d) BA

B

A

B

A YY
Y

Y
33

3/1

3

30tan

60tan

tan

tan





   

8. (a) 
AY

FL
l   

2

1

r
l   (Y, L and  F are constant) 

 i.e. for the same load, thickest wire will show minimum 

elongation. So graph D represent the thickest wire. 

9. (a) From the graph NFml 20,10 4    

                         mLmA 1,10 26    
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Al

FL
Y  21110

46
/1021020

1010

120
mN







  

10. (b) At point b, yielding of material starts.   

11. (c) Graph between applied force and extension will be straight line 

because in elastic range,  

 Applied force  extension  

 but the graph between extension and stored elastic energy will 

be parabolic in nature  

 As 22/1 kxU  or 2xU  .  

12. (b) 









dx

dU
F .  

 In the region BC slope of the graph is positive 

  F = negative i.e. force is attractive in nature  

 In the region AB slope of the graph is negative  

  F = positive i.e. force is repulsive in nature 

13. (b) Force constant, K = tan 30° = 3/1  

14. (b) In ductile materials, yield point exist while in Brittle material, 
failure would occur without yielding.   

15. (d) Young’s modulus is defined only in elastic region and  

 211

4

7

/102
104

108

Strain

Stress
mNY 







  

16. (a) Elasticity of wire decreases at high temperature i.e. at higher 
temperature slope of graph will be less.  

 So we can say that 21 TT   

17. (c)  

18. (d) Attraction will be minimum when the distance between the 

molecule is maximum. 

 Attraction will be maximum at that point where the positive 

slope is maximum because  
dx

dU
F   

19. (c) tanY . According to figure CBA    

 i.e. CBA  tantantan   

 or CBA YYY   

  A, B, and C graph are for steel, brass and rubber 

respectively. 
 

Assertion and Reason 
 

1. (a) Because, the stretching of coil simply changes its shape without 
any change in the length of the wire used in coil. Due to which 
shear modulus of elasticity is involved. 

2. (e) When a spring balance has been used for a long time, the 
spring in the balance fatigued and there is loss of strength of 

the spring. In such a case, the extension in the spring is more 
for a given load and hence the balance gives wrong readings. 

3. (a) Elasticity is a measure of tendency of the body to regain its 
original configuration. As steel is deformed less than rubber 
therefore steel is more elastic than rubber. 

4. (d) In a glassy solid (i.e., amorphous solid) the various bonds 

between the atoms or ions or molecules of a solid are not 
equally strong. Different bonds are broken at different 
temperatures. Hence there is no sharp melting point for a 
glassy solid. 

5. (a)  

 

6. (a) Bulk modulus of elasticity measures how good the body is to 

regain its original volume on being compressed. Therefore, it 

represents incompressibility of the material. 
V

PV
K




  where 

P is increase in pressure, V is change in volume. 

7. (c) Strain is the ratio of change in dimensions of the body to the 
original dimensions. Because this is a ratio, therefore it is 
dimensionless quantity. 

8. (a) A bridge during its use undergoes alternating strains for a large 
number of times each day, depending upon the movement of 

vehicles on it when a bridge is used for long time, it losses its 
elastic strength. Due to which the amount of strain in the 
bridge for a given stress will become large and ultimately, the 
bridge may collapse. This may not happen, if the bridges are 
declared unsafe after long use. 

9. (d) Ivory is more elastic than wet-clay. Hence the ball of ivory will 
rise to a greater height. In fact the ball of wet-clay will not rise 
at all, it will be somewhat flattened permanently. 

10. (a) Young’s modulus of a material, 
Strain

Stress
Y  

Here, stress
Area

forceRestoring 
 .  

As restoring force is zero  0Y . 

11. (a) Work done 2)Strain(
2

1
StrainStress

2

1
 Y . 

Since, elasticity of steel is more than copper, hence more work 
has to be done in order to stretch the steel. 

12. (b) Stress is defined as internal force (restoring force) per unit 

area of a body. Also, rubber is less elastic than steel, because 
restoring force is less for rubber than steel.  
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1. Two wires A and B of same length, same area of cross-section 
having the same Young's modulus are heated to the same range of 
temperature. If the coefficient of linear expansion of A is 3/2 times 
of that of wire B. The ratio of the forces produced in two wires will 
be 

 (a) 2/3 (b) 9/4 

 (c) 4/9 (d) 3/2 

2. A wire of area of cross-section 2610 m is increased in length by 
0.1%. The tension produced is 1000 N. The Young's modulus of wire 
is 

 (a) 212 /10 mN  (b) 211 /10 mN  

 (c) 210 /10 mN  (d) 29 /10 mN  

3. To break a wire of one meter length, minimum 40 kg wt. is 
required. Then the wire of the same material of double radius and 6 
m length will require breaking weight 

 (a) 80 kg-wt (b) 240 kg-wt 
 (c) 200 kg-wt (d) 160 kg-wt 
4. The breaking stress of a wire of length L and radius r is 5 

2/ mwtkg  . The wire of length 2l and radius 2r of the same 

material will have breaking stress in 2/ mwtkg   

 (a) 5 (b) 10 

 (c) 20 (d) 80 

5. The increase in length on stretching a wire is 0.05%. If its Poisson's 
ratio is 0.4, then its diameter  

 (a) Reduce by 0.02% (b) Reduce by 0.1% 

 (c) Increase by 0.02% (d) Decrease by 0.4% 

6. If Poission's ratio   is 
2

1
  for a material, then the material is 

 (a) Uncompressible (b) Elastic fatigue 

 (c) Compressible (d) None of the above 

 

7. If the breaking force for a given wire is F, then the breaking force of 
two wires of same magnitude will be  

 (a) F (b) 4F 

 (c) 8F (d) 2F 
8. If the thickness of the wire is doubled, then the breaking force in the 

above question will be  

 (a) 6F (b) 4F 

 (c) 8F (d) F 
9. On all the six surfaces of a unit cube, equal tensile force of F is 

applied. The increase in length of each side will be (Y = Young's 
modulus,  = Poission's ratio) 

 (a) 
)1( Y

F
 (b) 

)1( Y

F
 

 (c) 
Y

F )21( 
 (d) 

)21( Y

F
 

10. The mass and length of a wire are M and L respectively. The density 
of the material of the wire is d. On applying the force F on the wire, 
the increase in length is l, then the Young's modulus of the material 
of the wire will be  

 (a) 
Ml

Fdl
 (b) 

Mdl

FL
 

 (c) 
dl

FMl
 (d) 

Ml

FdL2

 

11. Two exactly similar wires of steel and copper are stretched by equal 
forces. If the difference in their elongations is 0.5 cm, the elongation 
(l) of each wire is 

 211 /100.2)steel( mNY s    

 211 /102.1)copper( mNYc   

 (a) cmlcml cs 25.1,75.0   

 (b) cmlcml cs 75.0,25.1   

 (c) cmlcml cs 75.0,25.0   

 (d) cmlcml cs 25.0,75.0   

12. If the compressibility of water is   per unit atmospheric pressure, 
then the decrease in volume V due to P atmospheric pressure will be 

 (a) VP /  (b) PV  

 (c) PV/  (d) PV /  

13. A rectangular block of size cmcmcm 5810   is kept in three 

different positions P, Q and R in turn as shown in the figure. In each 
case, the shaded area is rigidly fixed and a definite force F is applied 
tangentially to the opposite face to deform the block. The 
displacement of the upper face will be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  (a) Same in all the three cases 

 (b) Maximum in P position 

 (c) Maximum in Q position 

 (d) Maximum in R position 

 

 

 
 

 

 

(SET - 9) 

8 

10 

5 

(P) 

5  

8  

10  

(Q) 

8  

5  

10  

(R) 
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1. (d)   YAF   

If Y, A and   are constant then 
2

3


B

A

B

A

F

F




 

2. (a) 212

6
/10

1.010

1001000
mN

Al

FL
Y 







   

3. (d) Breaking force = Breaking stress × Area of cross  

                   section of wire 

  Breaking force  r2 (Breaking distance is constant) 

 If radius becomes doubled then breaking force will become 4 
times i.e. 40 × 4 = 160 kg wt   

4. (a) Breaking stress depends on the material of wire. 

5. (a) Poisson’s ratio
strianal Longitudin

strainLateral 
  

  Lateral strain
100

05.0
4.0   

 So reduced by 0.02%.  

6. (a)  
dL

dL

V

dV
)21(    

  if 
2

1
  then 0

V

dV
i.e. K =  

7. (d) Breaking force  Area of cross section 

If area is double then breaking force will become two times.  

8. (b) Breaking force  2r  

If thickness (radius) of wire is doubled then breaking force will 
become four times.  

 

 

 

 

 

 

 

 

 

 

 

9. (c) Tensile strain on each face
Y

F
  

Lateral strain due to the other two forces acting on 

perpendicular faces
Y

F2
  

 Total increase in length
Y

F
)21(   

10. (d) 
l

L

A

F
Y   

Ml

FdL2

  

 As M = volume × density dLA    
Ld

M
A   

11. (a) 
3

5

102.1

1021
11

11







s

c

s

c

c

s

l

l

l

l

Y

Y

Y
l  …(i) 

Also 5.0 sc ll    …(ii) 

 On solving (i) and (ii) cmlc 25.1  and cmls 75.0 . 

12. (b) Compressibility = 
P

VV/
 

PV

V
  PVV   

13. (d) 
Lx

AF

/

/
  

A

FL
x 


 

If  and F are constant then 
A

L
x   

For maximum displacement area at which force applied should 
be minimum and vertical side should be maximum, this is given 
in the R position of rectangular block.  

 

 

*** 
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Intermolecular Force 

 The force of attraction or repulsion acting between the molecules 

are known as intermolecular force. The nature of intermolecular force is 

electromagnetic. 

The intermolecular forces of attraction may be classified into two 

types. 

Cohesive force Adhesive force 

The force of attraction between 

molecules of same substance is 

called the force of cohesion. This 

force is lesser in liquids and least 

in gases. 

The force of attraction between 

the molecules of the different 

substances is called the force of 

adhesion. 

 

Ex. (i) Two drops of a liquid 

coalesce into one when brought 

in mutual contact. 

(ii) It is difficult to separate two 

sticky plates of glass welded with 

water. 

(iii) It is difficult to break a drop 

of mercury into small droplets 

because of large cohesive force 

between the mercury molecules. 

Ex. (i) Adhesive force enables us 

to write on the blackboard with a 

chalk. 

(ii) A piece of paper sticks to 

another due to large force of 

adhesion between the paper and 

gum molecules. 

(iii) Water wets the glass surface 

due to force of adhesion. 

 

Note :   Cohesive or adhesive forces are inversely 

proportional to the eighth power of distance between the molecules.  

Surface Tension 

The property of a liquid due to which its free surface tries to have 

minimum surface area and behaves as if it were under tension somewhat 

like a stretched elastic membrane is called surface tension. A small liquid 

drop has spherical shape, as due to surface tension the liquid surface tries 

to have minimum surface area and for a given volume, the sphere has 

minimum surface area. 

Surface tension of a liquid is measured by the force acting per unit 

length on either side of an imaginary line drawn on the free surface of 

liquid, the direction of this force being perpendicular to the line and 

tangential to the free surface of liquid. So if F is the force acting on one side 

of imaginary line of length L, then T = (F/L) 

(1) It depends only on the nature of liquid and is independent of the area 

of surface or length of line considered. 

(2) It is a scalar as it has a unique direction which is not to be 

specified. 

(3) Dimension : [MT – 2].         (Similar to force constant) 

(4) Units : N/m (S.I.) and Dyne/cm [C.G.S.] 

(5) It is a molecular phenomenon and its root cause is the 

electromagnetic forces. 

Force Due to Surface Tension 

 If a body of weight W is placed on the liquid surface, whose surface 

tension is T. If F is the minimum force required to pull it away from the 

water then value of F for different bodies can be calculated by the following 

table. 

 

 

Body Figure Force 

   

Imaginary line 

Fig. 10.1 

Surface Tension 

Chapter  

10 
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Needle 

(Length = l ) 

 

 

 

 

 

 

 

 

F = 2l T + W 

Hollow disc 

(Inner radius = r
1

 

Outer radius = r
2

) 

 

 

 

 

 

 

F = 2 (r
1

 + r
2

)T + W 

Thin ring 

(Radius = r) 

 

 

 

 

 

 

F = 2 (r + r)T + W 

F = 4rT + W 

Circular plate or disc 

(Radius = r) 

 

 

 

 

 

F = 2rT + W 

Square frame 

(Side = l ) 

 

 

 

 

 

 

F = 8l T + W 

Square plate 

 

 

 

 

 

 

F = 4l T + W 

 

Examples of Surface Tension 
 

(1) When mercury is split on a clean glass plate, it forms globules. Tiny 

globules are spherical on the account of surface tension because force of 
gravity is negligible. The bigger globules get flattened from the middle but 
have round shape near the edges. 

 

(2) When a greased iron needle is placed gently on the surface of water 

at rest, so that it does not prick the water surface, the needle floats on 
the surface of 

water despite it being heavier because the weight of needle is balanced 
by the vertical components of the forces of surface tension. If the water 

F 

T 
F 
= 
T 
× 
2l 

T 

F 

F 

F 

F 

F 

T T 

mg 
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surface is pricked by one end of the needle, the needle sinks down. 

 

 

 

 

(3) When a molten metal is poured into water from a suitable height, the 
falling stream of metal breaks up and the detached portion of the liquid in 

small quantity acquire the spherical shape. 

 

 

 

 

 

(4) Take a frame of wire and dip it in soap solution and take it out, a 
soap film will be formed in the frame. Place a loop of wet thread gently 

on the film. It will remain in the form, we place it on the film according 
to  

figure. Now, piercing the film with a pin 
at any point inside the loop, It 
immediately takes the circular form as 
shown in figure. 
 

(5) Hair of shaving brush/painting brush when dipped in water spread out, 
but as soon as it is taken out, its hair stick together. 

 

 

 

 

 

(6) If a small irregular piece of camphor is floated on the surface of pure 
water, it does not remain steady but dances about on the surface. This is 
because, irregular shaped camphor dissolves unequally and decreases the 
surface tension of the water locally. The unbalanced forces make it to 
move haphazardly in different directions. 

 

(7) Rain drops are spherical in shape because each drop tends to acquire 

minimum surface area due to surface tension, and for a given volume, the 
surface area of sphere is minimum. 

(8) Oil drop spreads on cold water. Whereas it may remain as a drop on 

hot water. This is due to the fact that the surface tension of oil is less than 
that of cold water and is more than that of hot water. 

 

Factors Affecting Surface Tension 

(1) Temperature : The surface tension of liquid decreases with rise of 
temperature. The surface tension of liquid is zero at its boiling point and it 
vanishes at critical temperature. At critical temperature, intermolecular 
forces for liquid and gases becomes equal and liquid can expand without 
any restriction. For small temperature differences, the variation in surface 
tension with temperature is linear and is given by the relation 

)1(0 tTTt   

where tT , 0T  are the surface tensions at Cto  and Co0  

respectively and  is the temperature coefficient of surface tension. 

Examples : (i) Hot soup tastes better than the cold soup.  

                (ii) Machinery parts get jammed in winter. 

(2) Impurities : The presence of impurities either on the liquid 

surface or dissolved in it, considerably affect the surface tension, depending 
upon the degree of contamination. A highly soluble substance like sodium 
chloride when dissolved in water, increases the surface tension of water. But 
the sparingly soluble substances like phenol when dissolved in water, 
decreases the surface tension of water. 

Applications of Surface Tension 

(1) The oil and grease spots on clothes cannot be removed by pure 

water. On the other hand, when detergents (like soap) are added in water, 
the surface tension of water decreases. As a result of this, wetting power of 
soap solution increases. Also the force of adhesion between soap solution 
and oil or grease on the clothes increases. Thus, oil, grease and dirt particles 
get mixed with soap solution easily. Hence clothes are washed easily. 

(2) The antiseptics have very low value of surface tension. The low 
value of surface tension prevents the formation of drops that may otherwise 
block the entrance to skin or a wound. Due to low surface tension, the 
antiseptics spreads properly over wound. 

(3) Surface tension of all lubricating oils and paints is kept low so 
that they spread over a large area. 

(4) Oil spreads over the surface of water because the surface tension 
of oil is less than the surface tension of cold water. 

(5) A rough sea can be calmed by pouring oil on its surface. 

(6) In soldering, addition of ‘flux’ reduces the surface tension of 
molten tin, hence, it spreads. 

Molecular Theory of Surface Tension 

The maximum distance upto which the force of attraction between 

two molecules is appreciable is called molecular range )10( 9 m . A 

sphere with a molecule as centre and radius equal to molecular range is 
called the sphere of influence. The liquid enclosed between free surface 
(PQ) of the liquid and an imaginary plane (RS) at a distance r (equal to 
molecular range) from the free surface of the liquid form a liquid film. 

To understand the concept of tension acting on the free surface of a 

liquid, let us consider four liquid molecules like A, B, C and D. Their sphere 
of influence are shown in the figure. 

(1) Molecule A is well within 
the liquid, so it is attracted equally in 
all directions. Hence the net force on 
this molecule is zero and it moves 
freely inside the liquid. 

(2) Molecule B is little below 
the free surface of the liquid and it is 
also attracted equally in all directions. 
Hence the resultant force acts on it is also zero. 

(3) Molecule C is just below the upper surface of the liquid film and 
the part of its sphere of influence is outside the free liquid surface. So the 
number of molecules in the upper half (attracting the molecules upward) is 

less than the number of molecule in the lower half (attracting the molecule 
downward). Thus the molecule C experiences a net downward force. 

(4) Molecule D is just on the free surface of the liquid. The upper 
half of the sphere of influence has no liquid molecule. Hence the molecule D 
experiences a maximum downward force. 

Molten metal 

Water 
Thread 
loop 

R 

P 

S 

Q 
B C 

D 

A 

Fig. 10.2 
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Thus all molecules lying on surface film experiences a net downward 
force. Therefore, free surface of the liquid behaves like a stretched 
membrane. 

Surface Energy 

 The molecules on the liquid surface experience net downward force. 
So to bring a molecule from the interior of the liquid to the free surface, 
some work is required to be done against the intermolecular force of 
attraction, which will be stored as potential energy of the molecule on the 
surface. The potential energy of surface molecules per unit area of the 
surface is called surface energy. 

Unit : Joule/m2 (S.I.) erg/cm2 (C.G.S.)  

Dimension : [MT–2] 

If a rectangular wire frame ABCD, equipped with a sliding wire LM 
dipped in soap solution, a film is formed over the frame. Due to the surface 
tension, the film will have a tendency to shrink and thereby, the sliding wire 
LM will be pulled in inward direction. However, the sliding wire can be held 
in this position under a force F, which is equal and opposite to the force 
acting on the sliding wire LM all along its length due to surface tension in 

the soap film.  

If T is the force due to surface tension per unit length, then F = T  

2l 

Here l is length of the sliding wire LM. The length of the sliding 

wire has been taken as 2l for the reason that the film has got two free 
surfaces. 

Suppose that the sliding wire LM is moved through a small distance 

x, so as to take the position '' ML . In this process, area of the film 

increases by 2l  x (on the two sides) and to do so, the work done is given 

by 

W = F  x = (T  2l)  x = T  (2lx) = T  A  

  W = T  A      [A = Total increase in area of the film] 

If temperature of the film 
remains constant in this process, this 
work done is stored in the film as its surface energy. 

From the above expression 
A

W
T


  or T = W   [If  A = 1] 

i.e. surface tension may be defined as the amount of work done in 

increasing the area of the liquid surface by unity against the force of surface 
tension at constant temperature. 

Work Done in Blowing a Liquid Drop or Soap 

Bubble  

(1) If the initial radius of liquid drop is r
1

 and final radius of liquid 
drop is r

2

 then 

W = T  Increment in surface area  

W = T  4 ][ 2
1

2
2 rr             [drop has only one free surface] 

(2) In case of soap bubble  

W = T  8 ][ 2
1

2
2 rr              [Bubble has two free surfaces] 

Splitting of Bigger Drop 
 When a drop of radius R splits into n smaller drops, (each of radius 

r) then surface area of liquid increases. Hence the work is to be done 
against surface tension. 

Since the volume of liquid remains constant therefore 

33

3

4

3

4
rnR      33 nrR   

Work done = T  A = T × [Total final surface area of n drops – 

surface area of big drop] = ]44[ 22 RrnT    

 

Various formulae of work done  

][4 22 RnrT   ]1[4 3/12 nTR  ]1[4 3/13/22 nnTr  









Rr
TR

11
4 3  

 

 

 

 
 

 

 

If the work is not done by an external source then internal energy of 
liquid decreases, subsequently temperature decreases. This is the reason 
why spraying causes cooling. 

By conservation of energy, Loss in thermal energy = work done 
against surface tension 

                   JQ = W 

          









Rr
TRJmS

11
4 3  

 J 









Rr
TRSdR

11
4

3

4 33     

             [As  m = V  d = dR 3

3

4
 ] 

 Decrease in temperature  









RrJSd

T 113
  

where J = mechanical equivalent of heat, S = specific heat of liquid, d 
= density of liquid. 

Formation of Bigger Drop 

 

If n small drops of radius r coalesce to form a big drop of radius R 
then surface area of the liquid decreases. 

Amount of surface energy released = Initial surface energy – final 
surface energy                 

TRTrnE 22 44    

 

Various formulae of released energy  

][4 22 RnrT   )1(4 3/12 nTR  )1(4 3/13/22 nnTr  
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(i) If this released energy is absorbed by a big drop, its 

temperature increases and rise in temperature can be given by 











RrJSd

T 113
  

(ii) If this released energy is converted into kinetic energy of 
a big drop without dissipation then by the law of conservation of 
energy. 











Rr
TRmv

11
4

2

1 32        
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TRvdR
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3
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1 323        
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T
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T
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Excess Pressure 

Due to the property of surface tension a drop or bubble tends to 
contract and so compresses the matter enclosed. This in turn increases the 
internal pressure which prevents further contraction and equilibrium is 
achieved. So in equilibrium the pressure inside a bubble or drop is greater 
than outside and the difference of pressure between two sides of the liquid 
surface is called excess pressure. In case of a drop, excess pressure is 
provided by hydrostatic pressure of the liquid within the drop while in case 
of bubble the gauge pressure of the gas confined in the bubble provides it.  

Excess pressure in different cases is given in the following table : 

 

Plane surface Concave surface 

 

 

   P = 0 

 

 

 

 

   
R

T
P

2
  

 

Convex surface Drop 

  

   
R

T
P

2
  

 

           
R

T
P

2
  

 

 

Bubble in air Bubble in liquid 

  

        
R

T
P

4
  

 

 

 

   
R

T
P

2
  

 

Bubble at depth h below the free surface of liquid of density d Cylindrical liquid surface 

 

   hdg
R

T
P 

2
 

 

 

 

   
R

T
P   

 

Liquid surface of unequal radii Liquid film of unequal radii 

  

   









21

11

RR
TP  

 

 

                   









21

11
2

RR
TP  

 

 

P  P = 0 

P P 

P P 

h 

P 

R 

P 
P 
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Note :   Excess pressure is inversely proportional to 

the radius of bubble (or drop), i.e., pressure inside a smaller bubble (or 
drop) is higher than inside a larger 
bubble (or drop). That is why when two 

bubbles of different sizes are put in 
communication with each other, the air 
will rush from smaller to larger bubble, 
so that the smaller will shrink while the 
larger will expand till the smaller bubble 
reduces to droplet. 

Shape of Liquid Meniscus 

We know that a liquid assumes the shape of the vessel in which it is 
contained i.e. it can not oppose permanently any force that tries to change 
its shape. As the effect of force is zero in a direction perpendicular to it, the 
free surface of liquid at rest adjusts itself at right angles to the resultant 
force. 

When a capillary tube is dipped in a liquid, the liquid surface 
becomes curved near the point of contact. This curved surface is due to the 
resultant of two forces i.e. the force of cohesion and the force of adhesion. 
The curved surface of the liquid is called meniscus of the liquid. 

If liquid molecule A is in contact with solid (i.e. wall of capillary 
tube) then forces acting on molecule A are 

(i) Force of adhesion F
a

 (acts outwards at right angle to the wall of 
the tube). 

(ii) Force of cohesion F
c

 (acts at an angle 45o to the vertical). 

Resultant force F
N

 depends upon the value of F
a

 and F
c

. 

If resultant force F
N

 make an angle  with F
a

. 

Then 

ca

c

o
ca

o
c

FF

F

FF

F







2135cos

135sin
tan  

By knowing the direction of resultant force we can find out the 
shape of meniscus because the free surface of the liquid adjust itself at right 
angle to this resultant force. 

 

If FaFc 2  

   tan =         = 90o 

i.e. the resultant force acts vertically downwards. 
Hence the liquid meniscus must be horizontal. 

FaFc 2  

tan  = positive     is acute angle 

i.e. the resultant force directed outside the liquid. 
Hence the liquid meniscus must be concave 
upward. 

FaFc 2  

tan  = negative    is obtuse angle 

i.e. the resultant force directed inside the liquid. 
Hence the liquid meniscus must be convex 
upward. 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Example: Pure water in silver coated capillary 
tube. 

Example: Water in glass capillary tube. Example: Mercury in glass capillary tube. 

 

Angle of Contact 

Angle of contact between a liquid and a solid is defined as the angle 
enclosed between the tangents to the liquid surface and the solid surface 
inside the liquid, both the tangents being drawn at the point of contact of 
the liquid with the solid. 

 < 90o 

2

c
a

F
F   

concave meniscus. 

Liquid wets the solid surface 

 = 90o  

2

c
a

F
F   

plane meniscus.  

Liquid does not wet the solid surface. 

 > 90o  

2

c
a

F
F   

convex meniscus.  

Liquid does not wet the solid surface. 

 

(i) Its value lies between 0o and 180o  

o0  for pure water and glass,  o8  for tap water and glass, 

o90  for water and silver 

o138  for mercury and glass,  o160  for water and 

chromium 

(ii) It is particular for a given pair of liquid and solid. Thus the angle 

of contact changes with the pair of solid and liquid. 

(iii) It does not depends upon the inclination of the solid in the 

liquid. 

(iv) On increasing the temperature, angle of contact decreases. 

(v) Soluble impurities increases the angle of contact. 

(vi) Partially soluble impurities decreases the angle of contact. 

Capillarity 

If a tube of very narrow bore (called capillary) is dipped in a liquid, 

it is found that the liquid in the capillary either ascends or descends relative 

to the surrounding liquid. This phenomenon is called capillarity. 

The root cause of capillarity is the difference in pressures on two 

sides of (concave and convex) curved surface of liquid. 

Examples of capillarity : 

F
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(i) Ink rises in the fine pores of blotting paper leaving the paper dry. 

(ii) A towel soaks water. 

(iii) Oil rises in the long narrow spaces between the threads of a 
wick. 

(iv) Wood swells in rainy season due to rise of moisture from air in 

the pores. 

(v) Ploughing of fields is essential for preserving moisture in the soil. 

(vi) Sand is drier soil than clay. This is because holes between the 
sand particles are not so fine as compared to that of clay, to draw up water 

by capillary action. 

Ascent Formula 

When one end of capillary tube of radius r is immersed into a liquid of 

density d which wets the sides of the capillary tube (water and capillary tube of 

glass), the shape of the liquid meniscus in the tube becomes concave upwards. 

R = radius of curvature of liquid meniscus. 

T = surface tension of liquid  

P = atmospheric pressure 

Pressure at point A = P, Pressure at point B = 
R

T
P

2
  

 

 

 

 

 

Pressure at points C and D just above and below the plane surface 

of liquid in the vessel is also P (atmospheric pressure). The points B and D 

are in the same horizontal plane in the liquid but the pressure at these 

points is different. 

In order to maintain the equilibrium the liquid level rises in the 

capillary tube upto height h. 

Pressure due to liquid column = pressure difference due to surface 

tension 

 
R

T
hdg

2
  

 
Rdg

T
h

2


rdg

T cos2
  










cos
 As

r
R  

(i) The capillary rise depends on the nature of liquid and solid both 

i.e. on T, d,   and R. 

(ii) Capillary action for various liquid-solid pair. 

 

 Meniscus Angle of contact Level 

 

 

 

 

Concave 

 

 < 90o 

 

 

Rises 

 

 

 

 

 

 

Plane  = 90o No rise, no fall 

 

 

 

 

Convex  > 90o Fall 

 

(iii) For a given liquid and solid at a given place 

r
h

1
   [As T, , d and g are constant] 

i.e. lesser the radius of capillary greater will be the rise and vice-
versa. This is called Jurin’s law. 

(iv) If the weight of the liquid contained in the meniscus is taken 
into consideration then more accurate ascent formula is given by  

3

cos2 r

rdg

T
h 


 

(v) In case of capillary of insufficient length i.e. L < h, the liquid will 
neither overflow from the upper end like a fountain nor will it tickle along 
the vertical sides of the tube. The liquid after reaching the upper end will 
increase the radius of its meniscus without changing nature such that :  

hr = Lr      L < h  r ' > r 

 

 

 

 

 
 

(vi) If a capillary tube is dipped into a liquid and tilted at an angle  

from vertical, then the vertical height of liquid column remains same 

whereas the length of liquid column (l) in the capillary tube increases.  

h = l cos  or 
cos

h
l   
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(vii) It is important to note that in equilibrium, the height h is 

independent of the shape of capillary if the radius of meniscus remains the 
same. That is why the vertical height h of a liquid column in capillaries of 
different shapes and sizes will be same if the radius of meniscus remains the 
same. 

 

 

 

 

 

Shape of Drops 

Whether the liquid will be in equilibrium in the form of a drop or it 
will spread out; depends on the relative strength of the force due to surface 
tension at the three interfaces. 

 

 

 

 

 

T
LA

 = surface tension at liquid-air interface, T
SA

 = surface tension at 
solid-air interface. 

T
SL 

 = surface tension at solid-liquid interface,  = angle of contact 

between the liquid and solid. 

For the equilibrium of molecule 

 

 

 

 

T
SL

 + T
LA

 cos = T
SA

 or 
LA

SLSA

T

TT 
cos  

Special Cases 

T
SA

 > T
SL

, cos  is positive i.e. oo 900  . 

This condition is fulfilled when the molecules of liquid are strongly attracted to that of solid. 

Example : (i) Water on glass. 

                 (ii) Kerosene oil on any surface. 

T
SA

 < T
SL

, cos  is negative i.e. oo 18090  . 

This condition is fulfilled when the molecules of the liquid are strongly attracted to themselves and weakly w.r.t. that of solid. 

Example : (i) Mercury on glass surface. 

                           (ii) Water on lotus leaf (or a waxy or oily surface) 

(T
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 cos) > T
SA

  

In this condition, the molecule of liquid will not be in equilibrium and experience a net force at the interface. As a result, the liquid spreads. 

         Example : (i) Water on a clean glass plate. 

 

Useful Facts and Formulae 

(1) Formation of double bubble : If r
1

 and r
2

 are the radii of smaller 
and larger bubble and P

0

 is the atmospheric pressure, then the pressure 

inside them will be 
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So for interface 
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As excess pressure acts from concave to convex side, the interface 

will be concave towards the smaller bubble and convex towards larger 
bubble and if r is the radius of interface. 
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From (i) and (ii)  
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(2) Formation of a single bubble  

(i) Under isothermal condition two soap bubble of radii ‘a’ and ‘b’ 
coalesce to form a single bubble of radius ‘c’. 

If the external pressure is P
0

 then pressure inside bubbles  
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and volume of the bubbles  
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Now as mass is conserved cba      
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 [As temperature is constant, i.e., cba TTT  ] 

Substituting the value of pressure and volume  
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(ii) If two bubble coalesce in vacuum then by substituting 00 P  

in the above expression we get 

0222  cba    222 bac   

Radius of new bubble 22 bac   or can be expressed as 

2
2

2
1 rrr  . 

(3) The difference of levels of liquid column in two limbs of U-tube 
of unequal radii r

1

 and r
2

 is  
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(4) A large force (F) is required to draw apart two glass plate 
normally enclosing a thin water film because the thin water film formed 
between the two glass plates will have concave surface all around. Since on 
the concave side of a liquid surface, pressure is more, work will have to be 
done in drawing the plates apart. 

t

AT
F

2
  where T= surface tension of water film, t= thickness of 

film, A = area of film. 

(5) When a soap bubble is charged, then its size increases due to 

outward force on the bubble. 

(6) The materials, which when coated on a surface and water does 
not enter through that surface are known as water proofing agents. For 
example wax etc. Water proofing agent increases the angle of contact. 

(7) Values of surface tension of some liquids. 

Liquid Surface tension Newton/metre 

Mercury 0.465 

Water 0.075 

Soap solution 0.030 

Glycerine 0.063 

Carbon tetrachloride 0.027 

Ethyl alcohol 0.022 
 

 

 

 

 
 

 Surface tension does not depend on the area of the surface. 

 When there is no external force, the shape of a liquid drop is 
determined by the surface tension of the liquid. 

 Soap helps in better cleaning of clothes because it reduces the 
surface tension of the liquid. 

 If a beaker is filled with liquid of density   upto a height h, then 

the mean pressure on the walls of the beaker is 2/gh . 

 The pressure on the concave side of a curved surface is always 

greater than that on its convex side. 

 Molecular forces do not obey the inverse square law of distance. 

 The molecular forces are of electrical origin. 

 Work done in forming a soap bubble of radius R is TR28 , 

where T  surface tension. 

 Energy is always required to split a drop of liquid into a number of 

small drops. It is because, the surface area of the small drops formed is 
greater than the surface area of the original single drop. 

 Work done in breaking a drop of radius R into n drops of equal 

size )1(4 3/12  nTR . 

Same amount of energy is liberated in combining n drops into a single 

drop. 

 When the liquid drops merge into each other to form a larger drop, 

energy is released. 

 Surface tension of molten cadmium increases with the increases in 
temperature. 

 Detergents decrease both the angle of contact as well as surface 

tension. 

 Angle of contact is independent of the angle of inclination of the 

walls. 

 The materials used for water proofing increases the angle of 

contact as well as surface tension.  

 A liquid does not wet the containing vessel if its angle of contact is 

obtuse.  

 In case of liquids which do not wet the walls of the containing 

vessel, the force of adhesion is less than 2/1  times the force of 

cohesion. 

 The liquid rises in a capillary tube, when the angle of contact is 

acute. 

 The height of the liquid column in a capillary tube on the moon is 

six times that on the earth. 

 Angle of contact between a liquid and a solid surface. Increases 

h 

h2 

h1 

Fig. 10.13 
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with increase in temperature of the liquid and decreases on adding 
impurity to the liquid. 

 For a liquid – solid interface, if the angle of contact is acute, then 

(i) The liquid will wet the solid. 

(ii) The liquid will rise in the capillary tube made of such a solid and 

(iii) Meniscus of the liquid will be concave.  

 In case the angle of contact is obtuse, then  

(i) The liquid will not wet the solid. 

(ii) The liquid will get depressed in the tube and 

(iii) Meniscus of the liquid will be convex. 

 When the capillary tube is of insufficient length, the liquid will not 

overflow. It rises upto the top end of the tube and then adjusts the 
radius of curvature of its meniscus. 
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Surface Tension 

1. The value of surface tension of a liquid at critical temperature is     [AIIMS 1980] 

 (a) Zero (b) Infinite 

 (c) Between 0 and   (d) Can not be determined 

2. The spherical shape of rain-drop is due to 

  [CPMT 1976, 90; NCERT 1982; AIIMS 1998; MH CET 2000; DCE 1999; 

AFMC 1999; CPMT 2001; AFMC 2001] 

  (a) Density of the liquid (b) Surface tension 

  (c) Atmospheric pressure (d) Gravity 

3. Surface tension is due to 

  (a) Frictional forces between molecules 

  (b) Cohesive forces between molecules 

  (c) Adhesive forces between molecules 

  (d) Gravitational forces 

4. When there is no external force, the shape of a liquid drop is 
determined by       [CPMT 1988, 86; DPMT 1982] 

(a) Surface tension of the liquid   

(b) Density of liquid 

  (c) Viscosity of liquid 

  (d) Temperature of air only 

5. Soap helps in cleaning clothes, because   [DPMT 1983, 2001] 

  (a) Chemicals of soap change 

  (b) It increases the surface tension of the solution 

  (c) It absorbs the dirt 

  (d) It lowers the surface tension of the solution 

6. A pin or a needle floats on the surface of water, the reason for this 
is      [MP PET/PMT 1988; CPMT 1975] 

  (a) Surface tension (b) Less weight 

 (c) Upthrust of liquid (d) None of the above 

7. Coatings used on raincoat are waterproof because 

 (a) Water is absorbed by the coating 

  (b) Cohesive force becomes greater 

  (c) Water is not scattered away by the coating 

  (d) Angle of contact decreases 

8. If temperature increases, the surface tension of a liquid   

  [MP PMT 1994; EAMCET (Engg.) 1995; RPET 2003] 

  (a) Increases (b) Decreases 

 (c) Remains the same (d) Increases then decreases 

9. A drop of oil is placed on the surface of water. Which of the 
following statement is correct  [NCERT 1976; DPMT 1982] 

  (a) It will remain on it as a sphere 

  (b) It will spread as a thin layer 

  (c) It will be partly as spherical droplets and partly as thin film 

  (d) It will float as a distorted drop on the water surface 

10. The temperature at which the surface tension of water is zero 

  (a) 0°C (b) 277 K 

  (c) 370°C (d) Slightly less than 647 K 

11. A small air bubble is at the inner surface of the bottom of a beaker 
filled with cold water. Now water of the beaker is heated. The size of 
bubble increases. The reason for this may be 

  (a) Increase in the saturated vapour pressure of water 

  (b) Root mean square velocity of air molecules inside the bubble 
increases 

  (c) Decrease in surface tension of water 

  (d) All of the above 

12. The spiders and insects move and run about on the surface of water 

without sinking because  

  (a) Elastic membrane is formed on water due to property of  

  surface tension 

  (b) Spiders and insects are lighter 

  (c) Spiders and insects swim on water 

  (d) Spider and insects experience upthrust 

13. Small droplets of a liquid are usually more spherical in shape than 
larger drops of the same liquid because   

    [EAMCET 1988] 

  (a) Force of surface tension is equal and opposite to the force of 
gravity 

  (b) Force of surface tension predominates the force of gravity 

  (c) Force of gravity predominates the force of surface tension 

 (d) Force of gravity and force of surface tension act in the same 
direction and are equal 

14. Hairs of shaving brush cling together when it is removed from water 

due to 

  (a) Force of attraction between hair 

  (b) Surface tension 

 (c) Viscosity of water 

  (d) Characteristic property of hairs 

15. A square frame of side L is dipped in a liquid. On taking out, a 
membrane is formed. If the surface tension of the liquid is T, the 
force acting on the frame will be 

    [MP PMT 1990; DPMT 2004] 

  (a) 2 TL (b) 4 TL 

 (c) 8 TL (d) 10 TL 

16. Water does not wet an oily glass because 

  (a) Cohesive force of oil>> adhesive force between oil and glass 

  (b) Cohesive force of oil > cohesive force of water 

  (c) Oil repels water 

  (d) Cohesive force for water > adhesive force between water and 
oil molecules 

17. A water drop takes the shape of a sphere in a oil while the oil drop 

spreads in water, because 

  (a) C.F. for water > A.F. for water and oil 

  (b) C.F. for oil > A.F. for water and oil 

  (c) C.F. for oil < A.F. for water and oil 

  (d) None of the above  

 (A.F. = adhesive force C.F. = cohesive force) 

18. Which of the fact is not due to surface tension 

  (a) Dancing of a camphor piece over the surface of water 

  (b) Small mercury drop itself becomes spherical 

  (c) A liquid surface comes at rest after stirring 

  (d) Mercury does not wet the glass vessel 

19. In the glass capillary tube, the shape of the surface of the liquid 
depends upon     [MP PMT 1989] 

  (a) Only on the cohesive force of liquid molecules 
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  (b) Only on the adhesive force between the molecules of glass and 
liquid 

  (c) Only on relative cohesive and adhesive force between the atoms 

  (d) Neither on cohesive nor on adhesive force 

20. Force necessary to pull a circular plate of 5 cm radius from water 
surface for which surface tension is 75 dynes/cm, is  

     [MP PMT 1991] 

  (a) dyne30  (b) 60 dynes 

 (c) 750 dynes (d) 750  dynes 

21. The property of surface tension is obtained in 

  (a) Solids, liquids and gases (b) Liquids 

  (c) Gases (d) Matter 

22. The surface tension of a liquid    [MNR 1990] 

  (a) Increases with area   

 (b) Decreases with area 

  (c) Increase with temperature  

 (d) Decrease with temperature 

23. If two glass plates are quite nearer to each other in water, then 

there will be force of 

  (a) Attraction  (b) Repulsion 

  (c) Attraction or repulsion  (d) None of the above 

24. On mixing the salt in water, the surface tension of water will 

  (a) Increase (b)  Decrease 

  (c) Remain unchanged (d)  None of the above 

25. The maximum force, in addition to the weight required to pull a 

wire of 5.0 cm long from the surface of water at temperature 20oC, 
is 728 dynes. The surface tension of water is 

  (a) 7.28 N/cm  (b) 7.28 dyne/cm 

  (c) 72.8 dyne/cm  (d) 7.28×102 dyne/cm 

26. Consider a liquid contained in a vessel. The liquid solid  adhesive 
force is very weak as compared to the cohesive force in the liquid. 
The shape of the liquid surface near the solid shall be     [MNR 1994] 

  (a) Horizontal (b) Almost vertical 

  (c) Concave (d) Convex 

27. At which of the following temperatures, the value of surface tension 
of water is minimum     [MP PMT/PET 1998] 

 (a) 4o C (b) 25o C 

 (c) 50o C (d) 75o C 

28. If a glass rod is dipped in mercury and withdrawn out, the mercury 

does not wet the rod because   [MP PET 1995] 

  (a) Angle of contact is acute   

 (b) Cohesion force is more 

  (c) Adhesion force is more   

 (d) Density of mercury is more 

29. Mercury does not wet glass, wood or iron because   

    [MP PET 1997] 

  (a) Cohesive force is less than adhesive force  

 (b) Cohesive force is greater than adhesive force 

  (c) Angle of contact is less than 90o 

  (d) Cohesive force is equal to adhesive force 

30. Surface tension of a liquid is found to be influenced by  

     [ISM Dhanbad 1994] 

  (a) It increases with the increase of temperature 

  (b) Nature of the liquid in contact 

  (c) Presence of soap that increases it 

  (d) Its variation with the concentration of the liquid 

31. When a drop of water is dropped on oil surface, then 

      [RPMT 1997] 

  (a) It will mix up with oil   

 (b) It spreads in the form of a film 

  (c) It will deform 

 (d) It remains spherical 

32. Two pieces of glass plate one upon the other with a little water in 
between them cannot be separated easily because of      [JIPMER 1997] 

  (a) Inertia (b)  Pressure 

 (c) Surface tension (d)  Viscosity 

33. Small liquid drops assume spherical shape because   

    [JIPMER 1997] 

  (a) Atmospheric pressure exerts a force on a liquid drop 

  (b) Volume of a spherical drop is minimum 

 (c) Gravitational force acts upon the drop 

  (d) Liquid tends to have the minimum surface area due to surface 
tension 

34. A thin metal disc of radius r floats on water surface and bends the 

surface downwards along the perimeter making an angle  with 

vertical edge of the disc. If the disc displaces a weight of water W 

and surface tension of water is T, then the weight of metal disc is      [AMU (Med.) 1999] 

  (a) WrT 2  (b)  WrT  cos2  

  (c) WrTcos2  (d)   cos2 rTW   

35. A 10 cm long wire is placed horizontally on the surface of water and 

is gently pulled up with a force of 2 ×10 -2 N to keep the wire in 
equilibrium. The surface tension, in Nm-1, of water is      [AMU (Med.) 1999] 

  (a) 0.1 (b)  0.2 

 (c) 0.001 (d)  0.002 

36. It is easy to wash clothes in hot water because its 

      [RPMT 2000] 

 (a) Surface tension is more 

(b) Surface tension is less 

 (c) Consumes less soap 

(d) None of these 

37. Due to which property of water, tiny particles of camphor dance on 
the surface of water    [RPMT 1999] 

(a) Viscosity (b) Surface tension 

(c) Weight (d) Floating force 

38. The force required to separate two glass plates of area 2210 m  

with a film of water 0.05 mm thick between them, is (Surface 

tension of water is 31070  N/m)               

                  [KCET 2000; Pb. PET 2001: RPET 2002] 

(a) 28 N (b) 14 N 

(c) 50 N (d) 38 N 

39. Oil spreads over the surface of water whereas water does not spread 
over the surface of the oil, due to 

      [MH CET 2001] 

(a) Surface tension of water is very high 

(b) Surface tension of water is very low 

(c) Viscosity of oil is high  

(d) Viscosity of water is high 

40. Cohesive force is experienced between    [MH CET 2001] 

(a) Magnetic substances 

(b) Molecules of different substances  

(c) Molecules of same substances 

(d)  None of these 
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41. The property utilized in the manufacture of lead shots is    

    [AIIMS 2002] 

(a) Specific weight of liquid lead 

(b) Specific gravity of liquid lead 

(c) Compressibility of liquid lead 

(d) Surface tension of liquid lead 

42. The dimensions of surface tension are   [MH CET 2002] 

(a) ][ 1MLT  (b) ][ 22 TML  

(c) ][ 20 TML  (d) ][ 21  TML  

43. A wooden stick 2m long is floating on the surface of water. The 
surface tension of water 0.07 N/m. By putting soap solution on one 
side of the sticks the surface tension is reduced to 0.06 N/m. The 
net force on the stick will be  

      [Pb. PMT 2002] 

(a) 0.07 N  (b) 0.06 N 

(c) 0.01 N (d) 0.02 N 

44. A thread is tied slightly loose to a wire frame as in figure and the 
frame is dipped into a soap solution and taken out. The frame is 
completely covered with the film. When the portion A punctured 
with a pin, the thread. 

       [KCET 2004] 

 

 

 

 

 

(a) Becomes concave toward A  

(b) Becomes convex towards A 

(c) Remains in the initial position  

(d) Either (a) or (b) depending on the size of A w.r.t. B 

45. The force required to take away a flat circular plate of radius 2 cm 
from the surface of water, will be (the surface tension of water is 70 
dyne/cm)    [Pb. PET 2001] 

(a) dyne280  (b) dyne250  

(c) dyne140  (d) dyne210  

46. Surface tension may be defined as    [CPMT 1990] 

  (a) The work done per unit area in increasing the surface area of a 
liquid under isothermal condition 

  (b) The work done per unit area in increasing the surface area of a 
liquid under adiabatic condition 

  (c) The work done per unit area in increasing the surface area of a 

liquid under both isothermal and adiabatic conditions 

  (d) Free surface energy per unit volume 
 

Surface Energy 
 

1. Energy needed in breaking a drop of radius R into n drops of radii r 
is given by     [CPMT 1982, 97] 

  (a) )(4 22 RnrT   (b)  )(
3

4 23 Rnr   

 (c) )(4 22 nrRT   (d) )(4 22 RnrT   

2. The potential energy of a molecule on the surface of liquid 
compared to one inside the liquid is   [MP PMT 1993] 

  (a) Zero (b)  Smaller 

  (c) The same (d)  Greater 

3. Two droplets merge with each other and forms a large droplet. In 
this process   

  [CBSE PMT 1993; RPMT 1997, 2000;   

CPMT 2001; BHU 2001; AFMC 2002] 

(a) Energy is liberated  

 (b) Energy is absorbed 

  (c) Neither liberated nor absorbed 

  (d) Some mass is converted into energy 

4. A drop of liquid of diameter 2.8 mm breaks up into 125 identical 
drops. The change in energy is nearly (S.T. of liquid =75 dynes/cm)     [CPMT 1989] 

  (a) Zero (b)  19 erg 

 (c) 46 erg (d)  74 erg 

5. Radius of a soap bubble is 'r', surface tension of soap solution is T. 
Then without increasing the temperature, how much energy will be 
needed to double its radius 

     [CPMT 1991; Pb. PMT 2000; RPET 2001] 

  (a) Tr24  (b) Tr22  

  (c) Tr212  (d) Tr224  

6. Work done in splitting a drop of water of 1 mm radius into 10 6 

droplets is (Surface tension of water )/1072 23 mJ  

             [MP PET/PMT 1988; CPMT 1989; RPET 2001] 

  (a) J51058.9   (b) J51095.8   

  (c) J51089.5   (d)  J61098.5   

7. A spherical liquid drop of radius R is divided into eight equal 

droplets. If surface tension is T, then the work done in this process 
will be     [CPMT 1990] 

  (a) 2 TR 2  (b) 3 TR 2  

 (c) 4 TR 2   (d) 2 2RT  

8. The amount of work done in blowing a soap bubble such that its 

diameter increases from d to D is (T= surface tension of the 
solution)     [MP PMT 1996] 

  (a) TdD )(4 22   (b) TdD )(8 22   

 (c) TdD )( 22   (d) TdD )(2 22   

9. If T is the surface tension of soap solution, the amount of work done 
in blowing a soap bubble from a diameter D to 2D is     [MP PMT 1990] 

  (a) 2 TD2  (b) 4 TD2  

  (c) 6 TD2  (d) 8 TD2  

10. The radius of a soap bubble is increased from 


1
cm to 



2
cm. 

If the surface tension of water is 30 dynes per cm, then the work 
done will be     [MP PMT 1986] 

 (a) 180 ergs (b)  360 ergs 

  (c) 720 ergs (d)  960 ergs 

11. The surface tension of a liquid is 5 N/m.  If a thin film of the area 
0.02 m2 is formed on a loop, then its surface energy will be    [CPMT 1977; MP PET 1989; BCECE 2005] 

A 

B 

Thread 

Frame 
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  (a) J2105   (b) J2105.2   

  (c) J1102   (d) J1105   

12. If work W is done in blowing a bubble of radius R from a soap 
solution, then the work done in blowing a bubble of radius 2R from 
the same solution is  [MP PET 1990] 

  (a) W/2 (b)  2W 

 (c) 4W (d)  
3

1
2 W  

13. A spherical drop of oil of radius 1 cm is broken into 1000 droplets of 
equal radii. If the surface tension of oil is 50 dynes/cm, the work 

done is     [MP PET 1990] 

  (a) 18 ergs (b)  180 ergs 

  (c) 1800 ergs (d) 8000 ergs 

14. The work done in blowing a soap bubble of radius r of the solution 

of surface tension T will be 

     [DPMT 1999; MP PMT 2003] 

  (a) Tr28  (b) Tr22  

  (c) Tr24  (d) Tr2

3

4
  

15. If two identical mercury drops are combined to form a single drop, 
then its temperature will    [RPET 2000] 

  (a) Decrease (b) Increase 

  (c) Remains the same (d) None of the above 

16. If the surface tension of a liquid is T, the gain in surface energy for 
an increase in liquid surface by A is 

  [MP PET 1991; RPMT 2002] 

  (a) 1AT  (b) AT  

  (c) TA2  (d) 22TA  

17. The surface tension of a soap solution is ./102 2 mN  To blow a 

bubble of radius 1 cm, the work done is   

    [MP PMT 1989] 

  (a) J6104   (b) J6108   

  (c) J61012   (d) J61016   

18. A mercury drop of 1 cm radius is broken into 610  small drops. The 
energy used will be (surface tension of mercury is 

)/1035 3 cmN      [Roorkee 1984] 

  (a) J3104.4   (b) J4102.2    

  (c) J4108.8   (d) J410   

19. The surface tension of a liquid at its boiling point 

       [MP PMT 1980] 

  (a) Becomes zero 

 (b) Becomes infinity 

  (c) is equal to the value at room temperature 

  (d) is half to the value at the room temperature 

20. Surface tension of a soap solution is ./109.1 2 mN . Work done 

in blowing a bubble of 2.0 cm diameter will be 

      [MP PMT 1991] 

  (a) 6106.7  joule (b) 6102.15  joule 

  (c) 6109.1  joule (d) 
4101  joule 

21. The surface tension of liquid is 0.5 N/m. If a film is held on a ring of 
area 0.02 m2, its surface energy is   [CPMT 1977] 

  (a) 5 × 10-2 joule (b)  2.0 × 10-2 joule 

  (c) 4 × 10-4 joule (d)  0.8 × 10-1 joule 

22. What is ratio of surface energy of 1 small drop and 1 large drop, if 
1000 small drops combined to form 1 large drop   

    [CPMT 1990] 

  (a) 100 : 1 (b)  1000 : 1 

  (c) 10 : 1 (d)  1 : 100 

23. The amount of work done in forming a soap film of size 

cmcm 1010  is (Surface tension )/103 2 mNT   

     [MP PET 1994; MP PET 2000] 

  (a) J4106   (b) J4103   

  (c) J3106   (d) J4103   

24. The work done in blowing a soap bubble of 10 cm radius is (Surface 

tension of the soap solution is mN /
100

3
)   

  [MP PMT 1995; MH CET 2002] 

  (a) joule41036.75   (b) joule41068.37   

  (c) joule41072.150   (d) joule36.75  

25. A liquid drop of diameter D breaks upto into 27 small drops of 

equal size. If the surface tension of the liquid is , then change in 

surface energy is     [DCE 2005] 

  (a)  2D  (b)  22 D  

 (c)  23 D  (d)  24 D  

26. One thousand small water drops of equal radii combine to form a 
big drop. The ratio of final surface energy to the total initial surface 

energy is    [MP PET 1997; KCET 1999] 

 (a) 1000 : 1 (b)  1 : 1000 

 (c) 10 : 1 (d) 1 : 10 

27. The work done in increasing the size of a soap film from 10 cm× 6 
cm to 10 cm × 11 cm is 3 ×10-4 joule. The surface tension of the film is    

 [MP PET 1999; JIPMER 2001, 02;  

MP PMT 2000; AIIMS 2000] 

  (a) mN /105.1 2  (b) mN /100.3 2  

  (c) mN /100.6 2  (d) mN /100.11 2  

28. If  be the surface tension, the work done in breaking a big drop of 

radius R in n drops of equal radius is 

       [Bihar  CEET 1995] 

  (a) 3/2Rn  (b) Rn )1( 3/2   

  (c) Rn )1( 3/1   (d)   )1(4 3/12 nR  

 (e) R
n


1

1
3/1 

 

29. A big drop of radius R is formed by 1000 small droplets of water, 

then the radius of small drop is 

  [AFMC 1998; Pb. PMT 2000] 

  (a) R/2 (b) R/5 
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  (c) R/6 (d) R/10 

30. When 
610 small drops coalesce to make a new larger drop then 

the drop     [RPMT 1999] 

(a) Density increases   

(b) Density decreases 

(c) Temperature increases  

(d) Temperature decreases 

31. Which of the following statements are true in case when two water 
drops coalesce and make a bigger drop    

     [Roorkee 1999] 

(a) Energy is released   

(b) Energy is absorbed 

(c) The surface area of the bigger drop is greater than the sum of 
the surface areas of both the drops 

(d) The surface area of the bigger drop is smaller than the sum of 

the surface areas of both the drops 

32. 8000 identical water drops are combined to form a big drop. Then the 
ratio of the final surface energy to the initial surface energy of all the 
drops together is     [EAMCET (Engg.) 2000] 

(a) 1 : 10   (b) 1 : 15 

(c) 1 : 20 (d) 1 : 25 

33. The surface energy of liquid film on a ring of area 215.0 m  is 

(Surface tension of liquid )5 1 Nm     

                    [EAMCET (Engg.) 2000] 

(a) 0.75 J (b) 1.5 J 

(c) 2.25 J (d) 3.0 J 

34. 8 mercury drops coalesce to form one mercury drop, the energy 
changes by a factor of       [DCE 2000] 

(a) 1  (b) 2 

(c) 4 (d) 6 

35. If work done in increasing the size of a soap film from 

cmcm 610   to cmcm 1110   is ,102 4 J  then the surface 

tension is      [AIIMS 2000] 

(a) 12102  Nm  (b) 14102  Nm  

(c) 16102  Nm  (d) 18102  Nm  

36. A mercury drop of radius 1cm is sprayed into 610 drops of equal 

size. The energy expended in joules is (surface tension of Mercury is 

)/10460 3 mN     [EAMCET 2001] 

(a) 0.057  (b) 5.7  

(c) 4107.5   (d) 6107.5   

37. When two small bubbles join to form a bigger one, energy is     

    [BHU 2001] 

(a) Released  (b) Absorbed 

(c) Both (a) and (b) (d) None of these 

38. A film of water is formed between two straight parallel wires of length 
10cm each separated by 0.5 cm. If their separation is increased by 1 mm 
while still maintaining their parallelism, how much work will have to be 

done (Surface tension of water = )/102.7 2 mN       [MP PET 2001] 

(a)  Joule61022.7   (b) Joule51044.1   

(c) Joule51088.2   (d) Joule51076.5   

39. A drop of mercury of radius 2 mm is split into 8 identical droplets. 
Find the increase in surface energy. (Surface tension of mercury is 

2/465.0 mJ )   [UPSEAT 2002] 

(a) J4.23  (b) J5.18  

(c) J8.26  (d) J8.16  

40. Two small drops of mercury, each of radius R, coalesce to form a 

single large drop. The ratio of the total surface energies before and 
after the change is 

   [AIIMS 2003; DCE 2003] 

(a) 3/12:1  (b) 1:2 3/1  

(c) 2 : 1 (d) 1 : 2 

41. Radius of a soap bubble is increased from R to 2R work done in this 
process in terms of surface tension is  

     [BHU 2003, RPET 2001; CPMT 2004] 

(a) SR224  (b) SR248  

(c) SR212  (d) SR236  

42. The work done in blowing a soap bubble of radius 0.2 m is (the 

surface tension of soap solution being 0.06 N/m)   

       [Pb. PET 2002] 

(a) J410192   (b) J410280   

(c) J310200   (d) None of these 

43. A liquid film is formed in a loop of area 0.05 m2. Increase in its 
potential energy will be (T = 0.2 N/m)    [RPMT 2002] 

(a) J2105   (b) J2102   

(c) J2103   (d) None of these 

44. In order to float a ring of area 0.04 m2 in a liquid of surface tension 
75 N/m, the required surface energy will be  

       [RPMT 2003] 

(a) 3 J (b) 6.5 J 

(c) 1.5 J (d) 4 J 

45. If two soap bubbles of equal radii r coalesce then the radius of 

curvature of interface between two bubbles will be  

      [J&K CET 2005] 

(a) r (b) 0 

(c) Infinity (d) 1/2r 
 

Angle of Contact 
 

1. A liquid does not wet the sides of a solid, if the angle of contact is   

[MP PAT 1990; AFMC 1988;  MNR 1998;  

RPMT 1999, 2003; Pb. PMT 2002 KCET 2005] 

  (a) Zero (b)  Obtuse (More than 90°)   

  (c) Acute (Less than 90°) (d) 90° 

2. The meniscus of mercury in the capillary tube is 

[MP PET/PMT 1988] 

 (a) Convex (b)  Concave 

  (c) Plane (d)  Uncertain 

3. When the temperature is increased the angle of contact of a liquid     [AIIMS 1980] 
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(a) Increases   

(b) Decreases 

(c) Remains the same  

 (d) First increases and then decreases 

4. The angle of contact between glass and mercury is 

       [MP PMT 1987] 

  (a) 0° (b) 30o 

 (c) 90o (d)  135o 

5. A mercury drop does not spread on a glass plate because the angle 
of contact between glass and mercury is 

       [MP PMT 1984] 

  (a) Acute (b)  Obtuse 

 (c) Zero (d)  90  

6. A liquid is coming out from a vertical tube. The relation between 

the weight of the drop W, surface tension of the liquid T and radius 
of the tube r is given by, if the angle of contact is zero 

  (a) TrW 2  (b) rTW 2  

  (c) TrW 22  (d) TrW 3

4



  

7. The parts of motor cars are polished by chromium because the 

angle of contact between water and chromium is 

  (a) 0o (b)  90o 

  (c) Less than 90o (d)  Greater than 90o 

8. A glass plate is partly dipped vertically in the mercury and the angle 

of contact is measured. If the plate is inclined, then the angle of 
contact will 

  (a) Increase (b) Remain unchanged 

  (c) Increase or decrease (d) Decrease 

9. The liquid meniscus in capillary tube will be convex, if the angle of 
contact is   

 [EAMCET (Med.) 1995; KCET 2001; Pb. PET 2000] 

  (a) Greater than 90  (b) Less than 90°  

  (c) Equal to 90° (d) Equal to 0° 

10. If a water drop is kept between two glass plates, then its shape is     [CPMT 1997] 

 

 

   (a)  (b)  

 

 

 

  (c)  (d) None of these 

 

11. The value of contact angle for kerosene with solid surface.   

    [RPMT 2000] 

(a) 0° (b) o90  

(c) o45  (d) o33  

12. Nature of meniscus for liquid of o0  angle of contact   

    [RPET 2001] 

(a) Plane  (b) Parabolic 

(c) Semi-spherical (d) Cylindrical 

13. A liquid wets a solid completely. The meniscus of the liquid in a 
sufficiently long tube is      [Kerala (Engg.) 2002] 

(a) Flat  (b) Concave 

(c) Convex (d) Cylindrical 

14. What is the shape when a non-wetting liquid is placed in a capillary 

tube      [AFMC 2004]        

(a) Concave upward (b) Convex upward 

(c) Concave downward (d) Convex downward 

15. For which of the two pairs, the angle of contact is same 

       [J & K CET 2004] 

(a) Water and glass; glass and mercury 

(b) Pure water and glass; glass and alcohol  

 (c) Silver and water; mercury and glass 

 (d) Silver and chromium; water and chromium 

16. If the surface of a liquid is plane, then the angle of contact of the 
liquid with the walls of container is      [MH CET 2004] 

(a) Acute angle (b) Obtuse angle 

  (c) 90° (d) 0° 
 

Pressure Difference 
 

1. A soap bubble assumes a spherical surface. Which of the following 

statement is wrong     [NCERT 1976] 

  (a) The soap film consists of two surface layers of molecules  

  back to back 

  (b) The bubble encloses air inside it 

  (c) The pressure of air inside the bubble is less than the  

 atmospheric pressure; that is why the atmospheric pressure has 
compressed it equally from all sides to give it a spherical shape 

  (d) Because of the elastic property of the film, it will tend  

 to shrink to as small a surface area as possible for the volume 
it has enclosed 

2. If two soap bubbles of different radii are in communication with 

each other               

    [NCERT 1980; MP PMT/PET 1988; AIEEE 2004] 

  (a) Air flows from larger bubble into the smaller one 

  (b) The size of the bubbles remains the same 

  (c) Air flows from the smaller bubble into the large one and  

  the larger bubble grows at the expense of the smaller one 

  (d) The air flows from the larger 

3. The surface tension of soap solution is 131025  Nm .  The 

excess pressure inside a soap bubble of diameter 1 cm is     [AIIMS 1987] 

  (a) 10 Pa (b) 20 Pa 

  (c) 5 Pa (d)  None of the above 

4. When two soap bubbles of radius 1r and 2r  )( 12 rr   coalesce, the 

radius of curvature of common surface is  

      [MP PMT 1996] 

  (a) 12 rr   (b) 
21

12

rr

rr 
 

 (c) 
12

21

rr

rr


 (d) 12 rr   

5. The excess pressure due to surface tension in a spherical liquid drop 

of radius r is directly proportional to 

     [MP PMT 1987; KCET 2000] 

  (a) r  (b) 
2r  
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  (c) 1r  (d) 2r  

6. A long cylindrical glass vessel has a small hole of radius 'r' at its 

bottom. The depth to which the vessel can be lowered vertically in 
the deep water bath (surface tension T) without any water entering 
inside is     [MP PMT 1990] 

  (a) 4T/ rg  (b)  3T/ rg  

 (c) 2T/ rg  (d) T/ rg  

7. If the surface tension of a soap solution is 0.03 MKS units, then the 

excess of pressure inside a soap bubble of diameter 6 mm over the 
atmospheric pressure will be 

 (a) Less than 40 N/m2  (b) Greater than 40 N/m2 

  (c) Less than 20 N/m2  (d) Greater than 20 N/m2 

8. The excess of pressure inside a soap bubble than that of the outer 

pressure is  

 [MP PMT 1989; BHU 1995; MH CET 2002;  

RPET 2003; AMU (Engg.) 2000] 

  (a) 
r

T2
 (b) 

r

T4
 

  (c) 
r

T

2
 (d) 

r

T
 

9. The pressure of air in a soap bubble of 0.7cm diameter is 8 mm of 
water above the pressure outside. The surface tension of the soap 
solution is 

   [MP PET 1991; MP PMT 1997] 

  (a) cmdyne /100  (b) cmdyne /66.68  

  (c) cmdyne /137  (d) cmdyne /150  

10. Pressure inside two soap bubbles are 1.01 and 1.02 atmospheres. 
Ratio between their volumes is 

       [MP PMT 1991] 

  (a) 102 : 101 (b)  (102)3 : (101)3 

  (c) 8 : 1 (d)  2 : 1 

11. A capillary tube of radius r is dipped in a liquid of density  and 

surface tension S. If the angle of contact is , the pressure difference 

between the two surfaces in the beaker and the capillary 

  (a) cos
r

S
 (b) cos

2

r

S
 

  (c) 
cosr

S
 (d)  

cos

2

r

S
 

12. The radii of two soap bubbles are r
1

 and r
2

. In isothermal conditions, 
two meet together in vaccum. Then the radius of the resultant 
bubble is given by 

     [MP PMT 2001; RPET 1999; EAMCET 2003] 

  (a) 2/)( 21 rrR   (b) )( 2211 rrrrR   

  (c) 2
2

2
1

2 rrR   (d) 21 rrR   

13. The adjoining diagram shows three soap bubbles A, B and C 
prepared by blowing the capillary tube fitted with stop cocks, S

1

, S
2

 
and S

3

. With stop cock S closed and stop cocks S
1

, S
2

  and S
3

 opened                         [CPMT 1988] 

 

 

  
 

 (a) B will start collapsing with volumes of A and C 

  increasing 

  (b) C will start collapsing with volumes of A and B increasing  

  (c) C and A both will start collapsing with the volume of B 
increasing 

  (d) Volumes of A, B and C will become equal at equilibrium 

14. When a large bubble rises from the bottom of a lake to the surface, 
its radius doubles. If atmospheric pressure is equal to that of column 
of water height H, then the depth of lake is 

    [AIIMS 1995; AFMC 1997] 

  (a) H (b) 2H 

  (c) 7H (d) 8H 

15. A soap bubble in vacuum has a radius of 3 cm and another soap 
bubble in vacuum has a radius of 4 cm. If the two bubbles coalesce 
under isothermal condition, then the radius of the new bubble is   [MP PMT/PET 1998; JIPMER 2000] 

  (a) 2.3 cm (b) 4.5 cm 

  (c) 5 cm (d) 7 cm 

16. The volume of an air bubble becomes three times as it rises from 
the bottom of a lake to its surface. Assuming atmospheric pressure 
to be 75 cm of Hg and the density of water to be 1/10 of the density 

of mercury, the depth of the lake is     [AMU 1995] 

  (a) 5 m (b) 10 m 

  (c) 15 m (d) 20 m 

17. Excess pressure of one soap bubble is four times more than the 

other. Then the ratio of volume of first bubble to another one is  [CPMT 1997; MH CET 2000] 

  (a) 1 : 64 (b)  1 : 4 

  (c) 64 : 1 (d)  1 : 2 

18. There are two liquid drops of different radii. The excess pressure 

inside over the outside is    [JIPMER 1999] 

(a) More in the big drop   

(b) More in the small drop 

(c) Equal in both drops  

(d) There is no excess pressure inside the drops 

19. If pressure at half the depth of a lake is equal to 2/3 pressure at the 

bottom of the lake then what is the depth of the lake    

    [RPET 2000] 

(a) 10m  (b) 20m 

(c) 60m (d) 30m 

20. If the radius of a soap bubble is four times that of another, then the 
ratio of their pressures will be    [AIIMS 2000] 

(a) 1 : 4  (b) 4 : 1 

(c) 16 : 1 (d) 1 : 16 

21. A spherical drop of water has radius 1 mm If surface tension of 

water is 31070  N/m  difference of pressures between inside and 

out side of the spherical drop is  

    [CPMT 2000; AIIMS 2000] 

(a) 2/35 mN   (b) 2/70 mN   

(c) 2/140 mN  (d) Zero 

22. The pressure at the bottom of a tank  containing a liquid does not 

depend on      [Kerala (Engg.) 2001] 

(a) Acceleration due to gravity 

(b) Height of the liquid column 

(c) Area of the bottom surface 

(d) Nature of the liquid 

23. In capillary pressure below the curved surface of water will be       [RPET 2001] 

A B 

C 
S1 S3 

S S2 
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(a) Equal to atmospheric 

(b) Equal to upper side pressure 

(c) More than upper side pressure  

(d) Lesser than upper side pressure 

24. Two soap bubbles of radii  1r  and 2r  equal to 4 cm and 5 cm are 

touching each other over a common surface 21SS  (shown in figure). Its 

radius will be     [MP PMT 2002] 

 

(a) 4 cm   

(b) 20 cm 

(c) 5 cm  

(d) 4.5 cm 

25. The pressure inside a small air bubble of radius 0.1 mm situated just 

below the surface of water will be equal to  

[Take surface tension of water 131070  Nm  and atmospheric 

pressure = 2510013.1  Nm ] 

       [AMU (Med.) 2002] 

(a) Pa310054.2    (b) Pa310027.1   

(c) Pa510027.1   (d) Pa510054.2   

26. Two bubbles A and B )( BA   are joined through a narrow tube. 

Then   [UPSEAT 2001; Kerala (Med.) 2002] 

(a) The size of A will increase  

(b) The size of B will increase 

(c) The size of B will increase until the pressure equals 

 (d) None of these 

27. Two soap bubbles have different radii but their surface tension is 

the same. Mark the correct statement     

       [MP PMT 2004] 

(a) Internal pressure of the smaller bubble is higher than the 
internal pressure of the larger bubble    

(b) Pressure of the larger bubble is higher than the smaller bubble 

(c) Both bubbles have the same internal pressure  

(d) None of the above 

28. If the excess pressure inside a soap bubble is balanced by oil column 

of height 2 mm, then the surface tension of soap solution will be (r 
= 1 cm and density d = 0.8 gm/cc)      

       [J & K CET 2004] 

(a) 3.9 N/m (b) 3.9 ×10–2 N/m 

(c) 3.9 ×10–3 N/m (d) 3.9 dyne/m 

29. In Jager's method, at the time of bursting of the bubble      

       [RPET 2002] 

(a) The internal pressure of the bubble is always greater than 

external pressure 

 (b) The internal pressure of the bubble is always equal to external 

pressure  

 (c) The internal pressure of the bubble is always less than external 

pressure 

 (d) The internal pressure of the bubble is always slightly greater 
than external pressure  

30. The excess pressure in a soap bubble is thrice that in other one. 
Then the ratio of their volume is     

         [RPMT 2003; CPMT 2001] 

 (a) 1 : 3 (b) 1 : 9  

 (c) 27 : 1 (d) 1 : 27 
 

Capillarity 
 

1. When two capillary tubes of different diameters are dipped 
vertically, the rise of the liquid is    [NCERT 1978] 

 (a) Same in both the tubes   

 (b) More in the tube of larger diameter 

  (c) Less in the tube of smaller diameter 

  (d) More in the tube of smaller diameter 

2. Due to capillary action, a liquid will rise in a tube, if the angle of 

contact is    [DPMT 1984; AFMC 1988; BHU 2001] 

  (a) Acute (b)  Obtuse 

  (c) 90° (d)  Zero 

3. In the state of weightlessness, a capillary tube is dipped in water, 

then water 

 (a) Will not rise at all 

  (b) Will rise to same height as at atmospheric pressure 

  (c) Will rise to less height than at atmospheric pressure 

  (d) Will rise up to the upper end of the capillary tube of any 

length 

4. Two parallel glass plates are dipped partly in the liquid of density 'd' 

keeping them vertical. If the distance between the plates is 'x', 

surface tension for liquids is T and angle of contact is  , then rise 

of liquid between the plates due to capillary will be     [NCERT 1981] 

  (a) 
xd

T cos
 (b)  

xdg

T cos2
 

  (c) 
cos

2

xdg

T
  (d) 

xdg

T cos
  

5. Water rises in a capillary tube to a certain height such that the 

upward force due to surface tension is balanced by N41075   

force due to the weight of the liquid. If the surface tension of water 

is 12106  Nm , the inner circumference of the capillary must be  [CPMT 1988, 86] 

  (a) m21025.1   (b) m21050.0   

  (c) m2105.6   (d)  m2105.12   

6. It is not possible to write directly on blotting paper or newspaper 
with ink pen 

  (a) Because of viscosity (b) Because of inertia 

 (c) Because of friction (d) Because of capillarity 

7. Two capillary tubes P and Q are dipped in water. The height of 
water level in capillary P is 2/3 to the height in Q capillary. The ratio 
of their diameters is   [MP PMT 1985] 

  (a) 2 : 3 (b)  3 : 2 

 (c) 3 : 4  (d) 4 : 3 

4 cm 5 cm 

S1 

S2 
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8. Two capillaries made of same material but of different radii are 

dipped in a liquid. The rise of liquid in one capillary is 2.2 cm and 
that in the other is 6.6 cm. The ratio of their radii is     [MP PET 1990] 

  (a) 9 : 1 (b)  1 : 9 

  (c) 3 : 1 (d)  1 : 3 

9. Two capillaries made of the same material with radii mmr 11   

and mmr 22  . The rise of the liquid in one capillary ( mmr 1 ) 

is 30 cm, then the rise in the other will be      [MP PET 1991] 

  (a) 7.5 cm (b)  60 cm 

  (c) 15 cm (d)  120 cm 

10. When a capillary is dipped in water, water rises to a heig ht h . If 

the length of the capillary is made less than h ,  then   

  (a) The water will come out   

 (b) The water will not come out 

  (c) The water will not rise 

  (d) The water will rise but less than height of capillary 

11. Water rises upto 10 cm height in a long capillary tube. If this tube is 

immersed in water so that the height above the water surface is only 
8 cm, then     [MP PMT 1991] 

  (a) Water flows out continuously from the upper end 

  (b) Water rises upto upper end and forms a spherical surface 

  (c) Water only rises upto 6 cm height 

  (d) Water does not rise at all 

12. A vessel, whose bottom has round holes with diameter of 0.1mm, is 
filled with water. The maximum height to which the water can be 
filled without leakage is  

  (S.T. of water =75 dyne/cm, g =1000 cm/s2) 

  [CPMT 1989; J&K CET 2004] 

  (a) 100 cm (b)  75 cm 

  (c) 50 cm (d) 30 cm 

13. Water rises in a capillary tube when its one end is dipped vertically 

in it, is 3 cm. If the surface tension of water is 75 × 10 -3 N/m, then 
the diameter of capillary will be 

       [MP PET 1989] 

  (a) 0.1 mm (b)  0.5 mm 

 (c) 1.0 mm (d)  2.0 mm 

14. A capillary tube made of glass is dipped into mercury. Then   

    [MP PET 1996] 

  (a) Mercury rises in the capillary tube  

  (b) Mercury rises and flows out of the capillary tube  

  (c) Mercury descends in the capillary tube  

  (d) Mercury neither rises nor descends in the capillary tube 

15. By inserting a capillary tube upto a depth l in water, the water rises 

to a height h. If the lower end of the capillary is closed inside water 
and the capillary is taken out and closed end opened, to what height 
the water will remain in the tube    

  [RPET 1996; DPMT 2000] 

 (a) Zero (b) hl   

  (c) 2h (d) h 

16. If the diameter of a capillary tube is doubled, then the height of the 
liquid that will rise is     [CPMT 1997] 

  (a) Twice (b)  Half 

  (c) Same as earlier (d)  None of these 

17. If the surface tension of water is 0.06 Nm-1, then the capillary rise in 

a tube of diameter 1 mm is ( =0° ) 

       [AFMC 1998] 

  (a) 1.22 cm (b) 2.44 cm 

  (c) 3.12 cm (d) 3.86 cm 

18. Two capillary tubes of radii 0.2 cm and 0.4 cm are dipped in the 
same liquid. The ratio of heights through which liquid will rise in 
the tubes is     [MNR 1998] 

  (a) 1 : 2 (b)  2 : 1 

 (c) 1 : 4 (d)  4 : 1 

19. A capillary tube when immersed vertically in liquid records a rise of 

3 cm. If the tube is immersed in the liquid at an angle of 060 with 
the vertical. The length of the liquid column along the tube is       [MH CET (Med.)1999] 

(a) 9cm  (b) 6cm 

(c) 3cm (d) 2cm 

20. The action of a nib split at the top is explained by     

    [JIPMER 1999] 

(a) Gravity flow  (b) Diffusion of fluid 

(c) Capillary action (d) Osmosis of liquid 

21. The correct relation is      [RPMT 2002] 

(a) 
hdg

T
r

cos2
   (b) 

cos2T

hdg
r   

(c) 
cos

2 dghT
r   (d) 

hdg

T
r

2

cos
  

22. Water rises upto a height h in a capillary on the surface of earth in 
stationary condition. Value of h increases if this tube is taken     [RPET 2000] 

(a) On sun   

(b) On poles 

(c) In a lift going upward with acceleration  

(d) In a lift going downward with acceleration 

23. During capillary rise of a liquid in a capillary tube, the surface of 
contact that remains constant is of  

      [Pb. PMT 2000] 

(a) Glass and liquid  (b) Air and glass 

(c) Air and liquid (d) All of these 

24. A shell having a hole of radius r is dipped in water. It holds the 
water upto a depth of h then the value of r is   

    [RPMT 2000] 

(a)  
hdg

T
r

2
  (b) 

hdg

T
r   

(c) 
hd

Tg
r   (d) None of these 

25. In a capillary tube, water rises by 1.2 mm. The height of water that 
will rise in another capillary tube having half the radius of the first, 
is    [CPMT 2001; Pb. PET 2002] 

(a) 1.2 mm (b) 2.4 mm 

(c) 0.6 mm (d) 0.4 mm 

26. If capillary experiment is performed in vacuum then for a liquid 
there     [RPET 2001]    
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(a) It will rise  (b) Will remain same 

(c) It will fall (d) Rise to the top 

27. If liquid level falls in a capillary then radius of capillary will  

      [RPET 2001] 

(a) Increase  (b) Decrease 

(c) Unchanged (d) None of these 

28. Water rises to a height h in a capillary at the surface of earth. On 
the surface of the moon the height of water column in the same 
capillary will be       [MP PMT 2001] 

(a) 6h  (b) h
6

1
 

(c) h (d) Zero 

29. Two capillary tubes of same diameter are put vertically one each in 
two liquids whose relative densities are 0.8 and 0.6 and surface 
tensions are 60 and 50 dyne/cm respectively Ratio of heights of 

liquids in the two tubes  
2

1

h

h
is  

     [MP PMT 2002] 

(a) 
9

10
 (b) 

10

3
 

(c) 
3

10
 (d) 

10

9
 

30. Water rises in a vertical capillary tube upto a height of 2.0 cm . If 

the tube is inclined at an angle of o60  with the vertical, then upto 

what length the water will rise in the tube    

    [UPSEAT 2002] 

(a) 2.0 cm  (b) 4.0 cm 

(c) cm
3

4
 (d) cm22  

31. The surface tension for pure water in a  capillary tube experiment is  
   [MH CET 2002] 

(a) 
hr

g

2


  (b) 

ghr

2
 

(c) 
h

gr

2


 (d) 

2

ghr
 

32. In a capillary tube experiment, a vertical 30 cm long capillary tube is 
dipped in water. The water rises up to a height of 10cm due to 
capillary action. If this experiment is conducted in a freely falling 
elevator, the length of the water column becomes  [Orissa JEE 2003; AIEEE 2005] 

(a) 10 cm  (b) 20 cm 

(c) 30 cm (d) Zero 

33. Radius of a capillary is .102 3m  A liquid of weight 

N41028.6   may remain in the capillary then the surface 
tension of liquid will be      [RPET 2003] 

(a) mN/105 3  (b) mN/105 2  

(c) mN/5  (d) mN/50  

34. Two long capillary tubes A and B of radius R
B

>R
A

 dipped in same 
liquid. Then               [Orissa PMT 2004] 

(a) Water rise is more in A than B  

(b) Water rises more in B than A   

 (c) Same water rise in both   

 (d) All of these according to the density of water 

35. If water rises in a capillary tube upto 3 cm. What is the diameter of 
capillary tube (Surface tension of water = 7.2 ×10–2 N/m)     [RPMT 2002] 

(a) 9.6×10–4 m (b) 9.6×10–3 m  

(c) 9.6×10–2 m (d) 9.6×10–1 m 

36. When a capillary is dipped in water, water rises 0.015 m in it. If the 
surface tension of water is 75×10–3 N/m, the radius of capillary is     [RPMT 2003] 

(a) 0.1 mm (b) 0.5 mm 

(c) 1 mm (d) 2 mm 

37. In a capillary tube, water rises to 3 mm. The height of water that 
will rise in another capillary tube having one-third radius of the first 
is      [BHU 2004] 

(a) 1 mm (b) 3 mm 

(c) 6 mm (d)  9 mm 

38. Kerosene oil rises up the wick in a lantern 

    [NCERT 1980; MNR 1985] 

  (a) Due to surface tension of the oil 

  (b) The wick attracts the kerosene oil 

  (c) Of the diffusion of the oil through the wick 

  (d) None of the above 

39. Water rises against gravity in a capillary tube when its one end is 
dipped into water because 

  (a) Pressure below the meniscus is less than atmospheric pressure 

  (b) Pressure below the meniscus is more than atmospheric 
pressure 

  (c) Capillary attracts water 

  (d) Of viscosity 

40. A capillary tube of radius R is immersed in water and water rises in 
it to a height H. Mass of water in the capillary tube is M. If the 
radius of the tube is doubled, mass of water that will rise in the 
capillary tube will now be   

[RPMT 1997; RPET 1999; CPMT 2002] 

  (a) M (b)  2M 

 (c) M/2 (d)  4M 
41. Water rises up to a height h in a capillary tube of certain diameter. 

This capillary tube is replaced by a similar tube of half the diameter. 

Now the water will rise to the height of  

      [Kerala PMT 2005] 

(a) 4h (b) 3h 

(c) 2h (d) h 

 

 

 

 

1. There is a horizontal film of soap solution. On it a thread is placed 

in the form of a loop. The film is pierced inside the loop and the 

thread becomes a circular loop of radius R. If the surface tension of 

the loop be T, then what will be the tension in the thread     [RPET 1996] 

  (a) TR /2  (b) TR 2  

 (c) RT2  (d)  RT2  

2. A large number of water drops each of radius r combine to have a 

drop of radius R. If the surface tension is T and the mechanical 

equivalent of heat is J, then the rise in temperature will be              
  [MP PET 1994; DPMT 2002] 

  (a) 
rJ

T2
 (b) 

RJ

T3
 

 (c) 









RrJ

T 113
 (d) 










RrJ

T 112
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3. An air bubble in a water tank rises from the bottom to the top. 
Which of the following statements are true   

    [Roorkee 2000] 

(a) Bubble rises upwards because pressure at the bottom is less 
than that at the top.  

(b) Bubble rises upwards because pressure at the bottom is greater 

than that at the top.  

(c) As the bubble rises, its size increases  

(d) As the bubble rises, its size decreases 

4. In a surface tension experiment with a capillary tube water rises 
upto 0.1 m. If the same experiment is repeated on an artificial 
satellite, which is revolving around the earth, water will rise in the 
capillary tube upto a height of 

      [Roorkee 1992] 

 (a) 0.1 m   

 (b) 0.2 m 

 (c) 0.98 m 

(d)  Full length of the capillary tube 

 

 

 

 

1. The correct curve between the height or depression h of liquid in a 
capillary tube and its radius is 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

2. A soap bubble is blown with the help of a mechanical pump at the 

mouth of a tube. The pump produces a certain increase per minute 
in the volume of the bubble, irrespective of its internal pressure. 
The graph between the pressure inside the soap bubble and time t 
will be-  

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

3. Which graph represents the variation of surface tension with 
temperature over small temperature ranges for water 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

 

 

 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

 

1. Assertion  : It is easier to spray water in which some soap is 

dissolved.  

Reason  : Soap is easier to spread.  

2. Assertion  : It is better to wash the clothes in cold soap 

solution.   

Reason  : The surface tension of cold solution is more than 

the surface tension of hot solution.  

3. Assertion  : When height of a tube is less than liquid rise in the 

capillary tube, the liquid does not overflow.  

Reason  : Product of radius of meniscus and height of liquid 

in capillary tube always remains constant.   

4. Assertion  : A needle placed carefully on the surface of water 

may float, whereas a ball of the same material will 

always sink.  

Reason  : The buoyancy of an object depends both on the 

material and shape of the object.  

5. Assertion  : A large force is required to draw apart normally 

two glass plates enclosing a thin water film.  

Reason  : Water works as glue and sticks two glass plates.  

6. Assertion  : The impurities always decrease the surface tension 

of a liquid.  

Reason  : The change in surface tension of the liquid depends 

upon the degree of contamination of the impurity.  

7. Assertion  : The angle of contact of a liquid decrease with 

increase in temperature.   

S.T. 

Temp 

S.T. 

Temp 

S.T. 

Temp 

S.T. 

Temp 

P 

t 

P 

t 

P 

t 

P 

t 

h 

r 

h 

r 

h 

r 

h 

r 
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Reason  : With increase in temperature, the surface tension of 

liquid increase.  

8. Assertion  : The concept of surface tension is held only for 
liquids.  

Reason  : Surface tension does not hold for gases.  

9. Assertion  : At critical temperature, surface tension of a liquid 
becomes zero.  

Reason  : At this temperature, intermolecular forces for 

liquids and gases become equal. Liquid can expand 
without any restriction.  

10. Assertion  : A large soap bubble expands while a small bubble 

shrinks, when they are connected to each other by a 
capillary tube.  

Reason  : The excess pressure inside bubble (or drop) is 
inversely proportional to the radius.  

11. Assertion  : Tiny drops of liquid resist deforming forces better 
than bigger drops.  

Reason  : Excess pressure inside a drop is directly 
proportional to surface tension.  

12. Assertion  : The water rises higher in a capillary tube of small 

diameter than in the capillary tube of large 
diameter.  

Reason  : Height through which liquid rises in a capillary tube 
is inversely proportional to the diameter of the 
capillary tube.  

13. Assertion  : Hot soup tastes better than the cold soup.  

Reason  : Hot soup has high surface tension and it does not 
spread properly on our tongue.  

14. Assertion  : The shape of a liquid drop is spherical.  

Reason  : The pressure inside the drop is greater than that of 
outside.   

 

 

 

 

 

Surface Tension 

1 a 2 b 3 b 4 a 5 d 

6 a 7 b 8 b 9 b 10 cd 

11 d 12 a 13 b 14 b 15 c 

16 d 17 a 18 c 19 c 20 d 

21 b 22 d 23 a 24 a 25 c 

26 d 27 d 28 b 29 b 30 d 

31 d 32 c 33 d 34 c 35 a 

36 b 37 b 38 a 39 a 40 c 

41 d 42 c 43 d 44 a 45 a 

46 a         

 
 

Surface Energy 
 

1 a 2 d 3 a 4 d 5 d 

6 b 7 c 8 d 9 c 10 c 

11 c 12 c 13 c 14 a 15 b 

16 b 17 d 18 a 19 a 20 b 

21 b 22 d 23 a 24 a 25 b 

26 d 27 b 28 d 29 d 30 c 

31 ad 32 c 33 b 34 c 35 a 

36 a 37 a 38 b 39 a 40 b 

41 a 42 a 43 b 44 a 45 c 

 

Angle of Contact 
 

1 b 2 a 3 b 4 d 5 b 

6 b 7 d 8 b 9 a 10 c 

11 a 12 c 13 b 14 b 15 b 

16 d         

 

Pressure Difference 
 

1 c 2 c 3 b 4 c 5 c 

6 c 7 b 8 b 9 b 10 c 

11 b 12 c 13 c 14 c 15 c 

16 c 17 a 18 b 19 b 20 a 

21 c 22 c 23 d 24 b 25 c 

26 a 27 a 28 b 29 a 30 d 

 

 Capillarity 
 

1 d 2 a 3 d 4 b 5 d 

6 d 7 b 8 c 9 c 10 b 

11 b 12 d 13 c 14 c 15 d 

16 b 17 b 18 b 19 b 20 c 

21 a 22 d 23 c 24 a 25 b 

26 a 27 a 28 a 29 d 30 b 

31 d 32 c 33 b 34 a 35 a 

36 c 37 d 38 a 39 a 40 b 

41 c         

 

Critical Thinking Questions 
 

1 d 2 c 3 bc 4 d   
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Graphical Questions 
 

1 b 2 a 3 b     

 

Assertion and Reason 
 

1 c 2 e 3 a 4 c 5 c 

6 e 7 c 8 b 9 a 10 a 

11 b 12 a 13 c 14 b   

 

 
 
 
 
 

Surface Tension 
 

1. (a)    

2. (b)  

3. (b)  

4. (a)  

5. (d) Soap helps to lower the surface tension of solution, thus soap 

get stick to the dust particles and grease and these are 
removed by action of water.   

6. (a)   

7. (b)  

8. (b)  

9. (b)   

10. (c,d) At critical temperature ( KCT o
c 643370  ), the surface 

tension of water is zero. 

11. (d)  

12. (a) Weight of spiders or insects can be balanced by vertical 
component of force due to surface tension. 

13. (b)   

14. (b) 

15. (c) Force on each side TL2  (due to two surfaces) 

  Force on the frame = TLTL 8)2(4    

16. (d)  

17. (a)   

18. (c) This happens due to viscosity. 

19. (c)   

20. (d) The total length of the circular plate on which the force will 

act R2  

 Force to pull  75075522  RT dynes  
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21. (b)  

22. (d) )1(0 tTT   

23. (a) Due to force of attraction it is not easier to separate the two 
glass plates. 

24. (a) Soluble impurities increases the surface tension. 

 

25. (c) 
52

728

2 


l

F
T  

  cmdyneT /8.72  

 

 

26. (d) Cohesive force > Adhesive force, so shape of liquid surface near 

the solid would be convex. 

For example mercury surface in glass capillary is convex.  

27. (d) Surface tension decreases with increase in temperature.  

28. (b)  

29. (b)  

30. (d)   

31. (d) Because surface tension of water > surface tension of oil 

32. (c) Surface tension pulls the plates towards each other.  

33. (d) Sphere has the minimum surface area for the given volume of 

the liquid.  

34. (c)  

 

 

 

 

Weight of metal disc = total upward force  

= upthrust force + force due to surface tension  

= weight of displaced water + T cos  (2 r) 

            = W + 2 rT cos   

35. (a) mN
l

F
T /1.0

10102

102

2 2

2











  

36. (b) Surface tension of water decrease with rise in temperature.  

37. (b)  

38. (a) Force required to separate the plates  

 N
t

TA
F 28

1005.0

10107022
3

23











  

39. (a)    

40. (c) The cohesive force is the force of attraction between the 
molecules of same substance.   

41. (d)   

42. (c) ][
][

][ 20
2




 TML
L

MLT

l

F
T   

43. (d) Net force on stick lTTFF )( 2121   

 Nl 02.0201.0)06.007.0(    

44. (a) Because film tries to cover minimum surface area. 

45. (a) Force required, DynerTF .28070222    

46. (a) 

 

 

Surface Energy 
 

1. (a) Energy needed = Increment in surface energy  

 = (surface energy of n small drops) – (surface energy of  

                one big drop) 

 )(444 2222 RnrTTRTrn     

2. (d)  

3. (a) When two droplets merge with each other, their surface energy 

decreases. 

 )negative()(  ATW i.e. energy is released. 

4. (d) )1(4 3/12  nTRE   

= )1125(75)104.1(14.34 3/121  
erg74   

5. (d) TrrrTRRTW 2222
1

2
2 24])()2[(8)(8    

6. (b) Work done in splitting a water drop of radius R into n drops of 

equal size )1(4 3/12  nTR  

 )110(1072)10(4 3/6323    

 J536 1095.8991072104     

7. (c) TRTRrTRW 23/123/12 4)18(4)1(4    

8. (d) 















44
8)(8

22
2

1
2
2

dD
TrrTW   

 TdD )(2 22     

9. (c) Work done to increase the diameter of bubble from d to D  

  TDTDDTdDW 22222 6)()2(2)(2  

  

10. (c) )(8 2
1

2
2 rrTW  













































22

12
8


T  

 W = 



3

308  erg720   

11. (c)  )02.0(25  ATW  (Film has two free surfaces) 

 J1102    

12. (c) TRW 28   2RW   (T is constant) 

If radius becomes double then work done will become four 

times. 

13. (c) )1(4 3/12  nTRW  )110(5014 3/3    

= erg1800  

14. (a)  

F 

T 
F 
= 
T 
× 
2l 

T 

 

T 

 

T 



 
  508 Surface Tension 

15. (b) Surface energy of combined drop will be lowered, so excess 

surface energy will raise the temperature of the drop. 

16. (b) Surface energy = surface tension × increment in area  

= AT   

17. (d) 2222 102)10(88    TRW J61016     

18. (a) )1(4 3/12  nTRE   

  )110(10351014.34 3/614   J3104.4   

19. (a)    

20. (b) 2222 109.1)101(88    TRW = J6102.15   

21. (b) Surface energy = )02.0(25.0  AT = J2102   

22. (d) Volume of liquid remain same i.e. volume of 1000 small drops 

will be equal to volume of one big drop  

 33

3

4

3

4
Rrn    331000 Rr   rR 10

10

1


R

r
 

 
100

1

4

4

drop big oneof  energy surface

dropsmall  oneof  energy surface
2

2


TR

Tr




 

23. (a) JATE 442 106)10100(2103     

24. (a) 
100

3
)1010(14.388 22  TRW   

 J310536.7    

25. (b) Work done = )1(4 3/12 nTR )1(
2

4 3/1

2









 n

D
  

 )127( 3/12  D  22 D  

26. (d) As volume remain constant therefore rnR 3/1  

Trn

TR

n 2

2

4

4

drop of  energy surface

drop big oneof  energy surface






  

2

23/2

2

2

nr

rn

nr

R
 = 

10

1

)1000(

11
3/13/1


n
 

27. (b) ATW    
A

W
T


  

 
4

4

10)60110(2

103







T (Soap film has two surfaces)  

      = mN /103 2       

28. (d)   

29. (d) 33

3

4
1000

3

4
rR    (As volume remains constant) 

 33 1000rR   
10

10
R

rrR    

30. (c) Because energy is liberated 

31. (a,d)  

32. (c) As volume remains constant 33 8000rR  rR 20  

Tr

TR
2

2

48000

4

dropsmall  8000of  energy Surface

drop big oneof  energy Surface




  

 
20

1

8000

20

8000 2

2

2

2


r

r

r

R
 

33. (b) Surface energy = JAT 5.1)15.0(25    

34. (c) As volume remains constant therefore rnR 3/1  

 
2

2

2

2

4

4

dropsmall of  Energy

dropof big  Energy

r

R

Tr

TR





4)8( 3/2    

35. (a) mN
A

W
T /102

)1050(2

102 2

4

4













  

36. (a) )1(4 3/12  nTRATW   

 ]1)10[(10460)10(14.34 3/16322  
057.0   

37. (a)   

38. (b) Increment in area of soap film = 12 AA   

 244 10210)]5.010()6.010[(2 m   

 Work done = AT   

 J542 1044.1102102.7    

39. (a) Increase in surface energy or work done in splitting a big drop 

)1(4 3/12  nTR  

 JW  4.23)18(465.0)102(4 3/123     

40. (b) The ratio of the total surface energies before and after the 

change 1:21: 3/13/1  n  

41. (a) SRRRSRRSW 2222
1

2
2 24])2[(8)(8      

42. (a) JTrW 422 1019206.0)2.0(88    

43. (b) Increment in Potential energy = AT   

 J210205.0202.0    

44. (a) JATE 304.075    

45. (c) 21

12

21 sin rrce
rr

rr
r 


  

 

Angle of Contact 
 

1. (b)  

2. (a)  

3. (b) Cohesive force decreases so angle of contact decreases.  

4. (d)  
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5. (b)  

6. (b)  

7. (d)   

8. (b)  

9. (a)  

10. (c) Angle of contact is acute.  

11. (a)  

12. (c)   

13. (b)  

14. (b) Since for such liquid (Non-wetting) angle of contact is obtuse. 

15. (b) Both liquids water and alcohol have same nature (i.e. wet the 
solid). Hence angle of contact for both is acute. 

16. (d) Tangent drawn at point of contact makes 0° with wall of 
container. 

 

Pressure Difference 
 

1. (c)   

2. (c) Since 
R

P
1

    

3. (b) Excess pressure 
r

T
P

4
  

 
2

3

101

102524







 PamN 20/20 2   2/ as dr   

4. (c)   

5. (c)  

6. (c) 
rdg

T
h

r

T
hdg

22
   

7. (b) 2/40
4

mN
r

T
P    

8. (b)  

9. (b) 
4

4 rhdg
Thdg

r

T
P   

4

1018.035.0 3
  

      cmdyne/70 cmdyne/66.68  

10. (c) Outside pressure = 1 atm 

Pressure inside first bubble = 1.01 atm 

Pressure inside second bubble = 1.02 atm 

Excess pressure 01.0101.11 P atm 

Excess pressure 02.0102.12 P  atm 

1

2

01.0

02.011

1

2

2

1 








P

P

r

r

P
r

r
P  

Since 
1

8

1

2

3

4
33

2

1

2

13 























r

r

V

V
rV     

11. (b) 
cos2

rhdg
S Pressure difference cos

2

r

S
hdg   

12. (c)  

13. (c) Excess pressure inside soap bubble is inversely proportional to 

the radius of bubble i.e. 
r

P
1

  

This means that bubbles A and C posses greater pressure 

inside it than B. So the air will move from A and C towards B.  

14. (c) 2211 VPVP    3

3

4
)( rghH   3)2(

3

4
rH   

HhH 8  Hh 7     

15. (c) cmrrr 51692
2

2
1    

16. (c) 2211 VPVP   VHVHH HgHgWWHgHg 3)(    

  HgHg
Hg

WHgHg HHH 


 3
10

  

  102  HgW HH m15
100

10752



  

17. (a) 4
4

2

1 





P

P

r

T
P 4

1

2 
r

r
 and 

64

1
3

2

1

2

1 














r

r

V

V
  

18. (b) 
r

P
1

  

19. (b) Pressure at half the depth dg
h

P
2

0   

Pressure at the bottom hdgP  0  

According to given condition  

)(
3

2

2
00 hdgPdg

h
P   

 hdgPdg
h

P 22
2

3
3 00   

m
dg

P
h 20

1010

1022
3

5
0 




   

20. (a) 
4

1

4

1

1

2

2

1 





r

r

r

r

P

P

r
P   

21. (c) 2

3

3

/140
101

107022
mN

R

T
P 










  

22. (c) ghP    

23. (d)  
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24. (b) cm
rr

rr
r 20

45

45

21

21 






   

25. (c) Excess pressure inside the air bubble 
r

T2
  

 Pa
r

T
PP outin 1400

101.0

107022
3

3











 

  510013.11400 inP Pa510027.1    

26. (a) BA rr   and 
r

P
1

  so BA PP   

So air will flow from B to A i.e. size of A will increase.  

27. (a) 
R

T
P

4
  

R
P

1
  (T = constant) 

Hence, the internal pressure of smaller bubble is larger than 
that of larger bubble.  

28. (b) hdg
R

T


4
 

4

Rhdg
T   

 T 
4

8.9108.010210 332 




mN /109.3 2  

29. (a) 

30. (d) 
27

1

3

11
3

2

1

2

1

1

2

2

1 



















r

r

V

V

P

P

r

r

r
P  

 

Capillarity  

 

1. (d) 
r

h
rdg

T
h

1cos2



 (T,, d and g are constant) 

If r is less then h will be more. 

2. (a) 
rdg

T
h

cos2
 . If  is less than 90° then h will be positive 

3. (d) In the state of weightlessness or in gravity free space, water 
will rise to the upper end of the tube of any length.  

4. (b)  

 

 

 

 

 

 

 Let the width of each plate is b and due to surface tension 
liquid will rise upto height h then upward force due to surface 
tension  

 = cos2Tb    …(i) 

 Weight of the liquid rises in between the plates  

 = dgbxhVdg )(    …(ii) 

 Equating (i) and (ii) we get , bxhdgT cos2  

 
xdg

T
h

cos2
   

5. (d)  2106 Circumference = Force 

  Circumference m2

2

4

105.12
106

1075 









  

6. (d) Due to capillarity it absorbs the ink.  

7. (b) 
3

2

3

2

1


h

h

h

h

r

r

h
r

P

Q

Q

P  

8. (c) 
1

3

2.2

6.61

1

2

2

1 
h

h

r

r

h
r   

9. (c) cmh
r

r

h

h
15

2

30

2

1
2

2

1

1

2    

10. (b)  

11. (b)  

12. (d) cm
rdg

T
h 30

101005.0

7522
3





   

13. (c) 
2

8.910103
1075

2

32
3 



 rgrh

T


 

 mmr
2

1
 mmrD 12    

14. (c) The angle of contact of mercury with glass is obtuse. So it gets 

depressed below the liquid level outside. 

15. (d) The water rises to height h due to capilarity.  

16. (b) 
r

h
1

  

17. (b) 
1010105

10622
34

2










rdg

T
h cmm 4.2104.2 2    

18. (b) 
r

h
1

  1:2
2.0

4.0

12

1
2211

2 
r

r

h

h
hrhr  

19. (b)  

 

 

 

 

 Vertical height of the water in the tube remains constant  

So, cm
h

l
o

6
60cos

3

cos



 

20. (c)  

21. (a)  

x 
b 

h 
h  

Water 

h l 
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22. (d) If lift moves downward with some acceleration then  effective g 
decreases, so h increases. 

As 
rdg

T
h

cos2
  

g
h

1
  

23. (c)  

24. (a) 
hdg

T
rhdg

r

T 22
   

25. (b) 
r

h
1

  mm
r

hr
hhrhr 4.2

2

11
22211   

26. (a)  

27. (a) 
r

h
1

  rh = constant   

28. (a) 
rdg

T
h

cos2
 

g
h

1
  

As 
6

e
m

g
g   em hh 6  

29. (d) Ascent formula 
rdg

T
h

cos2
  

 
1

2

2

1

2

1

d

d

T

T

h

h
  ( ,r  and g are constants) 

 
10

9

8.0

6.0

50

60
   

30. (b) cm
h

l
o

0.4
60cos

2
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31. (d) .
cos2 

rhdg
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32. (c) The length of the water column will be equal to full length of 
capillary tube.  
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36. (c) 
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37. (d) 
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38. (a) 

39. (a) 

40. (b) Mass of liquid in capillary tube  

   HRM 2  









R
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12  (As H  1/R) 

  R . If radius becomes double then mass will becomes 

twice. 

41. (c) 
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Critical Thinking Questions   

 

1. (d) Suppose tension in thread is F, then for small part l  of 
thread 

 

 

 

 

 
 

 Rl   and  TRlTF 222/sin2   

 )2/2/(sin2
2/2/sin









 TR

TRTR
F  

2. (c) Rise in temperature, 









RrJSd

T 113
   

  









RrJ

T 113
   (For water S = 1 and d = 1) 

3. (b,c) .SurfaceBottom PP   So bubble rises upward. 

At constant temperature 
P

V
1

  (Boyle’s law) 

Since as the bubble rises upward, pressure decreases, then 

from above law volume of bubble will increase i.e. its size 
increases.   

4. (d) In the satellite, the weight of the liquid column is zero. So the 
liquid will rise up to the top of the tube.   

 

Graphical Questions 

 

1. (b) 
rdg

T
h

cos2
  .

1

r
h  So the graph between h and r will 

be rectangular hyperbola. 

2. (a) 
r

T
P

4
  

r
P

1
  

 As radius of soap bubble increases with time 
t

P
1

  

3. (b) )1( tTT oc   i.e. surface tension decreases with increase in 

temperature. 

 /2  /2 

F sin/2  

 l   /2  /2 

2 × T × l  

F cos /2  F cos /2  

F 
F 

F sin/2  
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Assertion and Reason 
 

1. (c) When a liquid is sprayed, the surface area of the liquid 

increases. Therefore, work has to be done in spraying the 

liquid, which is directly proportional to the surface tension.  

 Because on adding soap, surface tension of water decreases, the 

spraying of water becomes easy.  

2. (e) The soap solution, has less surface tension as compared to 

ordinary water and its surface tension decreases further on 

heating. The hot soap solution can, therefore spread over large 

surface area and also it has more wetting power. It is on 

account of this property that hot soap solution can penetrate 

and clean the clothes better than the ordinary water.   

3. (a) 
Rdg

T
h

2
  

Rdg

T
hR

2
   constanthR  

 Hence when the tube is of insufficient length, radius of 

curvature of the liquid meniscus increases, so as to maintain 

the product hR a finite constant. 

 i.e. as h decreases, R increases and the liquid meniscus becomes 

more and more flat, but the liquid does not overflow.  

4. (c) Needle floats due to surface tension there is no role of buoyant 

force in its floating  

Buoyant force = gV   

Where V = volume of body submerged in liquid 

 = density of liquid. 

i.e. the buoyancy of an object depends on the shape of the 

object. 

5. (c) The two glass plates stick together due to surface tension.  

6. (e) The presence of impurities either on the liquid surface or 

dissolved in it, considerably affect the force of surface tension, 

depending upon the degree of contamination. A highly soluble 

substance like sodium chloride when dissolved in water 

increase the surface tension. But the sparing soluble or 

substance like phenol when dissolved in water reduces the 

surface tension of water.  

7. (c) With increase in temperature surface tension of the liquid 

decreases and angle of contact also decreases.  

8. (b) We know that the intermolecular distance between the gas 

molecules is  large as compared to that of liquid. Due to it the 

forces of cohesion in the gas molecules are very small and these 

are quite large for liquids. Therefore, the concept of surface 

tension is applicable to liquid but not to gases.  

9. (a) Zero surface tension means no opposition to expansion.  

10. (a) Since the excess pressure due to surface tension is inversely 

proportional to its radius, it follows that smaller the bubble, 

greater is the excess pressure. Thus, when the larger and the 

smaller bubbles are put in communication, air starts passing 

from the smaller into the large bubble because excess pressure 

inside the former is greater than inside the latter. As a result, 

the smaller bubble shrinks and the larger one swells.   

11. (b) When a drop of liquid is poured on a glass plate, the shape of 

the drop is governed by two forces, the force of gravity. For 

very small drops, the potential energy due to gravity is 

insignificant compared to that due to surface tension. Hence, in 

this case the shape of the drop is determined by surface 

tension alone and drop becomes spherical.   

12. (a) The height of capillary rise is inversely proportional to radius 

(or diameter) of capillary tube i.e.
r

h
1

   

 So for smaller r the value of h is higher.  

13. (c) With increase in temperature of liquid its surface tension 

decreases so that it tends to acquire larger area. Hence hot 

soup having low value of surface tension spread properly on 

our tongue & provides better taste than cold soup.  

14. (b) The free surface of liquid tries to acquire a minimum area due 

to surface tension, hence liquid drop is spherical because 

sphere has minimum area than other  shape. 
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1. A  soap  film  of  surface tension  12103  Nm  formed in 

rectangular frame, can support a straw. The length of the film is 10 
cm. Mass of the straw the film can support is 

  (a) 0.06 gm (b)  0.6 gm 

  (c) 6 gm (d)  60 gm 

2. Energy required to form a soap bubble of diameter 20 cm will be 
(Surface tension for soap solution is 30 dynes/cm) 

  (a) 12000  ergs (b) 1200  ergs 

  (c) 2400  ergs (d) 24000  ergs 

3. If the work done in blowing a bubble of volume V is W, then the 
work done in blowing the bubble of volume 2V from the same soap 
solution will be   [MP PET 1989] 

  (a) W/2 (b) 2 W 

  (c) 3 2 W (d) 3 4 W 

4. Surface tension of soap solution is 2 ×10 -2 N/m. The work done in 
producing a soap bubble of radius 2 cm is 

 (a) J61064   (b) J61032   

  (c) J61016   (d) J6108   

5. Excess pressure inside a soap bubble is three times that of the other 
bubble, then the ratio of their volumes will be 

  (a) 1 : 3 (b)  1 :  9 

  (c) 1 :  27 (d)  1 : 81 

6. When a capillary tube is dipped in water it rises upto 8 cm in the 

tube. What happens when the tube is pushed down such that its 
end is only 5 cm above the outside water level 

  (a) The radius of the meniscus increases and therefore water does 
not overflow 

  (b) The radius of the meniscus decreases and therefore water does 
not overflow 

  (c) The water forms a droplet on top of the tube but does not 
overflow 

  (d) The water start overflowing 

7. A bubble of 8 mm diameter is formed in the air. The surface tension 
of soap solution is 30 dynes/cm. The excess pressure inside the 
bubble is   [MP PET 1990] 

  (a) 150 dynes/cm2 (b)  300 dynes/cm2 

 (c) 3 × 10–3 dynes/cm2  (d)  12 dynes/cm2 

8. The height upto which water will rise in a capillary tube will be 

  (a) Maximum when water temperature is 4°C 

  (b) Maximum when water temperature is 0°C 

  (c) Minimum when water temperature is 4°C 

  (d) Same at all temperatures 

9. Water rises to a height of 10 cm in capillary tube and mercury falls 

to a depth of 3.112 cm in the same capillary tube. If the density of 

mercury is 13.6 and the angle of contact for mercury is 135°, the 

ratio of surface tension of water and mercury is   [MP PET/PMT 1988] 

  (a) 1 : 0.15 (b)  1 : 3  

  (c) 1 : 6 (d)  1.5 : 1 

10. The angle of contact between glass and water is 0 o and it rises in a 

capillary upto 6 cm when its surface tension is 70 dynes/cm. 

Another liquid of surface tension 140 dynes/cm, angle of contact 60o 

and relative density 2 will rise in the same capillary by 

  (a) 12 cm (b)  24 cm 

 (c) 3 cm (d)  6 cm 

11. A drop of water breaks into two droplets of equal size. In this 

process, which of the following statement is correct 

   [NCERT 1976] 

  (a) The sum of temperature of the two droplets together is  

  equal to the original temperature of the drop 

  (b) The sum of masses of the two droplets is equal to the original 

mass of the drop 

  (c)  The sum of the radii of two droplets is equal to the radius of 

the original drop 

  (d) The sum of the surface areas of the two droplets is equal to 

the surface area of the original drop 

12. A soap bubble of radius R is blown. After heating the solution a 

second bubble of radius 2R is blown. The work required to blow the 

second bubble in comparison to that required for the first bubble is 

(a) Double  

 (b) Slightly less than double 

   (c) Slightly less than four times  

 (d) Slightly more than four times 

13. A false statement is 

  (a) Angle of contact  90 , if cohesive force < adhesive force 

  (b) Angle of contact ,90 , if cohesive force > adhesive force 

  (c) Angle of contact  = 90°, if cohesive force = adhesive force 

  (d) If the radius of capillary is reduced to half, the rise of liquid 

column becomes four times 

14. The diameter of rain-drop is 0.02 cm. If surface tension of water be 

newton31072  per metre, then the pressure difference of 

external and internal surfaces of the drop will be 

  (a) 241044.1  cmdyne  

  (b)  241044.1  mnewton  
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  (c) 231044.1  cmdyne  

 (d) 251044.1  mnewton  

15. Water rises to a height of 16.3 cm in a capillary of height 18 cm 

above the water level. If the tube is cut at a height of 12 cm    [CPMT 1974] 

  (a) Water will come as a fountain from the capillary tube 

  (b) Water will stay at a height of 12 cm in the capillary tube 

  (c) The height of the water in the capillary will be 10.3 cm 

  (d) Water will flow down the sides of the capillary tube 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (b) The weight of straw will be balanced by the force of surface 

tension  Tlmg 2  
g

Tl
m

2
  

 gmkg 6.0
8.9

10101032 22







 

2. (d) ergTrE  2400030)10(8 22   

3. (d) Work done to form a soap bubble  

TRW 28  (As 3RV   3/1VR  ) 
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5. (c) 
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6. (a) 
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2
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dg

T
hR  

When h decreases, R increases.  

7. (b) 2/300
4.0

3044
cmdyne

r

T
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 . 

8. (c) 
rdg

T
h

cos2
 . For water, density is maximum at Co4 , so 

the height is minimum at Co4 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. (c) 




cos2

cos2 hrdg
T

rdg

T
h   

  
1

2

2

1

2

1

2

1

2

1

cos

cos






d

d

r

r

h

h

T

T

6

1
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11. (b)  

12. (c) Work done to form a bubble of radius R  

 1
2

1 8 TRW   

 Work done to form a bubble of radius 2R  

 2
2

2 )2(8 TRW  2
232 TR  

2

1

2

1

4T

T

W

W
  

 If surface tension of soap solution is same then  

 12 4WW     

 But in the problem temperature of solution is increased 
so its surface tension decreases. 

  12 4WW   

13. (d) If radius of capillary is reduced to half, the rise of liquid 

column will be two times. rh /1 as   

14. (a) 2

2

3

/1440
1001.0

107222
mN

r

T
P 










 

 24 /1044.1 cmdyne   

15. (b) Because if the length available is less than required, then water 
will rise upto available height and adjust its radius of curvature. 

 

*** 
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Fluid is the name given to a substance which begins to flow when 
external force is applied on it. Liquids and gases are fluids. Fluids do not 

have their own shape but take the shape of the containing vessel. The 
branch of physics which deals with the study of fluids at rest is called 
hydrostatics and the branch which deals with the study of fluids in motion 
is called hydrodynamics.  

Pressure. 

The normal force exerted by liquid at rest on a given surface in 

contact with it is called thrust of liquid on that surface. 

The normal force (or thrust) exerted by liquid at rest per unit area 

of the surface in contact with it, is called pressure of liquid or hydrostatic 
pressure. 

If F be the normal force acting on a surface of area A in contact 

with liquid, then pressure exerted by liquid on this surface is AFP /  

(1) Units : 2/ mN  or Pascal (S.I.) and Dyne/cm2 (C.G.S.) 

(2) Dimension :  ][
][

][

][

][
][ 21

2

2




 TML
L

MLT

A

F
P  

(3) At a point pressure acts in all directions and a definite direction 
is not associated with it. So pressure is a tensor quantity. 

(4) Atmospheric pressure : The gaseous envelope surrounding the 
earth is called the earth's atmosphere and the pressure exerted by the 

atmosphere is called atmospheric pressure. Its value on the surface of the 

earth at sea level is nearly 25 /10013.1 mN  or Pascal in S.I., other 

practical units of pressure are atmosphere, bar and torr (mm of Hg) 

 torr760bar01.11001.11 5  Paatm  

The atmospheric pressure is maximum at the surface of earth and 

goes on decreasing as we move up into the earth's atmosphere. 

(5) If 0P  is the atmospheric pressure then for a point at depth h 

below the surface of a liquid of density  , hydrostatic pressure P is given 

by ghPP  0  

 

 

 

 

 

(6) Hydrostatic pressure depends on the depth of the point below the 

surface (h), nature of liquid (  ) and acceleration due to gravity (g) while it is 

independent of the amount of liquid, shape of the container or cross-sectional 
area considered. So if a given liquid is filled in vessels of different shapes to 
same height, the pressure at the base in each vessel's will be the same, though 
the volume or weight of the liquid in different vessels will be different.  

 

 

 

 

 

CBA PPP    but  CBA WWW   

(7) In a liquid at same level, the pressure will be same at all points, 
if not, due to pressure difference the liquid cannot be at rest. This is why 
the height of liquid is the same in vessels of different shapes containing 
different amounts of the same liquid at rest when they are in 
communication with each other. 

    

 

 

 

(8) Gauge pressure : The pressure difference between hydrostatic pressure 

P and atmospheric pressure P
0

 is called gauge pressure.    

ghPP  0  

Density 

In a fluid, at a point, density   is defined as: 

dV

dm

V

m

V
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(1) In case of homogenous isotropic substance, it has no directional 
properties, so is a scalar. 

(2) It has dimensions ][ 3ML  and S.I. unit kg/m3 while C.G.S. unit 

g/cc with 33 /10/1 mkgccg   

(3) Density of substance means the ratio of mass of substance to the 
volume occupied by the substance while density of a body means the ratio 

of mass of a body to the volume of the body. So for a solid body. 

Density of body = Density of substance 

While for a hollow body, density of body is lesser than that of 

substance  ]As[ sub.body VV   

(4) When immiscible liquids of different densities are poured in a 
container, the liquid of highest density will be at the bottom while that of 
lowest density at the top and interfaces will be plane. 

(5) Sometimes instead  of density we use the term relative density 
or specific gravity which is defined as : 

  
of water  Density

of body Density
RD  

(6) If 1m  mass of liquid of density 1  and 2m  mass of density 

2  are mixed, then as  

21 mmm   and )/()/( 2211  mmV     

   [As /mV  ] 

)/()/()/( 2211

21

ii

i
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m

mm

mm

V

m












  

If 21 mm    



21

212




 Harmonic mean 

(7) If 1V  volume of liquid of density 1  and 2V  volume of liquid 

of density 2  are mixed, then as:  

2211 VVm    and 21 VVV    [As Vm / ] 

If VVV  21  2/)( 21    = Arithmetic Mean 

(8) With rise in temperature due to thermal expansion of a given 
body, volume will increase while mass will remain unchanged, so density 
will decrease, i.e., 

)1()/(

)/(
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00

00 
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(9) With increase in pressure due to decrease in volume, density will 
increase, i.e., 

V

V

Vm

Vm 0
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But as by definition of bulk-modulus 
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Pascal's Law 

It states that if gravity effect is neglected, the pressure at every point 
of liquid in equilibrium of rest is same. 

or 

The increase in pressure at one point of the enclosed liquid in 
equilibrium of rest is transmitted equally to all other points of the liquid 

and also to the walls of the container, provided the effect of gravity is 
neglected.  

Example : Hydraulic lift, hydraulic press and hydraulic brakes 

Working of hydraulic lift : It is used to lift the heavy loads. If a small 

force f is applied on piston of C then the pressure exerted on the liquid  

afP /           [a = Area of cross section of the piston in C] 

This pressure is transmitted equally to piston of cylinder D.  

Hence the upward force acting on piston of cylinder D. 

  

 

 

  

 
 











a

A
fA

a

f
APF  

As aA  , therefore fF  . So heavy load placed on the larger 

piston is easily lifted upwards by applying a small force.   

Archimedes Principle 

Accidentally Archimedes discovered that when a body is immersed 

partly or wholly in a fluid, at rest, it is buoyed up with a force equal to the 

weight of the fluid displaced by the body. This principle is called 

Archimedes principle and is a necessary consequence of the laws of fluid 

statics. 

When a body is partly or wholly dipped in a fluid, the fluid exerts 

force on the body due to hydrostatic pressure. At any small portion of the 

surface of the body, the force exerted by the fluid is perpendicular to the 

surface and is equal to the pressure at that point multiplied by the area. 

The resultant of all these constant forces is called upthrust or buoyancy. 

To determine the magnitude and direction of this force consider a 

body immersed in a fluid of density   as shown in figure. The forces on the 

vertical sides of the body will cancel each other. The top surface of the body 

will experience a downward force. 

 )( 0111 PghAAPF    [As 0PghP   ] 

While the lower face of the body will experience an upward force.  

)( 0222 PghAAPF     

 

 

 

 
 

As 212 , Fhh   will be greater than 1F , so the body will experience 

a net upward force  

)( 1212 hhgAFFF    

If L is the vertical height of the body gVgLAF     

   [As )]( 12 hhAALV   

i.e., F = Weight of fluid displaced by the body. 

This force is called upthrust or buoyancy and acts vertically upwards 

(opposite to the weight of the body) through the centre of gravity of 

Load 

F 

C D 

f 

Fig. 11.4 

F1 

F2 

h1 
h2 

Fig. 11.5 
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displaced fluid (called centre of buoyancy). Though we have derived this 

result for a body fully submerged in a fluid, it can be shown to hold good 

for partly submerged bodies or a body in more than one fluid also.  

(1) Upthrust is independent of all factors of the body such as its 

mass, size, density etc. except the volume of the body inside the fluid. 

(2) Upthrust depends upon the nature of displaced fluid. This is why 

upthrust on a fully submerged body is more in sea water than in fresh 

water because its density is more than fresh water. 

(3) Apparent weight of the body of density (  ) when immersed in 

a liquid of density )( . 

Apparent weight = Actual weight – Upthrust upFW   

gVgVgV )(   













 1gV  

   













1WWAPP  

(4) If a body of volume V is immersed in a liquid of density   then 

its weight reduces. 

1W  = Weight of the body in air,   2W  = Weight of the body in 

water 

Then apparent (loss of weight) weight gVWW  21    

  
g

WW
V


21   

(5) Relative density of a body  

(R.D.)=
of water density

of body density
 

of water meequal voluof  Weight

of body Weight
 = 

 stWater thru

of body Weight
 

 waterin of weight Loss

of body Weight
   

= 
 waterin weight–air in Weight

air in of body Weight
 = 

21

1

WW

W


 

(6) If the loss of weight of a body in water is 'a ' while in liquid is 'b'  

 
 waterin  bodyon Upthrust

liquid in  bodyon Upthrust


W

L




 

 waterin of weight Loss

liquid in of weight Loss


waterair

liquidair

WW

WW

b
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Floatation 

(1) Translatory equilibrium : When a body of density   and volume 

V is immersed in a liquid of density  , the forces acting on the body are  

Weight of body ,gVmgW   acting vertically downwards 

through centre of gravity of the body. 

Upthrust force = gV  acting vertically upwards through the centre 

of gravity of the displaced liquid i.e., centre of buoyancy. 
 

If density of body is greater than that of liquid    

 

 

 

 

 

Weight will be more than upthrust so the body will sink 

If density of body is equal to that of liquid    

 

 

 

 
 

Weight will be equal to upthrust so the body will float fully submerged in 

neutral equilibrium with its top surface in it just at the top of liquid 

If density of body is lesser than that of liquid    

  

 

 

 

 

Weight will be less than upthrust so the body will, move upwards and in 
equilibrium will float and partially immersed in the liquid Such that, 

gVW in  gVgV in   

 inVV   Where inV  is the volume of body in the liquid 

(i) A body will float in liquid only and only if    

(ii) In case of floating as weight of body = upthrust  

So AppW  = Actual weight  – upthrust = 0 

(iii) In case of floating gVgV in   

So the equilibrium of floating bodies is unaffected by variations in g 

though both thrust and weight depend on g.  

(2) Rotatory Equilibrium : When a floating body is slightly tilted 

from equilibrium position, the centre of buoyancy B shifts. The vertical line 

passing through the new centre of buoyancy B and initial vertical line meet 

at a point M called meta-centre. If the meta-centre M is above the centre of 

gravity the couple due to forces at G (weight of body W) and at B  

(upthrust) tends to bring the body back to its original position. So for 

rotational equilibrium of floating body the meta-centre must always be 

higher than the centre of gravity of the body.  

 

 

 

 

 

 

 

 

 

 
 

However, if meta-centre goes below CG, the couple due to forces at G 

and B  tends to topple the floating body. 

(A) (B) 
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That is why a wooden log cannot be made to float vertical in water 

or a boat is likely to capsize if the sitting passengers stand on it. In these 

situations CG becomes higher than MG and so the body will topple if 

slightly tilted. 

(3) Application of floatation  

(i) When a body floats then the weight of body = Upthrust  

gVgV in    VVin 












      

 VVVV in 











1out  

i.e., Fraction of volume outside the liquid  
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(ii) For floatation  inVV     
V

Vin inf  

If two different bodies A and B are floating in the same liquid then 
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(iii) If the same body is made to float in different liquids of densities 

A  and B  respectively. 

BBinAAin VVV  )()(            
Ain
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(iv) If a platform of mass M and cross-section A is floating in a liquid of 

density   with its height h inside the liquid  

ghAMg      …(i) 

Now if a body of mass m is placed on it and the platform sinks by y 

then  

gAhygmM )()(     …(ii) 

Subtracting equation (i) from (ii),  

gyAmg  , i.e., yW      …(iii) 

So we can determine the weight of a body by placing it on a floating 

platform and noting the depression of the platform in the liquid by it. 

Streamline, Laminar and Turbulent Flow 

(1) Stream line flow :  Stream line flow of a liquid is that flow in 
which each element of the liquid passing through a point travels along the 
same path and with the same velocity as the preceding element passes 
through that point. 

 

 

 

 

 

 

 

A streamline may be defined as the path, straight or curved, the 
tangent to which at any point gives the direction of the flow of liquid at 
that point.  

The two streamlines cannot cross each other and the greater is the 
crowding of streamlines at a place, the greater is the velocity of liquid 
particles at that place. 

Path ABC is streamline as shown in the figure and 1v , 2v  and 3v  

are the velocities of the liquid particles at A, B and C point respectively. 

(2) Laminar flow : If a liquid is flowing over a horizontal surface 

with a steady flow and moves in the form of layers of different velocities 
which do not mix with each other, then the flow of liquid is called laminar 
flow. 

In this flow, the velocity of liquid flow is always less than the critical 
velocity of the liquid. The laminar flow is generally used synonymously with 
streamlined flow.  

(3) Turbulent flow : When a liquid moves with a velocity greater 

than its critical velocity, the motion of the particles of liquid becomes 

disordered or irregular. Such a flow is called a turbulent flow. 

 

 

 

 

In a turbulent flow, the path and the velocity of the particles of the 

liquid change continuously and haphazardly with time from point to point. 

In a turbulent flow, most of the external energy maintaining the flow is 

spent in producing eddies in the liquid and only a small fraction of energy 

is available for forward flow. For example, eddies are seen by the sides of 

the pillars of a river bridge. 

Critical Velocity and Reynold's Number 

The critical velocity is that velocity of liquid flow upto which its flow 

is streamlined and above which its flow becomes turbulent. 

Reynold's number is a pure number which determines the nature of 

flow of liquid through a pipe.  

It is defined as the ratio of the inertial force per unit area to the 

viscous force per unit area for a flowing fluid. 

area unit per force Viscous

area unit per forceInertial 
RN  

If a liquid of density   is flowing through a tube of radius r and 

cross section A then mass of liquid flowing through the tube per second 


dt

dm
 volume flowing per second × density = vA  

 Inertial force per unit area = 
A

dtdmv

A

dtdp )/(/
  = 

A

Avv 
 = 

2v  

Viscous force per unit area 
r

v
AF


/  

So by the definition of Reynolds number  

area unit per force Viscous

area unit per forceInertial 
RN







 rv

rv

v


/

2

 

If the value of Reynold's number 

A 

B 
C v1 

 

v2 
 v3 

 

Fig. 11.7 

Pillar 

Fig. 11.8 



 
  520 Fluid Mechanics 

(i) Lies between 0 to 2000, the flow of liquid is streamline or 

laminar. 

(ii) Lies between 2000 to 3000, the flow of liquid is unstable and 

changing from streamline to turbulent flow.  

(iii) Above 3000, the flow of liquid is definitely turbulent. 

 Equation of Continuity 

The equation of continuity is derived from the principle of 

conservation of mass. 

 

 

 

 
 

A non-viscous liquid in streamline flow passes through a tube AB of 
varying cross section. Let the cross sectional area of the pipe at points A 

and B be 1a  and 2a  respectively. Let the liquid enter with normal velocity 

1v  at A and leave with velocity 2v  at B. Let 1  and 2  be the densities 

of the liquid at point A and B respectively.  

Mass of the liquid entering per second at A = Mass of the liquid 

leaving per second at B 

222111  vava   and 2211 vava    

[If the liquid is incompressible 12   ] 

or   av constant or  
v

a
1

    

 

 

 

 

 

This expression is called the equation of continuity for the steady flow of 

an incompressible and non-viscous liquid. 

(1) The velocity of flow is independent of the liquid (assuming the 

liquid to be non-viscous) 

(2) The velocity of flow will increase if cross-section decreases and 

vice-versa. That is why :  

(a) In hilly region, where the river is narrow and shallow (i.e., small 

cross-section) the water current will be faster, while in plains where the 

river is wide and deep (i.e., large cross-section) the current will be slower, 

and so deep water will appear to be still. 

 

 

 

 

(b) When water falls from a tap, the velocity of falling water under 

the action of gravity will increase with distance from the tap (i.e, 12 vv  ). 

So in accordance with continuity equation the cross section of the water 

stream will decrease (i.e., ),12 AA   i.e., the falling stream of water 

becomes narrower. 

Energy of a Flowing Fluid 

A flowing fluid in motion possesses the following three types of 

energy 

Pressure Energy Potential energy Kinetic energy 

It is the energy 
possessed by a liquid 
by virtue of its 
pressure. It is the 
measure of work 
done in pushing the 
liquid against 
pressure without 

imparting any 
velocity to it. 

It is the energy 
possessed by liquid by 
virtue of its height or 
position above the 
surface of earth or 
any reference level 
taken as zero level.  

It is the energy 
possessed by a liquid 
by virtue of its 
motion or velocity. 

Pressure energy of 
the liquid PV 

Potential energy of 
the liquid mgh 

Kinetic energy of the 

liquid 2

2

1
mv  

Pressure energy per 

unit mass of the 

liquid 


P
 

Potential energy per 

unit mass of the 
liquid gh 

Kinetic energy per 

unit mass of the 

liquid 2

2

1
v  

Pressure energy per 
unit volume of the 
liquid P 

Potential energy per 
unit volume of the 

liquid gh  

Kinetic energy per 
unit volume of the 

liquid 2

2

1
v  

 

Bernoulli's Theorem 

According to this theorem the total energy (pressure energy, 

potential energy and kinetic energy) per unit volume or mass of an 

incompressible and non-viscous fluid in steady flow through a pipe remains 

constant throughout the flow, provided there is no source or sink of the 

fluid along the length of the pipe. 

 

 

 

 

 

Mathematically for unit volume of liquid flowing through a pipe.  

 2

2

1
vghP  constant 

To prove it, consider a liquid flowing steadily through a tube of non-

uniform area of cross-section as shown in fig. If 1P  and 2P  are the 

pressures at the two ends of the tube respectively, work done in pushing 

the volume V of incompressible fluid from point B to C through the tube 

will be  

VPPVPVPW )( 2121    …(i) 

This work is used by the fluid in two ways. 

(a) In changing the potential energy of mass m (in the volume V ) 

from mgh
1

 to mgh
2

,  

i.e.,  )( 12 hhmgU    …(ii) 

v1 

A 

B 

a2 

v2 

a1 
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(b) In changing the kinetic energy from 2
1

2

1
mv  to 2

2
2

1
mv ,  

i.e., )(
2

1 2
1

2
2 vvmK    …(iii) 

Now as the fluid is non-viscous, by conservation of mechanical 

energy 

KUW   

i.e.,  )(
2

1
)()( 2

1
2
21221 vvmhhmgVPP   

or   )(
2

1
)( 2

1
2
21221 vvhhgPP           [As Vm / ] 

or    2
222

2
111

2

1

2

1
vghPvghP    

or     2

2

1
vghP  constant 

This equation is the so called Bernoulli's equation and represents 

conservation of mechanical energy in case of moving fluids. 

(i) Bernoulli's theorem for unit mass of liquid flowing through a 

pipe can also be written as: 

 2

2

1
vgh

P


constant 

(ii) Dividing above equation by g we get 
g

v
h

g

P

2

2




= constant 

Here 
g

P


 is called pressure head, h is called gravitational head and 

g

v

2

2

is called velocity head. From this equation Bernoulli's theorem can be 

stated as.  

“In stream line flow of an ideal liquid, the sum of pressure head, 

gravitational head and velocity head of every cross section of the liquid is 

constant.” 

Applications of Bernoulli's Theorem 

(i) Attraction between two closely parallel moving boats (or buses)  

 

 

 

 

 

When two boats or buses move side by side in the same direction, 

the water (or air) in the region between them moves faster than that on the 
remote sides. Consequently in accordance with Bernoulli's principle the 
pressure between them is reduced and hence due to pressure difference 
they are pulled towards each other creating the so called attraction. 

(ii) Working of an aeroplane  

 

 

 

 

 

 

This is also based on Bernoulli's principle. The wings of the 

aeroplane are of the shape as shown in fig. Due to this specific shape of 

wings when the aeroplane runs, air passes at higher speed over it as 

compared to its lower surface. This difference of air speeds above and below 

the wings, in accordance with Bernoulli's principle, creates a pressure 

difference, due to which an upward force called 'dynamic lift' (= pressure 

difference × area of wing) acts on the plane. If this force becomes greater 

than the weight of the plane, the plane will rise up. 

(iii) Action of atomiser 

 

 

 

 

The action of carburetor, paint-gun, scent-spray or insect-sprayer is 

based on Bernoulli's principle. In all these, by means of motion of a piston P 

in a cylinder C, high speed air is passed over a tube T dipped in liquid L to 

be sprayed. High speed air creates low pressure over the tube due to which 

liquid (paint, scent, insecticide or petrol) rises in it and is then blown off in 

very small droplets with expelled air. 

(iv) Blowing off roofs by wind storms  

 

 

 

 

 

 

During a tornado or hurricane, when a high speed wind blows over 

a straw or tin roof, it creates a low pressure (P) in accordance with 

Bernoulli's principle. 

However, the pressure below the roof (i.e., inside the room) is still 

atmospheric ( 0P ). So due to this difference of pressure, the roof is lifted 

up and is then blown off by the wind.  

(v) Magnus effect : When a spinning ball is thrown, it deviates from 

its usual path in flight. This effect is called Magnus effect and plays as 

important role in tennis, cricket and soccer, etc. as by applying appropriate 

spin the moving ball can be made to curve in any desired direction. 

If a ball is moving from left to right and also spinning about a 

horizontal axis perpendicular to the direction of motion as shown in fig. 

then relative to the ball, air will be moving from right to left. 

The resultant velocity of air above the ball will be )( rv   while 

below it )( rv  . So in accordance with Bernoulli's principle pressure 

above the ball will be less than below it. Due to this difference of pressure 

an upward force will act on the ball and hence the ball will deviate from its 

usual path 0OA  and will hit the ground at 1A  following the path 1OA  

i.e., if a ball is thrown with back-spin, the pitch will curve less sharply 

prolonging the flight.  
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Similarly if the spin is clockwise i.e., the ball is thrown with top-spin, 

the force due to pressure difference will act in the direction of gravity and 

so the pitch will curve more sharply shortening the flight. 

 

 

 

 

 

Furthermore, if the ball is spinning about a vertical axis, the curving 
will be sideways as shown in producing the so called out swing or in swing. 

(vi) Venturimeter : It is a device based on Bernoulli's theorem used 

for measuring the rate of flow of liquid through pipes. 

It consists of two identical coaxial tubes A and C connected by a 
narrow co-axial tube B. Two vertical tubes D and E are mounted on the 
tubes A and B to measure the pressure of the  flowing liquid. 

 

 

 

 

 

When the liquid flows in the tube ABC, the velocity of flow in part B 

will be larger than in the tube A or C. So the pressure in part B will be less 

than that in tube A or C. By measuring the pressure difference between A 

and B, the rate of flow of the liquid in the tube can be calculated. 

Let 1a  and 2a  are area of cross section of tube A and B 

respectively  

 21, vv Velocity of flow of liquid through A and B respectively 

21, PP Liquid pressure at A and B respectively 

 ghPP  21     …(i)  

 [   = density of flowing liquid] 

From Bernoulli's theorem for horizontal flow of liquid 

2
22

2
11

2

1

2

1
vPvP    

)(
2

1 2
1

2
221 vvPP      …(ii) 

From (i) and (ii) )(
2

1 2
1

2
2 vvgh   =














2
1

2

2
2

2

2

1

a

V

a

V
  

  [As 2211 vavaV  ] 

    
2
2

2
1

2
2

2
12 2

aa

hgaa
V


  or 

2
2

2
1

21

2

aa

hg
aaV


  

 Velocity of Efflux 

 If a liquid is filled in a vessel up to height H and a hole is made at a 

depth h below the free surface of the liquid as shown in fig. then taking the 

level of hole as reference level (i.e., zero point of potential energy) and 
applying Bernoulli's principle to the liquid just inside and outside the hole 
(assuming the liquid to be at rest inside) we get 

   2
00

2

1
0)( vPghP    or ghv 2  

  

 

 

 

 

 Which is same as the speed that an object would acquire in falling 

from rest through a distance h and is called velocity of efflux or velocity of 

flow. 

 This result was first given by Torricelli, so this is known as Torricelli's 

theorem. 

(i) The velocity of efflux is independent of the nature of liquid, quantity 

of liquid in the vessel and the area of orifice. 

(ii) Greater is the distance of the hole from the free surface of liquid, 

greater will be the velocity of efflux               [i.e., ]hv    

       

 

 

 

 

(iii) As the vertical velocity of liquid at the orifice is zero and it is at a 

height )( hH   from the base, the time taken by the liquid to reach the 

base-level 
g

hH
t

)(2 
    

(iv) Now during time t liquid is moving horizontally with constant 

velocity v, so it will hit the base level at a horizontal distance x (called 
range) as shown in figure.  

 

 

 

 

 

 

Such that )(2]/)(2[2 hHhghHghvtx   

For maximum range 0
dh

dx
   

  
2

H
h    

i.e., range x will be maximum when  

2

H
h  . 
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 Maximum range  H
H

H
H

x 









22
2max  

(v)  

 

 

 

 

 

 

If the level of free surface in a container is at height H from the base 

and there are two holes at depth h and y below the free surface, then  

      

)(2 hHhx   and )(2 yHyx   

Now if xx  , i.e., )()( yHyhHh   

i.e.,  0)(2  hHhHyy  

or )]2([
2

1
hHHy  , 

i.e.,  hy   or )( hH   

i.e., the range will be same if the orifice is at a depth h or )( hH   

below the free surface. Now as the distance )( hH   from top means 

hhHH  )(  from the bottom, so the range is same for liquid coming 

out of holes at same distance below the top and above the bottom. 

(vi)  

 

 

 

 
 

If 0A  is the area of orifice at a depth y below the free surface and A 

is that of container, the volume of liquid coming out of the orifice per 

second will be gyAvAdtdV 2)/( 00    [As 

gyv 2 ] 

Due to this, the level of liquid in the container will decrease and so if 

the level of liquid in the container above the hole changes from y to dyy   

in time t to dtt   then dyAdV   

So substituting this value of dV  in the above equation  
   

gyA
dt

dy
A 20   

i.e., dyy
gA

A
dt 

 2/1

0 2

1
 

So the time taken for the level to fall from H to H   

][
2

2 0

2/1

0

HH
gA

A
dyy

gA

A
t

H

H




 


  

If the hole is at the bottom of the tank, time t to make the tank empty 
:  

g

H

A

A
t

2

0

     [As here 0H ] 

Viscosity and Newton's law of Viscous Force. 

In case of steady flow of a fluid when a layer of fluid slips or tends 

to slip on adjacent layers in contact, the two layer exert tangential force on 
each other which tries to destroy the relative motion between them. The 
property of a fluid due to which it opposes the relative motion between its 
different layers is called viscosity (or fluid friction or internal friction) and 
the force between the layers opposing the relative motion is called viscous 
force.  

 

 

 

 

 

Consider the two layers CD and MN of the liquid at distances x and 
x + dx from the fixed surface AB, having the velocities v and v + dv 

respectively. Then 
dx

dv
 denotes the rate of change of velocity with distance 

and is known as velocity gradient.  

 

 

 

 

 

 

 

According to Newton's hypothesis, the tangential force F acting on a 
plane parallel layer is proportional to the area of the plane A and the 

velocity gradient 
dx

dv
 in a direction normal to the layer, i.e., 

AF       and     
dx

dv
F       

 
dx

dv
AF   

or  
dx

dv
AF   

Where  is a constant called the coefficient of viscosity. Negative 

sign is employed because viscous force acts in a direction opposite to the 

flow of liquid. 

If  1,1 
dx

dv
A  then  = F. 

Hence the coefficient of viscosity is defined as the viscous force 

acting per unit area between two layers moving with unit velocity gradient.  

(1) Units :  dyne-s-cm–2 or Poise (C.G.S. system);  Newton-s-

m–2 or Poiseuille or decapoise (S.I. system) 

1 Poiseuille = 1 decapoise = 10 Poise 

(2) Dimension : [ML–1 T–1]  

(3) Viscosity of liquid is much greater (about 100 times more) than 

that of gases i.e. GL     

Example : Viscosity of water = 0.01 Poise. 

While of air = 200  Poise 
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(4) With increase in pressure, the viscosity of liquids (except water) 

increases while that of gases is practically independent of pressure. The 

viscosity of water decreases with increase in pressure.  

(5) Difference between viscosity and solid friction : Viscosity differs 

from the solid friction in the respect that the viscous force acting between 

two layers of the liquid depends upon the area of the layers, the relative 

velocity of two layers and distance between two layers, but the friction 

between two solid surfaces is independent of the area of surfaces in contact 

and the relative velocity between them.  

(6) From kinetic theory point of view viscosity represents transport 

of momentum, while diffusion and conduction represents transport of mass 

and energy respectively. 

(7) The viscosity of thick liquids like honey, glycerin, coaltar etc. is 

more than that of thin liquids like water.  

(8) The cause of viscosity in liquids is cohesive forces among molecules 

where as in gases, it is due to diffusion. 

(9) The viscosity of gases increases with increase of temperature, 

because on increasing temperature the rate of diffusion increases. 

(10) The viscosity of liquid decreases with increase of temperature, 

because the cohesive force between the liquid molecules decreases with 

increase of temperature  

Relation between coefficient of viscosity and temperature; Andrade 

formula  = 
3/1

/



 TCeA
 

Where T= Absolute temperature of liquid,  = density of liquid, A 

and C are constants. 

Stoke's Law and Terminal Velocity 

When a body moves through a fluid, the fluid in contact with the 

body is dragged with it. This establishes relative motion in fluid layers near 

the body, due to which viscous force starts operating. The fluid exerts 

viscous force on the body to oppose its motion. The magnitude of the 

viscous force depends on the shape and size of the body, its speed and the 

viscosity of the fluid. Stokes established that if a sphere of radius r moves 

with velocity v through a fluid of viscosity , the viscous force opposing the 

motion of the sphere is  

F = 6rv  

This law is called Stokes law. 

If a spherical body of radius r is dropped in a viscous fluid, it is first 

accelerated and then it's acceleration becomes zero and it attains a constant 

velocity called terminal velocity. 

 

 

 

 

 

Force on the body  

(i) Weight of the body (W) = mg  

= (volume × density) × g gr  3

3

4
  

(ii) Upward thrust (T) = weight of the fluid displaced  

   = (volume × density) of the fluid × g = gr  3

3

4
 

(iii) Viscous force (F) = rv6  

When the body attains terminal velocity the net force acting on the 

body is zero. W–T–F =0  or  F= W – T  

 grgrrv  33

3

4

3

4
6  gr )(

3

4 3    

  Terminal velocity 


 gr
v

)(

9

2 2 
  

(i) Terminal velocity depend on the radius of the sphere so if radius 

is made n - fold, terminal velocity will become n2 times.  

(ii) Greater the density of solid greater will be the terminal velocity  

(iii) Greater the density and viscosity of the fluid lesser will be the 

terminal velocity. 

(iv) If  >  then terminal velocity will be positive and hence the 

spherical body will attain constant velocity in downward direction. 

(v) If  <   then terminal velocity will be negative and hence the 

spherical body will attain constant velocity in upward direction. Example : 

Air bubble in a liquid and clouds in sky.  

(vi) Terminal velocity graph : 

 

 

 

 

 

 

Poiseuille’s Formula 

Poiseuille studied the stream-line flow of liquid in capillary tubes. He 
found that if a pressure difference (P) is maintained across the two ends of 
a capillary tube of length 'l ' and radius r, then the volume of liquid coming 

out of the tube per second is  

 

 

 

 
 

(i) Directly proportional to the pressure difference (P). 

(ii) Directly proportional to the fourth power of radius (r) of the 
capillary tube 

(iii) Inversely proportional to the coefficient of viscosity () of the 

liquid. 

(iv) Inversely proportional to the length (l) of the capillary tube. 

i.e.   
l

rP
V



4

  or 
l

rKP
V



4

  

  
l

rP
V





8

4

   

 [Where 
8


K  is the constant of proportionality]  

This is known as Poiseuille's equation. 

This equation also can be written as,   

R

P
V   where 

4

8

r

l
R
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R is called as liquid resistance.  

(1) Series combination of tubes  

 

 

 

(i) When two tubes of length l
1

 , l
2

 and radii r
1

 r
2

 are connected in 
series across a pressure difference P,  

Then  P = P
1

+P
2

    …(i)  

Where P
1

 and P
2

 are the pressure difference across the first and 

second tube respectively  

(ii) The volume of liquid flowing through both the tubes i.e. rate of 
flow of liquid is same.  

Therefore 21 VVV   

i.e.,  
2

4
22

1

4
11

88 l

rP

l

rP
V








    …(ii) 

Substituting the value of P
1

 and P
2

 from equation (ii) to equation (i) 
we get 

21 PPP 
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4
1

1 88
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Where R
1

 and R
2

 are the liquid resistance in tubes 

(iii) Effective liquid resistance in series combination 21 RRReff   

(2) Parallel combination of tubes  

 

 

 

 
 

(i) P = P
1 

= P
2

 

(ii) V= V
1

+V
2
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(iii) Effective liquid resistance in parallel combination  

21

111

RRReff

  or 
21

21

RR

RR
Reff


  

 
 
 
 
 
 

 

 When a liquid is in equilibrium, the force acting on its surface is 

perpendicular everywhere. 

 In a liquid, the pressure is same at the same horizontal level. 

 Pressure at any point is same in all directions. 

 The pressure is perpendicular to the surface of the fluid. 

 The pressure at any point in the liquid depends on depth (h) below 

the surface, density of liquid and acceleration due to gravity. 

It is independent of the shape of the containing vessel, or total mass of 

the liquid. 

 Force is a vector quantity but pressure is a tensor quantity 

 Pressure and density play the same role in case of fluids as force 

and mass play in case of solids. 

 Bar and millibar are commonly used units for pressure in 

meteorology. 

 Sudden fall in atmospheric pressure predicts possibility of a storm. 

 Water barometer was constructed in 17th century by Von Guericke 

and fixed on the outside wall of his house. With the help of this 

barometer Von Guericke made the first recorded scientific weather 

forecast. He correctly predicted the severe storm after noting a sudden 

fall in the height of the water column. 

 The specific gravity is also known as relative density. Thus, S.G. of a 

substance 
)4 (atof water  density

substancetheofdensity

C
  

 If the specific gravity of the material of a body is x, then its density 

is  

(I) x g cm–3 in C.G.S. 

(Ii) x × 103 kg m–3 in SI. 

 The number of moles in a sample of any substance containing N 

molecules is given by  

 = 
AN

N
 

 The force between atoms and molecules is electrical in nature. 

However, it does not obey inverse square law. 

 If two liquids of masses m
1

, m
2

 and densities 
1

, 
2

 are mixed 

together, then the density of the mixture is given by 

2

2

1

1

21




mm

mm




  

 If two liquids of same mass but different densities are mixed 

together, then the density of the mixture is harmonic mean of the 

densities. That is 

21

212







  or 










21

11

2

11


 

 It two drops of same volume but different densities are mixed 

together, then the density of the mixture is arithmetic mean of the 

l1 

l2 

Fig. 11.31 

l1 l2 

Fig. 11.30 
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densities. That is 
2

21 



  

 The density of the liquid changes with pressure as follows : 








 


B

p
10 where p  change in pressure and B is the bulk 

modulus. 

 The density of a liquid of bulk modules B at depth h is given 











B

gh
d


 10  

Where   is the average density of the liquid. 

 The hydrometer can be used to measure density of the liquid or 

fluid. 

 If a vessel contains liquid upto a height H and it has a hole in the 

side at a height h, then the velocity of efflux is )(2 hHgv  . The 

time taken by the liquid to reach the ground level is ght /2 . 

Horizontal range of the liquid 
2/1)]([2 hHhR  . The range is same 

for the hole at a height h above the bottom or at the depth h below the 

surface of the liquid. 

The range is maximum for 2/Hh  . It is given by : 

H
H

H
H

R 


























2/1

max
22

2  

 The cross-section of the water stream from a tap decreases as it 

goes down in accordance with the equation of continuity. 

 The upthrust on body immersed in a liquid does not depend on the 

mass, density or shape of the body. It only depends on the volume of the 

body. 

 The weight of the plastic bag full of air is same as that of the 

empty bag because the upthrust is equal to the weight of the air 

enclosed. 

 Upthrust depends on the density of the fluid, not the density of the 

body. 

 If two bodies have equal upthrust in a liquid, both have the same 

volume. 

 When air blows over a roof, the force on the roof is upwards. 

 If one floats one’s back on the surface of water, the apparent 

weight is zero. 

 If a body just floats in liquid (density of the body is equal to the 

density of liquid) then the body sinks if it is pushed downwards. 

 The line joining the centre of gravity and centre of buoyancy is 

called central line. 

 The point where the vertical line through centre of huoyancy 

intersects the central line is called metacentre.  

 The floating body is in stable equilibrium where the metacentre is 

above the centre of gravity. (Centre of gravity is below the centre of 

buoyancy)  

 The floating body is in unstable equilibrium when the metancetre 

lies below the centre of gravity. (Centre of gravity is above the centre of 

buoyancy). 

 The floating body is in the neutral equilibrium when centre of 

gravity coincides with the metacentre. (Centre of gravity coincides with 

the centre of buoyancy). 

 The wooden rod cannot float vertically in a pond of water because 

centre of gravity lies above the metacentre. 

 Air bubble in water always goes up. It is because density of air () 

is less than the density of water (). So the terminal velocity for air 

bubble is negative, which implies that the air bubble will go up. Positive 

terminal velocity means the body will fall down. 

 The faster the air, the lower the pressure. 

 Wings of an aeroplane are shaped to make air travel further and 

faster over their top surfaces. 

 The lift force on a wing or aerofoil is proportional to the square of 

the speed of flow. 

 Viscous force between the layers of a liquid is analogous to friction 

between two solid surfaces. 

 With increase in temperature, the coefficient of viscosity of liquids 

decreases but that of gases increases. The reason is that as temperature 

rises, the atoms of the liquid become more mobile, whereas in case of a 

gas, the collision frequency of atoms increases as their motion becomes 

more random. 

 We cannot sip a drink with a straw on the moon because there is 

no atmosphere on the moon. 
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Pressure and Density 
 

1. If pressure at half the depth of a lake is equal to 2/3 pressure at the 
bottom of the lake then what is the depth of the lake 

[RPET 2000] 

 (a) 10 m (b) 20 m  

 (c) 60 m (d) 30 m 

2. Two bodies are in equilibrium when suspended in water from the 

arms of a balance. The mass of one body is 36 g and its density is 9 
g / cm3. If the mass of the other is 48 g, its density in g / cm3 is    [CBSE PMT 1994] 

 (a) 
3

4
 (b) 

2

3
  

 (c) 3 (d) 5 

3. An inverted bell lying at the bottom of a lake 47.6 m deep has 50 

cm3 of air trapped in it. The bell is brought to the surface of the 
lake. The volume of the trapped air will be (atmospheric pressure = 
70 cm of Hg and density of Hg = 13.6 g/cm3)   [CPMT 1989] 

 (a) 350 cm3 (b) 300 cm3  

 (c) 250 cm3 (d) 22 cm3  

4. A uniformly tapering vessel is filled with a liquid of density 900 

kg/m3. The force that acts on the base of the vessel due to the liquid 

is )10( 2 msg  

 (a) 3.6 N 

 (b) 7.2 N 

 (c) 9.0 N 

 (d) 14.4 N  

5. A siphon in use is demonstrated in the following figure. The density 
of the liquid flowing in siphon is 1.5 gm/cc. The pressure difference 
between the point P and S will be  

 

 

 (a) 105 N/m 

 (b) 2 × 105 N/m 

 (c) Zero 

 (d) Infinity 

6. The height of a mercury barometer is 75 cm at sea level and 50 cm 

at the top of a hill. Ratio of density of mercury to that of air is 10 4. 
The height of the hill is  

 (a) 250 m (b) 2.5 km 

 (c) 1.25 km (d) 750 m 

7. Density of ice is   and that of water is  . What will be the 

decrease in volume when a mass M of ice melts 

 (a) 
 

M
 (b) 

M

 
  

 (c) 










11
M  (d) 











111

M
 

8. Equal masses of water and a liquid of density 2 are mixed together, 
then the mixture has a density of  

 (a) 2/3 (b) 4/3 

 (c) 3/2 (d) 3 

9. A body of density 1d is counterpoised by Mg  of weights of density 

2d  in air of density d. Then the true mass of the body is  

 (a) M (b) 














2

1
d

d
M   

 (c) 














1

1
d

d
M  (d) 

)/1(

)/1(

1

2

dd

ddM




 

10. The pressure at the bottom of a tank  containing a liquid does not 

depend on    [Kerala (Engg.) 2002] 

 (a) Acceleration due to gravity  

 (b) Height of the liquid column 

 (c) Area of the bottom surface  

 (d) Nature of the liquid 

11. When a large bubble rises from the bottom of a lake to the surface. 

Its radius doubles. If atmospheric pressure is equal to that of column 
of water height H, then the depth of lake is 

[AIIMS 1995; AFMC 1997] 

 (a) H (b) 2H  

 (c) 7H (d) 8H 

12. The volume of an air bubble becomes three times as it rises from 
the bottom of a lake to its surface. Assuming atmospheric pressure 
to be 75 cm of Hg and the density of water to be 1/10 of the density 
of mercury, the depth of the lake is   [AMU 1995] 

 (a) 5 m (b) 10 m  

 (c) 15 m (d) 20 m 

13. The value of g at a place decreases by 2%. The barometric height of 
mercury  

 (a) Increases by 2%  

 (b) Decreases by 2% 

 (c) Remains unchanged 

 (d) Sometimes increases and sometimes decreases 

14. A barometer kept in a stationary elevator reads 76 cm. If the 

elevator starts accelerating up the reading will be 

 (a) Zero (b) Equal to 76 cm  

 (c) More than 76 cm (d) Less than 76 cm 

15. A closed rectangular tank is completely filled with water and is 

accelerated horizontally with an acceleration a towards right. 
Pressure is (i) maximum at, and (ii) minimum at 
 

 (a) (i) B (ii) D  

 (b) (i) C (ii) D  

 (c) (i) B (ii) C 

 (d) (i) B (ii) A 

16. A beaker containing a liquid is kept inside a big closed jar. If the air 
inside the jar is continuously pumped out, the pressure in the liquid 
near the bottom of the liquid will  

 (a) Increases  

 (b) Decreases  

 (c) Remain constant  

Area = 10–3m2 

0.4 m 

Area=2 × 10–3m2 

R Q 

10
 c

m
 

P 

S 

20 cm 

a 
A D 

B C 
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 (d) First decrease and then increase 

17. A barometer tube reads 76 cm of mercury. If the tube is gradually 

inclined at an angle of 60o with vertical, keeping the open end 
immersed in the mercury reservoir, the length of the mercury 
column will be 

 (a) 152 cm (b) 76 cm  

 (c) 38 cm (d) cm338  

18. The height to which a cylindrical vessel be filled with a 
homogeneous liquid, to make the average force with which the 

liquid presses the side of the vessel equal to the force exerted by the 
liquid on the bottom of the vessel, is equal to  

 (a) Half of the radius of the vessel   

 (b) Radius of the vessel 

 (c) One-fourth of the radius of the vessel  

 (d) Three-fourth of the radius of the vessel 

19. A vertical U-tube of uniform inner cross section contains mercury in 
both sides of its arms. A glycerin (density = 1.3 g/cm3) column of 
length 10 cm is introduced into one of its arms. Oil of density 0.8 
gm/cm3 is poured into the other arm until the upper surfaces of the 

oil and glycerin are in the same horizontal level. Find the length of 
the oil column, Density of mercury = 13.6 g/cm3 

 

 (a) 10.4 cm 

 (b) 8.2 cm 

 (c) 7.2 cm 

 (d) 9.6 cm  

20. A triangular lamina of area A and height h is immersed in a liquid of 

density   in a vertical plane with its base on the surface of the 

liquid. The thrust on the lamina is  

 (a) ghA
2

1
 (b) ghA

3

1
  

 (c) ghA
6

1
 (d) ghA

3

2
 

21. If two liquids of same masses but densities 1  and 2  respectively 

are mixed, then density of mixture is given by 

(a) 
2

21 



  (b) 

21

21

2 





   

(c) 
21

212







  (d) 

21

21







  

22. If two liquids of same volume but different densities 1   and 2  

are mixed, then density of mixture is given by  

 (a) 
2

21 



  (b) 

21

21

2 





  

 (c) 
21

212







  (d) 

21

21







  

23. The density   of water of bulk modulus B at a depth y in the 

ocean is related to the density at surface 0  by the relation 

 (a) 









B

gy0
0 1


  (b) 










B

gy0
0 1


  

 (c) 









hgy

Β

0

0 1


  (d) 









gy

B

0

0 1


  

24. With rise in temperature, density of a given body changes according 

to one of the following relations  

 (a) ]1[0  d  (b) ]1[0  d  

 (c)  d0  (d)  d/0  

25. Three liquids of densities dd 2,  and d3  are mixed in equal 

volumes. Then the density of the mixture is  

 (a) d (b) 2d 

 (c) 3d (d) 5d 

26. Three liquids of densities dd 2,  and d3  are mixed in equal 

proportions of weights. The relative density of the mixture is 

 (a) 
7

11d
 (b) 

11

18d
 

 (c) 
9

13d
 (d) 

18

23d
 

27. From the adjacent figure, the correct observation is 

[KCET 2005] 

 

 

 

 

 

 (a) The pressure on the bottom of tank (a) is greater than at the 
bottom of (b). 

 (b) The pressure on the bottom of the tank (a) is smaller than at 
the bottom of (b) 

 (c) The pressure depend on the shape of the container 

 (d) The pressure on the bottom of (a) and (b) is the same 

28. A given shaped glass tube having uniform cross section is filled with 

water and is mounted on a rotatable shaft as shown in figure. If the 

tube is rotated with a constant angular velocity  then   [AIIMS 2005] 

 
 

 
 
 
 

(a) Water levels in both sections A and B go up 

(b) Water level in Section A goes up and that in B comes down 

(c) Water level in Section A comes down and that in B it goes up 

(d) Water levels remains same in both sections 

29. Why the dam of water reservoir is thick at the bottom 

[AFMC 2005] 

 (a) Quantity of water increases with depth   

 (b) Density of water increases with depth  

 (c) Pressure of water increases with depth   

 (d) Temperature of water increases with depth 

30. Air is blown through a hole on a closed pipe containing liquid. Then 

the pressure will    [AFMC 2005] 

 (a) Increase on sides   

Mercury 

G
ly

ce
ri
n
e 

10 cm 

Oil h 

2L L 

A B 

Water Water 

(a) (b) 
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 (b) Increase downwards  

 (c) Increase in all directions  

 (d) Never increases 

31. Radius of an air bubble at the bottom of the lake is r and it becomes 

2r when the air bubbles rises to the top surface of the lake. If P cm 

of water be the atmospheric pressure, then the depth of the lake is   [Kerla PET 2005] 

 (a) 2p (b) 8p 

 (c) 4p (d) 7p 

 

Pascal's Law and Archmidies Principle 
 

1. An ice berg of density 900 Kg/m3 is floating in water of density 1000 

Kg/m3. The percentage of volume of ice-cube outside the water is   [CPMT 2004] 

 (a) 20% (b) 35%  

 (c) 10% (d)  25% 

2.  A log of wood of mass 120 Kg floats in water. The weight that can 

be put on the raft to make it just sink, should be (density of wood = 
600 Kg/m3)  [CPMT 2004] 

 (a) 80 Kg (b) 50 Kg  

 (c) 60 Kg (d) 30 Kg 

3. A hemispherical bowl just floats without sinking in a liquid of  
density 1.2 × 103kg/m3. If outer diameter and the density of the bowl 
are 1 m and 2 × 104 kg/m3 respectively, then the inner diameter of the 
bowl will be  [SCRA 1998] 

 (a) 0.94 m (b) 0.97 m  

 (c) 0.98 m (d) 0.99 m 

4. In making an alloy, a substance of specific gravity 1s  and mass 1m  

is mixed with another substance of specific gravity 2s  and mass 

2m ; then the specific gravity of the alloy is  

   [CPMT 1995] 

 (a) 

















21

21

ss

mm
 (b) 














 21

21

mm

ss
  

 (c) 















2

2

1

1

21

s

m

s

m

mm
 (d) 

21

2

2

1

1

mm

s

m

s

m















 

5. A concrete sphere of radius R has a cavity of radius r which is 

packed with sawdust. The specific gravities of concrete and sawdust 
are respectively 2.4 and 0.3 for this sphere to float with its entire 
volume submerged under water. Ratio of mass of concrete to mass 
of sawdust will be    [AIIMS 1995] 

 (a) 8 (b) 4  

 (c) 3 (d) Zero 

6. A metallic block of density 5 gm cm–3 and having dimensions 5 cm × 
5 cm × 5 cm is weighed in water. Its apparent weight will be 

 (a) 5 × 5 × 5 × 5 gf (b) 4 × 4 × 4 × 4 gf  

 (c) 5 × 4 × 4 × 4 gf (d) 4 × 5 × 5 × 5 gf  

7. A cubical block is floating in a liquid with half of its volume 

immersed in the liquid. When the whole system accelerates upwards 

with acceleration of g/3, the fraction of volume immersed in the 
liquid will be  

 (a) 
2

1
 

 (b) 
8

3
 

 (c) 
3

2
 

 (d) 
4

3
 

8. A silver ingot weighing 2.1 kg is held by a string so as to be 
completely immersed in a liquid of relative density 0.8. The relative 
density of silver is 10.5. The tension in the string in kg-wt is  

 (a) 1.6 (b) 1.94  

 (c) 3.1 (d) 5.25 

9. A sample of metal weighs 210 gm in air, 180 gm in water and 120 

gm in liquid. Then relative density (RD) of 

 (a) Metal is 3 (b) Metal is 7  

 (c) Liquid is 3 (d) Liquid is 
3

1
 

10. Two solids A and B float in water. It is observed that A floats with 
half its volume immersed and B floats with 2/3 of its volume 
immersed. Compare the densities of A and B  

 (a) 4 : 3 (b) 2 : 3  

 (c) 3 :  4 (d) 1 : 3 

11. The fraction of a floating object of volume 0V  and density 0d  

above the surface of a liquid of density d will be 

 (a) 
d

d0  (b) 
0

0

dd

dd


  

 (c) 
d

dd 0
 (d) 

0

0

dd

dd


 

12. Pressure applied to an enclosed fluid is transmitted undiminished to 
every portion of the fluid and the walls of the containing vessel. This 
law was first formulated by  

 (a) Bernoulli (b) Archimedes  

 (c) Boyle (d) Pascal 

13. A block of steel of size 5 cm × 5 cm × 5 cm is weighed in water. If 
the relative density of steel is 7, its apparent weight is    [AFMC 1997] 

 (a) 6 × 5 × 5 × 5 gf (b) 4 × 4 × 4 × 7 gf 

 (c) 5 × 5 × 5 × 7 gf (d) 4 × 4 × 4 × 6 gf 

14. A body is just floating on the surface of a liquid. The density of the 

body is same as that of the liquid. The body is slightly pushed down. 
What will happen to the body  [AIIMS 1980] 

 (a) It will slowly come back to its earlier position 

 (b) It will remain submerged, where it is left  

 (c) It will sink  

  (d) It will come out violently 

15. A cork is submerged in water by a spring attached to the bottom of 
a bowl. When the bowl is kept in an elevator moving with 
acceleration downwards, the length of spring 

 (a) Increases (b) Decreases  

 (c) Remains unchanged (d) None of these 

3

g
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16. A solid sphere of density  ( > 1) times lighter than water is 

suspended in a water tank by a string tied to its base as shown in 
fig. If the mass of the sphere is m then the tension in the string is 
given by  

 (a) mg








 



 1
 

 (b) mg  

 (c) 
1

mg
 

 (d) mg)1(   

17. A hollow sphere of volume V is floating on water surface with half 
immersed in it. What should be the minimum volume of water 
poured inside the sphere so that the sphere now sinks into the 
water 

 (a) 2/V  (b) 3/V   

 (c) 4/V  (d) V 

18. A rectangular block is 5 cm × 5 cm × 10cm in size. The block is 

floating in water with 5 cm side vertical. If it floats with 10 cm side 
vertical, what change will occur in the level of water? 

 (a) No change  

 (b) It will rise  

 (c) It will fall 

 (d) It may rise or fall depending on the density of block 

19. A ball whose density is 0.4 × 103 kg/m3 falls into water from a height 

of 9 cm . To what depth does the ball sink 

 (a) 9 cm (b) 6 cm  

 (c) 4.5 cm (d) 2.25 cm 

20. Two solids A and B  float in water. It is observed that A floats with 

2

1
 of its body immersed in water and B floats with 

4

1
 of its 

volume above the water level. The ratio of the density of A to that of 
B is 

 (a) 4 : 3 (b) 2 : 3 

 (c) 3 : 4 (d) 1 : 2 

21. A boat carrying steel balls is floating on the surface of water in a 
tank. If the balls are thrown into the tank one by one, how will it 
affect the level of water  [J&K CET 2005] 

 (a) It will remain unchanged  

 (b) It will rise  

 (c) It will fall  

 (d) First it will first rise and then fall 

22. Two pieces of metal when immersed in a liquid have equal upthrust 

on them; then  

 (a) Both pieces must have equal weights  

 (b) Both pieces must have equal densities 

 (c) Both pieces must have equal volumes  

 (d) Both are floating to the same depth 

23. A wooden cylinder floats vertically in water with half of its length 

immersed. The density of wood is 

 (a) Equal of that of water     

 (b) Half the density of water 

 (c) Double the density of water    

 (d) The question is incomplete 

24. A candle of diameter d is floating on a liquid in a cylindrical 
container of diameter D (D>>d) as shown in figure. If it is burning 
at the rate of 2cm/hour then the top of the candle will    [AIIMS 2005] 

 

 

(a) Remain at the same height 

(b) Fall at the rate of 1 cm/hour  

(c) Fall at the rate of  2 cm/hour 

(d) Go up the rate of 1cm/hour 

25. An ice block contains a glass ball when the ice melts within the 

water containing vessel, the level of water [AFMC 2005] 

 (a) Rises (b) Falls  

 (c) Unchanged  (d) First rises and then falls 

26. A large ship can float but a steel needle sinks because of  

[AFMC 2005] 

 (a) Viscosity  (b) Surface tension 

 (c) Density  (d) None of these 

27. Construction of submarines is based on [Kerala PMT 2005] 

(a) Archimedes’ principle  (b) Bernoulli’s theorem  

(c) Pascal’s law (d) Newton’s laws 

 

Fluid Flow 
 

1. In which one of the following cases will the liquid flow in a pipe be 

most streamlined   [Pb. CET 2005] 

 (a) Liquid of high viscosity and high density flowing through a 

pipe of small radius 

 (b) Liquid of high viscosity and low density flowing through a pipe 

of small radius 

 (c) Liquid of low viscosity and low density flowing through a pipe 

of large radius 

 (d) Liquid of low viscosity and high density flowing through a pipe 

of large radius 

2. Two water pipes of diameters 2 cm and 4 cm are connected with 

the main supply line. The velocity of flow of water in the pipe of 2 

cm diameter is   [MNR 1980] 

 (a) 4 times that in the other pipe 

 (b) 
4

1
 times that in the other pipe 

 (c) 2 times that in the other pipe  

 (d) 
2

1
 times that in the other pipe 

L 

L 

d 

D 
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3. An incompressible liquid flows through a horizontal tube as shown 
in the following fig. Then the velocity v of the fluid is 

    

 

 

 

 

 (a) 3.0 m/s (b) 1.5 m/s  

 (c) 1.0 m/s (d) 2.25 m/s 

4. Water enters through end A with speed 1v  and leaves through end 

B with speed 2v  of a cylindrical tube AB. The tube is always 

completely filled with water. In case I tube is horizontal and in case 
II it is vertical with end A upwards and in case III it is vertical with 

end B upwards. We have 21 vv   for 

 (a) Case I (b) Case II  

 (c) Case III (d) Each case 

5. Water is moving with a speed of 5.18 ms–1 through a pipe with a 
cross-sectional area of 4.20 cm2. The water gradually descends 9.66 
m as the pipe increase in area to 7.60 cm2. The speed of flow at the 
lower level is 

 (a) 3.0 ms–1 (b) 5.7 ms–1  

 (c) 3.82 ms–1 (d) 2.86 ms–1  

6. The velocity of kerosene oil in a horizontal pipe is 5 m/s. If 
2/10 smg   then the velocity head of oil will be  

 (a) 1.25 m (b) 12.5 m  

 (c) 0.125 m (d)  125 m 

7. In the following fig. is shown the flow of liquid through a horizontal 
pipe. Three tubes A, B and C are connected to the pipe. The radii of 
the tubes A, B and C at the junction are respectively 2 cm, 1 cm and 

2 cm. It can be said that the  

 

 

 
 

 

 
 

(a) Height of the liquid in the tube A is maximum 

 (b) Height of the liquid in the tubes A and B is the same 

 (c) Height of the liquid in all the three tubes is the same 

 (d)  Height of the liquid in the tubes A and C is the same 

8. A manometer connected to a closed tap reads 3.5 × 10 5 N/m2. When 
the valve is opened, the reading of manometer falls to 3.0 × 10 5 N/m2, 
then velocity of flow of water is  

 (a) 100 m/s (b) 10 m/s  

 (c) 1 m/s (d)  1010  m/s 

9. Air is streaming past a horizontal air plane wing such that its speed 
in 120 m/s over the upper surface and 90 m/s at the lower surface. If 
the density of air is 1.3 kg per metre3 and the wing is 10 m long and 
has an average width of 2 m, then the difference of the pressure on 

the two sides of the wing of 

 (a) 4095.0 Pascal (b) 409.50 Pascal  

 (c) 40.950 Pascal (d)  4.0950 Pascal 

10. A large tank filled with water to a height ‘h’ is to be emptied 
through a small hole at the bottom. The ratio of time taken for the 

level of water to fall from h to 
2

h
 and from 

2

h
 to zero is   [EAMCET (Engg.) 2003] 

 (a) 2  (b) 
2

1
  

 (c) 12   (d) 
12

1


 

11. A cylinder of height 20 m is completely filled with water. The 

velocity of efflux of water (in m/s) through a small hole on the side 
wall of the cylinder near its bottom is  

  [AIEEE 2002] 

 (a) 10 (b) 20 

 (c) 25.5 (d) 5 

12. There is a hole in the bottom of tank having water. If total pressure 
at bottom is 3 atm (1 atm = 105N/m2) then the velocity of water 
flowing from hole is [CPMT 2002] 

 (a) sm /400  (b) sm /600   

 (c) sm /60  (d) None of these 

13. There is a hole of area A at the bottom of cylindrical vessel. Water is 
filled up to a height h and water flows out in t second. If water is 
filled to a height 4h, it will flow out in time equal to   [MP PMT 1997] 

 (a) t (b) 4t  

 (c) 2 t (d) t/4 

14. A cylindrical tank has a hole of 1 cm2 in its bottom. If the water is 

allowed to flow into the tank from a tube above it at the rate of 70 
cm3/sec. then the maximum height up to which water can rise in the 
tank is 

 (a) 2.5 cm (b) 5 cm  

 (c) 10 cm (d) 0.25 cm 

15. A square plate of 0.1 m side moves parallel to a second plate with a 
velocity of 0.1 m/s, both plates being immersed in water. If the 
viscous force is 0.002 N and the coefficient of viscosity is 0.01 poise, 
distance between the plates in m is 

[EAMCET  (Med.) 2003] 

 (a) 0.1 (b) 0.05 

 (c) 0.005 (d) 0.0005 

16. Spherical balls of radius 'r' are falling in a viscous fluid of viscosity 

'' with a velocity 'v'. The retarding viscous force acting on the 

spherical ball is   [AIEEE 2004] 

 (a) Inversely proportional to 'r' but directly proportional to velocity 

'v' 

 (b) Directly proportional to both radius 'r' and velocity 'v' 

 (c) Inversely proportional to both radius 'r' and velocity 'v' 

 (d) Directly proportional to 'r' but inversely proportional to 'v' 

17. A small sphere of mass m is dropped from a great height. After it 
has fallen 100 m, it has attained its terminal velocity and continues 
to fall at that speed. The work done by air friction against the 
sphere during the first 100 m of fall is 

[MP PMT 1990] 

 (a) Greater than the work done by air friction in the second 100 m 

v1 = 3 m/s 

v2 = 1.5 m/s 

A 

A 

1.5 A 
v 

C 
B 

A 
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 (b) Less than the work done by air friction in the second 100 m 

 (c) Equal to 100 mg  

 (d) Greater than 100 mg 

18. Two drops of the same radius are falling through air with a steady 

velocity of 5 cm per sec. If the two drops coalesce, the terminal 
velocity would be   [MP PMT 1990] 

 (a) 10 cm per sec (b) 2.5 cm per sec  

 (c) cm3/1)4(5   per sec (d) cm25   per sec 

19. A ball of radius r and density  falls freely under gravity through a 

distance h before entering water. Velocity of ball does not change 

even on entering water. If viscosity of water is , the value of h is 

given by 

 (a) gr 








 



1

9

2 2  

 (b) gr 








 



 1

81

2 2  

 (c) gr

2

4 1

81

2









 




 

 (d) gr

2

4 1

9

2









 




 

20. The rate of steady volume flow of water through a capillary tube of 

length 'l' and radius 'r' under a pressure difference of P is V. This 
tube is connected with another tube of the same length but half the 
radius in series. Then the rate of steady volume flow through them 
is (The pressure difference across the combination is P)     [EAMCET (Engg.) 2003] 

 (a) 
16

V
 (b) 

17

V
 

 (c) 
17

16V
 (d) 

16

17V
 

21. A liquid is flowing in a horizontal uniform capillary tube under a 

constant pressure difference P. The value of pressure for which the 
rate of flow of the liquid is doubled when the radius and length both 
are doubled is  

[EAMCET 2001] 

 (a) P (b) 
4

3P
  

 (c) 
2

P
 (d) 

4

P
 

22. We have two (narrow) capillary tubes T
1

 and T
2

. Their lengths are l
1

 

and l
2

 and radii of cross-section are r
1

 and r
2

 respectively. The rate of 
flow of water under a pressure difference P through tube T

1

 is 
8cm3/sec. If l

1

 = 2l
2

 and r
1

 =r
2

, what will be the rate of flow when the 
two tubes are connected in series and pressure difference across the 
combination is same as before (= P) 

 (a) 4 cm3/sec (b) (16/3) cm3/sec 

 (c) (8/17) cm3/sec (d) None of these 

23. In a laminar flow the velocity of the liquid  in contact with the walls 

of the tube is 

 (a) Zero   

 (b) Maximum   

 (c) In between zero and maximum 

 (d) Equal to critical velocity 

24. In a turbulent flow, the velocity of the liquid molecules in contact 

with the walls of the tube is 

 (a) Zero  

 (b) Maximum  

 (c) Equal to critical velocity  

 (d) May have any value 

25. The Reynolds number of a flow is the ratio of  

 (a) Gravity to viscous force  

 (b) Gravity force to pressure force 

 (c) Inertia forces to viscous force 

 (d) Viscous forces to pressure forces 

26. Water is flowing through a tube of non-uniform cross-section ratio 
of the radius at entry and exit end of the pipe is 3 : 2. Then the 

ratio of velocities at entry and exit of liquid is 

[RPMT 2001] 

(a) 4 : 9 (b) 9 : 4 

(c) 8 : 27 (d) 1 : 1  

27. Water is flowing through a horizontal pipe of non-uniform cross-
section. At the extreme narrow portion of the pipe, the water will 
have   [MP PMT 1992] 

(a) Maximum speed and least pressure  

(b) Maximum pressure and least speed 

(c) Both pressure and speed maximum 

(d) Both pressure and speed least 

28. A liquid flows in a tube from left to right as shown in figure. 1A  

and 2A  are the cross-sections of the portions of the tube as shown. 

Then the ratio of speeds 21 / vv  will be 

(a) 21 / AA  

(b) 12 / AA  

(c) 12 / AA  

(d) 21 / AA  

29. In a streamline flow 

(a) The speed of a particle always remains same 

(b) The velocity of a particle always remains same 

(c) The kinetic energies of all the particles arriving at a given 

point are the same 

(d) The moments of all the particles arriving at a given point are 

the same 

30. An application of Bernoulli's equation for fluid flow is found in  [IIT-JEE (Screening) 1994] 

(a) Dynamic lift of an aeroplane  

(b) Viscosity meter 

(c) Capillary rise  

(d) Hydraulic press  

31. The Working of an atomizer depends upon  

h 

v2 

A2 

v1 

A1 
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[MP PMT 1992; AFMC 2005] 

(a) Bernoulli's theorem (b) Boyle's law 

(c) Archimedes principle (d)  Newton's law of motion 

32. The pans of a physical balance are in equilibrium. Air is blown 
under the right hand pan; then the right hand pan will 

(a) Move up  

(b) Move down 

(c) Move erratically  

(d)  Remain at the same level 

33. According to Bernoulli's equation  

 constant
2

1 2


g

v
h

g

P


 

The terms A, B and C are generally called respectively: 

(a) Gravitational head, pressure head and velocity head 

(b) Gravity, gravitational head and velocity head 

(c) Pressure head, gravitational head and velocity head 

(d) Gravity, pressure and velocity head 

34. At what speed the velocity head of a stream of water be equal to 40 

cm of Hg   

(a) 282.8 cm/sec (b) 432.6 cm/sec 

(c) 632.6 cm/sec (d)  832.6 cm/sec 

35. The weight of an aeroplane flying in air is balanced by  

(a) Upthrust of the air which will be equal to the weight of the air 

having the same volume as the plane 

(b) Force due to the pressure difference between the upper and 

lower surfaces of the wings, created by different air speeds on 

the surface 

(c) Vertical component of the thrust created by air currents 

striking the lower surface of the wings 

(d)  Force due to the reaction of gases ejected by the revolving 

propeller 

36. In this figure, an ideal liquid flows through the tube, which is of 

uniform cross-section. The liquid has velocities Av  and Bv , and 

pressure P
A

 and P
B

 at points A and B respectively  

 

(a) BA vv   

(b) AB vv   

(c) P
A

 = P
B

 

(d) P
B

 > P
A

  

37. A liquid flows through a horizontal tube. The velocities of the liquid 

in the two sections, which have areas of cross-section 1A  and 2A , 

are 1v  and 2v  respectively. The difference in the levels of the liquid 

in the two vertical tubes is h  

(a) The volume of the liquid flowing through the tube in unit 

time is 11vA   

(b) ghvv 212   

(c) ghvv 22
1

2
2   

(d)  The energy per unit mass of the liquid is the same in both 

sections of the tube 

38. A sniper fires a rifle bullet into a gasoline tank making a hole 53.0 m 

below the surface of gasoline. The tank was sealed at 3.10 atm. The 

stored gasoline has a density of 660 kgm–3. The velocity with which 

gasoline begins to shoot out of the hole is  

(a) 18.27 ms  (b) 10.41 ms  

(c) 16.9 ms  (d)  17.19 ms  

39. An L-shaped tube with a small orifice is held in a water stream as 
shown in fig. The upper end of the tube is 10.6 cm above the surface 
of water. What will be the height of the jet of water coming from 
the orifice? Velocity of water stream is 2.45 m/s    

(a) Zero 

(b) 20.0 cm 

(c) 10.6 cm 

 (d)  40.0 cm 

40. Fig. represents vertical sections of four wings moving horizontally in 
air. In which case the force is upwards  

     

(a)  (b)   

 

 

(c)  (d)   

 

41. An L-shaped glass tube is just 
immersed in flowing water such 
that its opening is pointing 
against flowing water. If the speed 

of water current is v, then 

(a) The water in the tube rises 

to height 
g

v

2

2

 

(b) The water in the tube rises to height 
22v

g
 

(c) The water in the tube does not rise at all  

(d)  None of these 

42. A tank is filled with water up to a height H. Water is allowed to 
come out of a hole P in one of the walls at a depth D below the 

surface of water. Express the horizontal distance x in terms of H and 
D  [MNR 1992; CPMT 2004] 

(a) )( DHDx   

(b) 
2

)( DHD
x


  

(c) )(2 DHDx   

2.45 m/s 

A 

B 

v
2 

A2 

h 

A1 v1 

v 

h 

H 

x 

D 
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(d) )(4 DHDx    

43. A cylindrical vessel of 90 cm height is kept filled upto the brim. It 
has four holes 1, 2, 3, 4 which are respectively at heights of 20 cm, 
30 cm, 45 cm and 50 cm from the horizontal floor PQ. The water 
falling at the maximum horizontal distance from the vessel comes 
from  

 [CPMT 1989] 

(a) Hole number 4 

(b) Hole number 3 

(c) Hole number 2 

(d) Hole number 1 

44. A rectangular vessel when full of water takes 10 minutes to be 
emptied through an orifice in its bottom. How much time will it 
take to be emptied when half filled with water 

(a) 9 minute (b) 7 minute 

(c) 5 minute (d)  3 minute 

45. A streamlined body falls through air from a height h  on the surface 

of a liquid. If d and D(D > d) represents the densities of the material 
of the body and liquid respectively, then the time after which the 
body will be instantaneously at rest, is 

(a) 
g

h2
 (b) 

d

D

g

h
.

2
 

(c) 
D

d

g

h
.

2
 (d) 









 dD

d

g

h2
 

46. A large tank is filled with water to a height H. A small hole is made 

at the base of the tank. It takes 1T  time to decrease the height of 

water to )1( 


H
; and it takes 2T  time to take out the rest of 

water. If 21 TT  , then the value of   is 

(a) 2 (b) 3 

(c) 4 (d) 22  

47. Velocity of water in a river is   [CBSE PMT 1988] 

(a) Same everywhere   

(b) More in the middle and less near its banks  

(c) Less in the middle and more near its banks   

(d) Increase from one bank to other bank 

48. As the temperature of water increases, its viscosity 

(a) Remains unchanged  

(b) Decreases 

(c) Increases  

(d) Increases or decreases depending on the external pressure 

49. The coefficient of viscosity for hot air is  

(a) Greater than the coefficient of viscosity for cold air  

(b) Smaller than the coefficient of viscosity for cold air 

(c) Same as the coefficient of viscosity for cold air 

(d) Increases or decreases depending on the external pressure  

50. A good lubricant should have  

(a) High viscosity (b) Low viscosity 

(c) Moderate viscosity (d) High density 

51. We have three beakers A, B and C containing glycerine, water and 

kerosene respectively. They are stirred vigorously and placed on a 
table. The liquid which comes to rest at the earliest is  

(a) Glycerine  

(b) Water  

(c) Kerosene  

(d) All of them at the same time  

52. A small drop of water falls from rest through a large height h in air; 
the final velocity is 

(a) h   

(b) h  

(c) )/1( h   

(d) Almost independent of h 

53. The rate of flow of liquid in a tube of radius r, length l, whose ends 

are maintained at a pressure difference P is 
l

rQP
V



 4

  where   

is coefficient of the viscosity and Q is  

[DCE 2002] 

(a) 8 (b) 
8

1
 

(c) 16 (d) 
16

1
 

54. In Poiseuilli's method of determination of coefficient of viscosity, the 
physical quantity that requires greater accuracy in measurement is     [EAMCET 2001] 

(a) Pressure difference    

(b) Volume of the liquid collected  

(c) Length of the capillary tube  

(d) Inner radius of the capillary tube 

55. Two capillary tubes of the same length but different radii r
1

 and r
2

 

are fitted in parallel to the bottom of a vessel. The pressure head is 
P. What should be the radius of a single tube that can replace the 
two tubes so that the rate of flow is same as before 

(a) 21 rr   (b) 2
2

2
1 rr   

(c) 4
2

4
1 rr   (d) None of these 

56. Two capillaries of same length and radii in the ratio 1 : 2 are 
connected in series. A liquid flows through them in streamlined 
condition. If the pressure across the two extreme ends of the 
combination is 1 m of water, the pressure difference across first 
capillary is  

(a) 9.4 m (b) 4.9 m 

(c) 0.49 m (d) 0.94 m 

57. Water flows in a streamlined manner through a capillary tube of 

radius a, the pressure difference being P and the rate of flow Q. If 
the radius is reduced to a/2 and the pressure increased to 2P, the 
rate of flow becomes 

 (a) Q4  (b) Q 

 (c) 
4

Q
 (d) 

8

Q
 

58. A viscous fluid is flowing through a cylindrical tube. The velocity 
distribution of the fluid is best represented by the diagram   [BCECE 2005] 

P Q 

1 

2 

3 

4 
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 (a)  (b)  

  

 

 (c)  (d) None of these 

 

59. Water is flowing in a pipe of diameter 4 cm with a velocity 3 m/s. 
The water then enters into a tube of diameter 2 cm. The velocity of 
water in the other pipe is [BCECE 2005]  

 (a) 3 m/s (b) 6 m/s 

 (c) 12 m/s (d) 8 m/s 

60. Two capillary of length L and 2L and of radius R and 2R are 

connected in series. The net rate of flow of fluid through them will 
be (given rate of the flow through single capillary, 

)8/4 LPRX     [DCE 2005] 

(a) X
9

8
 (b) X

8

9
 

(c) X
7

5
 (d) X

5

7
 

61. When a body falls in air, the resistance of air depends to a great 

extent on the shape of the body, 3 different shapes are given. 
Identify the combination of air resistances which truly represents the 
physical situation. (The cross sectional areas are the same).   [KCET 2005] 

 

 

 

 

 

 

(a) 1 < 2 < 3 (b) 2 < 3 < 1 

(c) 3 < 2 < 1 (d) 3 < 1 < 2 

62. Water falls from a tap, down the streamline  

[Orissa JEE 2005] 

(a) Area decreases (b) Area increases 

(c) Velocity remains same (d) Area remains same 

63. A manometer connected to a closed tap reads 5105.4   pascal. 
When the tap is opened the reading of the manometer falls to 

5104   pascal. Then the velocity of flow of water is    [Kerla PET 2005] 

(a) 7 1ms  (b) 8 1ms  

(c) 9 1ms  (d) 10 1ms  

64. What is the velocity v of a metallic ball of radius r falling in a tank 
of liquid at the instant when its acceleration is one-half that of a 

freely falling body ? (The densities of metal and of liquid are  and 

 respectively, and the viscosity of the liquid is ).   [Kerala PET 2005] 

(a) )2(
9

2





gr

 (b) )2(
9

2





gr

 

(c) )(
9

2





gr

 (d) )(
9

2 2





gr

 

65. Consider the following equation of Bernouilli’s theorem. 

KghVP   2

2

1
(constant) 

The dimensions of K/P are same as that of which of the following [AFMC 2005] 

 (a) Thrust  (b) Pressure  
 (c) Angle  (d) Viscosity  
66. An incompressible fluid flows steadily through a cylindrical pipe 

which has radius 2r at point A and radius r at B further along the 
flow direction. If the velocity at point A is v, its velocity at point B is 
   [Kerala PMT 2005] 
(a) 2v (b) v 

(c) v/2 (d) 4v 

 

 

 

 

1. A U-tube in which the cross-sectional area of the limb on the left is 

one quarter, the limb on the right contains mercury (density 13.6 

g/cm3). The level of mercury in the narrow limb is at a distance of 

36 cm from the upper end of the tube. What will be the rise in the 

level of mercury in the right limb if the left limb is filled to the top 

with water  

 

 (a) 1.2 cm 

 (b) 2.35 cm  

 (c) 0.56 cm 

 (d) 0.8 cm 

2. A homogeneous solid cylinder of length L )2/( HL  . Cross-

sectional area 5/A  is immersed such that it floats with its axis 

vertical at the liquid-liquid interface with length 4/L  in the denser 
liquid as shown in the fig. The lower density liquid is open to 

atmosphere having pressure 0P . Then density D of solid is given by   [IIT-JEE 1995] 

 (a) d
4

5
  

 (b) d
5

4
 

 (c) d  

 (d) 
5

d
 

3. A wooden block, with a coin placed on its top, floats in water as 

shown in fig. the distance l and h are shown there. After some time 

the coin falls into the water. Then 

[IIT-JEE (Screening) 2002] 

 

(a) l decreases and h increases 

 (b) l increases and h decreases 

 (c) Both l and h increase  

 (d) Both l  and h decrease 

4. A vessel contains oil (density = 0.8 gm/cm3) over mercury (density = 

13.6 gm/cm3). A homogeneous sphere floats with half of its volume 
immersed in mercury and the other half in oil. The density of the 
material of the sphere in gm/cm3 is     [IIT-JEE 1988] 

W
at

er
 

Mercury 

2d 

H/2 

H/2 

d 
3L/4 

L 

Coin 

l 

h 

R 

W 
(1) 

R 

W 
(2) 

R 

W 
(3) 

Disc Ball Cigar shaped 
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 (a) 3.3 (b) 6.4 

 (c) 7.2 (d) 12.8 

5. A body floats in a liquid contained in a beaker. The whole system as 

shown falls freely under gravity. The upthrust on the body due to 
the liquid is   

[IIT-JEE 1982] 

 

 

 

 (a) Zero 

 (b) Equal to the weight of the liquid displaced 

 (c) Equal to the weight of the body in air 

 (d) Equal to the weight of the immersed position of the body  

6. A liquid is kept in a cylindrical vessel which is being rotated about a 

vertical axis through the centre of the circular base. If the radius of 
the vessel is r and angular velocity of rotation is  , then the 

difference in the heights of the liquid at the centre of the vessel and 
the edge is 

 (a) 
g

r

2


 (b) 

g

r

2

22
 

 (c) gr2  (d)  
2

2

2gr


 

7. Water is filled in a cylindrical container to a height of 3m. The ratio 

of the cross-sectional area of the orifice and the beaker is 0.1. The 

square of the speed of the liquid coming out from the orifice is (g = 

10 m/s2)  [IIT JEE 2004] 

 (a) 50 m2/s2    

 (b) 50.5 m2/s2   

 (c) 51 m2/s2    

 (d) 52 m2/s2 

8. A large open tank has two holes in the wall. One is a square hole of 

side L at a depth y from the top and the other is a circular hole of 
radius R at a depth 4y from the top. When the tank is completely 
filled with water the quantities of water flowing out per second 
from both the holes are the same. Then R is equal to   [IIT-JEE (Screening) 2000] 

 (a) L2  (b) 
2

L
 

 (c) L  (d) 
2

L
 

9. A cylinder containing water up to a height of 25 cm has a hole of 

cross-section 2

4

1
cm  in its bottom. It is counterpoised in a 

balance. What is the initial change in the balancing weight when 
water begins to flow out 

 (a) Increase of 12.5 gm-wt  

 (b) Increase of 6.25 gm-wt  

 (c) Decrease of 12.5 gm-wt 

 (d) Decrease of 6.25 gm-wt 

10. There are two identical small holes of area of cross-section a on the 

opposite sides of a tank containing a liquid of density  . The 

difference in height between the holes is h. Tank is resting on a 
smooth horizontal surface. Horizontal force which will has to be 
applied on the tank to keep it in equilibrium is   

 (a) agh  

 (b) 
a

gh



2
 

 (c) agh2  

 (d) 
a

gh
 

11. Two communicating vessels contain mercury. The diameter of one 

vessel is n times larger than the diameter of the other. A column of 
water of height h is poured into the left vessel. The mercury level 
will rise in the right-hand vessel   (s = relative density of mercury 
and   = density of water) by 

 

 

 
 

 
 

 (a) 
sn

hn
2

2

)1( 
 (b) 

sn

h

)1( 2 
 

 (c) 
sn

h
2)1( 

 (d) 
sn

h
2

 

12. A uniform rod of density   is placed in a wide tank containing a 

liquid of density )( 00   . The depth of liquid in the tank is 

half the length of the rod. The rod is in equilibrium, with its lower 
end resting on the bottom of the tank. In this position the rod 

makes an angle   with the horizontal 

 (a)  /
2

1
sin 0  (b) 




 0.

2

1
sin   

 (c) 0/sin    (d)  /sin 0  

13. A block of ice floats on a liquid of density 1.2in a beaker then level 
of liquid when ice completely melt  

[IIT-JEE 1994] 

 (a) Remains same (b) Rises 

 (c) Lowers (d) (a), (b) or (c) 

14. A vessel of area of cross-section A has liquid to a height H. There is 
a hole at the bottom of vessel having area of cross-section a. The 

time taken to decrease the level from 1H  to 2H  will be  

 (a) ][
2

21 HH
ga

A
  (b) gh2  

 (c) )(2 21 HHgh   (d)  ][
2

21 HH
g

a

A
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1. A lead shot of 1mm diameter falls through a long column of 
glycerine. The variation of its velocity v. with distance covered is 
represented by   [AIIMS 2003] 

 

 

 (a)  (b)  

 

 

 

 

  

 (c)  (d)  

 

 
 

2. A small spherical solid ball is dropped from a great height in a 
viscous liquid. Its journey in the liquid is best described in the 
diagram given below by the   [CPMT 1988] 
 
(a) Curve A 

(b) Curve B 

(c) Curve C 

(d) Curve D 

3. The diagram shows a cup of tea seen from above. The tea has been 
stirred and is now rotating without turbulence. A graph showing 
the speed v with which the liquid is crossing points at a distance X 
from O along a radius XO would look like 

 

 

 

 

 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 
 

 

4. Water flows through a frictionless duct with a cross-section varying 
as shown in fig. Pressure p at points along the axis is represented 
by 

 
 

 

 

 

 (a)  (b)  

 
 

 

 

 (c)  (d)  

 

 

5. From amongst the following curves, which one shows the variation 
of the velocity v with time t for a small sized spherical body falling 
vertically in a long column of a viscous liquid    [CPMT 1990] 

 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

 

 

 

 
 
 
Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false. 
(e) If assertion is false but reason is true. 
 

 

1. Assertion  :  Pascal law is the working principle of a hydraulic 
lift. 

 Reason  : Pressure is equal to thrust per area. 

2. Assertion  :  The blood pressure in humans is greater at the feet 
than at the brain.  

Reason  : Pressure of liquid at any point is proportional to 
height, density of liquid and acceleration due to 
gravity. 

3. Assertion  :  Hydrostatic pressure is a vector quantity. 

 Reason  : Pressure is force divided by area, and force is a 
vector quantity. 

4. Assertion  :  To float, a body must displace liquid whose weight is 
greater than the actual weight of the body. 

Reason  : The body will experiences no net downward force, 

in the case of floating. 

5. Assertion  :  A man sitting in a boat which is floating on a pond. 
If the man drinks some water from the pond, the 

level of the water in the pond decreases. 

 Reason  : According to Archimede's principle the weight 
displaced by body is equal to the weight of the 
body. 

6. Assertion  :  A piece of ice floats in water, the level of water 
remains unchanged when the ice melts completely. 

Reason  : According to Archimede's principle, the loss in weight of 

the body in the liquid is equal to the weight of the liquid 
displaced by the immersed part of the body. 

7. Assertion  :  The velocity increases, when water flowing in 

broader pipe enter a narrow pipe. 
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Reason  : According to equation of continuity, product of 
area and velocity is constant. 

8. Assertion  :  The velocity of fall of a man jumping with a 

parachute first increases and then becomes 
constant. 

Reason  : The constant velocity of fall of man is called 

terminal velocity. 

9. Assertion  :  The velocity of flow of a liquid is smaller when 
pressure is larger and viceversa. 

Reason  : According to Bernoulli's theorem, for the stream 

line flow of an ideal liquid, the total energy per unit 
mass remains constant. 

10. Assertion  :  The shape of an automobile is so designed that its 
front resembles the stream line pattern of the fluid 
through which it moves.  

Reason  : The resistance offered by the fluid is maximum. 

11. Assertion  :  The size of the needle of a syninge controls flow 
rate better than the thumb pressure exerted by a 

doctor while administering an injection. 

Reason  : Flow rate is independent of pressure exerted by the 
thumb of the doctor. 

12. Assertion  :  A fluid flowing out of a small hole in a vessel apply 

a backward thrust on the vessel. 

Reason  : According to equation of continuity, the product of 
area and velocity remain constant. 

13. Assertion  :  For a floating body to be in stable equilibrium, its 

centre of buoyancy must be located above the 
centre of gravity.  

Reason  : The torque produced by the weight of the body and 
the upthrust will restore body back to its normal 
position, after the body is disturbed. 

14. Assertion  :  Water flows faster than honey. 

Reason  : The coefficient of viscosity of water is less than 
honey.  

15. Assertion  :  The viscosity of liquid increases rapidly with rise of 
temperature. 

Reason  : Viscosity of a liquid is the property of the liquid by 
virtue of which it opposes the relative motion 

amongst its different layers.  

16. Assertion  :  Aeroplanes are made to run on the runway before 
take off, so that they acquire the necessary lift. 

Reason  : According to Bernoulli's theorem, as velocity 

increases pressure decreases and viceversa. 

17. Assertion  :  Sudden fall of pressure at a place indicates strom. 

Reason  : Air flows from higher pressure to lower pressure. 

18. Assertion  :  Machine parts are jammed in winter. 

Reason  : The viscosity of lubricant used in machine parts 

increase at low temperature. 

19. Assertion  :  A block of wood is floating in a tank containing 
water. The apparent weight of the floating block is 
equal to zero. 

Reason  : Because the entire weight of the block is supported 

by the buoyant force (the upward thrust) due to 
water. 

20. Assertion  :  A rain drop after falling through some height 
attains a constant velocity.  

Reason  : At constant velocity, the viscous drag is just equal 
to its weight. 

21. Assertion  :  paper pins are made to have pointed end. 

Reason  : Because pointed pins have very smalll area due to 
which even for small applied force it exert large 
pressure on the surface. 

22. Assertion  :  Railways tracks are laid on small sized wooden 

sleepers. 

Reason  : Small sized wooden sleepers are used so that rails 
exert more pressure on the railway track. Due to 
which rail does not leave the track 

23. Assertion  :  It is difficult to stop bleeding from a cut in the 

body at high altitudes.  

Reason  : The atmospheric pressure at high altitude is lesser 
than the blood pressure.  

24. Assertion  :  To empty an oil tank, two holes are made. 

Reason  : Oil will come out two holes so it will emptied 
faster. 

25. Assertion  :  Terminal velocity is same as the critical velocity. 

Reason  : The constant velocity of fall of a body through a 
viscous fluid is called terminal velocity.  

26. Assertion  :  When two boats sails parallel in the same direction 
and close to each other, they are pulled towards 
each other.  

Reason  : The viscous drag on a spherical body moving with 
speed v is proportional to v. 

27. Assertion  :  Cars and aeroplanes are streamlined. 

Reason  : This is done to reduce the backward drag due to 

atmosphere. 

28. Assertion  :  Bernoulli's theorem holds for incompressible, non-
viscous fluids. 

Reason  : The factor 
g

v

2

2

 is called velocity head. 
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1 b 2 c 3 b 4 b 5 c 

6 b 7 c 8 b 9 d 10 c 

11 c 12 c 13 a 14 d 15 a 

16 b 17 a 18 b 19 d 20 b 

21 c 22 a 23 b 24 b 25 b 

26 b 27 d 28 a 29 c 30 c 

31 d         

 

Pascal's Law and Archmidies Principle 
 

1 c 2 a 3 c 4 c 5 b 

6 d 7 a 8 b 9 bc 10 c 

11 c 12 d 13 a 14 b 15 b 

16 d 17 a 18 a 19 b 20 b 

21 c 22 c 23 b 24 b 25 b 

26 d 27 a       
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Fluid Flow 
 

1 b 2 a 3 c 4 d 5 d 

6 a 7 d 8 b 9 a 10 c 

11 b 12 a 13 c 14 a 15 d 

16 b 17 b 18 c 19 c 20 b 

21 d 22 b 23 a 24 d 25 c 

26 a 27 a 28 b 29 a 30 a 

31 a 32 b 33 c 34 a 35 b 

36 ad 37 acd 38 b 39 b 40 a 

41 a 42 c 43 b 44 b 45 d 

46 c 47 b 48 b 49 a 50 a 

51 a 52 d 53 b 54 d 55 d 

56 d 57 d 58 c 59 c 60 a 

61 c 62 a 63 d 64 c 65 c 

66 d         

 

Critical Thinking Questions 
 

1 c 2 a 3 d 4 c 5 a 

6 b 7 a 8 b 9 c 10 c 

11 b 12 a 13 b 14 a   

 

Graphical Questions 
 

1 a 2 b 3 d 4 a 5 d 

 

Assertion and Reason 
 

1 b 2 a 3 e 4 c 5 e 

6 a 7 a 8 b 9 a 10 c 

11 c 12 a 13 a 14 a 15 e 

16 a 17 a 18 a 19 a 20 a 

21 a 22 d 23 a 24 c 25 e 

26 b 27 a 28 b     
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Pressure and Density 
 

1. (b) Pressure at bottom of the lake = ghP 0   

 Pressure at half the depth of a lake g
h

P 
2

0   

 According to given condition 

 )(
3

2

2

1
00 ghPghP     ghP 

6

1

3

1
0     

   m
g

P
h 20

1010

1022
3

5
0 







. 

2. (c) Apparent weight g
m

gV )()( 


   

 where  m   mass of the body,  

   density of the body   

   density of water  

 If two bodies are in equilibrium then their apparent 

weight must be equal. 

  )()( 2

2

2
1

1

1 






mm

  

     )1(
48

)19(
9

36
2

2

 


  

 By solving we get 32  . 

3. (b) According to Boyle's law, pressure and volume  are 

inversely proportional to each other i.e. 
V

P
1

   

 2211 VPVP    

  2010 )( VPVghP w    

1

0

2 1 V
P

gh
V w

















 

 1

2

2
10006.1370

10001106.47
1 VV


















      

 .30050)51( 33
2 cmcmV   

[As cmPP 7002   of Hg 10006.1370  ] 

4. (b) Force acting on the base   

 hdgAAPF  N2.7102109004.0 3    

5. (c) As the both points are at the surface of liquid and 
these points are in the open atmosphere. So both 

point possess similar pressure and equal to 1 atm. 

Hence the pressure difference will be zero. 

6. (b) Difference of pressure between sea level and the top of 

hill  

P ghh Hg  )( 21 gHg   210)5075(    …(i) 

 and pressure difference due to h meter of air   

 P = gh air              …(ii) 

 By equating (i) and (ii) we get  

 ggh Hgair    210)5075(  

 












 

air

Hg
h



21025 m2500101025 42     

  Height of the hill = 2.5 km.  

7. (c) Volume of ice 


M
 , volume of water 



M
   . 

  Change in volume 












11
M

MM
 

8. (b) If two liquid of equal masses and different densities 

are mixed together then density of mixture  

 
3

4

21

2122

21

21 











  

9. (d) Let 0M mass of body in vacuum. 

Apparent weight of the body in air = Apparent weight 

of standard weights in air 

  Actual weight – upthrust due to displaced air  

      = Actual weight  – upthrust due to displaced air 

  dg
d

M
Mgdg

d

M
gM 





























21

0
0























1

2

0

1

1

d

d

d

d
M

M  

10. (c) ghP   i.e.  pressure does not depend upon the area 

of bottom surface. 

11. (c) 2211 VPVP   3
0

3

4
)( rghP   = 3

0 )2(
3

4
rP   

Where, h = depth of lake 

 07Pgh   .77 H
g

gH
h 




 

12. (c) 2211 VPVP   VghP )( 0  = VP 30   

 02Pgh   

g

g
h






10

6.13

6.13752
= 15 m 

13. (a) 
g

P
h


  

g
h

1
  (P and  are constant) 

If value of g decreased by 2% then h will increase by 

2%. 

14. (d)  
g

P
h


  

g
h

1
 . If lift moves upward with some 

acceleration then effective g increases. So the value of 

h decreases i.e. reading will be less than 76 cm. 

15. (a)  

 

 

 
 

 Due to acceleration towards right, there will be a 
pseudo force in a left direction. So the pressure will 

P2V2 

(P1 V1) 

h 
 

a 
A D 

B C 
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be more on rear side (Points A and B) in comparison 

with front side (Point D and C). 

Also due to height of liquid column pressure will be 
more at the bottom (points B and C) in comparison 

with top (point A and D).  

So overall maximum pressure will be at point B and 

minimum pressure will be at point D. 

16. (b)  Total pressure at (near) bottom of the liquid  

 ghPP  0  

 As air is continuously pumped out from jar 

(container), 0P  decreases and hence P decreases. 

17. (a)  
l

h
60cos  

 
2/1

76

60cos





h
l  

  cml 152  

18. (b)  Pressure at the bottom = gh  

and pressure on the vertical surface = gh
2

1
 

Now, according to problem  

Force at the bottom = Force on the vertical surface 

 rhghrgh  2
2

12    h = r 

19. (d)  

 

 

 

 
 

 

 At the condition of equilibrium  

 Pressure at point A = Pressure at point B 

 BA PP   ghghg  6.13)10(8.03.110  

 By solving we get h = 9.7 cm 

20. (b) Thrust on lamina = pressure at centroid × Area 

                            = A
gh


3


= .

3

1
ghA  

21. (c) 





















21

21 11

22

 meTotal volu

massTotal 





m

m

VV

m
 

 
21

212







  

22. (a)  
 

V

V

V

mm

22 meTotal volu

massTotal 2121 






  

2

21  
  

23. (b)  Bulk modulus, 
B

p
VV

V

p
VB







 00  

  






 


B

p
VV 10  

  Density, 






 








 




B

p

B

p
11 0

1

0   

 where, ghppp 00    

 = pressure difference between depth and surface of 

ocean  

  









B

gy0
0 1


  (As h = y) 

24. (b) Since, with increase in temperature, volume of given 
body increases, while mass remains constant so that 

density will decrease.  

i.e. )1(
)1(/

/

0

00

00










rV

V

V

V

Vm

Vm
 

 )1(0    

25. (b)  mix = 
V

dddV

V

mmm

3

)32(

3

321 



= 2d. 

26. (b)  mix = 

d

m

d

m

d

m

m

VVV

m

32

33

321 




= dd
11

18

11

63



 

27. (d) Pressure = hg i.e. pressure at the bottom is 

independent of the area of the bottom of the tank. It 

depends on the height of water upto which the tank is 

filled with water. As in both the tanks, the levels of 

water are the same, pressure at the bottom is also the 

same. 

28. (a)  

29. (c) A torque is acting on the wall of the dam trying to 
make it topple. The bottom is made very broad so 

that the dam will be stable. 

30. (c)  

31. (d)  
  

Pascal's Law and Archmidies Principle 

 

1. (c)  Let the total volume of ice-berg is V and its density is 

. If this ice-berg floats in water with volume Vin  

inside it then gVgVin     VVin 












  [  density of water] 

 or VVVV inout 






 





  

  
10

1

1000

9001000











 






V

Vout   

  %10outV  of V 

2. (a)  Volume of log of wood 
600

120

density

mass
V =0.2 m3 

 Let x weight that can be put on the log of wood.  

 So weight of the body = Nx 10)120(   

Weight of displaced liquid  = NgV 10102.0 3    

The body will just sink in liquid if the weight of the 

body will be equal to the weight of displaced liquid. 

h 

60° 

Water 

h l 

Mercury 

G
ly

ce
ri

n
e 10 cm 

Oil h 

B A 

10–
h 
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 10102.010)120( 3  x  

200120  x   x = 80 kg 

3. (c) Weight of the bowl = mg  

 = gV g
dD


































33

223

4
 

where D = Outer diameter ,  

d = Inner diameter  

  = Density of bowl  

Weight of the liquid displaced by the bowl  

gV g
D



3

23

4








  

where   is the density of the liquid. 

 For the flotation  g
dD

g
D









































333

223

4

23

4
  

  4

33

3

3

102
22

1
102.1

2

1








































 d
 

By solving we get d = 0.98 m. 

4. (c) Specific gravity of alloy 
of water Density

alloyof  Density
  

 
of water   densityalloyof  Volume

 alloyof  Mass


  

w

mm

mm






















2

2

1

1

21

2

2

1

1

21

2

2

1

1

21

// s

m

s

m

mm

mm

mm

ww













  











of water density

 substanceof  density
 substanceof  gravityspecific  As  

5. (b) Let specific gravities of concrete and saw dust are 1  

and 2  respectively.  

According to principle of floatation weight of whole 

sphere = upthrust on the sphere  

gRgrgrR  1
3

4

3

4
)(

3

4 3
2

3
1

33   

 3
2

3
1

3
1

3 RrrR    

  )()1( 21
3

1
3   rR   

11

21

3

3










r

R
   

 
1

1

1

121

3

33












r

rR
 

 
2

1

1

2

2
3

1
33

1

1)(

































r

rR
 

 4
3.0

4.2

14.2

3.01

dust sawof  Mass

 concreteof  Mass













  

6. (d) Apparent weight  

 gV )(   ghbl  )15(  

 g 4555  Dyne = 5554   gf.  

7. (a) Fraction of volume immersed in the liquid VVin 












 

i.e. it depends upon the densities of the block and 

liquid. 

So there will be no change in it if system moves 

upward or downward with constant velocity or some 

acceleration. 

8. (b) Apparent weight g
M

gV )()( 


   

 gM 













1 gg 94.1

5.10

8.0
11.2 








 N 

 = 1.94 Kg-wt 

9. (b, c) Density of metal =  , Density of liquid =   

If V is the volume of sample then according to 

problem  

gV210   …(i) 

gV )1(180    …(ii) 

gV )(120    …(iii) 

By solving (i), (ii) and (iii) we get 7  and 3 . 

10. (c) If two different bodies A and B are floating in the 

same liquid then 
4

3

3/2

2/1

)(

)(


Bin

Ain

B

A

f

f




 

11. (c) For the floatation gdVgdV in00      
d

d
VVin

0
0  

  
d

d
VVVVV inout

0
000  







 


d

dd
V 0

0   

 .0

0 d

dd

V

Vout 
  

12. (d) 

13. (a)  Apparent weight = gV )(    

 = g)17(555  = gf5556   

14. (b) 

15. (b)  Effective weight )(' agmW   which is less than 

actual weight mg, so the length of spring decreases.  

16. (d) Tension in spring T = upthrust – weight of sphere 

 gVgV   gVgV    ) As(    

 gV )1(  = .)1( mg  

17. (a) When body (sphere) is half immersed, then  

upthrust = weight of sphere  

 gVg
V

 liq
2

  
2

liq
   

When body (sphere) is fully immersed then,  

Upthrust = wt. of sphere + wt. of water poured in sphere 

 gVgVgV  liqliq '    

 liq

liq

liq '
2




 


 V
V

V  
2

'
V

V   

18. (a) Since no change in volume of displaced water takes 

place, hence level of water remains same. 
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19. (b) The velocity of ball before entering the water surface  

 922  gghv  

 When ball enters into water, due to upthrust of water 
the velocity of ball decreases (or retarded) 

 The retardation, a = 
of ball mass

 weightapparent
 

 




V

gV )( 
g








 





g







 


4.0

14.0
g

2

3
  

 If h be the depth upto which ball sink, then,  

 hgv 









2

3
20 2  ghg 392   h = 6 cm. 

20. (b) Upthrust = weight of body  

For A, 
22

W
AAAW

A gVg
V 

   

For B, WBBBWB gVgV 
4

3

4

3
  

(Since 1/4 of volume of B is above the water surface) 

 
3

2

4/3

2/


W

W

B

A








 

21. (c) 

22. (c)  Since, up thrust (F) = gV  i.e. VF   

23. (b)  g
V

gV 
2

  
2


   ( = density of water) 

24. (b)  

25. (b)  

26. (d)  

27. (a)  
 

Fluid Flow 
 

1. (b) For streamline flow, Reynold's number 


r
NR   

should be less. For less value of RN , radius and 

density should be small and viscosity should be high. 

2. (a) cmdA 2 and cmdB 4  cmrA 1  and cmrB 2  

From equation of continuity,  av = constant  

 BA

A

B

A

B

B

A vv
r

r

a

a

v

v
4

1

2

)(

)(
2

2

2














 

3. (c) If the liquid is incompressible then mass of liquid 

entering through left end, should be equal to mass of 

liquid coming out from the right end. 

21 mmM      vAAvAv .5.121    

 vAAA .5.15.13    smv /1  

4. (d) This happens in accordance with equation of 

continuity and this equation was derived on the 

principle of conservation of mass and it is true in 

every case, either tube remain horizontal or vertical. 

5. (d) 2211 vava     

  smvv /86.260.718.520.4 22   

6. (a) Velocity head m
g

v
h 25.1

102

)5(

2

22




  

7. (d) As cross-section areas of both the tubes A and C are 
same and tube is horizontal. Hence according to 

equation of continuity CA vv   and therefore 

according to Bernoulli's theorem CA PP  i.e. height 

of liquid is same in both the tubes A and C. 

8. (b) Bernoulli's theorem for unit mass of liquid  

  2

2

1
v

P


 constant  

As the liquid starts flowing, it pressure energy 
decreases  



212

2

1 PP
v


 2

3

55
2

10

103105.3

2

1
vv 


  

smvv /10100
10

105.02 2

3

5




  

9. (a) From the Bernoulli's theorem  

 )(
2

1 2
1

2
221 vvPP   ])90()120[(3.1

2

1 22    

 2/4095 mN or Pascal 

10. (c) Time taken for the level to fall from H to 'H      

 '2

0

HH
gA

A
t   

According to problem- the time taken for the level to 

fall from h to 
2

h
     
















2

2

0

1

h
h

gA

A
t  

and similarly time taken for the level to fall from 
2

h
 

to zero    













 0

2

2

0

2

h

gA

A
t  

.12

0
2

1
2

1
1

2

1 






t

t
 

11. (b) smghv /20201022   

12. (a)  Pressure at the bottom of tank 
2

5103
m

N
ghP    

Pressure due to liquid column  

                                Pl  = 555 102101103   

 and velocity of water ghv 2  

sm
P

v l /400
10

10222
3

5







 

13. (c) Time required to emptied the tank 
g

H

A

A
t

2

0

  

   2
4

1

2

1

2 
h

h

H

H

t

t
  tt 22   
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14. (a) The height of water in the tank becomes maximum 
when the volume of water flowing into the tank per 

second becomes equal to the volume flowing out per 

second. 

Volume of water flowing out per second  

= Av ghA 2    …(i) 

Volume of water flowing in per second   

seccm /70 3    …(ii) 

From (i) and (ii) we get  

7021702  ghghA  

7098021  h  

 .5.2
1960

4900
cmh   

15. (d)  22 01.0)1.0( mA  ,  

decapoisePoise 001.001.0   (M.K.S. unit),  

 dv = 0.1 m/s and  F = 0.002 N 

dx

dv
AF      

m
F

Adv
dx 0005.0

002.0

1.001.0001.0






. 

16. (b) rvF 6  

17. (b)  In the first 100 m body starts from rest and its 
velocity goes on increasing and after 100 m it acquire 

maximum velocity (terminal velocity). Further, air 

friction i.e. viscous force which is proportional to 

velocity is low in the beginning and maximum at 

Tvv  .  

Hence work done against air friction in the first 100 

m is less than the work done in next 100 m. 

18. (c) If two drops of same radius r coalesce then radius of 

new drop is given by R 

333

3

4

3

4

3

4
rrR    rRrR 3/133 22     

If drop of radius r is falling in viscous medium then it 

acquire a critical velocity v and 2rv   

2
3/12

1

2 2
























r

r

r

R

v

v
  

 smvv /)4(5)5(22 3/13/2
1

3/2
2   

19. (c) Velocity of ball when it strikes the water surface 

ghv 2         …(i) 

Terminal velocity of ball inside the water 

 


 1

9

2 2 
 grv         …(ii) 

Equating  (i) and (ii) we get  )1(
9

2
2

2

 


gr
gh   

  grh

2

4 1

81

2









 





 

20. (b) Rate of flow of liquid 
R

P
V       

 where liquid resistance 
4

8

r

l
R




  

For another tube liquid resistance  

R
r

l

r

l
R 1616.

8

2

8
'

44



















 

For the series combination  

R

P

RR

P

RR

P
VNew

1716'






  

17

V
 . 

21. (d) From 
l

rP
V





8

4

   
4
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lV
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1

2

1

2

1

2
















r

r
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l

V
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P

P

4

1

2

1
22

4









  

  
44

1
2

PP
P  . 

22. (b) 
sec

8

8

Pr 34 cm

l
V 




 

For composite tube  

l

Pr

l
l

rP
V
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2

2
8

44

1 












sec3

16
8

3

2 3cm
          











2
or2 221

l
llll  

23. (a) 

24. (d) 

25. (c) 

26. (a)  If velocities of water at entry and exit points are v1 

and v2, then according to equation of continuity, 

  2211 vAvA   
9

4

3

2
22

1

2

1

2

2

1 























r

r

A

A

v

v
 

27. (a) 

28. (b) 

29. (a) 

30. (a) 

31. (a) 

32. (b) According to Bernoulli's theorem. 

33. (c) 

34. (a) h
g

v


2

2

 ghv 2  

  40102 3  = 21022  = scm/8.282  

35. (b) 

36. (a,d) 

37. (a,c,d) According to equation of continuity the volume of 
liquid flowing through the tube in unit time remains 

constant i.e.  ,2211 vAvA  hence option (a) is correct  

According to Bernoulli's theorem, 
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2
22

2
11

2

1

2

1
vPvP    

  2
1

2
221

2

1
vvPP     2

1
2
2

2

1
vvgh    

 ghvv 22
1

2
2    

Hence option (c) is correct. 

Also, according to Bernoulli's theorem option (d) is 

correct 

38. (b)  

 

 

 

 
 

 According to Bernoulli's theorem,  

  2

2

1
AAB vPghP     ) As( BA vv   

  2660
2

1
106605310.3 AvPP   

  55 10498.31001.11.2  2660
2

1
Av  

  25 660
2

1
10619.5 Av  

  
660

10619.52 5
Av = 41 m/s 

39. (b) According to Bernoulli's theorem, 
g

v
h

2

2

  

  cmh 4.31314.0
102

)45.2( 2




  

   Height of jet coming from orifice  

  = cm8.206.104.31   

40. (a) 

41. (a) 

42. (c) Time taken by water to reach the bottom  

  = 
g

DH
t

)(2 
  

  and velocity of water coming out of hole, gDv 2  

   Horizontal distance covered tvx   

  = 
g

DH
gD

)(2
2


 = )(2 DHD   

43. (b)  Horizontal range will be maximum when 
2

90

2


H
h  

= 45 cm i.e. hole 3. 

44. (b) Time taken to be emptied for h height, 
g

h
t

2
   

and for 
2

h
 height, 

g

h

g

h
t 

2/2
'  

 minute
t

t
t

t
7

2

10

2
'

2

1'
  

45. (d)  Upthrust – weight of body = apparent weight  

  ,VdaVdgVDg    

  Where a = retardation of body  g
d

dD
a 







 
  

  The velocity gained after fall from h height in air, 

ghv 2  

  Hence, time to come in rest,  

  
)(

2

)(

2

dD

d

g

h

gdD

dgh

a

v
t







  

46. (c)   21

2
HH

ga

A
t   

Now, 

















H
H

ga

A
T

2
1   

and 













 0

2
2



H

ga

A
T  

According to problem 21 TT   

 0


HH
H  42  



H
H  

47. (b) 

48. (b) 

49. (a) 

50. (a) 

51. (a) 

52. (d) 

53. (b) 

54. (d) 

55. (d) 21 VVV   

   
l

Pr

l

Pr

l

Prπ 4
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4
2

4
1   4

2
4

1
4 rrr   

   4/14
2

4
1 )( rrr   

56. (d) Given, ,121  ll and 
2

1

2

1 
r

r
 

  
l

rP

l

rP
V
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4
11   16

4

1

2
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r

r

P

P
 

   21 16PP   

  Since both tubes are connected  in series, hence 

pressure difference across combination, 

  21 PPP   1 = 
16

1
1

P
P    mP 94.0

17

16
1   

57. (d) 
l

pr
V





8

4

   4rPV   ( l and  are constants) 

   

4

1

2

1

2

1
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58. (c) 

A h = 53 m 

B 

vA 

PB=3.10 atm 

PA=1.0 atm 
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59. (c) 2211 vava    

2

2

1

2

1

1

2
















r

r

a

a

v

v
 

  2
2 )2(3 v = 12 m/s 

60. (a) Fluid resistance is given by .
8

4r

l
R




   

 When two capillary tubes of same size are joined in 
parallel, then equivalent fluid resistance is  

 
8

98

)2(

288
44421 












r

L

R

L

r

L
RRRe












 

 Equivalent resistance becomes 
8

9
times so rate of 

flow will be X
9

8
 

61. (c) A stream lined body has less resistance due to air. 

62. (a)  

63. (d) 
g

v

g

PP

2

2
21 




  

g

v

g 210

104105.4 2

3

55





 v=10m/s 

64. (c) 

65. (c) 

66. (d) 
 

Critical Thinking Questions 
 

1. (c) If the rise of level in the right limb be x cm. the fall of 
level of mercury in left limb be 4x cm because the 

area of cross section of right limb is 4 times as that of 

left limb. 

 Level of water in left limb is (36 + 4x) cm. 

 

 

 

 

 

 

Now equating pressure at interface of Hg and water (at A' 

B') 

gxgx  6.1351)436(  

By solving we get x = 0.56 cm.  

2. (a) Weight of cylinder = upthrust due to both liquids  

 gd
LA

gdL
A

gDV 
















 2

454

3

5
  

 
45

gdLA
gDL

A 









 

45

dD
  dD

4

5
  

3. (d) As the block moves up with the fall of coin, l decreases, 
similarly h will also decrease because when the coin is 

in water, it displaces water equal to its own volume 

only. 

4. (c)  

 

 

 
 

 

 

 

 As the sphere floats in the liquid. Therefore its weight 

will be equal to the upthrust force on it  

Weight of sphere  

gR  3

3

4
                  …(i)         ...... (i) 

Upthrust due to oil and mercury  

gRgR Hgoil  33

3

2

3

2
    …(ii) 

Equating (i) and (ii)  

gRgRgR 6.13
3

2
8.0

3

2

3

4 333  

2.74.146.138.02    

5. (a) Upthrust )(liquid agV      

 where, a = downward acceleration,   

 V = volume of liquid displaced  

But for free fall a = g   Upthrust = 0 

6. (b) From Bernoulli's theorem,  

 BBBAAA dghdvPdghdvP  22

2

1

2

1
 

Here,  BA hh     

22

2

1

2

1
BBAA dvPdvP    

 ][
2

1 22
ABBA vvdPP   

Now,  rvv BA  ,0  and hdgPP BA   

22

2

1
drhdg   or 

g

r
h

2

22
  

7. (a) Let A = cross-section of tank 

 a = cross-section hole  

V = velocity with which level decreases 

v = velocity of efflux 

 

 

 

 

 

From equation of continuity  
A

av
VAVav     

By using Bernoulli's theorem for energy per unit 

volume  

Energy per unit volume at point A  

                            = Energy per unit volume at point B 

22

2

1
0

2

1
vPVghP     

 2

22

2 sec)/(50
)1.0(1

)525.03(102

1

2
m

A

a

gh
v 
















  

8. (b) Velocity of efflux when the hole is at depth h, 

ghv 2  

A B A B 
4x 

A' B ' 

x 

r A 

 

B 

h 

Oil 

Mercur
y 

3m 

52.5 cm 

A 

B 
v 
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Rate of flow of water from square hole  

111 vaQ  = gyL 22  

Rate of flow of water from circular hole  

222 vaQ  = )4(22 ygR  

According to problem 21 QQ   

  )4(22 22 ygRgyL   
2

L
R   

9. (c) Let A = The area of cross section of the hole  

 v = Initial velocity of efflux 

 d = Density of water,  

Initial volume of water flowing out per second = Av 

Initial mass of water flowing out per second = Avd 

Rate of change of momentum = Adv2      

Initial downward force on the flowing out water = 

Adv2 

So equal amount of reaction acts upwards on the 

cylinder.   

 Initial upward reaction =
2Adv    [As  ghv 2 ] 

  Initial decrease in weight )2( ghAd  

Adgh2 5.12259801
4

1
2 








  gm-wt. 

10. (c)  

 

 

 

 

 Net force (reaction) = AB FFF 
dt

dp

dt

dp AB   

                               AABB vavvav    

                          22
AB vvaF    …(i) 

 According to Bernoulli's theorem  

 0
2

1

2

1 22  BBAA vpghvp   

    ghvv AB   22

2

1
 ghvv AB 222   

 From equation (i), .2 ghaF   

11. (b)  

 

 

 

 
 

 If the level in narrow tube goes down by h1 then in 

wider tube goes up to h2,  

Now, 2
2

1
2 )( hnrhr    2

2
1 hnh   

Now, pressure at point A = pressure at point B 

ghhgh ')( 21    

 h = sghhn )( 22
2   











 '
As s   

sn

h
h

)1( 22


  

12. (a) Let L = PQ = length of rod 

  
2

L
SQSP   

 Weight of rod, gAlW  , acting 

 At point S 

 And force of buoyancy, 

 gAlFB 0 , [l = PR] 

 which acts at mid-point of PR. 

 For rotational equilibrium, 

  cos
2

cos
2

0

L
gAL

l
gAl    

  
0

2

2






L

l
  

0




L

l
 

 From figure, 



 0

2

1

2
sin 

l

L

l

h
  

13. (b) The volume of liquid displaced by floating ice 

L

D

M
V


  

Volume of water formed by melting ice, 
W

F

M
V


  

If ,1 W  then, 
WL

MM


 i.e. FD VV   

i.e. volume of liquid displaced by floating ice will be 
lesser than water formed and so the level if liquid will 

rise. 

14. (a)   
 

Graphical Questions 
 

1. (a)  

2. (b) 

3. (d) When we move from centre to circumference, the 
velocity of liquid goes on decreasing and finally 
becomes zero. 

4. (a) When cross-section of duct is decreased, the velocity 
of water increased and in accordance with Bernoulli’s 
theorem, the pressure P decreased at that place.  

5. (d) 

 

Assertion and Reason 

 

1 (b) According to Pascal's law, if gravity effect is 
neglected, the pressure at every point of liquid in 
equilibrium of rest is same. 

 

 

 

 

 

h 
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B 
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vB 
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h2 
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  21 PP   i.e. 
2

2

1

1

a

F

a

F
 or 1

1

2
2 F

a

a
F   

  As 12 aa    12 FF    

  This shows that small force (F1) applied on the 
smaller piston (of area a1) will be appearing as a very 
large force on the larger piston. 

2 (a) Height of the blood column in the human body is 
more at feet than at the brain. ghP  As , therefore 

the blood exerts more pressure at the feet than at the 
brain. 

3 (e)  Since due to applied force on liquid, the pressure is 
transmitted equally in all directions inside the liquid. 
That is why there is no fixed direction for the pressure 
due to liquid. Hence hydrostatic pressure is a scalar 
quantity. 

4 (c) Net force = actual weight – upthrust force 

               = Actual weight – Weight of liquid displaced.  

The body will rise above the surface of liquid to such 
an extent that the weight of the liquid displaced by 
the immersed part of the body (i.e. upward thrust) 
becomes equal to the weight of the body. Thus the 
body will float when upward thrust is more than its 
actual weight. In this special case the density of solid 
body is less than the density of liquid.  

5 (e) The level of water does not change. The reason is that 
on drinking the water (say m gm), the weight of man 
increases by m gm and hence water displaced by man 
increases by m gm, tending to raise the level. 
However, this much amount of water has already 
been consumed by the man. Therefore the level of 
pond remain same. 

6 (a)   

7 (a)  In a stream line flow of a liquid, according to 
equation of continuity av  constant.  

 Where a is the area of cross section and v is the 
velocity of liquid flow. When water flowing in a 
broader pipe enters a narrow pipe, the area of cross-
section of water decreases therefore the velocity of 
water increases. 

8 (b)  As a man jumps-out from a height in air with a 
parachute, its velocity increases first, because the 
gravity pull dominates the viscous drag and buoyancy 
of air which opposes the motion. As the velocity 
increases, the viscous drag of air also increases and 
soon a stage is reached where viscous drag and 
buoyancy of air balances the gravity pull. Then the 
man with a parachute falls with a constant velocity, 
called terminal velocity. 

9 (a) According to Bernoulli's theorem,  2

2

1
vP  a 

constant  

 i.e. when velocity is large, the pressure is less in a 
stream line flow of an ideal liquid through a 
horizontal tube. 

10 (c) When a body moves through a fluid, its motion is 
opposed by the force of fluid friction, which increases 
with the speed of the body. When cars and planes 
move through air, their motion is opposed by the air 
friction, which in turn, depend upon the shape of the 
body. It is due to this reason that the cars or planes are 

given such shape (known as stream lined shaped) so 
that air friction is minimum. Rather the movement of 
air layers on the upper and lower side of stream line 
shape provides a lift which helps in increasing the 
speed of the car. 

11 (c) According to Bernoulli's equation, 

  2

2

1
vhg

P


 constant  

 Thus, total energy of the injectable medicine depends 
upon second power of the velocity and first power of 
the pressure. It implies that total energy of the 
injectable medicine has greater dependence on its 
velocity. Therefore, a doctor adjust the flow of the 
medicine with the help of the size of the needle of the 
syringe )2211 vava   rather than the thumb pressure.  

12 (a)  Due to small area of cross-section of the hole, fluid flows 
out of the vessel with a large speed and thus the fluid 
possesses a large linear momentum. As no external 
forces acts on the system, in order to conserve linear 
momentum, the vessel acquires a velocity in backward 
direction or in other words a backward thrust results on 
the vessel. 

13 (a)  The stability of a floating body depends on the relative 
position of centre of gravity of a body, through which 
its weight acts and centre of gravity of the displaced 
water called centre of buoyancy through which the 
upthrust act.  

14 (a)   

15 (e) The viscosity of liquid decreases rapidly with rise of 
temperature. The variation of viscosity of liquid with 

temperature is given by )1( 2
0 ttt    

 Where t  and 0  are the coefficient of viscosities at 

t°C and 0°C respectively and  and  are constant.  

16 (a)  According to Bernoulli's theorem, when wind velocity 
over the wings is larger than the wind velocity under 
the wings, pressure of wind over the wings becomes 
less than the pressure of wind under the wing's. This 
provides the necessary lift to the aeroplane. 

17 (a)   

18 (a)  Viscosities of fluids are markedly dependent on 
temperature, increasing for gases and decreasing for 
liquids as the temperature is increased. Thus 
important consideration in the design of oils for 
engine lubrication is to reduce the temperature 
variation of viscosity as much as possible. 

19 (a)  

20 (a)  When a body falls through a viscous medium, finally, 
it attains terminal velocity. At this velocity, viscous 
force on rain drop balances the weight of the body. 

21 (a)  Smaller the area, larger the pressure exerted by a 
force 
22 (d)  Railways tracks are laided on large sized wooden 

sleepers. Due to large sized sleepers the weight of rail 
act on the large area. Hence, the pressure exerted is 
reduced appreciably.  

23 (a) 

24 (c)  When two holes are made in the tin, air keeps on 
entering through the other hole. Due to this the 
pressure inside the tin does not become less than 
atmospheric pressure which happen only one hole is 
made. 



 
 Fluid Mechanics 551 

25 (e)  Terminal velocity and critical velocity are not same. 
Critical velocity is the velocity below which the flow of 
liquid is streamline. 

26 (b)  

27 (a)  

28 (b) 
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1. A tank 5 m high is half filled with water and then is filled to the top 
with oil of density 0.85 g/cm3. The pressure at the bottom of the 
tank, due to these liquids is  

(a) 1.85 g/cm2 (b) 89.25 g/cm2  

(c) 462.5 g/cm2 (d) 500 g/cm2  

2. Two substances of densities 1  and 2  are mixed in equal volume 

and the relative density of mixture is 4. When they are mixed in 
equal masses, the relative density of the mixture is 3. The values of 

1  and 2  are  

(a) 61   and 22   (b) 31  and 52   

(c) 121   and 42   (d) None of these 

3. A wooden block of volume 1000 cm3 is suspended from a spring 

balance. It weighs 12 N in air. It is suspended in water such that half of 
the block is below the surface of water. The reading of the spring 
balance is 

(a) 10 N (b) 9 N  

(c) 8 N (d) 7 N 

4. Two different liquids are flowing in two tubes of equal radius. The 
ratio of coefficients of viscosity of liquids is 52:49 and the ratio of 
their densities is 13:1, then the ratio of their critical velocities will be 

(a) 4 : 49 (b) 49 : 4  

(c) 2 : 7 (d) 7 : 2 

5. Two capillary tubes of same radius r but of lengths l
1

 and l
2

 are fitted 
in parallel to the bottom of a vessel. The pressure head is P. What 
should be the length of a single tube that can replace the two tubes 

so that the rate of flow is same as before 

(a) 21 ll   (b) 
21

11

ll
   

(c) 
21

21

ll

ll


 (d) 

21

1

ll 
 

6. A capillary tube is attached horizontally to a constant head 
arrangement. If the radius of the capillary tube is increased by 10% 
then the rate of flow of liquid will change nearly by  

(a) + 10% (b) + 46% 

(c) – 10%  (d) – 40% 

7. Two stretched membranes of area 2 cm2 and 3 cm2 are placed in a liquid 

at the same depth. The ratio of pressures on them is  

(a) 1 : 1 (b) 2 : 3 

(c) 3 : 2 (d) 22 : 32 

8. Three identical vessels are filled to the same height with three 

different liquids A, B and C )( CBA   . The pressure at the 

base will be  

(a) Equal in all vessels (b) Maximum in vessel A  

(c) Maximum in vessel B (d) Maximum in vessel C 

9. Three identical vessels are filled with equal masses of three different 

liquids A, B  and C )( CBA   . The pressure at the base 

will be  

(a) Equal in all vessels (b) Maximum in vessel A  

(c) Maximum in vessel B (d) Maximum in vessel C 

10. A piston of cross-section area 100 cm2 is used in a hydraulic press to 
exert a force of 107 dynes on the water. The cross-sectional area of 

the other piston which supports an object having a mass 2000 kg. is  

(a) 100 cm2 (b) 109cm2 

(c) 2 × 104cm2 (d) 2 × 1010cm2 

11. A cubical block of wood 10 cm on a side floats at the interface 
between oil and water with its lower surface horizontal and 4 cm 

below the interface. The density of oil is 36.0 gcm . The mass of 

block is  
 

(a) 706 g 

(b) 607 g 

(c) 760 g 

(d) 670 g 

12. A spherical ball of radius r and relative density 0.5 is floating in 
equilibrium in water with half of it immersed in water. The work 
done in pushing the ball down so that whole of it is just immersed 

in water is : (where   is the density of water)  

(a) gr  4

12

5
 (b) rg5.0   

(c) gr  3

3

4
 (d) gr  4

3

2
 

13. If W be the weight of a body of density   in vacuum then its 

apparent weight in air of density   is  

(a) 


W
 (b) 








1




W   

(c) 


W
 (d) 














1W  

14. Which of the following is not the characteristic of turbulent flow    

(a) Velocity more than the critical velocity 

(b) Velocity less than the critical velocity 

(c) Irregular flow  

(d) Molecules crossing from one layer to another 

15. Water coming out of the mouth of a tap and 

falling vertically in streamline flow forms a 

tapering column, i.e., the area of cross-section 

of the liquid column decreases as it moves 

 

6 cm 

4 cm B
lo

ck
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down. Which of the following is the most accurate explanation for 

this 

 (a) As the water moves down, its speed increases and hence its 

pressure decreases. It is then compressed by the atmosphere 

(b) Falling water tries to reach a terminal velocity and hence 

reduces the area of cross-section to balance upward and 

downward forces 

(c) The mass of water flowing past any cross-section must remain 

constant. Also, water is almost incompressible. Hence, the rate 

of volume flow must remain constant. As this is equal to 

velocity × area, the area decreases as velocity increases 

(d) The surface tension causes the exposed surface area of the 

liquid to decrease continuously 

16. To get the maximum flight, a ball must be thrown as   

 

(a)  (b)   

 

 

(c)  (d)  Any of (a), (b) and (c) 
 

17. A tank is filled upto a height h with a liquid and is placed on a 

platform of height h from the ground. To get maximum range mx  

a small hole is punched at a distance of y from the free surface of 
the liquid. Then 

 

(a) hxm 2  

(b) hxm 5.1  

(c) hy   

(d) hy 75.0  

18. The relative velocity of two consecutive layers is 8 cm/s. If the 
perpendicular distance between the layers is 0.1 cm, then the velocity 
gradient will be 

(a) 8sec–1 (b) 80 sec–1 

(c) 0.8 sec–1 (d) 0.08 sec–1 

19. Under a constant pressure head, the rate of flow of liquid through a 
capillary tube is V. If the length of the capillary is doubled and the 
diameter of the bore is halved, the rate of flow would become  

(a) V / 4 (b) 16 V 

(c) V / 8 (d) V / 32   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (c) Pressure at the bottom 
22211 )(

cm

g
dhdhP   

 
2

]85.1[250]85.02501250[
cm

g
  

 
2

5.462
cm

g
  

2. (a) When substances are mixed in equal volume then density 

4
2

21 





   821                .......(i) 

When substances are mixed in equal masses then density 

3
2

21

21 






     

(SET - 11) 

v v 

v 

h 

h 

y 

xm 
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 )(32 2121     .......(ii) 

By solving (i) and (ii) we get 61   and 22  . 

3. (d) Reading of the spring balance  

 = Apparent weight of the block  

 = Actual weight – upthrust  

 gVin 12  

 .751210101050012 36 N   

4. (a) Critical velocity 
r

Nv R



   

  
49

4

13

1

49

52

1

2

2

1

2

1 








v

v
. 

5. (c) For parallel combination 
21

111

RRReff

   

  
2

4

1

44

888 l

r

l

r

l

r












   

21

21

21

111

ll

ll
l

lll 
  

6. (b) 
l

rP
V





8

4

    

4

1

2

1

2
















r

r

V

V
   

  

4

12
100

110








 VV VV 4641.1)1.1( 4

1   

 %46or46.0
4641.112 









V

VV

V

VV

V

V
. 

7. (a) Pressure is independent of area of cross section  

8. (b) P  

9. (a) 
A

mg

A

F
P   

 

 

 

10. (c) 
2

2

1

1
21

A

F

A

F
PP   

2

33

2

7 10102000

10

10

A


  

  24
2 102 cmA   )/10980( 23 scmg   

11. (c) Weight of block  

 = Weight of displaced oil + Weight of displaced water  

  gVgVmg W 201   

   1)41010(6.0)61010( m = 760 gm. 

12. (a)   

13. (d) Apparent weight in air = W – upthrust = gVgV    

 = 













 1gV = 














1W  

14. (b) 

15. (c) 

16. (b) 

17. (a,c)  Velocity of liquid through orifice, gyv 2  

and time taken by liquid to reach the ground  

g

yh

g

yhh
t

)2(2)(2 



  

 Horizontal distance covered by liquid  

)2(4
)2(2

2.. yhy
g

yh
gytvx 


  

 )2(42 yhyx   

 yh
dy

xd
88

)( 2

  

for x to be maximum, 0)( 2 x
dy

d
 

 088  yh  or yh   

So hhhhxm 2)2(4   

18. (b) 180
1.0

8  s
dx

dv
 

19. (d) Rate of flow under a constant pressure head, 
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8
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 554 Thermometry, Thermal Expansion and calorimetry  

Temperature 

 

 

 

 

 

 

Temperature is defined as the degree of hotness or coldness of a body. 

The natural flow of heat is from higher temperature to lower temperature. 

Two bodies are said to be in thermal equilibrium with each other, 

when no heat flows from one body to the other. That is when both the 

bodies are at the same temperature. 

(1) Temperature is one of the seven fundamental quantities with 

dimension [ ]. It is a scalar physical quantity with S.I. unit kelvin. 

(2) When heat is given to a body and its state does not change, the 

temperature of the body rises and if heat is taken from a body its 

temperature falls i.e. temperature can be regarded as the effect of cause 

“heat”. 

(3) According to kinetic theory of gases, temperature (macroscopic 

physical quantity) is a measure of average translational kinetic energy of a 

molecule (microscopic physical quantity). 

(4) Although the temperature of a body can to be raised without limit, 

it cannot be lowered without limit and theoretically limiting low 

temperature is taken to be zero of the kelvin scale. 

(5) Highest possible temperature achieved in laboratory is about 10 8K 

while lowest possible temperature attained is 10–8 K. 

(6) Temperature of the core of the sun is 107 K while that of its surface 

is 6000 K. 

(7) Normal temperature of human body is 310. 15 K (37°C = 98.6°F). 

(8) NTP or STP implies 273.15K (0°C = 32°F)  

Scales of Temperature 

 

 

 

 

 

 

 

The centigrade (°C), Farenheite (°F), Kelvin (K), Reaumer (R), 

Rankine (Ra) are commonly used temperature scales.  

(1) To construct a scale of temperature, two fixed points are taken. 

First fixed point is the freezing point (ice point) of water, it is called lower 

fixed point (LFP). The second fixed point is the boiling point (steam point) 

of water, it is called upper fixed point (UFP). 

(2) Celsius scale : In this scale LFP (ice point) is taken 0° and UFP 

(steam point) is taken 100°. The temperature measured on this scale all in 

degree Celsius (°C). 

(3) Farenheite scale : This scale of temperature has LFP as 32°F and 

UFP as 212°F. The change in temperature of 1°F corresponds to a change 

of less than 1° on Celsius scale. 

(4) Kelvin scale : The Kelvin temperature scale is also known as 

thermodynamic scale. The triple point of water is also selected to be the 

zero of scale of temperature. The temperature measured on this scale are 

in Kelvin (K). 

The triple point of water is that point on a P-T diagram where the 

three phases of water, the solid, the liquid and the gas, can coexist in 

equilibrium. 

Table 12.1 : Different measuring scales 
 

 

Kelvin Celsius Fahrenheit 

Freezing 
water 

32°F 0°C 273 K 

Boiling 

water 

212°F 100°C 373 K 

Fig. 12.1 
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Scale Symbol for 

each degree 

LFP UFP Number of 

divisions on the 

scale 

Celsius °C 0°C 100°C 100 

Fahrenheit °F 32°F 212°F 180 

Reaumer °R 0°R 80°R 80 

Rankine °Ra 460 Ra 672 Ra 212 

Kelvin K 273.15 K 373.15 K 100 

 

(5) Temperature on one scale can be converted into other scale by 
using the following identity. 

LFPUFP

LFP scale any onReading 




 = Constant for all scales  

(6) All these temperatures are related to each other by the following 

relationship  

460672

460

080

0

15.27315.373

15.273

32212

32

100

0





















 RaRKFC
 

or 
6.10

460

45

273

9

32

5










RaRKFC
 

(7) The Celsius and Kelvin scales have different zero points but the same 

size degrees. Therefore any temperature difference is the same on the Celsius 

and Kelvin scales (T
2

 – T
1

)°C = (T
2

 – T
1

) K.  

Thermometry 

A branch of science which deals with the measurement of temperature 

of a substance is known as thermometry. 

(1) The linear variation in some physical properties of a substance with 

change of temperature is the basic principle of thermometry and these 
properties are defined as thermometric property (x) of the substance.  

(2) Thermometric properties (x) may be as follows 

(i) Length of liquid in capillary 

(ii) Pressure of gas at constant volume. 

(iii) Volume of gas at constant pressure. 

(iv) Resistance of a given platinum wire. 

(3) In old thermometry, freezing point (0°C) and steam point (100°C) 

are taken to define the temperature scale. So if the thermometric property 

at temperature 0°C, 100°C and t°C are x
0

, x
100

 and x respectively then  

  
0100

0

0100

0

xx

xxt









  C

xx

xx
Ct 




 100

0100

0  

(4) In modern thermometry instead of two fixed points only one 

reference point is chosen (triple point of water 273.16 K) the other is itself 

0 K where the value of thermometric property is assumed to be zero. 

So if the value of thermometric property at 0 K, 273.16 K and TK are 

0, x
Tr

 and x respectively then  

 
Trx

xT


16.273
   K

x

x
T

Tr









 16.273  

Thermometers 

 

 

 

 

 

 

 

An instrument used to measure the temperature of a body is called a 

thermometer 

It works by absorbing some heat from the body, so the temperature 

recorded by it is lesser than the actual value unless the body is at constant 

temperature. Some common types of thermometers are as follows  

(1) Liquid (mercury) thermometers : In liquid thermometers mercury 

is preferred over other liquids as its expansion is large and uniform and it 

has high thermal conductivity and low specific heat. 

(i) Range of temperature : 
oint)(boiling ppoint)(freezing 

350  to50 CC   

(ii) Upper limit of range of mercury thermometer can be raised upto 

550°C by filling nitrogen in space over mercury under pressure (which 

elevates boiling point of mercury). 

(iii) Mercury thermometer with cylindrical bulbs are more sensitive 

than those with spherical bulbs. 

(iv) If alcohol is used instead of mercury then range of temperature 

measurement becomes – 80°C to 350°C 

(v) Formula : C
ll

ll
t 




 100

0100

0  

(2) Gas thermometers : These are more sensitive and accurate than 

liquid thermometers as expansion of gases is more than that of liquids. The 

thermometers using a gas as thermoelectric substance are called ideal gas 

thermometers. These are of two types 

(i) Constant pressure gas thermometers 

(a) Principle V  T  (if P = constant)  

(b) Formula : C
VV

VV
t 




 100

0100

0  or K
V

V
T

Tr

16.273  

(ii) Constant volume gas thermometers 

(a) Principle P  T (if V = constant) 

(b) Formula : C
PP

PP
t 




 100

0100

0  or K
P

P
T

Tr

16.273  

(c) Range of temperature :  

Hydrogen gas thermometer :  – 200°C to 500°C  

Nitrogen gas thermometer :   – 200°C to 1600°C  

Helium gas thermometer :     – 268°C to 500°C  

(3) Resistance thermometers : Usually platinum is used in resistance 

thermometers due to high melting point and large value of temperature 

coefficient of resistance.  

Resistance of metals varies with temperature according to relation. 

)1(0 tRR   where  is the temperature coefficient of resistance and t 

is change in temperature. 

(i) Formula : C
RR

RR
t 




 100

0100

0  or K
R

R
T

Tr

16.273  

(ii) Temperature range :  For Platinum resistance thermometer it is – 

200°C to 1200°C  

For Germanium resistance thermometer it is 4 to 77 K.  
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(4) Thermoelectric thermometers : These are based on “Seebeck 
effect” according to which when two distinct metals are joined to form a 
closed circuit called thermocouple and the difference in temperature is 
maintained between their junctions, an emf is developed. The emf is called 
thermo-emf and if one junction is at 0°C, thermoelectric emf varies with 

temperature of hot junction (t) according to e = at + bt2; where a and b are 
constants. 

 

 

 

 

 

 

 

Thermoelectric thermometers have low thermal capacity and high 

thermal conductivity, so can be used to measure quickly changing 

temperature 

Table 12.2 : Different temperature range 

Thermo couple Temperature range 

Copper-iron thermocouple 0°C to 260°C 

Iron-constantan thermocouple 0°C to 800°C 

Tungsten-molybdenum thermocouple 2000oC to 3000°C 

 

(5) Pyrometers : These are the devices used to measure the 

temperature by measuring the intensity of radiations received from the 

body. They are based on the fact that the amount of radiations emitted 

from a body per unit area per second is directly proportional to the fourth 

power of temperature (Stefan’s law). 

 

 

 

 

 

 

 

(i) These can be used to measure temperatures ranging from 800°C to 

6000°C. 

(ii) They cannot measure temperature below 800°C because the 

amount of radiations is too small to be measured. 

(6) Vapour pressure thermometer : These are used to measure very 

low temperatures. They are based on the fact that saturated vapour 

pressure P of a liquid depends on the temperature according to the relation 

T

c
bTaP log  

The range of these thermometers varies from 0.71 K to 120 K for 

different liquid vapours. 

Thermal Expansion 

 

 

 

 

 

 

 
 

When matter is heated without any change in it’s state, it usually 

expands. According to atomic theory of matter, a symmetry in potential 

energy curve is responsible for thermal expansion. As with rise in 

temperature the amplitude of vibration and hence energy of atoms 

increases, hence the average distance between the atoms increases. So the 

matter as a whole expands. 

(1) Thermal expansion is minimum in case of solids but maximum in 

case of gases because intermolecular force is maximum in solids but 

minimum in gases. 

(2) Solids can expand in one dimension (linear expansion), two 

dimension (superficial expansion) and three dimension (volume expansion) 

while liquids and gases usually suffers change in volume only. 

(3) Linear expansion : When a solid is heated and it's length increases, 

then the expansion is called linear expansion. 

 

 

 

 

(i) Change in length  L = L
0

T  

(L
0

 = Original length, T = Temperature change) 

(ii) Final length L = L
0

 (1 + T) 

(iii) Co-efficient of linear expansion 
TL

L






0

   

(iv) Unit of  is 1C  or .1K  It's dimension is ][ 1  

(4) Superficial (areal) expansion : When the temperature of a 2D 

object is changed, it's area changes, then the expansion is called superficial 

expansion.  

 

 

 

 

 

 

 
 

(i) Change in area is A = A
0

T  

(A
0

 = Original area, T = Temperature change) 

(ii) Final area A = A
0

(1 + T) 

(iii) Co-efficient of superficial expansion 
TA

A






0

  

(iv) Unit of  is °C–1 or K–1. 

Fig. 12.2 
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(5) Volume or cubical expansion : When a solid is heated and it's 

volume increases, then the expansion is called volume or cubical expansion. 

 

 

 

 

 

 

 

(i) Change in volume is TVV  0  

(V
0

 = Original volume, T = change in temperature) 

(ii) Final volume )1(0 TVV    

(iii) Volume co-efficient of expansion 
TV

V






0

  

(iv) Unit of  is °C–1 or K–1.  

(6) More about ,  and  : The co-efficient ,  and  for a solid are 

related  to each other as follows  

  
32


    3:2:1::   

(i) Hence for the same rise in temperature  

Percentage change in area = 2  percentage change in length. 

Percentage change in volume = 3  percentage change in length. 

(ii) The three coefficients of expansion are not constant for a given 

solid. Their values depend on the temperature range in which they are 

measured. 

(iii) The values of , ,  are independent of the units of length, area 

and volume respectively. 

(iv) For anisotropic solids zyx    where 
x

, 
y

, and 
z

 

represent the mean coefficients of linear expansion along three mutually 

perpendicular directions. 

(7) Contraction on heating : Some rubber like substances contract 

with rising temperature, because transverse vibration of atoms of substance 

dominate over longitudinal vibration which is responsible for expansion. 

Table 12.3 :  and  for some materials 

Material [K–1 or (°C)–1] [K–1 or (°C)–1] 

Steel 1.2  10–5 3.6  10–5 

Copper 1.7  10–5 5.1  10–5 

Brass 2.0  10–5 6.0  10–5 

Aluminium 2.4  10–5 7.2  10–5 

 

Application of Thermal Expansion in Solids 

(1) Bi-metallic strip : Two strips of equal lengths but of different 

materials (different coefficient of linear expansion) when join together, it is 

called “bi-metallic strip”, and can be used in thermostat to break or make 

electrical contact. This strip has the characteristic property of bending on 

heating due to unequal linear expansion of the two metal. The strip will 

bend with metal of greater  on outer side i.e. convex side. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) Effect of temperature on the time period of a simple pendulum : A 

pendulum clock keeps proper time at temperature . If temperature is 

increased to )(    then due to linear expansion, length of pendulum and 

hence its time period will increase. 

Fractional change in time period  


2

1

T

T
 

(i) Due to increment in its time period, a pendulum clock becomes 

slow in summer and will lose time.  

Loss of time in a time period TT  
2

1
 

(ii) Time lost by the clock in a day (t = 86400 sec)   

sectt   43200)86400(
2

1

2

1
 

(iii) The clock will lose time i.e. will become slow if    (in 
summer)  

and will gain time i.e. will become fast if    (in winter). 

(iv) The gain or loss in time is independent of time period T and 
depends on the time interval t. 

(v) Since coefficient of linear expansion () is very small for invar, 

hence pendulums are made of invar to show the correct time in all seasons. 

(3) Thermal stress in a rigidly fixed rod : When a rod whose ends are 

rigidly fixed such as to prevent expansion or contraction, undergoes a 
change in temperature, due to thermal expansion or contraction, a 
compressive or tensile stress is developed in it. Due to this thermal stress 
the rod will exert a large force on the supports. If the change in 

temperature of a rod of length L is   then  

 

 

 

 

 

Thermal strain 



L

L
  


















1
 As

L

L
 

Fig. 12.6 

L0 

L0 

L0 

V 

(A) Heating (B) Cooling 

Fig. 12.8 

Room temperature 

Steel Brass 

(A) 

Higher temperature 

(B) 

Fig. 12.7 
(C) 

At room temperature 

ON 

(D) 

Bimetallic 
strip 

At high temperature 

OFF 



 

 558 Thermometry, Thermal Expansion and calorimetry  

So Thermal stress  Y   









strain

stress
 AsY  

or  Force on the supports   YAF  

(4) Error in scale reading due to expansion or contraction : If a scale 

gives correct reading at temperature , at temperature )(    due to 

linear expansion of scale, the scale will expand and scale reading will be 

lesser than true value so that, 

True value = Scale reading )](1[     

i.e.       ]1[TV   SR  with )(    

 

 

 

 

 

However, if   , due to contraction of scale, scale reading will be 

more than true value, so true value will be lesser than scale reading and will 

still be given by above equation with )(    negative. 

(5) Expansion of cavity : Thermal expansion of an isotropic object may 

be imagined as a photographic enlargement. So if there is a hole A in a 

plate C (or cavity A inside a body C), the area of hole (or volume of cavity) 

will increase when body expands on heating, just as if the hole (or cavity) 

were solid B of the same material. Also the expansion of area (or volume) of 

the body C will be independent of shape and size of hole (or cavity), i.e., 

will be equal to that of D. 

 

 

 

 

 

 

(6) Some other application 

(i) When rails are laid down on the ground, space is left between the 

ends of two rails. 

(ii) The transmission cable are not tightly fixed to the poles. 

(iii) Test tubes, beakers and crucibles are made of pyrex-glass or silica 

because they have very low value of coefficient of linear expansion. 

(iv) The iron rim to be put on a cart wheel is always of slightly smaller 

diameter than that of wheel. 

(v) A glass stopper jammed in the neck of a glass bottle can be taken 

out by warming the neck of the bottle 

Thermal Expansion in Liquids 

(1) Liquids do not have linear and superficial expansion but these only 
have volume expansion. 

(2) Since liquids are always to be heated along with a vessel which 
contains them so initially on heating the system (liquid + vessel), the level of 
liquid in vessel falls (as vessel expands more since it absorbs heat and liquid 

expands less) but later on, it starts rising due to faster expansion of the 
liquid.  

 

   PQ  represents expansion of vessel 

 QR  represents the real 
expansion of liquid 

 PR  Represent the apparent 
expansion of liquid 

 

 

 

(3) The actual increase in the volume of the liquid = The apparent 
increase in the volume of liquid + the increase in the volume of the vessel. 

(4) Liquids have two coefficients of volume expansion. 

(i) Co-efficient of apparent expansion (
a

) : It is due to apparent (that 
appears to be, but is not) increase in the volume of liquid if expansion of 
vessel containing the liquid is not taken into account. 

  











V

V a
a

)(

  lumeInitial vo

 volumein expansion Apparent
 

(ii) Co-efficient of real expansion (
r

) : It is due to the actual increase 
in volume of liquid due to heating.  

  











V

V r
r

)(

 lumeInitial vo

 volumein increaseReal 
 

(iii) Also coefficient of expansion of flask 








V

V Vessel
Vessel

)(
 

(iv) VesselApparentReal    

(v) Change (apparent change) in volume in liquid relative to vessel is  

  appapp VV  =   )( VesselRealV   )3( rV  

 = Coefficient of linear expansion of the vessel. 

Table 12.4 : Different level of liquid in vessel 
 

 V Level 

VesselReal   (=3) 0app  Vapp is positive 
Level of liquid in 
vessel will rise on 
heating. 

VesselReal   (=3) 0app  Vapp is negative 

Level of liquid in 
vessel will fall on 
heating. 

VesselReal   (=3) 0app  0 appV  
level of liquid in 
vessel will remain 
same. 

 

(5) Anomalous expansion of water : Generally matter expands on 
heating and contracts on cooling. In case of water, it expands on heating if 
its temperature is greater than 4°C. In the range 0°C to 4°C, water 

contracts on heating and expands on cooling, i.e.  is negative. This 

behaviour of water in the range from 0°C to 4°C is called anomalous 
expansion. 

This anomalous behaviour of water causes ice to form first at the 
surface of a lake in cold weather. As winter approaches, the water 
temperature increases initially at the surface. The water there sinks because 

of its increased density. Consequently, the surface reaches 0°C first and the 
lake becomes covered with ice. Aquatic life is able to survive the cold winter 
as the lake bottom remains unfrozen at a temperature of about 4°C. 

At 4°C, density of water is maximum while its specific volume is 

minimum. 
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(6) Effect of temperature on upthrust : The thrust on V volume of a 

body in a liquid of density  is given by  gVTh   

Now with rise in temperature by  °C, due to expansion, volume of 

the body will increase while density of liquid will decrease according to the 

relations )1(   SVV  and )1/(   L  

So the thrust gVhT      
)1(

)1(



















L

S

gV

gV

Th

hT
 

and apparent weight of the body W
app

 = Actual weight – Thrust 

As LS     ThhT   with rise in temperature thrust also 

decreases and apparent weight of body increases. 

Variation of Density with Temperature 

Most substances (solid and liquid) expand when they are heated, i.e., 

volume of a given mass of a substance increases on heating, so the density 

should decrease 









V

1
 as  .  For a given mass 

V

1
   



















1

1

VV

V

VV

V

V

V
      

 








1

1)1(    = )1(       

Expansion of Gases 

Gases have no definite shape, therefore gases have only volume 

expansion. Since the expansion of container is negligible in comparison to 

the gases, therefore gases have only real expansion. 

(1) Coefficient of volume expansion : At constant pressure, the unit 

volume of a given mass of a gas, increases with 1°C rise of temperature, is 

called coefficient of volume expansion. 










1

0V

V
   Final volume )1(  VV  

(2) Coefficient of pressure expansion : 









1

P

P
    

 Final pressure )1(  PP  

For an ideal gas, coefficient of volume expansion is equal to the 

coefficient of pressure expansion i.e. 1

273

1  C  

Heat 

(1) The form of energy which is exchanged among various bodies or 

system on account of temperature difference is defined as heat.  

(2) We can change the temperature of a body by giving heat 

(temperature rises) or by removing heat (temperature falls) from body. 

(3) The amount of heat (Q) is given to a body depends upon it's mass 

(m), change in it's temperature ( ° = ) and nature of material i.e. 

 ..cmQ ; where c = specific heat of material. 

(4) Heat is a scalar quantity. It's units are joule, erg, cal, kcal etc.  

(5) The calorie (cal) is defined as the amount of heat required to raise 

the temperature of 1 gm of water from 14.5°C to 15.5°C. 

Also 1 kcal = 1000 cal = 4186 J and 1 cal = 4.18 J  

(6) British Thermal Unit (BTU) : One BTU is the quantity of heat 

required to raise the temperature of one pound ( lb1 ) of water from 63°F 

to 64°F  

      1 BTU = 778 ft. lb = 252 cal = 1055 J  

(7) In solids thermal energy is present in the form of kinetic energy, in 

liquids, in the form of translatory energy of molecules. In gas it is due to 

the random motion of molecules.  

(8) Heat always flows from a body of higher temperature to lower 

temperature till their temperature becomes equal (Thermal equilibrium). 

(9) The heat required for a given temperature increase depends only 

on how many atoms the sample contains, not on the mass of an individual 

atom. 

Specific Heat 

When a body is heated it's temperature rises (except during a change 

in phase). 

(1) Gram specific heat : The amount of heat energy  required to raise 

the temperature of unit mass of a body through 1°C (or K) is called specific 

heat of the material of the body. 

If Q heat changes the temperature of mass m by  then specific heat 




m

Q
c   

(i) Units : Calorie/gm  °C (practical), J/kg  K (S.I.)     Dimension : 

][ 122  TL  

(ii) For an infinitesimal temperature change d and corresponding 

quantity of heat dQ. 

Specific heat 
d

dQ

m
c .

1
  

(2) Molar specific heat : Molar specific heat of a substance is defined 

as the amount of heat required to raise the temperature of one gram mole 

of the substance through a unit degree it is represented by (capital) C. 

Molar specific heat (C) heatspecific  Gram M (c)  

(M = Molecular mass of substance)  

 





Q

m

Q
MC

1
    










M

m
 molesof Number where,  

Units : calorie/mole  °C (practical); J/mole  kelvin (S.I.)       

Dimension : ][ 122  TML  
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Specific Heat of Solids 

When a solid is heated through a small range of temperature, its 

volume remains more or less constant. Therefore specific heat of a solid 

may be called its specific heat at constant volume C
V

.  

 

 

 

 

 

 

(1) From the graph it is clear that at T = 0, C
V

 tends to zero 

(2) With rise in temperature, C
V

 increases and at a particular 

temperature (called Debey's temperature) it becomes constant = 3R = 6 

cal/mole  kelvin = 25 J/mole  kelvin  

(3) For most of the solids, Debye temperature is close to room 

temperature. 

(4) Dulong and Petit law : Average molar specific heat of all metals at 

room temperature is constant, being nearly equal to 3R = 6 cal. mole–1 K–1 = 

25 J mole–1 K–1, where R is gas constant for one mole of the gas. This 

statement is known as Dulong and Petit law. 

(5) Debey's law : It was observed that at very low temperature molar 

specific heat  3T (exception are Sn, Pb and Pt) 

(6) Specific heat of ice : In C.G.S. 
Cgm

cal
c


 5.0ice  

In S.I. c
ice 

Ckg

Joule

Ckg

cal





 2100500 . 

Table 12.5 : Specific heat of some solids at room temperature and atmospheric 

pressure 

Substance Specific heat  

(J-kg–1 K–1) 

Molar specific heat  

(J-g mole–1 K–1) 

Aluminium 900.0 24.4 

Copper 386.4 24.5 

Silver 236.1 25.5 

Lead 127.7 26.5 

Tungsten 134.4 24.9 

 

Specific Heat of Liquid (Water) 

(1) Among all known solids and liquids specific heat of water is 

maximum i.e. water takes more time to heat and more time to cool w.r.t. 

other solids and liquids.  

(2) It is observed that by increasing temperature, initially specific heat 

of water goes on decreasing, becomes minimum at 37°C and then it start 

increasing. Specific heat of water is –  

Ckg

cal

Cgm

cal





1000

1

Ckg

J


 4200  

(This value is obtained between the temperature 14.5°C to 15.5°C) 

(3) The variation of specific heat with temperature for water is shown 

in the figure. Usually this temperature dependence of specific heat is 

neglected. 

 

 

 

 

 

 

(4) As specific heat of water is very large; by absorbing or releasing 
large amount of heat its temperature changes by small amount. This is why, 
it is used in hot water bottles or as coolant in radiators. 

Specific Heat of Gases 

 (1) In case of gases, heat energy supplied to a gas is spent not only in 

raising the temperature of the gas but also in expansion of gas against 

atmospheric pressure. 

(2) Hence specific heat of a gas, which is the amount of heat energy 
required to raise the temperature of one gram of gas through a unit degree 
shall not have a single or unique value. 

(3) If the gas is compressed suddenly and no heat is supplied from 

outside i.e. Q = 0, but the temperature of the gas raises on the account of 

compression.  

   0
0

)(








 mm

Q
c  

(4) If the gas is heated and allowed to expand at such a rate that rise 

in temperature due to heat supplied is exactly equal to fall in temperature 

due to expansion of the gas. i.e.  = 0 

  



0)(

Q

m

Q
c


  

(5) If rate of expansion of the gas were slow, the fall in temperature of 

the gas due to expansion would be smaller than the rise in temperature of 

the gas due to heat supplied. Therefore, there will be some net rise in 

temperature of the gas i.e. T will be positive. 

  



)( m

Q
c  Positive   

(6) If the gas were to expand very fast, fall of temperature of gas due 

to expansion would be greater than rise in temperature due to heat 

supplied. Therefore, there will be some net fall in temperature of the gas i.e. 

  will be negative. 

  



)( m

Q
c Negative   

Hence the specific heat of gas can have any positive value ranging 

from zero to infinity. Further it can even be negative. The exact value 

depends upon the mode of heating the gas. Out of many values of specific 

heat of a gas, two are of special significance, namely C
P

 and C
V

 , in the 

chapter “Kinetic theory of gases” we will  discussed this topic in detail. 

Specific heat of steam : Cgmcalc  /47.0steam  

Phase Change and Latent Heat 
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(1) Phase : We use the term phase to describe a specific state of 

matter, such as solid, liquid or gas. A transition from one phase to another 

is called a phase change.  

(i) For any given pressure a phase change takes place at a definite 

temperature, usually accompanied by absorption or emission of heat and a 

change of volume and density.  

(ii) In phase change ice at 0°C melts into water at 0°C. Water at 100°C 

boils to form steam at 100°C. 

 

 

 

 

 

 

 

 

 

 

 

(iii) In solids, the forces between the molecules are large and the 
molecules are almost fixed in their positions inside the solid. In a liquid, the 
forces between the molecules are weaker and the molecules may move 

freely inside the volume of the liquid. However, they are not able to come 
out of the surface. In vapours or gases, the intermolecular forces are almost 
negligible and the molecules may move freely anywhere in the container. 
When a solid melts, its molecules move apart against the strong molecular 
attraction. This needs energy which must be supplied from outside. Thus, 
the internal energy of a given body is larger in liquid phase than in solid 
phase. Similarly, the internal energy of a given body in vapour phase is 
larger than that in liquid phase.  

(iv) In case of change of state if the molecules come closer, energy is 
released and if the molecules move apart, energy is absorbed. 

(2) Latent heat : The amount of heat required to change the state of 
the mass m of the substance is written as : Q = mL, where L is the latent 
heat. Latent heat is also called as Heat of Transformation. It's unit is cal/gm 

or J/kg and Dimension: ][ 22 TL  

(i) Latent heat of fusion : The latent heat of fusion is the heat energy 

required to change 1 kg of the material in its solid state at its melting point 

to 1 kg of the material in its liquid state. It is also the amount of heat energy 

released when at melting point 1 kg of liquid changes to 1 kg of solid. For 

water at its normal freezing temperature or melting point (0°C), the latent 

heat of fusion (or latent heat of ice) is 

kgjoulekilomolkJgmcalLLF /336/60/80ice   

(ii) Latent heat of vaporisation : The latent heat of vaporisation is the 

heat energy required to change 1 kg of the material in its liquid state at 

its boiling point to 1 kg of the material in its gaseous state. It is also the 

amount of heat energy released when 1 kg of vapour changes into 1 kg of 

liquid. For water at its normal boiling point or condensation temperature 

(100°C), the latent heat of vaporisation (latent heat of steam) is 

    kgjoulekilomolkJgmcalLLV /2260/8.40/540steam   

(iii) Latent heat of vaporisation is more than the latent heat of fusion. 

This is because when a substance gets converted from liquid to vapour, 

there is a large increase in volume. Hence more amount of heat is required. 

But when a solid gets converted to a liquid, then the increase in volume is 

negligible. Hence very less amount of heat is required. So, latent heat of 

vaporisation is more than the latent heat of fusion. 

Thermal Capacity and Water Equivalent 

(1) Thermal capacity : It is defined as the amount of heat required to 

raise the temperature of the whole body (mass m) through 0°C or 1K. 

Thermal capacity 






Q

Cmc  

The value of thermal capacity of a body depends upon the nature of 

the body and its mass. 

Dimension : ][ 122  TML , Unit : cal/°C (practical)  Joule/k (S.I.) 

(2) Water Equivalent : Water equivalent of a body is defined as the 

mass of water which would absorb or evolve the same amount of heat as is 

done by the body in rising or falling through the same range of 

temperature. It is represented by W. 

If m = Mass of the body, c = Specific heat of body,  = Rise in 

temperature. 

Then heat given to body  mcQ   ….. (i) 

If same amount of heat is given to W gm of water and its temperature 

also rises by . Then 

heat given to water  1WQ … (ii)     [As 1water c ] 

From equation (i) and (ii)    1WmcQ  

 Water equivalent (W) = mc gm  

(i) Unit : Kg (S.I.) Dimension : ][ 00TML  

(ii) Unit of thermal capacity is J/kg while unit of water equivalent is 
kg. 

(iii) Thermal capacity of the body and its water equivalent are 
numerically equal. 

(iv) If thermal capacity of a body is expressed in terms of mass of 

water it is called water-equivalent of the body. 

Some Important Terms 

(1) Evaporation : Vaporisation occurring from the free surface of a 

liquid is called evaporation. Evaporation is the escape of molecules from the 

surface of a liquid. This process takes place at all temperatures and 

increases with the increase of 

temperature. Evaporation leads to 

cooling because the faster molecules 

escape and, therefore, the average 

kinetic energy of the molecules of 

the liquid (and hence the 

temperature) decreases.  

(2) Melting (or fusion)/freezing 

(or solidification) : The phase change 

of solid to liquid is called melting or 

fusion. The reverse phenomenon is 

called freezing or solidification.  

When pressure is applied on ice, 

it melts. As soon as the pressure is 

Liquid at 0°C 

Solid 

at 0°C 

Heat taken (–  Q) 

(A) 

Heat given (+  Q) 

Fig. 12.15 

Liquid at 100°C Vapours at 100°C 

(B) 

Heat taken (–  Q) 

Heat given (+  Q) 

Evaporation cools hot water produced 

by power plants 

Fig. 12.16 

Fig. 12.17 
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removed, it freezes again. This phenomenon is called regelation. 

(3) Vaporisation/liquefication (condensation) : The phase change from 

liquid to vapour is called vaporisation. The reverse transition is called 

liquefication or condensation.  

(4) Sublimation : Sublimation is the conversion of a solid directly into 

vapours. Sublimation takes place when boiling point is less than the melting 

point. A block of ice sublimates into vapours on the surface of moon 

because of very very low pressure on its surface. Heat required to change 

unit mass of solid directly into vapours at a given temperature is called heat 

of sublimation at that temperature.  

(5) Hoar frost : Direct conversion of vapours into solid is called hoar 

frost. This process is just reverse of the 

process of sublimation, e.g., formation 

of snow by freezing of clouds.  

 

 

 

(6) Vapour pressure : When the 

space above a liquid is closed, it soon 

becomes saturated with vapour and a dynamic equilibrium is established. 

The pressure exerted by this vapour is called Saturated Vapour Pressure 

(S.V.P.) whose value depends only on the temperature – it is independent of 

any external pressure. If the volume of the space is reduced, some vapour 

liquefies, but the pressure is unchanged.  

A saturated vapour does not obey the gas law whereas the unsaturated 

vapour obeys them fairly well. However, a vapour differs from a gas in that 

the former can be liquefied by pressure alone, whereas the latter cannot be 

liquefied unless it is first cooled.  

(7) Boiling : As the temperature of a liquid is increased, the rate of 

evaporation also increases. A stage is 

reached when bubbles of vapour start 

forming in the body of the liquid 

which rise to the surface and escape. A 

liquid boils at a temperature at which 

the S.V.P. is equal to the external 

pressure.  

It is a fast process. The boiling point 

changes on mixing impurities.  

(8) Dew point : It is that temperature at which the mass of water 

vapour present in a given volume of air is just sufficient to saturate it, i.e. 

the temperature at which the actual vapour pressure becomes equal to the 

saturated vapuor pressure. 

(9) Humidity : Atmospheric air always contains some water vapour. 

The mass of water vapour per unit volume is called absolute humidity.  

The ratio of the mass of water vapour (m) actually present in a given 

volume of air to the mass of water vapour (M) required to saturate the 

same volume at the same temperature is called the relative humidity (R.H.). 

Generally, it is expressed as a percentage, i.e., (%)100(%)R.H. 
M

m
 

R.H. May also be defined as the ratio of the actual vapour pressure (p) 

of water at the same temperature, i.e. (%)100(%)R.H. 
P

p
 

Thus R.H. may also be defined as  

  100
re temperatugiven at P. S.V.

 pointdew at S.V.P.
(%)R.H.   

(10) Variation of melting point with pressure : For those substances 

with contract on melting (e.g. water and rubber), the melting point 
decreases with pressure. The reason is the pressure helps shrinking and 
hence melting. Most substances expand on melting. (e.g. max, sulpher etc.) 

An increase of pressure opposes the melting of such substances and 
their melting point is raised.  

(11) Variation of latent heat with temperature and pressure : The 

latent heat of vapourization of a substance varies with temperature and 

hence pressure because the boiling point depends on pressure. It 

increases as the temperature is decreased. For example, water at 1 atm 

boils at 100°C and has latent heat 2259 Jg– 1 but at 0.5 atm  it boils at 82°C 

and has latent heat 2310 Jg– 1  

 

 

 

 

 

 

The latent heat of fusion shows similar but less pronounced pressure 

dependence.  

The figures show the P-T graphs for (a) a substance (e.g., water) 

which contracts on melting an (b) a substance (e.g. wax) which expands on 
melting. The P-T graph consists of three curves. 

(i) Sublimation curve which connects points at which vapour (V) and 
solid (S) exist in equilibrium.  

(ii) Vapourization curve which shows vapour and liquid (L) existing in 
equilibrium.  

(iii) Fusion curve which shows liquid and solid existing in equilibrium.  

The three curves meet at a single point which is called the triple point. 
It is that unique temperature-pressure point for a substance at which all the 
three phases exist in equilibrium. 

(12) Freezing mixture : If salt is added to ice, then the temperature of 

mixture drops down to less than 0°C. This is so because, some ice melts 
down to cool the salt to 0°C. As a result, salt gets dissolved in the water 
formed and saturated solution of salt is obtained; but the ice point (freeing 
point) of the solution formed is always less than that of pure water. So, ice 
cannot be in the solid state with the salt solution at 0°C. The ice which is in 
contact with the solution, starts melting and it absorbs the required latent 
heat from the mixture, so the temperature of mixture falls down. 

Joule's Law (Heat and Mechanical Work) 

 

 

 

 

 

 

 
 

Whenever heat is converted into mechanical work or mechanical work is 

converted into heat, then the ratio of work done to heat produced always 

remains constant. i.e. W  Q or J
Q

W
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This is Joule’s law and J is called mechanical equivalent of heat. 

(1) From W = JQ if Q = 1 then J = W. Hence the amount of work done 

necessary to produce unit amount of heat is defined as the mechanical 

equivalent of heat. 

(2) J is neither a constant, nor a physical quantity rather it is a 

conversion factor which used to convert Joule or erg into calorie or kilo 

calories vice-versa. 

(3) Value of  J
cal

erg

cal

Joule 7102.42.4   

                  
kcal

Joule3102.4  . 

(4) When water in a stream falls from height h, then its potential 

energy is converted into heat and temperature of water rises slightly. 

From    W = JQ     mgh = J (mc  )  

[where m = Mass of water, c = Specific heat of water,  = 

temperature rise] 

  Rise in temperature C
Jc

gh
  

(5) The kinetic energy of a bullet fired from a gun gets converted into 

heat on striking the target. By this heat the temperature of bullet increases 

by . 

From    W = JQ      )(
2

1 2  smJmv  

[where m = Mass of the bullet, v = Velocity of the bullet,     c = Specific 

heat of the bullet] 

 Rise in temperature C
Jc

v
t 

2

2

 

If the temperature of bullet rises upto the melting point of the bullet 

and bullet melts then. 

From    W = J(Q
Temperature change  

+ Q
Phase change

)  

 )(
2

1 2 mLmcJmv   ;    L = Latent heat of bullet 

  Rise in temperature   C
c

L
J

v







































2

2

  

(6) If m kg ice-block falls down through some height (h) and melts 

partially (m' kg) then  its potential energy gets converted into heat 
of melting.  

From  W = JQ     LmJmgh '    









g

JL

m

m
h

'
 

If ice-block melts completely then m' = m  meter
g

JL
h   

Principle of Calorimetry 

Calorimetry means 'measuring heat'. 

When two bodies (one being solid and other liquid or both being 
liquid) at different temperatures are mixed, heat will be transferred from 
body at higher temperature to a body at lower temperature till both acquire 
same temperature. The body at higher temperature releases heat while body 
at lower temperature absorbs it, so that 

Heat lost = Heat gained 

i.e. principle of calorimetry represents the law of conservation of heat 
energy. 

(1) Temperature of mixture (
mix

) is always ≥ lower temperature (
L

) and 

≤ higher temperature (
H

), i.e., HmixL   . 

It means the temperature of mixture can never be lesser than lower 
temperatures (as a body cannot be cooled below the temperature of cooling 
body) and greater than higher temperature (as a body cannot be heated 

above the temperature of heating body). Furthermore usually rise in 
temperature of one body is not equal to the fall in temperature of the other 
body though heat gained by one body is equal to the heat lost by the other. 

(2) Mixing of two substances when temperature changes only : It 

means no phase change. Suppose two substances having masses 1m  and 

2m , gram specific heat 1c  and 2c , temperatures 1  and 2  )( 21    

are mixed together such that temperature of mixture at equilibrium is 
mix

  

Hence, Heat lost = Heat gained 

 )()( 222111   mixmix cmcm  

2211

222111

cmcm

cmcm
mix







  

Table 12.6 : Temperature of mixture in different cases 

Condition Temperature of mixture 

If bodies are of same material 

i.e. c1 = c2 21

2211

mm

mm
mix







  

If bodies are of same mass 

 m1 = m2 21

2211

cc

cc
mix







  

If m1 = m2 and c1 = c2  
2

21 



mix  

 

(3) Mixing of two substances when temperature and phase both 

changes or only phase changes: A very common example for this category is 

ice-water mixing.  

Suppose water at temperature 
W

°C is mixed with ice at 0
i

°C, first ice 

will melt and then it's temperature rises to attain thermal equilibrium. 

Hence;  Heat given = Heat taken 

 )0()(  mixWiiimixWWW CmLmCm   

 
iW

W

ii
WW

mix
mm

C

Lm
m









  

(i) If iW mm   then 
2

W

i
W

mix

C

L






  

(ii) By using this formulae if imix    then take Cmix  0  

Heating Curve 

If to a given mass (m) of a solid, heat is supplied at constant rate P 

and a graph is plotted between temperature and time, the graph is as 

shown in figure and is called heating curve. From this curve it is clear that 
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(1) In the region OA temperature of solid is changing with time so, 

TmcQ S  TmctP S  [as Q = Pt] 

But as (T/t) is the slope of temperature-time curve 

 
OA

cs
 lineof  Slope

1
  

i.e. specific heat (or thermal capacity) is inversely proportional to the 

slope of temperature-time curve. 

(2) In the region AB temperature is constant, so it represents change 

of state, i.e., melting of solid with melting point T
1

. At A melting starts and 

at B all solid is converted into liquid. So between A and B substance is 

partly solid and partly liquid. If L
F

 is the latent heat of fusion. FmLQ   or 

m

ttP
LF

)( 12     [as )( 12 ttPQ  ] 

or  L
F

  length of line AB  

i.e. Latent heat of fusion is proportional to the length of line of zero 

slope. [In this region specific heat  
0tan

1
] 

(3) In the region BC temperature of liquid increases so specific heat 

(or thermal capacity) of liquid will be inversely proportional to the slope of 

line BC 

i.e.,  
C lineof  Slope

1

B
cL   

(4) In the region CD temperature is constant, so it represents the 

change of state, i.e., boiling with boiling point T
2

. At C all substance is in 

liquid state while at D in vapour state and between C and D partly liquid 

and partly gas. The length of line CD is proportional to latent heat of 

vaporisation  

i.e., L
V

  Length of line CD [In this region specific heat  


0tan

1
] 

(5) The line DE represents gaseous state of substance with its 

temperature increasing linearly with time. The reciprocal of slope of line will 

be proportional to specific heat or thermal capacity of substance in vapour 

state. 

 

 

 

 

 

 After snow falls, the temperature of the atmosphere becomes very 

low. This is because 

the snow absorbs the heat from  

the atmosphere to melt down.  

So, in the mountains, when 

 snow falls, one does not feel  

too cold, but when ice melts, he feels too cold. 

 There is more shivering effect of ice-cream on teeth as compared to 

that of water  

(obtained from ice).   

This is because, when ice-cream  

melts down, it absorbs large 

 amount of heat from teeth. 

 Branch of physics dealing with production and measurement of 

temperatures close to 0K is known as cryogenics while that dealing with 

the measurement of very high temperature is called as pyrometry. 

 It is more painful to get burnt by steam rather than by boiling 

water at same temperature. This is so because when steam at 100°C gets 

converted to water at 100°C, then it gives out 536 calories of heat. So, it 

is clear that steam at 100°C has more heat than water at 100°C (i.e., 
boiling of water). 

 A solid and hollow sphere of same radius and material, heated to 

the same temperature then expansion of both will be equal because 

thermal expansion of isotropic solids is similar to true photographic 

enlargement. It means the expansion of cavity is same as if it has been a 

solid body of the same material. But if same heat is given to the two 

spheres, due to lesser mass, rise in temperature of hollow sphere will be 

more 















 


mc

Q
 As . 

Hence its expansion will be more. 

 Specific heat of a substance can also be negative. Negative specific 

heat means that in order to raise the temperature, a certain quantity of 

heat is to be withdrawn from the body. 

e.g. Specific heat of saturated vapours. 

 Specific heat for hydrogen is maximum )/5.3( Cgmcal o  and it 

is minimum for radon and actinium  Cgmcal  /022.0~ . 

 The minimum possible temperature is 0 K. 

 Amount of steam at 100°C required to just melt m gm of ice at 0°C 

is m/8 gm. 

 If we put the beaker containing water in melting ice, the water in 

the beaker will cool to 0°C but will never freeze.  

 

 

 

 

 A pressure in excess of 25 atm is required to make helium solidfy. 

At 1 atm pressure, helium remains a liquid down to absolute zero.  

 Boiling temperature of water, if pressure is different from normal 

pressure is t
Boiling

 = [100°C – (760 – P in mm)  0.037]°C 

Melting Ice 

Water 
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 Confusing S.I. and C.G.S. units 

        It is advised to do questions on calorimetry in C.G.S. as 

calculations becomes simple. If the final answer is in joules, then convert 

cal into joules. 

 Invar and quartz have very small values of co-efficient of linear 

expansion. 

 In S.I. nomenclature " degree" is not used with the kelvin scale; e.g. 

273°K is wrong while 273 K is correct to write.  

 Magnetic thermometer is recommended for measuring very low 

temperature (2K). 

 The most sensitive thermometer is gas thermometer. 

 Dew formation is more probable on a cloudiness calm night.  

 In winters, generally fog disappear before noon. Because, the 

atmosphere warms up and tends to be unsaturated. The condensed 

vapours reevaporates and the fog disappears.  

 Standardisation of thermometer is obtained with gas thermometer. 

Because coefficient of expansion of gas is very large. 

 Dogs hang their tongues in order to expose a surface to the air for 

evaporation and hence, cooling. They do not sweat.  

 

 

 

 

 

 

 
 
 
 
 
 
 

Thermometry 
 

1. On the Celsius scale the absolute zero of temperature is at 

[CBSE PMT 1994] 

(a) 0°C  (b) – 32°C 

(c) 100°C (d) – 273.15°C 

2. Oxygen boils at – 183°C. This temperature is approximately 

[CPMT 1992] 

(a) 215°F (b) – 297°F 

(c) 329°F (d) 361°F 

3. Recently, the phenomenon of superconductivity has been observed 
at 95 K. This temperature is nearly equal to 

[CPMT 1990] 

(a) – 288°F (b) – 146°F 

(c) – 368°F (d) +178°F 

4. The temperature of a substance increases by 27°C. On the Kelvin 
scale this increase is equal to [CPMT 1993] 

(a) 300 K (b) 2.46 K 

(c) 27 K (d) 7 K 

5. The resistance of a resistance thermometer has values 2.71 and 3.70 
ohm at 10°C and 100°C. The temperature at which the resistance is 
3.26 ohm is  [CPMT 1994] 

(a) 40°C (b) 50°C  

(c) 60°C (d) 70°C 

6. No other thermometer is as suitable as a platinum resistance 
thermometer to measure temperature in the entire range of 

[MNR 1993] 

(a) 0°C to 100°C (b) 100°C to 1500°C 

(c) – 50°C to +350°C (d) – 200°C to 600°C 
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7. The temperature of the sun is measured with  

[Pb. PMT 1998; CPMT 1998; Pb. PET 1997, 2001] 

(a) Platinum thermometer  

(b) Gas thermometer  

(c) Pyrometer  

(d) Vapour pressure thermometer  

8. Absolute temperature can be calculated by [AFMC 1994] 

(a) Mean square velocity (b) Motion of the molecule 

(c) Both (a) and (b) (d) None of the above 

9. Thermoelectric thermometer is based on  

[CPMT 1993, 95; AFMC 1998] 

(a) Photoelectric effect (b) Seeback effect  

(c) Compton effect (d) Joule effect  

10. Maximum density of OH2  is at the temperature 

[CPMT 1996; Pb. PMT 1996] 

(a) 32°F (b) 39.2°F 

(c) 42°F (d) 4°F 

11. The study of physical phenomenon at low temperatures (below 
liquid nitrogen temperature) is called [CPMT 1992] 

(a) Refrigeration (b) Radiation 

(c) Cryogenics (d) Pyrometry  

12. ‘Stem Correction’ in platinum resistance thermometers are 
eliminated by the use of   [AIIMS 1998] 

(a) Cells (b) Electrodes 

(c) Compensating leads (d) None of the above 

13. The absolute zero is the temperature at which 

[AIIMS 1998] 

(a) Water freezes 

(b) All substances exist in solid state 

(c) Molecular motion ceases 

(d) None of the above 

14. Absolute scale of temperature is reproduced in the laboratory by 
making use of a   [SCRA 1998] 

(a) Radiation pyrometer 

(b) Platinum resistance thermometer 

(c) Constant volume helium gas thermometer 

(d) Constant pressure ideal gas thermometer 

15. Absolute zero (0 K) is that temperature at which 

[AFMC 1993] 

(a) Matter ceases to exist 

(b) Ice melts and water freezes 

(c) Volume and pressure of a gas becomes zero 

(d) None of these 

16. On which of the following scales of temperature, the temperature is 
never negative   [EAMCET 1997] 

(a) Celsius (b) Fahrenheit 

(c) Reaumur (d) Kelvin 

17. The temperature on Celsius scale is 25°C. What is the corresponding 
temperature on the Fahrenheit scale 

[AFMC 2001] 

(a) 40°F (b) 77°F 

(c) 50°F (d) 45°F 

18. One quality of a thermometer is that its heat capacity should be 
small. If P is a mercury thermometer, Q is a resistance thermometer 
and R thermocouple type then [CPMT 1997] 

(a) P is best, R worst (b) R is best, P worst 

(c) R is best, Q worst (d) P is best, Q worst 

19. Two thermometers are used to record the temperature of a room. If 
the bulb of one is wrapped in wet hanky 

[AFMC 1997] 

(a) The temperature recorded by both will be same 

(b) The temperature recorded by wet-bulb thermometer will be 
greater than that recorded by the other 

(c) The temperature recorded by dry-bulb thermometer will be 
greater than that recorded by the other 

(d) None of the above 

20. The temperature of a body on Kelvin scale is found to be x K. When 
it is measured by Fahrenheit thermometer, it is found to be x°F, 
then the value of x is 

[UPSEAT 2000; Pb. CET 2004] 

(a) 40 (b) 313 

(c) 574.25 (d) 301.25 

21. A centigrade and a Fahrenheit thermometer are dipped in boiling 
water. The water temperature is lowered until the Fahrenheit 
thermometer registers 140°. What is the fall in temperature as 
registered by the Centigrade thermometer 

[CBSE PMT 1992; AIIMS 1998] 

(a) 30° (b) 40° 

(c) 60° (d) 80° 

22. At what temperature the centigrade (Celsius) and Fahrenheit, 
readings are the same  

 [RPMT 1997, 99, 2003; BHU 1997; MNR 1992;  

DPMT 1998; CPMT 1995; UPSEAT 1999; KCET 2000] 

(a) – 40°  (b) + 40° 

(c) 36.6° (d) – 37°  

23. Standardisation of thermometers is obtained with 

[CPMT 1996] 

(a) Jolly’s thermometer 

(b) Platinum resistance thermometer 

(c) Thermocouple thermometer  

(d) Gas thermometer  

24. The gas thermometers are more sensitive than liquid thermometers 
because   [CPMT 1993] 

(a) Gases expand more than liquids 

(b) Gases are easily obtained 

(c) Gases are much lighter 

(d) Gases do not easily change their states 

25. Mercury thermometers can be used to measure temperatures upto  

[CBSE PMT 1992, 96; BHU 1998; UPSEAT 1998] 

(a) 100°C  (b) 212°C  

(c) 360°C (d) 500°C 

26. A constant volume gas thermometer shows pressure reading of 

50cm and 90cm of mercury at 0°C and 100°C respectively. When the 

pressure reading is 60 cm of mercury, the temperature is  

[MNR 1991; UPSEAT 2000; Pb. CET 2004] 

(a) 25°C (b) 40°C 
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(c) 15°C (d) 12.5°C 

27. Mercury boils at 367°C. However, mercury thermometers are made 

such that they can measure temperature up to 500°C. This is done 

by   [CPMT 2004] 

(a) Maintaining vacuum above mercury column in the stem of the 

thermometer 

(b) Filling nitrogen gas at high pressure above the mercury column 

(c) Filling nitrogen gas at low pressure above the mercury level 

(d) Filling oxygen gas at high pressure above the mercury column 

28. A device used to measure very high temperature is 

[KCET 1998] 

(a) Pyrometer (b) Thermometer 

(c) Bolometer (d) Calorimeter  

29. The absolute zero temperature in Fahrenheit scale is 

[DCE 1996] 

(a) – 273°F (b) – 32°F 

(c) – 460°F (d) – 132°F 

30. A constant pressure air thermometer gave a reading of 47.5 units of 
volume when immersed in ice cold water, and 67 units in a boiling 
liquids. The boiling point of the liquid will be    [AIIMS 1994] 

(a) 135°C (b) 125°C 

(c) 112°C (d) 100°C 

31. If a thermometer reads freezing point of water as 20°C and boiling 

point as 150°C, how much thermometer read when the actual 
temperature is 60°C  [AFMC 2004] 

(a) 98°C (b) 110°C 

(c) 40°C (d) 60°C 

32. If temperature of an object is 140°F, then its temperature in 
centigrade is   [RPMT 1999] 

(a) 105°C (b) 32°C 

(c) 140°C (d) 60°C 

33. Of the following thermometers, the one which can be used for 
measuring a rapidly changing temperature is a 

[CPMT 1992] 

(a) Thermocouple thermometer 

(b) Gas thermometer 

(c) Maximum resistance thermometer 

(d) Vapour pressure thermometer  

34. On centigrade scale the temperature of a body increases by 30 
degrees. The increase in temperature on Fahrenheit scale is     [UPSEAT 2005] 

(a) 50°  (b) 40°  

(c) 30°  (d) 54° 

35. The correct value of 0°C on Kelvin scale will be  

[RPMT 1999] 

(a) 273.15 K  (b) 273.00 K 

(c) 273.05 K  (d) 273.63 K  
 

Thermal Expansion 
 

1. When a copper ball is heated, the largest percentage increase will 

occur in its    [EAMCET 1992] 

(a) Diameter (b) Area 

(c) Volume (d) Density 

2. A vertical column 50 cm long at 50°C balances another column of 

same liquid 60 cm long at 100°C. The coefficient of absolute 

expansion of the liquid is  [EAMCET 1990] 

(a) 0.005/°C (b) 0.0005/°C 

(c) 0.002/°C (d) 0.0002/°C  

3. The apparent coefficient of expansion of a liquid when heated in a 

copper vessel  is C and when heated in a silver vessel is S. If A is the 

linear coefficient of expansion of copper, then the linear coefficient 

of expansion of silver is  

[EAMCET 1991] 

(a) 
3

3ASC 
 (b) 

3

3 SAC 
 

(c) 
3

3 CAS 
 (d) 

3

3ASC 
  

4. A uniform metal rod is used as a bar pendulum. If the room 
temperature rises by 10°C, and the coefficient of linear expansion of 

the metal of the rod is 2  10–6 per °C, the period of the pendulum 

will have percentage increase of  

[NSEP 1992] 

(a) – 2  10–3  (b) – 1  10–3  

(c) 2  10–3  (d) 1  10–3  

5. A bar of iron is 10 cm at 20°C. At 19°C it will be ( of iron = 11  10–

6/°C)    [EAMCET 1997] 

(a) 11  10–6 cm longer (b) 11  10–6 cm shorter 

(c) 11  10–5 cm shorter  (d) 11  10–5 cm longer 

6. When a rod is heated but prevented from expanding, the stress 

developed is independent of  [EAMCET 1997] 

(a) Material of the rod  (b) Rise in temperature  

(c) Length of rod (d) None of above 

7. Expansion during heating    [CBSE PMT 1994] 

(a) Occurs only in solids  

(b) Increases the weight of a material  

(c) Decreases the density of a material  

(d) Occurs at the same rate for all liquids and solids 

8. On heating a liquid of coefficient of cubical expansion  in a 

container having coefficient of linear expansion  / 3, the level of 

liquid in the container will   [EAMCET 1993] 

(a) Rise 

(b) Fall 

(c) Will remain almost stationary 

(d) It is difficult to say  

9. A pendulum clock keeps correct time at 0°C. Its mean coefficient of 

linear expansions is C/ , then the loss in seconds per day by the 

clock if the temperature rises by t°C is     [AFMC 1993] 

(a) 

2
1

864000
2

1

t

t









 (b) 86400
2

1
t  
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(c) 
2

2
1

86400
2

1













t

t




 (d) 

2
1

86400
2

1

t

t









  

10. When a bimetallic strip is heated, it  [CBSE PMT 1990] 

(a) Does not bend at all  

(b) Gets twisted in the form of an helix  

(c) Bend in the form of an arc with the more expandable metal 

outside 

(d) Bends in the form of an arc with the more expandable metal 

inside 

11. A solid ball of metal has a concentric spherical cavity within it. If the 
ball is heated, the volume of the cavity will  

[AFMC 1997; Orissa PMT 2004] 

(a) Increase  (b) Decrease 

(c) Remain unaffected (d) None of these 

12. A litre of alcohol weighs    [AFMC 1994] 

(a) Less in winter than in summer 

(b) Less in summer than in winter  

(c) Some both in summer and winter 

(d) None of the above  

13. 5 litre of benzene weighs    [MNR 1996] 

(a) More in summer than in winter  

(b) More in winter than in summer 

(c) Equal in winter and summer 

(d) None of the above 

14. Water has maximum density at   [Pb. PMT 1997] 

(a) 0°C  (b) 32°F  

(c) – 4°C  (d) 4°C  

15. At some temperature T, a bronze pin is a little large to fit into a 
hole drilled in a steel block. The change in temperature required for 
an exact fit is minimum when  

[SCRA 1998] 

(a) Only the block is heated 

(b) Both block and pin are heated together 

(c) Both block and pin are cooled together  

(d) Only the pin is cooled  

16. If the length of a cylinder on heating increases by 2%, the area of its 

base will increase by   [CPMT 1993; BHU 1997] 

(a) 0.5% (b) 2% 

(c) 1% (d) 4% 

17. The volume of a gas at 20°C is 100 cm3 at normal pressure. If it is 
heated to 100°C, its volume becomes 125 cm3 at the same pressure, 
then volume coefficient of the gas at normal pressure is   [Pb. PET 2002; DPMT 2001] 

(a) 0.0015/°C  (b) 0.0045/°C  

(c) 0.0025/°C  (d) 0.0033/°C  

18. The coefficient of superficial expansion of a solid is 2  10–5 /°C. It's 

coefficient of linear expansion is   [KCET 1999] 

(a) 4  10–5/°C (b) 3  10–5/°C  

(c) 2  10–5/°C  (d) 1  10–5/°C  

19. Density of substance at 0°C is 10 gm/cc and at 100°C, its density is 
9.7 gm/cc. The coefficient of linear expansion of the substance will 
be    

[BHU 1996; Pb. PMT 1999; DPMT 1998, 2003] 

(a) 102  (b) 10–2  

(c) 10–3  (d) 10–4  

20. Coefficient of real expansion of mercury is 0.18  10–3/°C. If the 

density of mercury at 0°C is 13.6 gm/cc. its density at 473K is    [DPMT 1996] 

(a) 13.11 gm/cc  (b) 26.22 gm/cc  

(c) 52.11 gm/cc  (d) None of these  

21. The real coefficient of volume expansion of glycerine is 0.000597 

per°C and linear coefficient of expansion of glass is 0.000009 per°C. 
Then the apparent volume coefficient of expansion of glycerine is    [AIIMS 2000] 

(a) 0.000558 per°C (b) 0.00057 per°C  

(c) 0.00027 per°C  (d) 0.00066 per°C  

22. A beaker is completely filled with water at 4°C. It will overflow if  [EAMCET 1992; BHU 1994; AFMC 2005] 

(a) Heated above 4°C  

(b) Cooled below 4°C 

(c) Both heated and cooled above and below 4°C respectively  

(d) None of the above  

23. The volume of a metal sphere increases by 0.24% when its 
temperature is raised by 40°C. The coefficient of linear expansion of 
the metal is ..........  °C  [Kerala PMT 2005] 

(a) 2  10–5  (b) 6  10–5  

(c) 2.1  10–5  (d) 1.2  10–5  

24. Ratio among linear expansion coefficient (), areal expansion 

coefficient () and volume expansion coefficient () is    [RPMT 2000] 

(a) 1 : 2 : 3 (b) 3 : 2 : 1 

(c) 4 : 3 : 2 (d) None of these  

25. If on heating liquid through 80°C, the mass expelled is (1/100)th of 
mass still remaining, the coefficient of apparent expansion of liquid 
is    [RPMT 2004] 

(a) 1.25  10–4/°C (b) 12.5  10–4/°C 

(c) 1.25  10–5/°C (b) None of these 

26. In cold countries, water pipes sometimes burst, because 

(a) Pipe contracts 

(b) Water expands on freezing 

(c) When water freezes, pressure increases 

(d) When water freezes, it takes heat from pipes 

27. A cylindrical metal rod of length L
0

 is shaped into a ring with a small 

gap as shown. On heating the system 

 

 

 

 

 

(a) x decreases, r and d increase  

(b) x and r increase, d decreases 

(c) x, r and d all increase 

(d) Data insufficient to arrive at a conclusion 

28. The length of a metallic rod is 5m at 0°C and becomes 5.01 m, on 
heating upto 100°C. The linear expansion of the metal will be    [UPSEAT 1999] 

X 

r 

d 



 

 570 Thermometry, Thermal Expansion and Calorimetry  

(a) 2.33  10–5 /°C (b) 6.0  10–5 /°C 

(c) 4.0  10–5 /°C (d) 2.0  10–5 /°C 

29. A metal rod of silver at 0°C is heated to 100°C. It's length is 

increased by 0.19 cm. Coefficient of cubical expansion of the silver 

rod is    [UPSEAT 2001] 

(a) 5.7  10–5/°C  (b) 0.63  10–5/°C 

(c) 1.9  10–5/°C (d) 16.1  10–5/°C 

30. A brass disc fits simply in a hole of a steel plate. The disc from the 

hole can be loosened if the system  [UPSEAT 2001] 

(a) First heated then cooled (b) First cooled then heated 

(c) Is heated (d) Is cooled 

31. An iron bar of length 10 m is heated from 0°C to 100°C. If the coefficient 

of linear thermal expansion of iron is 10  10–6 /°C, the increase in the 

length of bar is   [UPSEAT 2005] 

(a) 0.5 cm  (b) 1.0 cm  

(c) 1.5 cm  (d) 2.0 cm 

32. If a cylinder of diameter 1.0 cm at 30°C is to be solid into a hole of 
diameter 0.9997 cm in a steel plate at the same temperature, then 
minimum required rise in the temperature of the plate is : 

(Coefficient of linear expansion of steel C  /1012 6 )    [EAMCET 2001] 

(a) 25°C  (b) 35°C  

(c) 45°C  (d) 55°C 

33. Surface of the lake is at 2°C. Find the temperature of the bottom of 
the lake    [Orissa JEE 2002] 

(a) 2°C  (b) 3°C  

(c) 4°C  (d) 1°C  

34. Two rods, one of aluminum and the other made of steel, having 

initial length 1l  and 2l  are connected together to form a single rod 

of length 21 ll  . The coefficients of linear expansion for aluminum 

and steel are a  and s  respectively. If the length of each rod 

increases by the same amount when their temperature are raised by 

Cto , then find the ratio 
)( 21

1

ll

l


  [IIT-JEE (Screening) 2003] 

(a) 
a

s




 (b) 

s

a




 

(c) 
)( sa

s






 (d) 

)( sa

a






 

 

Calorimetry 
 

1. When vapour condenses into liquid [CPMT 1990] 

(a) It absorbs heat (b) It liberates heat 

(c) Its temperature increases (d) Its temperature decreases 

2. At NTP water boils at 100°C. Deep down the mine, water will boil at 
a temperature   [CPMT 1996] 

(a) 100°C (b) > 100°C 

(c) < 100°C (d)  Will not boil at all 

3. If specific heat of a substance is infinite, it means 

 [AIIMS 1997] 

(a) Heat is given out 

(b) Heat is taken in 

(c) No change in temperature takes place whether heat is taken in 
or given out 

(d)  All of the above 

4. A gas in an airtight container is heated from 25°C to 90°C. The 
density of the gas will   [BCECE 1997] 

(a) Increase slightly (b) Increase considerably 

(c) Remain the same (d) Decrease slightly 

5. A quantity of heat required to change the unit mass of a solid 
substance, from solid state to liquid state, while the temperature 
remains constant, is known as [AIIMS 1998] 

(a) Latent heat (b) Sublimation 

(c) Hoar frost (d)  Latent heat of fusion 

6. The latent heat of vaporization of a substance is always 

    [SCRA 1998] 

(a) Greater than its latent heat of fusion 

(b) Greater than its latent heat of sublimation 

(c) Equal to its latent heat of sublimation 

(d) Less than its latent heat of fusion 

7. The factor not needed to calculate heat lost or gained when there is 
no change of state is   [AFMC 1997; BHU 1997] 

(a) Weight (b) Specific heat 

(c) Relative density (d) Temperature change  

8. 540 g of ice at 0°C is mixed with 540 g of water at 80°C. The final 
temperature of the mixture is [AFMC 1994] 

(a) 0°C (b) 40°C 

(c) 80°C (d) Less than 0°C 

9. Water is used to cool radiators of engines,  because 

    [AFMC 2001] 

(a) Of its lower density (b) It is easily available 

(c) It is cheap (d) It has high specific heat 

10. How much heat energy is gained when 5 kg of water at 20°C is 
brought to its boiling point 

(Specific heat of water = 4.2 kJ kg–1c–1) [BHU 2001] 

(a) 1680 kJ (b) 1700 kJ 

(c) 1720 kJ (d) 1740 kJ 

11. Melting point of ice   [CBSE PMT 1993] 

(a) Increases with increasing pressure 

(b) Decreases with increasing pressure 

(c) Is independent of pressure 

(d)  Is proportional to pressure 

12. Heat required to convert one gram of ice at 0°C into steam at 100°C 
is (given L

steam

 = 536 cal/gm) [Pb. PMT 1990] 

(a) 100 calorie (b) 0.01 kilocalorie 

(c) 716 calorie (d) 1 kilocalorie 

13. 80 gm of water at 30°C are poured on a large block of ice at 0°C. 
The mass of ice that melts is  [CBSE PMT 1989] 

(a) 30 gm (b) 80 gm 

(c) 1600 gm (d) 150 gm 

14. The saturation vapour pressure of water at 100°C is 

[EAMCET 1997] 

(a) 739 mm of mercury (b) 750 mm of mercury 

(c) 760 mm of mercury (d) 712 mm of mercury 

15. Two spheres made of same substance have diameters in the ratio 1 : 
2. Their thermal capacities are in the ratio of 

[JIPMER 1999] 
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(a) 1 : 2 (b) 1 : 8 

(c) 1 : 4 (d) 2 : 1  

16. Work done in converting one gram of ice at –10°C into steam at 
100°C is 

[MP PET/PMT 1988; EAMCET (Med.) 1995; MP PMT 2003] 

(a) 3045 J (b) 6056 J 

(c) 721 J (d) 616 J 

17. If mass energy equivalence is taken into account, when water is 
cooled to form ice, the mass of water should 

[AIEEE 2002] 

(a) Increase (b) Remain unchanged 

(c) Decrease (d) First increase then decrease 

18. Compared to a burn due to water at 100°C, a burn due to steam at 

100°C is [KCET 1999; UPSEAT 1999] 

(a) More dangerous (b) Less dangerous 

(c) Equally dangerous (d) None of these 

19. 50 gm of copper is heated to increase its temperature by 10°C. If the 
same quantity of heat is given to 10 gm of water, the rise in its 
temperature is (Specific heat of copper = 420 Joule-kg–1 °C–1)   [EAMCET (Med.) 2000] 

(a) 5°C (b) 6°C 

(c) 7°C (d)  8°C 

20. Two liquids A and B are at 32°C and 24°C. When mixed in equal 
masses the temperature of the mixture is found to be 28°C. Their 
specific heats are in the ratio of [DPMT 1996] 

(a) 3 : 2 (b) 2 : 3 

(c) 1 : 1 (d) 4 : 3 

21. A beaker contains 200 gm of water. The heat capacity of the beaker 

is equal to that of 20 gm of water. The initial temperature of water 
in the beaker is 20°C. If 440 gm of hot water at 92°C is poured in 
it, the final temperature (neglecting radiation loss) will be nearest to[NSEP 1994] 

(a) 58°C (b) 68°C 

(c) 73°C (d) 78°C  

22. Amount of heat required to raise the temperature of a body through 
1K is called its 

[KCET 1996; MH CET 2001; AIEEE 2002] 

(a) Water equivalent (b) Thermal capacity 

(c) Entropy (d) Specific heat 

23. A metallic ball and highly stretched spring are made of the same 

material and have the same mass. They are heated so that they melt, 
the latent heat required [AIIMS 2002] 

(a) Are the same for both 

(b) Is greater for the ball 

(c) Is greater for the spring 

(d) For the two may or may not be the same depending upon the 
metal  

24. A liquid of mass m and specific heat c is heated to a temperature 

2T. Another liquid of mass m/2 and specific heat 2c is heated to a 
temperature T. If these two liquids are mixed, the resulting 
temperature of the mixture is 

[EAMCET 1992] 

(a) (2/3)T (b) (8/5)T 

(c) (3/5)T (d) (3/2)T  

25. Calorie is defined as the amount of heat required to raise 
temperature of 1g of water by 1°C and it is defined under which of 
the following conditions 

[IIT-JEE (Screening) 2005] 

(a) From 14.5°C to 15.5°C at 760 mm of Hg 

(b) From 98.5°C to 99.5°C at 760 mm of Hg 

(c) From 13.5°C to 14.5°C at 76 mm of Hg 

(d) From 3.5°C to 4.5°C at 76 mm of Hg 

26. 100 gm of ice at 0°C is mixed with 100 g of water at 100°C. What 
will be the final temperature of the mixture 

[SCRA 1996; AMU 1999] 

(a) 10°C (b) 20°C 

(c) 30°C (d) 40°C 

27. At atmospheric pressure, the water boils at 100°C. If pressure is 

reduced, it will boil at  [MP PMT 1984] 

(a) Higher temperature (b) Lower temperature 

(c) At the same temperature (d) At critical temperature 

28. A closed bottle containing water at 30°C is carried to the moon in a 
space-ship. If it is placed on the surface of the moon, what will 
happen to the water as soon as the lid is opened   [RPMT 2002] 

(a) Water will boil 

(b) Water will freeze 

(c) Nothing will happen on it 

(d) It will decompose into 2H  and 2O   

29. The thermal capacity of 40 gm of aluminium (specific heat = 0.2 
cal/gm/°C) is   [CBSE PMT 1990] 

(a) 40 cal/°C (b) 160 cal/°C 

(c) 200 cal/°C  (d) 8 cal/°C 

30. If temperature scale is changed from °C to °F, the numerical value of 
specific heat will   [CPMT 1984] 

(a) Increases (b) Decreased 

(c) Remains unchanged (d) None of the above 

31. By exerting a certain amount of pressure on an ice block, you    [JIPMER 1997] 

(a) Lower its melting point 

(b) Make it melt at 0°C only 

(c) Make it melt at a faster rate 

(d) Raise its melting point 

32. When we rub our palms they gets heated but to a maximum 
temperature because 

(a) Heat is absorbed by our palm 

(b) Heat is lost in the environment 

(c) Produced of heat is stopped 

(d) None of the above 

33. A bullet moving with a uniform velocity v, stops suddenly after 
hitting the target and the whole mass melts be m, specific heat S, 
initial temperature 25°C, melting point 475°C and the latent heat L. 
Then v is given by 

[NCERT 1972] 

(a) 
J

mv
mSmL

2

2

1
)25475(   

(b) 
J

mv
mLmS

2
)25475(

2

  

(c) 
J

mv
mLmS

2

)25475(   
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(d) 
J

mv
mLmS

2
)25475(

2

  

34. A water fall is 84 metres high. If half of the potential energy of the 
falling water gets converted to heat, the rise in temperature of water 
will be   [JIPMER 2002] 

(a) 0.098°C (b) 0.98°C 

(c) 9.8°C (d) 0.0098°C 

35. A body of mass 5 kg falls from a height of 30 metre. If its all 

mechanical energy is changed into heat, then heat produced will be   [CPMT 1975] 

(a) 350 cal (b) 150 cal 

(c) 60 cal (d) 6 cal 

36. In supplying 400 calories of heat to a system, the work done will be   [MP PMT 1989] 

(a) 400 joules (b) 1672 joules 

(c) 1672 watts (d) 1672 ergs 

37. 0.93 watt-hour of energy is supplied to a block of ice weighing 10 
gm. It is found that 

[NCERT 1973; DPMT 1999] 

(a) Half of the block melts 

(b) The entire block melts and the water attains a temperature of 
4°C 

(c) The entire block just melts 

(d) The block remains unchanged 

38. The weight of a person is 60 kg. If he gets 105 calories heat through 

food and the efficiency of his body is 28%, then upto how much 

height he can climb (approximately) 

[AFMC 1997] 

(a) 100 m (b) 200 m 

(c) 400 m (d) 1000 m 

39. The temperature of Bhakhra dam water at the ground level with 

respect to the temperature at high level should be 

(a) Greater (b) Less 

(c) Equal (d) 0°C 

40. The height of a waterfall is 84 metre. Assuming that the entire 

kinetic energy of falling water is converted into heat, the rise in 

temperature of the water will be 

)/2.4,/8.9( 2 caljouleJsmg    [MP PET 1994] 

(a) 0.196°C (b) 1.960°C 

(c) 0.96°C (d) 0.0196°C 

41. Hailstone at 0°C falls from a height of 1 km on an insulating surface 

converting whole of its kinetic energy into heat. What part of it will 

melt )/10( 2smg   [MP PMT 1994] 

(a) 
33

1
 (b) 

8

1
 

(c) 410
33

1   (d) All of it will melt 

42. The SI unit of mechanical equivalent of heat is 

[MP PMT/PET 1998] 

(a) Joule  Calorie (b) Joule/Calorie 

(c) Calorie  Erg (d) Erg/Calorie 

43.  Of two masses of 5 kg each falling from height of 10 m, by which 

2kg water is stirred. The rise in temperature of water will be   [RPET 1997] 

(a) 2.6°C (b) 1.2°C 

(c) 0.32°C (d) 0.12°C  

44. A lead ball moving with a velocity V strikes a wall and stops. If 50% 
of its energy is converted into heat, then what will be the increase in 
temperature (Specific heat of lead is S) 

[RPMT 1996] 

(a) 
JS

V 22
 (b) 

JS

V

4

2

 

(c) 
J

V 2

 (d) 
J

SV

2

2

 

45. The mechanical equivalent of heat J is [MP PET 2000] 

(a) A constant (b) A physical quantity 

(c) A conversion factor (d) None of the above 

46. Water falls from a height of 210m. Assuming whole of energy due to 

fall is converted into heat the rise in temperature of water would be 

(J = 4.3 Joule/cal) 

[Pb. PMT 2002] 

(a) 42°C (b) 49°C 

(c) 0.49°C (d) 4.9°C 

47. A block of mass 100 gm slides on a rough horizontal surface. If the 

speed of the block decreases from 10 m/s to   5 m/s, the thermal 

energy developed in the process is 

[UPSEAT 2002] 

(a) 3.75 J (b) 37.5 J 

(c) 0.375 J (d) 0.75 J 

48. 4200 J of work is required for   [MP PMT 1986] 

(a) Increasing the temperature of 10 gm of water through 10°C 

(b) Increasing the temperature of 100 gm of water through 10°C 

(c) Increasing the temperature of 1 kg of water through 10°C 

(d) Increasing the temperature of 10 kg of water through 10°C 

49. At 100°C, the substance that causes the most severe burn, is 

[KCET 1999; UPSEAT 1999] 

(a) Oil (b) Steam 

(c) Water (d) Hot air 

50. In a water-fall the water falls from a height of 100 m. If the entire 
K.E. of water is converted into heat, the rise in temperature of water 
will be   [MP PMT 2001] 

(a) 0.23°C (b) 0.46°C 

(c) 2.3°C (d) 0.023°C 

51. A lead bullet of 10 g travelling at 300 m/s strikes against a block of 
wood and comes to rest. Assuming 50% of heat is absorbed by the 
bullet, the increase in its temperature is  

(Specific heat of lead = 150J/kg, K)  [EAMCET 2001] 

(a) 100°C (b) 125°C 

(c) 150°C (d) 200°C 
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52. The temperature at which the vapour pressure of a liquid becomes 
equals to the external (atmospheric) pressure is its 

[Kerala (Engg.) 2001] 

(a) Melting point (b) Sublimation point 

(c) Critical temperature (d) Boiling point 

53. When the pressure on water is increased the boiling temperature of 
water as compared to 100°C will be 

 [RPET 1999] 

(a) Lower 

(b) The same 

(c) Higher 

(d) On the critical temperature 

54. Calorimeters are made of which of the following 

[AFMC 2000] 

(a) Glass (b) Metal 

(c) Wood (d) Either (a) or (c) 

55. Triple point of water is   [CPMT 2002] 

(a) 273.16°F (b) 273.16 K 

(c) 273.16°C  (d) 273.16 R 

56. A liquid boils when its vapour pressure equals 

[MP PET 2002] 

(a) The atmospheric pressure 

(b) Pressure of 76.0 cm column of mercury 

(c) The critical pressure 

(d) The dew point of the surroundings 

57. The amount of work, which can be obtained by supplying 200 cal of 

heat, is [Pb. PET 2001, 03; BHU 2004] 

(a) 840 dyne (b) 840 W 

(c) 840 erg (d) 840 J 

58. How many grams of a liquid of specific heat 0.2 at a temperature 

40°C must be mixed with 100 gm of a liquid of specific heat of 0.5 

at a temperature 20°C, so that the final temperature of the mixture 

becomes 32°C [Pb. PET 1999] 

(a) 175 gm (b) 300 g 

(c) 295 gm (d) 375 g 

59. 1 g of a steam at 100°C melt how much ice at 0°C? (Latent heat of 

ice = 80 cal/gm and latent heat of steam = 540 cal/gm)   [Pb. PET 2000] 

(a) 1 gm (b) 2 gm  

(c) 4 gm (d) 8 gm 

60. 5 g of ice at 0°C is dropped in a beaker containing 20 g of water at 

40°C. The final temperature will be [Pb. PET 2003] 

(a) 32°C (b) 16°C 

(c) 8°C (d) 24°C 

61. One kilogram of ice at 0°C is mixed with one kilogram of water at 

80°C. The final temperature of the mixture is  

 (Take : specific heat of water 114200  KkgJ , latent heat of ice 

)336 1 kgkJ    [KCET 2002] 

(a) 40°C (b) 60°C 

(c) 0°C (d) 50°C 

62. During constant temperature, we feel colder on a day when the 

relative humidity will be   [Pb. PMT 1996] 

(a) 25% (b) 12.5% 

(c) 50% (d) 75% 

63. Which of the following is the unit of specific heat 

[MH CET 2004] 

(a) 1CkgJ  (b) CkgJ /  

(c) JCkg /  (d) 2/ CkgJ  

64. 50 gm of ice at 0°C is mixed with 50 gm of water at 80°C, final 
temperature of mixture will be  [DCE 2002] 

(a) 0°C (b) 40°C 

(c) 40°C (d) 4°C 

65. The freezing point of the liquid decreases when pressure is 
increased, if the liquid   [DCE 1995] 

(a) Expands while freezing 

(b) Contracts while freezing 

(c) Does not change in volume while freezing 

(d) None of these 

66. The relative humidity on a day, when partial pressure of water 

vapour is Pa510012.0   at 12°C is (take vapour pressure of 

water at this temperature as Pa510016.0  ) 

[AIIMS 1998] 

(a) 70% (b) 40% 

(c) 75% (d) 25% 

67. A hammer of mass 1kg having speed of 50 m/s, hit a iron nail of 
mass 200 gm. If specific heat of iron is 0.105 cal/gm°C and half the 
energy is converted into heat, the raise in temperature of nail is   [RPMT 1995] 

(a) 7.1°C (b) 9.2°C 

(c) 10.5°C (d) 12.1°C 

68. Latent heat of 1gm of steam is 536 cal/gm, then its value in joule/kg 
is   [RPMT 1999] 

(a) 61025.2   (b) 31025.2   

(c)  2.25 (d) None 

69. Which of the following has maximum specific heat 

[RPMT 1999] 

(a) Water (b) Alcohol 

(c) Glycerine (d) Oil 

70. 50 gm ice at 0°C in insulator vessel, 50g water of 100°C is mixed in 
it, then final temperature of the mixture is (neglect the heat loss)   [RPMT 2001] 

(a) 10°C (b) CTm  200  

(c) 20°C (d) Above 20°C 

71. A stationary object at 4°C and weighing 3.5 kg falls from a height of 
2000 m on a snow mountain at 0°C. If the temperature of the object 
just before hitting the snow is 0°C and the object comes to rest 

immediately )/10( 2smg   and (latent heat of 

ice sec/105.3 5 joule ), then the object will melt   [BHU 2001] 

(a) 2 kg of ice (b) 200 gm of ice 

(c) 20 gm ice (d) 2 gm of ice 
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72. 300 gm of water at 25°C is added to 100 gm of ice at 0°C. The final 
temperature of the mixture is  [MP PET 2004] 

(a) C
3

5
 (b) C

2

5
 

(c) – 5°C (d) 0°C 

73. Calculate the amount of heat (in calories) required to convert 5 gm 

of ice at 0°C to steam at 100°C [DPMT 2005] 

(a) 3100 (b) 3200 

(c) 3600 (d) 4200 

74. 2gm of steam condenses when passed through 40gm of water 

initially at 25°C. The condensation of steam raises the temperature 

of water to 54.3°C. What is the latent heat of steam   [J & K CET 2005] 

(a) 540 cal/g (b) 536 cal/g  

(c) 270 cal/g (d) 480 cal/g 

75. 10 gm of ice at 0°C is mixed with 100 gm of water at 50°C. What is 

the resultant temperature of mixture [AFMC 2005] 

(a) 31.2°C (b) 32.8°C 

(c) 36.7°C (d) 38.2°C 

76. Three liquids with masses 321 ,, mmm  are thoroughly mixed. If 

their specific heats are 321 ,, ccc  and their temperatures 

321 ,, TTT  respectively, then the temperature of the mixture is 

(a) 
332211

332211

cmcmcm

TcTcTc




 

(b) 
332211

333222111

cmcmcm

TcmTcmTcm




 

(c) 
332211

333222111

TmTmTm

TcmTcmTcm




 

(d) 
332211

332211

TcTcTc

TmTmTm




 

77. The point on the pressure temperature phase diagram where all the 

phases co-exist is called [MH CET 2005] 

(a) Sublimation  (b) Fusion point 

(c) Triple point  (d) Vaporisation point  

78. Boiling water is changing into steam. At this stage the specific heat 

of water is    [UPSEAT 1998] 

(a) < 1 (b)   

(c) 1 (d) 0 

79. A vessel contains 110 g of water. The heat capacity of the vessel is 

equal to 10 g of water. The initial temperature of water in vessel is 

10°C. If 220 g of hot water at 70°C is poured in the vessel, the final 

temperature neglecting radiation loss, will be    [UPSEAT 2000] 

(a) 70°C (b) 80°C  

(c) 60°C (d) 50°C 

80. The thermal capacity of a body is 80 cal, then its water equivalent is 
   [UPSEAT 2001] 

(a) 80 cal / gm (b) 8 gm 

(c) 80 gm  (d) 80 kg  

81. A liquid of mass M and specific heat S is at a temperature 2t. If 

another liquid of thermal capacity 1.5 times, at a temperature of 
3

t
 

is added to it, the resultant temperature will be    [EAMCET (Engg.) 1999] 

(a) t
3

4
 (b) t  

(c) 
2

t
 (d) t

3

2
  

82. Dry ice is    [CPMT 2000] 

(a) Ice cube (b) Sodium chloride  

(c) Liquid nitrogen  (d) Solid carbon dioxide 

 

 

 

 

1. A glass flask is filled up to a mark with 50 cc of mercury at 
18ºC. If the flask and contents are heated to 38ºC, how much 

mercury will be above the mark ? ( for glass is 9 × 10 –6/ºC and 

coefficient of real expansion of mercury is  180 × 10 –6/ºC)    [EAMCET 1997] 

(a) 0.85 cc  (b) 0.46 cc  

(c) 0.153 cc (d) 0.05 cc  

2. The coefficient of apparent expansion of mercury in a glass vessel is 

153 × 10–6/ºC  and in a steel vessel is 144 × 10–6/ºC. If  for steel is 12 × 10–

6/ºC, then that of glass is  

[EAMCET 1997] 

(a) 9 × 10–6/ºC (b) 6 × 10–6/ºC 

(c) 36 × 10–6/ºC (d) 27 × 10–6/ºC 

3. Solids expand on heating because  [CPMT 1990] 

(a) Kinetic energy of the atoms increases 

(b) Potential energy of the atoms increases 

(c) Total energy of the atoms increases 

(d) The potential energy curve is asymmetric about the equilibrium 
distance between neighbouring atoms  

4. An iron tyre is to be fitted on to a wooden wheel 1m in diameter. 

The  diameter of tyre is 6 mm smaller than that of wheel. The tyre 

should be heated so that its temperature increases by a minimum of 

(the coefficient of cubical expansion of iron is 3.6 × 10–5/ºC)[CPMT 1989] 

(a) 167ºC (b) 334ºC 

(c) 500ºC (d) 1000ºC 

5. A glass flask of volume one litre at 0°C is filled, level full of mercury 
at this temperature. The flask and mercury are now heated to 100°C. 
How much mercury will spill out, if coefficient of volume expansion 

of mercury is C  /1082.1 4  and linear expansion of glass 

is C  /101.0 4  respectively   [MNR 1994] 

(a) 21.2 cc (b) 15.2 cc 

(c) 1.52 cc (d) 2.12 cc 
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6. A steel scale measures the length of a copper wire as ,0.80 cm  

when both are at C20  (the calibration temperature for scale). 
What would be the scale read for the length of the wire when both 

are at C40 ?  (Given 
steel

 61011  per°C and 
copper

 

Cper  61017 ) 

[CPMT 2004] 

(a) cm0096.80  (b) cm0272.80  

(c) cm1  (d) cm2.25  

7. A bimetallic strip is formed out of two identical strips, one of 

copper and other of brass. The coefficients of linear expansion of the 

two metals are C  and B . On heating, the temperature of the 

strip goes up by T and the strip bends to form an arc of radius of 

curvature R. Then R is 

[IIT-JEE (Screening) 1999] 

(a) Proportional to T  

(b) Inversely proportional to T 

(c) Proportional to || CB    

(d) Inversely proportional to || CB    

8. Two metal strips that constitute a thermostat must necessarily differ 
in their   [IIT-JEE 1992] 

(a) Mass 

(b) Length 

(c) Resistivity 

(d) Coefficient of linear expansion 

9. A metal ball immersed in alcohol weighs 1W  at 0°C and 2W  at 

59°C. The coefficient of cubical expansion of the metal is less than 
that of alcohol. Assuming that the density of metal is large 
compared to that of alcohol, it can be shown that 

[CPMT 1998] 

(a) 21 WW   (b) 21 WW   

(c) 21 WW   (d) )2/( 12 WW   

10. The coefficient of volumetric expansion of mercury is  
18 × 10–5/ºC. A thermometer bulb has a volume 10–6 m3 and cross 
section of stem is 0.004 cm2. Assuming that bulb is filled with 

mercury at 0ºC then the length of the mercury column at 100ºC is  [Pb. PMT 1998, DPMT 1997, 2001] 

(a) 18.8 mm (b) 9.2 mm 

(c) 7.4 cm (d) 4.5 cm 

11. A piece of metal weight  46 gm in air, when it is immersed in the 

liquid of  specific gravity 1.24 at 27ºC it weighs  

30 gm. When the temperature of liquid is raised to 42ºC the metal 

piece weight 30.5 gm, specific gravity of the liquid at 42ºC is 1.20, 

then the linear expansion of the metal will be 

    [BHU 1995] 

(a) 3.316 × 10–5/ºC (b) 2.316 × 10–5/ºC 

(c) 4.316 × 10–5/ºC (d) None of these 

12. It is known that wax contracts on solidification. If molten wax is 

taken in a large vessel and it is allowed to cool slowly, then          [CBSE PMT 1994] 

(a) It will start solidifying from the top downward 

(b) It will start solidifying from the bottom upward 

(c) It will start solidifying from the middle, upward and downward 
at equal rates 

(d) The whole mass will solidify simultaneously 

13. A substance of mass m kg requires a power input of P watts to 

remain in the molten state at its melting point. When the power is 

turned off, the sample completely solidifies in time t sec. What is the 

latent heat of fusion of the substance  

    [IIT JEE 1992] 

(a) 
t

Pm
 (b)  

m

Pt
 

(c) 
Pt

m
 (d) 

Pm

t
 

14. Steam at 100ºC is passed into 1.1 kg of water contained in a 
calorimeter of water equivalent 0.02 kg at 15ºC till the temperature 
of the calorimeter and its contents rises to 80ºC. The mass of the 
steam  condensed in kg is  

    [IIT 1995] 

(a) 0.130 (b) 0.065 

(c) 0.260 (d) 0.135 

15. 2 kg of ice at – 20°C is mixed with 5 kg of water at 20°C in an 

insulating vessel having a negligible heat capacity. Calculate the final 

mass of water remaining in the container. It is given that the specific 

heats of water and ice are 1 kcal/kg per °C and 0.5 kcal/kg/°C while 

the latent heat of fusion of ice is 80 kcal/kg  [IIT-JEE (Screening) 2003] 

(a) 7 kg (b) 6 kg 

(c) 4 kg (d) 2 kg 

16. Water of volume 2 litre in a container is heated with a coil of kW1  

at C27 . The lid of the container is open and energy dissipates at 

rate of ./160 sJ  In how much time temperature will rise from 

C27  to C77  [Given specific heat of water is kgkJ /2.4 ]   [IIT-JEE (Screening) 2004] 

(a) 8 min 20 s (b) 6 min 2 s 

(c) 7 min (d) 14 min 

17. A lead bullet at 27°C just melts when stopped by an obstacle. 

Assuming that 25% of heat is absorbed by the obstacle, then  the  

velocity of the bullet at the time of striking (M.P. of lead = 327°C, 

specific heat of lead = 0.03 cal/gm°C, latent heat of fusion of lead = 6 

cal/gm and J = 4.2 joule/cal)  [IIT 1981] 

(a) 410 m/sec (b) 1230 m/sec 

(c) 307.5 m/sec (d) None of the above 

18. If two balls of same metal weighing 5 gm and 10 gm strike with a 

target with the same velocity. The heat energy so developed is used 

for raising their temperature alone, then the temperature will be 

higher 

(a) For bigger ball 

(b) For smaller ball  

(c) Equal for both the balls 

(d) None is correct from the above three 

19. The temperature of equal masses of three different liquids A, B and 

C are 12ºC, 19ºC and 28ºC respectively. The temperature when A 

and B are mixed is 16ºC and when B and C are mixed is  23ºC. The 

temperature when A  and C are mixed is    [Kerala PET 2005] 
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(a) 18.2ºC (b) 22ºC 

(c) 20.2ºC (d) 25.2ºC 

20. In an industrial process 10 kg of water per hour is to be heated from 

20°C to 80°C. To do this steam at 150°C is passed from a boiler into a 

copper coil immersed in water. The steam condenses in the coil and is 

returned to the boiler as water at 90°C. how many kg of steam is 

required per hour.  

(Specific heat of steam = 1 calorie per gm°C, Latent heat of 

vaporisation = 540 cal/gm) 

(a) 1 gm (b) 1 kg 

(c) 10 gm (d) 10 kg 

21. In a vertical U-tube containing a liquid, the two arms are maintained 

at different temperatures 1t  and 2t . The liquid columns in the two 

arms have heights 1l  and 2l  respectively. The coefficient of volume 

expansion of the liquid is equal to 

 

 

 

 

(a) 
2112

21

tltl

ll




 (b) 

2211

21

tltl

ll




 

(c) 
2112

21

tltl

ll




 (d) 

2211

21

tltl

ll




 

22. The coefficient of linear expansion of crystal in one direction is 1  

and that in every direction perpendicular to it is 2 . The coefficient 

of cubical expansion is 

(a) 21    (b) 212    

(c) 21 2   (d) None of these 

23. Three rods of equal length l are joined to form an equilateral 
triangle PQR. O is the mid point of PQ. Distance OR remains same 
for small change in temperature. Coefficient of linear expansion for 

PR and RQ is same i.e. 2  but that for PQ is 1 . Then  

(a) 12 3   

(b) 12 4   

(c) 21 3   

(d) 21 4   

24. A one litre  glass flask contains some mercury. It is found that at 

different temperatures the volume of air inside the flak remains the 
same. What is the volume of mercury in this flask if coefficient of 

linear expansion of glass is 9  10–6/°C while of volume expansion of 

mercury is 1.8  10–4/°C  

(a) 50 cc  (b) 100 cc 

(c) 150 cc (d) 200 cc  

25. 10 gm of ice at – 20°C is dropped into a calorimeter containing 10 gm 

of water at 10°C; the specific heat of water is twice that of ice. When 

equilibrium is reached, the calorimeter will contain  

(a) 20 gm of water 

(b) 20 gm of ice 

(c) 10 gm ice and 10 gm water 

(d) 5 gm ice and 15 gm water 

26. A rod of length 20 cm is made of metal. It expands by 0.075cm 

when its temperature is raised from 0°C to 100°C. Another rod of a 

different metal B having the same length expands by 0.045 cm for 

the same change in temperature. A third rod of the same length is 

composed of two parts, one of metal A and the other of metal B. 

This rod expands by 0.060 cm for the same change in temperature. 

The portion made of metal A has the length   [CPMT 1991] 

(a) 20 cm  (b) 10 cm  

(c) 15 cm  (d) 18 cm 

27. Steam is passed into 22 gm of water at 20°C. The mass of water 

that will be present when the water acquires a temperature of 90°C 

(Latent heat of steam is 540 cal/gm) is 

[SCRA 1994] 

(a) 24.8 gm (b) 24 gm 

(c) 36.6 gm (d) 30 gm 

 
 
 
 
 
 

1. The graph AB shown in figure is a plot of temperature of a body in 
degree celsius and degree Fahrenheit. Then 

 

 

 

 

 

(a) Slope of line AB is 9/5 (b) Slope of line AB is 5/9 

(c) Slope of line AB is 1/9 (d) Slope of line AB is 3/9 

2. The graph shows the variation of temperature (T) of one kilogram 
of a material with the heat (H) supplied to it. At O, the substance is 
in the solid state. From the graph, we can conclude that 

 

 

 

 

 

 

(a) 2T  is the melting point of the solid 

(b) BC represents the change of state from solid to liquid 

(c) )( 12 HH   represents the latent heat of fusion of the 

substance 

(d) )( 13 HH   represents the latent heat of vaporization of the 

liquid 
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3. A block of ice at –10°C is slowly heated and converted to steam at 

100°C. Which of the  following curves represents the 

phenomenon qualitatively  [IIT-JEE (Screening) 2000] 

(a)  (b)  

 

 

 

 

 

(c)  (d)  

 

 

 

 

 

4. The portion AB of the indicator diagram representing the state of 
matter denotes 

 

 

 

 
 

(a) The liquid state of matter 

(b) Gaseous state of matter 

(c) Change from liquid to gaseous state 

(d) Change from gaseous state to liquid state 

5. The figure given below shows the cooling curve of pure wax 
material after heating. It cools from A to B and solidifies along BD. If 
L and C are respective values of latent heat and  the specific heat of 
the liquid wax, the ratio L/C is 

 

 

 

 

 

 

(a) 40 (b) 80 

(c) 100 (d) 20 

6. A solid substance is at 30°C. To this substance heat energy is 
supplied at a constant rate. Then temperature versus time graph is 
as shown in the figure. The substance is in liquid state for the 

portion (of the graph)  [RPET 1990, 94] 

 

 

 

 

 

(a) BC (b) CD 

(c) ED (d) EF 

7. The variation of density of water with temperature is represented by 
the 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

 

 

 

8. If a graph is plotted taking the temperature in Fahrenheit along Y-
axis and the corresponding temperature in Celsius along the X-axis, 
it will be a straight line [AIIMS 1997] 

(a) Having a +ve intercept on Y-axis 

(b) Having a +ve intercept on X-axis 

(c) Passing through the origin 

(d) Having a – ve intercepts on both the axis 

9. Which of the curves in figure represents the relation between 
Celsius and Fahrenheit temperatures  

 

(a) 1 

(b) 2 

(c) 3 

(d) 4 

10. Heat is supplied to a certain homogenous sample of matter, at a 
uniform rate. Its temperature is plotted against time, as shown. 
Which of the following conclusions can be drawn 

 

 

 

 

 

(a) Its specific heat capacity is greater in the solid state than in the 
liquid state 

(b) Its specific heat capacity is greater in the liquid state than in 
the solid state 

(c) Its latent heat of vaporization is greater than its latent heat of 
fusion 

(d) Its latent heat of vaporization is smaller than its latent of fusion 

11. A student takes 50gm wax (specific heat = 0.6 kcal/kg°C) and heats 
it till it boils. The graph between temperature and time is as follows. 
Heat supplied to the wax per minute and boiling point are 
respectively     [BHU 1994] 

 

 

 

 

 

 

(a) 500 cal, 50°C (b) 1000 cal, 100°C 

(c) 1500 cal, 200°C (d) 200°C 

12. The graph signifies   [JIPMER 1999] 
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(a) Adiabatic expansion of a gas 

(b) Isothermal expansion of a gas 

(c) Change of state from liquid to solid 

(d) Cooling of a heated solid 

13. Which of the substances A, B or C has the highest specific heat ? 

The temperature vs time graph is shown  

 

 

 

 

 

 

(a) A (b) B 

(c) C (d) All have equal specific heat 

14. Two substances A and B of equal mass m are heated at uniform rate 

of 6 cal s–1 under similar conditions. A graph between temperature 

and time is shown in figure. Ratio of heat absorbed BA HH /  by 

them for complete fusion is 

(a) 
4

9
 

(b) 
9

4
 

(c) 
5

8
 

(d) 
8

5
 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below : 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  :  The melting point of ice decreases with increase of 

pressure.  

 Reason  : Ice contracts on melting.      [AIIMS 2004] 

2. Assertion  : Fahrenheit is the smallest unit measuring 

temperature. 

Reason  :  Fahrenheit was the first temperature scale used for 
measuring temperature.  

[AIIMS 1999] 

3. Assertion  : Melting of solid causes no change in internal 
energy. 

Reason  :  Latent heat is the heat required to melt a unit mass 
of solid. [AIIMS 1998] 

4. Assertion  : Specific heat capacity is the cause of formation of 
land and sea breeze. 

Reason  :  The specific heat of water is more than land. 

[AIIMS 1995] 

5. Assertion  : A brass disc is just fitted in a hole in a steel plate. 
The system must be cooled to loosen the disc from 
the hole. 

Reason  :  The coefficient of linear expansion for brass is 

greater than the coefficient of linear expansion for 
steel. 

6. Assertion  : The coefficient of volume expansion has dimension 

K–1. 

Reason  : The coefficient of volume expansion is defined as 

the change in volume per unit volume per unit 
change in temperature. 

7. Assertion  : The temperature at which Centigrade and 
Fahrenheit thermometers read the same is – 40°. 

Reason  : There is no relation between Fahrenheit and 
Centigrade temperature. 

8. Assertion  : When a solid iron ball is heated, percentage 
increase is its volume is largest. 

Reason  : Coefficient of superficial expansion is twice that of 

linear expansion where as coefficient of volume 
expansion is three time of linear expansion. 

9. Assertion  : A beaker is completely filled with water at 4°C. It will 

overflow, both when heated or cooled. 

Reason  : There is expansion of water below and above 4°C. 

10. Assertion  : Latent heat of fusion of ice is 336000 J kg–1. 

Reason  :  Latent heat refers to change of state without any 
change in temperature 

11. Assertion  : Two bodies at different temperatures, if brought in 

thermal contact do not necessary settle to the mean 
temperature. 

Reason  :  The two bodies may have different thermal 

capacities. 

12. Assertion  : Specific heat of a body is always greater than its 

thermal capacity. 

Reason  :  Thermal capacity is the required for raising 

temperature of unit mass of the body through unit 
degree. 

13. Assertion  : Water kept in an open vessel will quickly evaporate 

on the surface of the moon. 

Reason  :  The temperature at the surface of the moon is 

much higher than boiling point of the water. 

14. Assertion  : The molecules at 0ºC ice and 0ºC water will have 
same potential energy. 

Reason  :  Potential energy depends only on temperature of 
the system. 
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1 d 2 b 3 a 4 c 5 b 

6 d 7 c 8 a 9 b 10 b 

11 c 12 c 13 c 14 c 15 c 

16 d 17 b 18 c 19 c 20 c 

21 c 22 a 23 d 24 a 25 c 

26 a 27 b 28 a 29 c 30 c 

31 a 32 d 33 a 34 d 35 a 

 

Thermal Expansion 
 

1 c 2 a 3 b 4 d 5 c 

6 c 7 c 8 c 9 b 10 c 

11 a 12 b 13 b 14 d 15 a 

16 d 17 d 18 d 19 d 20 a 

21 b 22 c 23 a 24 a 25 a 

26 b 27 c 28 d 29 a 30 d 

31 b 32 a 33 a 34 c   

 

Calorimetry 
 

1 b 2 b 3 c 4 c 5 d 

6 a 7 c 8 a 9 d 10 a 

11 b 12 c 13 a 14 c 15 b 

16 a 17 b 18 a 19 a 20 c 

21 b 22 b 23 a 24 d 25 a 

26 a 27 b 28 a 29 d 30 b 

31 a 32 b 33 b 34 a 35 a 

36 b 37 c 38 b 39 a 40 a 

41 a 42 b 43 d 44 b 45 c 

46 c 47 a 48 b 49 b 50 a 

51 c 52 d 53 c 54 b 55 b 

56 a 57 d 58 d 59 d 60 b 

61 c 62 a 63 a 64 a 65 a 

66 c 67 a 68 a 69 a 70 a 

71 b 72 d 73 c 74 a 75 d 

76 b 77 c 78 b 79 d 80 c 

81 b 82 d       

 
 

Critical Thinking Questions 
 

1 c 2 a 3 d 4 c 5 b 

6 a 7 bd 8 d 9 c 10 d 

11 b 12 b 13 b 14 a 15 b 

16 a 17 a 18 c 19 c 20 b 

21 a 22 c 23 d 24 c 25 c 

26 b 27 a       

 

Graphical Questions 
 

1 b 2 c 3 a 4 a 5 d 

6 b 7 a 8 a 9 a 10 bc 

11 c 12 c 13 c 14 c   

 

Assertion and Reason 
 

1 a 2 c 3 e 4 a 5 a 

6 a 7 c 8 a 9 a 10 b 

11 a 12 d 13 a 14 d   

 

 
 
 
 
 
 

Thermometry 
 

1. (d) CtT  15.273   Ct 15.2730  

 Ct  15.273  

2. (b) 
9

32

5




FC
  

9

32

5

183 


 F
  FF  297  

3. (a) 
5

273

9

32 


 KF
 

5

27395

9

32 


F
  FF  288  

4. (c) Temperature change in Celsius scale = Temperature change in 

Kelvin scale = 27 K  

5. (b) Change in resistance  99.071.270.3  corresponds to 

interval of temperature 90°C. 

So change in resistance  55.071.226.3  Corresponds 

to change in temperature  

C 5055.0
99.0

90
 

6. (d) – 200°C to 600°C can be measured by platinum resistance 

thermometer. 

7. (c) Pyrometer can measure temperature from 800°C to 6000°C. 

Hence temperature of sun is measured with pyrometer. 

8. (a) Tv 2
 

9. (b) Thermoelectric thermometer is based on Seeback Effect. 

10. (b) Maximum density of water is at 4°C 

  Also 
9

32

5




FC
  

9

32

5

4 


F
  FF  2.39  

11. (c) Production and measurement of temperature close to K0  is 

done in cryogenics  

12. (c)  

13. (c) At absolute zero (i.e. 0 K) v
rms

 becomes zero.  

14. (c)  

15. (c) We know that )1(0 tPP   and )1(0 tVV    
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and C /)273/1( for Ct  273 , we have 0P  and 

0V  

  Hence, at absolute zero, the volume and pressure of the gas 

become zero. 

16. (d) Zero kelvin C 273  (absolute temperature). As no matter 

can attain this temperature, hence temperature can never be 

negative on Kelvin scale. 

17. (b) 
9

32

5




FC
  

9

32

5

25 


F
  FF  77 . 

18. (c) Thermoelectric thermometer is used for finding rapidly varying 

temperature. 

19. (c) Due to evaporation cooling is caused which lowers the 
temperature of bulb wrapped in wet hanky. 

20. (c) 
5

273

9

32 


 KF
  

5

273

9

32 


 xx
 25.574x  

21. (c) 
9

32

5




FC
  

9

)32140(

5




C
   60C  

22. (a) 
9

32

5




FC
  

9

32

5




tt
   40t  

23. (d) Standardisation of thermometers is done with gas 
thermometer. 

24. (a)  For gases  is more. 

25. (c) The boiling point of mercury is 400°C. Therefore, the mercury 

thermometer can be used to measure the temperature upto 

360°C. 

26. (a) CC
PP

PP
t t 









 25100

)5090(

)5060(
100

)(

)(

0100

0  

27. (b) By filling nitrogen gas at high pressure, the boiling point of 

mercury is increased which extend the range upto 500°C. 

28. (a) Pyrometer is used to measure very high temperature. 

29. (c) 
5

273

9

32 


 KF
  

5

2730

9

32 


F
 

   FFF  4604.459  
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30. (c) Initial volume 5.471 V  units 

  Temperature of ice cold water KCT 27301   

  Final volume of 672 V  units 

  Applying Charle’s law, we have 
2

2

1

1

T

V

T

V
  

  (where temperature 2T  is the boiling point) 

  or CKT
V

V
T 


 112385

5.47

27367
1

1

2
2  

31. (a) Temperature on any scale can be converted into other scale by 

LFPUFP

LFPx




 = Constant for all scales 

100

60

20150

20




x
  

Cx  98  

32. (d) 
9

32

5




FC
  

9

32140

5




C
  CC  60  

33. (a) Rapidly changing temperature is measured by thermocouple 
thermometers. 

34. (d) Difference of 100°C = difference of 180°F  

 Difference of 30°  5430
100

180
 

35. (a)  

 
Thermal Expansion 

 
1. (c) When a copper ball is heated, it’s size increases. As Volume 

(radius)3 and Area  ((radius)2, so percentage increase will be 
largest in it’s volume. Density will decrease with rise in 
temperature. 

2. (a) 
)1(

)1(

2

1

2

1

2

1














h

h
 












)1(

0




  

   
1001

501

60

50









  C /005.0  

3. (b) var   ; where r coefficient of real expansion, 

a coefficient of apparent expansion and v coefficient of 

expansion of vessel. 

For copper ACC Cur 33    

For silver Agr S  3  

 AgSAC 33    
3

3ASC
Ag


  

4. (d) Fractional change in period  

  56 1010102
2

1

2

1  



T

T
 

  % change %1010010100 35  



T

T
 

5. (c) )1(0  LL   
2

1

2

1

)(1

)(1










L

L
 

   
1910111

201011110
6

6

2 








L
  99989.92 L  

   Length is shorten by  

  cm5101100011.099989.910   

6. (c) Stress  Y ; hence it is independent of length. 

7. (c) Solids, liquids and gases all expand on being heated as result 
density (= mass/volume) decreases. 

8. (c) As coefficient of cubical expansion of liquid equals coefficient of 
cubical expansion of vessel, the level of liquid will not change 
on heating. 

9. (b) Loss in time per second )0(
2

1

2

1



t

T

T
  

  loss in time per day  

 86400
2

1
)606024(

2

1

2

1









 ttttt   

10. (c) A bimetallic strip on being 
heated bends in the form of 
an arc with more 
expandable metal (A) 
outside (as shown) correct. 

 

11. (a) When the ball is heated, 
expansion of ball and cavity 
both occurs, hence volume of cavity increases. 

12. (b) In summer alcohol expands, density decreases, so 1 litre of 
alcohol will weigh less in summer than in winter. 

13. (b) Similar to previous question, benzene contracts in winter. So 5 
litre of benzene will weigh more in winter than in summer. 

14. (d) Water has maximum density at 4°C. 

15. (a) Since coefficient of expansion of steel is greater than that of 
bronze. Hence with small increase in it's temperature the hole 
expand sufficiently. 

16. (d) 2LA    
L

L

A

A 



2   %422 



A

A
. 

17. (d) 
2

1

2

1

1

1

t

t

V

V








   

1001

201

125

100









   = 0.0033/°C 

18. (d) C


 


/10
2

102

2

5
5

  

19. (d) Coefficient of volume expansion 

 421 103
)0100(10

)7.910(

).(

)(

.


























T
 

 Hence, coefficient of linear expansion  

 C  /10
3

4
  

20. (a) )]273473(1018.01[6.13).1( 3
0    

     ccgm /11.13]036.01[6.13  . 

21. (b) As we know vesselapp.real    

  glassglycerineapp.    

 C /00057.0000027.0000597.0   

22. (c) Water has maximum density at 4°C, so if the water is heated 
above 4°C or cooled below 
4°C density decreases i.e. 
volume increases. In other 
words, it expands so it 
overflows in both the cases. 

23. (a)
 

Density 

0°C 4°C Temp. 

A 

B 

A 
B 

B A 

A >B 

B 

A 
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C
TV

V








  /106

40100

24.0

.

5  

  C  /102
3

5
  

24. (a) As 
32


    3:2:1::   

25. (a) 
T


 remained Mass

expelled Mass
app.  

C
x

x



  /1025.1

8000

1

80

100/ 4  

26. (b) In anomalous expansion, water contracts on heating and 
expands on cooling in the range 0°C to 4°C. Therefore water 
pipes sometimes burst, in cold countries. 

27. (c) On heating the system; x, r, d all increases, since the expansion 
of isotropic solids is similar to true photographic enlargement. 

28. (d) C
L

L








  /102

1005

01.0 5

0 
  

29. (a) 
)(0 







L

L
C


  /109.1

)0100(100

19.0 5  

Now  = 3 = 3  1.9  10–5/°C = 5.7  10–5/°C  

30. (d) Since, the coefficient of linear expansion of brass is greater 
than that of steel. On cooling, the brass contracts more, so, it 
get loosened.  

31. (b) Increase in length L = L
0

    

= 10  10  10–6  (100 – 0) = 10–2 m = 1 cm  

32. (a) C
L

L













25

10129997.0

)9997.01(
6

0 
  

33. (c) The densest layer of water will be at bottom. The density of 
water is maximum at 4°C. So the temperature of bottom of 
lake will be 4°C. 

34. (c) Given 21 ll    or tltl sa  21   

 
a

s

l

l






2

1   or  
sa

s

ll

l








 21

1 . 

 

Calorimetry 
 

1. (b) In vapor to liquid phase transition, heat liberates.  

2. (b) Pressure inside the mines is greater than that of normal. 
Pressure. Also we know that boiling point increases with 
increase in pressure.  

3. (c)  ..cmQ   



.m

Q
c ; when  c0  

4. (c) Mass and volume of the gas will remain same, so density will 
also remain same. 

5. (d)  

6. (a) The latent heat of vaporization is always greater than latent 
heat of fusion because in liquid to vapour phase change there 
is a large increase in volume. Hence more heat is required as 
compared to solid to liquid phase change. 

7. (c) When state is not changing Q = mc. 

8. (a) Heat taken by ice to melt at 0°C is  

 calmLQ 43200805401   

 Heat given by water to cool upto 0°C is 

 calmsQ 43200)080(15402    

 Hence heat given by water is just sufficient to melt the whole 
ice and final temperature of mixture is 0°C. 

Short trick :  For these type of frequently asked questions you 
can remember the following formula  

Wi

W

ii
WW

mm

c

Lm
m









mix  (See theory for more details) 

If iW mm   then C
c

L

W

i
W

mix 







 0
2

1

80
80

2



  

9. (d) Due to large specific heat of water, it releases large heat with 
very small temperature change. 

10. (a) )20100()2.41000(5..  cmQ  

     kJJ 1680101680 3   

11. (b) Melting point of ice decreases with increase in pressure (as ice 
expands on solidification). 

12. (c) Conversion of ice (0°C) into steam (100°C) is as follows 

  

 

 

 

 

 

 

 

 

 Heat required in the given process 321 QQQ   

 cal7165361)0100(11801   

13. (a) If m gm ice melts then 

  Heat lost = Heat gain 

  80)030(180  m   gmm 30  

14. (c) At boiling point saturation vapour pressure becomes equal to 
atmospheric pressure. Therefore, at 100°C for water. S.V.P. = 
760 mm of Hg (atm pressure). 

15. (b) Thermal capacity = Mass  Specific heat 

 Due to same material both spheres will have same specific heat. 

Also mass = Volume (V)  Density () 

  Ratio of thermal capacity  

 8:1
2

1

3

4
3

4
33

2

1

3
2

3
1

2

1

2

1 























r

r

r

r

V

V

m

m








 

16. (a) Ice (–10°C) converts into steam as follows 

 (c
i

 = Specific heat of ice, c
W

 = Specific heat of water) 

  

 

 

 

 

 

 

 

 

 Total heat required 4321 QQQQQ   

  5401)0100(11801)10(5.01 Q  

         cal725  

(Q1 = mci) 

Water at 100°C 

ice 

–10°C 

Water at 0°C 

(Q4 = mLV) 

(Q2 = mLf) 

Steam at 100°C 

ice 

0°C 

(Q3 = mcW) 

(Q1 = mLi) 

Water at 0°C 

ice 

0°C 

Water at100°C 

(Q3 = mLV) 

(Q2 = mcW) 

Steam at 100°C 



 
 584 Thermometry, Thermal Expansion and Calorimetry  

 Hence work done JJQW 30457252.4   

17. (b) When water is cooled at 0°C to form ice then 80 calorie/gm 
(latent heat) energy is released. Because potential energy of the 
molecules decreases. Mass will remain constant in the process 
of freezing of water. 

18. (a) Steam at 100°C contains extra 540 calorie/gm energy as 
compare to water at 100°C. So it’s more dangerous to burn 
with steam then water. 

19. (a) Same amount of heat is supplied to copper and water so 

WWWccc cmcm    

   C
cm

cm

WW

ccc
W 













5
42001010

104201050)(
3

3
  

20. (c) Temperature of mixture 
BA

BBAA
mix

cc

cc







  

  
BA

BA

cc

cc






2432
28  

  BABA cccc 24322828    
1

1


B

A

c

c
 

21. (b) Heat lost by hot water = Heat gained by cold water in beaker + 
Heat absorbed by beaker 

  )20(20)20(200)92(440    

  C 68  

22. (b)  ..cmQ ; if K1  then  mcQ Thermal 

capacity. 

23. (a) Latent heat is independent of configuration. Ordered energy 
spent in stretching the spring will not contribute to heat which 
is disordered kinetic energy of molecules of substance. 

24. (d) Temperature of mixture  

 T

c
m

cm

Tc
m

Tcm

cmcm

cmcm
mix

2

3

)2(
2

.

)2(
2

2

2211

222111 












  

25. (a)  

26. (a) C
c

L

W

i
W

mix 







 10
2

1

80
100

2



    

27. (b) When pressure decreases, boiling point also decreases. 

28. (a) Boiling occurs when the vapour pressure of liquid becomes 
equal to the atmospheric pressure. At the surface of moon, 
atmospheric pressure is zero, hence boiling point decreases and 
water begins to boil at 30°C. 

29. (d) Thermal capacity Ccalmc  /82.040 . 

30. (b)  ..cmQ   



.m

Q
c  

  In temperature measurement scale CF    so 

CF cc   )()( . 

31. (a) Increasing pressure lowers melting point of ice. 

32. (b) Work done changes into heat energy, when the temperature of 
palm becomes above the atmosphere so it starts losing heat to 
the surroundings. 

33. (b) Firstly the temperature of bullet rises up to melting point, then 

it melts. Hence according to JQW  . 

  ])25475([]...[
2

1 2 mLSmJmLcmJmv    

  
J

mv
mLmS

2
)25475(

2

  

34. (a) As JQW     mcJmgh)(
2

1
  

Jc

gh

2
  

 C



 098.0

10002.42

848.9
  

  )1000( water
Ckg

cal
c


  

 Short trick : Remember the value of 0023.0
WJc

g
, here 

Ch  098.0840023.0
2

1
)0023.0(

2

1
  

35. (a) JQW    QJmgh    

  cal
J

mgh
Q 350

2.4

308.95



  

36. (b) jouleJQW 167240018.4   

37. (c) Energy supplied joules360093.0  = 3348 joules 

 Heat required to melt 10 gms of ice 

 joules334418.48010   

 Hence block of ice just melts. 

38. (b) Suppose person climbs upto height h, then by using  

 JQW    JQmgh   

  









100

28
102.48.960 5h   mh 200  

39. (a) When water falls from a height, loss of potential energy causes 
rise in temperature. 

40. (a) JQW    )..(  cmJhmg   

  Ch
Jc

hg
 196.0840023.00023.0  

41. (a) Suppose m kg ice melts out of m kg then by using 

 JQW    )( LmJmgh  . Hence fraction of ice melts  

 
33

1

8018.4

10008.9










JL

gh

m

m
 

42. (b) 
cal

Joule

Q

W
J   

43. (d) JQW     cmJghm)2(  

  )10002(2.4101052   

  CC  12.01190.0  

44. (b) JQW    







mSJmV 2

2

1

2

1
  

JS

V

4

2

   

45. (c) ‘J’ is a conversion  
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46. (c) CCh  49.0483.02100023.00023.0 . 

47. (a) According to energy conservation, change in kinetic energy 
appears in the form of heat (thermal energy). 

  i.e. Thermal energy )(
2

1 2
2

2
1 vvm    










(Joule)(Joule)
QW  

 J75.3)510)(10100(
2

1 223    

48. (b) Work done to raise the temperature of 100 gm water through 
10°C is  

 JJQW 4200)10100010100(2.4 3    

49. (b) Among all the option, latent heat of steam is highest. 

50. (a) Ch  23.01000023.00023.0  

51. (c) Since specific heat of lead is given in Joules, hence use QW   

instead of JQW  . 

  







 ..

2

1

2

1 2 cmmv  C
c

v



 150

1504

)300(

4

22

 . 

52. (d) At boiling point, vapour pressure becomes equal to the external 
pressure. 

53. (c) When pressure increases boiling point also increases. 

54. (b) Calorimeters are made by conducting materials.  

55. (b) Triple point of water is 273.16 K. 

56. (a)  

57. (d) JQW    JW 8402002.4  . 

58. (d) Temperature of mixture 
2211

222111






mcm

cmcm




  

 
5.01002.0

205.0100402.0
32

1

1






m

m
 gmm 3751   

59. (d) Suppose m gm ice melted, then heat required for its melting 

calmmL 80  

Heat available with steam for being condensed and then 
brought to 0°C 

cal640)0100(115401   

 Heat lost = Heat taken 

 80640 m   gmm 8  

Short trick: You can remember that amount of steam (m') at 

100°C required to melt m gm ice at 0°C is 
8

'
m

m  . 

Here, gmmm 818'8   

60. (b) For water and ice mixing 
Wi

W

ii

WW

mm

c

Lm
m









mix  

C





 16
205

1

805
4020

 

61. (c) 
Wi

W

ii

WW

mm

c

Lm
m









mix  

 Wi mm  
2

W

i
W

mix

c

L






 C



 0
2

2.4

336
80

 

62. (a) When the relative humidity is low (approx. 25%), the 
evaporation from our body is faster. Thus we feel colder. 

63. (a) 
Ckg

J

m

Q
c







.
 

64. (a) 0
2

1

80
80

2
mix 







 W

i
W

c

L


  

65. (a) Freezing point of water decreases when pressure increases, 
because water expands on solidification while ‚except water‛ 
for other liquid freezing point increases with increase in 
pressure. 

Since the liquid in question is water. Hence, it expands on 
freezing. 

66. (c) Partial pressure of water vapour PaPW
510012.0  , 

 Vapour pressure of water PaPV
510016.0  . 

 The relative humidity at a given temperature is given by 

of water ssureVapour pre

apourof water v essurePartial pr
  

     %7575.0
10016.0

10012.0
5

5





  

67. (a) JQW    )..(
2

1

2

1 2 







cmJMv  

 ]105.0200[2.4)50(1
4

1 2   C 1.7  

68. (a) kgJ
kg

J

gm

cal
/1025.2

10

2.4536
536 6

3






 

69. (a) Water has maximum specific heat. 

70. (a) C
C

L

W

i

W









 10
2

1

80
100

2
mix



  

71. (b) Suppose m kg of ice melts then by using 
(Joules))Joules(

HW   

  mLMgh   5105.32000105.3  m  

  gmkgm 2002.0   

72. (d) 
Wi

W

ii

WW

mm

S

Lm
m









mix Co25.1
300100

1

80100
25300







  

 Which is not possible. Hence Co
mix 0   

73. (c) Ice (0°C) converts into steam (100°C) in following three steps. 

 

 

 

 

 

 

 

 

 

(Q1 = mLi) 

Water at 0°C 

ice 

0°C 

Water at 100°C (Q3 = mLV) 

(Q2 = mcW) 

Steam at 100°C 
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  Total heat required 321 QQQQ   

 cal36005405)0100(15805   

74. (a) Let L be the latent heat and using principle of calorimetry.  

2L + 2 (100 – 54.3) = 40  (54.3 – 25.3) 

 L = 540.3 cal/gm.  

75. (d) 
Wi

W

ii

WW

mm

c

Lm
m









mix  C




 2.38
10010

1

80
1050100

 

76. (b) Let the final temperature be T °C.  

Total heat supplied by the three liquids in coming down to 0°C = 

333222111 TcmTcmTcm          ..... (i) 

Total heat used by three liquids in raising temperature from 
0oC to ToC  

           = TcmTcmTcm 332211     .....(ii) 

By equating (i) and (ii) we get  

Tcmcmcm )( 332211   

= 333222111 TcmTcmTcm   

 
332211

333222111

cmcmcm

TcmTcmTcm
T




 . 

77. (c) At triple point all the phases co-exist 

78. (b) 



.m

Q
c ;  as  = 0, hence c becomes . 

79. (d) Let final temperature of water be    

Heat taken = Heat given  

110 1 ( – 10) + 10 ( – 10) = 220  1 (70 – ) 

  = 48.8°C  50°C.  

80. (c) We know that thermal capacity of a body expressed in calories 

is equal to water equivalent of the body expressed in grams. 

81. (b) 
2211

222111

cmcm

cmcm
mix







 t

smsm

t
smtsm







)(5.1

3
)(5.1)2(

 

82. (d) We know that when solid carbondioxide is heated, it becomes 

vapour directly without passing through its liquid phase. 
Therefore it is called dry ice.  

 

Critical Thinking Questions 
 

1. (c) Due to volume expansion of both mercury and flask, the 
change in volume of mercury relative to flask is given by 

  ]3[][0 gmgL VVV  

cc153.0)1838(]109310180[50 66    

2. (a)  
real

 = 
app.

 + 
vessel

 

So (
app.

 + 
vessel

)
glass

 = (
app.

 + 
vessel

)
steel

 

 153 × 10–6 + (
vessel

)
glass

 = (144 × 10–6 + 
vessel

)
steel

 

Further, (
vessel

)
steel

 = 3 = 3 × (12 × 10–6) = 36 × 10–6/ºC 

  153 × 10–6 + (
vessel

)
glass

 = 144 × 10–6 + 36 × 10–6  

  (
vessel

)
glass

 = 3 = 27 × 10–6/ºC   = 9 × 10–6/ºC 

3. (d) The expansion of solids can be well understood by potential 
energy curve for two adjacent atoms in a crystalline solid as a 
function of their internuclear separation (r). 

 

 

 

 

 

 

 

 

 

At ordinary temperature : Each molecule of the solid vibrate 
about it' s equilibrium position P

1

 between A and B (r
0

 is the 
equilibrium distance of it from some other molecule) 

At high temperature : Amplitude of vibration increase (C  D 

and E  F). Due to asymmetry of the curve, the equilibrium 
positions (P

2

 and P
3

) of molecule displaced. Hence it's distance 
from other molecule increases (r

2

 > r
1

 > r
0

). 

Thus, on raising the temperature, the average equilibrium 
distance between the molecules increases and the solid as a 
whole expands.  

4. (c) Initial diameter of tyre = (1000 – 6) mm = 994 mm, so initial 

radius of tyre mmR 497
2

994
  

and change in diameter D = 6 mm so mmR 3
2

6
   

After increasing temperature by  tyre will fit onto wheel  

Increment in the length (circumference) of the iron tyre  

 L = L      



3

L          [As ]
3


   




 









3
22 RR 

497106.3

333
5 







R

R


     

 Co500   

5. (b) Due to volume expansion of both liquid and vessel, the change 

in volume of liquid relative to container is given by V = 

  ][0 gLV   

Given V
0

 = 1000 cc, 
g

 = 0.1×10–4/°C     

 CCgg   /103.0/101.033 44  

 V = 1000 [1.82 × 10–4 – 0.3 × 10–4] × 100  = 15.2 cc  

6. (a) With temperature rise (same 25°C for both), steel scale and 
copper wire both expand. Hence length of copper wire w.r.t. 
steel scale or apparent length of copper wire after rise in 
temperature  

)1()1(['' 00   sCusteelcuapp LLLLL  

   )(0 sCuapp LL  

            20)10111017(80 66    = 80.0096 cm  

7. (b, d) Let L
0

 be the initial length of each strip before heating.  

Length after heating will be  

 )()1(0 dRTLL BB   

 RTLL CC  )1(0  

P1 

P2 

P3 

r0 
r1 

r2 

A B 

D C 

E F 

T1 

T2 

T3 

U 

r 

T3> T2 > T1 

R  

d 
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T

T

R

dR

C

B












1

1
 

 T
R

d
CB  )(11   

 
T

d
R

CB 


)( 
  

T
R




1
 and 

)(

1

CB

R
 

  

8. (d) Thermostat is used in electric apparatus like refrigerator, Iron 

etc for automatic cut off. Therefore for metallic strips to bend 
on heating their coefficient of linear expansion should be 
different. 

9. (c) As the coefficient of cubical expansion of metal is less as 

compared to the coefficient of cubical expansion of liquid, we 
may neglect the expansion of metal ball. So when the ball is 
immersed in alcohol at 0ºC, it displaces some volume V of 
alcohol at 0ºC and has weight W

1

. 

         W
1

 = W
0

 – V
0

g  

 where      W
0

 = weight of ball in air 

 Similarly, W
2

 = W
0

 – V
50

g
 

 where       
0

 = density of alcohol at 0ºC 

 and         
50

 = density of alcohol at 50ºC 

 As 
50

 < 
0

,   W
2

 > W
1

 or  W
1

 < W
2

  

10.  (d) V = V
0

(1 +  )   Change in volume  

 00 . VlAVVV  

 l = 
A

V .0  = 
4

56

10004.0

)0100(101810







 

= 45 × 10–3 m = 4.5 cm  

11. (b) Loss of weight at 27ºC is 

= 46 – 30 = 16 = V
1

 × 1.24 
l

 × g …(i) 

Loss of weight at 42ºC is 

= 46 – 30.5 = 15.5 = V
2

 × 1.2  
l

 × g  …(ii) 

Now dividing (i) by (ii), we get 
5.15

16
 = 

2.1

24.1

2

1 
V

V
 

But 
1

2

V

V
 = 1 + 3 (t

2

 – t
1

) = 
2.116

24.15.15




 = 1.001042 

 3 (42º –  27º) = 0.001042   = 2.316 × 10–5/ºC. 

12.  (b) Substances are classified into two categories  

(i) water like substances which expand on solidification. 

(ii) CO
2

 like (Wax, Ghee etc.) which contract on solidification. 

Their behaviour regarding solidification is opposite. 

Melting point of ice decreases with rise of temp but that of 
wax etc increases with increase in temperature. Similarly ice 
starts forming from top downwards whereas wax starts its 

formation from bottom.  

13. (b) Heat lost in t sec = mL or heat lost per sec = 
t

mL
. This must 

be the heat supplied for keeping the substance in molten state 
per sec.   

     P
t

mL
    or   

m

Pt
L    

14. (a) Heat is lost by steam in two stages (i) for change of state from 

steam at 100ºC to water at 100ºC is m × 540  

(ii) to change water at 100ºC to water at 80ºC is  

m × 1 × (100 – 80), where m is the mass of steam condensed. 

Total heat lost by steam is m × 540 + m × 20 = 560 m (cals) 

Heat gained by calorimeter and its contents is 

= (1.1 + 0.02) × (80 – 15) = 1.12 × 65 cals. 

using Principle of calorimetery, Heat gained = heat lost 

  560 m = 1.12 × 65, m = 0.130 gm   

15. (b) Initially ice will absorb heat to raise it's temperature to 0 oC 
then it's melting takes place  

If m
i

 = Initial mass of ice, m
i

' = Mass of ice that melts and m
W

 = 
Initial mass of water  

By Law of mixture Heat gained by ice = Heat lost by water    

Lmcm ii  ')20(  = ]20[WWcm   

  80')20(5.02  im  = 2015    'im = 1kg   

So final mass of water = Initial mass of water + Mass of ice that 

melts = 5 + 1= 6 kg. 

16. (a) Heat gained by the water = (Heat supplied by the coil) – 
(Heat dissipated to environment) 

 tPtPmc LossCoil    

 tt 1601000)2777(102.42 3   

 secminsect 208500
840

102.4 5




  

17. (a)  If mass of the bullet is m gm, 

then total heat required for bullet to just melt down 

Q
1

 = m c  + m L = m  0.03 (327 – 27) + m  6 

    = 15 m cal Jm )2.415(    

Now when bullet is stopped by the obstacle, the loss in its 

mechanical energy Jvm 23)10(
2

1   

(As kgmgmm 310 ) 

As 25% of this energy is absorbed by the obstacle, 

The energy absorbed by the bullet  

JmvmvQ 3232
2 10

8

3
10

2

1

100

75     

Now the bullet will melt if 12 QQ   

i.e. 2.41510
8

3 32   mmv  smv /410min    

18. (c) Energy = 2

2

1
mv  = mc ;  2v  

Temperature does not depend upon the mass of the balls.  

19. (c) Heat gain = heat lost 

C
A

(16 –12) = C
B

 (19 – 16)  
B

A

C

C
 = 

4

3
 

and C
B

(23 – 19) = C
C

 (28 – 23) 
C

B

C

C
 = 

4

5
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16

15


C

A

C

C
                                ...(i)  

If  is the temperature when A and C are mixed then, 

)12( AC  = )28( CC   
C

A

C

C

12

28








  ...(ii) 

On solving equation (i) and (ii)  = 20.2ºC. 

20. (b)  Suppose m kg steam required per hour 

Heat released by steam in following three steps  

(i) When 150°C steam C
Q

 100
1

 steam 

    Q
1

 = mc
Steam

  = m  1 (150 – 100) = 50 m cal 

(ii) When 150°C steam C
Q

 100
2

 water 

    Q
2

 = mL
V

 = m  540 = 540 m cal  

(iii) When 100°C water C
Q

 90
2

 water 

    Q
3

 = mc
W

  = m  1  (100 – 90) = 10 m cal 

Hence total heat given by the steam Q = Q
1

 +Q
2

 + Q
3

 = 600 mcal        
... (i)  

Heat taken by 10 kg water  

calmcQ W
33 10600)2080(11010'    

Hence Q = Q  600 m = 600  103  

 m = 103 gm = 1kg.  

21. (a) Suppose, height of liquid in each arm before rising the 
temperature is l. 

 

 

 

 
 

With temperature rise height of liquid in each arm increases 
i.e. l

1

 > l and l
2

 > l   

Also 
2

2

1

1

11 t

l

t

l
l

 



  

 122211 tlltll     
2112

21

tltl

ll




  

22. (c) )1(0  VV  

2
2

2
010

3 )1()1(   LLL 2
21

3
0 )1()1(   L  

Since 0
3
0 VL   and VL 3  

Hence 2
21 )1()1(1    

)21()1(~
21    )21(~

21    

  = 
1

 + 2
2

  

23. (d) 

2

2222

2
)()()( 










l
lPOPROR  

2

1
2

2 )1(
2

)]1([ 







 t

l
tl   

)21(
4

)21(
4

1
22

1

2

2
22

2
2

2
2 tt

l
ttl

l
l    

Neglecting 22
2 t  and 22

1 t  

21
1

21

2

2
2 4;

4

2
2)2(

4
)2(0 


  t

l
tl  

24. (c) It is given that the volume of air in the flask remains the same. 
This means that the expansion in volume of the vessel is exactly 
equal to the volume expansion of mercury.  

i.e.,  Lg VV   or   LLgg VV  

 cc
V

V
L

gg
L 150

108.1

)1093(1000
4

6














 

25. (c) Heat given by water .10010101 calQ   

Heat taken by ice to melt 

Q
2

 = 10  0.5  [0 – (– 20)] + 10  80 = 900 cal  

As ,21 QQ   so ice will not completely melt and final 

temperature = 0°C.  

As heat given by water in cooling up to 0°C is only just 
sufficient to increase the temperature of ice from – 20°C to 
0°C, hence mixture in equilibrium will consist of 10 gm ice and 
10 gm water at 0°C.  

26. (b)  0LL  

Rod A : 0.075 = 20  
A

  100  CA   /10
2

75 6  

rod B : 0.045 = 20  
B

  100  CB   /10
2

45 6  

For composite rod : x cm of A and (20 – x) cm of B we have  

 

 

 

 

0.060 = x 
A

  100 + (20 – x) 
B

  100 

          









  10010

2

45
)20(10010

2

75 66 xx  

On solving we get x = 10 cm. 

27. (a) Let m gm of steam get condensed into water (By heat loss). 
This happens in following two steps. 

 

 

 

 

 

 

 

 

 Heat gained by water (20°C) to raise it’s temperature upto 90° 

)2090(122   

 Hence, in equilibrium heat lost = Heat gain 

  )2090(122)90100(1540  mm  

  8.2m gm 

100°C 

Steam 

100°C 

Water (H1 = m  540) 

[H2 = m  1  (100 – 90)] 

90°C 

Water 

(20 – x) 

B B A A 

20cm 

x 

t1 

t2 

l2 

l1 
l l 
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The net mass of the water present in the mixture 

.8.248.222 gm  

 

Graphical Questions 
 

1. (b) Relation between Celsius and Fahrenheit scale of temperature is 

9

32

5




FC
  C = 

9

160

9

5
F   

 Equating above equation with standard equation of line 

cmxy   we get slope of the line AB is 
9

5
m   

2. (c) Since in the region AB temperature is constant therefore at this 
temperature phase of the material changes from solid to liquid 
and (H

2

 – H
1

) heat will be absorb by the material. This heat is 
known as the heat of melting of the solid. 

 Similarly in the region CD temperature is constant therefore at 
this temperature phase of the material changes from liquid to 
gas and (H

4

 – H
3

) heat will be absorb by the material. This heat 
as known as the heat of vaporisation of the liquid. 

3. (a) Initially, on heating temperature rises from –10°C to 0°C. Then 
ice melts and temperature does not rise. After the whole ice 
has melted, temperature begins to rise until it reaches 100°C. 

Then it becomes constant, as at the boiling point will not rise. 

4. (a) The volume of matter in portion AB of the curve is almost 
constant and pressure is decreasing. These are the 
characteristics of liquid state. 

5. (d) Let the quantity of heat supplied per minute be Q. Then 

quantity of heat supplied in 2 min )8090(  mC  

In 4 min, heat supplied )8090(2  Cm  

 LmCm  )8090(2   20
C

L
 

6. (b) In the given graph CD represents liquid state. 

7. (a) Density of water is maximum at 4°C and is less on either side 
of this temperature.  

8. (a) We know that, 
180

32

100




FC
 or 32

5

9
 CF   

Equation of straight line 

is, cmxy   

Hence, )5/9(m , 

positive and 32c  
positive. The graph is 
shown in figure. 

9. (a) 

 
9

32

5




FC


.
3

20

.9

5









 FC  Hence graph between °C and °F will be a 

straight line with positive slope and negative intercept.  

10. (bc) The horizontal parts of the curve, where the system absorbs 
heat at constant temperature must depict changes of state. 
Here the latent heats are proportional to lengths of the 
horizontal parts. In the sloping parts, specific heat capacity is 
inversely proportional to the slopes. 

11. (c) Since specific heat = 0.6 kcal/gm  °C = 0.6 cal/gm °C 

From graph it is clear that in a minute, the temperature is 
raised from 0°C to 50°C.  

 Heat required for a minute = 50  0.6  50 = 1500 cal. 

Also from graph, Boiling point of wax is 200°C. 

12. (c) 

13. (c) Substances having more specific heat take longer time to get 
heated to a higher temperature and longer time to get cooled. 

 

 

 

 

 

If we draw a line parallel to the time axis then it cuts the given 

graphs at three different points. Corresponding points on the 
times axis shows that  

 ABC ttt    ABC CCC   

14. (c) From given curve, 

Melting point for CA  60   

and melting point for CB  20  

Time taken by A for fusion 4)26(   minute 

Time taken by B for fusion 5.2)45.6(   minute 

Then 
5

8

605.26

6046







B

A

H

H
. 

 

Assertion and Reason 

1. (a) With rise in pressure melting point of ice decreases. Also ice 

contracts on melting 

2. (c) Celsius scale was the first temperature scale and Fahrenheit is 
the smallest unit measuring temperature.  

3. (e) Melting is associated with increasing of internal energy without 
change in temperature. In view of the reason being correct the 
amount of heat absorbed or given out during change of state is 

expressed mLQ  , where m is the mass of the substance and 

L is the latent heat of the substance. 

4. (a) The temperature of land rises rapidly as compared to sea 

because of specific heat of land is five times less than that of 
sea water. Thus, the air above the land become hot and light so 
rises up so because of pressure drops over land. To compensate 
the drop of pressure, the cooler air starts from sea starts 
blowing towards lands, so, setting up sea breeze. During night 
land as well sea radiate heat energy. The temperature of land 

falls more rapidly as compared to sea water, as sea water 
consists of higher specific heat capacity. The air above sea 
water being warm and light rises up and to take its place the 
cold air from land starts blowing towards sea and so et up 
breeze.  

5. (a) Linear expansion for brass   )1019( 4 linear expansion for 

steel )1011( 4 . On cooling the disk shrinks to a greater 

extent than the hole and hence it will get loose. 

6. (a) As, 
TV

V




  i.e., units of coefficient of volume expansion is 

K–1. 

7. (c) The relation between F and C scale is, 
9

32

5




FC
. If F = C 

 C = – 40°C i.e., at – 40° the Centigrade and Fahrenheit 

thermometers reads the same. 

t 

A 

B 

C 

tA tB tC 

T 

Y 

F 

X 
O C 
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8. (a) As  2  and  3 , i.e., coefficient of volume expansion 

of solid is three time coefficient of linear expansion and 1.5 

times the coefficient of superficial expansion, on heating a solid 

iron ball, percentage increase in its volume is largest.  

9. (a) Water has maximum density at 4°C. On heating above 4°C or 

cooling below 4°C, density of water decreases and its volume 

increases. Therefore, water overflows in both the cases.  

10. (b) The Latent heat of fusion of ice is amount of heat required to 

convert unit mass of ice at 0°C into water at 0°C. For fusion of 

ice 

kgJgmcalgmcalL /2.48000/80000/80   

kgJ /336000 . 

11. (a) When two bodies at temperature 1T  and 2T  are brought in 

thermal contact, they do settle to the mean temperature 

2/)( 21 TT  . They will do so, in case the two bodies were of 

same mass and material i.e., same thermal capacities. In other 

words, the two bodies may be having different thermal 

capacities, that’s why they do not settle to the mean 

temperature, when brought together. 

12. (d) Specific heat of a body is the amount of heat required to raise 

the temperature of unit mass of the body through unit degree. 

When mass of a body is less than unity, then its thermal 

capacity is less than its specific heat and vice-versa. 

13. (a) Water would evaporate quickly because there is no atmosphere 

on moon, due to which surface temperature of moon is much 

higher than earth (Maximum surface temperature of moon is 

123ºC). 

14. (d) The potential energy of water molecules is more. The heat 

given to melt the ice at 0ºC is used up in increasing the 

potential energy of water molecules formed at 0ºC. 
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1. Out of the following, in which vessel will the temperature of the 
solution be higher after the salt is completely dissolved.  

 

 

 

 

 

(a) A  

(b) B 

(c) Equal in both 

(d) Information is not sufficient  

2. Fire is extinguished more effectively by 

(a) Hot water (b) Cold water 

(c) Equally by both (d) Ice 

3. An ideal thermometer should have  

(a) Large heat capacity (b) Medium heat capacity 

(c) Small heat capacity (d) Variable heat capacity  

4. A steel meter scale is to be ruled so that millimeter intervals are 

accurate within about 5  10–5 mm at a certain temperature. The 

maximum temperature variation allowable during the ruling is 

(Coefficient of linear expansion of steel )1010 16  K    [EAMCET 2001] 

(a) 2°C  (b) 5°C  

(c) 7°C  (d) 10°C 

5. During illness an 80 kg man ran a fever of 102.2°F instead of normal 
body temperature of 98.6°F. Assuming that human body is mostly 
water, how much heat is required to raise his temperature by that 
amount 

(a) 100 kcal (b) 160 kcal 

(c) 50 kcal (d) 92 kcal 

6. Two holes of unequal diameters d
1

 and d
2

 )( 21 dd   are cut in a 

metal sheet. If the sheet is heated 
 

(a) Both d
1

 and d
2

 will decrease 

(b) Both d
1

 and d
2

 will increase 

(c) d
1

 will increase, d
2

 will decrease 

(d) d
1

 will decrease, d
2

 will increase 

7. If earth suddenly stops rotating about its own axis, the increase in 
it’s temperature will be 

(a) 
Js

R

5

22
 (b) 

Js

R 22
 

(c) 
Js

Rm

5

2
 (d)  None of these 

8. Latent heat of ice is 80 cal/gm. A man melts 60 g of ice by chewing 
in 1 minute. His power is 

(a) 4800 W (b) 336 W 

(c) 1.33 W (d) 0.75W 

9. A faulty thermometer has its lower fixed point marked as 

C10 and upper fixed point marked as 110° and upper fixed point 

marked as 110°. If the temperature of the body shown in this scale is 
62°, the temperature shown on the Celsius scale is  

(a) 72° C (b) 82° C 

(c) 60° C (d) 42° C 

10. If there are no heat losses, the heat released by the condensation of 
x gm of steam at 100°C into water at 100°C can be used to convert y 
gm of ice at 0°C into water at 100°C. Then the ratio y : x is nearly   

(a) 1 : 1 (b) 2.5 : 1 

(c) 2 : 1 (d) 3 : 1 

11. The figure shows a glass tube (linear co-efficient of expansion is ) 

completely filled with a liquid of volume expansion co-efficient . On 
heating length of the liquid column does not change. Choose the 

correct relation between  and   

(a)  =   

(b)  = 2  

(c)  = 3 

(d) 
3


   

12. Water falls from a height 500m. What is the rise in temperature of 
water at bottom if whole energy remains in the water  [AFMC 1997; DPMT 1997] 

(a) 0.96°C (b) 1.02°C 

(c) 1.16°C (d) 0.23°C 

13. A steel ball of mass 0.1 kg falls freely from a height of 10 m and 
bounces to a height of 5.4m from the ground. If the dissipated 
energy in this process is absorbed by the ball, the rise in its 
temperature is  

(Specific heat of steel 211 10,460   msgCkgJoule ) 

[EAMCET (Med.) 2000] 

(a) 0.01°C (b) 0.1°C 

(c) 1°C (d) 1.1°C 

14. 1gm of ice at 0°C is mixed with 1gm of water at 100°C the resulting 
temperature will be   [AIIMS 1994] 

(a) 5°C (b) 0°C 

(c) 10°C (d)  

15. The amount of heat required to change 1 gm (0°C) of ice into water 
of 100°C, is   [RPMT 1999] 

(a) 716 cal (b) 500 cal 

(c) 180 cal (d) 100 cal  

 

 

 

 

 
(SET -12) 

 

Salt 

crystal 

Water 

Salt in 
power 

form 

Water 

d2 

d1 

l0 

A0 
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1. (b) When salt crystals dissolves, crystal lattice is destroyed.  The 
process requires a certain amount of energy (latent heat) which 

is taken from the water. 

In vessel (B), a part of intermolecular bonds has already been 
destroyed in crushing the crystal. Hence less energy is require 

to dissolve the powder and the water will be at higher 
temperature.   

2. (a) Fire is extinguished by the vaporisation do water which lowers 
the temperature of the burning body. Further, the water 

vapour envelops the body, keeping oxygen away. Hot water 
evaporates more than cold water as 

3. (c) The thermometer has to attain the temperature of the body. To 

do this, it should draw as little heat from the body as possible, 
so that the existing temperature of the body is not disturbed. 

4. (b) As we know 








0L

L
 C

L

L














5
11010

105
6

5

0
  

5. (b) Since 102.2°F   39°C and 98.6°F  39°C 

 Hence Q = m. s. Q = 80 × 1000 × (39 – 37)  

 = 16 × 104 cal = 160 kcal. 

6. (b) If the sheet is heated then both d
1

 and d
2

 will increase since the 
thermal expansion of isotropic solid is similar to true 
photographic enlargement. 

7. (a) 222

5

2

2

1
)(

2

1
 







 MRMSJIJQW  

Js

R
MSJ

5
)(

22
    

8. (b) )(mLJJQW    )(mLJtP    L
t

m
JP 








 ; 

 where 
t

m
 rate of melting of ice by chewing 

sec

gm

min

gm 160
    P = 4.2  1  80 = 336 W. 

9. (c) 
100

C

LU

LX





  

100)10(110

)10(62 C





    (C = 60°C) 

 

 

 

 

 

 

10. (d) Heat released to convert x gm of steam at 100°C to water at 

100°C is x  540 cals.  

If y gm of ice is converted from 0°C to water at 100°C it 

requires heat y  80 + y  1  100 = 180 y  

  yx 180540   or 
1

3

180

540


x

y
 

11. (b) When length of the liquid column remains constant, then the 

level of liquid moves down with respect to the container, thus  

must be less than 3.  

Now we can write V = V
0

(1 +  T) 

Since V = Al
0

 = [A
0

 (1 + 2T)]l
0

 = V
0

 (1 + 2T) 

Hence V
0

(1 +  T) = V
0

(1 + 2T)   = 2.  

12. (c) By using  

 CCh  16.115.15000023.00023.0  

13. (b) According to energy conservation, change in potential energy of 
the ball, appears in the form of heat which raises the 
temperature of the ball. 

i.e.  ..)( 21 cmhhmg  

 
c

hhg )( 21   

  C


 1.0
460

)4.510(10
 

14. (c) C
C

L

W

i
w









 10
2

1

80
100

2
mix



  

15. (c) Ice (0°C) converts into water (100°C) in following two steps. 

 

 

 

 
 

Total heat required 

calQQQ 180)0100(1180121   

h1 
 

h2 
 

(Q1 = mLi) 

Water at 0°C 

ice 

0°C (Q2 = mcW) 

Water at 100°C 

***  
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Gas 

In gases the intermolecular forces are very weak and its molecule may 

fly apart in all directions. So the gas is characterized by the following 
properties. 

(i) It has no shape and size and can be obtained in a vessel of any 

shape or size. 

(ii) It expands indefinitely and uniformly to fill the available space. 

(iii) It exerts pressure on its surroundings. 

(iv) Intermolecular forces in a gas are minimum. 

(v) They can easily compressed and expand. 

Assumption of Ideal Gases (or Kinetic Theory of 

Gases) 

 

 

 

 

 

 
 

Kinetic theory of gases relates the macroscopic properties of gases 

(such as pressure, temperature etc.) to the microscopic properties of the 

gas molecules (such as speed, momentum, kinetic energy of molecule etc.) 

Actually it attempts to develop a model of the molecular behaviour 

which should result in the observed behaviour of an ideal gas. It is based on 

following assumptions : 

(1) Every gas consists of extremely small particles known as molecules. 

The molecules of a given gas are all identical but are different than those of 

another gas. 

(2) The molecules of a gas are identical, spherical, rigid and perfectly 

elastic point masses. 

(3) Their size is negligible in comparison to intermolecular distance 

(10–9 m) 

(4) The volume of molecules is negligible in comparison to the volume 

of gas. (The volume of molecules is only 0.014% of the volume of the gas). 

(5) Molecules of a gas keep on moving randomly in all possible 

direction with all possible velocities. 

(6) The speed of gas molecules lie between zero and infinity  

(7) The gas molecules keep on colliding among themselves as well as 

with the walls of containing vessel. These collisions are perfectly elastic.  

(8) The time spent in a collision between two molecules is negligible 

in comparison to time between two successive collisions. 

(9) The number of collisions per unit volume in a gas remains 

constant. 

(10) No attractive or repulsive force acts between gas molecules. 

(11) Gravitational attraction among the molecules is ineffective due to 

extremely small masses and very high speed of molecules. 

(12) Molecules constantly collide with the walls of container due to 

which their momentum changes. The change in momentum is transferred 

to the walls of the container. Consequently pressure is exerted by gas 

molecules on the walls of container. 

(13) The density of gas is constant at all points of the container. 

Gas Laws 

(1) Boyle’s law : For a given mass of an ideal gas at constant 

temperature, the volume of a gas is inversely proportional to its pressure. 
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(i)  PV = 












m
P  constant    constant



P
 or 

2

2

1

1



PP
  

(As volume 
gas) of the Density(

m
 and m = constant) 

(ii) PV = constant








n

N
P   constant

n

P
 or  

2

2

1

1

n

P

n

P
  

(iii) As number of molecules per unit volume 
V

N
n   


n

N
V   also N = constant 

(iv) Graphical representation : If m and T are constant 

 

 

 

 

 

 

 

 

 

 

 

 

(2) Charle's law : If the pressure remaining constant, the volume of the 
given mass of a gas is directly proportional to its absolute temperature. 

 

 

 

 

 

 

 

i.e.,  V  T  constant
T

V
   

2

2

1

1

T

V

T

V
  

(i)  
T

V
constant

T

m


  (As volume 



m
V  ) 

or   constantT   2211 TT     

(ii) If the pressure remains constant, the volume of the given mass of a 
gas increases or decreases by 

15.273

1
 of its volume at 0°C for 

each 1°C rise or fall in temperature. 









 tVVt

15.273

1
10 .  

This is Charle’s law for 

centigrade scale. 

(v) Graphical representation: If m and P are constant 

 

 

 

 

 

 

 

 

 

 

 
 

(3) Gay-Lussac’s law or pressure law : The volume remaining constant, 

the pressure of a given mass of a gas is directly proportional to its absolute 
temperature. 

P  T   or   constant
T

P
   

2

2

1

1

T

P

T

P
   

(i) The volume remaining constant, the pressure of a given mass of a 

gas increases or decreases by 

15.273

1
 of its pressure at 0°C for 

each 1°C rise or fall in temperature. 









 tPPt

15.273

1
10  

This is pressure law for 

centigrade scale. 

(ii) Graphical representation : If m and V are constants 

 

 

 

 

 

 

 

 

 

 

 

 

(4) Avogadro’s law : Equal volume of all the gases under similar 

conditions of temperature and pressure contain equal number of molecules 

i.e. 21 NN  . 

(5) Grahm’s law of diffusion : When two gases at the same pressure 

and temperature are allowed to diffuse into each other, the rate of diffusion 

of each gas is inversely proportional to the square root of the density of the 

gas i.e. 


1
r   

M

1
 (M is the molecular weight of the gas)  

1

2

2

1






r

r

1

2

M

M
  

If V is the volume of gas diffused in t sec then  

 
t

V
r   

1

2

2

1

2

1

t

t

V

V

r

r
  

(6) Dalton’s law of partial pressure : The total pressure exerted by a 

mixture of non-reacting gases occupying a vessel is equal to the sum of the 
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individual pressures which each gases exert if it alone occupied the same 

volume at a given temperature. 

For n gases nPPPPP .....321   

where P = Pressure exerted by mixture and 

nPPPP ......,,, 321 Partial pressure of component gases. 

Equation of State or Ideal Gas Equation 

The equation which relates the pressure (P) volume (V) and 

temperature (T) of the given state of an ideal gas is known as ideal gas 

equation or equation of state.  

For 1 mole of gas R
T

PV
  (constant)   PV = RT 

 where R = universal gas constant.  

Table 13.1 : Different forms of gas equation 

Quantity of gas Equation Constant 

1 mole gas PV = RT R = universal gas constant 

 mole gas  PV = RT  

1 molecule of gas 

kTT
N

R
PV

A
















 

k = Boltzmann's constant  

N molecules of gas PV = NkT  

1 gm of gas 
rTT

M

R
PV 








  

r = Specific gas constant 

m gm of gas  PV = mrT  

 

(1) Universal gas constant (R) : Universal gas constant signifies the 
work done by (or on) a gas per mole per kelvin.  

 
re Temperatu

Volume Pressure






T

PV
R

re Temperatu 

doneWork 





 

(i) At S.T.P. the value of universal gas constant is same for all gases R 

= 
kelvinmole

cal

kelvinmole

J





98.131.8

kelvinmol

cal


 2~  

     
kelvinmole

atmlitre




 8221.0 . 

(ii) Dimension : ][ 122  TML   

(2) Boltzman's constant (k) : It is represented by per mole gas 

constant i.e., 
2310023.6

31.8




N

R
k  KJ /1038.1 23  

It's dimension : ][ 122  TML  

(3) Specific gas constant (r) : It is represented by per gram gas 

constant i.e., 
M

R
r  . It's unit is 

kelvingm

Joule


 and dimension 

][ 122  TL  

Since the value of M is different for different gases. Hence the value of 

r is different for different gases. e.g. It is maximum for hydrogen 
22

R
rH   

Real Gases 

(1) The gases actually found in nature are called real gases. 

(2) They do not obeys gas Laws.  

(3) For exactly one mole of an ideal gas .1
RT

PV
 Plotting the 

experimentally determined value of 
RT

PV
 for exactly one mole of various 

real gases as a function of pressure P, shows a deviation from identity. 

(4) The quantity 
RT

PV
 is called the compressibility factor and should 

be unit for an ideal gas.  

  

 

 

 

 

 

 

 

 

 

 

(5) Deviation from ideal behaviour as a function of temperature 

 

 

 

 

 

 

 

 

 

 

(6) A real gas behaves as ideal gas most closely at low pressure and 

high temperature. Also can actual gas can be liquefied most easily which 
deviates most from ideal gas behaviour at low temperature and high 
pressure. 

(7) Equation of state for real gases : It is given by Vander Waal's with 
two correction in ideal gas equation. The it know as Vander Waal's gas 
equation. 

(i) Volume correction : Due to finite size of molecule, a certain portion 

of volume of a gas is covered by the molecules themselves. Therefore the 
space available for the free motion of molecules of gas will be slightly less 
than the volume V of a gas. Hence the effective volume becomes (V – b). 

(ii) Pressure correction : Due to intermolecular force in real gases, 
molecule do not exert that force on the wall which they would have exerted 
in the absence of  intermolecular force. Therefore the observed pressure P 
of the gas will be less than that present in the absence of intermolecular 

force. Hence the effective pressure becomes 









2V

a
P . 

(iii) Vander Waal's gas equations 

For 1 mole of gas RTbV
V

a
P 
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For  moles of gas RTbV
V

a
P 

















 )(

2

2

 

Here a and b are constant called Vander Waal’s constant. 

Dimension : [a] = ][ 25 TML  and [b] = [L3] 

Units : a = N  m4   and b = m3. 

(8) Andrews curves : The pressure (P) versus volume (V) curves for 

actual gases are called Andrews curves. 

 

 

 

 

 

 

 

 

(i) At 350°C, part AB represents vapour phase of water, in this part 

Boyle’s law is obeyed 









V
P

1
. Part BC represents the co-existence of 

vapour and liquid phases. At point C, vapours completely change to liquid 

phase. Part CD is parallel to pressure axis which shows that compressibility 

of the water is negligible. 

(ii) At 360°C portion representing the co-existence of liquid vapour 

phase is shorter. 

(iii) At 370°C this portion is further decreased. 

(iv) At 374.1°C, it reduces to point (H) called critical point and the 

temperature 374.1°C is called critical temperature (T
c

) of water. 

(v) The phase of water (at 380°C) above the critical temperature is 

called gaseous phase. 

(9) Critical temperature, pressure and volume : The point on the P-V 

curve at which the matter gets converted from gaseous state to liquid state 

is known as critical point. At this point the difference between the liquid 

and vapour vanishes i.e. the densities of liquid and vapour become equal. 

(i) Critical temperature (T
c

) : The maximum temperature below which 

a gas can be liquefied by pressure alone is called critical temperature and is 

characteristic of the gas. A gas cannot be liquefied if its temperature is 

more than critical temperature. 

CO
2

 (31.1°C), O
2 

(–118°C), N
2 

 (–147.1°C) and H
2

O (374.1°C) 

(ii) Critical pressure (P
c

) : The minimum pressure necessary to liquify 

a gas at critical temperature is defined as critical pressure CO
2

 (73.87 bar)   

and    O
2 

 (49.7atm) 

(iii) Critical volume (V
c

) : The volume of 1 mole of gas at critical 

pressure and critical temperature is defined as critical volume CO
2

 (95 10–6 

m3) 

(iv) Relation between Vander Waal’s constants and T
c

, P
c

, V
c

  

 
Rb

a
Tc

27

8
 , 

227b

a
Pc  , bVc 3 ,  

 
c

c

P

TR
a

22

64

27
 , 















c

c

P

TR
b

8
  and  R

T

VP

c

cc

8

3
  

Pressure of an Ideal Gas 

Consider an ideal gas (consisting of N molecules each of mass m) 

enclosed in a cubical box of side L. 

 

 

 

 

 

 

 

 

(1) Instantaneous velocity : Any molecule of gas moves with velocity v


 
in any direction  

where kvjvivv zyx
ˆˆˆ 


 222

zyx vvvv  . Due to random 

motion of molecule zyx vvv   2222 333 zyx vvvv   

(2) Time during collision : Time between two successive collision with 
the wall A

1

. 

 
moleculeof  Velocity

collision successive  two betweenmolecule  by travelledDistance
t  

xv

L2
  

(3) Collision frequency (n) : It means the number of collision per 

second. Hence 
L

v

t
n x

2

1



  

(4) Change in momentum : This molecule collides with the shaded 

wall  (A
1

) with velocity v
x

 and rebounds with velocity xv .  

The change in momentum of the molecule  

 xxx mvmvmvp 2)()(   

As the momentum remains conserved in a collision, the change in 

momentum of the wall A
1

 is xmvp 2  

After rebound this molecule travel toward opposite wall A
2

 with 

velocity xv , collide to it and again rebound with velocity xv  towards wall 

A
1

. 

(5) Force on wall : Force exerted by a single molecule on shaded wall 
is equal to rate at which the momentum is transferred to the wall by this 
molecule. 

i.e. 
L

mv

vL

mv

t

p
F x

x

x
2

molecule Single
)/2(

2





  

The total force on the wall 1A  due to all the molecules 

 2
xx v

L

m
F = 2222 ...)(

321 xxxx v
L

mN
vvv

M

m
  

2
xv mean square of x component of the velocity.  

(6) Pressure :  Now pressure is defined as force per unit area, hence 

pressure on shaded wall 22
xx

x
x v

V

mN
v

AL

mN

A

F
P    

For any molecule, the mean square velocity 2222
zyx vvvv  ; by 

symmetry 222
zyx vvv   

3

2
222 v

vvv zyx   

Total pressure inside the container 

22

3

1

3

1
rmsv

V

Nm
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V

mN
P                    (where 2vvrms  ) 
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(7) Relation between pressure and kinetic energy : As we know 

2

3

1
rmsv

V

Nm
P  2

3

1
rmsv

V

M
   2

3

1
rmsvP      ... (i)  

[As M = mN = Total mass of the gas and 
V

M
  ] 

 K.E. per unit volume 22

2

1

2

1
rmsrms vv

V

M
E 








     ...(ii)        

From (i) and (ii), we get EP
3

2
  

i.e. the pressure exerted by an ideal gas is numerically equal to the two 
third of the mean kinetic energy of translation per unit volume of the gas. 

(8) Effect of mass, volume and temperature on pressure :  

2

3

1
rmsv

V

Nm
P      or   

V

TNm
P

)(
     [As Tvrms 2 ] 

(i) If volume and temperature of a gas are constant P  mN i.e. 

Pressure  (Mass of gas). 

i.e. if mass of gas is increased, number of molecules and hence number 

of collision per second increases i.e. pressure will increase. 

(ii) If mass and temperature of a gas are constant. P  (1/V), i.e., if 

volume decreases, number of collisions per second will increase due to 

lesser effective distance between the walls resulting in greater pressure. 

(iii) If mass and volume of gas are constant, TvP rms  2)(  

i.e., if temperature increases, the mean square speed of gas molecules 

will increase and as gas molecules are moving faster, they will collide with 

the walls more often with greater momentum resulting in greater pressure. 

Various Speeds of Gas Molecules 

The motion of molecules in a gas is characterised by any of the 

following three speeds. 

(1) Root mean square speed : It is defined as the square root of mean 

of squares of the speed of different molecules  

i.e. 2
2
4

2
3

2
2

2
1 ....

v
N

vvvv
vrms 


  

(i) From the expression of pressure 2

3

1
rmsvP   


m

kT

M

RTPVP
vrms

33

gasof  Mass

33



 

gas of the Density
gasof  Mass

 where 
V

 , M =  (mass of 

gas), RTpV  , R = ,AkN  k  Boltzmann’s constant,  

m = 
AN

M
= mass of each molecule.  

(ii) With rise in temperature rms speed of gas molecules increases as 

Tvrms  . 

(iii) With increase in molecular weight rms speed of gas molecule 

decreases as 
M

vrms

1
 . e.g., rms speed of hydrogen molecules is four 

times that of oxygen molecules at the same temperature. 

(iv) rms speed of gas molecules is of the order of km/s  e.g., at NTP 
for hydrogen gas 

sm
M

RT
vrms /1840

102

27331.833
)(

3





 . 

(v) rms speed of gas molecules is 


3
 times that of speed of sound 

in gas, as  
M

RT
vrms

3
  and 

M

RT
v s


  srms vv



3
  

(vi) rms speed of gas molecules does not depends on the pressure of 

gas (if temperature remains constant) because P   (Boyle’s law) if 

pressure is increased n times then density will also increases by n times but 

v
rms

 remains constant. 

(vii) Moon has no atmosphere because v
rms

 of gas molecules is more 

than escape velocity (v
e

). 

A planet or satellite will have atmosphere only if  erms vv   

(viii) At T = 0; v
rms

 = 0 i.e. the rms speed of molecules of a gas is zero at 

0 K. This temperature is called absolute zero. 

(2) Most probable speed : The particles of a gas have a range of 

speeds. This is defined as the speed which is possessed by maximum 

fraction of total number of molecules of the gas. e.g., if speeds of 10 

molecules of a gas are 1, 2, 2, 3, 3, 3, 4, 5, 6, 6 km/s, then the most probable 

speed is 3 km/s, as maximum fraction of total molecules possess this speed. 

Most probable speed 
m

kT

M

RTP
vmp

222



 

(3) Average speed : It is the arithmetic mean of the speeds of 
molecules in a gas at given temperature. 

  
N

vvvv
vav

.....4321 
  

and according to kinetic theory of gases  

Average speed 
m

kT

M

RTP
vav



888
  

Maxwell’s Law (or the Distribution of Molecular 
Speeds 

(1) The v
rms

 gives us a general idea of molecular speeds in a gas at a 

given temperature. This doesn't mean that the speed of each molecule is v
rms

. 

Many of the molecules have speed less than v
rms

 and many have speeds 

greater than v
rms

. 

(2) Maxwell derived as equation given the distribution of molecules in 

different speed as follow 

 dvev
kT

m
NdN kT

mv

22

2/3
2

2
4














  

where dN = Number of molecules with speeds between v and v + dv.  
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(3) Graph between 
dv

dN
 (number of molecules at a particular speed) 

and v (speed of these molecules). From the graph it is seen that 
dv

dN
 is 

maximum at most probable speed.  

This graph also represent that mpavrms vvv    

(Order remember trick RAM) 

 
M

RT

M

RT

M

RT 283



 

M

RT

M

RT

M

RT
41.16.177.1   

Area bonded by this curve with speed axis represents the number of 

molecules corresponds to that velocity range. This curve is asymmetric 

curve.  

Effect of temperature on velocity distribution : With temperature rise 

the v
dv

dN
vs . Curve shift towards right and becomes broader.  

 

 

 

 

 

(Because with temperature rise average molecular speed increases). 

Mean Free Path. 

(1) The distance travelled by a gas molecule between two successive 

collisions is known as free path. 

collisionsof number Total 

collisions successive  betweenmolecule gas a  by travelleddistanceTotal 
  

During two successive collisions, a molecule of a gas moves in a 

straight line with constant velocity and 

Let .....,, 321   be the distance travelled by a gas molecule during 

n collisions respectively, then the mean 

free path of a gas molecule is given by  

n

n





....321  

(2) 
22

1

nd
   

where d = Diameter of the 

molecule,  

n = Number of molecules per unit 
volume  

(3) As PV =  RT =  NkT   n
kT

P

V

N
Number of molecule 

per unit volume so 
Pd

kT
2

2

1


  . 

(4) From 
22 )(22

1

dmn

m

nd 
   

 22 d

m
  

[As m = Mass each molecule, mn = Mass per unit volume = Density = 

] 

(5) If average speed of molecule is v then 
N

t
v  Tv       

[As N = Number of collision in time t, T = time interval between two 
collisions]. 

(i) As  



1

  and m  i.e. the mean free path is inversely 

proportional to the density of a gas and directly proportional to the mass of 
each molecule.  

 

 

 

 

 

(ii) As 
Pd

kT
2

2

1


  . For constant volume and hence constant 

number density n of gas molecules, 
T

P
 is constant so that  will not 

depend on P and T. But if volume of given mass of a gas is allowed to 

change with P or T then   T at constant pressure and 
P

1
  at 

constant temperature. 

 

 

 

 

 

 

Degree of Freedom 

The term degree of freedom of a system refers to the possible 

independent motions, systems can have.      or 

The total number of independent modes (ways) in which a system can 

possess energy is called the degree of freedom (f). 

The independent motions can be translational, rotational or vibrational 

or any combination of these. 

So the degree of freedom are of three types :  

(i) Translational degree of freedom 

(ii) Rotational degree of freedom 

(iii) Vibrational degree of freedom 

General expression for degree of freedom  

f = 3A – B ; where A = Number of independent particles,  

B = Number of independent restriction 

(1) Monoatomic gas : Molecule of monoatomic gas can move in any 

direction in space so it can have three 

independent motions and hence 3 degrees of 

freedom (all translational) 
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(2) Diatomic gas : Molecules of diatomic gas are made up of two 

atoms joined rigidly to one another 

through a bond. This cannot only move 

bodily, but also rotate about one of the 

three co-ordinate axes. However its 

moment of inertia about the axis joining 

the two atoms is negligible compared to 

that about the other two axes. 

Hence it can have only two 
rotational motion. Thus a diatomic molecule has 5 degree of freedom : 3 
translational and 2 rotational. 

(3) Triatomic gas (Non-linear) : A non-linear molecule can rotate 

about any of three co-ordinate axes. Hence 

it has 6 degrees of freedom : 3 

translational and 3 rotational. 

 

 

 

Table 13.2 ; Degree of freedom for 
different gases 
 

Atomicity of 

gas 

Example A B f = 3 

A – B 

Figure 

Monoatomic He, Ne, Ar 1 0 f = 3  

Diatomic 

H2, O2, N2, 
Cl2 etc. 

2 1 f = 5 
 

 

Triatomic non 

linear 
H2O 3 3 f = 6 

 

 

 

Triatomic linear CO2, BeCl2 3 2 f = 7 

 

 

 

 

The above degrees of freedom are shown at room temperature. 
Further at high temperature, in case of diatomic or polyatomic molecules, 
the atoms with in the molecule may also vibrate with respect to each other. 
In such cases, the molecule will have an additional degrees of freedom, due 
to vibrational motion.  

An object which vibrates in one dimension has two additional degree 
of freedom. One for the potential energy and one for the kinetic energy of 
vibration.  

A diatomic molecule that is free to vibrate (in addition to translation 

and rotation) will have )232(7  degrees of freedom.  

Kinetic Energy of Ideal Gas 

In ideal gases, the molecules are considered as point particles. For 

point particles, there is no internal excitation, no vibration and no rotation. 

The point particles can have only translational motion and thus only 

translational energy. For an ideal gas the internal energy can only be 

tranlational kinetic energy. 

Hence kinetic energy (or internal energy) of 1 mole ideal gas  

 RT
M

RT
MMvE rms

2

33

2

1

2

1 2   

Table 13.3 : Various Translational kinetic energies 
 

Quantity of gas Kinetic energy 

 1 mole gas RT
2

3
; R = Universal gas constant 

  mole gas RT
2

3
 

 1 molecule Tk
2

3
; k = Boltzmann’s constant 

 N molecule TkN
2

3
 

 1 gm gas rT
2

3
; r = Specific gas constant 

 m gm gas rTm
2

3
 

 

(1) Kinetic energy per molecule of gas does not depends upon the 

mass of the molecule but only depends upon the temperature of the gas. As  

kTE
2

3
   or   E  T  i.e. molecules of different gases say He, H

2

 and O
2

 

etc. at same temperature will have same translational kinetic energy though 

their r.m.s. speed are different.  

(2) For two gases at the same temperature 2
22

2
11 )()( rmsrms vmvm   

(3) Kinetic energy per mole of gas depends only upon the temperature 

of gas. 

(4) Kinetic energy per gram of gas depend upon the temperature as 

well as molecular weight (or mass of one molecule) of the gas. 

T
m

k
Egram

2

3
   

m

T
Egram   

(5) From the above expressions it is clear that higher the temperature 

of the gas, more will be the average kinetic energy possessed by the gas 

molecules at T = 0, E = 0 i.e. at absolute zero the molecular motion stops. 

Law of Equipartition of Energy 

According to this law, for any system in thermal equilibrium, the total 
energy is equally distributed among its various degree of freedom. And each 

degree of freedom is  associated with energy kT
2

1
 (where 

KJk /1038.1 23 , T = absolute temperature of the system). 

(1) At a given temperature T, all ideal gas molecules no  matter what 

their mass have the same average translational kinetic energy; namely, 

.
2

3
kT  When measure the temperature of a gas, we are also measuring the 

average translational kinetic energy of it' s molecules.  

(2) At same temperature gases with different degrees of freedom (e.g., 

He and H
2

) will have different average energy or internal energy namely 

.
2

kT
f

 (f is different for different gases)  

(3) Different energies of a system of degree of freedom f are as follows  

(i) Total energy associated with each molecule  = kT
f

2
 

(ii) Total energy associated with N molecules = NkT
f

2
 

(iii) Total energy associated with  mole = RT
f

2
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(iv) Total energy associated with  molen = RT
f


2
 

(v) Total energy associated with each gram = rT
f

2
 

(iv) Total energy associated with m gram = mrT
f

2
 

Specific Heat (CP and CV) of a Gas 

The specific heat of gas can have many values, but out of them 

following two values are very important 

(1) Specific heat at constant volume (C
V

) : The specific heat of a gas at 

constant volume is defined as the quantity of heat required to raise the 

temperature of unit mass of gas through 1°C or  1 K when its volume is kept 

constant, i.e., 
Tm

Q
c V

V





)(
 

If instead of unit mass, 1 mole of gas is considered, the specific heat is 

called molar specific heat at constant volume and is represented by capital 

C
v

. 

T

Q

Tm

QM
McC VV

VV










)(1)(


 










M

m
 As  

(2) Specific heat at constant from (C
P

) : The specific heat of a gas at 

constant pressure is defined as the quantity of heat required to raise the 

temperature of unit mass of gas through 1 K when its pressure is kept 

constant, i.e., 
Tm

Q
c

p

P





)(
 

If instead of unit mass, 1 mole of gas is considered, the specific heat is 

called molar specific heat at constant pressure and is represented by C
p

. 

T

Q

Tm

QM
MCC

pp

pp










)(1)(


 










M

m
 As  

Mayer's Formula 

(1) Out of two principle specific heats of a gas, C
P

 is more than C
V

 

because in case of C
V

, volume of gas is kept constant and heat is required 

only for raising the temperature of one gram mole of the gas through 1°C or 

1 K. Hence no heat, what so ever, is spent in expansion of the gas. 

It means that heat supplied to the gas increases its internal energy 

only i.e. TCUQ VV  )(   …..(i) 

(2) While in case of C
P

 the heat is used in two ways 

(i) In increasing the temperature of the gas by T  

(ii) In doing work, due to expansion at constant pressure (W) 

So  TCWUQ PP  )(   …..(ii) 

From equation (i) and (ii)    WTCTC VP    

    VPCCT VP  )(     
T

VP
CC VP







= R 

[For constant pressure, W = PV also from PV = RT,  

PV = RT]  

This relation is called Mayer’s formula and shows that VP CC   i.e. 

molar specific heat at constant pressure is greater than that at constant 

volume. 

Specific Heat in Terms of Degree of Freedom 

(1) C
V

 : For a gas at temperature T, the internal energy 

RT
f

U 
2

  Change in energy TR
f

U  
2

 ... (i) 

Also, as we know for any gas heat supplied at constant volume 

UTCQ VV  )(    ... (ii) 

From equation (i) and (ii) RfCV
2

1
  

(2) C
P

 : From the Mayer’s formula RCC vp    

  RR
f

RCC VP 
2

R
f









 1

2
 

(3) Ratio of C
p

 and C
v

 () : 
f

R
f

R
f

C

C

V

P 2
1

2

1
2













  

(i) Value of  is different for monoatomic, diatomic and triatomic 

gases. 33.1
3

4
,4.1

5

7
,6.1

3

5
 tridimono   

(ii) Value of  is always more than 1. So we can say that always C
P

 > C
V

 
. 

Gaseous Mixture 

If two non-reactive gases are enclosed in a vessel of volume V. In the 

mixture 
1

 moles of one gas are mixed with 
2

 moles of another gas. If N
A

 is 

Avogadro’s number then  

Number of molecules of first gas ANN 11    

and number of molecules of second gas ANN 22   

(1) Total mole fraction )( 21   . 

(2) If 1M  is the molecular weight of first gas and 2M  that of second 

gas.  

Then molecular weight of mixture  
21

2211










MM
M  

(3) Specific heat of the mixture at constant volume will be    
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(4) Specific heat of the mixture at constant pressure will be 
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 The cooking gas cylinder contains L.P.G. (Liquid Petroleum gas) 

which is saturated. And as pressure 

 of saturated vapours is independent of volume 

(at constant temperature). the pressure of gas  

coming out of the cylinder remains constant 

till the cylinder becomes empty. 

 If the number of molecules in a gas increases, then the 

temperature, kinetic energy and pressure of the gas increases because P 

 n, T  n and kinetic energy  T  n. 

 At constant volume if T increases then v , v
rms

, P and collision 

frequency increases. 

 If two gases are filled in vessel then nothing can be predicted about 

the pressure of gases. However their mean molecular energies will be 

same but their rms velocities will be different.  

 The average distance between two gas molecules at NTP is 10–9 m. 

 The space available for a single gas molecule at NTP is 37.2  10–2 

m2.  

 The molecules of gases will escape out from a planet if the 

temperature of planet 
R

Mv
T e

3

2

 ; where v
e

 = escape velocity from the 

planet, R = universal, gas constant and M = Molecular mass of the gas.  

 As f (degree of freedom) increases then C
P

, C
V

 and  . 

 The number of molecules present in 1 gm mole of a gas is defined 

as Avogadro number (N
A

). 

      2310023.6 AN  per gm mole 2610023.6  per kg mole. 

At S.T.P. or N.T.P. (T = 273 K and P = 1 atm) 22.4 litre of each gas has 

2310023.6   molecule 

 One mole of any gas at S.T.P. occupy 22.4 litre of volume 

e.g. 32 gm oxygen,  28 gm nitrogen and  2gm hydrogen occupy the same 

volume at S.T.P. 

 For any gas 1 mole = M gram = 22.4 litre = 6.023  1023 molecule.  

 v
rms

 : v
av

 : v
mp

 = 2:5.2:32:
8

:3 


 

 For oxygen gas molecules v
rms

 = 461 m/s,  v
av

 = 424.7 m/s  and  v
rms

 = 

376.4 m/s 

 An atom in a solid though has no degree of freedom for 

translational and rotational motion, due to vibration along 3 axes has 3  

2 = 6 degrees of freedom (and not like an ideal gas molecule). When a 

diatomic or polyatomic gas dissociates into atoms it behaves as 

monoatomic gas whose degree of freedom are changed accordingly 

 In General a polyatmic molecule has 3 translational, 3 rotational 

degree of freedom and a certain number of vibration mode vibf . Hence 

vib

vib
poly

f

f






3

4
 .  

 Only average translational kinetic energy of a gas contributes to its 

temperature. Two gases with the same average translational kinetic 

energy have the same temperature even if one has grater rotational 

energy and thus greater internal energy.     

 Unsaturated vapours obey gas laws while saturated vapours don’t.  

 For real gases effective volume is considered as (V – b) where 









 3

3

4
4 rNb A  ; r = radius of each molecule and N

A

 = avogrado 

number. 

 Variation of degree of freedom of a diatomic gas (H
2

) with 
temperature. At very low temperature only translation is possible. as the 
temperature increases rotational motion can begin. At still higher 
temperatures vibratory motion can begin. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Gas Laws  
 

1. The temperature of a gas at pressure P and volume V is 27°C. 
Keeping its volume constant if its temperature is raised to 927°C, 
then its pressure will be  [MP PMT 1985] 

 (a) 2 P (b) 3 P 

 (c) 4 P (d)  6 P  

2. 4 moles of an ideal gas is at 0°C. At constant pressure it is heated to 
double its volume, then its final temperature will be     [MP PET 1990] 

 (a) 0°C (b) 273°C 

 (c) 546°C (d) 136.5°C  

3. Every gas (real gas) behaves as an ideal gas 

   [CPMT 1997; RPMT 2000; MP PET 2001] 

10000 1000 100 

3R/2 

5R/2 

7R/2 

CV 

Translation 

Rotation 

Vibration 

4R 

Temperature(K) 
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 (a) At high temperature and low pressure 

 (b) At low temperature and high pressure 

 (c) At normal temperature and pressure 

 (d) None of the above 

4. Boyle's law holds for an ideal gas during  

   [AFMC 1994; KCET 1999] 

 (a) Isobaric changes (b) Isothermal changes 

 (c) Isochoric changes (d) Isotonic changes 

5. S.I. unit of universal gas constant is 

   [MNR 1988; MP PMT 1994; UPSEAT 1999] 

 (a) cal/°C (b) J/mol 

 (c) 11  KmolJ  (d) J/kg 

6. Molecules of a gas behave like   [J & K CET 2000] 

 (a) Inelastic rigid sphere 

 (b) Perfectly elastic non-rigid sphere 

 (c) Perfectly elastic rigid sphere  

 (d) Inelastic non-rigid sphere 
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Communication 
 

1. In short wave communication waves of which of the following 
frequencies will be reflected back by the ionospheric layer, having 
electron density 1011 per m3  

[AIIMS 2003] 

(a) 2 MHz (b) 10 MHz 

(c) 12 MHz (d) 18 MHz  

2. In an amplitude modulated wave for audio frequency of 500 

cycle/second, the appropriate carrier frequency will be  

[AMU 1996] 

(a) 50 cycles/sec (b) 100 cycles/sec 

(c) 500 cycles/sec  (d) 50,000 cycles/sec  

3. AM is used for broadcasting because   

(a) It is more noise immune than other modulation systems 

(b) It requires less transmitting power compared with other 

systems 

(c) Its use avoids receiver complexity 

(d) No other modulation system can provide the necessary 

bandwidth faithful transmission 

4. Range of frequencies allotted for commercial FM radio broadcast is    [MNR 1997] 

(a) 88 to 108 MHz (b) 88 to 108 kHz 

(c) 8 to 88 MHz (d) 88 to 108 GHz  

5. The velocity factor of a transmission line x. If dielectric constant of 

the medium is 2.6, the value of x is  

[AFMC 1995] 

(a) 0.26  (b) 0.62 

(c) 2.6 (d) 6.2  

6. The process of superimposing signal frequency (i.e. audio wave) on 

the carrier wave is known as  [AIIMS 1987] 

(a) Transmission  (b) Reception  

(c) Modulation  (d) Detection  

7. Long distance short-wave radio broadcasting uses  

[AFMC 1996] 

(a) Ground wave  (b) Ionospheric wave  

(c) Direct wave  (d) Sky wave  

8. A step index fibre has a relative refractive index of 0.88%. What is 

the critical angle at the corecladding interface  

[Manipal 2003] 

(a) 60° (b) 75° 

(c) 45° (d) None of these  

9. The characteristic impedance of a coaxial cable is of the order of    [CPMT 2003] 

(a) 50  (b) 200  

(c) 270  (d) None of these  

10. In which frequency range, space waves are normally propagated    [EAMCET 2002] 

(a) HF (b) VHF  

(c) UHF  (d) SHF  

11. If 
1

 and 
2

 are the refractive indices of the materials of core and 

cladding of an optical fibre, then the loss of light due to its leakage 
can be minimised by having  [BVP 2003] 

(a) 
1

 > 
2

  (b) 
1

 < 
2

 

(c) 
1

 = 
2

 (d) None of these  

12. Through which mode of propagation, the radio waves can be sent 

from one place to another   [JIPMER 2003] 

(a) Ground wave propagation   

(b) Sky wave propagation  

(c) Space wave propagation  

(d) All of them  

13. A laser beam of pulse power 1012 watt is focussed on an object are 10–4 
cm2. The energy flux in watt/ cm2 at the point of focus is    [AFMC 2003] 

(a) 1020  (b) 1016  

(c) 108 (d) 104 

14. The carrier frequency generated by a tank circuit containing 1 nF 

capacitor and 10 H inductor is  [AFMC 2003] 

(a) 1592 Hz  (b) 1592 MHz  

(c) 1592 kHz  (d) 159.2 Hz  

15. Broadcasting antennas are generally  [AFMC 2003] 

(a) Omnidirectional type  (b) Vertical type  

(c) Horizontal type  (d) None of these  

16. For television broadcasting, the frequency employed is normally    [AMU 2002] 

(a) 30-300 MHz  (b) 30-300 GHz  

(c) 30-300 KHz  (d) 30-300 Hz  

17. The radio waves of frequency 300 MHz to 3000 MHz belong to    [AMU 2002] 

(a) High frequency band  

(b) Very high frequency band  

(c) Ultra high frequency band 

(d) Super high frequency band  

18. An antenna behaves as resonant circuit only when its length is     [MNR 2002] 

(a) 
2


 

(b) 
4


 

(c)   

(d) 
2


 or integral multiple of 

2


 

19. Maximum useable frequency (MUF) in F-region layer is x, when the 

critical frequency is 60 MHz and the angle of incidence is 70°. Then 

x is     [Himachal PMT 2003] 

(a) 150 MHz  (b) 170 MHz  

(c) 175 MHz  (d) 190 MHz  

20. The electromagnetic waves of frequency 2 MHz to 30 MHz are     [Haryana PMT 2003] 

(a) In ground wave propagation  

(b) In sky wave propagation  

(c) In microwave propagation  

(d) In satellite communication  

21. A laser is a coherent source because it contains  

[JIPMER 2003] 

(a) Many wavelengths  

(b) Uncoordinated wave of a particular wavelength  
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(c) Coordinated wave of many wavelengths  

(d) Coordinated waves of a particular wavelength  

22. The attenuation in optical fibre is mainly due to  

[AFMC 2003] 

(a) Absorption  

(b) Scattering  

(c) Neither absorption nor scattering  

(d) Both (a) and (b)  

23. The maximum distance upto which TV transmission from a TV 
tower of height h can be received is proportional to  

[AIIMS 2003] 

(a) h1/2  (b) h 

(c) h3/2  (d) h2  

24. A laser beam is used for carrying out surgery because it  

[AIIMS 2003] 

(a) Is highly monochromatic  (b) Is highly coherent  

(c) Is highly directional  (d) Can be sharply focussed  

25. Laser beams are used to measure long distances because  

[DCE 2002, 03] 

(a) They are monochromatic  

(b) They are highly polarised  

(c) They are coherent  

(d) They have high degree of parallelism  

26. An oscillator is producing FM waves of frequency 2 kHz with a 

variation of 10 kHz. What is the modulating index  

[DCE 2004] 

(a) 0.20  (b) 5.0  

(c) 0.67  (d) 1.5 

27. The maximum peak to peak voltage of an AM wire is 24 mV and the 

minimum peak to peak voltage is 8 mV. The modulation factor is  

(a) 10%  (b) 20% 

(c) 25% (d) 50%  

28. Sinusoidal carrier voltage of frequency 1.5 MHz and amplitude 50 V 

is amplitude modulated by sinusoidal voltage of frequency 10 kHz 
producing 50% modulation. The lower and upper side-band 
frequencies in kHz are  

(a) 1490, 1510  (b) 1510, 1490  

(c) 
1510

1
,

1490

1
 (d) 

1490

1
,

1510

1
 

29. What is the modulation index of an over modulated wave  

(a) 1 (b) Zero  

(c) < 1 (d) > 1 

30. Basically, the product modulator is  

(a) An amplifier  (b) A mixer  

(c) A frequency separator  (d) A phase separator 

31. If f
a

 and f
f

 represent the carrier wave frequencies for amplitude and 
frequency modulations respectively, then  

(a) fa ff   (b) fa ff   

(c) fa ff   (d) fa ff   

32. Which of the following is the disadvantage of FM over AM 

(a) Larger band width requirement  

(b) Larger noise  

(c) Higher modulation power 

(d) Low efficiency  

33. If a number of sine waves with modulation indices n
1

, n
2

, n
3

 ........ 
modulate a carrier wave, then total modulation index (n) of the 
wave is  

(a) n
1

 + n
2

 .... + 2(n
1

 + n
2

.....) 

(b) ..........321 nnn   

(c) .........2
3

2
2

2
1 nnn   

(d) None of these  

34. An AM wave has 1800 watt of total power content, For 100% 

modulation the carrier should have power content equal to  

(a) 1000 watt (b) 1200 watt 

(c) 1500 watt (d) 1600 watt 

35. The frequency of a FM transmitter without signal input is called  

(a) Lower side band frequency 

(b) Upper side band frequency  

(c) Resting frequency  

(d) None of these  

36. What type of modulation is employed in India for radio transmission  

(a) Amplitude modulation (b) Frequency modulation 

(c) Pulse modulation (d) None of these 

37. When the modulating frequency is doubled, the modulation index is 

halved and the modulating voltage remains constant, the modulation 
system is  

(a) Amplitude modulation (b) Phase modulation  

(c) Frequency modulation (d) All of the above  

38. An antenna is a device  

(a) That converts electromagnetic energy into radio frequency 
signal 

(b) That converts radio frequency signal into electromagnetic 
energy  

(c) That converts guided electromagnetic waves into free space 
electromagnetic waves and vice-versa 

(d) None of these  

39. While tuning in a certain broadcast station with a receiver, we are 
actually  

(a) Varying the local oscillator frequency 

(b) Varying the frequency of the radio signal to be picked up 

(c) Tuning the antenna 

(d) None of these  

40. Indicate which one of the following system is digital  

(a) Pulse position modulation 

(b) Pulse code modulation 
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(c) Pulse width modulation 

(d) Pulse amplitude modulation 

41. In a communication system, noise is most likely to affect the signal  

(a) At the transmitter  

(b) In the channel or in the transmission line  

(c) In the information source 

(d) At the receiver  

42. The waves used in telecommunication are  

(a) IR (b) UV 

(c) Microwave  (d) Cosmic rays 

43. In an FM system a 7 kHz signal modulates 108 MHz carrier so that 
frequency deviation is 50 kHz. The carrier swing is  

(a) 7.143 (b) 8 

(c) 0.71 (d) 350  

44. Consider telecommunication through optical fibres. Which of the 

following statements is not true  [AIEEE 2003] 

(a) Optical fibres may have homogeneous core with a suitable 

cladding 

(b) Optical fibres can be of graded refractive index 

(c) Optical fibres are subject to electromagnetic interference from 

outside 

(d) Optical fibres have extremely low transmission loss 

45. The phenomenon by which light travels in an optical fibres is     [DCE 2001] 

(a) Reflection (b) Refraction  

(c) Total internal reflection (d) Transmission 

46. Television signals on earth cannot be received at distances greater 

than 100 km from the transmission station. The reason behind this is 

that    [DCE 1995] 

(a) The receiver antenna is unable to detect the signal at a distance 

greater than 100 km 

(b) The TV programme consists of both audio and video signals 

(c) The TV signals are less powerful than radio signals  

(d) The surface of earth is curved like a sphere 

47. Advantage of optical fibre    [DCE 2005] 

(a) High bandwidth and EM interference  

(b) Low bandwidth and EM interference  

(c) High band width, low transmission capacity and no EM 

interference  

(d) High bandwidth, high data transmission capacity and no EM 
interference  

48. In frequency modulation    [Kerala PMT 2005] 

(a) The amplitude of modulated wave varies as frequency of carrier 
wave  

(b) The frequency of modulated wave varies as amplitude of 
modulating wave  

(c) The amplitude of modulated wave varies as amplitude of 

carrier wave  

(d) The frequency of modulated wave varies as frequency of 
modulating wave  

(e)  The frequency of modulated wave varies as frequency of carrier 
wave  

49. Audio signal cannot be transmitted because  

[Kerala PMT 2005] 

(a) The signal has more noise  

(b) The signal cannot be amplified for distance communication  

(c) The transmitting antenna length is very small to design 

(d) The transmitting antenna length is very large and impracticable  

(e) The signal is not a radio signal  

50. In which of the following remote sensing technique is not used    [Kerala PMT 2005]  

(a) Forest density  (b) Pollution  

(c) Wetland mapping  (d) Medical treatment 

51. For sky wave propagation of a 10 MHz signal, what should be the 
minimum electron density in ionosphere  

[AIIMS 2005] 

(a) ~ 1.2  1012 m–3  (b) ~ 106 m–3   

(c) ~ 1014 m–3  (d) ~ 1022 m–3  

52. What should be the maximum acceptance angle at the aircore 

interface of an optical fibre if n
1

 and n
2

 are the refractive indices of 
the core and the cladding, respectively  

[AIIMS 2005] 

(a) )/(sin 12
1 nn  (b) 2

2
2
1

1sin nn   

(c) 






 

1

21tan
n

n
 (d) 







 

2

11tan
n

n
 

 

 

 

 

 

1. A sky wave with a frequency 55 MHz is incident on D-region of 
earth's atmosphere at 45o. The angle of refraction is (electron density 

for D-region is 400 electron/cm3) 

[Haryana PMT 2003] 

(a) 60° (b) 45° 

(c) 30° (d) 15°  

2. In a diode AM-detector, the output circuit consist of R = 1k and C = 10 

pF. A carrier signal of 100 kHz is to be detected. Is it good  

(a) Yes   

(b) No  

(c) Information is not sufficient  

(d) None of these  

3. Consider an optical communication system operating at ~800 nm. 

Suppose, only 1% of the optical source frequency is the available 
channel bandwidth for optical communication. How many channels 
can be accommodated for transmitting audio signals requiring a 
bandwidth of 8 kHz  

(a) 4.8  108  (b) 48  

(c) 6.2  108   (d) 4.8  105  

4. A photodetector is made from a semiconductor In 
0.53

Ga 
0.47

As with E
g

 = 
0.73 eV. What is the maximum wavelength, which it can detect  

(a) 1000 nm  (b) 1703 nm  

(c) 500 nm  (d) 173 nm  
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5. A transmitter supplies 9 kW to the aerial when unmodulated. The 
power radiated when modulated to 40% is  

(a) 5 kW  (b) 9.72 kW  

(c) 10 kW  (d) 12 kW  

6. The antenna current of an AM transmitter is 8 A when only carrier 

is sent but increases to 8.96 A when the carrier is sinusoidally 
modulated. The percentage modulation is  

(a) 50%  (b) 60% 

(c) 65% (d) 71% 

7. The total power content of an AM wave is 1500 W. For 100% 

modulation, the power transmitted by the carrier is  

(a) 500 W  (b) 700 W  

(c) 750 W  (d) 1000 W  

8. The total power content of an AM wave is 900 W. For 100% 
modulation, the power transmitted by each side band is   

(a) 50 W  (b) 100 W  

(c) 150 W  (d) 200 W  

9. The modulation index of an FM carrier having a carrier swing of 200 

kHz and a modulating signal 10 kHz is  

(a) 5 (b) 10 

(c) 20 (d) 25 

10. A 500 Hz modulating voltage fed into an FM generator produces a 

frequency deviation of 2.25 kHz. If amplitude of the voltage is kept 
constant but frequency is raised to 6 kHz then the new deviation 
will be   

(a) 4.5 kHz  (b) 54 kHz  

(c) 27 kHz (d) 15 kHz  

11. The audio signal used to modulate 60 sin (2  106 t) is 

.300sin15 t The depth of modulation is   

(a) 50% (b) 40% 

(c) 25% (d) 15% 

12. The bit rate for a signal, which has a sampling rate of 8 kHz and 

where 16 quantisation levels have been used is  

(a) 32000 bits/sec (b) 16000 bits/sec 

(c) 64000 bits/sec (d) 72000 bits/sec  

13. An amplitude modulated wave is modulated to 50%. What is the 
saving in power if carrier as well as one of the side bands are 

suppressed  

(a) 70% (b) 65.4% 

(c) 94.4% (d) 25.5% 

14. In AM, the centpercent modulation is achieved when  

(a) Carrier amplitude = signal amplitude  

(b) Carrier amplitude   signal amplitude 

(c) Carrier frequency = signal frequency 

(d) Carrier frequency  signal frequency 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  : Diode lasers are used as optical sources in optical 

communication. 

Reason  :  Diode lasers consume less energy. 

[AIIMS 2005] 

2. Assertion  : Television signals are received through sky-wave 

propagation. 

Reason  :  The ionosphere reflects electromagnetic waves of 

frequencies greater than a certain critical frequency. 

 [AIIMS 2005] 

3. Assertion  : In high latitude one sees colourful curtains of light 

hanging down from high altitudes. 

Reason  :  The high energy charged particles from the sun are 

deflected to polar regions by the magnetic field of 

the earth. [AIIMS 2003] 

4. Assertion  : Short wave bands are used for transmission of radio 

waves to a large distance. 

Reason  :  Short waves are reflected by ionosphere  

[AIIMS 1994] 

5. Assertion  : The electrical conductivity of earth's atmosphere 

decreases with altitude.   

Reason  :  The high energy particles (i.e. -rays and cosmic 

rays) coming from outer space and entering our 

earth's atmosphere cause ionisation of the atoms of 

the gases present there and the pressure of gases 

decreases with increase in altitude. 

6. Assertion  : The electromagnetic waves of shorter wavelength 

can travel longer distances on earth's surface than 

those of longer wavelengths.  

Reason  :  Shorter the wavelength, the larger is the velocity of 

wave propagation. 

7. Assertion  : The surface wave propagation is used for medium 

wave band and for television broadcasting. 

Reason  :  The surface waves travel directly from transmitting 
antenna to receiver antenna through atmosphere.  

8. Assertion  : The television broadcasting becomes weaker with 

increasing distance.  

Reason  :  The power transmitted from TV transmitter varies 
inversely as the distance of the receiver 

9. Assertion  : Microwave propagation is better than the sky wave 
propagation. 

Reason  :  Microwaves have frequencies 100 to 300 GHz, 
which have very good directional properties. 

10. Assertion  : Satellite is an ideal platform for remote sensing. 

Reason  :  Satellite in polar orbit can provide global coverage 
or continuous coverage of the fixed area in 
geostationary configuration. 

11. Assertion  : Fax is a modulating and demodulating device. 



 
     1630 Communication 

Reason  :  It is necessary for exact reproduction of a 
document. 

12. Assertion  : A dish antenna is highly directional. 

Reason  :  This is because a dipole antenna is omni directional. 

 
 

 

 

 

 
Communication 

 

1 a 2 d 3 c 4 a 5 b 

6 c 7 c 8 d 9 c 10 c 

11 a 12 d 13 b 14 c 15 b 

16 a 17 c 18 d 19 c 20 b 

21 d 22 d 23 a 24 d 25 d 

26 b 27 d 28 a 29 d 30 b 

31 b 32 a 33 c 34 b 35 c 

36 a 37 c 38 c 39 a 40 b 

41 b 42 c 43 a 44 c 45 c 

46 d 47 d 48 b 49 d 50 d 

51 a 52 b       

 
Critical Thinking Questions 

 

1 b 2 b 3 a 4 b 5 b 

6 d 7 d 8 c 9 b 10 b 

11 c 12 a 13 c 14 a   
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Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : In pressure-temperature (P-T) phase diagram of 
water, the slope of the melting curve is found to be 
negative. 

Reason  :  Ice contracts on melting to water. 

 [AIIMS 2005] 

2. Assertion  : For gas atom the number of degrees of freedom is 
3. 

Reason  :  
V

P

C

C
 [AIIMS 2000] 

3. Assertion  : A gas have a unique value of specific heat. 

Reason  :  Specific heat is defined as the amount of heat 
required to raise the temperature of unit mass of 
the substance through unit degree. 

4. Assertion  : A gas can be liquified at any temperature by 
increase of pressure alone. 

Reason  :  On increasing pressure the temperature of gas 

decreases. 

5. Assertion  : Equal masses of helium and oxygen gases are given 
equal quantities of heat. There will be a greater rise 
in the temperature of helium compared to that of 
oxygen. 

Reason  : The molecular weight of oxygen is more than the 
molecular weight of helium. 

6. Assertion  : Absolute zero is the temperature corresponding to 
zero energy. 

Reason  : The temperature at which no molecular motion 
cease is called absolute zero temperature. 

7. Assertion  : The ratio of specific heat gas at constant pressure 
and specific heat at constant volume for a diatomic 
gas is more than that for a monatomic gas. 

Reason  : The molecules of a monatomic gas have more 
degree of freedom than those of a diatomic gas. 

8. Assertion  : At room temperature, water does not sublimate 
from water to steam. 

Reason  :  The critical point of water is much above the room 
temperature. 

9. Assertion  : Specific heat of a gas at constant pressure (C
P

) is 

greater than its specific heat at constant volume 
(C

V

). 

Reason  :  At constant pressure, some heat is spent in 

expansion of the gas. 

10. Assertion  : The internal energy of a real gas is function of 
both, temperature and volume. 

Reason  :  Internal kinetic energy depends on temperature and 
internal potential energy depends on volume. 

11. Assertion  : For an ideal gas, at constant temperature, the 
product of the pressure and volume is constant. 

Reason  :  The mean square velocity of the molecules is 
inversely proportional to mass.  [AIIMS 1998] 

12. Assertion  : If a gas container in motion is suddenly stopped, 

the temperature of the gas rises. 

Reason  :  The kinetic energy of ordered mechanical motion is 
converted in to the kinetic energy of random 
motion of gas molecules. 

13. Assertion  : Internal energy of an ideal gas does not depend 
upon volume of the gas  

Reason  :  Internal energy of ideal gas depends on temperature 
of gas. 

14. Assertion  : At low density, variables of gases P, V and T follows 

the equation RTPV   

Reason  :  At low density real gases are more closely to ideal 
gases  

15. Assertion  : Maxwell speed distribution graph is symmetric 
about most probable speed  

Reason  :  rms speed of ideal gas, depends upon it's type 
(monoatomic, diatomic and polyatomic) 

 

 

 

 
 

Gas Laws 
 

1 c 2 b 3 a 4 b 5 c 

6 c 7 c 8 c 9 a 10 d 

11 a 12 d 13 b 14 d 15 c 

16 b 17 c 18 a 19 a 20 d 

21 c 22 b 23 a 24 a 25 a 

26 a 27 c 28 a 29 c 30 c 

31 d 32 c 33 a 34 d 35 a 

36 a 37 c 38 a 39 a 40 c 

41 d 42 b 43 a 44 c 45 a 

46 a 47 d 48 d 49 c 50 d 

51 c 52 c 53 c 54 b 55 d 

56 c 57 c 58 a 59 d 60 a 

61 d 62 c 63 d 64 d 65 c 

66 b 67 a 68 d 69 d 70 c 

71 c 72 c 73 d 74 b 75 c 

76 c 77 c 78 a 79 c 80 c 

81 b 82 a 83 c 84 b 85 c 

86 d 87 c 88 c 89 b 90 a 

91 b 92 a 93 a 94 d 95 a 

96 c 97 a 98 a 99 c 100 c 

 

 Speed of Gas 
 

1 b 2 a 3 c 4 c 5 a 

6 a 7 d 8 d 9 a 10 a 

11 c 12 d 13 b 14 c 15 a 
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16 a 17 a 18 d 19 c 20 a 

21 d 22 c 23 c 24 a 25 d 

26 a 27 b 28 d 29 a 30 b 

31 c 32 b 33 d 34 c 35 a 

36 b 37 a 38 c 39 d 40 a 

41 d 42 a 43 c 44 b 45 b 

46 c 47 c 48 b 49 b 50 a 

51 b 52 b 53 b 54 d 55 a 

56 a 57 c 58 b 59 d 60 a 

61 c 62 b 63 b 64 d 65 a 

66 b 67 b 68 a     

 

Degree of Freedom and Specific Heat 
 

1 a 2 c 3 a 4 a 5 c 

6 d 7 c 8 b 9 d 10 d 

11 c 12 a 13 b 14 d 15 a 

16 a 17 a 18 a 19 b 20 a 

21 c 22 b 23 c 24 d 25 b 

26 d 27 d 28 a 29 b 30 d 

31 a 32 c 33 a 34 c 35 a 

36 d 37 a 38 a 39 b 40 c 

41 b 42 b 43 b 44 d 45 b 

46 c 47 c 48 d     

 

Pressure and Energy 
 

1 c 2 b 3 c 4 d 5 d 

6 d 7 d 8 a 9 a 10 b 

11 d 12 c 13 c 14 a 15 d 

16 d 17 b 18 b 19 c 20 a 

21 c 22 b 23 b 24 c 25 a 

26 b 27 d 28 d 29 c 30 d 

31 a 32 a 33 c 34 c 35 d 

36 c 37 a 38 b 39 ac 40 d 

41 d 42 b 43 a 44 a 45 a 

46 b 47 a 48 a 49 d 50 a 

51 c 52 c 53 d 54 c 55 b 

56 c 57 d 58 d 59 c 60 c 

61 a 62 c 63 c 64 a   

 

Critical Thinking Questions 
 

1 d 2 d 3 a 4 b 5 a 

6 acd 7 b 8 b 9 cd 10 b 

11 b 12 bc 13 d 14 d 15 a 

16 c 17 d 18 b 19 d 20 d 

21 a 22 c 23 b 24 a 25 c 

26 c 27 c 28 c 29 d 30 d 

31 d 32 b 33 a 34 a 35 d 

36 c 37 c 38 d     

 

Graphical Questions 

 

1 d 2 b 3 c 4 c 5 c 

6 c 7 a 8 b 9 a 10 c 

11 b 12 c 13 c 14 a 15 b 

16 b 17 a 18 a 19 b 20 c 

21 a 22 c 23 b 24 b 25 a 

 

Assertion and Reason 
 

1 a 2 b 3 e 4 d 5 b 

6 e 7 d 8 a 9 a 10 a 

11 b 12 a 13 b 14 a 15 d 

                                                                
 
 
 
 
 

Gas Laws 
 

1. (c) Using Charle’s law 
2

1

2

1

T

T

P

P
  

or 
1

21
2

T

TP
P 

)27273(

)927273(






P
 = 4P. 

2. (b)  12

2

1

2

1 2 TT
T

T

V

V
  K546)0273(2   

  CKT  27354622732  273°C 
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1. An ideal gas has an initial pressure of 3 pressure units and an initial 
volume of 4 volume units. The table gives the final pressure and 
volume of the gas (in those same units) in four, processes. Which 
processes start and end on the same isotherm  

 (a) A 

 (b) B 

 (c) C 

 (d) D 

2. Suppose ideal gas equation follows 3VP = constant. Initial 
temperature and volume of the gas are T and V respectively. If gas 
expand to 27V then its temperature will be come     

 (a) T (b) 9T 

 (c) T27  (d) 9/T  

3. One mole of a monoatomic ideal gas is mixed with one mole of a 
diatomic ideal gas. The molar specific heat of the mixture at 
constant volume is 

 (a) 8 (b) R
2

3
 

 (c) 2R (d) 2.5 R 

4. When the temperature of a gas is raised from 27°C to 90°C, the 
percentage increase in the r.m.s. velocity of the molecules will be 

 (a) 10% (b) 15% 

 (c) 20% (d) 17.5% 

5. A gas is enclosed in a closed pot. On keeping this pot in a train 
moving with high speed, the temperature of the gas 

 (a) Will increase   

 (b) Will decrease 

 (c) Will remain the same   

 (d) Will change according to the nature of the gas 

6. Two spherical vessel of equal volume, are connected by a n arrow 
tube. The apparatus contains an ideal gas at one atmosphere and 
300K. Now if one vessel is immersed in a bath of constant 
temperature 600K and the other in a bath of constant temperature 

300K. Then the common pressure  will be 

 (a) 1 atm  

 (b) 
5

4
 atm  

 (c) 
3

4
 atm  

 (d) 
4

3
 atm  

7. The r.m.s. velocity of a gas at a certain temperature is 2  times 

than that of the oxygen molecules at that temperature. The gas can 
be  

 (a) 2H  (b) He 

 (c) 4CH  (d) 2SO  

8. At what temperature, the mean kinetic energy of 2O  will be the 

same for 2H  molecules at – 73°C 

 (a) 127°C (b) 527°C  
 (c) – 73°C (d) – 173°C 

9. The volume of a gas at pressure 24 /1021 mN  and temperature 

27°C is 83 litres. If R = 8.3 J/mol/K, then the quantity of gas in gm-
mole will be   

 (a) 15 (b) 42 

 (c) 7 (d) 14 

10. The pressure and temperature of an ideal gas in a closed vessel are 

720 kPa and 40C respectively. If 
4

1
th of the gas is released from 

the vessel and the temperature of the remaining gas is raised to 

353C, the final pressure of the gas is   [EAMCET (Med.) 2000] 

(a) 1440 kPa (b) 1080 kPa 

(c) 720  kPa (d) 540 kPa 

11. An air bubble doubles its radius on raising from the bottom of 

water reservoir to be the surface of water in it. If the atmospheric 

pressure is equal to 10 m of water, the height of water in the 

reservoir is    [EAMCET Med.1999] 

 (a) 10 m  

 (b) 20 m 

 (c) 70 m  

 (d)  80 m 

12. If the r.m.s. velocity of a gas at a given temperature (Kelvin scale) is 

300 m/sec. What will be the r.m.s. velocity of a gas having twice the 

molecular weight and half the temperature on Kelvin scale =  [CPMT 1982; RPMT 1996] 

 (a) 300 m/sec (b) 600 m/sec  

 (c) 75 m/sec (d) 150 m/sec  

13. The ratio of two specific heats 
V

P

C

C
 of CO is  

 (a) 1.33 (b) 1.40 

 (c) 1.29 (d) 1.66 

14. The energy of a gas/litre is 300 joules, then its pressure will be 

 (a) 25 /103 mN  (b) 25 /106 mN  

 (c) 25 /10 mN  (d) 25 /102 mN  

15. Pressure versus temperature graphs of an ideal gas are as shown in 
figure. Choose the wrong statement 

 

 

 

 

 

(a) Density of gas is increasing in graph (i) 

(b) Density of gas is decreasing in graph (ii) 

(c) Density of gas is constant in graph (iii) 

(d) None of these 

 

A B C D 

P 

V 

5 

7 

4 

6 

12 

1 

6 

3 

B A 

P 

T 
(i) 

P 

T 
(ii) 

P 

T 
(iii) 
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16. If pressure of 2CO  (real gas) in a container is given by 

242 b

a

bV

RT
P 


  then mass of the gas in container is    

 (a) 11 gm  (b) 22 gm 

 (c) 33 gm  (d) 44 gm  

17. A cylinder of fixed capacity 44.8 litre. contains a monatomic gas at 
standard temperature and pressure. The amount of heat required to 
cylinder by 10°C will be.  

 (R= universal gas constant)     

 (a) R (b) 10R 

 (c) 20R (d) 30R 

18. A pressure cooker contains air at 1 atm and 30°C. If the safety value 

of the cooler blows when the inside pressure 3  atm, then the 

maximum temperature of the air, inside the cooker can be  

 (a) 90°C  (b) 636°C 

 (c) 909°C (d) 363°C  

19. One mole of an ideal monatomic gas requires 210 J heat to raise the 

temperature by 10 K, when heated at constant temperature. If the 

same gas is heated at constant volume to raise the temperature by 

10 K then heat required is   

[Pb. PET 2000] 

(a) 238 J (b) 126 J  

 (c) 210 J (d) 350 J  

20. From the following V-T diagram we can conclude  
 

(a) P
1

 = P
2

  

(b) P
1

 > P
2

  

(c) P
1

 < P
2

  

(d) None of these 

21. A cylinder contains 10 kg of gas at pressure of ./10 27 mN  The 

quantity of gas taken out of the cylinder, if final pressure is 

,/105.2 26 mN  will be (Temperature of gas is constant)  

[EAMCET 1998; Pb. PMT 1999; 2003; DPMT 199, 2003] 

(a) 15.2 kg (b) 3.7 kg 

 (c) Zero (d) 7.5 kg 

22. Certain amount of an ideal gas are contained in a closed vessel. The 
vessel is moving with a constant velocity v. The molecular mass of 

gas is M. The rise in temperature of the gas when the vessel is 

suddenly stopped is )/( VP CC  

 (a) 
)1(2

2

R

Mv
 (b) 

R

Mv

2

)1(2 
 

 (c) 
)1(2

2

R

Mv
 (d) 

)1(2

2

R

Mv
 

23. Air is filled at 60°C in a vessel of open mouth. The vessel is heated 
to a temperature T so that 1/4th part of air escapes. Assuming the 
volume of the vessel remaining constant, the value of T is    [MP PET 1996, 99] 

 (a) 80°C (b) 444°C 
 (c) 333°C (d) 171°C 
24. A partition divides a container having insulated walls into two 

compartments I and II. the same gas fills the two compartments. 
The ratio of the number of molecules in compartments I and II is     

 (a) 1 : 6  

 (b) 6 : 1 

 (c) 4 : 1 

 (d) 1 : 4 

25. Considering the gases to be ideal, the value of 
V

P

C

C
  for a 

gaseous mixture consisting of = 3 moles of carbon dioxide and 2 

moles of oxygen will be )3.1,4.1(
22
 COO   

[UPSEAT 2000; Pb. PET 2004] 

(a) 1.37 (b) 1.34 
(c) 1.55 (d) 1.63 

26. A jar has a mixture of hydrogen and oxygen gas in the ratio of 1 : 5. 

The ratio of mean kinetic energies of hydrogen and oxygen 

molecules is    [CPMT 1977] 

 (a) 1 : 16 (b) 1 : 4    

 (c) 1 : 5 (d) 1 : 1 

27. Graph between volume and temperature for a gas is shown in 

figure. If  volume coefficient of gas = 
273

1
per °C, then what is 

the volume of gas at a temperature of 819°C    
 

 (a) 3101   3m   

 (b) 3102   3m  

 (c) 3103   3m   

(d) 3104   3m  

 

 

 

 

 

 

1. (c) For same isotherm ; T  constant  

  
V

P
1

  2211 VPVP   

2. (b) 3VP = constant = k  
3/1V

k
P   

Also RTPV   RTV
V

k
.

3/1
 

k

RT
V


3/2  

Hence 
2

1

3/2

2

1

T

T

V

V














 

2

3/2

27 T

T

V

V









 TT 92   

3. (c) 
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4. (a) 
M

RT
vrms

3
  1.1

)30273(

)90273(

1
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v
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 % increase %101001.01001
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5. (c) Temperature of the gas is concerned only with it's disordered 
motion. It is no way concerned with it's ordered motion. 

 

 

 

 

6. (c) 21    

 
211
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TR

VP

TR

vP

TR
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21

12

1

2

TT

TT

R

P

TR

P
 

 atm
TT

TP
P

3

4

)600300(

60012

)(

2

21
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7. (c) 
M

vrms

1
  

1

2

2

1

M

M

v

v
  

.16
322

1
2

2  M
M

 Hence the gas is .4CH  

8. (c) Mean kinetic energy of molecule depends upon temperature 

only. For 2O  it is same as that of 2H  at the same 

temperature of C73 . 

9. (c) RTPV   7
3003.8

10831021 34









RT

PV
  

10. (b) ,7201 kpaP   KCT 31340273401   

 
313

626

4

3

1

2

1

2

1

2 
T

T

m

m

P

P
mTP = 1.5  

  kPaPP 10807205.15.1 12    

11. (c) According to Boyle’s law  top22bottom11 )()( VPVP   

 3
2

3
1

3

4
10

3

4
)10( rrh           but 12 2rr   

  3
1

3
1 810)10( rrh   8010 h   h = 70m  

12. (d) 
M

T
v

M

RT
v rmsrms 

3
 

 
1

2

2

1

1

2

T

T

M

M

v

v


2

1

2

1
  

2

300

2

1
2 

v
v =150m/sec   

13. (bc) Co is diatomic gas, for diatomic gas  

 RCRC VP
2

5
and

2

7
   4.1

2/5

2/7


R

R

C

C

V

P
di  

14. (d) Energy 33 /10300/300 mJlitreJ   

 25
3

/102
3

103002

3

2
mNEP 


  

15. (c) 
RT

PM
  

Density  remains constant when P/T or volume remains 
constant. 

In graph (i) Pressure is increasing at constant temperature 
hence volume is decreasing so density is increasing. Graphs (ii) 
and (iii) volume is increasing hence, density is decreasing. Note 
that volume would had been constant in case the straight line 
in graph (iii) had passed through origin. 

16. (b) Vander wall's gas equation for  mole of real gas 

   RTbV
V

a
P 



















2

2

 
2

2

V

a

bV

RT
P









  

 on comparing the given equation with this standard equation 

we get 
2

1
 . Hence 

M

m
  mass of gas 

.2244
2

1
gmmm    

17. (d) As we know 1 mol of any ideal gas at STP occupies a volume of 
22.4 litres.  

Hence number of moles of gas 2
4.22

8.44
  

Since the volume of cylinder is fixed, 

Hence TQ V  )(  

RR 3010
2

3
2   








 RC monoV

2

3
)(     

18. (b) Since volume is constant, 

 Hence 
2

1

2

1

T

T

P

P
  

2

)30273(

3

1

T


  

  CKT  6369092   

19. (b) TCQ PP  )(  and TCQ VV  )(  

 
5

3

2

5
2

3

)(

)(






R

R

C

C

Q

Q

P

V

P

V      









 RCRC monoPmonoV

2

5
)(,

2

3
)(  

 JQQ PV 126210
5

3
)(

5

3
)(   

20. (b) In case of given graph, V and T are related as V = aT – b, where a 

and b are constants.  

From ideal gas equation, PV = RT 

We find 
Tba

R

baT

RT
P

/






 

Since T
2

 > T
1

, therefore P
2

 < P
1

. 

21. (d) mrTPV    mP    [V, r, T  constant] 

  
2

1

2

1

P

P

m

m
   

2

10

m
= 

6

7

105.2

10


 m

2

 = 2.5 kg.  

 Hence mass of the gas taken out of the cylinder  

 .5.75.210 kg  

 

 

Motion of molecule (Disordered motion)  

Motion of train (order of motion)  
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22. (b) If m is the total mass of the gas then its kinetic 

energy 2

2

1
mv  

When the vessel is suddenly stopped then total kinetic energy 
will increase the temperature of the gas. Hence  

TCmv v 2

2

1
TC

M

m
v        [As 

1



R
Cv ] 

 2

2

1

1
mvT

R

M

m



   

R

Mv
T

2

)1(2 



. 

23. (d) For open mouth vessel, pressure is constant. 
Volume is also given constant  

Hence from RT
M

m
RTPV 








  

m
T

1
  

1

2

2

1

m

m

T

T
  

 th
4

1
 part escapes, so remaining mass in the vessel 

12
4

3
mm   

1

14/3)60273(

m

m

T



 

 KT 444 = 171°C  

24. (d) 
kT

PV
n   Now, n

kT

PV

kT

VP
n 44

)2)(2(
'   or 

4

1

'


n

n
. 

25. (b) 33.1

)14.1(

2

)13.1(

3

)14.1(

4.12

)13.1(

3.13

11

11

2

2

1

1

2

22

1

11

mix 












































  

26. (d) In mixture gases will acquire thermal equilibrium (i.e., same 
temperature) so their kinetic energies will also be same. 

27. (b)  







 819

273

1
15.0)1(0 tVVt  2 litre= 3102 

3m  
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Thermodynamics is a branch of science which deals with exchange of 

heat energy between bodies and conversion of the heat energy into 

mechanical energy and vice-versa.  

Some Definitions  

(1) Thermodynamic system  

(i) It is a collection of an extremely large number of atoms or 
molecules  

(ii) It is confined with in certain boundaries. 

(iii) Anything outside the thermodynamic system to which energy or 
matter is exchanged is called its surroundings.  

 

 

 

 

 

 

 
 

(iv) Thermodynamic system may be of three types 

(a) Open system : It exchange both energy and matter with the 
surrounding. 

(b) Closed system : It exchange only energy (not matter) with the 
surroundings. 

(c) Isolated system : It exchange neither energy nor matter with the 
surrounding. 

 

 

 

 

 

 

 

 

(2) Thermodynamic variables and equation of state : A thermodynamic 
system can be described by specifying its pressure, volume, temperature, 
internal energy and the number of moles. These parameters are called 
thermodynamic variables. The relation between the thermodynamic 
variables (P, V, T) of the system is called equation of state. 

For  moles of an ideal gas, equation of state is PV = RT and for 1 
mole of an it ideal gas is PV = RT  

(3) Thermodynamic equilibrium : In steady state thermodynamic 
variables are independent of time and the system is said to be in the state 

of thermodynamic equilibrium. For a system to be in thermodynamic 
equilibrium, the following conditions must be fulfilled. 

(i) Mechanical equilibrium : There is no unbalanced force between the 
system and its surroundings. 

(ii) Thermal equilibrium : There is a uniform temperature in all parts 
of the system and is same as that of surrounding. 

(iii) Chemical equilibrium : There is a uniform chemical composition 
through out the system and the surrounding. 

(4) Thermodynamic process : The process of change of state of a 
system involves change of thermodynamic variables such as pressure P, 
volume V and temperature T of the system. The process is known as 
thermodynamic process. Some important processes are 

(i) Isothermal process : Temperature remain constant  

(ii) Adiabatic process : No transfer of heat  

(iii) Isobaric process : Pressure remains constant 

(iv) Isochoric (isovolumic process) : Volume remains constant 

(v) Cyclic and non-cyclic process : Incyclic process Initial and final states 

are same while in non-cyclic process these states are different. 

(vi) Reversible and irreversible process : 

 

Surrounding 

System Gas 

Fig. 14.1 

Thermodynamics   

Chapter  

14 
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(5) Indicator diagram : Whenever the state of a gas (P, V, T) is 
changed, we say the gaseous system is undergone a thermodynamic process. 
The graphical representation of the change in state of a gas by a 
thermodynamic process is called indicator diagram. Indicator diagram is 
plotted generally in pressure and volume of gas. 

Zeroth Law of Thermodynamics 

If systems A and B are each in thermal equilibrium with a third system 

C, then A and B are in thermal equilibrium with each other. 

 

 

 

 

 

 

 

(1) The zeroth law leads to the concept of temperature. All bodies in 

thermal equilibrium must have a common property which has the same 

value for all of them. This property is called the temperature.  

(2) The zeroth law came to light long after the first and seconds laws 

of thermodynamics had been discovered and numbered. It is so named 

because it logically precedes the first and second laws of thermodynamics.  

Heat, Internal Energy and Work in Thermodynamics 

(1) Heat (Q) : It is the energy that is transferred between a system 

and its environment because of the temperature difference between them.  

(i) Heat is a path dependent quantity e.g. Heat required to change the 

temperature of a given gas at a constant pressure is different from that 

required to change the temperature of same gas through same amount at 

constant volume.  

(ii) For gases when heat is absorbed and temperature changes  

TCQ    

At constant pressure TCQ PP  )(  

At constant volume TCQ VV  )(  

(2) Internal energy (U) : Internal energy of a system is the energy 

possessed by the system due to molecular motion and molecular 

configuration. 

The energy due to molecular motion is called internal kinetic energy U
K

 

and that due to molecular configuration is called internal potential energy U
P

 

i.e. Total internal energy PK UUU   

(i) For an ideal gas, as there is no molecular attraction 0pU  

i.e. internal energy of an ideal gas is totally kinetic and is given by 

RTUU K 
2

3
  and change in internal energy TRU  

2

3
 

(ii) In case of gases whatever be the process  

TR
f

U 
2

 TCV 
1

)(

)1( 














if TTR
T

R
 

     
1






 if RTRT

1

)(








iiff VPVP
 

(iii) Change in internal energy does not depend on the path of the 

process. So it is called a point function i.e. it depends only on the initial and 

final states of the system, i.e. if UUU   

(3) Work (W) : Suppose a gas is confined in a cylinder that has a 

movable piston at one end. If P be the pressure of the gas in the cylinder, 

then force exerted by the gas on the piston of the cylinder F = PA (A = Area 

of cross-section of piston) 

 

 

 

 

 

 
 

When the piston is pushed outward an infinitesimal distance dx, the 

work done by the gas dVPdxAPdxFdW  )(.  

For a finite change in volume from V
i

 to V
f

  

Total amount of work done )( if

V

Vi
VVPdVPW

f

   

(i) If we draw indicator diagram, the area bounded by PV-graph and 

volume axis represents the work done 

 

 

   Work = Area = P(V
2

 – V
1

) 

 

 

 

 

 

     Work )( 12

2

1

VVPPdV
V

V
   

 

 

 

 

 

 

   Work = 0 

 

 

 

 

 

   Work = Area of the shown trapezium 

            )()(
2

1
1221 VVPP   

 
 

(ii) From  )( if VVPVPW   

If system expands against some external force then if VV    

  W = positive  

dx 

F 

Piston 

Gas 

Fig. 14.4 
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If system contracts because of external force then if VV    

  W = negative 

 

 

 

 

 

 

 

(iii) Like heat, work done is also depends upon initial and final state of 

the system and path adopted for the process  

 

 

 

 

 

 

 

 

 

 
 

 A
1

 < A
2

  W
1

 < W
2

  

(iv) In cyclic process, work done is equal to the area of closed curve. It 
is positive if the cycle is clockwise and it is negative if the cycle is 
anticlockwise. 

 

 

   Work = Area of triangle ABC  

            )()(
2

1
1212 PPVV   

 

 

 

 

   Work = Area of rectangle ABCD  

            = AB  AD  

            = (V
2

 – V
1

) (P
2

 – P
1

)  

 

 

 

 

 

   Work = )()(
4

1212 VVPP 


 

 

 

 

First Law of Thermodynamics (FLOT) 

(1) It is a statement of conservation of energy in thermodynamical 
process. 

(2) According to it heat given to a system (Q) is equal to the sum of 

increase in its internal energy (U) and the work done (W) by the system 

against the surroundings. 

  Q = U + W  

(3) It makes no distinction between work and heat as according to it 

the internal energy (and hence temperature) of a system may be increased 

either by adding heat to it or doing work on it or both. 

(4) Q and W are the path functions but U is the point function. 

(5) In the above equation all three quantities Q, U and W must 

be expressed either in Joule or in calorie. 

(6) The first law introduces the concept of internal energy. 

(7) Limitation : First law of thermodynamics does not indicate the 

direction of heat transfer. It does not tell anything about the conditions, 

under which heat can be transformed into work and also it does not 

indicate as to why the whole of heat energy cannot be converted into 

mechanical work continuously. 

Table 14.1 : Useful sign convention in thermodynamics 

Quantity Sign Condition 

Q 
+ When heat is supplied to a system  

– When heat is drawn from the system 

W 
+ When work done by the gas (expansion)  

– When work done on the gas (compression) 

U 
+ With temperature rise, internal energy increases 

– With temperature fall, internal energy decreases 

 

Isobaric Process 

When a thermodynamic system undergoes a physical change in such a 

way that its pressure remains constant, then the change is known as 

isobaric process. 

(1) Equation of state : In this process V and T changes but P remains 

constant. Hence Charle’s law is obeyed in this process.  

Hence if pressure remains constant  V  T  
2

2

1

1

T

V

T

V
  

(2) Indicator diagram : Graph 1 represent isobaric expansion, graph 2 

represent isobaric compression. 

 

 

 

             Slope = 0
dV

dP
            Slope = 0

dV

dP
 

 

 
 

(i) In isobaric expansion (Heating)   

Temperature   increases so U is positive  

Volume   increases so W is positive 

Heat   flows into the system so Q is positive 

(ii) In isobaric compression (Cooling) 

Temperature   decreases so U is negative 

P 
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V 
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Volume   decreases so W is negative 

Heat   flows out from the system so Q is negative  

(3) Specific heat : Specific heat of gas during isobaric process 

R
f

CP 







 1

2
  

(4) Bulk modulus of elasticity : 0





V

V

P
K  [As P = 0] 

(5) Work done in isobaric process  

][ if

V

V

V

V

VVPdVPdVPW
f

i

f

i

     [As P = constant] 

 TRTTRVVPW ifif   ][)(  

(6) FLOT in isobaric process : From  WUQ   

 TCU V   T
R





)1(

  and  TRW    

 TRT
R

Q P 


 



)1(

)( TR 













1


 TCP    

(7) Examples of isobaric process : All state changes occurs at constant 

temperature and pressure. 

Boiling of water 

(i) Water   vapours  

(ii) Temperature   constant 

(iii) Volume  increases  

(iv) A part of heat supplied is used to change volume (expansion) 

against external pressure and remaining part is used to increase it's 

potential energy (kinetic energy remains constant) 

(v) From FLOT Q = U + W   mL = U + P(V
f

 – V
i

)  

Freezing of water 

(i) Water   ice 

(ii) Temperature   constant 

(iii) Volume  increases  

(iv) Heat is given by water it self. It is used to do work against 

external atmospheric pressure and to decreases the internal potential 

energy.  

(v) From FLOT Q = U + W   – mL = U + P(V
f

 – V
i

) 

Isochoric or Isometric Process 

When a thermodynamic process undergoes a physical change in such a 

way that its volume remains constant, then the change is known as 

isochoric process. 

(1) Equation of state : In this process P and T changes but V = 

constant. Hence Gay-Lussac’s law is obeyed in this process i.e.  P  T  


2

2

1

1

T

P

T

P
constant 

(2) Indicator diagram : Graph 1 and 2 represent isometric increase in 

pressure at volume 1V  and isometric decrease in pressure at volume 2V  

respectively and slope of indicator diagram 
dV

dP
 

(i) Isometric heating  

(a) Pressure   increases 

(b) Temperature   increases 

(c) Q  positive  

(d) U  positive 

(ii) Isometric cooling   

(a) Pressure   decreases 

(b) Temperature   decreases 

(c) Q  negative  

(d) U  negative  
 

(3) Specific heat : Specific heat of gas during isochoric process 

R
f

CV
2

  

(4) Bulk modulus of elasticity : 








0

P

V

V

P
K  

(5) Work done in isochoric process  

 ][ if VVPVPW  = 0        [As V = constant] 

(6) FLOT in isochoric process : From WUQ   

W = 0  TCUQ VV  )( T
R





1


1






iiff VPVP
 

Isothermal Process 

When a thermodynamic system undergoes a physical change in such a 

way that its temperature remains constant, then the change is known as 

isothermal changes. 

(1) Essential condition for isothermal process 

(i) The walls of the container must be perfectly conducting to allow 

free exchange of heat between the gas and its surrounding. 

(ii) The process of compression or expansion should be so slow so as 

to provide time for the exchange of heat. 

Since these two conditions are not fully realised in practice, therefore, 

no process is perfectly isothermal. 

(2) Equation of state : In this process, P and V change but T = 

constant i.e. change in temperature T = 0. 

Boyle’s law is obeyed i.e. PV= constant  P
1

V
1

 = P
2

V
2

  

(3) Example of isothermal process : Melting of ice (at 0°C) and boiling 

of water (at 100°C) are common example of this process. 

(4) Indicator diagram : According to PV = constant, graph between P 

and V is a part of rectangular hyperbola. The graphs at different temperature 

are parallel to each other are called isotherms. 

 

 T1<T2< T3 

Two isotherms never intersect 

Fig. 14.15 

Water Vapours 
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(i) Slope of isothermal curve : By differentiating PV = constant. We get  

0 dPVdVP  

 VdPPdV   

 Slope =
V

P

dV

dP
tan  

 

(ii) Area between the isotherm and volume axis represents the work 

done in isothermal process. 

If volume increases W = + (Area under curve) and if volume 

decreases W = – (Area under curve) 

(5) Specific heat : Specific heat of gas during isothermal change is 

infinite. As  






0m

Q

Tm

Q
C  [As T = 0] 

(6) Isothermal elasticity (E) : For this process PV = constant.  

 dPVdVP    E
VdV

dP
P 




Strain

Stress

/
 

 PE  i.e. isothermal elasticity is equal to pressure  

At N.T.P., E = Atmospheric pressure = 25 /1001.1 mN  

(7) Work done in isothermal process 

 
f

i

f

i

V

V

V

V
dV

V

RT
dVPW


  [As PV = RT] 
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f

i

f
e

V

V
RT

V

V
RTW 10log303.2log    

or  






























f

i

f

i
e

P

P
RT

P

P
RTW 10log303.2log   

(8) FLOT in isothermal process : From WUQ   

 0U      [As T = 0]       WQ   

i.e. heat supplied in an isothermal change is used to do work against 

external surrounding. 

or if the work is done on the system than equal amount of heat energy 

will be liberated by the system. 

Adiabatic Process 

When a thermodynamic system undergoes a change in such a way that 

no exchange of heat takes place between System and surroundings, the 

process is known as adiabatic process. 

In this process P, V and T changes but Q = 0. 

(1) Essential conditions for adiabatic process 

(i) There should not be any exchange of heat between the system and 

its surroundings. All walls of the container and the piston must be perfectly 

insulating. 

(ii) The system should be compressed or allowed to expand suddenly 

so that there is no time for the exchange of heat between the system and its 

surroundings. 

Since, these two conditions are not fully realised in practice, so no 

process is perfectly adiabatic. 

(2) Some examples of adiabatic process 

(i) Sudden compression or expansion of a gas in a container with 
perfectly non-conducting walls. 

(ii) Sudden bursting of the tube of bicycle tyre. 

(iii) Propagation of sound waves in air and other gases. 

(iv) Expansion of steam in the cylinder of steam engine. 

(3) FLOT in adiabatic process : From WUQ   

For adiabatic process 0Q   WU   

If W = positive then U = negative so temperature decreases i.e. 
adiabatic expansion produce cooling. 

If W = negative then U = positive so temperature increases i.e. 
adiabatic compression produce heating. 

(4) Equation of state : In adiabatic change ideal gases do not obeys 

Boyle's law but obeys Poisson's law. According to it  

 PV = constant; where 
V

P

C

C
  

(i) For temperature and volume   

TV
 – 1   = constant  

1
22

1
11





VTVT  or  1VT  

(ii) For temperature and pressure   

1



P

T
= const.  

 


1
22

1
11 PTPT or 

 1

 PT or 1 



TP  

Table 14.2 : Special cases of adiabatic process 

Type of gas 
V

P
1

  1 



TP  1

1



V

T  

Monoatomic  

 = 5/3 3/5

1

V
P   

 

2/5TP   3/2

1

V
T   

Diatomic  

 = 7/5 5/7

1

V
P   

 

2/7TP   5/2

1

V
T   

Polyatomic  

 = 4/3 3/4

1

V
P   

4
TP   

3/1

1

V
T   

 

(5) Indicator diagram 

(i) Curve obtained on PV graph are called adiabatic curve. 

(ii) Slope of adiabatic curve : From constantPV  

By differentiating, we get           

01   dVVPVdP    













V

P

V

PV

dV

dP




 1
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Fig. 14.19 
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 Slope of adiabatic curve 









V

P
tan  

(iii) But we also know that slope of isothermal curve 
V

P
tan  

Hence (Slope)
Adi

 =   (Slope)
Iso

  or 1
Slope)(

Slope)(


Iso

Adi  

(6) Specific heat : Specific heat of a gas during adiabatic change is 

zero As 0
0








TmTm

Q
C   [As Q = 0] 

(7) Adiabatic elasticity (E) : constantPV  

Differentiating both sides 01   dVVPPVd    

  E
VdV

dP
P 




Strain

Stress

/
 PE     

i.e. adiabatic elasticity is  times that of pressure  

Also isothermal elasticity PE    
V

P

C

C

E

E
 




 

i.e. the ratio of two elasticity of gases is equal to the ratio of two 

specific heats. 

(8) Work done in adiabatic process  


f

i

V

V

dVPW 
f

i

V

V

dV
V

K
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)1(
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fiffii TTRVPVP
W  

(As PV = K, P
f

V
f

 = RT
f

  and P
i

V
i

 = RT
i

) 

(i) W  quantity of gas (either M or )  

(ii) W  temperature difference (T
i

 – T
f

)  

(iii) W  
1

1


    tridimono    W

mono

 < W
dia

 < W
tri

  

(9) Comparison between isothermal and adiabatic indicator diagrams : 

Always remember that adiabatic curves are more steeper than isothermal 

curves   

(i) Equal expansion : Graph 1 represent isothermal process and 2 

represent adiabatic process  

W
isothermal

 > W
adiabatic

  

P
isothermal

 > P
adiabatic

  

T
isothermal

 > T
adiabatic

 

(Slope)
Isothermal 

< (Slope)
Adiabatic

  

 

(ii) Compression : Graph 1 represent adiabatic process and 2 represent 

isothermal process 

W
Adiabatic

 > W
Isothermal

  

P
Adiabatic

 > P
Isothermal

  

T
Adiabatic

 > T
Isotherm al

 

(Slope)
Isothermal 

< (Slope)
Adiabatic

  

 

(10) Free expansion : Free expansion is adiabatic process in which no 

work is performed on or by the system. Consider two vessels placed in a 
system which is enclosed with thermal insulation (asbestos-covered). One 
vessel contains a gas and the other is evacuated. When suddenly the 
stopcock is opened, the gas rushes into the evacuated vessel and expands 
freely. 

 

 

 

 

 

 

W = 0 (Because walls are rigid)  

Q = 0 (Because walls are insulated)  

U = U
f

 – U
i

 = 0 (Because Q and W are zero. Thus the final and 

initial energies are equal in free expansion. 

Cyclic and Non-cyclic Process 

A cyclic process consists of a series of changes which return the 

system back to its initial state. 

In non-cyclic process the series of changes involved do not return the 

system back to its initial state. 

(1) In case of cyclic process as if UU   0 if UUU    

i.e. change in internal energy for cyclic process is zero and also 

TU    T = 0  i.e. temperature of system remains constant. 

(2) From FLOT  WUQ    WQ    

i.e. heat supplied is equal to the work done by the system. 

(3) For cyclic process P-V graph is a closed curve and area enclosed by the 

closed path represents the work done. 

If the cycle is clockwise work done is positive and if the cycle is 

anticlockwise work done is negative. 

 

 

 

 

 

 
 

(4) Work done in non cyclic process depends upon the path chosen or 

the series of changes involved and can be calculated by the area covered 

between the curve and volume axis on PV diagram. 

 

 

 

 

 

 

 

 

Quasi Static Process 

When we perform a process on a given system, its state is, in general, 
changed. Suppose the initial state of the system is described by the values 

111 ,, TVP  and the final state by 222 ,, TVP . If the process is performed in 

such a way that at any instant during the process, the system is very nearly 
in thermodynamic equilibrium, the process is called quasi-static. This means, 
we can specify the parameters P, V, T uniquely at any instant during such a 
process. 
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Actual processes are not quasi-static. To change the pressure of a gas, 

we can move a piston inside the enclosure. The gas near the piston is acted 

upon by piston. The pressure of the gas may not be uniform everywhere 

while the piston is moving. However, we can move the piston very slowly to 

make the process as close to quasi-static as we wish. Thus, a quasi-static 

process is an idealised process in which all changes take place infinitely 

slowly.  

Reversible and Irreversible Process 

(1) Reversible process : A reversible process is one which can be 

reversed in such a way that all changes occurring in the direct process are 
exactly repeated in the opposite order and inverse sense and no change is 
left in any of the bodies taking part in the process or in the surroundings. 
For example if heat is absorbed in the direct process, the same amount of 
heat should be given out in the reverse process, if work is done on the 
working substance in the direct process then the same amount of work 
should be done by the working substance in the reverse process. The 

conditions for reversibility are 

(i) There must be complete absence of dissipative forces such as 
friction, viscosity, electric resistance etc. 

(ii) The direct and reverse processes must take place infinitely slowly. 

(iii) The temperature of the system must not differ appreciably from 
its surroundings. 

Some examples of reversible process are 

(a) All isothermal and adiabatic changes are reversible if they are 

performed very slowly. 

(b) When a certain amount of heat is absorbed by ice, it melts. If the 

same amount of heat is removed from it, the water formed in the direct 
process will be converted into ice. 

(c) An extremely slow extension or contraction of a spring without 

setting up oscillations. 

(d) When a perfectly elastic ball falls from some height on a perfectly 
elastic horizontal plane, the ball rises to the initial height. 

(e) If the resistance of a thermocouple is negligible there will be no 
heat produced due to Joule’s heating effect. In such a case heating or 
cooling is reversible. At a junction where a cooling effect is produced due to 

Peltier effect when current flows in one direction and equal heating effect is 
produced when the current is reversed. 

(f) Very slow evaporation or condensation.  

It should be remembered that the conditions mentioned for a 

reversible process can never be realised in practice. Hence, a reversible 

process is only an ideal concept. In actual process, there is always loss of 

heat due to friction, conduction, radiation etc. 

(2) Irreversible process : Any process which is not reversible exactly is an 

irreversible process. All natural processes such as conduction, radiation, 
radioactive decay etc. are irreversible. All practical processes such as free 
expansion, Joule-Thomson expansion, electrical heating of a wire are also 
irreversible. Some examples of irreversible processes are given below 

(i) When a steel ball is allowed to fall on an inelastic lead sheet, its 

kinetic energy changes into heat energy by friction. The heat energy raises 

the temperature of lead sheet. No reverse transformation of heat energy 

occurs. 

(ii) The sudden and fast stretching of a spring may produce vibrations 

in it. Now a part of the energy is dissipated. This is the case of irreversible 

process. 

(iii) Sudden expansion or contraction and rapid evaporation or 

condensation are examples of irreversible processes. 

(iv) Produced by the passage of an electric current through a 

resistance is irreversible. 

(v) Heat transfer between bodies at different temperatures is also 

irreversible. 

(vi) Joule-Thomson effect is irreversible because on reversing the flow 

of gas a similar cooling or heating effect is not observed. 

Mixed Graphical Representation 

(1) PV-graphs 

   1   Isobaric (P-constant) 

   2   Isothermal (Because
V

P
1

 ) 

   3  Adiabatic (Because 
V

P
1

 ) 

   4   Isochoric (V-constant) 

(2) PT-graphs 

   1   Isobaric (P-constant) 

   2   Isothermal (T-constant) 

   3   Adiabatic (Because 1 



TP ) 

                4   Isochoric (In isochoric P  T) 

 

(3) VT-graphs 

   1   Isochoric (V-constant) 

   2   Adiabatic (Because  1

1

TV ) 

   3   Isothermal (T-constant) 

   4   Isobaric (In isobaric V  T ) 
 

Heat Engine 

Heat engine is a device which converts heat into work continuously 
through a cyclic process. 

The essential parts of a heat engine are 

(1) Source : It is a reservoir of heat at high temperature and infinite 
thermal capacity. Any amount of heat can be extracted from it. 

(2) Working substance : Steam, petrol etc. 

(3) Sink : It is a reservoir of heat at low temperature and infinite 

thermal capacity. Any amount of heat can be given to the sink. 

 

 

 

 

 

 

 

The working substance absorbs heat Q
1

 from the source, does an 

amount of work W, returns the remaining amount of heat to the sink and 
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W = Q1 – Q2 
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comes back to its original state and there occurs no change in its internal 

energy. 

By repeating the same cycle over and over again, work is continuously 

obtained. 

The performance of heat engine is expressed by means of “efficiency” 

 which is defined as the ratio of useful work obtained from the engine to 

the heat supplied to it. 

 
1input Heat

doneWork 

Q

W
  

For cyclic process U = 0 hence from FLOT  Q = W  

So  21 QQW    
1

2

1

21 1
Q

Q

Q

QQ



  

A perfect heat engine is one which converts all heat into work i.e. 

1QW   so that 02 Q  and hence 1 . 

But practically efficiency of an engine is always less than 1. 

Refrigerator or Heat Pump 

A refrigerator or heat pump is basically a heat engine run in reverse 

direction. 

It essentially consists of three parts 

(1) Source : At higher temperature T
1

. 

(2) Working substance : It is called refrigerant liquid ammonia and 

freon works as a working substance. 

(3) Sink : At lower temperature T
2

. 

 

 

 

 

 

 

 

The working substance takes heat Q
2

 from a sink (contents of 
refrigerator) at lower temperature, has a net amount of work done W on it 
by an external agent (usually compressor of refrigerator) and gives out a 
larger amount of heat Q

1

 to a hot body at temperature T
1

 (usually 

atmosphere). Thus, it transfers heat from a cold to a hot body at the 
expense of mechanical energy supplied to it by an external agent. The cold 
body is thus cooled more and more. 

The performance of a refrigerator is expressed by means of “coefficient 

of performance”  which is defined as the ratio of the heat extracted from 

the cold body to the work needed to transfer it to the hot body. 

i.e.  
21

22

doneWork 

extracted Heat

QQ

Q

W

Q


  

A perfect refrigerator is one which transfers heat from cold to hot 
body without doing work 

i.e. W = 0 so that 21 QQ   and hence   

(1) Carnot refrigerator : For Carnot refrigerator 
2

1

2

1

T

T

Q

Q
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2
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TT
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21

2

21

2

TT

T

QQ
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So coefficient of performance 
21

2

TT

T


  

where T
1

 = temperature of surrounding, T
2

 = temperature of cold body. 

It is clear that  = 0 when T
2

 = 0  

i.e. the coefficient of performance will be zero if the cold body is at the 
temperature equal to absolute zero. 

(2) Relation between coefficient of performance and efficiency of 
refrigerator   

We know 
21

2

QQ

Q


  

12

12

/1

/

QQ

QQ


    ….. (i) 

But the efficiency 
1

21
Q

Q
  or  1

1

2

Q

Q
 …..(ii) 

From (i) and (ii) we get, 








1
 

Second Law of Thermodynamics 

First law of thermodynamics merely explains the equivalence of work 

and heat. It does not explain why heat flows from bodies at higher 

temperatures to those at lower temperatures. It cannot tell us why the 

converse is possible. It cannot explain why the efficiency of a heat engine is 

always less than unity. It is also unable to explain why cool water on stirring 

gets hotter whereas there is no such effect on stirring warm water in a 

beaker. Second law of thermodynamics provides answers to these questions. 

Statement of this law is as follows 

(1) Clausius statement : It is impossible for a self acting machine to 

transfer heat from a colder body to a hotter one without the aid of an 

external agency. 

From Clausius statement it is clear that heat cannot flow from a 

body at low temperature to one at higher temperature unless work is done 

by an external agency. This statement is in fair agreement with our 

experiences in different branches of physics. For example, electrical current 

cannot flow from a conductor at lower electrostatic potential to that at 

higher potential unless an external work is done. Similarly, a body at a lower 

gravitational potential level cannot move up to higher level without work 

done by an external agency. 

(2) Kelvin’s statement : It is impossible for a body or system to 

perform continuous work by cooling it to a temperature lower than the 

temperature of the coldest one of its surroundings. A Carnot engine cannot 

work if the source and sink are at the same temperature because work done 

by the engine will result into cooling the source and heating the 

surroundings more and more. 

(3) Kelvin-Planck’s statement : It is impossible to design an engine 

that extracts heat and fully utilises into work without producing any other 

effect. 

From this statement it is clear that any amount of heat can never be 

converted completely into work. It is essential for an engine to return some 

amount of heat to the sink. An engine essentially requires a source as well 

as sink. The efficiency of an engine is always less than unity because heat 

cannot be fully converted into work. 

Carnot Engine 

W = Q1 – Q2 

Q1 

Q2 

Heat  
Engine 

Source  

(Atmosphere) 
(T1) 

(T2) 
Sink  

(Contents of refrigerator) 

Fig. 14.30 
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(1) Carnot designed a theoretical engine which is free from all the 

defects of a practical engine. This engine cannot be realised in actual 

practice, however, this can be taken as a standard against which the 

performance of an actual engine can be judged. 

 

 

 

 

 

 

 

 

It consists of the following parts 

(i) A cylinder with perfectly non-conducting walls and a perfectly 

conducting base containing a perfect gas as working substance and fitted 

with a non-conducting frictionless piston 

(ii) A source of infinite thermal capacity maintained at constant higher 

temperature T
1. 

(iii) A sink of infinite thermal capacity maintained at constant lower 

temperature T
2

. 

(iv) A perfectly non-conducting stand for the cylinder. 

(2) Carnot cycle : As the engine works, the working substance of the 

engine undergoes a cycle known as Carnot cycle. The Carnot cycle consists 

of the following four strokes 

 

 

 

 

 

 

 

 

 

 (i) First stroke (Isothermal expansion) (curve AB) : 

The cylinder containing ideal gas as working substance allowed to 

expand slowly at this constant temperature T
1

. 

Work done = Heat absorbed by the system 
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(ii) Second stroke (Adiabatic expansion) (curve BC) :  

The cylinder is then placed on the non conducting stand and the gas is 

allowed to expand adiabatically till the temperature falls from T
1

 to T
2

. 
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2
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V
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(iii) Third stroke (Isothermal compression) (curve CD) :  

The cylinder is placed on the sink and the gas is compressed at 

constant temperature T
2

. 

Work done = Heat released by the system 

             
3

4
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(iv) Fourth stroke (adiabatic compression) (curve DA) : Finally the 

cylinder is again placed on non-conducting stand and the compression is 

continued so that gas returns to its initial stage. 
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(3) Efficiency of Carnot cycle : The efficiency of engine is defined as 
the ratio of work done to the heat supplied i.e. 

 
1input Heat

doneWork 

Q

W
  

Net work done during the complete cycle 

)()( 4321 WWWWW  ABCDWW  Area31   

[As 42 WW  ] 
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Since points B and C lie on same adiabatic curve   
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Also point D and A lie on the same adiabatic curve   

 
1

42
1

11





VTVT  or 

1

1

4

2

1




















V

V

T

T
  …..(ii) 

From (i) and (ii), 
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So efficiency of Carnot engine 
1

21
T

T
  

(i) Efficiency of a heat engine depends only on temperatures of source and 

sink and is independent of all other factors. 

(ii) All reversible heat engines working between same temperatures are 

equally efficient and no heat engine can be more efficient than Carnot 

engine (as it is ideal). 

(iii) As on Kelvin scale, temperature can never be negative (as 0 K is 

defined as the lowest possible temperature) and T
l

 and T
2

 are finite, 

efficiency of a heat engine is always lesser than unity, i.e., whole of heat can 

never be converted into work which is in accordance with second law. 

(4) Carnot theorem : The efficiency of Carnot’s heat engine depends 

only on the temperature of source (T
1

) and temperature of sink (T
2

), i.e., 

1

21
T

T
 . 

Carnot stated that no heat engine working between two given 

temperatures of source and sink can be more efficient than a perfectly 

reversible engine (Carnot engine) working between the same two 
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T1 K 
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temperatures. Carnot's reversible engine working between two given 

temperatures is considered to be the most efficient engine. 

Table 14.3 : Difference Between Petrol Engine and Diesel Engine 

Petrol engine Diesel engine 

Working substance is a mixture of 

petrol vapour and air. 

Working substance in this engine is a 

mixture of diesel vapour and air. 

Efficiency is smaller (~47%). Efficiency is larger (~55%). 

It works with a spark plug. It works with an oil plug. 

It is associated with the risk of 

explosion, because petrol vapour and 

air is compressed. So, low compression 

ratio is kept. 

No risk of explosion, because only air 

is compressed. Hence compression 

ratio is kept large. 

Petrol vapour and air is created with 

spark plug. 

Spray of diesel is obtained through 

the jet. 

Entropy 

Entropy is a measure of disorder of molecular motion of a system. 
Greater is the disorder, greater is the entropy. 

The change in entropy i.e.  

 
re temperatuAbsolute

system  byabsorbed Heat
dS  or 

T

dQ
dS   

The relation is called the mathematical form of Second Law of 
Thermodynamics. 

(1) For solids and liquids 

(i) When heat given to a substance changes its state at constant 

temperature, then change in entropy 
T

mL

T

dQ
dS   

where positive sign refers to heat absorption and negative sign to heat 
evolution. 

(ii) When heat given to a substance raises its temperature from T
1

 to 
T

2

, then change in entropy 
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(2) For a perfect gas : Perfect gas equation for n moles is PV = nRT 
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 When a thermos bottle is vigorously shaken :  

Heat transferred to the coffee  Q = 0   

[As thermos flask is insulated from the surrounding] 

Work is done on the coffee against viscous force  

W = (–) 

Internal energy of the coffee increases U = (+) 

and temperature of the coffee also increases T = (+) 

 Work done without the volume limits  

 
f

i

V

V
dVPW  

From this equation it seems as if work done can be calculated only 

when P-V equation is known and limits iV  and fV  are known to us. 

But it is not so. We can calculate work done if we know the limits of 
temperature. 

For  moles of an ideal gas if 
T

P


  with temperature limits T
0

 

and 2T
0

.  

From PV = RT  
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 Work done with spring : If mass less piston is attached to a spring of 
force constant K and a mass m is placed over the piston. If the external 

pressure is 0P  and due to expansion of gas the piston moves up through 

a distance x then 

Total work done by the gas  

321 WWWW   

where W
1

 = Work done against  

                     external pressure )( 0P   

           W
2

 = Work done against spring  

                    force )(Kx   

           W
3

 = Work done against gravitational force (mg) 

 mgxKxVPW  2
0

2

1
 

 The efficiency of an actual engine is much lesser than that of an 

ideal engine. Actually the practical efficiency of a steam engine is about 

(8-15)% while that of a petrol engine is 40%. The efficiency of a diesel 

engine is maximum and is about (50-55)%. 

 When P and V bear the relation PV 

x = constant, where x  1 or  

the process is called a polytropic one. In this process the molar heat 

capacity is, 
x

RR

x

R
CC V










111 
 

 Enthalpy : Four quantities called “thermodynamic potentials” are 

useful in the chemical thermodynamics of reactions and non-cyclic 

processes. They are internal energy, the enthalpy, the Helmoltz free 

energy and the Gibbs free energy. Enthalpy is defined by  

x M 

M 

P 
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H = U + PV 

where P and V are the pressure and volume, and U is internal energy, 

Enthalpy is somewhat parallel to the first law of thermodynamics for a 

constant pressure system Q = U + PV since in this case Q = H.  

 Confusion about FLOT  

It is typical for chemistry texts to write the first law as  

U = Q + W 

It is the same law, of course the thermodynamic expression of the 
conservation of energy principle. It is just that W is defined as the work 
done on the system instead of work done by the system. In the context 
of physics, the common scenario is one of adding heat to a volume of 
gas and using the expansion of that gas to do work, as in the pushing 

down of a piston in an internal combustion engine. In the context of 
chemical reactions and process, it may be more common to deal with 
situations where work is done on the system rather than by it.  

 Possibilities  

 

 

 

 

 

If a   Isothermal then b   Must be adiabatic  

But If b   adiabatic then it is not compulsory that a must be 
isothermal, it may be adiabatic also.  

 

 
 
 
 
 

 

First Law of Thermodynamics (Q = U + W) 
 

1. First law of thermnodynamics is given by  [CPMT 1977, 91] 

(a) PdVdUdQ   (b) PdVdUdQ   

(c) PdVdUdQ )(   (d) dVPdUdQ   

2. The internal energy of an ideal gas depends upon 

  [RPMT 1997; MP PMT 1999; CPMT 2003] 

(a) Specific volume (b) Pressure  

(c) Temperature (d) Density  

3. In changing the state of thermodynamics from A to B state, the heat 
required is Q and the work done by the system is W. The change in 
its internal energy is 

  [MP PMT 1986; AMU (Med.) 2001] 

(a) Q + W (b) Q – W  

 (c) Q (d) 
2

WQ 
 

4. Heat given to a system is 35 joules and work done by the system is 

15 joules. The change in the internal energy of the system will be    [MP PET/PMT 1988] 

(a) – 50 J (b) 20 J 

 (c) 30 J (d) 50 J  

5. The temperature of an ideal gas is kept constant as it expands. The 
gas does external work. During this process, the internal energy of 
the gas    [MP PMT 1990] 

(a) Decreases 

(b) Increases 

(c) Remains constant 

(d) Depends on the molecular motion 

6. The first law of thermodynamics is concerned with the conservation 
of [MP PMT 1987; CBSE PMT 1990, 92;  

  AFMC 1997; CPMT 1999; BHU 1999;  

DCE 2000; BCECE 2003] 

(a) Momentum (b) Energy 

(c) Mass (d) Temperature 

7. A thermodynamic system goes from states (i) 1P , V to 12P , V (ii) 

P, V to P, 2V. Then work done in the two cases is 

[MP PMT 1990] 

(a) Zero, Zero  (b)  Zero, 1PV  

(c)  1PV , Zero  (d) 111, VPPV   

8. If the amount of heat given to a system be 35 joules and the amount 

of work  done by the system be 15 joules, then the change in the 

internal energy of the system is 

    [MP PMT 1989] 

(a) 50  joules (b) 20 joules  

(c) 30 joules (d) 50 joules 

9. A system is given 300 calories of heat and it does 600 joules of 

work.  How much does the internal energy of the system change in 
this process 

(J = 4.18 joules/cal)   [MP PET 1991] 

(a) 654 Joule (b) 156.5 Joule 

(c) – 300 Joule (d) – 528.2 Joule  

10. Work done on or by a gas, in general depends upon the   

(a) Initial state only 

(b) Final state only  

(c) Both initial and final states only 

(d) Initial state, final state and the path 

11. If R = universal gas constant, the amount of heat needed to raise the 

temperature of 2 mole of an ideal monoatomic gas from 273K to 

373K when no work is done [MP PET 1990] 

(a) 100 R (b) 150 R  

(c)  300 R (d) 500 R  

12. Find the change in internal energy of the system when a system 

absorbs 2 kilocalorie of heat and at the same time does 500 joule  of 

work   [EAMCET 1984] 

(a) 7900 J (b) 8200 J 

(c) 5600 J (d)  6400 J  

P 

V 

 a 

b 
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13. A system performs work W  when an amount of heat is Q  

added to the system, the corresponding change in the internal 

energy is U . A unique function of the initial and final states 

(irrespective of the mode of change) is  

 [CPMT 1981; J & KCET 2004] 

(a) Q  (b) W  

(c) U  and Q   (d) U  

14. A container of volume 31m is divided into two equal compartments 

by a partition. One of these compartments contains an ideal gas at 

300 K. The other compartment is vacuum. The whole system is 

thermally isolated from its surroundings. The partition is removed 

and the gas expands to occupy the whole volume of the container. 

Its temperature now would be     [Manipal MEE 1995] 

(a) 300 K (b) 239 K 

(c) 200 K (d) 100 K 

15. 110 J of heat is added to a gaseous system, whose internal energy 

change is 40 J,  then the amount of external work done is  [CBSE PMT 1993; DPMT 1996, 03; AFMC 1999; 

 JIPMER 2000; MH CET 2000; Pb. PMT 2003] 

(a) 150 J (b) 70 J 

(c) 110 J (d) 40 J 

16. Which of the following is not thermodynamical function  

[CBSE PMT 1993; CPMT 2001; DCE 1996; 2001] 

(a) Enthalpy (b) Work done 

(c) Gibb's energy (d) Internal energy 

17. When the amount of work done is 333 cal and change in internal 

energy is 167 cal, then the heat supplied is 

[AFMC 1998] 

(a) 166 cal (b) 333 cal 

(c) 500 cal (d) 400 cal 

18. First law thermodynamics states that [KCET 1999] 

(a) System can do work 

(b) System has temperature 

(c) System has pressure 

(d) Heat is a form of energy 

19. A thermo-dynamical system is changed from state ),( 11 VP  to 

),( 22 VP  by two different process. The quantity which will remain 

same will be    [RPET 1999] 

(a) Q  (b) W  

(c) WQ   (d) WQ   

20. In thermodynamic process, 200 Joules of heat is given to a gas and 

100 Joules of work is also done on it. The change in internal energy 

of the gas is   [AMU (Engg.) 1999] 

(a) 100 J (b) 300 J 

(c) 419 J (d) 24 J 

21. A perfect gas contained in a cylinder is kept in vacuum. If the 

cylinder suddenly bursts, then the temperature of the gas 

[MH CET 1999] 

(a) Remains constant (b) Becomes zero 

(c) Increases (d) Decreases 

22. If 150 J of heat is added to a system and the work done by the 

system is 110 J, then change in internal energy will be 

[AMU (Engg.) 1999; BHU 2000] 

(a) 260 J (b) 150 J 

(c) 110 J (d) 40 J 

23. If Q  and W  represent the heat supplied to the system and the 

work done on the system respectively, then the first law of 

thermodynamics can be written as  [Roorkee 2000]  

(a) WUQ   (b) WUQ   

(c) UWQ   (d) UWQ   

where U  is the internal energy  

24. For free expansion of the gas which of the following is true 

[AMU (Med.) 2000] 

(a) 0WQ  and 0int  E  

(b) 0,0  WQ  and WE  int  

(c) ,0,0  QW  and QE  int  

(d) 0,0  QW  and 0int E  

25. Which of the following can not determine the state of a 

thermodynamic system   [AFMC 2001] 

(a) Pressure and volume  

(b) Volume and temperature 

(c) Temperature and pressure 

(d) Any one of pressure, volume or temperature 

26. Which of the following is not a thermodynamics co-ordinate  

[AIIMS 2001] 

(a) P (b) T 

(c) V (d) R  

27. In a given process for an ideal gas, 0dW and .0dQ  Then for 

the gas  [IIT-JEE (Screening) 2001] 

(a) The temperature will decrease 

(b) The volume will increase 

(c) The pressure will remain constant  

(d) The temperature will increase 

28. The specific heat of hydrogen gas at constant pressure is 

CkgcalC o
P /104.3 3  and at constant volume is 

./104.2 3 CkgcalC o
V  If one kilogram hydrogen gas is heated 

from Co10  to Co20  at constant pressure, the external work 
done on the gas to maintain it at constant pressure is   [MP PMT 1995; DPMT 2001]  

(a) 510 cal (b) 410 cal  

(c) 310  cal (d) 3105  cal  

29. Which of the following parameters does not characterize the 
thermodynamic state of matter [CPMT 2001; AIEEE 2003] 

(a) Volume  (b) Temperature  
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(c) Pressure  (d) Work  

30. In a thermodynamic system working substance is ideal gas, its 

internal energy is in the form of  [MP PMT 2003] 

(a) Kinetic energy only  

(b) Kinetic and potential energy 

(c) Potential energy  

(d) None of these 

31. Which of the following statements is correct for any thermodynamic 
system    [AIEEE 2004] 

  (a) The internal energy changes in all processes 

  (b) Internal energy and entropy are state functions 

(c) The change in entropy can never be zero 

(d) The work done in an adiabatic process is always zero 

32. A system is provided with 200 cal of heat and the work done by the 
system on the surrounding is 40 J. Then its internal energy   [Orissa PMT 2004] 

(a) Increases by 600 J (b) Decreases by 800 J 

(c) Increases by 800 J (d) Decreases by 50 J 

33. In a thermodynamic process, pressure of a fixed mass of a gas is 
changed in such a manner that the gas molecules gives out 20 J of 
heat and 10 J of work is done on the gas. If the initial internal energy 
of the gas was 40 J, then the final internal energy will be     [DPMT 2004] 

(a) 30 J (b) 20 J 

(c) 60 J (d) 40 J 

34. Heat is not being exchanged in a body. If its internal energy is 
increased, then   [RPMT 2002] 

(a) Its temperature will increase 

(b) Its temperature will decrease 

(c) Its temperature will remain constant 

(d) None of these 

35. Out of the following which quantity does not depend on path   [RPET 2002] 

(a) Temperature (b) Energy 

(c) Work (d) None of these 

36.  First law of thermodynamics is a special case of 

[CPMT 1985; RPET 2000; DCE 2000; 

CBSE PMT 2000; AIEEE 2002; AFMC 2002] 

(a) Newton's law   

(b) Law of conservation of energy 

(c) Charle's law 

(d) Law of heat exchange 

37. One mole of an ideal monoatomic gas is heated at a constant 

pressure of one atmosphere from Co0  to Co100 . Then the 
change in the internal energy is [Pb. PMT 2001] 

(a) 6.56 joules (b) 21032.8  joules 

(c) 21048.12  joules (d) 20.80 joules 

38. If the ratio of specific heat of a gas at constant pressure to that at 
constant volume is  , the change in internal energy of a mass of 

gas, when the volume changes from V to 2V constant pressure p, is   [CBSE PMT 1998] 

(a) )1/( R  (b) pV  

(c) )1/( pV  (d) )1/( pV  

39. If molecalCV /96.4  K, then increase in internal 

energy when temperature of 2 moles of this gas is increased from  
340 K to 342 K   [RPET 1997] 

(a)  27.80 cal (b) 19.84 cal 

(c) 13.90 cal (d) 9.92 cal 

40. Temperature is a measurement of coldness or hotness of an object. 

This definition is based on   [RPET 2003] 

(a) Zeroth law of thermodynamics  

(b) First law of thermodynamics 

(c) Second law of thermodynamics  

(d) Newton's law of cooling 

41. When heat energy of 1500 Joules, is supplied to a gas at constant 

pressure 25 /101.2 mN , there was an increase in its volume 

equal to 33105.2 m . The increase in internal energy of the gas 
in Joules is  [EAMCET (Engg.) 1999] 

 (a) 450  (b) 525 

 (c) 975 (d) 2025 

42. If heat given to a system is 6 kcal and work done is 6 kJ. Then 

change in internal energy is  [BHU Med. 2000] 

 (a) 19.1 kJ (b) 12.5 kJ 

 (c) 25 kJ (d)  Zero 

43. In a thermodynamics process, pressure of a fixed mass of a gas is 

changed in such a manner that the gas releases 20 J of heat and 8J 

of work is done on the gas. If the initial internal energy of the gas 

was 30J. The final internal energy will be     [DPMT 2002]  

 (a) 18J  (b)  9J 

 (c) 4.5J (d) 36J 

44. A monoatomic gas of n-moles is heated from temperature T
1

 to T
2

 
under two different conditions (i) at constant volume and (ii) at 
constant pressure. The change in internal energy of the gas is     [CPMT 2000]  

(a) More for (i)   

(b) More for (ii) 

(c) Same in both cases   

(d) Independent of number of moles  

45. The state of a thermodynamic system is represented by  

[MH CET 2004]  

(a) Pressure only   

(b) Volume only  

(c) Pressure, volume and temperature  

(d) Number of moles   

46. A perfect gas goes from state A to another state B by absorbing 

J5108   of heat and doing J5105.6   of external work. It is 
now transferred between the same two states in another process in 

which it absorbs J510  of heat. Then in the second process     [BHU 1997]  

(a) Work done on the gas is J5105.0    

(b)  Work done by gas is J5105.0   

(c) Work done on gas is J510  

(d) Work done by gas is J510  

47. If a system undergoes contraction of volume then the work done by 

the system will be   [BHU 1999]  

(a) Zero  (b)  Negligible 
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(c) Negative  (d)  Positive 

48. Which of the following is incorrect regarding the first law of 

thermodynamics    [AIEEE 2005]  

(a) It introduces the concept of the internal energy   

 (b) It introduces the concept of the entropy  

(c) It is not applicable to any cyclic process   

 (d) None of the above 
 

Isothermal Process 
 

1.  For an ideal gas, in an isothermal process  [BHU 1998] 

(a) Heat content remains constant 

(b) Heat content and temperature remain constant 

(c) Temperature remains constant 

(d) None of the above 

2.  Can two isothermal curves cut each other 

(a) Never 

(b) Yes 

(c) They will cut when temperature is 0°C 

(d) Yes, when the pressure is critical pressure 

3.  In an isothermal expansion   [KCET 2000; AFMC 2001] 

(a) Internal energy of the gas increases 

(b) Internal energy of the gas decreases 

(c) Internal energy remains unchanged 

(d) Average kinetic energy of gas molecule decreases 

4. In an isothermal reversible expansion, if the volume of 96 gm of 
oxygen at 27°C is increased from 70 litres to 140 litres, then the 
work done by the gas will be  

(a) 2log300 10R  (b) 2log81 eR  

 (c) 2log900 10R  (d) 2log9003.2 10R  

5.  A vessel containing 5 litres of a gas at 0.8 m pressure is connected 

to an evacuated vessel of volume 3 litres. The resultant pressure 
inside will be (assuming whole system to be isolated)   [MP PMT 1993] 

(a) 4/3 m (b) 0.5 m 

(c) 2.0 m (d) 3/4 m 

6. For an isothermal expansion of a perfect gas, the value of 
P

P
 is 

equal   [CPMT 1980] 

(a) 
V

V
 2/1  (b) 

V

V
  

(c) 
V

V
  (d) 

V

V
 2  

7. The gas law 
T

PV
 constant is true for  

  [MNR 1974; MP PMT 1984; BHU 1995, 98, 2000] 

(a) Isothermal changes only  

(b) Adiabatic changes only 

(c) Both isothermal and adiabatic changes 

(d) Neither isothermal nor adiabatic changes 

8. One mole of 2O  gas having a volume equal to 22.4 litres at Co0  

and 1 atmospheric pressure in compressed isothermally so that its 
volume reduces to 11.2 litres. The work done in this process is  [MP PET 1993; BVP 2003] 

(a) J5.1672  (b) 1728 J 

(c) J1728  (d) J5.1572  

9. If a gas is heated at constant pressure, its isothermal compressibility    [MP PET 1984] 

(a) Remains constant  

(b) Increases linearly with temperature 

(c) Decreases linearly with temperature 

(d) Decreases inversely with temperature 

10. Work done per mol in an isothermal change is 

 [RPMT 2004; BCECE 2005] 

(a) 
1

2
10log

V

V
RT  (b) 

2

1
10log

V

V
RT  

(c) 
1

2log
V

V
RT e  (d) 

2

1log
V

V
RT e  

11. The isothermal Bulk modulus of an ideal gas at pressure P is 

[CPMT 1974, 81; UPSEAT 1998; IIT 1998] 

(a) P (b) P  

(c) P / 2 (d) P /   

12. In isothermal expansion, the pressure is determined by 

[AFMC 1995] 

(a) Temperature only 

(b) Compressibility only 

(c) Both temperature and compressibility 

(d) None of these 

13. The isothermal bulk modulus of a perfect gas at normal pressure is   [AFMC 1997] 

(a) 25 /10013.1 mN  (b) 26 /10013.1 mN  

(c) 211 /10013.,1 mN  (d) 211 /10013.1 mN  

14. In an isothermal change, an ideal gas obeys 

  [EAMCET 1994; CPMT 1999] 

(a) Boyle's law  (b) Charle's law 

(c) Gaylussac law (d) None of the above 

15. In isothermic process, which statement is wrong 

      [RPMT 1997] 

(a) Temperature is constant 

(b) Internal energy is constant 

(c) No exchange of energy 

(d) (a) and (b) are correct 

16. An ideal gas A and a real gas B have their volumes increased from V 
to 2 V under isothermal conditions. The increase in internal energy 

  [CBSE PMT 1993; JIPMER 2001, 02] 

(a) Will be same in both A and B 

(b) Will be zero in both the gases 

(c) Of B will be more than that of A 

(d) Of A will be more than that of B 

17. The specific heat of a gas in an isothermal process is 

[AFMC 1998] 

(a) Infinite  (b) Zero 

(c) Negative (d) Remains constant 
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18. A thermally insulated container is divided into two parts by a screen. 
In one part the pressure and temperature are P and T for an ideal 
gas filled. In the second part it is vacuum. If now a small hole is 
created in the screen, then the temperature of the gas will   [RPET 1999] 

(a) Decrease (b) Increase 

(c) Remain same (d) None of the above 

19. A container that suits the occurrence of an isothermal process 

should be made of    [Pb. PMT 2000] 

(a) Copper  (b) Glass 

(c) Wood (d) Cloth 

20. In an isothermal process the volume of an ideal gas is halved. One 
can say that     [MP PMT 2004] 

(a) Internal energy of the system decreases 

(b) Work done by the gas is positive 

(c) Work done by the gas is negative 

(d) Internal energy of the system increases 

21. A thermodynamic process in which temperature T of the system 
remains constant though other variable P and V may change, is 
called   [Pb. PMT 2004] 

(a) Isochoric process (b) Isothermal process 

(c) Isobaric process (d) None of these 

22. If an ideal gas is compressed isothermally then [RPMT 2003] 

(a) No work is done against gas 

(b) Heat is relased by the gas 

(c) The internal energy of gas will increase 

(d) Pressure does not change 

23. When an ideal gas in a cylinder was compressed isothermally by a 
piston, the work done on the gas was found to be  

joules4105.1  . During this process about 

[MP PMT 1987] 

(a) 3106.3   cal  of heat flowed out from the gas 

(b) 3106.3   cal of heat flowed into the gas 

(c) 4105.1   cal of heat flowed into the gas 

(d) 4105.1   cal of heat flowed out from the gas 

24. When heat is given to a gas in an isothermal change, the result will 
be [MP PET 1995; RPMT 1997] 

(a) External work done  

(b) Rise in temperature 

(c) Increase in internal energy 

(d) External work done and also rise in temp. 

25. When 1 gm of water at Co0  and 25 /101 mN  pressure is 

converted into ice of volume 2091.1 cm , the external work done 

will be 

(a) 0.0091 joule (b) 0.0182 joule 

(c) – 0.0091 joule (d) – 0.0182 joule 

26. The latent heat of vaporisation of water is 2240 J/gm. If the work 
done in the process of expansion of 1 g is 168 J, then increase  in 
internal energy is   [Pb. PET 1998; CPMT 2000] 

(a) 2408 J (b) 2240 J 

(c) 2072 J (d) 1904 J 

27. 540 calories of heat convert 1 cubic centimeter of water at Co100  

into 1671 cubic centimeter of steam at Co100  at a pressure of one 
atmosphere. Then the work done against the atmospheric pressure 
is nearly 

(a) 540 cal (b) 40 cal 

(c) Zero cal (d) 500 cal 

28. One mole of an ideal gas expands at a constant temperature of 300 

K from an initial volume of 10 litres to a final volume of 20 litres. 
The work done in expanding the gas is  

 (R = 8.31 J/mole-K) [MP PMT 1995; UPSEAT 2000] 

 (a) 750 joules (b) 1728 joules 

 (c) 1500 joules (d) 3456 joules 

29. A cylinder fitted with a piston contains 0.2 moles of air at 

temperature 27°C. The piston is pushed so slowly that the air within 
the cylinder remains in thermal equilibrium with the surroundings. 
Find the approximate work done by the system if the final volume is 
twice the initial volume 

[BHU (Med.) 2000] 

(a) 543 J (b) 345 J  

 (c) 453 J (d)  600 J  

30. The volume of an ideal gas is 1 litre and its pressure is equal to 
72cm of mercury column. The volume of gas is made 900 cm3 by 
compressing it isothermally. The stress of the gas will be     [UPSEAT 1999]  

(a) 8 cm (mercury)  (b)  7 cm (mercury) 

(c) 6 cm (mercury) (d)  4 cm (mercury) 

31. During an isothermal expansion of an ideal gas  

[UPSEAT 2005]  

(a) Its internal energy decreases  

(b) Its internal energy does not change  

(c) The work done by the gas is equal to the quantity of heat 
absorbed by it  

(d) Both (b) and (c) are correct 
 

Adiabatic Process  

1. If a cylinder containing a gas at high pressure explodes, the gas 

undergoes   [MP PET/PMT 1988] 

(a) Reversible adiabatic change and fall of temperature 

(b) Reversible adiabatic change and rise of temperature 

(c) Irreversible adiabatic change and fall of temperature 

(d) Irreversible adiabatic change and rise of temperature 

2. The work done in an adiabatic change in a gas depends only on [CPMT 1971; MP PMT 2004] 

(a) Change is pressure (b) Change is volume 

(c) Change in temperature (d) None of the above 

3. In adiabatic expansion   [DPMT 1999] 

(a) 0U  (b) U negative 

(c) U positive (d) W zero 

4. The pressure in the tyre of a car is four times the atmospheric 
pressure at 300 K. If this tyre suddenly bursts, its new temperature 

will be )4.1(   

  [RPMT 1996; MP PMT 1990] 

(a) 4.0/4.1)4(300  (b) 

4.1/4.0

4

1
300











 

(c) 4.1/4.0)2(300   (d) 4.1/4.0)4(300   
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5.  A gas at NTP is suddenly compressed to one-fourth of its original 

volume. If    is supposed to be 
2

3
, then the final pressure is   [BHU 1995] 

(a) 4 atmosphere (b) 
2

3
 atmosphere 

(c) 8 atmosphere (d) 
4

1
 atmosphere 

6.  A monoatomic gas )3/5(   is suddenly compressed to 
8

1
 of its 

original volume adiabatically, then the pressure of the gas will 
change to   [CPMT 1976, 83; MP PMT 1994; 

DPMT 1996; Roorkee 2000; KCET 2000; Pb. PMT 1999, 2001] 

(a) 
5

24
 

(b) 8 

(c) 
3

40
 

(d) 32 times its initial pressure 

7. The pressure and density of a diatomic gas )5/7(   change 

adiabatically from (P, d) to (P', d'). If 32
'


d

d
, then 

P

P '
 should be[CPMT 1982; EAMCET 2001] 

(a) 1/128 (b) 32 

(c) 128 (d) None of the above 

8. An ideal gas at Co27  is compressed adiabatically to 
27

8
 of its 

original volume.  If 
3

5
 ,  then the rise in temperature is[CPMT 1984; CBSE PMT 1999; DPMT 2000;  

BHU 2001; Pb. PET 2001; UPSEAT 2002, 03; KCET 2003;] 

(a) 450 K (b) 375 K  

(c) 225 K (d) 405 K 

9. Two identical samples of a gas are allowed to expand (i) isothermally 

(ii) adiabatically. Work done is [MNR 1998] 

(a) More in the isothermal process 

(b) More in the adiabatic process 

(c) Neither of them 

(d) Equal in both processes 

10.  Which is the correct statement   [MP PMT 1993] 

(a) For an isothermal change PV = constant 

(b) In an isothermal process the change in internal energy must be 
equal to the work done 

(c) For an adiabatic change 


















1

2

1

2

V

V

P

P
, where   is the ratio of 

specific heats 

(d) In an adiabatic process work done must be equal to the heat 
entering the system 

11.  The slopes of isothermal and adiabatic curves are related as    

[CPMT 1971; BHU 1996; MH CET 1999; 

 UPSEAT 2000; RPET 2003] 

(a) Isothermal curve slope = adiabatic curve slope 

(b) Isothermal curve slope =   adiabatic curve slope 

(c) Adiabatic curve slope =   isothermal curve slope 

(d) Adiabatic curve slope = 
2

1
isothermal curve slope 

12. Pressure-temperature relationship for an ideal gas undergoing 

adiabatic change is )/( vp CC  

[CPMT 1992; MP PMT 1986, 87, 94, 97; Pb. PET 1998; 

DCE 2001; MP PET 2001; UPSEAT 1999, 2001; AFMC 2002] 

(a) PT  constant (b)  1PT constant 

(c)   TP 1 constant (d)  TP1 constant 

13. The amount of work done in an adiabatic expansion from 

temperature T to 1T  is   [MP PMT 1989] 

(a) )( 1TTR   (b) )(
1

1TT
R




 

(c) RT (d) )1)(( 1  TTR  

14. During the adiabatic expansion of 2 moles of a gas, the internal 

energy of the gas is found to decrease by 2 joules, the work done 

during the process on the gas will be equal to 

[CPMT 1988] 

(a) 1 J (b) J1  

(c) 2 J (d) – 2 J 

15. The adiabatic elasticity of hydrogen gas )4.1(   at NTP is 

[MP PMT 1990] 

(a) 25 /101 mN  (b)   mN /101 8  

(c) 2/4.1 mN  (d) 25 /104.1 mN  

16. If   denotes the ratio of two specific heats of a gas, the ratio of 

slopes of adiabatic and isothermal PV curves at their  point of 
intersection is  

[NCERT 1990; MH CET 1999; MP PMT 2000] 

(a) /1  (b)   

(c) 1  (d) 1  

17. Air in a cylinder is suddenly compressed by a piston, which is then 
maintained at the same position. With the passage of time [NCERT 1971; DPMT 1995; JIPMER 1997; 

KCET 2000; AIIMS 2000; MH CET 2001] 

(a) The pressure decreases  

(b) The pressure increases  

(c) The pressure remains the same  

(d) The pressure may increase or decrease depending upon the 
nature of the gas 

18. When a gas expands adiabatically  [CPMT 1990] 

(a) No energy is required for expansion  

(b) Energy is required and it comes from the wall of the container 
of the gas 

(c) Internal energy of the gas is used in doing work  

(d) Law of conservation of energy does not hold 

19. One gm mol of a diatomic gas )4.1(   is compressed 

adiabatically so that its temperature rises from Co27  to Co127 . 
The work done will be 

(a) 2077.5 joules (b) 207.5 joules 

(c) 207.5 ergs (d) None of the above 
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20. Compressed air in the tube of a wheel of a cycle at normal 
temperature suddenly starts coming out from a puncture. The air 
inside   [NCERT 1970] 

(a) Starts becoming hotter 

(b) Remains at the same temperature 

(c) Starts becoming cooler 

(d) May become hotter or cooler depending upon the amount of 
water vapour present 

21. The adiabatic Bulk modulus of a perfect gas at pressure is given by[CPMT 1982; MH CET 2001] 

(a) P (b) P2  

(c) 2/P  (d) P  

22. An adiabatic process occurs at constant 

  [MNR 1985; AFMC 1996; AIIMS 1999;  

UPSEAT 1999, 2000; Pb. PET 2004] 

(a) Temperature  

(b) Pressure 

(c) Heat 

(d) Temperature and pressure 

23. A polyatomic gas 









3

4
  is compressed to 

8

1
 of its volume 

adiabatically. If its initial pressure is oP , its new pressure will be[MP PET 1994; BHU 1995] 

(a) oP8  (b) 016P  

(c) oP6  (d) oP2  

24. For adiabatic processes 














v

p

C

C
  

[KCET 1999; MP PET 1995; CPMT 2003] 

(a) VP  = constant (b) VT  = constant 

(c) 1TV  =constant (d) TV  = constant 

25. An ideal gas is expanded adiabatically at an initial temperature of 
300 K so that its volume is doubled. The final temperature of the 

hydrogen gas is )40.1(    

  [MP PMT 1995; DPMT 1999] 

(a) 227.36 K (b) 500.30 K 

(c) 454.76 K (d) Co47  

26. A given system undergoes a change in which the work done by the 

system equals the decrease in its internal energy. The system must 
have undergone an 

[Haryana CEE 1996; UPSEAT 2003] 

(a) Isothermal change (b) Adiabatic change 

(c) Isobaric change (d) Isochoric change 

27. During the adiabatic expansion of 2 moles of a gas, the internal 

energy was found to have decreased by 100 J. The work done by the 
gas in this process is  [MP PET 1996, 97] 

(a) Zero (b) –100 J 

(c) 200 J (d) 100 J 

28. In an adiabatic expansion of a gas initial and final temperatures 

are 1T  and 2T  respectively, then the change in internal energy of 

the gas is   [MP PET 1997] 

(a)  )(
1

12 TT
R




 (b) )(
1

21 TT
R




 

(c) )( 21 TTR   (d) Zero 

29. Helium at Co27  has a volume of 8 litres. It is suddenly 

compressed to a volume of 1 litre. The temperature of the gas will be 

]3/5[   

  [CBSE PMT 1993; MP PMT 1999; Pb. PMT 2002] 

(a) Co108  (b) Co9327  

(c) Co1200  (d) Co927  

30. A cycle tyre bursts suddenly. This represents an 

[SCRA 1994] 

(a) Isothermal process (b) Isobaric process 

(c) Isochoric process (d) Adiabatic process 

31. One mole of helium is adiabatically expanded from its initial state 

),,( iii TVP  to its final state ),,( fff TVP . The decrease in the 

internal energy associated with this expansion is equal to 

[SCRA 1994; BHU 2002] 

(a) )( fiV TTC   (b) )( fiP TTC   

(c) ))((
2

1
fVP TTiCC   (d) ))(( fiVP TTCC   

32. At N.T.P. one mole of diatomic gas is compressed adiabatically to 

half of its volume 41.1 . The work done on gas will be   [RPET 1997] 

(a) 1280 J (b) 1610 J 

(c) 1815 J (d) 2025 J  

33. For adiabatic process, wrong statement is [RPMT 1997] 

(a) 0dQ  (b) dWdU   

(c) Q = constant (d) Entropy is not constant 

34. A diatomic gas initially at 18°C is compressed adiabatically to one-
eighth of its original volume. The temperature after compression will 
be 

  [Pb. PET 1995; CBSE PMT 1996; CPMT 1999] 

(a) Co10  (b) Co887  

(c) K668  (d) Co144  

35. A gas is being compressed adiabatically. The specific heat of the gas 
during compression is   [SCRA 1996] 

(a) Zero (b) Infinite 

(c) Finite but non-zero (d) Undefined 

36. The process in which no heat enters or leaves the system is termed 
as  [Pb. PET 1996; BHU 1998; BCECE 2003] 

(a) Isochoric (b) Isobaric 

(c) Isothermal (d) Adiabatic 

37.  Two moles of an ideal monoatomic gas at Co27  occupies a 

volume of V. If the gas is expanded adiabatically to the volume ,2V  

then the work done by the gas will be 

]/31.8,3/5[ KmolJR      [RPET 1999] 

(a) J23.2767  (b) J23.2767  

(c) J2500  (d) J2500  
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38. At Co27  a gas is suddenly compressed such that its pressure 

becomes th
8

1
 of original pressure. Temperature of the gas will be 

)3/5(     [BHU 2000] 

(a) 420K (b) Co327  

(c) K300  (d) Co142  

39. 0 WU  is valid for   [RPMT 2000] 

(a) Adiabatic process (b) Isothermal process 

(c) Isobaric process (d) Isochoric process 

40. An ideal gas at a pressures of 1 atmosphere and temperature of 

Co27  is compressed adiabatically until its pressure becomes 8 

times the initial pressure, then the final temperature is ( = 3/2) [EAMCET (Engg.)2000] 

(a) Co627  (b) Co527  

(c) Co427  (d) Co327  

41. Air is filled in a motor tube at Co27  and at a pressure of 8  

atmospheres. The tube suddenly bursts, then temperature of air is 

]5.1airofGiven[     [MP PMT 2002] 

(a) Co5.27   (b) Ko75  

(c) K150  (d) Co150  

42. If 5.2  and volume is equal to 
8

1
 times to the initial volume 

then pressure P' is equal to (Initial pressure = P) 

[RPET 2003] 

(a) PP '  (b) PP 2'  

(c) 2/15)2('  PP  (d) PP 7'  

43. In an adiabatic process, the state of a gas is changed from 

,,, 111 TVP  to 222 ,, TVP . Which of the following relation is 

correct    [Orissa JEE 2003] 

(a) 
1

22
1

11





VTVT  (b) 
1

22
1

11





VPVP  

(c) 


2211 PTPT   (d) 


2211 VTVT   

44. During an adiabatic process, the pressure of a gas is found to be 

proportional to the cube of its absolute temperature. The ratio 

vp CC /  for the gas is   [AIEEE 2003]  

(a) 
2

3
 (b) 

3

4
 

(c) 2 (d) 
3

5
 

45. In adiabatic expansion of a gas 

 [BCECE 2001; MP PET 2003] 

(a) Its pressure increases 

(b) Its temperature falls 

(c) Its density increases 

(d) Its thermal energy increases 

46. One mole of an ideal gas at an initial temperature of T K does 6 R 
joules of work adiabatically. If the ratio of specific heats of this gas 
at constant pressure and at constant volume is 5/3, the final 
temperature of gas will be  

[CBSE PMT 2004] 

(a) KT )4.2(   (b) KT )4.2(   

(c) KT )4(   (d) KT )4(   

47. A gas is suddenly compressed to 1/4 th of its original volume at 

normal temperature. The increase in its temperature is )5.1(     [DCE 2004] 

(a) 273 K (b) 573 K 

(c) 373 K (d) 473 K 

48. A gas ( )3.1  is enclosed in an insulated vessel fitted with 

insulating piston at a pressure of 25 /10 mN . On suddenly 

pressing the piston the volume is reduced to half the initial volume. 

The final pressure of the gas is  [RPET 2002] 

(a) 57.0 102   (b) 53.1 102   

(c) 54.1 102   (d) None of these 

49. The internal energy of the gas increases In 

[MP PMT 1989; RPMT 2001] 

(a) Adiabatic expansion (b) Adiabatic compression 

(c) Isothermal expansion  (d) Isothermal compression 

50. We consider a thermodynamic system. If U represents the increase 
in its internal energy and W the work done by the system, which of 
the following statements is true 

[CBSE PMT 1998] 

(a) WU   in an adiabatic process 

(b) WU  in an isothermal process 

(c) WU  in an isothermal process 

(d) WU  in an adiabatic process 

51. A gas is suddenly compressed to one fourth of its original volume. 
What will be its final pressure, if its initial pressure is P  

[Pb. PET 2002] 

(a) Lesss than P (b) More than P 

  (c) P (d) Either (a) or (c) 

52. A gas for which 5.1 is suddenly compressed to
4

1
th of the 

initial volume. Then the ratio of the final to the initial pressure is [EAMCET 2001] 

 (a) 1 : 16 (b) 1 : 8 

 (c) 1 : 4 (d) 8 : 1  

53. One mole of an ideal gas with 4.1 , is adiabatically compressed 

so that its temperature rises from 27°C to 35°C. The change in the 

internal energy of the gas is )./3.8( KmolJR    [EAMCET 2001] 

 (a) –166 J (b) 166 J  

 (c) –168 J (d) 168 J  

54. The volume of a gas is reduced adiabatically to 
4

1
 of its volume at 

27°C, if the value of ,4.1  then the new temperature will be    [DPMT 2000]  

(a) K4.04350   (b)  4.04300 K 

(c) 4.04150 K (d) None of these  

55. During an adiabatic expansion of 2 moles of a gas, the change in 
internal energy was found –50J. The work done during the process 
is    [Pb. PET 1996]  

(a) Zero (b)  100J 

(c) – 50J (d)  50J 

56. Adiabatic modulus of elasticity of a gas is ./101.2 25 mN  What 

will be its isothermal modulus of elasticity 












 4.1

v

p

C

C
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[UPSEAT 1999]  

(a) 25 /108.1 mN   (b)  25 /105.1 mN  

(c) 25 /104.1 mN  (d)  25 /102.1 mN  

57. For an adiabatic expansion of a perfect gas, the value of 
P

P
 is 

equal to  [CPMT 1983; MP PMT 1990] 

(a) 
V

V
   (b) 

V

V
  

(c) 
V

V
  (d) 

V

V
 2  

 

Isobaric and Isochoric Processes 
 

1. A gas expands under constant pressure P from volume 1V to 2V . 

The work done by the gas is 

 [CBSE PMT 1990; RPMT 2003] 

(a) )( 12 VVP   (b) )( 21 VVP   

(c) )( 21
 VVP   (d) 

12

21

VV

VV
P


 

2. When heat in given to a gas in an isobaric process, then 

[DPMT 2001] 

(a) The work is done by the gas 

(b) Internal energy of the gas increases 

(c) Both (a) and (b) 

(d) None from (a) and (b) 

3. One mole of a perfect gas in a cylinder fitted with a piston has a 
pressure P, volume V and temperature T. If the temperature is 
increased by 1 K  keeping pressure constant, the increase in volume 

is 

(a) 
273

2V
 (b) 

91

V
 

(c) 
273

V
 (d) V 

4. A gas is compressed at a constant pressure of 2/50 mN  from a 

volume of 310m  to a volume of 34m . Energy of 100 J then added 
to the gas by heating. Its internal energy is  

[MNR 1994] 

(a) Increased by 400 J  (b) Increased by 200 J 

(c) Increased by 100 J (d) Decreased by 200 J 

5. Work done by air when it expands from 50 litres to 150 litres at a 
constant pressure of 2 atmosphere is 

(a) 4102 joules (b) 1002 joules 

(c) 100102 5  joules (d) 100102 5   joules 

6. Work done by 0.1 mole of a gas at Co27  to double its volume at 

constant pressure is (R = 2 cal mol–1 oC–1) 

[EAMCET 1994] 

(a) 54 cal  (b) 600 cal 

(c) 60 cal (d) 546 cal 

7. Unit mass of a liquid with volume 1V  is completely changed into a 

gas of volume 2V  at a constant external pressure P and 

temperature T. If the latent heat of evaporation for the given mass is 
L, then the increase in the internal energy of the system is   [Roorkee 1999] 

(a) Zero (b) )( 12 VVP   

(c) )( 12 VVPL   (d) L 

8. A gas expands 325.0 m  at constant pressure 23 /10 mN , the 
work done is  

  [CPMT 1997; UPSEAT 1999; JIPMER 2001, 02] 

(a) 2.5 ergs (b) 250 J 

(c) 250 W (d) 250 N 

9. Two kg of water is converted into steam by boiling at atmospheric 

pressure. The volume changes from 33102 m  to .34.3 3m  

The work done by the system is about    [Roorkee 2000] 

(a) – 340 kJ (b) – 170 kJ  

(c) 170 kJ (d) 340 kJ 

10. An ideal gas has volume 0V  at .27 Co It is heated at constant 

pressure so that its volume becomes .2 0V  The final temperature is 

   [BCECE 2003] 

(a) Co54  (b) Co6.32  

(c) C327  (d) 150 K 

11. If 300 ml of a gas at Co27  is cooled to Co7  at constant 
pressure, then its final volume will be  

[Pb. PET 1999; BHU 2003; CPMT 2004] 

(a) 540 ml (b) 350 ml 

(c) 280 ml (d) 135 ml 

12. Which of the following is correct in terms of increasing work done 

for the same initial and final state [RPMT 1996] 

(a) Adiabatic < Isothermal < Isobaric 

(b) Isobaric < Adiabatic < Isothermal 

(c) Adiabatic < Isobaric < Isothermal 

(d) None of these 

13. A sample of gas expands from volume 1V  to 2V . The amount of work 

done by the gas is greatest when the expansion is  

[CBSE PMT 1997; AIIMS 1998; JIPMER 2000] 

(a) Isothermal (b) Isobaric 

(c) Adiabatic (d) Equal in all cases 

14. Which of the following is a slow process [J & K CET 2000] 

 (a) Isothermal  (b) Adiabatic  

 (c) Isobaric (d) None of these 

15. How much work to be done in decreasing the volume of and ideal 

gas by an amount of 34104.2 m  at normal temperature and 

constant normal pressure of 25 /101 mN  

 [UPSEAT 1999]  

 (a) 28 joule  (b)  27 joule 

 (c) 25 joule  (d)  24 joule 

16. A Container having 1 mole of a gas at a temperature 27°C has a 
movable piston which maintains at constant pressure in container of 
1 atm. The gas is compressed until temperature becomes 127°C. The 
work done is (C

p

 for gas is 7.03 cal/mol–K)   [DCE 2005]  

 (a) 703 J (b) 814 J 

 (c) 121 J (d) 2035 J 

17. In a reversible isochoric change  [NCERT 1990] 



 

  Thermodynamics 667  

(a) 0W  (b) 0Q  

(c) 0T  (d) 0U  

18. Entropy of a thermodynamic system does not change when this 
system is used for   [AIIMS 1995] 

(a) Conduction of heat from a hot reservoir to a cold reservoir 

(b) Conversion of heat into work isobarically 

(c) Conversion of heat into internal energy isochorically 

(d) Conversion of work into heat isochorically  

19. The work done in which of the following processes is zero 

[UPSEAT 2003] 

(a) Isothermal process (b) Adiabatic process 

(c) Isochoric process (d) None of these 

20. In which thermodynamic process, volume remains same  

[Orissa PMT 2004] 

(a) Isobaric (b) Isothermal 

(c) Adiabatic (d) Isochoric 

21. In an isochoric process if CT o271   and ,1272 CT o  then 

21 / PP  will be equal to   [RPMT 2003] 

(a) 9 / 59 (b) 2 / 3  

 (c) 3 / 4 (d) None of these 

22. Which is incorrect    [DCE 2001] 

(a) In an isobaric process, 0p   

(b) In an isochoric process, 0W  

(c) In an isothermal process, 0T  

(d) In an isothermal process, 0Q  

23. Which relation is correct for isometric process 

[RPMT 2001; BCECE 2003] 

 (a) UQ   (b) UW    

 (c) WQ   (d) None of these 

 

Heat Engine, Refrigerator and 
Second Law of Thermodynamics 

 

1. A Carnot engine working between K300  and 600K has work 

output of 800 J per cycle. What is amount of heat energy supplied 

to the engine from source per cycle  

  [DPMT 1999; Pb. PMT 2002, 05; Kerala PMT 2004] 

(a) 1800 J/cycle (b) 1000 J/cycle 

(c) 2000 J/cycle (d) 1600 J/cycle 

2. The coefficient of performance of a Carnot refrigerator working  

between Co30 and Co0  is  [UPSEAT 2002] 

(a) 10 (b) 1 

(c) 9 (d) 0 

3. If the door of a refrigerator is kept open, then which of the 

following is true   [DPMT 2001; BHU 2001; 

 JIPMER 2002; AIEEE 2002; CPMT 2003] 

(a) Room is cooled  

(b) Room is heated 

(c) Room is either cooled or heated 

(d) Room is neither cooled nor heated 

4.  In a cyclic process, the internal energy of the gas 

(a) Increases (b) Decreases 

(c) Remains constant (d) Becomes zero 

5. Irreversible process is 

 (a) Adiabatic process 

(b) Joule-Thomson expansion 

(c) Ideal isothermal process 

(d) None of the above 

6. For a reversible process, necessary condition is 

(a) In the whole cycle of the system, the loss of any type of heat 
energy should be zero  

(b) That the process should be too fast  

(c) That the process should be slow so that the working substance 
should remain in thermal and mechanical equilibrium with the 
surroundings 

(d) The loss of energy should be zero and it should be quasistatic 

7. In a cyclic process, work done by the system is [BHU 2002] 

(a) Zero 

(b) Equal to heat given to the system  

(c) More than the heat given to system 

(d) Independent of heat given to the system 

8. An ideal gas heat engine operates in a Carnot's cycle between 

Co227  and Co127 . It absorbs 6 × 104 J at high temperature. The 

amount of heat converted into work is .... 

[KCET 2004] 

(a) J4108.4   (b) J4105.3   

(c) J4106.1   (d) J4102.1   

9. An ideal heat engine exhausting heat at Co77  is to have a 30% 

efficiency. It must take heat at  [BCECE 2004] 

(a) Co127  (b) Co227  

(c) Co327  (d)  Co673  

10. Efficiency of Carnot engine is 100% if [Pb. PET 2000] 

(a) KT 2732   (b) KT 02   

(c) KT 2731   (d) KT 01   

11. A Carnot's engine used first an ideal monoatomic gas then an ideal 

diatomic gas. If the source and sink temperature are Co411  and 

Co69  respectively and the engine extracts 1000 J of heat in each 

cycle, then area enclosed by the PV diagram is    [Pb. PET 2002] 

(a) 100 J (b) 300 J 

(c) 500 J (d) 700 J 

12. A Carnot engine absorbs an amount Q of heat from a reservoir at 

an abosolute temperature T and rejects heat to a sink at a 

temperature of T/3. The amount of heat rejected is 

[UPSEAT 2004] 

(a) Q / 4 (b) Q / 3 

(c) Q / 2 (d) 2Q / 3 

13. The temperature of sink of Carnot engine is Co27 . Efficiency of 

engine is 25%. Then temperature of source is  
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[DCE 2002; CPMT 2002] 

  (a) Co227  (b) Co327  

(c) Co127  (d) Co27  

14. The temperature of reservoir of Carnot's engine operating with an 

efficiency of 70% is 1000K. The temperature of its sink is    [DCE 2003] 

  (a) 300 K (b) 400 K 

(c) 500 K (d) 700 K 

15. In a Carnot engine, when CT o02   and ,2001 CT o  its 

efficiency is 1 and when CT o01   and CT o2002  , Its 

efficiency is 2 , then what is 21 /  [DCE 2004] 

  (a) 0.577 (b) 0.733 

(c) 0.638 (d) Can not be calculated 

16. The efficiency of Carnot's engine operating between reservoirs, 

maintained at temperatures Co27  and ,123 Co  is   [DPMT 2002, 03; BVP 2004] 

  (a) 50% (b) 24% 

(c) 0.75% (d) 0.4% 

17. A Carnot engine operates between Co227  and .27 Co  Efficiency 

of the engine will be  [DCE 1999; BHU 2004] 

  (a) 
3

1
 (b) 

5

2
 

(c) 
4

3
 (d) 

5

3
 

18. A measure of the degree of disorder of a system is known as 

[Pb. PET 1997; MH CET 1999] 

(a) Isobaric (b) Isotropy 

(c) Enthalpy (d) Entropy 

19. A carnot engine has the same efficiency between  800 K to 500 K 
and x K to 600 K. The value of x is 

[Pb. PMT 1996; CPMT 1996] 

 (a) 1000 K (b) 960 K  

 (c) 846 K (d)  754 K  

20. A scientist says that the efficiency of his heat engine which operates 
at source temperature 127°C and sink temperature 27°C is 26%, 
then [CBSE PMT 2001] 

 (a) It is impossible   

 (b) It is possible but less probable  

 (c) It is quite probable 

 (d) Data are incomplete     

21. A Carnot’s engine is made to work between 200°C and 0°C first and 

then between 0°C and –200°C. The ratio of efficiencies of the engine 
in the two cases is  [KCET 2002] 

 (a) 1.73 : 1 (b) 1 : 1.73  

 (c) 1 : 1 (d) 1 : 2  

22. Efficiency of a Carnot engine is 50% when temperature of outlet is 
500 K. In order to increase efficiency up to 60% keeping 
temperature of intake the same what is temperature of outlet [CBSE PMT 2002] 

 (a) 200 K (b) 400 K  

 (c) 600 K (d) 800 K  

23. Even Carnot engine cannot give 100% efficiency because we cannot[AIEEE 2002] 

 (a) Prevent radiation 

 (b) Find ideal sources  

 (c) Reach absolute zero temperature 

 (d) Eliminate friction  

24. “Heat cannot by itself flow from a body at lower temperature to a 
body at higher temperature” is a statement or consequence of [AIEEE 2003, EAMCET (Med.) 2003] 

 (a) Second law of thermodynamics  

 (b) Conservation of momentum  

 (c) Conservation of mass 

 (d) First law of thermodynamics  

25. A Carnot engine takes cal6103 . of heat from a reservoir at 

627°C, and gives it to a sink at 27°C. The work done by the engine 
is   [AIEEE 2003] 

(a) J6102.4   (b) J6104.8    

(c) J6108.16   (d) Zero  

26. The first operation involved in a Carnot cycle is  

[AFMC 1998] 

(a) Isothermal expansion (b) Adiabatic expansion  

(c) Isothermal compression (d)  Adiabatic compression   

27. For which combination of working temperatures the efficiency of 
Carnot’s engine is highest [KCET 2000] 

 (a) 80 K, 60 K (b) 100 K, 80 K  

 (c) 60 K, 40 K (d)  40 K, 20 K   

28. The efficiency of Carnot engine when source temperature is T
1

 and 
sink temperature is T

2

 will be [DCE 2000]  

(a) 
1

21

T

TT 
  (b)  

2

12

T

TT 
 

(c) 
2

21

T

TT 
 (d) 

2

1

T

T
 

29. An ideal heat engine working between temperature T
1

 and T
2

 has an 

efficiency , the new efficiency if both the source and sink 

temperature are doubled, will be  [DPMT 2000]  

(a) 
2


  (b)    

(c) 2  (d) 3   

30. An ideal refrigerator has a freezer at a temperature of .13 C  The 
coefficient of performance of the engine is 5. The temperature of the 
air (to which heat is rejected) will be 

[BHU 2000; CPMT 2002]  

(a) 325°C  (b)  325K 

(c) 39°C (d)  320°C 

31. In a mechanical refrigerator, the low temperature coils are at a 
temperature of – 23°C and the compressed gas in the condenser has 
a temperature of 27°C. The theoretical coefficient of performance is  
   [UPSEAT 2001]  

(a) 5  (b)  8 

(c) 6 (d)  6.5 

32. An engine is supposed to operate between two reservoirs at 
temperature 727°C and 227°C. The maximum possible efficiency of 
such an engine is   [UPSEAT 2005]  

(a) 1/2  (b)  1/4 

(c) 3/4 (d)  1 

33. An ideal gas heat engine operates in Carnot cycle between 227°C 

and 127°C. It absorbs 4106   cals of heat at higher temperature. 
Amount of heat converted to work is  

[CBSE PMT 2005]  

 (a) 4104.2  cal  (b) 4106   cal 
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(c) 4102.1   cal (d) 4108.4   cal 

34. Which of the following processes is reversible  

[CBSE PMT 2005]  

 (a) Transfer of heat by radiation   

 (b) Electrical heating of a nichrome wire  

(c) Transfer of heat by conduction 

(d) Isothermal compression  

 
 
 
 
 
 

1. When an ideal diatomic gas is heated at constant pressure, the 
fraction of the heat energy supplied which increases the internal 
energy of the gas, is 

  [IIT 1990; UPSEAT 1998; RPET 2000] 

(a) 
5

2
 (b) 

5

3
 

 (c) 
7

3
 (d) 

7

5
 

2. 31cm  of water at its boiling point absorbs 540 calories of heat to 

become steam with a volume of 31671cm .If the atmospheric 

pressure = 25 /10013.1 mNx  and the mechanical equivalent of 

heat = calorieJ /19.4 , the energy spent in this process in 
overcoming intermolecular forces is 

  [MP PET 1999, 2001; Orissa JEE 2002] 

(a) 540 cal (b) 40 cal 

(c) 500 cal (d) Zero 

3. During the melting of a slab of ice at 273 K at atmospheric pressure   [IIT 1998] 

(a) Positive work is done by ice-water system on the atmosphere 

(b) Positive work is done on the ice-water system by the 
atmosphere 

(c) The internal energy of the ice-water system increases 

(d) The internal energy of the ice-water system decreases 

4. Two identical containers A and B with frictionless pistons contain 
the same ideal gas at the same temperature and the same volume V. 

The mass of the gas in A is Am  and that in B  is Bm . The gas in 

each cylinder is now allowed to expand isothermally to the same 
final volume 2V. The changes in the pressure in A and B are found 

to be P  and 1.5 P  respectively. Then   [IIT 1998] 

(a) BA mm 94   (b) BA mm 32   

(c) BA mm 23   (d) BA mm 39   

5. A monoatomic ideal gas, initially at temperature ,1T  is enclosed in 

a cylinder fitted with a frictionless piston. The gas is allowed to 

expand adiabatically to a temperature. 2T  by releasing the piston 

suddenly. If 1L  and 2L are the lengths of the gas column before 

and after expansion respectively, then 21 / TT  is given by 

[IIT-JEE (Screening) 2000] 

(a) 

3/2

2

1















L

L
 (b) 

2

1

L

L
 

(c) 

1

2

L

L
 (d) 

3/2

1

2















L

L
 

6. A closed hollow insulated cylinder is filled with gas at Co0  and 

also contains an insulated piston of negligible weight and negligible 
thickness at the middle point. The gas on one side of the piston is 

heated to .100 Co  If the piston moves ,5 cm  the length of the  

hollow cylinder is [EAMCET 2001] 

(a) 13.65 cm (b) 27.3 cm 

(c) 38.6 cm (d) 64.6 cm 

7. A mono atomic gas is supplied the heat Q very slowly keeping the 
pressure constant. The work done by the gas will be   [BHU 2003; CPMT 2004] 

(a) Q
3

2
 (b) Q

5

3
 

(c) Q
5

2
 (d) Q

5

1
 

8. A gas mixture consists of 2 moles of oxygen and 4 moles argon at 
temperature T. Neglecting all vibrational modes, the total internal 
energy of the system is 

  [IIT 1999; UPSEAT 2003] 

(a) 4 RT (b) 15 RT 

(c) 9 RT (d) 11 RT 

9. An ideal gas expands isothermally from a volume 1V  to 2V  and 

then compressed to original volume 1V adiabatically. Initial pressure 

is 1P  and final pressure is 3P . The total work done is W. Then   [IIT-JEE (Screening) 2004] 

(a) 0,13  WPP  (b) 0,13  WPP  

(c) 0,13  WPP  (d) 0,13  WPP  

10. Work done by a system under isothermal change from a volume 1V  

to 2V  for a gas which obeys Vander Waal's equation 

nRT
V

n
PnV 
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11. A cylindrical tube of uniform cross-sectional area A is fitted with 

two air tight frictionless pistons. The pistons are connected to each 

other by a metallic wire. Initially the pressure of the gas is P
0

 and 

temperature is T
0

, atmospheric pressure is also P
0

. Now the 

temperature of the gas is increased to 2T
0

, the tension in the wire 

will be 

 

wire 
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(a) AP02  (b) AP0  

(c) 
2

0 AP
 (d) AP04  

12. The molar heat capacity in a process of a diatomic gas if it does a 

work of 
4

Q
when a heat of Q is supplied to it is    

(a) R
5

2
 (b) R

2

5
 

(c) R
3

10
 (d) R

7

6
 

13. An insulator container contains 4 moles of an ideal diatomic gas at 

temperature T. Heat Q is supplied to this gas, due to which 2 moles 

of the gas are dissociated into atoms but temperature of the gas 

remains constant. Then  

(a) RTQ 2  (b) RTQ   

(c) RTQ 3  (d) RTQ 4  

14. The volume of air increases by 5% in its adiabatic expansion. The 

percentage decrease in its pressure will be  

(a) 5% (b) 6% 

(c) 7% (d) 8% 

15. The temperature of a hypothetical gas increases to 2  times when 

compressed adiabatically to half the volume. Its equation can be 
written as  

(a) 2/3PV = constant  (b) 2/5PV = constant  

(c) 3/7PV = constant  (d) 3/4PV = constant  

16. Two Carnot engines A and B are operated in succession. The first 

one, A receives heat from a source at KT 8001   and rejects to 

sink at KT2 . The second engine B receives heat rejected by the first 

engine and rejects to another sink at .3003 KT   If the work 

outputs of two engines are equal, then the value of 2T  is  

(a) 100K (b) 300K 

(c) 550K (d) 700K 

17. When an ideal monoatomic gas is heated at constant pressure, 

fraction of heat energy supplied which increases the internal energy 
of gas, is    [AIIMS 1995] 

(a) 
5

2
 (b) 

5

3
 

(c) 
7

3
 (d) 

4

3
 

18. When an ideal gas 3/5(  ) is heated under constant pressure, 

then what percentage of given heat energy will be utilised in doing 
external work   [RPET 1999] 

(a) 40 % (b) 30 % 

(c) 60 % (d) 20 % 

19. Which one of the following gases possesses the largest internal 

energy   [SCRA 1998] 

(a) 2 moles of helium occupying 31m at 300 K 

(b) 56 kg of nitrogen at 2107 Nm  and 300 K 

(c) 8 grams of oxygen at 8 atm and 300 K 

(d) 26106   molecules of argon occupying 340m  at 900 K 

20. Two samples A and B of a gas initially at the same pressure and 

temperature are compressed from volume V to V/2 (A isothermally 
and adiabatically). The final pressure of A is 

[MP PET 1996, 99; MP PMT 1997, 99] 

(a) Greater than the final pressure of B   

(b) Equal to the final pressure of B 

(c) Less than the final pressure of B 

(d) Twice the final pressure of B 

21. Initial pressure and volume of a gas are P and V respectively. First it 

is expanded isothermally to volume 4V and then compressed 
adiabatically to volume V. The final pressure of gas will be [CBSE PMT 1999] 

 (a) 1P (b) 2P  

 (c) 4P (d) 8P   

22. A thermally insulated rigid container contains an ideal gas heated by 

a filament of resistance 100  through a current of 1A for 5 min 

then change in internal energy is   

[IIT-JEE (Screening) 2005]  

 (a) 0 kJ (b) 10 kJ 

 (c) 20 kJ (d) 30 kJ  

23. A reversible engine converts one-sixth of the heat input into work. 
When the temperature of the sink is reduced by 62°C, the efficiency 
of the engine is doubled. The temperatures of the source and sink 
are     [CBSE PMT 2000] 

 (a) 80°C, 37°C (b) 95°C, 28°C 

 (c) 90°C, 37°C (d)  99°C, 37°C 

24. An engineer claims to have made an engine delivering 10 kW power 

with fuel consumption of 1 g/sec. The calorific value of the fuel is 2 
kcal/g. Is the claim of the engineer  

[J & K CET 2000] 

 (a) Valid 

 (b) Invalid  

 (c) Depends on engine design 

 (d) Depends of the load   

25. Find the change in the entropy in the following process 100 gm of 
ice at 0°C melts when dropped in a bucket of water at 50°C 

(Assume temperature of water does not change)  [BHU (Med.) 2000] 

 (a) – 4.5 cal/K (b) + 4.5 cal/K  

 (c) +5.4 cal/K (d)  – 5.4 cal/K   

26. An ideal gas expands in such a manner that its pressure and volume 

can be related by equation 2PV  constant. During this process, 

the gas is    [UPSEAT 2002] 

(a) Heated 

(b) Cooled 
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(c) Neither heated nor cooled  

(d) First heated and then cooled  

27. A Carnot engine whose low temperature reservoir is at 7°C has an 

efficiency of 50%. It is desired to increase the efficiency to 70%. By 
how many degrees should the temperature of the high temperature 
reservoir be increased  

[UPSEAT 2005]  

(a) 840 K  (b) 280 K 

(c) 560 K (d) 380 K 

28. P-V diagram of a diatomic gas is a straight line passing through 

origin. The molar heat capacity of the gas in the process will be 

(a) 4 R (b) 2.5 R 

(c) 3 R (d) 
3

4 R
 

29. Following figure shows on adiabatic cylindrical container of volume 

0V  divided by an adiabatic smooth piston (area of cross-section = 

A) in two equal parts. An ideal gas )/( VP CC  is at pressure P
1

 

and temperature T
1

 in left part and gas at pressure P
2

 and 
temperature T

2

 in right part. The piston is slowly displaced and 
released at a position where it can stay in equilibrium. The final 
pressure of the two parts will be (Suppose x = displacement of the 

piston) 

 

 

 

 

(a) 2P  (b) 1P  

(c) 
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30. Two cylinders A and B fitted with pistons contain equal amounts of 
an ideal diatomic gas at 300 K. The piston of A is free to move while 

that of B is held fixed. The same amount of heat is given to the gas 
in each cylinder. If the rise in temperature of the gas in A is 30 K, 
then the rise in temperature of the gas in B is   [IIT 1998] 

 (a) 30 K (b) 18 K 

(c) 50 K (d) 42 K  

 
 
 
 
 
 

1. A system goes from A to B via two processes I and II as shown in 

figure. If 1U  and 2U  are the changes in internal energies in 

the processes I and II respectively, then 

     [AIEEE 2005]  

 (a) III UU   

 (b) III UU   

 (c) III UU   

 (d) Relation between IU  and IIU  can not be determined 

2. A thermodynamic system is taken through the cycle PQRSP process. 
The net work done by the system is  

  [Orissa JEE 2002] 

 (a) 20 J  

 (b) – 20 J  

 (c) 400 J  

 (d) – 374 J 

P
1

T
1 

P
2

T
2 

R 

100 Kpa Q P 

S 200 Kpa 

100 cc 300 cc 

P 

V 

P 

V 

A 

II 

I 

B 
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3. An ideal gas is taken around ABCA as shown in the above P-V 

diagram. The work done during a cycle is  [KCET 2001] 

 (a) 2PV  

 (b) PV 

 (c) 1/2PV 

  (d) Zero 

4. The P-V diagram shows seven curved paths (connected by vertical 
paths) that can be followed by a gas. Which two of them should be 
parts of a closed cycle if the net work done by the gas is to be at its 
maximum value     

 [AMU (Engg.) 2000] 

 (a) ac  

 (b) cg  

 (c) af  

(d) cd 

5. An ideal gas of mass m in a state A goes to another state B via three 

different processes as shown in figure. If 21, QQ  and 3Q  denote 

the heat absorbed by the gas along the three paths, then        [MP PET 1992] 
 

 (a) 321 QQQ   

 (b) 321 QQQ   

 (c) 321 QQQ   

(d) 321 QQQ   

6. Which of the following graphs correctly represents the variation of 

VdPdV /)/(  with P for an ideal gas at constant 

temperature     [IIT-JEE (Screening) 2002] 

(a)  (b)   

  

 

 

 (c)  (d)  

 

 

 

7. A thermodynamic process is shown in the figure. The pressures and 
volumes corresponding to some points in the figure are : 

PaPPaP BA
44 108,103     and   

3333 105,102 mVmV DA
   

 In process AB, 600 J of heat is added to the system and in process 
BC, 200 J of heat is added to the system. The change in internal 
energy of the system in process AC would be    [CBSE PMT 1992] 

 (a) 560 J 

 (b) 800 J 

 (c) 600 J 

(d) 640 J 

8. P-V plots for two gases during adiabatic process are shown in the 
figure. Plots 1 and 2 should correspond respectively to  

[IIT-JEE (Screening) 2001] 

 (a) He and 2O  

 (b) 2O  and He 

 (c) He and Ar  

(d) 2O  and 2N  

9. Four curves A, B, C and D are drawn in the adjoining figure for a 
given amount of gas. The curves which represent adiabatic and 
isothermal changes are 

 [CPMT 1986; UPSEAT 1999] 

 (a) C and D respectively 

 (b) D and C respectively 

 (c) A and B respectively 

(d) B and A respectively 

10. In pressure-volume diagram given below, the isochoric, isothermal, 

and isobaric parts respectively, are 

      [Manipal MEE 1995] 

 (a) BA, AD, DC  

 (b) DC, CB, BA  

 (c) AB, BC, CD 

(d) CD, DA, AB 

11. The P-V diagram of a system undergoing thermodynamic 
transformation is shown in figure. The work done on the system in 

going from A  B  C is 50 J and 20 cal heat is given to the 
system. The change in internal energy between A and C is        [UPSEAT 2002] 

 (a) 34 J 

 (b) 70 J   

 (c) 84 J   

(d) 134 J 

12. An ideal gas is taken through the cycle A  B  C  A, as shown 

in the figure. If the net heat supplied to the gas in the cycle is 5 J, 

the work done by the gas in the process C  A is     [IIT-JEE (Screening) 2002; RPMT 2004] 

 (a) – 5 J  

 (b) – 10 J  

 (c) – 15 J 

(d) – 20 J 

13. In the following indicator diagram, the net amount of work done 

will be  

 (a) Positive  

 (b) Negative  

 (c) Zero  

(d) Infinity 

14. A cyclic process for 1 mole of an ideal gas is shown in figure in the 

V-T, diagram. The work done in AB, BC and CA respectively  
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15. A cyclic process ABCD is shown in the figure P-V diagram. Which of 

the following curves represent the same process 

 

 

 

 

 

 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

 
 

16. Carnot cycle (reversible) of a gas represented by a Pressure-Volume 

curve is shown in the diagram 

 Consider the following statements 

 I. Area ABCD = Work done on the gas 

 II. Area ABCD = Net heat absorbed 

 III. Change in the internal energy in cycle = 0 

 Which of these are correct        [AMU (Med.) 2001] 

 (a) I only  

 (b) II only  

 (c) II and III  

 (d) I, II and III 

17. The temperature-entropy diagram of a reversible engine cycle is 

given in the figure. Its efficiency is 

 [AIEEE 2005] 

 (a) 3/1   

 (b) 3/2   

(c) 2/1  

(d) 4/1  

18. Work done in the given P-V diagram in the cyclic process is  

   [UPSEAT 1998; RPET 2000; Kerala PMT 2002] 

 (a) PV 

 (b) 2PV 

 (c) PV/2  

(d) 3PV 

19. A cyclic process ABCA is shown in the V-T diagram. Process on the 

P-V diagram is 

 

 

 

 
 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 
 

20. In the figure given two processes A and B are shown by which a 

thermo-dynamical system goes from initial to final state F. If AQ  

and BQ  are respectively the heats supplied to the systems then        [RPET 1999] 

(a) BA QQ   

(b) BA QQ   

(c) BA QQ   

(d) BA QQ   

21. In the cyclic process shown in the figure, the work done by the gas 

in one cycle is        [MP PMT 1999] 

(a) 1128 VP  

(b) 1114 VP  

(c) 1118 VP  

(d) 119 VP   

22. An ideal gas is taken around the cycle ABCA as shown in the P-V 

diagram. The net work done by the gas during the cycle is equal to        [CPMT 1991] 

(a) 1112 VP  

(b) 116 VP  

(c) 113 VP  

(d) 112 VP  

23. Heat energy absorbed by a system in going through a cyclic process 

shown in figure is   [AIIMS 1995; BHU 2002] 

(a) 107  J  

(b) 104  J  
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(c) 102 J 

(d) J310  

24. A thermodynamic system is taken from state A to B along ACB and 

is brought back to A along BDA as shown in the PV diagram. The 

net work done during the complete cycle is given by the area         [CBSE PMT 1992] 

(a) P
1

ACBP
2

P
1

  

(b) ACBB'A'A 

(c) ACBDA  

(d) ADBB'A'A 

25. In the diagrams (i) to (iv) of variation of volume with changing 

pressure is shown. A gas is taken along the path ABCD. The change 

in internal energy of the gas will be 

         [CPMT 1986, 88] 

 

 

 

 

 

 

 

 

 

 

(a) Positive in all cases (i) to (iv)  

(b) Positive in cases (i), (ii) and (iii) but zero in (iv) case 

(c) Negative in cases (i), (ii) and (iii) but zero in (iv) case 

(d) Zero in all four cases 

26. A system is taken through a cyclic process represented by a circle as 

shown. The heat absorbed by the system is  

(a) J310  

(b) J
2


 

(c) J2104   

(d) J  

27. A thermodynamic system undergoes cyclic process ABCDA as shown 

in figure. The work done by the system is 

(a) 00VP  

(b) 002 VP  

(c) 
2

00VP
 

(d) Zero 

28. The P-V graph of an ideal gas cycle is shown here as below. The 

adiabatic process is described by     

[CPMT 1985; UPSEAT 2003] 

(a) AB and BC 

(b) AB and CD  

(c) BC and DA  

(d) BC and CD 

29. An ideal monoatomic gas is taken round the cycle ABCDA as shown 

in following P-V diagram. The work done during the cycle is [IIT 1983; CPMT 1990; AMU 1995] 

 

(a) PV  

(b) 2 PV 

(c) 4 PV  

(d) Zero 

30. A system changes from the state ),( 11 VP  to )( 22VP  as shown in 

the figure.  What is the work done by the system 

    [CPMT 1981] 

(a) joule5105.7    

(b) erg5105.7   

(c) joule51012  

(d) joule5106  

31. Carbon monoxide is carried around a closed cycle abc in which bc is 

an isothermal process as shown in the figure. The gas absorbs 7000 

J of heat as its temperature increases from 300 K to 1000 K in going 

from a to b. The quantity of heat rejected by the gas during the 

process ca is 

    [SCRA 1994] 

(a)  4200 J  

(b)  5000 J 

(c) 9000 J  

(d)  9800 J 

32. A sample of ideal monoatomic gas is taken round the cycle ABCA as 

shown in the figure. The work done during the cycle is  [BHU 1994; KCET 2003] 

 

(a) Zero  

(b) 3 PV 

(c) 6 PV  

(d)  9PV 

33. When a system is taken from state i to a state f along path iaf, 

JQ 50  and .20JW   Along path ibf, .35JQ   If 

JW 13  for the curved return path f i,  Q for this path is  

[AMU (Med.) 2000] 

 

(a) 33 J  

(b) 23 J 

(c) – 7 J  

(d) – 43 J 

34. For one complete cycle of a thermodynamic process on a gas as 

shown in the P-V diagram, Which of following is correct   [AMU (Engg.) 2000] 
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(a) OQE  ,0int  

(b) 0,0int  QE  

(c) 0,0int  QE   

(d) 0,0int  QE  

35. An ideal gas is taken around ABCA as shown in the above P-V 

diagram. The work done during a cycle is  

    [UPSEAT 2001] 

(a) Zero 

(b) PV
2

1
 

(c) 2 PV 

(d) PV 

36. An ideal gas is taken from point A to the point B, as shown in the 

P-V diagram, keeping the temperature constant. The work done in 

the process is    [UPSEAT 2005]  

(a) ))(( ABBA VVPP     

(b) ))((
2

1
ABAB VVPP   

(c) ))((
2

1
ABAB VVPP    

(d) ))((
2

1
ABAB VVPP   

37. The P-V diagram of a system undergoing thermodynamic 

transformation is shown in figure. The work done by the system in 

going from CBA  is 30J and 40J heat is given to the system. 

The change in internal energy between A and C is    [BCECE 2005]  

 (a) 10 J 

(b) 70 J  

(c) 84 J  

(d) 134 J  

38. Consider a process shown in the figure. During this process the 

work done by the system  

 (a) Continuously increases  

(b) Continuously decreases  

(c) First increases, then decreases  

(d) First decreases, then increases  

39. Six moles of an ideal gas perfomrs a cycle shown in figure. If the 

temperature are T
A

 = 600 K, T
B

 = 800 K, T
C

 = 2200 K and T
D

 = 1200 K, 

the work done per cycle is 

[BCECE 2005]  

(a) 20 kJ 

(b) 30 kJ  

(c) 40 kJ  

(d) 60 kJ  

40. Which of the accompanying PV, diagrams best represents an 

isothermal process   [MP PET 2005] 

(a)  (b)  

  

 

 

 (c)  (d)  

 

 

 

41. In the following figure, four curves A, B, C and D are shown. The 

curves are   [DCE 2003] 

 

 

 

 

 

 (a) Isothermal for A and D while adiabatic for B and C  

(b) Adiabatic for A and C while isothermal for B and D  

(c) Isothermal for A and B while adiabatic for C and D 

(d) Isothermal for A and C while adiabatic for B and D  

42. P-V diagram of a cyclic process ABCA is as shown in figure. Choose 

the correct statement  

(a) BAQ  = negative 

(b) CBU  = positive 

(c) CABW = negative 

(d) All of these 

43. A sample of an ideal gas is taken through a cycle a shown in figure. 

It absorbs 50J of energy during the process AB, no heat during BC, 

rejects 70J during CA. 40J of work is done on the gas during BC. 

Internal energy of gas at A is 1500J, the internal energy at C would 

be  

(a) 1590 J 

(b) 1620 J 

(c) 1540 J 

(d) 1570 J 

44. In the following P-V diagram two adiabatics cut two isothermals at 

temperatures T
1

 and T
2

 (fig.). The value of 
d

a

V

V
 will be   
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(a) 
c

b

V

V
 (b) 

b

c

V

V
 

(c) 
a

d

V

V
 (d) cbVV  

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : Reversible systems are difficult to find in real world. 

 Reason : Most processes are dissipative in nature  
[AIIMS 2005] 

2. Assertion  : Air quickly leaking out of a balloon becomes coolers  

 Reason : The leaking air undergoes adiabatic expansion.[AIIMS 2005] 

3. Assertion  : Thermodynamic process in nature are irreversible.  
 Reason : Dissipative effects can not be eliminated. 

[AIIMS 2004] 

4. Assertion  : When a bottle of cold carbonated drink is opened, a 
slight fog forms around the opening. 

 Reason : Adiabatic expansion of the gas causes lowering of 
temperature and condensation of water vapours.[AIIMS 2003] 

5. Assertion  : The isothermal curves intersect each other at a 
certain point.  

 Reason : The isothermal change takes place slowly, so the 
isothermal curves have very little slope.  

[AIIMS 2001] 

6. Assertion  : In adiabatic compression, the internal energy and 
temperature of the system get decreased.  

 Reason : The adiabatic compression is a slow process 

[AIIMS 2001] 

7. Assertion  :  In isothermal process whole of the heat energy 
supplied to the body is converted into internal 
energy. 

 Reason : According to the first law of thermodynamics 

   VpUQ  . [AIIMS 1997] 

8. Assertion  : We can not change the temperature of a body 
without giving (or taking) heat to (or from) it. 

 Reason : According to principle of conservation of energy, 
total energy of a system should remains conserved. 

9. Assertion  : The specific heat of a gas is an adiabatic process is 
zero and in an isothermal process is infinite.  

 Reason : Specific heat of a gas in directly proportional to 
change of heat in system and inversely proportional 
to change in temperature. 

10. Assertion  : Work and heat are two equivalent form of energy.  

 Reason : Work is the transfer of mechanical energy 
irrespective of temperature difference, whereas heat 

is the transfer of thermal energy because of 
temperature difference only. 

11. Assertion  : The heat supplied to a system is always equal to the 

increase in its internal energy.    

 Reason : When a system changes from one thermal 
equilibrium to another, some heat is absorbed by it.  

12. Assertion  : A room can be cooled by opening the door of a 
refrigerator in a closed room. 

 Reason : Heat flows from lower temperature (refrigerator) to 

higher temperature (room). 

13. Assertion  : It is not possible for a system, unaided by an 

external agency to transfer heat from a body at 
lower temperature to another body at higher 
temperature.   

 Reason : According to Clausius statement, “ No process is 

possible whose sole result is the transfer of heat 
from a cooled object to a hotter object.  

14. Assertion  : If an electric fan be switched on in a closed room, 

the air of the room will be cooled. 

 Reason : Fan air decrease the temperature of the room. 

15. Assertion  : The internal energy of an isothermal process does 
not change.  

 Reason : The internal energy of a system depends only on 
pressure of the system.  

16. Assertion  : In an adiabatic process, change in internal energy of 
a gas is equal to work done on or by the gas in the 
process. 

 Reason : Temperature of gas remains constant in a adiabatic 
process. 

17. Assertion  : An adiabatic process is an isoentropic process.  

 Reason : Change in entropy is zero in case of adiabatic 

process. 

18. Assertion  : Work done by a gas in isothermal  expansion is 

more than the work done by the gas in the same 
expansion, adiabatically.  

 Reason : Temperature remains constant in isothermal 

expansion and not in adiabatic expansion. 

19. Assertion  : First law of thermodynamics is a restatement of the 

principle of conservation  

 Reason : Energy is fundamental quantity. 

20. Assertion  : Zeroth law of thermodynamic explain the concept 
of energy. 

 Reason : Energy is dependent on temperature. 

21. Assertion  : Efficiency of a Carnot engine increase on reducing 

the temperature of sink. 

 Reason : The efficiency of a Carnot engine is defined as ratio 

of net mechanical work done per cycle by the gas to 
the amount of heat energy absorbed per cycle from 
the source. 

22. Assertion  : The entropy of the solids is the highest 

 Reason : Atoms of the solids are arranged in orderly manner. 

 

 

 

 

 

First Law of Thermodynamics (Q = U + W) 
 

1 a 2 c 3 b 4 b 5 c 
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6 b 7 b 8 d 9 a 10 d 

11 c 12 a 13 d 14 a 15 b 

16 b 17 c 18 d 19 d 20 b 

21 a 22 d 23 b 24 a 25 d 

26 d 27 a 28 b 29 d 30 a 

31 b 32 c 33 c 34 a 35 a 

36 b 37 c 38 c 39 b 40 a 

41 c 42 a 43 a 44 c 45 c 

46 a 47 c 48 b     
 

Isothermal Process 
 

1 c 2 a 3 c 4 d 5 b 

6 b 7 c 8 d 9 a 10 c 

11 a 12 b 13 a 14 a 15 c 

16 c 17 a 18 c 19 a 20 c 

21 b 22 b 23 a 24 a 25 a 

26 c 27 b 28 b 29 b 30 a 

31 d         

 

Adiabatic Process 
 

1 c 2 c 3 b 4 d 5 c 

6 d 7 c 8 b 9 a 10 a 

11 c 12 d 13 b 14 d 15 d 

16 b 17 a 18 c 19 a 20 c 

21 d 22 c 23 b 24 c 25 a 

26 b 27 d 28 a 29 d 30 d 

31 a 32 c 33 d 34 c 35 a 

36 d 37 b 38 d 39 a 40 d 

41 c 42 c 43 a 44 a 45 b 

46 d 47 a 48 b 49 b 50 a 

51 b 52 d 53 b 54 b 55 d 

56 b 57 c       

 

Isobaric and Isochoric Processes 
 

1 a 2 c 3 c 4 a 5 a 

6 c 7 c 8 b 9 d 10 c 

11 c 12 a 13 b 14 a 15 d 

16 b 17 a 18 d 19 c 20 d 

21 d 22 d 23 a     

 

Heat Engine, Refrigerator and 

Second Law of Thermodynamics  

 

1 d 2 c 3 b 4 c 5 b 

6 d 7 b 8 d 9 b 10 b 

11 c 12 b 13 c 14 a 15 a 

16 a 17 b 18 d 19 b 20 a 

21 b 22 b 23 c 24 a 25 b 

26 a 27 d 28 a 29 b 30 c 

31 a 32 a 33 c 34 d   

 

Critical Thinking Questions 
 

1 d 2 c 3 bc 4 c 5 d 

6 d 7 c 8 d 9 c 10 a 

11 b 12 c 13 b 14 c 15 a 

16 c 17 b 18 a 19 b 20 c 

21 b 22 d 23 d 24 b 25 b 

26 b 27 d 28 c 29 c 30 d 

 

Graphical Questions 
 

1 c 2 b 3 a 4 c 5 a 

6 a 7 a 8 b 9 c 10 d 

11 d 12 a 13 b 14 c 15 a 

16 c 17 a 18 a 19 c 20 d 

21 d 22 d 23 c 24 c 25 d 

26 b 27 d 28 c 29 c 30 c 

31 d 32 b 33 d 34 a 35 d 

36 d 37 a 38 a 39 c 40 b 

41 d 42 d 43 a 44 a   

 

Assertion & Reason 
 

1 a 2 a 3 a 4 a 5 e 

6 d 7 e 8 d 9 a 10 a 

11 d 12 d 13 a 14 d 15 c 

16 c 17 a 18 b 19 c 20 e 

21 b 22 a       

                                                                
 
 
 
 
 

First Law of Thermodynamics (Q = U + W) 
 

1. (a) WUQ   and VPW   

2. (c)  

3. (b) WUQ   

 WQWQU   (using proper sign)  

4. (b) JWQU 201535   

5. (c) Internal energy depends only on the temperature of the gas. 

6. (b)  
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7. (b) (i) Case  Volume = constant 0 PdV  

 (ii)  Case P = constant  
1

1

1

1

2

1

2 V

V

V

V
PVdVPPdV  

8. (d) JUUUWQ 501535   

9. (a) WQJUWUQJ  ,  

 JouleU 65460030018.4   

10. (d) Work done 
2

1
PdV , which is state dependent as well as 

path dependent.  

11. (c) WUQ   0W  UQ  TR
f

 
2

 

 )273373(2
2

3
 R = 300R. 

12. (a) JcalkQ 2.41022 3  J8400 and .500JW    

Hence from ,WUQ   UQW   = 8400 – 

500 = 7900 J  

13. (d) Change in internal energy (U) depends upon initial an find 

state of the function while Q and W are path dependent 

also. 

14. (a) This is the case of free expansion and in this case 0W , 

0U  so temperature remains same i.e. 300 K. 

15. (b) WUQ   JUQW 7040100   

16. (b) Work done is not a thermodynamical function. 

17. (c) calWUQ 500333167   

18. (d) Heat always refers to energy in transit from one body to 

another because of temperature difference.   

19. (d) Change in internal energy does not depend upon path so 

WQU   remain constant. 
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20. (b) WUQ  ; JQ 200  and JW 100  

  JWQU 300)100(200    

21. (a) During free expansion of a perfect gas no, work is done and 
also no heat is supplied from outside. Therefore, no change in 
internal energy. Hence, temperature remain constant. 

22. (d) WUQ  JWQU 40110150   

23. (b) From FLOT WUQ   

 Heat supplied to the system so Q  Positive 

and work is done on the system so W  Negative  

Hence +Q  = U – W 

24. (a)  

25. (d) State of a thermodynamic state cannot determine by a single 
variable (P or V or T) 

26. (d) R is the universal gas constant.  

27. (a) From FLOT 

 )0( dQdUdWdQdU    )0( dW  

0 dU  So temperature will decrease. 

28. (b)  From FLOT Q = U + W  

Work done at constant pressure UQW PP  )()(  

VP QQ )()(   (As we know UQ V  )( ) 

Also TmcQ PP  )(  and TmcQ VV  )(  

 TccmW VPP  )()(  

  calW P
433 1010)104.2104.3(1)(   

29. (d)  

30. (a) Ideal gas possess only kinetic energy. 

31. (b) The internal energy and entropy depend only on the initial and 
final states of the system and not on the path followed to 
attain that state.    

32. (c) WUQ   

  JcalQ 8402.4200200  and JW 40  

  JWQU 80040840    

33. (c) WUUWUQ if  )(  

  10)40(30  fU  JU f 60  

34. (a) With rise in temperature, internal energy also increases.  

35. (a)  

36. (b) Heat supplied to a gas raise its internal energy and does some 
work against expansion, so it is a special case of law of 
conservation of energy. 

37. (c) Change in internal energy is always equal to the heat supplied 
at constant volume.  

i.e. .)( TCQU VV     

For monoatomic gas RCV
2

3
   

 )0100(31.8
2

3
1

2

3









 TRU   

J21048.12   

38. (c) T
R

nTCU V 













1
  

 
)1(1

)2(

)1( 














PVVVPVP
U  

39. (b) calTCU V 84.19)340342(96.42    

40. (a)  

41. (c)  According to FLOT 

 )( VPUQ   )( VPQU   

 )105.2)(101.2(1500 35  =975 Joule  

42. (a) WUQ   WQU   

 kJ08.19618.46  kJ1.19  

43. (a) Given ,20JQ   JW 8 and JUi 30  

 WUQ   )( WQU   

 )( if UU  = )8(20)30( fU   JU f 18  

44. (c) Change in internal energy TCU V   

it doesn’t depend upon type of process. Actually it is a state 
function    

45. (c) 

46. (a) In first process using WUQ   

  55 105.6108  U  JU 105.1   

 Since final and initial states are same in both process 

 So U  will be same in both process   

 For second process using WUQ   

  W 55 105.110  JW 5105.0   

47. (c) ;VPW   here V is negative so W will be negative  

48. (b) Entropy is related to second law of thermodynamics. 
 

Isothermal Process 

 

1. (c) In isothermal process temperature remains constant.  

2. (a) If isothermal curves cut each other then at equilibrium two 
temperature will be there which is impossible.  

3. (c) In isothermal expansion temperature remains constant, hence 
no change in internal energy. 

4. (d) 
1

2log
V

V
RTW e  

   
1

2
10

1

2 log3.2log
V

V
RT

M

m

V

V
RT

M

m
e 








  

 2log9003.2
70

140
log)27273(

32

96
3.2 1010 RR   

5. (b) mPP 5.0)53(58.0    

6. (b) Differentiate PV constant w.r.t V 

  0 PVVP  
V

V

P

P 
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7. (c)   

8. (d) 









2.11

4.22
log)0273(31.81log

1

2
ee

V

V
RTW   

 2log27331.8 e J5.1572  [ 693.02log e ]  

9. (a) PE  , if P constant, E constant  

10. (c) For isothermal process 
V

RT
PRTPV   

 W
1

2log
2

1 V

V
RTdV

V

RT
PdV e

V

V   

11. (a) PE   

12. (b) For such a case, pressure 
ilityCompressib

1
  

13. (a) 25 /10013.1 mNPE    

14. (a) In isothermal process, compressibility E = . 

15. (c) In isothermal process, exchange of energy takes place between 

system and surrounding to maintain the system temperature 

constant.     

16. (c) No change in the internal energy of ideal gas but for real gas 

internal energy increases because work is done against 

intermolecular forces.  

17. (a) In isothermal process temperature remains constant. i.e., 

0T . Hence according to 
Tm

Q
C


  isoC   

18. (c) This is the case of free expansion of gas. In free expansion 

0U  Temp. remains same.  

19. (a) An  isothermal process takes place at constant temperature, 
must be carried out in a vessel with conducting wall so that 
heat generated should go out at once.  

20. (c) For isothermal process 

 0dU and work done )( 12 VVPdW   

 
22

1
2

VV
V   

2

PV
dW   

21. (b) In isothermal process, temperature remains constant.    

22. (b) In isothermal process, heat is released by the gas to maintain 
the constant temperature. 

23. (a) In isothermal compression, there is always an increase of heat. 
which must flow out the gas.  

)0(  UWQWUQ   

 calcalJQ 3
4

4 106.3
18.4

105.1
105.1 


  

24. (a) In isothermal change, temperature remains constant, Hence U 
= 0.  

 Also from  WUQ    WQ   

25. (a) It is an isothermal process. Hence work done )( 12 VVP   

 J0091.010)1091.1(101 65    

26. (c) WUQ  JWQU 20721682240  . 

27. (b) Amount of heat given calories540  

Change in volume ccV .1670  

Atmospheric pressure 26 /1001.1 cmdyneP   

Work done against atmospheric pressure  

VPW  cal40
102.4

16701001.1
7

6





  

28. (b)  J
V

V
RTW eeiso 1728

10

20
log30031.81log

1

2    

29. (b) 














1

2log
V

V
RTW e )27327(2log3.82.0  e  

 J345693.03003.82.0   

30. (a) For isothermal process 2211 VPVP   

  
900

100072

2

11
2




V

VP
P =80 cm 

 Stress cmPPP 8728012   

31. (d) During isothermal change T = constant  U = 0 

also from FLOT, Q = W. 
 

Adiabatic Process    
 

1. (c) Gas cylinder suddenly explodes is an irreversible adiabatic 

change and work done against expansion reduces the 

temperature.  

2. (c) Work done in adiabatic change 
1

)( 21








 TTR
  

3. (b) In case of adiabatic expansion W = positive and 0Q   

from FLOT WUQ    WU   i.e., 

U will be negative. 

4. (d) For adiabatic process 
1



P

T
constant  

 



















1

2

1

1

2

P

P

T

T


4.1

)4.11(

2

1

4

300













T
 4.1

4.0

2 )4(300


T   

5. (c) 




















2

1

1

2constant
V

V

P

P
PV 8

4/1

2/3

1

12 














V

VP
 

  atmP 82  . 

6. (d) PV =constant  11
3/5

2

2

1

1

2 32)8( PPP
V

V

P

P


















  

7. (c) Volume of the gas 
d

m
V  and using PV = constant  

 We get 128)32(
'

'

' 5/7 




















d

d

V

V

P

P
 

8. (b) 
3

2
1

3

5

2

1

2

1

1

2

8

27
300

8

27
300 



































T
V

V

T

T


 

K675
2

3
800

8

27
300

2
2

3/1































  

KT 375300675   

9. (a) In thermodynamic processes. 

Work done = Area covered by PV diagram with V-axis 
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From graph it is clear that adiiso )Area()Area(   

 adiiso WW   

 

 

 

 

10. (a) Since RTPV   and T constant; PV constant. 

11. (c) For Isothermal process PV constant  

 












V

P

dV

dP
 Slope of Isothermal curve  

 For adiabatic PV constant  

 



V

P

dV

dP 
 Slop of adiabatic curve slope 

 Clearly, 
 Isothermaladiabatic



















dV

dP

dV

dP
   

12. (d) PV constant  









P

RT
P constant 

   TP1 constant. 

13. (b) )(
1

)(
1

1TT
R

TT
R

W fiadi 








 

14. (d) JdWdWdQ 220   

  Work done by the gas J2  

   Work done on the gas J2  

15. (d) 255 /104.1)101(4.1 mNPE     

16. (b) Slope of adiabatic curve =   (Slope of isothermal curve) 

17. (a) Due to compression the temperature of the system increases to 
a very high value. This causes the flow of heat from system to 
the surroundings, thus decreasing the temperature. This 
decrease in temperature results in decrease in pressure.  

18. (c) 0 WUQ   UW   

 if W  is positive i.e., gas does work then U  should be 
negative meaning internal energy is used in doing work.         

19. (a) )(
1

21 TT
R

W 





 

    joules5.2077
14.1

)}127273()27273{(31.8





   

20. (c) Pressure is reduced, so the temperature falls.  

21. (d) Adiabatic Bulk modulus PE     

22. (c) In adiabatic process, no heat transfers between system and 

surrounding.  

23. (b) 


















2

1

1

2

V

V

P

P
 .16)8( 0

3/4
0

2

1
12 PP

V

V
PP 

















 

24. (c) In adiabatic process PV constant 

 






 V
V

RT
. constant  1TV = constant  

25. (a) 1TV constant  


















2

1

1

2

V

V

T

T
 


















2

1
12

V

V
TT  

 KT 36.227
2

1
300

4.0

2 







   

26. (b) In adiabatic change Q = constant  Q = 0 

So W = – U ( Q = U + W)  

27. (d) For adiabatic process from FLOT  

 UW   )0( Q  

  JW 100)100(    

28. (a) 
)1(

)( 21








TTR
WU

1

)( 12








TTR
 

29. (d) 1TV constant C
V

V
TT o927

1

2

1
12 

















  

30. (d) The process is very fast, so the gas fails to gain or lose heat. 

Hence this process in adiabatic  

31. (a) )()(1 fiVifVV TTCTTCTCU    

  |U| = C
V

 (T
i

 – T
f

) 

32. (c) 41.0

1

2

1
12 )2(273

















V

V
TT K363328.1273   

 
141.1

)363273(31.8

1

)( 21













TTR
W 1824   

 |W|  1815 J   

33. (d)  

34. (c) 1TV constant 

 K
V

V

V

V
TT 668

8/
)18273(

4.01

2

1
12 


























  

35. (a)  mcQ . Here 0Q , hence 0c  

36. (d) In adiabatic process, no transfer of heat takes place between 

system and surrounding.   

37. (b) 

















1

2121 1
)1()1(

)(

T

TRTTTR
W








 

     
































1

2

11 1
)1(







V

VRT
 

    








































1
3

5

2

1
1

1
3

5

30031.82
J23.2767   

38. (d)  1PT constant  

 1

 PT  

 
3/5

13/51

1

2

1

2

8

1






























P

P

T

T
 

P 

 Isothermal 

 Adiabatic 

V 
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 CKT 







 142131

8

1
300

4.0

2   

39. (a) In adiabatic process Q = 0  0 WU  

)( WUQ   

40. (d) Using relation 2)8( 2/3

12/3
1

1

2

1

2 





















P

P

T

T
. 

 12 2TT   CKT  327600)27273(22  

41. (c) 


 1

1

2

1

2


















P

P

T

T

2

1

8

1

8

1 3

1

5.1

15.1

1

2 




















T

T
 

K
T

T 150
2

300

2

1
2  . 

42. (c) 2/152/5

2

1

1

2 )2(')8(
'














 PP

P

P

V

V

P

P


 

43. (a)   

44. (a) Given 3TP  , but we know for an adiabatic process, the 

pressure 1/  TP   

 So 
2

3

2

3
3

1


 V

P

C

C





 

45. (b)   

46. (d) 
1

)(








fi TTR
W  














1
3

5

)(
6

fTTR
R  .)4( KTTf   

47. (a) 1TV constant 1
22

1
11

   VTVT  

  1
15.1

1

1

2

1
12 2)4( TT

V

V
TT 













 



 

  change in temperature  

 KTTTTT 2732 11112   

48. (b) kPV  (constant)  
2211 VPVP   

  3.15

2

1
12 )2(10 

















V

V
PP     )

2
( 1

2

V
V   

49. (b) In adiabatic process U = – W. In compression W is 

negative, so U is positive i.e. internal energy increases. 

50. (a) According to the first law of thermodynamics 

         WUQ   

 In adiabatic process 0Q , hence WU   

51. (b) PV constant  




4
4/1

1

2

1

1

2 




























V

V

V

V

P

P
 

 PP 42   

As  is always greater than one so 44    PP 42   

52. (d) 
2211 VPVP   

1

8

1

4
2/3

2

1

1

2 




















V

V

P

P
 

53. (b) Change in internal energy of the gas  

  12
1

TT
R

WU 





J166]300308[
)14.1(

3.8



   

54. (b) For adiabatic change 1TV = constant  

  

1

2

1

1

2




















V

V

T

T
 1

1

2

1
2 T

V

V
T 

















 

  300
4/

14.1

2 











V

V
T  K4.0)4(300  

55. (d) For adiabatic forces UW        )0( Q  

    JW 50)50(   

56. (b) 





)(tyelasticiciIsothermal

)(tyelasticiciAdiabatic 

E

E







E
E   

 
4.1

101.2 5
E 25 /105.1 mN  

57. (c) PV constant : Differentiating both sides  

 
V

dV

P

dP
dPVdVVP    01  

 
Isobaric and Isochoric Processes 

 

1. (a) Work done )( 12 VVPVP   

2. (c) When heat is supplied at constant pressure, a part of it goes in 
the expansion of gas and remaining part is used to increase the 
temperature of the gas which in turn increases the internal 
energy. 

3. (c) For isobaric process 
273

274
2

1

2

1

2  VV
T

T

V

V
 

 Increase 
273273

274 V
V

V
  

4. (a) From FLOT WUQ  VPU    

JUU 400)104(50100   

5. (a) JVPW 435 10210)50150(102    

6. (c) calTnRVPW 6030021.0   

7. (c) VPVQ   mL = U + P(V
2

 – V
1

) 

 U = L – P (V
2

 – V
1

)             ( m = 1) 

8. (b) JVPW 25025.0103   

9. (d) )10234.3(1001.1 35  VPW  

 KJJ 34010337 3   

10. (c) CKTT
V

V

T

T o327600300222 12

1

2

1

2   

11. (c) TV   at constant pressure  

  
2

1

2

1

T

T

V

V
   .280

300

280300

1

21
2 ml

T

TV
V 


  

12. (a) In thermodynamic process, work done is equal to the area 

covered by the PV curve with volume axis. 

Hence, according to graph shown 

isobaricisothermaladiabatic WWW   

 

 

 

P 

 Isothermal 

 Adiabatic 

V 

 Isobaric 

V1 V2 
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13. (b) (Similar to previous question) 

14. (a)   

15. (d) 54 101104.2  VPW =24J 

16. (b) At constant pressure 

 TRVPW   10031.81  J814831   

17. (a) 000  WVPV  

18. (d) Entropy of a reversible process does not change. 

19. (c) 0 VPW  (As 0V ) 

20. (d)  

21. (d) At constant volume TP   
2

1

2

1

T

T

P

P
 

4

3

400

300

2

1 
P

P
 

22. (d) In isothermal process Q  0. 

23. (a) For isochoric process 0V  W = 0 

 From  FLOT WUQ   UQ   

  

Heat Engine, Refrigerator and 
Second Law of Thermodynamics 

 

1. (d) 
Q

W

T

TT





1

21  W
TT

T
Q 

















21

1  

    800
)300600(

600



 =1600 J  

2. (c) Coefficient of performance 

 9
30

273

273303

273

21

2 






TT

T
K  

3. (b) In a refrigerator, the heat dissipated in the atmosphere is more 
than that taken from the cooling chamber, therefore the room 
is heated if the door of a refrigerator is kept open. 

4. (c) Internal energy is a state function. 

5. (b)  

6. (d) For a reversible process   0
T

dQ
 

7. (b) For cyclic forces 0U  So, WQ   

8. (d) 
5

1

500

400
11

1

2 
T

T
  

Q

W
   

Q

W


5

1
  

  J
Q

W 44 102.110
5

6

5
  

9. (b) 
1

21
T

T
   

1

350
1

100

30

T
  

  
10

7

100

70

100

50
1

350

1


T

 CKT  2275001  

10. (b) 
1

21
T

T
  for 100% efficiency  = 1 which gives T

2

 = 0 K. 

11. (c) 5.0
)411273(

)69273(
11

1

2 





T

T
  

  Work done JQ 50010005.0   

12. (b) 
11

21
Q

W

T

T


1

21

Q

QQ 
  

where 1Q  heat absorbed, 2Q  heat rejected 

 
1

3/
1

Q

W

T

T
   

1

21

13

2

Q

QQ

Q

W 
  

 
1

21
3

2

Q

Q
   

3

1

1

2 
Q

Q
  

33

1
2

QQ
Q   

13. (c) 
1

21
T

T
   

1

300
1

100

25

T
   

1

300
1

4

1

T
  

CKT  1274001  

14. (a) 
1

21
T

T
   

1000
1

100

70 2T
   KT 3002   

15. (a) 
1

21

1

21
T

TT

T

T 
  

473

200

473

)273473(
1 


  

 and 
273

200

273

73273
2 


   

So required ratio 577.0
473

273

2

1 



 

16. (a) %50
2

1

300

150
1

)27273(

)123273(
11

1

2 





T

T
  

17. (b) 
5

2

500

300
11

1

2 
T

T
  

18. (d) 

19. (b) In first case, 
8

3

800

500
1)( 1    

 and in second case, 
x

600
1)( 2   

 Since ,21    therefore 
x

600
1

8

3
  

 or 
8

5

8

3
1

600


x
or Kx 960

5

8600



  

20. (a) %25
4

1

400

300
11

1

2
max 

T

T
  

 So 26% efficiency is impossible  

21. (b) In first case 
473

200

)200273(

)0273(
11

1

2
1 






T

T
  

 In second case 
273

200

)0273(

)200273(
12 




   

   73.1:1

273

473

1

2

1 














 

22. (b) 
1

21
T

T
 

1

500
1

2

1

T
  

2

1500

1


T

 …..(i) 

 
1

2 '
1

100

60

T

T
 

5

2'

1

2 
T

T
   …..(ii) 
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 Dividing equation (i) by (ii), 
4

5

'

500

2


T

 KT 400'2    

23. (c)  
24. (a)  

25. (b) 
Q

W

T

T


1

21 



























)627273(

)27273(
11

2

1 Q
T

T
W  

 6103
900

300
1 








W JJ 66 104.82.4102    

26. (a)  

27. (d) ;1
1

2

T

T
  for  to be max. ratio 

1

2

T

T
 should be min. 

28. (a)  

29. (b) In first case 
1

21
1

T

TT 
  

 In second case 
1

21
2

2

22

T

TT 
 




1

21

T

TT
 

30. (c) Coefficient of performance  

 
21

2

TT

T
K


 

260

260

)13273(

)13273(
5

11 







TT
 

  26013005 1 T  15605 1 T  

  CKT  393121  

31. (a) Coefficient of performance 
21

2

TT

T
K


  

 
)23273()27273(

)23273(




 5

20

250

250300

250



   

32. (a) 
727273

)227273()727273(

1

21









T

TT


2

1

1000

5001000



  

33. (c) 
Q

W

T

TT





1

21  
1

21 )(

T

TTQ
W


  

 
 

)273227(

)127273()273227(106 4




  

 
500

100106 4 
 cal4102.1   

34. (d) Slow isothermal expansion or compression of an ideal gas is 
reversible process, while the other given process are irreversible 
in nature.  

 
Critical Thinking Questions   

 
1. (d) Fraction of supplied energy which in creases the internal 

energy is given by  

 


 1

)(

)(

)(

















TC

TC

Q

Q

Q

U
f

P

V

P

V

P

 

 For diatomic gas 
5

7
  

7

5
f   

2. (c) WUQ   

 
J

VVP
WQU

)/(
540 12  

 
2.4

]10)11671[(10013.1
540

65 
  

 calories5007.39540    

3. (b,c) There is a decrease in volume during melting on an ice slab at 
273K. Therefore, negative work is done by ice-water system on 
the atmosphere or positive work is done on the ice-water 
system by the atmosphere. Hence option (b) is correct. 

Secondly heat is absorbed during melting (i.e. Q  is positive) 

and as we have seen, work done by ice-water system is negative 

( W  is negative). Therefore, from first law of 

thermodynamics .WQU    

Change in internal energy of ice-water system, U  will be 
positive or internal energy will increase.  

4. (c) Process is isothermal. There fore, T = constant,  

 









V
P

1
 volume is increasing, therefore pressure will 

decreases.  

 In chamber A : 

 
V

RT

V

RT

V

RT
PPP AAA

fi
22


  …..(i) 

 In chamber B : 

 
V

RT

V

RT

V

RT
PPP BBB

fi
22

5.1


  …..(ii) 

 from equations (i) and (ii) 
3

2

5.1

1


B

A




 

  
3

2

/

/


Mm

Mm

B

A  .23 BA mm    

5. (d) 
1

22
1

11





VTVT

1

1

2

2

1




















V

V

T

T 3

2

1

2

1
3

5

1

2
































L

L

AL

AL
 

6. (d) Using Boyle’s law, we have 
T

V
constant  

  
273

5
2

373

5
2






ll

 

As the piston moves 5 cm, the length of one side will be 









 5

2

l
 and other side 








 5

2

l
. On solving this equation, 

we get l = 64.6 cm. 
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7. (c) WUQ   UQW P  )( 













P

V
P

Q

Q
Q

)(

)(
1)(  

 QQ
C

C
Q

P

V
P

5

2

5

3
11)( 

















  

  QQ P  )( and 
3

5
  for monatomic gas  

8. (d) Oxygen is diatomic gas, hence its energy of two moles 

RTRT 5
2

5
2   

Argon is a monoatomic gas, hence its internal energy of 4 

moles RTRT 6
2

3
4   

  Total Internal energy RTRT 11)56(   

9. (c) From graph it is clear that 13 PP  . 

Since area under adiabatic process (BCED) is greater than that 
of isothermal process (ABDE). Therefore net work done 

)( Ai WWW   iA WW      0W   

 

 

 

 

 

10. (a) According to given Vander Waal’s equation 
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V
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11. (b) Volume of the gas is constant V = constant  TP   

i.e., pressure will be doubled if temperature is doubled  

  02PP   

 Now let F be the tension in the wire. Then 
equilibrium of any one piston gives  

 APAPPAPPF 0000 )2()(   

12. (c) dTRdTCdU V 









2

5
or 

R

dU
dT

5

)(2
    …..(i) 

 From first law of thermodynamics  

dWdQdU 
4

Q
Q 

4

3Q
 . Now molar heat capacity 

R
Q

RQ

R

dU

Q

dT

dQ
C

3

10

4

3
2

5

5

)(2










 . 

13. (b) UQ  if UU   = [internal energy of 4 moles of a 

monoatomic gas + internal energy of 2 moles of a diatomic gas] 
– [internal energy of 4 moles of a diatomic gas] 

  
















 RTRTRT

2

5
4

2

5
2

2

3
4  = RT 

Note : (a) 2 moles of diatomic gas becomes 4 moles of a 
monoatomic gas when gas dissociated into atoms. 

(b) Internal energy of  moles of an ideal gas of degrees of 

freedom F is given by RT
f

U 
2

  

F = 3 for a monoatomic gas and 5 for diatomic gas.  

14. (c) KPV  or 0.1   VdPdVVP  

 or 
V

dV

P

dP
 or 








 100100

V

dV

P

dP
  

           %754.1    

15. (a) 1TV = constant  

  

1

1

2

2

1




















V

V

T

T
or 

2

1

2

1
1











 

  
2

1
1  or 

2

3
    2/3PV = constant  

16. (c) 
11

21

Q

W

T

TT A
A 


 

22

32

Q

W

T

TT B
B 


  

  
2

1

21

32

2

1

2

1

T

T

TT

TT

T

T

Q

Q





   BA WW    

  K
TT

T 550
2

300800

2

31
2 





  

17. (b) For monoatomic gas  

 
3

5


V

P

C

C
  we know TnCQ P  

 and TnCU V  
5

3






P

V

C

C

Q

U
 

 i.e. fraction of heat energy to increase the internal energy be 
3/5. 

18. (a) 
dTnC

dTnC

Q

U

Q

W
WUQ

P

V








 11  

 4.0
5

2

5

3
11 






P

V

C
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Q
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19. (b) TC
N

N
TC

M

m
TCU V

A

VV    

 300
2

5

14

1056
)(

3




 RU N  

 and ANA UURU )()(900
2

3

106

106
)(

23

26





  

20. (c) A is compressed isothermally, hence 

 1221 2
2

PP
V

PVP   

 and B is compressed adiabatically, hence  

 1221 )2(
2

PP
V

PVP 



 







  

 Since 1 , hence 22 ' PP  or 22 PP   

21. (b) In isothermal process 2211 VPVP   

 or VPPV 42    
4

2

P
P    

 In adiabatic process  

PA P0A 

F 

P3 

P1 

P2 

E(V1) D(V2) 

B 

C 

A 

V 



 
  Thermodynamics 687  

 


3322 VPVP   5.1
2

5.1)4(
4

VPV
P

  PP 23   

22. (d) Volume of the ideal gas is constant so 0 VPW  using 

FLOT UQ   RtiU 2 60510012   

 KJ301030 3     

23. (d)  Initially 
6

1
1

1

2 














Q

W

T

T
              ...(i) 

Finally 
11

2

1

2

1

2 62
1

)62(
1

'
1'

TT

T

T

T

T

T













 














  

1

62

T
                                    ....(ii) 

It is given that .2'    Hence solving equation (i) and (ii) 

 CKT  993721  and CKT  373102   

24. (b) Input energy .sec/2
2

sec

1
kcal

g

kcalg
  

 Output energy SJKKW /1010  .sec/
2.4

10
kcal  

  ,1
22.4

10

energyinput

energyoutput



  it is impossible.  

25. (b) Gain of entropy of ice  

 Kcal
T

mL

T

Q
S /

273

108

)2730(

10080 3

1










  

 Loss of entropy of water 
T

mL

T

Q
S 


 2  

 Kcal /
323

108

)50273(

10080 3





  

 Total change of entropy  

 KcalSS /5.4
323

108

273

108 33

21 





  

26. (b) 2PV constant represents adiabatic equation. So during the 
expansion of ideal gas internal energy of gas decreases and 
temperature falls. 

27. (d) Initially 
1

21

T

TT 
  

1

1 )7273(
5.0

T

T 
  

         
1

1 280

2

1

T

T 
  KT 5601   

 Finally 





1

21
1

'
'

T

TT
 






1

1 )7273('
7.0

T

T
 KT 933'1   

  increase in temperature KK 380373560933   

28. (c) P-V diagram of the gas is a straight line passing through origin. 

Hence VP   or 1PV  constant 

 Molar heat capacity in the process  is constantxPV  

     
x

RR
C







11
; Here 4.1    (For diatomic gas) 

  
1114.1 





RR

C   RC 3  

29. (c) As finally the piston is in equilibrium, both the gases must be 

at same pressure fP . It is given that displacement of piston be 

in final state x and if A is the area of cross-section of the 
piston. Hence the final volumes of the left and right part finally 
can be given by figure as  

Ax
V

VL 
2

0  and Ax
V

VR 
2

0  

As it is given that the container walls and the piston are 
adiabatic in left side and the gas undergoes adiabatic expansion 
and on the right side the gas undergoes adiabatic compressive. 
Thus we have for initial and final state of gas on left side 
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V
P f

22

00
1   .....(i) 

 Similarly for gas in right side, we have 

 




















Ax

V
P

V
P f

22

00
2   .....(ii) 

 From eq. (i) and (ii) 
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 Now from equation (i) 
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30. (d) In both cylinders A and B the gases are diatomic ( = 1.4). 
Piston A is free to move i.e. it is isobaric process. Piston B is 

fixed i.e. it is isochoric process. If same amount of heat Q is 
given to both then 

isochoricisobaric )()( QQ   BvAp TCTC )()(      

 .42304.1)()()( KTT
C

C
T AA

v

p
B    

 
Graphical Questions 

 

1. (c) As internal energy is a point function therefore change in 
internal energy does not depends upon the path followed i.e. 

III UU   

2. (b) Work done by the system = Area of shaded portion on P-V 
diagram 

 J2010)10200(10)100300( 36    

3. (a) Work done = Area enclosed by triangle 

ABC PVPPVVBCAC 2)3()3(
2

1

2

1
  

4. (c) Area enclosed between a and f is maximum. So work done in 
closed cycles follows a and f is maximum.  

5. (a) Initial and final states are same in all the process.  

Hence  U = 0; in each case.  

By FLOT; Q = W = Area enclosed by curve with volume axis. 

 (Area)
1 

< (Area)
2 

< (Area)
1 

 Q
1

 < Q
2

 < Q
3

 . 

6. (a) For an isothermal process PV = constant  

 0 VdPPdV   
PdP

dV

V

11









  

 So, 
P

1
   graph will be rectangular hyperbola. 

7. (a) By adjoining graph 0ABW  and  

P
1

T
1 

P
2

T
2 

x
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    JWBC 24010]25[108 34    

 JWWW BCABAC 2402400   

Now, JQQQ BCABAC 800200600   

From FLOT ACACAC WUQ   

 240800  ACU   .560 JUAC    

8. (b) In adiabatic process, slope of PV-graph. 

    
V

P

dV

dP
  |Slope|    

From the given graph (Slope)
2

 > (Slope)
1

  12    

therefore 1 should correspond to O
2

 ( = 1.4) and 2 should 

correspond to He ( = 1.66) 

9. (c) As we know that slope of isothermal and adiabatic curves are 
always negative and slope of adiabatic curve is always greater 
than that of isothermal curve 

Hence in the given graph curve A and B represents adiabatic 

and isothermal changes respectively.  

10. (d) Process CD is isochoric as volume is constant, Process DA is 
isothermal as temperature constant and Process AB is isobaric 
as pressure is constant.  

11. (d) Heat given Q Jcal 842.42020  .    

 Work done W = – 50 J    [As process is anticlockwise] 

 By first law of thermodynamics   

 JWQU 134)50(84   

12. (a) For cyclic process. Total work done CABCAB WWW   

W
AB

 = PV = 10(2 – 1) = 10J  and W
BC

 =0  

(as V = constant) 

From FLOT, Q = U + W 

U = 0 (Process ABCA is cyclic)  

 Q = W
AB

 + W
BC

 + W
CA

  

   5 = 10 + 0 + W
CA

  W
CA

 = – 5 J  

13. (b) The cyclic process 1 is clockwise where as process 2 is 
anticlockwise. Clockwise area represents positive work and 
anticlockwise area represents negative work. Since negative area 
(2) > positive area (1), hence net work done is negative.  

14. (c) Process AB is isochoric,   0 VPWAB  

 Process BC is isothermal  














1

2
2 ln.

V

V
RTWBC  

 Process CA is isobaric  

 VPWCA  TR )( 21 TTR  )( 12 TTR   

(Negative sign is taken because of compression) 

15. (a) AB is isobaric process, BC is isothermal process, CD is 
isometric process and DA is isothermal process 

 These process are correctly represented by graph (a).  

16. (c) Work done by the gas (as cyclic process is clockwise)  W = 
Area ABCD  

 So from the first law of thermodynamics Q (net heat 

absorbed) = W = Area ABCD  

 As change in internal energy in cycle U = 0. 

17. (a) 0000001
2

3

2

1
STSTSTQ   

002 STQ  and 03 Q  

1

21

1 Q

QQ

Q

W 
  

   
3

1

3

2
11

1

2 
Q

Q
 

18. (a) Work done = Area of closed PV diagram  

                  = PVPPVV  )2()2(  

19. (c) From the given VT diagram,  

In process AB,  V  T  Pressure is constant  (As quantity of 
the gas remains same)  

In process BC,  V = Constant and in process CA,  

T = constant  

 These processes are correctly represented on PV diagram by 
graph (c). 

20. (d) ;WUQ   U does not depend upon path. 

  BA WW    BA QQ    

21. (d) Work done = Area under curve 
2

36 11 VP 
 = 9 P

1

V
1

  

22. (d) Work done 1111 222
2

1
VPVP   

23. (c) In a cyclic, U = 0   

From FLOT,  Q = U + W = 0 + W = Area of closed curve 

 Q = r2 litrekPa 







2

2

20
  

                             JJ  1001010100 33    

24. (c) The work done in cyclic process is equal to the area enclosed 
by the PV diagram 

25. (d)  In all given cases, process is cyclic and in cyclic process U = 0. 

26. (b) In cyclic process Q = Work done = Area inside the closed 
curve. 

Treat the circle as an ellipse of area )()(
4

1212 VVPP 


 

 JQ
2

}10)50150{(
4

3 
  

27. (d) W
BCOB 

= – Area of triangle BCO 
2

00VP
  

W
AODA 

= + Area of triangle AOD 
2

00VP
  

28. (c) AD and BC represent adiabatic process (more slope) 

AB and DC represent isothermal process (less slope) 

29. (c) Work done = Area of curve enclosed 

                   PVPV 422   

30. (c) Work done = Area of PV graph (here trapezium)  

                   J555 1012)15()105101(
2

1
  

31. (d) For path ab : JU ab 7000)(   

By using TCU V   

48.0700
2

5
7000   R  

For path ca : 

T 

S 

2T0 

T0 

2S0 S0 

Q
1

 

Q
2

 

Q
3
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cacaca WUQ )()()(     ….(i) 

 0)()()(  cabcab UUU  

 JUU caca 7000)(0)(07000   ….(ii)  

Also )()()( 21211 TTRVVPW ca    

J16.2792)1000300(31.848.0   ….(iii) 

on solving equations (i), (ii) and (iii) 

JQ ca 16.979216.27927000)(  J9800  

32. (b) Work done = Area enclosed by indicator diagram 

                   PVPPVV 3)4)(3(
2

1
  

33. (d) U , remains same for both path 

For path iaf : JWQU 302050  . 

For path fi  : JWJU 13 and30   

  JQ 431330  . 

34. (a) 0int E , for a complete cycle and for given cycle work done 

is negative, so from first law of thermodynamics Q will be 

negative i.e. 0Q . 

35. (d) Work done = Area enclosed by the curve   

                   PVPPVV  )2()3(
2

1
 

36. (d) W = Area bonded by the indicator diagram with V-axis) 

    )()(
2

1
ABBA VVPP   

37. (a) Heat given Q = 40 J and Work done W = 30 J 

 U = Q – W = 40 – 30 = 10 J. 

38. (a) As the volume is continuously increasing and the work of 
expansion is always positive, so the work done by the system 
continuously increases.  

39. (c) Processes A to B and C to D are parts of straight line graphs of 
the form y = mx  

Also  T
V

R
P


   ( = 6) 

 P  T. So volume remains constant for the graphs AB and 
CD  

 

 

 

 

 

 

 

So no work is done during processes for A to B and C to D i.e., W
AB

 = 

W
CD

 = 0 and W
BC

 = P
2

(V
C

 – V
B

) = R (T
C

  – T
B

)  

              = 6R (2200 – 800) = 6R  1400 J  

Also W
DA

 = P
1

 (V
A

 – V
D

) = R(T
A

 – T
B

) 

               = 6R (600 – 1200)= – 6R  600 J  

Hence work done in complete cycle  

W = W
AB

 + W
BC

 + W
CD

 + W
DA

  

    = 0 + 6R  1400 + 0 – 6R  600 

    = 6R  900 = 6  8.3  800  40 kJ 

40. (b) In isothermal process .
1

V
P   

Hence graph between P and V is a hyperbola.  

41. (d) Adiabatic curves are more stepper than isothermal curves. 

42. (d) During process A to B, pressure and volume both are 
decreasing. Therefore, temperature and hence, internal energy 

of the gas will decrease (T  PV) or  BAU negative. 

Further BAW  is also negative as the volume of the gas is 

decreasing. Thus BAQ   is negative. 

In process B to C pressure of the gas is constant while volume 

is increasing. Hence temperature should increase or CBU  = 

positive. During C to A volume is constant while pressure is 
increasing. Therefore, temperature and hence, internal energy 

of the gas should increase or ACU  = positive. During 

process CAB volume of the gas is decreasing. Hence, work done 
by the gas is negative. 

43. (a) 0 ABW  as V = constant  

  JUQ ABAB 50    (Given) 

 JUA 1500   JJUB 1550)501500(   

 JUW BCBC 40    (Given) 

  JUBC 40  JJUC 1590)401550(   

44. (a) For adiabatic process 1
1


bVT = Constant 

 For bc curve 1
2

1
1

  
cb VTVT  or 

1

1

2




















c

b

V

V

T

T
 …..(i) 

 For ad curve 1
2

1
1

  
da VTVT  or 

1

1

2




















d

a

V

V

T

T
 …..(ii) 

From equation (i) and (ii) 
d

a

c

b

V

V

V

V
  

 

Assertion and Reason 
 
1. (a) In a perfectly reversible system, there is no loss of energy. 

Losses can be minimised, friction can be reduced, the resistance 
in L-C oscillating system can also be negligible. But one cannot 
completely eliminate energy losses. This makes a perfectly 
reversible system, an ideal. 

2. (a) Adiabatic expansion produces cooling.  

3. (a)  In reversible process, there always occurs some loss of energy. 
This is because energy spent in working against the dissipative 
force is not recovered back. Some irreversible process occur in 
nature such as friction where extra work to cancel the effect of 
friction. Salt dissolves in water but a salt does not separate by 
itself into pure salt and pure water. 

4. (a) When a bottle of cold carbonated drink is opened. A slight fog 
forms around the opening. This is because of adiabatic 
expansion of gas causes lowering of temperature and 
condensation of water vapours.  

5. (e)  As isothermal processes are very slow and so the different 
isothermal curves have different slopes so they cannot intersect 
each other.  

6. (d) Adiabatic compression is a rapid action and both the internal 
energy and the temperature increases.   

7. (e) As there is no change in internal energy of the system during 
an isothermal change. Hence, the energy taken by the gas is 

P2 

T 

D A 

C 

B 
P 

P2 

VA VD 

VC 

VB 

P1 

TB =800 K TC = 2200 K 

TA =600 K 
TD =1200 K 
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utilised by doing work against external pressure. According to 

FLOT VPUQ   

Hence VPUQ   

  Therefore, reason is true and assertion is false.   

8. (d)  We can change the temperature of a body without giving (or 
taking) heat to (or from) it. For example in an adiabatic 
compression temperature rises and in an adiabatic expansion 
temperature false, although no heat is given or taken from the 
system in the respective changes.  

9. (a) ;
. 


m

Q
c  a gas may be heated by putting pressure, so it 

can have values for 0 to . 

PC  and VC  are it’s two principle specific heats, out of 

infinite possible values. 

In adiabatic process C = 0 and in isothermal process C . 

10. (a) Heat is similar to work in that both represent ways of 
transferring energy. Neither heat nor work is an intrinsic 
property of a system, that is, we cannot say that a system 
contains a certain amount of heat or work. 

11. (d) According to first law of thermodynamics, 

VPUWUQ  . If heat is supplies in such a 

manner that volume does not change 0V  i.e., isochoric 
process, then whole of the heat energy supplied to the system 
will increase internal energy only. But, in any other process it is 
not possible.  

Also heat may absorbed or evolved when state of thermal 
equilibrium changes.  

12. (d) When the door of refrigerator is kept open, heat rejected by 
the refrigerator to the room will be more than the heat taken 
by the refrigerator from the room (by an amount equal to 
work done by the compressor). Therefore, temperature of room 
will increase and so it will be warmed gradually. As according 
to 2nd law of thermodynamics, heat cannot be transferred on its 
own, from a body at lower temperature to another at higher 
temperature.     

13. (a) Second law of thermodynamics can be explained with the help of 
example of refrigerator, as we know that refrigerator, the 
working substance extracts heat from colder body and rejects a 
large amount of heat to a hotter body with the help of an 
external agency i.e., the electric supply of the refrigerator. No 
refrigerator  can ever work without external supply of electric 
energy to it.    

14. (d) If an electric fan is switched on in a closed room, the air will be 
heated because due to motion of the fan, the speed of air 
molecules will increase. In fact, we feel cold due to evaporation 
of our sweat. 

15. (c) The internal energy of system depends only on its temperature. 
In isothermal process temperature does not change, therefore, 
internal energy of the system remains the same. 

16. (c) In an adiabatic process, no exchange of heat is permissible i.e., 

0Q .  

As, 0 WUQ   WU  . 

Also in adiabatic process, temperature of gas changes.  

17. (a) Change in entropy, 
T

Q
S


 . In an adiabatic change, heat 

transfer 0Q .  0S , or S constant i.e., entropy 

remains constant in an adiabatic process, or an adiabatic 
process is an isoentropic process. 

18. (b) As we know, in thermodynamic processes work done = Area 
covered by P-V diagram with volume axis.   

Hence, according to following graph. 

      (Area)
1

 < (Area)
2

  W
adi

 < W
iso

  

Also in isothermal changes 

temperature remains same 
but in adiabatic changes 
temperature also changes.  

19. (c) First law of 
thermodynamics is 
restatement of the 
principal of conservation of energy as applied to heat energy.   

20. (e) Zeroth law of thermodynamics explain the concept of 
temperature. According to which there exist a scalar quantity 
called temperature which is property of all thermodynamic 
system.   

21. (b) Efficiency of cannot cycle 
1

2

1

1
T

T

Q

W
 , for Carnot 

engine when 2T  decrease   increases. 

22. (a) Entropy is a measure of the disorder or randomness of the 
system. Greater the randomness, greater the entropy. 

 Isothermal 

 Adiabatic 
  V 

  P 

2 

1 
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1. The P-V diagram of 2 gm of helium gas for a certain process 

BA   is shown in the figure. what is the heat given to the gas 

during the process BA    

(a) oo VP4   

(b) oo VP6  

 (c) oo VP5.4  

 (d) oo VP2  

2. A certain mass of gas at 273 K is expanded to 81 times its volume 

under adiabatic condition. If 25.1  for the gas, then its final 

temperature is   [Pb. PET 1997]  

(a) – 235°C  (b)  – 182°C  

(c) – 91°C (d) 0°C 

3. In an adiabatic process 90J of work is done on the gas. The change 

in internal energy of the gas is  [CPMT 1996]  

(a) – 90 J 

(b)  +90 J 

(c) 0 J 

(d)  Depends on initial temperature  

4. If a Carnot’s engine functions at source temperature 127°C and at 

sink temperature 87°C, what is its efficiency 

 [DCE 1997]  

(a) 10%  (b) 25%   

(c) 40% (d) 50% 

5. In the case of diatomic gas, the heat given at constant pressure is 
that part of energy which is used for the expansion of gas, is 

(a) 
5

2
 (b) 

7

3
 

(c) 
7

2
 (d) 

7

5
 

6. An ideal monoatomic gas is taken round the cycle ABCDA shown in 

the PV diagram in the given fig. The work done during the cycle is   [UPSEAT 1998]  

(a)  PV
2

1
 

(b)  PV2  

(c) PV  

(d)  Zero 

7. A gas is compressed adiabatically till its temperature is doubled. The 

ratio of its final volume to initial volume will be    [BHU 1997] 

(a) 1 / 2  (b) More than 1 / 2 

(c) Less than 1 / 2 (d) Between 1 and 2 

8. A tyre filled with air ,27( Co  and 2 atm) bursts, then what is 

temperature of air )5.1(     [RPMT 2002] 

(a) Co33  (b) Co0  

(c) Co27  (d) Co240  

9. A gas expands adiabatically at constant pressure such that its 

temperature 
V

T
1

 , the value of VP CC /  of gas is 

   [RPMT 2002; MHCET 2004] 

(a) 1.30 (b) 1.50 

(c) 1.67 (d) 2.00 

10. P-V diagram of an ideal gas is as shown in figure. Work done by the 

gas in process ABCD is 

(a) 004 VP  

(b) 002 VP  

(c) 003 VP   

(d) 00VP  

11. An engineer claims to have made an engine delivering 10 kW power 

with fuel consumption of 11 sg . The calorific value of fuel is 2k 

cal/g. His claim  [J & K CET 2000] 

(a) Is non-valid (b) Is valid 

(c) Depends on engine (d) Depends on load 

12. An ideal gas heat engine operates in a Carnot cycle between 27°C 

and 127°C. It absorbs 6 kcal at the higher temperature. The amount 

of heat (in kcal) converted into work is equal to   [CBSE PMT 2003] 

(a) 3.5 (b) 1.6 

(c) 1.2 (d) 4.8 

13. A gas expands with temperature according to the relation 

.3/2kTV   What is the work done when the temperature changes 

by Co30  

(a) 10 R (b) 20 R 

(c) 30 R (d) 40 R 

14. An ideal gas )5.1(   is expanded adiabatically. How many times 

has the gas to be expanded to reduce the root mean square velocity 
of molecules 2.0 times 

(a) 4 times (b) 16 times 

(c) 8 times (d) 2 times 

15. Three samples of the same gas A, B and )2/3( C  have initially 

equal volume. Now the volume of each sample is doubled. The 
process is adiabatic for A isobaric for B and isothermal for C. If the 
final pressures are equal for all three samples, the ratio of their 
initial pressures are  

 

P 

A B 

D C 
(P,2V) 

(2P,2V) (P,2V) 

(PV) 

V 

P 

2P0 
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(a) 1:2:22  (b) 2:1:22  

(c) 2:1:2  (d) 2:1:2  

16. Volume versus temperature graph of two moles of helium gas is as 
shown in figure. The ratio of heat absorbed and the work done by 
the gas in process 1-2 is  

(a) 3 

(b) 
2

5
 

(c) 
3

5
 

(d) 
2

7
 

17. In the P-V diagram shown in figure ABC is a semicircle. The work 
done in the process ABC is  

(a) Zero 

(b) ltatm
2


 

(c) ltatm
2


 

(d) 4 atm-lt 

18. Heat is supplied to a diatomic gas at constant pressure. The ratio of 

WUQ  :: is     

(a) 5 : 3 : 2 (b) 5 : 2 : 3 

(c) 7 : 5 : 2 (d) 7 : 2 : 5 

19. A gas undergoes a change of state during which 100 J of heat is 
supplied to it and it does 20 J of work. The system is brought back 
to its original state through a process during which 20 J of heat is 
released by the gas. The work done by the gas in the second process 
is   

(a) 60 J (b) 40 J 

(c) 80 J (d) 20 J  

20. N moles of an ideal diatomic gas are in a cylinder at temperature T. 
suppose on supplying heat to the gas, its temperature remain 
constant but n moles get dissociated into atoms. Heat supplied to 
the gas is  

(a) Zero  (b) nRT
2

1
 

(c) nRT
2

3
  (d) RTnN )(

2

3
  

21. Three moles of an ideal gas 







 RCP

2

7
 at pressure AP  and 

temperature AT is isothermally expanded to twice its initial volume. 

It is then compressed at constant pressure to its original volume. 

Finally the gas is compressed at constant volume to its original 

pressure .AP  The correct P-V and P-T diagrams indicating the 

process are  

       

(a)  (b)  

 

 

 

 

 

(c)  (d)  

 

 

 

 

22. A cylinder of mass 1kg is given heat of 20000 J at atmospheric 

pressure. If initially temperature of cylinder is 20°C, then work done 

by the cylinder will be (Given that Specific heat of cylinder = 400 J 

kg–1, Coefficient of volume expansion = 9  10–5 °C–1, Atmospheric 

pressure = 105 N/m2 and density of cylinder 9000 kg/m3) 

(a) 0.02 J  (b) 0.05 J 

(c) 0.08 J  (d) 0.1 J  

23. In a thermodynamic process pressure of a fixed mass of a gas is 
changed in such a manner that the gas releases 30 joules of heat 
and 10 joules of work was done on the gas. If the initial internal 
energy of the gas was 30 joules, then the final internal energy will 
be   [CPMT 1986] 

(a) 2 J (b) – 18 J 

(c) 10 J (d) 58 J 

24. In an adiabatic change, the pressure P and temperature T of a 

monoatomic gas are related by the relation CTP  , where  c  
equals   [CBSE PMT 1994;  

BHU 1997; AIIMS 2001; MH CET 2000] 

(a) 5 / 3 (b) 2 / 5 

(c) 3 / 5 (d) 5 / 2 

25. The internal energy of an ideal gas increases during an isothermal 
process when the gas is  [SCRA 1998] 

(a) Expanded by adding more molecules to it 

(b) Expanded by adding more heat to it 

(c) Expanded against zero pressure 

(d) Compressed by doing work on it 

 

 

 

 

 

 

1. (b) Change in internal energy from BA   is  
 )(

22
iiff VPVP

f
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f
U    

(SET -14) 
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 000000
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9
)22(

2

3
VPVPVP   

 Work done in process BA   is equal to the Area covered by 
the graph with volume axis i.e., 

 000000
2

3
)2()2(

2

1
VPVVPPW BA   

  Hence, WUQ  000000 6
2

3

2

9
VPVPVP   

2.  (b) For adiabatic process 1TV = constant  
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3. (b) For adiabatic process 0Q  

 From WUQ   900  U   JU 90   

4. (d) 
1

21

T

TT 


)273127(

)27387()273127(




  

 %101.0
400

360400



  

5. (c) W energy used for expansion RdTPdV   

 Q heat supplied to diatomic gas at constant P 

 )
2

7
(

2

7
RCRdTdTC pp    

7

2

2

7
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6. (c) 

7. (c) 
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8. (a) 


 1

1

2

1

2
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5.1

15.1

2

2

1

)27273(

T

5.2

1

2

1 3

1









 

 CK
T

T 


 8.34238
25.1

)27273(

25.1

1
2  

9. (b) 1TV  constant   1VT  

According to question 2

1


 VT  

Hence 5.1
2

3

2

1
1    

10. (c) 00VPWAB  , 0BCW  and 004 VPWCD   

  000000 340 VPVPVPWABCD   

11. (a) Power gmcalksJKW /38.2
2.4

10000
/1000010   

 But the calorific value of fuel is only 2 k cal/gm. Hence claim is 
invalid.  

12. (c) Efficiency of a carnot engine is given by  
1

21
T

T
  

 or 
1

21
T

T

Q

W
  

)227273(

)127273(
1

6 




W
  calkW 2.1  

13. (b)   dV
V

RT
PdVW  

 Since 3/2kTV    dTKTdV 3/1

3

2   

 Eliminating ,K  we find 
T

dT

V

dV

3

2
  

 Hence RRTTRdT
T

RT
W

T

T
20)30(

3

2
)(

3

2

3

2
12

2

1

   

14. (b) 
M

RT
vrms

3
   Tvrms   

 rmsv  is to reduce two times i.e. temperature of the gas will 

have to reduce four times or 
4

1




T

T
 

 During adiabatic process 11    VTTV  

  
1

1















 

T

T

V

V
16)4()4( 215.1

1

    VV 16  

15. (b) Let the initial pressure of the three samples be BA PP ,  and 

CP , then PVVPA
2/32/3 )2()(  , PPB   and 

 )2()( VPVPC   

  2:1:222:1:)2(:: 2/3 CBA PPP  

16. (b) V-T graph is a straight line passing through origin. Hence, 

TV   or constantP  

    TnCQ P  and  TnCU V  

 Also TCCUQW VP  )(  
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W

Q

VP
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)(

P
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CCC
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1

1
 

 
5

3


P

V

C

C
 for helium gas. Hence 

2

5

5/31

1









W

Q
 

17. (b) ABW  is negative (volume is decreasing) and  

 BCW  is positive (volume is increasing) and 

 since,   ABBC WW   

  net work done is positive and area between semicircle 

which is equal to .
2

ltatm 


 

18. (c) TRTCQ P  
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  2:5:7::  WUQ  

19. (a) In a cyclic process 0U  WQ   

  220)20100( W   JW 602   

20. (b) Since the gas is enclosed in a vessel, therefore, during heating 
process, volume of the gas remains constant. Hence, no work is 
done by the gas. It means heat supplied to the gas is used to 
increase its internal energy only. 

Initial internal energy of the gas is TRNU 









2

5
1  

 Since n  moles get dissociated into atoms, therefore, after 

heating, vessel contains )( nN   moles of diatomic gas and 

n2  moles of a mono-atomic gas. Hence the internal energy for 

the gas, after heating, will be equal to 

 TRnTRnNU 


















2

3
2

2

5
)(2 nRTNRT

2

1

2

5
  

 Hence, the heat supplied = increase in internal energy 

                                        nRTUU
2

1
)( 12   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21. (a) Let the process start from initial pressure ,AP  volume AV  

and temperature AT . 

 

 

 

 

 (i)  Isothermal expansion constant)( PV  at temperature 

AT  to twice the initial volume AV  

(ii) Compression at constant pressure 
2

AP
 to original volume 

T)Vi.e.VA (  

(iii) Isochoric process (at volume AV ) to initial condition 

)..( TPei   

22. (b) TmcQ    C
CkgJkg

J
T 


 50

)/400(1

20000
 

 T
Final

 = 70°C  

Hence TVPVPW atmatm  0  

JCCmmN 05.0)50()/109(
109

1
)/10( 53

3

25 









   

23. (c) WUQ  WUU if  )(  

 10)30(30  fU   JU f 10  

24. (d)  1PT = constant  1 



TP  

 Comparing above equation with given equation  

 CTP    
2

5

13/5

3/5

1










C   

25. (a) Internal energy of an ideal gas is given by  

RT
N

Nf
RT

f
U

A















22
   U  NT.  

In isothermal process T = constant  U  N.  

i.e. internal energy increases by increasing number of molecules 
(N).  
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Heat energy transfers from a body at higher temperature to a body at 

lower temperature. The transfer of heat from one body to another may take 

place by one of the following modes. 

Conduction, Convection and Radiation 

 

 

 

 

 

 

 

 

 

Conduction 

The process of transmission of heat energy in which the heat is 

transferred from one particle to other particle without dislocation of the 

particle from their equilibrium position is called conduction. 

(1) Heat flows from hot end to cold end. Particles of the medium simply 

oscillate but do not leave their place.  

(2) Medium is necessary for 

conduction  

(3) It is a slow process  

(4) The temperature of the medium 

increases through which heat flows  

(5) Conduction is a process which is possible in all states of matter.  

(6) When liquid and gases are heated from the top, they conduct heat 

from top to bottom.  

(7) In solids only conduction takes place  

(8) In non-metallic solids and fluids the conduction takes place only 

due to vibrations of molecules, therefore they are poor conductors. 

(9) In metallic solids free electrons carry the heat energy, therefore 

they are good conductor of heat.  

Conduction in Metallic Rod  

When one end of a metallic rod is heated, heat flows by conduction 

from the hot end to the cold end. 

 

 

 

 

 

(1) Variable state : In this state Temperature of every part of the rod 

increases  

Heat received by each cross-section of the rod from hotter end used in 

three ways. 

(i) A part increases temperature of itself. 

(ii) Another part transferred to neighbouring cross-section. 

(iii) Remaining part radiates. 

 

  1 > 2 > 3 > 4 > 5  

    Changing 

 

(2) Steady state : After sometime, a state is reached when the 

temperature of every cross-section of the rod becomes constant. In this 
state, no heat is absorbed by the rod. The heat that reaches any cross-
section is transmitted to the next except that a small part of heat is lost to 
surrounding from the sides by convection & radiation. This state of the rod 
is called steady state.  

(3) Isothermal surface : Any surface (within a conductor) having its all 

points at the same temperature, is called isothermal surface. The direction 

 

Transmission of Heat  
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15 

Plane isothermal  surfaces Cylinderical isothermal  surfaces 

A
 

Radiation 
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Conduction 
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Fig. 15.2 

Hot  Cold 
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of flow of heat through a conductor at any point is perpendicular to the 
isothermal surface passing through that point.  

 

 

 

 

 

 

 

 

 

 

 

 

 

(4) Temperature gradient (T.G.) : The rate of change of temperature 

with distance between two isothermal surfaces is called temperature gradient. 

Hence 

 

 

 

 

 

(i) Temperature gradient = 
x

 
  

(ii) The negative sign show that temperature   decreases as the 
distance x increases in the direction of heat flow.  

(iii) For uniform temperature fall  
xl 




  21   

(iv) Unit : K/m or °C/m (S.I.) and Dimensions ][ 1L  

(5) Law of thermal conductivity : Consider a rod of length l and area 

of cross-section A whose faces  are maintained at temperature 
1

 and 
2

 
respectively. The curved surface of rod is kept insulated from surrounding 
to avoid leakage of heat  

 

 

 

 

(i) In steady state the amount of heat flowing from one face to the 

other face in time t is given by 
l

tKA
Q

)( 21  
   

where K is coefficient of thermal conductivity of material of rod.  

(ii) Rate of flow of heat i.e. heat current H
t

Q


l

KA )( 21  
  

(iii) In case of non-steady state or variable cross-section, a more 

general equation can be used to solve problems. 

 
dx

d
KA

dt

dQ 
  

(6) More about K : It is the measure of the ability of a substance to 

conduct heat through it.  

(i) Units :  Cal/cm-sec oC  (in C.G.S.), kcal/m-sec-K (in M.K.S.) and 

W/m- K (in S.I.). Dimension : ][ 13  MLT   

(ii) The magnitude of K depends only on nature of the material. 

(iii) Substances in which heat flows quickly and easily are known as 

good conductor of heat. They possesses large thermal conductivity due to 

large number of free electrons e.g.  Silver, brass etc. For perfect conductors, 

K . 

(iv) Substances which do not permit easy flow of heat are called bad 

conductors. They possess low thermal conductivity due to very few free 

electrons e.g. Glass, wood etc. and for perfect insulators, 0K . 

(v) The thermal conductivity of pure metals decreases with rise in 

temperature but for alloys thermal conductivity increases with increase of 

temperature. 

(vi) Human body is a bad conductor of heat (but it is a good 

conductor of electricity). 

(vii) Decreasing order of conductivity : For some special cases it is as 

follows  

(a) AlCuAg KKK   

(b) GasLiquidSolid KKK   

(c) metalsNonMetals KK    

Table 15.1 : Thermal conductivity of some material 

Substance Thermal 
conductivity 

(W/m-K) 

Substance Thermal 
conductivity 

(W/m-K) 

Aluminium 240 Concrete 0.9 

Copper 400 Water  0.6 

Gold 300 Glass wool 0.04 

Iron 80 Air 0.024 

Lead  35 Helium 0.14 

Glass 0.9 Hydrogen  0.17 

Wood 0.1-0.2 Oxygen 0.024 

(7) Relation between temperature gradient and thermal conductivity : 

In steady state, rate of flow of heat 
dx

d
KA

dt

dQ 
 = – KA  (T.G.)  

(T.G.) 
K

1
  (

dt

dQ
= constant) 

Temperature difference between the hot end and the cold end in 

steady state is inversely proportional to K, i.e. in case of good conductors 

temperature of the cold end will be very near to hot end.  

In ideal conductor where K = , temperature difference in steady state 

will be zero. 

(8) Thermal resistance (R) : The thermal resistance of a body is a 

measure of its opposition to the flow of heat through it.  

It is defined as the ratio of temperature difference to the heat current 

(= Rate of flow of heat) 

(i) Hence 
lKAH

R
/)( 21

2121













KA

l
  

(C) Due to point source of heat 
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(ii) Unit :  c a ls e cCo /  or kcalsecK /  and  Dimension : 

][ 321 TLM   

(9) Wiedmann-Franz law : At a given temperature T, the ratio of 

thermal conductivity to electrical conductivity is constant i.e., )/( TK  = 

constant, i.e., a substance which is a good conductor of heat (e.g., silver) is 

also a good conductor of electricity. Mica is an exception to above law. 

(10) Thermometric conductivity or diffusivity : It is a measure of rate 

of change of temperature (with time) when the body is not in steady state 

(i.e., in variable state) 

It is defined as the ratio of the coefficient of thermal conductivity to 

the thermal capacity per unit volume of the material. Thermal capacity per 

unit volume = 
V

mc
= c    

(   = density of substance)  Diffusivity (D) = 
c

K


 

Unit : m2/sec  and Dimension : ][ 12 TL   

Table 15.2 : Electrical Analogy for Thermal Conduction 

Electrical conduction Thermal conduction 

Electric charge flows from higher 

potential to lower potential  

Heat flows from higher temperature to 

lower temperature  

The rate of flow of charge is called 
the electric current,  

i.e.  
dt

dq
I   

The rate of flow of heat may be 

called as heat current  

i.e.  
dt

dQ
H   

The relation between the electric 
current and the potential difference 
is given by Ohm's law, that is 

R

VV
I 21    

where R is the electrical resistance of 

the conductor  

Similarly, the heat current may be 

related with the temperature 

difference as 
R

H 21  
   

where R is the thermal resistance of 

the conductor  

The electrical resistance is defined as 

A

l

A

l
R




   

where  = Resistivity and   = 

Electrical conductivity  

)( 21
21 VV

l

A

R

VV
I

dt

dq






 

The thermal resistance may be 

defined as 
KA

l
R    

where K = Thermal conductivity of 

conductor 

)( 21
21 







l

KA

R
H

dt

dQ
 

 

Applications of Conductivity in Daily Life . 

(1) Cooking utensils are provided with wooden handles, because wood 

is a poor conductor of heat. The 

hot utensils can be easily handled 

from the wooden handles and our 

hands are saved from burning.  

(2) We feel warmer in a fur 

coat. The air enclosed in the fur 

coat being bad conductor heat does not allow the body heat to flow outside. 

Hence we feel warmer in a fur coat. 

(3) Eskimos make double walled houses of the blocks of ice. Air 

enclosed in between the double 

walls prevents transmission of heat from the house to the cold 

surroundings. 

 

For exactly the same reason, two thin blankets are warmer than one 

blanket of their combined thickness. The layer of air enclosed in between 

the two blankets makes the difference. 

(4) Wire gauze is placed over the flame of Bunsen burner while 

heating the flask or a beaker so that 

the flame does not go beyond the 

gauze and hence there is no direct 

contact between the flame and the 

flask. The wire gauze being a good 

conductor of heat, absorb the heat of 

the flame and transmit it to the flask. 

Davy's safety lamp has been 

designed on this principle. The gases 

in the mines burn inside the gauze 

placed around the flame of the lamp. The temperature outside the gauze is 

not high, so the gases outside the gauze do not catch fire.   

(5) Birds often swell their feathers in winter. By doing so, they enclose 

more air between their bodies and the feathers. The air, being bad 

conductor of heat prevents the out flow of their body heat. Thus, birds feel 

warmer in winter by swelling their feathers. 

Combination of Metallic Rods  

(1) Series combination : Let n slabs each of cross-sectional area A, 

lengths nllll ,......,, 321  and conductivities nKKKK ......,, 321  respectively 

be connected in the series 

 

 

 

 

(i) Heat current : Heat current is the same in all the conductors.i.e.,  

nHHHH
t

Q
 .........321   
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n

nnn
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AK )( 1  
   

(ii) Equivalent thermal resistance :  nRRRR .....21   

(iii) Equivalent thermal conductivity : It can be calculated as follows  

From ...321  RRRRS  
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(a) For n slabs of equal length 

n
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(b) For two slabs of equal length, 
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(iv) Temperature of interface of composite bar : Let the two bars are 
arranged in series as shown in the figure. 

 

 

 

 

Then heat current is same in the two conductors. 

i.e., 
2

22

1

11 )()(

l

AK

l

AK

t

Q  



  

By solving we get  

2

2

1

1

2

2

2
1

1

1

l

K

l

K

l

K

l

K









  

(a) If l
1

 = l
2

  then 
21

2211

KK

KK







  

(b) If K
1

 = K
2

 and l
1

 = l
2

 then 
2

21 



   

(2) Parallel Combination : Let n slabs each of length l, areas 

nAAAA ,.....,, 321  and thermal conductivities nKKKK ,.....,, 321  are 

connected in parallel then  

 

 

 

 

 

 

 

(i) Equivalent resistance : 
ns RRRRR

1
.....

1111

321

  

For two slabs 
21

21

RR

RR
Rs


  

(ii) Temperature gradient : Same across each slab. 

(iii) Heat current : in each slab will be different. Net heat current will 
be the sum of heat currents through individual slabs. i.e., 

nHHHHH ....321   

l

AAAK n )().....( 2121  
  

=
l

AK

l

AK

l

AK nn )(
...

)()( 2121222111  
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(a) For n slabs of equal area 
n

KKKK
K n.....321 
  

(b) For two slabs of equal area 
2

21 KK
K


 . 

Ingen-Hauz Experiment 

It is used to compare thermal conductivities of different materials. If 

1l , 2l  and l
3

 are the lengths 

of wax melted on rods as 

shown in the figure, then the ratio of thermal conductivities is 

2
3

2
2

2
1321 :::: lllKKK    

 Thermal conductivity (K)  (Melted length l )2 

Searle's Experiment 

It is a method of determination of K of a metallic rod.  

 

 

 

 

 

 

 

 

(1) In this experiment a temperature difference )( 21    is 

maintained across a rod of length l and area of cross section A. If the 

thermal conductivity of the material of the rod is K, then the amount of 

heat transmitted by the rod from the hot end to the cold end in time t is 

given by, 
l

tKA
Q

)( 21  
  ......(i) 

(2) In Searle's experiment, this heat reaching the other end is utilized 

to raise the temperature of certain amount of water flowing through pipes 

circulating around the other end of the rod. If temperature of the water at 

the inlet is 3  and at the outlet is 4 , then the amount of heat absorbed 

by water is given by, )( 34   mcQ     

 ......(ii) 

(3) Where, m is the mass of the water which has absorbed this heat 

and temperature is raised and c is the specific heat of the water  

Equating (i) and (ii), K can be determined i.e., 
tA

lmc
K

)(

)(

21

34








  

(4) In numericals we may have the situation where the amount of heat 

travelling to the other end may be required to do some other work e.g.,  it 

may be required to melt the given amount of ice. In that case equation (i) 

will have to be equated to mL. 

i.e.  
l

tKA
mL

)( 21  
  

Growth of Ice on Lake 

(1) Water in a lake starts freezing if the atmospheric temperature 

drops below Co0 . Let y be the thickness of ice layer in the lake at any 

instant t and atmospheric temperature is Co .  

(2) The temperature of water in contact with lower surface of ice will 

be zero. 

(3) If A is the area of lake, heat escaping through ice in time dt is 

y

dtKA
dQ

)](0[
1


  

(4) Suppose the thickness of ice layer increases by dy in time dt, due 

to escaping of above heat. Then LAdymLdQ )(2   
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(5) As 21 dQdQ  , hence, rate of growth of ice will be 

)/()/( LyKdtdy   

So, the time taken by ice to grow to a thickness y is 

  2

0 2
y

K

L
dyy

K

L
t

y








   

(6) If the thickness is increased from 1y  to 2y  then time taken 

)(
2

2
1

2
2

2

1

yy
K

L
ydy

K

L
t

y

y
  






  

(7) Take care and do not apply a negative sign for putting values of 

temperature in formula and also do not convert it to absolute scale. 

(8) Ice is a poor conductor of heat, therefore the rate of increase of 

thickness of ice on ponds decreases with time. 

(9) It follows from the above equation that time taken to double and 

triple the thickness, will be in the ratio of  

 ,3:2:1:::: 222
321 ttt  i.e., 9:4:1:::: 321 ttt  

(10) The time intervals to change the thickness from 0 to y, from y to 

2y and so on will be in the ratio 

)2:3(:)12(:)01(:::: 222222
321  ttt  

  5:3:1:::: 321 ttt   

Convection  

 

 

 

 

 

 

Mode of transfer of heat by means of migration of material particles of 

medium is called convection. It is of two types. 

(1) Natural convection : This arise due to difference of densities at two 

places and is a consequence of gravity because on account of gravity the hot 

light particles rise up 

and cold heavy particles 

try setting down. It 

mostly occurs on 

heating a liquid/fluid.  

(2) Forced 

convection : If a fluid is 

forced to move to take 

up heat from a hot body 

then the convection process is called 

forced convection. In this case Newton's 

law of cooling holds good. According to 

which rate of loss of heat from a hot body 

due to moving fluid is directly 

proportional to the surface area of body and excess temperature of body 

over its surroundings i.e. 

 )( 0TTA
t

Q
  )( 0TTAh

t

Q
  

where h = Constant of proportionality called convection coefficient, T = 

Temperature of body and T
0

 = Temperature of surrounding  

Convection coefficient (h) depends on properties of fluid such as 

density, viscosity, specific heat and thermal conductivity.  

(3) Natural convection takes place from bottom to top while forced 

convection in any direction. 

(4) In case of natural convection, convection currents move warm air 

upwards and cool air downwards. That is why heating is done from base, 

while cooling from the top. 

(5) Natural convection plays an important role in ventilation, in 

changing climate and weather and in forming land and sea breezes and 

trade winds. 

(6) Natural convection is not possible in a gravity free region such as a 

free falling lift or an orbiting satellite. 

(7) The force of blood in our body by heart helps in keeping the 

temperature of body constant. 

(8) If liquids and gases are heated from the top (so that convection is 

not possible) they transfer heat (from top to bottom) by conduction. 

(9) Mercury though a liquid is heated by conduction and not by 

convection. 

Radiation  

(1) The process of the transfer of heat from one place to another place 

without heating the intervening 

medium is called radiation. 

 

(2) Precisely it is 

electromagnetic energy transfer 

in the form of electromagnetic wave through any medium. It is possible 

even in vacuum e.g. the heat from the sun reaches the earth through 

radiation. 

(3) The wavelength of thermal radiations ranges from m7108.7   

to m4104  . They belong to infra-red region of the electromagnetic 

spectrum. That is why thermal radiations are also called infra-red radiations. 

(4) Medium is not required for the propagation of these radiations. 

(5) They produce sensation of warmth in us but we can’t see them. 

(6) Every body whose temperature is above zero Kelvin emits thermal 

radiation. 

(7) Their speed is equal to that of light i.e. )/103( 8 sm . 

(8) Their intensity is inversely proportional to the square of distance 

of point of observation from the source (i.e. 2/1 dI  ). 

(9) Just as light waves, they follow laws of reflection, refraction, 

interference, diffraction and polarisation. 

(10) When these radiations fall on a surface then exert pressure on 

that surface which is known as radiation pressure. 

Convection 

current 
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(11) While travelling these radiations travel just like photons of other 
electromagnetic waves. They manifest themselves as heat only when they are 
absorbed by a substance.  

(12) Spectrum of these radiations can not be obtained with the help of 
glass prism because it absorbs heat radiations. It is obtained by quartz or rock 
salt prism because these materials do not have free electrons and 
interatomic vibrational frequency is greater than the radiation frequency, 
hence they do not absorb heat radiations. 

(13) Diathermanous Medium : A medium which allows heat radiations 
to pass through it without absorbing them is called diathermanous medium. 
Thus the temperature of a diathermanous medium does not increase 
irrespective of the amount of the thermal radiations passing through it e.g., 

dry air, 2SO , rock salt (NaCl). 

(i) Dry air does not get heated in summers by absorbing heat 
radiations from sun. It gets heated through convection by receiving heat 
from the surface of earth. 

(ii) In winters heat from sun is directly absorbed by human flesh while 
the surrounding air being diathermanous is still cool. This is the reason that 
sun’s warmth in winter season appears very satisfying to us. 

(14) Athermanous medium : A medium which partly absorbs heat rays 

is called a thermous medium  As a result temperature of an athermanous 

medium increases when heat radiations pass through it e.g., wood, metal, 

moist air, simple glass, human flesh etc. 

Colour of Heated Object 

When a body is heated, all radiations having wavelengths from zero to 
infinity are emitted.  

(1) Radiations of longer wavelengths are predominant at lower 
temperature.   

(2) The wavelength corresponding to maximum emission of radiations 
shifts from longer wavelength to shorter wavelength as the temperature 
increases. Due to this the colour of a body appears to be changing.  

(3) A blue flame is at a higher temperature than a yellow flame 

Table 15.3 : Variation of colour of a body on heating 

Temperature Colour 

525°C Dull red 

900°C  Cherry red 

1100°C Orange red 

1200°C Yellow 

1600°C White 

Interaction of Radiation with Matter  

When thermal radiations (Q) fall on a body, they are partly reflected, 

partly absorbed and partly transmitted. 

(1) tra QQQQ   

(2) 1 tra
Q

Q

Q

Q

Q

Q tra  

(3) 
Q

Q
a a = Absorptance or absorbing power 

     
Q

Q
r r  = Reflectance or reflecting power 

     
Q

Q
t t = Transmittance or transmitting power 

(4) r, a and t all are the pure ratios so they have no unit and 

dimension. 

(5) Different bodies  

(i) If a  = t = 0 and r = 1  body is perfect reflector 

(ii) If r = t = 0 and a = 1  body is perfectly black body 

(iii) If, a = r = 0 and t = 1  body is perfect transmitter 

(iv) If t = 0  raar  1or1  i.e. good reflectors are bad 

absorbers. 

Emissive Power, Absorptive Power and Emissivity 

If temperature of a body is more than it's surrounding then body 

emits thermal radiation  

(1) Monochromatic Emittance or Spectral emissive power (e) : For a 

given surface it is defined as the radiant energy emitted per sec per unit 

area of the surface with in a unit wavelength around  i.e. lying between 











2

1
  to 










2

1
 . 

Spectral emissive power 
wavelengthtimeArea

Energy
)(


e    

Unit :  
Åsecm

Joule

2
    and  Dimension : ][ 31  TML  

(2) Total emittance or total emissive power (e) : It is defined as the 

total amount of thermal energy emitted per unit time, per unit area of the 

body for all possible wavelengths.     

      



0

dee  

Unit : 
sec2 m

Joule
 or 

2m

W att
   and  Dimension : ][ 3MT  

(3) Monochromatic absorptance or spectral absorptive power (a) : It 

is defined as the ratio of the amount of the energy absorbed in a certain 

time to the total heat energy incident upon it in the same time, both in the 

unit wavelength interval. It is dimensionless and unit less quantity. It is 

represented by a. 

(4) Total absorptance or total absorpting power (a): It is defined as 

the total amount of thermal energy absorbed per unit time, per unit area of 

the body for all possible wavelengths.  

  



0

daa  

(5) Emissivity () : Emissivity of a body at a given temperature is 

defined as the ratio of the total emissive power of the body (e) to the total 

emissive power of a perfect black body (E) at that temperature i.e. 
E

e
                      

(  read as epsilon)  

(i) For perfectly black body  = 1 

(ii) For highly polished body  = 0 

(iii) But for practical bodies emissivity () lies between zero and one 

(0 <  < 1). 

Perfectly Black Body 

Q Qr 

Qa 

Qt 

Fig. 15.19 
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(1) A perfectly black body is that which absorbs completely the 

radiations of all wavelengths incident on it. 

(2) As a perfectly black body neither reflects nor transmits any 

radiation, therefore the absorptance of a perfectly black body is unity i.e. t = 

0 and r = 0   a = 1. 

(3) We know that the colour of an opaque body is the colour 

(wavelength) of radiation reflected by it. As a black body reflects no 

wavelength so, it appears black, whatever be the colour of radiations 

incident on it. 

(4) When perfectly black body is heated to a suitable high 

temperature, it emits radiation of all possible wavelengths. For example, 

temperature of the sun is very high (6000 K approx.) it emits all possible 

radiation so it is an example of black body. 

(5) Ferry’s black body : A perfectly black body can’t be realised in 

practice. The nearest example of an ideal black body is the Ferry’s black 

body. It is a doubled walled evacuated spherical cavity whose inner wall is 

blackened. The space between the wall is evacuated to prevent the loss of 

heat by conduction and radiation. There is a fine hole in it. All the 

radiations incident upon this hole are absorbed by this black body. If this 

black body is heated to high temperature then it emits radiations of all 

wavelengths. It is the hole which is to be regarded as a black body and not 

the total enclosure  

 

 

 

 

 

(6) A perfectly black body can not be realised in practice but materials 

like Platinum black or Lamp black come close to being ideal black bodies. 

Such materials absorbs 96% to 85% of the incident radiations. 

Prevost Theory of Heat Exchange 

 

 

 

 

 

 

(1) Every body emits heat radiations at all finite temperature (Except 0 

K) as well as it absorbs radiations from the surroundings. 

(2) Exchange of energy along various bodies takes place via radiation. 

(3) The process of heat exchange among various bodies is a 

continuous phenomenon. 

(4) At absolute zero temperature (0 K or – 273°C) this law is not 
applicable because at this temperature the heat exchange among various 

bodies ceases. 

(5) If Q
emission

 > Qabsorbed  temperature of body decreases and 

consequently the body appears colder. 

If Q
emission

 < Qabsorbed  temperature of body increases and it appears 

hotter. 

If Q
emission

 = Qabsorbed  temperature of body remains constant 

(thermal equilibrium) 

Kirchoff's Law 
According to this law the ratio of emissive power to absorptive power 

is same for all surfaces at the same temperature and is equal to the emissive 

power of a perfectly black body at that temperature. Hence 

y black bodPerfectly2

2

1

1 ... 









A

E

a

e

a

e
 

But for perfectly black body A = 1 i.e. E
a

e
  

If emissive and absorptive powers are considered for a particular 

wavelength , black)( 


 E
a

e














  

Now since (E)
black

 is constant at a given temperature, according to this 

law if a surface is a good absorber of a particular wavelength it is also a 

good emitter of that wavelength. 

This in turn implies that a good absorber is a good emitter (or 

radiator)  

Applications of Kirchoff's Law 

(1) Sand is rough black, so it is a good absorber and hence in deserts, 

days (when radiation from the sun is incident on sand) will be very hot. 

Now in accordance with Kirchoff’s law, good absorber is a good emitter so 

nights (when sand emits radiation) will be cold. This is why days are hot 

and nights are cold in desert. 

(2) Sodium vapours, on heating, emit two bright yellow lines. These 

are called D
1

, D
2

 lines of sodium. When continuos white light from an arc 

lamp is made to pass through sodium vapours at low temperature, the 

continuous spectrum is intercepted by two dark lines exactly in the same 

places as D
1

 and D
2

 lines. Hence sodium vapours when cold, absorbs the 

same wavelength, as they emit while hot. This is in accordance with 

Kirchoff's law. 

(3) When a shining metal ball having some black spots on its surface 

is heated to a high temperature and is seen in dark, the black spots shine 

brightly and the shining ball becomes dull or invisible. The reason is that 

the black spots on heating absorb radiation and so emit these in dark while 

the polished shining part reflects radiations and absorb nothing and so does 

not emit radiations and becomes invisible in the dark.  

(4) When a green glass is heated in furnace and taken out, it is found 

to glow with red light. This is because red and green are complimentary 

colours. At ordinary temperatures, a green glass appears green, because it 

transmits green colour and absorb red colour strongly. According to 

Kirchoff's law, this green glass, on heating must emit the red colour, which 

is absorbed strongly. Similarly when a red glass is heated to a high 

temperature it will glow with green light.  

(5) A person with black skin experiences more heat and more cold as 

compared to a person of white skin because when the outside temperature 

is greater, the person with black skin absorbs more heat and when the 

outside temperature is less the person with black skin radiates more energy. 

(6) Kirchoff' law also explains the Fraunhoffer lines :  

(i) Sun's inner most part (photosphere) emits radiation of all 

wavelength at high temperature. 

O 
P 

Fig. 15.20 
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(ii) When these radiation enters in outer part (chromosphere) of sun, 

few wavelength are absorbed by some terrestrial elements (present in 

vapour form at lower temperature) 

(iii) These absorbed wavelengths, which are missing appear as dark 

lines in the spectrum of the sun called Fraunhoffer lines. 

 

 

 

 

 

 

 

 

(iv) During total solar eclipse these lines appear bright because the 

gases and vapour present in the chromosphere start emitting those 

radiation which they had absorbed.  

Stefan's Law 

According to it the radiant energy emitted by a perfectly black body 

per unit area per sec (i.e. emissive power of black body) is directly 

proportional to the fourth power of its absolute temperature, i.e. 4TE   

 E = T4 

where  is a constant called Stefan’s constant having dimension 

][ 43  MT  and value 428 /1067.5 KmW . 

(i) For ordinary body : e = E 4T  

(ii) Radiant energy : If Q is the total energy radiated by the ordinary 

body then 4T
tA

Q
e 


    tTAQ 4   

(iii) Radiant power (P) : It is defined as energy radiated per unit area 

i.e. 4TA
t

Q
P  . 

(iv) If an ordinary body at temperature T is surrounded by a body at 

temperature T
0

, then Stefan's law may be put as  

  )( 4
0

4 TTe    

Rate of Loss of Heat (RH) and Rate of Cooling (RC) 

(1) Rate of loss of heat (or initial rate of loss of heat) : If an ordinary 

body at temperature T is placed in an environment of temperature T
0

 (T
0

 < 

T) then heat loss by radiation is given by  

 )( 4
0

4
absorptionemission TTAQQQ    

(2) Rate of loss of heat )()( 4
0

4 TTA
dt

dQ
RH    

(i) If two bodies are made of same material, have same surface finish 

and are at the same initial temperature then A
dt

dQ
  

2

1

2

1

A

A

dt

dQ

dt

dQ





















 

(3) Initial rate of fall in temperature (Rate of cooling): If m is the body 

and c is the specific heat then  

dt

d
mc

dt

dT
mc

dt

dQ 
 .     TmcQ ( and )ddT    

(i)  Rate of cooling 
mc

dtdQ

dt

d
Rc

)/(
)( 


)( 4

0
4 TT

mc

A



 

)( 4
0

4 TT
cV

A





; where m = density ()  volume (V) 

(ii) for two bodies of the same material under identical environments, 

the ratio of their rate of cooling is 
1

2

2

1

2

1 .
)(

)(

V

V

A

A

R

R

c

c   

(4) Dependence of rate of cooling : When a body cools by radiation 

the rate of cooling depends on 

(i) Nature of radiating surface i.e. greater the emissivity, faster will be 

the cooling. 

(ii) Area of radiating surface, i.e. greater the area of radiating surface, 

faster will be the cooling. 

(iii) Mass of radiating body i.e. greater the mass of radiating body 

slower will be the cooling. 

(iv) Specific heat of radiating body i.e. greater the specific heat of 

radiating body slower will be cooling. 

(v) Temperature of radiating body i.e. greater the temperature of body 

faster will be cooling. 

(vi) Temperature of surrounding i.e. greater the temperature of 

surrounding slower will be cooling. 

Table 15.4 : Comparison of rate of heat loss (R
H

) and rate of cooling (R
c

) for 
different bodies 

 

Body Condition Rate of heat loss 

dt

dQ
RH   

Rate of cooling  

dt

dT
Rc  or 

dt

d
 

Two solid 
sphere  

T, T0 , c,  are 
same  

2rARH   

 
2

2

2
1

2

1

)(

)(

r

r

R

R

H

H   


V

A
Rc

rr

r 1
3

2

  

Two solid 
sphere of 
diff. material  

T, T0 – same  2rARH   

cV

A
Rc




cr

1
  

Different 
shape bodies 
like cube, 
sphere plate 

T, T0, c,  - same  ARH   

maxA Plate 

minA  sphere 

V

A
Rc   

Bodies of 
different 
materials  

T, T0, m, A are 
same but c diff. 

HR same for all. 

bodies  c
Rc

1
  

 

Newton's Law of Cooling 
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When the temperature difference between the body and its 

surrounding is not very large i.e. T – T
0

 = T then 4
0

4 TT   may be 

approximated as TT 3
04   

By Stefan’s law, ][ 4
0

4 TT
mc

A

dt

dT



 

Hence TT
mc

A

dt

dT
 3

04


 T
dt

dT
  or  0




dt

d
 

i.e., if the temperature of body is not very different from surrounding, 

rate of cooling is proportional to temperature difference between the body 

and its surrounding. This law is called Newton’s law of cooling. 

(1) Greater the temperature difference between body and its 

surrounding greater will be the rate of cooling. 

(2) If 0  , 0
dt

d
 i.e. a body can never be cooled to a 

temperature lesser than its surrounding by radiation. 

(3) If a body cools by radiation from Co
1  to Co

2  in time t, then 

tdt

d 21  
  and 

2

21 



 av . The Newton’s law of cooling 

becomes 


















 
0

2121

2



K

t
. 

This form of law helps in solving numericals. 

(4) Practical examples  

(i) Hot water loses heat in smaller duration as compared to moderate 

warm water. 

(ii) Adding milk in hot tea reduces the rate of cooling. 

Cooling Curves 

(1) Curve between log(  – 
0

) and time  

As Kdt
d

dt

d





)(
)(

0

0






 

Integrating CKte  )(log 0  

AKt ee log)(log 0   

This is a straight line with negative slope  

(2) Curve between temperature of body and time  

As  AKt ee log)(log 0   Kt
A

e 
 0log


 

 ktAe  0  

which indicates temperature 

decreases exponentially with 

increasing time. 

(3) Curve between the rate of cooling 

 (R) and body temperature (). 

00)(  KKKR   

This is a straight line intercept  

R-axis at 0K  

(4) Curve between rate of cooling (R)  

and temperature difference between 

 body () and surrounding (
0

)  

)( 0 R . This is a straight line  

passing through origin. 

Determination of Specific Heat of Liquid 

If volume, radiating surface area, nature of surface, initial temperature 

and surrounding of water and given liquid are equal and they are allowed to 

cool down (by radiation) then rate of loss of heat and fall in temperature of 

both will be same. 
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W = m
c

c
c

 = Water equivalent of calorimeter, where m
c

 and 
 

c
c

 are mass 
and specific heat of calorimeter. 

If density of water and liquid is  and  respectively then 

WW Vm   and ll Vm   

Specific heat of liquid 
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Distribution of Energy in the Spectrum of Black Body 

A perfectly black body emits radiation of all possible wavelength. 

Langley and later on Lummer and Pringsheim investigated the 
distribution of energy amongst the different wavelengths in the thermal 

spectrum of a black body radiation. The results obtained are shown in 
figure. From these curves it is clear that 

(1) At a given temperature energy is not uniformly distributed among 

different wavelengths. 

(2) At a given temperature intensity of heat radiation increases with 
wavelength, reaches a maximum at a particular wavelength and with further 

increase in wavelength it decreases. 
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(3) For all wavelengths an increase in temperature causes an increase 
in intensity. 

(4) The area under the curve will represent the total intensity of 

radiation at a particular temperature i.e. Area = E  dE  

From Stefan's law E = T4  Area under E -  curve (A)  T4  

(5) The energy (E
max

) emitted corresponding to the wavelength of 

maximum emission (
m

) increases with fifth power of the absolute 

temperature of the black body i.e.,  5
max TE   

Wien's Displacement Law 

According to Wien's law the product of wavelength corresponding to 

maximum intensity of radiation and temperature of body (in Kelvin) is 

constant, i.e. constant bTm  

where b is Wien's constant and has value Km -1089.2 3 . 

As the temperature of the body increases, the wavelength at which the 

spectral intensity (E) is maximum shifts towards left. Therefore it is also 

called Wien's displacement law. 

 

 

 

 

 

 

This law is of great importance in ‘Astrophysics’ as through the 

analysis of radiations coming from a distant star, by finding m  the 

temperature of the star )/( mbT   is determined. 

Law of Distribution of Energy (Plank's Hypothesis) 

(1) The theoretical explanation of black body radiation was done by 

Planck. 

(2) According to Plank's atoms of the walls of a uniform temperature 

enclosure behave as oscillators, each with a characteristic frequency of 
oscillation. 

(3) These oscillations emits electromagnetic radiations in the form of 

photons (The radiation coming out from a small hole in the enclosure are 

called black body radiation). The energy of each photon is h. Where  is 

the frequency of oscillator and h is the Plank's constant. Thus emitted 

energies may be h, 2h, 3h ... nh but not in between. 

According to Planck's law 





 d
e

hc
dE

KThc ]1[

18
/5 

  

where c = speed of light and k = Boltzmann's constant. This equation is 
known as Plank's radiation law. It is correct and complete law of radiation  

(4) This law is valid for radiations of all wavelengths ranging from 
zero to infinite.  

(5) For radiations of short wavelength 









KT

hc
  Planck's law 

reduces to Wien's energy distribution law 
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(6) For radiations of long wavelength 









KT

hc
  Planck's law 

reduces to Rayleigh-Jeans energy distribution law 
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Temperature of the Sun and Solar Constant 

If R is the radius of the sun and T its temperature, then the energy 

emitted by the sun per sec through radiation in accordance with Stefan’s 

law will be given by 

 424 4 TRTAP    

In reaching earth this energy will spread over a sphere of radius r (= 

average distance between sun and earth); so the intensity of solar radiation 

at the surface of earth (called solar constant S) will be given by 
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As 8105.1 r km, 5107R km,  

22
4.12

m

kW

mincm

cal
S   and 

42

81067.5
Km

W  

This result is in good agreement with the experimental value of 

temperature of sun, i.e., 6000 K.  

 

 

 

 

 

 Glass and water vapours transmit shorter wavelengths through 

them but reflects longer wavelengths. This concept is utilised in Green 

house effect. Glass transmits those waves which are emitted by a source 

at a temperature greater than 100°C. So, heat rays emitted from sun are 

able to enter through glass enclosure but heat emitted by small plants 

growing in the nursery gets trapped inside the enclosure. 

  Suppose two metallic rods are first connected in series then in 

parallel.  

 

   

 

 

If sQ   heat flows in time st  in series combination and pQ  heat flows 

in time pt  in parallel combine, then 
p
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If Rods are identical then 
2

R
RS   and RRp 2  
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Q
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 If temperature of a body becomes 
1

 to 
2

 in t time and it becomes 


2

 to 
3

 in next time then use  

02

03

01

02

















 (

0

 = temperature of enviroment) 

 Newton's law of cooling can be used to compare the specific heat of 

the two liquids.  

If equal masses of two liquids having same surface are and finish cools 

from same initial temperature to same final temperature with same 

surrounding then 
2

1

1

2

2

1

C

C

K

K

t

t
  

 Radiations from sun take 8 min and 20 sec  to reach earth.  

 Suppose temperature of a body decreases 
1

°C to 
2

°C in time t
1

 and 


2

°C to 
3

°C in time t
2

 in the same invirment  

If (
1

 – 
2

)  (
2

 – 
3

) then t
2

 > t
1

  

 Green glass is a good absorber of red light and a good reflector of 

green light. Consequently at lower temperature it is a good emitter of 

red light. 

 Hence  Green                   Red 

  Also     Yellow  Blue 

 

 While solving the problems of heat flow, remember the following 

equation  

 e.g. If we are interested in finding the mass of ice which transfoms 

into water in unit time. For this we will take  

 
dt

dm
L

R

DT
f .

..
  

 
))((

..

RL

DT

dt

dm

f

  

 Confusion  

 The rate of cooling has been used in many books, with double 

meanings. At some places. Rate of cooling 
dt

dQ
  and at other places, 

rate of cooling 
dt

d
 . Our suggestion is that look for the units, if the 

rate of  cooling is in cal/m in or J/sec etc., then it is .
dt

dQ
 But if rate of 

cooling is in °C/min it means 
dt

d
. 

 

 

 
 
 
 
 

 

Conduction 
 

 

1. In which case the thermal conductivity  increases from left to right[NCERT 1974, 76; AFMC 2000] 

 (a) Al, Cu, Ag (b) Ag, Cu, Al 

 (c) Cu, Ag, Al (d) Al, Ag, Cu 

2. Which of the following cylindrical rods will conduct most heat, when 

their ends are maintained at the same steady temperature [CPMT 1981; NCERT 1973, 81; 

MP PMT 1987; CBSE PMT 1995] 

 (a) Length 1 m; radius 1 cm 

 (b) Length 2 m; radius 1 cm 

 (c) Length 2 m; radius 2 cm 

 (d) Length 1 m; radius 2 cm 

3. The heat is flowing through two cylindrical rods of same material. 

The diameters of the rods are in the ratio 1 : 2 and their lengths are 
in the ratio 2 : 1. If the temperature difference between their ends is 
the same, the ratio of rate of flow of heat through them will be 

 [NCERT 1982; CBSE PMT 1995; EAMCET 1997] 

 (a) 1 : 1 (b) 2 : 1 

 (c) 1 : 4 (d) 1 : 8  

4. Two identical square rods of metal are welded end to end as shown 
in figure (i), 20 calories of heat flows through it in 4 minutes. If the 
rods are welded as shown in figure (ii), the same amount of heat 
will flow through the rods in 

 [NCERT 1982] 

 

 

 

 

  (a) 1 minute (b) 2 minutes 

 (c) 4 minutes (d) 16 minutes 

5. For cooking the food, which of the following type of utensil is most 

suitable  

[MNR 1986; MP PET 1990; CPMT 1991;  

SCRA 1998; MP PMT/PET 1998, 2000; RPET 2001] 

 (a) High specific heat and low conductivity 

 (b) High specific heat and high conductivity 

 (c) Low specific heat and low conductivity 

 (d) Low specific heat and high conductivity 

0oC 100oC 

(i) 

100oC 0oC 

(ii) 

L, K, A 

100°C 

ice (0°C) 
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6. Under steady state, the temperature of a body [CPMT 1978] 

 (a) Increases with time 

 (b) Decreases with time 

 (c) Does not change with time and is same at all the points of the 
body 

 (d) Does not change with time but is different at different points 
of the body 

7. The coefficient of thermal conductivity depends upon  

[MP PET/PMT 1984; AFMC 1996; Orissa JEE 2005] 

 (a) Temperature difference of two surfaces 

 (b) Area of the plate 

 (c) Thickness of the plate 

 (d) Material of the plate 

8. When two ends of a rod wrapped with cotton are maintained at 
different temperatures and after some time every point of the rod 
attains a constant temperature, then 

[MP PET/PMT 1988] 

 (a) Conduction of heat at different points of the rod stops because 
the temperature is not increasing 

 (b) Rod is bad conductor of heat 

 (c) Heat is being radiated from each point of the rod 

 (d) Each point of the rod is giving heat to its neighbour at the 
same rate at which it is receiving heat 

9. The length of the two rods made up of the same metal and having 
the same area of cross-section are 0.6 m and 0.8 m respectively. The 

temperature between the ends of first rod is Co90  and Co60 and 

that for the other rod is 150 and Co110 . For which rod the rate of 
conduction will be greater 

 (a) First (b) Second 

 (c) Same for both (d) None of the above 

10. The ratio of thermal conductivity of two rods of different material is 

5 : 4. The two rods of same area of cross-section and same thermal 
resistance will have the lengths in the ratio   [MP PET 1984; BVP 2003] 

 (a) 4 : 5 (b) 9 : 1 

 (c) 1 : 9 (d) 5 : 4 

11. The thermal conductivity of a material in CGS system is 0.4. In 
steady state, the rate of flow of heat 10 cal/sec-cm2, then the thermal 
gradient will be    [MP PMT 1989] 

 (a) cmC /10  (b) cmC /12  

 (c) cmC /25  (d) cmC /20  

12. Two rectangular blocks A and B of different metals have same 
length and same area of cross-section. They are kept in such a way 
that their cross-sectional area touch each other. The temperature at 
one end of A is 100°C and that of B at the other end is 0°C. If the 
ratio of their thermal conductivity is 1 : 3, then under steady state, the 
temperature of the junction in contact will be   [MP PMT 1985] 

 (a) 25°C (b) 50°C  

 (c) 75°C (d) 100°C  

13. Two vessels of different materials are similar in size in every respect. 

The same quantity of ice filled in them gets melted in 20 minutes 

and 30 minutes. The ratio of their thermal conductivities will be [MP PMT 1989; CMEET Bihar 1995] 

 (a) 1.5 (b) 1 

 (c) 2/3 (d) 4 

14. Two rods A and B are of equal lengths. Their ends are kept between 

the same temperature and their area of cross-sections are 1A and 

2A and thermal conductivities 1K  and 2K . The rate of heat 

transmission in the two rods will be equal, if [MP PMT 1991; CBSE PMT 2002] 

 (a) 1221 AKAK   (b) 2211 AKAK   

 (c) 21 KK   (d) 2
22

2
11 AKAK   

15. In variable state, the rate of flow of heat is controlled by 

 (a) Density of material (b) Specific heat 

 (c) Thermal conductivity (d) All the above factors 

16. If the ratio of coefficient of thermal conductivity of silver and copper 
is 10 : 9, then the ratio of the lengths upto which wax will melt in 
Ingen Hausz experiment will be 

[DPMT 2001] 

 (a) 6 : 10 (b) 3:10  

 (c) 100 : 81 (d) 81 : 100 

17. The thickness of a metallic plate is 0.4 cm. The temperature 

between its two surfaces is Co20 . The quantity of heat flowing 

per second is 50 calories from 25cm  area. In CGS system, the 

coefficient of thermal conductivity will be 

 (a) 0.4 (b) 0.6 

 (c) 0.2 (d) 0.5 

18. In Searle's method for finding conductivity of metals, the 
temperature gradient along the bar  [MP PMT 1984] 

 (a) Is greater nearer the hot end 

 (b) Is greater nearer to the cold end 

 (c) Is the same at all points along the bar 

 (d) Increases as we go from hot end to cold end 

19. The dimensions of thermal resistance are 

 (a) KTLM 321   (b) 122  KTML  

 (c) KTML 32   (d) 222  KTML  

20. A piece of glass is heated to a high temperature and then allowed to 
cool. If it cracks, a probable reason for this is the following property 

of glass   [CPMT 1985] 

 (a) Low thermal conductivity 

 (b) High thermal conductivity 

 (c) High specific heat 

 (d) High melting point 

21. Two walls of thicknesses d
1

 and d
2

 and thermal conductivities k
1

 and 

k
2

 are in contact. In the steady state, if the temperatures at the outer 

surfaces are 1T  and 2T , the temperature at the common wall is  

  [MP PMT 1990; CBSE PMT 1999] 

 (a) 
1221

122211

dkdk

dTkdTk




 (b) 

21

2211

dd

dkTk




 

 (c) 21

21

2211 TT
TT

dkdk

















 (d) 

2211

222111

dkdk

TdkTdk




 

22. A slab consists of two parallel layers of copper and brass of the 

same thickness and having thermal conductivities in the ratio 1 : 4. If 
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the free face of brass is at Co100  and that of copper at Co0 , 

the temperature of interface is 

[IIT 1981; MP PMT 1987, 2001] 

 (a) 80°C (b) 20°C 

 (c) 60°C (d) 40°C 

23. The temperature gradient in a rod of 0.5 m long is mCo /80 . If 

the temperature of hotter end of the rod is Co30 , then the 
temperature of the cooler end is 

 (a) Co40  (b) Co10  

 (c) Co10  (d) Co0  

24. On heating one end of a rod, the temperature of whole rod will be 

uniform when 

 (a) K = 1 (b) K = 0 

 (c) K = 100 (d) K  

25. Snow is more heat insulating than ice, because 

 (a) Air is filled in porous of snow 

 (b) Ice is more bad conductor than snow 

 (c) Air is filled in porous of ice 

 (d) Density of ice is more 

26. Two thin blankets keep more hotness than one blanket of thickness 
equal to these two. The reason is 

 (a) Their surface area increases 

 (b) A layer of air is formed between these two blankets, which is 

bad conductor 

 (c) These have more wool 

 (d) They absorb more heat from outside 

27. Ice formed over lakes has 

 (a) Very high thermal conductivity and helps in further ice 
formation 

 (b) Very low conductivity and retards further formation of ice 

 (c) It permits quick convection and retards further formation of 
ice 

 (d) It is very good radiator 

28. Two rods of same length and material transfer a given amount of 
heat in 12 seconds, when they are joined end to end. But when they 
are joined lengthwise, then they will transfer same heat in same 
conditions in 

   [BHU 1998; UPSEAT 2002] 

 (a) 24 s (b) 3 s  

 (c) 1.5 s (d) 48 s  

29. Wires A and B have identical lengths and have circular cross-

sections. The radius of A is twice the radius of B ..ei  BA rr 2 . For 

a given temperature difference between the two ends, both wires 
conduct heat at the same rate. The relation between the thermal 
conductivities is given by 

 (a) BA KK 4  (b) BA KK 2  

 (c) 2/BA KK   (d) 4/BA KK   

30. Two identical plates of different metals are joined  to form a single 
plate whose thickness is double the thickness of each plate. If the 
coefficients of conductivity of each plate are  2 and 3 respectively, 
then the conductivity of composite plate will be 

 (a) 5 (b) 2.4 

 (c) 1.5 (d) 1.2 

31. If the radius and length of a copper rod are both doubled, the rate 
of flow of heat along the rod increases 

 (a) 4 times (b) 2 times 

 (c) 8 times (d) 16 times 

32. The coefficients of thermal conductivity of copper, mercury and glass are 
respectively K

c

, K
m 

and K
g

 such that K
c

 > K
m

 > K
g

. If the same quantity of heat 
is to  flow per second per unit area of each and corresponding 
temperature gradients are X

c

, X
m 

and X
g

, then    [MP PMT 1990] 

 (a) gmc XXX   (b) gmc XXX   

 (c) gmc XXX   (d) gcm XXX   

33. If two metallic plates of equal thicknesses and thermal conductivities 

1K and 2K  are put together face to face and a common plate is 

constructed, then the equivalent thermal conductivity of this plate 
will be  [MP PMT 1991] 

 

 

  (a) 
21

21

KK

KK


 (b) 

21

212

KK

KK


 

 (c) 
21

2/32
2

2
1 )(

KK

KK 
 (d) 

21

2/32
2

2
1

2

)(

KK

KK 
 

34. The quantity of heat which crosses unit area of a metal plate during  
conduction depends  upon 

   [MP PMT 1992; JIPMER 1997] 

 (a) The density of the metal  

 (b) The temperature gradient perpendicular to the area  

 (c) The temperature to which the metal is heated 

 (d) The area of the metal plate 

35. The ends of two rods of different materials with their thermal 
conductivities, radii of cross-sections and lengths all are in the ratio 1 
: 2 are maintained  at the same temperature difference. If the rate of 

flow of heat in the larger rod is 4 sec/4 cal , that in the shorter 

rod in sec/cal  will be 

[EAMCET 1986] 

 (a) 1 (b) 2 

 (c) 8 (d) 16 

36. Two spheres of different materials one with double the radius and 

one-fourth wall thickness of the other, are filled with ice. If the time 
taken for complete melting ice in the large radius one is 25 minutes 
and that for smaller one is 16 minutes, the ratio of thermal 
conductivities of the materials of larger sphere to the smaller sphere 
is  [EAMCET 1991] 

 (a) 4 : 5 (b) 5 : 4 

 (c) 25 : 1 (d) 1 : 25 

37. The ratio of the diameters of two metallic rods of the same material is 

2 : 1 and their lengths are in the ratio 1 : 4. If the temperature 
difference between their ends are equal, the rate of flow of heat in 
them will be in the ratio [MP PET 1994] 

 (a) 2 : 1 (b) 4 : 1 

 (c) 1:8  (d) 16 : 1 

K1 K2 
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38. Two cylinders P and Q have the same length and diameter and are 

made of different materials having thermal conductivities in the ratio 
2 : 3. These two cylinders are combined to make a cylinder. One end 
of P is kept at 100°C  and another end of Q at 0°C. The temperature 
at the interface of P and Q is  [MP PMT 1994; EAMCET 2000] 

 (a) Co30  (b) Co40   

 (c) Co50  (d) Co60  

39. Two identical rods of copper and iron are coated with wax 
uniformly. When one end of each is kept at temperature of boiling 

water, the length upto which wax melts are cm4.8  and cm2.4  

respectively. If thermal conductivity of copper is 0.92, then thermal 
conductivity of iron is  [MP PET 1995] 

 (a) 0.23 (b) 0.46 

 (c) 0.115 (d) 0.69 

40. Mud houses are cooler in summer and warmer in winter because[BVP 2003] 

 (a) Mud is superconductor of heat 

 (b) Mud is good conductor of heat 

 (c) Mud is bad conductor of heat 

 (d) None of these 

41. The temperature of hot and cold end of a cm20  long rod in 

thermal steady state are at Co100  and Co20  respectively. 
Temperature at the centre of the rod is [MP PMT 1996] 

 (a) Co50  (b) Co60  

 (c) Co40  (d) Co30  

42. Two bars of thermal conductivities K and 3K and lengths cm1  and 

cm2  respectively have equal cross-sectional area, they are joined 

lengths wise as shown in the figure. If the temperature at the ends 

of this composite bar is Co0  and Co100  respectively (see 

figure), then the temperature  of the interface is 

 

 

 

 

 (a) Co50  (b) Co

3

100
 

 (c) Co60  (d) Co

3

200
 

43. A heat flux of sJ /4000  is to be passed through a copper rod of 

length cm10  and area of cross-section 2100 cm . The thermal 

conductivity of copper is CmW o/400 . The two ends of this rod 

must be kept at a temperature difference of   [MP PMT 1999] 

 (a) Co1  (b) Co10  

 (c) Co100  (d) Co1000  

44.  On a cold morning, a metal surface will feel colder to touch than a 

wooden surface because   [AIIMS 1998] 

 (a) Metal has high specific heat 

 (b) Metal has high thermal conductivity 

 (c) Metal has low specific heat 

 (d) Metal has low thermal conductivity 

45. In order that the heat flows from one part of a solid to another part, 

what is required 

  [Pb. PMT 1999; EAMCET 1998] 

 (a) Uniform density (b) Density gradient 

 (c) Temperature gradient (d) Uniform temperature 

46. At a common temperature, a block of wood and a block of metal 

feel equally cold or hot. The temperatures of block of wood and 
block of metal are   [AIIMS 1999] 

(a) Equal to temperature of the body 

(b) Less than the temperature of the body 

(c) Greater than temperature of the body 

(d) Either (b) or (c) 

47. According to the experiment of Ingen Hausz the relation between 

the thermal conductivity of a metal rod is K  and the length of the 
rod whenever the wax melts is  

    [UPSEAT 1999] 

(a) K/l  = constant  (b) lK /2 = constant 

(c) 2/ lK = constant (d) Kl = constant 

48. Temperature of water at the surface of lake is .20 Co Then 

temperature of water just below the lower surface of ice layer is    [RPET2000] 

(a) Co4   (b) Co0  

(c) Co4  (d) Co20  

49. One end of a metal rod of length 1.0 m and area of cross section 
2100cm  is maintained at .100 Co If the other end of the rod is 

maintained at Co0 , the quantity of heat transmitted through the 
rod per minute is (Coefficient of thermal conductivity of material of 

rod =100W/m-K) 

  [EAMCET (Engg.) 2000] 

(a) J3103    (b) J3106   

(c) J3109   (d) J31012  

50. The coefficient of thermal conductivity of copper is nine times that 

of steel. In the composite cylindrical bar shown in the figure. What 
will be the temperature at the junction of copper and steel         [MP PMT 2000; BHU 2004] 

 (a) Co75  

 (b) Co67  

(c) Co33  

(d) Co25  

51. The lengths and radii of two rods made of same material are in the 

ratios 1 : 2 and 2 : 3 respectively. If the temperature difference 
between the ends for the two rods be the same, then in the steady 
state, the amount of heat flowing per second through them will be 
in the ratio [MP PET 2000] 

(a)  1: 3 (b) 4 : 3 

(c) 8 : 9 (d) 3 : 2 

52. A slab consists of two parallel layers of two different materials of 

same thickness having thermal conductivities K
1

 and K
2

. The 
equivalent conductivity of the combination is  

[BHU 2001] 

0oC 100oC 

1 cm 2 cm 

K 3K 

 

Copper Steel 

0oC 100oC 

6 cm 18 cm 
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(a) 21 KK   (b) 
2

21 KK 
 

(c) 
21

212

KK

KK


 (d) 

21

21

2 KK

KK 
 

53. There are two identical vessels filled with equal amounts of ice. The 

vessels are of different metals., If the ice melts in the two vessels in 
20 and 35 minutes respectively, the ratio of the coefficients of 
thermal conductivity of the two metals is  

[AFMC 1998; MP PET 2001] 

(a) 4 : 7  (b) 7 : 4 

(c) 16 :49 (d) 49 : 16 

54. Surface of the lake is at 2°C. Find the temperature of the bottom of 
the lake   [Orissa JEE 2002] 

(a) Co2   (b) Co3  

(c) Co4  (d) Co1  

55. The heat is flowing through a rod of length 50 cm and area of 

cross-section 25cm . Its ends are respectively at Co25  and 

Co125 . The coefficient of thermal conductivity of the material of 
the rod is 0.092 kcal/m×s×oC. The temperature gradient in the rod is  
   [MP PET 2002] 

(a) cmCo /2  (b) mCo /2  

(c) cmCo /20  (d) mCo /20  

56. In the Ingen Hauz’s experiment the wax melts up to lengths 10 and 

25 cm on two identical rods of different materials. The ratio of 
thermal conductivities of the two materials is  

[MP PET 2002] 

(a) 25.6:1   (b) 6.25 : 1 

(c) 5.2:1  (d) 1 : 2.5 

57. Heat current is maximum in which of the following (rods are of 

identical dimension)   [Orissa JEE 2003] 

(a)   (b)  

 

(c)  (d)  

58. Two rods of same length and cross section are joined along the 
length. Thermal conductivities of first and second rod are 

21 and KK . The temperature of the free ends of the first and 

second rods are maintained at 21  and   respectively. The 

temperature of the common junction is   

[MP PET 2003] 

(a) 
2

21  
  (b) )( 21

21

22  
 KK

KK
 

(c) 
21

2211

KK

KK



 
 (d) 

21

2112

KK

KK



 
 

59. Consider a compound slab consisting of two different materials 
having equal thickness and thermal conductivities K and 2K 
respectively. The equivalent thermal conductivity of the slab is              [CBSE PMT 2003] 

(a) K2   (b) K3  

(c) K
3

4
 (d) K

3

2
 

60. Two rods having thermal conductivity in the ratio of 5 : 3 having 
equal lengths and equal cross-sectional area are joined by face to 
face. If the temperature of the free end of the first rod is 100 oC and 

free end of the second rod is 20oC. Then temperature of the junction 
is 

[CPMT 1996; DPMT 1997, 03; BVP 2004] 

(a) 70 o C (b) 50 o C 

(c) 50 o C (d) 90 o C 

61. Woollen clothes are used in winter season because woolen clothes[EAMCET 1978; AIIMS 1998] 

 (a) Are good sources for producing heat 

 (b) Absorb heat from surroundings 

 (c) Are bad conductors of heat 

 (d) Provide heat to body continuously  

62. Two metal cubes A  and B  of same size are arranged as shown in 
the figure. The extreme ends of the combination are maintained at 
the indicated temperatures. The arrangement is thermally insulated. 

The coefficients of thermal conductivity of A  and B  are 

CmW o/300  and CmW o/200 , respectively. After steady 

state is reached, the temperature of the interface will be [IIT 1996] 

(a) Co45    

(b)  Co90  

 (c) Co30  

 (d) Co60  

63. A cylindrical rod having temperature 1T  and 2T  at its ends. The 

rate of flow of heat is 1Q cal/sec. If all the linear dimensions are 

doubled keeping temperature constant then rate of flow of heat 

2Q will be   [CBSE PMT 2001]  

 (a) 14Q  (b) 12Q  

 (c) 
4

1Q
 (d) 

2

1Q
 

64. A body of length 1m having cross sectional area 0.75m2 has heat flow 
through it at the rate of 6000 Joule/sec. Then find the temperature 

difference if 11200  KJmK  

    [CPMT 2001]  

 (a) 20°C (b) 40°C 

 (c) 80°C (d) 100°C 

65. A wall has two layers A and B made of different materials. The 
thickness of both the layers is the same. The thermal conductivity of 
A and B are K

A

 and K
B

 such that K
A

 = 3K
B

. The temperature across the 
wall is 20°C. In thermal equilibrium    [CPMT 1998] 

 (a) The temperature difference across CA  15   

 (b) The temperature difference across CA  5   

 (c) The temperature difference across A is 10°C 

 (d) The rate of transfer of heat through A is more than that 
through B. 

66. A metal rod of length 2m has cross sectional areas 2A and A as 
shown in figure. The ends are maintained at temperatures 100°C and 
70°C. The temperature at middle point C is  

[CPMT 2000]  

(a) 80°C 

(b) 85°C 

 (c) 90°C 

 (d) 95°C 

67. The ratio of the coefficient of thermal conductivity of two different 
materials is 5 : 3. If the thermal resistance of the rod of same 

Copper Copper Steel 

Steel Copper Steel 

100oC 0oC A B 

100°C C 
70°C 

A 2A 

1m 1m 
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thickness resistance of the rods of same thickness of these materials 
is same, then the ratio of the length of these rods will be    [BHU 2000]  

 (a) 3 : 5  (b) 5 : 3  

 (c) 3 : 4 (d)  3 : 2 

68. Which of the following circular rods. (given radius r and length l) 
each made of the same material as whose ends are maintained at the 
same temperature will conduct most heat 

 [CBSE PMT 2005] 

(a) 00 2;2 llrr   (b) 00 ;2 llrr   

(c) 00 ; llrr   (d) 00 2; llrr   

 

Convection 
 

1.  It is hotter for the same distance over the top of a fire than it is in 
the side of it, mainly because 

[NCERT 1976, 79, 80; AIIMS 2000] 

 (a) Air conducts heat upwards 

 (b) Heat is radiated upwards 

 (c) Convection takes more heat upwards 

(d) Convection, conduction and radiation all contribute  
significantly transferring heat upwards 

2. One likes to sit under sunshine in winter season, because 

(a) The air surrounding the body is hot by which body gets heat  

 (b) We get energy by sun 

 (c) We get heat by conduction by sun 

 (d) None of the above 

3. Air is bad conductor of heat or partly conducts heat, still vacuum is 
to be placed between the walls of the thermos flask because 

 (a) It is difficult to fill the air between the walls of thermos flask 

 (b) Due to more pressure of air, the thermos can get crack 

 (c) By convection, heat can flow through air 

 (d) On filling the air, there is no advantage 

4. While measuring the thermal conductivity of a liquid, we keep the 

upper part hot and lower part cool, so that 

[CPMT 1985; MP PMT/PET 1988] 

 (a) Convection may be stopped 

 (b) Radiation may be stopped 

 (c) Heat conduction is easier downwards 

 (d) It is easier and more convenient to do so 

5. For proper ventilation of building, windows must be open near the 
bottom and top of the walls so as to let pass 

 (a) In more air  

 (b) In cool air near the bottom and hot air out near the roof 

 (c) In hot air near the roof and cool air out near the bottom 

 (d) Out hot air near the roof 

6. The layers of atmosphere are heated through 

     [MP PET 1986] 

 (a) Convection (b) Conduction 

 (c) Radiation (d) (b) and (c) both  

7. Mode of transmission of heat, in which heat is carried by the 
moving particles, is    [KCET 1999] 

 (a) Radiation (b) Conduction 

 (c) Convection (d) Wave motion 

8. In a closed room, heat transfer takes place by  [BHU 2001] 

(a) Conduction  (b) Convection 

(c) Radiation (d) All of these 

9. In heat transfer, which method is based on gravitation 

    [CBSE PMT 2000] 

 (a) Natural convection (b) Conduction  

 (c) Radiation  (d) Stirring of liquids 

10. When fluids are heated from the bottom, convection currents are 
produced because  [UPSEAT 2000] 

 (a) Molecular motion of fluid becomes aligned 

 (b) Molecular collisions take place within the fluid 

 (c) Heated fluid becomes more dense than the cold fluid above it 

 (d) Heated fluid becomes less dense than the cold fluid above it  

11. If a liquid is heated in weightlessness, the heat is transmitted 
through   [RPMT1996] 

 (a) Conduction  

 (b) Convection 

 (c) Radiation 

 (d) Neither, because the liquid cannot be heated in weightlessness 

12. The rate of loss of heat from a body cooling under conditions of 
forced convection is proportional  to its (A) heat capacity (B) 
surface area (C) absolute temperature (D) excess of temperature 
over that of surrounding : state if  

[NCERT 1982] 

 (a) A, B, C are correct (b) Only A and C are correct  

 (c) Only B and D are correct (d) Only D is correct 

13. In which of the following process, convection does not take place 
primarily    [IIT-JEE (Screening) 2005] 

 (a) Sea and land breeze  

 (b) Boiling of water  

 (c) Warming of glass of bulb due to filament 

(d) Heating air around a furnace 
 

Radiation (General, Kirchoff's law, Black body) 

1. On a clear sunny day, an object at temperature T is placed on the 

top of a high mountain. An identical object at the same temperature 
is placed at the foot of mountain. If both the objects are exposed to 
sun-rays for two hours in an identical manner, the object at the top 
of the mountain will register a temperature   [CPMT 1988] 

 (a) Higher than the object at the foot 

 (b) Lower than the object at the foot 

 (c) Equal to the object at the foot 

 (d) None of the above 

2. The velocity of heat radiation in vacuum is  

   [EAMCET 1982; KCET 1998] 

 (a) Equal to that of light  (b) Less than that of light  

 (c) Greater than that of light (d) Equal to that of sound  

3. In which process, the rate of transfer of heat is maximum 

[EAMCET 1977; MP PMT 1994; MH CET 2001] 

 (a) Conduction 

 (b) Convection 

 (c) Radiation 

 (d) In all these, heat is transferred with the same velocity 
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4. Which of the following is the correct device for the detection of 

thermal radiation  [Manipal MEE 1995, UPSEAT 2000] 

 (a) Constant volume thermometer 

 (b) Liquid-in-glass thermometer 

 (c) Six's maximum and minimum thermometer 

 (d) Thermopile 

5.  A thermos flask is polished well  [AFMC 1996] 

 (a) To make attractive  

 (b) For shining 

 (c) To absorb all radiations from outside 

 (d) To reflect all radiations from outside 

6. Heat travels through vacuum by [AIIMS 1998; CPMT 2003] 

 (a) Conduction (b) Convection 

 (c) Radiation (d) Both (a) and (b) 

7. The energy supply being cut-off, an electric heater element cools 

down to the temperature of its surroundings, but it will not cool 

further because    [CPMT 2001] 

(a) Supply is cut off   

(b) It is made of metal  

(c) Surroundings are radiating 

(d) Element & surroundings have same temp. 

8. We consider the radiation emitted by the human body. Which of the 
following statements is true [CBSE PMT 2003] 

(a) The radiation is emitted only during the day 

(b) The radiation is emitted during the summers and absorbed 
during the winters 

(c) The radiation emitted lies in the ultraviolet region and hence is 
not visible  

(d) The radiation emitted is in the infra-red region 

9. The earth radiates in the infra-red region of the spectrum. The 
spectrum is correctly given by  

[RPET 2002; AIEEE 2003] 

(a) Wien’s law  (b) Rayleigh jeans law 

(c) Planck’s law of radiation (d) Stefan’s law of radiation 

10. Infrared radiation is detected by  [AIEEE 2002] 

 (a) Spectrometer  (b) Pyrometer  

 (c) Nanometer (d) Photometer 

11. Pick out the statement which is not true [KCET 2002] 

 (a) IR radiations are used for long distance photography 

 (b) IR radiations arise due to inner electron transitions in atoms  

 (c) IR radiations are detected by using a bolometer  

 (d) Sun is the natural source of IR radiation  

12. A hot and a cold body are kept in vacuum separated from each 
other. Which of the following cause decrease in temperature of the 
hot body    [AFMC 2005] 

(a) Radiation  

(b) Convection  

(c) Conduction  

(d) Temperature remains unchanged  

13. Good absorbers of heat are   [J & K CET 2002] 

 (a) Poor emitters (b) Non-emitters 

 (c) Good emitters (d) Highly polished 

14. For a perfectly black body, its absorptive power is 

[MP PMT 1989, 92; RPMT 2001; RPET 2001, 03; AFMC 2003] 

 (a) 1 (b) 0.5 

 (c) 0 (d) Infinity 

15. Certain substance emits only the wavelengths 321 ,,   and 4  

when it is at a high temperature. When this substance is at a colder 
temperature, it will absorb only the following wavelengths   [MP PET 1990] 

 (a) 1  (b) 2  

 (c) 1  and 2  (d) 321 ,,   and 4  

16. As compared to the person with white skin, the person with black 

skin will experience   [CPMT 1988] 

 (a) Less heat and more cold (b) More heat and more cold 

 (c) More heat and less cold (d) Less heat and less cold 

17. Relation between emissivity e  and absorptive power a  is (for 
black body) 

 (a) ae   (b) 
a

e
1

  

 (c) 2ae   (d) 2ea   

18. Which of the following statements is wrong  [BCECE 2001] 

 (a) Rough surfaces are better radiators than smooth surface 

 (b) Highly polished mirror like surfaces are very good radiators 

 (c) Black surfaces are better absorbers than white ones 

 (d) Black surfaces are better radiators than white 

19. Half part of ice block is covered with black cloth and rest half is 
covered with white cloth and then it is kept in sunlight. After some 
time clothes are removed to see the melted ice. Which of the 
following statements is correct 

 (a) Ice covered with white cloth will melt more  

 (b) Ice covered with black cloth will melt more 

 (c) Equal ice will melt under both clothes 

 (d) It will depend on the temperature of surroundings of ice 

20. If between wavelength  and  d , e and a  be the emissive 

and absorptive powers of a body and E  be the emissive power of 

a perfectly black body, then according to Kirchoff's law, which is 
true   [RPMT 1998; MP PET 1991] 

 (a)  Eae   (b)  aEe   

 (c)  Eae   (d)  Eae = constant 

21. When p calories of heat is given to a body, it absorbs q  calories; 

then the absorbtion power of body will be 

 (a) qp /  (b) pq /  

 (c) 22 / qp  (d) 22 / pq  

22. Distribution of energy in the spectrum of a black body can be 
correctly represented by   [MP PMT 1989] 

 (a) Wien's law (b) Stefan's law 

 (c) Planck's law (d) Kirchhoff's law 

23. In rainy season, on a clear night the black seat of a bicycle becomes 
wet because 
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 (a) It absorbs water vapour 

 (b) Black seat is good absorber of heat 

 (c) Black seat is good radiator of heat energy 

 (d) None of the above 

24. There is a rough black spot on a polished metallic plate. It is heated 
upto 1400 K approximately and then at once taken in a dark room. 
Which of the following statements is true  

[NCERT 1984; CPMT 1998] 

 (a) In comparison with the plate, the spot will shine more 

 (b) In camparison with the plate, the spot will appear more black 

 (c) The spot and the plate will be equally bright 

 (d) The plate and the black spot can not be seen in the dark room 

25. At a certain temperature for given wave length, the ratio of emissive 
power of a body to emissive power of black body in same 
circumstances is known as  [RPMT 1997] 

 (a) Relative emissivity (b) Emissivity 

 (c) Absorption coefficient (d) Coefficient of reflection 

26.  The cause of Fraunhoffer lines is 

[RPMT 1996; EAMCET 2001] 

 (a) Reflection of radiations by chromosphere 

 (b) Absorption of radiations by chromosphere 

 (c) Emission of radiations by chromosphere 

 (d) Transmission of radiations by chromosphere 

27. Two thermometers A and B are exposed in sun light. The valve of A 

is painted black, But that of B is not painted. The correct statement 
regarding this case is 

  [BHU (Med.) 1999; MH CET 1999] 

(a) Temperature of A will rise faster than B but the final 

temperature will be the same in both  

(b) Both A and B show equal rise in beginning 

(c) Temperature of A will remain more than B  

(d) Temperature of B will rise faster 

28. There is a black spot on a body. If the body is heated and carried in 

dark room then it glows more. This can be explained on the basis of 
              [RPET 2000] 

(a) Newton’s law of cooling (b) Wien’s law 

(c) Kirchoff’s law  (d) Stefan’s 

29. When red glass is heated in dark room it will seem 

[RPET 2000] 

(a) Green (b) Purple 

(c) Black (d) Yellow 

30. A hot body will radiate heat most rapidly if its surface is 

[UPSEAT 1999, 2000] 

(a) White & polished  (b) White & rough 

(c) Black & polished (d) Black & rough 

31. A body, which emits radiations of all possible wavelengths, is known 

as    [CPMT 2001; Pb. PET 2002] 

(a) Good conductor (b) Partial radiator 

(c) Absorber of photons (d) Perfectly black-body 

32. Which of the following is the example of ideal black body 

[AIEEE 2002; CBSE PMT 2002] 

(a)  Kajal (b) Black board 

(c) A pin hole in a box (d) None of these 

33. An ideal black body at room temperature is thrown into a furnace. It 

is observed that  [IIT-JEE (Screening) 2002] 

(a) Initially it is the darkest body and at later times the brightest  

(b) It is the darkest body at all times 

(c) It cannot be distinguished at all times 

(d) Initially it is the darkest body and at later times it cannot be 
distinguished 

34. Absorption co-efficient of an open window is... [KCET 2004] 

(a) Zero (b) 0.5 

(c) 1 (d) 0.25 

35. Which of the prism is used to see infra-red spectrum of light  

[RPMT 2000] 

 (a) Rock-salt (b) Nicol 

 (c) Flint (d) Crown 

36. Which of the following statement is correct [RPMT 2001] 

 (a) A good absorber is a bad emitter 

 (b) Every body absorbs and emits radiations at every temperature  

 (c) The energy of radiations emitted from a black body is same for 

all wavelengths  

 (d) The law showing the relation of temperatures with the 

wavelength of maximum emission from an ideal black body is 
Plank’s law 

37. A piece of blue glass heated to a high temperature and a piece of 

red glass at room temperature, are taken inside a dimly lit room 
then    [KCET 2005] 

(a) The blue piece will look blue and red will look as usual 

(b) Red look brighter red and blue look ordinary blue  

(c) Blue shines like brighter red compared to the red piece  

(d) Both the pieces will look equally red.  

38. Which of the following law states that ‚good absorbers of heat are 

good emitters‛   [Orissa JEE 2005] 

(a) Stefan’s law (b) Kirchoff’s law 

(c) Planck’s law (d) Wein’s law 

 

Radiation (Wein's law) 
 

1. According to Wein's law [DCE 1995, 96; MP PET/PMT 1988 

 DPMT 1999; AIIMS 2002; CBSE PMT 2004] 

 (a) Tm = constant (b) 
T

m = constant 

 (c) 
m

T


= constant (d) mT  = constant 

2. On investigation of light from three different stars A, B and C, it 

was found that in the spectrum of A the intensity of red colour is 
maximum, in B the intensity of blue colour is maximum and in C 
the intensity of yellow colour is maximum. From these observations 
it can be concluded that 

     [CPMT 1989] 

 (a) The temperature of A is maximum, B is minimum and C is 
intermediate 
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 (b) The temperature of A is maximum, C is minimum and B is 
intermediate 

 (c) The temperature of B is maximum, A is minimum and C is 
intermediate 

 (d) The temperature of C is maximum, B is minimum and A is 
intermediate 

3. If wavelengths of maximum intensity of radiations emitted by the 

sun and the moon are m6105.0   and m410  respectively, the 
ratio of their temperatures is 

     [MP PMT 1990] 

 (a) 1/100 (b) 1/200 

 (c) 100 (d) 200 

4. The wavelength of radiation emitted by a body depends upon   [MP PMT 1992] 

 (a) The nature of its surface  

 (b) The area of its surface 

 (c) The temperature of its surface 

 (d) All the above factors 

5. If black wire of platinum is heated, then its colour first appear red, 

then yellow and finally white. It can be understood on the basis of   [MP PMT 1984] 

 (a) Wien's displacement law  

 (b) Prevost theroy of heat exchange 

 (c) Newton's law of cooling 

 (d) None of the above 

6. Colour of shining bright star is an indication of its 

   [AIIMS 2001; RPMT 1999; BCECE 2005] 

 (a) Distance from the earth (b) Size  

 (c) Temperature (d) Mass 

7. The wavelength of maximum emitted energy of a body at 700 K is 
4.08 m . If the temperature of the body is raised to 1400 K, the 

wavelength of maximum emitted energy will be    [MP PET 1990] 

 (a) m02.1  (b) 16.32 m  

 (c) 8.16 m  (d) 2.04 m   

8. A black body at 200 K is found to exit maximum energy at a 

wavelength of m14 . When its temperature is raised to 1000K, the 

wavelength at which maximum energy is emitted is[RPMT 1998; MP PET 1991; BVP 2003] 

 (a) m14  (b) F70  

 (c) m8.2  (d) mm8.2  

9. Two stars emit maximum radiation at wavelength 3600 Å  and 

4800 Å  respectively. The ratio of their temperatures is 

[MP PMT 1991] 

 (a) 1 : 2 (b) 3 : 4 

 (c) 4 : 3 (d) 2 : 1 

10. A black body emits radiations of maximum intensity at a wavelength 

of Å5000 , when the temperature of the body is Co1227 . If the 

temperature of the body is increased by Co1000 , the maximum 
intensity of emitted radiation would be observed at      [MP PET 1992] 

 (a) Å8.2754  (b) Å3000  

 (c) Å3500  (d) Å4000  

11. Four pieces of iron heated in a furnace to different temperatures 
show different colours listed below. Which one has the highest 
temperature   [MP PET 1992] 

 (a) White (b) Yellow  

 (c) Orange (d) Red 

12. If a black body is heated at a high temperature, it seems to be    [DPMT 2001] 

 (a) Blue (b) White 

 (c) Red (d) Black 

13. If the temperature of the sun becomes twice its present 
temperature, then [MP PET 1989; RPMT 1996] 

 (a) Radiated energy would be predominantly in infrared 

 (b) Radiated energy would be predominantly in ultraviolet 

 (c) Radiated energy would be predominantly in X-ray region 

 (d) Radiated energy would become twice the present radiated 
energy 

14. The maximum energy in the thermal radiation from a hot source  

occurs at a wavelength of cm51011  . According to Wein's law, 
the temperature of the source (on Kelvin scale) will be n  times the 

temperature of another source (on Kelvin scale) for which the 

wavelength at maximum energy is cm5105.5  .  The value n  is  
  [CPMT 1991] 

 (a) 2 (b) 4 

 (c) 
2

1
 (d) 1 

15. The wavelength of maximum energy released during an atomic 

explosion was m101093.2  . Given that Wein's constant is 

Km  31093.2 , the maximum temperature attained must be 
of the order of 

    [Haryana CEE 1996; MH CET 2002; Pb. PET 2000] 

 (a) K710  (b) K710  

 (c) K1310  (d) K71086.5   

16. The maximum wavelength of radiation emitted at K2000 is 

m4 . What will be the maximum wavelength of radiation emitted 

at [MP PMT/PET 1998; DPMT 2000] 

 (a) m33.3  (b) m66.0  

 (c) m1  (d) m1  

17. How is the temperature of stars determined by  

  [BHU 1999, 02; DCE 2000, 03] 

(a) Stefan’s law (b) Wein’s displacement law 

(c) Kirchhoff’s law (d) Ohm’s law 

18. On increasing the temperature of a substance gradually, which of 
the following colours will be noticed by you 

[Pb. PMT 1995; Pb. PET 1996; CPMT 1995, 98; KCET 2000] 

(a) White (b) Yellow   

(c) Green (d) Red        

19. A black body has maximum wavelength m  at temperature 2000 K.  

Its corresponding wavelength at temperature 3000 K  will be [CBSE PMT 2001; Kerala PET 2005] 

(a) m
2

3
  (b) m

3

2
 

(c) m
9

4
 (d) m

4

9
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20. Relation between the colour and the temperature of a star is given 
by                                 [Kerala PET 2001] 

(a) Wein’s displacement law 

(b) Planck’s law 

(c) Hubble’s law 

{d) Fraunhofer diffraction law 

21. A black body at a temperature of 1640 K has the wavelength 
corresponding to maximum emission equal to 1.75  . Assuming the 

moon to be a perfectly black body, the temperature of the moon, if 

the wavelength corresponding to maximum emission is 14.35  is 

[Kerala (Med.) 2002] 

(a) 100 K (b) 150 K 

(c) 200 K (d) 250 K 

22. The maximum wavelength of radiations emitted at 900 K is m4 . 

What will be the maximum wavelength of radiations emitted at 1200 
K   [BHU 2002] 

(a) m3   (b) m3.0  

(c) m1  (d) m1  

23. Solar radiation emitted by sun resembles that emitted by a black 
body at a temperature of 6000 K. Maximum intensity is emitted at a 
wavelength of about 4800Å. If the sun were to cool down from 
6000 K to 3000 K  then the peak intensity would occur at a 
wavelength  [UPSEAT 2002] 

(a) 4800Å  (b) 9600Å 

(c) 7200Å (d) 6400Å 

24. What will be the ratio of temperatures of sun and moon if the 
wavelengths of their maximum emission radiations rates are 140 Å 
and 4200 Å respectively  [J & K CET 2004] 

(a) 1 : 30  (b) 30 : 1 

(c) 42 : 14 (d) 14 : 42 

25. The radiation energy density per unit wavelength at a temperature T 

has a maximum at a wavelength 
0

. At temperature T2 , it will have 

a maximum at a wavelength 

[UPSEAT 2004] 

(a) 4
0

 (b) 2
0

 

 (c) 
0

/2 (d) 
0

/4 

26. The absolute temperatures of two black bodies are 2000 K and 3000 

K respectively. The ratio of wavelengths corresponding to maximum 
emission of radiation by them will be   [RPMT 2003] 

(a) 2 : 3 (b) 3 : 2 

 (c) 9 : 4 (d) 4 : 9 

27. The temperature of sun is 5500 K and it emits maximum intensity 

radiation in the yellow region )105.5( 7 m . The maximum 

radiation from a furnace occurs at wavelength .1011 7 m The 
temperature of furnace is [J & K CET 2000] 

 (a) 1125 K  (b) 2750 K 

 (c) 5500 K (d) 11000 K 

28. A particular star (assuming it as a black body) has a surface 

temperature of about .105 4 K The wavelength in nanometers at 
which its radiation becomes maximum is  

(b = 0.0029 mK)   [EAMCET (Med.) 2003] 

 (a) 48 (b) 58  

 (c) 60 (d) 70  

29. The maximum energy in thermal radiation from a source occurs at 
the wavelength 4000Å. The effective temperature of the source is    [AMU (Engg.) 1999] 

(a) K7000   (b) 80000 K  

(c) K410  (d) K610  

30. The intensity of radiation emitted by the sun has its maximum value 

at a wavelength of nm510  and that emitted by the north star has 

the maximum value at nm350 . If these stars behave like black 

bodies, then the ratio of the surface temperature of the sun and 
north star is 

   [IIT 1997 Cancelled; JIPMER 2000; AIIMS 2000] 

 (a) 1.46 (b) 0.69  

 (c) 1.21 (d) 0.83  
 

Radiation (Stefan's law) 
 

1. The amount of radiation emitted by a perfectly black body is 
proportional to [AFMC 1995; Pb. PMT 1997;  

CPMT 1974, 98, 02; AIIMS 2000; DPMT 1995, 98, 02] 

 (a) Temperature on ideal gas scale 

 (b) Fourth root of temperature on ideal gas scale 

 (c) Fourth power of temperature on ideal gas scale 

 (d) Source of temperature on ideal gas scale 

2. A metal ball of surface area 2200 cm  and temperature Co527  is 

surrounded by a vessel at Co27 . If the emissivity of the metal is 
0.4, then the rate of loss of heat from the ball is 

)/1067.5( 428 ksmJ     [MP PMT/PET 1988] 

 (a) 108 joules approx. (b) 168 joules approx. 

 (c) 182 joules approx. (d) 192 joules approx. 

3. The rate of radiation of a black body at 0°C is EJ/sec. The rate of 

radiation of this black body at Co273  will be 

[MP PMT 1989; Kerala PET 2002; UPSEAT 2001] 

 (a) E16  (b) E8  

 (c) E4  (d) E  

4. A black body radiates energy at the rate of E  W/m2 at a high 

temperature TK. When the temperature is reduced to K
T

2
, the 

radiant energy will be 

   [CPMT 1988; UPSEAT 1998; MNR 1993; SCRA 1996; 

  MP PMT 1992; DPMT 2001; MH CET 2001] 

 (a) 
16

E
 (b) 

4

E
 

 (c) E4  (d) E16  

5. An object is at a temperature of Co400 . At what temperature 

would it radiate energy twice as fast?  The temperature of the 
surroundings may be assumed to be negligible[MP PMT 1990; DPMT 2002] 

 (a) Co200  (b) K200  

 (c) Co800  (d) 800 K  

6. A black body at a temperature of Co227  radiates heat energy at 

the rate of 5 cal/cm2-sec. At a temperature of Co727 , the rate of 

heat radiated per unit area in cal/cm2will be   [MP PET 1987; MH CET 2002] 

 (a) 80 (b) 160 
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 (c) 250 (d) 500 

7. Energy is being emitted from the surface of a black body at 

Co127  temperature at the rate of 26 sec/100.1 mJ  . 

Temperature of the black body at which the rate of energy emission 

is 26 sec/100.16 mJ   will be 

[MP PMT 1991; AFMC 1998] 

 (a) Co254  (b) Co508  

 (c) Co527  (d) Co727  

8. In MKS system, Stefan's constant is denoted by  . In CGS system 

multiplying factor of  will be 

 (a) 1 (b) 310  

 (c) 510  (d) 210  

9. If temperature of a black body increases from Co7  to Co287 , 
then the rate of energy radiation increases by 

[AIIMS 1997; Haryana PMT 2000; RPMT 2003] 

 (a) 

4

7

287








 (b) 16 

 (c) 4 (d) 2 

10. The temperature of a piece of iron is Co27  and it is radiating 

energy at the rate of 2kWmQ . If its temperature is raised to 

Co151 , the rate of radiation of energy will become approximately   [MP PET 1992] 

 (a) 22 kWmQ  (b) 24 kWmQ  

 (c) 26 kWmQ  (d)  28 kWmQ  

11. The temperatures of two bodies A and B are Co727  and Co127 . 
The ratio of rate of emission of radiations will be 

[MP PET 1986] 

 (a) 727/127 (b) 625/16 

 (c) 1000/400 (d) 100/16 

12. The temperature at which a black body of unit area loses its energy 
at the rate of 1 joule/second  is 

 (a) Co65  (b) Co65  

 (c) 65 K (d) None of these 

13. The area of a hole of heat furnace is 2410 m . It radiates 
51058.1  calories of heat per hour. If the emissivity of the furnace 

is 0.80, then its temperature is 

 (a) 1500 K (b) 2000 K 

 (c) 2500 K (d) 3000 K 

14. Two spheres P  and Q , of same colour having radii cm8  and 

cm2  are maintained at temperatures Co127  and Co527  

respectively. The ratio of energy radiated by P  and Q  is   [MP PMT 1994] 

 (a) 0.054 (b) 0.0034 

 (c) 1 (d) 2 

15. A body radiates energy W5  at a temperature of  Co127 . If the 

temperature is increased to Co927 , then it radiates energy at the 

rate of  

[MP PET 1994;BHU 1995; CPMT 1998; AFMC 2000] 

 (a) W410  (b) W81  

 (c) W405  (d) W200  

16.  A thin square steel plate with each side equal to 10 cm is heated by 

a blacksmith. The rate of radiated energy by the heated plate is 1134 
W. The temperature of the hot steel plate is (Stefan's constant 

4281067.5  Kmwatt , emissivity of the plate = 1)   [MP PMT 1995] 

 (a) K1000  (b) K1189  

 (c) K2000  (d) K2378  

17. The temperatures of two bodies A  and B  are respectively 

Co727  and Co327 . The ratio BA HH :  of the rates of heat 

radiated by them is   [UPSEAT 1999;  

MP PET 1999; MH CET 2000; AIIMS 2000] 

 (a) 327:727  (b) 5 : 3 

 (c) 25 : 9 (d) 625 : 81 

18. The energy emitted per second by a black body at Co27  is J10 . 

If the temperature of the black body is increased to Co327 , the 

energy emitted per second will be 

     [CPMT 1999; DCE 1999] 

 (a) J20  (b) J40  

 (c) J80  (d) J160  

19. The radiant energy from the sun incident normally at the surface of 

earth is minmkcal 2/20 . What would have been the radiant 

energy incident normally on the earth, if the sun had a temperature 
twice of the present one 

[CBSE PMT 1998; Pb. PET 2001] 

 (a) minmkcal 2/160  (b) minmkcal 2/40  

 (c) minmkcal 2/320  (d) minmkcal 2/80  

20. A spherical black body with a radius of cm12  radiates W440  

power at K500 . If the radius were halved and the temperature 

doubled, the power radiated in watt would be 

[IIT 1997 Re-Exam] 

 (a) 225 (b) 450 

 (c) 900 (d) 1800 

21. If the temperature of the sun (black body) is doubled, the rate of 

energy received on earth will be increased by a factor of [CBSE PMT 1993; BHU 2003; RPMT 2004; CPMT 2004] 

 (a) 2 (b) 4  

 (c) 8 (d) 16  

22. The ratio of energy of emitted radiation of a black body at Co27  

and Co927  is [Pb. PMT 1995;  

CPMT 1997, 2000; CBSE PMT 2000; DPMT 1998, 02, 03] 

 (a) 1 : 4 (b) 1 : 16 

 (c) 1 : 64 (d) 1 : 256 

23.  If the temperature of a black body be increased from Co27  to 

Co327  the radiation emitted increases by a fraction of  

[Pb. PET 1997; JIPMER 1999] 
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 (a) 16 (b) 8 

 (c) 4 (d) 2 

24. The rectangular surface of area 8 cm   4cm of a black body at a 

temperature of Co127  emits energy at the rate of E per second. If 

the length and breadth of the surface are each reduced to half of the 

initial value and the temperature is raised to Co327 , the rate of 

emission of energy will become    [MP PET 2000] 

(a) E
8

3
  (b) E

16

81
  

(c) E
16

9
 (d) E

64

81
 

25. At temperature T, the power radiated by a body is Q watts. At the 

temperature 3T the power radiated by it will be 

 [MP PET 2000] 

(a) 3 Q (b) 9 Q 

(c) 27 Q (d) 81 Q 

26. Two spherical black bodies of radii 1r  and 2r  and with surface 

temperature 1T and 2T  respectively radiate the same power. Then 

the ratio of 1r  and 2r  will be  

  [KCET 2001; UPSEAT 2001] 

(a) 

2

1

2















T

T
  (b) 

4

1

2















T

T
 

(c) 

2

2

1















T

T
 (d) 

4

2

1















T

T
 

27. Temperature of a black body increases from CCo o927to327 , 

the initial energy possessed is 2KJ,  what is its final energy   [DCE 2001] 

(a) 32 KJ  (b) 320 KJ  

(c) 1200 KJ (d) None of these  

28. The original temperature of a black body is .727 Co The 

temperature at which this black body must be raised so as to double 
the total radiant energy, is   [Pb. PMT 2001] 

(a) 971 K  (b) 1190 K  

(c) 2001 K (d) 1458 K  

29. Two black metallic spheres of radius 4m, at 2000 K  and 1m at 4000 
K  will have ratio of energy radiation as 

[RPET 2000; AIEEE 2002] 

(a) 1 : 1 (b) 4 : 1 

(c) 1 : 4 (d) 2 : 1 

30. The energy spectrum of a black body exhibits a maximum around a 

wavelength .o  The temperature of the black body is now changed 

such that the energy is maximum around a wavelength 
4

3 o .The 

power radiated by the black body will now increase by a factor of [KCET 2002] 

(a) 256/81 (b) 64/27 

(c) 16/9 (d) 4/3   

31. A black body is at a temperature 300 K. It emits energy at a rate, 
which is proportional to  

  [Pb. PMT 1998; AIIMS 2002; MH CET 2003] 

(a) 300   (b) 2)300(  

(c) 3)300(  (d) 4)300(  

32. If the temperature of a hot body is increased by 50% then the increase 
in the quantity of emitted heat radiation will be  

[RPET 1998; EAMCET 2001; MP PMT 2003] 

(a) 125%  (b) 200% 

 (c) 300% (d) 400% 

33. Two identical metal balls at temperature Co200 and Co400  

kept in air at Co27 . The ratio of net heat loss by these bodies is    [CPMT 2002] 

(a) 1/4  (b) 1/2 

(c) 1/16 (d) 
44

44

300673

300473




 

34. Two spheres made of same material  have radii in the ratio 1: 2 Both 
are at same temperature. Ratio of heat radiation energy emitted per 
second by them is 

 [MP PMT 2002; MH CET 2004] 

(a) 1 : 2 (b) 1 : 8 

(c) 1 : 4 (d) 1 : 16 

35. A black body at a temperature of 127°C  radiates heat at the rate of 1 

cal/cm2  sec. At a temperature of 527°C the rate of heat radiation 

from the body in (cal/cm2  sec) will be  

[MP PET 2002] 

(a) 16.0 (b) 10.45 

(c) 4.0 (d) 2.0 

36. A black body radiates 20 W at temperature Co227 . If temperature 

of the black body is changed to Co727  then its radiating power 
will be  

[CBSE PMT 2002; DCE 1999, 03; AIIMS 2003] 

(a) 120W  (b) 240 W   

(c) 320 W (d) 360 W  

37. Two spheres of same material have radius 1m and 4 m and 
temperature 4000K and 2000K respectively. The energy radiated per 
second by the first sphere is  [Pb. PMT 2002] 

(a) Greater than that by the second  

(b) Less than that by the second  

(c) Equal in both cases 

(d) The information is incomplete 

38. The radiation emitted by a star A is 10,000 times that of the sun. If the 
surface temperatures of the sun and the star A are 6000 K and 2000 K 
respectively, the ratio of the radii of the star A and the sun is    [EAMCET 2003] 

(a) 300 : 1  (b) 600 : 1 

(c) 900 : 1 (d) 1200 : 1 

39. A black body radiates at the rate of W  watts at a temperature T. If 
the temperature of the body is reduced to T/3, it will radiate at the 
rate of (in Watts)   

[BHU 1998; MP PET 2003] 

(a) 
81

W
  (b) 

27

W
 

(c) 
9

W
 (d) 

3

W
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40. Star A has radius r surface temperature T while star B has radius 4r 
and surface temperature T/2. The ratio of the power of two starts, P

A

 
: P

B

 is  [MP PMT 2004] 

(a) 16 : 1 (b) 1 : 16 

(c) 1 : 1 (d) 1 : 4 

41. Suppose the sun expands so that its radius becomes 100 times its 

present radius and its surface temperature becomes half of its 
present value. The total energy emitted by it then will increase by a 
factor of    [AIIMS 2004] 

(a) 104 (b) 625 

(c) 256 (d) 16 

42. If the temperature of the sun were to be increased from T to 2T and 
its radius from R to 2R, then the ratio of the radiant energy received 
on the earth to what it was previously will be    [AIEEE 2004] 

(a) 4 (b) 16 

(c) 32 (d) 64 

43. At 127o C radiates energy is 2.7  10-3 J/s. At what temperature radiated 

energy is 4.32  10 6 J/s  [BCECE 2004] 

(a) 400 K (b) 4000 K 

(c) 80000 K (d) 40000 K 

44. If the initial temperatures of metallic sphere and disc, of the same 
mass, radius and nature are equal, then the ratio of their rate of 
cooling in same environment will be  

[J & K CET 2004]  

(a) 1 : 4 (b) 4 : 1 

(c) 1 : 2 (d) 2 : 1  

45. A black body radiates energy at the rate of 1  105 J / s m2 at 

temperature of 227o C. The temperature to which it must be heated 

so that it radiates energy at rate of  1  109J/sm2, is     [DPMT 2004] 

(a) 5000 K (b) 5000 oC 

(c) 500 K (d) 500 oC 

46. The temperature of the body is increased from –73 o C to 327 o C, the 
ratio of energy emitted per second is : 

   [CPMT 2001; Pb. PET 2001] 

(a) 1 : 3 (b) 1 : 81 

(c) 1 : 27 (d) 1 : 9 

47. If the temperature of the body is increased by 10%, the percentage 

increase in the emitted radiation will be  

[RPMT 2001, 02] 

(a) 46% (b) 40% 

(c) 30% (d) 80% 

48. If the sun’s surface radiates heat at 27103.6  Wm . Calculate the 

temperature of the sun assuming it to be a black body 

)107.5( 428  KWm  [BHU (Med.) 2000] 

 (a) K3108.5   (b) K3105.8   

 (c) K8105.3   (d) K8103.5   

49. A sphere at temperature 600K is placed in an environment of 
temperature is 200K. Its cooling rate is H. If its temperature reduced 
to 400K then cooling rate in same environment will become [CBSE PMT 1999; BHU 2001] 

 (a) (3/16)H (b) (16/3)H 

 (c) (9/27)H (d) (1/16)H  

50. The value of Stefan’s constant is  [RPMT 2002] 

 (a) 428 -/1067.5 KmW  (b) 425 -/1067.5 KmW  

 (c) 4211 -/1067.5 KmW  (d) None of these 

51. Rate of cooling at 600K, if surrounding temperature is 300K is R. 

The rate of cooling at 900K is  [DPMT 2002] 

 (a) R
3

16
 (b) R2  

 (c) R3  (d) R
3

2
 

52. A black body of surface area 10cm2 is heated to 127°C and is 

suspended in a room at temperature 27°C. The initial rate of loss of 
heat from the body at the room temperature will be     [Pb. PET 1997] 

 (a) 2.99 W (b) 1.89 W 

 (c) 1.18 W (d)  0.99 W 

53. Two identical objects A and B are at temperatures T
A

 and T
B

 
respectively. Both objects are placed in a room with perfectly 

absorbing walls maintained at temperatures T ).( BA TTT   The 

objects A and B attain temperature T eventually which one of the 

following is correct statement  

[CPMT 1997]  

(a) ‘A’ only emits radiations while B only absorbs them until both 
attain temperature   

(b) A loses more radiations than it absorbs while B absorbs more 
radiations that it emits until temperature T is attained  

(c) Both A and B only absorb radiations until they attain 
temperature T 

(d) Both A and B only emit radiations until they attain temperature 
T  

54. When the body has the same temperature as that of surroundings [UPSEAT 1998; Orissa JEE 2004] 

 (a) It does not radiate heat   

(b) It radiates the same quantity of heat as it absorbs  

(c) It radiates less quantity of heat as it receives from surroundings 

(d) It radiates more quantity of heat as it receives heat from 
surroundings  

55. The ratio of radiant energies radiated per unit surface area by two 
bodies is 16 : 1, the temperature of hotter body is 1000K, then the 
temperature of colder body will be  

[UPSEAT 2001]  

 (a) 250 K  (b)  500 K 

 (c) 1000 K (d)  62.5 K 

56. The spectral energy distribution of star is maximum at twice 
temperature as that of sun. The total energy radiated by star is     [J & K CET 2005] 

(a) Twice as that of the sun   

(b) Same as that of the sun  

(c) Sixteen times as that of the sun  

(d) One sixteenth of sun  

 

Radiation (Newton's Law of Cooling) 

1. Hot water cools from Co60  to Co50  in the first 10 minutes and 

to Co42  in the next 10 minutes. The temperature of the 

surrounding is  [MP PET 1993] 

 (a) Co5  (b) Co10  
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 (c) Co15  (d) Co20  

2. A bucket full of hot water cools from Co75  to C070  in time 1T , 

from Co70  to Co65  in time 2T  and from Co65  to Co60  

in time 3T , then  [NCERT 1980; MP PET 1989; 

CBSE PMT 1995; KCET 2003; MH CET 1999] 

 (a) 321 TTT   (b) 321 TTT   

 (c) 321 TTT   (d) 321 TTT   

3. Consider two hot bodies 1B  and 2B  which have temperatures 

Co100  and Co80  respectively at 0t . The temperature of the 

surroundings is Co40 . The ratio of the respective rates of cooling 

1R  and 2R  of these two bodies at 0t  will be   [MP PET 1990] 

 (a) 2:3: 21 RR  (b) 4:5: 21 RR  

 (c) 3:2: 21 RR  (d) 5:4: 21 RR  

4. Newton's law of cooling is a special case of 

 (a) Stefan's law (b) Kirchhoff's law 

 (c) Wien's law (d) Planck's law  

5. Equal masses of two liquids are filled in two similar calorimeters. 

The rate of cooling will [MP PMT 1987] 

 (a) Depend on the nature of the liquids  

 (b) Depend on the specific heats of liquids 

 (c) Be same for both the liquids 

 (d) Depend on the mass of the liquids 

6. In Newton's experiment of cooling, the water equivalent of two 
similar calorimeters is 10 gm each. They are filled with 350 gm of 
water and 300 gm of a liquid (equal volumes) separately. The time 

taken by water and liquid to cool from Co70  to Co60  is 3 min 
and 95 sec respectively. The specific heat of the liquid will be  

 (a) 0.3 Cal/gm °C (b) 0.5 Cal/gm °C 

 (c) 0.6 Cal/gm °C (d) 0.8 Cal/gm °C 

7. Newton's law of cooling is used in laboratory for the determination 
of the  [CPMT 1973; CPMT 2002] 

 (a) Specific heat of the gases (b) The latent heat of gases 

 (c) Specific heat of liquids  (d) Latent heat of liquids  

8. A body cools from Co60  to Co50  in 10 minutes when kept in 

air at Co30 . In the next 10 minutes its temperature will be   [MP PET 1994] 

 (a) Below Co40  (b) Co40  

 (c) Above Co40  (d) Cannot be predicted 

9. Liquid is filled in a vessel which is kept in a room with temperature 

Co20 . When the temperature of the liquid is Co80 , then it loses 

heat at the rate of sec/60 cal . What will be the rate of loss of 

heat when the temperature of the liquid is Co40    [MP PMT 1994] 

 (a) sec/180 cal  (b) sec/40 cal  

 (c) sec/30 cal  (d) sec/20 cal  

10. Which of the following statements is true/correct 

     [Manipal MEE 1995] 

(a) During clear nights, the temperature rises steadily upward near 
the ground level 

 (b) Newton's law of cooling, an approximate form of Stefan's law, 
is valid only for natural convection 

 (c) The total energy emitted by a black body per unit time per 
unit area is proportional to the square of its temperature in the 
Kelvin scale 

 (d) Two spheres of the same material have radii m1  and m4  
and temperatures 4000 K and 2000 K respectively. The energy 
radiated per second by the first sphere is greater than that 
radiated per second by the second sphere 

11. A body takes 4 minutes to cool from Co100  to Co70 . To cool 

from Co70  to Co40  it will take (room temperature is Co15 )   [MP PET 1995] 

 (a) 7 minutes (b) 6 minutes 

 (c) 5 minutes (d) 4 minutes  

12.  A cup of tea cools from C080  to Co60  in one minute. The 

ambient temperature is Co30 . In cooling from Co60  to Co50  
it will take [MP PMT 1995; UPSEAT 2000;  

MH CET 2002] 

 (a) ondssec30  (b) ondssec60  

 (c) ondssec90  (d) ondssec50  

13.  A liquid cools down from Co70  to Co60  in 5 minutes. The 

time taken to cool it from Co60  to Co50  will be 

[MP PET 1992, 2000; MP PMT 1996] 

 (a) 5 minutes  

 (b) Lesser than 5 minutes 

 (c) Greater than 5 minutes  

 (d) Lesser or greater than 5 minutes depending upon the density 
of the liquid 

14. If a metallic sphere gets cooled from Co62  to Co50  in 

utesmin10 and in the next utesmin10 gets cooled to Co42 , 

then the temperature of the surroundings is  

     [MP PET 1997] 

 (a) Co30  (b) Co36  

 (c) Co26  (d) Co20  

15.  The rates of cooling of two different liquids put in exactly similar 
calorimeters and kept in identical surroundings are the same if    [MP PMT/PET 1998] 

 (a) The masses of the liquids are equal 

 (b) Equal masses of the liquids at the same temperature are taken 

 (c) Different volumes of the liquids at the same temperature are 
taken 

 (d) Equal volumes of the liquids at the same temperature are taken 

16. A body cools from Co60  to Co50  in 10 minutes. If the room 

temperature is Co25  and assuming Newton's law of cooling to 

hold good, the temperature of the body at the end of the next  10 
minutes will be  

   [MP PMT/PET 1998; BHU 2000; Pb. PMT 2001] 

 (a) Co5.38  (b) Co40  

 (c) Co85.42  (d) Co45  

17. The temperature of a liquid drops from K365  to 361 K in 2 
minutes. Find the time during which temperature of the liquid drops 

from K344  to K342 . Temperature of room is K293    [RPET 1997] 

 (a) 84 sec (b) 72 sec 
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 (c) 66 sec (d) 60 sec 

18. A body cools from Co0.50  to Co9.49  in s5 . How long will it 

take to cool from Co0.40  to Co9.39 ? Assume the temperature 

of surroundings to be Co0.30  and Newton's law of cooling to be 
valid   [CBSE PMT 1994] 

 (a) 2.5 s (b) 10 s 

 (c) 20 s (d) 5 s 

19.  A container contains hot water at Co100 . If in time 1T  

temperature falls to Co80  and in time 2T  temperature falls to 

Co60  from Co80 , then   [CPMT 1997] 

 (a) 21 TT   (b) 21 TT   

 (c) 21 TT   (d) None 

20.  Hot water kept in a beaker placed in a room cools from Co70  to 

60°C in 4 minutes. The time taken by it to cool from Co69  to 

Co59  will be    [JIPMER 1999] 

 (a) The same 4 minutes (b) More than 4 minutes 

 (c) Less than 4 minutes (d) We cannot say definitely 

21. Newton’s law of cooling, holds good only if the temperature 
difference between the body and the surroundings is  

[BHU 2000] 

(a) Less than Co10  (b) More than Co10  

(c) Less than Co100  (d) More than Co100  

22. In a room where the temperature is Co30 , a body cools from 

Co61  to Co59  in 4 minutes. The time (in min.) taken by the 

body to cool from C051 to C049  will be 

    [UPSEAT 2000] 

(a) 4 min (b) 6 min 

(c) 5 min (d) 8 min  

23. According to ‘Newton’s Law of cooling’, the rate of cooling of a body 
is proportional to the   [MP PET 2001] 

 (a) Temperature of the body 

(b) Temperature of the surrounding 

(c) Fourth power of the temperature of the body 

(d) Difference of the temperature of the body and the 
surroundings 

24. A body cools in 7 minutes from Co60  to Co40  What time (in 

minutes) does it take to cool from Co40  to Co28  if the 

surrounding temperature is Co10 ? Assume Newton’s Law of 
cooling holds   [Kerala (Engg.) 2001] 

(a) 3.5  (b) 11 

(c) 7 (d)  10 

25. A body takes 5 minutes for cooling from Co50  to .40 Co  Its 

temperature comes down to Co33.33  in next 5 minutes. 

Temperature of surroundings is    [MP PMT 2002] 

(a) Co15   (b) Co20  

(c) Co25  (d) Co10  

26. The temperature of a body falls from Co50 to Co40  in 10 

minutes. If the temperature of the surroundings is Co20 Then 

temperature of the body after another 10 minutes will be    [Pb. PMT 2002] 

(a) Co6.36   (b) Co3.33  

(c) Co35  (d) Co30  

27. It takes 10 minutes to cool a liquid from 61oC to 59oC. If room 
temperature is 30oC then time taken in cooling from 51oC to 49oC is    [RPET 2003] 

(a) 10 min  (b) 11 min 

(c) 13 min (d) 15 min 

28. A calorimeter of mass 0.2 kg and specific heat 900 J/kg-K. 

Containing 0.5 kg of a liquid of specific heat 2400J /kg-K. Its 

temperature falls from CCo o55to60  in one minute. The rate of 

cooling is    [MP PET 2003] 

(a) 5 J/s  (b) 15 J/s 

(c) 100 J/s (d) 115 J/s 

29. According to Newton’s law of cooling, the rate of cooling of a body 

is proportional to n)(  , where   is the difference of the 

temperature of the body and the surroundings, and n is equal to   [AIEEE 2003] 

(a) One  (b) Two 

(c) Three (d) Four 

30. The initial temperature of a body is 80C.  If its temperature falls to 

64C in 5 minutes and in 10 minutes to 52C then the temperature 

of surrounding will be  [MP PMT 2003] 

(a) 26C  (b) 49C 

 (c) 35C (d) 42C 

31. A liquid cools from 50 o C to 45 o C in 5 minutes and from  45  o C to 

41.5 o C in the next 5 minutes. The temperature of the surrounding is   [BCECE 2004] 

(a) 27 o C (b) 40.3 o C 

 (c) 23.3 o C (d) 33.3 o C 

32. A cup of tea cools from 65.5o C to 62.5 o C in one minute in a room of 
22.5 o C. How long will the same cup of tea take, in.............. minutes, to 
cool from 46.50 o C to 40.5 o C in the same room ? (choose nearest 
value) [Kerala PMT 2004] 

(a) 1 (b) 2 

(c) 3 (d) 4 

33. The temperature of a body falls from 62oC to 50oC in 10 minutes. If 
the temperature of the surroundings is 26oC, the temperature in 
next 10 minutes will become [RPMT 2002] 

(a) 42oC (b) 40oC 

 (c) 56oC (d) 55oC  

34. A body takes 5 minutes to cool from 90oC to 60oC. If the 
temperature of the surroundings is 20oC, the time taken by it to cool 
from 60oC to 30oC will be.    [RPMT 2003] 

(a) 5 min (b) 8 min 

 (c) 11 min (d) 12 min 

35. An object is cooled from 75°C to 65°C in 2 minutes in a room at 

30°C. The time taken to cool another object from 55°C to 45°C in 
the same room in minutes is 

    [EAMCET (Med.) 1996] 

 (a) 4 (b) 5 
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 (c) 6 (d) 7 

36. A body takes 5 minute to cool from 80°C to 50°C. How much time 

it will take to cool from 60°C to 30°C, if room temperature is 20°C.   [RPET 1998] 

 (a) 40 minute (b) 9 minute 

 (c) 30 minute (d) 20 minute 

37. A cane is taken out from a refrigerator at 0°C. The atmospheric 
temperature is 25°C. If t

1

 is the time taken to heat from 0°C to 5°C 
and t

2

 is the time taken from 10°C to 15°C, then    [Orissa JEE 2005] 

(a) 21 tt    (b) 21 tt   

(c) 21 tt   (d) There is no relation 

 

 

 

 

1. Two rods (one semi-circular and other straight) of same material 
and of same cross-sectional area are joined as shown in the figure. 
The points A and B are maintained at different temperature. The 
ratio of the heat transferred through a cross-section of a semi-
circular rod to the heat transferred through a cross section of the 
straight rod in a given time is      [UPSEAT 2002] 

(a) 2 :   

(b) 1 : 2 

(c)  : 2 

(d) 3 : 2 

2. A wall is made up of two layers A and B. The thickness of the two 
layers is the same, but materials are different. The thermal 
conductivity of A is double than that of B. In thermal equilibrium 

the temperature difference between the two ends is Co36 . Then 
the difference of temperature at the two surfaces of  A  will be  [IIT 1980; CPMT 1991; 

BHU 1997; MP PET 1996, 99; DPMT 2000] 

 (a) Co6  (b) Co12  

 (c) Co18  (d) Co24  

3. Ice starts forming in lake with water at Co0  and when the 

atmospheric temperature is Co10 . If the time taken for 1 cm of 
ice be 7 hours, then the time taken for the thickness of ice to 

change from 1 cm to 2 cm is 

[NCERT 1971; MP PMT/PET 1988; UPSEAT 1996] 

 (a) 7 hours (b) 14 hours 

 (c) Less than 7 hours (d) More than 7 hours 

4. A cylinder of radius R made of a material of thermal conductivity 

1K  is surrounded by a cylindrical shell of inner radius R and outer 

radius 2R made of material of thermal conductivity 2K . The two 

ends of the combined system are maintained at two different 

temperatures. There is no loss of heat across the cylindrical surface 

and the system is in steady state. The effective thermal conductivity 

of the system is   [IIT 1988; MP PMT 1994, 97; SCRA 1998] 

 (a) 21 KK   (b) 
21

21

KK

KK


 

 (c) 
4

3 21 KK 
 (d) 

4

3 21 KK 
 

5. Three rods made of the same material and having the same cross 

section have been joined as shown in the figure. Each rod is of the 

same length. The left and right ends are kept at Co0  and Co90  

respectively. The temperature of the junction of the three rods will 

be  [IIT-JEE (Screening) 2001] 

(a) Co45   

(b) Co60  

(c) Co30  

(d) Co20  

6. A room is maintained at Co20  by a heater of resistance 20 ohm 

connected to 200 volt mains. The temperature is uniform through out 
the room and heat is transmitted through a glass window of area 

21m  and thickness 0.2 cm. What will be the temperature outside? 

Given that thermal conductivity K for glass is sec///2.0 Cmcal o  

and J = 4.2 J/cal  

[IIT 1978] 

 (a) Co24.15  (b) 15.00°C  

 (c) Co15.24  (d) None of the above 

7. There is formation of layer of snow cmx  thick on water, when the 

temperature of air is Co  (less than freezing point). The 

thickness of layer increases from x   to y  in the time t , then the 

value of t is given by 

 (a) 




k

Lyxyx

2

))(( 
 (b) 





k

Lyx

2

)( 
 

 (c) 




k

Lyxyx ))(( 
 (d) 





2

)( Lkyx 
 

8. A composite metal bar of uniform section is made up of length 25 

cm of copper, 10 cm of nickel and 15 cm of aluminium. Each part 

being in perfect thermal contact with the adjoining part. The copper 

end of the composite rod is maintained at Co100  and the 

aluminium end at Co0 . The whole rod is covered with belt so that 

there is no heat loss occurs at the sides. If AlKK 2Cu   and 

Ni3KKAl  , then what will be the temperatures of NiCu   and 

AlNi   junctions respectively 

 

 

 

 (a) Co33.23  and Co8.78  (b) Co33.83  and Co20  

 (c) Co50  and Co30  (d) Co30  and Co50  

9. Three rods of identical area of cross-section and made from the 

same metal form the sides of an isosceles triangle ABC , right 

angled at B . The points A  and B  are maintained at 

temperatures T  and T2  respectively. In the steady state the 

temperature of the point C is CT . Assuming that only heat 

conduction takes place, 
T

TC  is equal to  [IIT 1995] 

Straight rod B A 

0oC 

90oC 

90oC 

A 

B 

C 

100°C 

Cu Ni Al 

0°C 
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 (a) 
)12(

1


 (b) 

)12(

3


 

 (c) 
)12(2

1


 (d) 

)12(3

1


 

10. The only possibility of heat flow in a thermos flask is through its 

cork which is 75 cm2 in area and 5 cm thick. Its thermal 

conductivity is 0.0075 cal/cmsecoC. The outside temperature is 

40oC and latent heat of ice is 80 cal g– 1. Time taken by 500 g of ice 

at 0 oC in the flask to melt into water at 0oC is [CPMT 1974, 78; MNR 1983] 
 

(a) 2.47 hr 

(b) 4.27 hr 

(c) 7.42 hr 

(d) 4.72 hr 

11. A sphere, a cube and a thin circular plate, all made of the same 

material and having the same mass are initially heated to a 
temperature of 1000°C. Which one of these will cool first    [IIT 1972; MP PMT 1993;  

J & K CET 2000 MH CET 2000; UPSEAT 2001] 

(a) Plate  (b)  Sphere  

(c) Cube (d)  None of these 

12. Three rods of the same dimension have thermal conductivities 3K, 2K 
and K. They are arranged as shown in fig. Given below, with their 
ends at 100oC, 50oC and 20oC. The temperature of their junction is    [UPSEAT 2002] 

(a) o60 C 

(b) o70  C 

(c) 50o C 

(d) 35o C 

13. Two identical conducting rods are first connected independently to 
two vessels, one containing water at 100o C and the other containing 

ice at 0oC. In the second case, the rods are joined end to end and 
connected to the same vessels. Let q

1

 and q
2 

 g / s be the rate of 

melting of ice in two cases respectively. The ratio of 21 / qq  is  

  [IIT-JEE (Screening) 2004] 

(a) 
2

1
 (b) 

1

2
 

(c) 
1

4
 (d) 

4

1
 

14. A solid cube and a solid sphere of the same material have equal 

surface area. Both are at the same temperature Co120 , then  [MP PET 1992, 96; MP PMT 2000] 

 (a)  Both the cube and the sphere cool down at the same rate 

 (b) The cube cools down faster than the sphere 

 (c) The sphere cools down faster than the cube 

 (d) Whichever is having more mass will cool down faster 

15. Two bodies A and B  have thermal emissivities of 0.01 and 0.81 
respectively. The outer surface areas of the two bodies are the same. 
The two bodies emit total radiant power at the same rate. The 

wavelength B  corresponding to maximum spectral radiancy in the 

radiation from B  is shifted from the wavelength corresponding to 

maximum spectral radiancy in the radiation from A , by m00.1 . 

If the temperature of A  is K5802    [IIT 1994; DCE 1996] 

 (a) The temperature of B  is K1934  

 (b) mB  5.1  

 (c) The temperature of B  is K11604  

 (d) The temperature of B  is K2901  

16. A black body is at a temperature of K2880 . The energy of 

radiation emitted by this object with wavelength between nm499  

and nm500  is 1U , between nm999  and nm1000  is 2U  

and between nm1499  and nm1500  is 3U . The Wein's 

constant Knmb 61088.2  . Then 

     [IIT 1998] 

 (a) 01 U  (b) 03 U  

 (c) 21 UU   (d) 12 UU   

17. A black metal foil is warmed by radiation from a small sphere at 

temperature T and at a distance d . It is found that the power 

received by the foil is `P'. If both the temperature and the distance 

are doubled, the power received by the foil will be   [MP PMT 1997] 

 (a) 16P (b) 4P 

 (c) 2P (d) P 

18. Three rods of same dimensions are arranged as shown in figure they 

have thermal conductivities 21 , KK  and 3K  The points P and Q 

are maintained at different temperatures for the heat to flow at the 
same rate along PRQ  and PQ then which of the following option is 

correct  [KCET 2001] 

(a) )(
2

1
213 KKK    

(b) 213 KKK   

(c) 
21

21
3

KK

KK
K


  

(d) )(2 213 KKK   

19. Two metallic spheres 1S  and 2S are made of the same material 

and have identical surface finish. The mass of 1S  is three times that 

of 2S . Both the spheres are heated to the same high temperature 

and placed in the same room having lower temperature but are 

thermally insulated from each other. The ratio of the initial rate of 

cooling of 1S  to that of 2S  is   [IIT 1995] 

 (a) 3/1  (b) 3/1)3/1(  

 (c) 3/1  (d) 1/3  

20. Three discs A, B and C having radii 2m, 4m, and 6m respectively are 

coated with carbon black on their other surfaces. The wavelengths 

corresponding to maximum intensity are 300 nm, 400 nm and 500 

nm, respectively. The power radiated by them are Q
a

, Q
b

, and Q
c

 

respectively 

100oC 

50oC 

20oC 

3K 

2K 

K R 

P Q 

K1 K2 

K3 
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 [IIT-JEE (Screening) 2004] 

(a) Q
a

 is maximum  (b) Q
b

 is maximum  

(c) Q
c

 is maximum (d) Q
a

 = Q
b

 = Q
c

  

21. The total energy radiated from a black body source is collected for 
one minute and is used to heat a quantity of water. The temperature 

of water is found to increase form Co20  to Co5.20 . If the 
absolute temperature of the black body is doubled and the 

experiment is repeated with the same quantity of water at Co20 , 
the temperature of water will be    [UPSEAT 2004] 

(a) Co21  (b) Co22  

(c) Co24  (d) Co28  

22. A solid sphere and a hollow sphere of the same material and size are 
heated to the same temperature and allowed to cool in the same 
surroundings. If the temperature difference between each sphere 

and its surroundings is T , then 

[Manipal MEE 1995] 

 (a) The hollow sphere will cool at a faster rate for all values of T  

 (b) The solid sphere will cool at a faster rate for all values of T  

 (c) Both spheres will cool at the same rate for all values of T  

 (d) Both spheres will cool at the same rate only for small values of 

T  

23. A solid copper cube of edges cm1  is suspended in an evacuated 

enclosure. Its temperature is found to fall from Co100  to Co99  

in s100 . Another solid copper cube of edges cm2 , with similar 

surface nature, is suspended in a similar manner. The time required 

for this cube to cool from Co100  to Co99  will be approximately[MP PMT 1997] 

 (a) s25  (b) s50  

 (c) s200  (d) s400  

24. A body initially at 80o C cools to 64o C in 5 minutes and to 52o C in 
10 minutes. The temperature of the body after 15 minutes will be[UPSEAT 2000; Pb. PET 2004] 

(a) 42.7 o C (b) 35 o C 

(c) 47 o C (d) 40 o C 

25. A 5cm thick ice block is there on the surface of water in a lake. The 
temperature of air is –10°C; how much time it will take to double 
the thickness of the block 

(L = 80 cal/g, K
icc

 = 0.004 Erg/s-k, d
ice 

= 0.92 g cm–3) 

    [RPET 1998] 

 (a) 1 hour (b) 191 hours 

 (c) 19.1 hours (d) 1.91 hours 

26. Four identical rods of same material are joined end to end to form a 

square. If the temperature difference between the ends of a diagonal 

is Co100 , then the temperature difference between the ends of 
other diagonal will be 

[MP PET 1989; RPMT 2002] 

 (a) Co0  

 (b) C
l

o100
; where l is the length of each rod 

 (c) C
l

o

2

100
 

 (d) Co100  

27. A cylindrical rod with one end in a steam chamber and the other 
end in ice results in melting of 0.1gm of ice per second. If the rod is 
replaced by another with half the length and double the radius of 

the first and if the thermal  conductivity of material of second rod is 

4

1
 that of first, the rate at which ice melts in sec/gm will be [EAMCET 1987] 

 (a) 3.2 (b) 1.6 

 (c) 0.2 (d) 0.1 

28. One end of a copper rod of length m0.1  and area of cross-section 

310   is immersed in boiling water and the other end in ice. If the 

coefficient of thermal conductivity of copper is Csmcal o--/92  

and the latent heat of ice is kgcal /108 4 , then the amount of 

ice which will melt in one minute is 

[MNR 1994] 

 (a) kg3102.9   (b) kg3108   

 (c) kg3109.6   (d) kg3104.5   

29. An ice box used for keeping eatable cold has a total wall area of 
21 metre  and a wall thickness of cm0.5 . The thermal 

conductivity of the ice box is CmetrejouleK o /01.0 . It is 

filled with ice at Co0  along with eatables on a day when the 
temperature is 30°C. The latent heat of fusion of ice is 

kgjoules/10334 3 . The amount of ice melted in one day is 

( ondsday sec400,861  )   [MP PMT 1995] 

(a) gms776  (b) gms7760  

 (c) gms11520  (d) gms1552  

30. Five rods of same dimensions are arranged as shown in the figure. 

They have thermal conductivities K
1

, K
2

, K
3

, K
4

 and K
5

. When points A 
and B are maintained at different temperatures, no heat flows 
through the central rod if 

[KCET 2002] 

(a) 3241 and KKKK   

(b) 3241 KKKK   

(c) 4321 KKKK   

(d) 
3

2

4

1

K

K

K

K
  

31. A hot metallic sphere of radius r  radiates heat. It's rate of cooling is  

 (a) Independent of r   (b) Proportional to r  

 (c) Proportional to 2r  (d) Proportional to r/1  

32. A solid copper sphere (density   and specific heat capacity c) of 

radius r at an initial temperature 200K is suspended inside a 
chamber whose walls are at almost 0K. The time required (in  s) 

for the temperature of the sphere to drop to 100 K is    [IIT-JEE 1991] 

(a) 


cr

7

72
 (b) 



cr

72

7
 

(c) 


cr

7

27
 (d) 



cr

27

7
 

33. One end of a copper rod of uniform cross-section and of length 3.1 

m is kept in contact with ice and the other end with water at 100°C. 

At what point along it's length should a temperature of 200°C be 

maintained so that in steady state, the mass of ice melting be equal 

to that of the steam produced in the same interval  of time. Assume 

that the whole system is insulated from the surroundings. Latent 

heat of fusion of ice and vaporisation of water are 80 cal/gm and 

540 cal/gm respectively  

C 

A B 

D 

K1 K2 

K4 

K5 

K3 
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 (a) 40 cm from 100°C end (b) 40 cm from 0°C end 

 (c) 125 cm from 100°C end (d) 125 cm from 0°C end 

34. A sphere and a cube of same material and same volume are heated 

upto same temperature and allowed to cool in the same 
surroundings. The ratio of the amounts of radiations emitted will be 

(a) 1 : 1 (b) 1:
3

4
 

 (c) 1:
6

3/1








 
 (d) 1:

3

4

2

1
3/2








 
 

35. The temperature of the two outer surfaces of a composite slab, 

consisting of two materials having coefficients of thermal 
conductivity K and 2K and thickness x and 4x, respectively are T

2

 
and T

1

 (T
2

  > T
1

). The rate of heat transfer through the slab, in a 

steady state is f
x

KTTA







  )( 12 , with  which equal to[AIEEE 2004] 

 (a) 1 

 (b) 
2

1
 

(c) 
3

2
 

(d) 
3

1
 

36. The figure shows a system of two concentric spheres of radii r
1

 and 

r
2

 and kept at temperatures T
1

 and T
2

, respectively. The radial rate of 

flow of heat in a substance between the two concentric spheres is 

proportional to  [AIEEE 2005] 

(a) 
)( 21

21

rr

rr


 

(b) )( 12 rr   

(c) ))(( 2112 rrrr   

(d) In 













1

2

r

r
 

37. Four rods of identical cross-sectional area and made from the same 

metal form the sides of square. The temperature of two diagonally 

opposite points and T and 2 T respective in the steady state. 

Assuming that only heat conduction takes place, what will be the 

temperature difference between other two points    [BCECE 2005] 

(a) T
2

12 
 (b) T

12

2


 

(c) 0 (d) None of these 

 
 
 
 
 
 
 

1. The graph. Shown in the adjacent diagram, represents the variation 

of temperature (T) of two bodies, x and y having same surface area, 

with time (t) due to the emission of radiation. Find the correct 

relation between the emissivity (e) and absorptivity (a) of the two 

bodies 

  [IIT-JEE (Screening) 2003] 

(a) yxyx aaee  &  

(b) yxyx aaee  &  

(c) yxyx aaee  &  

(d) yxyx aaee  &  

2. The plots of intensity versus wavelength for three black bodies at 

temperatures T
1

, T
2

 and T
3

 respectively are as shown. Their 

temperature are such that  

   [IIT-JEE (Screening) 2000]  

 (a) T
1

 >T
2

 > T
3

  

 (b) T
1

 >T
3

 > T
2

  

 (c) T
2

 >T
3

 > T
1

  

 (d) T
3

 >T
2

 > T
1

 

3. The adjoining diagram shows the spectral energy density 

distribution E of a black body at two different temperatures. If the 

areas under the curves are in the ratio 16 : 1, the value of 

temperature T is  [DCE 1999] 

 (a) 32,000 K 

 (b) 16,000 K  

 (c) 8,000 K 

 (d) 4,000 K  

0°C 100°C 

3.1 m 

K 2K T2 T1 

x 4x 

r1 
T1 

r2 T2 

t 

T 

y 

x 

T2
 

 

I 
T1

 

T3
 

 

E 
2000 K 

T K 
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4. Following graph shows the correct variation in intensity of heat 
radiations by black body and frequency at a fixed temperature 

 (a)  (b) 

 

 

 

 

 
 

 (c)  (d) 

 

 

 

 

 

 

5. Variation of radiant energy emitted by sun, filament of tungsten 
lamp and welding arc as a function of its wavelength is shown in 
figure. Which of the following option is the correct match   [IIT-JEE (Screening) 2005] 

 

 

 

 

 

 (a) Sun- ,1T  tungsten filament ,2T  welding arc 3T  

 (b) Sun ,2T  tungsten filament ,1T  welding arc 3T  

 (c) Sun ,3T  tungsten filament ,2T  welding arc 1T  

 (d) Sun ,1T  tungsten filament ,3T  welding arc 2T  

6. A body cools in a surrounding which is at a constant temperature 

of 0 . Assume that it obeys Newton's law of cooling. Its 

temperature   is plotted against time t. Tangents are drawn to the 

curve at the points )( 1 P  and )( 2 Q . These tangents 

meet the time axis at angles of 2 and 1 , as shown 

 

 

 

 

 

 (a) 
02

01

1

2

tan

tan












  (b) 

01

02

1

2

tan

tan












  

 (c) 
2

1

2

1

tan

tan








  (d) 

1

2

2

1

tan

tan








  

7. Shown below are the black body radiation curves at temperatures T
1

 
and T

2

 (T
2

>T
1

). Which of the following plots is correct   [AIIMS 2003] 

 (a)  (b) 

  

 

 

 

 (c)  (d) 

 

 

 

 

8. The spectrum of a black body at two temperatures 27oC and 327oC 
is shown in the figure. Let A

1

 and A
2

 be the areas under the two 

curves respectively. The value of 
1

2

A

A
 is 

 (a) 1 : 16 

 (b) 4 : 1 

 (c) 2 : 1 

 (d) 16 : 1 

9. A block of metal is heated to a temperature much higher than the 
room temperature and allowed to cool in a room free from air 
currents. Which of the following curves correctly represents the 
rate of cooling [Manipal MEE 1995] 

 

 

 (a)  (b) 

 

 

 

 (c)  (d) 

 

 

 

10. The energy distribution E  with the wavelength )(  for the black 

body radiation at temperature KelvinT is shown in the figure. As 

the temperature is increased the maxima will 

 

 

 

 

 

 (a) Shift towards left and become higher 

 (b) Rise high but will not shift 

 (c) Shift towards right and become higher 

 (d) Shift towards left and the curve will become broader 

11. For a small temperature difference between the body and the 
surroundings the relation between the rate of loss heat R and the 
temperature of the body is depicted by  

 (a)  (b)  

 

 

 

 

 (c)  (d)  
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12. Heat is flowing through a conductor of length l from x = 0 to x = l. 
If its thermal resistance per unit length is uniform, which of the 
following graphs is correct  

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

13. Radius of a conductor increases uniformly from left end to right 
end as shown in fig. 

 

 

 

 

Material of the conductor is isotropic and its curved surface is 
thermally isolated from surrounding. Its ends are maintained at 
temperatures T

1

 and T
2

 (T
1

 > T
2

): If, in steady state, heat flow rate is 

equal to H, then which of the following graphs is correct  

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

14. Which of the following graphs correctly represents the relation 
between ln E and ln T where E is the amount of radiation emitted 
per unit time from unit area of a body and T is the absolute 
temperature   [DCE 2002]  

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

15. A hollow copper sphere S and a hollow copper cube C, both of 
negligible thin walls of same area, are filled with water at 90°C and 
allowed to cool in the same environment. The graph that correctly 
represents their cooling is  

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

 

16. In the figure, the distribution of energy density of the radiation 

emitted by a black body at a given temperature is shown. The 
possible temperature of the black body is  

 

 

 

 

 

(a) 1500 K  (b) 2000 K  

 (c) 2500 K  (d) 3000 K   

17. Which of the following is the 
m

 = T graph for a perfectly black body 

(
m

 =maximum frequency of radiation) 

[RPMT 1996]  

 

 

 

 (a) A  (b) B 

 (c) C (d) D 

T 

x O 

T 

x O 

T 
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Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion : A body that is a good radiator is also a good 

absorber of radiation at a given wavelength.  

 Reason  :  According to Kirchoff’s law the absorptivity of a 

body is equal to its emissivity at a given 

wavelength. [AIIMS 2005]    

2. Assertion : For higher temperature, the peak emission 

wavelength of a black body shifts to lower 

wavelengths.   

 Reason  :  Peak emission wavelength of a blackbody is 

proportional to the fourth power of temperature. 
 [AIIMS 2005] 

3. Assertion : Temperatures near the sea coast are moderate.  

 Reason  :  Water has a high thermal conductivity. 

 [AIIMS 2003] 

4. Assertion : It is hotter over the top of a fire than at the 

same distance on the sides.   

 Reason  :  Air surrounding the fire conducts more heat 

upwards.  [AIIMS 2003] 

5. Assertion : Bodies radiate heat at all temperatures.   

 Reason  :  Rate of radiation of heat is proportional to the 

fourth power of absolute temperature.  

 [AIIMS 1999, 2002] 

6. Assertion : Woolen clothes keep the body warm in winter.    

 Reason  :  Air is a bad conductor of heat.   

 [AIIMS 2002] 

7. Assertion : The equivalent thermal conductivity of two plates 

of same thickness in contact (series) is less than 

the smaller value of thermal conductivity.  

 Reason  :  For two plates of equal thickness in contact 

(series) the equivalent thermal conductivity is 

given by  [AIIMS 1997] 

   
21

111

KKK
  

8. Assertion : A hollow metallic closed container maintained at 
a uniform temperature can act as a source of 
black body radiation.   

 Reason  :  All metals acts as a black body  

 [AIIMS 1996] 

9. Assertion : If the temperature of a star is doubled then the 

rate of loss of heat from it becomes 16 times.  

 Reason  :  Specific heat varies with temperature.  

 [AIIMS 1996] 

10. Assertion : The radiation from the sun’s surface varies as the 
fourth power of its absolute temperature.  

 Reason  :  The sun is not a black body.  [AIIMS 1999] 

11. Assertion : Blue star is at high temperature than red star.   

 Reason  :  Wein’s displacement law states that 

)/1( mT  .  [AIIMS 2002] 

12. Assertion : The S.I. unit of thermal conductivity is watt m–1 K-

1.   

 Reason  :  Thermal conductivity is a measure of ability of 
the material to allow the passage of heat through 
it.   

13. Assertion : A brass tumbler feels much colder than a 
wooden tray on a chilly day.   

 Reason  :  The thermal conductivity of brass is less than 
that of wood.   

14. Assertion : Like light radiations, thermal radiations are also 
electromagnetic radiation.   

 Reason  :  The thermal radiations require no medium for 
propagation.   

15. Assertion : Snow is better insulator than ice.   

 Reason  :  Snow contain air packet and air is good insulator 
of heat.  

16. Assertion : Water can be boiled inside satellite by 
convection.   

 Reason  :  Convection is the process in which heat is 
transmitted from a place of higher temperature 
to a place of lower temperature by means of 
particles with their migrations from one place to 
another.  

17. Assertion : The absorbance of a perfect black body is unity.  
  

 Reason  :  A perfect black body when heated emits 
radiations of all possible wavelengths at that 
temperature.   

18. Assertion : A man would feel iron or wooden balls equally 

hot at 98.4°F.  

 Reason  :  At 98.4°F both iron and wood have same thermal 

conductivity.  

19. Assertion : As temperature of a black body is raised, 
wavelength corresponding to maximum energy 
reduces.   

 Reason  :  Higher temperature would mean higher energy 
and hence higher wavelength.  

20. Assertion : All black coloured objects are considered black 
bodies.   

 Reason  :  Black colour is a good absorber of heat.  

21. Assertion : Greater is the coefficient of thermal conductivity 

of a material, smaller is the thermal resistance of 
a rod of that material. 

 Reason  :  Thermal resistance is the ratio of temperature 

difference between the ends of the conductor 
and rate of flow of heat. 

22. Assertion : Radiation is the speediest mode of heat transfer. 
  

 Reason  :  Radiation can be transmitted in zig-zag motion. 

23. Assertion : Two thin blankets put together are warmer than 

a single blanket of double the thickness.  
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 Reason  :  Thickness increases because of air layer enclosed 

between the two blankets.  

24. Assertion : Animals curl into a ball, when they feel very cold. 
  

 Reason  :  Animals by curling their body reduces the 

surface area. 

 

 

 

 

 

Conduction 
 

1 a 2 d 3 d 4 a 5 d 

6 d 7 d 8 d 9 c 10 d 

11 c 12 a 13 a 14 b 15 d 

16 b 17 c 18 c 19 a 20 a 

21 a 22 a 23 b 24 d 25 a 

26 b 27 b 28 d 29 d 30 b 

31 b 32 c 33 b 34 b 35 a 

36 d 37 d 38 b 39 a 40 c 

41 b 42 c 43 c 44 b 45 c 

46 a 47 c 48 b 49 b 50 a 

51 c 52 b 53 b 54 c 55 a 

56 a 57 a 58 c 59 c 60 a 

61 c 62 d 63 b 64 b 65 b 

66 c 67 b 68 b     

 

 

Convection 
 

1 c 2 a 3 c 4 a 5 b 

6 a 7 c 8 b 9 a 10 d 

11 a 12 c 13 c     

 

Radiation (General, Kirchoff's law, Black body) 
 

1 b 2 a 3 c 4 d 5 d 

6 c 7 d 8 d 9 c 10 b 

11 b 12 a 13 c 14 a 15 d 

16 b 17 a 18 b 19 b 20 c 

21 b 22 c 23 c 24 a 25 b 

26 b 27 a 28 c 29 a 30 d 

31 d 32 c 33 a 34 c 35 a 

36 d 37 c 38 b     

 

Radiation (Wein's law) 
 

1 a 2 c 3 d 4 c 5 a 

6 c 7 d 8 c 9 c 10 b 

11 a 12 b 13 b 14 c 15 b 

16 a 17 b 18 a 19 b 20 a 

21 c 22 a 23 b 24 b 25 c 

26 b 27 b 28 b 29 a 30 b 

 

Radiation (Stefan's law) 
 

1 c 2 c 3 a 4 a 5 d 

6 a 7 c 8 b 9 b 10 b 

11 b 12 c 13 c 14 c 15 c 

16 b 17 d 18 d 19 c 20 d 

21 d 22 d 23 a 24 d 25 d 

26 a 27 a 28 b 29 a 30 a 

31 d 32 d 33 d 34 c 35 a 

36 c 37 c 38 c 39 a 40 c 

41 b 42 d 43 c 44 d 45 a 

46 b 47 a 48 a 49 a 50 a 

51 a 52 d 53 b 54 b 55 b 

56 c         

 

Radiation (Newton's Law of Cooling) 
 

1 b 2 c 3 a 4 a 5 b 

6 c 7 c 8 c 9 d 10 b 

11 b 12 d 13 c 14 c 15 d 

16 c 17 a 18 b 19 c 20 b 

21 a 22 b 23 d 24 c 25 b 

26 b 27 d 28 d 29 a 30 b 

31 d 32 d 33 a 34 c 35 a 

36 b 37 b       

 

 

 

Critical Thinking Questions 
 

1 a 2 b 3 d 4 c 5 b 

6 a 7 a 8 b 9 b 10 a 

11 a 12 b 13 c 14 b 15 ab 

16 d 17 b 18 c 19 b 20 b 

21 d 22 a 23 c 24 a 25 c 

26 a 27 c 28 c 29 d 30 b 

31 d 32 b 33 a 34 c 35 d 

36 a 37 c       

 

Graphical Questions 

 

1 c 2 b 3 d 4 c 5 c 

6 b 7 a 8 d 9 b 10 a 

11 c 12 c 13 b 14 d 15 c 

16 b 17 b       

 

Assertion & Reason 
 

1 a 2 c 3 b 4 c 5 e 

6 a 7 d 8 c 9 b 10 c 
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11 a 12 b 13 c 14 b 15 a 

16 e 17 b 18 c 19 c 20 e 

21 b 22 c 23 c 24 a   

 
 
 
 
 
 

Conduction 
 

1. (a) Cu  is better conductor than Al  and Ag  is better conductor 

than Cu . Hence conductivity in increasing order is 

AgCuAl  . 

2. (d) 
l

KA

t

Q 
  

l

r

l

A

t

Q 2

  

 
l

r 2

 is maximum in option (d), hence it will conduct more 

heat. 

3. (d) 
l

KA

t

Q 
   

l

d

l

A

t

Q 2

    (d = Diameter of rod) 

  
8

1

2

1

2

1

)/(

)/(
2

1

2

2

2

1

2

1 
































l

l

d

d

tQ

tQ
  

4. (a) 
l

KA

t

Q 


RKAl

 





)/(
  (R = Thermal resistance) 

  Rt    ( Q and   are same) 

  
4

1

2

2/


R

R

R

R

t

t

S

P

S

P  .min1
4

4

4
 S

P

t
t  

(Series resistance 21 RRRS   and parallel resistance 

21

21

RR

RR
RP


 ) 

5. (d) For cooking utensils, low specific heat is preferred for it’s 

material as it should need less heat to raise it’s temperature 

and it should have high conductivity, because, it should transfer 

heat quickly. 

6. (d) In steady state there is no absorption of heat in any position. 

Heat passes on or is radiated from it’s surface. Therefore, in 

steady state the temperature of the body does not change with 

time but can be different at different points of the body.  

7. (d) It is the property of material.   

8. (d) Because steady state has been reached. 

9. (c) KA
KA

t

Q
50

6.0

)6090(1 


  

 and KA
KA

t

Q
50

8.0

)110150(2 


  

10. (d) Given 21 AA   and 
4

5

2

1 
K

K
 

  21 RR  
AK

l

AK

l

2

2

1

1   .
4

5

2

1

2

1 
K

K

l

l
   

11. (c) 
x

KA

t

Q








 
 Thermal gradient 

x


 

 cmC
KA

tQ
/25

4.0

10)/(



   

12. (a) It is given that 
3

1

2

1 
K

K
  KK 1  then KK 32   

the temperature of the junction in contact  

21

2211

KK

KK









4

100

31

031001





 = 25°C 

 

 

 

 

 

  

 

13. (a) ;
)( 21

l

tKA
Q

 
  in both the cases , A, l and )( 21    

are same so Kt = constant 
2

3

20

30

2

1

2

1 
t

t

K

K
= 1.5.   

A B 

Junction 

temperature  

Q 

Q 

100°C 0°C 
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14. (b) 
l

AK

t

Q )( 2111

1

 









 and 

l

AK

t

Q )( 2122

2

 









 

given 
21



















t

Q

t

Q
 2211 AKAK   

15. (d) In variable state K
t

Q
  and 

ct

Q



1
  

c

K

t

Q


  

(K = thermal conductivity,  = density, c = specific heat) 

16. (b) 
3

10

9

10
::

2

1

2

12
2

2
121 

K

K

l

l
llKK  

17. (c) 
l

KA

t

Q )( 
  2.0

5

1

4.0

205
50 


 K

K
 

18. (c)  

19. (a) Thermal resistance 

 ][ 321

213
KTLM

LKMLT

L

KA

l 













  

20. (a) When a piece of glass is heated, due to low thermal 
conductivity it does not conduct heat fast. Hence unequal 
expansion of it’s layers crack the glass. 

21. (a) In series both walls have same rate of heat flow. Therefore  

 
2

22

1

11 )()(

d

TAK

d

TAK

dt

dQ 






 

 )()( 212121 TdKTdK    

 
1221

212121

dKdK

TdKTdK




  

22. (a) Temperature of interface  = 
21

2211

KK

KK



 
  


4

1
(

2

1

K

K
 If K

1

 = K then K
2

 = 4K) 

 
K

KK

5

10040 
 = 80°C 

23. (b) C
l

o1080
5.0

30
80 2

221 








 

24. (d) 
dx

d
KA

dt

dQ 
 ; when 0, 

dx

d
K


 

i.e.   is independent of x i.e. constant or uniform. 

25. (a) Air is poor conductor of heat. 

26. (b)  

27. (b)  

28. (d) Let the heat transferred be Q.   

 

 

 

When rods are joined end to end. Heat transferred by each 

rod 12



l

KA
Q


              …..(i) 

When rods are joined lengthwise, t
l

KA
Q

2


   …..(ii)  

From equation (i) and (ii) we get st 48  

29. (d) 
44

1
2

B
A

B

B

A

B

B

A K
K

r

r

A

A

K

K

l

KA

t

Q




















  

30. (b) Thermal conductivity of composite plate  

 
32

3222

21

21









KK

KK
Keq

5

12
 =2.4 

31. (b) 
l

r

l

A
Q

2

   
2

1

2
1

2
2

1

2

l

l

r

r

Q

Q
  

  
2

1

1

4

1

2 
Q

Q
  12 2QQ    

32. (c) 
l

K
At

Q 
  

l
K


= constant  

Kl

1



 

Hence  If gmc KKK  , then  

 gmc

gmc

XXX
lll








 








 








  
 

 because higher K implies lower value of the temperature 
gradient.  

33. (b) In series 21 RRReq    
AK

l

AK

l

AK

l

eq 21

2
   

  
21

112

KKKeq

   
21

212

KK

KK
Keq


   

34. (b) 
dl

d
KA

dt

dQ 
  

dl

d

dt

dQ 
   (Temperature gradient) 

35. (a) 
dl

drK

dt

dQ  )( 2

  
sll

lss

l

s

lrK

lrK

dt

dQ

dt

dQ
























2

2

 = 
1

2

4

1

2

1
  

   1
4

4

4


















 l

s

dt

dQ

dt

dQ
  

36. (d) 
l

tKA
Q

)( 
  

  Q and   are same for both spheres hence 

 
tr

l

At

l
K

2
  

l

s

l

s

s

l

t

t

r

r

l

l

K

K
















2

smaller

larger
. It is given 

that ,2 sl rr   sl ll
4

1
  and 251 t min,  16st min. 

  
25

1

25

16

2

1

4

1
2

smaller

larger



















K

K
 

37. (d) 
l

KA

t

Q )( 
 

l

r

l

A

t

Q 2

  

  
 

1

2

2

2

1

2

1

)/(

/

l

l

r

r

tQ

tQ
















1

16

1

4

1

2
2


















  

38. (b) Temperature of interface 
21

2211

KK

KK







   

 where K
1

 = 2K and K
2

 = 3K    














3

2

2

1

K

K
  

  
KK

KK

32

031002




C

K

K
 40

5

200
 

d1 d2 

K1 

T1  

K2 

T2 

l l 
l 
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39. (a) 
2
2

2
1

2

1

l

l

K

K
   23.0

)4.8(

)2.4(92.0
2

2

2
1

2
21

2 



l

lK
K  

40. (c) Mud is bad conductor of heat. So it prevents the flow of heat 
between surroundings and inside. 

41. (b) Temperature gradient cmC /4
20

20100



  

temperature at centre 104100   = 60°C  

42. (c) Temperature of interface  

 
1221

122211

lKlK

lKlK









132

1100320






KK

KK
 

   
K

K

5

300
 = 60°C 

43. (c) C
KAt

lQ o100
10400

1.04000
2











  

44. (b) Heat passes quickly from the body into the metal which leads 
to a cold feeling.  

45. (c) Heat energy always flow from higher temperature to lower 
temperature. Hence, temperature difference w.r.t. length 
(temperature gradient) is required to flow heat from one part 
of a solid to other part. 

46. (a) When the temperature of an object is equal to that of human 
body, no heat is transferred from the object to body and vice 
versa, Therefore block of wood and block of metal feel equally 
cold and hot if they have same temperature as human body. 

47. (c)   

48. (b) Temperature of water just below the lower surface of ice layer 
is 0°C.  

49. (b) 
1

)0100(10100100)( 4
21 







l

KA

t

Q 
 

 minJoulesecJoule
t

Q
/106/100 3   

50. (a) Temperature of interface 
1221

122211

lKlK

lKlK







   

It is given that .9 SCu KK   So if KKKS  1  then 

KKKCu 92   

   
1869

18061009






KK

KK
= C

K

K
 75

72

5400
  

51. (c) 
l

KA

t

Q )( 21  
   

l

r

l

A

t

Q 2

  

 [As )( 21    and K are constants] 

 
9

8

1

2

9

4

1

2

2
2

2
1

2

1 




















l

l

r

r

t

Q

t

Q

 

52. (b) In parallel combination equivalent conductivity 

 
2

21

21

2211 KK

AA

AKAK
K







  (As 21 AA  ) 

53. (b) t
l

KA
Q

)( 21  
  2211 tKtK   

4

7

20

35

1

2

2

1 
t

t

K

K
 

 (As Q, l , A and )( 21    are same)   

54. (c) A lake cools from the surface down. Above ,4 C  the cooled 

water at the surface flows to the bottom because of it’s greater 

density. But when the surface temperature drops below C4  

(here it is C2 ), the water near the surface is less dense than 
the warmer water below. Hence the downward flow ceases, the 

water at the bottom remains at C4  until nearly the entire 

lake, is frozen. 

55. (a) Temperature gradient cmC
cm

C

dx

d o

/2
50

)25125(






 

56. (a) 
25.6

1

25

10
2

2
2

2
1

2

12 









l

l

K

K
lK  

57. (a) Thermal resistance of Cu is lesser than the thermal resistance 
of steel. Hence only in option (a) thermal resistance is 
minimum so heat current is maximum.  

58. (c) At steady state, rate of heat flow for both blocks will be same 

i.e., 
2

22

1

11 )()(

l

AK

l

AK  



(given 21 ll  ) 

)()( 2211   AKAK   
21

2211

KK

KK







   

 

 

 

 

 

59. (c) K
KK

KK

KK

KK
K

3

4

2

2..22

21

21 





   

60. (a) Temperature of interface 
21

2211

KK

KK







  

It is given that 
3

5

2

1 
K

K
  KK 51   and KK 32   

KK

KK

35

2031005






K

K

8

560
 =70°C  

61. (c) In winter, the temperature of surrounding is low compared to 

the body temperature )4.37( Co . Since woolen clothes are 

bad conductors of heat, so they keep the body warm.  

62. (d) Temperature of interface 
21

2211

KK

KK
T







 

C



 60

200300

0200100300
 

63. (b) Rate of heat flow 
L

r

L

rk

t

Q 2
21

2 )(











 
 

  
2

1

1

2

2

1
2

1

2

2

2

1

2

1 














































l

l

r

r

Q

Q
 12 2QQ   

64. (b) 
l

KA

t

Q 
  

1

75.0200
6000


  

  C



 40

75.0200

16000
  

65. (b) In series rate of flow of heat is same 

1 2  

K1 K2 

l1
 

l2
 

1 2 

A 

 

B 

KA KB 
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l

AK

l

AK BA )()( 21  



 

  )()(3 21   BB KK  

  )()(3 21    

  21 33    211 44    

  )()(4 211    

  20)(4 1   C 5)( 1   

66. (c) Let   be temperature middle point C and in series rate of heat 

flow is same  )70()100)(2(   KAAK  

  702200     2703   C 90  

67. (b) Thermal resistances are same 

  
22

2

11

1

AK

l

AK

l
   

2

2

1

1

K

l

K

l
 )( 21 AA   

  
3

5

2

1

2

1 
K

K

l

l
 

68. (b) 
l

r

t

Q 2

 ; from the given options, option (b) has higher value 

of 
l

r2

. 

Convection 
 

1. (c) Convection significantly transferring heat upwards (Gravity 
effect).  

2. (a) Heat flows from hot air to cold body so person feels comfort.  

3. (c) No flow of heat by convection in vacuum. 

4. (a)  

5. (b) Density of hot air is lesser than the density of cold air so hot 
air rises up. 

6. (a)  

7. (c) In convection hot particles moves 
up ward (due to low density) and 
light particle moves downward (due 
to high density). 

 

8. (b) 

9. (a) Natural convection arises due to 
difference of density at two places and is a consequence of 
gravity.  

10. (d)  

11. (a) Convection is not possible in weightlessness. So the liquid will 
be heated through conduction. 

12. (c) In forced convection rate of loss of heat )( 0TTA
t

Q
  

13. (c)  

 
Radiation (General, Kirchoff's law, Black body) 

 

1. (b) Because of uneven surfaces of mountains, most of it's parts 
remain under shadow. So, most of the mountains. Land is not 
heated up by sun rays. Besides this, sun rays fall slanting on 
the mountains and are spread over a larger area. So, the heat 
received by the mountains top per unit area is less and they 
are less heated compared to planes (Foot). 

2. (a) The velocity of heat radiation in vacuum is equal to that of 
light. 

3. (c) Radiation is the fastest mode of heat transfer. 

4. (d) A thermopile is a sensitive instrument, used for detection of 
heat radiation and measurement of their intensity. 

5. (d)  The polished surface reflects all the radiation. 

6. (c) Heat radiations are electromagnetic waves of high wavelength.  

7. (d) When element and surrounding have same temperature. There 
will be no temperature difference, hence heat will not flow 
from the filament and it’s temperature remains constant.  

8. (d) Every body at all time, at all temperatures emits radiation 

(except at 0T ). The radiation emitted by the human body 
is in the infra-red region.  

9. (c) 

10. (b) Infrared radiations are detected by pyrometer. 

11. (b) 

12. (a) In vacuum heat flows by the radiation mode only. 

13. (c) Good absorbers are always good emitters of heat. 

14. (a) A perfectly black body is a good absorber of radiations falls on 
it. So it’s absorptive power is 1.  

15. (d) According to Kirchoff’s law in spectroscopy. If a substance emit 
certain wavelengths at high temperature, it absorbs the same 
wavelength at comparatively lower temperature. 

16. (b) A person with dark skin absorbs more heat radiation and feels 
more heat. It also radiates more heat and feels more cold. 

17. (a) For a black body emissivity = absorptive power. 

18. (b) Highly polished mirror like surfaces are good reflectors, but not 
good radiators. 

19. (b) Black cloth is a good absorber of heat, therefore ice covered by 
black cloth melts more as compared to that covered by white 
cloth. 

20. (c) According to Kirchoff’s law, the ratio of emissive power to 
absorptive power is same for all bodies is equal to the emissive 
power of a perfectly black body i.e., 

 bodyBlackE
a

e

body









 for a particular wave length 

 bodyBlack

body

)( 


 E
a

e














   Eae   

21. (b) Absorption power
given heatTotal 

absorbed Heat
  

22. (c) Because Planck’s law explains the distribution of energy 
correctly at low temperature as well as at high temperature. 

23. (c)  

24. (a) The black spot on heating absorbs radiations and so emits 
them in the dark room while the polished shining part reflects 
radiation and absorbs nothing and so does not emit radiations 
and becomes invisible in the dark. 

25. (b)   

26. (b) When the light emitted from the sun’s photosphere passes 
through it’s outer part Chromosphere, certain wave lengths are 
absorbed. In the spectrum of sunlight, a large number of dark 
lines are seen called Fraunhoffer lines. 

27. (a) As for a black body rate of absorption of heat is more. Hence 
thermometer A shows faster rise in temperature but finally 
both will acquire the atmospheric temperature. 

28. (c) According to Kirchoff’s law, a good emitter is also a good 
absorber. 

29. (a) Red and green colours are complementary to each other. When 
red glass is heated it absorbs green light strongly, hence 
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according to Kirchoff’s law, the emissive power of red glass 
should be maximum for green light. That’s why when this 
heated red glass is taken in dark room it strongly emits green 
light and looks greenish. 

30. (d) Black and rough surfaces are good absorber that’s why they 
emit well. (Kirchoff's law). 

31. (d) 

32. (c) When light incident on pin hole, enters into the box and suffers 
successive reflection at the inner wall. At each reflection some 
energy is absorbed. Hence the ray once it enters the box can 
never come out and pin hole acts like a perfect black body. 

33. (a) Initially black body absorbs all the radiant energy incident on it, 
So it is the darkest one. Black body radiates maximum energy if 
all other condition are same. So when the temperature of the 
black body becomes equal to the temperature of furnace it will 
be brightest of all.       

34. (c) Open window behaves like a perfectly black body. 

35. (a) Ordinary glass prism (crown, flint) absorbs the infrared 
radiation but rock salt prism transmit them. Hence it is used to 
obtain the spectrum of infrared radiation. 

36. (d) A good absorber is a good emitter hence option (a) is wrong. 
Every body stops absorbing and emitting radiation at 0 K 
hence option (b) is wrong. 

The energy of radiation emitted from a black body is not same 
for all wavelength hence option (c) is wrong.  

Plank’s law relates the wavelength () and temperature (T) 

according to the relation 



d

e

hc
dE

kThc ]1[

18
/5 

 . Hence 

option (d) is correct. 

37. (c) When blue glass is heated at high temperature, it absorbs all 

the radiation of, higher wavelength except blue. If it is taken 
inside a dark room, it emits all the radiation of higher 
wavelength, hence it looks brighter red as compared to the red 
piece. 

38. (b)  
 

Radiation (Wein's law) 
 

1. (a) 

2. (c) According to Wein’s law, Tm constant 

 byrbyr TTT    or BCA TTT     

3. (d) Tm =constant 
1

2

2

1






T

T


5

4

105.0

10





=200. 

4. (c) Tm constant 

5. (a) According to Wein’s law Tm = constant, on heating up to 

ordinary temperatures, only long wavelength (red) radiation is 
emitted. As the temperature rises, shorter wavelengths are also 
emitted in more and more quantity. Hence the colour of 
radiation emitted by the hot wire shifts from red to yellow, 
then to blue and finally to white.  

6. (c) According to Wein’s displacement law.  

7. (d) 
2

1

21
1

221 T

T
TT

m

mmm


   m04.2

1400

700
08.4    

8. (c) m
T

T
TT

m

mmm 


 8.2
1000

20014

2

1

21
1

221



   

9. (c) 
3

4

36

48

3600

4800

1

2

2

1 
m

m

T

T




  

10. (b) Å
T

T
mm 30005000

2500

1500
12

2

1    

11. (a)  At low temperature short wavelength radiation is emitted. As 
the temperature rise colour of emitted radiation are in the 
following order 

  RedYellowBlueWhite (at highest temperature) 

12. (b) Similar to Q. 11  

13. (b) The wavelength corresponding to maximum emission of 

radiation from the sun is Å4753max   (close to the 

wavelength of violet colour of visible region). Hence if 

temperature is doubled 
m

 is decreased 









T
m

1
  i.e. mostly 

ultraviolet radiations emits. 

14. (c) 
2

1

1011

105.5
5

5

2

1

1

2 





m

m

T

T




  

2

1
n . 

15. (b) K
b

T
m

7

10

3

10
1093.2

1093.2












 

16. (a) 
2

1

1

2

T

T

m

m





mm  33.34

2400

2000
2

  

17. (b)  

18. (a)  

19. (b) 
12

2

1
mm

T

T
  mmm 

3

2

3

2

3000

2000
11
  

20. (a)  

21. (c) KT
T

T

m

m
2001640

35.14

75.1

35.14

75.1
2

1

2

2

1 



 

22. (a) m
T

T

T

T





34

1200

900
1

2

1
2

2

1

1

2   

23. (b) 
3000

60004800

2

11

2




T

Tm

m


 = Å9600  

24. (b) 
1

30

140

4200

1

2

2

1 
m

m

T

T




 

25. (c) TT mm
    TT 20     

2

0   

26. (b) TT mm
    

2

3

2000

3000





 T

T

m

m




 

27. (b) 221
TT mm     T77 10115500105.5    

 KKT 27505550   

28. (b) According to Wein’s displacement law 

 bTm  or 
T

b
m  nmm 581058

105

0029.0 9

4



   

29. (a) K
b

T
T

b

m

m 7325
104000

1093.2
10

3












  

30. (b) 69.0
510

350

)(

)(

max

max 
S

N

N

S

T

T




 

 



 
 736 Transmission of Heat  

Radiation (Stefan's law) 
 

1. (c) 4TE   (Stefan’s law)  

2. (c) Rate of heat loss )( 4
0

4 TTeAE   

 48 102004.01067.5    ])27273()527273[( 44   

 48 102004.01067.5    44 )300()800(  =182J/sec 

3. (a) 

4

2

4

2

1

2

1

273273

0273




























E

E

T

T

E

E
EE 162  . 

4. (a) 
16

2 2
4

4

4

2

14 E
E

T

T

E

E
TE   

5. (d) 

4

1

2

1

2
















T

T

E

E
 

4
273420

1

2







 


T

4
673











T
 

  6732 4/1 T  = 800K. 

6. (a) 

4

1

2

1

2
















T

T

E

E
8016

)500(

)1000(

227237

727273
24

4













 E   

7. (c) 

4

1

2

1

2
















T

T

E

E
 )127273()16( 4/1

1

4/1

1

2
2 













 T

E

E
T  

  T
2

 CK o527800    

8. (b) In M.K.S. system unit of  is 
42 Ksecm

J


 

 
424

7

42 10

10
1

Kseccm

erg

Ksecm

J





 

42

310
Kseccm

erg


   

9. (b) For a block body rate of energy 4TAP
t

Q
  

 4TP    
16

1

)287273(

)7273(
44

2

1

2

1 



























T

T

P

P
 

10. (b) QQQ
T

T
EE 499.3

300

424

)27273(

)151273(
4

4

4

4
1

4
2

12 
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13. (c) According to Stefen’s law 4ATE   
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14. (c) Total energy radiated from a body tTAQ 4  
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15. (c) Rate of energy 4TAP
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16. (b) The rate of radiated energy 4TAP
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18. (d)  tTAQ bodyBlack
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20. (d) Radiated power by blackbody 4TA
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21. (d) Amount of energy radiated  (Temperature)4. 
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24. (d) tTAQ bodyBlack
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Breadth are halved so area becomes one fourth. 
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25. (d) Power radiated 4TP    
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26. (a) For black body, 4TAP  . For same power 
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28. (b) 
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30. (a) According to Wein's law 
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31. (d) 4TE   
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33. (d) If temperature of surrounding is considered then  

net loss of energy of a body by radiation 
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34. (c) 4TAQ   2rAQ       ( T = constant) 
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35. (a) 
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36. (c) For a black body 4TAP
t

Q
  

 

4

1

2

1

2
















T

T

P

P
  

4

2

227273

727273

20














P
 

 42 )2(
20


P

  WP 3202   

37. (c) Energy radiated per sec 4TAP
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40. (c) Power 424 TrATP   

  

4

1

2

2

1

2

1

2






























T

T

r

r

P

P
42

2/4



















T

T

r

r
=1. 

41. (b) 
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43. (c) Energy radiated from a body tTAQ 4  
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44. (d) 4ATE    
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46. (b) Energy per second 4T
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47. (a) 4TQ    
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48. (a) From Stefan’s law 4TE   
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49. (a) Rate of cooling )( 4
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50. (a) 

51. (a) Rate of cooling )( 4
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52. (d) Loss of heat tTTAQ )( 4
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= 0.99 W. 

53. (b) According to Prevost theory every body radiate heat at all 
temperature (except 0K) and also absorbs heat from 
surroundings.  

 TTA    Object A emits radiations more than the 

radiations it absorbs.  

and TTB    Object B absorbs more radiations than it 

emits.  

After a certain time all bodies attains a common temperature. 

54. (b) According to Prevost theory 
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56. (c) 4TQ   

 

Radiation (Newton's Law of Cooling) 
 

1. (b) According to Newton's law of cooling  
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2. (c) According to Newton's law of cooling  

Rate of cooling  Mean temperature difference  

 










 0

21

2Time

etemperaturinFall 



  

 
3

21

2

21

1

21

222







 








 








  
 

 321 TTT   

3. (a) Initially at t = 0 

Rate of cooling (R)  Fall in temperature of body ( – 
0

) 
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4. (a) For small difference of temperature, it is the special case of 
Stefan’s law. 

5. (b) Liquid having more specific heat has slow rate of cooling 

because for equal masses rate of cooling 
cdt

d 1



. 

6. (c) 
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7. (c) Newton's law of cooling is used for the determination of 
specific heat of liquids. 

8. (c) By Newton’s law of cooling.  

9. (d) Rate of loss of heat 
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10. (b) During clear nights object on surface of earth radiate out heat 
and temperature falls. Hence option (a) is wrong.  

The total energy radiated by a body per unit time per unit area 

E  T4. Hence option (c) is wrong.  

Energy radiated per second is given by 4TPA
t
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, hence option (d) is wrong.  

Newton's law is an approximate form of Stefan's law of 
radiation and works well for natural convection. Hence option 
(b) is correct. 

11. (b) 
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12. (d) 
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13. (c) According to Newton's law of cooling  

Rate of cooling  mean temperature difference. 
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Initially, mean temperature difference 
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Finally, mean temperature difference 
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In second case mean temperature difference decreases, so rate 
of fall of temperature decreases, so it takes more time to cool 
through the same range. 

14. (c) 
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In the first 10 minute  
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from equations (i) and (ii)
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15. (d) )( 4
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. If the liquids put in exactly similar 

calorimeters and identical surrounding then we can consider T
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and A constant then 
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If we consider that equal masses of liquid (m) are taken at the 

same temperature then 
cdt

d 1



 

So for same rate of cooling c should be equal which is not 
possible because liquids are of different nature. Again from 
equation (i) 
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Now if we consider that equal volume of liquid (V) are taken at 

the same temperature then 
cdt

d



 1
 . 

So for same rate of cooling multiplication of  c for two 
liquid of different nature can be possible. So option (d) may be 
correct. 

16. (c) 
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17. (a) 
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18. (b) 
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 from equations (i) and (ii) we get t  10 sec.  

19. (c) Rate of loss of heat is directly proportional to the temperature 
difference between water and the surroundings.  

20. (b) Rate of cooling 
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 In second case average temperature will be less hence rate of 
cooling will be less. Therefore time taken will be more than 4 
minutes. 

21. (a)   

22. (b) First case, 
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By solving equation (i) and (ii) we get  t = 6 min. 

23. (d)   

24. (c) In first case 
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26. (b) In first case 
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27. (d) In first case 
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28. (d) Rate of cooling (here it is rate of loss of heat) 
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29. (a) According to Newton's law  

Rate of cooling  temperature difference  

30. (b) According to Newton's law 
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31. (d) 
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32. (d) 
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33. (a) 
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34. (c) 













20

2

6090

5

6090
K  556  K   

55

6
K  

 And, 













20

2

3060

55

63060

t
 t = 11 minute.  

35. (a) According to Newton’s law of cooling  
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36. (b) According to Newton’s law of cooling  
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37. (b) According to Newton’s law of cooling. 
 

Critical Thinking Questions   
 

1. (a) 
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2. (b) Suppose thickness of each wall is x then 
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Hence temperature difference 
across wall A is  
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4. (c) Both the cylinders are in parallel, for the heat flow from one 

end as shown. 
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5. (b) Let the temperature of junction be . Since roads B and C are 

parallel to each other (because both having the same 
temperature difference). Hence given figure can be redrawn as 
follows  
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6. (a) Heat developed by the heater 
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8. (b) If suppose KKKK AlNi 3  and .6KKCu   

Since all metal bars are connected in series  

So 
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9. (b)  AB TT    Heat will flow B to A via two paths (i) B to A 

(ii) and along BCA as shown.  

 Rate of flow of heat in path BCA will be same 

i.e. 
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 t = 8.9  103 sec = 2.47 hr. 

11. (a) Rate of cooling 
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. Since 

area of plate is largest so it will cool fastest.  

12. (b) Let the temperature of junction be  then according to 

following figure.  

 

 

 

 

H = H
1

 + H
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 300 – 3 = 3 – 120   = 70°C 

13. (c) Initially the rods are placed in vessels as shown below 
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   ... (i)  

Finally when rods are joined end to end as shown  
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From equation (i) and (ii),  
1
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14. (b) Rate  of cooling of a body 
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TTA

t
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)( 4
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Volume
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A
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 For the same surface area. 
Volume

1
R  

 Volume of cube < Volume of sphere  

 SphereCube RR   i.e. cube, cools down with faster rate. 

15. (a,b) According to Stefan’s law 
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16. (d) Wein's displacement law is bTm   

 .1000
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1088.2 6

nm
T

b
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Energy distribution with wavelength will be as follows 
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From the graph it is clear that U
2

 > U
1

. 

17. (b) Energy received per second i.e., power )( 4
0

4 TTP   

   4TP    )( 0 TT    

  Also energy received per sec (p)
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1

d
   

  (inverse square law)  
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18. (c) The given arrangement of rods can be redrawn as follows 

 

 

 

 

 
 

It is given that H
1

 = H
2
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19. (b) Rate of cooling 
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20. (b) Radiated power 4TAP    P 4AT  

 From Wein’s law, Tm constant  
m

T


1
  

   
4

2
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rA
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  BQ  will be maximum.  

21. (d) The total energy radiated from a black body per minute. 
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 If m be mass of water taken and S be its specific heat capacity, 

then )205.20(1  msQ  and )20(2  msQ  

 C Final temperature of water 

  
5.0

20

1

2 



Q

Q
  

5.0

20

1

16 



  C 28  

22. (a) Rate of cooling 
mc

TTA

t

)( 4
0

4 


 
 

As surface area, material and temperature difference are same, 
so rate of loss of heat is same in both the spheres. Now in this 
case rate of cooling depends on mass. 

 Rate of cooling 
mt

1



 

 hollowsolid mm  . Hence hollow sphere will cool fast.  

23. (c) Rate of cooling 
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24. (a) According to Newton law of cooling  
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  For first process : 
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  For second process : 
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  For third process : 
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On solving equation (i) and (ii) we get 
15

1
K  and 

C 240 . Putting these values in equation (iii) we get  

C 7.42  

25. (c)  
)()()( 212121 
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26. (a) Suppose temperature difference between A and B is 100°C and 


A

 > 
B

  

 

 

 

 

 

 

Heat current will flow from A to B via path ACB and ADB. 

Since all the rod are identical so ()
AC

 =()
AD

  

(Because heat current ;
R

H


 here R = same for all.)  

 DACA     DC    

i.e. temperature difference between C and D will be zero. 
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27. (c) 
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 Rate of melting of ice 
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Since for second rod K becomes th
4

1
 r becomes double and 

length becomes half, so rate of melting will be twice i.e. 
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28. (c) Heat transferred in one minute is utilised in melting the  ice so, 

Lm
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29. (d) d
l

KA

dt

dQ
  30

05.0

101.0



  = 6J/sec 

Heat transferred in on day (86400 sec) 

J518400864006   

Now mLQ    
L

Q
m 

310334

518400


  

            = 1.552 kg = 1552g.   

30. (b) For no current flow between C and D  
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It is given that ,DC    hence from equation (i) and (ii) we 

get  
3
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31. (d) Rate of cooling 
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32. (b)  )( 4
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  [In the given problem fall in 

temperature of body KdT 100)100200(  , temp. of 
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33. (a)  Rate of flow of heat is given by 
KAldt
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 also 

dt
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L

dt

dQ
  (where L = Latent heat) 
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. Let the desire point is at a distance x 

from water at 100°C.  

 

 

 
 

 Rate of ice melting = Rate at which steam is being produced 
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 x = 0.4 m = 40 cm 

34. (c) Q =  A t (T4 – T
0

4) 

If T, T
0

,  and t are same for both bodies then 
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But according to problem, volume of sphere = Volume of cube 
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Substituting the value of a in equation (i) we get   
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35. (d) Equation of thermal conductivity of the given combination 
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heat through the given combination is 
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On comparing it with given equation we get 
3

1
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36. (a) Consider a concentric spherical shell of radius r and thickness 
dr as shown in fig. 
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The radial rate of flow of heat through this shell in steady state 

will be 
dr

dT
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Which on integration and simplification gives 
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37. (c)  Similar to Q.No.26 

Temperature difference between C and D is zero. 

 

 

 

 

 

 
 

 

Graphical Questions 
 

1. (c) Rate of cooling 









dt

dT
 emissivity (e)  

  From graph, 
yx dt

dT

dt

dT

















   yx ee   

  Further emissivity (e)  Absorptive power (a)  yx aa   

 ( good absorbers are good emitters). 

2. (b) According to Wien's law 
T

m

1
  and from the figure 

231 )()()( mmm    therefore T
1

 > T
3

 > T
2

. 

3. (d) 
1

16

2000


A

AT         (given)  

  Area under  e  curve represents the emissive power of 

body and emissive power 4T  

  (Hence area under   e  curve) 4T  
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T
 .4000KT   

4. (c) According to Wein's law 
T

m

1
  Tm  .  As the 

temperature of body increases, frequency corresponding to 

maximum energy in radiation (
m

) increases this is shown in 
graph (c). 

5. (c) According to Wein's displacement law.   

6. (b) For -t plot, rate of cooling 
dt

d
slope of the curve. 

At P, )(tan 022 


 k
dt

d
, where k = constant. 
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 k
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7. (a) According to Wein’s displacement law 
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There fore I– graph for T
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) and so 
curve for T

2

 will shift towards left side. 

8. (d) Area under given curve represents emissive power and emissive 

power  T4  4TA   
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9. (b) According to Newton's law of cooling  

 

 

 

 

 

  Rate of cooling  Temperature difference  

   )( 0



dt

d


dt

d
 = )( 0   (= constant) 

    











i

t

dt
d

00 )(
  t

i e   )( 00  

  This relation tells us that, temperature of the body varies 

exponentially with time from i  to 0  

 Hence graph (b) is correct. 

10. (a) According to Wein's displacement law 
T

m

1
 . Hence, if 

temperature increases m  decreases i.e., peak of the E  

curve shift towards left. 

11. (c) Rate of loss of heat (R)  temperature difference  

   )( 0 R  00 )(  kkkR  (k= constant)  

  on comparing it with cmxy   it is observed that, the 

graph between R and  will be straight line with slope =k and 

intercept 0k  

 

 

 

 

 

12. (c) 
dx

d
KA

dt

dQ 
  

  ,
dt

dQ
K and A are constants for all points  

dxd   ; i.e. temperature will decrease linearly with x.  

13. (b) Since the curved surface of the conductor is thermally 

insulated, therefore, in steady state, the rate of flow of heat at 
every section will be the same. Hence the curve between H and 
x will be straight line parallel to x-axis.  

14. (d) According to Stefan's law 4TE   

 TE log4loglog   loglog4log  TE  

 on comparing this equations with  Cmxy   

 we find that graph between log E and log T will be a straight 
line, having positive slope (m = 4) and intercept on log E axis 

equal to log  

15. (c) 


 3
04

mc

A

dt

d
 

For given sphere and cube 


3
04

mc

A
 is constant so for 

both rate of fall of temperature 
dt

d
constant  

16. (b) bTm   where  mKb 31089.2   

 
6

3

105.1

1089.2









m

b
T


K2000  

17. (b) Wein's law 
T

m

1
    or  Tm   


m

 increases with temperature. So the graph will be straight 
line. 

 

Assertion and Reason 
 

1. (a) According to Kirchoff’s law 


 E
a

e
  

If for a particular wave length 1E    ae   i.e., 

aborptivity of a body is equal to it’s emissivity. This statement 
also reveals that a good radiator is also a good absorber and 

vice versa.   

2. (c) According to Weins law Tm = constant i.e., peak emission 

wavelength .
1

T
m   Also 

as T increases m  

decreases.  

Hence assertion is true but 

reason is false. 

3. (b) During the day when water is cooler than the land, the wind 
blows off the water onto the land (as warm air rises and cooler 
air fills the place). Also at night, the effect is reversed (since 
the water is usually warmer than the surrounding air on land). 
Due to this wind flow the temperature near the sea coast 
remains moderate. 

4. (c) Heat is carried away from a fire sideways mainly by radiations. 
Above the fire, heat is carried by both radiation and by 
convection of air. The latter process carries much more heat.  

 

 

 

 

 

5. (e) Assertion is false because at absolute zero (0 K), heat is neither 
radiates nor absorbed. Reason is the statement of Stefan’s law, 

as .4TE   

6. (a) Woolen fibres encloses a large amount of air in them. Both 

wool and air are the bad conductors of heat and the coefficient 
of thermal conductivity is small. So, they prevent any loss of 
heat from our body. 

7. (d) Equivalent thermal conductivity of two equally thick plates in 

series combination is given by  

  
21

112

KKK
  

t 

 

i 

0 

R 

 C = – k0 

 

Slope = tan = k 
T 

I 

K1 K2 
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  If 21 KK    

  then 21 KKK   

 Hence assertion and reason both are false. 

8. (c) Hollow metallic closed container maintained at a uniform 

temperature can act as source of black body. It is also well-

known that all metals cannot act as black body because if we 

take a highly metallic polished surface. It will not behave as a 

perfect black body.       

9. (b) This is in accordance with the Stefan’s law 4TE  .  

10. (c) At a high temperature (6000 K), the sun acts like a perfect 

blackbody emitting complete radiation. That’s why the 

radiation coming from the sun’s surface follows Stefan’s law 

4TE  .  

11. (a) From Wein’s displacement law, temperature mT /1)(   

(where m  is the maximum wavelength). Thus temperature of 

a body is inversely proportional to the wavelength. Since blue 

star has smaller wavelength and red star has maximum 

wavelength, therefore blue star is at higher temperature then 

red star.  

12. (b) From the definition heat flow, 
l

tKA
Q




.
 

 Thermal conductivity  
tA

l
K









  

  
Km

watt

Km

mJ
K









sec2
 

 If thermal conductivity of a substance is high, it will pass more 

heat.     

13. (c) The thermal conductivity of brass is high i.e., brass is a good 

conductor of heat. So, when a brass tumbler is touched, heat 

quickly flows from human body to tumbler. Consequently, the 

tumbler appears colder, on the other hand wood is a bad 

conductor. So, heat does not flow from the human body to the 

wooden tray in this case. Thus it appears comparatively hotter.  

14. (b) Light radiations and thermal radiations both belongs to 

electromagnetic spectrum. Light radiations belongs to visible 

region while thermal radiation belongs to infrared region of EM 

spectrum. Also EM radiations requires no medium for 

propagation. 

15. (a) When the temperature of the atmosphere reaches below 0°C, 
then the water vapours present in air, instead of condensing, 
freeze directly in the form of minute particles of ice. Many 
particles coalesce and take cotton-like shape which is called 

snow. Thus snow contains air packets in which convection 
currents cannot be formed. Hence snow is a good heat 
insulator. In ice there is no air, so it is a bad insulator.    

16. (e) In the process of convection, the liquid at the bottom, 

becoming lighter, rises up. Thus the basis of convection is the 

difference in weight and upthrust. In weightlessness, this 

difference does not exist. So convection is not possible.   

17. (b) Both assertion and reason are true but reason is not correctly 

explaining the assertion.   

18. (c) The 98.4°F is the standard body temperature of a man. If a 

man touch a iron or wooden ball at 98.4° F, no heat transfer 

takes place between ball and man, so both the balls would feel 

equally hot for the man.  

19. (c) According to Wien’s displacement law the .
1

T
m   

Hence assertion is true but reason is false.  

20. (e) It is not necessary that all black coloured object are black 

bodies. For example, if we take a black surface which is highly 

polished, it will not behave as a perfect black body.  

 A perfectly black body absorbs all the radiations incident on it.  

  

21. (b) By definition, 
KA

l

tQ
R 




/

)( 21 
 

K
R

1
 .   

22. (c) Actually, the process of radiation does not require any material 

for transmission of heat.  

Thermal radiation travels with the velocity of light and hence 

the fastest mode of the transfer. Thermal radiation is always 

transmitted in a straight line.   

23. (c) Two thin blankets put together are more warm because an 

insulating layer of air (as air is good insulator of heat) is 

enclosed between two blankets due to which it gives more 

warmness.  

24. (a) When the animals feel cold, they curl their bodies into a ball so 

as to decrease the surface area of their bodies. As total energy 

radiated by body varies directly as the surface area of the body, 

the loss of heat due to radiation would be reduced. 
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1. A rod of 40 cm in length and temperature difference of Co80  at 
its two ends. Another rod B of length 60 cm and of temperature 

difference Co90 , having the same area of cross-section. If the rate 
of flow of heat is the same, then the ratio of their thermal 
conductivities will be 

 (a) 3 : 4 (b) 4 : 3 
 (c) 1 : 2 (d) 2 : 1 
2. Two vessels of different materials are similar in size in every respect. 

The same quantity of ice filled in them gets melted in 20 minutes 
and 40 minutes respectively. The ratio of thermal conductivities of 
the materials is  [AFMC 1998] 

 (a) 5 : 6 (b) 6 : 5 
 (c) 3 : 1 (d) 2 : 1 

3. In a steady state of thermal conduction, temperature of the ends A 

and B of a 20 cm long rod are Co100  and Co0  respectively. 
What will be the temperature of the rod at a point at a distance of 
6 cm from the end A of the rod 

 (a) Co30  (b) Co70  

 (c) Co5  (d) None of the above 

4. Four rods of silver, copper, brass and wood are of same shape. They 
are heated together after wrapping a paper on it, the paper will 
burn first on 

 (a) Silver (b) Copper 

 (c) Brass (d) Wood 

5. The two opposite faces of a cubical piece of iron (thermal 

conductivity = 0.2 CGS units) are at Co100  and Co0  in ice. If 

the area of a surface is 24cm , then the mass of ice melted in 10 
minutes will be 

 (a) 30 gm (b) 300 gm 

 (c) 5 gm (d) 50 gm 

6. Wein's constant is 6102892  MKS unit and the value of m  

from moon is 14.46 microns. What is the surface temperature of 
moon 

 (a) 100 K (b) 300 K 

 (c) 400 K (d) 200 K 

7. If at temperature ,10001 KT   the wavelength is ,104.1 6 m  

then at what temperature the wavelength will be m6108.2     [RPMT 2004]  

 (a) 2000K  (b)  500K 

 (c) 250K (d)  None of these  

8. The wavelength of maximum intensity of radiation emitted by a star 
is 289.8 nm. The radiation intensity for the star is : (Stefan’s 

constant 4281067.5  KWm , constant )2898 mKb  -    [EAMCET 2001]  

 (a) 28 /1067.5 mW  (b) 212 /1067.5 mW  

 (c) 27 /1067.10 mW  (d) 214 /1067.10 mW  

9. Two friends A and B are waiting for another friend for tea. A took 
the tea in a cup and mixed the cold milk and then waits. B took the 
tea in the cup and then mixed the cold milk when the friend comes. 
Then the tea will be hotter in the cup of 

 
 
 
 

 
 
 
 
 (a) A 
 (b) B  
 (c) Tea will be equally hot in both cups 
 (d) Friend's cup 

10. There are two spherical balls A and B of the same material with 
same surface, but the diameter of A is half that of B. If A and B are 
heated to the same temperature and then allowed to cool, then 

 (a) Rate of cooling is same in both 

 (b) Rate of cooling of A is four times that of B 

 (c) Rate of cooling of A is twice that of B  

 (d) Rate of cooling of A is 
4

1
 times that of B 

11. Five identical rods are joined as shown in figure. Point A and C are 

maintained at temperature 120°C and 20°C respectively. The 
temperature of junction B will be  

 

 (a) 100°C  

 (b) 80°C  

(c) 70°C 

(d) 0°C 

12. Can we boil water inside the earth satellite by convection  

 (a) Yes  

 (b) No  
(c) Nothing can be said 

(d) In complete information is given 

13. In the following figure, two insulating sheets with thermal 

resistances R and 3R as shown in figure. The temperature  is  

(a) 20°C  

(b) 60°C  

(c) 75°C 

(d) 80°C  

14. The top of insulated cylindrical container is covered by a disc having 
emissivity 0.6 and thickness 1 cm. The temperature is maintained by 
circulating oil as shown in figure. If temperature of upper surface of 
disc is 127°C and temperature of surrounding is 27°C, then the 
radiation loss to the surroundings will be (Take 

)/10
3

17 428 KmW  

 

 

 

 

 

 (a) 595 J/m2  sec  (b) 595 cal/m2  sec   

(c) 991.0 J/m2  sec  (d) 440 J/m2  sec  
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15. The following figure shows two air-filled bulbs connected by a U-
tube partly filled with alcohol. What happens to the levels of alcohol 
in the limbs X and Y when an electric bulb placed midway between 
the bulbs is lighted 

 

 

 

 

 

 

 

(a) The level of alcohol in limb X falls while that in limb Y rises  

(b) The level of alcohol in limb X rises while that in limb Y falls 

(c) The level of alcohol falls in both limbs  

(d) There is no change in the levels of alcohol in the two limbs  

16. Two conducting rods A and B of same length and cross-sectional 

area are connected (i) In series (ii) In parallel as shown. In both 
combination a temperature difference of 100°C is maintained. If 
thermal conductivity of A is 3K and that of B is K then the ratio of 
heat current flowing in parallel combination to that flowing in series 
combination is  

 

 

 
 

(a) 
3

16
 (b) 

16

3
 

(c)  
1

1
 (d) 

3

1
 

17. The area of the glass of a window of a room is 210 m and thickness 

2mm. The outer and inner temperature are Co40  and Co20  

respectively. Thermal conductivity of glass in MKS system is 0.2. The 
heat flowing in the room per second will be   [MP PMT 1989] 

 (a) joules4103  (b) joules4102  

 (c) 30 joules (d) 45 joules 

18. The spectrum from a black body radiation is a 

   [MP PMT 1989; RPET 2000] 

 (a) Line spectrum  

 (b) Band spectrum 

 (c) Continuous spectrum 

(d) Line and band spectrum both 

19. The Wien’s displacement law express relation between  

[CBSE PMT 2002] 

(a) Frequency and temperature 

(b) Temperature and amplitude 

(c) Wavelength and radiating power of black body 

(d) Wavelength corresponding to maximum energy and 
temperature 

20. A black body is heated from Co27  to Co127 . The ratio of their 

energies of radiations emitted will be 

             [AIIMS 2001] 

(a) 3: 4  (b) 9 : 16 

(c) 27 : 64 (d) 81: 256 

21. A body takes T  minutes to cool from Co62  to Co61  when the 

surrounding temperature is Co30 . The time taken by the body to 

cool from Co46  to Co5.45  is 

     [MP PET 1999] 

 (a) Greater than T  minutes 

 (b) Equal to T  minutes 

 (c) Less than T  minutes 

 (d) Equal to 2/T  minutes 

22. A partition wall has two layers A  and B  in contact, each made of 
a different material. They have the same thickness but the thermal 

conductivity of layer A  is twice that of layer B . If the steady state 

temperature difference across the wall is K60 , then the 

corresponding difference across the layer A  is 

   [SCRA 1994; JIPMER 2001] 

 (a) K10  (b) K20  

 (c) K30  (d) K40  

23. Water and turpentine oil (specific heat less than that of water) are 
both heated to same temperature. Equal amounts of these placed in 
identical calorimeters are then left in air 

 

 

 

 
 

 (a) Their cooling curves will be identical 
(b) A and B will represent cooling curves of water and oil 

respectively 
 (c) B and A will represent cooling curves of water and oil 

respectively 
 (d) None of the above 
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3. (b) In steady state, temperature gradient = constant 

(SET -15) 
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(ii) 

3K 

K 
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4. (d) In conducting rod given heat transmits so burning temperature 

does not reach soon. In wooden rod heat doesn’t conducts. 

5. (b) t
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6. (d) KTTm 200
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7. (a) 
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8. (a) We know bT max   

 K
b
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10
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102898












  

 According to Stefan’s Law 

  4484 )10)(1067.5(  TE  28 /1067.5 mW  

9. (a) The rate of heat loss is proportional to the difference in 
temperature. The difference of temperature between the tea in 
cup A and the surrounding is reduced, so it loses less heat. the 
tea in cup B loses more heat because of large temperature 
difference. Hence the tea in cup A will be hotter. 

10. (c) Rate of cooling 
mc

TTA
RC

)( 4
0

4 




CV

TTA



 )( 4
0

4 
  

 
Diameter)(

11


rV

A
RC       )( Vm   

Since diameter of A is half that of B so it's rate of cooling will 
be doubled that of B  

11. (c) If thermal resistance of each rod is considered R then, the given 
combination can be redrawn as follows  

 

 
 
 

 
 

 
 
 

 
 
 

(Heat current)
AC

 = (Heat current)
AB

  

RR

)120()20120( 



 C 70  

12. (b) No, In convection the hot liquid at the bottom becomes lighter 
and hence it rises up. In this way the base of the convection is 
the difference in weight and upthrust. In the state of 
weightlessness this difference does not occur, so convection is 
not possible. 

13. (b) 

14. (d) For the two sheets H
1

 = H
2

 (H = Rate of heat flow) 

 
RR 3

)20()100( 


 
   = 80°C  

15. (a) Rate of heat loss per unit area due to radiation i.e. emissive 

power )( 4
0

4 TTe    

])300()400[(10
3

17
6.0 448    

sec/5951754.3)10175(104.3 288   mJ  

16. (a)  Black bulb absorbs more heat in comparison with painted bulb. 
So air in black bulb expands more. Hence the level of alcohol in 
limb X falls while that in limb Y rises. 

17. (a) Heat current 
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18. (c) All wavelengths are emitted. 

19. (d)   

20. (d) 
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21. (b) In first step 
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In second step, suppose process takes min'T  then 
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22. (b) Suppose conductivity of layer B is K, then it is 2K for layer A. 

Also conductivity of  

combination layers A and B is K
S
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23. (b) As we know, Rate of cooling 
heat(c)specific

1
  

   Wateroil cc   

   Wateroil )coolingofRate()coolingofRate(       

 

 

 

 

 

  It is clear that, at a particular time after start cooling, 

temperature of oil will be less than that of water.  

So graph B represents the cooling curve of oil and A represents 

the cooling curve of water 
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Periodic and Oscillatory (Vibratory) Motion 

 

 

 

 

 

 

 

(1) A motion, which repeat itself over and over again after a regular 

interval of time is called a periodic motion 

Revolution of earth around the sun (period one year), Rotation of 

earth about its polar axis (period one day), Motion of hour’s hand of a clock 

(period 12-hour) etc are common example of periodic motion.  

(2) Oscillatory or vibratory motion is that motion in which a body 

moves to and fro or back and forth repeatedly about a fixed point in a 

definite interval of time. In such a motion, the body is confined with in well-

defined limits on either side of mean position. Oscillatory motion is also 

called as harmonic motion. 

(i) Common examples are  

(a) The motion of the pendulum of a wall clock 

(b) The motion of a load attached to a spring, when it is pulled and 

then released. 

(c) The motion of liquid contained in U-tube when it is compressed 

once in one limb and left to itself. 

(d) A loaded piece of wood floating over the surface of a liquid when 

pressed down and then released executes oscillatory motion. 

 

 

 

 

 

 

(ii) Harmonic oscillation is that oscillation which can be expressed in 

terms of single harmonic function (i.e. sine or cosine function). Example : 

tay sin  or tay cos  

(iii) Non-harmonic oscillation is that oscillation which can not be 
expressed in terms of single harmonic function. It is a combination of two 
or more than two harmonic oscillations. Example : 

tbtay  2sinsin  . 

Simple Harmonic Motion 

(1) Simple harmonic motion is a special type of periodic motion, in 

which a particle moves to and fro repeatedly about a mean position. 

(2) In linear S.H.M. a restoring force which is always directed towards 

the mean position and whose magnitude at any instant is directly 

proportional to the displacement of the particle from the mean position at 

that instant i.e. Restoring force  Displacement of the particle from mean 

position. 

   F   – x   F = – kx  

Where k is known as force constant. Its S.I. unit is Newton/meter and 
dimension is [MT –2]. 

(3) In stead of straight line motion, if particle or centre of mass of 
body is oscillating on a small arc of circular path, then for angular S.H.M.  

Restoring torque ()   – Angular displacement () 

Some Important Definitions 

(1) Time period (T) : It is the least interval of time after which the 

periodic motion of a body repeats itself.  

S.I. unit of time period is second. 

(2) Frequency (n) : It is defined as the number of oscillations executed 
by body per second. S.I unit of frequency is hertz (Hz). 

(3) Angular Frequency () : Angular frequency of a body executing 

periodic motion is equal to product of frequency of the body with factor 2. 

Angular frequency  = 2  n  
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Its unit is rad/sec. 

(4) Phase () : Phase of a vibrating particle at any instant is a physical 
quantity, which completely express the position and direction of motion, of 
the particle at that instant with respect to its mean position. 

In oscillatory motion the phase of a vibrating particle is the argument 
of sine or cosine function involved to represent the generalised equation of 
motion of the vibrating particle. 

     )sin(sin 0  taay  

here, 0  t = phase of vibrating particle. 


0

 = Initial phase or epoch. It is the phase of a vibrating particle at t = 
0. 

 

 

 

 

 

 

(1) Same phase : Two vibrating particle are said to be in same phase, if 

the phase difference between them is an even multiple of  or path 

difference is an even multiple of ( / 2) or time interval is an even multiple 

of (T / 2) because 1 time period is equivalent to 2 rad or 1 wave length (). 

(2) Opposite phase : When the two vibrating particles cross their 

respective mean positions at the same time moving in opposite directions, 

then the phase difference between the two vibrating particles is 180o . 

Opposite phase means the phase difference between the particle is an 

odd multiple of  (say , 3, 5, 7…..) or the path difference is an odd 

multiple of  (say ,.......)
2

3
,

2


or the time interval is an odd multiple of 

(T / 2). 

(3) Phase difference :  If two particles performs S.H.M and their 

equation are 

    )sin( 11   tay   and  )sin( 22   tay  

then phase difference )()( 12   tt 12    

Displacement in S.H.M. 

(1) The displacement of a particle executing S.H.M. at an instant is 

defined as the distance of particle from the mean position at that instant.  

(2) Simple harmonic motion is also defined as the projection of 

uniform circular motion on any diameter of circle of reference.  

(3) If the projection is taken on y-axis. then from the figure  

 

 

 

 

 

 

 

tay sin t
T

a
2

sin tna 2sin )sin(   ta  

(i) tay sin         when the time is noted from the instant when 

the vibrating particle is at mean position. 

(ii) tay cos         when the time is noted from the instant when 

the vibrating particle is at extreme position. 

(iii) )sin(   tay  when the vibrating particle is  phase leading 

or lagging from the mean position. 

(4) If the projection of P is taken on X-axis then equations of S.H.M. 
can be given as  

  )(cos   tax 







 


t

T
a

2
cos )2(cos   tna  

 

 

 

 

 

 

(5) Direction of displacement is always away from the equilibrium 

position, particle either is moving away from or is coming towards the 

equilibrium position. 

Velocity in S.H.M. 

(1) Velocity of the particle executing S.H.M. at any instant, is defined as 

the time rate of change of its displacement at that instant. 

(2) In case of S.H.M. when motion is considered from the equilibrium 

position, displacement tay sin  

So  ta
dt

dy
v  cos ta  2sin1  22 ya   

[As sin t = y/a] 

(3) At mean position or equilibrium position (y = 0 and  = t = 0), 

velocity of particle is maximum and it is v
max

 = a. 

(4) At extreme position (y =  a and  = t =/2), velocity of 
oscillating particle is zero i.e. v = 0. 

(5) From 22 yav   )( 2222 yav    22

2

2

ya
v




 

  1
2

2

22

2


a

y

a

v


 

This is the equation of ellipse. 

Hence the graph between v and y is 

an ellipse.  

For  = 1, graph between v and y 

is a circle. 

 

(6) Direction of velocity is either 

towards or away from mean position depending on the position of particle. 

Acceleration in S.H.M. 

(1) The acceleration of the particle executing S.H.M. at any instant, is 

defined as the rate of change of its velocity at that instant. So acceleration   

0 
 t 

t = 0 

t 

Fig. 16.2 

x = – a sin  t x = a sin  t 

– a + a 

(A) 

x = – a cos  t x = a cos  t 

– a + a 

(B) 

Fig. 16.4 
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a 
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M 
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 = t 

Y 
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Y 
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Fig. 16.3 

a 

a 
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y 

Fig. 16.5 
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)cos( ta
dt

d

dt

dv
A  ta  sin2 y2  

[As tay sin ] 

(2) In S.H.M. as y2onAccelerati   is not constant. So 

equations of translatory motion can not be applied. 

(3) In S.H.M. acceleration is maximum at extreme position (at y =  a). 

Hence aA 2
max   when 1maximumsin t  i.e.  at 

4

T
t    or 

2


 t . From equation (ii) aA 2

max ||     when ay  . 

(i) In S.H.M. acceleration is minimum at mean position  

From equation (i) 0min A  when 0sin t  i.e. at 0t  or 

2

T
t   or  t . From equation (ii) 0min A  when 0y  

(ii) Acceleration is always directed towards the mean position and so is 

always opposite to displacement  

i.e.,      yA   

Graph between acceleration 

(A) and displacement (y) is a 

straight line as shown 

Slope of the line = – 2  

Comparative Study of 

Displacement Velocity 

and Acceleration 

(1) All the three quantities displacement, velocity and acceleration 

show harmonic variation with time having same period.  

(2) The velocity amplitude is  times the displacement amplitude  

(3) The acceleration amplitude is 2  times the displacement 

amplitude  

(4) In S.H.M. the velocity is ahead of displacement by a phase angle  
/ 2 

(5) In S.H.M. the acceleration is ahead of velocity by a phase angle  / 

2 

(6) The acceleration is ahead of displacement by a phase angle of  

Table 16.1 : Various physical quantities in S.H.M. at different position : 
 

Graph Formula At mean 
position 

At extreme 
position 

Displacement  

 

 

 

 

 

 

 
 
 

tay sin  

 
 
 
y = 0 

 

 

y =  a 

Velocity 

 

 

 

 

tav  cos  

)
2

sin(


  ta

 

vmax =a 

  

vmin = 0 

 

 

 

or 

22 yav    

Acceleration  

 

 

 

 

 

 

 

taA  sin2  

)sin(2   ta

or 

yA 2  

 
 
 
Amin = 0 

 

 

|Amax| 

= 2a  

Force 

 

 

 

 

 

 

tamF  sin2

 
or  

ymF 2  

 
 
 
Fmin = 0 

 
 

maxF  

am 2  

 

Energy in S.H.M. 

(1) Potential energy : This is an account of the displacement of the 

particle from its mean position.  

(i) The restoring force F = – ky against which work has to be done. 

Hence potential energy U is given by  

 
yx

dykyFdxdWdUU
00

2

2

1
ky + U

0

  

where U
0

 = Potential energy at equilibrium position.  

If   U
0

 = 0 then 22

2

1
ymU    [As mk /2  ] 

(ii) Also tamU  222 sin
2

1
 )2cos1(

4

1 22 tam    

     [As tay sin ] 

Hence potential energy varies periodically with double the frequency of 

S.H.M. 

(iii) Potential energy maximum and equal to total energy at extreme 

positions  

222
max

2

1

2

1
amkaU   when ay  ; 2/ t ; 

4

T
t   

(iv) Potential energy is minimum at mean position 

0min U        when 0y ;  0t ;  0t  

(2) Kinetic energy : This is because of the velocity of the particle 

Kinetic Energy  2

2

1
mvK  )(

2

1 222 yam     

[As 22 yav   ] 

(i)  Also tamK  222 cos
2

1
 )2cos1(

4

1 22 tam    

[As tav  cos ] 

Hence kinetic energy varies periodically with double the frequency of 

S.H.M. 

+a 

O 

– a 

T T/2 

vmax 

O 
T T/2 

Amax 

O 
T T/2 

Fmax 

O 
T T/2 

2a 

– 2a 

+ a 

– a y 

A 

Fig. 16.6 
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(ii) Kinetic energy is maximum at mean position and equal to total 

energy at mean position. 

  22

2

1
max

amK   when 0y ; 0t ; 0t  

(iii) Kinetic energy is minimum at extreme position. 

 0min K  when ay  ;  4/Tt  , 2/ t  

(3) Total mechanical energy : Total mechanical energy always remains 

constant and it is equal to sum of potential energy and kinetic energy i.e. 

KUE   

 E 22222

2

1
)(

2

1
ymyam   22

2

1
am  

 Total energy is not a position function. 

(4) Energy position graph  

 

 

 

 

 

 

 

(i) At y = 0; U = 0 and K = E  

(ii) At y =  a; U = E and K =0 

(iii) At 
2

a
y  ; 

4

E
U  and 

4

3E
K   

(iv) At 
2

a
y  ; 

2

E
KU   

Average Value of P.E. and K.E. 

The average value of potential energy for complete cycle is given by   

 
TT

average tam
T

dtU
T

U
0

222

0
)(sin

2

111
 22

4

1
am  

The average value of kinetic energy for complete cycle 


T

average dtK
T

K
0

1 22

0

222

4

1
cos

2

11
amdttam

T

T

    

Thus average values of kinetic energy and potential energy of 
harmonic oscillator are equal and each equal to half of the total energy 

averageaverage UK  22

4

1

2

1
amE  . 

Differential Equation of S.H.M. 

For S.H.M. (linear) Acceleration  – (Displacement) 

   yA    or yA 2 or   y
dt

yd 2

2

2

  

or 0
2

2

 ky
dt

yd
m  [As  

m

k
 ] 

For angular S.H.M.      c    and    02
2

2
 



dt

d
 

where 
I

c
2   [As c = Restoring torque constant and I = Moment 

of inertia] 

How to Find Frequency and Time Period of S.H.M.  

Step 1 : When particle is in its equilibrium position, balance all forces 

acting on it and locate the equilibrium position mathematically. 

Step 2 : From the equilibrium position, displace the particle slightly by 

a displacement y and find the expression of net restoring force on it.  

Step 3 : Try to express the net restoring force acting on particle as a 

proportional function of its displacement from mean position. The final 

expression should be obtained in the form.  

  kyF   

Here we put – ve sign as direction of F is opposite to the displacement 
y. If a be the acceleration of particle at this displacement, we have 

y
m

k
a 








       

Step 4 : Comparing this equation with the basic differential equation 

of S.H.M. we get 
m

k
2  

m

k
  or 

m

k
n

2

1
  

As  is the angular frequency of the particle in S.H.M., its time period 

of oscillation can be given as 


2
T

k

m
2  

(i) In different types of S.H.M. the quantities m and k will go on taking 

different forms and names. In general m is called inertia factor and k is 

called spring factor. 

Thus 
factor Spring 

factor Inertia
2T or 

factor Inertia

factorSpring

2

1


n  

(ii) In linear S.H.M. the spring factor stands for force per unit 

displacement and inertia factor for mass of the body executing S.H.M. and 

in Angular S.H.M. k stands for restoring torque per unit angular 

displacement and inertial factor for moment of inertia of the body executing 

S.H.M.  

For linear S.H.M.  

lacementForce/Disp
2

m

k

m
T  

onAccelerati

ntDisplaceme
2  

Simple Pendulum 

(1) An ideal simple pendulum consists of a heavy point mass body 

(bob) suspended by a weightless, inextensible and perfectly flexible string 

from a rigid support about which it is free to oscillate. 

(2) But in reality neither point mass nor weightless string exist, so 

we can never construct a simple pendulum strictly according to the 
definition.  

(3) Suppose simple pendulum of length l is displaced through a 

small angle   from it’s mean (vertical) position. Consider mass of the bob 

is m and linear displacement from mean position is x 

 

 

 

 

Fig. 16.8 
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Fig. 16.12 

mg 

 

l 

QE 

E 
 

 

 

 
 

Restoring force acting on the bob  

 sinmgF     or    mgF   
l

x
mg   

(When   is small sin    
Length

Arc~   = 
l

OP
 = 

l

x
) 

   k
l

mg

x

F



  (Spring factor) 

So 
factorSpring 

factor Inertia
2T

lmg

m

/
2

g

l
2  

Factor Affecting Time Period of Simple Pendulum 

(1) Amplitude : The period of simple pendulum is independent of 

amplitude as long as its motion is simple harmonic. But if  is not small, sin 

    then motion will not remain simple harmonic but will become 

oscillatory. In this situation if 
0

 is the amplitude of motion. Time period  

 

 































16
1.......

2
sin

2

1
12

2
0

0
02

2


 T

g

l
T  

(2) Mass of the bob : Time period of simple pendulum is also 

independent of mass of the bob. This is why 

(i) If the solid bob is replaced by a hollow sphere of same radius but 

different mass, time period remains unchanged. 

(ii) If a girl is swinging in a swing and another sits with her, the time 

period remains unchanged. 

(3) Length of the pendulum : Time period lT   where l is the 

distance between point of suspension and center of mass of bob and is 

called effective length. 

(i) When a sitting girl on a swinging swing stands up, her center of 

mass will go up and so l and hence T will decrease. 

(ii) If a hole is made at the bottom of a hollow sphere full of water 

and water comes out slowly through the hole and time period is recorded 

till the sphere is empty, initially and finally the center of mass will be at the 

center of the sphere. However, as water drains off the sphere, the center of 

mass of the system will first move down and then will come up. Due to this 

l and hence T first increase, reaches a maximum and then decreases till it 

becomes equal to its initial value. 

(iii) Different graphs 

 

 

 

 

 

 

(4) Effect of g :
g

T
1

  i.e. as g increase T decreases.  

(i) As we go high above the earth surface or we go deep inside the 

mines the value of g decrease, hence time period of pendulum (T) increases. 

(ii) If a clock, based on simple pendulum is taken to hill (or on  any 

other planet), g will decrease so T will increases and clock will become 

slower.  

(iii) Different graphs 

 

 

 

 

 

 

(5) Effect of temperature on time period : If the bob of simple 

pendulum is suspended by a wire then effective length of pendulum will 

increase with the rise of temperature due to which the time period will 

increase. 

)1(0   ll    (If   is the rise in temperature, 0l  initial 

length of wire, l = final length of wire) 

2/1

00

)1(  
l

l

T

T
 

2

1
1  

So  
2

1
1

0T

T
 i.e.  



2

1

T

T
 

Oscillation of Pendulum in Different Situations 

(1) Oscillation in liquid : If bob a simple pendulum of density  is 

made to oscillate in some fluid of density  (where  <) then time period 

of simple pendulum gets increased. 

As thrust will oppose its weight hence  mgmgeff. Thrust 

or  




V

gV
ggeff .  i.e. 












1. ggeff    

 


 


g

geff.
 

 1
'

.









effg

g

T

T
 

(2) Oscillation under the influence of electric field : If a bob of mass 

m carries a positive charge q and pendulum is placed in a uniform electric 

field of strength E 

(i) If electric field directed vertically upwards. 

Effective acceleration 

m

qE
ggeff .  

T 

l  T2 

l 

l  T2 

T2 

l 

l  T2 

T 

l  

Fig. 16.9 
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So  

m

qE
g

l
T



 2  

 

(ii) If electric field is vertically downward then  

m

qE
ggeff .  

m

qE
g

l
T



 2  

 

 

(3) Pendulum in a lift :  If the pendulum is suspended from the 
ceiling of the lift.  

(i) If the lift is at rest or moving down ward /up ward with constant 
velocity. 

    
g

l
T 2  

and  
l

g
n

2

1
  

(ii) If the lift is moving up ward with constant acceleration a  

    
ag

l
T


 2  

and 
l

ag
n




2

1
 

Time period decreases and frequency increases 

(iii) If the lift is moving down ward with constant acceleration a 

   
ag

l
T


 2  

and 
l

ag
n




2

1
 

Time period increase and frequency decreases  

(iv) If the lift is moving down ward with acceleration  ga   

   



gg

l
T 2   

and 
l

gg
n




2

1
= 0 

It means there will be no oscillation in a pendulum.  

Similar is the case in a satellite and at the centre of earth where 

effective acceleration becomes zero and pendulum will stop.  

(4) Pendulum in an accelerated vehicle : The time period of simple 

pendulum whose point of suspension moving horizontally with acceleration 

a  

 

 

 

 

 

 

In this case effective acceleration 22
. aggeff   

 
2/122 )(

2
ag

l
T


   and  )/(tan 1 ga  

If simple pendulum suspended in a car that is moving with constant 

speed v around a circle of radius r.  

  
2

2
2

2


















r

v
g

l
T   

Some Other Types of Pendulum 

(1) Infinite length pendulum :  If the length of the pendulum is 

comparable to the radius of earth then  

  













Rl
g

T
11

1
2  

(i) If Rl  , then 
Rl

11
   so  

g

l
T 2  

(ii) If 
Rl

Rl
11

  then)(     

so 6.84
10

104.6
22

6




 
g

R
T  minutes 

and it is the maximum time period which an oscillating simple 
pendulum can have 

(iii) If Rl     so  hour
g

R
T 1

2
2    

(2) Second’s Pendulum : It is that simple pendulum whose time 
period of vibrations is two seconds. 

Putting T = 2 sec and 2sec/8.9 mg   in 
g

l
T 2  we get  

993.0
4

8.94
2







l m = 99.3 cm  

Hence length of second’s pendulum is 99.3 cm or nearly 1 meter on 
earth surface. 

For the moon the length of the second’s pendulum will be 1/6 meter 

[As 
6

Earthg
gmoon  ] 

(3) Compound pendulum : Any rigid body suspended from a fixed 

support constitutes a physical pendulum. Consider the situation when the 

body is displaced through a small angle . Torque on the body about O is 

given by  
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          sinmgl                 …(i) 

 where l = distance between point of suspension and centre of mass 
of the body.  

 If I be the M.I. of the body about O. Then  I  …(ii) 

 From (i) and (ii), we get 


sin
2

2

mgl
dt

d
I   as  and 

2

2

dt

d 
 are 

oppositely directed  


I

mgl

dt

d


2

2

 since  is very small 

 Comparing with the equation .2

2

2





dt

d
we get  

 
mgl

I
T

I

mgl
 2  

 Also 2mlII cm    (Parallel axis theorem) 

 22 mlmk   (where k = radius of gyration) 

  
g

l
l

K

mgl

mlmK
T








2

22

22 
g

leff2  

 l
eff 

=
 

Effective length of pendulum = Distance between point of 

suspension and centre of mass. 

Table 16. 2: Some common physical pendulum 

Body Time period 

Bar 

 

 

 

g

l
T

3

2
2  

Ring 

 

 
 

 

g

R
T

2
2  

Disc  

 

 

 

g

R
T

2

3
2  

 

Spring System 

When a spring is stretched or compressed from its normal position (x = 
0) by a small distance x, then a restoring force is produced in the spring 
because it obeys Hook’s law  

i.e.   xF    xkF    

where k is called spring constant. 

(i) It’s S.I. unit Newton/metre, C.G.S unit Dyne/cm and dimension is 
[MT–2] 

(ii) Actually k is a measure of the stiffness/softness of the spring. 

(iii) For massless spring constant restoring elastic force is same every 
where  

(iv) When a spring compressed or stretched then work done is stored 
in the form of elastic potential energy in it. 

(v) Spring constant depend upon radius and length of the wire used in 
spring.  

(vi) The spring constant k is inversely proportional to the spring 
length. 

 

 

 

 

 
 

 

 
springof Length

1

Extension

1
k  

That means if the length of spring is halved then its force constant 
becomes double. 

(vii) When a spring of length l is cut in two pieces of length l
1

 and l
2

 

such that 21 nll  .  

If the constant of a spring is k then spring constant of first part  

 
n

nk
k

)1(
1


  

Spring constant of second part  knk )1(2    

and ratio of spring constant 
nk

k 1

2

1   

Spring Pendulum 

A point mass suspended from a mass less spring or placed on a 
frictionless horizontal plane attached with spring (fig.) constitutes a linear 
harmonic spring pendulum 

 

 

 

 

 

 

Time period 
factorSpring

factorInertia
2T

k

m
2   

and Frequency  
m

k
n

2

1
  

(1) Time period of a spring pendulum depends on the mass suspended 

 mT   or 
m

n
1

 i.e. greater the mass greater will be the inertia 

and so lesser will be the frequency of oscillation and greater will be the time 
period. 

(2) The time period depends on the force constant k of the spring  i.e. 

k
T

1
   or  kn   

(3) Time of a spring pendulum is independent of acceleration due to 
gravity. That is why a clock based on spring pendulum will keep proper 
time every where on a hill or moon or in a satellite and time period of a 
spring pendulum will not change inside a liquid if damping effects are 
neglected. 
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l
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(4) Massive spring : If the spring has a mass M and mass m is 

suspended from it, effective mass is given by 
3

M
m

ff
m

e
 . Hence 

k

ff
m

T
e

2  

(5) Reduced mass : If two masses of mass m
1

 and m
2

 are connected by 
a spring and made to oscillate on horizontal surface, the reduced mass m

r

 is 

given by 
21

111

mmm r

  so that   

 
k

m
T r2  

 

(6) If a spring pendulum, oscillating in a vertical plane is made to 
oscillate on a horizontal surface, (or on inclined plane) time period will 
remain unchanged. 

(7) Equilibrium position for a spring in a horizontal plain is the 
position of natural length of spring as weight is balanced by reaction. While 

in case of vertical motion equilibrium position will be 0yl   with 

mgky 0  

 

 

 

 

 

 

If the stretch in a vertically loaded spring is 0y  then for equilibrium 

of mass m,  mgky 0  i.e. 
g

y

k

m 0  

So that   
g

y

k

m
T 022    

Time period does not depends on ‘g’ because along with g, y
o

 will also 

change in such a way that 
k

m

g

y
0  remains constant 

Oscillation of Spring Combination 

(1) Series combination : If two springs of spring constants 1K  and 

2K  are joined in series as shown then 

   

 

 

 

 

 

 

(i) In series combination equal forces acts on spring but extension in 
springs are different. 

(ii) Spring constants of combination  

 
21

111

kkk s

   
21

21

kk

kk
k s


  

(iii) If n springs of different force constant are connected in series 

having force constant .......,, 321 kkk  respectively then   

 ........
1111

321


kkkkS

 

If all spring have same spring constant then 
n

k
kS   

(iv) Time period of combination 
21

21 )(
22

kk

kkm

k

m
T

S


   

(2) Parallel combination : If the springs are connected in parallel as 

shown  

 

 

 

 

 

 

 

 

 

 

 

 

(i) In parallel combination different forces acts on different  springs 
but extension in springs are same 

(ii) Spring constants of combination 21 kkkP     

(iii) If n springs of different force constant are connected in parallel 

having force constant .......,, 321 kkk  respectively then 

 321 kkkkP … 

If all spring have same spring constant then nkkP   

(iv) Time period of combination 
)(

22
21 kk

m

k

m
T

P

P


   

Various Formulae of S.H.M. 

(1) S.H.M. of a liquid in U tube : If a liquid of density  contained in a 

vertical U tube performs S.H.M. in its two limbs. Then time period  

g

L
T

2
2

g

h
2  

where L = Total length of liquid column,  

h = Height of undisturbed liquid in each limb (L=2h) 

(2) S.H.M. of a floating cylinder : If l is the length of cylinder dipping 

in liquid then 

Time period  
g

l
T 2  

 

 

(3) S.H.M. of a small ball rolling down in hemi-spherical bowl  

  
g

rR
T


 2  

 k2 

m 

 k1 
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R = Radius of the bowl 

r  =Radius of the ball 

(4) S.H.M. of a piston in a cylinder  

 
PA

Mh
T 2  

M = mass of the piston 

A = area of cross section 

h = height of cylinder 

P = pressure in a cylinder 

(5) S.H.M. of a body in a tunnel dug along any chord of earth 

 

g

R
T 2 = 84.6 minutes  

 

(6) Torsional pendulum : In a torsional pendulum an object is 

suspended from a wire. If such a wire is twisted, due to elasticity it exert a 

restoring toque  = C.   

In this case time period is given by 

  
C

I
T 2  

where I = Moment of inertia a disc 

C = Torsional constant of wire = 
l

r

2

4
 

 = Modulus of elasticity of wire and r = Radius of wire 

(7) Longitudinal oscillations of an elastic wire : Wire/string pulled a 

distance l and left. It executes longitudinal oscillations. Restoring force 








 


l

l
AYF  

Y = Young’s modulus 

A = Area of cross-section 

Hence 
AY

ml

k

m
T  22   

Free, Damped, Forced and Maintained Oscillations  

 

 

 

 

 

 

 

 

(1) Free oscillation  

(i) The oscillation of a particle with fundamental frequency under the 
influence of restoring force are defined as free oscillations 

(ii) The amplitude, frequency and energy of oscillation remains 

constant 

(iii) Frequency of free oscillation is called natural frequency because it 
depends upon the nature and structure of the body.  

 

 

 

 

 

 

(2) Damped oscillation  

(i) The oscillation of a body whose amplitude goes on decreasing with 
time are defined as damped oscillation 

(ii) In these oscillation the amplitude of oscillation decreases 

exponentially due to damping forces like frictional force, viscous  force, 

hystersis etc.  

(iii) Due to decrease in amplitude the energy of the oscillator also goes 

on decreasing exponentially  

 

 

 

 

 

 

(iv) The force produces a resistance to the oscillation is called damping 

force.  

If the velocity of oscillator is v then  

Dumping force ,bvFd   b = damping constant 

(v) Resultant force on a damped oscillator is given by  

 KvKxFFF dR  0
2

2

 Kx
dt

dx
b

dt

xmd
 

(vi) Displacement of damped oscillator is given by  

 )sin(2/    texx mbt
m  where  angular frequency of 

the damped oscillator = 22
0 )2/( mb  

The amplitude decreases continuously with time according to  

     tmb
mexx )2/(  

(vii) For a damped oscillator if the damping is small then the 
mechanical energy decreases exponentially with time as  

    mbt
meKxE /2

2

1   

(3) Forced oscillation  

(i) The oscillation in which a body oscillates under the influence of an 
external periodic force are known as forced oscillation 

(ii) The amplitude of oscillator decrease due to damping forces but on 
account of the energy gained from the external source it remains constant. 

(iii) Resonance : When the frequency of external force is equal to the 
natural frequency of the oscillator. Then this state is known as the state of 
resonance. And this frequency is known as resonant frequency.  

(iv) While swinging in a swing if you apply a push periodically by 
pressing your feet against the ground, you find that not only the oscillations 
can now be maintained but the amplitude can also be increased. Under this 
condition the swing has forced or driven oscillation. 
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(v) In forced oscillation, frequency of damped oscillator is equal to the 
frequency of external force. 

(vi) Suppose an external driving force is represented by  

  F(t) = F
0

 cos 
d

 t  

The motion of a particle under combined action of  

(a) Restoring force (–Kx) 

(b) Damping force (–bv) and  

(c) Driving force F(t) is given by tFbvKxma dcos0  

 tF
dt

dx
bKx

d

xd
m dcos02

2
2   

The solution of this equation gives )sin(0   txx d  with 

amplitude 
22

0
2

0
0

)/()(

/

mb

mF
x

 

 and 
mb /

)(
tan

2
0

2







  

where 
m

K
0  = Natural frequency of oscillator. 

(vii) Amplitude resonance : The amplitude of forced oscillator depends 

upon the frequency d  of external force.  

When ,d   the amplitude is maximum but not infinite because of 

presence of damping force. The corresponds frequency is called resonant 

frequency )( 0 . 

 

 

 

 

 

 

 

 

(viii) Energy resonance : At ,0   oscillator absorbs maximum 

kinetic energy from the driving force system this state is called energy 
resonance.  

At resonance the velocity of a driven oscillator is in phase with the 
driving term. 

The sharpness of the resonance of a driven oscillator depends on the 
damping. 

In the driven oscillator, the power input of the driving term in 

maximum at resonance. 

(4) Maintained oscillation : The oscillation in which the loss of 

oscillator is compensated by the supplying energy from an external source 

are known as maintained oscillation. 

Super Position of S.H.M’s (Lissajous Figures) 

If two S.H.M's act in perpendicular directions, then their resultant 

motion is in the form of a straight line or a circle or a parabola etc. 

depending on the frequency ratio of the two S.H.M. and initial phase 

difference. These figures are called Lissajous figures. 

Let the equations of two mutually perpendicular S.H.M's of same 

frequency be  

tax sin1  and )sin(2   tay  

then the general equation of Lissajou's figure can be obtained as 

 2

21
2
2

2

2
1

2

sincos
2
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For  = 0° : 0
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This is a straight line passes through origin 

and it's slope is 
1

2

a

a
. 

Table 16.3 : Lissajou's figures in other conditions  

(with )1
2

1 



 

Phase 

diff.() 

Equation Figure 

4


 

2

12

21
2
2

2

2
1

2


aa

xy

a

y

a

x
 

Oblique ellipse 

 

 

 

 

 

2


 1

2
2

2

2
1

2


a

y

a

x
 

 

 

 

 

 

 

4

3
 

2

12

21
2
2

2

2
1

2


aa

xy

a

y

a

x
 

Oblique ellipse 

 

 

 

 

 

 

 
0

21


a

y

a

x
 

 x
a

a
y

1

2  

Straight line 

 

 

 

 

 
 

For the frequency ratio 1:2: 21   the two perpendicular S.H.M's 

are  

)sin(1   tax  and tay sin2  

Different Lissajou's figures as follows 
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 Suppose a body of mass m vibrate separately with two different 
springs (of spring constants k

1

 and k
2

) with time period T
1

 and T
2

 

respectively. 
1

1 2
k

m
T   and 

2

2 2
k

m
T   

If the same body vibrates with series combination of these two 

springs then for the system time period 
2

2
2

1 TTT   

If the same body vibrates with parallel combination of these two 

springs then time period of the system 
2

2
2

1

21

TT

TT
T



  

 The pendulum clock runs slow due to increase in its time period 
whereas it becomes fast due to decrease in time period. 

 If infinite spring with force constant ..........8,4,2, kkkk  

respectively are connected in series. The effective force constant of the 

spring will be 2/k . 

 Percentage change in time period with l and g. 

If g is constant and length varies by n%. Then % change in time 

period 100
2

100 
 n

T

T
 

If l is constant and g varies by n%. Then % change in time period 

100
2

100 
 n

T

T
       

(Valid only for small percentage change say 5%). 

 Suppose a spring of force constant k oscillates with time period T. If 
it is divided in to n equal parts then spring constant of each part will 

become nk and time period of oscillation of each part will become 
n

T
. 

If these n parts connected in parallel then kn
ff

k
e

2 . So time period of 

the system becomes 
n

T
T '  

 If a particle performs S.H.M. whose velocity is 1v  at a 1x  distance 

from mean position and velocity 2v  at distance 2x  
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1
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2
2

2
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vv




 ; 

2
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2
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 If tay sin1   and tby cos2   are two S.H.M. then by the 

superimposition of these two S.H.M. we get 21 yyy   

  tbtay  cossin    )sin(   tAy  this is also the 

equation of  S.H.M.; where 22 baA  and )/(tan 1 ab  

 In the absence of resistive force the work done by a simple 
pendulum in one complete oscillation is zero 

 If  is the angular amplitude of pendulum then  

Height rises by the bob h = l (1 – cos) 

Velocity at mean position  

      )cos1(2  glv  

Work done in displacement  

      )cos1(  mglUW  

K.E. at mean position  

       )cos1(  mglKEmean
 

Tension in the string of pendulum  

At mean position : 
l

mv
mgTA

2

(max)  =(3mg – 2mg cos ) 

At extream position : T = mg cos 
 

 
 
 
 
 

 

Displacement of S.H.M. and Phase 
 

1. The phase of a particle executing simple harmonic motion is 
2


 

when it has   [MP PET 1985] 

 (a) Maximum velocity (b) Maximum acceleration 

 (c) Maximum energy (d) Maximum displacement 

2. A particle starts S.H.M. from the mean position. Its amplitude is A 

and time period is T. At the time when its speed is half of the 

maximum speed, its displacement y is 

 [Haryana CEE 1996; CBSE PMT 1996; MH CET 2002] 

 (a) 
2

A
 (b) 

2

A
 

 (c) 
2

3A
 (d) 

3

2 A
 

3. The amplitude and the periodic time of a S.H.M. are 5cm and 6sec 
respectively. At a distance of 2.5cm away from the mean position, 
the phase will be 

 (a) 12/5  (b) 4/  

(c) 3/  (d) 6/  

4. Two equations of two S.H.M. are )(sin   tay  and 

)cos(   tby . The phase difference between the two is  

 = 5/4, 7/4 
Double parabola 

 = 3/2 
Parabola 

Fig. 16.37 
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  [MP PMT 1985] 

 (a) 0° (b) ° 

(c) 90° (d) 180°  
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5. The amplitude and the time period in a S.H.M. is 0.5 cm and 0.4 sec 

respectively. If the initial phase is 2/  radian, then the equation of 
S.H.M. will be 

 (a) ty 5sin5.0  (b) ty 4sin5.0  

 (c) ty 5.2sin5.0  (d) ty 5cos5.0  

6. The equation of S.H.M. is )2sin(   ntay , then its phase at 

time t is   [DPMT 2001] 

 (a) nt2  (b)   

 (c)  nt2  (d) t2  

7. A particle is oscillating according to the equation tX 5.0cos7 , 
where t is in second. The point moves from the position of 
equilibrium to maximum displacement in time   [CPMT 1989] 

 (a) 4.0 sec (b) 2.0 sec 

 (c) 1.0 sec (d) 0.5 sec 

8. A simple harmonic oscillator has an  amplitude a and time period T. 
The time required by it to travel from x = a to x = a / 2 is[CBSE PMT 1992; SCRA 1996; BHU 1997] 

 (a) T / 6 (b) T / 4  

 (c) T / 3 (d) T / 2 

9. Which of the following expressions represent simple harmonic 
motion   [Roorkee 1999]  

(a) )sin(   tAx  (b) )cos(   tBx  

(c) )tan(   tAx  (d) ttAx  cossin  

10. A kg201000.1   particle is vibrating with simple harmonic 

motion with a period of sec51000.1   and a maximum speed of 

sm/1000.1 3 . The maximum displacement of the particle is    [AMU (Med.) 1999] 

(a) 1.59 mm  (b) 1.00 m 

(c) 10 m (d) None of these 

11. The phase (at a time t) of a particle in simple harmonic motion tells 
   [AMU (Engg.) 1999]  

(a) Only the position of the particle at time t  

(b) Only the direction of motion of the particle at time t 

(c) Both the position and direction of motion of the particle at 
time t 

(d) Neither the position of the particle nor its direction of motion 
at time t 

12. A particle is moving with constant angular velocity along the 
circumference of a circle. Which of the following statements is true   [AMU (Engg.) 1999] 

(a) The particle so moving executes S.H.M. 

(b) The projection of the particle on any one of the diameters 

executes S.H.M. 

(c) The projection of the particle on any of the diameters executes 
S.H.M. 

(d) None of the above 

13. A particle is executing simple harmonic motion with a period of T 

seconds and amplitude a metre. The shortest time it takes to reach a 

point m
a

2
 from its mean position in seconds is [EAMCET (Med.) 2000] 

(a) T  (b) T/4  

(c) T/8 (d) T/16 

14. A simple harmonic motion is represented by 

)5.020(sin10)(  ttF . The amplitude of the S.H.M. is 

  [DPMT 1998; CBSE PMT 2000; MH CET 2001] 

(a) a = 30  (b) a = 20 

(c) a = 10 (d) a = 5  

15. Which of the following equation does not represent a simple 
harmonic motion    [Kerala (Med.) 2002] 

(a) tay sin  (b) tay cos  

(c) tbtay  cossin   (d) tay tan  

16. A particle in S.H.M. is described by the displacement function 

)cos()(   tatx . If the initial )0( t  position of the particle 

is 1 cm and its initial velocity is scm/ . The angular frequency of 

the particle is srad / , then it’s amplitude is     [AMU (Med.) 2002] 

(a) 1 cm  (b) cm2  

(c) 2 cm (d) 2.5 cm 

17. A particle executes a simple harmonic motion of time period T. Find 

the time taken by the particle to go directly from its mean position 
to half the amplitude [UPSEAT 2002] 

(a) T / 2 (b) T / 4 

(c) T / 8 (d) T / 12 

18. A particle executing simple harmonic motion along y-axis has its 

motion described by the equation BtAy  )sin( . The amplitude 

of the simple harmonic motion is 

 [Orissa JEE 2003] 

(a) A  (b) B 

(c) A + B (d) BA   

19. A particle executing S.H.M. of amplitude 4 cm and T = 4 sec. The 

time taken by it to move from positive extreme position to half the 
amplitude is   [BHU 1995] 

 (a) 1 sec (b) 1/3 sec 

 (c) 2/3 sec (d) 2/3 sec 

20. Which one of the following is a simple harmonic motion 

 [CBSE PMT 1994] 

 (a) Wave moving through a string fixed at both ends 

 (b) Earth spinning about its own axis 

 (c) Ball bouncing between two rigid vertical walls 

 (d) Particle moving in a circle with uniform speed 

21. A particle is moving in a circle with uniform speed. Its motion is[CPMT 1978; CBSE PMT 2005] 

 (a) Periodic and simple harmonic   

 (b) Periodic but not simple harmonic 

 (c) A periodic 

 (d) None of the above 

22. Two simple harmonic motions are represented by the equations 











3
100sin1.01


 ty and .cos1.02 ty   The phase 

difference of the velocity of particle 1 with respect to the velocity of 
particle 2 is     [AIEEE 2005]  
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(a) 
3


 (b) 

6


 

(c) 
6


 (d) 

3


  

23. Two particles are executing S.H.M. The equation of their motion are 

,
4

sin101 









T
ty



















4

3
sin252

T
ty


 . What is the 

ratio of their amplitude  [DCE 1996] 

(a) 1 : 1 (b) 2 : 5 

(c) 1 : 2 (d) None of these 

24. The periodic time of a body executing simple harmonic motion is 3 
sec. After how much interval from time t = 0, its displacement will 
be half of its amplitude  [BHU 1998]  

(a) 
8

1
sec (b) 

6

1
sec  

(c) 
4

1
sec (d) 

3

1
sec 

25.  A system exhibiting S.H.M. must possess [KCET 1994] 

 (a) Inertia only   

 (b) Elasticity as well as inertia  

 (c) Elasticity, inertia and an external force 

(d) Elasticity only  

26.  If 









6
sin


tax  and tax cos , then what is the phase 

difference between the two waves [RPET 1996] 

 (a)  / 3 (b)  / 6 

 (c)  / 2 (d)   
 

Velocity of Simple Harmonic Motion 
 

1. A simple pendulum performs simple harmonic motion about X = 0 
with an amplitude A and time period T. The speed of the pendulum 

at 
2

A
X   will be  [MP PMT 1987] 

 (a) 
T

A 3
 (b) 

T

A
 

 (c) 
T

A

2

3
 (d) 

T

A23
 

2. A body is executing simple harmonic motion with an angular 

frequency srad /2 . The velocity of the body at 20 mm 

displacement, when the amplitude of motion is 60 mm, is  [Pb. CET 1996; Pb. PMT 1997; AFMC 1998;  

CPMT 1999] 

 (a) 40 mm /s  (b) smm /60  

 (c) smm /113  (d) smm /120  

3. A body of mass 5 gm is executing S.H.M. about a point with 

amplitude 10 cm. Its maximum velocity is 100 cm/sec. Its velocity will 

be 50 cm/sec at a distance [CPMT 1976] 

 (a) 5 (b) 25  

 (c) 35  (d) 210  

4. A simple harmonic oscillator has a period of 0.01 sec and an 

amplitude of 0.2 m. The magnitude of the velocity in 1secm  at 

the centre of oscillation is [JIPMER 1997] 

 (a) 20  (b) 100 

 (c) 40 (d) 100  

5. A particle executes S.H.M. with a period of 6 second and amplitude 

of 3 cm. Its maximum speed in cm/sec is 

 [AIIMS 1982] 

 (a) 2/  (b)   

 (c) 2  (d) 3  

6. A particle is executing S.H.M. If its amplitude is 2 m and periodic 

time 2 seconds, then the maximum velocity of the particle will be   [MP PMT 1985] 

(a) sm /  (b) sm /2  

 (c) sm /2  (d) sm /4  

7. A S.H.M. has amplitude ‘a’ and  time period T. The maximum 

velocity will be 

   [MP PMT 1985; CPMT 1997; UPSEAT 1999] 

 (a) 
T

a4
 (b) 

T

a2
 

 (c) 
T

a
2  (d) 

T

a2
 

8. A body is executing S.H.M. When its displacement from the mean 

position is 4 cm and 5 cm, the corresponding velocity of the body is 

10 cm/sec and 8 cm/sec. Then the time period of the body is [CPMT 1991; MP PET 1995] 

 (a) sec2  (b) 2/ sec 

 (c) sec  (d) sec2/3  

9. A particle has simple harmonic motion. The equation of its motion 

is 









6
4sin5


tx , where x is its displacement. If the 

displacement of the particle is 3 units, then it velocity is 

 [MP PMT 1994] 

 (a) 
3

2
 (b) 

6

5
 

 (c) 20  (d) 16  

10. If a simple pendulum oscillates with an amplitude of 50 mm and 

time period of 2 sec, then its maximum velocity is 

 [AIIMS 1998; MH CET 2000; DPMT 2000] 

 (a) 0.10 m / s (b) 0.15 m / s 

 (c) 0.8 m / s (d) 0.26 m / s 

11. If the displacement of a particle executing SHM is given by 

)64.0220sin(30.0  ty  in metre, then the frequency and 

maximum velocity of the particle is [AFMC 1998] 

 (a) 35 Hz, 66 m / s (b) 45 Hz, 66 m / s 

 (c)  58 Hz, 113 m / s (d) 35 Hz, 132 m / s 
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12. The maximum velocity and the maximum acceleration of a body 

moving in a simple harmonic oscillator are sm/2  and ./4 2sm  

Then angular velocity will be 

 [Pb. PMT 1998; MH CET 1999, 2003] 

(a) 3 rad/sec (b) 0.5 rad/sec 

(c) 1 rad/sec (d) 2 rad/sec 

13. If a particle under S.H.M. has time period 0.1 sec and amplitude 

m3102  . It has maximum velocity 

    [RPET 2000]  

(a) sm/
25


 (b) sm/

26


 

(c) sm/
30


 (d) None of these 

14. A particle executing simple harmonic motion has an amplitude of 6 
cm. Its acceleration at a distance of 2 cm from the mean position is 

2/8 scm . The maximum speed of the particle is [EAMCET (Engg.) 2000] 

(a) 8 cm/s  (b) 12 cm/s 

(c) 16 cm/s (d) 24 cm/s 

15. A particle executes simple harmonic motion with an amplitude of 4 

cm. At the mean position the velocity of the particle is 10 cm/s. The 

distance of the particle from the mean position when its speed 

becomes 5 cm/s is 

[EAMCET (Med.) 2000] 

(a) cm3  (b) cm5  

(c) cm)3(2  (d) cm)5(2  

16. Two particles P and Q start from origin and execute Simple 
Harmonic Motion along X-axis with same amplitude but with 
periods 3 seconds and 6 seconds respectively. The ratio of the 

velocities of P and Q when they meet is  

 [EAMCET 2001] 

(a) 1 : 2  (b) 2 : 1 

(c) 2 : 3 (d) 3 : 2 

17. A particle is performing simple harmonic motion with amplitude A 

and angular velocity . The ratio of maximum velocity to maximum 

acceleration is  [Kerala (Med.) 2002] 

(a)  (b) 1/ 

(c) 2 (d) A 

18. The angular velocities of three bodies in simple harmonic motion are 

321 ,,   with their respective amplitudes as 321 ,, AAA . If all 

the three bodies have same mass and velocity, then    [BHU 2002] 

(a) 332211  AAA   (b) 
2

33
2

22
2

11  AAA   

(c) 3
2

32
2

21
2

1  AAA   (d) 22
2

2
2

2
1

2
1 AAA    

19. The velocity of a particle performing simple harmonic motion, when 
it passes through its mean position is  

 [MH CET (Med.) 2002; BCECE 2004]  

(a) Infinity  (b) Zero 

(c) Minimum (d) Maximum 

20. The velocity of a particle in simple harmonic motion at displacement 
y from mean position is  

   [BCECE 2003; RPMT 2003] 

(a) 22 ya   (b) 22 ya   

(c) y  (d) 222 ya   

21. A particle is executing the motion )cos(   tAx . The 

maximum velocity of the particle is  

    [BHU 2003; CPMT 2004] 

(a)  cosA  (b) A  

(c)  sinA  (d) None of these 

22. A particle executing simple harmonic motion with amplitude of 0.1 m. At 
a certain instant when its displacement is 0.02 m, its acceleration is 0.5 

m/s2. The maximum velocity of the particle is (in m/s)    [MP PET 2003] 

(a) 0.01  (b) 0.05 

(c) 0.5 (d) 0.25 

23. The amplitude of a particle executing SHM is 4 cm. At the mean 

position the speed of the particle is 16 cm/sec. The distance of the 
particle from the mean position at which the speed of the particle 

becomes ,/38 scm will be 

   [Pb. PET 2003] 

(a) cm32  (b) cm3  

(c) 1 cm  (d) 2 cm 

24. The maximum velocity of a simple harmonic motion represented by 











6
100sin3


ty is given by  

[BCECE 2005]  

(a) 300 (b) 
6

3
 

(c) 100 (d) 
6


 

25. The displacement equation of a particle is .2cos42sin3 ttx   
The amplitude and maximum velocity will be respectively   [RPMT 1998]  

(a) 5, 10 (b) 3, 2 

(c) 4, 2 (d) 3, 4 

26. Velocity at mean position of a particle executing S.H.M. is v, they 

velocity of the particle at a distance equal to half of the amplitude    [RPMT 2001]  

(a) 4v (b) 2v 

(c) v
2

3
 (d) v

4

3
 

27. The instantaneous displacement of a simple pendulum oscillator is 

given by 









4
cos


tAx . Its speed will be maximum at time    [CPMT 2000]  

(a) 




4
 (b) 





2
 

(c) 



 (d) 



2
 

 

Acceleration of Simple Harmonic Motion 
 

1. Which of the following is a necessary and sufficient condition for 
S.H.M.     [NCERT 1974] 
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 (a) Constant period  

 (b) Constant acceleration 

 (c) Proportionality between acceleration and displacement from 

equilibrium position 

 (d) Proportionality between restoring force and displacement from 

equilibrium position 

2. If a hole is bored along the diameter of the earth and a stone is 
dropped into hole   [CPMT 1984] 

 (a) The stone reaches the centre of the earth and stops there 

 (b) The stone reaches the other side of the earth and stops there 

 (c) The stone executes simple harmonic motion about the centre 

of the earth  

 (d) The stone reaches the other side of the earth and escapes into 

space 

3.  The acceleration of a particle in S.H.M. is [MP PMT 1993] 

 (a) Always zero  

 (b) Always constant 

 (c) Maximum at the extreme position 

 (d) Maximum at the equilibrium position 

4. The displacement of a particle moving in S.H.M. at any instant is 

given by tay sin . The acceleration after time 
4

T
t   is 

(where T is the time period)  [MP PET 1984] 

 (a) a  (b) a  

 (c) 2a  (d) 2a  

5. The amplitude of a particle executing S.H.M. with frequency of 60 
Hz is 0.01 m. The maximum value of the acceleration of the particle 
is 

  [DPMT 1998; CBSE PMT 1999; AFMC 2001;   

Pb. PMT 2001; Pb. PET 2001, 02; CPMT 1993, 95, 04;  

RPMT 2005; MP PMT 2005] 

 (a) 22 /144 secm  (b) 2/144 ecsm  

 (c) 2

2
/

144
secm


 (d) 22 /288 secm  

6. A small body of mass 0.10 kg is executing S.H.M. of amplitude 1.0 m 
and period 0.20 sec. The maximum force acting on it is 

 (a)  98.596 N (b) 985.96 N 

 (c) 100.2 N (d) 76.23 N 

7. A body executing simple harmonic motion has a maximum 

acceleration equal to 2/24 secmetres  and maximum velocity equal 

to secmetres /16 . The amplitude of the simple harmonic motion 

is 

[MP PMT 1995; DPMT 2002; RPET 2003; Pb. PET 2004] 

 (a) metres
3

32
 (b) metres

32

3
 

 (c) metres
9

1024
 (d)  metres

9

64
 

8. For a particle executing simple harmonic motion, which of the 

following statements is not correct  

   [MP PMT 1997; AIIMS 1999; Kerala PMT 2005] 

 (a) The total energy of the particle always remains the same 

 (b) The restoring force of always directed towards a fixed point 

 (c) The restoring force is maximum at the extreme positions 

 (d) The acceleration of the particle is maximum at the equilibrium 
position 

9. A particle of mass 10 grams is executing simple harmonic motion 

with an amplitude of 0.5 m and periodic time of )5/(  seconds. 

The maximum value of the force acting on the particle is[MP PET 1999; MP PMT 2000] 

 (a) 25 N (b) 5 N  

 (c) 2.5 N (d) 0.5 N 

10. The displacement of an oscillating particle varies with time (in 

seconds) according to the equation y (cm) = sin 









3

1

22

t
. The 

maximum acceleration of the particle is approximately    [AMU 1995] 

 (a) 2/21.5 scm  (b) 2/62.3 scm  

 (c) 2/81.1 scm  (d) 2/62.0 scm  

11. A particle moving along the x-axis executes simple harmonic motion, 

then the force acting on it is given by 

     [CBSE PMT 1994] 

 (a) – A Kx (b) A cos (Kx) 

 (c) A exp (– Kx) (d) A Kx  

 Where A and K are positive constants 

12. A body is vibrating in simple harmonic motion with an amplitude of 

0.06 m and frequency of 15 Hz. The velocity and acceleration of 
body is    [AFMC 1999] 

(a) sm/65.5  and 22 /1032.5 sm   

(b) sm/82.6  and 22 /1062.7 sm  

(c) sm/91.8  and 22 /1021.8 sm  

(d) sm/82.9  and 22 /1003.9 sm  

13. A particle executes harmonic motion with an angular velocity and 

maximum acceleration of 3.5 rad/sec and 7.5 m/s2 respectively. The 

amplitude of oscillation is 

    [AIIMS 1999; Pb. PET 1999]  

(a) 0.28 m  (b) 0.36 m 

(c) 0.53 m (d) 0.61 m 

14. A 0.10 kg block oscillates back and forth along a horizontal surface. 

Its displacement from the origin is given by: 

]2/)/10cos[()10( radtsradcmx  . What is the maximum 

acceleration experienced by the block  [AMU (Engg.) 2000] 

(a) 2/10 sm   (b) 2/10 sm  

(c) 2/
2

10
sm


 (d) 2/

3

10
sm


 

15. In S.H.M. maximum acceleration is at  

[RPET 2001; BVP 2003] 

(a) Amplitude (b) Equilibrium 

(c) Acceleration is constant (d) None of these 
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16. A particle is executing simple harmonic motion with an amplitude of 
0.02 metre and frequency 50 Hz. The maximum acceleration of the 
particle is  [MP PET 2001] 

(a) 2/100 sm  (b) 22 /100 sm  

(c) 2/100 sm  (d) 22 /200 sm  

17. Acceleration of a particle, executing SHM, at it’s mean position is[MH CET (Med.) 2002] 

(a) Infinity  (b) Varies 

(c) Maximum (d) Zero 

18. Which one of the following statements is true for the speed v and 
the acceleration a of a particle executing simple harmonic motion   [CBSE PMT 2004] 

(a) When v is maximum, a is maximum 

(b) Value of a is zero, whatever may be the value of v 

(c) When v is zero, a is zero 

(d) When v is maximum, a is zero 

19. What is the maximum acceleration of the particle doing the SHM 









 



2
sin2

t
y where 2 is in cm [DCE 2003] 

 (a) 2/
2

scm


 (b) 2
2

/
2

scm


 

 (c) 2/
4

scm


 (d) 2/
4

scm


 

20. A particle executes linear simple harmonic motion with an amplitude 
of 2 cm. When the particle is at 1 cm from the mean position the 
magnitude of its velocity is equal to that of its acceleration. Then its 
time period in seconds is  

    [Kerala PET 2005]  

(a) 
32

1


 (b) 32  

(c) 
3

2
 (d) 

2

3
 

21. In simple harmonic motion, the ratio of acceleration of the particle 

to its displacement at any time is a measure of   

[UPSEAT 2001]  

(a) Spring constant  (b) Angular frequency  

(c) (Angular frequency)2  (d) Restoring force  

 

Energy of Simple Harmonic Motion 
 

1. The total energy of a particle executing S.H.M. is proportional to 

[CPMT 1974, 78; EAMCET 1994; RPET 1999;  

MP PMT 2001; Pb. PMT 2002; MH CET 2002] 

 (a) Displacement from equilibrium position 

 (b) Frequency of oscillation 

 (c) Velocity in equilibrium position 

 (d) Square of amplitude of motion 

2.  A particle executes simple harmonic motion along a straight line 
with an amplitude A. The potential energy is maximum when the 
displacement is    [CPMT 1982] 

 (a) A  (b) Zero 

 (c) 
2

A
  (d) 

2

A
  

3. A particle is vibrating in a simple harmonic motion with an 
amplitude of 4 cm. At what displacement from the equilibrium 
position, is its energy half potential and half kinetic[NCERT 1984; MNR 1995;  

RPMT 1995; DCE 2000; UPSEAT 2000] 

 (a) 1 cm (b) 2 cm 

 (c) 3 cm (d) 22 cm 

4. For a particle executing simple harmonic motion, the kinetic energy 

K is given by tKK o 2cos . The maximum value of potential 

energy is   [CPMT 1981] 

 (a) 0K  (b) Zero 

 (c) 
2

0K
 (d) Not obtainable 

5. The potential energy of a particle with displacement X is U(X). The 
motion is simple harmonic, when (K is a positive constant)   [CPMT 1982] 

 (a) 
2

2KX
U   (b) 2KXU   

 (c) KU   (d) KXU   

6. The kinetic energy and potential energy of a particle executing 

simple harmonic motion will be equal, when displacement  
(amplitude = a) is 

[MP PMT 1987; CPMT 1990; DPMT 1996;  

MH CET 1997, 99; AFMC 1999; CPMT 2000] 

 (a) 
2

a
 (b) 2a  

 (c) 
2

a
 (d) 

3

2a
 

7.  The total energy of the body executing S.H.M. is E. Then the kinetic 
energy when the displacement is half of the amplitude, is 

[RPMT 1994, 96; CBSE PMT 1995; JIPMER 2002] 

 (a) 
2

E
 (b) 

4

E
 

 (c) 
4

3E
 (d) E

4

3
 

8. The potential energy of a particle executing S.H.M. is 2.5 J, when its 
displacement is half of amplitude. The total energy of the particle be   [DPMT 2001] 

 (a) 18 J (b) 10 J 

 (c) 12 J (d) 2.5 J 

9. The angular velocity and the amplitude of a simple pendulum is   

and a respectively. At a displacement X from the mean position if its 

kinetic energy is T and potential energy is V, then the ratio of T to 

V is  [CBSE PMT 1991] 

 (a) )/( 22222  XaX   (b) )/( 222 XaX   

 (c) 22222 /)(  XXa   (d) 222 /)( XXa   

10. When the potential energy of a particle executing simple harmonic 

motion is one-fourth of its maximum value during the oscillation, 

the displacement of the particle from the equilibrium position in 

terms of its amplitude a is 

   [CBSE PMT 1993; EAMCET (Engg.) 1995; 
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   MP PMT 1994, 2000; MP PET 1995, 96, 2002] 

 (a) 4/a  (b) 3/a  

 (c) 2/a  (d) 3/2a  

11. A particle of mass 10 gm is describing S.H.M. along a straight line 

with period of 2 sec and amplitude of 10 cm. Its kinetic energy when 

it is at 5 cm from its equilibrium position is    [MP PMT 1996] 

 (a) ergs25.37   (b) ergs275.3   

 (c) ergs2375  (d) ergs2375.0   

12. When the displacement is half the amplitude, the ratio of potential 

energy to the total energy is 

   [CPMT 1999; JIPMER 2000; Kerala PET 2002] 

 (a) 
2

1
 (b) 

4

1
 

 (c) 1  (d) 
8

1
 

13. The P.E. of a particle executing SHM at a distance x from its 

equilibrium position is 

   [Roorkee 1992; CPMT 1997; RPMT 1999] 

 (a) 22

2

1
xm  (b) 22

2

1
am  

 (c) )(
2

1 222 xam   (d) Zero  

14. A vertical mass-spring system executes simple harmonic oscillations 

with a period of 2 s. A quantity of this system which exhibits simple 

harmonic variation with a period of 1 s is    [SCRA 1998] 

 (a) Velocity 

 (b) Potential energy  

 (c) Phase difference between acceleration and displacement 

 (d) Difference between kinetic energy and potential energy 

15. For any S.H.M., amplitude is 6 cm. If instantaneous potential energy 
is half the total energy then distance of particle from its mean 
position is   [RPET 2000] 

(a) 3 cm  (b) 4.2 cm 

(c) 5.8 cm (d) 6 cm 

16. A body of mass kg1  is executing simple harmonic motion. Its 

displacement )(cmy  at t seconds is given by 

)4/100sin(6  ty . Its maximum kinetic energy is  

[EAMCET (Engg.) 2000] 

(a) 6 J  (b) 18 J 

(c) 24 J (d) 36 J 

17. A particle is executing simple harmonic motion with frequency f. 
The frequency at which its kinetic energy change into potential 
energy is   [MP PET 2000] 

(a) f/2 (b) f 

(c) 2 f (d) 4 f 

18. There is a body having mass m and performing S.H.M. with 

amplitude a. There is a restoring force KxF  , where x is the 
displacement. The total energy of body depends upon  

 [CBSE PMT 2001] 

(a) K, x  (b) K, a 

(c) K, a, x (d) K, a, v 

19. The total energy of a particle executing S.H.M. is 80 J. What is the 

potential energy when the particle is at a distance of 3/4 of 
amplitude from the mean position   

  [Kerala (Engg.) 2001] 

(a) 60 J  (b) 10 J 

(c) 40 J (d) 45 J 

20. In a simple harmonic oscillator, at the mean position  

 [AIEEE 2002] 

(a) Kinetic energy is minimum, potential energy is maximum  

(b) Both kinetic and potential energies are maximum  

(c) Kinetic energy is maximum, potential energy is minimum 

(d) Both kinetic and potential energies are minimum 

21. Displacement between maximum potential energy position and 
maximum kinetic energy position for a particle executing S.H.M. is   [CBSE PMT 2002] 

(a) – a (b) + a 

(c) a  (d) 
4

a
  

22. When a mass M is attached to the spring of force constant k, then 
the spring stretches by l. If the mass oscillates with amplitude l, 
what will be maximum potential energy stored in the spring    [BHU 2002] 

(a) 
2

kl
 (b) kl2  

(c) Mgl
2

1
 (d) Mgl  

23. The potential energy of a simple harmonic oscillator when the 

particle is half way to its end point is (where E is the total energy)    [CBSE PMT 2003] 

(a) E
8

1
 (b) E

4

1
 

(c) E
2

1
 (d) E

3

2
 

24. A body executes simple harmonic motion. The potential energy 

(P.E.), the kinetic energy (K.E.) and total energy (T.E.) are measured 
as a function of displacement x. Which of the following statements is 
true   [AIEEE 2003] 

(a) P.E. is maximum when x = 0 

(b) K.E. is maximum when x = 0 

(c) T.E. is zero when x = 0 

(d) K.E. is maximum when x is maximum 

25. If <E> and <U> denote the average kinetic and the average potential 

energies respectively of mass describing a simple harmonic motion, 
over one period, then the correct relation is    [MP PMT 2004] 

(a) <E> = <U> (b) <E> = 2<U> 

(c) <E> = – 2<U> (d) <E>= – <U> 

26. The total energy of a particle, executing simple harmonic motion is    [AIEEE 2004] 

(a) x  (b) 2x   
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(c) Independent of x  (d) 2/1x  

27. The kinetic energy of a particle executing S.H.M. is 16 J when it is at 
its mean position. If the mass of the particle is 0.32 kg, then what is 
the maximum velocity of the particle 

     [MH CET 2004] 

(a) sm /5  (b) sm /15  

(c) sm /10  (d) sm /20  

28. Consider the following statements. The total energy of a particle 
executing simple harmonic motion depends on its  

(1) Amplitude  (2)   Period  (3) Displacement  

Of these statements   [RPMT 2001; BCECE 2005]  

 (a) (1) and (2) are correct   

 (b) (2) and (3) are correct   

 (c) (1) and (3) are correct  

 (d) (1), (2)  and (3) are correct 

29. A particle starts simple harmonic motion from the mean position. Its 

amplitude is a and total energy E. At one instant its kinetic energy is 

.4/3E  Its displacement at that instant is 

 [Kerala PET 2005] 

 (a) 2/a  (b) 2/a  

 (c) 
2/3

a
 (d) 3/a  

30. A particle executes simple harmonic motion with a frequency f . 

The frequency with which its kinetic energy oscillates is  [IIT JEE 1973, 87; Manipal MEE 1995; 

MP PET 1997; DCE 1997; DCE 1999; UPSEAT 2000; 

RPET 2002; RPMT 2004; BHU 2005] 

 (a) 2/f  (b) f   

 (c) f2  (d) f4  

31. The amplitude of a particle executing SHM is made three-fourth 
keeping its time period constant. Its total energy will be    [RPMT 2004]  

(a) 
2

E
 (b) E

4

3
 

(c) E
16

9
 (d) None of these 

32. A particle of mass m is hanging vertically by an ideal spring of force 

constant K. If the mass is made to oscillate vertically, its total energy 
is   [CPMT 1978; RPET 1999] 

 (a) Maximum at extreme position 

 (b) Maximum at mean position 

(c) Minimum at mean position 

(d) Same at all position 

33. A body is moving in a room with a velocity of 20 m / s 
perpendicular to the two walls separated by 5 meters. There is no 
friction and the collisions with the walls are elastic. The motion of 
the body is   [MP PMT 1999] 

 (a) Not periodic    

 (b) Periodic but not simple harmonic 

 (c) Periodic and simple harmonic 

 (d) Periodic with variable time period 

34. A body is executing Simple Harmonic Motion. At a displacement x 

its potential energy is 1E  and at a displacement y its potential 

energy is 2E . The potential energy E at displacement )( yx   is  [EAMCET 2001] 

(a) 21 EEE   (b) 21 EEE   

(c) 21 EEE   (d) 21 EEE   

 

Time Period and Frequency 

1. A particle moves such that its acceleration a is given by bxa  , 
where x is the displacement from equilibrium position and b is a 
constant. The period of oscillation is 

[NCERT 1984; CPMT 1991; MP PMT 1994; 

MNR 1995; UPSEAT 2000] 

 (a) b2  (b) 
b

2
 

 (c) 
b

2
 (d) 

b


2  

2. The equation of motion of a particle is 0
2

2

 Ky
dt

yd
, where K is 

positive constant. The time period of the motion is given by   [AIEEE 2005] 

 (a) 
K

2
 (b) K2   

 (c) 
K

2
 (d) K2  

3. A tunnel has been dug through the centre of the earth and a ball is 

released in it. It will reach the other end of the tunnel after 

 (a) 84.6 minutes 

 (b) 42.3 minutes 

 (c) 1 day  

 (d) Will not reach the other end 

4. The maximum speed of a particle executing S.H.M. is sm /1  and its 

maximum acceleration is 2/57.1 secm . The time period of the 

particle will be   [DPMT 2002] 

 (a) sec
57.1

1
 (b) 1.57 sec  

 (c) 2 sec (d) 4 sec 

5. The motion of a particle executing S.H.M. is given by 

)05.(100sin01.0  tx  , where x is in metres and time is in 

seconds. The time period is   [CPMT 1990] 

 (a) 0.01 sec (b) 0.02 sec 

 (c) 0.1 sec (b) 0.2 sec 

6. The kinetic energy of a particle executing S.H.M. is 16 J when it is in 

its mean position. If the amplitude of oscillations is 25 cm and the 

mass of the particle is 5.12 kg, the time period of its oscillation is 

   [Haryana CEE 1996; AFMC 1998] 

 (a) 
5


sec (b) 2 sec 

 (c) 20 sec (d) 5 sec 
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7. The acceleration of a particle performing S.H.M. is 2/12 seccm  at 

a distance of 3 cm from the mean position. Its time period is [MP PET 1996; MP PMT 1997] 

 (a) 0.5 sec (b) 1.0 sec 

 (c) 2.0 sec (d) 3.14 sec 

8. To make the frequency double of an oscillator, we have to 

 [CPMT 1999] 

 (a) Double the mass 

 (b) Half the mass 

 (c) Quadruple the mass 

 (d) Reduce the mass to one-fourth 

9. What is constant in S.H.M.   [UPSEAT 1999] 

(a) Restoring force  (b) Kinetic energy  

(c) Potential energy (d) Periodic time 

10. If a simple harmonic oscillator has got a displacement of 0.02 m and 

acceleration equal to 20.2 ms  at any time, the angular frequency 
of the oscillator is equal to 

 [CBSE PMT 1992; RPMT 1996] 

 (a) 110 srad  (b) 11.0 srad  

 (c) 1100 srad  (d) 11 srad  

11. The equation of a simple harmonic motion is 

)74.03000cos(34.0  tX  where X and t are in mm and sec. 

The frequency of motion is   [Kerala (Engg.) 2002] 

(a) 3000  (b) 2/3000  

(c) 2/74.0  (d) /3000  

12. Mark the wrong statement   [MP PMT 2003] 

(a) All S.H.M.’s have fixed time period  

(b) All motion having same time period are S.H.M. 

(c) In S.H.M. total energy is proportional to square of amplitude  

(d) Phase constant of S.H.M. depends upon initial conditions 

13. A particle in SHM is described by the displacement equation 

).cos()(   tAtx If the initial (t = 0) position of the particle is 

1 cm and its initial velocity is  cm/s, what is its amplitude? The 

angular frequency of the particle is 1s  

    [DPMT 2004] 

(a) 1 cm (b)  2 cm 

(c)  2 cm (d)  2.5 cm   

14. A particle executes SHM in a line 4 cm long. Its velocity when 

passing through the centre of line is 12 cm/s. The period will be   [Pb. PET 2000] 

(a) 2.047 s (b) 1.047 s 

(c) 3.047 s (d) 0.047 s 

15. The displacement x (in metre) of a particle in, simple harmonic 
motion is related to time t (in seconds) as 

   









4
cos01.0


 tx   

 The frequency of the motion will be [UPSEAT 2004] 

(a) 0.5 Hz (b) 1.0 Hz 

(c) Hz
2


 (d) Hz  

16. A simple harmonic wave having an amplitude a and time period T is 

represented by the equation .)4(sin5 mty   Then the value of 

amplitude (a) in (m) and time period  (T) in second are [Pb. PET 2004] 

(a) 2,10  Ta  (b) 1,5  Ta  

(c) 1,10  Ta  (d) 2,5  Ta  

17. A particle executing simple harmonic motion of amplitude 5 cm has 
maximum speed of 31.4 cm/s. The frequency of its oscillation is    [CBSE PMT 2005]  

(a) 3 Hz  (b) 2 Hz  

(c) 4 Hz (d) 1 Hz  

18.  The displacement x (in metres) of a particle performing simple 
harmonic motion is related to time t (in seconds) as 











4
4cos05.0


 tx . The frequency of the motion will be     [MP PMT/PET 1998] 

 (a) 0.5 Hz (b) 1.0 Hz  
 (c) 1.5 Hz (d) 2.0 Hz  
 

Simple Pendulum 
 

1. The period of a simple pendulum is doubled, when  

[CPMT 1974; MNR 1980; AFMC 1995; Pb. PET/PMT 2002] 

 (a) Its length is doubled 

 (b) The mass of the bob is doubled 

 (c) Its length is made four times 

(d) The mass of the bob and the length of the pendulum are 
doubled 

2. The period of oscillation of a simple pendulum of constant length at 
earth surface is T. Its period inside a mine is 

 [CPMT 1973; DPMT 2001] 

 (a) Greater than T  (b) Less than T  

 (c) Equal to T  (d) Cannot be compared  

3. A simple pendulum is made of a body which is a hollow sphere 

containing mercury suspended by means of a wire. If a little 

mercury is drained off, the period of pendulum will   

[NCERT 1972; BHU 1979] 

 (a) Remains unchanged 

 (b) Increase 

 (c) Decrease 

 (d) Become erratic  

4. A pendulum suspended from the ceiling of a train has a period T, 
when the train is at rest. When the train is accelerating with a 
uniform acceleration a, the period of oscillation will[NCERT 1980; CPMT 1997] 

 (a) Increase (b) Decrease 

 (c) Remain unaffected (d) Become infinite 

5. The mass and diameter of a planet are twice those of earth. The 
period of oscillation of pendulum on this planet will be (If it is a 
second's pendulum on earth)  

    [IIT 1973; DCE 2002] 

 (a) 
2

1
 sec (b) 22 sec 

 (c) 2 sec (d) 
2

1
sec 
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6. A simple pendulum is set up in a trolley which moves to the right 

with an acceleration a on a horizontal plane. Then the thread of the 

pendulum in the mean position makes an angle   with the vertical   [CPMT 1983] 

 (a) 
g

a1tan  in the forward direction 

 (b) 
g

a1tan  in the backward direction 

 (c) 
a

g1tan   in the backward direction 

 (d) 
a

g1tan   in the forward direction  

7. Which of the following statements is not true ? In the case of a 

simple pendulum for small amplitudes the period of oscillation is    [NCERT 1982] 

 (a) Directly proportional to square root of the length of the 
pendulum 

 (b) Inversely proportional to the square root of the acceleration 
due to gravity 

 (c) Dependent on the mass, size and material of the bob 

 (d) Independent of the amplitude 

8. The time period of a second's pendulum is 2 sec. The spherical bob 

which is empty from inside has a mass of 50 gm. This is now 

replaced by another solid bob of same radius but having different 

mass of 100 gm. The new time period will be   [NCERT 1972] 

 (a) 4 sec (b) 1 sec  

 (c) 2 sec (d) 8 sec 

9. A man measures the period of a simple pendulum inside a stationary 

lift and finds it to be T sec. If the lift accelerates upwards with an 

acceleration 4/g , then the period of the pendulum will be  [NCERT 1990; BHU 2001] 

 (a) T 

 (b) 
4

T
 

 (c) 
5

2T
 

 (d) 52T  

10. A simple pendulum is suspended from the roof of a trolley which 
moves in a horizontal direction with an acceleration a, then the time 

period is given by 
g

l
T


 2 ,  where g  is equal to    [BHU 1997] 

 (a) g (b) ag   

 (c) ag   (d) 22 ag   

11. A second's pendulum is placed in a space laboratory orbiting around 

the earth at a height 3R, where R is the radius of the earth. The 

time period of the pendulum is 

 [CPMT 1989; RPMT 1995] 

 (a) Zero (b) sec32  

 (c) 4 sec (d) Infinite 

12. The bob of a simple pendulum of mass m and total energy E will 

have maximum linear momentum equal to 

     [MP PMT 1986] 

 (a) 
m

E2
 (b) mE2  

 (c) mE2  (d) 2mE  

13. The length of the second pendulum on the surface of earth is 1 m. 

The length of seconds pendulum on the surface of moon, where g is 

1/6th value of g on the surface of earth, is 

 [CPMT 1971] 

 (a) 1 / 6 m (b) 6 m 

 (c) 1 / 36 m (d) 36 m 

14. If the length of second's pendulum is decreased by 2%, how many 

seconds it will lose per day   [CPMT 1992] 

 (a) 3927 sec (b) 3727 sec 

 (c) 3427 sec (d) 864 sec 

15. The period of simple pendulum is measured as T in a stationary lift. 

If the lift moves upwards with an acceleration of 5 g, the period will 

be   [MNR 1979] 

 (a) The same  (b) Increased by 3/5 

 (c) Decreased by 2/3 times (d) None of the above 

16. The length of a simple pendulum is increased by 1%. Its time period 

will [MP PET 1994; RPET 2001] 

 (a) Increase by 1% (b) Increase by 0.5% 

 (c) Decrease by 0.5% (d) Increase by 2% 

17. A simple pendulum with a bob of mass ‘m’ oscillates from A to C 

and back to A such that PB is H. If the acceleration due to gravity is 

‘g’, then the velocity of the bob as it passes through B is     

[CBSE PMT 1995; DPMT 1995; Pb. PMT 1996] 

 

 

 
 

 (a) mgH  (b) gH2  

 (c) gH2  (d) Zero 

18. Identify correct statement among the following 

     [Manipal MEE 1995] 

 (a) The greater the mass of a pendulum bob, the shorter is its 
frequency of oscillation 

 (b) A simple pendulum with a bob of mass M swings with an 

angular amplitude of o40 . When its angular amplitude is 
o20 , the tension in the string is less than oMg 20cos . 

 (c) As the length of a simple pendulum is increased, the maximum 
velocity of its bob during its oscillation will also decreases 

 (d) The fractional change in the time period of a pendulum  

on changing the temperature is independent of the length of 
the pendulum 

A P C 

H 

B 

Lift 

Pendulum 
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19. The bob of a pendulum of length l is pulled aside from its 

equilibrium position through an angle   and then released. The 

bob will then pass through its equilibrium position with a speed v, 

where v equals   [Haryana CEE 1996] 

 (a) )sin1(2 gl  (b) )cos1(2 gl  

 (c) )cos1(2 gl  (d) )sin1(2 gl  

20. A simple pendulum executing S.H.M. is falling freely along with the 
support. Then  

 (a) Its periodic time decreases 

 (b) Its periodic time increases 

 (c) It does not oscillate at all 

 (d) None of these 

21. A pendulum bob has a speed of 3 m/s at its lowest position. The 
pendulum is 0.5 m long. The speed of the bob, when the length 

makes an angle of o60  to the vertical, will be (If  2/10 smg  )   [MP PET 1996] 

 (a) sm /3  (b) sm /
3

1
 

 (c) sm /
2

1
 (d) sm /2  

22. The time period of a simple pendulum is 2 sec. If its length is 
increased 4 times, then its period becomes  

   [CBSE PMT 1999; DPMT 1999] 

 (a) 16 sec (b) 12 sec 

 (c) 8 sec (d) 4 sec 

23. If the metal bob of a simple pendulum is replaced by a wooden bob, 
then its time period will [AIIMS 1998, 99] 

 (a) Increase  

 (b) Decrease 

 (c) Remain the same 

 (d) First increase then decrease 

24. In a simple pendulum, the period of oscillation T is related to length 
of the pendulum l as   [EAMCET (Med.) 1995] 

 (a) 
T

l
constant (b) 

T

l 2

constant 

 (c) 
2T

l
constant (d) 

2

2

T

l
constant 

25. A pendulum has time period T. If it is taken on to another planet 
having acceleration due to gravity half and mass 9 times that of the 
earth then its time period on the other planet will be   [CMEET Bihar 1995] 

 (a) T  (b) T 

 (c) 3/1T  (d) 2 T 

26. A simple pendulum is executing simple harmonic motion with a 
time period T. If the length of the pendulum is increased by 21%, the 
percentage increase in the time period of the pendulum of increased 
length is 

 [BHU 1994, 96; Pb. PMT 1995; AFMC 2001;  

AIIMS 2001; AIEEE 2003] 

 (a) 10% (b) 21% 

 (c) 30% (d) 50% 

27. If the length of simple pendulum is increased by 300%, then the 
time period will be increased by [RPMT 1999] 

(a) 100%  (b) 200% 

(c) 300% (d) 400% 

28. The length of a seconds pendulum is  [RPET 2000] 

(a) 99.8 cm  (b) 99 cm 

(c) 100 cm (d) None of these 

29. The time period of a simple pendulum in a lift descending with 
constant acceleration g is  [DCE 1998; MP PMT 2001] 

(a) 
g

l
T 2  (b) 

g

l
T

2
2  

(c) Zero (d) Infinite 

30. A chimpanzee swinging on a swing in a sitting position, stands up 
suddenly, the time period will      

 [KCET (Engg./Med.) 2000; AIEEE 2002; DPMT 2004] 

(a) Become infinite  (b) Remain same 

(c) Increase (d) Decrease 

31. The acceleration due to gravity at a place is 22 /secm . Then the 

time period of a simple pendulum of length one metre is    [JIPMER 2002] 

(a) sec


2
 (b) sec2  

(c) sec2  (d) sec  

32. A plate oscillated with time period ‘T’. Suddenly, another plate put 

on the first plate, then time period [AIEEE 2002]  

(a) Will decrease  (b) Will increase  

(c) Will be same (d) None of these 

33. A simple pendulum of length l has a brass bob attached at its lower 

end. Its period is T. If a steel bob of same size, having density x 
times that of brass, replaces the brass bob and its length is changed 
so that period becomes 2T, then new length is    [MP PMT 2002]  

(a) 2 l  (b) 4 l 

(c) 4 l x (d) 
x

l4
 

34. In a seconds pendulum, mass of bob is 30 gm. If it is replaced by 90 
gm mass. Then its time period will  

     [Orissa PMT 2001] 

(a) 1 sec (b) 2 sec  

(c) 4 sec (d) 3 sec 

35. The time period of a simple pendulum when it is made to oscillate 
on the surface of moon  [J & K CET 2004] 

(a) Increases  (b) Decreases 

(c) Remains unchanged (d) Becomes infinite 
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36. A simple pendulum is attached to the roof of a lift. If time period of 
oscillation, when the lift is stationary is T. Then frequency of 
oscillation, when the lift falls freely, will be 

     [DCE 2002] 

(a) Zero (b) T 

(c) 1/T (d) None of these 

37. A simple pendulum, suspended from the ceiling of a stationary van, 

has time period T. If the van starts moving with a uniform velocity 
the period of the pendulum will be 

    [RPMT 2003] 

(a) Less than T (b) Equal to 2T 

(c) Greater than T (d) Unchanged  

38. If the length of the simple pendulum is increased by 44%, then what 
is the change in time period of pendulum 

  [MH CET 2004; UPSEAT 2005] 

(a) 22% (b) 20% 

(c) 33% (d)  44% 

39. To show that a simple pendulum executes simple harmonic motion, 
it is necessary to assume that [CPMT 2001] 

(a) Length of the pendulum is small 

(b) Mass of the pendulum is small 

(c) Amplitude of oscillation is small 

(d) Acceleration due to gravity is small 

40. The height of a swing changes during its motion from 0.1 m to 2.5 

m. The minimum velocity of a boy who swings in this swing is    [CPMT 1997] 

 (a) 5.4 m / s (b) 4.95 m / s 

 (c) 3.14 m / s (d) Zero 

41. The amplitude of an oscillating simple pendulum is 10cm and its 
period is 4 sec. Its speed after 1 sec after it passes its equilibrium 
position, is 

 (a) Zero (b) sm /57.0  

 (c) sm /212.0  (d) sm /32.0  

42. A simple pendulum consisting of a ball of mass m tied to a thread of 

length l is made to swing on a circular arc of angle   in a vertical 

plane. At the end of this arc, another ball of mass m is placed at 
rest. The momentum transferred to this ball at rest by the swinging 
ball is  [NCERT 1977] 

 (a) Zero (b) 
l

g
m   

 (c) 
g

l

l

m
 (d) 

g

l

l

m
2  

43. A simple pendulum hangs from the ceiling of a car. If the car 

accelerates with a uniform acceleration, the frequency of the simple 
pendulum will    [Pb. PMT 2000] 

(a) Increase  (b) Decrease 

(c) Become infinite (d) Remain constant 

44. The periodic time of a simple pendulum of length 1 m and 

amplitude 2 cm is 5 seconds. If the amplitude is made 4 cm, its 
periodic time in seconds will be  [MP PMT 1985] 

 (a) 2.5 (b) 5 

 (c) 10 (d) 25  

45. The ratio of frequencies of two pendulums are 2 : 3, then their 
length are in ratio    [DCE 2005]  

(a) 3/2  (b) 2/3  

(c) 9/4  (d) 4/9  

46. Two pendulums begin to swing simultaneously. If the ratio of the 
frequency of oscillations of the two is 7 : 8, then the ratio of lengths 
of the two pendulums will be 

 [J & K CET 2005]  

(a) 7 : 8 (b) 8 : 7 

(c) 49 : 64 (d) 64 : 49 

47. A simple pendulum hanging from the ceiling of a stationary lift has 

a time period T
1

. When the lift moves downward with constant 
velocity, the time period is T

2

, then   

 [Orissa JEE 2005] 

(a) 2T  is infinity (b) 12 TT   

(c) 12 TT   (d) 12 TT   

48. If the length of a pendulum is made 9 times and mass of the bob is 

made 4 times then the value of time period becomes  

[BHU 2005]  

(a) 3T (b) 3/2T 

(c) 4T (d) 2T 

49. A simple pendulum is taken from the equator to the pole. Its period   [Kerala (PET/PMT) 2005]  

(a) Decreases  

(b) Increases  

(c) Remains the same   

(d) Decreases and then increases 

50. A pendulum of length 2m lift at P. When it reaches Q, it losses 10% 

of its total energy due to air resistance. The velocity at Q is    [DCE 1998]  

(a) 6 m/sec  

(b) 1 m/sec 

(c) 2 m/sec 

(d) 8 m/sec 

51. There is a simple pendulum hanging from the ceiling of a lift. When 

the lift is stand still, the time period of the pendulum is T. If the 

resultant acceleration becomes ,4/g  then the new time period of 

the pendulum is  [DCE 2004]  

(a) 0.8 T (b) 0.25 T 

(c) 2 T (d) 4 T 

52. The period of a simple pendulum measured inside a stationary lift is 

found to be T. If the lift starts accelerating upwards with 

acceleration of ,3/g then the time period of the pendulum is [RPMT 2000; DPMT 2000, 03]  

(a) 
3

T
 (b) 

3

T
 

(c) T
2

3
 (d) T3  

Q 

2m 

P 
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53. Time period of a simple pendulum will be double, if we  

 [MH CET 2003]  

(a) Decrease the length 2 times  

(b) Decrease the length 4 times  

(c) Increase the length 2 times  

(d) Increase the length 4 times  

54. Length of a simple pendulum is l and its maximum angular 

displacement is , then its maximum K.E. is  

 [RPMT 1995; BHU 2003]  

(a) sinmgl  (b) )sin1( mgl  

(c) )cos1( mgl  (d) )cos1( mgl  

55. The velocity of simple pendulum is maximum at 

 [RPMT 2004]  

(a) Extremes  (b)  Half displacement  

(c) Mean position  (d) Every where   

56. A simple pendulum is vibrating in an evacuated chamber, it will 

oscillate with    [Pb. PMT 2004]  

(a) Increasing amplitude  (b) Constant amplitude  

(c) Decreasing amplitude  (d) First (c) then (a)  

57. The time period of a simple pendulum of length L as measured in 

an elevator descending with acceleration 
3

g
 is  

 [CPMT 2000]  

(a) 
g

L3
2  (b) 









g

L3
  

(c) 








g

L

2

3
2  (d) 

g

L

3

2
2  

58. If a body is released into a tunnel dug across the diameter of earth, 

it executes simple harmonic motion with time period    [CPMT 1999]  

(a) 
g

R
T e2  (b) 

g

R
T e2

2  

(c) 
g

R
T e

2
2  (d) 2T  seconds  

59. What is the velocity of the bob of a simple pendulum at its mean 

position, if it is able to rise to vertical height of 10cm (g = 9.8 m/s2)   [BHU 2000]  

(a) 2.2 m/s 

(b) 1.8 m/s 

(c) 1.4 m/s 

(d) 0.6 m/s 

60. A simple pendulum has time period T. The bob is given negative 

charge and surface below it is given positive charge. The new time 

period will be [AFMC 2004] 

(a) Less than T (b) Greater than T 

(c) Equal to T (d) Infinite  

61. What effect occurs on the frequency of a pendulum if it is taken 

from the earth surface to deep into a mine  

[AFMC 2005]  

(a) Increases  

(b) Decreases 

(c) First increases then decrease  

(d) None of these 

 

Spring Pendulum 

1. Two bodies M and N of equal masses are suspended from two 

separate massless springs of force constants k
1

 and k
2

 respectively. If 

the two bodies oscillate vertically such that their maximum velocities 

are equal, the ratio of the amplitude M to that of N is 

   [IIT-JEE 1988; MP PET 1997, 2001; MP PMT 1997; 

BHU 1998; Pb. PMT 1998; MH CET 2000, 03; AIEEE 2003] 

 (a) 
2

1

k

k
 (b) 

2

1

k

k
 

 (c) 
1

2

k

k
 (d) 

1

2

k

k
 

2.  A mass m is suspended by means of two coiled spring which have 

the same length in unstretched condition as in figure. Their force 

constant are k
1

 and k
2

 respectively. When set into vertical vibrations, 

the period will be [MP PMT 2001]  

 

 

 

 

 

 (a) 













21

2
kk

m
  (b) 














2

12
k

k
m  

 (c) 













 21

2
kk

m
  (d) 














 21

2
kk

m
  

3.  A spring has a certain mass suspended from it and its period for 
vertical oscillation is T. The spring is now cut into two equal halves 
and the same mass is suspended from one of the halves. The period 
of vertical oscillation is now  

     [MP PET 1995] 

 (a) 
2

T
 (b) 

2

T
 

 (c) T2  (d) T2  

4. Two masses 1m  and 2m  are suspended together by a massless 

spring of constant k. When the masses are in equilibrium, 1m  is 

removed without disturbing the system. Then the angular frequency 

of oscillation of 2m  is 

m 

A B 

k2 k1 

M 

B A 
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 (a) 
1m

k
 (b) 

2m

k
 

 (c) 
21 mm

k


 (d) 

21mm

k
                   <$E size 20  sqrt  size 10 • 

5. In arrangement given in figure, if the block of mass m is displaced, 

the frequency is given by  

  [BHU 1994; Pb. PET 2001] 
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6. Two identical spring of constant K are connected in series and 

parallel as shown in figure. A mass m is suspended from them. The 

ratio of their frequencies of vertical oscillations will be [MP PET 1993; BHU 1997] 

 

 

 

 

 

 

 

 (a) 2 : 1 (b) 1 : 1 

 (c) 1 : 2 (d) 4 : 1 

7. A mass m is suspended from the two coupled springs connected in 

series. The force constant for springs are 1K  and 2K . The time 

period of the suspended mass will be  

 [CBSE PMT 1990; Pb. PET 2002] 

 (a) 
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8. A spring is stretched by 0.20 m, when a mass of 0.50 kg is 
suspended. When a mass of 0.25 kg is suspended, then its period of 

oscillation will be )/10( 2smg   

 (a) 0.328 sec (b) 0.628 sec 

 (c) 0.137 sec (d) 1.00 sec 

9. A mass M is suspended from a spring of negligible mass. The spring 
is pulled a little and then released so that the mass executes simple 

harmonic oscillations with a time period T. If the mass is increased 

by m then the time period becomes 







T

4

5
. The ratio of 

M

m
 is[CPMT 1991] 

 (a) 9/16 (b) 25/16 

 (c) 4/5 (d) 5/4 

10. A spring having a spring constant ‘K’ is loaded with a mass ‘m’. The 

spring is cut into two equal parts and one of these is loaded again 

with the same mass. The new spring constant is [NCERT 1990; KCET 1999; 

Kerala PMT 2004; BCECE 2004] 

 (a) 2/K  (b) K  

 (c) K2  (d) 2K  

11. A weightless spring which has a force constant oscillates with 

frequency n when a mass m is suspended from it. The spring is cut 

into two equal halves and a mass 2m is suspended from it. The 

frequency of oscillation will now become 

 [CPMT 1988] 

 (a) n   (b) n2  

 (c) 2/n  (d) 2/1)2(n  

12. A mass M is suspended from a light spring. An additional mass m 

added displaces the spring further by a distance x. Now the 

combined mass will oscillate on the spring with period[CPMT 1989, 1998 ; UPSEAT 2000] 

 (a)  )(/2 mMxmgT     

 (b)  mgxmMT /)(2    

 (c)  )(/)2/( mMxmgT    

 (d)  mgxmMT /)(2    

13. In the figure, 1S  and 2S  are identical springs. The oscillation 

frequency of the mass m is f . If one spring is removed, the 

frequency will become  [CPMT 1971] 

 

 

 

 

 (a) f  (b) 2f  

 (c) 2f  (d) 2/f  

14. The vertical extension in a light spring by a weight of 1 kg 

suspended from the wire is 9.8 cm. The period of oscillation  

[CPMT 1981; MP PMT 2003] 

 (a) sec20  (b) sec2  

 (c) sec10/2  (d) sec200  

15. A particle of mass 200 gm executes S.H.M. The restoring force is 

provided by a spring of force constant 80 N / m. The time period of 

oscillations is    [MP PET 1994] 

 (a) 0.31 sec (b) 0.15 sec 

 (c) 0.05 sec (d) 0.02 sec 

16. The length of a spring is l and its force constant is k. When a weight 

W is suspended from it, its length increases by x. If the spring is cut 

into two equal parts and put in parallel and the same weight W is 

suspended from them, then the extension will be   [MP PMT 1994] 

 (a) x2  (b) x  

m 

K K 

(B) 
m 

K 

K 

(A) 

m 
S1 S2 

A B 

m 
K1 K2 

A B 
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 (c) 
2

x
 (d) 

4

x
 

17. A block is placed on a frictionless horizontal table. The mass of the 

block is m and springs are attached on either side with force 

constants 1K  and 2K . If the block is displaced a little and left to 

oscillate, then the angular frequency of oscillation will be   [MP PMT 1994] 

 (a) 

2/1

21 






 

m

KK
 (b) 

2/1

21

21

)(









 KKm

KK
   

 (c) 
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18. A uniform spring of force constant k is cut into two pieces, the 

lengths of which are in the ratio 1 : 2. The ratio of the force 
constants of the shorter and the longer pieces is  

     [Manipal MEE 1995] 

 (a) 1 : 3 (b) 1 : 2 

 (c) 2 : 3 (d) 2 : 1 

19. A mass m =100 gms is attached at the end of a light spring which 
oscillates on a frictionless horizontal table with an amplitude equal 
to 0.16 metre and time period equal to 2 sec. Initially the mass is 

released from rest at t = 0 and displacement 16.0x  metre. 
The expression for the displacement of the mass at any time t is [MP PMT 1995] 

 (a) )cos(16.0 tx   (b) )cos(16.0 tx   

 (c) )sin(16.0   tx  (d) )sin(16.0   tx  

20. A block of mass m, attached to a spring of spring constant k, 
oscillates on a smooth horizontal table. The other end of the spring 
is fixed to a wall. The block has a speed v when the spring is at its 
natural length. Before coming to an instantaneous rest, if the block 
moves a distance x from the mean position, then   [MP PET 1996] 

 (a) kmx /  (b) km
v

x /
1

  

 (c) kmvx /  (d) kmvx /  

21. The force constants of two springs are 1K  and 2K . Both are 

stretched till their elastic energies are equal. If the stretching forces 

are 1F  and 2F , then 21 : FF  is 

     [MP PET 2002] 

 (a) 21 : KK  (b) 12 : KK  

 (c) 21 : KK  (d) 2
2

2
1 : KK  

22. A mass m is vertically suspended from a spring of negligible mass; 

the system oscillates with a frequency n. What will be the frequency 

of the system if a mass 4 m is suspended from the same spring   [CBSE PMT 1998] 

 (a) 4/n  (b) n4  

 (c) 2/n  (d) n2  

23. If the period of oscillation of mass m suspended from a spring is 2 

sec, then the period of mass 4m will be 

     [AIIMS 1998] 

 (a) 1 sec (b) 2 sec 

 (c) 3 sec (d) 4 sec 

24. Five identical springs are used in the following three configurations. 

The time periods of vertical oscillations in configurations (i), (ii) and 

(iii) are in the ratio [AMU 1995] 

  

 

 

 

 

 

 (a) 
2

1
:2:1  (b) 

2

1
:2:2  

 (c) 1:2:
2

1
 (d) 1:

2

1
:2  

25. A mass m performs oscillations of period T when hanged by spring 

of force constant K. If spring is cut in two parts and arranged in 

parallel and same mass is oscillated by them, then the new time 

period will be 

[CPMT 1995; RPET 1997; RPMT 2003] 

 (a) 2T 

(b) T 

 (c) 
2

T
 

 (d) 
2

T
 

26. If a watch with a wound spring is taken on to the moon, it  

  [AFMC 1993] 

 (a) Runs faster (b) Runs slower 

 (c) Does not work (d) Shows no change 

27. What will be the force constant of the spring system shown in the 

figure   

[RPET 1996; Kerala (Med./ Engg.) 2005] 

 (a) 2
1

2
K

K
  

 (b) 

1
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 (c) 
21
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KK
  

 (d) 
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KK
 

28. Two springs have spring constants AK  and BK  and BA KK  . 

The work required to stretch them by same extension will be   [RPMT 1999] 

 (a) More in spring A (b) More in spring B 

m 

K1 K1 

K2 

m 

K 

(i) 
m 

K 

K 

(ii) 

K K 

m 

(iii) 

m 

K 

m 
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 (c) Equal in both (d) Noting can be said 

29. The effective spring constant of two spring system as shown in 

figure will be    [RPMT 1999] 

 

 

 

 

 (a) 21 KK   (b) 2121 / KKKK   

 (c) 21 KK   (d) 2121 / KKKK   

30. A mass m attached to a spring oscillates every 2 sec. If the mass is 

increased by 2 kg, then time-period increases by 1 sec. The initial mass 

is    [CBSE PMT 2000; 

AIIMS 2000; MP PET 2000; DPMT 2001; Pb. PMT 2003] 

(a) 1.6 kg  (b) 3.9 kg 

(c) 9.6 kg (d) 12.6 kg 

31. A mass M is suspended by two springs of force constants K
1

 and K
2

 

respectively as shown in the diagram. The total elongation (stretch) 

of the two springs is   

[MP PMT 2000; RPET 2001] 

(a) 
21 KK

Mg


 

(b) 
21

21 )(

KK

KKMg 
 

(c) 
21

21

KK

KKMg


 

(d) 
MgKK

KK

21

21   

32. The frequency of oscillation of the springs shown in the figure will 
be  [AIIMS 2001; Pb. PET  2002] 

(a) 
m

K

2

1
 

(b) 
21
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(c) 
m

K
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(d) 
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21
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KKm

KK


 

33. The scale of a spring balance reading from 0 to 10 kg is 0.25 m long. 
A body suspended from the balance oscillates vertically with a 

period of 10/  second. The mass suspended is (neglect the mass of 

the spring)  

[Kerala (Engg.) 2001] 

(a) 10 kg  (b) 0.98 kg 

(c) 5 kg (d) 20 kg  

34. If a spring has time period T, and is cut into n equal parts, then the 
time period of each part will be  

[AIEEE 2002] 

(a) nT  (b) nT/  

(c) nT (d) T 

35. One-forth length of a spring of force constant K is cut away. The 
force constant of the remaining spring will be 

    [MP PET 2002] 

(a) K
4

3
 (b) K

3

4
 

(c) K (d) 4 K 

36. A mass m is suspended separately by two different springs of spring 

constant K
1

 and K
2

 gives the time-period 1t  and 2t  respectively. If 

same mass m is connected by both springs as shown in figure then 
time-period t is given by the relation  

 [CBSE PMT 2002] 

(a) 21 ttt   

(b) 
21

21.

tt

tt
t


  

(c) 
2

2
2

1
2 ttt   

(d) 
2

2
2

1
2   ttt  

37. Two springs of force constants K and 2K are connected to a mass as 
shown below. The frequency of oscillation of the mass is   [RPMT 1996; DCE 2000; AIIMS 2003] 

 

 

 

(a) )/()2/1( mK  (b) )/2()2/1( mK  

 (c) )/3()2/1( mK  (d) )/()2/1( Km  

38. Two springs of constant 1k and 2k are joined in series. The effective 

spring constant of the combination is given by 

     [CBSE PMT 2004] 

(a) 21kk  (b) 2/)( 21 kk   

(c) 21 kk   (d) )/( 2121 kkkk   

39. A particle at the end of a spring executes simple harmonic motion 

with a period 1t , while the corresponding period for another spring 

is 2t . If the period of oscillation with the two springs in series is T, 

then   [AIEEE 2004] 

(a) 21 ttT   (b) 2
2

2
1

2 ttT   

(c) 1
2

1
1

1   ttT  (d)  2
2

2
1

2   ttT  

40. Infinite springs with force constant k, 2k, 4k and 8k.... respectively 

are connected in series. The effective force constant of the spring 

will be   [J & K CET 2004] 

(a) 2K (b) k  

(c) k/2 (d) 2048 

41. To make the frequency double of a spring oscillator, we have to   [CPMT 2004; MP PMT 2005] 

(a) Reduce the mass to one fourth 

(b) Quardruple the mass  

(c) Double of mass 

(d)  Half of the mass 

K1 K2 

m 

K1 

K2 

m 

K1 

K2 

m 

K 2K 

m 



 

 778 Simple Harmonic Motion 

42. The springs shown are identical. When kgA 4 , the elongation of 

spring is 1 cm. If kgB 6 , the elongation produced by it is   [Pb. PET 2002] 

 

 

 

 

 

 

 

(a) 4 cm (b) 3 cm 

(c) 2 cm (d)  1 cm 

43. When a body of mass 1.0 kg is suspended from a certain light spring 

hanging vertically, its length increases by 5 cm. By suspending 2.0 kg 

block to the spring and if the block is pulled through 10 cm and 

released the maximum velocity in it in m/s is : (Acceleration due to 

gravity )/10 2sm    

[EAMCET 2003] 

(a) 0.5  (b) 1 

(c) 2 (d) 4 

44. Two springs with spring constants mNK /15001   and 

mNK /30002   are stretched by the same force. The ratio of 

potential energy stored in spring will be  [RPET 2001] 

(a) 2 : 1  (b) 1 : 2 

(c) 4 : 1 (d) 1 : 4 

45. If a spring extends by x on loading, then energy stored by the spring 
is (if T is the tension in the spring and K is the spring constant)    [AFMC 2000] 

(a) 
x

T

2

2

 (b) 
K

T

2

2

 

(c) 
2

2

T

K
  (d) 

K

T 22
 

46. A weightless spring of length 60 cm and force constant 200 N/m is 

kept straight and unstretched on a smooth horizontal table and its 

ends are rigidly fixed. A mass of 0.25 kg is attached at the middle of 

the spring and is slightly displaced along the length. The time period 

of the oscillation of the mass is   [MP PET 2003] 

(a) s
20


 (b) s

10


 

(c) s
5


 (d) s

200


 

47. The time period of a mass suspended from a spring is T. If the 

spring is cut into four equal parts and the same mass is suspended 

from one of the parts, then the new time period will be[MP PMT 2002; CBSE PMT 2003] 

(a) T  (b) 
2

T
 

(c) 2 T (d) 
4

T
 

48. A mass M is suspended from a spring of negligible mass. The spring 

is pulled a little and then released so that the mass executes S.H.M. 

of time period T. If the mass is increased by m, the time period 

becomes 5T/3. Then the ratio of m/M is    [AIEEE 2003] 

(a) 
3

5
 (b) 

5

3
 

(c) 
9

25
 (d) 

9

16
 

49. An object is attached to the bottom of a light vertical spring and set 

vibrating. The maximum speed of the object is 15 cm/sec and the 

period is 628 milli-seconds. The amplitude of the motion in 

centimeters is   [EAMCET 2003]  

(a) 3.0  (b) 2.0 

(c) 1.5 (d) 1.0 

50. When a mass m is attached to a spring, it normally extends by 0.2 
m. The mass m is given a slight addition extension and released, 
then its time period will be  [MH CET 2001]  

(a) 
7

1
sec  (b) 1 sec 

(c) 
7

2
sec (d) 

3

2
sec 

51. If a body of mass 0.98 kg is made to oscillate on a spring of force 
constant 4.84 N/m, the angular frequency of the body is     [CBSE PMT 2001] 

(a) 1.22 rad/s  (b) 2.22 rad/s  

(c) 3.22 rad/s (d) 4.22 rad/s 

52. A mass m is suspended from a spring of length l and force constant 

K. The frequency of vibration of the mass is 1f . The spring is cut 

into two equal parts and the same mass is suspended from one of 

the parts. The new frequency of vibration of mass is 2f . Which of 

the following relations between the frequencies is correct  

   [NCERT 1983; CPMT 1986; MP PMT 1991; DCE 2002] 

 (a) 21 2 ff   (b) 21 ff   

 (c) 21 2 ff   (d) 12 2 ff   

53. A mass m oscillates with simple harmonic motion with frequency 





2
f  and amplitude A on a spring with constant K , therefore  

 (a) The total energy of the system is 2

2

1
KA  

 (b) The frequency is 
M

K

2

1
 

 (c) The maximum velocity occurs, when x = 0 

 (d) All the above are correct 

54. Two masses m
1

 and m
2

 are suspended together by a massless spring 

of constant K. When the masses are in equilibrium, m
1

 is removed 

without disturbing the system. The amplitude of oscillations is   [J & K CET 2005]  

(a) 
K

gm1  

(b) 
K

gm 2  

B 

K 

K A 

K 

m1 

m2 
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(c) 
K

gmm )( 21   

(d) 
K

gmm )( 21   

55. A spring executes SHM with mass of 10kg attached to it. The force 
constant of spring is 10N/m.If at any instant its velocity is 40cm/sec, 
the displacement will be (where amplitude is 0.5m)   [RPMT 2004]  

(a) 0.09 m (b) 0.3 m 

(c) 0.03 m (d) 0.9 m 
 

Superposition of S.H.M’s  and Resonance  
 

1. The S.H.M. of a particle is given by the equation 

tty  cos4sin3  . The amplitude is [MP PET 1993] 

 (a) 7 (b) 1 

 (c) 5 (d) 12   

2. If the displacement equation of a particle be represented by 

PTBPTAy cossin  , the particle executes  

[MP PET 1986] 

 (a) A uniform circular motion 

 (b) A uniform elliptical motion 

 (c) A S.H.M. 

 (d) A rectilinear motion 

3. The motion of a particle varies with time according to the relation  

)cos(sin ttay   , then 

 (a) The motion is oscillatory but not S.H.M. 

 (b) The motion is S.H.M. with amplitude a 

 (c) The motion is S.H.M. with amplitude 2a  

 (d) The motion is S.H.M. with amplitude a2  

4. The resultant of two rectangular simple harmonic motions of the 

same frequency and unequal amplitudes but differing in phase by 

2


 is [BHU 2003; 

CPMT 2004; MP PMT 1989, 2005; BCECE 2005] 

 (a) Simple harmonic  (b) Circular 

 (c) Elliptical (d) Parabolic 

5. The composition of two simple harmonic motions of equal periods 

at right angle to each other and with a phase difference of   

results in the displacement of the particle along   [CBSE PMT 1990] 

 (a) Straight line (b) Circle  

 (c) Ellipse (d) Figure of eight  

6. Two mutually perpendicular simple harmonic vibrations have same 

amplitude, frequency and phase. When they superimpose, the 

resultant form of vibration will be 

 [MP PMT 1992] 

 (a) A circle (b) An ellipse  

 (c) A straight line (d) A parabola 

7. The displacement of a particle varies according to the relation x = 

4(cost + sint). The amplitude of the particle is 

    [AIEEE 2003] 

(a) 8  (b) – 4 

(c) 4 (d) 24  

8. A S.H.M. is represented by ).2cos2(sin25 ttx   The 

amplitude of the S.H.M. is    [MH CET 2004] 

(a) 10 cm (b) 20 cm 

(c) 25 cm (d)  50 cm  

9. Resonance is an example of   

[CBSE PMT 1999; BHU 1999; 2005] 

(a) Tuning fork  (b) Forced vibration 

(c) Free vibration  (d) Damped vibration 

10. In case of a forced vibration, the resonance wave becomes very sharp 

when the   [CBSE PMT 2003] 

(a) Restoring force is small 

(b) Applied periodic force is small 

(c) Quality factor is small 

(d) Damping force is small 

11.  Amplitude of a wave is represented by 

  
cba

c
A


   

 Then resonance will occur when  [CPMT 1984] 

 (a) 2/cb   (b) b = 0 and a = – c  

 (c) 2/ab   (d) None of these 

12. A particle with restoring force proportional to displacement and 

resisting force proportional to velocity is subjected to a force 

tF sin . If the amplitude of the particle is maximum for 1   

and the energy of the particle is maximum for 2  , then 

(where 
0

 natural frequency of oscillation of particle)   [CBSE PMT 1998] 

 (a) 01    and o 2  (b) 01    and o 2  

 (c) 01    and o 2  (d) 01    and o 2  

13. A simple pendulum is set into vibrations. The bob of the pendulum 

comes to rest after some time due to  

  [AFMC 2003; JIPMER 1999] 

(a) Air friction 

(b) Moment of inertia  

(c) Weight of the bob 

(d) Combination of all the above 

14. A simple pendulum oscillates in air with time period T and 

amplitude A. As the time passes   [CPMT 2005]  

(a) T and A both decrease  

(b) T increases and A is constant  

(c) T increases and A decreases  

(d) T decreases and A is constant  
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1. Two particles executes S.H.M. of same amplitude and frequency 
along the same straight line. They pass one another when going in 
opposite directions, and each time their displacement is half of their 
amplitude. The phase difference between them is   [MP PMT 1999] 

 (a) 30° (b) 60° 

 (c) 90° (d) 120° 

2. The displacement of a particle varies with time as 

ttx  3sin16sin12  (in cm). If its motion is S.H.M., then 

its maximum acceleration is  

 (a) 212  (b) 236  

 (c) 2144  (d) 2192   

3. A linear harmonic oscillator of force constant mN /102 6 times 
and amplitude 0.01 m has a total mechanical energy of 160 joules. Its 

   [IIT JEE 1989; CPMT 1995; CBSE PMT 1996; 

KECT (Med.) 1999; AMU (Engg.) 2000; UPSEAT 2001] 

 (a) Maximum potential energy is 100 J 

 (b) Maximum K.E. is 100 J  

 (c) Maximum P.E. is 160 J  

 (d) Minimum P.E. is zero 

4. A particle of mass m is executing oscillations about the origin on the 

x-axis. Its potential energy is 3][)( xkxU  , where k is a positive 

constant. If the amplitude of oscillation is a, then its time period T is   [IIT-JEE 1998] 

 (a) Proportional to 
a

1
 (b) Independent of a  

 (c) Proportional to a  (d) Proportional to 2/3a  

5. Two blocks A and B each of mass m are connected by a massless 
spring of natural length L and spring constant K. The blocks are 
initially resting on a smooth horizontal floor with the spring at its 
natural length as shown in figure. A third identical block C also of 
mass m moves on the floor with a speed v along the line joining A 
and B and collides with A. Then   [IIT-JEE 1993] 

  

 

 

 

 (a) The kinetic energy of the A-B system at maximum compression 
of the spring is zero 

 (b) The kinetic energy of the A-B system at maximum compression 

of the spring is 4/2mv  

 (c) The maximum compression of the spring is Kmv /  

 (d) The maximum compression of the spring is Kmv 2/  

6. A cylindrical piston of mass M slides smoothly inside a long cylinder 

closed at one end, enclosing a certain mass of gas. The cylinder is 

kept with its axis horizontal. If the piston is disturbed from its 

equilibrium position, it oscillates simple harmonically. The period of 

oscillation will be [IIT-JEE 1981] 

 (a) 









PA

Mh
T 2   

 (b) 









Ph

MA
T 2  

 (c) 









PAh

M
T 2  

 (d) MPhAT 2  

7. A sphere of radius r is kept on a concave mirror of radius of 

curvature R. The arrangement is kept on a horizontal table (the 

surface of concave mirror is frictionless and sliding not rolling). If 

the sphere is displaced from its equilibrium position and left, then it 

executes S.H.M. The period of oscillation will be 

 (a) 
 








 

g

rR 4.1
2  (b) 







 

g

rR
2  

 (c) 








a

rR
2  (d) 









gr

R
2  

8. The amplitude of vibration of a particle is given by 

);/()( 2
0 cbaaam    where baa ,,0  and c are positive. 

The condition for a single resonant frequency is 

     [CPMT 1982] 

 (a) acb 42   (b) acb 42   

 (c) acb 52   (d) acb 72   

9. A U tube of uniform bore of cross-sectional area A has been set up 

vertically with open ends facing up. Now m gm of a liquid of density 
d is poured into it. The column of liquid in this tube will oscillate 
with a period T such that 

 (a) 
g

M
T 2  (b) 

gd

MA
T 2  

 (c) 
gdA

M
T 2  (d) 

Adg

M
T

2
2  

10. A particle is performing simple harmonic motion along x-axis with 
amplitude 4 cm and time period 1.2 sec. The minimum time taken 
by the particle to move from x =2 cm to x = + 4 cm  and back again 

is given by  [AIIMS 1995] 

 (a) 0.6 sec (b) 0.4 sec  

 (c) 0.3 sec (d) 0.2 sec 

11. A large horizontal surface moves up and down in SHM with an 

amplitude of 1 cm. If a mass of 10 kg (which is placed on the 

surface) is to remain continually in contact with it, the maximum 

frequency of S.H.M. will be 

   [SCRA 1994; AIIMS 1995] 

 (a) 0.5 Hz  (b) 1.5 Hz  

 (c) 5 Hz (d) 10 Hz 

h 

A P 
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12. Due to some force F
1

 a body oscillates with period 4/5 sec and due 

to other force F
2

 oscillates with period 3/5 sec. If both forces act 

simultaneously, the new period will be  

[RPET 1997] 

 (a) 0.72 sec (b) 0.64 sec  

 (c) 0.48 sec (d) 0.36 sec  

13. A horizontal platform with an object placed on it is executing S.H.M. 

in the vertical direction. The amplitude of oscillation is 

m31092.3  . What must be the least period of these oscillations, 

so that the object is not detached from the platform    [AIIMS 1999] 

(a) 0.1256 sec  (b) 0.1356 sec  

(c) 0.1456 sec (d) 0.1556 sec 

14. A particle executes simple harmonic motion (amplitude = A) 

between Ax   and Ax  . The time taken for it to go from 0 

to A/2 is 1T  and to go from A/2 to A is 2T . Then  

  [IIT-JEE (Screening) 2001] 

(a) 21 TT   (b) 21 TT   

(c) 21 TT   (d) 21 2TT   

15. A simple pendulum of length L and mass (bob) M is oscillating in a 

plane about a vertical line between angular limits   and  . For 

an angular displacement )|(|   , the tension in the string and 

the velocity of the bob are T  and v respectively. The following 

relations hold good under the above conditions   [IIT 1986; UPSEAT 1998] 

 (a) MgT cos  

 (b) 
L

Mv
MgT

2

cos    

 (c) The magnitude of the tangential acceleration of the bob 

sin|| gaT   

 (d) cosMgT   

16. Two simple pendulums of length 5 m and 20 m respectively are 

given small linear displacement in one direction at the same time. 

They will again be in the phase when the pendulum of shorter 

length has completed .... oscillations.   

[CBSE PMT 1998; JIPMER 2001, 02] 

 (a) 5 (b) 1 

 (c) 2 (d) 3 

17. The bob of a simple pendulum is displaced from its equilibrium 

position O to a position Q which is at height h above O and the bob 

is then released. Assuming the mass of the bob to be m and time 

period of oscillations to be 2.0 sec, the tension in the string when 

the bob passes through O is    [AMU 1995]      

 (a) )2( hggm    

 (b) )( 2 hggm   

 (c) 













 hggm

2

2
  

 (d) 













 hggm

3

2
 

18. The metallic bob of a simple pendulum has the relative density . 
The time period of this pendulum is T. If the metallic bob is 
immersed in water, then the new time period is given by   [SCRA 1998] 

 (a) 


 1
T  (b) 

1


T  

 (c) 


 1
T  (d) 

1


T  

19. A clock which keeps correct time at Co20 , is subjected to Co40 . 

If coefficient of linear expansion of the pendulum is C  /1012 6 . 
How much will it gain or loose in time 

 [BHU 1998] 

 (a) 10.3 seconds / day (b) 20.6 seconds / day 

 (c) 5 seconds / day (d) 20 minutes / day 

20. The period of oscillation of a simple pendulum of length L 
suspended from the roof of a vehicle which moves without friction 

down an inclined plane of inclination , is given by 

 [IIT-JEE (Screening) 2000] 

(a) 



cos

2
g

L
 (b) 




sin
2

g

L
 

(c) 
g

L
2  (d) 




tan
2

g

L
 

21. The bob of a simple pendulum executes simple harmonic motion in 
water with a period t, while the period of oscillation of the bob is 

0t in air. Neglecting frictional force of water and given that the 

density of the bob is (4/3) ×1000 kg/m3. What relationship between 

t and 0t is true  [AIEEE 2004] 

(a) 0tt   (b) 2/0tt    

(c) 02tt   (d) 04 tt   

22. A spring of force constant k is cut into two pieces such that one 
piece is double the length of the other. Then the long piece will have 
a force constant of 

[IIT-JEE (Screening) 1999] 

 (a) k)3/2(  (b) k)2/3(  

 (c) k3  (d) k6  

23. One end of a long metallic wire of length L is tied to the ceiling. The 

other end is tied to massless spring of spring constant K. A mass m 

hangs freely from the free end of the spring. The area of cross-

section and Young's modulus of the wire are A and Y respectively. If 

the mass is slightly pulled down and released, it will oscillate with a 

time period T equal to   [IIT 1993] 

 (a) 








K

m
2  (b) 

2/1
)(

2






 

YAK

mKLYA
  

 (c) 
KL

mYA
2  (d) 

YA

mL
2  

24. On a smooth inclined plane, a body of mass M is attached between 

two springs. The other ends of the springs are fixed to firm 

supports. If each spring has force constant K, the period of 

oscillation of the body (assuming the springs as massless) is   [NSEP 1994] 
h 

Q 

O 
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 (a) 

2/1

2
2 









K

m
  

 (b) 

2/1
2

2 








K

M
  

 (c) 
K

Mg

2

sin
2


  

 (d) 

2/1
2

2 








K

Mg
  

25. A particle of mass m is attached to a spring (of spring constant k) 

and has a natural angular frequency 0 -An external force F (t) 

proportional to )((cos 0 t is applied to the oscillator. The 

time displacement of the oscillator will be proportional to  [AIEEE 2004] 

(a)  
22

0  

m
 (b) 

)(

1
22

0  m
 

(c) 
)(

1
22

1  m
 (d) 

22
1  

m
 

26. A 15 g ball is shot from a spring gun whose spring has a force 

constant of 600 N/m. The spring is compressed by 5 cm. The 

greatest possible horizontal range of the ball for this compression is 

(g = 10 m/s2)   [DPMT 2004] 

(a) 6.0 m (b) 10.0 m 

(c) 12.0 m (d)  8.0 m 

27. An ideal spring with spring-constant K is hung from the ceiling and 
a block of mass M is attached to its lower end. The mass is released 

with the spring initially unstretched. Then the maximum extension 
in the spring is  

[IIT-JEE (Screening) 2002] 

(a) 4 Mg/K (b) 2 Mg/K 

(c) Mg/K (d) Mg/2K 

28. The displacement y of a particle executing periodic motion is given 

by )1000sin()2/(cos4 2 tty  . This expression may be 

considered to be a result of the superposition of  ........... independent 

harmonic motions   [IIT 1992] 

 (a) Two   (b) Three 

 (c) Four (d) Five 

29. Three simple harmonic motions in the same direction having the 
same amplitude a and same period are superposed. If each differs in 

phase from the next by o45 , then    [IIT JEE 1999] 

(a) The resultant amplitude is a)21(   

(b) The phase of the resultant motion relative to the first is 90° 

 (c) The energy associated with the resulting motion is )223(   

times the energy associated with any single motion  

(d) The resulting motion is not simple harmonic 

30. The function )(sin2 t represents    [AIEEE 2005]  

(a) A simple harmonic motion with a period  /2  

(b) A simple harmonic motion with a period  /  

(c) A periodic but not simple harmonic motion with a period 

 /2  

(d) A periodic but not simple harmonic, motion with a period 

 /  

31. A simple pendulum has time period T
1

. The point of suspension is 

now moved upward according to equation 2kty   where 

2/1 secmk  . If new time period is T
2

 then ratio 
2

2

2
1

T

T
 will be    [IIT-JEE (Screening) 2005]  

 (a) 2/3 (b) 5/6 

 (c) 6/5 (d) 3/2 

32. A simple pendulum is hanging from a peg inserted in a vertical wall. 
Its bob is stretched in horizontal position from the wall and is left 
free to move. The bob hits on the wall the coefficient of restitution 

is 
5

2
. After how many collisions the amplitude of vibration will 

become less than 60° 

    [UPSEAT 1999]  

 (a) 6 (b) 3 

 (c) 5 (d) 4 

33. A brass cube of side a and density  is floating in mercury of 

density . If the cube is displaced a bit vertically, it executes S.H.M. 

Its time period will be  

 (a) 
g

a




2  (b) 

g

a




2   

(c) 
a

g




2   (d) 

a

g




2  

34. Two identical balls A and B each of mass 0.1 kg are attached to two 

identical massless springs. The spring mass system is constrained to 

move inside a rigid smooth pipe bent in the form of a circle as 

shown in the figure. The pipe is fixed in a horizontal plane. The 

centres of the balls can move in a circle of radius 0.06 m. Each 

spring has a natural length of 0.06 m and force constant 0.1N/m. 

Initially both the balls are displaced by an angle 6/   radian 

with respect to the diameter PQ  of the circle and released from 

rest. The frequency of oscillation of the ball B is   

 (a) Hz  

 (b) Hz


1
  

 (c) Hz2   

 (d) Hz
2

1
  

35. A disc of radius R and mass M is pivoted at the rim and is set for 
small oscillations. If simple pendulum has to have the same period as 
that of the disc, the length of the simple pendulum should be  

 (a) R
4

5
 (b) R

3

2
 

 (c) R
4

3
  (d) R

2

3
  

36. One end of a spring of force constant k is fixed to a vertical wall and 

the other to a block of mass m resting on a smooth horizontal 

surface. There is another wall at a distance 0x  from the black. The 

M 

 

/6 /6 
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spring is then compressed by 02x  and released. The time taken to 

strike the wall is  

 

 

 

 
 

 (a) 
m

k


6

1
 (b) 

m

k
 

 (c) 
k

m

3

2
 (d) 

m

k

4


 

37. Three masses 700g, 500g, and 400g are suspended at the end of a 

spring a shown and are in equilibrium. When the 700g mass is 

removed, the system oscillates with a period of 3 seconds, when the 

500 gm mass is also removed, it will oscillate with a period of  

 (a) 1 s  

 (b) 2 s   

 (c) 3 s   

 (d) s
5

12
 

38. A particle of mass m is attached to three identical springs A, B and 

C each of force constant k a shown in figure. If the particle of mass 

m is pushed slightly against the spring A and released then the time 

period of oscillations is  

 (a) 
k

m2
2  

 (b) 
k

m

2
2  

 (c) 
k

m
2   

 (d) 
k

m

3
2  

39. A hollow sphere is filled with water through a small hole in it. It is 

then hung by a long thread and made to oscillate. As the water 

slowly flows out of the hole at the bottom, the period of oscillation 

will  

  [MP PMT 1994; KCET 1994; RPET 1996; AFMC 2000; 

   CBSE PMT 2000; CPMT 2001; AIEEE 2005] 

 (a) Continuously decrease 

 (b) Continuously increase 

 (c) First decrease and then increase to original value  

 (d) First increase and then decrease to original value 

40. Two simple pendulums whose lengths are 100 cm and 121 cm are 

suspended side by side. Their bobs are pulled together and then 

released. After how many minimum oscillations of the longer 

pendulum, will the two be in phase again   [DPMT 2005]  

 (a) 11 (b) 10 

 (c) 21 (d) 20 

41. The amplitude of a damped oscillator becomes half in one minute. 

The amplitude after 3 minute will be 
X

1
times the original, where X 

is   [CPMT 1989; DPMT 2002] 

 (a) 32  (b) 32  

 (c) 23  (d) 223  

42. Which of the following function represents a simple harmonic 
oscillation    [AIIMS 2005]  

(a) tt  cossin   (b) t2sin   

 (c) tt  2sinsin   (d) tt  2sinsin   

43. A uniform rod of length 2.0 m is suspended through an end and is 

set into oscillation with small amplitude under gravity. The time 

period of oscillation is approximately  

 [AMU (Med.) 2000] 

(a) 1.60 sec (b) 1.80 sec  

(c) 2.0 sec (d) 2.40 sec  

 
 
 
 
 
 

1. A particle is executing S.H.M. Then the graph of acceleration as a 

function of displacement is 

 (a) A straight line  (b) A circle 

 (c) An ellipse (d) A hyperbola 

2. The acceleration a of a particle undergoing S.H.M. is shown in the 

figure. Which of the labelled points corresponds to the particle being 

at – x
max 

 
  

[AMU (Med.) 2000] 

 

 

 

 

 

 

(a) 4  (b) 3 

(c) 2 (d) 1 

3. The displacement time graph of a particle executing S.H.M. is as 
shown in the figure   [KCET 2003] 

 

 
 

 

 

 

The corresponding force-time graph of the particle is 

 

(a)   (b)  

 

 

 

 

 

(c)  (d)  
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M 

2x0 x0 

90° 
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A 
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4. The graph shows the variation of displacement of a particle 
executing S.H.M. with time. We infer from this graph that 

 

 

 

 

 
 
 

 

 (a) The force is zero at time 4/3T  

 (b) The velocity is maximum at time 2/T  

 (c) The acceleration is maximum at time T 

 (d) The P.E. is equal to total energy at time 2/T  

5. As a body performs S.H.M., its potential energy U. varies with time 

as indicated in    [AMU (Med.) 2001] 

 

 

(a)   (b) 

 

 

 

(c)  (d)  

 

 

6. A particle of mass m oscillates with simple harmonic motion 

between points 1x  and 2x , the equilibrium position being O. Its 

potential energy is plotted. It will be as given below in the graph    [CBSE PMT 2003] 

 

 

(a)   (b)  

 

 

 

(c)  (d)  

 

 
 

7. For a particle executing S.H.M. the displacement x is given by 

tAx cos . Identify the graph which represents the variation of 

potential energy (P.E.) as a function of time t and displacement x   [IIT JEE (Screening) 2003] 

 

     

 

 

 

(a) I, III  (b) II, IV 

(c) II, III (d) I, IV 

8. The velocity-time diagram of a harmonic oscillator is shown in the 

adjoining figure. The frequency of oscillation is 

 [CPMT 1989] 

 

 

 

 

 

 

 (a) 25 Hz (b) 50 Hz 

 (c) 12.25 Hz (d) 33.3 Hz  

9. A body of mass 0.01 kg executes simple harmonic motion (S.H.M.) 

about 0x  under the influence of a force shown below : The 
period of the S.H.M. is [AMU (Med.) 2002] 

 

 

 

 

 

(a) 1.05 s  (b) 0.52 s 

(c) 0.25 s (d) 0.30 s 

10. For a simple pendulum the graph between L and T will be. 

   [CPMT 1992] 

 (a) Hyperbola (b) Parabola  

 (c) A curved line (d) A straight line 

11. In case of a simple pendulum, time period versus length is depicted 

by    [DCE 1999, 2001] 

 

 

(a)   (b)  

 

 

 

(c)  (d)  

 

 

 
 

12. Graph between velocity and displacement of a particle, executing 

S.H.M. is    [DPMT 2005] 

(a) A straight line  (b) A parabola  

(c) A hyperbola  (d) An ellipse 

13. The variation of the acceleration a of the particle executing S.H.M. 

with displacement y is as shown in the figure  

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  
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14. Acceleration A and time period T of a body in S.H.M. is given by a 

curve shown below. Then corresponding graph, between kinetic 

energy (K.E.) and time t is correctly represented by  

 

 

 

 

 

 

 

(a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

15. The variation of potential energy of harmonic oscillator is as shown 

in figure. The spring constant is  

 

 

 

 

 

 

 

 (a) 1 102 N/m  (b) 150 N/m 

 (c) 0.667  102 N/m (d) 3  102 N/m 

16. A body performs S.H.M. Its kinetic energy K varies with time t as 

indicated by graph  

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

 

 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion : All oscillatory motions are necessarily periodic 
motion but all periodic motion are not oscillatory.   

 Reason  :  Simple pendulum is an example of oscillatory 
motion.  

2. Assertion : Simple harmonic motion is a uniform motion.   

 Reason  :  Simple harmonic motion is the projection of 
uniform circular motion.  

3. Assertion : Acceleration is proportional to the displacement. 
This condition is not sufficient for motion in simple 
harmonic.   

 Reason  :  In simple harmonic motion direction of 
displacement is also considered. 

4. Assertion : Sine and cosine functions are periodic functions.   

       Reason  :  Sinusoidal functions repeats it values after a definite 
interval of time.  

5. Assertion : The graph between velocity and displacement for a 
harmonic oscillator is a parabola.   

 Reason  :  Velocity does not change uniformly with 
displacement in harmonic motion.  

6. Assertion : When a simple pendulum is made to oscillate on 
the surface of moon, its time period increases.   

 Reason  :  Moon is much smaller as compared to earth.  

7. Assertion : Resonance is special case of forced vibration in 
which the natural frequency of vibration of the 
body is the same as the impressed frequency of 
external periodic force and the amplitude of forced 
vibration is maximum.   

 Reason  :  The amplitude of forced vibrations of a body 
increases with an increase in the frequency of the 
externally impressed periodic force. 

[AIIMS 1994] 

8. Assertion : The graph of total energy of a particle in SHM 
w.r.t., position is a straight line with zero slope.   

 Reason  :  Total energy of particle in SHM remains constant 
throughout its motion.  

9. Assertion : The percentage change in time period is 1.5%, if the 

length of simple pendulum increases by 3%.  

 Reason  :  Time period is directly proportional to length of 

pendulum.  

10. Assertion : The frequency of a second pendulum in an elevator 
moving up with an acceleration half the acceleration 

due to gravity is 0.612 s–1.  

 Reason  :  The frequency of a second pendulum does not 
depend upon acceleration due to gravity.   

11. Assertion : Damped oscillation indicates loss of energy.   

 Reason  :  The energy loss in damped oscillation may be due 
to friction, air resistance etc.  

12. Assertion : In a S.H.M., kinetic and potential energies become 

equal when the displacement is 2/1  times the 

amplitude.   

A 

t 

T 

KE 

t 
T 

KE 

t 
T 

KE 

t 
T 

KE 

t 
T 
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 Reason  :  In SHM, kinetic energy is zero when potential 
energy is maximum.  

13. Assertion : If the amplitude of a simple harmonic oscillator is 
doubled, its total energy becomes four times.   

 Reason  :  The total energy is directly proportional to the 

square of amplitude of vibration of the harmonic 
oscillator.  

14. Assertion : For an oscillating simple pendulum, the tension in 

the string is maximum at the mean position and 
minimum at the extreme position.  

 Reason  :  The velocity of oscillating bob in simple harmonic 
motion is maximum at the mean position.  

15. Assertion : The spring constant of a spring is k. When it is 
divided into n equal parts, then spring constant of 
one piece is k/n.  

 Reason  :  The spring constant is independent of material used 
for the spring.  

16. Assertion : The periodic time of a hard spring is less as 
compared to that of a soft spring.   

 Reason  :  The periodic time depends upon the spring 
constant, and spring constant is large for hard 
spring. 

17. Assertion : In extreme position of a particle executing S.H.M., 
both velocity and acceleration are zero.   

 Reason  :  In S.H.M., acceleration always acts towards mean 
position.  

18. Assertion : Soldiers are asked to break steps while crossing the 
bridge.     

 Reason  :  The frequency of marching may be equal to the 
natural frequency of bridge and may lead to 
resonance which can break the bridge. 

[AIIMS 2001] 

19. Assertion : The amplitude of oscillation can never be infinite.   

 Reason  :  The energy of oscillator is continuously dissipated.  

20. Assertion : In S.H.M., the motion is ‘to and fro’ and periodic. 

 Reason  :  Velocity of the particle 22)( xkv    (where x is 
the displacement and k is amplitude)  

[AIIMS 2002]  

21. Assertion : The amplitude of an oscillating pendulum decreases 
gradually with time 

 Reason  : The frequency of the pendulum decreases with time  
 [AIIMS 2003] 

22. Assertion : In simple harmonic motion, the velocity is 
maximum when acceleration is minimum     

 Reason  :  Displacement and velocity of S.H.M. differ is phase 

by 2/  [AIIMS 1999] 

23. Assertion : Consider motion for a mass spring system under 
gravity, motion of M is not a simple harmonic 
motion unless Mg is negligibly small. 

 Reason  :  For simple harmonic motion acceleration must be 
proportional to displacement and is directed 
towards the mean position 

[SCRA 1994] 

 

 

     

  

 

 

 

 

 

 

 

Displacement of S.H.M. and Phase 
 

1 b,d 2 c 3 d 4 c 5 d 

6 c 7 c 8 a 9 a,b,d 10 a 

11 c 12 c 13 c 14 c 15 d 

16 b 17 d 18 a 19 c 20 a 

21 b 22 c 23 b 24 c 25 b 

26 a         
 

Velocity of Simple Harmonic Motion 
 

1 a 2 c 3 c 4 c 5 b 

6 c 7 d 8 c 9 d 10 b 

11 a 12 d 13 a 14 b 15 c 

16 b 17 b 18 a 19 d 20 b 

21 b 22 c 23 d 24 a 25 a 

26 c 27 a       

 

Acceleration of Simple Harmonic Motion 
 

1 d 2 c 3 c 4 d 5 a 

6 a 7 a 8 d 9 d 10 d 

11 a 12 a 13 d 14 a 15 a 

16 d 17 d 18 d 19 b 20 c 

21 c         

 

Energy of Simple Harmonic Motion 
 

1 d 2 a 3 d 4 a 5 a 

6 c 7 c 8 b 9 d 10 c 

11 c 12 b 13 a 14 a 15 b 

16 b 17 c 18 b 19 d 20 c 

21 c 22 c 23 b 24 b 25 a 

26 c 27 c 28 a 29 b 30 c 

31 c 32 d 33 b 34 b   

 

 Time Period and Frequency 
 

1 b 2 c 3 b 4 d 5 b 

6 a 7 d 8 d 9 d 10 a 

11 b 12 b 13 b 14 b 15 a 

16 d 17 d 18 d     

 

Simple Pendulum 
 

1 c 2 a 3 b 4 b 5 b 

6 b 7 c 8 c 9 c 10 d 

11 d 12 b 13 a 14 d 15 d 

K = force constant 

X  

M = Mass  

M
a 

= 
K
x 

+ 
M

g 
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16 b 17 b 18 c 19 c 20 c 

21 d 22 d 23 c 24 c 25 d 

26 a 27 a 28 b 29 d 30 d 

31 c 32 c 33 b 34 b 35 a 

36 a 37 d 38 b 39 c 40 d 

41 a 42 a 43 a 44 b 45 d 

46 d 47 b 48 a 49 a 50 a 

51 c 52 c 53 c 54 d 55 c 

56 b 57 c 58 a 59 c 60 a 

61 b         

 

Spring Pendulum 
 

1 d 2 d 3 b 4 b 5 b 

6 c 7 c 8 b 9 a 10 c 

11 a 12 b 13 d 14 c 15 a 

16 d 17 a 18 d 19 b 20 c 

21 c 22 c 23 d 24 a 25 d 

26 d 27 b 28 a 29 a 30 a 

31 b 32 d 33 b 34 b 35 b 

36 d 37 c 38 d 39 b 40 c 

41 a 42 b 43 b 44 a 45 b 

46 a 47 b 48 d 49 c 50 c 

51 b 52 d 53 d 54 a 55 b 

 

Superposition of S.H.M’s  and Resonance 
 

1 c 2 c 3 c 4 c 5 a 

6 c 7 d 8 a 9 b 10 d 

11 b 12 c 13 a 14 c   

 

Critical Thinking Questions 
 

1 d 2 b 3 b,c 4 a 5 b,d 

6 a 7 b 8 a 9 d 10 b 

11 c 12 c 13 a 14 a 15 b,c 

16 c 17 a 18 d 19 a 20 a 

21 c 22 b 23 b 24 a 25 b 

26 b 27 b 28 b 29 a,c 30 d 

31 c 32 b 33 a 34 b 35 d 

36 c 37 b 38 b 39 d 40 b 

41 b 42 a 43 d     
 

Graphical Questions 
 

1 a 2 d 3 d 4 d 5 b 

6 d 7 a 8 a 9 d 10 b 

11 b 12 d 13 c 14 a 15 b 

16 a         
 

 

Assertion and Reason 
 

1 b 2 e 3 a 4 a 5 e 

6 b 7 c 8 a 9 c 10 c 

11 b 12 b 13 a 14 b 15 e 

16 a 17 e 18 a 19 a 20 b 

21 c 22 b 23 e     
 

 

   
 
 
 
 
 

Displacement of S.H.M. and Phase 
 
 

1. (b,d) For S.H.M. displacement tay sin  and acceleration 

tyA  sin2   these are maximum at  .
2


 t   

2. (c) Av max   22

2
yA

A
v  


 

  
4

2
22 A

yA    
4

3 2
2 A

y    
2

3 A
y   

3. (d) Equation of motion is 
6

2
sin5

t
y


 . For cmy 5.2  

6

2
sin55.2

t
   

66

2 


t
  sect

2

1
   

and phase 
66

2 


t
. 

4. (c) 









2
cos)sin(


 tatay  

Another equation is given )cos(   ty  

So, there exists a phase difference of  90
2


 

5. (d) )sin(   tay  









 


t

T
a

2
sin  










24.0

2
sin5.0


ty   











2
5sin5.0


 ty t5cos5.0  

6. (c) )2sin(   ntay . Its phase at time   ntt 2  

7. (c) From given equation  


5.0
2


T

 4T sec 

Time taken from mean position to the maximum displacement 

1
4

1
 T sec. 

8. (a) It is required to calculate the time from extreme position.  

Hence, in this case equation for displacement of particle can be 

written as tatax 


 cos)
2

sin(   
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 ta
a

cos
2
   

3


 t   

3
.

2 
t

T
 

6

T
t   

9. (a,b,d) t
a

ttax  2sin
2

cossin   

10. (a) 
T

aav



2

max    
2

max Tv
a


  

 59.1
2

)101(1000.1 53








a mm 

11. (c) 

12. (c) 

13. (c) t
T

ay
2

sin   t
T

a
a


2

sin
2

 

  
4

sin
2

12
sin


t

T
 

4

2 
t

T
 

8

T
t   

14. (c) 

15. (d) Standard equation of S.H.M. ,2

2

2

y
dt

yd
  is not satisfied by 

tay tan . 
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16. (b) )cos(   tax             ….(i)     

and  )sin(   ta
dt

dx
v         ….(ii) 

 Given at 0t , cmx 1  and v  and    

 Putting these values in equation (i) and (ii) we will get 

a

1
sin


  and 

a

1
cos   

 

22
22 11

cossin 


















aa
  cma 2  

17. (d) tAy sin t
T

A 2sin
   

T

t
A

A 2
sin

2
  

12

T
t  . 

18. (a) The amplitude is a maximum displacement from the mean 
position. 

19. (c) Equation of motion tay cos  

 
32

1
coscos

2


  ttta

a
 

 sec
3

2

23

4

2

3

3

2













T

t
T

t
 

20. (a) Simple harmonic waves are set up in a string fixed at the, two 
ends.  

21. (b)   

22. (c) 









3
100cos1001.01

1


 t

dt

dy
v  

 









2
cos1.0sin1.02

2


 tt

dt

dy
v  

 Phase difference of velocity of first particle with respect to the 
velocity of 2nd particle at t = 0 is  

 .
623

21


   

23. (b)  
5

2

25

10

2

1 
a

a
  

24. (c) t
T

ay
2

sin   
3

2
sin

2

t
a

a 
  

3

2
sin

2

1 t
  

  sin
6

sin
3

2 


t
  

63

2 


t
  sec

4

1
t  

25. (b)  

26. (a) 









6
sin


tax and 










2
sincos'


 tatax  

  
362





 

















 tt  

 

Velocity of Simple Harmonic Motion 
 

1. (a) Velocity of a particle executing S.H.M. is given by 

 
T

AA

T

A
A

T
xav

3

4

32

4

2 22
222 

  . 

2. (c) 2222 20602)(  yav  smm /113 . 

3. (c) It is given seccmv /100max  , a = 10 cm. 

 av max  secrad /10
10

100
  

Hence 22 yav    22)10(1050 y  

 cmy 35  

4. (c) At centre 


 40
01.0

22.02
.max 




T
aav  

5. (b) scm
T

aav /
6

2
3

2
max 


   

6. (c) a
T

av 



2

max  smv /2
2

22
max 





  

7. (d) 
T

a

T

a
av




22.
max   

8. (c) 22 yav   22 )4(10  a and 22 )5(8  a  

 On solving  = 2  2
2


T


   T sec 

9. (d) From the given equation, a = 5 and  = 4 

 16)3()5(4 2222  yav   

10. (b) sm
T

aav /15.0
2

2
)1050(

2 3
max   

  

11. (a) Hzn 35
2

220

2





 

 smsmav /66/30.0220max   

12. (d) av max  and 2
max aA   secrad

v

A
/2

2

4

max

max   

13. (a) sm
T

a
av /

251.0

21022 3

max


 









 

14. (b) yA 2   secradyA /2
2

8
/   

Now seccmav /1226max    

15. (c) av max   
4

10max 
a

v
  

Now, 22 yav   )( 2222 yav   
2

2
22



v
ay   

 
2

2
2

2

2
2

)4/10(

5
4 



v
ay 32 cm 

16. (b) The particles will meet at the mean position when P completes 
one oscillation and Q completes half an oscillation 

So 
1

2

3

6


P

Q

Q

P

Q

P

T

T

a

a

v

v




    

17. (b) 


 1
2

max

max 
a

a

A

v
 

18. (a) Velocity is same. So by using av   

  332211  AAA   
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19. (d) In S.H.M. at mean position velocity is maximum  

So av   (maximum) 

20. (b) 

21. (b) 

22. (c) Acceleration yA 2 5
02.0

5.0


y

A
  

 Maximum velocity 5.051.0max  av  

23. (d) At mean position velocity is maximum  

i.e., av max 4
4

16max 
a

v
  

 22 yav   224438 y  

)16(16192 2y 21612 y .2cmy  . 

24. (a) 3001003max  av  

25. (a) .2cos42sin3 ttx  From given equation 

,4,3 21  aa  and 
2


   

  2
2

2
1 aaa  543 22   1025max  av  

26. (c) Velocity in mean position ,av   velocity at a distance of 

half amplitude. 

 22 yav  
4

2
2 a

a   va
2

3

2

3
   

27. (a) 









4
cos


tAx  and 










4
sin


 tA

dt

dx
v  

 For maximum speed,  

 1
4

sin 










 t 
24


 t or

42


 t  





4
t  

 

Acceleration of Simple Harmonic Motion 
 

1. (d) kxF   

2. (c) The stone execute S.H.M. about centre of earth with time 

period ;2
g

R
T   where R = Radius of earth. 

3. (c) Acceleration a2 at extreme position is maximum.  

4. (d) 2a when it is at one extreme point.  

5. (a) Maximum acceleration 222 4 naa    

 sec/144)60()(401.0 222 m   

6. (a) Maximum acceleration 

 maxA
2

2
2 4

T

a
a







2.02.0

)14.3(41 2




  

 NAmF 596.98
2.02.0

)14.3(41.0 2

maxmax 



   

7. (a) Maximum velocity a = 16 

Maximum acceleration 242  a  

m
a

a
a

3

32

24

1616)(
2

2








 

8. (d) Acceleration  – displacement, and direction of acceleration is 
always directed towards the equilibrium position. 

9. (d) Maximum force 















2

2
2 4
)(

T
maam


  

 N5.001.0
25/

4
5.0

2

2




















 

10. (d) 2

2

2
max /62.0

4
seccmaaa 











        [  a =1] 

11. (a) For S.H.M. .kxF    

 Force = Mass  Acceleration  – x  

 F = – Akx; where A and k are positive constants.  

12. (a) Velocity naav  2  

 sm /65.515206.0    

 Acceleration 22222 /1032.54 smanaA    

13. (d) m
A

aaA 61.0
)5.3(

5.7
22

max2
max 


  

14. (a) ma 21010   and secrad /10  

 2222
max sec/10101010 maA     

15. (a) aA 2
max   

16. (d) 02.0)50(44 2222
max   anA sm /200 2  

17. (d) yA 2  at mean position y = 0 

So acceleration is minimum (zero). 

18. (d) In S.H.M. 22 yav   and ya 2  when ay    

 0min v  and aa 2
max   

19. (b) Comparing given equation with standard equation,  

 ),sin(   tay  we get, ,2 cma   
2


   

 AA 2
max  2

2

2












 2

2

/
2

scm


 . 

20. (c)  Velocity 22 xAv   and acceleration x2  

Now given, 222 xAx   222 121.    

 3   
3

22 




T   

21. (c)  xa 2   2
x

a
 

 

Energy of Simple Harmonic Motion 
 

1. (d) 22

2

1
amE    2aE   
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2. (a) P.E. 22

2

1
xm  

It is clear P.E. will be maximum when x will be maximum i.e., 
at Ax   

3. (d) Let x be the point where K.E. = P.E.  

Hence 22222

2

1
)(

2

1
xmxam    

 222 ax    cm
a

x 22
2

4

2
  

4. (a) Since maximum value of t2cos is 1. 

 oo KtKK  2
max cos  

 Also oKPEK  maxmax  

5. (a) kxF    kxdxFdxdW   

 So  
xW

dxkxdW
00

 2

2

1
kxUW   

6. (c) Suppose at displacement y from mean position potential energy 
= kinetic energy  

  22222

2

1
)(

2

1
ymyam    

  22 2ya    
2

a
y   

7. (c) Total energy in SHM 22

2

1
amE  ; (where a = amplitude) 

Potential energy 22222

2

1
)(

2

1
ymEyamU    

When 
2

a
y   

4

3

442

1 2
2 EE

E
a

mEU 













   

8. (b) 
2

2

22

22

2

1
2

1

)( energyTotal 

)( energyPotential 

a

y

am

ym

E

U





 

So 
2

2

25.2

a

a

E










   JE 10  

9. (d) Kinetic energy )(
2

1 222 xamT    

and potential energy, 22

2

1
xmV   

2

22

x

xa

V

T 
  

10. (c) 
22

22

max

2

1
2

1

am

ym

U

U




  

2

2

4

1

a

y
   

2

a
y    

11. (c) Kinetic energy )(
2

1 222 yamK    

   ]510[
2

2
10

2

1 22

2












ergs2375   

12. (b) 
4

12

2

1
2

1
2

2

2

22

22













a

a

a

y

am

ym

E

U




 

13. (a)  

14. (a)  The time period of potential energy and kinetic energy is half 
that of SHM. 

15. (b) If at any instant displacement is y then it is given that 

EU 
2

1
  








 2222

2

1

2

1

2

1
amym   

 cm
a

y 2.4
2

6

2
  

16. (b) So sec/100,6 radcma    

 JamK 18)106()100(1
2

1

2

1 22222
max     

17. (c) In S.H.M., frequency of K.E. and P.E.  

= 2  (Frequency of oscillating particle) 

18. (b) Total energy 2

2

1
KaU   

19. (d) 
2

2

22

22

2

1
2

1

a

y

am

ym

E

U





 

16

94

3

80 2

2













a

a
U

 JU 45  

20. (c) 

21. (c) Maximum potential energy position is ay   

and maximum kinetic energy position is 0y  

22. (c) KlMg    mglKlU
2

1

2

1 2
max   

23. (b) 
4

12

2

1
2

1

2

2

2

2

22

22













a

a

a

y

am

ym

E

U




  

4

E
U   

24. (b) In S.H.M., at mean position i.e. at x = 0 kinetic energy will be 
maximum and pE will be minimum. Total energy is always 
constant. 

25. (a) In SHM for a complete cycle average value of kinetic 
energy and potential energy are equal i.e. <E> = <U> 

22

4

1
am  

26. (c) Total energy 22

2

1
am = constant 

27. (c) Kinetic energy at mean position,  

 .
2

1 2
maxmax mvK 

m

K
v max

max

2
  

 
32.0

162 
 100  ./10 sm  

28. (a) 22

2

1
maE 
















2

2
2 4

2

1

T
ma


 

2

2

T

a
E    

29. (b) 
2

2

2

22

22

222

1

2

1

)(
2

1

a

y

a

ya

am

yam

E

K
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  So, 
4

1

4

3
11

4

3

2

2

2

2












a

y

a

y

E

E


2

a
y  . 

30. (c) Kinetic energy tmamvK  2222 cos
2

1

2

1
  

)2cos1(
2

1 22 tam    hence kinetic energy varies 

periodically with double the frequency of S.H.M. i.e. 2 . 

31. (c) 22

2

1
amE  

2

2

a

a

E

E 





2

2

4

3

a

a

E

E












 







 aa

4

3
  

 EE
16

9
  

32. (d) In simple harmonic motion, energy changes from kinetic to 
potential and potential to kinetic but the sum of two always 
remains constant.  

33. (b) Body collides elastically with walls of room. So, there will be no 
loss in its energy and it will remain colliding with walls of 
room, so it’s motion will be periodic.  

There is no change in energy of the body, hence there is no 
acceleration, so it’s motion is not SHM.  

34. (b) 
K

E
xKxE 12

1

2

2

1
 , 

K

E
yKyE 22

2

2

2

1
  

 and 
K

E
yxyxKE

2
)(

2

1 2   

 
K

E

K

E

K

E 222 21  EEE  21  

 

Time Period and Frequency 
 

1. (b) In the given case, 
b

1

onAccelerati

ntDisplaceme
  

 Time period 
b

T



2

onAccelerati

ntDisplaceme
2   

2. (c) On comparing with standard equation 02

2

2

 y
dt

yd
  we 

get 
K

TK
T

K



222  . 

3. (b) Ball execute S.H.M. inside the tunnel with time period 

min63.842 
g

R
T   

Hence time to reach the ball from one end to the other end of 

the tunnel .min3.42
2

63.84
t  

4. (d) Given max velocity 1a and maximum acceleration 

57.12 a  

 57.157.1
2

 




a

a
 457.1

2
 T

T


 

5. (b) sec02.0100
2

 T
T




  

6. (a) At mean position, the kinetic energy is maximum.  

Hence 16
2

1 22 ma  

On putting the values we get sec
5

2
10






  T  

7. (d) 
onAccelerati

ntDisplaceme
2T sec14.3

12

3
2     

8. (d) 
1

2




 

m

k

4
2 1

2

2

1

2

1 m
m

m

m

m

m
  

9. (d)  

10. (a) 
ntDisplaceme

onAccelerati


02.0

0.2
 110  srad  

11. (b) From given equation ,3000  




2

3000

2
n  

12. (b)  

13. (b) Given, sec,/cmv   cmx 1  and 1 s  

using 22 xav   12  a  

 11 2  a .2 cma   

14. (b) Length of the line = Distance between extreme positions of 
oscillation = 4 cm   

So, Amplitude .2 cma     

 also ./12max scmv   

 a
T

av



2

max   

 
max

2

v

a
T




12

214.32 
 sec047.1  

15. (a) Comparing given equation with standard equation, 

)(cos   tax  we get, 01.0a  and    

 Hznn 5.02    

16. (d) )4sin(5   ty , comparing it with standard equation  









 




T

t
atay

2
sin)sin(  

ma 5  and t
T

t





2
 T = 2 sec.  

17. (d)  naav  2max    Hz
a

v
n 1

514.32

4.31

2

max 





  

18. (d) From the given equitation  42  n   Hzn 2   
 

Simple Pendulum 
 

1. (c) 
g

l
T 2   lT   

2. (a) Inside the mine g decreases 

hence from 
g

l
T 2 ; T increase  
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3. (b) When a little mercury is drained off, the position of c.g. of ball 
falls (w.r.t. fixed and) so that effective length of pendulum 
increases hence T increase.    

4. (b) Initially time period was 
g

l
T 2 . 

  When train accelerates, the 

effective value of g becomes 

)( 22 ag   which is greater than 

g  

Hence, new time period, becomes 
less than the initial time period. 

5. (b) As we know 
2R

GM
g   

    
1

2
2

2

planet

earth 
p

e

ep

e

g

g

R

R

M

M

g

g 
 

  Also 
2

121


pe

p

p

e

Tg

g

T

T

g
T  

   sec22pT . 

6. (b) In accelerated frame of reference, a fictitious force (pseudo 
force) ma acts on the bob of pendulum as shown in figure. 

Hence, 

g

a

mg

ma
tan

  









 

g

a1tan  in 

the backward 
direction. 

7. (c)  

8. (c) 
g

l
T 2  (Independent of mass) 

9. (c) In stationary lift 
g

l
T 2  

  In upward moving lift 
)(

2
ag

l
T


   

  ( a Acceleration of lift)  

   
5

4

4



















g
g

g

ag

g

T

T
 

5

2T
T   

10. (d) 22 agg   

 

 

 

 

 

11. (d) In the given case effective acceleration g
eff.

 = 0  T   

12. (b) maxmax 2 Emp   

13. (a) 
g

l
T 2   

g

l
= constant     

 ;gl    ml
g

gl
m

m

6

1

6

1

1
  

14. (d) lT   01.0
2

02.0

2

1







l

l

T

T
 TT 01.0  

 Loss of time per day 60602401.0  sec864   

15. (d) 
6

1

5'










gg

g

ag

g

T

T
 

6

T
T   

16. (b) lT    %5.0%1
2

1

2

1







l

l

T

T
  

17. (b) At B, the velocity is maximum using conservation of mechanical 
energy    

 KEPE    2

2

1
mvmgH    gHv 2  

18. (c)  

19. (c) If suppose bob rises up to a height h as shown then after 
releasing potential energy at extreme position becomes kinetic 
energy of mean position 

  2
max

2

1
mvmgh  ghv 2max   

  Also, from figure 
l

hl 
cos  

  )cos1(  lh  

So, )cos1(2max  glv  

20. (c) 
g

l
T 2 ; for freely falling system effective 0g   

 so T or n = 0 

 It means that pendulum does not oscillate at all.  

21. (d) Let bob velocity be v at point B where it makes an angle of 60o 
with the vertical, then using conservation of mechanical energy   

 

 

 

 

 

 
 

AA PEKE  BB PEKE   

 )cos1(
2

1
3

2

1 22  mglmvm  

smvv /2
2

1
5.01029 2   

22. (d) lT   
2

1

2

1

l

l

T

T
   

l

l

T 4

2

2

   secT 42     

23. (c) Remains the same because time period of simple pendulum T 
is independent of mass of the bob  

24. (c) 
22 4

2



g

T

l

g

l
T constant 

a 

g geff 

ma 

 mg 

a 

a 

g g 

a 

A 
v=3m/sec 

B 

l=0.5m 60° l cos 

l (1-cos) 

l 

h 

 
h=l (1 – cos ) 

l 
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25. (d) 
g

T
g

l
T

1
2   TT

g

g

T

T

P

e

e

P 2'
1

2
  

26. (a) If initial length 1001 l  then 1212 l  

  By using 
2

1

2

12
l

l

T

T

g

l
T    

  Hence, 12

2

1 1.1
121

100
TT

T

T
  

 % increase = %10100
1

12 


T

TT
 

27. (a) 
400

100

2

1

2

1

2

1 
T

T

l

l

T

T
 (If 1001 l  then 4002 l ) 

    12 2TT   

 Hence % increase %100100
1

12 



T

TT
 

28. (b) cm
gT

lglT 99
4

48.9

4
/2

22

2








  

29. (d) This is the case of freely falling lift and in free fall of lift 

effective g for pendulum will be zero. So 
0

2
l

T   

30. (d) After standing centre of mass of the oscillating body will shift 
upward therefore effective length will decrease and by 

lT  , time period will decrease.   

31. (c) 
2

1
2/2


  glT = 2 sec 

32. (c) Time period is independent of mass of pendulum. 

33. (b) lT   Time period depends only on effective length. Density 
has no effect on time period. If length made 4 times then time 
period becomes 2 times.  

34. (b) Time period is independent of mass of bob of pendulum.  

35. (a) At the surface of moon, g decreases hence time period 

increases 















g
T

1
as  

36. (a) When lift falls freely effective acceleration and frequency of 
oscillations be zero  

 0effg   T , hence a frequency = 0. 

37. (d) Effective value of ‘g’ remains unchanged.  

38. (b) 
g

l
T 2  

1

2

1

2

l

l

T

T


10

12

100

144
  

  T
2

 = 1.2 T
1

  

Hence % increase %20100
1

12 



T

TT
 

39. (c) If amplitude is large motion will not remain simple harmonic. 

40. (d) Minimum velocity is zero at the extreme positions. 

41. (a) At the time sec1
4

4

4


T
t  after passing from mean 

position, the body reaches at it's extreme position. At extreme, 
position velocity of body becomes zero. 

42. (a)  No momentum will be transferred because, at extreme position 

the velocity of bob is zero. 

43. (a) In this case frequency of oscillation is given by 

l

ag
n




2

2

1


where a is the acceleration of car. If a 

increases then n also increases.  

44. (b) As periodic time is independent of amplitude.  

45. (d) Frequency 
l

1
n  

1

2

2

1

l

l

n

n
 

4

9

2

3
2

2

2
1

2
2

2

1 
n

n

l

l
 

46. (d) Suppose at 0t , pendulums begins to swing simultaneously. 

  Hence, they will again swing simultaneously  

  if 2211 TnTn   

   
49

64

7

8
22

1

2

2

1

1

2

1

2

2

1 























n

n

l

l

l

l

T

T

n

n
 

47. (b) 
g

T
1

  and g is same in both cases so time period remain 

same. 

48. (a) 
g

l
T 2   ,lT   hence if l made 9 times T becomes 

3 times. 

Also time period of simple pendulum does not depends on the 
mass of the bob. 

49. (a) As we go from equator to pole the value of g increases. 

Therefore time period of simple pendulum 















g
T

1
 

decreases. 















g
T

1
   

50. (a) If v is velocity of pendulum at Q  

 and 10% energy is lost while moving from P to Q  

Hence, by applying conservation of between P and Q 

 )(9.0
2

1 2 mghmv   2109.022 v  secmv /6   

51. (c)  
g

T
1

  
2

1

1

2

g

g

T

T
 










4/g

g
 TTT 22 12   

52. (c)  For stationary lift 
g

l
T 21   

  For ascending lift with acceleration a, 
ag

l
T


 22  

   TT
g

g
g

T

T

g

ag

T

T

2

3

3

43
2

22

1 






   

53. (c) lT   



 

  Simple Harmonic Motion  797 

54. (d) Kinetic energy will be maximum at mean position.  

From law of 
conservation of 
energy maximum 
kinetic energy at 
mean position = 
Potential energy at 
displaced position  

  

)cos1(max  mglmghK  

55. (c)   

56. (b) As it is clear that in vacuum, the bob will not experience any 
frictional force. Hence, there shall be no dissipation therefore, it 
will oscillate with constant amplitude.  

57. (c) The effective acceleration in a lift descending with acceleration 

3

g
 is 

3

2

3

gg
ggeff   

  















effg

L
T 2 










3/2
2

g

L
 










g

L

2

3
2  

58. (a)  

59. (c) According to the principle of conservation of energy,  

mghmv 2

2

1
 or 1.08.922  ghv  ./4.1 sm  

60. (a) In this case time period of pendulum becomes  

         













m

qE
g

l
T 2  

  TT   

 
 

61. (b)  In deep mine 









R

d
gg 1 ; i.e., g decreases so according to 

,gn   frequency also decreases. 

 

 

Spring Pendulum 
 

1. (d) Maximum velocity 
m

k
aa    

Given that 
m

K
a

m

K
a 2

2
1

1   
1

2

2

1

K

K

a

a
  

2. (d) Given spring system has parallel combination, so  

 21 kkkeq   and time period 
)(

2
21 kk

m
T


    

3. (b) 
k

m
T 2 . Also spring constant (k) 

)( Length

1

l
, when 

the spring is half in length, then k becomes twice. 

22

1

2
2

T
T

T

T

k

m
T 


   

4. (b) 
m

k
   

5. (b) With respect to the block the springs are connected in parallel 
combination.  

 Combined stiffness k = k
1

+ k
2

  and 
m

kk
n 21

2

1 



 

6. (c) 
m

k
n

2

1
   

P

S

P

S

k

k

n

n
   

2

1

2

2












k

k

n

n

p

s  

7. (c) In series 
21

21

kk

kk
keq


 so time period 

21

21 )(
2

kk

kkm
T


     

8. (b) Force constant mN
x

F
k /25

2.0

105.0



  

 Now 628.0
25

25.0
22  

k

m
T sec  

9. (a) 
k

m
T 2   2Tm    

2
1

2
2

1

2

T

T

m

m
  

 
16

94

5
2

























M

m

T

T

M

mM
 

10. (c) Spring constant 
)(spirng  of the Length

1
)(

l
k   

as length becomes half, k becomes twice is 2k. 

11. (a) 
m

k
n

2

1
 

K

m

m

k

n

n







1

2

2


K

m

m

k
 nn   

12. (b) As mg produces extension x, hence 
x

mg
k   

 
mg

xmM

k

mM
T

)(
2

)(
2





   

13. (d) For the given figure 
m

k

m

k
f

eq 2

2

1

2

1


  …..(i) 

If one spring is removed, then k
eq

 = k  and  

m

k
f

2

1
'      ….(ii) 

From equation (i) and (ii), 2
f

f
  

2

f
f   

14. (c)  mg = kx   
g

x

k

m
  

g

x

k

m
T  22   

 
10

2

8.9

108.9
2

2 
 






sec  

15. (a) 31.0
80

2.0
22  

k

m
T sec 

mg 

qE 

+ + + + + + + + 

E 

l 

h 

 
h=l (1 – cos ) 

l 
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16. (d) Spring is cut into two equal halves so spring constant of each 
part = 2k  

These parts are in parallel so KKKKeq 422   

Extension force (i.e. W) is same hence by using kxF    

kxxk 4   
4

x
x  . 

17. (a) In this case springs are in parallel, so 21 kkkeq    

and 
m

kk

m

keq 21   

18. (d) Force constant 
)(spring  of the Length

1
)(

l
k   

 
1

2

1

2

2

1 
l

l

k

k
 

19. (b) Standard equation for given condition  

t
T

ax
2

cos  )cos(16.0 tx            

[As a = – 0.16 meter, T = 2 sec] 

20. (c) By using conservation of mechanical energy  

 kmvxmvkx /
2

1

2

1 22   

21. (c) Given elastic energies are equal i.e., 2
22

2
11

2

1

2

1
xkxk   

2

1

2

2

1















x

x

k

k
 and using kxF   

2

1

1

2

2

1

22

11

2

1

k

k

k

k

k

k

xk

xk

F

F
  

22. (c) 
1

2

2

11

2

1

m

m

n

n

m
n

m

k
n 


 

 
2

4
2

2

n
n

m

m

n

n
  

23. (d) 
k

m
T 2  2

4

1

2

1

2 
m

m

m

m

T

T
sT 4222   

24. (a) 
k

T
1

  
2

1
:2:1

2

1
:

2/

1
:

1
:: 321 

kkk
TTT  

25. (d) 
k

T
1

   
2

1

1

2

k

k

T

T


2

1

4


k

k
 

2

1
2

T
T    

26. (d) The time period of oscillation of a spring does not depend on 
gravity.  

27. (b) In series combination  

  
21

1

2

11

kkkS

  

 

1

21

1

2

1












kk
kS  

 

 

28. (a) Work done in stretching (W)  Stiffness of spring (i.e. k) 

 BA kk     BA WW   

29. (a) When external force is applied, one spring gets extended and 
another one gets contracted by the same distance hence force 
due to two springs act in same direction.  

i.e. 21 FFF    xkxkkx 21 21 kkk    

30. (a) 
k

m
T 2

1

2

1

2

m

m

T

T
  

m

m 2

2

3 
 

m

m 2

4

9 
  

 kgkgm 6.1
5

8
  

31. (b) For series combination 
21

21

kk

kk
keq


   

 x
kk

kk
mgxkF eq 

















21

21

21

21 )(

kk

kkmg
x


  

32. (d) 
mkk

kk

m

k
n

eq

)(2

1

2

1

21

21





 

33. (b) Using kxF   498
25.0

10
25.010 

g
kkg  

 Now k
T

m
k

m
T

2

2

4
2


   

 kgm 98.0498
4

1

100 2

2





 

34. (b) When spring is cut into n equal parts then spring constant of 

each part will be nk and so using ,
1

k
T   time period will 

be ./ nT  

35. (b) By using 
l

K
1

  

Since one fourth length is cut away so remaining length is 

th
4

3
, hence k becomes 

3

4
times i.e., xk

3

4
'  . 

36. (d) 
1

1 2
K

m
t  and 

2

2 2
K

m
t   

Equivalent spring constant for shown combination is  

K
1

 + K
2

. So time period t is given by 
21

2
KK

m
t


   

By solving these equations we get 2
2

2
1

2   ttt  

37. (c) 
m

KK

m

K
n

effective )2(

2

1

2

1 



=

m

K3

2

1


 

38. (d) In series combination  

 
21

12

21

111

kk

kk

kkkS




21

21

kk

kk
kS


 .  

39. (b) 
1

1 2
k

m
t   and 

2

2 2
k

m
t   

m 

2k1 

k2 

m 

k1 
k1 

2k1 

k2 
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 In series, effective spring constant, 
21

21

kk

kk
k


  

Time period, 
21

21 )(
2

kk

kkm
T


      …..(ii)  

Now, 
21

21
2

21

22
2

2
1

)(411
4

kk

kkm

kk
mtt



















  

.22
2

2
1 Ttt                        [Using equation (ii)]  

40. (c) ....
8

1

4

1

2

111


kkkkkeff

 

 







 .....

8

1

4

1

2

1
1

1

k












2/11

11

k k

2
  

(By using sum of infinite geometrical progression 

 ...
2r

a

r

a
a  sum (S) 

r

a




1
)  

 .
2

k
k eff   

41. (a) 
m

k
n   

42. (b) kxF    kxmg    kxm   

Hence 
2

1

2

1

2

1

x

x

k

k

m

m
   

2

1

2/6

4

xk

k
  

 cmx 32  . 

43. (b) Initially when 1 kg mass is suspended then by using kxF   

  kxmg  
m

N

x

mg
k 200

105

101
2








 

  Further, the angular frequency of oscillation of 2 kg mass is 

secrad
M

k
/10

2

200
  

  Hence, smav /110)1010( 2
max    

44. (a) 2
1

2 1

2

2

1
2


K

K

U

U

K
U

K

F
U  

45. (b) 2

2

1
KxU  but KxT   

So energy stored 
K

T

K

Kx 22

2

1)(

2

1
  

46. (a) System is equivalent to parallel combination of springs    

 40021  KKKeq  and  

 
20400

25.0
22


 

eqK

m
T   

47. (b) By cutting spring in four equal parts force constant (K) of each 

parts becomes four times 









l
k

1
  so by using 

;2
K

m
T   time period will be half i.e. 2/' TT   

48. (d) mT    
1

2

1

2

m

m

T

T
   

M

mM 


3

5
 

  
M

mM 


9

25
  

9

16


M

m
  

49. (c) 
T

aav



2

max   

 cm
Tv

a 5.1
14.32

1062815

2

3
max 









 

50. (c) 
g

x

K

m
mgKx   

So sec
7

2

8.9

2.0
222


 

g

x

K

m
T  

51. (b) sec/22.2
98.0

84.4
/ radmk   

52. (d) When spring is cut into two equal parts then spring constant 

of each part will be 2K and so using Kn  , new frequency 

will be 2  times i.e. 12 2 ff  .   

53. (d)  

54. (a) With mass 2m  alone, the extension of the spring l is given as 

klgm 2                ...(i) 

  With mass )( 21 mm  , the extension l  is given by  

  )()( 21 llkgmm            ....(ii) 

  The increase in extension is l  which is the amplitude of 
vibration. Subtracting (i) from (ii), we get  

 lkgm 1  or 
k

gm
l 1  

55. (b) Angular velocity 









m

k
 1

10

10









  

 Now 22 yav   
2

2
22



v
ay 

2

2
2

1

)4.0(
)5.0(   

  9.02 y  = my 3.0  
 

Superposition of S.H.M.'s and Resonance 
 

1. (c) Resultant amplitude 543 22   

2. (c) PTBPTAy cossin   

Let ,cosrA   sinrB   

)sin(  PTry  which is the equation of SHM. 

3. (c) )sin(cos ttay   







 tta  sin

2

1
cos

2

1
2  

 ]sin45coscos45[sin2 tta    

 )45sin(2  ta    Amplitude 2a  

4. (c) If first equation is tay sin11   
1

1sin
a

y
t    ... (i) 

then second equation will be 









2
sin22


 tay  
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tatta 





 cos
2

sincos
2

cossin 22 







  

 
2

2cos
a

y
t                                         ... (ii) 

By squaring and adding equation (i) and (ii) 

     
2
2

2
2

2
1

2
122 cossin

a

y

a

y
tt    

  1
2
2

2
2

2
1

2
1 

a

y

a

y
; This is the equation of ellipse. 

5. (a) If tay sin11   and )sin(22   tay  

  0
2

2

1

1 
a

y

a

y
 1

1

2
2 y

a

a
y   

This is the equation of straight line. 

6. (c) If tay sin11   and tatay  sin)0sin( 222   

  0
2

21

21
2
2

2
2

2
1

2
1 

aa

yy

a

y

a

y
 1

1

2
2 y

a

a
y   

This is the equation of straight line. 

7. (d) For given relation  

Resultant amplitude 2444 22   

8. (a)  ttx  2cos2sin25   

tt  2cos252sin25   











2
2sin252sin25


 ttx  

Phase difference between constituent waves 
2


   

 Resultant amplitude 22 )25()25( A =10 cm.  

9. (b) 

10. (d) Less damping force gives a taller and narrower resonance peak  

 

 

 

 

 

 

11. (b) ;
cba

c
A


  when 0b , ca   amplitude 

 A . This corresponds to resonance. 

12. (c) Energy of particle is maximum at resonant frequency i.e., 

o 2 . For amplitude resonance (amplitude maximum) 

frequency of driver force 222 2mbo     o 1      

13. (a) 

14. (c) 
 

Critical Thinking Questions 
 

1. (d) )sin( 0  tay . According to the question   

  
2

a
y   )sin(

2
0  ta

a

6
)( 0


  t or 

6

5
 

Physical meaning of 
6


   : Particle is at point P and it is 

going towards B  

 

 

Physical meaning of 
6

5
   : Particle is at point P and it is 

going towards O  

 

 

  So phase difference  120
3

2

66

5 
  

2. (b) ]sin4sin3[4sin16sin12 33 ttttx    

  ]3[sin4 t  (By using )sin4sin33sin 3    

   maximum acceleration 22
max 364)3(  A  

3. (b,c) Harmonic oscillator has some initial elastic potential energy and 

amplitude of harmonic variation of energy is  

JKa 100)01.0(102
2

1

2

1 262   

  This is the maximum kinetic energy of the oscillator. Thus 

JK 100max   

  This energy is added to initial elastic potential energy may give 

maximum mechanical energy to have value J160 . 

Amplitude 

Frequency 

O B P A 

a 

a/2 

O B P A 

a 

a/2 
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4. (a) 23 ||3|| xk
dx

dU
FxkU         ...(i) 

  Also, for SHM tax sin  and 02

2

2

 x
dt

xd
  

    acceleration maFx
dt

xd
a  2

2

2

  

  xm
dt

xd
m 2

2

2

                                 ...(ii) 

  From equation (i) & (ii) we get 
m

kx3
  

  
)sin(3

2
3

2
2

tak

m

kx

m
T









a
T

1
 . 

5. (b, d) Let the velocity acquired by A and B be V, then  

2

v
VmVmVmv   

Also 2222

2

1

2

1

2

1

2

1
kxmVmVmv   

 Where x is the maximum compression of the spring. On 

solving the above equations, we get 

2/1

2










k

m
vx  

 At maximum compression, kinetic energy of the  

 A – B system 
42

1

2

1 2
222 mv

mVmVmV   

6. (a) Let the piston be displaced through distance x towards left, 

then volume decreases, 

pressure increases. If P  is 

increase in pressure and V  

is decrease in volume, then 

considering the process to take 

place gradually (i.e. isothermal) 

  2211 VPVP   

))(( VVPPPV   

  VPVPPVPVPV   

  0..  VPVP  (neglecting ). VP   

  )()( AxPAhP 
h

xP
P

.
  

  This excess pressure is responsible for providing the restoring 

force (F) to the piston of mass M. 

  Hence 
h

PAx
APF  .  

  Comparing it with 
h

PA
MkkxF  2||   

  
PA

Mh
T

Mh

PA
 2  

  Short trick : by checking the options dimensionally. Option (a) 

is correct.  

7. (b) Tangential acceleration,  ggat  sin  

  
)( rR

x
gat


  

    

 

  

 

 

  Motion is S.H.M., with time period 

  
onaccelerati

ntdisplaceme
2T

g

rR

rR

gx

x 




  2

)(

2   

8. (a) For resonance amplitude must be maximum which is possible 
only when the denominator of expression is zero  i.e. 

02  cba   
a

acbb

2

42 
  

For a single resonant frequency, b2 = 4ac.   

9. (d) If the level of liquid is depressed by y cm on one side, then the 

level of liquid in column P is 2y cm higher than B as shown. 

  

 

 

 

 
 

  The weight of extra liquid on the side AydgP 2 . 

  This becomes the restoring force on mass M. 

   Restoring acceleration 
M

Aydg2
  

  This relation satisfies the condition of SHM i.e. ya  . 

  Hence time period 
|onAccelerati|

ntDisplaceme
2T   

  

M

Aydg

y

2
2  

Adg

M
T

2
2  

10. (b) Time taken by particle to move from x=0 (mean position) to x 

= 4 (extreme position) s
T

3.0
4

2.1

4
  

 Let t be the time taken by the particle to move from x=0 to x=2 
cm  

 t
T

tay



2

sin42sin  t
2.1

2
sin

2

1 
  

 stt 1.0
2.1

2

6



. Hence time to move from x = 2 

to x = 4 will be equal to 0.3 – 0.1 = 0.2 s 

 Hence total time to move from x = 2 to x = 4 and back again 

sec4.02.02   

11. (c) For body to remain in contact ga max  

 gAngA  222 4  

 25
01.0)14.3(4

10

4 22

2 
A

g
n


 Hzn 5  

M 

h 

Gas 

P A 

x 

mg cos  

x 

 
mg sin 

mg 

 is small 

 (R–r) 

r 

R 

Q P Q 

2y 
y 

y 

P 
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12. (c) Under the influence of one force ymF 2
11   and under the 

action of another force, ymF 2
22  . 

  Under the action of both the forces 21 FFF   

    ymymym 22
1

2    

    2
2

2
1

2     

2

2

2

1

2
222






































TTT


 

    
2

2
2

1

2
2

2
1

TT

TT
T


  sec48.0

5

3

5

4

5

3

5

4

22

22






































  

13. (a) By drawing free body diagram of object during the downward 

motion at extreme position, for equilibrium of mass  

 mARmg       (A = Acceleration) 

 For critical condition R = 0 

 so mg = mA 2mamg   

 50
1092.3

8.9
/

3






ag   

 secT 1256.0
50

22







 

14. (a) Using tAx sin  

For 





6
2/1sin,2/ 11  TTAx  

For 





2
1)(sin, 2121  TTTTAx  

2112 ..
3622

TTeiTT 















 

Alternate method : In S.H.M., velocity of particle also oscillates 
simple harmonically. Speed is more near the mean position and 
less near the extreme position. Therefore the time taken for the 

particle to go from 0 to 
2

A
 will be less than the time taken to 

go from 
2

A
 to A. Hence .21 TT   

15. (b, c) From following figure it is clear that 

  

 

 

 

 

 

   cosMgT Centripetal force 

    
L

Mv
MgT

2

cos    

  Also tangential acceleration sin|| gaT  . 

16. (c) If t is the time taken by pendulums to come in same phase 

again first time after 0t . 

  and SN  Number of oscillations made by shorter length 

pendulum with time period ST . 

  LN  Number of oscillations made by longer length 

pendulum with time period LT . 

  Then LLSS TNTNt   

    
g

N
g

N LS

20
2

5
2             (

g

l
T 2 ) 

    LS NN 2  i.e. if 1LN    2SN  

17. (a) Tension in the string when bob passes through lowest point    

mvmg
r

mv
mgT 

2

     (  v = r) 

putting ghv 2 and 


 
2

22

T
 

 we get )2( ghgmT   

18. (d) When the bob is immersed in water its effective weight = 










 



















1
mgg

m
mg  









 




 1
ggeff  

 
effg

g

T

T


'

)1(
'







TT  

19. (a) Time period lT   





2

1

2

1

l

l

T

T
 

Also according to thermal expansion )1(' l  

 


l

l
. Hence 






2

1

2

1

l

l

T

T
 

56 1012)2040(1012
2

1    

 864001012 5  T  seconds / day   

 3.10 T seconds / day 

20. (a) See the following force diagram. 

   

 

 

 

 

 

  Vehicle is moving down the frictionless inclined surface so, it's 

acceleration is sing . Since vehicle is accelerating, a pseudo 

force )sin( gm  will act on bob of pendulum which cancel 

the sin  component of weight of the bob. 

Hence net force on the bob is F
net

 cosmg  or net 

acceleration of the bob is cosggeff   

   Time period 



cos

22
g

l

g

l
T

eff

  

21. (c) 
g

l
to 2  

Effective weight of bob inside water, 

m 

R 

mg A=aw2 

+ 
L 

 

L 

mg sin 
mg  mg cos 

–  

 
mg 

mg cos 

Psuedo force 

Component of 

weight 
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gVgVmgW   thrust  

,)( gVgV eff    where,  = Density of bob  

ggeff 








 




1     and   = Density of water 

g

l

g

l
t

eff )/1(
22







4

3
1

1

/1

1

0 





t

t
     

33

33

/10
3

4

/10(

mkg

mkg








  

 02 tt  .  

22. (b)   

 

 

 

 

 

  Force constant 
springofLength

1
)( k  

    
l

l

l

l

K

K 3

2

1

1

    KK
2

3
1  . 

23. (b) The wire may be treated as a string for which force constant 













L

L

A

F
Y

L

YA
k 

Extension

Force
1

 

Spring constant of the spring Kk 2  

Hence spring constant of the combination (series) 

KLYA

YAK

KLYA

KLYA

kk

kk
keq










)/(

)/(

21

21  

Time period 
2/1

)(
22 







 


YAK

mKLYA

k

m
T   

24. (a) Slope is irrelevant hence 

2/1

2
2 










K

M
T   

25. (b) For forced oscillation,  

 )sin(0   txx  and tFF cos0  

 where, 
)( 220

 


o

o

m

F
x .

)(

1
22  


om

 

26. (b) For getting horizontal range, there must be some inclination of 

spring with ground to project ball. 

 

 

 

 

 

  
g

u
R

2

max     …..(i) 

 But K.E. acquired by ball  = P.E. of spring gun  

 22

2

1

2

1
kxmu    

m

kx
u

2
2   …..(ii) 

 From equation (i) and (ii)  

 
mg

kx
R

2

max 
101015

)105(600
3

22










=10m.   

27. (b) Let x be the maximum extension of the spring. From energy 

conservation  

Loss in gravitational potential energy  

= Gain in potential energy of spring  

2

2

1
KxMgx   

K

Mg
x

2
  

28. (b) t
t

y 1000sin
2

cos4 2








  

 tty 1000sin)cos1(2   

 ttty 1000sincos21000sin2   

 ttty 1001sin999sin1000sin2   

 It is a sum of three S.H.M. 

29. (a, c) Let simple harmonic motions be represented by  











4
sin1


 tay ; tay sin2   and  











4
sin3


 tay . On superimposing, resultant SHM will 

be  


























4
sinsin

4
sin





 tttay  









 tta 


 sin

4
cossin2  

tatta  sin)21(]sinsin2[   

Resultant amplitude = a)21(   

Energy is S.H.M.  (Amplitude)2  

 )223()12( 2

2

Single

Resultant 









a

A

E

E
 

 SingleResultant )223( EE    

30. (d) ty 2sin
2

2cos1 t
  Period,










2

2
T  

The given function is not satisfying the standard differential 

equation of S.H.M. y
dx

yd 2

2

2

 . Hence it represents 

periodic motion but not S.H.M. 

31. (c)  2Kty   Ka
dt

yd
y 2

2

2

 = 2  1=2m/s2 (K= 1m/s2) 

Now, 
g

l
T 21   and 

)(
22

yag

l
T


    

K1 l1= l
3

2
 

l l / 3 

l / 3 

l / 3 

K 

l2=l/3 K2 
m 

m 

K 

v=0 

v=0 

x 

Rmax 

45° 

u 
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Dividing,  
g

ag

T

T y


2

1   
5

6
 

5

6
2

2

2
1 

T

T
  

32. (b) From the relation of restitution nn e
h

h 2

0

  and  

)60cos1(0  hhn   

n

n

h

h
2

0 5

2
60cos1














  

 

n











5

4

2

1
1  

n











5

4

2

1
 

Taking log of both sides we get  

)5log4(log2log1log  n  

)6990.06020.0(3010.00  n  

097.03010.0  n   31.3
097.0

3010.0
n  

33. (a) As a is the side of cube  is its density.  

 Mass of cube is ,2a  its weight ga 3   

 Let h be the height of cube immersed in liquid of density   in 

equilibrium then,  gaMgghaF  32   

 If it is pushed down by y then the buoyant force 

gyhaF )(2    

 Restoring force is ghagyhaFFF  22 )(   

                                  gya 2  

 Restoring acceleration y
a

ga

M

gya

M

F




2

22




  

 Motion is S.H.M.  

  
g

a

ga

a
T









 22

2

3

  

34. (b) As here two masses are connected by two springs, this problem 

is equivalent to the oscillation of a reduced mass rm  of a 

spring of effective spring constant.  

       
.

2
eff

r

K

m
T   

 Here 
221

21 m

mm

mm
mr 


   KKKKeff 221.   

  2
2

2

1

2

1 .


m

K

m

K
n

r

eff


Hz

m

K



1

1.0

1.011
    

35. (d) Time period of a physical pendulum 

mgR

mRmR

mgd

I
T













22

0 2

1

22   

 
g

R

2

3
2   …..(i) 

 
g

l
T pendulumsimple 2   …..(ii) 

 Equating (i) and (ii), .
2

3
Rl    

36. (c) The total time from A to C  

 BCABAc ttt   

 BCtT  )4/(   

 where T = time period of oscillation of spring mass system  

 BCt  can be obtained from, BCtTABBC )/2sin(   

 Putting 
2

1


AB

BC
 we obtain 

12

T
tBC   

  
k

mTT
tAC

3

2

124


 . 

37. (b) When mass 700 gm is removed, the left out mass (500 + 400) 
gm oscillates with a period of 3 sec 

   
k

t
)400500(

23


    …...(i)  

 When 500 gm mass is also removed, the left out mass is 400 
gm.    

  
k

t
400

2    …..(ii) 

  
400

9003


t
  sec2t   

38. (b) When the particle of mass m at O is pushed by y in the 

direction of A The spring A will be compressed by y while 

spring B and C will be stretched by .45cos  yy  So that 

the total restoring force on the mass m along OA.  

 

 

 

 

 

 45cos45cos CBAnet FFFF  

 45cos2 ykky  45cos)45cos(2 ykky ky2  

Also ykFnet
   kyyk 2  kk 2  

k

m

k

m
T

2
22  


  

39. (d) The given system is like a simple pendulum, whose effective 

length (l) is equal to the distance between point of suspension 

and C.G. (Centre of Gravity) of the hanging body. 

  When water slowly flows out the sphere, the C.G. of the system 
is lowered, and hence l increases, which in turn increases time 

period (as lT  ). 

  After some time weight of water left in sphere become less 

than the weight of sphere itself, so the resultant C.G. gets clear 
the C.G. of sphere itself i.e. l decreases and hence T increases. 

  Finally when the sphere becomes empty, the resulting C.G. is 

the C.G. of sphere i.e. length becomes equal to the original 
length and hence the time period becomes equal to the same 
value as when it was full of water. 

 

 

M 

A B C 

FC 
B C 

O m 

A 

FB 

FA 

C.G. Resultant C.G. 

C.G. 

l l 

d = R 

O 
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40. (b) Let 1T  and 2T  are the time period of the two pendulums 

g
T

100
21   and 

g
T

121
22   

21( TT   because )21 ll  . 

  Let at 0t , they start swinging together. Since their time 

periods are different, the swinging will not be in unision 

always. Only when number of completed oscillation differs by 

an integer, the two pendulum will again begin to swing 

together. 

  Let longer length pendulum complete n oscillation and shorter 

length pendulum complete (n+1) oscillation, for the unision 

swinging, then  21)1( nTTn   

g
n

g
n

121
2

100
2)1(   10 n  

41. (b) Amplitude of damped oscillator  

    ;0
teAA constant, t = time  

 For t =1 min. 2
2

0
0    eeA

A t  

 For t = 3 min. 
3

0

3

03
0

2)(

A

e

A
eAA  



  

 32 X  

42. (a) The standard differential equation is satisfied by only the 

function .cossin tt   Hence it represents S.H.M. 

43. (d) This is the special case of physical pendulum and in this case 

g

l
T

3

2
2  

  sec4.2sec31.2
8.93

22
14.32 




T  

 
 

Graphical Questions 
 

1. (a) Because acceleration  displacement.  

2. (d) Using acceleration xA 2  

 maxxAt   A will be maximum and positive. 

3. (d) Acceleration .2y  So ymF 2  

y is sinusoidal function.  

 So F will be also sinusoidal function with phase difference   

4. (d) At time 0;
2

v
T

 Total energy = Potential energy.  

5. (b) PE varies from zero to maximum. It is always positive 
sinusoidal function.  

6. (d) Potential energy of particle performing SHM is given by: 

22

2

1
ymPE  i.e. it varies parabolically such that at mean 

position it becomes zero and maximum at extreme position.  

7. (a) Potential energy is minimum (in this case zero) at mean 

position (x = 0) and maximum at extreme position ).( Ax   

At time t = 0, x = A, hence potential should be maximum. 

Therefore graph I is correct. Further in graph III. Potential 
energy is minimum at x = 0, hence this is also correct.  

8. (a) Hz
T

f 25
04.0

11
   

9. (d) From graph, slope 4
2

8


x

F
K  

 sec3.0
4

01.0
22   T

K

m
T  

10. (b) 
g

l
T 2  2Tl     (Equation of parabola) 

11. (b) lTlT  2  

 

 

 

 

 

 

12. (d) In simple harmonic motion  

 tay sin and tav  cos  from this we have  

 1
22

2

2

2


a

v

a

y
, which is a equation of ellipse.  

13. (c)  

14. (a) In S.H.M. when acceleration is negative maximum or positive 

maximum, the velocity is zero so kinetic energy is also zero. 

Similarly for zero acceleration, velocity is maximum so kinetic 

energy is also maximum.   

15. (b) Total potential energy = 0.04 J 

Resting potential energy =0.01 J 

Maximum kinetic energy =(0.04–0.01) 

222

2

1

2

1
03.0 kaamJ    

2

1000

20

2

1
03.0 








 k  

mNmNk /150/250006.0  . 

16. (a) Kinetic energy varies with time but is never negative. 

 

Assertion and Reason 
 

1. (b) Both assertion and reason are correct but reason is not the 

correct explanation of assertion.    

l 

T 
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2. (e) In simple harmonic motion, 22 yav   as y changes, 

velocity v will also change. So simple harmonic motion is not 

uniform motion. But simple harmonic motion may be defined 

as the projection of uniform circular motion along one of the 

diameter of the circle.    

3. (a) In SHM, the acceleration is always in a direction opposite to 

that of the displacement i.e., proportional to (–y).  

4. (a) A periodic function is one whose value repeats after a definite 

interval of time. sin  and cos  are periodic functions 

because they repeat itself after 2  interval of time.  

 

 

 

 

 

It is also true that moon is smaller than the earth, but this 

statement is not explaining the assertion.  

5. (e) In SHM, 22 yav    or .22222 yav    

Dividing both sides by .1,
2

2

22

2
22 

a

y

a

v
a


  This is the 

equation of an ellipse. Hence the graph between v and y is an 

ellipse not a parabola.    

6. (b) .2
g

l
T   On moon, g is much smaller compared to g on 

earth. Therefore, T increases. 

7. (c) Amplitude of oscillation for a forced, damped oscillator is  

,
)/()(

/

22
0

2

0

mb

mF
A

 
 where b is constant related to 

the strength of the resistive force, mk /0   is natural 

frequency of undamped oscillator (b = 0). 

When the frequency of driving force ()  0 , then 

amplitude A is very larger. 

For  < 
0

 or  > 
0

, the amplitude decrease. 

8. (a) The total energy of S.H.M. = Kinetic energy of particle + 

potential energy of particle.  

The variation of total energy of the particle in SHM with time 

is shown in a graph.  

 

 

 

 

 

9. (c) Time period of simple pendulum of length l is,  

 
g

l
T 2  lT    

l

l

T

T 




2

1
 

 %5.13
2

1




T

T
 

10. (c) Frequency of second pendulum .)2/1( 1 sn  When elevator 

is moving upwards with acceleration g/2, the effective 

acceleration due to gravity is  

 .2/32/ gggagg   

 As 
l

g
n

2

1
  so .2 gn   

  
2

32/31

2
2

2
1 

g

g

g

g

n

n
or, 

2

31 
n

n
=1.225 

 or, .612.0)2/1(225.1225.1 1
1

 snn   

11. (b) Energy of damped oscillator at an any instant t is given by  

 mbteEE /
0

  [where 2
0

2

1
kxE  = maximum energy]   

 Due to damping forces the amplitude of oscillator will go on 

decreasing with time whose energy is expressed by above 

equation.  

12. (b) In SHM. )(
2

1
.. 222 yamEK   and .

2

1
.. 22ymEP     

For K.E. = P.E.  222 ay    .2/ay   Since total 

energy remains constant through out the motion, which is 

.... EPEKE   So, when P.E. is maximum then K.E. is zero 

and viceversa.  

13. (a) Total energy of the harmonic oscillator, 

 22

2

1
amE   i.e., .2aE   

Therefore 

2
2













a

a

E

E
 or, .4EE   

14. (b) In simple pendulum, when bob is in deflection position, the 

tension in the string is .cos
2

l

mv
mgT    Since the 

value of  is different at different positions, hence tension in 

the string is not constant throughout the oscillation. At end 

points  is maximum; the value of cos  is least, hence the 

value of tension in the string 

is least. At the mean position, 

the value of  0  and 

,10cos   so the value of 

tension is largest. 

 Also velocity is given by 

22 yav    which is 

maximum when y = 0, at mean position.  

15. (e) Spring constant 
springof  Length

1
  

O 
2  

sin curve 

O 
2  

cos curve 

T/4 

Total energy 

2T/4 3T/4 

Energy 

A 

Kinetic energy 

Potential energy 

Zero slope 

 

mg sin 
mg  mg cos 

l 
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n

k
k '  

Also, spring constant depends on material properties of the 

spring.  

Hence assertion is false, but reason is true.  

 

 

16. (a) The time period of a oscillating spring is given by,  

 
k

m
T 2  .

1

k
T   Since the spring constant is large 

for hard spring, therefore hard spring has a less periodic time 

as compared to soft spring.  

17. (e) In simple harmonic motion the velocity is given by,  

 22 yav    at extreme position, y = a. 

  .0v  But acceleration ,2aA   which is maximum at 

extreme position.   

18. (a) If the soldiers while crossing a suspended bridge march in 

steps, the frequency of marching steps of soldiers may match 

with the natural frequency of oscillations of the suspended 

bridge. In that situation resonance will take place, then the 

amplitude of oscillation of the suspended bridge will increase 

enormously, which may cause the collapsing of the bridge. To 

avoid situations the soldiers are advised to go out steps on 

suspended bridge.  

19. (a) From equation, amplitude of oscillation 

          
222

0
2

0

)/()(

/

mb

mF
A

 
  

In absence of damping force (b = 0), that the steady state 

amplitude approaches infinity as .0   That is, if there is 

no resistive force in the system and then it is possible to drive 

an oscillator with sinusoidal force at the resonance frequency, 

the amplitude of motion will 

build up without limit. This 

does not occur in practice 

because some damping is 

always present in real 

oscillation.  

20. (b)  

21. (c) The amplitude of an oscillating pendulum decreases with time 

because of friction due to air. Frequency of pendulum is 

independent 















l

g
T

2

1
 of amplitude. 

22. (b) tax sin  and ta
dt

dx
v  cos  

It is clear phase difference between ‘x’ and ‘a’ is .2/  

23. (e) 

Large b

Small b

b=0



A
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1. The period of a simple pendulum, whose bob is a hollow metallic 

sphere, is T. The period is T
1

 when the bob is filled with sand, T
2

 

when it is filled with mercury and T
3

 when it is half filled with 

mercury. Which of the following is true  

 

 

 

 

 

 

(a) T = T
1

 = T
2

 > T
3

  (b) T
1

 = T
1

 = T
3

 > T  

(c) T > T
3

 > T
1

 = T
2

  (d) T = T
1

 = T
2

 < T
3

 

2. A pendulum clock that keeps correct time on the earth is taken to 

the moon it will run (it is given that g
Moon

 = g
Earth

/6 ) 

(a) At correct rate (b) 6 time faster 

(c) 6  times faster (d) 6  times slowly 

3. A pendulum has time period T in air. When it is made to oscillate in 

water, it acquired a time period TT 2 . The density  of the 

pendulum bob is equal to (density of water = 1) 

(a) 2  (b) 2 

 (c) 22  (d) None of these 

4. An object of mass 0.2 kg executes simple harmonic along X-axis with 

frequency of Hz


25
. At the position mx 04.0 , the object has 

kinetic energy of 0.5 J and potential energy of 0.4 J amplitude of 

oscillation in meter is equal to 

(a) 0.05 (b) 0.06 

(c) 0.01  (d) None of these 

5. Time period of a block suspended from the upper plate of a parallel 

plate capacitor by a spring of stiffness k is T. When block is 

uncharged. If a charge q is given to the block them, the new time 

period of oscillation will be 

 

 (a) T  

 (b) T  

(c) T  

(d) T  

6. A man weighing 60 kg stands on the horizontal platform of a spring 
balance. The platform starts executing simple harmonic motion of 

amplitude 0.1 m and frequency Hz


2
. Which of the following 

statement is correct  

 

 

 

 

 
 

 

(a) The spring balance reads the weight of man as 60 kg 

(b) The spring balance reading fluctuates between 60 kg. and 70 
kg 

(c) The spring balance reading fluctuates between 50 kg and 60 kg 

(d) The spring balance reading fluctuates between 50 kg and 70 kg  

7. A man having a wrist watch and a pendulum clock rises on a TV 

tower. The wrist watch and pendulum clock per chance fall from the 

top of the tower. Then 

(a) Both will keep correct time during 
the fall. 

(b) Both will keep incorrect time during 
the fall. 

(c) Wrist watch will keep correct time 
and clock will become fast. 

(d) Clock will stop but wrist watch will 
function normally. 

8. A force of 6.4 N stretches a vertical 
spring by 0.1 m. The mass that must be 
suspended from the spring so that it 

oscillates with a period of 








4


sec. is  [Roorkee 1990] 

(a) kg








4


 (b) kg1  

(c) kg










1
 (d) kg10  

9. A spring with 10 coils has spring constant k. It is exactly cut into 
two halves, then each of these new springs will have a spring 
constant   [Kerala PMT 2004] 

(a) 2/k  (b) 2/3k  

(c) 2k (d) k3   

(e)  k4  

10. Four massless springs whose force constants are 2k, 2k, k and 2k 

respectively are attached to a mass M kept on a frictionless plane (as 

shown in figure). If the mass M is displaced in the horizontal 

direction, then the frequency of oscillation of the system is 

 

 

 

 

T 

Hollow 

T2 T3 

Mercury 

T1 

Sand 

m 

k 

q 
E 

2k 2k k 

2k 

M 
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(a) 
M

k

42

1


 (b) 

M

k4

2

1


 

(c) 
M

k

72

1


 (d) 

M

k7

2

1


 

11. Values of the acceleration A of a particle moving in simple harmonic 

motion as a function of its displacement x are given in the table 

below.  

A (mm s–2)  16 8 0 – 8 – 16 

x  (mm) – 4 – 2 0 2 4 

 The period of the motion is 

(a) s


1
 (b) s



2
 

(c) s
2


 (d) s   

12. Two pendulums have time periods T and .
4

5T
They start S.H.M. at 

the same time from the mean position. What will be the phase 

difference between them after the bigger pendulum has complete 

one oscillation  

(a) 45° (b) 90° 

(c) 60°  (d) 30° 

13. The periodic time of a particle doing simple harmonic motion is 4 

second. The time taken by it to go from its mean position to half the 

maximum displacement (amplitude) is 

 (a) 2s (b) 1s   

(c) s
3

2
 (d) s

3

1
   

14. The displacement of a particle from its mean position (in metre) is 

given by )5.110cos()5.110sin(2.0   tty . The motion 

of particle is   [CPMT 1998]  

(a) Periodic but not S.H.M. 

(b) Non-periodic 

(c) Simple harmonic motion with period 0.1 s 

(d) Simple harmonic motion with period 0.2 s 

15. The kinetic energy and the potential energy of a particle executing 

S.H.M. are equal. The ratio of its displacement and amplitude will be 

 [RPMT 2003; CPMT 2001] 

(a) 
2

1
 (b) 

2

3
 

(c) 
2

1
 (d) 2  

16. Two simple pendulums of lengths 1.44 m and 1 m start swinging 

together. After how many vibrations will they again start swinging 

together    [J & K CET 2005]  

(a) 5 oscillations of smaller pendulum 

(b) 6 oscillations of smaller pendulum 

(c) 4 oscillations of bigger pendulum 

(d) 6 oscillations of bigger pendulum 

17. Equations tAy sin1   and t
A

t
A

y  cos
2

sin
2

2   

represent S.H.M. The ratio of the amplitudes of the two motions is   

 (a) 1 (b) 2 

 (c) 0.5 (d) 2  

18. A particle doing simple harmonic motion, amplitude = 4 cm, time 

period = 12 sec. The ratio between time taken by it in going from its 
mean position to 2 cm and from 2 cm to extreme position is    [CPMT 2002] 

(a) 1  (b) 1/3  

(c) 1/4 (d) 1/2 

19. On a planet a freely falling body takes 2 sec when it is dropped from 

a height of 8 m, the time period of simple pendulum of length 1 m 

on that planet is  [Pb. PMT 2004] 

(a) 3.14 sec (b) 16.28 sec 

(c) 1.57 sec (d) None of these 

20. If a simple pendulum is taken to place where g decreases by 2%, 

then the time period   [Pb. PET 2002] 

(a) Decreases by 1% (b) Increases by 2%  

(c) Increases by 2% (d) Increases by 1% 

21. Two simple pendulum first of bob mass M
1

 and length L
1

 second of 

bob mass M
2

 and length L
2

. M
1

 = M
2

 and L
1

 = 2L
2

. If these vibrational 

energy of both is same. Then which is correct    [RPMT 2002]  

(a) Amplitude of B greater than A 

(b) Amplitude of B smaller than A  

(c) Amplitudes will be same 

(d) None of these 

 

 

 

 

 

 

1. (d) Time period of pendulum doesn’t depends upon mass but it 

depends upon length (distance between point of suspension 

and centre of mass).  

In first three cases length are same so 21 TTT   but in last 

case centre of mass lowers which in turn increases the length. 

So in this case time period will be more than the other cases.  

(SET -16) 
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2. (d) 
g

l
T 2 

6

16/


e

e

e

m

m

e

g

g

g

g

T

T
 

    em TT 6  i.e. clock becomes slower. 

3. (b) The effective acceleration of a bob in water  

  













1gg  where  and  are the density of water 

and the bob respectively. Since the period of oscillation of the 

bob in air and water are given as 
g

l
T 2  and 

g

l
T


 2  

   
g

g

g

g

T

T )/1( 





 

 1
11   

  Putting 
2

1


T

T
. We obtain, 



1
1

2

1
     = 2 

4. (b) 22

2

1
AmE   22)2(

2

1
AfmE  

m

E

f
A

2

2

1


  

  Putting UKE   we obtain,  

  
2.0

)4.05.0(2

25
2

1 














A  mA 06.0  

5. (a) The forces that act on the block are qE and mg. Since qE and 
mg are constant forces, the only variable elastic force changes 
by kx. Where x is the elongation in the spring   unbalanced 

(restoring) force kxF   

    KXXm  2   T
M

k
 . 

6. (d) The maximum force acting on the body executing simple 
harmonic motion is 

  1.0
2

260)2(

2

22 










 afmam N 

  kgfN 10
8.9

96
961.01660   and this force is 

towards mean position. 

 

 

 

 

 

 

 

The reaction of the force on the platform away from the mean 

position. It reduces the weight of man on upper extreme i.e. 

net weight = (60 – 10) kgf.  

This force adds to the weight at lower extreme position i.e. net 

weight becomes = (60 + 10) kgf. 

Therefore, the reading the weight recorded by spring balance 

fluctuates between 50 kgf and 70 kgf.  

7. (d) Function of wrist watch depends upon spring action so it is not 

effected by gravity but pendulum clock has time period, 

g

l
T 2 . During free fall effective acceleration becomes 

zero, so time period comes out to be infinity i.e. the clock 

stops. 

8. (b) Force constant of a spring is given by kxF   

  )1.0(4.6 k  or mNk /64  

 
k

m
T 2   

64
2

4

m



 ; 

2

8

1

64










m
; kgm 1  

9. (b) 
l

K
1

   
2

l
KlK    KK 2  

10. (b) The two springs on left side having spring constant of 2k each 

are in series, equivalent constant is k

kk













2

1

2

1

1
. The two 

springs on right hand side of mass M are in parallel. Their 

effective spring constant is kkk 3)2(  . 

  Equivalent spring constants of value k and 3k are in parallel 

and their net value of spring constant of all the four springs is 

kkk 43   

   Frequency of mass is 
M

k
n

4

2

1


  

11. (d) |A| = 2x  2||


x

A
 

From the given value 4
|| 2  

x

A
   = 2. 

Also secT
TT




 
2

2
2

  

12. (b) 
44

5 T
T

T
  

 

 

By the time, the bigger pendulum makes one full oscillation, 

the smaller pendulum will make 









4

1
1  oscillation. The 

bigger pendulum will be in the mean position and the smaller 

one will be in the positive extreme position. Thus, phase 

difference = 90° 

13. (d) t
T

Ay 









2
sin  

   tA
A











4

2
sin

2


  

62




t
  

3

1
t sec 

14. (c) )5.110sin(2.0   ty )5.110cos(  t  

Bigger pendulum (5T/4) Smaller pendulum (T) 

Equilibrium position 

mg 

N 

Lower extreme  

mg + Fmax 

N 

Upper extreme 

mg – Fmax 

N 
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    )5.110(2sin1.0   t      ]cossin22sin[ AAA   

    )0.320sin(1.0   t    

 Time period, 1.0
10

1

20

22









T sec 

15. (a) Given .... EPEK  22

2

1

2

1
kxmv   

 22222

2

1
)(

2

1
xmxam    

222 xxa 
2

2
2 a

x  .
2

1


a

x
 

16. (b)  
l

n
1

  
1

2

n

n

1

2.1

1

44.1
  12 2.1 nn    

For n
2

 be integer minimum value of n
1

 should be 5 and then n
2

 = 
6 i.e., after 6 oscillations of smaller pendulum both will be in 
phase. 

 

 

 

 

 

 

 

 

17. (d) t
A

t
A

y  cos
2

sin
2

2   

 )]45[sin(2
2

)cos(sin
2

2
ot

A
tt

A
y    

 )45sin(
2

2
ot

A
y   2

2/2

1 
A

A

A

A
 

18. (d) 
sec

rad

T 612

22 
   (For y = 2 cm) 








 1

6
sin42 t


 

 By solving 11 t sec  (For y = 4 cm)  32 t sec  

So time taken by particle in going from 2 cm to extreme position is 

212  tt sec. Hence required ratio will be 
2

1
. 

19. (a) On a planet, if a body dropped initial velocity (u = 0) from a 

height h and takes time t to reach the ground then 

2

2

1
tgh P 2

2
/4

4

822
sm

t

h
gP 


  

Using 
g

l
T 2   14.3

4

1
2  T sec. 

20. (d) 
g

l
T 2   

g

l
T   

100
2

1
100 







 





g

g

T

T
%.1%)2(

2

1
  

21. (b) 
l

g
n

2

1
  

l
n

1
  

2

2

1

2

2

1

2L

L

l

l

n

n
  

  
2

1

2

1 
n

n
 12 2 nn    12 nn   

 Energy 22222 2
2

1
amnamE    


2
11

2
22

2
2

2
1

nm
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a

a
          ( E is same) 

Given 12 nn   and 21 mm    21 aa   

***  
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Waves 

 

 
              Ripple on a pond 

 

 

  

 

 

              Musical sound 

 

 

 

 

 

     Seismic waves  

             (Earth quake) 

 

 

 

 

     Tsunami 

 

 

All these are wave phenomenon.  

Waves can occur whenever a system is disturbed from equilibrium and 

when the disturbance can travel or propagate from one region of the 

system to another. Wave can carry energy and momentum. The energy in 

light waves from the sun warms the surface of our planet; the energy in 

seismic waves can crack our planet's crust.  

Characteristics of Wave Motion  

(1) When a wave motion passes through a medium, particles of the 

medium only vibrate simple harmonically about their mean position. They 

do leave their position and move with the disturbance. 

(2) In wave motion, the phase of particles of medium keeps on 

changing.  

(3) The velocity of the particle during their vibration is different at 

different position. 

(4) The velocity of wave motion through a particular medium is 

constant. It depends only on the nature of medium not on the frequency, 

wavelength or intensity. 

(5) Energy is propagated along with the wave motion without any net 

transport of the medium. 

(6) For the propagation of wave, a medium should have following 

characteristics. 

(i) Elasticity : So that particles can return to their mean position, after 

having been. 

(ii) Inertia : So that particles can store energy and overshoot their 

mean position. 

(iii) Minimum friction amongst the particles of the medium.  

(iv) Uniform density of the medium. 

 

Types of Waves 

Waves can be classified in a number of ways based on the following 

characteristics  

(1) On the basis necessity of medium  

(i) Mechanical waves : Require medium for their propagation e.g. Waves 
on string and spring, waves on water surface, sound waves, seismic waves. 
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(ii) Non-mechanical waves : Do not require medium for their 

propagation are called e.g, Light, heat (Infrared), radio waves, - rays, X-rays 

etc.  

(2) On the basis of vibration of particle : On the basis of vibration of 
particle of medium waves can be classified as transverse waves and 
longitudinal waves. 

Table 17.1 : Transverse and longitudinal waves 

Transverse waves Longitudinal waves 

Particles of the medium vibrates in a 

direction perpendicular to the 

direction of propagation of wave. 

 

 

 

 

Particles of a medium vibrate in the 

direction of wave motion. 

 

 

 

 

 

It travels in the form of crests (C) 

and troughs (T). 

 

 

 

 

It travels in the form of compression 

(C) and rarefaction (R). 

 

Transverse waves can be transmitted 
through solids, they can be setup on 
the surface of liquids. But they can 
not be transmitted into liquids and 
gases. 
 
 
 
 
 

 

These waves can be transmitted 

through solids, liquids and gases 

because for these waves propagation, 

volume elasticity is necessary. 

Medium should posses the property 
of rigidity 

Medium should posses the property 
of elasticity  

Transverse waves can be polarised. Longitudinal waves can not be 
polarised. 

Movement of string of a sitar or 
violin, movement of the membrane of 
a Tabla or Dholak, movement of kink 
on a rope, waves set-up on the 
surface of water. 

Sound waves travel through air, 
Vibration of air column in organ 
pipes Vibration of air column above 
the surface of water in the tube of 
resonance apparatus  

 

(3) On the basis of energy propagation  

(i) Progressive wave : These waves advances in a medium with definite 

velocity. These waves propagate energy in the medium e.g. Sound wave and 
light waves. 

(ii) Stationary wave : These waves remains stationary between two 

boundaries in medium. Energy is not propagated by these waves but it is 
confined in segments (or loops) e.g.. Wave in a string, waves in organ pipes. 

(4) On the basis of dimension  

(i) One dimensional wave : Energy is transferred in a single direction 
only e.g. Wave propagating in a stretched string. 

(ii) Two dimensional wave : Energy is transferred in a plane in two 
mutually perpendicular directions e.g. Wave propagating on the surface of 
water. 

(iii) Three dimensional wave : Energy in transferred in space in all 
direction e.g. Light and sound waves propagating in space. 

(5) Some other waves 

(i) Matter waves : The waves associated with the moving particles are 
called matter waves.  

(ii) Audible or sound waves : Range 20 Hz to 20 KHz. These are 
generated by vibrating bodies such as vocal cords, stretched strings or 
membrane. 

(iii) Infrasonic waves : Frequency lie below 20 Hz and wavelengths are 
greater than 16.6 cm. Example : waves produced during earth quake, ocean 
waves etc. 

(iv) Ultrasonic waves : Frequency greater than 20 KHz. Human ear 
cannot detect these waves, certain creatures such as mosquito, dog and bat 
show response to these. As velocity of sound in air is 332 m/sec so the 

wavelength  < 1.66 cm. 

These waves are used for navigation under water (SONAR). 

They are used in ultrasonography (in photography or scanning soft 
tissue of body). 

Their used to repel mosquitoes or attract fishes 

(v) Shock waves : When an object moves with a velocity greater than 

that of sound, it is termed as Supersonic. When such a supersonic body or 
plane travels in air, it produces energetic disturbance which moves in 
backward direction and diverges in the form of a cone. Such disturbance are 
called the shock waves.  

The speed of supersonic is measured in Mach number. One mach 

number is the speed of sound.  

Mach Number = 
soundofVelocity

sourceofVelocity
. 

 

 

 

 

 

 

 

Important Terms Regarding Wave Motion 

(1) Amplitude (a) : Maximum displacement of a vibrating particle of 

medium from it's mean position is called amplitude.  

(2) Wavelength () : It is equal to the distance travelled by the wave 

during the time in which any one particle of the medium completes one 

vibration about its mean position. 

(i) Or distance travelled by the wave in one time period is known as 

wavelength. 

(ii) Or is the distance between the two successive points with the 

same phase. 

 

 

 

 

 

 

(3) Frequency (n) : Frequency of vibration of a particle is defined as 

the number of vibrations completed by particle in one second. 

Transverse-wave in a rod 

T T 

C C C 

T 

C 

T 

C 

Longitudinal wave in a rod 

R R 

C C C 

v 

Transverse wave on a string Longitudinal wave in a fluid 

Particles of the medium 

v 

C C C R R R 

 Minimum  

pressure and density 

Maximum 
pressure and 

density 

T 

C 

T 

C 

 

 

  

 

C C C 

R R R 

 

C 

(A) Transverse wave (B) Longitudinal wave 

Fig. 17.1 
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It is the number of complete wavelengths traversed by the wave in 

one second. 

Units of frequency are hertz (Hz) and per second. 

(4) Time period (T) : Time period of vibration of particle is defined 

as the time taken by the particle to complete one vibration about its mean 

position. 

It is the time taken by the wave to travel a distance equal to one 

wavelength 

Time period = 1/Frequency  T = 1/n  

(5) Wave pulse : It is a short wave produced in a medium when the 

disturbance created for a short time.  

 

 

 

 

(6) Wave train : A series of wave pulse is called wave train.  

 

 

 

 

(7) Wave front : A wave front is a line or surface on which the 

disturbance has the same phase at all points. If the source is periodic, it 

produces a succession of wave front, all of the same shape. Ripples on a 

pond are the example of wave fronts. 

 

 

 

 

 

 

 

 

 

(8) Wave function ; It is a mathematical description of the disturbance 

created by a wave. For a string, the wave function is a displacement for 

sound waves. It is a pressure or density fluctuation where as for light waves 

it is electric or magnetic field. 

Now let us consider a one dimensional wave travelling along x-axis. 

During wave motion, a particle with equilibrium position x is displaced 

some distance y in the direction perpendicular to the x-axis. In this case y is 
a function of position (x) and time (t).  

i.e. y = f (x, t). This is called wave function . 

Let the wave pulse is travelling with a speed v, after a time t, the pulse 

reaches a distance vt along the +x-axis as shown. The wave function now 

can be represented as )( vtxfy   

 

 

 

 

 

 

If the wave pulse is travelling along – x-axis then y = f (x + vt) 

If order of a wave function to represent a wave, the three quantities x, 

v, t must appear in combinations (x + vt) or (x – vt) 

Thus y = (x – vt)2, ,)( vtx   
2)( vtxBAe   etc. represents travelling 

waves while )(),( 222 vtxtvxy  , A sin (4x2 – 9t2) etc. doesn't 

represents a wave.  

(9) Harmonic wave : If a travelling wave is a sin or cos function of 

)( vtx   the wave is said to be harmonic or plane progressive wave.  

(10) The wave equation : All the travelling waves satisfy a differential 

equation which is called the wave equation. It is given by 
2

2
2

2

2

x

y
v

t

y









; 

where 
k

v


   

It is satisfied by any equation of the form )( vtxfy   

 (11) Angular wave number or propagation constant (k) : Number of 

wavelengths in the distance 2 is called the wave number or propagation 

constant i.e. 


2
k . 

It is unit is rad/m. 

(12) Wave velocity (v) : It is the distance travelled by the disturbance 

in one time period. It only depends on the properties of the medium and it 

independent of time and position.  

 
kT

nv





 

2
 

(13) Group velocity (v
g

) : The velocity with which the group of waves 

travels is known as group velocity  

or the velocity with which a wave packet travels is known as group 

velocity 
dk

d
vg


 . 

(14) Phase () : The quantity which express at any instant, the 

displacement of the particle and it's direction of motion is called the phase 

of the particle.  

If two particles of the medium, at any instant are at the same distance 

in the same direction from their equilibrium positions and are moving in 

the same direction then they are said to be in same phase e.g. In the 

following figure particles 1, 3 and 5 are in same phase and point 6, 7 are 

also in same phase.  

  

 

 

 

 

(A) Pulse at time t = 0 (B) Pulse after time t 

vt 
Y 

X 

Y 

O 

Fig. 17.5 

Fig. 17.2 

Fig. 17.3 

1 2 3 4 5 

6 7 

Fig. 17.6 

(A) Spherical wavefront 

Ray 

Wavefront 

Point source 

(B) Plane wavefront 

Plane source 
 

Ray 
 

Fig. 17.4 
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(15) Intensity of wave : The wave intensity is defined as the average 

amount of energy flow in medium per unit time and per unit of it's cross-

sectional area. It's unit is W/m2  

Hence intensity (I) 



Area

Power

 Time Area

 Energy
 22n2a2v 

 2aI   (when v,  = constant) 

where a = Amplitude, n =Frequency, v = Wave velocity,  

 = Density of medium. 

At a distance r from a point source of power P the intensity is given 

by 
22

1

4 r
I

r

P
I 


 

The human ear can hear sound of intensity up to 

10–12 W/m2. This is called threshold of intensity. The 

upper limit of intensity of sound which can be 

tolerated by human ear is 1 W/m2. This is called 

threshold of pain. 

(16) Energy density : The energy associated with unit volume of the 

medium is defined as energy density  

Energy density 
 222

222

2
2

Velocity

Intensity

Volume

Energy
an

v

van
  

Velocity of Transverse Wave 

The velocity of a transverse wave in a stretched string is given by 

m

T
v  ; where T = Tension in the string;  m = Linear density of string (mass 

per unit length). 

(1) If A is the area of cross-section of the wire then m = A  

 


S

A

T
v  ; where S = Stress 

A

T
  

(2) If string is stretched by some weight then 

 MgT   

 
m

Mg
v   

 

 

 

(3) If suspended weight is immersed in a liquid of density  and  = 
density of material of the suspended load then 















1MgT  

 
m

Mg
v

)/1( 
  

 

 

(4) If two rigid supports of stretched string are maintained at 

temperature difference of  then due to elasticity of string. 

T = YA    

 
m

YA
v


  

       
d

Y 
  

where Y = Young's modulus of elasticity of string, A = Area of cross 

section of string,  = Temperature coefficient of thermal expansion, d = 

Density of wire 
A

m
  

(5) In a solid body : 



v   

where  = Modulus of rigidity;  = Density of the material. 

 

Velocity of Longitudinal Wave (Sound Wave) 

(1) Velocity of sound in any elastic medium : It is given by  

medium of the Density

medium of the Elasticity




E
v  

(i) In solids 


Y
v  ; where Y = Young's modulus of elasticity  

(ii) In a liquid and gaseous medium 


B
v  ; where B = Bulk 

modulus of elasticity of liquid or gaseous medium. 

(iii) As solids are most elastic while gases least i.e. GLS EEE  . So 

the velocity of sound is maximum in solids and minimum in gases,  hence    v
steel           

>    v
water        

>    v
air

  

   5000 m/s > 1500 m/s > 330 m/s  

(iv) The velocity of sound in case of extended solid (crust of the earth) 

;3

4







B

v  B = Bulk modulus;    = Modulus of rigidity;   = Density 

(2) Newton's formula : He assumed that when sound propagates 

through air temperature remains constant. i.e. the process is isothermal. For 

isothermal process 

B = Isothermal elasticity (E) = Pressure (P)  v =


PB
  

For air at NTP : P = 1.01  105 N/m2 and  = 1.29 kg/m3. 

 smvair /280
29.1

1001.1 5




  

However the experimental value of sound in air is 332 m/sec which is 

greater than that given by Newton's formula. 

(3) Laplace correction : He modified Newton's formula assuming that 

propagation of sound in gaseous medium is adiabatic process. For adiabatic 

process  

B = Adiabatic elasticity ( E ) P  

Fig. 17.7 

l 

T 

T 

M 

Mg 

v 

Fig. 17.8 

l 

T 

T 

M 

v 

Fig. 17.9 

T v 

 (+) 

Fig. 17.10 
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 v = 


B
= 



E

M

RTP 




  

For air :  = 1.41  v
air

 = 41.1 × 280  332 m/sec  

(4) Relation between velocity of sound and root mean square velocity : 

If sound travel in a gaseous medium then v
sound

 = 
M

RT
  and r.m.s. velocity 

of gas v
rms

 = 
M

RT3
 

So 
sound

rms

v

v
 = 



3
    or v

sound

 = [ /3]1/2 v
rms

.  

Factors Affecting Velocity of Sound in Gaseous 

Medium 

(1) Effect of pressure at constant temperature : Velocity of sound is 

independent of the pressure of gas, because as pressure increases, density 

also increases hence 


P
 ratio remains constant. So from v = 



 P
,  

(2) Effect of temperature : With rise in temperature velocity of sound 

increases. 

 
M

RT
v


   Tv  

)273(

)273(

2

1

2

1

2

1

Ct

Ct

T

T

v

v




 

When the temperature change is small then tvvt 61.00   

where v
t

 = Velocity of sound at t°C 

     v
0

 = Velocity of sound at 0°C = 332 m/sec 

           t = Small temperature change 

If t = 1°C then )61.0( 0  vvt m/sec. Hence for 1°C rise, speed of 

sound in air increases by 0.61 m/sec. 

(3) Effect of density : v = 


 P
 v 



1
    

(4) Effect of humidity : With increase in humidity, density of air 

decreases. So with rise in humidity velocity of sound increases. 

Sound travels faster in humid air (rainy season) than in dry air 

(summer) at the same temperature because  

 airdryairmoistairdryairmoist vv    

(5) Effect of wind velocity : Because wind drifts the medium (air) 

along its direction of motion therefore the velocity of sound in a particular 

direction is the algebraic sum of the velocity of sound and the component 

of wind velocity in that direction. Resultant velocity of sound towards 

observer v' = v + w cos. 

 

 

 

 

 

(6) Sound of any frequency or wavelength travels through a given 

medium with the same velocity. 

For a given medium velocity remains constant. All other factors like 

phase, loudness pitch, quality etc. have practically no effect on sound 

velocity. 

 

Equation of a Plane Progressive Waves 

(1) If during the propagation of a progressive wave, the particles of the 

medium perform SHM about their mean position, then the waves is known 
as a harmonic progressive wave. 

(2) Suppose a plane simple harmonic wave travels from the origin 

along the positive direction of x-axis from left to right as shown in the 
figure.  

 

 

 

 

 

 

The displacement y of a particle 1 at O from its mean position at any 

time t is given by .sin tay   

The wave reaches the particle 2 after time 
v

x
t  . Hence displacement 

y of a particle 2 is given by  











v

x
tay sin  )sin( kxta             










v
k


  

 The general equation of a plane progressive wave with initial phase is  

 

         

 

 

 

(3) Various forms of progressive wave function. 

(i) y = a sin ( t – kx) 

(ii) y = a sin ( t – x


2
) 

(iii) y = a sin 2 











x

T

t
 

(iv) 











 T
xt

T
ay

2
sin  

(v) y = a sin 


2
(v t – x) 

(vi) y = 









v

x
ta sin  

(4) Particle velocity : The rate of change of displacement y w.r.t. time t 
is known as particle velocity  

Hence from )(sin kxtay    

Displacement Amplitude Oscillating term 

Phase 

Initial phase 

Propagation constant 

Position 
Angular frequency 

y(x, t) = a sin ( t  kx  0) 

S 

Wind 
w 

v 

w cos   

Fig. 17.11 

x 

v 

y 

1 2 

O 

Fig. 17.12 
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Particle velocity )cos( kxta
t

y
vp 




   

Maximum particle velocity avp max)(  

Also 
x

y

kt

y








 
   v

p

 = – v  Slope of wave at that point 

(5) Important relations for numerical solving  

(i) Angular frequency  = co-efficient of t  

(ii) Propagation constant k = co-efficient of x  

 Wave speed 
kx

t
v




of  efficient-co

of  efficient-co
 

(iii) Wave length 



2

of  efficient-co x
  

(iv) Time period 
t

T
of  efficient-co

2
  

(v) Frequency 
2

of  efficient-co t
n   

(vi) 
T

a
naavp




2
)2()( max   

(vii) If the sign between t and x terms is negative the wave is 

propagating along positive X-axis and if the sign is positive then the wave 

moves in negative X-axis direction. 

(viii) Co-efficient of sin or cos functions i.e. Argument of sin or cos 

function is represented by phase i.e. ( t – kx) = Phase. 

(ix) Phase difference and path difference : At any instant t, if 
1

 and 
2

 

are the phases of two particles whose distances from the origin are x
1

 and x
2

 

respectively then )( 11 kxt    and )( 22 kxt     

)( 1221 xxk    

 Phase difference )( difference Path.
2

)( x



  

(x) Phase difference and time difference : If the phases of a particle 

distance x from the origin is 
1

 at time t and 
2

 at time t
2

, then 

)( 11 kxt    and )( 21 kxt     )( 2121 tt    

 Phase difference )(difference Time.
2

)( t
T




   

Pressure Waves 

A longitudinal sound wave can be expressed either in terms of the 

longitudinal displacement of the particles of the medium or in terms of 

excess pressure produced due to compression or rarefaction. (at 

compression, the pressure is more than the normal pressure of the medium 

and at rarefaction the pressure is lesser than the normal). The first type is 

called the displacement wave and the second type the pressure wave. 

If the displacement wave is represented by )sin( kxtay    then 

the corresponding pressure wave will be represented by 
dx

dy
BP   (B 

= Bulk modulus of elasticity of medium) 

 )cos(0 kxtPP    

where  0P pressure amplitude akB  

Pressure wave is 








2


 out of phase with displacement wave. i.e. 

pressure is maximum when displacement is minimum and vice-versa. 

Reflection and Refraction of Waves 

When waves are incident on a boundary between two media, a part of 

incident waves returns back into the initial medium (reflection) while the 

remaining is partly absorbed and partly transmitted into the second 

medium (refraction)  

(1) Rarer and denser medium : A medium is said to be denser (relative 

to the other) if the speed of wave in this medium is less than the speed of 

the wave in other medium.  

In comparison to air speed of sound is maximum in water, hence 

water is rarer  medium for sound waves w.r.t. air. But it is not true for light 

(EM-waves). For light waves water is denser medium w.r.t. air. 

(2) In reflection or refraction frequency remains same 

 

 

 

 

 

 

 

(3) For reflection angle of incidence (i) = Angle of reflection (r) 

       (4) In case of refraction or transmission 
t

i

v

v

r

i


'sin

sin
 

(5) Boundary conditions : Reflection of a wave pulse from some 

boundary depends on the nature of the boundary.  

(i) Rigid end : When the incident wave reaches a fixed end, it exerts an 

upward pull on the end, according to Newton's law the fixed end exerts an 

equal and opposite down ward force on the string. It result an inverted 

pulse or phase change of .  

Crest (C) reflects as trough (T) and vice-versa, Time changes by 
2

T
 

and Path changes by 
2


 

 

 

 

 

 

(ii) Free end : When a wave or pulse is reflected from a free end, 

then there is no change of phase (as there is no reaction force). 

Crest (C) reflects as crest (C) and trough (T) reflects as trough (T), 

Time changes by zero and Path changes by zero. 

 

 

Incident wave 

 i 
 r 

Reflected wave 

Transmitted or 

refracted wave 

 r' 

Fig. 17.13 

C C F 

F T 

Fig. 17.14 

C C C 

Fig. 17.15 
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(iii) Exception : Longitudinal pressure waves suffer no change in 
phase from rigid end i.e. compression pulse reflects as compression pulse. 

On the other hand if longitudinal pressure wave reflects from free end, it 

suffer a phase change of  i.e. compression reflects as rarefaction and vice-

versa. 

(iv) Effect on different variables : In case of reflection, because 

medium is same and hence, speed, frequency () and wavelength  (or k) 
do not changes. On the other hand in case of transmitted wave since 
medium changes and hence speed, wavelength (or k) changes but frequency 

() remains the same.  

(6) Wave in a combination of string  

(i) Wave goes from rarer to denser medium  

 

 

 

 

 

 

 

Incident wave )sin( 1xktay ii    

Reflected wave ])(sin[ 1   xktay rr )(sin 1xkta    

Transmitted wave )(sin 2xktay tt    

(ii) Wave goes from denser to rarer medium  

 

 

 

 

 

 

 

Incident wave )sin( 1xktay ii    

Reflected wave ]0)(sin[ 1  xktay rr  )(sin 1xkta    

Transmitted wave )(sin 2xktay tt    

(iii) Ratio of amplitudes : It is given as follows  

  
12

12

21
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vv

vv
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Echo 

 

 

 

 

 

 

An echo is simply the repetition of speaker's own voice caused by 

reflection at a distance surface e.g. a cliff. a row of building or any other 

extended surface. 

If there is a sound reflector at a distance d from source, then the time 

interval between original source and it's echo at the site of source will be  

v

d

v

d

v

d
t

2
  

 

 

As the persistence of hearing for human ear is 0.1 sec, therefore in 

order that an echo of short sound (e.g. clap or gun fire) will be heard if t > 

0.1  1.0
2


v

d
  

20

v
d   

If v = Speed of sound = 340 m/s then d > 17 m. 

Principle of Superposition 

(1) The displacement at any time due to any number of waves meeting 

simultaneously at a point in a medium is the vector sum of the individual 

displacements due each one of the waves at that point at the same time.  

(2) If 321 ,, yyy ………. are 

the displacements at a particular 

time at a particular position, due 

to individual waves, then the 

resultant displacement.  

.....321  yyyy  

(3) Important applications 

of superposition principle   

(i) Interference of waves  : 

Adding waves that differs in phase  

(ii) Formation of stationary waves : Adding wave that differs in 

direction. 

(iii) Formation of beats : Adding waves that differs in frequency. 

(iv) Formation of Lissaju's figure : Adding two perpendicular simple 

harmonic motions. (See S.H.M. for more detail) 

Interference of Sound Waves 

(1) When two waves of same frequency, same wavelength, same 
velocity (nearly equal amplitude) moves in the same direction, Their 
superimposition results in the interference. 

(2) Due to interference the resultant intensity of sound at that point is 
different from the sum of intensities due to each wave separately. 

(3) Interference is of two type (i) Constructive interference (ii) 
Destructive interference. 

(4) In interference energy is neither created nor destroyed but is 
redistributed. 

(5) For observable interference, the sources (producing interfering 
waves) must be coherent. 

(6) Let at a given point two waves arrives with phase difference  and 

the equation of these waves is given by  

y
1

 = a
1

 sin t ,  y
2 

= a
2

 sin ( ) t  then by the principle of 

superposition 21 yyy


  

 y = a
1

 sin t  + a
2

 sin ( ) t  = A sin   t    

Reflected wave 
Transmitted wave 

+ x 

Rarer Denser 

Incident wave Rigid boundary 
– x 

Fig. 17.16 

+ x 

Denser Rarer  

Incident wave Free boundary 
– x 

Reflected wave 
Transmitted wave 

Fig. 17.17 

Source 
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 d 

Fig. 17.18 
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where cos2 21
2

2
2

1 aaaaA    

and  tan  = 




cos

sin

21

2

aa

a


  

 

since    Intensity (I)  (Amplitude A)2   

2

2

1

2

1
















a

a

I

I
 

Therefore, the resultant intensity is given by  

     cos2 2121 IIIII   

Table 17.2 : Constructive and destructive interference 

Constructive interference Destructive interference 

When the waves meets a point with 
same phase, constructive interference 
is obtained at that point (i.e. 
maximum sound).  

When the wave meets a point with 
opposite phase, destructive 
interference is obtained at that point 
(i.e. minimum sound) 

Phase difference between the waves 
at the point of observation 

 no 2or0  

Phase difference 

;)12(or180   no n = 1, 2, ... 

Path difference between the waves at 

the point of observation n (i.e. 

even multiple of /2) 

Path difference 
2

)12(


 n  (i.e. 

odd multiple of /2) 

Resultant amplitude at the point of 
observation will be maximum  Amax = 
a1 + a2  

If  0max021 2aAaaa   

Resultant amplitude at the point of 
observation will be minimum  

21min aaA   

If 0min21  Aaa  

Resultant intensity at the point of 
observation will be maximum   

2121max 2 IIIII   

 221 II   

If 0max021 4 IIIII   

Resultant intensity at the point of 
observation will be minimum 

2121min 2 IIIII 

 221 II   

If  0min021  IIII  

(7) 

2
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Quink's Tube 

This is an apparatus used to demonstrate the phenomenon of 
interference and also used to measure velocity of sound in air. This is made 

up of two U-tube A and B as shown in figure. Here the tube B can slide in 
and out from the tube A. There are two openings P and Q in the tube A. At 
opening P, a tuning fork or a sound source of known frequency n

0

 is placed 
and at the other opening a detector is placed to detect the resultant sound 
of interference occurred due to superposition of two sound waves coming 
from the tubes A and B.  

 

 

 

 

 

 

 

 

Initially tube B is adjusted so that detector detects a maximum. At this 

instant if length of paths covered by the two waves from P and Q from the 

side of A and side of B are l
1

 and l
2

 respectively then for constructive 

interference we must have 

 Nll  12    .... (i)  

If now tube B is further pulled out by a distance x so that next 

maximum is obtained and the length of path from the side of B is 2'l  then 

we have  

xll 2' 22     .... (ii) 

where x is the displacement of the tube. For next constructive 

interference of sound at point Q, we have  

)1(' 12  Nll   .... (iii) 

From equation (i), (ii) and (iii), we get 

 xll 2' 22   
2


x  

Thus by experiment we get the wavelength of sound as for two 

successive points of constructive interference, the path difference must be 

. As the tube B is pulled out by x, this introduces a path difference 2x in 

the path of sound wave through tube B. If the frequency of the source is 

known, n
0

, the velocity of sound in the air filled in tube can be gives as 

 .0n xn02  

Standing Waves or Stationary Waves 

When two sets of progressive wave trains of same type (both 

longitudinal or both transverse) having the 

same amplitude and same time 

period/frequency/wavelength travelling 

with same speed along the same straight 

line in opposite directions superimpose, a 

new set of waves are formed. These are 

called stationary waves or standing waves.  

In practice, a stationary wave is 
formed when a wave train is reflected at 

a boundary. The incident and reflected waves then interfere to produce a 
stationary wave.  

(1) Suppose that the two super imposing waves are incident wave 

)sin(1 kxtay    and reflected wave )sin(2 kxtay    

(As y
2

 is the displacement due to a reflected wave from a free 
boundary) 

Then by principle of superposition 

     )]sin()([sin21 kxtkxtayyy    

(By using sin C + sin D = 
2

cos
2

sin2
DCDC 

 ) 

  tkxay sincos2  

(If reflection takes place from rigid end, then equation of stationary 

wave will be tkxay cossin2 ) 

x 

Detector 

B 

P 

Sound source 

A 

Q 

Fig. 17.21 
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(2) As this equation satisfies the wave equation  

 
2

2
2

2

2

x

y
v

t

y









. It represents a wave. 

(3) As it is not of the form ),( btaxf   the wave is not progressive.  

(4) Amplitude of the wave .cos2 kxaASW   

Table 17.3 : Amplitude in two different cases 

Reflection at open end Reflection at closed end 

kxaASW cos2  kxaASW sin2  

Amplitude is maximum when cos kx 

=  1 
 

 kx = 0, , 2, .... n. 

 
2

.......,
2

,0



 n

x   

where 


2
k  and n = 0, 1, 2, 3, ... 

Amplitude is maximum when sin kx = 

 1 

 
2

)12(
.....

2

3
,

2

 


n
kx  

  .......
4

3
,

4


x       

where 


2
k and n = 1, 2, 3, .... 

Amplitude is minimum when 

0cos kx  

 
2

)12(
.....

2

3
,

2

 


n
kx  

 .......
4

3
,

4


x  

Amplitude is minimum 

when 0sin kx  

 
2

)12(
.....

2

3
,

2

 


n
kx  

 
2

.......,
2

,0



 n

x   

 

(5) Nodes (N) : The points where amplitude is minimum are called 

nodes.  

(i) Distance between two successive nodes is 
2


. 

(ii) Nodes are at permanents rest.  

(iii) At nodes air pressure and density both are high. 

(6) Antinodes (A) : The points of maximum amplitudes are called 

antinodes.  

(i) The distance between two successive antinodes is 
2


 

(ii) At nodes air pressure and density both are low. 

(iii) The distance between a node (N) and adjoining antinode (A) is 

4


. 

 

 

 

 

 

 

Characteristics of Standing Waves 

(1) Standing waves can be transverse or longitudinal. 

(2) The disturbance confined to a particular region between the 

starting point and reflecting point of the wave. 

(3) There is no forward motion of the disturbance from one particle 

to the adjoining particle and so on, beyond this particular region.  

(4) The total energy associated with a stationary wave is twice the 

energy of each of incident and reflected wave. As in stationary waves nodes 

are permanently at rest. So no energy can be transmitted across then i.e. 

energy of one region (segment) is confined in that region. However this 

energy oscillates between elastic potential energy and kinetic energy of 

particles of the medium.  

(5) The medium splits up into a number of segments. Each segment is 

vibrating up and down as a whole. 

(6) All the particles in one particular segment vibrate in the same 

phase. Particles in two consecutive segments differ in phase by 180°. 

(7) All the particles except those at nodes, execute simple harmonic 
motion about their mean position with the same time period. 

(8) The amplitude of vibration of particles varies from zero at nodes 

to maximum at antinodes (2a). 

(9) All points (except nodes) pass their mean position twice in one time 

period.  

(10) Velocity of particles while crossing mean position varies from 

maximum )2.( aASW    at antinodes to zero at nodes. 

(11) In standing waves, if amplitude of component waves are not equal. 
Resultant amplitude at nodes will be minimum (but not zero). Therefore, 

some energy will pass across nodes and waves will be partially standing. 

(12) Application of stationary waves  

(i) Vibration in stretched string  

(ii) Vibration in organ pipes (closed and open)  

(iii) Kundt's tube  

Table 17.4 : Progressive v/s stationary wave 

Progressive wave Stationary wave 

These waves transfers energy These wave does not transfers energy  

All particles have the same amplitude  Between a node and an antinode all 
particles have different amplitudes 

Over one wavelength span all 
particles have difference phase  

Between a node and an antnodes all 
particles have same phase. 

No point is at rest  Nodes are always at rest  

All particles do not cross the mean 
position simultaneously. 

All particles cross the mean position 
simultaneously. 

 

Terms Related to the Application of Stationary Wave  

(1) Note : Any musical sound produced by the simple harmonic 

oscillations of the source is called note.  

(2) Tone : Every musical sound consists of a number of components of 

different frequencies every component is known as a Tone.  

(3) Fundamental note and fundamental frequency : The note of lowest 
frequency produced by an instrument is called fundamental note. The 

frequency of this note is called fundamental frequency. 

(4) Harmonics : The frequency which are the integral multiple of the 
fundamental frequency are known as harmonics e.g. if n be the fundamental 
frequency, then the frequencies n, 2n, 3n .... are termed as first, second, 

third .... harmonics. 

(5) Overtone : The harmonics other than the first (fundamental note) 
which are actually produced by the instrument are called overtones. e.g. the 

tone with frequency immediately higher than the fundamental is defined as 
first overtone.  

A A A 

N N 

 /2 

 /4 

 /2 

Fig. 17.22 
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(6) Octave : The tone whose frequency is doubled the fundamental 
frequency is defined as Octave. 

(i) If  n
2

 = 2n
1

 it means n
2

 is an octave higher than n
1

 or n
1

 is an octave 
lower than n

2

. 

(ii) If ,2 1
3

2 nn   it means n
2

 is 3-octave higher or n
1

 is 3-octave 

lower. 

(iii) Similarly if 12 2 nn n  it means n
2

 is n-octave higher n
1

 is n octave 

lower.  

(7) Unison : If the interval is one i.e. two frequencies are equal then 

vibrating bodies are said to be in unison.  

(8) Resonance : The phenomenon of making a body vibrate with its 

natural frequency under the influence of another vibrating body with the 

same frequency is called resonance.  

Standing Waves on a String 

(1) Consider a string of length l, stretched under tension T between 

two fixed points.  

(2) If the string is plucked and then released, a transverse harmonic 

wave propagate along it's length and is reflected at the end.  

(3) The incident and reflected waves will superimpose to produce 

transverse stationary waves in a string. 

(4) Nodes (N) are formed at rigid end and antinodes (A) are formed 

in between them.  

(5) Number of antinodes = Number of nodes – 1 

(6) Velocity of wave (incident or reflected wave)  is given by 

;
m

T
v   m = Mass per unit length of the wire 

(7) Frequency of vibration (n) = Frequency of wave  

             
m

Tv



1
  

(8) For obtaining p loops (p-segments) in string, it has to be plucked 

at a distance 
p

l

2
 from one fixed end. 

(9) Fundamental mode of vibration  

(i) Number of loops  p = 1 

(ii) Plucking at 
2

l
 

(from one fixed end) 

(iii) 
2

1l   l21   

(iv) Fundamental frequency or first harmonic  

 
m

T

lm

T
n

2

11

1

1 


 

(10) Second mode of vibration (First over tone or second harmonic) 

(i) Number of loops  p = 2 

(ii) Plucking at 
422

ll



 

(from one fixed end) 

(iii) 2l   

(iv) Second harmonic or first over tone  

 
m

T

lm

T
n

11

2

2 


=2n
1

   

(11) Third normal mode of vibration (Second over tone or third 

harmonic) 

(i) Number of loops p = 3 

(ii) Plucking at 
632

ll



 

(from one fixed end) 

 

(iii) 
2

3 3l  
3

2
3

l
   

(iv) Third harmonic or second over tone  

 
m

T

lm

T
n

2

31

3

3 


=3n
1

  

(12) More about string vibration  

(i) In general, if the string is plucked at length ,
2p

l
 then it 

vibrates in p segments (loops) and we have the pth harmonic is give 

m

T

l

p
fp

2
  

(ii) All even and odd harmonics are present. Ratio of harmonic = 1 : 

2 : 3 ..... 

(iii) Ratio of over tones =  2 : 3 : 4 .... 

(iv) General formula for wavelength 
N

l2
 ; where N = 1,2,3, … 

correspond to 1st , 2nd, 3rd  modes of vibration of the string. 

(v) General formula for frequency 
l

v
Nn

2
  

(vi) Position of nodes : l
N

l

N

l

N

l
x .....

3
,

2
,,0  

(vii) Position of antinodes : ....
2

5
,

2

3
,

2 N

l

N

l

N

l
x 

 
N

lN

2

12 
 

Melde's Experiment 

(1) It is an experimental representation of transverse stationary wave. 

(2) In Melde's experiment, one end of a flexible piece of string is tied 

to the end of a tuning fork. The other end passes over a smooth pulley 

carries a suitable load.  

(3) If p is the number of loop's formed in stretched string and T is the 

tension in the string then Melde's law is Tp constant  

 
1

2

2

1

T

T

p

p
  (For comparing two cases)  

N N 
A 

2

1l
 

x = 0 x = l 
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Table 17.5 ; Two arrangements of connecting a string to turning fork 
 

Transversely Example 

 

 

 

 

 

 

 

Prongs of tuning fork vibrates at 
right angles to the thread. 

Prongs vibrated along the length of 
the thread. 

Frequency of vibration of turning 
fork : frequency of vibration of the 
thread.  

Frequency of turning fork =2  
(Frequency of vibration of thread) 

If number of loops in string is P 

then 
2

p
l   

p

l2
  

 Frequency of string 

m

T

l

pv

2



 
















m

T
v  

 Frequency of tuning fork 

m

T

l

p

2
  

 If l, m, n  constant then 

Tp constant 

It number of loop so in string is p 

then 
p

lp
l

2

2
 


 

 Frequency of string 

m

T

l

pv

2



 

 Frequency of turning fork 

m

T

l

P
I   

 If l, m, n  constant then 

Tp constant 

 

Sonometer 

(1) It is an apparatus, used to produce resonance (matching frequency) 

of tuning fork (or any source of sound) with stretched vibrating string.  

(2) It consists of a hollow rectangular box of light wood. The 

experimental fitted on the box as shown. 

 

 

 

 

 

 

 

 

(3) The box serves the purpose of increasing the loudness of the 

sound produced by the vibrating wire. 

(4) If the length of the wire between the two bridges is l, then the 

frequency of vibration is 
dr

T

m

T

l
n

22

1


  

(r = Radius of the wire, d = Density of material of wire) m = 

mass per unit length of the wire) 

(5) Resonance : When a vibrating tuning fork is placed on the box, and 

if the length between the bridges is properly adjusted then if 

 StringFork nn )()(  rider is thrown off the wire. 

(6) Laws of string  

(i) Law of length : If T and m are constant then 
l

n
1

   

  nl = constant  2211 lnln   

(ii) Law of mass : If T and l are constant then 
m

n
1

  

 mn constant  
1

2

2

1

m

m

n

n
  

(iii) Law of density : If T, l and r are constant then 
d

n
1

   

 dn  constant  
1

2

2

1

d

d

n

n
  

(iv) Law of tension : If l and m are constant then Tn    

 
T

n
constant  

1

2

2

1

T

T

n

n
  

Vibration of Composite Strings  

Suppose two strings of different material and lengths are joined end to 

end and tied between clamps as shown. Now after plucking, stationary waves 

are established only at those frequencies which matches with any one 

harmonic of both the independent string S
1

 and S
2

   

 

 

 

 

 

As the frequency of the wave in both strings must be same so  

  
2211 22 m

T

l

q

m

T

l

p
   

2

1

2

1

2

1

2

1





l

l

m

m

l

l

q

p
  

Standing Wave in a Organ Pipe 

Organ pipes are the musical instrument which are used for producing 

musical sound by blowing air into the pipe. Longitudinal stationary waves are 

formed on account of superimposition of incident and reflected longitudinal 

waves. 

Equation of standing wave y = 2a cos 






 xvt 2
sin

2
 

Frequency of vibration 


v
n   

Table 17.6 : Different mode of vibration in organ pipe 

Closed organ pipe 

Fundamental  mode Third harmonic 

First over tone 

Fifth harmonic 

Second over tone 
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Open organ pipe 

Fundamental  mode Second harmonic Third harmonic 

 

 

 

 

 

 

 

l

vv
n
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(1) Closed organ pipe 

(i) In closed organ pipe only odd harmonic are present. Ratio of 

harmonic is n
1

 : n
3

 : n
5

  ....=  1 : 3 : 5 .... 

(ii) pth overtone = (2p + 1)th harmonics  

(iii) Ratio of overtones = 3 : 5 : 7 .... 

(iv) The maximum possible wavelength is 4l  

(v) General formula for wavelength is 
 12

4




N

l
 ; where N = 1, 

2, 3, ... corresponds to order of mode of vibration. 

(vi) General formula for frequency 
l

vN
n

4

)12( 
  

(vii) Position of nodes from closed end x = 0, .....
2

3
,,

2





 

(viii) Position of antinodes from closed end x = ...
4

5
,

4

3
,

4


 

(2) Open organ pipe 

(i) In open organ pipe all (even and odd) harmonic are present. Ratio 

of harmonic is n
1

 : n
3

 : n
5

  ....=  1 : 2 : 3  .... 

(ii) pth overtone = (p + 1)th harmonics  

(iii) Ratio of overtones = 2 : 3 : 5 .... 

(iv) The maximum possible wavelength is 2l  

(v) General formula for wavelength is 
N

l2
 ; where N = 1, 2, 3, ... 

corresponds to order of mode of vibration. 

(vi) General formula for frequency 
l

Nv
n

2
  

(vii) Position of nodes from one end x = .....
4

5
,

4

3
,

4


 

(viii) Position of antinodes from one end x = 0, .....
2

3
,,

2





 

Tuning Fork 

(1) The tuning fork is a metallic device that produces sound of a single 

frequency.  

(2) A tuning fork is really a transversely vibrating 

rod of rectangular cross-section bent into the shape of 

U as shown. 

(3) The prongs execute transverse vibrations and 

the stem executes the longitudinal vibration. Both 

vibrate with the same frequency. 

(4) The phase difference between the vibrations 

produced by both prongs of tuning fork is zero. 

(5) Tuning forks are generally taken as the standards of frequency of 

pure notes.  

The frequency of the tuning fork is given by  


Y
.

2l

t
n   

where t = Thickness of the prongs, l = Length of the prongs, Y = 

Young’s modulus of elasticity and  = Density of the material of tuning fork. 

(6) If one prong is broken tuning fork does not vibrate. 

Effect on frequency of tuning fork  

(i) A fork of shorter prongs gives high frequency tone 

(ii) The frequency of a tuning fork decreases when it's prongs are 

loaded (say with wax) near the end. 

(iii) The frequency of tuning fork increases when prongs are filed near 

the ends. 

(iv) The frequency of a tuning fork decreases if temperature of the 

fork is increases. 

 

End Correction 

Due to finite momentum of air molecules in organ pipe reflection 

takes place not exactly at open end but some what above it. Hence antinode 

is not formed exactly at the open end rater it is formed at a little distance 

away from open end outside it.  

The distance of antinode from the open end is known as end 

correction (e). It is given by e = 0.6 r where r = radius of pipe. 

 

 

 

 

 

 

 

 
 

Effect length in open organ pipe l' = (l + 2e) 

2

1l  N 
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N 
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A 

A 

A 

N 

A 
2

3 3l
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Effect length in closed organ pipe l' = (l + e) 

Resonance Tube 

It is used to determine velocity of sound in air by the help of a tuning 

fork of known frequency. 

It is a closed organ pipe having an air column of variable length. When 

a tuning fork is brought over it's mouth. It's air column vibrates with the 

frequency of the fork. If the length of the air column is varied until it's 

natural frequency equals the frequency of the fork, then the column 

resonants and emits a loud note.  

 

 

 

 

 

 

 

 

 

 

If l
1

 and l
2

 are lengths of first and second resonances, then we have 

4
1


 el  and 

4

3
2


 el  

 
2

12


 ll   )(2 12 ll   

Speed of sound in air at room (temperature) )(2 12 llnnv    

Also 3
1

2 




el

el
  ell 23 12   i.e. second resonance is obtained 

at length more than thrice the length of first resonance. 

Kundt's Tube  

The apparatus consists of a long glass tube about 5 cm in diameter, 

fixed horizontally. A metal rod R clamped firmly at the centre is mounted so 

that its one end carrying a light disc P
1

 (of cork or card board) projects 

some distance into the glass tube. The other end of the glass tube is closed 

with a moveable piston P
2

. Any desired length of the air or gas can be 

enclosed in between the two discs P
1

 and P
2

. A small amount of dry 

lycopodium powder or cork dust is spread along base of the entire length of 

the tube.  

 

 

 

 

 

 

 

The free end of the metal rod R is rubbed (stroked) along the length 

with resined cloth. The rod begins to vibrate longitudinally and emits a very 

high pitched shrill note. These vibrations are impressed upon the air 

column in the tube through disc P
1

. Let disc P
2

 is so adjusted, that the 

stationary waves are formed in the air (gas) column in the tube. At 

antinodes powder is set into oscillations vigorously while it remains 

uneffected at nodes. Heaps of power are formed at nodes.  

Let n is the frequency of vibration of the rod then, this is also the 

frequency of sound wave in the air column in the tube.  

For rod : rod
rod l
2


,  For air : air

air l
2


 

where l
air

 is the distance between two heaps of power in the tube (i.e. 

distance between two nodes). If v
air

 and v
rod

 are velocity of sound waves in the 

air and rod respectively, then  

rod

rod

air

air vv
n


 .  Therefore 

rod

air

rod

air

v

v






rod

air




  

Thus knowledge of ,rodv  determiens airv   

Kundt's tube may be used for  

(i) Comparison of velocities of sound in different gases. 

(ii) Comparison of velocities of sound in different solids 

(iii) Comparison of velocities of sound in a solid and in a gas.  

(iv) Comparison of density of two gases. 

(v) Determination of  of a gas. 

(vi) Determination of velocity of sound in a liquid. 

Beats 

When two sound waves of slightly different frequencies, travelling in a 
medium along the same direction, superimpose on each other, the intensity 

of the resultant sound at a particular position rises and falls regularly with 
time. This phenomenon of regular variation in intensity of sound with time 
at a particular position is called beats. 

(1) Persistence of hearing : The impression of sound heard by our ears 

persist in our mind for 1/10th of a second. If another sound is heard before 
1/10 second is over, the impression of the two sound mix up and our mind 
cannot distinguish between the two. 

So for the formation of distinct beats, frequencies of two sources of 

sound should be nearly equal (difference of frequencies less than 10) 

(2) Equation of beats : If two waves of equal amplitudes 'a' and slightly 

different frequencies n
1

 and n
2

 travelling in a medium in the same direction 
are. 

y
1

 = a sin tnat 11 2sin   ; tnatay 222 2sinsin    

By the principle of super position : 21 yyy   

y = A sin tnn )( 21    where A = 2a cos tnn )( 21  = Amplitude 

of resultant wave. 

(3) One beat : If the intensity of sound is maximum at time t = 0, 

one beat is said to be formed when intensity becomes maximum again 
after becoming minimum once in between.  

(4) Beat period : The time interval between two successive beats (i.e. 
two successive maxima of sound) is called beat period. 

  21 ~ nnn   

(5) Beat frequency : The number of beats produced per second is 
called beat frequency. 

  
21 ~

1

frequency Beat

1

nn
T   

P2 P1 

Rod R 

Lycopodium power 

Clamped at 

the middle 

Fig. 17.31 

T Reservoir 

Rubber  

tube 

Scale 

e e 

l1 
l2 

Fig. 17.30 
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Determination of Unknown Frequency 

Suppose a tuning fork of known frequency (n
A

) is sounded together 

with another tuning fork of unknown frequency (n
B

) and x beats heard per 

second. 

 

 

 

 

 

There are two possibilities to known frequency of unknown tuning 

fork. 

  xnn BA        ... (i) 

or  xnn AB       ... (ii)  

To find the frequency of unknown tuning fork (n
B

) following steps are 
taken. 

(1) Loading or filing of one prong of known or unknown (by wax) 

tuning fork, so frequency changes (decreases after loading, increases after 

filing). 

(2) Sound them together again, and count the number of heard beats 

per sec again, let it be x. These are following four condition arises. 

(i) x > x  (ii) x < x        (iii) x = 0       (iv) x = x 

(3) With the above information, the exact frequency of the unknown 

tuning fork can be determined as illustrated below. 

Suppose two tuning forks A (frequency n
A

 is known) and B (frequency 

n
B

 is unknown) are sounded together and gives x beats/sec. If one prong of 

unknown tuning fork B is loaded with a little wax (so n
B

 decreases) and it is 

sounded again together with known tuning fork A, then in the following 

four given condition n
B

 can be determined. 

(4) If x > x than x, then this would happen only when the new 

frequency of B is more away from n
A

. This would happen if originally 

(before loading), n
B

 was less than n
A

.  

Thus initially n
B

 = n
A

 – x. 

(5) If x < x than x, then this would happen only when the new 

frequency of B is more nearer to n
A

. This would happen if originally (before 

loading), n
B

 was more than n
A

.  

Thus initially n
B

 = n
A

 + x. 

(6) If x = x then this would means that the new frequency (after 

loading) differs from n
A

 by the same amount as was the old frequency 

(before loading). This means initially n
B

 = n
A

 + x 

(and now it has decreased to n
B

 = n
A

 – x) 

(7) If x = 0, then this would happen only when the new frequency of 

B becomes equal to n
A

. This would happen if originally n
B

 was more than n
A

.  

Thus initially n
B

 = n
A

 + x. 

Table 17.7 ; Frequency of unknown tuning fork for various cases 
 

By loading 

If B is loaded with wax so its 

frequency decreases 

If A is loaded with wax its frequency 
decreases 

If x increases nB = nA – x If x increases nB = nA + x 

If x decrease nB = nA + x If x decrease nB = nA – x 

If remains same nB = nA + x If remains same nB = nA – x 

If x becomes zero nB = nA + x If x becomes zero nB = nA – x 

By filing 

If B is filed, its frequency increases If A is filed, its frequency increases 

If x increases nB = nA + x If x increases nB = nA – x 

If x decrease nB = nA – x If x decrease nB = nA + x 

If remains same nB = nA – x If remains same nB = nA + x 

If x becomes zero nB = nA – x If x becomes zero nB = nA + x 

 

Doppler's Effect 

 

 

 

 

 

 

 

 

 

Whenever there is a relative motion between a source of sound and 

the observer (listener), the frequency of sound heard by the observer is 

different from the actual frequency of sound emitted by the source. 

The frequency observed by the observer is called the apparent 

frequency. It may be less than or greater than the actual frequency emitted 

by the sound source. The difference depends on the relative motion 

between the source and observer.  

(1) When observer and source are stationary 

(i) Sound waves propagate in the form of spherical wavefronts (shown 
as circles) 

(ii) The distance between 
two successive circles is equal 

to wavelength . 

(iii) Number of waves 
crossing the observer = 
Number of waves emitted by 
the source 

(iv) Thus apparent 

frequency (n') = actual 

frequency (n). 

(2) When source is moving but observer is at rest 

 

 

 

 

 

 

(i) S
1

, S
2

, S
3

 are the positions of the source at three different positions. 

(ii) Waves are represented by non-concentric circles, they appear 
compressed in the forward direction and spread out in backward direction. 

(iii) For observer (X)  

     Apparent wavelength ' < Actual wavelength   

 ' 

O 

Y X 

O 
S 

S1 

S2 

Fig. 17.34 

  

O 
S 

Fig. 17.33 

Known 
Unknown 

A B 

x bps 

Fig. 17.32 
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 Apparent frequency n' > Actual frequency n  

For observer (Y) :  ' nn  '  

(3) When source is stationary but observer is moving 

 

 

 

 

 

 

(i) Waves are again represented by concentric circles. 

(ii) No change in wavelength received by either observer X or Y.  

(iii) Observer X (moving towards) receives wave fronts at shorter 

interval thus .' nn   

(iv) Observer Y receives wavelengths at longer interval thus 

.' nn   

(4) General expression for apparent frequency : Suppose observed (O) 
and source (S) are moving in the same direction along a line with velocities 
v

O

 and v
S

 respectively. Velocity of sound is v and velocity of medium is v
m

 
then apparent frequency observed by observer is given by 

n
vvv

vvv
n

Sm

m














)(

)(
' 0  

 

 

 

 

If medium is stationary i.e. v
m

 = 0 then 


















S

O

vv

vv
nn'  

Sign convection for different situation 

(i) The direction of v is always taken from source to observer. 

(ii) All the velocities in the direction of v are taken positive. 

(iii) All the velocities in the opposite direction of v are taken negative. 

Common Cases in Doppler's Effect 

Case 1 : Source is moving but observer at rest. 

(1) Source is moving towards the observer 

 

 

 

 

 

Apparent frequency 





























SS vv

v
n

vv

v
nn

)(

0
'  

Apparent wavelength 






 


v

vv S'  

(2) Source is moving away from the observer. 

 

 

 

 

 

Apparent frequency 





























SS vv

v
n

vv

v
nn

)(

0
'  

Apparent wavelength 






 


v

vv S'  

Case 2: Source is at rest but observer is moving. 

(1) Observer is moving towards the source. 

 

 

 

 

 

Apparent frequency 






 















v

vv
n

v

vv
nn OO

0

)(
'  

Apparent wavelength  








n

v

v

vv
n

vv

n

vv

O

OO

)(

)(

'

)(
'  

(2) Observer is moving away from the source 

 

 

 

 

Apparent frequency 






 















v

vv
n

v

vv
nn OO

0

)(
'  

Apparent wavelength  '  

Case 3: When source and observer both are moving 

(1) When both are moving towards each other  

 

 

 

 

 

(i) Apparent frequency 


























S

O

S

O

vv

vv
n

vv

vv
nn

)(

)(
'  

(ii) Apparent wavelength 






 


v

vv S'  

(iii) Velocity of wave with respect to observer )( Ovv   

(2) When both are moving away from each other.  

 

 

 

  

O O 

X 
Y 

S 

Fig. 17.35 

O 
S 

vO = 0 

v 

vS 

Negative 

Fig. 17.38 

O S 

vO 

v 

vS 

Negative 
Positive 

Fig. 17.42 

O S 

vO 

v 

vS = 0 

Negative 

Fig. 17.39 

O S 

vO = 0 

v 

vS 

Positive 

Fig. 17.37 

O S 

vO 

v 

vS 

Negative Positive 

Fig. 17.41 

O S 

vO 

v 

vS = 0 

Positive 

Fig. 17.40 

O S 

vO 

v 
vm 

vS 

Fig. 17.36 
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(i) Apparent frequency 


























S

O

S

O

vv

vv
n

vv

vv
nn

)(

)(
'  

 (n' < n) 

(ii) Apparent wavelength 






 


v

vv S'  

 (' > ) 

Velocity of waves with respect to observer = (v – v
O

)  

(3) When source is moving behind observer 

 

 

 

 

 

(i) Apparent frequency 


















S

O

vv

vv
nn'  

(a) If ,SO vv   then nn '  

(b) If SO vv   then nn '  

(c) If SO vv   then nn '  

(ii) Apparent wavelength 






 


v

vv S'  

(iii) Velocity of waves with respect to observer = )( Ovv   

(4) When observer is moving behind the source  

 

 

 

 

 

(i) Apparent frequency 


















)(

)(
'

S

O

vv

vv
nn  

(a) If ,SO vv   then nn '  

(b) If SO vv   then nn '  

(c) If SO vv   then nn '  

(ii) Apparent wavelength 






 


v

vv S'  

(iii) The velocity of waves with respect to observer = )( Ovv   

Case 4: Crossing  

(1) Moving sound source crosses a stationary observer 

 

 

 

 

 

 

 

Apparent frequency before crossing  
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v
n

vv

v
nn
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0
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Apparent frequency  
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v
n
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v
nn
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0
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Ratio of two frequency 1
'
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S
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n
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Change in apparent frequency 
)(

2
''

22
S

S
AfterBefore

vv

vnv
nn


  

If vvS   then 
v

nv
nn S

AfterBefore

2
''   

(2) Moving observer crosses a stationary source 

 

 

 

 

 

 

 

Apparent frequency before crossing  

 






 















v

vv
n

v

vv
nn OO

Before
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Apparent frequency  
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Ratio of two frequency 
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Change in apparent frequency 
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2
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Case 5: Both moves in the same direction with same velocity n' = n, 
i.e. there will be no Doppler effect because relative motion between source 
and listener is zero. 

Case 6: Source and listener moves at right angle to the direction of 
wave propagation. n' = n 

It means there is no change in frequency of sound heard if there is a 

small displacement of source and listener at right angle to the direction of 

wave propagation but for a large displacement the frequency decreases 

because the distance between source of sound and listener increases. 

Some Typical Cases of Doppler's Effect 

(1) Moving car towards wall : When a car is moving towards a 
stationary wall as shown in figure. If the car sounds a horn, wave travels 
toward the wall and is reflected from the wall. When the reflected wave is 

S 

v 

Negative 

v 

vS vS 

vO = 0 
Positive 

Before crossing 
After crossing 

Fig. 17.45 

O S 

vO 

v 

vS 

Negative Negative 

Fig. 17.44 

O S 

vO 

v 

vS 

Positive Positive 

Fig. 17.43 

v 
v 

Before crossing 
After crossing 

vO 
vO 

vS = 0 

S 

O O 

Negative Positive 

Fig. 17.46 
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heard by the driver, it appears to be of relatively high pitch. If we wish to 
measure the frequency of reflected sound then the problem.  

 

 

 

 

 

 

Can be solved in a different manner by using method of sound images. 

In this procedure we assume the image of the sound source behind the 

reflector.  

 

 

 

 

 

 

 

Here we assume that the sound which is reflected by the stationary 

wall is coming from the image of car which is at the back of it and coming 

toward it with velocity v
C

. Now the frequency of sound heard by car driver 

can directly be given as  

 


























C

C

C

C

vv

vv
n

vv

vv
nn

)(

)(
'  

This method of images for solving problems of Doppler effect is very 

convenient but is used only for velocities of source and observer which are 

very small compared to the speed of sound and it should not be used 

frequently when the reflector of sound is moving. 

(2) Moving target : Let a sound source S and observer O are at rest 

(stationary). The frequency of sound emitted by the source is n and velocity 

of waves is v.  

 

 

 

 

 

 

A target is moving towards the source and observer, with a velocity v
T

. 

Our aim is to find out the frequency observed by the observer, for the 
waves reaching it after reflection from the moving target. The formula is 
derived by applying Doppler equations twice, first with the target as 
observer and then with the target as source. 

The frequency n' of the waves reaching surface of the moving target 

(treating it as observer) will be n
v

vv
n T 







 
'  

Now these waves are reflected by the moving target (which now acts 
as a source). Therefore the apparent frequency, for the real observer O will 

be ''' n
vv

v
n

T
   n

vv

vv
n

T

T




''  

(i) If the target is moving away from the observer, then  

 n
vv

vv
n

T

T




'  

(ii) If target velocity is much less than the speed of sound, ),( vvT   

then ,
2

1' n
v

v
n T









  for approaching target 

and ,
2

1' n
v

v
n T









  for receding target 

(3) Transverse Doppler's effect  

(i) If a source is moving in a direction making an angle  w.r.t. the 

observer  

 

 

 

 

 

 

 

 

The apparent frequency heard by observer O at rest 

At point A : 
cosSvv

nv
n


  

As source moves along AB, value of  increases, cos decreases, 

n goes on decreasing. 

At point C : o90 , 090coscos  o , nn  . 

At point B : the apparent frequency of sound becomes  

 
cossvv

nv
n


  

(ii) When two cars are moving on perpendicular roads : When car-1 

sounds a horn of frequency n, the apparent frequency of sound heard by 

car-2 can be given as 













11

22

cos

cos
'





vv

vv
nn  

 

 

 

 

 

 

 

 

 

 

 
 

(4) Rotating source/observer : Suppose that a source of 

sound/observer is rotating in a circle of radius r with angular velocity  

(Linear velocity v
S

 = r) 

S 

O 

Source and observer are 

at rest 

Moving target 

vT 

Fig. 17.49 

vS 

vS   

vS cos  

vS cos  

90° 

C 
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O 

Fig. 17.50 
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Fig. 17.51 
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(i) When source is rotating  

(a) Towards the observer heard frequency will be maximum  

i.e.  
Svv

nv
n


max  

(b) Away from the 
observer heard frequency will 
be minimum 

and 
Svv

nv
n


min  

(c) Ratio of maximum 
and minimum frequency  

   
S

S

vv

vv

n

n






min

max  

(ii) When observer is rotating  

(a) Towards the source heard frequency will be maximum  

i.e. 
Svv

nv
n


max  

(b) Away from the 
source heard frequency will 
be minimum 

and 
Svv

nv
n


min  

(c) Ratio of maximum and minimum frequency  

 
S

S

vv

vv

n

n






min

max  

(iii) Observer is situated at the centre of circle : There will be no 

change in frequency of sound 

heard, if the source is situated at 

the centre of the circle along 

which listener is moving.. 

 

(5) SONAR : Sonar means 

Sound Navigation and Ranging. 

(i) Ultrasonic waves are used to detect the presence of big rocks, 

submarines etc in the sea.  

(ii) The waves emitted by a source are reflected by the target and 

received back at the SONAR station.  

(iii) If v is velocity of sound waves in water and v
sub

 is velocity of target 

(submarine), the apparent frequency of reflected waves will be 

n
v

v
n sub 










2
1'  

+ sign is for target approaching the receiver and – sign for target 

moving away.  

Conditions for No Doppler's Effect 

(1) When source (S) and listener (L) both are at rest. 

(2) When medium alone is moving. 

(3) When S and L move in such a way that distance between S and L 
remains constant. 

(4) When source S and listener L, are moving in mutually 

perpendicular directions. 

(5) If the velocity of source and listener is equal to or greater than the 
sound velocity then Doppler effect is not seen. 

Musical Sound 

 

 

 

 

 

 

A musical sound consist of a series of harmonic waves following each 

other rapidly at regular interval of time without a sudden change in 

amplitude. 

(1) Noise : A noise consists of a series of waves following each other at 

irregular intervals of time with sudden changes in amplitude. 

(2) Pitch : The pitch of a sound is the characteristic which 
distinguishes between a shrill (or sharp) sound and a grave (or flat) sound. 

(i) A sound of high pitch is said to be shrill and it's frequency is 
high. 

(ii) A sound of low pitch is said to be grave and it's frequency is low. 

(iii) The pitch of female voice is higher than the pitch of male voice. 

(iv) The pitch of sound produced by roaring of lion is lower where as 
the pitch of sound produced by mosquito whisper is high. 

(3) Quality (or timbre) : A musical instrument vibrates with many 
frequencies at the same time. The quality of any musical sound is 
determined by the number of overtones and their relative intensities.  

(i) The quality of sound enables us to distinguish between two sounds 
having same intensity and pitch.  

(ii) The sounds of different instruments (such as Tabla and Mridang) 

are said to differ in quality. 

(iii) Due to quality of sound one can recognise the voice of his friend 

without seeing him.  

(4) Loudness : Characteristic of sound, on account of which the sound 

appears to be intense or slow. 

(i) The loudness that we sense is related to the intensity of sound 
though it is not directly proportional  

(ii) The loudness depends on intensity as well as upon the 
sensitiveness of ear. 

(iii) Our perception of loudness is better co–related with the sound 

level measured in decible (dB) and defined as follows 














0

10log10
I

I
 ; 

where I
0

 = The minimum intensity that can be heard called threshold of 
hearing = 10–12 W/m2 at 1 KHz. 

(iv) At the threshold of hearing  = 0. At the threshold of pain 

.120
10

1
log10

210 dB


  

(v) When the intensity doubles, the intensity level changes by 3 dB. 

(vi) When the intensity increases 10 times the level increases by 10 dB. 

Table 17.8 ; Different sound intensity level 
 

Source of sound dB 

vO 

vO 

 

r 

S 

v 
Fig. 17.53 

vS 

vS 

 

r 

O 

v 

Fig. 17.52 

 
Fig. 17.54 
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Rustling leaves 10 

Whisper 20 

Quiet room 30 

Normal level of speech (inside) 30 

Street traffic (inside car) 65 

Riveting tool 80 

Thunder 100 

Indoor rock concert 120 
 

Interval : The ratio of the frequencies of the two notes is called the 

interval between them e.g. interval between two notes of frequencies 256 

Hz and 512 Hz is 1 : 2. 

Table 17.9 ; Different interval 
 

Name of interval Frequency ratio 

Unison 1 : 1 

Octave 2 : 1 

Major tone 9 : 8 

Minor tone 10 : 9 

Semi tone 16 : 15 

 

Musical scale : It consists of a series of notes of successively increasing 

frequency, having constant intervals. The note of the lowest frequency is 
called the key note. 

These are many kinds of musical scales. The most commonly used 

scale is called major diatonic scale. It is formed by introducing six more 
notes between a given note and it's octave, so that these are eight notes in 
all.  

Table 17.10 : Major diatonic scale 

Symbol Indian 

name  

Western 

name  

Frequency in the 

base of 256 Hz  

Interval 

between 

successive 

notes 

C SA DO 256 
 

9/8 

10/9 

16/15 

9/8 

10/9 

9/8 

16/15 

D RE RE 288 

E GA MI 320 

F MA FA 341 

G PA SOL 384 

A DHA LA 427 

B Ni SI 480 

C1 SA DO 512 

 

Accoustics of Buildings 

Accounstics is the branch of physics that deals with the generation, 
propagation and reception of sound.  

W.C. Sabine was the first to carry out the scientific study of 

architectural acoustics by laying down following rules. 

The sound must be loud enough. 

The quality of sound must be unaltered. 

The successive sounds of speech or music must remain distinct. 

These should not be unnecessary interference or resonance of sound in 
the auditorium. 

These should be no echoes in the auditorium.  

(1) Reverberation : Phenomenon of persistence or prolongation of 

sound in the auditorium is called reverberation. 

(2) Reverberation time : The time gap between the initial direct note 

and the reflected note upto the minimum audibility level is called 

reverberation time. 

(3) Sabine law : Sabine derived an expression of the reverberation time 

which is 
S

V
Kt


. ; where K is constant, V = Volume of the hall, S = 

Surface area exposed to the sound  =Co-efficient of absorption.  

(4) Controlling the reverberation time : It may be controlled as follows 

: 

By hanging heavy curtains on the doors. 

By having few open windows in the hall. 

By having large audience. 

By using absorbing materials in the walls and roofs of the hall. 

 

 

 

 

 

 In an open pipe all harmonics are present whereas in a closed 

organ pipe, only alternate harmonics of frequencies ,.....5,3, 111 nnn  

etc. are present.  

The harmonics of frequencies 

 ....6,4,2 111 nnn  are missing.  

Hence musical sound produces  

by an open organ pipe is  

sweeter than that produced by 

 a closed organ pipe. 

 If an open pipe is half submerged in water, it will become a closed 
organ pipe of length half that of a open pipe. It's fundamental frequency 

will become 1
2

2
4

n
l

v

l

v
n 









  i.e., equal to that of open pipe. 

i.e., frequency remains unchanged. 

 Vibrating clamped rod : Frequency of vibration of clamped rod are 
same as that of organ pipes  

Middle clamping : Similar to open organ pipe  

      

 

 
 

 
l

v
n

2
1    12 2nn    13 3nn   

End clamping : Similar to closed organ pipe  

 

 

 
 

 
l

v
n

4
1             12 2nn    13 3nn   

 Sound produced in air is not heard by the diver deep inside the 

water because most of the sound is reflected from the surface of water 

N 

A A 

l 

N A 

l 
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in comparison to the refraction. 

 If the difference between the apparent frequency of a source of 

sound as perceived by an observer during it's approach and recession is 

x% of the natural frequency of source then speed of x
v

vs
200

sound       

)( 22
svv   

 In a Tabla, the membrane is loaded about the centre why? a note is 

musical when it is rich  

in harmonics and not partial  

overtones. Ordinarily a stretched 

membrane vibrates with such  

overtones. But when the stretched 

membrane is loaded at the centre, its overtones become nearly 

harmonics, so it's sound becomes fairly musical. 

 All harmonics are overtones but all overtones are not harmonics. 

 Stethoscope work on the principle of reflection of sound. 

 Ultrasonic waves can be produced by utilizing piezoelectric effect. 

 There is no atmosphere on moon, therefore propagation of sound 

is not possible there. To do conversation on moon, the astronaut uses an 

instrument which can transmit and detect electromagnetic waves. 

 Doppler effect gives information regarding the change in frequency 

only. It does not says about intensity of sound. 

 Doppler effect in sound is asymmetric but in light it is symmetric. 

 If three tuning forks of frequencies n, n + x and n + 2x are sounded 

together to produce waves of equal amplitude these three wave produces 

beats with beat frequency = x beats/sec  

 

 

 

 

 If N tuning forks are so arranged that every fork gives x beats per 

sec with the next then the frequency of last fork will be  

 n
Last

 = n
First

 + (N – 1) x  

 

 

 

 

 

 If a vibrating tuning fork is rotated about it’s stem, maximum and 
minimum number of beats heard by an observer in one revolution of 
tuning fork are 4. 

 

 

 

 

 

 

 

 The tuning of radio receiving set to a particular station is based on 
forced vibration. 

 Two avoid resonant vibration of the bridge, soldiers are orderd to 

break steps while crossing a bridge. 

 Confusion : So many students often confuse whether the equation 
of a plan progressive wave should be  

 y = a sin ( t – kx) or y = a sin (kx –  t) 

Both the equations represent a travelling wave but these two are not 

same. These waves are differ by a phae difference of . 

 Audibility of sound in day/night : During the day temperature of air 
is maximum and it dimnished upwards. Therefore velocity of sound is 

also decreases upwards ( Tv  ). The plane wavefronts, initially 

vertical are turned, upwards so sound rays curl up during the day. At 
night the conditions are reversed hence audibility of sound is better in 
night as compare to day. 

 

 

 

 
 

 

 
 
 
 
 

 

Basics of Mechanical Waves 
 

1. Which of the following statements is wrong  

[NCERT 1976, 79] 

 (a) Sound travels in straight line 

 (b) Sound is a form of energy 

 (c) Sound travels in the form of waves 

 (d) Sound travels faster in vacuum than in air 

2. The relation between frequency ‘n’ wavelength ‘’ and velocity of 
propagation ‘v’ of wave is 

   [EAMCET 1979; CPMT 1976, 85] 

 (a) vn   (b) vn /  

 (c) /vn   (d) vn /1  

n n + x n + 2x 

1 2 3 N 

nFirst nLast 

Max. 

Max. 

Max. 

Max. 

Min. Min. 

Min. Min. 

Sound rays 

Wavefront 

Sound rays 

Day 

Wavefront 

Night 
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3. Ultrasonic, Infrasonic and audible waves travel through a medium 

with speeds iu VV ,  and aV  respectively, then  

[CPMT 1989] 

 (a) iu VV ,  and aV  are nearly equal  

 (b) iau VVV    

 (c) iau VVV     

 (d) ua VV   and iu VV   

4. The distance between two consecutive crests in a wave train 
produced in a string is 5 cm. If 2 complete waves pass through any 
point per second, the velocity of the wave is 

[CPMT 1990] 

 (a) 10 cm/sec (b) 2.5 cm/sec 

 (c) 5 cm/sec (d) 15 cm/sec 

5.  A tuning fork makes 256 vibrations per second in air. When the 

velocity of sound is 330 m/s, then wavelength of the tone emitted is  [KCET 1994; AFMC 1998;  

 MH CET 1999; CBSE PMT 1999] 

 (a) 0.56 m (b) 0.89 m 

 (c) 1.11 m (d) 1.29 m 

6. A man sets his watch by a whistle that is 2 km away. How much will 
his watch be in error. (speed of sound in air 330 m/sec)   [MP PET 1991] 

 (a) 3 seconds fast (b) 3 seconds slow 

 (c) 6 seconds fast (d) 6 seconds slow 

7. When a sound wave of frequency 300 Hz passes through  a medium 
the maximum displacement  of a particle of the medium is 0.1 cm. 
The maximum velocity of the particle is equal to [MNR 1992; UPSEAT 1998, 2000;  

RPMT 2002; Pb. PET 2004] 

 (a) 60  cm/sec (b) 30  cm/sec 

 (c) 30 cm/sec (d) 60 cm/sec 

8. Sound waves have the following frequencies that  are audible to 

human beings   [CPMT 1975] 

 (a) 5 c/s (b) 27000 c/s 

 (c) 5000 c/s (d) 50,000 c/s 

9. Velocity of sound waves in air is 330 m/sec. For a particular sound 
in air, a path difference of 40 cm is equivalent to a phase difference 

of 1.6 . The frequency of this wave is 

[CBSE PMT 1990] 

 (a) 165 Hz (b) 150 Hz 

 (c) 660 Hz (d) 330 Hz 

10. The wavelength of ultrasonic waves in air is of the order of 

[EAMCET 1989] 

 (a) cm5105   (b) cm8105   

 (c) cm5105  (d) cm8105  

11. The relation between phase difference () and path difference (x) 
is  [MNR 1995; UPSEAT 1999, 2000] 

 (a) x





2
 (b) x  2  

 (c) 
x





2

 (d) 



x


2

 

12. A hospital uses an ultrasonic scanner to locate tumours in a tissue. 
The operating frequency of the scanner is 4.2 MHz. The speed of 
sound in a tissue is 1.7 km-s–1. The wavelength of sound in the tissue 
is close to 

[CBSE PMT 1995] 

 (a) m4104   (b) m3108   

 (c) m3104   (d) m4108   

13. The minimum audible wavelength at room temperature is about   [AFMC 1996] 

 (a) 0.2 Å (b) 5 Å 

 (c) 5 cm to 2 metre (d) 20 mm 

14. The ratio of the speed of sound in nitrogen gas to that in helium 
gas, at 300 K is   [IIT 1999] 

 (a) 7/2  (b) 7/1  

 (c) 5/3  (d) 5/6  

15. In a sinusoidal wave, the time required for a particular point to 
move from maximum displacement to zero displacement is 0.170 
second. The frequency of the wave is  

[CBSE PMT 1998; AIIMS 2001;  

AFMC 2002; CPMT 2004] 

 (a) 1.47 Hz (b) 0.36 Hz 

 (c) 0.73 Hz (d) 2.94 Hz 

16. The number of waves contained in unit length of the medium is 
called   [AIIMS 1998] 

 (a) Elastic wave (b) Wave number 

 (c) Wave pulse (d) Electromagnetic wave 

17. The frequency of a rod is 200 Hz. If the velocity of sound in air is 
1340 ms , the wavelength of the sound produced is 

[EAMCET (Med.) 1995;  

   Pb. PMT 1999; CPMT 2000] 

 (a) 1.7 cm (b) 6.8 cm 

 (c) 1.7 m (d) 6.8 m 

18.  Frequency range of the audible sounds is 

   [EAMCET (Med.) 1995; RPMT 1997] 

 (a) 0 Hz – 30 Hz (b) 20 Hz – 20 kHz 

 (c) 20 kHz – 20,000 kHz (d) 20 kHz – 20 MHz 

19. In a medium sound travels 2 km in 3 sec and in air, it travels 3 km 

in 10 sec. The ratio of the wavelengths of sound in the two media is   [NTSE 1995] 

 (a) 1 : 8 (b) 1 : 18 

 (c) 8 : 1 (d) 20 : 9 

20. A stone is dropped into a lake from a tower 500 metre high. The 
sound of the splash will be heard by the man approximately after[CPMT 1992; JIPMER 2001, 02;  

Kerala PMT 2005] 

 (a) 11.5 seconds (b) 21 seconds 

 (c) 10 seconds (d) 14 seconds 

21. When sound waves travel from air to water, which of the following 

remains constant 

   [AFMC 1993; DCE 1999; CPMT 2004] 

 (a) Velocity (b) Frequency 

 (c) Wavelength (d) All the above 

22. A stone is dropped in a well which is 19.6m deep. Echo sound is 

heard after 2.06 sec (after dropping) then the velocity of sound is    [RPMT 1999] 
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 (a) 332.6 m/sec (b) 326.7 m/sec 

 (c) 300.4 m/sec (d) 290.5 m/sec 

23. At what temperature velocity of sound is double than that of at 0°C   [RPMT 1999] 

 (a) 819 K (b) 819°C 

 (c) 600°C (d) 600 K  

24. Velocity of sound is maximum in  

   [AFMC 1998; BCECE 2001; RPMT 1999, 02] 

 (a) Air (b) Water 

 (c) Vacuum  (d) Steel 

25. If velocity of sound in a gas is 360 m/s and the distance between a 

compression and the nearest rarefaction is 1m, then the frequency of 

sound is  [KCET 1999] 

(a) 90 Hz (b) 180 Hz 

(c) 360 Hz (d) 720 Hz 

26. If the density of oxygen is 16 times that of hydrogen, what will be 
the ratio of their corresponding velocities of sound waves [KCET 1999] 

(a) 1 : 4 (b) 4 : 1 

(c) 16 : 1 (d) 1 : 16 

27. At which temperature the speed of sound in hydrogen will be same 

as that of speed of sound in oxygen at 100oC 

[UPSEAT 1999] 

(a) – 148oC (b) – 212.5oC 

(c) – 317.5oC (d) – 249.7oC 

28. A tuning fork produces waves in a medium. If the temperature of 
the medium changes, then which of the following will change[EAMCET (Med.) 1998;  

Pb. PMT 1999; MH CET 2001] 

(a) Amplitude  (b) Frequency 

(c) Wavelength (d) Time-period 

29. The wave length of light in visible part )( V  and for sound )( S  

are related as    [RPMT 1999] 

(a) SV    (b) VS    

(c) VS    (d) None of these 

30. Which of the following is different from others 

[AFMC 1994; CPMT 1999; Pb. PMT 2004] 

(a) Velocity (b) Wavelength 

(c) Frequency (d) Amplitude 

31. The phase difference between two points separated by 1m in a wave 

of frequency 120 Hz is o90 . The wave velocity is 

[KCET 1999] 

(a) 180 m/s (b) 240 m/s 

(c) 480 m/s (d) 720 m/s 

32. The echo of a gun shot is heard 8 sec. after the gun is fired. How 

far from him is the surface that reflects the sound (velocity of sound 
in air = 350 m/s) [JIPMER 1999] 

(a) 1400 m (b) 2800 m 

(c) 700 m (d) 350 m 

33. A man sets his watch by the sound of a siren placed at a distance 1 
km away. If the velocity of sound is 330 m/s  

[JIPMER 1999] 

(a) His watch is set 3 sec. faster 

(b) His watch is set 3 sec. slower  

(c) His watch is set correctly 

(d) None of the above 

34. Velocity of sound in air is  

[Pb. PMT 1999; UPSEAT 2000] 

(a) Faster in dry air than in moist air  

(b) Directly proportional to pressure  

(c) Directly proportional to temperature 

(d) Independent of pressure of air   

35. Two monoatomic ideal gases 1 and 2 of molecular masses m
1

 and m
2

 

respectively are enclosed in separate containers kept at the same 
temperature. The ratio of the speed of sound in gas 1 to that in gas 
2 is given by  

[IIT-JEE Screening 2000] 

(a) 
2

1

m

m
 (b) 

1

2

m

m
 

(c) 
2

1

m

m
 (d) 

1

2

m

m
 

36. A man is standing between two parallel cliffs and fires a gun. If he 
hears first and second echoes after 1.5 s and 3.5s respectively, the 
distance between the cliffs is (Velocity of sound in air = 340 ms–1) 

[EAMCET (Med.) 2000] 

(a) 1190 m (b) 850 m 

(c) 595 m (d) 510 m 

37. When the temperature of an ideal gas is increased by 600 K, the 

velocity of sound in the gas becomes 3  times the initial velocity 

in it. The initial temperature of the gas is 

[EAMCET (Med.) 2000] 

(a) Co73  (b) Co27  

(c) Co127  (d) Co327  

38. The frequency of a sound wave is n and its velocity is v. If the 

frequency is increased to ,4n  the velocity of the wave will be    [MP PET 2000] 

(a) v (b) v2  

(c) v4  (d) 4/v  

39. The temperature at which the speed of sound in air becomes double 

of its value at Co27  is  

[CPMT 1997; UPSEAT 2000; DPMT 2003] 

(a) Co54  (b) Co327  

(c) Co927  (d) Co123  

40. The speed of a wave in a certain medium is 960 m/s. If 3600 waves 

pass over a certain point of the medium in 1 minute, the wavelength 
is   [MP PMT 2000] 

(a) 2 metres (b) 4 metres 

(c) 8 metres (d) 16 metres 

41. Speed of sound at constant temperature depends on  

[RPET 2000; AIIMS 1998] 

(a) Pressure (b) Density of gas 

(c) Above both (d) None of the above 
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42. A man standing on a cliff claps his hand hears its echo after 1 sec. If 
sound is reflected from another mountain and velocity of sound in 
air is 340 m/sec. Then the distance between the man and reflection 
point is  [RPET 2000] 

(a) 680 m (b) 340 m 

(c) 85 m (d) 170 m 

43. What will be the wave velocity, if the radar gives 54 waves per min 

and wavelength of the given wave is 10 m 

    [RPET 2000] 

(a) 4 m/sec (b) 6 m/sec 

(c) 9 m/sec (d) 5 m/sec 

44. Sound velocity is maximum in 

[Pb. CET 2000; RPMT 2000] 

(a) 2H  (b) 2N  

(c) He  (d) 2O  

45. The minimum distance of reflector surface from the source for 

listening the echo of sound is  

[CPMT 1997; RPMT 1999; KCET 2000] 

(a) 28 m (b) 18 m 

(c) 19 m (d) 16.5 m 

46. The type of waves that can be propagated through solid is  

[CPMT 2000] 

(a) Transverse  (b) Longitudinal  

(c) Both (a) and (b) (d) None of these 

47. A man stands in front of a hillock and fires a gun. He hears an echo 

after 1.5 sec. The distance of the hillock from the man is (velocity of 
sound in air is 330 m/s) 

[EAMCET (Eng.) 1998; CPMT 2000] 

(a) 220 m (b) 247.5 m 

(c) 268.5 m (d) 292.5 m 

48. Velocity of sound in air 

I. Increases with temperature 

II.  Decreases with temperature 

III. Increase with pressure 

IV. Is independent of pressure 

V. Is independent of temperature 

Choose the correct answer. [Kerala (Engg.) 2001] 

(a) Only I and II are true (b) Only I and III are true 

 (c) Only II and III are true  (d) Only I and IV are true  

49. The speed of a wave in a medium is 760 m/s. If 3600 waves are 

passing through a point, in the medium in 2 minutes, then its 

wavelength is  [AFMC 1998; CPMT 2001] 

(a) 13.8 m (b) 25.3 m 

 (c) 41.5 m (d) 57.2 m 

50. If at same temperature and pressure, the densities for two diatomic 

gases are respectively 1d  and 2d , then the ratio of velocities of 

sound in these gases will be  

[CPMT 2001] 

(a) 
1

2

d

d
 (b) 

2

1

d

d
 

 (c) 21dd  (d) 21dd  

51. The frequency of a tunning fork is 384 per second and velocity of 
sound in air is 352 m/s. How far the sound has traversed while fork 

completes 36 vibration  

[KCET 2001] 

(a) 3 m (b) 13 m 

 (c) 23 m (d) 33 m 

52. 1v  and 2v  are the velocities of sound at the same temperature in 

two monoatomic gases of densities 1  and 2  respectively. If 

4

1
/ 21   then the ratio of velocities 1v  and 2v  will be  [KCET  2000; AIIMS 2002; AFMC 2002] 

(a) 1 : 2 (b) 4 : 1 

 (c) 2 : 1 (d) 1 : 4 

53. The temperature at which the speed of sound in air becomes double 

of its value at Co0  is [AIEEE 2002] 

(a) 273K (b) 546K  

 (c) 1092K (d) 0K  

54. If wavelength of a wave is .6000Å  Then wave number will be 
   [MH CET 2002] 

(a) 310166  m–1  (b) 1106.16   m–1 

 (c) 61066.1   m–1 (d) 71066.1   m–1 

55. Velocity of sound measured in hydrogen and oxygen gas at a given 
temperature will be in the ratio  

[RPET 2001; UPSEAT 2001; KCET 2002, 05] 

(a) 1 : 4 (b) 4 : 1 

 (c) 2 : 1 (d) 1 : 1 

56. Find the frequency of minimum distance between compression & 
rarefaction of a wire. If the length of the wire is 1m & velocity of 
sound in air is 360 m/s [CPMT 2003] 

(a) 90 sec–1 (b) 180s–1 

 (c) 120 sec–1 (d) 360 sec–1  

57. The velocity of sound is v
s

 in air. If the density of air is increased to 
4 times, then the new velocity of sound will be 

    [BHU 2003] 

(a) 
2

sv
 (b) 

12

sv
 

 (c) sv12  (d) 2

2

3
sv  

58. It takes 2.0 seconds for a sound wave to travel between two fixed 

points when the day temperature is o10 C. If the temperature rise 

to o30 C the sound wave travels between the same fixed parts in [Orissa JEE 2003] 

(a) 1.9 sec (b) 2.0 sec 

 (c) 2.1 sec (d) 2.2 sec 

59. If v
m

 is the velocity of sound in moist air, v
d

 is the velocity of sound 
in dry  air, under identical conditions of pressure and temperature [KCET 2002, 03] 

(a) v
m

 > v
d

 (b) v
m

 < v
d

  

 (c) v
m

 = v
d

 (d) v
m

v
d

 = 1 
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60. A man, standing between two cliffs, claps his hands and starts 
hearing a series of echoes at intervals of one second. If the speed of 
sound in air is 340 ms-1, the distance between the cliffs is   [KCET 2004] 

(a) 340 m (b) 1620 m 

(c) 680 m (d) 1700 m 

61. A source of sound of frequency 600 Hz is placed inside water. The 
speed of sound in water is 1500 m/s and in air is 300 m/s. The 
frequency of sound recorded by an observer who is standing in air is   [IIT-JEE Screening 2004] 

(a) 200 Hz (b) 3000 Hz 

(c) 120 Hz (d) 600 Hz 

62. If the temperature of the atmosphere is increased the following 

character of the sound wave is effected 

     [AFMC 2004] 

 (a) Amplitude (b) Frequency  

 (c) Velocity (d) Wavelength 

63. An underwater sonar source operating at a frequency of 60 KHz 
directs its beam towards the surface. If the velocity of sound in air is 
330 m/s, the wavelength and frequency of waves in air are:   [DPMT 2004] 

(a) 5.5 mm, 60 KHz (b) 330 m, 60 KHz 

(c) 5.5 mm, 20 KHz (d) 5.5 mm, 80 KHz 

64. Two sound waves having a phase difference of 60° have path 

difference of  [CBSE PMT 1996; AIIMS 2001] 

 (a) 2 (b) /2 

 (c) /6 (d) /3 

65. It is possible to distinguish between the transverse and longitudinal 
waves by studying the property of  

[CPMT 1976; EAMCET 1994] 

 (a) Interference (b) Diffraction 

 (c) Reflection (d) Polarisation 

66. Water waves are [EAMCET 1979; AIIMS 2004] 

 (a) Longitudinal   

 (b) Transverse  

 (c) Both longitudinal and transverse 

 (d) Neither longitudinal nor transverse 

67. Sound travels in rocks in the form of 

     [NCERT 1968] 

 (a) Longitudinal elastic waves only  

 (b) Transverse elastic waves only  

 (c) Both longitudinal and transverse elastic waves 

 (d) Non-elastic waves 

68. The waves in which the particles of the medium vibrate in a 
direction perpendicular to the direction of wave motion is known as 

[EAMCT 1981; AIIMS 1998; DPMT 2000] 

 (a) Transverse wave (b) Longitudinal waves 

 (c) Propagated waves (d) None of these  

69. A medium can carry a longitudinal wave because it has the property 

of    [KCET 1994] 

 (a) Mass (b) Density  

 (c) Compressibility (d) Elasticity 

70. Which of the following is the longitudinal wave 

[AFMC 1997] 

 (a) Sound waves (b) Waves on plucked string 

 (c) Water waves (d) Light waves 

71. The nature of sound waves in gases is  

 [RPMT 1999; RPET 2000; J & K CET 2004] 

(a) Transverse (b) Longitudinal  

(c) Stationary (d) Electromagnetic 

72. Transverse waves can propagate in  

[CPMT 1984; KCET 2000; RPET 2001] 

(a) Liquids (b) Solids 

(c) Gases (d) None of these 

73. Sound waves in air are [RPET 2000; AFMC 2001] 

(a) Transverse (b) Longitudinal 

(c) De-Broglie waves (d) All the above 

74. Which of the following is not the transverse wave 

  [AFMC 1999; BHU 2001] 

(a) X-rays (b)  -rays 

 (c) Visible light wave (d) Sound wave in a gas 

75. What is the phase difference between two successive crests in the 
wave [RPMT 2001, 02; MH CET 2004] 

(a)  (b) /2 

 (c) 2 (d) 4 

76. A wave of frequency 500 Hz has velocity 360 m/sec. The distance 
between two nearest points 60° out of phase, is  

[NCERT 1979; MP PET 1989; JIPMER 1997;  

RPMT 2002, 03; CPMT 1979, 90, 2003; BCECE 2005] 

 (a) 0.6 cm (b) 12 cm 

 (c) 60 cm (d) 120 cm 

77. The following phenomenon cannot be observed for sound waves[NCERT 1982; CPMT 1985, 97;  

AFMC 2002; RPMT 2003] 

 (a) Refraction (b) Interference 

 (c) Diffraction (d) Polarisation 

78. When an aeroplane attains a speed higher than the velocity of sound 
in air, a loud bang is heard. This is because 

[NCERT 1972; J & K CET 2002] 

 (a) It explodes 

 (b) It produces a shock wave which is received as the bang 

 (c) Its wings vibrate so violently that the bang is heard 

 (d) The normal engine noises undergo a Doppler shift to generate 
the bang 

79. Ultrasonic waves are those waves [CPMT 1979] 

 (a) To which man can hear (b) Man can't hear 

(c) Are of high velocity (d) Of high amplitude 

80. A big explosion on the moon cannot be heard on the earth because   [CPMT 1972; AFMC 2005] 

(a) The explosion produces high frequency sound waves which are 
inaudible 

(b) Sound waves required a material medium for propagation 

(c) Sound waves are absorbed in the moon's atmosphere 

(d) Sound waves are absorbed in the  earth's atmosphere 

81. Sound waves of wavelength greater than that of audible sound are 
called  [KCET 1999] 

(a) Seismic waves  (b) Sonic waves 

(c) Ultrasonic waves (d) Infrasonic waves 
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82. ‘SONAR’ emits which of the following waves 

[AIIMS 1999] 

(a) Radio waves (b) Ultrasonic waves 

(c) Light waves (d) Magnetic waves 

83. Which of the following do not require medium for transmission   [RPMT 2000] 

(a) Cathode ray (b) Electromagnetic wave 

(c) Sound wave  (d) None of the above  

84. Consider the following 

I. Waves created on the surfaces of a water pond by a vibrating 
sources. 

II. Wave created by an oscillating electric field in air. 

III. Sound waves travelling under water. 

Which of these can be polarized  [AMU 2001] 

(a) I and II (b) II only  

(c) II and III (d) I, II and III 

85. Mechanical waves on the surface of a liquid are 

[SCRA 1996] 

 (a) Transverse  

 (b) Longitudinal 

 (c) Torsional 

 (d) Both transverse and longitudinal 

86. The ratio of densities of nitrogen and oxygen is 14:16. The 
temperature at which the speed of sound in nitrogen will be same at 
that in oxygen at 55oC is 

[EAMCET (Engg.) 1999] 

 (a) 35°C  (b) 48°C  

 (c) 65°C (d) 14°C  

87. The intensity of sound increases at night due to  

[CPMT 2000] 

 (a) Increase in density of air (b) Decreases in density of air 

 (c) Low temperature  (d) None of these   

88. A wavelength 0.60 cm is produced in air and it travels at a speed of 

300 ms–1. It will be an  [UPSEAT 2000] 

 (a) Audible wave  (b) Infrasonic wave  

 (c) Ultrasonic wave  (d) None of the above  

89. Speed of sound in mercury at a certain temperature is 1450 m/s. 

Given the density of mercury as 13.6   103 kg / m3, the bulk modulus 

for mercury is  [JIPMER 2000] 

 (a) 2.86 1010 N/m3  (b) 3.86 1010 N/m3 

 (c) 4.86 1010 N/m3 (d) 5.86 1010 N/m3 

90. A micro-wave and an ultrasonic sound wave have the same 

wavelength. Their frequencies are in the ratio (approximately)    [Kerala (Engg.) 2002] 

 (a) 106 : 1 (b) 104 : 1 

 (c) 102 : 1 (d) 10 : 1 

91. A point source emits sound equally in all directions in a non-
absorbing medium, Two points P and Q are at distance of 2m and 
3m respectively from the source. The ratio of the intensities of the 
waves at P and Q is [CBSE PMT 2005] 

 (a) 9 : 4 (b) 2 : 3 

 (c) 3 : 2 (d)  4 : 9 

92. A wave has velocity u in medium P and velocity 2u in medium Q. If 
the wave is incident in medium P at an angle of 30° then the angle 
of refraction will be [J & K CET 2005] 

 (a) 30° (b) 45° 

 (c) 60° (d)  90° 

93. An observer standing near the sea shore observes 54 waves per 

minute. If the wavelength of the water wave is 10m then the velocity 
of water wave is  [Kerala (Engg.) 2005] 

 (a) 540 ms-1 (b) 5.4 ms-1 

 (c) 0.184 ms-1 (d)  9 ms-1  

94. Ultrasonic signal sent from SONAR returns to it after reflection 
from a rock after a lapse of 1 sec. If the velocity of ultrasound in 
water is 1600 ms–1, the depth of the rock in water is    [JIPMER 2000] 

 (a) 300 m (b) 400 m 

(c) 500 m (d) 800 m 
 

Progressive Waves 
 

1. The equation of a wave is )2005.0(sin2 txy   , where x and 

y are expressed in cm and t in sec. The wave velocity is 

[MP PMT 1986] 

 (a) 100 cm/sec (b) 200 cm/sec  

 (c) 300 cm/sec (d) 400 cm/sec 

2. Equation of a progressive wave is given by  











6
02.04.0cos2.0


 xty  

 The distance is expressed in cm and time in second. What will be 
the minimum distance between two particles having the phase 

difference of /2 

 (a) 4 cm (b) 8 cm 

 (c) 25 cm (d) 12.5 cm 

3. A travelling wave passes a point of observation. At this point, the 
time interval between successive crests is 0.2 seconds and   [MP PMT 1990] 

 (a) The wavelength is 5 m 

 (b) The frequency is 5 Hz 

 (c) The velocity of propagation is 5 m/s 

 (d) The wavelength is 0.2 m 

4. The equation of a transverse wave is given by  

         )201.0(sin10 txy    

 where x  and y are in cm and t is in second. Its frequency is 

   [MP PET 1990; MNR 1986; RPET 2003] 

 (a) 1sec10   (b) 1sec2   

 (c) 1sec1   (d) 1sec01.0   

5. At a moment in a progressive wave, the phase of a particle executing 

S.H.M. is 
3


. Then the phase of the particle 15 cm ahead and at the 

time 
2

T
 will be, if the wavelength is 60 cm 

 (a) 
2


 (b) 

3

2
 

 (c) Zero (d) 
6

5
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6. The equation of a wave travelling on a string is 











8
8

2
sin4

x
ty


. If x and y are in cm, then velocity of wave 

is   [MP PET 1990] 

 (a) 64 cm/sec in – x direction  

 (b) 32 cm/sec in – x direction 

 (c) 32 cm/sec in + x direction 

 (d) 64 cm/sec in + x direction 

7. The equation of a progressive wave is given by  

  )4.31628sin( xtay   

 If the distances are expressed in cms and time in seconds, then the 
wave velocity will be   [DPMT 1999] 

 (a) 314 cm/sec (b) 628 cm/sec 

 (c) 20 cm/sec (d) 400 cm/sec 

8. Two waves are given by  )sin(1 kxtay    and  

)cos(2 kxtay    The phase difference between the two waves 

is [MP PMT 1993; SCRA 1996; CET 1998;  

EAMCET 1991; Orissa JEE 2002] 

 (a) 
4


 (b)  

 (c) 
8


 (d) 

2


  

9. If amplitude of waves at distance r from a point source is A, the 
amplitude at a distance 2r will be 

     [MP PMT 1985] 

 (a) 2A (b) A 

 (c) A/2 (d) A/4 

10. The relation between time and displacement for two particles is 
given by 

 )04.0(2sin06.0 11   ty , )04.1(2sin03.0 22   ty  

 The ratio of the intensity of the waves produced by the vibrations of 
the two particles will be [MP PMT 1991] 

 (a) 2 : 1 (b) 1 : 2 

 (c) 4 : 1 (d) 1 : 4 

11. A wave is reflected from a rigid support. The change in phase on 

reflection will be 

[MP PMT 1990; RPMT 2002] 

 (a) 4/  (b) 2/  

 (c)  (d) 2  

12. A plane wave is represented by  

  )56.12314sin(2.1 ytx   

 Where x and y are distances measured along in x and y direction in 
meters and t is time in seconds. This wave has  

     [MP PET 1991] 

 (a) A wavelength of 0.25 m and travels in + ve x direction 

 (b) A wavelength of 0.25 m and travels in + ve y direction 

 (c) A wavelength of 0.5 m and travels in – ve y direction 

 (d) A wavelength of 0.5 m and travels in – ve x direction 

13. The displacement y (in cm) produced by a  simple harmonic wave is 











17
2000sin

10 x
ty





. The periodic time and maximum 

velocity of the particles in the medium will respectively be   [CPMT 1986] 

 (a) 310 sec and 330 m/sec (b) 410 sec and 20 m/sec 

 (c) 310 sec and 200 m/sec  (d) 210 sec and 2000 m/sec 

14. The equation of a wave travelling in a string can be written as 

)100(cos3 xty   . Its wavelength is  

[MNR 1985; CPMT 1991; MP PMT 1994, 97; Pb. PET 2004] 

 (a) 100 cm (b) 2 cm 

 (c) 5 cm (d) None of the above 

15. A transverse wave is described by the equation 













x

ftYY 2sin0 . The maximum particle  velocity is four 

times the wave velocity if   

 [IIT 1984; MP PMT 1997; EAMCET; 1998;  

CBSE PMT 2000; AFMC 2000; MP PMT/PET 1998; 01;  

KCET 1999, 04; Pb. PET 2001; DPMT 2005] 

 (a) 
4

0Y
   (b) 

2

0Y
   

 (c) 0Y   (d) 02 Y   

16. A wave equation which gives the displacement along the Y direction 

is given by the equation )260sin(104 xty  , where x and y are 

in metres and t is time in seconds. This represents a wave 

   [MNR 1983; IIT 1982; RPMT 1998; MP PET 2001] 

 (a) Travelling with a velocity of 30 m/sec in the negative X 
direction 

 (b) Of wavelength  metre  

 (c) Of frequency 30/ Hz 

 (d) Of amplitude 410 metre travelling along the negative X 
direction 

17. A transverse wave of amplitude 0.5 m and wavelength 1 m and 
frequency 2 Hz is propagating in a string in the negative x-direction. 
The expression for this wave is  

[AIIMS 1980] 

 (a) )42sin(5.0),( txtxy     

 (b) )42cos(5.0),( txtxy    

 (c) )2sin(5.0),( txtxy    

 (d) )22cos(5.0),( txtxy    

18. The displacement of a particle is given by 

)50100sin(105 4 xty   , where x is in meter and t in sec, 

find out the velocity of the wave [CPMT 1982] 

 (a) 5000 m/sec (b) 2 m/sec  

 (c) 0.5 m/sec (d) 300 m/sec  

19. Which one of the following does not represent a travelling wave   [NCERT 1984] 

 (a) )sin( tvxy   (b) )(sin tvxkyy m   

 (c) )log( tvxyy m   (d) )( 22 tvxfy   

20. A wave represented by the given equation 











3
1510sin


 txAY , where x is in meter and t is in 

second. The expression represents [IIT 1990] 

 (a) A wave travelling in the positive X direction with a velocity of 
1.5 m/sec 

 (b) A wave travelling in the negative X direction with a velocity of 
1.5 m/sec 
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 (c) A wave travelling in the negative X direction with a wavelength 
of 0.2 m 

 (d) A wave travelling in the positive X direction with a wavelength 
of 0.2 m 

21. A plane wave is described by the equation 











2
10

4
cos3


t

x
y .  The maximum velocity of the particles 

of the medium due to this wave is [MP PMT 1994] 

 (a) 30 (b) 
2

3
 

 (c) 3/4 (d) 40 

22. The path difference between the two waves 
















x
tay

2
sin11  and 








 






x
tay

2
cos22  is 

     [MP PMT 1994] 

 (a) 




2
 (b) 










22







 

 (c) 









2

2 





 (d) 



2
 

23. Wave equations of two particles are given by )sin(1 kxtay   , 

)sin(2 tkxay  , then  [BHU 1995] 

 (a) They are moving in opposite direction 

 (b) Phase between them is 90° 

 (c) Phase between them is 180° 

 (d) Phase between them is 0° 

24. A wave is represented by the equation mxty )10sin(5.0  . It is 

a travelling wave propagating along the + x direction with velocity[Roorkee 1995] 

 (a) 10 m/s (b) 20 m/s 

 (c) 5 m/s (d) None of these 

25. A wave is represented by the equation 

  









3
04.07sin7


 xty   

 x is in metres and t is in seconds. The speed of the wave is  

   [MP PET 1996; AMU (Engg.) 1999] 

 (a) 175 m/sec (b) 49 m/sec 

 (c) 49 m/sec (d) 0.28 m/sec 

26. The equation of a transverse wave travelling on a rope is given by 

)00.201.0(sin10 txy    where y and x are in cm and t in 

seconds. The maximum transverse speed of a particle in the rope is 
about  

    [MP PET 1999; AIIMS 2000] 

 (a) 63 cm/s (b) 75 cm/s 

 (c) 100 cm/s  (d) 121 cm/s 

27. As a wave propagates [IIT-JEE 1999] 

 (a) The wave intensity remains constant for a plane wave 

 (b) The wave intensity decreases as the inverse of the distance 
from the source for a spherical wave 

 (c) The wave intensity decreases as the inverse square of the 
distance from the source for a spherical wave 

 (d) Total intensity of the spherical wave over the spherical surface 
centered at the source remains constant at all times 

28. A transverse wave is represented by the equation 

  )(
2

sin0 xvtyy 



 

 For what value of , the maximum particle velocity equal to two 
times the wave velocity 

   [CBSE PMT 1998; JIPMER 2001, 02; AFMC 2002] 

 (a) 02 y   (b) 3/0y   

 (c) 2/0y   (d) 0y   

29. A travelling wave in a stretched string is described by the equation 

)sin( tkxAy  . The maximum particle velocity is 

[IIT 1997 Re-Exam; UPSEAT 2004] 

 (a) A (b) /k 

 (c) d/dk (d) x/t 

30. A wave travels in a medium according to the equation of 
displacement given by  

)01.02(sin03.0),( xttxy     

where y and x are in metres and t in seconds. The wavelength of the 
wave is [EAMCET 1994; CPMT 2004] 

 (a) 200 m (b) 100 m 

 (c) 20 m (d) 10 m 

31. The particles of a medium vibrate about their mean positions 
whenever a wave travels through that medium. The phase difference 
between the vibrations of two such particles   [SCRA 1994] 

 (a) Varies with time 

 (b) Varies with distance separating them 

 (c) Varies with time as well as distance 

 (d) Is always zero 

32. A wave is given by 









01.004.0
2sin3

xt
y  , where y is in cm. 

Frequency of wave and maximum acceleration of particle will be   [RPET 1997] 

 (a) 23 /107.4,100 scmHz  (b) 23 /105.7,50 scmHz   

 (c) 24 /107.4,25 scmHz   (d) 24 /104.7,25 scmHz   

33. Equation of a progressive wave is given by 

  


















695
sin4




xt
y   

 Then which of the following is correct [CBSE PMT 1993] 

 (a) sec/5mv   (b) m18  

 (c) ma 04.0  (d) Hzn 50  

34. With the propagation of a longitudinal wave through a material 
medium, the quantities transmitted in the propagation direction are[CBSE PMT 1992; Roorkee 2000] 

 (a) Energy, momentum and mass 

 (b) Energy 

 (c) Energy and mass 

 (d) Energy and linear momentum 

35. The frequency of the sinusoidal wave 

]80.02000cos[40.0 xty   would be [CBSE PMT 1992] 

 (a) 1000  Hz (b) 2000 Hz 

 (c) 20 Hz (d) Hz


1000
 

36. Which of the following equations represents a wave 

[CBSE PMT 1994; JIPMER 2000] 
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 (a) )( kxtAY    (b) tAY sin  

 (c) kxAY cos  (d) )sin( cbxatAY   

37. The equation of a transverse wave is given by 

  )204.0(sin100 tzy    

 where y and z are in cm ant t is in seconds. The frequency of the 
wave in Hz is   [SCRA 1998] 

 (a) 1 (b) 2 

 (c) 25 (d) 100 

38. The equation of a plane progressive wave is given by 

)25.0100sin(025.0 xty  . The frequency of this wave would 

be [CPMT 1993; JIPMER 2001, 02] 

 (a) Hz


50
 (b) Hz



100
 

 (c) 100 Hz (d) 50 Hz 

39. The equation of a sound wave is  

  )3164.62sin(0015.0 txy   

 The wavelength of this wave is 

   [CBSE PMT 1996; AFMC 2002; AIIMS 2002] 

 (a) 0.2 unit (b) 0.1 unit 

 (c) 0.3 unit (d) Cannot be calculated 

40. In the given progressive wave equation, what is the maximum 

velocity of particle )510sin(5.0 xtY   cm 

[BHU 1997] 

 (a) 5 cm/s (b) 5 cm/s 

 (c) 10 cm/s (d) 10.5 cm/s 

41. A pulse or a wave train travels along a stretched string and reaches 
the fixed end of the string. It will be reflected back with  [CBSE PMT 1997] 

 (a) The same phase as the incident pulse but with velocity reversed 

 (b) A phase change of 180° with no reversal of velocity 

 (c) The same phase as the incident pulse with no reversal of 
velocity 

 (d) A phase change of 180° with velocity reversed 

42. The equation of a travelling wave is  

  )61800cos(60 xty   

 where y is in microns, t in seconds and x in metres. The ratio of 
maximum particle velocity to velocity of wave propagation is[CBSE PMT 1997; JIPMER 2001, 02] 

 (a) 11106.3   (b) 6106.3   

 (c) 4106.3   (d) 3.6 

43. The wave equation is )57.1314sin(30.0 xty   where t, x and 

y are in second, meter and centimeter respectively. The speed of the 
wave is 

   [CPMT 1997; AFMC 1999; CPMT 2001] 

 (a) 100 m/s (b) 200 m/s 

 (c) 300 m/s (d) 400 m/s 

44. Equation of the progressive wave is given by : )40(sin xtay    

where a  and x  are in metre and t  in second. The velocity of the 
wave is  [KCET 1999] 

(a) 80 m/s (b) 10 m/s 

(c) 40 m/s (d) 20 m/s 

45. Progressive wave of sound is represented by 

]85.6/400sin[ xtay    where x  is in m  and t  is in sec. 

Frequency of the wave will be  [RPMT 1999] 

(a) 200 Hz (b) 400 Hz 

(c) 500 Hz (d) 600 Hz 

46. Two waves of frequencies 20 Hz and 30 Hz. Travels out from a 
common point. The phase difference between them after 0.6 sec is    [JIPMER 1999] 

 (a) Zero (b) 
2


 

(c)   (d) 
4

3
 

47. The phase difference between two points separated by 0.8 m in a 

wave of frequency 120 Hz is o90 . Then the velocity of wave will be  [MH CET 1999] 

(a) 192 m/s (b) 360 m/s 

(c) 710 m/s (d) 384 m/s 

48. The equation of progressive wave is 









3.001.0
2sin2.0

xt
y  , 

where x  and y  are in metre and t  is in second. The velocity of 

propagation of the wave is   [KCET 2000] 

(a) 30 m/s (b) 40 m/s 

(c) 300 m/s (d) 400 m/s 

49. If the equation of transverse wave is  









4004.0
2sin5

xt
y  , 

where distance is in cm and time in second, then the wavelength of 
the wave is  

[MH CET 2000; DPMT 2003] 

(a) 60 cm (b) 40 cm 

(c) 35 cm (d) 25 cm 

50. A wave is represented by the equation : )201.0sin( txay   

where a and x are in cm. velocity of propagation of wave is  

[EAMCET 1994; AIIMS 2000; Pb. PMT 2003] 

(a) 10 cm/s (b) 50 cm/s 

(c) 100 cm/s (d) 200 cm/s 

51. A simple harmonic progressive wave is represented by the equation : 

)21.0(2sin8 txy    where x  and y  are in cm and t  is in 

seconds. At any instant the phase difference between two particles 
separated by 2.0 cm in the x-direction is  

[MP PMT 2000] 

(a) 18o (b) 36o 

(c) 54o (d) 72o 

52. The intensity of a progressing plane wave in loss-free medium is    [Roorkee 2000] 

(a) Directly proportional to the square of amplitude of the wave 

(b) Directly proportional to the velocity of the wave 

(c) Directly proportional to the square of frequency of the wave 

(d) Inversely proportional to the density of the medium 

53. The equation of progressive wave is )200sin( xtay  . where  

x  is in meter and t  is in second. The velocity of wave is    [RPMT 2000] 

(a) 200 m/sec (b) 100 m/sec 

(c) 50 m/sec (d) None of these 

54. A wave is represented by the equation )}22(sin{7 xty    

where x  is in metres and t  in seconds. The velocity of the wave is  

[CPMT 2000; CBSE PMT 2000; Pb. PET 2000] 

(a) 1 m/s (b) 2 m/s 

(c) 5 m/s (d) 10 m/s 

55. The equation of a longitudinal wave is represented as 

)50(cos20 xty   . Its wavelength is 
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   [UPSEAT 2001; Orissa PMT 2004] 

(a) 5 cm (b) 2 cm 

 (c) 50 cm (d) 20 cm  

56. A wave equation which gives the displacement along y-direction is 

given by )100sin(001.0 xty   where x and y are in meterand t 

is time in second. This represented a wave 

[UPSEAT 2001] 

(a) Of frequency 


100
 Hz 

(b) Of wavelength one metre 

 (c) Travelling with a velocity of 


50
ms–1 in the positive X-direction 

 (d) Travelling with a velocity of 100 ms–1 in the negative X-direction 

57. A transverse wave is given by 











x

T

t
Ay 2sin . The 

maximum particle velocity is equal to 4 times the wave velocity 
when [MP PMT 2001] 

(a) A 2  (b) A
2

1
  

(c) A   (d) A
4

1
  

58. The equation of a wave is represented by 

.
10

100sin10 4









  x

ty  The velocity of the wave will be 

    [CBSE PMT 2001] 

(a) 100 m/s (b) 250 m/s 

 (c) 750 m/s (d) 1000 m/s 

59. A wave travelling in positive X-direction with mA 2.0  has a 

velocity of 360 m/sec. if ,60m  then correct expression for the 

wave is  [CBSE PMT 2002; KCET  2003] 

(a) 

















60
62sin2.0

x
ty  (b) 


















60
6sin2.0

x
ty   

 (c) 

















60
62sin2.0

x
ty  (d) 


















60
6sin2.0

x
ty   

60. The equation of a wave motion (with t  in seconds and x  in 

metres) is given by 









3
4.07sin7


 xty . The velocity of 

the wave will be 

    [BHU 2002] 

(a) 17.5 m/s (b) 49  m/s 

 (c) sm /
2

49


 (d) sm /

49

2
 

61. Two waves represented by the following equations are travelling in 

the same medium )25.075(2sin51 xty   , 

)50.0150(2sin102 xty     

 The intensity ratio 21 / II  of the two waves is  

[UPSEAT 2002] 

(a) 1 : 2 (b) 1 : 4 

 (c) 1 : 8 (d) 1 : 16 

62. The equation of a progressive wave is 


















3410
sin8




xt
y . 

The wavelength of the wave is 

    [MH CET 2002] 

(a) 8 m (b) 4 m 

 (c) 2 m (d) 10 m 

63. Which of the following is not true for this progressive wave 











10002.0
2sin4

xt
y   where y  and x  are in cm & t  in 

sec   [CPMT 2003] 

(a) Its amplitude is 4 cm 

(b) Its wavelength is 100 cm 

 (c) Its frequency is 50 cycles/sec 

 (d) Its propagation velocity is 31050  cm/sec 

64. The equation of a wave is given as )300012sin(07.0 txy   . 

Where x  is in metre and t  in sec, then the correct statement is  [UPSEAT 2003] 

(a) smvm /250,6/1   (b) smvma /300,07.0   

 (c) smvn /200,1500   (d) None 

65. The equation of the propagating wave is  ),520sin(25 xty   

where y  is displacement. Which of the following statement is not 

true  [MP PET 2003] 

(a) The amplitude of the wave is 25 units 

(b) The wave is propagating in positive x -direction 

 (c) The velocity of the wave is 4 units 

 (d) The maximum velocity of the particles is 500 units 

66. In a plane progressive wave given by )2cos(25 xty   , the 

amplitude and frequency are respectively  

[BCECE 2003] 

(a) 25,100 (b) 25, 1 

 (c) 25, 2  (d) ,50  2 

67. The displacement y  of a wave travelling in the x-direction is given 

by 







 

3
2600sin10 4 

xty  metres, where x  is expressed in 

metres and t  in seconds. The speed of the wave-motion, in ms–1, is   [AIEEE 2003] 

(a) 200 (b) 300 

 (c) 600 (d) 1200 

68. The displacement y of a particle in a medium can be expressed as: 

,)4/20100sin(10 6 mxty    where t is in second and x 

in meter. The speed of wave is  

     [AIEEE 2004] 

 (a) 2000 m/s (b) 5 m/s 

 (c) 20 m/s  (d) sm / 5  

69. If the wave equation )200(
2

sin08.0 xty 



 then the velocity 

of the wave will be   [BCECE 2004] 

(a) 2400  (b) 2200  
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(c) 400 (d) 200 

70. The phase difference between two points separated by 0.8 m in a 

wave of frequency is 120 Hz is .
2


 The velocity of wave is   [Pb. PET 2000] 

(a) 720 m/s (b) 384 m/s 

(c) 250 m/s (d) 1 m/s 

71. A plane progressive wave is represented by the equation  











17

20
200sin1.0

x
ty


  where y is displacement in m, t in 

second and x is distance from a fixed origin in meter. The frequency, 
wavelength and speed of the wave respectively are    [Pb. PET 2001] 

(a) 100 Hz, 1.7 m, 170 m/s (b) 150 Hz, 2.4 m, 200 m/s 

(c) 80 Hz, 1.1 m, 90 m/s (d) 120 Hz, 1.25 m, 207 m/s 

72. The equation of a travelling wave is given by 

)40020sin(5.0 txy   where x and y are in meter and t is in 

second. The velocity of the wave is  [UPSEAT 2004] 

(a) 10 m/s (b) 20 m/s 

(c) 200 m/s (d) 400 m/s 

73. A transverse progressive wave on a stretched string has a velocity of 
110 ms  and a frequency of 100 Hz. The phase difference between 

two particles of the string which are 2.5 cm apart will be   [MP PMT 1994] 

 (a) 
8


 (b) 

4


 

 (c) 
8

3
 (d) 

2


 

74. A transverse sinusoidal wave of amplitude a, wavelength  and 

frequency n is travelling on a stretched string. The maximum speed 
of any point on the string is v/10, where v is the speed of 

propagation of the wave. If ma 310   and 110  msv , then  

and n are given by [IIT 1998] 

 (a) m2102    (b) m310  

 (c) Hzn
2

10 3

  (d) Hzn 410  

75. When a longitudinal wave propagates through a medium, the 

particles of the medium execute simple harmonic oscillations about 
their mean positions. These oscillations of a particle are 
characterised by an invariant 

     [SCRA 1998] 

 (a) Kinetic energy 

 (b) Potential energy  

 (c) Sum of kinetic energy and potential energy 

 (d) Difference between kinetic energy and potential energy 

76. Equation of a progressive wave is given by ,
42

sin 









xt
ay   

where t is in seconds and x is in meters. The distance through which 
the wave moves in 8 sec is (in meter)    [KCET 1998] 

 (a) 8 (b) 16 

 (c) 2 (d) 4 

77. The  phase  difference  between  two  waves  represented  by mxty ]5.0)50/(100sin[10 6
1    

 mxty )]50/(100[cos10 6
2    

where x is expressed in metres and t is expressed in seconds, is 
approximately  [CBSE PMT 2004] 

 (a) 1.5 rad (b) 1.07 rad 

 (c) 2.07 rad (d) 0.5 rad  

78. Equation of motion in the same direction are given by 

  )sin(21 kxtay    and  )sin(22   kxtay  

 The amplitude of the medium particle will be  [CPMT 2004] 

(a) cos2a  (b) cos2a  

(c) 2/cos4 a  (d)  2/cos2 a  

79. A particle on the trough of a wave at any instant will come to the 
mean position after a time (T = time period) 

    [KCET 2005] 

 (a) 2/T  (b) 4/T  

 (c) T (d)  T2  

80. If the equation of transverse wave is ),2sin(2 tkxY   then the 

maximum particle velocity is  [Orissa JEE 2005] 

 (a) 4 units  (b) 2 units  

 (c) 0 (d)  6 units 
 

Interference and Superposition of Waves 
 

1. There is a destructive interference between the two waves of 

wavelength  coming from two different paths at a point. To get 

maximum sound or constructive interference at that point, the path 

of one wave is to be increased by 

      [MP PET 1985] 

 (a) 
4


 (b) 

2


 

 (c) 
4

3
 (d)   

2. When two sound waves with a phase difference of 2/ , and each 
having amplitude A and frequency  , are superimposed on each 
other, then the maximum amplitude and frequency of resultant wave 
is   [MP PMT 1989] 

 (a) 
2

:
2

A
 (b) :

2

A
 

 (c) 
2

:2


A  (d) :2 A  

3. If the phase difference between the two wave is 2 during 

superposition, then the resultant amplitude is  

     [DPMT 2001] 

 (a) Maximum (b) Minimum 

 (c) Maximum or minimum (d) None of the above 

4. The superposition takes place between two waves of frequency f and 

amplitude a. The total intensity is directly proportional to   [MP PMT 1986] 

 (a) a (b) 2a  

 (c) 22a  (d) 24a  

5. If two waves of same frequency and same amplitude respectively, on 
superimposition produced a resultant disturbance of the same 
amplitude, the waves differ in phase by  [MP PMT 1990; MP PET 2000] 

 (a)  (b) 3/2  
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 (c) 2/  (d) Zero 

6. Two sources of sound A and B produces the wave of 350 Hz, they 

vibrate in the same phase. The particle P is vibrating under the 
influence of these two waves, if the amplitudes at the point P 
produced by the two waves is 0.3 mm and 0.4 mm, then the 
resultant amplitude of the point P will be when AP – BP = 25 cm 
and the velocity of sound is 350 m/sec   

 (a) 0.7 mm (b) 0.1 mm 

 (c) 0.2 mm (d) 0.5 mm  

7. Two waves are propagating to the point P along a straight line 
produced by two sources A and B of simple harmonic and of equal 
frequency. The amplitude of every wave at P is ‘a’ and the phase of 

A is ahead by 
3


 than that of B and the distance AP is greater than 

BP by 50 cm. Then the resultant amplitude at the point P will be, if 
the wavelength is 1 meter  

[BVP 2003] 

 (a) 2a (b) 3a  

 (c) 2a  (d) a 

8. Coherent sources are characterized by the same 

     [KCET 1993] 

 (a) Phase and phase velocity   

 (b) Wavelength, amplitude and phase velocity 

 (c) Wavelength, amplitude and frequency 

 (d) Wavelength and phase 

9. The minimum intensity of sound is zero at a point due to two 
sources of nearly equal frequencies, when 

 (a) Two sources are vibrating in opposite phase 

 (b) The amplitude of two sources are equal  

 (c) At the point of observation, the amplitudes of two S.H.M. 
produced by two sources are equal and both the S.H.M. are 

along the same straight line 

 (d) Both the sources are in the same phase 

10. Two sound waves (expressed in CGS units) given by 

)(
2

sin3.01 xvty 



 and )(

2
sin4.02 




 xvty   

interfere. The resultant amplitude at a place where phase difference 

is 2/  will be   [MP PET 1991] 

 (a) 0.7 cm (b) 0.1 cm 

 (c) 0.5 cm (d) cm7
10

1
 

11. If two waves having amplitudes 2A and A and same frequency and 
velocity, propagate in the same direction in the same phase, the 
resulting amplitude will be 

   [MP PET 1991; DPMT 1999] 

 (a) 3A (b) A5  

 (c) A2  (d) A 

12. The intensity ratio of two waves is 1 : 16. The ratio of their 
amplitudes is    [EAMCET 1983] 

 (a) 1 : 16 (b) 1 : 4 

 (c) 4 : 1 (d) 2 : 1 

13. Out of the given four waves (1), (2), (3) and (4) 

  )sin( tkxay     ......(1) 

  )sin( kxtay      ......(2) 

  )cos( tkxay     ......(3) 

  )cos( kxtay      ......(4) 

 emitted  by four different sources 321 ,, SSS  and 4S  respectively, 

interference phenomena would be observed in space under 
appropriate conditions when [CPMT 1988] 

 (a) Source 1S  emits  wave (1) and 2S  emits  wave (2) 

 (b) Source 3S  emits wave (3) and 4S  emits wave (4) 

 (c) Source 2S  emits wave (2) and 4S  emits wave (4) 

 (d) 4S  emits waves (4) and 3S  emits waves (3) 

14. Two waves of same frequency and intensity superimpose with each 

other in opposite phases, then after superposition the  [AFMC 1995] 

 (a) Intensity increases by 4 times 

 (b) Intensity increases by two times 

 (c) Frequency increases by 4 times 

 (d) None of these 

15. The superposing waves are represented by the following equations : 

  )1.010(2sin51 xty   , )2.020(2sin102 xty    

 Ratio of intensities 
min

max

I

I
 will be  

   [AIIMS 1995; KCET 2001] 

 (a) 1 (b) 9 

 (c) 4 (d) 16 

16. The displacement of a particle is given by  

  )5cos(4)5sin(3 ttx    

 The amplitude of the particle is  [MP PMT 1999] 

 (a) 3 (b) 4 

 (c) 5 (d) 7 

17. Two waves  

  )sin( 111   tAy , )sin( 222   tAy  

 Superimpose to form a resultant wave whose amplitude is 

     [CPMT 1999] 

 (a) )cos(2 2121
2
2

2
1   AAAA  

 (b) )sin(2 2121
2
2

2
1   AAAA  

 (c) 21 AA   

 (d) || 21 AA   

18. If the ratio of amplitude of wave is 2 : 1, then the ratio of maximum 
and minimum intensity is  [MH CET 1999] 

(a) 9 : 1 (b) 1 : 9 

(c) 4 : 1 (d) 1 : 4 

19. The two interfering waves have intensities in the ratio 9 : 4. The 
ratio of intensities of maxima and minima in the interference pattern 
will be    [AMU 2000] 

(a) 1 : 25 (b) 25 : 1 

(c) 9 : 4 (d) 4 : 9 

20. If the ratio of amplitude of two waves is 4 : 3. Then the ratio of 
maximum and minimum intensity will be 

     [MHCET 2000] 
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(a) 16 : 18 (b) 18 : 16 

(c) 49 : 1 (d) 1 : 49 

21. Equation of motion in the same direction is given by 

)sin(1 kxtAy   , )sin(2   kxtAy . The amplitude of 

the medium particle will be   [BHU 2003] 

(a) 
2

cos2


A  (b) cos2A  

 (c) 
2

cos2


A  (d) 2.1,2.1 f  

22. Two waves having the intensities in the ratio of 9 : 1 produce 
interference. The ratio of maximum to the minimum intensity, is 
equal to    

[CPMT 2001; Pb. PET 2004] 

(a) 2 : 1 (b) 4 : 1  

 (c) 9 : 1 (d) 10 : 8 

23. The displacement of the interfering light waves are ty sin41   

and 









2
sin32


 ty . What is the amplitude of the resultant 

wave  

[RPMT 1996; Orissa JEE 2005] 

 (a) 5 (b) 7  

 (c) 1 (d) 0 

24. Two waves are represented by 









6
sin1


 tay  and 

tay cos2  . What will be their resultant amplitude 

[RPMT 1996] 

 (a) a (b) a2  

 (c) a3  (d) 2a  

25. The amplitude of a wave represented by displacement equation  

t
b

t
a

y  cos
1

sin
1

   will be 

     [BVP 2003] 

 (a) 
ab

ba 
 (b) 

ab

ba 
 

 (c) 
ab

ba 
 (d) 

ab

ba 
 

26. Two waves having equations 

  )sin( 11   tax , )(sin 22   tax  

If in the resultant wave the frequency and amplitude remain equal 
to those of superimposing waves. Then phase difference between 
them is   [CBSE PMT 2001] 

 (a) 
6


 (b) 

3

2
 

 (c) 
4


 (d) 

3


 

 

Beats 
 

1. Two tuning forks when sounded together produced 4 beats/sec. The 

frequency of one fork is 256. The number of beats heard increases 

when the fork of frequency 256 is loaded with wax. The frequency 

of the other fork is  

   [CPMT 1976; MP PMT 1993] 

 (a) 504 (b) 520 

 (c) 260 (d) 252 

2. Beats are the result of  

[CPMT 1971; J & K CET 2002] 

 (a) Diffraction  

 (b) Destructive interference 

 (c) Constructive and destructive interference 

 (d) Superposition of two waves of nearly equal frequency 

3. Two adjacent piano keys are struck simultaneously. The notes 

emitted by them have frequencies 1n  and 2n . The number of beats 

heard per second is 

   [CPMT 1974, 78; CBSE PMT 1993] 

 (a) )(
2

1
21 nn   (b) )(

2

1
21 nn   

 (c) 21 ~ nn  (d) )(2 21 nn   

4. A tuning fork of frequency 100 when sounded together with another 
tuning fork of unknown frequency produces 2 beats per second. On 
loading the tuning fork whose frequency is not known and sounded 

together with a tuning fork of frequency 100 produces one beat, 
then the frequency of the other tuning fork is   [NCERT 1977] 

 (a) 102 (b) 98 

 (c) 99 (d) 101 

5. A tuning fork sounded together with a tuning fork of frequency 256 
emits two beats. On loading the tuning fork of frequency 256, the 
number of beats heard are 1 per second. The frequency of tuning 
fork is 

   [NCERT 1975, 81; MP PET 1985] 

 (a) 257 (b) 258 

 (c) 256 (d) 254 

6. If two tuning forks A and B are sounded together, they produce 4 

beats per second. A is then slightly loaded with wax, they produce 2 
beats when sounded again. The frequency of A is 256. The 
frequency of B will be 

    [CPMT 1976; RPET 1998] 

 (a) 250 (b) 252 

 (c) 260 (d) 262 

7. The frequencies of two sound sources are 256 Hz and 260 Hz. At t 
= 0, the intensity of sound is maximum. Then the phase difference at 
the time t = 1/16 sec will be 

 (a) Zero (b)  

 (c) /2 (d) /4 

8. Two tuning forks have frequencies 450 Hz and 454 Hz respectively. 

On sounding these forks together, the time interval between 
successive maximum intensities will be 

   [MP PET 1989; MP PMT 2003] 

 (a) 1/4 sec (b) 1/2 sec 

 (c) 1 sec (d) 2 sec 
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9. When a tuning fork of frequency 341 is sounded with another tuning 
fork, six beats per second are heard. When the second tuning fork is 
loaded with wax and sounded with the first tuning fork, the number 
of beats is two per second. The natural frequency of the second 
tuning fork is 

[MP PET 1989] 

 (a) 334 (b) 339 

 (c) 343 (d) 347 

10. Two tuning forks of frequencies 256 and 258 vibrations/sec are 
sounded together, then time interval between consecutive maxima 
heard by the observer is 

     [MP PET/PMT 1988] 

 (a) 2 sec (b) 0.5 sec 

 (c) 250 sec (d) 252 sec 

11. A tuning fork gives 5 beats with another tuning fork of frequency 
100 Hz. When the first tuning fork is loaded with wax, then the 
number of beats remains unchanged, then what will be the 

frequency of the first tuning fork 

     [MP PMT 1985] 

 (a) 95 Hz (b) 100 Hz 

 (c) 105 Hz (d) 110 Hz 

12. Tuning fork 1F  has a frequency of 256 Hz and it is observed to 

produce 6 beats/second with another tuning fork 2F . When 2F  is 

loaded with wax, it still produces 6 beats/second with 1F . The 

frequency of 2F  before loading was 

[MP PET 1990] 

 (a) 253 Hz (b) 262 Hz 

 (c) 250 Hz (d) 259 Hz 

13. A tuning fork and a sonometer wire were sounded together and 
produce 4 beats per second. When the length of sonometer wire is 
95 cm or 100 cm, the frequency of the tuning fork is   [MP PMT 1990] 

 (a) 156 Hz (b) 152 Hz 

 (c) 148 Hz (d) 160 Hz 

14. Two tuning forks A and B vibrating simultaneously produce 5 beats. 
Frequency of B is 512. It is seen that if one arm of A is filed, then 
the number of beats increases. Frequency of A will be   [MP PMT 1991] 

 (a) 502 (b) 507 

 (c) 517 (d) 522 

15. The beats are produced by two sound sources of same amplitude 
and of nearly equal frequencies. The maximum intensity of beats will 
be ...... that of one source 

     [CPMT 1999] 

 (a) Same (b) Double 

 (c) Four times (d) Eight times 

16. Beats are produced by two waves given by tay 2000sin1   and 

tay 2008sin2  . The number of beats heard per second is  [CPMT 1990; DCE 1999] 

 (a) Zero (b) One 

 (c) Four (d) Eight 

17. A tuning fork whose frequency as given by manufacturer is 512 Hz is 
being tested with an accurate oscillator. It is found that the fork 
produces a beat of 2 Hz when oscillator reads 514 Hz but produces 
a beat of 6 Hz when oscillator reads 510 Hz. The actual frequency of 
fork is 

    [MNR 1979; RPMT 1999] 

 (a) 508 Hz (b) 512 Hz 

 (c) 516 Hz (d) 518 Hz 

18. A tuning fork of frequency 480 Hz produces 10 beats per second 
when sounded with a vibrating sonometer string. What must have 
been the frequency of the string if a slight increase in tension 
produces lesser beats per second than before   [NCERT 1984] 

 (a) 460 Hz (b) 470 Hz 

 (c) 480 Hz (d) 490 Hz 

19. When a tuning fork A of unknown frequency is sounded with 

another tuning fork B of frequency 256 Hz, then 3 beats per second 
are observed. After that A is loaded with wax and sounded, the again 
3 beats per second are observed. The frequency of the tuning fork A 
is 

     [MP PMT 1994] 

 (a) 250 Hz (b) 253 Hz 

 (c) 259 Hz (d) 262 Hz 

20. A source of sound gives five beats per second when sounded with 

another source of frequency 1100 s . The second harmonic of the 

source together with a source of frequency 1205 s  gives five beats 

per second. What is the frequency of the source    [CBSE PMT 1995] 

 (a) 1105 s  (b) 1205 s  

 (c) 195 s  (d) 1100 s  

21. When two sound waves are superimposed, beats are produced when 
they have   [MP PET 1995; 

 CBSE PMT 1992, 99; DCE 2000; DPMT 2000, 01] 

 (a) Different amplitudes and phases 

 (b) Different velocities 

 (c) Different phases 

 (d) Different frequencies 

22. Two tuning forks A and B give 4 beats per second. The frequency of 

A is 256 Hz. On loading B slightly, we get 5 beats in 2 seconds. The 
frequency of B after loading is 

[Haryana CEE 1996] 

 (a) 253.5 Hz (b) 258.5 Hz  

 (c) 260 Hz (d) 252 Hz 

23. A tuning fork A of frequency 200 Hz is sounded with fork B, the 
number of beats per second is 5. By putting some wax on A, the 
number of beats increases to 8. The frequency of fork B is   [MP PMT 1996] 

 (a) 200 Hz (b) 195 Hz 

 (c) 192 Hz (d) 205 Hz 

24. Two tuning forks, A and B, give 4 beats per second when sounded 

together. The frequency of A is 320 Hz. When some wax is added to 
B and it is sounded with A, 4 beats per second are again heard. The 
frequency of B is 

     [MP PMT 1997] 

 (a) 312 Hz (b) 316 Hz 

 (c) 324 Hz (d) 328 Hz  

25. Two tuning forks have frequencies 380 and 384 Hz respectively. 
When they are sounded together, they produce 4 beats. After 
hearing the maximum sound, how long will it take to hear the 
minimum sound  

     [MP PMT/PET 1998] 

 (a) 
2

1
sec (b) 

4

1
sec 
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 (c) 
8

1
sec (d) 

16

1
sec 

26. Beats are produced with the help of two sound waves of amplitudes 

3 and 5 units. The ratio of maximum to minimum intensity in the 
beats is  [MP PMT 1999] 

 (a) 2 : 1 (b) 5 : 3 

 (c) 4 : 1 (d) 16 : 1 

27. Two waves of lengths 50 cm and 51 cm produced 12 beats per 
second. The velocity of sound is  

   [CBSE PMT 1999; Pb. PET 2001; AFMC 2003] 

 (a) 306 m/s (b) 331 m/s 

 (c) 340 m/s (d) 360 m/s 

28. Two waves ty 316sin25.0  and ty 310sin25.0  are 

travelling in same direction. The number of beats produced per 
second will be 

   [CPMT 1993; JIPMER 2000] 

 (a) 6 (b) 3 

 (c) 3/ (d) 3 

29. The couple of tuning forks produces 2 beats in the time interval of 
0.4 seconds. So the beat frequency is  

     [CPMT 1996] 

 (a) 8 Hz (b) 5 Hz 

 (c) 2 Hz (d) 10 Hz 

30. An unknown frequency x produces 8 beats per seconds with a 
frequency of 250 Hz and 12 beats with 270 Hz source, then x is  [CPMT 1997; KCET  2000] 

 (a) 258 Hz (b) 242 Hz 

 (c) 262 Hz (d) 282 Hz 

31. Beats are produced by two waves  

  ,1000sin1 tay   tay 998sin2   

 The number of beats heard/sec is  [KCET 1998] 

 (a) 0 (b) 2 

 (c) 1 (d) 4 

32. The wavelengths of two waves are 50 and 51 cm respectively. If the 

temperature of the room is 20oC, then what will be the number of 
beats produced per second by these waves, when the speed of sound 
at 0oC is 332 m/sec 

[UPSEAT 1999] 

(a) 14 (b) 10  

(c) 24 (d) None of these 

33. Maximum number of beats frequency heard by a human being is    [RPMT 2000] 

(a) 10 (b) 4 

(c) 20 (d) 6 

34. Two sound waves of slightly different frequencies propagating in the 
same direction produce beats due to 

     [MP PET 2000] 

(a) Interference  (b) Diffraction 

(c) Polarization (d) Refraction 

35. On sounding tuning fork A with another tuning fork B of frequency 
384 Hz, 6 beats are produced per second. After loading the prongs 
of A with some wax and then sounding it again with B, 4 beats are 
produced per second. What is the frequency of the tuning fork A 

[MP PMT 2000] 

(a) 388 Hz (b) 380 Hz 

(c) 378 Hz (d) 390 Hz 

36. It is possible to hear beats from the two vibrating sources of 

frequency    [UPSEAT 2001] 

(a) 100 Hz and 150 Hz (b) 20 Hz and 25 Hz 

 (c) 400 Hz and 500 Hz (d) 1000 Hz and 1500 Hz 

37. A tuning fork gives 4 beats with 50 cm length of a sonometer wire. 
If the length of the wire is shortened by 1 cm, the number of beats is 
still the same. The frequency of the fork is    [MP PMT 2001] 

(a) 396 (b) 400 

 (c) 404 (d) 384 

38. Two sound waves of wavelengths 5m and 6m formed 30 beats in 3 

seconds. The velocity of sound is  

    [EAMCET 2001] 

(a) 300 ms–1 (b) 310 ms–1 

 (c) 320 ms–1 (d) 330 ms–1 

39. The wavelength of a particle is 99 cm and that of other is 100 cm. 
Speed of sound is 396 m/s. The number of beats heard is    [DCE 2001] 

(a) 4 (b) 5 

 (c) 1 (d) 8 

40. A tuning fork arrangement (pair) produces 4 beats/sec with one fork 
of frequency 288 cps. A little wax is placed on the unknown fork 
and it then produces 2 beats/sec. The frequency of the unknown 

fork is  

   [KCET 1998; AIEEE 2002] 

(a) 286 cps (b) 292 cps 

 (c) 294 cps (d) 288 cps 

41. A tuning fork vibrates with 2 beats in 0.04 second. The frequency of 
the fork is  [AFMC 2003] 

(a) 50 Hz (b) 100 Hz  

 (c) 80 Hz (d) None of these 

42. Two sound sources when sounded simultaneously produce four 
beats in 0.25 second. the difference in their frequencies must be    [BCECE 2003] 

(a) 4 (b) 8 

 (c) 16 (d) 1 

43. A tuning fork of known frequency 256 Hz makes 5 beats per second 

with the vibrating string of a piano. The beat frequency decreases to 
2 beats per second when the tension in the piano string is slightly 
increased. The frequency of the piano string before increasing the 
tension was  

[AIEEE 2003] 

(a) 256 + 5 Hz (b) 256 + 2Hz 

 (c) 256 – 2 Hz (d) 256 – 5Hz 

44. When temperature increases, the frequency of a tuning fork  

[AIEEE 2002] 

(a) Increases  

(b) Decreases  

 (c) Remains same   

 (d) Increases or decreases depending on the material 

45. Two strings X and Y of a sitar produce a beat frequency 4 Hz. When 

the tension of the string Y is slightly increased the beat frequency is 
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found to be 2 Hz. If the frequency of X is 300 Hz, then the original 

frequency of Y was  

[UPSEAT 2000] 

 (a) 296 Hz  (b) 298 Hz  

 (c) 302 Hz  (d) 304 Hz  

46. The frequency of tuning forks A and B are respectively 3% more and 

2% less than the frequency of tuning fork C. When A and B are 

simultaneously excited, 5 beats per second are produced. Then the 

frequency of the tuning fork 'A' (in Hz) is    [EAMCET 2001] 

 (a) 98 (b) 100 

 (c) 103 (d) 105   

47. When a tuning fork vibrates, the waves produced in the fork are     [AFMC 2001] 

 (a) Longitudinal  (b) Transverse  

 (c) Progressive  (d) Stationary  

48. Two vibrating tuning forks produce progressive waves given by 

tY 500sin41  and .506sin22 tY   Number of beats 

produced per minute is    [CBSE PMT 2005] 

 (a) 360 (b) 180 

 (c) 3 (d)  60  

49. When a tuning fork produces sound waves in air, which one of the 
following is same in the material of tuning fork as well as in air   [AFMC 2005] 

 (a) Wavelength  (b) Frequency  

(c) Velocity  (d)  Amplitude 

50. The disc of a siren containing 60 holes rotates at a constant speed 
of 360 rpm. The emitted sound is in unison with a tuning fork of 
frequency    [KCET 2005] 

(a) 10 Hz (b) 360 Hz 

(c) 216 Hz (d)  6 Hz 

51. A sound source of frequency 170 Hz is placed near a wall. A man 
walking from a source towards the wall finds that there is a periodic 
rise and fall of sound intensity. If the speed of sound in air is 340 
m/s the distance (in metres) separating the two adjacent positions of 
minimum intensity is 

[MNR 1992; UPSEAT 2000; CPMT 2002] 

(a) 1/2  (b) 1  

(c) 3/2 (d) 2 
 

Stationary Waves 
 

1. The distance between the nearest node and antinode in a stationary 
wave is 

[MP PET 1984; CBSE PMT 1993; AFMC 1996; RPET 2002] 

 (a)  (b) 
2


 

 (c) 
4


 (d) 2 

2. In stationary wave  [MP PET 1987; BHU 1995] 

 (a) Strain is maximum at nodes 

 (b) Strain is maximum at antinodes 

 (c) Strain is minimum at nodes 

 (d) Amplitude is zero at all the points 

3. The phase difference between the two particles situated on both the 
sides of a node is   [MP PET 2002] 

 (a) 0° (b) 90°  

 (c) 180° (d) 360° 

4. Which of the property makes difference between progressive and 
stationary waves   [MP PMT 1987] 

 (a) Amplitude (b) Frequency 

 (c) Propagation of energy (d) Phase of the wave 

5. Stationary waves are formed when 

[NCERT 1983] 

 (a) Two waves of equal amplitude and equal frequency travel along 
the same path in opposite directions 

 (b) Two waves of equal wavelength and equal amplitude travel 
along the same path with equal speeds in opposite directions 

 (c) Two waves of equal wavelength and equal phase travel along 
the same path with equal speed 

 (d) Two waves of equal amplitude and equal speed travel along the 
same path in opposite direction 

6. For the stationary wave )96cos(
15

sin4 t
x

y 










 , the distance 

between a node and the next antinode is 

   [MP PMT 1987] 

 (a) 7.5 (b) 15 

 (c) 22.5 (d) 30 

7. The equation of stationary wave along a stretched string is given by 

t
x

y 


40cos
3

sin5 , where x and y are in cm and t in second. 

The separation between two adjacent nodes is[CPMT 1990; MP PET 1999; AMU 1999;  

DPMT 2004; BHU 2005] 

 (a) 1.5 cm (b) 3 cm 

 (c) 6 cm (d) 4 cm 

8. The equation 















 xtvjtx










2
cos

2
sin),(  represents 

[MNR 1994] 

 (a) Transverse progressive wave 

 (b) Longitudinal progressive wave  

 (c) Longitudinal stationary wave 

 (d) Transverse stationary wave 

9. The equation of a stationary wave is t
x

y 


200sin
20

cos8.0 







 , 

where x is in cm and t is in sec. The separation between consecutive 
nodes will be 

     [MP PET 1994] 

 (a) 20 cm (b) 10 cm  

(c) 40 cm (d) 30 cm 

10. In a stationary wave, all particles are  

[MP PMT 1994] 

(a) At rest at the same time twice in every period of oscillation 

(b) At rest at the same time only once in every period of oscillation 

(c) Never at rest at the same time 

(d) Never at rest at all 

11. A wave represented by the given equation )cos( tkxay   is 

superposed with another wave to form a stationary wave such that 
the point x = 0 is a node. The equation for the other wave is  [IIT 1988; MP PMT 1994, 97;  

AIIMS 1998; SCRA 1998; MP PET 2001; KCET 2001;  

AIEEE 2002; UPSEAT 2004] 

 (a) )sin( tkxay    (b) )cos( tkxay   

 (c) )cos( tkxay    (d) )sin( tkxay   
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12. At a certain instant a stationary transverse wave is found to have 
maximum kinetic energy. The appearance of string at that instant is    [AIIMS 1995] 

 (a) Sinusoidal shape with amplitude A/3 

 (b) Sinusoidal shape with amplitude A/2 

 (c) Sinusoidal shape with amplitude A 

 (d) Straight line 

13. The equation txy 300cos5sin15.0 , describes a stationary 

wave. The wavelength of the stationary wave is  

     [MP PMT 1995] 

 (a) Zero (b) 1.256 metres 

 (c) 2.512 metres (d) 0.628 metre 

14. In stationary waves, antinodes are the points where there is  

[MP PMT 1996] 

 (a) Minimum displacement and minimum pressure change 

 (b) Minimum displacement and maximum pressure change 

 (c) Maximum displacement and maximum pressure change 

 (d) Maximum displacement and minimum pressure change 

15. In stationary waves all particles between two nodes pass through the 

mean position 

[MP PMT 1999; KCET 2001] 

 (a) At different times with different velocities 

 (b) At different times with the same velocity 

 (c) At the same time with equal velocity 

 (d) At the same time with different velocities 

16. Standing waves can be produced  [IIT-JEE 1999] 

 (a) On a string clamped at both the ends 

 (b) On a string clamped at one end and free at the other 

 (c) When incident wave gets reflected from a wall 

 (d) When two identical waves with a phase difference of  are 
moving in the same direction 

17. A standing wave having 3 nodes and 2 antinodes is formed between 

two atoms having a distance 1.21 Å between them. The wavelength of 
the standing wave is 

  [CBSE PMT 1998; MH CET 2002; AIIMS 2000; BHU 2001] 

 (a) 1.21 Å (b) 2.42 Å 

 (c) 6.05 Å (d) 3.63 Å 

18. In stationary waves, distance between a node and its nearest 

antinode is 20 cm. The phase difference between two particles 
having a separation of 60 cm will be 

     [CMEET Bihar 1995] 

 (a) Zero (b) /2 

 (c)  (d) 3/2 

19. Stationary waves of frequency 300 Hz are formed in a medium in 

which the velocity of sound is 1200 metre/sec. The distance between 

a node and the neighbouring antinode is   [SCRA 1994] 

 (a) 1 m (b) 2 m 

 (c) 3 m (d) 4 m 

20. Which two of the given transverse waves will give stationary waves 

when get superimposed 

[RPET 1997; MP PET 1993] 

  )cos(1 tkxaz    .....(A) 

  )cos(2 tkxaz    .....(B) 

  )cos(3 tkyaz    .....(C) 

 (a) A and B (b) A and C  

 (c) B and C (d) Any two 

21. A standing wave is represented by 

)01.0cos()100sin( xtAY   

 where Y and A are in millimetre, t is in seconds and x is in metre. 
The velocity of wave is  

[CBSE PMT 1994; AFMC 2002] 

 (a) sm /104    

 (b) sm /1  

 (c) sm /10 4  

 (d) Not derivable from above data 

22. A wave of frequency 100 Hz is sent along a string towards a fixed 

end. When this wave travels back after reflection, a node is formed 
at a distance of 10 cm from the fixed end of the string. The speed of 
incident (and reflected) wave are 

[CBSE PMT 1994] 

 (a) 40 m/s (b) 20 m/s 

 (c) 10 m/s (d) 5 m/s 

23. )cos( tkxay   superimposes on another wave giving a 

stationary wave having node at x = 0. What is the equation of the 

other wave  [BHU 1998; DPMT 2000] 

 (a) )cos( tkxa   (b) )cos( tkxa   

 (c) )cos( tkxa   (d) )sin( tkxa   

24. Two waves are approaching each other with a velocity of 20 m/s and 

frequency n . The distance between two consecutive nodes is    [Pb. PMT 1999] 

(a) 
n

20
 (b) 

n

10
 

(c) 
n

5
 (d) 

10

n
 

25. Energy is not carried by which of the following waves 

[RPMT 1998; AIIMS 1998, 99] 

(a) Stationary  (b) Progressive 

(c) Transverse (d) Electromagnetic 

26. The stationary wave produced on a string is represented by the 

equation txy  40sin)3/cos(5 . Where x and y are in cm and 

t  is in seconds. The distance between consecutive nodes is    [MP PMT 2000] 

(a) 5 cm (b)   cm 

(c) 3 cm (d) 40 cm 

27. Two sinusoidal waves with same wavelengths and amplitudes travel 

in opposite directions along a string with a speed 10 ms–1. If the 
minimum time interval between two instants when the string is flat 
is 0.5 s, the wavelength of the waves is    [Roorkee 2000] 

(a) 25 m (b) 20 m 

(c) 15 m (d) 10 m 
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28. ‚Stationary waves‛ are so called because in them 

     [MP PMT 2001] 

(a) The particles of the medium are not disturbed at all 

(b) The particles of the medium do not execute SHM 

 (c) There occurs no flow of energy along the wave 

 (d) The interference effect can’t be observed 

29. Two waves are approaching each other with a velocity of 16 m/s and 
frequency n. The distance between two consecutive nodes is   [CPMT 2001; Pb. PMT 1999] 

(a) 
n

16
 (b) 

n

8
 

 (c) 
16

n
 (d) 

8

n
 

30. Stationary waves [Kerala (Med.) 2002] 

(a) Transport energy 

(b) Does not transport energy 

 (c) Have nodes and antinodes 

 (d) Both (b) and (c) 

31. In a stationary wave all the particles [KCET 2002] 

(a) On either side of a node vibrate in same phase 

(b) In the region between two nodes vibrate in same phase 

 (c) In the region between two antinodes vibrate in same phase  

 (d) Of the medium vibrate in same phase 

32. When a stationary wave is formed then its frequency is 

[Kerala (Engg.) 2002] 

(a) Same as that of the individual waves 

(b) Twice that of the individual waves 

 (c) Half that of the individual waves 

 (d) None of the above  

33. In stationary waves  [RPMT 1998; JIPMER 2002] 

(a) Energy is uniformly distributed  

(b) Energy is minimum at nodes and maximum at antinodes 

 (c) Energy is maximum at nodes and minimum at antinodes 

 (d) Alternating maximum and minimum energy producing at nodes 
and antinodes 

34. Equation of a stationary wave is .20cos
4

sin10 t
x

y 


  Distance 

between two consecutive nodes is  

[MP PMT 2002] 

(a) 4 (b) 2 

 (c) 1 (d) 8 

35. At nodes in stationary waves  

[SCRA 1994; UPSEAT 2000; MP PET 2003; RPET 2003] 

(a) Change in pressure and density are maximum  

(b) Change in pressure and density are minimum 

 (c) Strain is zero  

 (d) Energy is minimum  

36. Consider the three waves 21 , zz  and 3z  as 

 )sin(1 tkxAz  , )sin(2 tkxAz    

and )sin(3 tkyAz  . Which of the following represents a 

standing wave    [DCE 2004] 

 (a) 21 zz   (b) 32 zz   

 (c) 13 zz   (d) 321 zzz   

37. The following equations represent progressive transverse waves 

)cos(1 kxtAZ   , )cos(2 kxtAZ   , 

)cos(3 kytAZ    and )22cos(4 kytAZ   . A stationary 

wave will be formed by superposing  [MP PET 1993] 

 (a) 1Z  and 2Z  (b) 1Z  and 4Z  

 (c) 2Z  and 3Z  (d) 3Z  and 4Z  

38. Two travelling waves )](sin[1 tcxkAy   and 

)](sin[2 tcxkAy   are superimposed on string. The distance 

between adjacent nodes is [IIT 1992] 

 (a) /tc  (b) 2/tc  

 (c) k2/  (d) k/  

39. A string vibrates according to the equation 

t
x

y 


20cos
3

2
sin5 








 , where x and y are in cm and t in sec. 

The distance between two adjacent nodes is  

 [UPSEAT 2005] 

 (a) 3 cm  (b) 4.5 cm  

 (c) 6 cm  (d) 1.5 cm 
 

Vibration of String 

1.  A string fixed at both the ends is vibrating in two segments. The 
wavelength of the corresponding wave is 

[SCRA 1994] 

 (a) 
4

l
 (b) 

2

l
 

 (c) l (d) 2l 
2. A 1 cm long string vibrates with fundamental frequency of 256 Hz. If 

the length is reduced to cm
4

1
 keeping the tension unaltered, the 

new fundamental frequency will be 
[BHU 1997] 

 (a) 64 (b) 256 

 (c) 512 (d) 1024 

3. Standing waves are produced in a 10 m long stretched string. If the 
string vibrates in 5 segments and the wave velocity is 20 m/s, the 
frequency is 

   [CBSE PMT 1997; AIIMS 1998; JIPMER 2000] 

 (a) 2 Hz (b) 4 Hz 

 (c) 5 Hz (d) 10 Hz 

4. The velocity of waves in a string fixed at both ends is 2 m/s. The 
string forms standing waves with nodes 5.0 cm apart. The frequency 
of vibration of the string in Hz is 

[SCRA 1998] 

 (a) 40 (b) 30 

 (c) 20 (d) 10 

5. Which of the following is the example of transverse wave  

[CPMT 1999] 

(a) Sound waves 

(b) Compressional waves in a spring  

(c) Vibration of string   

(d) All of these 

6. A stretched string of 1m length and mass kg4105   is having 

tension of 20N. If it is plucked at 25cm from one end then it will 
vibrate with frequency 
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   [RPET 1999; RPMT 2002] 

(a) 100 Hz (b) 200 Hz 

(c) 256 Hz (d) 400 Hz 

7. Two similar sonometer wires given fundamental frequencies of 
500Hz. These have same tensions. By what amount the tension be 

increased in one wire so that the two wires produce 5 beats/sec[RPET 1999] 

(a) 1% (b) 2% 

(c) 3% (d) 4% 

8. A string is producing transverse vibration whose equation is 

)30sin(021.0 txy  , Where x and y are in meters and t  is in 

seconds. If the linear density of the string is 4103.1  kg/m, then 

the tension in the string in N  will be 

[RPET 1999; RPMT 2002] 

(a) 10 (b) 0.5 

(c) 1 (d) 0.117 

9. If the tension of sonometer’s wire increases four times then the 
fundamental frequency of the wire will increase by  

[RPMT 1999] 

(a) 2 times (b) 4 times 

(c) 1/2 times (d) None of the above 

10. If vibrations of a string are to be increased by a factor of two, then 

tension in the string must be made  

  [AIIMS 1999; Pb. PET 2000] 

(a) Half (b) Twice 

(c) Four times (d) Eight times 

11. Four wires of identical length, diameters and of the same material 
are stretched on a sonometre wire. If the ratio of their tensions is 1 : 
4 : 9 : 16 then the ratio of their fundamental frequencies are  [KCET 2000] 

(a) 16 : 9 : 4 : 1 (b) 4 : 3 : 2 : 1 

(c) 1 : 4 : 2 : 16 (d) 1 : 2 : 3 : 4 

12. A tuning fork vibrating with a sonometer having 20 cm wire 

produces 5 beats per second. The beat frequency does not change if 
the length of the wire is changed to 21 cm. the frequency of the 
tuning fork (in Hertz) must be 

[UPSEAT 2000; Pb. PET 2004] 

(a) 200 (b) 210 

(c) 205 (d) 215 

13. A stretched string of length ,l  fixed at both ends can sustain 

stationary waves of wavelength ,  given by 

  [UPSEAT 2000; Pb. PET 2004; CPMT 2005] 

(a) 
l

n

2

2

  (b) 
n

l

2

2

  

(c) 
n

l2
  (d) nl2  

14. If you set up the seventh harmonic on a string fixed at both ends, 
how many nodes and antinodes are set up in it  

[AMU 2000] 

(a) 8, 7 (b) 7, 7 

(c) 8, 9 (d) 9, 8 

15. If you set up the ninth harmonic on a string fixed at both ends, its 
frequency compared to the seventh harmonic  

[AMU (Engg.) 2000] 

(a) Higher  (b) Lower 

(c) Equal (d) None of the above  

16. Frequency of a sonometer wire is n. Now its tension is increased 4 
times and its length is doubled then new frequency will be    [RPET 2000] 

(a) n/2 (b) 4n 

(c) 2n (d) n 

17. A device used for investigating the vibration of a fixed string or wire 
is    [BHU 2000] 

(a) Sonometer (b) barometer 

(c) Hydrometer (d) None of these 

18. A string on a musical instrument is 50 cm long and its fundamental 
frequency is 270 Hz. If the desired frequency of 1000 Hz is to be 
produced, the required length of the string is  

[EAMCET (Engg.) 1998; CPMT 2000; Pb. PET 2001] 

(a) 13.5 cm (b) 2.7 cm 

(c) 5.4 cm (d) 10.3 cm 

19. The tension in a piano wire is 10N. What should be the tension in 
the wire to produce a note of double the frequency    [AIIMS 2001] 

(a) 5 N (b) 20 N 

 (c) 40 N (d) 80 N 

20. To increase the frequency from 100 Hz to 400 Hz the tension in the 
string has to be changed by [RPET 2001] 

(a) 4 times (b) 16 times 

 (c) 20 times (d) None of these 

21. In order to double the frequency of the fundamental note emitted by 

a stretched string, the length is reduced to 
4

3
th of the original 

length and the tension is changed. The factor by which the tension 
is to be changed, is  [EAMCET 2001] 

(a) 
8

3
 (b) 

3

2
 

 (c) 
9

8
 (d) 

4

9
 

22. A string of 7 m length has a mass of 0.035 kg. If tension in the 
string is 60.5 N, then speed of a wave on the string is  

[CBSE PMT 2001] 

(a) 77 m/s (b) 102 m/s 

 (c) 110 m/s (d) 165 m/s 

23. A second harmonic has to be generated in a string of length l  

stretched between two rigid supports. The point where the string 
has to be plucked and touched are  

[KCET 2001] 

(a) Plucked at 
4

l
 and touch at 

2

l
 

(b) Plucked at 
4

l
 and touch at 

4

3l
 

 (c) Plucked at 
2

l
 and touched at 

4

l
 

 (d) Plucked at 
2

l
 and touched at 

4

3l
 

24. Transverse waves of same frequency are generated in two steel wires 
A and B. The diameter of A is twice of B and the tension in A is half 
that in B. The ratio of velocities of wave in A and B is    [KCET 2001] 

(a) 23:1  (b) 22:1  
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 (c) 2:1  (d) 1:2  

25. A sonometer wire resonates with a given tuning fork forming 

standing waves with five antinodes between the two bridges when a 
mass of 9 kg is suspended from the wire. When this mass is 
replaced by a mass M, the wire resonates with the same tuning fork 
forming three antinodes for the same positions of the bridges. The 
value of M is  

[IIT-JEE (Screening) 2002] 

(a) 25 kg (b) 5 kg 

 (c) 12.5 kg (d) 1/25 kg 

26. The tension of a stretched string is increased by 69%. In order to 
keep its frequency of vibration constant, its length must be 

increased by  [KCET 2002] 

(a) 20% (b) 30% 

 (c) %69  (d) 69% 

27. The length of a sonometer wire tuned to a frequency of 250 Hz is 
0.60 metre. The frequency of tuning fork with which the vibrating 
wire will be in tune when the length is made 0.40 metre is    [JIPMER 2002] 

(a) 250 Hz (b) 375 Hz 

 (c) 256 Hz (d) 384 Hz 

28. Length of a string tied to two rigid supports is 40 cm. Maximum 
length (wavelength in cm) of a stationary wave produced on it is    [AIEEE 2002] 

(a) 20 (b) 80 

 (c) 40 (d) 120 

29. A string in musical instrument is 50 cm long and its fundamental 
frequency is 800 Hz. If a frequency of 1000 Hz is to be produced, 

then required length of string is  

    [AIIMS 2002] 

(a) 62.5 cm (b) 50 cm 

 (c) 40 cm (d) 37.5 cm 

30. Two wires are in unison. If the tension in one of the wires is 

increased by 2%, 5 beats are produced per second. The initial 
frequency of each wire is   [MP PET 2002] 

(a) 200 Hz (b) 400 Hz 

 (c) 500 Hz (d) 1000 Hz 

31. Two uniform strings A and B made of steel are made to vibrate 
under the same tension. if the first overtone of A is equal to the 
second overtone of B and if the radius of A is twice that of B, the 
ratio of the lengths of the strings is  

    [EAMCET 2003] 

(a)  1: 2 (b) 1 : 3 

 (c) 1 : 4 (d) 1 : 6 

32. If the length of a stretched string is shortened by 40% and the 
tension is increased by 44%, then the ratio of the final and initial 

fundamental frequencies is 

     [EAMCET 2003] 

(a) 2 : 1 (b) 3 : 2 

 (c) 3 : 4 (d) 1 : 3 

33. Two wires are fixed in a sonometer. Their tensions are in the ratio 8 

: 1. The lengths are in the ratio .35:36  The diameters are in the 
ratio 4 : 1. Densities of the materials are in the ratio 1 : 2. If the 
lower frequency in the setting is 360 Hz. the beat frequency when 
the two wires are sounded together is    [KCET 2003] 

(a) 5 (b) 8 

 (c) 6 (d) 10 

34. The first overtone of a stretched wire of given length is 320 Hz. The 

first harmonic is :   [DPMT 2004] 

(a) 320 Hz (b) 160 Hz 

(c) 480 Hz (d) 640 Hz 

35. Two perfectly identical wires are in unison. When the tension in one 
wire is increased by 1%, then on sounding them together 3 beats are 
heard in 2 sec. The initial frequency of each wire is :   [Pb. PET 2002] 

(a) 1220 s  (b) 1320 s  

(c) 1150 s  (d) 1300 s  

36. A tuning fork of frequency 392 Hz, resonates with 50 cm length of a 
string under tension (T). If length of the string is decreased by 2%, 
keeping the tension constant, the number of beats heard when the 
string and the tuning fork made to vibrate simultaneously is   [BHU 2004] 

(a) 4 (b) 6 

(c) 8 (d) 12 

37. The sound carried by air from a sitar to a listener is a wave of the 

following type  [MP PMT 1987; RPET 2001] 

 (a) Longitudinal stationary (b) Transverse progressive 

 (c) Transverse stationary (d) Longitudinal progressive 

38. In Melde’s experiment in the transverse mode, the frequency of the 

tuning fork and the frequency of the waves in the strings are in the 

ratio   [KCET 2004]      

(a) 1 : 1 (b) 1 : 2 

(c) 2 : 1 (d) 4 : 1 

39. The frequency of transverse vibrations in a stretched string is 200 
Hz. If the tension is increased four times and the length is reduced 
to one-fourth the original value, the frequency of vibration will be    [EAMCET (Med.) 1999] 

 (a) 25 Hz  (b) 200 Hz  

 (c) 400 Hz  (d) 1600 Hz  

40. Three similar wires of frequency n
1

, n
2

 and n
3

 are joined to make one 
wire. Its frequency will be  

    [CBSE PMT 2000] 

 (a) 321 nnnn   (b) 
321

1111

nnnn
  

 (c) 

321

1111

nnnn
  (d) 

2
3

2
2

2
1

1

1111

nnnn
  

41. A steel rod 100 cm long is clamped at its mid-point. The funda-

mental frequency of longitudinal vibrations of the rod is given to be 
2.53 kHz. What is the speed of sound in steel   

[AFMC 2000] 

 (a) 5.06 km/s  (b) 6.06 km/s 

 (c) 7.06 km/s  (d) 8.06 km/s  

42. Two wires are producing fundamental notes of the same frequency. 
Change in which of the following factors of one wire will not 

produce beats between them  

[BHU (Med.) 1999] 

 (a) Amplitude of the vibrations 

  (b) Material of the wire 

 (c) Stretching force  

 (d) Diameter of the wires 



 

  Waves and Sound 853 

43. Calculate the frequency of the second harmonic formed on a string 

of length 0.5 m and mass 2  10–4 kg when stretched with a tension 

of 20 N    [BHU (Med.) 2000] 

 (a) 274.4 Hz (b) 744.2 Hz  

 (c) 44.72 Hz  (d) 447.2 Hz  

44. The fundamental frequency of a string stretched with a weight of 4 

kg is 256 Hz. The weight required to produce its octave is    [J & K CET 2000] 

 (a) 4 kg wt   (b) 8 kg wt  

 (c) 12 kg wt (d) 16 kg wt   

45. Two vibrating strings of the same material but lengths L and 2L have 
radii 2r and r respectively. They are stretched under the same tension. 
Both the strings vibrate in their fundamental modes, the one of length 
L with frequency n

1

 and the other with frequency n
2

. The ratio n
1

/n
2

 is 
given by 

   [IIT-JEE (Screening) 2000] 

(a) 2 (b) 4   

(c) 8 (d) 1 

46. If the tension and diameter of a sonometer wire of fundamental 
frequency n are doubled and density is halved then its fundamental 
frequency will become  

 [CBSE PMT 2001] 

 (a) 
4

n
 (b) n2  

 (c) n  (d) 
2

n
 

47. In a sonometer wire, the tension is maintained by suspending a 50.7 
kg mass from the free end of the wire. The suspended mass has a 
volume of 0.0075 m3. The fundamental frequency of the wire is 260 
Hz. If the suspended mass is completely submerged in water, the 
fundamental frequency will become (take g = 10 ms–2)  

[KCET 2001]  

 (a) 240 Hz  (b) 230 Hz  

 (c) 220 Hz  (d) 200 Hz  

48. A string is rigidly tied at two ends and its equation of vibration is 

given by .sinsin2cos xty   Then minimum length of string 

is    [RPMT 2001] 

 (a) 1 m  (b) m
2

1
 

 (c) 5 m  (d) 2m  

49. Fundamental frequency of sonometer wire is n. If the length, tension 
and diameter of wire are tripled, the new fundamental frequency is    [DPMT 2002] 

 (a) 
3

n
 (b) 

3

n
 

(c) 3n  (d) 
33

n
 

50. A string of length 2 m is fixed at both ends. If this string vibrates in 
its fourth normal mode with a frequency of 500 Hz then the waves 
would travel on its with a velocity of  

    [BCECE 2005] 

 (a) 125 m/s (b) 250 m/s 

 (c) 500 m/s (d)  1000 m/s 

51. The fundamental frequency of a sonometre wire is n. If its radius is 

doubled and its tension becomes half, the material of the wire 
remains same, the new fundamental frequency will be    [BCECE 2005] 

 (a) n (b) 
2

n
 

 (c) 
2

n
 (d)  

22

n
 

52. In an experiment with sonometer a tuning fork of frequency 256 Hz 
resonates with a length of 25 cm and another tuning fork resonates 
with a length of 16 cm. Tension of the string remaining  constant  
the frequency  of the second tuning fork is    [KCET 2005] 

 (a) 163.84 Hz (b) 400 Hz  

 (c) 320 Hz (d)  204.8 Hz  
 

Organ Pipe (Vibration of Air Column) 
 

1. The length of two open organ pipes are l and )( ll   respectively. 

Neglecting end correction, the frequency of beats between them will 
be approximately 

   [MP PET 1994; BHU 1995] 

 (a) 
l

v

2
 (b) 

l

v

4
 

 (c) 
22l

lv
 (d) 

l

lv
 

 (Here v is the speed of sound) 

2. A tube closed at one end and containing air is excited. It produces 
the fundamental note of frequency 512 Hz. If the same tube is open 
at both the ends the fundamental frequency that can be produced is  [RPET 1999] 

 (a) 1024 Hz (b) 512 Hz 

 (c) 256 Hz (d) 128 Hz 

3. A closed pipe and an open pipe have their first overtones identical in 
frequency. Their lengths are in the ratio 

 [Roorkee 1999] 

(a) 1 : 2 (b) 2 : 3 

(c) 3 : 4 (d) 4 : 5 

4. The first overtone in a closed pipe has a frequency 

   [JIPMER 1999] 

(a) Same as the fundamental frequency of an open tube of same 
length 

(b) Twice the fundamental frequency of an open tube of same 
length 

(c) Same as that of the first overtone of an open tube of same 
length 

(d) None of the above  

5. An empty vessel is partially filled with water, then the frequency of 
vibration of air column in the vessel  

  [KCET 2000] 

(a) Remains same  

(b) Decreases 

(c) Increases 

(d) First increases then decreases 

6. It is desired to increase the fundamental resonance frequency in a 
tube which is closed at one end. This can be achieved by    [Roorkee 2000] 

(a) Replacing the air in the tube by hydrogen gas 

(b) Increasing the length of the tube 

(c) Decreasing the length of the tube 

(d) Opening the closed end of the tube 

7. An air column in a pipe, which is closed at one end, will be in 

resonance with a vibrating body of frequency 166 Hz, if the length 
of the air column is  [UPSEAT 2001] 



 

 854 Waves and Sound  

(a) 2.00 m (b) 1.50 m  

 (c) 1.00 m (d) 0.50 m 

8. If the velocity of sound in air is 350 m/s. Then the fundamental 

frequency of an open organ pipe of length 50 cm, will be [CPMT 1997; MH CET 2001; Pb. PMT 2001] 

(a) 350 Hz (b) 175 Hz 

 (c) 900 Hz (d) 750 Hz  

9. If the length of a closed organ pipe is 1m and velocity of sound is 
330 m/s, then the frequency for the second note is  

[AFMC 2001] 

(a) Hz
4

330
4   (b) Hz

4

330
3   

 (c) Hz
4

330
2   (d) Hz

330

4
2   

10. The fundamental note produced by a closed organ pipe is of 

frequency .f  The fundamental note produced by an open organ 

pipe of same length will be of frequency  

[BHU 2001] 

(a) 
2

f
 (b) f  

 (c) f2  (d) f4  

11. If the velocity of sound in air is 336 m/s. The maximum length of a 
closed pipe that would produce a just audible sound will be [KCET 2001] 

(a) 3.2 cm (b) 4.2 m  

 (c) 4.2 cm (d) 3.2 m 

12. An organ pipe 1P  closed at one end vibrating in its first overtone 

and another pipe 2P  open at both ends vibrating in its third 

overtone are in resonance with a given tuning fork. The ratio of 

lengths of 1P  and 2P  is  

[EAMCET 1997; MH CET 1999; AFMC 2001] 

(a) 1 : 2 (b) 1 : 3 

 (c) 3 : 8 (d) 3 : 4 

13. A resonance air column of length 20 cm resonates with a tuning fork of 
frequency 250 Hz. The speed of sound in air is  

[AFMC 1999; BHU 2000; CPMT 2001] 

(a) 300 m/s (b) 200 m/s 

 (c) 150 m/s (d) 75 m/s 

14. A cylindrical tube, open at both ends, has a fundamental frequency 

0f  in air. The tube is dipped vertically into water such that half of 

its length is inside water. The fundamental frequency of the air 
column now is  

[RPET 1999; RPMT 1998, 2000; J & K CET 2000;  

KCET  2002; BHU 2002; BCECE 2003] 

(a) 4/3 0f  (b) 0f  

 (c) 2/0f  (d) 02 f  

15. If the length of a closed organ pipe is 1.5 m and velocity of sound is 
330 m/s, then the frequency for the second note is   

[CBSE PMT 2002] 

(a) 220 Hz (b) 165 Hz 

 (c) 110 Hz (d) 55 Hz 

16. A pipe 30 cm long is open at both ends. Which harmonic mode of 
the pipe is resonantly excited by a 1.1 kHz source ? (Take speed of 
sound in air = 330 ms–1) 

    [AMU 2002] 

(a) First (b) Second 

 (c) Third (d) Fourth 

17. Two closed organ pipes, when sounded simultaneously gave 4 beats 
per sec. If longer pipe has a length of 1m. Then length of shorter 
pipe will be, (v = 300 m/s) 

 [Pb. PMT 2002] 

(a) 185.5 cm (b) 94.9 cm 

 (c) 90 cm (d) 80 cm 

18. A source of sound placed at the open end of a resonance column 

sends an acoustic wave of pressure amplitude 0  inside the tube. If 

the atmospheric pressure is ,A  then the ratio of maximum and 

minimum pressure at the closed end of the tube will be   [UPSEAT 2002] 

(a) 
)(

)(

0

0









A

A  (b) 
)2(

)2(

0

0









A

A  

 (c) 
A

A




 (d) 





















0

0

2

1

2

1





A

A

 

19. Two closed pipe produce 10 beats per second when emitting their 

fundamental nodes. If their length are in ratio of 25 : 26. Then their 
fundamental frequency in Hz, are 

  [MH CET 2002] 

(a) 270, 280 (b) 260, 270 

 (c) 260, 250 (d) 260, 280 

20. A closed organ pipe and an open organ pipe are tuned to the same 
fundamental frequency. What is the ratio of lengths  [BHU 2003; Kerala 2005] 

(a) 1 : 2 (b) 2 : 1 

 (c) 2 : 3 (d) 4 : 3 

21. An open pipe resonates with a tuning fork of frequency 500 Hz. it is 
observed that two successive nodes are formed at distances 16 and 
46 cm from the open end. The speed of sound in air in the pipe is    [Orissa JEE 2003] 

(a) 230 m/s (b) 300 m/s 

 (c) 320 m/s (d) 360 m/s 

22. Find the fundamental frequency of a closed pipe, if the length of the 
air column is 42 m. (speed of sound in air = 332 m/sec)   [RPET 2003] 

(a) 2 Hz (b) 4 Hz 

 (c) 7 Hz (d) 9 Hz 

23. If v is the speed of sound in air then the shortest length of the 
closed pipe which resonates to a frequency n  

[KCET 2003] 

(a) 
n

v

4
 (b) 

n

v

2
 

 (c) 
v

n2
 (d) 

v

n4
 

24. The frequency of fundamental tone in an open organ pipe of length 
0.48 m is 320 Hz.  Speed of sound is 320 m/sec. Frequency of 
fundamental tone in closed organ pipe will be  

[MP PMT 2003] 

(a) 153.8 Hz (b) 160.0 Hz 

(c) 320.0 Hz (d) 143.2 Hz 

25. If fundamental frequency of closed pipe is 50 Hz then frequency of 
2nd overtone is    [AFMC 2004] 

(a) 100 Hz (b) 50 Hz 

(c) 250 Hz (d) 150 Hz 
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26. Two open organ pipes of length 25 cm and 25.5 cm produce 10 
beat/sec. The velocity of sound will be 

     [Pb. PMT 2004] 

 (a) 255 m/s (b) 250 m/s 

 (c) 350 m/s (d) None of these 

27. What is minimum length of a tube, open at both ends, that 
resonates with tuning fork of frequency 350 Hz ? [velocity of sound 
in air = 350 m/s]   [DPMT 2004] 

(a) 50 cm (b) 100 cm 

(c) 75 cm (d) 25 cm 

28. Two open organ pipes give 4 beats/sec when sounded together in 
their fundamental nodes. If the length of the pipe are 100 cm and 
102.5 cm respectively, then the velocity of sound is :  [Pb. PET 2000; CPMT 2001] 

(a) 496 m/s (b) 328 m/s 

(c) 240 m/s (d) 160 m/s 

29. The harmonics which are present in a pipe open at one end are[UPSEAT 2000; MHCET 2004] 

(a) Odd harmonics  

(b) Even harmonics 

 (c) Even as well as odd harmonics 

(c) None of these 

30. An open pipe is suddenly closed at one end with the result that the 
frequency of third harmonic of the closed pipe is found to be higher 
by 100 Hz, then the fundamental frequency of open pipe is:[UPSEAT 2001; Pb. PET 2004] 

(a) 480 Hz (b) 300 Hz 

(c) 240 Hz (d) 200 Hz 

31. Tube A has both ends open while tube B has one end closed, 
otherwise they are identical. The ratio of fundamental frequency of 
tube A and B is  

  [AIEEE 2002; CPMT 2004] 

(a) 1 : 2 (b) 1 : 4 

 (c) 2 : 1 (d) 4 : 1 

32. If the temperature increases, then what happens to the frequency of 

the sound produced by the organ pipe 

   [RPET 1996; DPMT 2000; RPMT 2001] 

 (a) Increases (b) Decreases 

 (c) Unchanged (d) Not definite 

33. Apparatus used to find out the velocity of sound in gas is 

     [AFMC 2004] 

 (a) Melde’s apparatus (b) Kundt’s tube 

 (c) Quincke’s tube (d) None of these 

34. Standing stationary waves can be obtained in an air column even if 
the interfering waves are [CPMT 1972] 

 (a) Of different pitches 

 (b) Of different amplitudes    

 (c) Of different qualities  

 (d) Moving  with different velocities 

35. The stationary wave tkxay cossin2  in a closed organ pipe 

is the result of the superposition of )sin( kxtay   and    [Roorkee 1994] 

 (a) )cos( kxtay    (b) )sin( kxtay    

 (c) )sin( kxtay    (d) )cos( kxtay    

36. Stationary waves are set up in air column. Velocity of sound in air is 
330 m/s and frequency is 165 Hz. Then distance between the nodes 
is   

   [EAMCET (Engg.) 1995; CPMT 1999] 

 (a) 2 m (b) 1 m 

(c) 0.5 m (d) 4 m  

37. An open pipe of length l vibrates in fundamental mode. The 

pressure variation is maximum at  

    [EAMCET (Med.) 1999] 

 (a) 1/4 from ends 

 (b) The middle of pipe 

 (c) The ends of pipe  

(d) At 1/8 from ends of pipe middle of the pipe 

38. Fundamental frequency of pipe is 100 Hz and other two frequencies 

are 300 Hz and 500 Hz then   

  [RPMT 1998, 2003; CPMT 2001] 

 (a) Pipe is open at both the ends  

 (b) Pipe is closed at both the ends 

 (c) One end open and another end is closed 

(d) None of the above 

39. Fundamental frequency of an open pipe of length 0.5 m is equal to 
the frequency of the first overtone of a closed pipe of length l. The 

value of l
c

 is (m)  [KCET 1999] 

 (a) 1.5 (b) 0.75 

(c) 2 (d) 1 

40. In a closed organ pipe the frequency of fundamental note is 50 Hz. 

The note of which of the following frequencies will not be emitted 

by it    [J & K CET 2000] 

 (a) 50 Hz  (b) 100 Hz  

(c) 150 Hz  (d) None of the above 

41. On producing the waves of frequency 1000 Hz in a Kundt's tube, the 

total distance between 6 successive nodes is 85 cm. Speed of sound 

in the gas filled in the tube is  

[AFMC 1999] 

 (a) 330 m/s (b) 340 m/s  

(c) 350 m/s  (d) 300 m/s 

42. What is the base frequency if a pipe gives notes of frequencies 425, 

255 and 595 and decide whether it is closed at one end or open at 

both ends  [UPSEAT 2001] 

 (a) 17, closed  (b) 85, closed 

(c) 17, open  (d) 85, open 

43. A student determines the velocity of sound with the help of a closed 

organ pipe. If the observed length for fundamental frequency is 24.7 

m, the length for third harmonic will be  

[RPET 2002] 

 (a) 74.1 cm  (b) 72.7 cm  

(c) 75.4 cm  (d) 73.1 cm 

44. An open pipe of length 33 cm resonates with frequency of 100 Hz. If 
the speed of sound is 330 m/s, then this frequency is    [RPMT 2002] 

 (a) Fundamental frequency of the pipe  

 (b) Third harmonic of the pipe  
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 (c) Second harmonic of the pipe 

(d) Fourth harmonic of the pipe 

45. In a resonance tube the first resonance with a tuning fork occurs at 

16 cm and second at 49 cm. If the velocity of sound is 330 m/s, the 
frequency of tuning fork is 

[DPMT 2002] 

 (a) 500 (b) 300  

(c) 330 (d) 165 

46. Two closed organ pipes of length 100 cm and 101 cm 16 beats in 20 
sec. When each pipe is sounded in its fundamental mode calculate 
the velocity of sound  

[AFMC 2003] 

 (a) 303 ms–1  (b) 332 ms–1 

(c) 323.2 ms–1 (d) 300 ms–1  

47. In open organ pipe, if fundamental frequency is n then the other 

frequencies are    [BCECE 2005] 

 (a) n, 2n, 3n, 4n (b) n, 3n, 5n 

(c) n, 2n, 4n, 8n (d)  None of these 

48. If in an experiment for determination of velocity of sound by 

resonance tube method using a tuning fork of 512 Hz, first 

resonance was observed at 30.7 cm and second was obtained at 63.2 

cm, then maximum possible error in velocity of sound is (consider 

actual speed of sound in air is 332 m/s)   [IIT-JEE (Screening) 2005 

 (a) 204 cm/sec (b) 110 cm/sec  

(c) 58 cm/sec (d)  80 cm/sec 

49. An organ pipe, open from both end produces 5 beats per second 

when vibrated with a source of frequency 200 Hz. The second 

harmonic of the same pipes produces 10 beats per second with a 

source of frequency 420 Hz. The frequency of source is    [DCE 2005] 

 (a) 195 Hz (b) 205 Hz 

(c) 190 Hz (d)  210 Hz 

50. In one metre long open pipe what is the harmonic of resonance 

obtained with a tuning fork of frequency 480 Hz 

 [J & K CET 2005] 

 (a) First  (b) Second  

(c) Third  (d)  Fourth 

51. An organ pipe open at one end is vibrating in first overtone and is 
in resonance with another pipe open at both ends and vibrating in 
third harmonic. The ratio of length of two pipes is    [DCE 2005] 

 (a) 1 : 2 (b) 4 : 1 

 (c) 8 : 3 (d)  3 : 8 

52. In a resonance pipe the first and second resonances are obtained at 

depths 22.7 cm and 70.2 cm respectively. What will be the end 
correction    [J & K CET 2005] 

 (a) 1.05 cm (b) 115.5 cm 

(c) 92.5 cm (d)  113.5 cm 

53. An open tube is in resonance with string (frequency of vibration of 

tube is n
0

). If tube is dipped in water so that 75% of length of tube 
is inside water, then the ratio of the frequency of tube to string now 
will be  [J & K CET 2005] 

 (a) 1 (b) 2 

(c) 
3

2
 (d)  

2

3
 

 

Doppler’s Effect 
 

1. Doppler shift in frequency does not depend upon 

    [MP PMT 1993; DPMT 2000] 

 (a) The frequency of the wave produced 

 (b) The velocity of the source 

 (c) The velocity of the observer 

 (d) Distance from the source to the listener 

2. A source of sound of frequency 450 cycles/sec is moving towards a 

stationary observer with 34 m/sec speed. If the speed of sound is 
340 m/sec, then the apparent frequency will be   [MP PMT 1987] 

 (a) 410 cycles/sec (b) 500 cycles/sec 

 (c) 550 cycles/sec (d) 450 cycles/sec 

3. The wavelength is 120 cm when the source is stationary. If the 
source is moving with relative velocity of 60 m/sec towards the 
observer, then the wavelength of the sound wave reaching to the 
observer will be (velocity of sound = 330 m/s) 

 (a) 98 cm (b) 140 cm 

 (c) 120 cm (d) 144 cm 

4. The frequency of a whistle of an engine is 600 cycles/sec is moving 

with the speed of 30 m/sec towards an observer. The apparent 
frequency will be (velocity of sound = 330 m/s)    [MP PMT 1989] 

 (a) 600 cps (b) 660 cps 

 (c) 990 cps (d) 330 cps 

5. A source of sound emits waves with frequency f  Hz and speed V 
m/sec. Two observers move away from this source in opposite 
directions each with a speed 0.2 V relative to the source. The ratio 
of frequencies heard by the two observers will be   [MP PET 1990] 

 (a) 3 : 2 (b) 2 : 3 

 (c) 1 : 1 (d) 4 : 10 

6. The source producing sound and an observer both are moving along 

the direction of propagation of sound waves. If the respective 

velocities of sound, source and an observer are v, sv and ov , then 

the apparent  frequency heard by the observer will be (n = 
frequency of sound) 

     [MP PMT 1989] 

 (a) 
o

o

vv

vvn



 )(
 (b) 

s

o

vv

vvn



 )(
 

 (c) 
s

o

vv

vvn



 )(
 (d) 

s

o

vv

vvn



 )(
 

7. An observer moves towards a stationary source of sound of 
frequency n. The apparent frequency heard by him is 2n. If the 
velocity of sound in air is 332 m/sec, then the velocity of the 
observer is   [MP PET 1990] 

 (a) 166 m/sec (b) 664 m/sec 

 (c) 332 m/sec (d) 1328 m/sec 

8. An observer is moving towards the stationary source of sound, then   [MH CET 2001] 

 (a) Apparent frequency will be less than the real frequency 

 (b) Apparent frequency will be greater than the real frequency 

 (c) Apparent frequency will be equal to real frequency 
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 (d) Only the quality of sound will change 

9. A whistle sends out 256 waves in a second. If the whistle approaches 
the observer with velocity 1/3 of the velocity of sound in air, the 
number of waves per second the observer will receive [MP PET 1990; DPMT 2002] 

 (a) 384 (b) 192 

 (c) 300 (d) 200 

10. A person feels 2.5% difference of frequency of a motor-car horn. If 
the motor-car is moving to the person and the velocity of sound is 

320 m/sec, then the velocity of car will be  [CPMT 1981; MP PET 1989] 

 (a) 8 m/s (approx.) (b) 800 m/s 

 (c) 7 m/s (d) 6 m/s (approx.) 

11. Two passenger trains moving with a speed of 108 km/hour cross 
each other. One of them blows a whistle whose frequency is 750 Hz. 
If sound speed is 330 m/s, then passengers sitting in the other train, 
after trains cross each other will hear sound whose frequency will be  

     [MP PMT 1991] 

 (a) 900 Hz (b) 625 Hz 

 (c) 750 Hz (d) 800 Hz 

12. With what velocity an observer should move relative to a stationary 

source so that he hears a sound of double the frequency of source   [MP PMT 1991] 

 (a) Velocity of sound towards the source 

 (b) Velocity of sound away from the source 

 (c) Half the velocity of sound towards the source 

 (d) Double the velocity of sound towards the source 

13. A source of sound emitting a note of frequency 200 Hz moves 

towards an observer with a velocity v equal to the velocity of sound. 
If the observer also moves away from the source with the same 
velocity v, the apparent frequency heard by the observer is  [MP PMT 1990] 

 (a) 50 Hz (b) 100 Hz 

 (c) 150 Hz (d) 200 Hz 

14. Doppler's effect will not be applicable when the velocity of sound 
source is 

 (a) Equal to that of the sound velocity 

 (b) Less than the velocity of sound 

 (c) Greater than the velocity of sound 

 (d) Zero 

15. An observer while going on scooter hears sound of two sirens of 
same frequencies from two opposite directions. If he travels along 
the direction of one of the siren, then he 

 (a) Listens resonance 

 (b) Listens beats 

 (c) Will not listen sound due to destructive interference 

(d) Will listen intensive sound due to constructive interference 

16. A source of sound is travelling towards a stationary observer. The 

frequency of sound heard by the observer is of three times the 
original frequency. The velocity of sound is v m/sec. The speed of 
source will be 

     [MP PET 1991] 

 (a) v
3

2
 (b) v 

 (c) v
2

3
 (d) 3v 

17. A sound source is moving towards a stationary observer with 1/10 of 
the speed of sound. The ratio of apparent to real frequency is   

[CPMT 1977; NCERT 1977; KCET 2001, 03] 

 (a) 10/9 (b) 11/10 

 (c) 2)10/11(  (d) 2)10/9(  

18. The speed of sound in air at a given temperature  is 350 m/s. An 

engine blows whistle at a frequency of 1200 cps. It is approaching 

the observer with velocity 50 m/s. The apparent  frequency in cps 

heard by the observer will be 

   [CPMT 1976; RPET 1999; BHU 1997, 2001] 

 (a) 600 (b) 1050 

 (c) 1400 (d) 2400 

19. Suppose that the speed of sound  in air at a given temperature  is 

400 m/sec. An engine blows a whistle at 1200 Hz frequency. It is 

approaching an observer at the speed of 100 m/sec. What is the 

apparent frequency as heard by the observer  [CPMT 1983; DPMT 2001] 

 (a) 600 Hz (b) 1200 Hz 

 (c) 1500 Hz (d) 1600 Hz 

20. A source of frequency 150 Hz is moving  in the direction  of a 

person with  a velocity of 110 m/s. The frequency heard by the 
person will be (speed of sound in medium = 330 m/s)  [CPMT 1989; RPET 2001] 

 (a) 225 Hz (b) 200 Hz 

 (c) 150 Hz (d) 100 Hz 

21. The Doppler's effect is applicable for  

     [AFMC 1998] 

 (a) Light waves (b) Sound waves 

 (c) Space waves (d) Both (a) and (b) 

22. A source of sound is moving with constant velocity of 20 m/s 
emitting a note of frequency 1000 Hz. The ratio of frequencies 

observed by a stationary observer while the source is approaching 
him and after it crosses him will be 

  [MP PET 1994] 

 (a) 9 : 8 (b) 8 : 9 

 (c) 1 : 1 (d) 9 : 10 

 (Speed of sound v = 340 m/s) 

23. A source of sound S is moving with a velocity 50m/s towards a 

stationary observer. The observer measures the frequency of the 
source as 1000 Hz. What will be the apparent frequency of the 
source when it is moving away from the observer after crossing him 
? The velocity of sound in the medium is 350 m/s   [MP PMT 1994] 

 (a) 750 Hz (b) 857 Hz 

 (c) 1143 Hz (d) 1333 Hz 

24. A source and listener are both moving towards each other with 

speed v/10, where v is the speed of sound. If the frequency of the 
note emitted by the source is f, the frequency heard by the listener 
would be nearly 

   [MP PMT 1994; MP PET 2001] 

 (a) 1.11 f (b) 1.22 f 

 (c) f (d) 1.27 f 

25. A table is revolving on its axis at 5 revolutions per second. A sound 
source of frequency 1000 Hz is fixed on the table at 70 cm from the 
axis. The minimum frequency heard by a listener standing at a 
distance from the table will be (speed of sound = 352 m/s)   [MP PET 1996] 
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 (a) 1000 Hz (b) 1066 Hz 

 (c) 941 Hz (d) 352 Hz 

26. A source of sound S of frequency 500 Hz situated between a 

stationary observer O and a wall W, moves towards the wall with a 
speed of 2 m/s. If the velocity of sound is 332 m/s, then the number 
of beats per second heard by the observer is (approximately) 

 (a) 8 (b) 6 

 (c) 4 (d) 2 

27. A motor car blowing a horn of frequency 124vib/sec moves with a 

velocity 72 km/hr towards a tall wall. The frequency of the reflected 
sound heard by the driver will be (velocity of sound in air is 330 
m/s)   [MP PET 1997] 

 (a) 109 vib/sec (b) 132 vib/sec 

 (c) 140 vib/sec (d) 248 vib/sec 

28. A source of sound of frequency n is moving towards a stationary 
observer with a speed S. If the speed of sound in air is V and the 

frequency heard by the observer is 1n , the value of nn /1  is   [MP PMT 1997] 

 (a) VSV /)(   (b) )/( SVV   

 (c) VSV /)(   (d) )/( SVV   

29. A vehicle with a horn of frequency n is moving with a velocity of 30 
m/s in a direction perpendicular to the straight line joining the 
observer and the vehicle. The observer perceives the sound to have a 

frequency 1nn  . Then (if the sound velocity in air is 300 m/s) 

   [CBSE PMT 1998; AIIMS 2000] 

 (a) nn 101   (b) 01 n  

 (c) nn 1.01   (d) nn 1.01   

30. A whistle giving out 450 Hz approaches a stationary observer at a 
speed of 33 m/s. The frequency heard by the observer in Hz is   [IIT 1997 Cancelled] 

 (a) 409 (b) 429 

 (c) 517 (d) 500 

31. An observer is moving away from source of sound of frequency 100 
Hz. His speed is 33 m/s. If speed of sound is 330 m/s, then the  
observed frequency is 

   [EAMCET (Engg.) 1995; CPMT 1999] 

 (a) 90 Hz (b) 100 Hz 

 (c) 91 Hz (d) 110 Hz 

32. An observer standing at station observes frequency 219 Hz when a 

train approaches and 184 Hz when train goes away from him. If 

velocity of sound in air is 340 m/s, then velocity of train and actual 

frequency of whistle will be  

 [RPET 1997] 

 (a) Hzms 200,5.15 1  (b) Hzms 205,5.19 1  

 (c) Hzms 200,5.29 1  (d) Hzms 205,5.32 1  

33. At what speed should a source of sound move so that stationary 
observer finds the apparent frequency equal to half of the original 

frequency   [RPMT 1996] 

 (a) 
2

v
 (b) 2v 

 (c) 
4

v
 (d) v 

34. A boy is walking away from a wall towards an observer at a speed of 

1 metre/sec and blows a whistle whose frequency is 680 Hz. The 

number of beats heard by the observer per second is (Velocity of 

sound in air = 340 metres/sec   

[MP PMT 1995] 

 (a) Zero (b) 2 

 (c) 8 (d) 4  

35. The driver of a car travelling with speed 30 metres per second 

towards a hill sounds a horn of frequency 600 Hz. If the velocity of 

sound in air is 330 metres per second, the frequency of the reflected 

sound as heard by the driver is 

 [MP PMT 1996] 

 (a) 720 Hz (b) 555.5 Hz 

(c) 550 Hz (d) 500 Hz 

36. Two sirens situated one kilometer apart are producing sound of 

frequency 330 Hz. An observer starts moving from one siren to the 

other with a speed of 2 m/s. If the speed of sound be 330 m/s, what 

will be the beat frequency heard by the observer[RPMT 1996; CPMT 2002] 

 (a) 8 (b) 4 

 (c) 6 (d) 1 

37. A source of sound is travelling with a velocity 40 km/hour towards 

observer and emits sound of frequency 2000 Hz. If velocity of sound 

is 1220 km/hour, then what is the apparent frequency heard by an 

observer [AFMC 1997] 

 (a) 2210 Hz (b) 1920 Hz 

 (c) 2068 Hz (d) 2086 Hz 

38. A source of sound and listener are approaching each other with a 

speed of 40 m/s. The apparent frequency of note produced by the 

source is 400 cps. Then, its true frequency (in cps) is (velocity of 

sound in air = 360 m/s)          

    [KCET 1999] 

(a) 420 (b) 360 

(c) 400 (d) 320 

39. A siren emitting sound of frequency 500 Hz is going away from a 

static listener with a speed of 50 m/sec. The frequency of sound to be 
heard, directly from the siren, is  

[AIIMS 1999; Pb. PMT 2003] 

(a) 434.2 Hz (b) 589.3 Hz 

(c) 481.2 Hz (d) 286.5 Hz 

40. A man sitting in a moving train hears the whistle of the engine. The 
frequency of the whistle is 600 Hz  

    [JIPMER 1999] 

(a) The apparent frequency as heard by him is smaller than 600 

Hz 

(b) The apparent frequency is larger than 600 Hz 

(c) The frequency as heard by him is 600 Hz 

(d) None of the above  

41. A source of sound of frequency 500 Hz is moving towards an 

observer with velocity 30 m/s. The speed of sound is 330 m/s. the 

frequency heard by the observer will be  

 [MP PET 2000; Kerala PMT 2005; UPSEAT 2005] 

(a) 550 Hz (b) 458.3 Hz 
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(c) 530 Hz (d) 545.5 Hz 

42. A source of sound of frequency 90 vibrations/ sec is approaching a 

stationary observer with a speed equal to 1/10 the speed of sound. 

What will be the frequency heard by the observer    [MP PMT 2000] 

(a) 80 vibrations/sec  (b) 90 vibrations/sec 

(c) 100 vibrations/sec (d) 120 vibrations/sec 

43. A whistle of frequency 500 Hz tied to the end of a string of length 1.2 

m revolves at 400 rev/min. A listener standing some distance away in 

the plane of rotation of whistle hears frequencies in the range (speed of 

sound = 340 m/s) 

[KCET 2000; AMU 1999; Pb. PET 2003] 

(a) 436 to 586 (b) 426 to 574 

(c) 426 to 584 (d) 436 to 674 

44. A train moves towards a stationary observer with speed 34 m/s. The 
train sounds a whistle and its frequency registered by the observer 

is 1f . If the train’s speed is reduced to 17 m/s, the frequency 

registered is 2f . If the speed of sound is 340 m/s then the ratio 

21 / ff  is  

[IIT-JEE (Screening) 2000] 

(a) 18/19 (b) 1/2 

(c) 2 (d) 19/18 

45. If source and observer both are relatively at rest and if speed of 
sound is increased then frequency heard by observer will 

 [RPET 2000; J & K CET 2004] 

(a) Increases (b) Decreases 

(c) Can not be predicted  (d) Will not change 

46. A source and an observer move away from each other with a 

velocity of 10 m/s with respect to ground. If the observer finds the 

frequency of sound coming from the source as 1950 Hz, then actual 

frequency of the source is (velocity of sound in air = 340 m/s)   [EAMCET 1997; 

MH CET 2000; AFMC 2000; CBSE PMT 2001] 

(a) 1950 Hz (b) 2068 Hz 

 (c) 2132 Hz (d) 2486 Hz 

47. A source is moving towards an observer with a speed of 20 m/s and 

having frequency of 240 Hz. The observer is now moving towards 

the source with a speed of 20 m/s. Apparent frequency heard by 

observer, if velocity of sound is 340 m/s, is  [CPMT  2000; KCET 2001; MH CET 2004] 

(a) 240 Hz (b) 270 Hz 

 (c) 280 Hz (d) 360 Hz 

48. A siren placed at a railway platform is emitting sound of frequency 

5 kHz. A passenger sitting in a moving train A records a frequency 

of 5.5 kHz while the train approaches the siren. During his return 

journey in a different train B he records a frequency of 6.0 kHz 

while approaching the same siren. The ratio of the velocity of train B 

to that of train A is 

[IIT-JEE (Screening) 2002] 

(a) 242/252 (b) 2 

 (c) 5/6 (d) 11/6 

49. A whistle revolves in a circle with an angular speed of 20 rad/sec 

using a string of length 50 cm. If the frequency of sound from the 

whistle is 385 Hz, then what is the minimum frequency heard by an 

observer, which is far away from the centre in the same plane ? (v = 

340 m/s) 

    [CBSE PMT 2002] 

(a) 333 Hz (b) 374 Hz 

 (c) 385 Hz (d) 394 Hz 

50. A Siren emitting sound of frequency 800 Hz is going away from a 

static listener with a speed of 30 m/s, frequency of the sound to be 

heard by the listener is (take velocity of sound as 330 m/s) 

[CPMT 1996; AIIMS 2002; Pb. PMT 2001] 

(a) 733.3 Hz (b) 644.8 Hz 

 (c) 481.2 Hz (d) 286.5 Hz 

51. A car sounding a horn of frequency 1000 Hz passes an observer. The 

ratio of frequencies of the horn noted by the observer before and 

after passing of the car is 11 : 9. If the speed of sound is v, the speed 

of the car is  

[MP PET 2002] 

(a) v
10

1
 (b) v

2

1
 

 (c) v
5

1
 (d) v 

52. What should be the velocity of a sound source moving towards a 

stationary observer so that apparent frequency is double the actual 

frequency (Velocity of sound is v) 

  [MP PMT 2002] 

(a) v (b) 2v 

 (c) 
2

v
 (d) 

4

v
 

53. Two trains are moving towards each other at speeds of 20 m/s and 

15 m/s relative to the ground. The first train sounds a whistle of 

frequency 600 Hz. the frequency of the whistle heard by a passenger 

in the second train before the train meets is (the speed of sound in 

air is 340 m/s) 

    [UPSEAT 2002] 

(a) 600 Hz (b) 585 Hz 

 (c) 645 Hz (d) 666 Hz 

54. A small source of sound moves on a circle as shown in the figure 

and an observer is standing on O . Let 21 , nn  and 3n be the 

frequencies heard when the source is at BA,  and C  respectively. 

Then  [UPSEAT 2002] 

(a) 321 nnn   

(b) 132 nnn   

 (c) 321 nnn   

 (d) 312 nnn   

55. A source and an observer approach each other with same velocity 

50 m/s. If the apparent frequency is 435 sec–1, then the real 

frequency is    [CPMT 2003] 

B 

A 

C 
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(a) 320 s–1  (b) 360 sec–1  

 (c) 390 sec–1  (d) 420 sec–1  

56. A source emits a sound of frequency of 400 Hz, but the listener 
hears it to be 390 Hz. Then 

    [Orissa JEE 2003] 

(a) The listener is moving towards the source 

(b) The source is moving towards the listener 

 (c) The listener is moving away from the source 

 (d) The listener has a defective ear 

57. Doppler effect is applicable for   [AFMC 2003] 

(a) Moving bodies  

(b) One is moving and other are stationary 

 (c) For relative motion 

 (d) None of these 

58. A source and an observer are moving towards each other with a 

speed equal to 
2

v
 where v  is the speed of sound. The source is 

emitting sound of frequency n. The frequency heard by the observer 
will be    [MP PET 2003] 

(a) Zero (b) n  

 (c) 
3

n
 (d) n3  

59. When an engine passes near to a stationary observer then its 

apparent frequencies occurs in the ratio 5/3.  If the velocity of 

engine is   [MP PMT 2003] 

(a) 540 m/s (b) 270 m/s 

 (c) 85 m/s (d) 52.5 m/s 

60. A police car horn emits a sound at a frequency 240 Hz when the car 

is at rest. If the speed of the sound is 330 m/s, the frequency heard 

by an observer who is approaching the car at a speed of 11 m/s, is :   [UPSEAT 2004] 

(a) 248 Hz (b) 244 Hz 

(c) 240 Hz (d) 230 Hz 

61. A person carrying a whistle emitting continuously a note of 272 Hz 

is running towards a reflecting surface with a speed of 18 km/hour. 

The speed of sound in air is 1345 ms . The number of beats heard 

by him is  

[Kerala (Engg.) 2002] 

(a) 4 (b) 6 

 (c) 8 (d) 3 

62. A bus is moving with a velocity of 5 m/s towards a huge wall. the 

driver sounds a horn of frequency 165 Hz. If the speed of sound in 

air is 355 m/s, the number of beats heard per second by a passenger 

on the bus will be  

[KCET 2001; BHU 2002] 

(a) 6 (b) 5 

 (c) 3 (d) 4 

63. A source of sound of frequency 256 Hz is moving rapidly towards a 
wall with a velocity of 5m/s. The speed of sound is 330 m/s. If the 
observer is between the wall and the source, then beats per second 
heard will be  [UPSEAT 2002] 

(a) 7.8 Hz (b) 7.7 Hz  

 (c) 3.9 Hz (d) Zero 

64. The apparent frequency of a note, when a listener moves towards a 

stationary source, with velocity of 40 m/s is 200 Hz. When he moves 
away from the same source with the same speed, the apparent 
frequency of the same note is 160 Hz. The velocity of sound in air is 
(in m/s)  [KCET 1998] 

 (a) 360 (b) 330 

 (c) 320 (d) 340 

65. An observer moves towards a stationary source of sound, with a 

velocity one-fifth of the velocity of sound. What is the percentage 
increase in the apparent frequency  

 [AIEEE 2005] 

 (a) 5% (b) 20% 

 (c) Zero  (d)  0.5% 
 

Musical Sound 
 

1. The walls of the halls built for music concerts should 

  [NCERT 1979] 

 (a) Amplify sound (b) Transmit sound 

 (c) Reflect sound  (d) Absorb sound 

2. A spherical source of power 4 W and frequency 800 Hz is emitting 
sound waves. The intensity of waves at a distance 200 m is[CPMT 1999; JIPMER 2000] 

 (a) 26 /108 mW  (b) 24 /102 mW  

 (c) 24 /101 mW  (d) 2/4 mW  

3. If the pressure amplitude in a sound wave is tripled, then the 
intensity of sound is increased by a factor of  

   [CPMT 1992; JIPMER 2000] 

 (a) 9 (b) 3 

 (c) 6 (d) 3  

4. If the amplitude of sound is doubled and the frequency reduced to 
one-fourth, the intensity of sound at the same point will be   [CBSE PMT 1992] 

 (a) Increased by a factor of 2  

 (b) Decreased by a factor of 2 

 (c) Decreased by a factor of 4 

 (d) Unchanged 

5. Intensity level of a sound of intensity I is 30 dB. The ratio 
0I

I
 is 

(Where 0I  is the threshold of hearing) 

[KCET 1999; J & K CET 2005] 

(a) 3000 (b) 1000 

(c) 300 (d) 30 

6. Decibel is unit of    [RPMT 2000] 

(a) Intensity of light  (b) X-rays radiation capacity 

(c) Sound loudness (d) Energy of radiation 

7. Quality of a musical note depends on  

[MP PMT 1998; KCET 1999; RPET 2000] 

(a) Harmonics present   

(b) Amplitude of the wave 

(c) Fundamental frequency 

(d) Velocity of sound in the medium 

8. When we hear a sound, we can identify its source from 
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 [KCET (Med.) 2001] 

(a) Amplitude of sound 

(b) Intensity of sound 

 (c) Wavelength of sound 

 (d) Overtones present in the sound 

9. A man x  can hear only upto 10 kHz and another man y  upto 20 

kHz. A note of frequency 500 Hz is produced before them from a 
stretched string. Then 

[KCET 2002] 

(a) Both will hear sounds of same pitch but different quality 

(b) Both will hear sounds of different pitch but same quality 

 (c) Both will hear sounds of different pitch and different quality 

 (d) Both will hear sounds of same pitch and same quality 

10. The amplitude of two waves are in ratio 5 : 2. If all other conditions 
for the two waves are same, then what is the ratio of their energy 

densities   [MH CET 2004] 

(a) 5 : 2 (b) 10: 4 

(c) 2.5 : 1 (d) 25 : 4 

11. A is singing a note and at the same time B is singing  a note with 

exactly one-eighth the frequency of the note of A. The energies  of 
two sounds are equal, the amplitude of the note of B is [NCERT 1981; AIIMS 2001] 

 (a) Same that of A (b) Twice as that of A  

 (c) Four times as that of A  (d) Eight times as that of A  

12. The loudness and pitch of a sound depends on  

 [KCET 2004; Pb. PET 2003] 

 (a) Intensity and velocity 

 (b) Frequency and velocity 

 (c) Intensity and frequency 

 (d) Frequency and number of harmonics 

13. If T is the reverberation time of an auditorium of volume V then     [KCET 2003] 

 (a) 
V

T
1

  (b) 
2

1

V
T   

 (c) 2VT   (d) VT   

14. The intensity of sound from a radio at a distance of 2 metres from 

its speaker is ./01 22 mW  The intensity at a distance of 10 

meters would be    [CPMT 2005] 

 (a) 22 /102.0 mW  (b) 22 /101 mW  

 (c) 24 /104 mW  (d) 22 /105 mW  

15. The intensity of sound wave while passing through an elastic 
medium falls down by 10% as it covers one metre distance through 
the medium. If the initial intensity of the sound wave was 100 

decibels, its value after it has passed through 3 metre thickness of 
the medium will be   [CPMT 1988] 

 (a) 70 decibel (b) 72.9 decibel 

 (c) 81 decibel (d) 60 decibel 

16. A musical scale is constructed by providing intermediate frequencies 
between a note and its octave which 

 [CPMT 1972; NCERT 1980] 

 (a) Form an arithmetic progression  

 (b) Form a geometric progression 

 (c) Bear a simple ratio with their neighbours 

 (d) Form a harmonic progression 

17. In a harmonium the intermediate notes between a note and its 

octave form    [CPMT 1973] 

 (a) An arithmetic progression 

 (b) A geometric progression 

 (c) A harmonic progression 

 (d) An exponential progression 

18. The power of a sound from the speaker of a radio is 20 mW. By 

turning the knob of the volume control, the power of the sound is 

increased to 400 mW. The power increase in decibels as compared 

to the original power is  

 (a) 13 dB (b) 10 dB 

 (c) 20 dB (d) 800 dB 

19. If separation between screen and source is increased by 2% what 

would be the effect on the intensity   [CPMT 2003] 

 (a) Increases by 4% (b) Increases by 2% 

 (c) Decreases by 2% (d) Decreases by 4% 

20. The musical interval between two tones of frequencies 320 Hz and 
240 Hz is   [MP PMT 1992; AFMC 1992] 

 (a) 80 (b) 








3

4
 

 (c) 560 (d) 320 × 240 

21. In an orchestra, the musical sounds of different instruments are 
distinguished from one another by which of the following 
characteristics      [CBSE PMT 1993] 

 (a) Pitch (b) Loudness 

 (c) Quality  (d) Overtones 

22. The intensity level due to two waves of the same frequency in a 

given medium are 1 bel and 5 bel. Then the ratio of amplitudes is 

 (a) 1 : 4 (b) 1 : 2 

 (c) 1 : 104 (d) 1 : 102 

23. It is possible to recognise a person by hearing his voice even if he is 
hidden behind a wall. This is due to the fact that his voice   [CPMT 1972] 

 (a) Has a definite pitch (b) Has a definite quality 

 (c) Has a definite loudness (d) Can penetrate the wall 

24. Of the following the one which emits sound of higher pitch is 

 (a) Mosquito (b) Lion 

 (c) Man  (d) Woman 

25. In the musical octave ‘Sa’, ‘Re’, ‘Ga’ 

 (a) The frequency of the note ‘Sa’ is greater than that of  ‘Re’, ‘Ga’ 

(b) The frequency of the note ‘Sa’ is smaller than that of  ‘Re’, ‘Ga’ 

 (c) The frequency of all the notes ‘Sa’, ‘Re’, ‘Ga’ is the same 

 (d) The frequency decreases in the sequence ‘Sa’, ‘Re’, ‘Ga’ 

26. Tone A has frequency of 240 Hz. Of the following tones, the one 
which will sound least harmonious with A is 

 (a) 240 (b) 480 

 (c) 360 (d) 450 

27. Learned Indian classical vocalists do not like the accompaniment of a 
harmonium because  [MP PMT 1992] 

 (a) Intensity of the notes of the harmonium is too large 
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 (b) Notes of the harmonium are too shrill 

 (c) Diatonic scale is used in the harmonium 

 (d) Tempered scale is used in the harmonium 

28. Each of the properties of sound listed in column A primarily 
depends on one of the quantities in column B. Choose the matching 
pairs from two columns 

 Column A   Column B 

 Pitch Waveform 

 Quality Frequency 

 Loudness Intensity [IIT 1980] 

 (a) Pitch-waveform, Quality-frequency; Loudness-intensity 

 (b) Pitch-frequency, Quality-waveform; Loudness-intensity 

 (c) Pitch-intensity, Quality-waveform; Loudness- frequency 

 (d) Pitch-waveform, Quality- intensity; Loudness-frequency  

29. Intensity level 200 cm from a source of sound is 80 dB. If there is 
no loss of acoustic power in air and intensity of threshold hearing is 

21210  Wm  then, what is the intensity level at a distance of 400 

cm from source 

 (a) Zero (b) 54 dB 

(c) 64 dB (d) 44 dB 

30. A point source emits sound equally in all directions in a non-

absorbing medium. Two points P and Q are at distances of 

m2 and m3  respectively from the source. The ratio of the 

intensities of the waves at P and Q  is  [CBSE PMT 2005] 

(a) 9 : 4 (b) 2 : 3  

(c) 3 : 2 (d) 4 : 9 

31. Quality depends on    [AFMC 2003] 

 (a) Intensity  (b) Loudness  

 (c) Timbre  (d) Frequency  

32. Two waves having sinusoidal waveforms have different wavelengths 

and different amplitude. They will be having   

[BHU 2005] 

 (a) Same pitch and different intensity  

 (b) Same quality and different intensity  

 (c) Different quality and different intensity   

(d)  Same quality and different pitch 

 
 
 
 
 
 

1. A wave disturbance in a medium is described by 

)10cos(
2

50cos02.0),( xttxy 


 







 , where x and y are in 

metres and t in seconds   [IIT 1995] 

 (a) A displacement node occurs at x = 0.15 m  

 (b) An antinode occurs at x = 0.3 m 

 (c) The wavelength of the wave is 0.2 m 

 (d) The speed of the wave is 5.0 m/s 

2. The (x, y) coordinates of the corners of a square plate are (0, 0), (L, 
0), (L, L) and (0, L). The edges of the plate are clamped and 

transverse standing waves are set up in it. If u(x, y) denotes the 
displacement of the plate at the point (x, y) at some instant of time, 
the possible expression(s) for u is(are) (a = positive constant)  

  [IIT 1998; Orissa PMT 2004] 

 (a) 
L

y

L

x
a

2
cos

2
cos


 (b) 

L

y

L

x
a


sinsin  

 (c) 
L

y

L

x
a

 2
sinsin  (d) 

L

y

L

x
a


cos

2
cos  

3. The ends of a stretched wire of length L are fixed at 0x  and 

.Lx   In one experiment, the displacement of the wire is 

tLxAy  sin)/sin(1   and energy is 1E , and in another 

experiment its displacement is tLxAy  2sin)/2sin(2   and 

energy is 2E . Then  

   [IIT-JEE (Screening) 2001] 

(a) 12 EE   (b) 12 2EE   

 (c) 12 4EE   (d) 12 16EE   

4. In a large room, a person receives direct sound waves from a source 
120 metres away from him. He also receives waves from the same 
source which reach him, being reflected from the 25 metre high 
ceiling at a point halfway between them. The two waves interfere 
constructively for wavelength of 

[Roorkee 1982] 

 (a) 20, 20/3, 20/5 etc (b) 10, 5, 2.5 etc 

(c) 10, 20, 30 etc (d) 15, 25, 35 etc  

5. A train has just complicated a U-curve in a track which is a 
semicircle. The engine is at the forward end of the semi circular part 
of the track while the last carriage is at the rear end of the 
semicircular track. The driver blows a whistle of frequency 200 Hz. 
Velocity of sound is 340 m/sec. Then the apparent frequency as 
observed by a passenger in the middle of a train when the speed of 
the train is 30 m/sec is 

 

 

 

 

 

 

 

 

 (a) 209 Hz (b) 288 Hz 

 (c) 200 Hz (d)  181 Hz 

6. Two identical flutes produce fundamental notes of frequency 300 Hz 

at o27 C. If the temperature of air in one flute is increased to 

o31 C, the number of the beats heard per second will be   [UPSEAT 2002] 

(a) 1 (b) 2 

 (c) 3 (d) 4 

7. In the experiment for the determination of the speed of sound in air 

using the resonance column method, the length of the air column 
that resonates in the fundamental mode, with a tuning fork is 0.1 m. 
when this length is changed to 0.35 m, the same tuning fork 
resonates with the first overtone. Calculate the end correction 

  [IIT-JEE (Screening) 2003] 

(a) 0.012m (b) 0.025m 

 (c) 0.05m (d) 0.024m 

Observer 

Engine 

v 
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8. A closed organ pipe of length L and an open organ pipe contain 

gases of densities 1  and 2  respectively. The compressibility of 

gases are equal in both the pipes. Both the pipes are vibrating in 
their first overtone with same frequency. The length of the open 
organ pipe is 

[IIT-JEE (Screening) 2004] 

 (a) 
3

L
 (b) 

3

4 L
 

 (c) 
2

1

3

4



L
 (d) 

1

2

3

4



L
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9. A string of length 0.4 m and mass kg210   is tightly clamped at its 

ends. The tension in the string is 1.6 N. Identical wave pulses are 

produced at one end at equal intervals of time t. The minimum 

value of t which allows constructive interference between 

successive pulses is  [IIT 1998] 

 (a) 0.05 s (b) 0.10 s 

 (c) 0.20 s (d) 0.40 s 

10. Two identical stringed instruments have frequency 100 Hz. If tension 

in one of them is increased by 4% and they are sounded together 
then the number of beats in one second is  

 [EAMCET (Engg.) 1995] 

 (a) 1 (b) 8 

 (c) 4 (d) 2 

11. The difference between the apparent frequency of a source of sound 
as perceived by an observer during its  approach and recession  is 
2% of the natural frequency of the source. If the velocity of sound in 

air is 300 m/sec, the velocity of the source is (It is given that velocity 
of source << velocity of sound)  [CPMT 1982; RPET 1998] 

 (a) 6 m/sec (b) 3 m/sec  

 (c) 1.5 m/sec (d) 12 m/sec 

12. A sound wave of frequency  travels horizontally to the right. It is 

reflected from a large vertical plane surface moving to the left with a 
speed v. The speed of sound in the medium is c, then   [IIT 1995; BCECE 2005] 

 (a) The frequency of the reflected wave is 
vc

vc



 )(
 

 (b) The wavelength of the reflected wave is 
)(

)(

vc

vcc






 

 (c) The number of waves striking the surface per second is 

c

vc )( 
  

 (d) The number of beats heard by a stationary listener to the left 

of the reflecting surface is 
vc

v




 

13. Two cars are moving on two perpendicular roads towards a crossing 
with uniform speeds of 72 km/hr and 36 km/hr. If first car blows 
horn of frequency 280 Hz, then the frequency of horn heard by the 
driver of second car when line joining the cars make 45° angle with 
the roads; will be 

     [RPET 1997] 

 (a) 321 Hz (b) 298 Hz   

 (c) 289 Hz (d) 280 Hz 

14. Two whistles A and B produces notes of frequencies 660 Hz and 
596 Hz respectively. There is a listener at the mid-point of the line 

joining them. Now the whistle B and the listener start moving with 
speed 30 m/s away from the whistle A. If speed of sound be 330 
m/s, how many beats will be heard by the listener   [RPET 1996] 

 (a) 2 (b) 4  

 (c) 6 (d) 8 

15. A source producing sound of frequency 170 Hz is approaching a 
stationary observer with a velocity 17 ms–1. The apparent change in 
the wavelength of sound heard by the observer is (speed of sound in 
air = 340 ms–1) 

[EAMCET (Engg.) 2000] 

(a) 0.1m (b) 0.2m  

(c) 0.4m (d) 0.5m 

16. A police car moving at 22 m/s, chases a motorcyclist. The police 
man sounds his horn at 176 Hz, while both of them move towards a 
stationary siren of frequency 165 Hz. Calculate the speed of the 
motorcycle, if it is given that he does not observes any beats 

[IIT-JEE (Screening) 2003] 

   

  

 

 

 

(a) 33 m/s (b) 22 m/s 

 (c) Zero (d) 11 m/s 

17. An observer moves towards a stationary source of sound with a 
speed 1/5th of the speed of sound. The wavelength and frequency of 

the source emitted are   and f  respectively. The apparent 

frequency and wavelength recorded by the observer are respectively[CBSE PMT 2003] 

(a) ,2.1 f  (b) 2.1,f  

 (c) 8.0,8.0 f  (d) 2.1,2.1 f  

18. A light pointer fixed to one prong of a tuning fork touches a vertical 

plate. The fork is set vibrating and the plate is allowed to fall freely. 
If eight oscillations are counted when the plate falls through 10 cm, 
the frequency of the tuning fork is  [IIT 1977; KCET 2002] 

(a) 360 Hz (b) 280 Hz 

 (c) 560 Hz (d) 56 Hz 

19. Oxygen is 16 times heavier than hydrogen. Equal volumes of 
hydrogen and oxygen are mixed. The ratio of speed of sound in the 

mixture to that in hydrogen is [KCET 2004] 

(a) 
8

1
 (2) 

17

32
 

(c) 8  (d) 
17

2
 

20. The equation of displacement of two waves are given as 











3
3sin101


ty ; )3cos33(sin52 tty   . Then what 

is the ratio of their amplitudes 

[AIIMS 1997; Haryana PMT 2000] 

 (a) 1 : 2 (b) 2 : 1  

 (c) 1 : 1 (d) None of these 

21. The equation 












x
ntAy 22cos2  represents a wave with     [KCET 2002] 

(a) Amplitude A/2, frequency n2  and wavelength 2/  

(b) Amplitude A/2, frequency n2  and wavelength    

 (c) Amplitude A, frequency n2  and wavelength 2  

 (d) Amplitude A, frequency n  and wavelength   

22. In a wave motion )sin( tkxay  , y can represent 

   [IIT-JEE 1999] 

 (a) Electric field (b) Magnetic field 

 (c) Displacement (d) Pressure 

23. Consider ten identical sources of sound all giving the same 
frequency but having phase angles which are random. If the average 

Stationary siren  

(165 Hz) 

Police Car 

22 m/s  
(176 Hz) 

Motorcycle 

v 
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intensity of each source is 0I , the average of resultant intensity I 

due to all these ten sources will be 

  [MP PMT 1990] 

 (a) 0100 II   (b) 010 II   

 (c) 0II   (d) 010 II   

24. Ten tuning forks are arranged in increasing order of frequency in 

such a way that any two nearest tuning forks produce 4 beats/sec. 

The highest frequency is twice of the lowest. Possible highest and 

the lowest frequencies are 

   [MP PMT 1990; MHCET 2002] 

 (a) 80 and 40 (b) 100 and 50 

 (c) 44 and 22 (d) 72 and 36 

25. 41 forks are so arranged that each produces 5 beats per sec when 

sounded with its near fork. If the frequency of last fork is double the 

frequency of first fork, then the frequencies of the first and last fork 

are respectively 

    [MP PET 1997; KCET 2002] 

 (a) 200, 400 (b) 205, 410 

 (c) 195, 390 (d) 100, 200 

26. Two identical wires have the same fundamental frequency of 400 

Hz. when kept under the same tension. If the tension in one wire is 

increased by 2% the number of beats produced will be    [JIPMER 1999] 

(a) 4 (b) 2 

(c) 8 (d) 1 

27. 25 tunning forks are arranged in series in the order of decreasing 

frequency. Any two successive forks produce 3 beats/sec. If the 

frequency of the first turning fork is the octave of the last fork, then 

the frequency of the 21st fork is 

[Kerala (Engg.) 2001] 

(a) 72 Hz (b) 288 Hz 

 (c) 84 Hz (d) 87 Hz  

28. 16 tunning forks are arranged in the order of increasing frequencies. 

Any two successive forks give 8 beats per sec when sounded 

together. If the frequency of the last fork is twice the first, then the 

frequency of the first fork is 

   [CBSE PMT 2000; MP PET 2001] 

(a) 120 (b) 160 

 (c) 180 (d) 220 

29. Two identical straight wires are stretched so as to produce 6 beats 

per second when vibrating simultaneously. On changing the tension 

in one of them, the beat frequency remains unchanged. Denoting by 

21,TT , the higher and the lower initial tensions in the strings, then 

it could be said that while making the above change in tension[IIT 1991] 

 (a) 2T  was decreased (b) 2T  was increased 

 (c) 1T  was increased (d) 1T  was kept constant 

30. The frequency of a stretched uniform wire under tension is in 

resonance with the fundamental frequency of a closed tube. If the 

tension in the wire is increased by 8 N, it is in resonance with the 

first overtone of the closed tube. The initial tension in the wire is   [EAMCET (Engg.) 2000] 

(a) 1 N (b) 4 N 

(c) 8 N (d) 16 N 

31. A metal wire of linear mass density of 9.8 g/m is stretched with a 

tension of 10 kg weight between two rigid supports 1 metre apart. 

The wire passes at its middle point between the poles of a 

permanent magnet, and it vibrates in resonance when carrying an 

alternating current of frequency n. The frequency n of the 

alternating source is  

    [AIEEE 2003] 

(a) 25 Hz (b) 50 Hz 

 (c) 100 Hz (d) 200 Hz 

32. A wire of density 9103 kg /m3 is stretched between two clamps 1 m 

apart and is subjected to an extension of 4.9  10-4  m. The lowest 

frequency of transverse vibration in the wire is (Y = 9  1010 N / m2)[UPSEAT 2000; Pb. PET 2004] 

(a) 40 Hz (b) 35 Hz 

 (c) 30 Hz (d) 25 Hz 

33. A man is watching two trains, one leaving and the other coming in 

with equal speeds  of 4 m/sec. If they sound their whistles, each of 

frequency 240 Hz, the number of beats heard by the man (velocity 

of sound in air = 320 m/sec) will be equal to   [NCERT 1984; CPMT 1997; 

   MP PET 1999; RPMT 2000; BHU 2004, 05] 

 (a) 6 (b) 3 

(c) 0 (d) 12 

34. An open pipe is in resonance in its 2nd harmonic with tuning fork of 

frequency 1f . Now it is closed at one end. If the frequency of the 

tuning fork is increased slowly from 1f  then again a resonance is 

obtained with a frequency 2f . If in this case the pipe vibrates thn  

harmonics then   

   [IIT-JEE (Screening) 2005] 

 (a) ,3n  12
4

3
ff   (b) ,3n  12

4

5
ff   

(c) ,5n  12
4

5
ff   (d)  ,5n  12

4

3
ff   

35. Two speakers connected to the same source of fixed frequency are 

placed 2.0 m apart in a box. A sensitive microphone placed at a 

distance of 4.0m from their midpoint along the perpendicular 

bisector shows maximum response. The box is slowly rotated until 

the speakers are in line with the microphone. The distance between 

the midpoint of the speakers and the microphone remains 

unchanged. Exactly five maximum responses are observed in the 

microphone in doing this. The wavelength of the sound wave is   

 (a) 0.2 m (b) 0.4 m  

 (c) 0.6 m (d)  0.8 m 

36. A wire of 13108.9  kgm  passes over a frictionless light pulley 

fixed on the top of a frictionless inclined plane which makes an 

angle of 30° with the horizontal. Masses m and M are tied at the 

two ends of wire such that m rests on the plane and M hangs freely 

vertically downwards. The entire system is in equilibrium and a 

transverse wave propagates along the wire with a velocity of 100 ms–1. 

Chose the correct option  
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 (a) kgm 20  

 (b) kgm 5  

 (c) kgm 2  

 (d)  kgm 7   

37. A man standing in front of a mountain beats a drum at regular 

intervals. The rate of drumming is generally increased and he finds 

that the echo is not heard distinctly when the rate becomes 40 per 

minute. He then moves nearer to the mountain by 90 m and finds 

that echo is again not heard when the drumming rate becomes 60 

per minute. The distance between the mountain and the initial 

position of the man is  

 (a) 205 m (b) 300 m 

 (c) 180 m (d)  270 m  

38. Two loudspeakers L
1

 and L
2

 driven by a common oscillator and 
amplifier, are arranged as shown. The frequency of the oscillator is 
gradually increased from zero and the detector at D records a series 
of maxima and minima. If the speed of sound is 330 ms–1 then the 
frequency at which the first maximum is observed is 

 

 

 

 

 

 

 (a) 165 Hz (b) 330 Hz 

 (c) 496 Hz (d)  660 Hz 

39. The displacement due to a wave moving in the positive x-direction is 

given by 
)1(

1
2x

y


  at time 0t  and by 
])1(1[

1
2


x

y  

at 2t  seconds, where x and y are in metres. The velocity of the 
wave in m/s is 

 (a) 0.5 (b) 1 

 (c) 2 (d)  4 

40. A person speaking normally produces a sound intensity of 40 dB at 

a distance of 1 m. If the threshold intensity for reasonable audibility 

is 20 dB, the maximum distance at which he can be heard clearly is  

 (a) 4 m (b) 5 m 

 (c) 10 m (d)  20 m 

41. A string of length L and mass M hangs freely from a fixed point. 

Then the velocity of transverse waves along the string at a distance x 

from the free end is 

 (a) gL  (b) gx  

 (c) gL  (d) gx   

42. Vibrating tuning fork of frequency n is placed near the open end of 

a long cylindrical tube. The tube has a side opening and is fitted 

with a movable reflecting piston. As the piston is moved through 

8.75 cm, the intensity of sound changes from a maximum to 

minimum. If the speed of sound is 350 m/s. Then n is  

 

 

 

 

 

 (a) 500 Hz (b) 1000 Hz 

 (c) 2000 Hz (d)  4000 Hz 

43. A stone is hung in air from a wire which is stretched over a 

sonometer. The bridges of the sonometer are L cm apart when the 
wire is in unison with a tuning fork of frequency N. When the stone 
is completely immersed in water, the length between the bridges is l 
cm for re-establishing unison, the specific gravity of the material of 
the stone is 

 (a) 
22

2

lL

L


 (b) 

2

22

L

lL 
 

(c) 
22

2

lL

L


 (d) 

2

22

L

lL 
 

44. The displacement of a particle  in string  stretched in X direction  is 
represented by y. Among  the following expressions for y, those 
describing  wave motions are 

     [IIT 1987] 

 (a) tkx sincos   (b) 2222 txk   

(c) )cos( tkx   (d) )cos( 2222 txk   

45. Three waves of equal frequency having amplitudes 10 m, 4 m and 

7 m arrive at a given point with successive phase difference of 
2


. 

The amplitude of the resulting wave in m is given by    [AIIMS 1995] 

 (a) 7 (b) 6 

(c) 5 (d) 4 

46. There are three sources of sound of equal intensity with frequencies 

400, 401 and 402 vib/sec. The number of beats heard per second is 

[MNR 1980; J & K CET 2005] 

 (a) 0 (b) 1 

(c) 2 (d) 3 

47. A tuning fork of frequency 340Hz is vibrated just above the tube of 
120 cm height. Water is poured slowly in the tube. What is the 

minimum height of water necessary for the resonance (speed of 
sound in the air = 340 m/sec) 

  [CBSE PMT 1999; UPSEAT 1999] 

(a) 15 cm (b) 25 cm  

(c) 30 cm (d) 45 cm  

48. An organ pipe is closed at one end has fundamental frequency of 

1500 Hz. The maximum number of overtones generated by this pipe 
which a normal person can hear is : 

     [AIIMS 2004] 

(a) 14 (b) 13 

(c) 6 (d) 9 

49. In Melde's experiment, the string vibrates in 4 loops when a 50 

gram weight is placed in the pan of weight 15 gram. To make the 
string to vibrates in 6 loops the weight that has to be removed from 
the pan is   [MH CET 2004] 

(a) 0.0007 kg wt (b) 0.0021 kg wt 

40m L1 

L2 

D 

9 m 

m 

M 
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(c) 0.036 kg wt (d) 0.0029 kg wt  

50. A racing car moving towards a cliff, sounds its horn. The driver 

observes that the sound reflected from the cliff has a pitch one 
octave higher than the actual sound of the horn. If v  is the velocity 
of sound, then the velocity of the car is 

 [KCET 2002; CBSE PMT 2004] 

(a) 2/v  (b) 2/v  

(c) 3/v  (d) 4/v  

51. An earthquake generates both transverse (S) and longitudinal (P) 

sound waves in the earth. The speed of S waves is about 4.5 km/s 
and that of P waves is about 8.0 km/s. A seismograph records P and 
S waves from an earthquake. The first P wave arrives 4.0 min before 
the first S wave. The epicenter of the earthquake is located at a 
distance about    [AIIMS 2003] 

 (a) 25 km  (b) 250 km  

(c) 2500 km (d) 5000 km 

 
 
 
 
 
 

1. The rope shown at an instant is carrying a wave travelling towards 

right, created by a source vibrating at a frequency n . Consider the 
following statements 

 

 

 

 

 

I. The speed of the wave is abn4  

II. The medium at a  will be in the same phase as d after s
n3

4
 

III. The phase difference between b  and e  is 
2

3
 

Which of these statements are correct [AMU 2001] 

(a) I, II and III (b) II only  

(c) I and III (d) III only 

2. Two pulses in a stretched string whose centres are initially 8 cm 

apart are moving towards each other as shown in the figure. The 

speed of each pulse is 2 cm/s. After 2 seconds, the total energy of 

the pulses will be 

 [IIT-JEE (Screening) 2001] 

(a) Zero 

(b) Purely kinetic 

(c) Purely potential 

(d)  Partly kinetic and partly potential 

a b c d e 

8 cm 
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Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : Two persons on the surface of moon cannot talk to 
each other.   

Reason  : There is no atmosphere on moon.  

2. Assertion  :  Transverse waves are not produced in liquids and 
gases.  

Reason  : Light waves are transverse waves.  

3. Assertion  :  Sound waves cannot propagate through vacuum 
but light waves can.  

Reason  : Sound waves cannot be polarised but light waves 
can be polarised.  [AIIMS 1998]  

4. Assertion  :  The velocity of sound increases with increase in 
humidity.  

Reason  : Velocity of sound does not depend upon the 
medium.  

5. Assertion  :  Ocean waves hitting a beach are always found to be 
nearly normal to the shore.  

Reason  : Ocean waves are longitudinal waves.  

6. Assertion  :  Compression and rarefaction involve changes in 
density and pressure.  

Reason  : When particles are compressed, density of medium 
increases and when they are rarefied, density of 
medium decreases.  

7. Assertion  :  Transverse waves travel through air in an organ 
pipe.  

Reason  : Air possesses only volume elasticity.  

8. Assertion  :  Sound would travel faster on a hot summer day 
than on a cold winter day.  

Reason  : Velocity of sound is directly proportional to the 
square of its absolute temperature.  

9. Assertion  :  The basic of Laplace correction was that, exchange 
of heat between the region of compression and 
rarefaction in air is not possible.  

Reason  : Air is a bad conductor of heat and velocity of sound 
in air is large.   

10. Assertion  :  Particle velocity and wave velocity both are 
independent of time.  

Reason  : For the propagation of wave motion, the medium 
must have the properties of elasticity and inertia.  

11. Assertion  :  When we start filling an empty bucket with water, 
the pitch of sound produced goes on decreasing.  

Reason  : The frequency of man voice is usually higher than 

that of woman.  

12. Assertion  :  A tuning fork is made of an alloy of steel, nickel 

and chromium.  

Reason  : The alloy of steel, nickel and chromium is called 

elinvar.   

13. Assertion  :  The change in air pressure effect the speed of 
sound.  

Reason  : The speed of sound in a gas is proportional to 
square root of pressure.  

14. Assertion  :  Solids can support both longitudinal and transverse 

waves but only longitudinal waves can propagate in 
gases.  

Reason  : For the propagation of transverse waves, medium 

must also neccessarly have the property of rigidity.  

15. Assertion  :  Under given conditions of pressure and 

temperature, sound travels faster in a monoatomic 
gas than in diatomic gas.   

Reason  : Opposition for wave to travel is more in diatomic 

gas than monoatomic gas.  

16. Assertion  :  The speed of sound in solids is maximum though 

their density is large.  

Reason  : The coefficient of elasticity of solid is large.   

17. Assertion  :  On a rainy day sound travel slower than on a dry 
day.  

Reason  : When moisture is present in air the density of air 
increases.  

18. Assertion  :  To hear distinct beats, difference in frequencies of 

two sources should be less than 10.  

Reason  : More the number of beats per sec more difficult to 

hear them.  

19. Assertion  :  Sound produced by an open organ pipe is richer 

than the sound produced by a closed organ pipe.   

Reason  : Outside air can enter the pipe from both ends, in 

case of open organ pipe.  

20. Assertion  :  It is not possible to have interference between the 
waves produced by two violins.  

Reason  : For interference of two waves the phase difference 
between the waves must remain constant. 

21. Assertion  :  Beats can also be observed by two light sources as 
in sound.  

Reason  : Light sources have constant phase deference.  

22. Assertion  :  In the case of a stationary wave, a person hear a 
loud sound at the nodes as compared to the 
antinodes.  

Reason  : In a stationary wave all the particles of the medium 
vibrate in phase.   

23. Assertion  :  Velocity of particles, while crossing mean position 
(in stationary waves) varies from maximum at 
antinodes to zero at nodes.  

Reason  : Amplitude of vibration at antinodes is maximum 
and at nodes, the amplitude is zero, And all 
particles between two successive nodes cross the 
mean position together.  

24. Assertion  :  Where two vibrating tuning forks having 
frequencies 256 Hz and 512 Hz are held near each 
other, beats cannot be heard.  

Reason  : The principle of superposition is valid only if the 
frequencies of the oscillators are nearly equal.  

25. Assertion  :  The fundamental frequency of an open organ pipe 
increases as the temperature is increased.  

Reason  : As the temperature increases, the velocity of sound 
increases more rapidly than length of the pipe.  
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26. Assertion  :  Sound travel faster in solids than gases.  

Reason  : Solid possess greater density than gases.  

[AIIMS 2000] 

27. Assertion  :   Like sound, light can not propagate in vacuum. 

Reason   :  Sound is a square wave. It propagates in a medium 
by a virtue of damping oscillation . 

     [AIIMS 2000] 

28. Assertion  :  Speed of wave 
periodTime

lengthWave
  

Reason  : Wavelength is the distance between two nearest 
particles in phase.  [AIIMS 2002] 

29. Assertion  :  The flash of lightening is seen before the sound of 
thunder is heard.  

Reason  :  Speed of sound is greater than speed of light   

[AIIMS 2002] 

30. Assertion  :  When a beetle moves along the sand with in a few 
tens of centimeters of a sand scorpion the scorpion 
immediately turn towards the beetle and dashes to 
it 

Reason  :  When a beetle disturbs the sand, it sends pulses 
along the sands surface one set of pulses is 
longitudinal while other set is transverse. [AIIMS 2003] 

31. Assertion  :  The reverberation time dependent on the the shape 
of enclosure, position of source and observer. 

Reason  : The unit of absorption coefficient in mks system is 
metric sabine.  [EAMCET 2004] 

 

 

 

 

 

 

Basics of Mechanical Waves 
 

1 d 2 c 3 a 4 a 5 d 

6 d 7 a 8 c 9 c 10 a 

11 a 12 a 13 d 14 c 15 a 

16 b 17 c 18 b 19 d 20 a 

21 b 22 b 23 b 24 d 25 b 

26 a 27 d 28 c 29 b 30 d 

31 c 32 a 33 b 34 d 35 b 

36 b 37 b 38 a 39 c 40 d 

41 d 42 d 43 c 44 a 45 d 

46 c 47 b 48 d 49 b 50 a 

51 d 52 c 53 c 54 c 55 b 

56 a 57 a 58 a 59 a 60 a 

61 d 62 c 63 a 64 c 65 d 

66 c 67 c 68 a 69 d 70 a 

71 b 72 b 73 b 74 d 75 c 

76 b 77 d 78 b 79 b 80 b 

81 d 82 b 83 b 84 b 85 d 

86 d 87 a 88 c 89 a 90 a 

91 a 92 d 93 d 94 d   

 

Progressive Waves 
 

1 d 2 c 3 b 4 c 5 d 

6 d 7 c 8 d 9 c 10 c 

11 c 12 c 13 c 14 b 15 b 

16 abcd 17 b 18 b 19 d 20 bc 

21 a 22 b 23 a 24 a 25 a 

26 a 27 acd 28 d 29 a 30 a 

31 b 32 d 33 b 34 d 35 d 

36 d 37 a 38 a 39 b 40 b 

41 d 42 c 43 b 44 c 45 a 

46 a 47 d 48 a 49 b 50 d 

51 d 52 abc 53 a 54 a 55 b 

56 d 57 b 58 d 59 c 60 a 

61 b 62 a 63 d 64 a 65 b 

66 b 67 b 68 b 69 d 70 b 

71 a 72 b 73 d 74 ac 75 c 

76 b 77 b 78 c 79 b 80 a 

 

Interference and Superposition of Waves 
 

1 b 2 d 3 a 4 d 5 b 

6 d 7 d 8 bc 9 c 10 c 

11 a 12 b 13 c 14 d 15 b 

16 c 17 a 18 a 19 b 20 c 

21 a 22 b 23 a 24 c 25 d 

26 b         

 

Beats 
 

1 c 2 d 3 c 4 a 5 d 

6 b 7 c 8 a 9 d 10 b 

11 c 12 b 13 a 14 c 15 c 

16 c 17 c 18 b 19 c 20 a 

21 d 22 c 23 d 24 c 25 c 

26 d 27 a 28 c 29 b 30 a 

31 c 32 a 33 a 34 a 35 d 

36 b 37 a 38 a 39 a 40 b 

41 a 42 c 43 d 44 b 45 a 

46 c 47 a 48 b 49 b 50 b 

51 b         

 

 Stationary Waves 
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1 c 2 c 3 c 4 c 5 b 

6 a 7 b 8 d 9 a 10 a 

11 b 12 d 13 b 14 d 15 d 

16 abc 17 a 18 d 19 a 20 a 

21 a 22 b 23 c 24 b 25 a 

26 c 27 d 28 c 29 b 30 d 

31 b 32 a 33 b 34 a 35 a 

36 a 37 a 38 d 39 d   

 

 Vibration of String 
 

1 c 2 d 3 c 4 c 5 c 

6 b 7 b 8 d 9 a 10 c 

11 d 12 c 13 c 14 a 15 a 

16 d 17 a 18 a 19 c 20 b 

21 d 22 c 23 a 24 b 25 a 

26 b 27 b 28 b 29 c 30 c 

31 b 32 a 33 d 34 b 35 d 

36 c 37 d 38 a 39 d 40 b 

41 a 42 a 43 d 44 d 45 d 

46 c 47 a 48 b 49 d 50 c 

51 d 52 b       

 

 Organ Pipe (Vibration of Air Column) 
 

1 c 2 a 3 c 4 d 5 c 

6 acd 7 d 8 a 9 b 10 c 

11 b 12 c 13 b 14 b 15 b 

16 a 17 b 18 a 19 c 20 a 

21 b 22 a 23 a 24 b 25 c 

26 a 27 a 28 b 29 a 30 d 

31 c 32 a 33 b 34 b 35 b 

36 b 37 b 38 c 39 b 40 b 

41 b 42 b 43 a 44 c 45 a 

46 c 47 a 48 d 49 b 50 c 

51 a 52 a 53 b     

 

Doppler’s Effect 
 

1 d 2 b 3 a 4 b 5 c 

6 b 7 c 8 b 9 a 10 a 

11 b 12 a 13 d 14 c 15 b 

16 a 17 a 18 c 19 d 20 a 

21 d 22 a 23 a 24 b 25 c 

26 b 27 c 28 d 29 b 30 d 

31 a 32 c 33 d 34 d 35 a 

36 b 37 c 38 d 39 a 40 c 

41 a 42 c 43 a 44 d 45 d 

46 b 47 b 48 b 49 b 50 a 

51 a 52 c 53 d 54 b 55 a 

56 c 57 c 58 d 59 c 60 a 

61 c 62 b 63 a 64 a 65 b 

 

Musical Sound 
 

1 d 2 a 3 a 4 c 5 b 

6 c 7 a 8 d 9 d 10 d 

11 d 12 c 13 d 14 c 15 b 

16 c 17 b 18 a 19 d 20 b 

21 c 22 d 23 b 24 a 25 b 

26 d 27 d 28 b 29 b 30 a 

31 d 32 a       

 

Critical Thinking Questions 
 

1 abcd 2 bc 3 c 4 a 5 c 

6 b 7 b 8 c 9 b 10 d 

11 b 12 abc 13 b 14 b 15 a 

16 b 17 a 18 d 19 a 20 c 

21 a 22 abcd 23 b 24 d 25 a 

26 a 27 c 28 a 29 b 30 a 

31 b 32 b 33 a 34 c 35 b 

36 a 37 d 38 b 39 a 40 c 

41 b 42 b 43 c 44 ac 45 c 

46 b 47 d 48 c 49 c 50 c 

51 c         

 

Graphical Questions 
 

1 c 2 b 3 a 4 b 5 d 

6 c 7 d 8 d 9 c 10 c 

11 c 12 c 13 c 14 b 15 bd 

16 d 17 b 18 d     

 

Assertion and Reason 
 

1 a 2 b 3 b 4 c 5 c 

6 a 7 e 8 c 9 c 10 e 

11 d 12 b 13 e 14 a 15 c 

16 a 17 d 18 b 19 b 20 a 

21 d 22 c 23 a 24 c 25 a 

26 b 27 d 28 b 29 c 30 a 

31 e         

                                                                
 
 
 
 
 



 

 876 Waves and Sound  

Basics of Mechanical Waves 
 

1. (d) Air is more rarer for sound to travel as compared to vacuum. 

2. (c)   

3. (a)  

4. (a) 1052  nv cm/sec  

5. (d) nv   
n

v
 m29.1

256

330
  

6. (d) Time lost in covering the distance of 2 km  by the sound 

waves 06.6
330

2000


v

d
t sec   6 sec 

7. (a) sec/6030021.02max cmnaav    

8. (c) Audiable range of frequency is 20Hz to 20kHz  

9. (c) Phase difference = 


2
 path difference 

   40
2

6.1 



  50 cm = 0.5m  

   nv   Hznn 6605.0330   

10. (a) Hzn
n

v
000,50;  , 330v m/sec  m

50000

330
  

  cmcm 55 105106.6     

11. (a)  

12. (a) 4

6
104

102.4

10007.1 





n

v
 m  

13. (d) Since maximum  audible frequency is 20,000 Hz, hence 

20
000,20

340

max

min 
n

v
 mm  

14. (c) Velocity of sound in gas 
M

RT
v


   

M

T
v


  

  
5

3

28
3

5

4
5

7

2

22 







R

R

M

M

v

v

H

He

He

N

He

N




 

15. (a) Time required for a point to move from maximum 

displacement to zero displacement is 
n

T
t

4

1

4
  

 Hz
t

n 47.1
170.04

1

4

1



  

16. (b) Wave number is the reciprocal of wavelength and is written as 



1
n . 

17. (c) 7.1
200

340


n

v
 m  

18. (b)  

19. (d) v  
9

20

10/3

3/2

2

1

2

1 
v

v




 

20. (a) The time taken by the stone to reach the lake 

  sec
g

h
t 10

10

50022
1 







 









  (Using 2

2

1
tguth  ) 

Now time taken by sound from lake to the man  

sec5.1
340

500
2 

v

h
t  

 Total time .sec5.115.11021  tt  

21. (b) When medium changes, velocity and wavelength changes but 

frequency remains constant. 

22. (b) 06.2
6.19

8.9

6.1922





vv

h

g

h
t  

    7.326v sm /  

23. (b) Tv   
1

2

1

2

T

T

v

v
 

)0273(
2 2




T
 

    CKT o819109242732   

24. (d)  Velocity of sound in steel is maximum out of the given 
materials water and air. In vacuum sound cannot travel, it's 
speed is zero. 
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25. b) Distance between a compression and the nearest rarefaction is 

.1
2

m


 Hence Hz
v

n 180
2

360



. 

26. (a) 
4

1

16

1

2

2

2

2 
o

H

H

O

v

vP
v








 

27. (d) Speed of sound in gases is 
M

RT
v


  MT   

(Because v, -constant). Hence  

2

2

2

2

O

H

O

H

M

M

T

T
   

 
32

2

)100273(

2 


HT
 CKTH  7.2492.23

2
 

28. (c) If the temperature changes then velocity of wave and its 
wavelength changes. Frequency amplitude and time period 
remains constant.  

29. (b) 

30. (d) 

31. (c) Path difference 





2
  

22
1






   = 4m 

Hence nv  = 4804120   sm /  

32. (a) Suppose the distance between shooter and reflecting surface is 

d. Hence time interval for hearing echo is  

 

 

 

v

d
t

2
   

350

2
8

d
   md 1400 . 

33. (b) 03.3
330

1000

Velocity

 Distance
Time  sec . 

  Sound will be heard after 3.03 sec. So his watch is set 3sec, 
slower. 

34. (d) 


 P
v  ; as P changes,  also changes. Hence 



P
 remains 

constant so speed remains constant. 

35. (b) Speed of sound in gases is given by 

M
v

M

RT
v

1



 

1

2

2

1

m

m

v

v
  

36. (b)  

 

 

 

2121 22 tvtvdd   )()(2 2121 ttvdd   

  
2

)( 21
21

ttv
dd


 = 850

2

)5.35.1(340



 m.     

37. (b) By using Tv
M

RT
v 


 

  CKT
T

T

T

T

v

v o273003
600

1

2

1

2 


  

38. (a) Velocity of sound is independent of frequency. Therefore it is 
same (v) for frequency n and 4n. 

39. (c) 
M

RT
v


   Tv   

  i.e. if v is doubled then T becomes four times,  

 hence CKTT  9271200)27273(44 12  

40. (d) 60
60

3600
n Hz   m

n

v
16

60

960
  

41. (d) Speed do sound, doesn’t depend up on pressure and density 
medium. 

42. (d) If d is the distance between man and reflecting surface  
  of sound then for hearing echo 

  mdtvd 170
2

1340
2 


  

43. (c) mHzn 10,
60

54
   smnv /9  . 

44. (a) 
M

RT
v


  

M
v

1
 . Since M  is minimum for 2H  so 

sound velocity is maximum in H
2

.  

45. (d) tvd 2 , where v velocity of sound = 332 sm /  

  t = Persistence of hearing = sec
10

1
. 

      5.16
2

10

1
332

2








tv

d m  

46. (c) Since solid has both the properties (rigidity and elasticity)  

47. (b) If d is the distance between man and reflecting surface  

  of sound then for hearing echo  

  5.247
2

5.1330
2 


 dtvd m  

48. (d) Speed of sound Tv  and it is independent of pressure. 

49. (b) Frequency of wave is 

Hzn
602

3600


  3.25

30

760


n

v
 m. 

50. (a) Speed of sound 
d

P
v


 

1

2

2

1

d

d

v

v
  ( -P constant) 

51. (d) 
384

352


n

v
 ; during 1 vibration of fork sound will travel 

m
384

352
during 36 vibration of fork sound will travel 

3336
384

352
 m   

52. (c) At given temperature and pressure 

   


1
v  1:2

1

4

1

2

2

1 




v

v
 

53. (c) Tv  

2

1

2
12

1

2

1

2
















v

v
TT

v

v

T

T
 

  KT 109242732   

O 

d 

v 

d1 d2 

v 
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54. (c) 
10106000

11





n
161066.1  m  

55. (b) 
1

4

2

321

2

2

2

2

2

2 
O

H

H

O

O

H

v

v

M

M

v

v

M
v  

56. (a) The minimum  distance between compression and rarefaction 

of the wire 
4


l  Wave length l4  

  Now by 90
14

360



 nnv  .sec 1  

57. (a) 2
1

41

1

2

2

1 




 v

v
vsound 

22

1
2

svv
v   

58. (a) Suppose the distance between two fixed points is d then  

1

2

1

2

2

1 also
T

T

v

v

t

t
Tv

v

d
t   

   
283

3032

2


t

 2t = 1.9 sec.  

59. (a) The density of moist air (i.e. air mixed with water vapours) is 
less than the density of dry air  

  Hence from 


P
v    airdryairmoist vv   

60. (a) Total time taken for both the echoes 221  ttt sec  

 

 

 
 

but 
v

d

v

d
t 21 22

  21

2
dd

v
t   

  
2

2340

2
)( 21







tv
dd =340m.  

61. (d) Frequency of sound does not change with medium, because it 
is characteristics of source.  

62. (c) Since 
M

RT
v


  i.e., Tv   

63. (a) Frequency of waves remains same, i.e. 60 Hz  

  and wavelength 
31060

330




n

v
 = 5.5 mm.  

64. (c) Path difference 
6322











  

65. (d) Interference, diffraction and reflection occurs in both transverse 

and longitudinal waves. Polarisation occurs only in transverse 
waves. 

66. (c) Water waves are transverse as well as longitudinal in nature. 

67. (c)   

68. (a) In transverse waves medium particles vibrate perpendicular to 
the direction of propagation of wave. 

69. (d) 

70. (a) Wave on a plucked string is stationary wave. Light waves are 
EM waves. Water waves are transverse as well as longitudinal. 

71. (b)  

72. (b) Transverse wave can propagate in solids but not in liquids and 
gases. 

73. (b)  Because sound waves in gases are longitudinal.  

74. (d) 

75. (c) Since distance between two consecutive crests is , so  

  .2
2





   

76. (b) The distance between two points i.e. path difference between 

them 
n

v

66322












 )( nv    

cmm 1212.0
5006

360



  

77. (d) Sound waves are longitudinal in nature so they can not be 
polarised 

78. (b)  

79. (b) Ultrasonic waves are those of higher frequencies than 
maximum audible range frequencies (audible range of 
frequencies is 20 Hz to 20000 Hz) 

80. (b) 

81. (d) Infrasonic waves have frequency less than (20 Hz) audible 
sound and wavelength more than audible sound. 

82. (b) SONAR emits ultrasonic waves.  

83. (b) EM waves do not requires medium for their propagation.  

84. (b)  

85. (d)  

86. (d) 
M

RT
v


 

00 M

M

T

T NN   
8

7

16

14

55273




NT
 

  CKTN  14287  

87. (a) We know that at night amount of carbon dioxide in 
atmosphere increases which raises the density of atmosphere. 
Since intensity is directly proportional to density, intensity of 
sound is more at night. 

88. (c) Hz
v

n
2106.0

300





HzHz 000,5010
6

3 4   

  Wave is ultrasonic.  

89. (a) 


K
v    3102 /1086.2 mNvK    

90. (a) v
v

n 


 1:10
103

103 6

2

8







US

MW

n

n
 

91. (a) Intensity 
2)Distance(

1
   

4

9

2

3
22

1

2

2

1 























d

d

I

I
 

92. (d) 
2

1

sin

sin

v

v

r

i
v    

   12
2

1
sin

2
30sinsin  r

u

u
r  90r  

93. (d) Number of waves per minute = 54  

  Number of waves per second = 54/60 

 Now nv    ./910
60

54
smn   

v 

d1 d2 

v 
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94. (d) If d is the distance of rock from SONAR then  

 vtd 2  m
tv

d 800
2

11600

2






  

 

 

Progressive Waves 
 

1. (d) Comparing given equation with standard equation of 
progressive wave. The velocity of wave 

 scm
xk

t
v /400

5.0

200

)of  efficient-Co(

)of  efficient-Co(





 

2. (c) Comparing with )cos(   kxtay , 

  We get cmk 10002.0
2

 



 

Also, it is given that phase difference between  particles 

.
2


  Hence path difference between them 

cm25
4

100

4222












 

3. (b) Phase difference between two successive crest is 2. Also, 

phase difference )(  = 
T

2
 time interval )( t  

   Hzn
TT

5sec5
1

2.0
2

2 1  
   

4. (c) Comparing with the standard equation,  

  )(
2

sin xvtAy 



, we have 

  200v sec/cm , 200 ;cm  1


v
n

1sec  

5. (d) Let the phase of second particle be  . Hence phase difference 

between two particles is  x





2
 

   15
60

2

3












  

6

5

23





   

6. (d) The given equation can be written as 









16
4sin4

x
ty


  

 
)(of  efficient-Co

)(of efficient-Co
)(

Kx

t
v


  

 seccmv /64
16/

4





 along +x direction.  

7. (c) 
x

t
v

of  efficient-Co

of  efficient-Co
 seccm /20

4.31

628
   

8. (d) )sin(1 kxtay    

  and 









2
sin)cos(2


 kxtakxtay  

Hence phase difference between these two is .
2


 

9. (c)  
2

2 1

d
aI   

d
a

1
   

10. (c) 
1

4

03.0

06.0
2

2
2

2
1

2

1 









a

a

I

I
 

11. (c) After reflection from rigid support, a wave suffers a phase 

change of .  

12. (c) The given equation representing a wave travelling along –y 
direction (because ‘+’ sign is given between t term and x term).  

On comparing it with  kytAx  sin  

We get 56.12
2





k   m5.0

56.12

14.32



  

13. (c) Comparing with )sin( kxtay    


200,
10

a  

   sec/2002000
10

max mav  


  

  and 
TT







2
200

2
  310T sec 

14. (b) Comparing the given equation with )cos( kxtay    

We get 





2
k    = 2cm 

15. (b) Comparing the given equation with )sin( kxtay   , We 

get a = Y
0

,  = 2f, 


2
k . Hence maximum particle velocity 

fYav particle  2)( 0max   and wave velocity 





f

f

k
v wave 

/2

2
)(  

WaveParticle vv 4)( max     ffY 420    
2

0Y
  . 

16. (a,b,c,d) On comparing the given equation with  

),sin( kxtay    it is clear that wave is travelling in 

negative x-direction. 

It's amplitude a = 104 m and  = 60, k = 2. Hence frequency 

Hzn


 30

2

60

2
  

2
2





k   m   and sm

k
v /30

2

60



 

17. (b)   xt
x

vtay 







24cos5.0

22
cos 








  

18. (b) 
x

t
v

of  efficient-Co

of  efficient-Co
 sec/2

50

100
m . 

19. (d) )( 22 vtxfy   doesn’t follows the standard wave equation. 

20. (b,c) Standard wave equation which travel in negative x-direction  is 

)sin( 0  kxtAy  

 For the given wave 



 10

2
,152  kn  

 Now
x

t
v

of  efficient-Co

of  efficient-Co
  5.1

10

15






k
m/sec  

 and 2.0
10

22







k
m. 

21. (a) 30103max  av  

22. (b) 














x
tay

2
sin11 and 
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x
tay

2
cos22 










2

2
sin2









x
ta  

 So phase difference =
2


   and  = 










22







 

23. (a) Both waves are moving opposite to each other . 

24. (a) The velocity of wave 

 sm
xk

t
v /10

1

10

)of  efficient-Co(

)of  efficient-Co(



  

25. (a) 
x

t
v

of  efficient-Co

of  efficient-Co
 sm /175

04.0

7



. 

26. (a) The given equation is )201.0sin(10 txy    

Hence  coefficient of t = 2  

 Maximum speed of the particle  210max  av  

= 10  2  3.14 = 62.8  63 cm/s  
27. (a,c,d) For a travelling wave, the intensity of wave remains

 constant if it is a plane wave. 

 

 

 

 

 

Intensity of wave is inversely proportional to the square of the 
distance from the source if the wave is spherical  

       









24 r

P
I


 

 Intensity of spherical wave on the spherical surface centred at 
source always remains same. Here total intensity means power 

P . 

28. (d) On comparing the given equation with standard equation 

)(
2

sin xvtay 



. It is clear that wave speed vv wave )(  

and maximum particle velocity av particle )( max  0y co-

efficient of t 


v
y

2
0   

waveparticlev )(2)( max    v
va

2
2







  0y   

29. (a) Given )sin( tkxAy   

    
dt

dy
v  = )cos( tkxA   :   Av max  

30. (a) Comparing with )sin(),( kxtatxy    





01.0

2
k   = 200 m. 

31. (b) 

32. (d)  Comparing the given equation with standard equation 













x

T

t
ay 2sin  T = 0.04 sec  Hz

T
25

1
  

Also 3
04.0

22
)(

22

2
max 




















 a

T
aA  

=7.4  104 cm/sec2.  

33. (b) From the given equation amplitude ma 04.0  

Frequency 
2

of t efficientCo
 Hz

10

1

2

5/





   

 Wave length 
xofefficientCo

2





  

9/

2




 =18m. 

 Wave speed 
x

t
v

of  efficient-Co

of  efficient-Co
  ./8.1

9/

5/
sm




 

34. (d) 

35. (d) Compare the given equation with )cos(  ktay   

   20002  n   Hzn


1000
  

36. (d) )sin( cbxatAy   represents equation of simple 

harmonic progressive wave as it describes displacement of any 
particle (x) at any time (t). or It represents a wave because it 

satisfies wave equation 
2

2
2

2

2

x

y
v

t

y









.  

37. (a) Here 122  nn   

38. (a) Compare the given equation with )sin( kxtay   . We get 

1002  n   Hzn


50
  

39. (b) Compare with )sin( kxtay    

 We have 4.62
2





k  

4.62

2
  =0.1 

40. (b) Maximum velocity of the particle 

seccmav /5105.0max    

41. (d) On reflection from fixed end (denser medium) a phase  
difference of   is introduced. 

42. (c) Maximum particle velocity av max  and wave velocity 

k
v


  ka

k

a

v

v


/

max




. From the given 

equation micronxk 6ofefficient-Co  m6106   

 46max 106.360106   ka
v

v
 

43. (b) 314 , 57.1k  and 200
57.1

314


k
v


m/s. 

44. (c) sm
x

t
v /40

1

40

of  efficient-Co

of  efficient-Co
  

45. (a) Hzn 200
2

400

2









  (As  = 400 ) 

46. (a) Beats period = 1.0
2030

1



 sec  

  12626.0
1.0

2
.

2
 


 t

T
  or Zero. 

47. (d) Path difference 
4222











  

m8.0   8.0
4



  = 3.2 m.  

 v = n = 120  3.2 = 384 m/s  

I11 = I22 

1 2 

1 2 
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48. (a) sm
x

t
v /30

3.0/2

01.0/2

of  efficient-co

of  efficient-co





 

49. (b) Comparing with 











x

T

t
ay 2sin  40 cm   

50. (d) 200
01.0

2

ofefficientCo

ofefficientCo







x

t

k
v


sec/cm . 

51. (d) From the given equation 2.0k  

   102.0
2

 



cm 

  ox 72
5

2
2

10

22







  

52. (a,b,c) vanI  222   vanI 22  

53. (a) comparing the given equation with  kxtay  sin  

  1,200  k  so 200
k

v


sm /    

54. (a) sm
k

v /1
2

2





 

55. (b) By comparing it with standard equation 

  )cos( kxtay    





2
k  cm2   

56. (d) Compare the given equation with  

)sin( kxtay     1002  n   Hzn


50
  

1
2





k    2  and 100/  kv  sm /  

Since ‘+’ is given between t terms and x term, so wave is 
travelling in negative x-direction.  

57. (b) Given 
2

424
A

nnAvA


   

58. (d) 1000
10/1

100


k
v


 sm /  

59. (c) A wave travelling in positive x-direction may be represented as 

)(
2

sin xtvAy 



. On putting values 

)360(
60

2
sin2.0 xty 


 










60
62sin2.0

x
ty    

60. (a) 5.17
4.0

7






k
v sm /  

61. (b) 
4

1

100

25

2

1

2
2

2
1

2

1 
I

I

a

a

I

I
 

62. (a) From the given equation 


2
k = Co-efficient of x  

  
4


   m8    

63. (d) 









10002.0
2sin4

xt
y  .  

 Comparing this equation with 











x

T

t
ay 2sin  

 
100/1

02.0/1

of  efficient-Co

of  efficient-Co


x

t
v   

64. (a) Comparing the given equation with  kxtay  sin  

We get  3000  Hzn 1500
2





 

and mk
6

1
12

2
 




 

So, 250
6

1
1500  vnv  sm /  

65. (b) Positive sign in the argument of sin indicating that wave is 
travelling in negative x-direction. 

66. (b) Comparing the given equation with )cos( kxtay    

  ,25a   22  n  Hzn 1  

67. (b) .sec/300
2

600
m

k
v 


 

68. (b) ./5
20

100

ofefficentCo

ofefficentCo
sm

kx

t
v 







 

69. (d) Comparing with standard wave equation 

   )(
2

sin xvtay 



, we get, ./200 smv   

70. (b) Phase difference 


2
  path difference  

  8.0
2

2





m2.38.04   

  Velocity nv  ./3842.3120 sm   

71. (a) Comparing the given equation with standard equation  

We get  2002  n   n = 100 Hz  

17

20
k   m

k
7.1

17/20

22





  

and ./170
17/20

200
sm

k
v 




 

72. (b) Given, )40020(sin5.0 txy   

  Comparing with )sin( kxtay    

  Gives velocity of wave 
k

v


 ./20
20

400
sm  

73. (d) cmnv 10   

  Phase difference 


2
Path difference 5.2

10

2



= 

2


 

74. (a, c) 
10

10

10
max

v
av  m/sec  

 12  naa  
2

103

n  )10( 3 ma   

  Since 2

3
102

2/10

10  



n

v
nv m  

75. (c) Total energy is conserved. 

76. (b) sm
xof

t
v /2

4/1

2/1

efficentCo

ofefficentCo





  

Hence mtvd 1682   

77. (b) ]5.0)50/(100[sin10 6
1   xty  
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250
100sin10 6

2

x
ty  

 Phase difference     

 ]5.0)50/(100[]57.1)50/(100[  xtxt  

       07.1 radians.   

78. (c) Resultant amplitude  





























2
cos4

2
cos)2(2

2
cos2


aaAAR  

79. (b) The particle will come after a time 
4

T
 to its mean position.  

80. (a) Maximum particle velocity 422  a units. 
 

Interference and Superposition of Waves 

 

1. (b) With path difference 
2


, waves are out of phase at the point 

of observation.   

2. (d) ,222
max AAAA  frequency will remain same i.e. .  

3. (a) Phase difference is 2  means constrictive interference so 
resultant amplitude will be maximum. 

4. (d) Resultant amplitude  

  cos222 aaaaA  









2
cos4 22 

a  

  2AI   24aI   

5. (b) 
3

2

2

1
coscos2 22222 

  aaaaA  

6. (d) m
n

v
1

350

350
 =100 cm  

 Also path difference )( x  between the waves at the point of 

observation is cmBPAP 25 .   Hence  

 
2100

25

1

2
)(

2 




 








 x  

 2
2

2
1 )()( aaA   22 )4.0()3.0(  = 0.5 mm  

7. (d) Path difference )( x  mcm
2

1
50   

   Phase difference 





2



 

2

1

1

2
x  

  Total phase difference = 
3

2

3


   

   aaaaA  )3/2cos(2 222   

8. (b,c) Because in general phase velocity = wave velocity. But in case of 
complex waves (many waves together) phase velocity   wave 
velocity.  

 If two waves have same ;,v  then they have same 

frequency too   

9. (c) If two waves of nearly equal frequency superpose, they 

give beats if they both travel in straight line and 0min I if 

they have equal amplitudes.    

10. (c) Resultant amplitude = cos2 21
2
2

2
1 aaaa   

 = 
2

cos4.03.024.03.0 22 
 = cm5.0  

11. (a) In the same phase  = 0 so resultant amplitude = 

AAAaa 3221   

12. (b) 
4

1

16

1

2

1

2

2

1

2

1 














a

a

a

a

I

I
 

13. (c)  For interference, two waves must have a constant phase 
relation ship. Equation ‘1’ and ‘3’ and ‘2’ and ‘4’ have a constant 

phase relationship of 
2


 out of two choices. Only one S

2

 

emitting ‘2’ and S
4

 emitting ‘4’ is given so only (c) option is 
correct. 

14. (d) This is a case of destructive interference.  

15. (b) 10,5 21  aa  
1

9

105

105

)(

)(
2

2
21

2
21

min

max 


















aa

aa

I

I
 

16. (c) For the given super imposing waves  

  ,31 a  42 a  and phase difference 
2


   

  5)4()3(2/cos2 22
21

2
2

2
1  aaaaA    

17. (a) Phase difference between the two waves is  

  )()()( 2112   tt  

  Resultant amplitude )cos(2 2121
2
2

2
1   AAAAA  

18. (a) 1/9
12

12

1

1 2

2

2

1

2

1

min

max 







































a

a

a

a

I

I
 

19. (b) 
1

25

2
4

9

1
4

9

1

1

2
2

2

1

2

1

min

max 























































I

I

I

I

I

I
 

20. (c) 
1

49

1
3

4

1
3

4

1

1
22

2

1

2

1

min

max 

















































a

a

a

a

I

I
 

21. (a) The resultant amplitude is given by 

  )cos1(2cos2 222   AAAAAAR  

 2/cos2 A  )2/cos2cos( 2 H  

22. (b) 
1

4

1
1

9

1
1

9

1

1

2

2

2

2

1

2

2

1

min

max 

































































I

I

I

I

I

I  
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23. (a) Since 
2


    5)3()4( 222

2
2
1  aaA  

24. (c) )cos2( 21
2
2

2
1 aaaaA   

 Putting aaa  21  and 
3


  , we get aA 3  

25. (d) 









2
sin

1
sin

1 
 t

b
t

a
y  

 Here phase difference =
2


 The resultant amplitude  

= 
ab

ba

baba





























 1111
22

 

26. (b) Superposition of waves does not alter the frequency of 
resultant wave and resultant amplitude  

  )cos1(2cos2 22222   aaaaa   

  3/2cos2/1cos    3/2   
 

Beats 
 

1. (c) Suppose two tuning forks are named A and B with frequencies 

HznA 256  (known), n
B

 = ? (unknown), and beat frequency 

x = 4 bps. 

 

 

 

 

Frequency of unknown tuning fork may be 

    HznB 2604256    

or     Hz2524256   

It is given that on sounding waxed fork A (fork of frequency 

256 Hz) and fork B, number of beats (beat frequency) 

increases. It means that with decrease in frequency of A, the 

difference in new frequency of A and the frequency of B has 

increased. This is possible only when the frequency of A while 

decreasing is moving away from the frequency of B. 

This is possible only if n
B

 = 260 Hz.  

Alternate method : It is given ?,256  BA nHzn  and x = 4 

bps 

Also after loading A (i.e. n
A

 ), beat frequency (i.e. x) increases 

(). 

Apply these informations in two possibilities to known the 
frequency of unknown tuning fork. 

          n
A

  – n
B

 = x        ... (i)  

          n
B

  – n
A

  = x       ... (ii) 

It is obvious that equation (i) is wrong (ii) is correct so  

n
B

 = n
A

 + x = 256 + 4 = 260 Hz. 

2. (d) 

3. (c) 

4. (a) Suppose n
A

 = known frequency = 100 Hz, n
B

 = ? 

x = 2 = Beat frequency, which is decreasing after loading (i.e. 

x)  

Unknown tuning fork is loaded so n
B

  

Hence n
A

 – n
B

  = x        ... (i)               Wrong 

             n
B

  – n
A

 = x       ... (ii)              Correct 

 n
B

 = n
A

 + x = 100 + 2 = 102 Hz.  

5. (d) n
A

 = Known frequency = 256, n
B

 = ? 

x = 2 bps, which is decreasing after loading (i.e. x) known 

tuning fork is loaded so n
A

  

Hence n
A

 – n
B

 = x        ... (i)              Correct 

             n
B

  – n
A

 = x      ... (ii)              Wrong 

 n
B

 = n
A

 – x = 256 – 2 = 254 Hz.  

6. (b) n
A

 = Known frequency = 256 Hz, n
B

 = ? 

x = 4 bps, which is decreasing after loading (i.e. x) also known 

tuning fork is loaded so n
A

 

Hence n
A

 – n
B

  = x        ... (i)             Correct 

             n
B

  – n
A

 = x        ... (ii)            Wrong 

 n
B

 = n
A

 – x = 256 – 4 = 252 Hz.  

7. (c) Time interval between two consecutive beats  

  sec
4

1

256260

11

21








nn

T  so, sec
416

1 T
t   

  By using time difference = 
2

T
Phase difference  

  
224







TT
 

8. (a) The time interval between successive maximum intensities will 

be .sec
4

1

450454

1

~

1

21





nn

 

9. (d) n
A

 = Known frequency = 341 Hz, n
B

 = ? 

x = 6 bps, which is decreasing (i.e. x) after loading (from 6 to 
1 bps) 

Unknown tuning fork is loaded so n
B

 

Hence n
A

 – n
B

 = x       ... (i)                Wrong 

             n
B

  – n
A

 = x      ... (ii)              Correct 

 n
B

 = n
A

 + x = 341 + 6 = 347 Hz.  

10. (b) 
256258

1


T = sec5.0  

11. (c) Suppose n
A

 = known frequency = 100 Hz, n
B

 = ?  

x = 5 bps, which remains unchanged after loading 

Unknown tuning fork is loaded so n
B

 

Hence n
A

 – n
B

  = x       ... (i)  

             n
B

  – n
A

 = x       ... (ii)  

From equation (i), it is clear that as n
B

 decreases, beat 
frequency. (i.e. n

A

 – (n
B

)
new

) can never be x again. 

From equation (ii), as n
B

, beat frequency (i.e. (n
B

)
new

 – n
A

) decreases 

as long as (n
B

)
new 

remains greater than n
A

, If (n
B

)
new

 become lesser 
than n

A

 the beat frequency will increase again and will be x. 
Hence this is correct. 

So, n
B

 = n
A

 + x = 100 + 5 = 105 Hz. 

12. (b) n
A

 = Known frequency = 256 Hz, n
B

 = ? 

x = 6 bps, which remains the same after loading. 

Unknown tuning fork F
2

 is loaded so n
B

 

Hence n
A

 – n
B

  = x        ... (i)               Wrong 

Unknown 
Known 

x bps 
A A 

nA nB 
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             n
B

  – n
A

 = x        ... (ii)              Correct 

 n
B

 = n
A

 + x = 256 + 6 = 262 Hz. 

13. (a) Probable frequencies of tuning fork be 4n  or 4n   

  Frequency of sonometer wire 
l

n
1

  

   
95

100

4

4






n

n
 or )4(100)4(95  nn  

  or 40010038095  nn  or 7805 n  or 156n   

14. (c) After filling frequency increases, so An  decreases (). Also it is 

given that beat frequency increases (i.e., x )   

Hence n
A

 – n
B

  = x        ... (i)               Correct 

            n
B

  – n
A

 = x        ... (ii)              Wrong 

 n
A

 = n
B

 + x = 512 + 5 = 517 Hz.  

15. (c) Intensity  (amplitude)2 

as oaA 2max  (a
o

= amplitude of one source) so oII 4max  .   

16. (c) Number of beats per second = 21 ~ nn   

11 22000 n    n
1

 = 1000 

and 22 22008 n    n
2

 = 1004 

Number of beats heard per sec 410001004    

17. (c) The tuning fork whose frequency is being tested produces 2 
beats with oscillator at 514 Hz, therefore, frequency of tuning 
fork may either be 512 or 516. With oscillator frequency 510 it 
gives 6 beats/sec, therefore frequency of tuning fork may be 
either 516 or 504. 

 Therefore, the actual frequency is 516 Hz which gives 2 
beats/sec with 514 Hz and 6 beats/sec with 510 Hz. 

18. (b) If suppose n
S

 = frequency of string 
m

T

l2

1
  

n
f

 = Frequency of tuning fork = 480 Hz  

x = Beats heard per second = 10 

as tension T increases, so n
S

 increases () 

Also it is given that number of beats per sec decreases (i.e. x) 

Hence n
S

 – n
f

  = x        ... (i)               Wrong 

             n
f

  – n
S

 = x        ... (ii)              Correct 

 n
S

 = n
f

 – x = 480 – 10 = 470 Hz. 

19. (c) It is given that  

n
A

 = Unknown frequency = ? 

n
B

 = Known frequency = 256 Hz 

x = 3 bps, which remains same after loading  

Unknown tuning fork A is loaded so n
A

 

Hence n
A

 – n
B

  = x        ... (i)               Correct 

             n
B

  – n
A

 = x        ... (ii)              Wrong 

 n
A

 = n
B

 + x = 256 + 3 = 259 Hz. 

20. (a) Frequency of the source = 100  5 = 105 Hz or 95 Hz. 

Second harmonic of the source = 210 Hz or 190 Hz. 

As the second harmonic gives 5 beats/sec with sound of 
frequency 205 Hz, the second harmonic should be 210 Hz. 

 Frequency of the source = 105 Hz.  

21. (d) For producing beats, their must be small difference in 
frequency. 

22. (c) n
A

 = Known frequency = 256 Hz, n
B

 = ? 

x = 4 beats per sec which is decreasing (4 bps to bps
2

5
) after 

loading (i.e. x) 

Unknown tuning fork B, is loaded so n
B

 

Hence  n
A

 – n
B

  = x        ... (i)               Wrong 

            n
B

  – n
A

 = x        ... (ii)              Correct  

 n
B

 = n
A

 + x = 256 + 4 = 260 Hz.  

23. (d) n
A

 – n
B

 = x         ... (i)               Wrong 

n
B

  – n
A

 = x        ... (ii)              Correct  

 n
B

 = n
A

 + x = 200 + 5 = 205 Hz. 

24. (c) n
A

 – n
B

 = x (same)          ... (i)               Wrong 

n
B

  – n
A

 = x (same)         ... (ii)              Correct 

 n
B

 = n
A

 + x = 320 + 4 = 324 Hz. 

25. (c) Beat period sec
4

1

380384

1

~

1

21





nn

T . Hence 

minimum time interval between maxima and minima 

.sec
8

1

2


T
t   

26. (d) 
1

16

)35(

)35(
2

22

21

21

min

max 























aa

aa

I

I
 

27. (a) 
50.01

1

vv
n 


 and 

51.02

2

vv
n 


 

  12
51.0

1

05.0

1
21 








 vnnn  

   306
01.0

50.051.012



v sm /  

28. (c) 
2

316
1 n  and 

2

310
2 n  Number of beats heard per 

second = n
1

 – n
2

 =


3

2

310

2

316
  

29. (b) Beat frequency = Hz5
4.0

2
   

30. (a) Since source of frequency x gives 8 beats per second with 
frequency 250 Hz, it's possible frequency are 258 or 242. As 
source of frequency x gives 12 beats per second with a 
frequency 270 Hz, it's possible frequencies 282 or 258 Hz. The 
only possible frequency of x which gives 8 beats with frequency 
250 Hz also 12 beats per second with 258 Hz.  

31. (c) Hzn 500
2

1000
1 




 and 499

2

998
2 




n Hz 

  Hence beat frequency = 121 nn  

32. (a) 3320 v  m/s. Velocity sound at t°C is )61.0( 0 tvvt   

 2.3442061.0020  vv sm /  

   














21

20

11


vn 14

51

100

50

100
2.344 
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33. (a) Persistence of hearing is 10 sec–1.  

34. (a) 

35. (d) n
A

 = ?, n
B

 = 384 Hz  

x = 6 bps, which is decreasing (from 6 to 4) i.e. x  

Tuning fork A is loaded so  n
A

 

Hence n
A

 – n
B

 = x            Correct 

           n
B

 – n
A

 = x            Wrong 

 n
A

 = n
B

 + x = 384 + 6 = 390 Hz. 

36. (b) For hearing beats, difference of frequencies should be 
approximately 10 Hz. 

37. (a) 
l

n
1

  2211 lnln   39650)4(49)4(  nnn  

38. (a) No of beats, x = Hzn 10
3

30
  

   Also 


















6

1

5

111

21

vvn


=10 300v m/s 

39. (a) .496.3
1

1

99.0

1
396

11

21





















vn  

40. (b) n
A

 = Known frequency = 288 cps, n
B

 = ? 

x = 4 bps, which is decreasing (from 4 to 2) after loading i.e. 
x 

Unknown fork is loaded so n
B

 

Hence n
A

 – n
B

 = x               Wrong  

           n
B

 – n
A

 = x             Correct 

 n
B

 = n
A

 + x = 288 + 4 = 292 Hz. 

41. (a) Frequency = Hz50
04.0

2

Time

of beatsNumber 
  

42. (c) No. of beats = frequency difference = 16
25.0

4
  

43. (d) Suppose Pn  frequency of piano = ?  )( TnP   

    fn  Frequency of tuning fork Hz256  

 x = Beat frequency = 5 bps, which is decreasing (52) after 
clanging the tension of piano wire  

 Also, tension of piano wire is increasing so Pn  

Hence n
P

– n
f

 = x             Wrong  

           n
f

 – n
P

= x             Correct  

  n
P

 = n
f

 – x = 256 – 5 Hz. 

44. (b) With temperature rise frequency of tuning fork decreases. 
Because, the elastic properties are modified when temperature 
is changed 

also, )00011.01(0 tnnt   

where tn  frequency at Ct , 0n = frequency at C0    

45. (a) ,300Hznx   ?yn  

x = beat frequency = 4 Hz, which is decreasing (42) 

after increasing the tension of the string y.  

Also  tension of wire y increasing so yn  )( Tn   

Hence  xnn yx              Correct   

            xnn xy         Wrong  

 Hzxnn xy 2964300   

46. (c) Let n be the frequency of fork C then 

  
100

103

100

3 nn
nnA   and  

100

98

100

2


n
nnB  

but 5 BA nn  5
100

5


n
 Hzn 100  

 HznA 103
100

)100)(103(
  

47. (a) 

48. (b) From the given equations of progressive waves  5001   and 

 5062    2501 n   and 2532 n  

 So beat frequency 325025312  nn  beats per sec 

 Number of beats per min = 180. 

49. (b)   

50. (b) Frequency .36060
60

360
Hz  

51. (b) nv   
170

340


n

v
  2  

Distance separating the position of minimum intensity = 

1
2

2

2



m  

 

Stationary Waves 
 

1. (c) The distance between the nearest node and antinode in a 

stationary wave is 
4


 

 

 

 

 

2. (c) At nodes pressure change (strain) is maximum  

3. (c) Both the sides of a node, two antinodes are present with 

separation 
2


  

So phase difference between then 





 

2

2
 

 

 

 

4. (c) Progressive wave propagate energy while no propagation of 
energy takes place in stationary waves.  

5. (b)  

6. (a) Comparing given equation with standard equation  

  






 vtx
ay

2
cos

2
sin2 gives us 30

15

2
 






 

Distance between nearest node and antinodes = 

5.7
4

30

4



 

N N 
N 

A A 

/4 

A A 

/2 
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7. (b)  On comparing the given equation with standard equation 







 vtx
ay

2
cos

2
sin2  6

3

2
 





 xx
 

 Separation between two adjacent nodes = 3
2



cm  

8. (d)  

9. (a) On comparing the given equation with standard equation 







 vtx
ay

2
cos

2
sin2 ] 

We get 40
20

2
 






 

Separation between two consecutive nodes = 

cm20
2

40

2



 

10. (a) 

11. (b) Since the point 0x  is a node and reflection is taking place 

from point .0x  This means that reflection must be taking 

place from the fixed end and hence the reflected ray must 

suffer an additional phase change of  or a path change of 
2


.  

So, if )cos(incident tkxay    

 )cos(reflected   tkxay )cos( kxta    

12. (d) Particles have kinetic energy maximum at mean position. 

13. (b) On comparing the given equation with standard equation 

5
2





  m256.1

5

28.6
   

14. (d)  

15. (d) 

16. (a,b,c) Standing waves can be produced only when two similar type 

of waves (same frequency and speed, but amplitude may be 
different) travel in opposite directions.  

17. (a) Å21.1  

 

 

 

18. (d) cm8020
4

 


, also x .
2


  

    
2

3
2

80

60 
   

19. (a) Required distance 
3004

1200

4

/

4 


nv
1 m  

20. (a) Waves A and B satisfied the conditions required for a standing 
wave.   

21. (a)  By comparing given equation with kxtay cos)sin(  

   410
01.0

100


k
v


sm /  

22. (b) At fixed end node is formed and distance between two 

consecutive nodes 10
2



cm  20 cm  

    20 nv  m/sec 

23. (c) )cos( tkxa   

hence )cos()cos(reflected tkxatkxay    

24. (b) Distance between the consecutive node ,
2


  

  but 
nn

v 20
  so 

n

10

2



  

25. (a) Energy is not carried by stationary waves  

26. (c) On comparing the given equation with standard equation 

cm6
3

2
 






. Hence, distance between two 

consecutive nodes   = 3 cm 

27. (d) Minimum time interval between two instants when the string is 

flat = sec1sec5.0
2

 T
T

 

Hence mTv 10110  . 

28. (c) 

29. (b) Distance between two nodes = 
2


 

nnn

v 8

2

16

2
  

30. (d) 

31. (b) In stationary wave all the particles in one particular segment 
(i.e., between two nodes) vibrates in the same phase.   

32. (a) If )sin( kxtay incident    and kxtaystationary cos)sin(  

  then it is clear that frequency of both is same () 

33. (b) 

34. (a) On comparing the given equation with standard equation  

8
4

2
 






 

Hence distance between two consecutive nodes 4
2



 

35. (a)  

36. (a) Waves  )sin(1 tkxAZ   is travelling towards positive x-

direction. 

Wave )sin(2 tkxAZ  , is travelling towards negative x-

direction.  

Wave )sin(3 tkyAZ   is travelling towards positive y 

direction. 

Since waves Z
1

 and Z
2

 are travelling along the same line so they 
will produce stationary wave. 

37. (a) When two waves of equal frequency and travelling in  opposite 
direction superimpose, then the stationary wave is produced. 
Hence Z

1

 and Z
2

 produces stationary wave.  

38. (d) The distance between adjacent nodes 
2


x  

Also .
2




k  Hence .

k
x


  

39. (d) ,20cos
3

2
sin5 t

x
y 










  comparing with equation  







 vtx
ay

2
cos

2
sin2  ,3 distance between two 

adjacent nodes cm5.12/   . 

 

A 

N 

A 
N N 

1.21Å 
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Vibration of String 
 

1. (c) 

 

 

 

2. (d) 
l

n
1

  
2

1

1

2

l

l

n

n
  Hzn

l

l
n 1024

4/1

2561
1

2

1
2 


  

3. (c) String vibrates in five segment so l
2

5
 

5

2l
  

  Hence 
l

vv
n

2
5 


5

102

20
5 


 Hz  

4. (c) Here cm0.5
2



10  cm  

  Hence 20
10

200




v
n Hz.   

5. (c) 

6. (b) As we know plucking distance from one end 
p

l

2
  

   
p2

100
25    2p . Hence frequency of vibration  

4105

20

12

2

2 


m

T

l

p
n  = .200Hz  

7. (b) To produce 5 beats/sec. Frequency of one wire should be 

increase up to 505 Hz . i.e. increment of 1% in basic 
frequency. 

  Tn   or 2nT   
n

n

T

T 



2  

   percentage change in Tension = %2%)1(2    

8. (d) )30sin(021.0 txy   sm
k

v /30
1

30



. 

  Using, 117.0
103.1

30
4







T
T

m

T
v N 

9. (a) Tn   

10. (c) Tn   

11. (d) Tn   

 4:3:2:116:9:4:1::: 4321 nnnn  

12. (c) Let the frequency of tunning fork be N 

As the frequency of vibration string 
stringoflength

1
  

For sonometer wire of length 20 cm, frequency must be (N + 
5) and that for the sonometer wire of length 21cm, the 
frequency must be (N – 5) as in each case the tunning fork 
produces 5 beats/sec with sonometer wire  

Hence 2211 lnln    21)5(20)5(  NN  

 .205HzN   

13. (c) 
p

l2
             (p = Number of loops)  

14. (a) String will vibrate in 7 loops so it will have 8 nodes 7 
antinodes.  

Number of harmonics = Number of loops = Number of 

antinodes  Number of antinodes = 7   

Hence number of nodes = Number of antinodes + 1  

                                       817   

15. (a) 

16. (d) T
l

n
1

  1
2

1
4 









l

l

T

T

n

n
 nn   

17. (a) Sonometer is used to produce resonance of sound source with 
stretched vibrating string. 

18. (a) 














2

1
12

2

1

1

21

n

n
ll

n

n

l

l

l
n

1000

270
50  cm5.13  

19. (c) Tn   
2

1

2

1

T

T

n

n
   

2

10

2 Tn

n
  NT 402   

20. (b) Tn   

21. (d) 
l

T
n

m

T

l
n 

2

1
  

   
4

9

4

3
)2(

2

2

2

1

2

2

1

2

1

2 





































l

l

n

n

T

T
 

22. (c) 
m

T
v    110

)7/035.0(

5.60
v sm /  

23. (a) Second harmonic means 2 loops in a total length 

 

 

 

 

Hence plucking distance from one end .
4222

ll

p

l



  

24. (b) 
 2r

T

m

T
v   

  
22

1

2

1
.

2

1
. 

A

B

B

A

B

A

r

r

T

T

v

v

r

T
v  

25. (a) The frequency of vibration of a string 
m

T

l

p
n

2
  

Also number of loops = Number of antinodes.  

Hence, with 5 antinodes and hanging mass of 9 kg. 

We have p = 5 and T = 9g  
m

g

l
n

9

2

5
1   

With 3 antinodes and hanging mass M  

We have p = 3 and T = Mg  
m

Mg

l
n

2

3
2   

   n
1

 = n
2

  
m

Mg

lm

g

l 2

39

2

5
  25M  kg. 

l/4 

l 

l 

N 
A A 

N 
l = 

 
N 
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26. (b) 
l

T
n  Tl     (As n = constant) 

   %303.1
100

169
1121

1

2

1

2  llll
T

T

l

l
 of 1l  

27. (b) 4.06.0250 22211  nlnln Hzn 3752   

28. (b) In fundamental mode of vibration wavelength is maximum   

cmcml 8040
2

 


 

29. (c) 40100050800 222211  lllnln cm  

30. (c) Tn    
T

T

n

n

2





 

If tension increases by 2%, then frequency must increases by 
1%. 

If initial frequency nn 1 then final frequency n
2

 – n
1

 = 5 

 5
100

101
 nn   .500Hzn   

Short trick : If you can remember then apply following formula 
to solve such type of problems. 

Initial frequency of each wire (n) 

wire)theoftensioninchangecentage(per

200sec)perheardbeatsof(Number 
  

Here Hzn 500
2

2005



  

31. (b) First overtone of string A = Second overtone of string B. 

    Second harmonic of A  = Third harmonic of B 

    32 nn       
BA

nn )(3)(2 11   ( 
 21

2

1

r

T

l
n  ) 

  































T

rl

T

rl BBAA 2

1
3

2

1
2  

  
3

1

)2(3

2

3

2


B

B

B

A

A

B

B

A

r

r

l

l

r

r

l

l
 

32. (a) Fundamental frequency in case of string is 

  
'

''

2

1

l

l

T

T

n

n

l

T
n

m

T

l
n   

  putting TTTT
100

144
44.0'   and llll

5

3
4.0'   

  We get 
1

2'


n

n
. 

33. (d) Frequency in a stretched string is given by  

 
 22

1

2

1

d

T

lr

T

l
n      (d = Diameter of string) 

   




























1

2

2

1

2

2

1

1

2

2

1





d

d

T

T

l

l

n

n
 

         
36

35

1

2

4

1

1

8

36

35
2









 370360

35

36
2  n  

  Hence beat frequency = 1012 nn   

34. (b) Frequency of first overtone or second harmonic (n
2

) 

Hz320 . So, frequency of first harmonic 

Hz
n

n 160
2

320

2

2
1   

35. (d) Similar to Q. 30  

Initial frequency of each wire (n)  

   
wire)theoftensioninchangecentage(per

200sec)perhearedbeatsof(Number 
  

   1sec300
1

200)2/3( 


   

36. (c) 
l

n
1

   
l

l

n

n 



 

If length is decreased by 2% then frequency increases by 2% 

i.e., 
100

2

1

12 


n

nn
 

 .88.7392
100

2

100

2
112  nnn  

37. (d) Observer receives sound waves (music) which are longitudinal 
progressive waves.  

38. (a) Because both tuning fork and string are in resonance condition. 

39. (d) 
m

T

l
n

2

1
 

2

1

1

2

2

1

T

T

l

l

n

n


8

1

4

1

4

1
  

  Hznn 160020088 12    

40. (b) 
m

T

l
n

2

1
  klnlnln  332211  

 llll  321 
n

k

n

k

n

k

n

k


321

 

  ........
1111

321


nnnn

  

41. (a) If a rod clamped at middle, then it vibrates with similar fashion 
as open organ pipe vibrates as shown.  

 

 

 

 

 

 
 

Hence, fundamental frequency of vibrating rod is given by 

l

v
n

2
1   

14
53.2




v
 v = 5.06 km/sec.  

42. (a) Change in amplitude does not produce change in frequency, 
















 22

1

r

T

l
n .   

43. (d) Mass per unit length mkgm /
5.0

102 4
 mkg /104 4  

 Frequency of 2nd harmonic 12 2nn   

 
m

T

l2

1
2  Hz2.447

104

20

5.0

1
4






 

44. (d) 
m

T

l
n

2

1
  Tn   For octave, nn 2  

N 

A A 

l 

N 

A 

A 

l 
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 2





T

T

n

n
 wtkgTT -164    

45. (d) Fundamental frequency 
 22

1

r

T

l
n     

where m = Mass per unit length of wire 


1

12

2

1

1

2

1

2

2

1 
L

L

r

r

l

l

r

r

n

n

lr
n  

46. (c) 
 222

1

r

T

r

T

l
n   

  1
2

1

1

2

2

1
2

1

2

2

1

2

2

1

2

1 







































































r

r

T

T

n

n
 

  21 nn   

47. (a) T
m

T

l

p
n 

2
 

2

1

2

1

T

T

n

n
   

 
g

g

n )100075.07.50(

7.50260
3

2 
  2402 n  

48. (b) Given equation of stationary wave is  

 txy  2cos2sin , comparing it with standard equation 







 xx
Ay

2
cos

2
sin2  

 We have x
x





2

2
   m1  

 Minimum distance of string (first mode) mL
2

1

2
min 


 

49. (d) 
lr

T
n

r

T

l
n 

 22

1
  

1

2

1

2

2

1

2

1

r

r

l

l

T

T

n

n
  

 33
23

3


r

r

l

l

T

T
 

33
2

n
n   

50. (c) For string 
p

l2
  

where p = No. of loops = Order of vibration 

Hence for forth mode p = 4  
2

l
  

Hence v = n  Hz500
2

2
500   

51. (d) 
 22

1

r

T

l
n   

r

T
n   

 
1

2

2

1

1

2

T

T

r

r

n

n


2

1

2

1
 =

22

1
 

52.  (b) In case of sonometer frequency is given by 

m

T

l

p
n

2
  Hzn

l

l

n

n
400256

16

25
2

2

1

1

2   

 

   

Organ Pipe (Vibration of Air Column) 

 

1. (c) lll  22,2 21   
l

v
n

2
1   and 

ll

v
n




22
2  

   No. of beats 
221

2

11

2 l

lv

lll

v
nn













  

2. (a) Fundamental frequency of open pipe is double that of the 

closed pipe. 

3. (c) If is given that  

First over tone of closed pipe = First over tone of open pipe  





























21 2
2

4
3

l

v

l

v
; where l

1

 and l
2

 are the lengths of closed 

and open organ pipes hence 
4

3

2

1 
l

l
  

4. (d) First overtone for closed pipe = 
l

v

4

3
 

  Fundamental frequency for open pipe = 
l

v

2
 

  First overtone for open pipe = 
l

v

2

2
. 

5. (c) For closed pipe in general )12(
4

 N
l

v
n  

l
n

1
  

  i.e. if length of air column decreases frequency increases. 

6. (a,c,d) Fundamental frequency of closed pipe 
l

v
n

4
  

where 
M

RT
v


  

M
v

1
  

  airHairH vvMM 
22

 

Hence fundamental frequency with H
2

 will be more as 
compared to air. So option (a) is correct. 

Also 
l

n
1

 , hence if l decreases n increases so option (c) is 

correct. 

It is well known that (n)
Open

 = 2(n)
Closed,

 hence option (d) is correct. 

7. (d) For closed pipe m
n

v
l

l

v
n 5.0

1664

332

44
1 


  

8. (a) Fundamental frequency of open pipe 

350
5.02

350

2
1 




l

v
n Hz . 

9. (b) For closed pipe 
4

330

4
1 

l

v
n Hz  

  Second note = 
4

3003
3 1


n Hz . 

10. (c) 
l

v
n

l

v
n

2
,

4
openclosed   fnn 22 closedopen   

11. (b) Minimum audible frequency = 20 Hz . 

    2.4
204

336
20

4



 l

l

v
m  

12. (c) First overtone of closed organ pipe 
1

1
4

3

l

v
n   

  Third overtone of open organ pipe 
2

2
2

4

l

v
n   



 

 890 Waves and Sound  

  21 nn   (Given)  
21 2

4

4

3

l

v

l

v

8

3

2

1 
l

l
 

13. (b) For closed pipe 
2.04

250
4

1



v

l

v
n smv /200  

14. (b) 
open

open
2l

v
n   

  
openopenclosed

closed
22/44 l

v

l

v

l

v
n   

  















2

open

closed

l
lAs , i.e. frequency remains unchanged. 

15. (b) For closed pipe second note = 165
5.14

3303

4

3







l

v
Hz . 

16. (a) Fundamental frequency of open pipe  

  550
3.02

330

2
1 




l

v
n Hz  

  First harmonic = 11002 1 n Hz . = kHz1.1  

17. (b) For first pipe 
1

1
4l

v
n  and for second pipe 

2

2
4l

v
n   

  So, number of beats = 412 nn  

  















12

11

4
4

ll

v

















1

11
30016

2l
 9.942 l cm   

18. (a) Maximum pressure at closed end will be atmospheric pressure 
adding with acoustic wave pressure  

  So 0max   A  and 0min   A  

  Thus 
0

0

min

max














A

A   

19. (c) 1021 nn     ..…(i) 

  Using 
1

1
4

,
l

v
n   and 

2

2
4l

v
n    

   
25

26

1

2

2

1 
l

l

n

n
    …..(ii) 

After solving these equation Hzn 2601  , 2502 n Hz  

20. (a) Let 1l  and 2l  be the length’s of closed and open pipes 

respectively. (Neglecting end correction)  

  11
1

1 4
4

ll  


 and 22
2

2 2
2

ll  


 

  Given 21 nn   so 
2

1

24 2

1

2121


l

l

l

v

l

vvv


 

21. (b) Distance between two consecutive nodes  

  301646
2




60  cm = 0.6m 

   3006.0500  nv sm / . 

22. (a) For closed pipe 
l

v
n

4
  Hzn 2

424

332



 . 

23. (a) For shortest length of pipe mode of vibration must be 

fundamental i.e., 
l

v
n

4
  .

4n

v
l   

24. (b) Hznn 160320
2

1
)(

2

1
OpenClosed   

25. (c) Frequency of nd2  overtone Hznn 2505055 13  . 

26. (a) 21 nnn 
21 22

10
l

v

l

v
 










21

11

2 ll

v
 

  









255.0

1

25.0

1

2
10

v
./255 smv   

27. (a) Fundamental frequency 
l

v
n

2
  

  
l2

350
350  .50

2

1
cmml    

28. (b) 21 nnn 
21 22

4
l

v

l

v
 










025.1

1

00.1

1

2

v
 

  ]975.01[8  ./328
025.0

8
smv   

29. (a) In closed pipe only odd harmonics are present  

30. (d) Fundamental frequency of open organ pipe 
l

v

2
   

  Frequency of third harmonic of closed pipe 
l

v

4

3
  

  
l

v

l

v

2
100

4

3
 100

44

2

4

3


l

v

l

v

l

v
.200

2
Hz

l

v
   

31. (c) 1:2/
4

;
2

 BABA nn
l

v
n

l

v
n  

32. (a) Due to rise in temperature, the speed of sound increases. Since 



v
n   and   remains unchanged, hence n increases. 

33. (b)  

34. (b) 

35. (b) In closed organ pipe. If )sin( kxtay incident    

then )sin()sin( kxtakxtayreflected    

Superimposition of these two waves give the required 
stationary wave.    

36. (b) 330v sm / ; 165n Hz .  Distance between two 

successive nodes = 
2


 m

n

v
1

1652

330

2



  

37. (b) At the middle of pipe, node is formed.  

38. (c) For closed organ pipe .....:5:3:1....:: 321 nnn  

39. (b) First tone of open pipe = first overtone of closed pipe 


cl

v

l

v

4

3

2 0

  mlc 75.0
4

5.023



  

40. (b) Only odd harmonics are present. 

41. (b) Distance between six successive node 

  cm85
2

5



  mcm 34.034

5

852



  

Therefore speed of sound in gas  

smn /34034.01000    

42. (b) Let the base frequency be n for closed pipe then notes are 

.....5,3, nnn  

  note 2553 n   85n , note 4255855 n   

 note 5958577 n   

43. (a) cmll 1.747.2433 12   

44. (c) Frequency of p th harmonic   
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l

pv
n

2
   2

330

100033.022





v

nl
p   

45. (a) For closed pipe 
n

v
l

4
1  ;

n

v
l

4

3
2   )(2 12 llnv   

 Hz
ll

v
n 500

)16.049.0(2

330

)(2 12







  

46. (c) Number of beats per second, 

 
5

4

20

16
n  















21

21

11

4 ll

v
nnn  

 
01.14

01.0

01.1

1

1

1

45

4













vv
 

 12.323
5

10116 


 msv  

47. (a) In open organ pipe both even and odd harmonics are 
produced. 

48. (d)  Using )(2 12 ll    )(2 12 llnv   

  scm /33280)7.302.63(5122   

 Actual speed of sound scmsmv /33200/3320   

 Hence error scm /803320033280    

49. (b) Initially number of beats per second = 5 

 Frequency of pipe = 200  5 = 195 Hz or 205 Hz  ...(i)  

Frequency of second harmonics of the pipe = 2n and number of 
beats in this case = 10 

 2n = 420  10  410 Hz or 430 Hz  

 n = 205 Hz or 215 Hz                         ... (ii)  

From equation (i) and (ii) it is clear that n = 205 Hz 

50. (c) In case of open pipe, 
l

N
n

2
 where N = order of harmonics = 

order of mode of vibration 
v

ln
N

2
  

  12
330

480
 = 3 (Here  v = 330 m/s) 

51. (a) In first overtone of organ pipe open at one end, 

 end,      
c

c
l

v
n

4

3
    .....(i) 

 Third harmonic or second overtone of organ pipe open at both 

end,      
0

0
2

3

l

v
n     .....(ii) 

 given oc nn  .
2

1

2

3

4

3

0

0 
o

c

c l

l

l

v

l

v
  

52. (a) For end correction x,  3
4/

4/3

1

2 








xl

xl
 

 cm
ll

x 05.1
2

7.2232.70

2

3 12 





  

53. (b) For open tube, 
l

v
n

2
0   

For closed tube length available for resonance is  

4100

25
'

l
ll    Fundamental frequency of water filled 

tube 02
)4/(4'4

n
l

v

l

v

l

v
n 


  2

0


n

n
 

 

 

Doppler’s Effect 
 

1. (d) 

2. (b) 500
34340

340
450' 




























Ovv

v
nn sec/cycles  

3. (a) 
















svv

v
nn   







 


v

vv S  

  .98
330

60330
120 cm







 
  

4. (b) 660
300

330
600' 


























Svv

v
nn cps  

5. (c) Both listeners, hears the same frequencies. 

6. (b) 

7. (c) 22' 00 









 








 


v

vv

v

vv
nn

v

vv
nn O  

    332 vvO m/sec 

8. (b) Apparent frequency in this case
v

vvn
n O)(

'


  

  10 


v

vv
  1

'


n

n
 i.e. nn ' . 

9. (a) Wave number = 


1
 but 

3
and

1

'

1 v
v

vv

v
S

s



















 

   (W.N.)’ = (W.N.) 
3/2

256
3/ v

v

vv

v











 

  = 384256
2

3
  

10. (a) By Doppler’s formula 
)(

'
Svv

nv
n


  

  Since, source is moving towards the listener so nn ' . 

  If n = 100 then n' = 102.5 

   
)320(

320100
5.102

Sv


   8sv sec/m  

11. (b)  

 

 

 

 

S 

v 

vS 

vO 
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 625

18

5
108330

18

5
180330

750' 










































S

O

vv

vv
nn Hz  

12. (a) By using 
















Svv

v
nn  

  













0
2

v

vv
nn O    vvO (Speed of sound) 

  Negative sign indicates that observer is moving opposite to the 
direction of velocity of sound, as shown  

 

   

 

13. (d) Since there is no relative motion between observer and source, 
therefore there is no apparent change in frequency.  

14. (c)  

15. (b)  

16. (a) 
















Svv

v
nn 

3

2
3

' v
v

vv

v

vv

v

n

n
s

SS







  

17. (a) 



























10/
'

vv

v
n

vv

v
nn

S

 
9

10'


n

n
 

18. (c) 



























50350

350
1200'

Svv

v
nn =1400 cps  

19. (d) Hz
vv

v
nn

S

1600
100400

400
1200' 


























  

20. (a) Hzn
vv

v
n

S

225150
110330

330
' 













  

21. (d) Doppler’s effect is applicable for both light and sound waves. 

22. (a) When source is approaching the observer, the frequency heard  

Hzn
vv

v
n

S

a 10631000
20340

340



























  

When source is receding, the frequency heard 

n
vv

v
n

S

r 














 = 9441000

20340

340



 

8:9:  ra nn   

Short tricks : .
8

9

20340

20340












S

S

r

a

vv

vv

n

n
 

23. (a) By using 
s

s

vv

vv

n

n






receding

gapproachin
  

 
50350

503501000






rn
  .750Hznr   

24. (b) When source and listener both are moving towards each other 

then, the frequency heard 

 

 

 




















S

O

vv

vv
nn   .22.1

10/

10/
f

vv

vv
fn 












  

25. (c) For source v
S

 = 225270.0  r m/sec  

  Minimum frequency is heard when the source is receding the 

man. It is given by 
Svv

v
nn


min  

  = 941
22352

352
1000 


 Hz   

26. (b) For direct sound source is moving away from the observes so 
frequency heard in this case 

 

 

 

 

 

 

Hz
vv

v
nn

s






































334

332
500

2332

332
5001  

  The other sound is echo, reaching the observer from the wall 
and can be regarded as coming from the image of source 
formed by reflection at the wall. This image is approaching the 
observer in the direction of sound. 

  Hence for reflected sound, frequency heard by the observer is  

  Hz
vv

v
nn

S






































330

332
500

2332

332
5002  

  Beats frequency .6
334

1

330

1
33250012 








 nn  

27. (c) Similar to previous question  

 

 

 

 

 

 

The frequency of reflected sound heard by the driver  

  




































S

O

S

O

vv

vv
n

vv

vv
nn

)(
 

 













)18/572(330

)18/572(330
124 = 140 vibration/sec. 

28. (d) By using 
Svv

v
nn


  












SV

V

n

n1  

29. (b) In this case Doppler’s effect is not applicable. 

30. (d) The apparent frequency heard by the observer is given by  

  n
vv

v
n

S
' = 500450

297

330
450

33330

330



Hz   

31. (a) 90100
330

33330
' 







 








 


v

vv
nn O Hz  

32. (c) When train is approaching frequency heard by the observer is  

  
















S

a
vv

v
nn   

















Sv
n

340

340
219         …(i) 

Echo sound 

vO vS = vO 

vO vS 

v 

vO vS 

v 

vS vS 

Direct sound 

Echo sound 

Source of sound Image of source 

O S 

W 
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  when train is receding (goes away), frequency heard by the 
observer is  

  
















S

r
vv

v
nn   

















Sv
n

340

340
184        …(ii) 

  On solving equation (i) and (ii) we get Hzn 200  

  and ./5.29 smvS   

33. (d) Frequency is decreasing (becomes half), it means source is 
going away from the observes. In this case frequency observed 
by the observer is  

 
















Svv

v
nn   

















Svv

v
n

n

2
  vvS   

34. (d) Observer hears two frequencies  

(i) 1n  which is coming from the source directly 

(ii) 2n  which is coming from the reflection image of source 

so, 











1340

340
6801n  and 












1340

340
6802n  

  421 nn beats    

35. (a) From the figure, it is clear that  

Frequency of reflected sound heard by the driver. 









































car

car

s

o

s

o

vv

vv
n

vv

vv
n

vv

vv
nn

)(
'  

   .720
30330

30330
600 Hz












  

36. (b) Observer is moving away from siren 1 and towards the siren 2. 

 

 

 

 

 

Hearing frequency of sound emitted by siren 1 

  Hz
v

vv
nn 328

330

2330
3300

1 






 








 
  

  Hearing frequency of sound emitted by siren 2 

  Hz
v

vv
nn O 332

330

2330
3302 







 








 
  

Hence, beat frequency .432833212  nn   

37. (c) 2068
)401220(

12202000























Svv

v
nn Hz  

38. (d) cpsnnn
vv

vv
nn

S

O 320
40360

40360
400' 






























  

39. (a) Hz
vv

v
nn

S

2.434
50300

330
500 


























  

40. (c) Since there is no relative motion between the listener and 
source, hence actual frequency will be heard by listener. 

41. (a) 550
30330

330
500'' 


























 n

vv

v
nn

S

Hz . 

42. (c) 






































10

90'
v

v

v

vv

v
nn

S

 = 
sec

Vibration
100  

43. (a) The linear velocity of Whistle  

smrvS /50
60

400
22.1    

When Whistle approaches the listener, heard frequency will be 
maximum and when listener recedes away, heard frequency will 
be minimum 

  So, Hz
vv

v
nn

S

586
290

340
500max 
























  

  Hz
vv

v
nn

S

436
390

340
500min 
























  

44. (d) By using 
















Svv

v
nn'   

   
















Svv

v
nf1 nn

306

340

34340

340











  

  and 




















323

340

17340

340
2 nnf 

18

19

306

323

2

1 
f
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45. (d) No change in frequency. 

46. (b) 1950
10340

10340































 n

vv

vv
nn

S

O  2068n Hz  

47. (b) Hz
vv

vv
nn

S

O 270
20340

20340
240' 






























 . 

48. (b) In both the cases observer is moving towards, the source. 

Hence by using 






 


v

vv
nn 0  

 

 

 

 

  When passenger is sitting in train A, then  

           






 


v

vv A55.5                     …(i) 

  when passenger is sitting in train B, then  

              






 


v

vv B56                     …(ii) 

On solving equation (i) and (ii) we get 2
A

B

v

v
 

49. (b) Minimum frequency will be heard, when whistle moves away 
from the listener. 


















svv

v
nnmin  where smrv /1105.0    

 .374
10340

340
385min Hzn 










  

v v 

Moving observer Stationary 

siren 1 

Stationary 

siren 1 

vO 

vB 

Train B 

vA 

Train A 

v v 
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50. (a) Hz
vv

v
nn

S

33.733
30330

330
800' 


























 . 

51. (a) n
vv

v
n

c

Before


  and n
vv

v
n

c

After .


  

   

 

 

 

 




















c

c

After

Before

vv

vv

n

n

9

11
  

10

v
vc   

52. (c) By using 
2

2'
v

v
vv

v
nn

vv

v
n S

SS
































  

53. (d) The frequency of whistle heard by passenger in the train B, is  

 

 

 

 

  Hz
vv

vv
nn

s

666
20340

15340
6000 






























  

54. (b) At point A, source is moving away from observer so apparent 

frequency nn 1  (actual frequency) At point B source is 

coming towards observer so apparent frequency nn 2  and 

point C source is moving perpendicular to observer so nn 3  

Hence 132 nnn    

55. (a) ;' 













S

O

vv

vv
nn Here 332v m/s  and 500  svv m/s 

  
1secsecnn 32012.321

50332

50332
435 1 












   

56. (c) Since apparent frequency is lesser than the actual frequency, 
hence the relative separation between source and listener 
should be increasing. 

57. (c) 

58. (d) n
vv

vv
n

vv

vv
nn

s

3
2/

2/
' 0 






























  

59. (c) When engine approaches towards observer 
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v
nn'  

  when engine going away from observer n
vv

v
n

S















   

   85
340

340

3

5

''

'










 S

S

S
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S v
v

v

vv
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n
sm / . 

60. (a) Frequency heard by the observer 

 .248
330

11330
2400 Hz

v

vv
nn 







 








 
  

61. (c) According the concept of sound image 

280272
5345

5345
272.'

person

person












vv

vv
n Hz  

  n Number of beats =280 – 272 = 8 Hz  
62. (b) According the concept of sound image  

170165
5355

5355
' 









 n

vv

vv
n

B

B Hz 

  Number of beats 5165170'  nn  

63. (a) The observer will hear two sound, one directly from source and 

other from reflected image of sound  

 

 

 

 

 

Hence number of beats heard per second  

      = n
vv

v
n

vv

v

SS































 

      = 
325335

533025622
22 




 S

S

vv

nvv
= 7.8 Hz  

64. (a) When a listener moves towards a stationary source apparent 
frequency  

  






 


v

vv
n O 200n   …..(i) 

  When listener moves away from the same source  

   160
)(




 n
v

vv
n O   …..(ii) 

  From (i) and (ii) 

  
160

200






O

O

vv

vv
 

4

5






O

O

vv

vv
 sec/360mv   

65. (b) When observer moves towards stationary source then apparent 
frequency  

 n
v

vv
n O








 
' n

v

vv







 


5/
nn 2.1

5

6
  

Increment in frequency = 0.2 n so percentage change in 

frequency = 100
2.0


n

n
= 20%.  

 

Musical Sound 
 

1. (d) 

2. (a) Intensity = 6

2
109.7

)200(4

4

Area

Power 





2/ mW  

3. (a) Intensity   (Amplitude)2  

4. (c) 2222 naI  v  22naI    

2

2

1

2

2

1

2

1






























n

n

a

a

I

I
 

44/1

1

2

1 1
2

22
I

I 
















  

vO 

B 

vS 

A 

v 

vO 

v v 

Stationary observer 

vS vS 

Direct sound 

Echo sound 

Source of sound Image of source 
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5. (b) 3

00

10 1030log10 














I

I

I

I
L  

6. (c) 

7. (a) The quality of sound depends upon the number of harmonics 
present. Due to different number of harmonics present in two 
sounds, the shape of the resultant wave is also different.  

8. (d) The sounds of different source are said to differ in quality. The 
number of overtones and their relative intensities determines 
the quality of any musical sound.  

9. (d) 

10. (d) 2)(amplitudedensityEnergy   

11. (d) Energy 22na  
B

A

A

B

n

n

a

a
   ( energy is same) 

   
1

8


A

B

a

a
 

12. (c) Loudness depends upon intensity while pitch depends upon 
frequency. 

13. (d) Reverberation time 
S

kV
T


  T  V.  

14. (c) 
2
2

2
1

1

2

2

1

r

r

I

I

r
I   

100

4

10

2

101 2

2

2

2 
 

I
 

 
100

104 2

2


I  = 24 /104 mW  

15. (b) After passing the 3 meter intensity is given by  

III of %9.72
100

90

100

90

100

90
3    

So, the intensity is 72.9 decibel. 

16. (c) 

17. (b) 

18. (a) IP   
















0

1
101 log10

I

I
L  and 















0

2
102 log10

I

I
L  

So 














1

2
1012 log10

I

I
LL  

= 













1

2
10log10

P

P
= 









20

400
log10 10 = 20log10 10  

= )102log(10   = dB13)1301.0(10    

19. (d) 
2

1

r
I    

r

r

I

I 



2 = %422   

Hence intensity is decreased by 4%. 

20. (b)  Musical interval is the ratio of frequencies = 
3

4

240

320
  

21. (c)   

22. (d) By using  
0

10log
I

I
L   

0

1
10

0

2
1012 loglog

I

I

I

I
LL   

1

2
10log15

I

I
  

1

2
10log4

I

I
  4

1

2 10
I

I
 

 4

2
1

2
2 10

a

a
 

1

10 2

1

2 
a

a
 

2
2

1

10

1


a

a
 

23. (b)  

24. (a) Pitch of mosquito is higher among all given options.  

25. (b) The frequency of note ‘Sa’ is 256 Hz while that of note ‘Re’ and 
‘Ga’ respectively are 288 Hz and 320 Hz. 

26. (d)  

27. (d) Indian classical vocalists don’t like harmoniuim because it uses 
tempered scale.  

28. (b) 

29. (b) 
400

1

)40(

21
2

2

2
2

2
1

1

2

2


r

r

I

I

r
I  21 400II   

Intensity level at point 1, 














0

1
101 log10

I

I
L  

and intensity at point 2,  














0

2
102 log10

I

I
L  

 )400(log10log10 10

2

1
21 

I

I
LL  

 26602.21021  LL  

dBLL 5426802612   

30. (a)  Intensity 
2(Distance)

1
    

4

9

2

3
22

1

2

2

1 























d

d

I

I
. 

31. (d)  

32. (a) The pitch depends upon the frequency of the source. As the 
two waves have different amplitude therefore they having 
different intensity. While quality depends on number of 
harmonics/overtone produced and their relative intensity. 
Assuming that their frequencies are the same. 

 

Critical Thinking Questions 
 

1. (a,b,c,d) 









2
50cos)10cos(02.0


 txy  

  At node, amplitude = 0 

  
2

3
,

2
100)10cos(


  xx  

05.0
20

1
 x m, 0.15m ….. 

  At antinode, amplitude is maximum  

 ...2,,01)10cos(   xx  

  x = 0, 0.1m, 0.2m …  

  Now  2 Distance between two nodes or antinodes  

  = 2.01.02  m and t
vt





50

2
  

  2.02525  v sec/5m . 

2. (b,c)  Since the edges are clamped, displacement of the edges 

0),( yxu for line –  

OA i.e. 0y ,  Lx 0   

AB i.e. Lx  ,  Ly 0       

BC i.e. Ly  ,   Lx 0     

OC i.e. 0x ,  Ly 0  

The above conditions are satisfied only in alternatives (b) and (c). 

x 
A 

(L, 0) (0, 0) 

O 

C B 
(L, L) (0, L) 

y 
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Note that 0),( yxu , for all four values e.g. in alternative (d), 

0),( yxu for  Lyy  ,0  but it is not zero for 0x  or 

Lx  . Similarly in option (a). 0),( yxu  at LyLx  ,  

but it is not zero for 0x  or 0y , while in options (b) and 

(c), 0),( yxu for Lxyx  ,0,0  and Ly   

3. (c) Energy (E)  (Amplitude)2 (Frequency)2  

  Amplitude is same in both the cases, but frequency 2  in the 

second case is two times the frequency )(  in the first case. 

Hence 12 4EE  . 

4. (a) Let S  be source of sound and P  the person or listner. 

The waves from S  reach point P  directly following the path 

SMP  and being reflected from the ceiling at point A  

following the path SAP . M  is mid-point of SP  (i.e. 

)MPSM   and oSMA 90  

  Path difference between waves SMPSAPx    

  We have )(2 SAAPSASAP   

 

 

 

 

 

 

   ])()[(2 22 MASM   = )2560(2 22  =130 m  

 Path difference = SAP – SMP 10120130  m  

  Path difference due to reflection from ceiling = 
2


 

    Effective path difference x = 
2

10


  

90° 
h=25m 

P 
M 

S 

A 

120 m 
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  For constructive interference  

  ....)3,2,1(10
2

)12(
2

10  nnnx





 

 Wavelength 
12

20

)12(

102









nn
 . The possible 

wavelength are   ,
9

20
,

7

20
,

5

20
,

3

20
,20 ….. 

    20 m , 67.6 m , ,4m ,85.2 m  22.2 ,m …..   

5. (c)  The situation is shown in the fig. 

Both the source (engine) and the observer (Person in the middle 
of the train) have the same speed, but their direction of motion 
is right angles to each other. The component of velocity of 

observer towards source is 45cosv  and that of source along 

the time joining the observer and source is also 45cosv . 
There is number relative motion between them, so there is no 
change in frequency heard. So frequency heard is 200 Hz.  

 

 

 

 

 

 

 

 

6. (b) Velocity of sound increases if the temperature increases. So 

with nv  , if v  increases n  will increase  

  at nvCo 1,27 , at )(,31 2 xnvCo    

  Now using Tv   















M

RT
v


  

n

xn

T

T

v
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2

1
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300

4300

300

304

)27273(

)31273(

300

300 







 x
 

 


















300

4

2

1
1

300

4
1

300
1

2/1
x

 x = 2. 

]1)1([ nxx n   

7. (b) Let x be the end correction then according to question. 

   5.2
)(4

3

)(4 21







x
xl

v

xl

v
025.0cm m . 

8. (c) Frequency of first over tone of closed pipe = Frequency of first 
over tone of open pipe  

  
214

3

L

v

L

v


114

3



P

L


22

1



P

L
     
















P
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2

11
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L   

9. (b) For string, 
Length

Mass
mkgm /105.2

4.0

10 2
2




  

 Velocity  sm
m

T
v /8

105.2

16
2






 

For constructive interference between successive pulses. 

       sec1.0
8

)4.0(22
min 

v

l
t  

(After two reflections, the wave pulse is in same phase as it was 

produced since in one reflection it’s phase changes by , and  If 
at this moment next identical pulse is produced, then  
constructive interference will be obtained. 

10. (d) Frequency of vibration in tight string  

  Tn
m

T

l

p
n 

2
 %2%)4(

2

1

2







T

T

n

n
 

   Number of beats = 2100
100

2

100

2
 nn  

11. (b) When the source approaches the observer  

  Apparent frequency 
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(Neglecting higher powers because v
S

 << v) 

When the source recedes the observed apparent frequency 











v

v
nn s1  

  Given 300,
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2
'''  vnnn sec/m  
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nn sss 211
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100
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v
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v
s

s sec/m .  

12. (a,b,c) Number of waves striking the surface per second (or the 

frequency of the waves reaching surface of the moving target 

)


)(
'

vc
n




c

vc )( 



 

Now these waves are reflected by the moving target 

(Which now act as a source). Therefore apparent frequency of 

reflected second '" n
vc

c
n 










 














vc

vc
  

The wavelength of reflected wave 
)(

)(

" vc

vcc

n

c







 

The number of beats heard by stationary listener  

)(

2
"

vc

v

vc

vc
n


















  

Hence option (a) (b) and (c) are correct. 

13. (b) Here sec/20/72 mhrkmvA   

  sec/10/36 mhrkmvB   

45° 

45° 
Observer 

45° 

v 

Engine 

v cos 45° 

v 
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o
A

o
B

vv

vv
nn

45cos

45cos
'  

  

 

 

 

 

 

 

    Hzn 298
2/20340

2/10340
280' 


















  

14. (b) For observer note of B  will not change due to zero relative 

motion. 

  Observed frequency of sound produced by A 

  = Hz600
330

)30330(
660 


 

   No. of beats = 600 – 596 = 4  

15. (a) Hznnm
n

v
9.178'170

17340

340
',2

170

340



  

  Now 9.1
9.178

340





n

v
  

   1.09.12   

16. (b) 1n  = Frequency of the police car horn observer heard by 

motorcyclist  

  2n  = Frequency of the siren heard by motorcyclist. 

  v
2

 = Speed of motor cyclist 

  1n  = 165
330

330
;176

22330

330
2 






 v
n

v
 

   22021  vnn sm / . 

17. (a) fff
v

v
v

n
v

vv
n 2.1

5

6
.5.' 0 






  and since the source 

is stationary, so wave length remains unchanged for observer. 

18. (d) Time of fall = 
g

h2

50

1

1000

102



   

  In this time number of oscillations are eight. 

  So time for 1 oscillation =
508

1
 

  Frequency = Hz508  = 56 Hz  

19. (a) Density of mixture 

22

2222

mix

HO

HHOO

VV

VV







  

  
 

22

2222 HOHO

V

V  



 (since VVV HO 

22
) 

 
2

22 5.8
2

16
H

HH






  



1
v  

  
8

1

5.8
2

22

2 mxn

mix 
H

HH

HV

V








 

20. (c) 









3
3sin101


ty                   ...(i) 

and ]3cos33[sin52 tty     














 tt  3cos

2

3
3sin

2

1
25  









 tt 





cos

3
sin3sin

3
cos10  



















t
t


3sin10                ... (ii)   

( sin(A + B) = sinA cosB + cosA sinB) 

Comparing equation (i) and (ii) we get ratio of amplitude 1 : 1. 

21. (a) The given equation can be x written as  

2

4
4cos

2

Ax
nt

A
y 













     







 


2

2cos1
cos2 

  

Hence amplitude 
2

A
  and frequency n

n
2

2

4

2









 

and wave length 
2/4

22 






k
. 

22. (a,b,c,d) In case of sound wave, y can represent pressure and 
displacement, while in case of an electromagnetic wave it 
represents electric and magnetic fields. 

(In general y is any general physical quantity which is made to 
oscillate at one place and these oscillations are propagated to 
other places also). 

23. (b)  In case of interference of two waves resultant intensity  

  cos2 2121 IIIII   

  If   varies randomly  with time, so 0)(cos av  

   21 III   

  For n identical waves, 000 ....... InIII   

here .10 0II   

24. (d)  

 

 

 

 

Using n
Last

 = n
First 

+ (N – 1)x  

where N = Number of tuning fork in series 

          x = beat frequency between two successive forks  

 2n = n + (10 – 1)  4  n = 36 Hz  

 n
First

 = 36 Hz and n
Last

 = 2  n
First

 = 72 Hz  

25. (a) Similar to previous question  

  n
First

 = n
First

 + (N – 1)x  

  2n = n      + (41 – 1)  5 

45°
 

vB
 

vA
 

45°
 

vA cos 45° 
 

vB cos 45° 
 

B 

A 

1 2 3 

nFirst 

10 

nLast 

4 4 
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 n
First

 = 200 Hz and n
Last

 = 400 Hz 

26. (a) Tn    
T

T

n

n 




2

1
 

Beat frequency 4400
100

2

2

1

2

1








 
 n

T

T
n  

27. (c) According to the question frequencies of first and last tuning 

forks are 2n and n respectively. 

Hence frequency in given arrangement are as follows 

 

 

 

 

 

 2n – 24  3 = n  n= 72 Hz  

So, frequency of 21st tuning fork  

Hzn 84)320722(21   

28. (a) Using n
Last

 = n
First

 + (N – 1)x 

 2n = n + (16 – 1)  8  n = 120 Hz  

29. (b) Using 
m

T

l
n

2

1
 ;  

As 21 TT   21 nn   giving 621 nn  

The beat frequency of 6 will remain fixed when  

(i) 1n  remains same but 2n  is increased to a new value 

)12( 22  nn  by increasing tension 2T . 

(ii) n
2

 remains same but n
1

 is decreased to a new value 

)12'( 11 nn  by decreasing tension T
1

.  

30. (a) According to problem 

  
L

v

m

T

L 42

1
  …..(i)  

  and 
L

v

m

T

L 4

38

2

1



     ..…(ii) 

  Dividing equation (i) and (ii),  NT
T

T
1

3

1

8



 

31. (b) In condition of resonance, frequency of a.c. will be equal to 
natural frequency of wire  

  50
2

100

108.9

8.910

12

1

2

1
3









m

T

l
n Hz  

32. (b) For wire if  

M = mass,  = density, A = Area of cross section  

V = volume, l = length, l = change in length  

Then mass per unit length 


A
l

Al

l

M
m   

And Young’s modules of elasticity 
ll

AT
y

/

/


  

 
l

lAY
T


 . Hence lowest frequency of vibration 

m

T

l
n

2

1


 l

ly

lA

A
l

l
y

l











 


2

1

2

1
 

 Hzn 35
1091

109.4109

12

1
3

410











 

33. (a)  

 

 

 

 

 
 

  Frequency of sound heard by the man from approaching train 

  Hz
vv

v
nn

s

a 243
4320

320
240 


























  

  Frequency of sound heard by the man from receding train  

Hz
vv

v
nn

s

r 237
4320

320
240 


























  

  Hence, number of beats heard by man per sec  

  6237243  ra nn  

  Short trick : Number of beats heard per sec  

  6
)4320)(4320(

43202402

))((

22
22













SS

S

S

S

vvvv

nvv

vv

nvv
 

34. (c) Open pipe resonance frequency 
L

v
f

2

2
1   

  Closed pipe resonance frequency 
L

nv
f

4
2    

12
4

f
n

f   (where n is odd  and 12 ff  )  n = 5 

35. (b)  Initially S
1

M = S
2

M  

 Path Difference (x) = 021  MSMS . 

 

 

 

 

 

 

Finally when the box is rotated 

Path Difference '' 21 MSMS    mx 235   

 

 

 

 

For maxima  

Path Difference = (Even multiple)
2


  

2
)2(


nx   

S 

vS 

S 

vS 

Receding train Approaching train 

Stationary observer 

4m 

S1 

S2 

M 2 m 

S1 S2 
M 

2 m 

4 m 

1 2 3 

2n 

25 21 

(2n – 3) (2n – 6) (2n – 20  3) (2n – 24  3) = n 
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  For 5 maximum responses 

   
2

)5(22


  









2

)2(


nx   m4.0
5

2
 . 

36. (a) 


T
v   

 

 

 

 

For equilibrium TmgMg  30sin  

 
2

m
M    

33 108.9

)8.9(

108.9
100

 





MMg
 

 )1000(100 M   kgM 10  and kgm 20   

37. (d) For not hearing the echo the time interval between the beats of 

drum must be equal to time of echo. 

   
2

3

40

602
1 

v

d
t   ......(i) 

  and 1
60

60)90(2
2 




v

d
t  

   vd 1802   ......(ii) 

  Form (i), we get  vd
2

3
2  . Substituting in (ii), we get 

   vv 180
2

3
  

2
180

v
   1360  msv  

   
2

3

360

)(2


d
  md 270 . 

38. (b) Path difference between the wave reaching at D   

  PLPLx 12  40940 22  4041 = 1m 

  For maximum 
2

)2(


nx    

For first maximum (n = 1)  
2

)1(21


  m1  

 Hz
v

n 330


. 

39. (a)  In a wave equation, x and t must be related in the form 

)( tvx  . 

We rewrite the given equations 
2)(1

1

tvx
y


  

For ,0t  this becomes 
)1(

1
2x

y


 , as given 

For ,2t  this becomes 
])1(1[

1

])2(1[

1
22 





xvx

y  

 12 v  or smv /5.0 . 

40. (c) 














0

10log10
I

I
dB ; where 212

0 10  WmI  

Since 














0

1
10log1040

I

I
 4

0

1 10
I

I
     ....(i) 

Also 














0

2
10log1020

I

I
  2

0

2 10
I

I
       ....(ii) 

 
2
2

2
12

1

2 10
r

r

I

I
   2

1
2
2 100rr   mr 102   

}1{ 1 mr   

41. (b) Velocity 
m

T
v  ; where T weight of part of rope hanging 

below the point under consideration xg
L

M








  

   xg

L

M

xg
L

M

v 



















 .  

42. (b)  When the piston is moved through a distance of 8.75cm, the 

path difference produced is cmcm 5.1775.82  . This 

must be equal to
2


 for maximum to change to minimum.   

5.17
2



cm  mcm 35.035   

So, nv   Hz
v

n 1000
35.0

350



 

43. (c)  Frequency of vib. is stretched string 
m

T
n

Length)(2

1
  

When the stone is completely immersed in water, length 

changes but frequency doesn’t (  unison reestablished) 

Hence length T  
gV

gV

T

T

l

L

water

air

)1( 





 

(Density of stone =  and density of water =1) 

 
1






l

L
 

22

2

lL

L


  

44. (a,c) tkxy sincos  and )cos( tkxy   represent wave 

motion, because they satisfies the wave equation 

2

2
2

2

2

x

y
v

t 







. 

45. (c) The wave 1 and 3 reach out of phase. Hence resultant  phase 
difference between them is  . 

   Resultant amplitude of 1 and 3 = 710  = 3 m  

  This wave has phase difference of 
2


 with 4 m  

 Resultant amplitude = m543 22   

L, M 

x 

m 

M 

 mg 

 

mg cos 

mg sin 

T = Mg 

Mg 

T 
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46. (b) Let n – 1 (= 400), n (= 401) and n + 1 (= 402) be the frequencies 
of the three waves. If a be the amplitude of each then 

,)1(2sin tnay    ntay 2sin  and 

tnay )1(2sin3    

Resultant displacement due to all three waves is 

321 yyyy   

   ])1(2sin)1(2[sin2sin tntnanta    

   ]2cos2sin2[2sin tntanta    








 


2
cos

2
sin2sinsinUsing 

DCCC
DC  

 nttay  2sin)2cos1(   

This is the resultant wave having amplitude )2cos1( t  

For maximum amplitude cos 2t = 1  2t = 2m where m = 
0, 1, 2, 3, ... 

 t = 0, 1, 2, 3 ... 

Hence time interval between two successive maximum is 1 sec. 
So beat frequency = 1 

Also for minimum amplitude (2cos 2t) = 0  

 
2

1
2cos t  

 
3

2
22


  mt   

3

1
t  

 ,....
3

10
,

3

7
,

3

4
,

3

1
t      (for m = 0, 1, 2, ..)  

Hence time interval between two successive minima is 1 sec so, 
number of beats per second = 1 

Note : PET/PMT Aspirants can remember result only. 

47. (d) Because the tuning fork is in resonance with air column in the 

pipe closed at one end, the frequency is 
l

vN
n

4

)12( 
  where 

N = 1, 2, 3 .... corresponds to different mode of vibration  

putting n = 340Hz, v = 340 m/s, the length of air column in the 

pipe can be 

 cm
N

m
NN

l
4

100)12(

4

)12(

3404

340)12( 








  

For N = 1, 2, 3, ... we get l = 25 cm, 75 cm, 125 cm ... 

As the tube is only 120 cm long, length of air column after 

water is poured in it may be 25 cm or 75 cm only, 125 cm is 

not possible, the corresponding length of water column in the 

tube will be (120 – 25) cm = 95 cm or (120 – 75) cm = 45 cm. 

Thus minimum length of water column is 45 cm. 

48. (c) Critical hearing frequency for a person is 20,000Hz.   

  If a closed pipe vibration in thN  mode then frequency of 

vibration 1)12(
4

)12(
nN

l

vN
n 


  

  (where 1n fundamental frequency of vibration) 

  Hence 20,000 1500)12(  N   71.7 N  

  Also, in closed pipe  

  Number of over tones = (No. of mode of vibration) –1 

                                   = 7 – 1 = 6. 

49. (c) Frequency of vibration of string is given by  

m

T

l

p
n

2
  Tp constant  

1

2

2

1

T

T

p

p
  

Hence
forcegm

T

-)1550(6

4 2


  fgmT -8.282   

Hence weight removed from the pan  

62.38.286521  TT gm-force = 0.036 kg-f. 

50. (c) Frequency of reflected sound heard by driver 



















S

O

vv

vv
nn   

 

 

 

 

  It is given that nn 2  

Hence, 


















car

car

vv

vv
nn2   .3/vvcar   

51. (c) Suppose d = distance of epicenter of Earth quake from point of 
observation  

v
S

 = Speed of S-wave and v
P

 = Speed of P-wave then 

SSPP tvtvd   or SP tt 5.48   

 ,
8

45
SP tt   given that 240 PS tt  

 240
8

5.4
 SS tt   stS 5.548

5.3

8240



  

 5.5485.4  SS tvd km25006.2468   

Echo sound 

vO = vCar vS = vCar 

v 
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Graphical Questions 

 

1. (c)  Speed = n = abnabn  4)4(     









4
As


ab   

  Path difference between b  and e  is 
4

3
 

  So the phase difference =


2
. Path difference  

                                       = 
2

3

4

3
.

2 




  

2. (b)  After 2 sec the pulses will overlap completely. The string 
becomes straight and therefore does not have any potential 
energy and its entire energy must be kinetic.  

3. (a) When the train is approaching the stationary observer 

frequency heard by the observer n
v

vv
n 0
  

when the train is moving away from the observer then 

frequency heard by the observer n
v

vv
n 0

  

it is clear that n  and n   are constant and independent of 
time. Also and n' > n". 

4. (b) Equation of A, B, C and D are  

 tAy A sin , )2/sin(   tAyB  

 )2/sin(   tAyC , )sin(   tAyD  

 It is clear that wave C lags behind by a phase angle of 2/  

and the wave B is ahead by a phase angle at 2/ .      

5. (d)  Points B and F are in same phase ass they are  distance apart.  

6. (c) The particle velocity is maximum at B and is given by 

Av
dt

dy
p  max)(  

Also wave velocity is 
k

v
dt

dx 
  

So slope kA
v

v

dx

dy p


max)(
   

7. (d) When pulse is reflected from a rigid support, the pulse is 
inverted both lengthwise and sidewise 

8. (d)  Given equation )sin(0   tyy  

at 0t , sin0yy   

this is the case with curve marked D. 

9. (c) We know frequency 
 22 r

T

l

p
n   



1
n  

 i.e., graph between n and   will be hyperbola.    

10. (c) Energy density (E) 2222 An
v

I
  

 nAAv  2max   2
max )(vE   

 i.e., graph between E and maxv  will be a parabola symmetrical 

about E axis.   

11. (c) Here ,05.0 mA   025.0
2

5



 m1.0  

 Now standard equation of wave  

 )(
2

sin xvtAy 



 )1033(2sin05.0 xty     

12. (c) After two seconds each wave travel a distance of 2.5  2 = 5 
cm i.e. the two pulses will meet in mutually opposite phase and 
hence the amplitude of resultant will be zero.  

 

 

 

13. (c) HznQ 3443341   or Hz338  

on waxing Q, the number of beats decreases hence 

HznQ 344   

14. (b) For observer approaching a stationary source  

 n
v

vv
n .0
 and given atv 0  nt

v

an
n 








  

 this is the equation of straight line with positive intercept n 

and positive slope 








v

n
.  

15. (b,d) Since A is moving upwards, therefore, after an elemental time 
interval the wave will be as shown dotted in following fig. It 
means, the wave is travelling leftward. Therefore, (a) is wrong.  

 

 

 

 

 
 

Displacement amplitude of the wave means maximum possible 
displacement of medium particles due to propagation of the 
wave, which is equal to the displacement at B at the instant 
shown in fig. Hence (b) is correct.  

From figure, it is clear that C is moving downwards at this 
instant. Hence (c) is wrong.  

The phase difference between two points will be equal to 
2


if 

distance between them is equal to .
4


 Between A and C, the 

distance is less than .
2


 It may be equal to .

4


 Hence, phase 

difference between these two points may be equal to .
2


 

16. (d)  Intensity  22a  

here 
1

2


B

A

a

a
 and 

2

1


B

A




 

1

1

2

1

1

2
22




















B

A

I

I
 

17. (b) At t = 0 and 
k

x
2


 . The displacement 

0000
2

sin
2

sin aa
x

kxay 










  

from graph. Point of maximum displacement (a
0

) in negative 
direction is Q. 

18. (d) Particle velocity  vvp)( Slope of the graph at that point 

At point 1 : Slope of the curve is positive, hence particle 

velocity is negative or downward () 

A 

B 

O 

C 

x 
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At point 2 : Slope negative, hence particle velocity is positive or 

upwards () 

At point 3 : Again slope of the curve is positive, hence particle 

velocity is negative or downward () 
 

Assertion and Reason 
 

1. (a) Sound waves require material medium to travel. As there is no 
atmosphere (vacuum) on the surface of moon, therefore the 
sound waves cannot reach from one person to another.  

2. (b) Transverse waves travel in the form of crests and troughs 
involving change in shape of the medium. As liquids and gases 
do not possess the elasticity of shape, therefore, transverse 
waves cannot be produced in liquid and gases. Also light wave 
is one example of transverse wave. 

3. (b) Sound waves cannot propagate through vacuum because sound 
waves are mechanical waves. Light waves can propagate 
through vacuum because light waves are electromagnetic 
waves. Since sound waves are longitudinal waves, the particles 
moves in the direction of propagation, therefore these waves 
cannot be polarised. 

4. (c) Velocity of sound in gas medium is 


K
v 



p
  

 is ratio of its principal heat capacities )/( vP CC . For moist 

air  is less than that for dry air and  is slightly greater. 

 velocity of sound increases with increase in humidity. 

5. (c) Ocean waves are transverse waves travelling in concentric 
circles of ever increasing radius. When they hit the shore, their 
radius of curvature is so large that they can be treated as plane 
waves. Hence they hit the shore nearly normal to the shore. 

6. (a) A compression is a region of medium in which particles come 
closer i.e., distance between the particles becomes less than the 
normal distance between them. Thus there is a temporary 
decrease in volume and a consequent increase in density of 
medium. Similarly in rarefaction, particle get farther apart and 
a consequent decrease in density. 

7. (e) Since transverse wave can propagate through medium which 
posses elasticity of shape. Air posses only volume elasticity 

therefore transverse wave cannot propagate through air. 

8. (c) The velocity of sound in a gas is directly proportional to the 

square root of its absolute temperature (as 
M

RT
v


 ). Since 

temperature of a hot day is more than cold winter day, 
therefore sound would travel faster on a hot summer day than 
on a cold winter day. 

9. (c) According to Laplace, the changes in pressure and volume of a 
gas, when sound waves propagated through it, are not 
isothermal, but adiabatic. A gas is a bad conductor of heat. It 
does not allow the free exchange of heat between compressed 

layer, rarefied layer and surrounding. 

10. (e) The velocity of every oscillating particle of the medium is 
different of its different positions in one oscillation but the 

velocity of wave motion is always constant i.e., particle velocity 
vary with respect to time, while the wave velocity is 
independent of time. 

Also for wave propagation medium must have the properties of 

elasticity and inertia.  

11. (d) A bucket can be treated as a pipe closed at one end. The 

frequency of the note produced 
L

v

4
 , here L  equal to depth 

of water level from the open end. As the bucket is filled with 
water L decreases, hence frequency increases. Therefore, 
frequency or pitch of sound produced goes on increasing. 

Also, the frequency of woman voice is usually higher than that 
of man. 

12. (b) A tuning fork is made of a material for which elasticity does 
not change. Since the alloy of nickel, steel and chromium 
(elinvar) has constant elasticity, therefore it is used for the 
preparation of tuning fork. 

13. (e) Speed of sound in cases in independent of pressure because 

.


 P
v   At constant temperature, if P changes then  also 

changes in such a way that the ratio 


P
 remains constant 

hence there is no effect of the pressure change on the speed of 
sound. 

14. (a) For the propagation of transverse waves, medium must have 
the property of rigidity. Because gases have no rigidity, (they 
do not posses shear elasticity), hence transverse waves cannot 
be produced is gases. On the other hand, the solids possess 
both volume and shear elasticity and likewise both the 

longitudinal and transverse waves can be transmitted through 
them. 

15. (c) Velocity of sound in a gas 


P
v  . For monoatomic gas 

67.1 ; for diatomic 40.1 . Therefore v is larger in 

case of monoatomic gas compared to its values in diatomic gas. 

16. (a) The velocity of sound in solid is given by, /Ev  . 

Though  is large for solids, but their coefficient of elasticity E 

is much larger (compared to that of liquids and gases). That is 
why v is maximum in case of solid. 

17. (d) When moisture is present in air, the density of air decreases. It 
is because the density of water vapours is less than that of dry 
air. The velocity of sound is inversely proportional to the 
square root of density, hence sound travel faster in moist air 

than in the dry air. Therefore, on a rainy day sound travels 
faster than on a dry day. 

18. (b) According to the property of persistence of hearing, the 

impression of a sound heard persists on our mind for 
10

1
sec. 

Therefore, number of beats per sec should be less than 10. 
Hence difference in frequencies of two sources must be less 

than 10. 

19. (b) Sound produced by an open organ pipe is richer because it 
contains all harmonics and frequency of fundamental note in 

an open organ pipe is twice the fundamental frequency in a 
closed organ pipe of same length. 

Reason is also correct, but it is not explaining the assertion. 

20. (a) Since the initial phase difference between the two waves 
coming from different violins changes, therefore, the waves 
produced by two different violins does not interfere because 

two waves interfere only when the phase difference between 
them remain constant throughout. 

21. (d) As emission of light from atom is a random and rapid 
phenomenon. The phase at a point due to two independent 

light source will change rapidly and randomly. Therefore, 
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instead of beats, we shall get uniform intensity. However if 
light sources are LASER beams of nearly equal frequencies, it 
may possible to observe the phenomenon of beats in light. 

22. (c) The person will hear the loud sound at nodes than at 
antinodes. We know that at anti-nodes the displacement is 
maximum and pressure change is minimum while at nodes the 
displacement is zero and pressure change is maximum. The 
sound is heard due to variation of pressure. 

Also in stationary waves particles in two different segment 
vibrates in opposite phase. 

23. (a) Stationary wave 

 

 

 

 

A node is a place of zero amplitude and an antinode is a place 

of maximum amplitude. 

24. (c) The principle of superposition does not state that the 

frequencies of the oscillation should be nearly equal. For beats 

to be heard the condition is that difference in frequencies of 

the two oscillations should not be more than 10 times per 

seconds for a normal human ear to recognise it. Hence we 

cannot hear beats in the case of two tuning forks vibrating at 

frequencies 256 Hz and 512 Hz respectively. 

25. (a) The fundamental frequency of an open organ pipe is  
l

v
n

2
 . 

As temperature increases, both v and l increase but v increases 

more rapidly than l. Hence, the fundamental frequency 

increases as the temperature increases. 

26. (b) Since, velocity of sound, 



E
v   

As, the elasticity of solid is large than that of gases. Hence, it is 

obvious that velocity of sound is greater in solids than in gases. 

27. (d) 

28. (b) Velocity of wave 
)(  periodTime

)(  wave by travelledDistance

T


  

Wavelength is also defined as the distance between two nearest 

points in phase. 

29. (c) Speed of light is greater than that of sound, hence flash of 

lightening is seen before the sound of thunder. 

30. (a) A beetle motion sends fast longitudinal pulses and slower 

transverse waves along the sends surface. The sand scorpion 

first intercept the longitudinal pulses and learns the direction 

of the beetle; it is in the direction of which ever leg is 

disturbed earliest by the pulses. The scorpion then senses the 

time interval (t) between that first interception and the 

interception of slower transverse waves and uses it to 

determine the distance of the beetle. The distance is given by 

lt v

d

v

d
t   

 

 

 

 

 

 

 

 

31. (e) 

N 

A 

N 

A 

N 

Transverse 

pulse 

Longitudinal 

pulse 

vl 
 

vl 
 

vt 
 

vt 
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1. An engine is moving on a circular track with a constant speed. It is 
blowing a whistle of frequency 500 Hz. The frequency received by 
an observer standing stationary at the centre of the track is    

(a) 500 Hz  

(b) More than 500 Hz  

(c) Less than 500 Hz  

(d) More or less than 500 Hz depending on the actual speed of the 
engine 

2. In a resonance tube, the first resonance is obtained when the level of 

water in the tube is at 16cm from the open end. Neglecting end 

correction, the next resonance will be obtained when the level of 

water from the open end is 

(a) 24cm (b) 32cm   

(c) 48cm (d) 64cm 

3. To raise the pitch of a stringed musical  instrument the player can  

(a) Loosen the string (b) Tighten the string 

(c) Shorten the string (d) Both (b) and (c) 

4. A wave travelling along positive x-axis is given by 

)sin( kxtAy   . If it is reflected from  rigid boundary  such 

that 80% amplitude is reflected, then equation of reflected wave is  

(a) )sin( kxtAy    (b) )sin(8.0 kxtAy    

(c) )sin(8.0 kxtAy    (d) )8.0sin( kxtAy    

5. The frequency of the first harmonic of a string stretched between 

two points is 100 Hz. The frequency of the third overtone is    

 (a) 200 Hz (b) 300 Hz 

 (c) 400 Hz  (d) 600 Hz 

6. A sound wave of wavelength 32 cm enters the tube at S as shown in 

the figure. Then the smallest radius r so that a minimum of sound is 

heard at detector D is  

 

 

 

 

(a) 7cm (b) 14 cm  

(c) 21cm (d)  28 cm  

7. A stretched wire of length 110 cm is divided into three segments 

whose frequencies are in ratio 1 : 2 : 3. Their lengths must be  

(a) 20 cm ; 30 cm ; 60 cm  

(b) 60 cm ; 30 cm ; 20 cm 

(c) 60 cm ; 20 cm ; 30 cm 

(d) 30 cm ; 60 cm ; 20 cm 

8. Unlike a laboratory sonometer, a stringed instrument is seldom 

plucked in the middle. Supposing a sitar string is plucked at about 

4

1
th of its length from the end. The most prominent harmonic 

would be  

 (a) Eighth (b) Fourth 

 (c) Third (d) Second 

9. If .........,, 321 nnn  are the frequencies of segments of a stretched 

string, the frequency n of the string is given by    

 (a) .......321  nnnn  (b) .......321  nnnn  

 (c) .....
1111

321


nnnn

 (d) None of these  

10. The equation of stationary wave along a stretched string is given by 

t
x

y 


40cos
3

sin5  where x and y are in centimetre and t in 

second. The separation between two adjacent nodes is :   [BHU 2004] 

(a) 6 cm  (b) 4 cm 

 (c) 3 cm (d) 1.5 cm  

11. An Indian submarine and an enemy submarine move towards each 

other during maneuvers in motionless water in the Indian ocean. 
The Indian submarine moves at 50 km/h, and the enemy submarine 
at 70 km/h. The Indian sub sends out a sonar signal (sound wave in 
water) at 1000 Hz. Sonar waves travel at 5500 km/h. What is the 
frequency detected by the Indian submarine 

 

 

 

 

 

(a) 1.02 kHz  (b) 2 kHz  

(c) 2.5 kHz  (d) 4.7 kHz  

12. Two trains, one coming towards and another going away from an 

observer both at 4 m/s produce whistle simultaneously of frequency 
300 Hz. Find the number of beats produced   [BHU 1998] 

(a) 5 (b) 6 
(c) 7 (d) 12  

13. A source of sound emits W200  power which is uniformly 

distributed over a sphere of 10 m radius. What is the loudness of 
sound on the surface of a sphere  

 (a) 200 dB (b) 200  dB  

 (c) 120 dB (d) 120  dB  

14. When a wave travels in a medium, the particle displacement is given 

by )01.02(sin03.0),( xttxy    where y and x are meters and 

t in seconds. The phase difference, at a given instant of time 
between two particle 25 m. apart in the medium, is    [UPSEAT 2000] 

 (a) 
8


 (b) 

4


 

 

  D 

  S   r 

E 

50 km/h 70 km/h 

I 
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 (c) 
2


 (d)   

15. A sine wave has an amplitude A and wavelength . Let V be the 

wave velocity and v be the maximum velocity of a particle in the 
medium. Then    [KCET 2001] 

 (a) 



2

3
if

A
vV   (b) 2if  AvV  

 (c) 




2
if  AvV  (d) V can not be equal to v 

16. A pipe open at both ends produces a note of frequency f
1

. When the 

pipe is kept with 
4

3
th of its length it water, it produced a note of 

frequency f
2

. The ratio 
2

1

f

f
 is 

[KCET 1998] 

 (a) 
4

3
 (b) 

3

4
 

 (c) 
2

1
 (d) 2 

17. A man fires a bullet standing between two cliffs. First echo is heard 

after 3 seconds and second echo is heard after 5 seconds. If the 
velocity of sound is 330 m/s, then the distance between the cliffs is    [AFMC 2000] 

(a) 1650 m (b) 1320 m 

(c) 990 m (d) 660 m  

18. The equation for spherical progressive wave is (where r is the 
distance from the source)    [CPMT 2002] 

(a) )sin( kxtay    (b) )sin( kxt
r

a
y    

(c) )sin(
2

kxt
a

y    (d) )sin( kxt
r

a
y    

19. A tuning fork A produces 4 beats/sec with another tuning fork B of 

frequency 320 Hz. On filing the fork A, 4 beats/sec are again heard. 
The frequency of fork A, after filing is 

 [KCET (Engg./Med.) 1999] 

(a) 324 Hz (b) 320 Hz 

(c) 316 Hz (d) 314 Hz  

20. The number of beats produced per second by two vibrations: x
1

 =x
0

 

sin 646t and x
2

 = x
0

 sin 652 t is 

[UPSEAT 2005] 

 (a) 2 (b) 3 

(c) 4 (d) 6 

21. 50 tuning forks are arranged in increasing order of their frequencies 

such that each gives 4 beats/sec with its previous tuning fork. If the 
frequency of the last fork is octave of the first, then the frequency of 
the first tuning fork is [DPMT 2005] 

 (a) 200 Hz (b) 204 Hz 

(c) 196 Hz (d)  None of these  

22. The fundamental frequency of a closed pipe is 220 Hz. If 
4

1
 of the 

pipe is filled with water, the frequency of the first overtone of the 

pipe now is  

  [EAMCET (Med.) 2000] 

(a) 220 Hz (b) 440 Hz 

(c) 880 Hz (d) 1760 Hz 

23. A glass tube 1.5 m long and open at both ends, is immersed 
vertically in a water tank completely. A tuning fork of 660 Hz is 

vibrated and kept at the upper end of the tube and the tube is 
gradually raised out of water. The total number of resonances heard 
before the tube comes out of water, taking velocity of sound air 330 
m/sec is 

   [EAMCET (Engg.) 1999] 

 (a) 12 (b) 6 

(c) 8 (d) 4 

24. In the 5th overtone of an open organ pipe, these are (N-stands for 

nodes and A-for antinodes) 

(a) 2N, 3A  (b) 3N, 4A 

(c) 4N, 5A (d) 5N, 4A  

25. An engine approaches a hill with a constant speed. When it is at a 

distance of 0.9 km it blows a whistle, whose echo is heard by the 

driver after 5 sec. If speed of sound in air is 330 m/s, the speed of 

engine is  

 

 

 

 

 

(a) 10 m/s  (b) 20 m/s 

(c) 30 m/s (d) 40 m/s  
 

 

 

 

 

 

1. (a)  Since there is no relative motion between the source and 
listener, So apparent frequency equals original frequency.   

2. (c) Next resonance length after the fundamental is 

cml 481633 1  . 

3. (d) Higher pitch means higher frequency 

Frequency of a stringed system is given by  

 
l

T
n

m

T

l

p
n 

2
 

Hence, to get higher frequency (higher pitch) tension should be 

increase and length should be shorten.    

4. (b) On getting reflected from a rigid boundary the wave suffers  

 Hence if  incidenty = )sin( kxtA   

(SET -17) 
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 then  )8.0( Ayreflected      )(sin xkt  

 )sin(8.0 kxtA    an additional phase change of  .  

5. (c) Third overtone is the fourth harmonic i.e., 

40010044 14  nn Hz 

6. (b) Path difference 16
2

32

2
)2( 


 rr , 

   cmr 14
2

16






.  

7. (b) cmlll 110321   and 332211 lnlnln   

  3:2:1:::: 321 nnn   

   
22

1 1
2

1

2

2

1 l
l

l

l

n

n
 and 

33

1 1
3

1

3

3

1 l
l

l

l

n

n
  

   110
32

11
1 

ll
l  so cmlcmlcml 20,30,60 321  . 

8. (d) When plucked at one fourth it gives two loops, and hence 2 nd 

harmonic is produced.  

 

 

 

9. (c) For a vibrating string 

  .....332211 lnlnln constant = k (say) = nl 

 Also 1......4321  llll  

 
n

k

n

k

n

k

n

k

n

k
 ....

4321

 .......
1111

321


nnnn

 

10. (c) Given t
x

y 


40cos
3

sin5  

  Comparing with 






 xvt
ay

2
sin

2
cos2 .6 cm   

The separation between adjacent nodes .3
2

cm


 

11. (a) Frequency detected by Indian submarine  

.02.1
505500

505500
1000' kHz

vv

vv
nn

sub

sub 
























  

12. (c) n
uv

uv
n

uv

v

uv

v
n

22

2
















  

     = 7300
)4()332(

33242
22





 

13. (c) Intensity = 
2102

200

area

power






= 1 Watt/m2 

Now 
0

10log10
I

I
L  = 








1210

10

1
log10  

= dB12010log10 12
10   

14. (b) )01.02(sin03.0),( xttxy    )01.02sin(03.0 xt    

 





2
01.0 k  2501.0

2
 




 x

4


  

15.  (c)Let wave velocity  (V) = maximum particle velocity  

nAAn  2 




2
A  

16. c) For open pipe  
l

v
f

2
1   and for closed pipe  

  12 2

4
4

f
l

v

l

v
f 











   
2

1

2

1 
f

f
 

17. (b)  

 

 

 

)()(2 2121 ttvdd   1320
2

)53(330
21 


 dd m  

18. (d) For spherical wave intensity 
2)Distance(

1
)(

r
I    

also 2aI    
r

a
1

 . Hence equation of a cylindrical wave 

is )sin(
1

kxt
r

y    

19. (a) n
A

 = ?, n
B

 = Known frequency = 320 Hz  

x = 4 bps, which remains same after filing. 

Unknown fork A is filed so n
A

  

Hence n
A

 – n
B

 = x             Wrong  

            n
B

 – n
A

 = x               Correct 

       n
A

 = n
B

 – x = 320 – 4 = 316 Hz. 

This is the frequency before filing.  

But in question frequency after filing is asked which must be 

greater than 316 Hz, such that it produces 4 beats per sec. 
Hence it is 324 Hz. 

20. (b) From the given equation  6462 11  n  3231 n  

 and  6522 22  n   3262 n  

Hence, beat frequency 3323326   

21. (c) Frequencies of tuning forks is given by  

         xNnn )1(firstlast   

         4)150(2  nn   .196Hzn   

 

 

A 
N 

N A 
N 

v 

d1 d2 
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22. (c) Fundamental frequency of closed pipe  

  lvHz
l

v
n 4220220

4
  

  If 
4

1
 of the pipe is filled with water then remaining length of 

air column is 
4

3l
 

  Now fundamental frequency = 
l

v

l

v

3

4

3
4











 and  

  First overtone = 3  fundamental frequency  

                     = 880
4220

3

3





l

l

l

v

l

v
Hz . 

23. (b) Suppose N resonance occurred before tube coming out.  

 Hence by using 
n

vN
l

4

)12( 
  

 
6604

330)12(
5.1






N
  6N . 

24. (c) In open organ pipe 5 th overtone corresponds to 4 th harmonic 
mode. 

Also in open pipe, Number of nodes = Order of mode of 
vibration and number of antinodes = (Number of nodes + 1). 
Here number of nodes = 4, Number of antinodes = 4 + 1 =5. 

25. (c) If the speed of engine is v, the distance traveled by engine in 5 
sec will be 5v, and hence the distance traveled by sound in 
reaching the hill and coming back to the moving driver = 900 + 
(900 – 5v) = 1800 – 5v  

So the time interval between original sound and it’s echo 

5
330

)51800(





v
t   v = 30 m/s.  

***  
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Electric Current  

(1) The time rate of flow of charge through any cross-

section is called current. 
dt

dQ

t

Q
Limi
t


 Δ

Δ

Δ 0
. If flow is uniform 

then 
t

Q
i  . Current is a scalar quantity. It's S.I. unit is ampere 

(A) and C.G.S. unit is emu and is called biot (Bi), or ab ampere. 

1A = (1/10) Bi (ab amp.)  

(2) Ampere of current means the flow of 6.25  1018 

electrons/sec through any cross-section of the conductor.  

(3) The conventional direction of current is taken to be the 

direction of flow of positive charge, i.e. field and is opposite to 

the direction of flow of negative charge as shown below.  

 

 

 

(4) The net charge in a current carrying conductor is zero. 

 

(5) For a given conductor current does not change with 

change in cross-sectional area. In the following figure i1 = i2 = i3  

 

 

 

 

(6) Current due to translatory motion of charge : If n particle 

each having a charge q, pass  

through a given area in time t then 
t

nq
i   

 

If n particles each having a charge q pass per second per 

unit area, the current associated with cross-sectional area A is 

nqAi   

If there are n particle per unit volume each having a charge 

q and moving with velocity v, the current thorough, cross section 

A is nqvAi   

 

Table : 19.1 Types of current 

Alternating current (ac) Direct current (dc) 

(i)   (i)  (Pulsating dc)                          (Constant dc) 

   

+ 

– 

i 

t 

i 

t 

i 

t 

i2 i1 i3 

Fig. 19.2 

+ 

+ 

+ 

+ 

+ 

+ 

Fig. 19.3 

Fig. 19.1 
E


 

i 

E


 

i 
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 2 Current Electricity  

  Magnitude and direction 

both varies with time 

   

 

 

  ac  Rectifier   dc 

 

 

 

 

 

dc  Inverter   ac 

(ii) Shows heating effect only (ii)  Shows heating effect, chemical effect and magnetic effect of 

current 

(iii) It’s symbol is 

 

(iii) It’s symbol is 

(7) Current due to rotatory motion of charge : If a point 

charge q is moving in a circle of radius r with speed v (frequency 

, angular speed  and time period T) then corresponding 

current 
π

ω

π
ν

22

q

r

qv

T

q
qi   

 

 

(8) Current carriers : The charged particles whose flow in a 

definite direction constitutes the electric current are called 

current carriers. In different situation current carriers are 

different. 

(i) Solids : In solid conductors like metals current carriers 

are free electrons. 

(ii) Liquids : In liquids current carriers are positive and 

negative ions. 

(iii) Gases : In gases current carriers are positive ions and 

free electrons. 

(iv) Semi conductor : In semi conductors current carriers 

are holes and free electrons. 

Current Density (J ) 

Current density at any point inside a conductor is defined 

as a vector having magnitude equal to current per unit area 

surrounding that point. Remember area is normal to the 

direction of charge flow (or current passes) through that point.  

(1) Current density at point P is given by n
dA

di
J    

 

 

 

 

(2) If the cross-sectional area is not normal to the current, 

but makes an angle   with the direction of current then  

cosdA

di
J    cosJdAdi   dAJ .     dAJi   

(3) If current density J  is uniform for a normal cross-

section A  then 
A

i
J    

(4) Current density J  is a vector quantity. It's direction is 

same as that of  E  . It's S.I. unit is amp/m2 and dimension [L–2A]. 

(5) In case of uniform flow of charge through a cross-

section normal to it as nqvAi    nqv
A

i
J  . 

(6) Current density relates with electric field as 




E
EJ  ; where  = conductivity and  = resistivity or 

specific resistance of substance.  

 

Drift Velocity 

Drift velocity is the average uniform velocity acquired by 

free electrons inside a metal by the application of an electric 

field which is responsible for current through it. Drift velocity is 

very small it is of the order of 10–4 m/s as compared to thermal 

speed )/10–~( 5 sm  of electrons at room temperature. 

+ – ~ 

l 

V 

E 

+ – 

vd 

A 

Fig. 19.6 

Fig. 19.5 

dA 

n

 

J

 

P i 

dA cos 

i 
J   

Ad ˆ

  

Fig. 19.4 

r q 
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If suppose for a conductor  

n = Number of electron per unit volume of the conductor 

A = Area of cross-section  

V = potential difference across the conductor 

 E = electric field inside the conductor 

i = current, J = current density,  = specific resistance,  = 

conductivity 













1

 then current relates with drift velocity as 

dneAvi   we can also write  

enl

V

ne

E

ne

E

ne

J

neA

i
v d




 .   

(1) The direction of drift velocity for electron in a metal is 

opposite to that of applied electric field (i.e. current density J


). 

Evd   i.e., greater the electric field, larger will be the drift 

velocity. 

(2) When a steady current flows through a conductor of 

non-uniform cross-section drift velocity varies inversely with 

area of cross-section 









A
vd

1
  

 

 

 

 

(3) If diameter (d) of a conductor is doubled, then drift 

velocity of electrons inside it will not change.  

 

 

 

 

 

(1) Relaxation time () : The time interval between two 

successive collisions of electrons with the positive ions in the 

metallic lattice is defined as relaxation time 

rmsv


 

 electronsof   velocityr.m.s.

 pathfree mean
. With rise in temperature 

vrms increases consequently  decreases. 

(2) Mobility : Drift velocity per unit electric field is called 

mobility of electron i.e. 
E

vd . It’s unit is 
sec

2

volt

m
. 

Ohm's Law 

If the physical conditions of the conductor (length, 

temperature, mechanical strain etc.) remains some, then the 

current flowing through the conductor is directly proportional to 

the potential difference across it’s two ends i.e. Vi    

iRV   where R is a proportionality constant, known as electric 

resistance.   

(1) Ohm’s law is not a universal law, the substances, which 

obey ohm’s law are known as ohmic substance. 

(2) Graph between V and i for a metallic conductor is a 

straight line as shown. At different temperatures V-i curves are 

different. 

 

 

 

 

 

 

 

 

 

 

 

 

(3) The device or substances which don’t obey ohm’s law 

e.g. gases, crystal rectifiers, thermoionic valve, transistors etc. 

are known as non-ohmic or non-linear conductors. For these V-i 

curve is not linear.  

Static resistance 
tan

1


i

V
Rst   

(A) Slope of the line  

= R
i

V
tan  

 

V 

i 

(B) Here tan1 > tan2 

So R1 > R2  

i.e. T1 > T2 

T2 

V 

i 

T1 

1 

2 

2 1 

Fig. 19.9 

  

Crystal 

rectifier 

V 

i 

Fig.  19.10 

i 

A2 A1 

1dv  i 

2dv  

A1 < A2 

so 
21 dd vv   

Fig. 19.7 

Fig. 19.8 
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Dynamic resistance 
tan

1







I

V
Rdyn  

Resistance 

(1) The property of substance by virtue of which it 

opposes the flow of current through it, is known as the 

resistance.  

(2) Formula of resistance : For a conductor if l = length 

of a conductor A = Area of cross-section of conductor, n = 

No. of free electrons per unit volume in conductor,  = 

relaxation time then resistance of conductor 

A

l
.

ne

m

A

l
R




2
 ; where  = resistivity of the material of 

conductor 

(3) Unit and dimension : It’s S.I. unit is Volt/Amp. or Ohm (). 

Also 1 ohm 
 currentof 10

alof potenti10

1

1
1

8

emu

emu

Amp

volt


 = 109 emu of 

resistance. It’s dimension is ][ 232  ATML .  

(4) Dependence of resistance : Resistance of a conductor 

depends upon the following factors.  

(i) Length of the conductor : Resistance of a conductor is 

directly proportional to it’s length i.e. R  l and inversely 

proportional to it’s area of cross-section i.e. 
A

R
1

   

(ii) Temperature : For a conductor   

etemperatur  Resistance  . 

If       R0 = resistance of conductor at 0oC  

          Rt = resistance of conductor at toC 

and ,  = temperature co-efficient of resistance  

then )1( 2
0 ttRRt    for t > 300oC and  

)(1 tRRt  0  for t  300oC    or   
tR

RR t






0

0   

If R1 and R2 are the resistances at t1oC and t2oC 

respectively then 
2

1

2

1

1

1

t

t

R

R








 . 

The value of  is different at different temperature. 

Temperature coefficient of resistance averaged over the 

temperature range t1oC to t2oC is given by 
)( 121

12

ttR

RR




  which 

gives R2 = R1 [1 +  (t2 – t1)]. This formula gives an approximate 

value.  

Table 19.2 : Variation of resistance of some electrical material 

with temperature 

Material  Temp. coefficient of 

resistance () 

Variation of resistance 

with temperature rise 

Metals  Positive  Increases 

Solid non-metal  Zero  Independent  

Semi-conductor Negative Decreases  

Electrolyte  Negative  Decreases 

Ionised gases  Negative  Decreases 

Alloys  Small positive value  Almost constant 

 

Resistivity (), Conductivity () and Conductance (C) 

(1) Resistivity : From ;
A

l
R   If l = 1m, A = 1 m2 then 

R  i.e. resistivity is numerically equal to the resistance of a 

substance having unit area of cross-section and unit length. 

(i) Unit and dimension : It’s S.I. unit is ohm  m and 

dimension is ][ 233  ATML  

(ii) It’s formula : 



2ne

m
   

(iii) Resistivity is the intrinsic property of the substance. It 

is independent of shape and size of the body (i.e. l and A).  

(iv) For different substances their resistivity is also 

different e.g. silver = minimum = 1.6  10–8 -m and fused 

quartz = maximum  1016 -m  

) silverfor (Minimum
conductorconductor-semialloy

quartz)fused  for (Maximum
insulator    

(v) Resistivity depends on the temperature. For metals 

)1(0 tt    i.e. resitivity increases with temperature. 

(vi) Resistivity increases with impurity and mechanical 

stress. 
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(vii) Magnetic field increases the resistivity of all metals 

except iron, cobalt and nickel. 

(viii) Resistivity of certain substances like selenium, 

cadmium, sulphides is inversely proportional to intensity of light 

falling upon them. 

(2) Conductivity : Reciprocal of resistivity is called 

conductivity () i.e. 



1

  with unit mho/m and dimensions       

][ 2331 ATLM  . 

(3) Conductance : Reciprocal of resistance is known as 

conductance. 
R

C
1

  It’s unit is 


1
 or –1 or “Siemen”. 

 

 

 

 

 

Stretching of Wire 

If a conducting wire stretches, it’s length increases, area of 

cross-section decreases so resistance increases but volume 

remain constant. 

Suppose for a conducting wire before stretching it’s length = 

l1, area of cross-section = A1, radius = r1, diameter = d1, and 

resistance 
1

1
1

A

l
R   

Before stretching    After stretching 

 

 

 

 

 

After stretching length = l2, area of cross-section = A2, 

radius = r2, diameter = d2 and resistance 
2

2
2

A

l
R    

Ratio of resistances before and after stretching 

 

4

1

2

4

1

2

2

1

2

2

2

1

1

2

2

1

2

1


























































d

d

r

r

A

A

l

l

A

A

l

l

R

R
  

(1) If length is given then 

2

2

1

2

12
















l

l

R

R
lR  

(2) If radius is given then 

4

1

2

2

1

4

1















r

r

R

R

r
R  

Electrical Conducting Materials For Specific Use 

(1) Filament of electric bulb : Is made up of tungsten which 

has high resistivity, high melting point. 

(2) Element of heating devices (such as heater, geyser or 

press) : Is made up of nichrome which has high resistivity and 

high melting point. 

(3) Resistances of resistance boxes (standard resistances) 

: Are made up of alloys (manganin, constantan or nichrome) 

these materials have moderate resistivity which is practically 

independent of temperature so that the specified value of 

resistance does not alter with minor changes in temperature.  

(4) Fuse-wire : Is made up of tin-lead alloy (63% tin + 37% 

lead). It should have low melting point and high resistivity. It is 

used in series as a safety device in an electric circuit and is 

designed so as to melt and thereby open the circuit if the current 

exceeds a predetermined value due to some fault. The function 

of a fuse is independent of its length.  

Safe current of fuse wire relates with it’s radius as 

3/2
ri  . 

(5) Thermistors : A thermistor is  a heat sensitive resistor 

usually prepared from oxides of various metals such as nickel, 

copper, cobalt, iron etc. These compounds are also semi-

conductor.  For thermistors  is very high which may be positive 

or negative. The resistance of thermistors changes very rapidly 

with change of temperature.  

 

l1 

 

l2 

 

Volume remains constant i.e. A1l1 = A2l2 

Fig. 19.12 

i 

V 

Fig. 19.13 

 

i 

V 

Fig. 19.11 
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Thermistors are used to detect small temperature change 

and to measure very low temperature. 

Colour Coding of Resistance 

To know the value of resistance colour code is used. These 

code are printed in form of set of rings or strips. By reading the 

values of colour bands, we can estimate the value of resistance.  

The carbon resistance has normally four coloured rings or 

bands say A, B, C and D as shown in following figure.  

 

 

 

 

Colour band A and B : Indicate the first two significant 

figures of resistance in ohm. 

Band C : Indicates the decimal multiplier i.e. the number of 

zeros that follows the two significant figures A and B.  

Band D : Indicates the tolerance in percent about the 

indicated value or in other words it represents the percentage 

accuracy of the indicated value.  

The tolerance in the case of gold is  5% and in silver is  

10%. If only three bands are marked on carbon resistance, then 

it indicate a tolerance of 20%.  

Table 19.3 : Colour code for carbon resistance 

Letters as an 

aid to memory 

Colour Figure 

(A, B) 

Multiplier 

(C) 

B Black  0 10o 

B Brown  1 101 

R Red  2 102 

O Orange  3 103 

Y Yellow 4 104 

G Green 5 105 

B Blue  6 106 

V Violet 7 107 

G Grey 8 108 

W White  9 109 

 

To remember the sequence of colour code following 

sentence should kept in memory.  

B  B  R O Y  Great Britain Very Good Wife. 

Grouping of Resistance  

(1) Series grouping 

(i) Same current flows through each resistance but potential 

difference distributes in the ratio of resistance i.e. RV   

 

 

 

 

 

(ii)  321 RRRReq   equivalent resistance is greater 

than the maximum value of resistance in the combination.  

(iii) If n identical resistance are connected in series 

nRReq   and potential difference across each resistance 

n

V
V '  

(2) Parallel grouping  

(i) Same potential difference 

appeared across each resistance 

but current distributes in the 

reverse ratio of their resistance 

i.e. 
R

i
1

  
Fig. 19.16 

V 

i 

i1 

i2 

i3 

R1 

R2 

R3 

A B C D 

Fig. 19.14 

Fig. 19.15 

V 

R1 R2 R3 

V1 V2 V3 

i 

+ – 
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(ii) Equivalent resistance  is given by 
321

1111

RRRReq

  

or 11
3

1
2

1
1 )(   RRRReq  or 

123221

321

RRRRRR

RRR
Req


   

Equivalent resistance is smaller than the minimum value of 

resistance in the combination. 

(iv) If two resistance in parallel 

Addition

tionMultiplica

21

21 



RR

RR
Req  

(v) Current through any resistance 











 resistanceTotal 

 branchoppositeof  Resistance
' ii  

Where i = required current (branch current),  

i = main current  

        
















21

2
1

RR

R
ii  

 and 
















21

1
2

RR

R
ii  

(vi) In n identical resistance are connected in parallel  

n

R
Req   and current through each resistance 

n

i
i '  

Cell 

 

 

 

 

 

 

The device which converts chemical energy into electrical 

energy is known as electric cell. Cell is a source of constant emf 

but not constant current. 

 

 

 

 

 

 

 

(1) Emf of cell (E) : The potential difference across the 

terminals of a cell when it is not supplying any current is called 

it’s emf. 

(2) Potential difference (V) : The voltage across the 

terminals of a cell when it is supplying current to external 

resistance is called potential difference or terminal voltage. 

Potential difference is equal to the product of current and 

resistance of that given part i.e. V = iR.  

(3) Internal resistance (r) : In case of a cell the opposition 

of electrolyte to the flow of current through it is called internal 

resistance of the cell. The internal resistance of a cell depends 

on the distance between electrodes (r  d), area of electrodes [r 

 (1/A)] and nature, concentration (r  C) and temperature of 

electrolyte [r  (1/ temp.)].  

A cell is said to be ideal, if it has zero internal resistance. 

Cell in Various Positions  

(1) Closed circuit : Cell supplies a constant current in the 

circuit. 

 

 

 

 

 

(i) Current given by the cell 
rR

E
i


   

(ii) Potential difference across the resistance iRV   

(iii) Potential drop inside the cell = ir  

(iv) Equation of cell irVE   (E > V) 

(v) Internal resistance of the cell R
V

E
r 








 1   

(vi) Power dissipated in external resistance (load)  

Fig. 19.17 

R1 

R2 

i1 

i 

i2 

Fig. 19.18 

Symbol of cell 

– + 

Cathode Anode 

+ – 

+ 

Electrolyte 

– 

A 
– 

+ 

Fig. 19.19 

E, r 

R 

i 
V = iR 
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 R
rR

E

R

V
RiViP .

22
2











  

Power delivered will be maximum when rR   so 

r

E
P

4

2

max  .  

This statement in generalised from is called “maximum 

power transfer theorem”. 

 

 

 

 

 

 

(vii) When the cell is being charged i.e. current is given to 

the cell then E = V – ir  and E < V.  

(2) Open circuit : When no current is taken from the cell  it 

is said to be in open circuit 

 

 

 

 

 

(i) Current through the circuit i = 0 

(ii) Potential difference between A and B, VAB = E 

(iii) Potential difference between C and D, VCD = 0 

(3) Short circuit : If two terminals of cell are join together by 

a thick conducting wire  

 

 

 

 

 

(i) Maximum current (called short circuit current) flows 

momentarily 
r

E
isc    

(ii) Potential difference V = 0 

Grouping of Cells 

 

 

 

 

 

 

Group of cell is called a battery.  

In series grouping of cell’s their emf’s are additive or 

subtractive while their internal resistances are always additive. If 

dissimilar plates of cells are connected together their emf’s are 

added to each other while if their similar plates are connected 

together their emf’s are subtractive. 

 

 

 

 
  

(1) Series grouping : In series grouping anode of one cell is 

connected to cathode of other cell and so on. If n identical cells 

are connected in series 

 

 

 

 

 

(i) Equivalent emf of the combination nEEeq    

(ii) Equivalent internal resistance nrreq   

(iii) Main current = Current from each cell 
nrR

nE
i


  

(iv) Potential difference across external resistance iRV    

E, r 

R 

A D C B 

Fig. 19.21 

P 

Pmax = E2/4r 

R = r 

R  
Fig. 19.20 

R = 0 

E, r 

Fig. 19.22 

E1 E2 

Eeq = E1 + E2 

req = r1 + r2 

E1 E2 

Eeq = E1 – E2 (E1 > E2) 

req = r1 + r2 

Fig. 19.23 

E, r 

R 

E, r E, r E, r 

i 

Fig. 19.24 
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(v) Potential difference across each cell 
n

V
V '  

(vi) Power dissipated in the external circuit R
nrR

nE
.

2











  

(vii) Condition for maximum power nrR   and 
















r

E
nP

4

2

max  

(viii) This type of combination is used when nr << R.  

(2) Parallel grouping : In parallel grouping all anodes are 

connected at one point and all cathode are connected together 

at other point. If n identical cells are connected in parallel 

 

 

 

 

 

 

 

 

(i) Equivalent emf Eeq = E  

(ii) Equivalent internal resistance nrReq /  

(iii) Main current 
nrR

E
i

/
  

(iv) potential difference across external resistance = p.d. 

across each cell = V = iR  

(v) Current from each cell 
n

i
i '    

(vi) Power dissipated in the circuit R
nrR

E
P .

/

2











  

(vii) Condition for max. power is nrR /  and 
















r

E
nP

4

2

max   

(viii) This type of combination is used when nr >> R 

(3) Mixed Grouping : If n identical cell’s are connected in 

a row and such m row’s are connected in parallel as shown.  

 

 

 

 

 

 

 

 

(i) Equivalent emf of the combination nEEeq   

(ii) Equivalent internal resistance of the combination 

m

nr
req   

(iii) Main current flowing through the load 

nrmR

mnE

m

nr
R

nE
i






  

(iv) Potential difference across load iRV   

(v) Potential difference across each cell 
n

V
V '  

(vi) Current from each cell 
n

i
i '  

(vii) Condition for maximum power 
m

nr
R   

and
r

E
mnP

4
)(

2

max   

(viii) Total number of cell = mn  

Kirchoff's Laws 

(1) Kirchoff’s first law : This law is also known as junction 

rule or current law (KCL). According to it the algebraic sum of 

currents meeting at a junction is zero i.e. i = 0. 

 

 

 

 

 

 

In a circuit, at any junction the sum of the currents 

entering the junction must equal the sum of the currents leaving 

the junction. 4231 iiii   

(ii) This law is simply a statement of “conservation of 

charge”. 

E, r 

R 

i 

E, r 

E, r 

Fig. 19.25 

i1 

i2 
i3 

i4 

Fig. 19.27 

R 

i 

1 

2 

m 

2 1 

E, r E, r 

V 

n 

E, r 

Fig. 19.26 
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(2) Kirchoff’s second law : This law is also known as loop 

rule or voltage law (KVL) and according to it “the algebraic sum 

of the changes in potential in complete traversal of a mesh 

(closed loop) is zero”, i.e. V = 0 

(i) This law represents “conservation of energy”. 

(ii) If there are n meshes in a circuit, the number of 

independent equations in accordance with loop rule will be (n – 1).  

(3) Sign convention for the application of Kirchoff’s law : 

For the application of Kirchoff’s laws following sign convention 

are to be considered  

(i) The change in potential in traversing a resistance in 

the direction of current is – iR while in the opposite direction +iR  

 

 

 

(ii) The change in potential in traversing an emf source 

from negative to positive terminal is +E while in the opposite 

direction – E irrespective of the direction of current in the circuit. 

 

 

 

 

(iii) The change in potential in traversing a capacitor from 

the negative terminal to the positive terminal is 
C

q
  while in 

opposite direction 
C

q
 . 

 

 

 

 

(iv) The change in voltage in traversing an inductor in the 

direction of current is 
dt

di
L  while in opposite direction it is 

dt

di
L .  

 

 

 

 

 

Different Measuring Instruments 

 

 

 

 

 

 

(1) Galvanometer : It is an instrument used to detect 

small current passing through it by showing deflection. 

Galvanometers are of different types e.g. moving coil 

galvanometer, moving magnet galvanometer, hot wire 

galvanometer. In dc circuit usually moving coil galvanometer are 

used.  

(i) It’s symbol :                     ; where G is the 

total internal resistance of the galvanometer. 

(ii) Full scale deflection current : The current required for 

full scale deflection in a galvanometer is called full scale 

deflection current and is represented by ig.  

(iii) Shunt : The small resistance connected in parallel to 

galvanometer coil, in order to control current flowing through the 

galvanometer is known as shunt. 

Table 19.4 : Merits and demerits of shunt 

Merits of shunt Demerits of shunt 

G 

– E 

E A B 
E A B 

+ E 
Fig. 19.29 

R 
i A B 

– iR 

R i A B 

+ iR Fig. 19.28 

Fig. 19.30 

C 
A B 

C

q
  

+ – 

q 

C 
A B 

C

q
  

+ – 

q 

(A) (B) 

Fig. 19.31 

L 
i A B 

dt

di
L  

L 
i A B 

dt

di
L  

(A) (B) 
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To protect the galvanometer 

coil from burning  

It can be used to convert any 

galvanometer into ammeter of 

desired range.  

Shunt resistance decreases 

the sensitivity of galvanometer. 

 

(2) Ammeter : It is a device used to measure current and 

is always connected in series with the ‘element’ through which 

current is to be measured.  

 

 

 

 

 

 

(i) The reading of an ammeter is always lesser than 

actual current in the circuit. 

(ii) Smaller the resistance of an ammeter more accurate 

will be its reading. An ammeter is said to be ideal if its 

resistance r is zero. 

(iii) Conversion of galvanometer into ammeter : A 

galvanometer may be converted into an ammeter by connecting 

a low resistance (called shunt S) in parallel to the galvanometer 

G as shown in figure. 

 

 

 

 

 

(a) Equivalent resistance of the combination 
SG

GS


  

(b) G and S are parallel to each other hence both will 

have equal potential difference i.e. SiiGi gg )(  ; which gives  

Required shunt G
ii

i
S

g

g

)( 
   

(c) To pass nth part of main current (i.e. 
n

i
ig  ) through 

the galvanometer, required shunt 
1)( 


n

G
S . 

(3) Voltmeter : It is a device used to measure potential 

difference and is always put in parallel with the ‘circuit element’ 

across which potential difference is to be measured. 

 

 

 

 

 

 

(i) The reading of a voltmeter is always lesser than true 

value. 

(ii) Greater the resistance of voltmeter, more accurate will 

be its reading. A voltmeter is said to be ideal if its resistance is 

infinite, i.e., it draws no current from the circuit element for its 

operation.  

(iii) Conversion of galvanometer into voltmeter : A 

galvanometer may be converted into a voltmeter by connecting 

a large resistance R in series with the galvanometer as shown 

in the figure.  

 

 

 

 

(a) Equivalent resistance of the combination = G + R  

(b) According to ohm’s law       V = ig (G + R); which gives  

Required series resistance G
V

V
G

i

V
R

gg













 1  

(c) If nth part of applied voltage appeared across 

galvanometer (i.e. 
n

V
Vg  ) then required series resistance 

GnR 1)(  . 

S 

i – ig 
i 

ig 

Ammeter 

G 

Fig. 19.33 

R 

+ 
V 

– 

i A 

Fig. 19.32 

R 

+ 
V 

– 

i 

V 

Fig. 19.34 

R 

ig 

Vg = igG (V – Vg) 

V  

G 

Fig. 19.35 
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(4) Wheatstone bridge 

: Wheatstone bridge is an 

arrangement of four 

resistance which can be 

used to measure one of 

them in terms of rest. Here 

arms AB and BC are called 

ratio arm and arms AC and BD are called conjugate arms  

 

(i) Balanced bridge : The bridge is said to be balanced 

when deflection in galvanometer is zero i.e. no current flows 

through the galvanometer or in other words VB = VD. In the 

balanced condition 
S

R

Q

P
 , on mutually changing the position 

of cell and galvanometer this condition will not change.  

(ii) Unbalanced bridge : If the bridge is not balanced current 

will flow from D to B if VD > VB i.e. )()( BADA VVVV   which 

gives PS > RQ.  

(iii) Applications of wheatstone bridge : Meter bridge, post 

office box and Carey Foster bridge are instruments based on 

the principle of wheatstone bridge and are used to measure 

unknown resistance. 

(5) Meter bridge : In case of meter bridge, the resistance 

wire AC is 100 cm long. Varying the position of tapping point B, 

bridge is balanced. If in balanced position of bridge AB = l, BC 

(100 – l) so that 
l

l

P

Q )100( 
 . Also 

S

R

Q

P
    R

l

l
S

)100( 
  

 

 

 

 

 

 

 

Potentiometer 

Potentiometer is a device mainly used to measure emf of a 

given cell and to compare emf’s of cells. It is also used to 

measure internal resistance of a given cell. 

(1) Circuit diagram : Potentiometer consists of a long 

resistive wire AB of length L (about 6m to 10 m long) made up 

of mangnine or constantan and a battery of known voltage e 

and internal resistance r called supplier battery or driver cell. 

Connection of these two forms primary circuit. 

One terminal of another cell (whose emf E is to be 

measured) is connected at one end of the main circuit and the 

other terminal at any point on the resistive wire through a 

galvanometer G. This forms the secondary circuit. Other details 

are as follows  

 

 

 

 

 

 

J = Jockey 

K = Key 

R = Resistance of potentiometer wire,  

    = Specific resistance of potentiometer wire. 

Rh = Variable resistance which controls the current 

through the wire AB 

(i) The specific resistance () of potentiometer wire must 

be high but its temperature coefficient of resistance () must be 

low. 

(ii) All higher potential points (terminals) of primary and 

secondary circuits must be connected together at point A and all 

lower potential points must be connected to point B or jockey. 

P Q 

R S 

+ – 

A 

B 

C 

D 

G 

K1 

K2 

Fig. 19.36 

A 

Rh K 

B 

e, r 

Primary 

circuit 

Secondary 

circuit 

J 

E 
G 

Fig. 19.38 

R.B. 

G 

R 
S 

P Q 

l cm (100 – l) cm 

E K 

A 
B 

C 

Fig. 19.37 
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(iii) The value of known potential difference must be 

greater than the value of unknown potential difference to be 

measured.  

(iv) The potential gradient must remain constant. For this 

the current in the primary circuit must remain constant and the 

jockey must not be slided in contact with the wire.  

(v) The diameter of potentiometer wire must be uniform 

everywhere.  

(2) Potential gradient (x) : Potential difference (or fall in 

potential) per unit length of wire is called potential gradient i.e. 

m

volt

L

V
x    where R

rRR

e
iRV

h

.














 . 

So   
L

R
.

rRR

e

A

i

L

iR

L

V
x

h )( 


ρ
 

(i) Potential gradient directly depends upon   

(a) The resistance per unit length (R/L) of potentiometer 

wire.  

(b) The radius of potentiometer wire (i.e. Area of cross-

section) 

(c) The specific resistance of the material of 

potentiometer wire (i.e. ) 

(d) The current flowing through potentiometer wire (i)  

(ii) potential gradient indirectly depends upon  

(a) The emf of battery in the primary circuit (i.e. e) 

(b) The resistance of rheostat in the primary circuit (i.e. 

Rh) 

(3) Working : Suppose jocky is made to touch a point J on 

wire then potential difference between A and J will be xlV   

At this length (l) two potential difference are obtained  

(i) V due to battery e and  

(ii) E due to unknown cell 

 

 

 

 

 

 

 

If V > E then current will flow in galvanometer circuit in 

one direction  

If V < E then current will flow in galvanometer circuit in 

opposite direction  

If V = E then no current will flow in galvanometer circuit 

this condition to known as null deflection position, length l is 

known as balancing length.   

In balanced condition xlE    

or l
L

R
.

rRR

e
l

L

iR
l

L

V
xlE

h
















   

If V is constant then L  l    
2

1

2

1

2

1

l

l

L

L

x

x
  

(6) Standardization of potentiometer : The process of 

determining potential gradient experimentally is known as 

standardization of potentiometer.  

 

 

 

 

 

 

 

 

Let the balancing length for the standard emf E0 is l0 then 

by the principle of potentiometer E0 = xl0  
0

0

l

E
x   

E 

A 

Rh K 

B 

e, r 

l 

J J2 J1 

G G G 

Fig. 19.39 

E0 

A 

Rh K 

B 

e, r 

J 

G 

E 

Fig. 19.40 
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(7) Sensitivity of potentiometer : A potentiometer is said to 

be more sensitive, if it measures a small potential difference 

more accurately. 

(i) The sensitivity of potentiometer is assessed by its 

potential gradient. The sensitivity is inversely proportional to the 

potential gradient. 

(ii) In order to increase the sensitivity of potentiometer 

(a) The resistance in primary circuit will have to be 

decreased. 

(b) The length of potentiometer wire will have to be increased 

so that the length may be measured more accuracy. 

Table 19.5 : Difference between voltmeter and potentiometer 

Voltmeter Potentiometer 

It’s resistance is high but finite  Its resistance is infinite  

It draws some current from 

source of emf 

It does not draw any current from 

the source of unknown emf 

The potential difference 

measured by it is lesser than 

the actual potential difference 

The potential difference 

measured by it is equal to 

actual potential difference 

Its sensitivity is low  Its sensitivity is high 

It is a versatile instrument  It measures only emf or 

potential difference  

It is based on deflection 

method 

It is based on zero deflection 

method 

 

Application of Potentiometer 

(1) To determine the internal resistance of a primary cell 

 

 

 

 

 

 

 

(i) Initially in secondary circuit key K' remains open and 

balancing length (l1) is obtained. Since cell E is in open circuit 

so it’s emf balances on length l1 i.e. E = xl1        …. (i) 

(ii) Now key K is closed so cell E comes in closed circuit. If 

the process of balancing repeated again then potential 

difference V balances on length l2 i.e. V = xl2                  

…. (ii) 

(iii) By using formula internal resistance '.1 R
V

E
r 








  

 '.
2

21 R
l

ll
r 












 
    

(2) Comparison of emf’s of two cell : Let l1 and l2 be the 

balancing lengths with the cells E1 and E2 respectively then E1 = 

xl1 and E2 = xl2   
2

1

2

1

l

l

E

E
  

 

 

 

 

 

 

 

 

Let E1 > E2 and both are connected in series. If balancing 

length is l1 when cell assist each other and it is l2 when they 

oppose each other as shown then : 

 

   

             121 )( xlEE                  221 )( xlEE   

         
2

1

21

21

l

l

EE

EE





          or           

21

21

2

1

ll

ll

E

E




  

+ – + – 
E1 E2 

+ – – + 
E1 E2 

E1 

A 

Rh K 

B 

e, r 

J 

G 

E2 

1 

2 

Fig. 19.42 

E 

A 

Rh K 

B J 

K R 

G 

e, r 

Fig. 19.41 



 

  Current Electricity 1051 

 

(3) Comparison of resistances : Let the balancing length for 

resistance R1 (when XY is connected) is l1 and let balancing 

length for resistance R1 + R2 (when YZ is connected) is l2.  

 

 

 

 

 

 

 

 

Then  iR1 = xl1 and i(R1 + R2) = xl2     
1

12

1

2

l

ll

R

R 
  

(4) To determine thermo emf  

 

 

 

 

 

 

 

 

(i) The value of thermo-emf in a thermocouple for ordinary 

temperature difference is very low (10–6 volt). For this the 

potential gradient x must be also very low (10–4 V/m). Hence a 

high resistance (R) is connected in series with the potentiometer 

wire in order to reduce current.  

(ii) The potential difference across R must be equal to the 

emf of standard cell i.e. iR = E0  
R

E
i 0  

(iii) The small thermo emf produced in the thermocouple e = 

xl  

(iv) 
L

iR
ix        

L

iRl
e       where L = length of 

potentiometer wire,  = resistance per unit length, l = balancing 

length for e   

(5) Calibration of ammeter : Checking the correctness of 

ammeter readings with the help of potentiometer is called 

calibration of ammeter. 

(i) In the process of calibration of an ammeter the current 

flowing in a circuit is measured by an ammeter and the same 

current is also measured with the help of potentiometer. By 

comparing both the values, the errors in the ammeter readings 

are determined.  

 

 

 

 

 

 

 

 

(ii) For the calibration of an ammeter, 1  standard 

resistance coil is specifically used in the secondary circuit of the 

potentiometer, because the potential difference across 1  is 

equal to the current flowing through it i.e. V = i. 

(iii) If the balancing length for the emf E0 is l0 then E0 = xl0 

0

0

l

E
x     (Process of standardisation) 

(iv) Let 'i  current flows through 1 resistance giving 

potential difference as 1)1('' xliV   where l1 is the balancing 

length. So error can be found as  1

0

0
1' l

l

E
ixliiii   

(6) Calibration of voltmeter  

(i) Practical voltmeters are not ideal, because these do not 

have infinite resistance. The error of such practical voltmeter 
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can be found by comparing the voltmeter reading with 

calculated value of p.d. by potentiometer. 

(ii) If l0 is balancing length for E0 the emf of standard cell by 

connecting 1 and 2 of bi-directional key, then x = E0/l0.  

(iii) The balancing length l1 for unknown potential difference 

V is given by (by closing 2 and 3)  1001 )/(' llExlV  . 

 

 

 

 

 

 

 

 

If the voltmeter reading is V then the error will be (V – V) 

which may be +ve, – ve or zero. 

 

 

 

 

 

 Human body, though has a large resistance of the order of 

k (say 10 k), is very sensitive to minute currents even as 

low as a few mA. Electrocution, excites and disorders the 

nervous system of the body and hence one fails to control the 

activity of the body. 

 dc flows uniformly throughout the cross-section of 

conductor while ac mainly flows through the outer surface 

area of the conductor. This is known as skin effect. 

 It is worth noting that electric field inside a charged 

conductor is zero, but it is non zero inside a current carrying 

conductor and is given by 
l

V
E   where V = potential 

difference across the conductor and l = length of the 

conductor. Electric field out side the current carrying 

conductor is zero. 

 

 

 

 

 For a given conductor JA = i = constant so that 
A

J
1

  

i.e., J1 A1 = J2 A2 ; this is called equation of continuity 

 

 

 

 

 The drift velocity of electrons is small because of the 

frequent collisions suffered by electrons. 

 The small value of drift velocity produces a large amount 

of electric current, due to the presence of extremely large 

number of free electrons in a conductor.  

The propagation of current is almost at the speed of light 

and involves electromagnetic process. It is due to this reason 

that the electric bulb glows immediately when switch is on. 

 In the absence of electric field, the paths of electrons 

between successive collisions are straight line while in 

presence of electric field the paths are generally curved. 

 Free electron density in a metal is given by 
A

dxN
n A  

where NA = Avogadro number, x = number of free electrons 

per atom, d = density of metal and A = Atomic weight of 

metal. 

 In the absence of radiation loss, the time in which a fuse will 

melt does not depends on it’s length but varies with radius as 

4
rt  . 

 If length (l) and mass (m) of a conducting wire is given 

then 
m

l
R

2

 . 

 Macroscopic form of Ohm’s law is 
i

V
R  , while it’s 

Ein = 0 

+ + + + + + 

+ + + + + + 

Ein = V/l 
+ – 
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microscopic form is J =  E. 

 After stretching if length increases by n times then 

resistance will increase by n2 times i.e. 1
2

2 RnR  . Similarly 

if radius be reduced to 
n

1
 times then area of cross-section 

decreases 
2

1

n
 times so the resistance becomes n4 times i.e. 

1
4

2 RnR  . 

 After stretching if length of a conductor increases by x% 

then resistance will increases by 2x % (valid only if x < 10%) 

 Decoration of lightning in festivals is an example of 

series grouping whereas all household appliances connected 

in parallel grouping.  

 Using n conductors of equal resistance, the number of 

possible combinations is 2n – 1. 

 If the resistance of n conductors are totally different, then 

the number of possible combinations will be 2n. 

 If n identical resistances are first connected in series and 

then in parallel, the ratio of the equivalent resistance is given 

by 
1

2n

R

R

s

p
 . 

 If a wire of resistance R, cut in n equal parts and then 

these parts are collected to form a bundle then equivalent 

resistance of combination will be 
2n

R
. 

 If equivalent resistance of R1 and R2 in series and 

parallel be Rs and Rp respectively then 






  psss RRRRR 4
2

1 2
1  and 






  psss RRRRR 4
2

1 2
2 . 

 If a skeleton cube is made with 12 equal resistance each 

having resistance R then the net resistance across  

 

 

 

 

 

 

The longest diagonal (EC or AG) R
6

5
  

The diagonal of face (e.g. AC, ED, ....) R
4

3
  

A side (e.g. AB, BC.....) R
12

7
  

 Resistance of a conducting body is not unique but 

depends on it’s length and area of cross-section i.e. how the 

potential difference is applied. See the following figures 

 

 

 

 

 

 

 

Length = a    Length = b 

Area of cross-section = b  c   Area of cross-section = a  c  

Resistance 
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 Some standard results for equivalent resistance  
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 It is a common misconception that “current in the circuit 

will be maximum when power consumed by the load is 

maximum.” 

Actually current )/( rREi   is maximum (= E/r) when R = 

min = 0 with .min00)/( 2  rEPL  while power consumed 

by the load E2R/(R + r)2 is maximum (= E2/4r) when R = r and 

)./max()2/( rErEi   

 Emf is independent of the resistance of the circuit and 

depends upon the nature of electrolyte of the cell while 

potential difference depends upon the resistance between the 

two points of the circuit and current flowing through the 

circuit. 

 Whenever a cell or battery is present in a branch there 

must be some resistance (internal or external or both) 

present in that branch. In practical situation it always happen 

because we can never have an ideal cell or battery with zero 

resistance. 

 In series grouping of identical cells. If one cell is wrongly 

connected then it will cancel out the effect of two cells e.g. If 

in the combination of n identical cells (each having emf E and 

internal resistance r) if x cell are wrongly connected then 

equivalent emf ExnEeq )2(   and equivalent internal 

resistance nrreq  .  

 Graphical view of open circuit and closed circuit of a cell. 

 

 

 

 

 

 

 If n identical cells are connected in a loop in order, then 

emf between any two points is zero. 

 

 

 

 

 

 

 In parallel grouping of two identical cell having no 

internal resistance  

 

 

 

 

                    EEeq          0eqE  

 When two cell’s of different emf and no internal 

resistance are connected in parallel then equivalent emf is 

E, r 
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Vmax =E; i = 0 

imax =E/r ; V = 0 
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indeterminate, note that connecting a wire with a cell with no 

resistance is equivalent to short circuiting. Therefore the total 

current that will be flowing will be infinity. 

 

 

 

 

 In the parallel combination of non-identical cell's if they 

are connected with reversed polarity as shown then 

equivalent emf 
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 Wheatstone bridge is most sensitive if all the arms of 

bridge have equal resistances i.e. P = Q = R = S  

 If the temperature of the conductor placed in the right 

gap of metre bridge is increased, then the balancing length 

decreases and the jockey moves towards left. 

 In Wheatstone bridge to avoid inductive effects the 

battery key should be pressed first and the galvanometer key 

afterwards. 

 The measurement of resistance by Wheatstone bridge is 

not affected by the internal resistance of the cell. 

 In case of zero deflection in the galvanometer current 

flows in the primary circuit of the potentiometer, not in the 

galvanometer circuit. 

 A potentiometer can act as an ideal voltmeter. 

 

 
 
 
 
 
 
Electric Conduction, Ohm's Law and Resistance 

 

1. Current of 4.8 amperes is flowing through a conductor. 

The number of electrons per second will be   [CPMT 1986] 

 (a) 19103  (b) 211068.7   

 (c) 201068.7   (d) 20103  

2. When the current i  is flowing through a conductor, the 

drift velocity is v . If  i2   current is flowed through the 

same metal but having double the area of cross-section, 

then the drift velocity will be  

 (a) 4/v  (b) 2/v  

 (c) v  (d) v4  

3. When current flows through a conductor, then the order of 

drift velocity of electrons will be   [CPMT 1986] 

 (a) sec/1010 m  (b) sec/10 2 cm  

 (c) sec/104 cm  (d) sec/10 1 cm  

4. Every atom makes one free electron in copper. If 1.1 

ampere current is flowing in the wire of copper having 1 

mm diameter, then the drift velocity (approx.) will be 

(Density of copper 33109  mkg  and atomic weight = 

63) 

[CPMT 1989] 

 (a) sec/3.0 mm  (b) sec/1.0 mm  

 (c) sec/2.0 mm  (d) sec/2.0 cm  

5. Which one is not the correct statement   [NCERT 1978] 

 (a) joulecoulombvolt 111   

 (b) secondjouleamperevolt /111   

 (c) ..111 PHwattvolt   

 (d) Watt-hour can be expressed in eV 

6. If a 0.1 % increase in length due to stretching, the 

percentage increase in its resistance will be 

 [MNR 1990; MP PMT 1996; UPSEAT 1999; MP PMT 2000] 

 (a) 0.2 %  (b) 2 %  

 (c) 1 %  (d) 0.1 %  

i E2, r2 

E1,r1 

i2 

i1 

R 

i E2, r2 

E1,r1 

i2 

i1 

R 
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7. The specific resistance of manganin is mohm 81050 . 

The resistance of a cube of length cm50  will be  

 (a) ohm610  (b) ohm5105.2    

 (c) ohm810  (d) ohm4105    
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8. The resistivity of iron is mohm  7101 . The resistance of a iron 

wire of particular length and thickness is 1 ohm. If the length and 
the diameter of wire both are doubled, then the resistivity in 

mohm   will be   [CPMT 1983; DPMT 1999] 

 (a) 7101   (b) 7102   

 (c) 7104   (d) 7108   

9. The temperature coefficient of resistance for a wire is 

C/00125.0 . At 300K its resistance is 1 ohm. The temperature at 
which the resistance becomes 2 ohm is 

  [IIT 1980; MP PET 2002; KCET 2003; 

MP PMT 2001; Orissa JEE 2002] 

 (a) 1154 K (b) 1100 K 

 (c) 1400 K  (d) 1127 K 

10. When the length and area of cross-section both are doubled, then its 
resistance   [MP PET 1989] 

 (a) Will become half (b) Will be doubled 

 (c) Will remain the same (d) Will become four times  

11. The resistance of a wire is 20 ohms. It is so stretched that the length 
becomes three times, then the new resistance of the wire will be    [MP PET 1989] 

 (a) 6.67 ohms  (b) 60.0 ohms 

 (c) 120 ohms  (d) 180.0 ohms  

12. The resistivity of a wire  [MP PMT 1984; DPMT 1982] 

 (a) Increases with the length of the wire 

 (b) Decreases with the area of cross-section 

 (c) Decreases with the length and increases with the cross-section 
of wire 

 (d) None of the above statement is correct 

13. Ohm's law is true 

 (a) For metallic conductors at low temperature  

 (b) For metallic conductors at high temperature 

 (c) For electrolytes when current passes through them 

 (d) For diode when current flows  

14. The example for non-ohmic resistance is   [MP PMT 1978] 

 (a) Copper wire  (b) Carbon resistance 

 (c) Diode (d) Tungston wire  

15. Drift velocity dv  varies with the intensity of electric field as per the 

relation    [CPMT 1981; BVP 2003] 

 (a) Evd   (b) 
E

vd

1
  

 (c) constantdv  (d) 2Evd   

16. On increasing the temperature of a conductor, its resistance 
increases because    [CPMT 1982] 

 (a) Relaxation time decreases 

 (b) Mass of the electrons increases  

 (c) Electron density decreases 

 (d) None of the above 

17. In a conductor 4 coulombs of charge flows for 2 seconds. The value 
of electric current will be  [CPMT 1984] 

 (a) 4 volts (b) 4 amperes 

 (c) 2 amperes (d) 2 volts 

18. The specific resistance of a wire is  , its volume is 3 3m  and its 

resistance is 3 ohms, then its length will be 

     [CPMT 1984] 

 (a) 


1
 (b) 



3
 

 (c) 3
1


 (d) 

3

1
  

19. 18105.62   electrons per second are flowing through a wire of 

area of cross-section 0.1 2m , the value of current flowing will be   [CPMT 1984] 

 (a) 1 A  (b) 0.1 A  

 (c) 10 A  (d) 0.11 A 

20. A piece of wire of resistance 4 ohms is bent through 180  at its 

mid point and the two halves are twisted together, then the 
resistance is   [CPMT 1971] 

 (a) 8 ohms (b) 1 ohm 

 (c) 2 ohms (d) 5 ohms 

21. When a piece of aluminium wire of finite length is drawn through a 
series of dies to reduce its diameter to half its original value, its 
resistance will become 

  [NCERT 1974; AIIMS 1997; MH CET 2000; UPSEAT 2001; 
CBSE PMT 2002] 

 (a) Two times (b) Four times 

 (c) Eight times (d) Sixteen times 

22. A wire 100 cm  long and 2.0 mm  diameter has a resistance of 0.7 

ohm, the electrical resistivity of the material is 

 (a) mohm  6104.4  (b) mohm  6102.2  

 (c) mohm  6101.1  (d) mohm  61022.0  

23. A certain wire has a resistance R . The resistance of another wire 
identical with the first except having twice its diameter is    [CPMT 1999] 

 (a) R2  (b) R25.0  

 (c) R4  (d) R5.0  

24. In hydrogen atom, the electron makes 15106.6   revolutions per 

second around the nucleus in an orbit of radius m10105.0  . It 
is equivalent to a current nearly  

 (a) 1 A (b) 1 mA 

 (c) A1  (d) A19106.1   

25. A wire of length 5 m  and radius 1 mm  has a resistance of 1 ohm. 
What length of the wire of the same material at the same 
temperature and of radius 2 mm  will also have a resistance of 1 
ohm  

 (a) 1.25 m  (b) 2.5 m  

 (c) 10 m  (d) 20 m  

26. When there is an electric current through a conducting wire along 
its length, then an electric field must exist 

 (a)  Outside the wire but normal to it 

 (b) Outside the wire but parallel to it 

 (c) Inside the wire but parallel to it 

 (d) Inside the wire but normal to it 

27. Through a semiconductor, an electric current is due to drift of 

 (a) Free electrons  

 (b) Free electrons and holes 

 (c) Positive and negative ions 

 (d) Protons 
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28. In an electrolyte 18102.3   bivalent positive ions  drift to the right 

per second while 18106.3   monovalent negative ions drift to the 
left per second. Then the current is 

 (a) 1.6 amp to the left  (b) 1.6 amp to the right 

 (c) 0.45 amp to the right  (d) 0.45 amp to the left 

29. A metallic block has no potential difference applied across it, then 

the mean velocity of free electrons is T  = absolute temperature of 

the block) 

 (a) Proportional to T  

 (b) Proportional to T   

 (c) Zero 

 (d) Finite but independent of temperature 

30. The specific resistance of all metals is most affected by 

 (a) Temperature (b) Pressure 

 (c) Degree of illumination (d) Applied magnetic field 

31. The positive temperature coefficient of resistance is for 

 (a) Carbon (b) Germanium 

 (c) Copper (d) An electrolyte 

32. The fact that the conductance of some metals rises to infinity at 
some temperature below a few Kelvin is called 

 (a) Thermal conductivity  (b) Optical conductivity 

 (c) Magnetic conductivity  (d) Superconductivity 

33. Dimensions of a block are cmcmcm 10011  . If specific 

resistance of its material is mohm  7103 , then the resistance 

between the opposite rectangular faces is 

     [MP PET 1993] 

 (a) ohm9103   (b) ohm7103   

 (c) ohm5103   (d) ohm3103   

34. In the above question, the resistance between the square faces is    [MP PET 1993] 

 (a) ohm9103   (b) ohm7103   

 (c) ohm5103   (d) ohm3103   

35. There is a current of 20 amperes in a copper wire of 610   square 
metre area of cross-section. If the number of free electrons per cubic 

metre is 2910 , then the drift velocity is  

 (a) secm /10125 3  (b) secm /105.12 3  

 (c) secm /1025.1 3  (d) secm /1025.1 4  

36. The electric intensity E , current density j  and specific resistance 

k  are related to each other by the relation 

[DPMT 2001] 

 (a) kjE /  (b) jkE   

 (c) jkE /  (d) jEk   

37. The resistance of a wire of uniform diameter d  and length L  is 

R . The  resistance of another wire of the same material but 

diameter d2  and length L4  will be  

[CPMT 1984; MP PET 2002] 

 (a) R2  (b) R  

 (c) 2/R  (d) 4/R  

38. There is a current of 1.344 amp in a copper wire whose area of 

cross-section normal to the length of the wire is 1
2mm . If the 

number of free electrons per 3cm  is 22104.8  , then the drift 

velocity would be    [CPMT 1990] 

 (a) 1.0 secmm /  (b) 1.0 secm /  

 (c) 0.1 secmm /  (d) 0.01 secmm /  

39. It is easier to start  a car engine on a hot day than on a cold day. 

This is because the internal resistance of the car battery 

 (a) Decreases with rise in temperature 

 (b) Increases with rise in temperature 

 (c) Decreases with a fall in temperature 

 (d) Does not change with a change in temperature 

40. 5 amperes of current is passed through a metallic conductor. The 
charge flowing in one minute in coulombs will be  

[MP PET 1984] 

 (a) 5 (b) 12 

 (c) 1/12 (d) 300 

41. Two wires of the same material are given. The first wire is twice as 
long as the second and has twice the diameter of the second. The 
resistance of the first will be 

    [MP PMT 1993] 

 (a) Twice of the second (b) Half of the second 

 (c) Equal to the second (d) Four times of the second 

42. An electric wire is connected across a cell of e.m.f. E. The current I  
is measured by an ammeter of resistance R. According to ohm's law   [MP PMT 1993] 

 (a) RIE 2  (b) IRE   

 (c) IRE /  (d) RIE /  

43. The resistances of a wire at temperatures Ct  and C0  are 
related by   [MP PMT 1993] 

 (a) )1(0 tRRt   (b) )1(0 tRRt   

 (c) )1(2
0 tRRt   (d) )1(2

0 tRRt    

44. An electric wire of length ‘I’ and area of cross-section a  has a 
resistance R ohms. Another wire of the same material having same 
length and area of cross-section 4a has a resistance of    [MP PMT 1993] 

 (a) 4R (b) R/4 

 (c) R/16 (d) 16R 

45. For which of the following the resistance decreases on increasing the 
temperature   [MP PET 1993] 

 (a) Copper (b) Tungsten 

 (c) Germanium (d) Aluminium 

46. If ,,en  and m respectively represent the density, charge relaxation 

time and mass of the electron, then the resistance of a wire of 

length l  and area of cross-section A  will be 

[CPMT 1992] 

 (a) 
Ane

ml

2
 (b) 

lne

Am
2

2
 

 (c) 
ml

Ane

2

2
 (d) 

lm

Ane

2

2

 

47. The relaxation time in conductors   [DPMT 2003] 

 (a) Increases with the increase of temperature  

 (b) Decreases with the increase of temperature 

 (c) It does not depend on temperature 

 (d) All of sudden changes at 400 K  

48. Which of the following statement is correct 

 (a) Liquids obey fully the ohm's law 

 (b) Liquids obey partially the ohm's law 

 (c) There is no relation between current and p.d. for liquids 
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 (d) None of the above 

49. A certain piece of silver of given mass is to be made like a wire. 

Which of the following combination of length (L) and the area of 
cross-sectional (A) will lead to the smallest resistance [MP PMT 1995; CBSE PMT 1997] 

 (a) L and A  

(b) 2L and A/2 

(c) L/2 and 2 A 

(d) Any of the above, because volume of silver remains same 

50. The resistance of a wire is 10 . Its length is increased by 10% by 

stretching. The new resistance will now be 

[CPMT 2000; Pb PET 2004] 

 (a) 12  (b) 2.1  

 (c) 13  (d) 11  

51. Resistance of tungsten wire at C150  is 133 . Its resistance 

temperature coefficient is C/0045.0 . The resistance of this wire 

at C500  will be  [DPMT 2004] 

 (a) 180  (b) 225  

 (c) 258  (d) 317  

52. A metal wire of specific resistance cmohm  61064  and 

length 198 cm has a resistance of  7 ohm, the radius of the wire will 
be   [MP PET 1994] 

 (a) 2.4 cm (b) 0.24 cm 

 (c) 0.024 cm (d) 24 cm  

53. A copper wire of length 1 m and radius 1 mm is joined in series with 
an iron wire of length 2 m and radius 3 mm and a current is passed 
through the wires. The ratio of the current density in the copper 
and iron wires is 

[MP PMT 1994] 

 (a) 18 : 1 (b) 9 : 1 

 (c) 6 : 1 (d) 2 : 3 

54. For a metallic wire, the ratio iV /  V(  the applied potential 

difference, i = current flowing) is [MP PMT 1994; BVP 2003] 

 (a) Independent of temperature 

 (b) Increases as the temperature rises 

 (c) Decreases as the temperature rises 

 (d) Increases or decreases as temperature rises, depending upon 

the metal 

55. The resistance of a wire is R. If the length of the wire is doubled by 

stretching, then the new resistance will be 

[Roorkee 1992; AFMC 1995; KCET 1993; AMU (Med.) 1999; 

CBSE PMT 1999; MP PET 2001; UPSEAT 2001] 

 (a) 2R (b) 4R 

 (c) R (d) 
4

R
 

56. Which of the following has a negative temperature coefficient    [AFMC 1995] 

 (a) C (b) Fe 

 (c) Mn (d) Ag 

57. The reciprocal of resistance is    [AFMC 1995] 

 (a) Conductance  (b) Resistivity 

 (c) Voltage (d) None of the above 

58. A solenoid is at potential difference 60 V and current flows through 

it is 15 ampere, then the resistance of coil will be  

[AFMC 1995] 

 (a) 4  (b) 8  

 (c) 25.0  (d) 2  

59. All of the following statements are true except 

[Manipal MEE 1995] 

 (a) Conductance is the reciprocal of resistance and is measured in 
Siemens 

 (b) Ohm's law is not applicable at very low and very high 
temperatures 

 (c) Ohm's law is applicable to semiconductors 

 (d) Ohm's law is not applicable to electron tubes, discharge tubes 

and electrolytes 

60. A potential difference of V is applied at the ends of a copper wire of 

length l and diameter d. On doubling only d, drift velocity   [MP PET 1995] 

 (a) Becomes two times (b) Becomes half 

 (c) Does not change (d) Becomes one fourth 

61. If the resistance of a conductor is 5  at 50oC and 7  at 100oC then 

the mean temperature coefficient of resistance of the material is    [Pb PET 2000] 

(a) 0.008/oC  (b) 0.006/oC  

(c) 0.004/oC  (d) 0.001/oC 

62. The resistance of a discharge tube is 

   [AFMC 1996; CBSE PMT 1999] 

 (a) Ohmic (b) Non-ohmic 

 (c) Both (a) and (b) (d) Zero 

63. We are able to obtain fairly large currents in a conductor because   [Haryana CEE 1996] 

 (a) The electron drift speed is usually very large 

 (b) The number density of free electrons is very high and this can 

compensate for the low values of the electron drift speed and 

the very small magnitude of the electron charge 

 (c) The number density of free electrons as well as the electron 

drift speeds are very large and these compensate for the very 

small magnitude of the electron charge 

 (d) The very small magnitude of the electron charge has to be 

divided by the still smaller product of the number density and 

drift speed to get the electric current 

64. A platinum resistance thermometer has a resistance of 50  at 

C20 . When dipped in a liquid the resistance becomes 8.76 . 

The temperature coefficient of resistance for platinum is 

C  /1092.3 3 . The temperature of the liquid is 

 (a) C100  (b) C137  

 (c) C167  (d) C200  

65. In a wire of circular cross-section with radius r, free electrons travel 

with a drift velocity V when a current I flows through the wire. 

What is the current in another wire of half the radius and of the 

same material when the drift velocity is 2V  

[MP PET 1997] 
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 (a) 2I (b) I  

 (c) 2/I  (d) 4/I  

66. The resistivity of a wire depends on its  [MP PMT/PET 1998] 

 (a) Length (b) Area of cross-section 

 (c) Shape (d) Material 

67. The conductivity of a superconductor is 

[Similar to KCET 1993; MP PMT/PET 1998] 

 (a) Infinite  (b) Very large 

 (c) Very small  (d) Zero 

68. In a neon discharge tube  Ne18109.2  ions move to the right 

each second while 18102.1   electrons move to the left per second. 

Electron charge is C19106.1  . The current in the discharge tube   [MP PET 1999] 

 (a) 1 A towards right  (b) 0.66 A towards right 

 (c) 0.66 A towards left (d) Zero 

69. A steady current flows in a metallic conductor of non-uniform cross-

section. The quantity/ quantities constant along the length of the 

conductor is/are 

  [KCET 1994, IIT 1997 Cancelled; CBSE PMT 2001] 

 (a) Current, electric field and drift speed 

 (b) Drift speed only 

 (c) Current and drift speed 

 (d) Current only 

70. The resistivity of alloys alloyR ; the resistivity of constituent metals 

metalR . Then, usually    [KCET 1994] 

 (a) metalalloy RR   

 (b) metalalloy RR   

 (c) There is no simple relation between alloyR  and metalR  

 (d) metalalloy RR   

71. Two wires A and B of same material and same mass have radius 

2rand r. If resistance of wire A is 34 , then resistance of B will be   [RPET 1997] 

 (a) 544  (b) 272  

 (c) 68  (d) 17  

72. Two rods of same material and length have their electric resistance 

in ratio 2:1 . When both rods are dipped in water, the correct 

statement will be  [RPMT 1997] 

 (a) A has more loss of weight 

 (b) B has more loss of weight 

 (c) Both have same loss of weight 

 (d) Loss of weight will be in the ratio 2:1  

73. A20  current flows for 30 seconds in a wire, transfer of charge 

will be   [RPMT 1997] 

 (a) C4102   (b) C4104   

 (c) C4106   (d) C4108   

74. 1  and 2  are the electrical conductivities of Ge and Na 

respectively. If these substances are heated, then 

 (a) Both 1  and 2  increase 

 (b) 1  increases and 2  decreases 

 (c) 1  decreases and 2  increases 

 (d) Both 1  and 2  decrease 

75. 1.6 mA current is flowing in conducting wire then the number of 
electrons flowing per second is [RPMT 1999] 

(a) 1011  (b) 1016 

(c) 1019 (d) 1015 

76. A current I is passing through a wire having two sections P and Q 

of uniform diameters d and d/2 respectively.  If the mean drift 
velocity of electrons in sections P and Q is denoted by v

P

 and v
Q

 
respectively, then  [Roorkee 1999] 

(a) v
P

 = v
Q

 (b) v
P

 = 
2

1
v

Q

 

(c) v
P

 = 
4

1
v

Q

 (d) v
P

 = 2 v
Q

 

77. If an electric current is passed through a nerve of a man, then man   [UPSEAT 1999] 

(a) Begins to laugh  

(b) Begins to weep 

(c) Is excited  

(d) Becomes insensitive to pain 

78. The resistance of a coil is 4.2  at 100o C and the temperature 
coefficient of resistance of its material is 0.004/o C.  Its resistance at 
0o C is   [KCET 1999] 

(a) 6.5   (b) 5  

(c) 3  (d) 4  

79. Masses of three wires of copper are in the ratio of 1 : 3 : 5 and their 

lengths are in the ratio of .1:3:5  The ratio of their electrical 
resistances are   [AFMC 2000] 

(a) 1 : 3 : 5  (b) 5 : 3 : 1 

(c) 1 : 15 : 125 (d) 125 : 15 : 1 

80. Conductivity increases in the order of [AFMC 2000] 

(a) Al, Ag, Cu  (b) Al, Cu, Ag  

(c) Cu, Al, Ag (d) Ag, Cu, Al  

81. A uniform wire of resistance R is uniformly compressed along its 
length, until its radius becomes n times the original radius.  Now 
resistance of the wire becomes 

[KCET 2000] 

(a) 
4n

R
 (b) 

2n

R
 

(c) 
n

R
 (d) nR 

82. The resistance of a conductor is 5 ohm at 50oC and 6 ohm at 100oC.  
Its resistance at  0oC is  [KCET 2000] 

(a) 1 ohm  (b) 2 ohm 

(c) 3 ohm (d) 4 ohm 

83. If an electron revolves in the path of a circle of radius of 0.5 × 10 –1 0 
m at frequency of 5 × 1015 cycles/s the electric current in the circle is 
(Charge of an electron = 1.6 × 10–19 C ) 

[EAMCET 2000] 



 

  Current Electricity 1055 
 

(a) 0.4 mA (b) 0.8 mA 

(c) 1.2 mA (d) 1.6 mA 

84. Equal potentials are applied on an iron and copper wire of same 

length.  In order to have the same current flow in the two wires, the 
ratio r (iron)/r (copper) of their radii must be (Given that specific 

resistance of iron = 7100.1  ohm–m and specific resistance of 

copper = 8107.1  ohm-m) 

[MP PMT 2000] 

(a) About 1.2  (b) About 2.4 

(c) About 3.6 (d) About 4.8 

85. An electron (charge = 1.6 × 10–19 coulomb) is moving in a circle of 
radius 5.1 × 10–11m at a frequency of 6.8 × 10 15 revolutions/sec.  The 
equivalent current is approximately  

[MP PET 2000] 

(a) 3101.5   amp (b) 3108.6   amp 

(c) 3101.1   amp (d) 3102.2   amp 

86. A rod of a certain metal is 1.0 m long and 0.6 cm in diameter.  Its 

resistance is 3.0 × 310   ohm.  Another disc made of the same 

metal is 2.0 cm in diameter and 1.0 mm thick.  What is the 
resistance between the round faces of the disc     [MP PET 2000] 

(a) 1.35 × 810   ohm  (b) 2.70 × 710   ohm 

(c) 4.05 × 610   ohm (d) 8.10 × 510   ohm 

87. At what temperature will the resistance of a copper wire become 
three times its value at 0oC  (Temperature coefficient of resistance 
for copper = 4 × 10–3 per oC ) 

[MP PET 2000] 

(a) 400oC (b) 450oC 

(c) 500oC (d) 550oC 

88. An electron revolves 6 × 1015 times/sec in circular loop.  The current 

in the loop is  [MNR 1995; UPSEAT 2000] 

(a) 0.96 mA (b) 0.96  A 

(c) 28.8 A (d) None of these 

89. The charge of an electron is 1.6 × 10–19 C.  How many electrons strike 
the screen of a cathode ray tube each second when the beam 
current is 16 mA  [AMU (Med.) 2000] 

(a) 1017 (b) 1019 

(c) 10–19 (d) 10–17 

90. If potential VoltV 5.0100   and current 2.010 I  amp 

are given to us.  Then what will be the value of resistance   [RPET 2001] 

(a) ohm7.010   (b) ohm25   

(c) ohm2.01.0   (d) None of these 

91. A nichrome wire 50 cm long and one square millimetre cross-
section carries a current of 4A when connected to a 2V battery.  
The resistivity of nichrome wire in ohm metre is 

[EAMCET 2001] 

(a) 1 × 610   (b) 4 × 710   

(c) 3 × 710   (d) 2 × 710   

92. If an observer is moving with respect to a stationary electron, then 
he observes   [DCE 2001] 

(a) Only magnetic field (b) Only electric field 

(c) Both (a) and (b) (d) None of the above 

93. Calculate the amount of charge flowing in 2 minutes in a wire of 

resistance 10  when a potential difference of 20 V is applied 
between its ends    [Kerala (Engg.) 2001] 

(a) 120 C (b) 240 C 

(c) 20 C (d) 4 C  

94. If a wire of resistance R is melted and recasted to half of its length, 
then the new resistance of the wire will be 

[KCET (Med.) 2001] 

(a) R/4 (b) R/2 

(c) R (d) 2R 

95. The drift velocity does not depend upon  [BHU 2001] 

(a) Cross-section of the wire (b) Length of the wire 

(c) Number of free electrons (d) Magnitude of the current 

96. There is a current of 40 ampere in a wire of 2610 m  area of 

cross-section.  If the number of free electron per 3m  is 2910 ,  
then the drift velocity will be [Pb. PMT 2001] 

(a) 1.25 × 310  m/s  (b) 2.50 × 310   m/s 

(c) 25.0 × 310   m/s (d) 250 × 310   m/s 

97. At room temperature, copper has free electron density of 
28104.8   per 3m .  The copper conductor has a cross-section of 

10–6 m2 and carries a current of 5.4 A.  The electron drift velocity in 
copper is  [UPSEAT 2002] 

(a) 400 m/s  (b) 0.4 m/s 

(c) 0.4 mm/s (d) 72 m/s 

98. The resistance of a 5 cm long wire is 10 .  It is uniformly stretched 

so that its length becomes 20 cm.  The resistance of the wire is   [MH CET 2002] 

(a) 160  (b) 80  

(c) 40  (d) 20  

99. The resistance of an incandescent lamp is [KCET 2002] 

(a) Greater when switched off  

(b) Smaller when switched on 

(c) Greater when switched on  

(d) The same whether it is switched off or switched on 

100. In the figure a carbon resistor has bands of different colours on its 
body as mentioned in the figure.  The value of the resistance is   [Kerala PET 2002] 

 

(a) 2.2 k   

(b) 3.3 k  

(c) 5.6 k  

(d) 9.1 k  

101. By increasing the temperature, the specific resistance of a conductor 
and a semiconductor  [AIEEE 2002] 

(a) Increases for both   

(b) Decreases for both 

(c) Increases, decreases  

(d) Decreases, increases 

102. Which of the following is vector quantity [AFMC 2002] 

(a) Current density (b) Current 

(c) Wattless current (d) Power 

White Brown 
Red 

Silver 
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103.  Masses of 3 wires of same metal are in the ratio 1 : 2 : 3 and their 
lengths are in the ratio 3 : 2 : 1.  The electrical resistances are in 
ratio   [CPMT 2002] 

(a) 1 : 4 : 9  (b) 9 : 4 : 1 

(c) 1 : 2 : 3 (d) 27 : 6 : 1 

104. A current of 1 mA is flowing through a copper wire.  How many 
electrons will pass a given point in one second 

 [e = 1.6 × 10–19 Coulomb]  [RPMT 2000; MP PMT 2002] 

(a)  6.25 × 1910  (b) 6.25 × 1510  

(c) 6.25 × 3110  (d) 6.25 × 810  

105. The drift velocity of free electrons in a conductor is ‘v’ when a 
current ‘i’ is flowing in it.  If both the radius and current are 
doubled, then drift velocity will be [BHU 2002] 

(a) v  (b) 
2

v
 

(c) 
4

v
 (d) 

8

v
 

106. A wire of radius r has resistance R.  If it is stretched to a radius of 

4

3r
, its resistance becomes  [BHU 2002] 

(a) 
16

9R
 (b) 

9

16R
 

(c) 
256

81R
 (d) 

81

256R
 

107. The resistance of a conductor increases with 

[CBSE PMT 2002] 

(a) Increase in length  

(b) Increase in temperature 

(c) Decrease in cross–sectional area 

(d) All of these 

108. A copper wire has a square cross-section, 2.0 mm on a side.  It 
carries a current of 8 A and the density of free electrons is 

328108  m . The drift speed of electrons is equal to 

[AMU (Med.) 2002] 

(a) 0.156 × 310   m.s–1 (b) 0.156 × 210   m.s–1 

(c) 3.12 × 310  m.s–1 (d) 3.12 × 210  m.s–1 

109. Two wires of same material have length L and 2L and cross–
sectional areas 4A and A respectively.  The ratio of their specific 
resistance would be   [MHCET 2002] 

(a) 1 : 2 (b) 8 : 1 

(c) 1 : 8 (d) 1 : 1 

110. When a current flows through a conductor its temperature 

[MHCET 2002] 

(a) May increase or decrease 

(b) Remains same 

(c) Decreases 

(d) Increases 

111. What length of the wire of specific resistance m 81048  is 

needed to make a resistance of   4.2  (diameter of wire = 0.4 

mm) 

[CBSE PMT 2000; Pb. PMT 2002] 

(a) 4.1 m  (b) 3.1 m 

(c) 2.1 m (d) 1.1 m  

112. A strip of copper and another of germanium are cooled from room 
temperature to 80 K. The resistance of [AIEEE 2003] 

(a) Each of these increases   

(b) Each of these decreases 

(c) Copper strip increases and that of germanium decreases 

(d) Copper strip decreases and that of germanium increases 

113. The length of a given cylindrical wire is increased by 100 %.  Due to 

the consequent decrease in diameter the change in the resistance of 
the wire will be  [AIEEE 2003] 

(a) 300 %  (b) 200 % 

(c) 100 % (d) 50 % 

114. Express which of the following setups can be used to verify Ohm’s 
law  [IIT-JEE (Screening) 2003] 

 

(a)  (b) 

 

 

 

(c)  (d) 

 

 

 

115. We have two wires A and B of same mass and same material.  The 
diameter of the wire A is half of that B.  If the resistance of wire A 
is 24 ohm then the resistance of wire B will be   [CPMT 2003] 

(a) 12 Ohm (b) 3.0 Ohm 

(c) 1.5 Ohm (d) None of the above 

116. In a hydrogen discharge tube it is observed that through a given 

cross-section 151013.3   electrons are moving from right to left 

and 151012.3   protons are moving from left to right. What is the 
electric current in the discharge tube and what is its direction    [AFMC 1996] 

(a) mA1 towards right (b) mA1  towards left 

(c) mA2  towards left (d) mA2  towards right 

117. A steady current i is flowing through a conductor of uniform cross-
section. Any segment of the conductor has 

[MP PET 1996] 
(a) Zero charge 
(b) Only positive charge 

(c) Only negative charge 
 (d) Charge proportional to current i  

118. The length of the wire is doubled. Its conductance will be  
    [Kerala PMT 2004] 

(a) Unchanged  (b) Halved 
 (c) Quadrupled  (d) 1/4 of the original value  

119. A source of e.m.f. E = 15 V and having negligible internal resistance 
is connected to a variable resistance so that the current in the 
circuit increases with time as i = 1.2 t + 3. Then, the total charge that 
will flow in first five second will be   [Kerala PMT 2004; J & K CET 2004] 

(a) 10 C  (b) 20 C  

 (c) 30 C (d) 40 C  

120. The new resistance of wire of R , whose radius is reduced half, is  [J & K CET 2004; Pb PMT 2004] 

(a) 16 R  (b) 3 R 
 (c) 2R  (d) R  

121. A resistance R is stretched to four times its length. Its new 
resistance will be  [ISM Dhanbad 1994; UPSEAT 2003] 

 (a) 4 R (b) 64 R 

V 
A 

V 

A 

V 

A 

V 

A 
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 (c) 4/R  (d) 16 R 

122. What is the resistance of a carbon resistance which has bands of 
colours brown, black and brown  [DCE 1999] 

(a) 100   (b) 1000  

(c) 10  (d) 1  

123. The lead wires should have [Pb. PMT 2000] 

(a) Larger diameter and low resistance  

(b) Smaller diameter and high resistance 

(c) Smaller diameter and low resistance 

(d) Larger diameter and high resistance 

124. The alloys constantan and manganin are used to make standard 
resistance due to they have 

[MH CET 2000; NCERT 1990] 

(a) Low resistivity  

(b) High resistivity 

(c) Low temperature coefficient of resistance 

(d) Both (b) and (c) 

125. When a potential difference is applied across the ends of a linear 
metallic conductor [MP PET 1997] 

 (a) The free electrons are accelerated continuously from the lower 
potential end to the higher potential end of the conductor 

 (b) The free electrons are accelerated continuously from the higher 
potential end to the lower potential end of the conductor 

 (c) The free electrons acquire a constant drift velocity from the 
lower potential end to the higher potential end of the 
conductor 

(d) The free electrons are set in motion from their position of rest  

126. The electric resistance of a certain wire of iron is R. If its length and 

radius are both doubled, then [CBSE PMT 2004] 

(a) The resistance will be doubled and the specific resistance will 

be halved  

(b) The resistance will be halved and the specific resistance will 

remain unchanged 

(c) The resistance will be halved and the specific resistance will be 

doubled 

(d) The resistance and the specific resistance, will both remain 

unchanged 

127. A wire of diameter 0.02 metre contains 1028 free electrons per cubic 

metre. For an electrical current of 100 A, the drift velocity of the free 

electrons in the wire is nearly  

[UPSEAT 2004] 

(a) 1  10–19 m/s  (b) 5  10–10 m/s  

(c) 2  10–4 m/s  (d) 8 103 m/s 

128. The following four wires are made of the same material and are at 

the same temperature. Which one of them has highest electrical 

resistance    [UPSEAT 2004] 

(a) Length = 50 cm, diameter = 0.5 mm  

(b) Length = 100 cm, diameter = 1 mm 

(c) Length = 200 cm, diameter = 2 mm 

(d) Length = 300 cm, diameter = 3 mm  

129. The colour sequence in a carbon resistor is red, brown, orange and 

silver. The resistance of the resistor is  

[DCE 2004] 

(a) 21  103  10% (b) 23  101  10  

(c) 21  103  5% (d) 12  103  5% 

130. A thick wire is stretched so that its length become two times. 

Assuming that there is no change in its density, then what is the 

ratio of change in resistance of wire to the initial resistance of wire    [MH CET 2004] 

(a) 2 : 1 (b) 4 : 1 

(c) 3 : 1 (d) 1 : 4 

131. The length of the resistance wire is increased by 10%. What is the 

corresponding change in the resistance of wire  

[MH CET 2004] 

(a) 10% (b) 25% 

(c) 21% (d) 9% 

132. The electric field E, current density J and conductivity   of a 

conductor are related as    [Kerala PMT 2005] 

(a) jE /  (b) Ej /  

(c) jE  (d) jE/1  

133. Two wires that are made up of two different materials whose 

specific resistance are in the ratio 2 : 3, length 3 : 4 and area 4 : 5. 
The ratio of their resistances is   [Kerala PMT 2005] 

(a) 6 : 5 (b) 6 : 8 

(c) 5 : 8 (d) 1 : 2 
 

Grouping of Resistances 
 

1. The potential difference between points A  and B  of adjoining 
figure is    [CPMT 1991] 

 (a) V
3

2
 

 (b) V
9

8
 

 (c) V
3

4
 

 (d) V2  

2. Two resistors of resistance 1R  and 2R  having 21 RR   are 

connected in parallel. For equivalent resistance R , the correct 
statement is [CPMT 1978; KCET (Med.) 2000] 

 (a) 21 RRR   (b) 21 RRR   

 (c) )( 212 RRRR   (d) 1RR   

3. A wire of resistance R is divided in 10 equal parts. These parts are 
connected in parallel, the equivalent resistance of such connection 
will be  [CPMT 1973, 91] 

 (a) 0.01 R  (b) 0.1 R 

 (c) 10 R  (d) 100 R 

4. The current in the adjoining circuit will be  

[IIT 1983; CPMT 1991, 92; MH CET 2002;  
Pb. PMT 2001; Kerala PMT 2004] 

 (a) ampere
45

1
 

 (b) ampere
15

1
 

 (c) ampere
10

1
 

D 

A 
5 5 

5 5 

5 5 

2V 

B 

C 

30 30 

30 

2V 

i 
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 (d) ampere
5

1
 

5. There are 8 equal resistances R. Two are connected in parallel, such 
four groups are connected in series, the total resistance of the 
system will be  [MP PMT 1987] 

 (a) R / 2  (b) 2 R 

 (c) 4 R (d) 8 R 

6. Three resistances of one ohm each are connected in parallel. Such 

connection is again connected with 3/2  resistor in series. The 

resultant resistance will be  [MP PMT 1985] 

 (a) 
3

5
 (b) 

2

3
 

 (c) 1  (d) 
3

2
 

7. The lowest resistance which can be obtained by connecting 10 
resistors each of 1/10 ohm is  

   [MP PMT 1984; EAMCET 1994] 

 (a) 250/1  (b) 200/1  

 (c) 100/1  (d) 10/1  

8. The reading of the ammeter as per figure shown is 

 (a) A
8

1
 

 (b) A
4

3
 

 (c) A
2

1
 

 (d) 2 A  

9. Three resistors each of 2 ohm are connected together in a triangular 

shape. The resistance between any two vertices will be 

[CPMT 1983; MP PET 1990; MP PMT 1993; DCE 2004] 

 (a) 4/3 ohm (b) 3/4 ohm 

 (c) 3 ohm (d) 6 ohm 

10. There are n  similar conductors each of resistance R . The resultant 

resistance comes out to be x  when connected in parallel. If they are 

connected in series, the resistance comes out to be    [DPMT 2004] 

 (a) 2/ nx  (b) xn 2  

 (c) nx /  (d) nx  

11. Equivalent resistance between A and B will be [CPMT 1981] 

 

 (a) 2 ohm  

 (b) 18 ohm  

 (c) 6 ohm  

 (d) 3.6 ohm  

12. A wire has a resistance of 12 ohm. It is bent in the form of 

equilateral triangle. The effective resistance between any two corners 

of the triangle is 

 (a) 9 ohms (b) 12 ohms 

 (c) 6 ohms (d) 8/3 ohms 

13. The effective resistance between the points A  and B  in the figure 
is   [MP PET 1994] 

 

 (a) 5  

 (b) 2  

 (c) 3  

 (d) 4  

14. Three resistances of magnitude 2, 3 and 5 ohm are connected in 
parallel to a battery of 10 volts and of negligible resistance. The 

potential difference across 3  resistance will be   [CPMT 1972] 

 (a) 2 volts (b) 3 volts 

 (c) 5 volts (d) 10 volts 

15. A current of 2 A flows in a system of conductors as shown. The 

potential difference )( BA VV   will be [CPMT 1975, 76] 

  

 (a) V2  

 (b) V1  

 (c) V1  

 (d) V2  

16. Referring to the figure below, the effective resistance of the network 
is   [NCERT 1973, 75] 

 

 (a) 2 r  

 (b) 4 r  

 (c) 10 r  

 (d) 2/5r  

17. Two resistances are joined in parallel whose resultant is 
8

6
ohm. 

One of the resistance wire is broken and the effective resistance 

becomes 2 . Then the resistance in ohm of the wire that got 

broken was 

   [CPMT 1976; DPMT 1982] 

 (a) 3/5 (b) 2 

 (c) 6/5 (d) 3 

18. Given three equal resistors, how many different combination of all 

the three resistors can be made  [NCERT 1970] 

 (a) Six (b) Five 

 (c) Four (d) Three 

19. Lamps used for household lighting are connected in 

 (a) Series  (b) Parallel 

 (c) Mixed circuit (d) None of the above 

20. The equivalent resistance of resistors connected in series is always [CPMT 1984; MP PMT 1999] 

 (a) Equal to the mean of component resistors  

 (b) Less than the lowest of component resistors 

 (c) In between the lowest and the highest of component resistors 

 (d) Equal to sum of component resistors 

21. A cell of negligible resistance and e.m.f. 2 volts is connected to series 
combination of 2, 3 and 5 ohm. The potential difference in volts 

between the terminals of 3 ohm resistance will be    [CPMT 1976] 

 (a) 0.6 (b) 2/3 

3 

3 3 

3 3 

3 3 

3 
A B 

2A 

3 2 

3 2 

B 

A 

D C 

r r r 

r r r 

r 
2 

2 

2 

2 

2V 

A 

3 3 

3 

6 

3 

A 

B 

C 

D 
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 (c) 3 (d) 6 

22. Four wires of equal length and of resistances 10 ohms each are 

connected in the form of a square. The equivalent resistance 
between two opposite corners of the square is 

[NCERT 1977] 

 (a) 10 ohm  (b) 40 ohm  

 (c) 20 ohm  (d) 10/4 ohm  

23. Two resistors are connected (a) in series (b) in parallel. The 

equivalent resistance in the two cases are 9 ohm  and 2 ohm  

respectively. Then the resistances of the component resistors are     [CPMT 1984] 

 (a) 2 ohm  and 7 ohm  (b) 3 ohm  and 6 ohm  

 (c) 3 ohm  and 9 ohm  (d) 5 ohm  and 4 ohm  

24. Resistors of 1, 2, 3 ohm are connected in the form of a triangle. If a 

1.5 volt cell of negligible internal resistance is connected across 3 

ohm resistor, the current flowing through this resistance will be   [CPMT 1984] 

 (a) 0.25 amp (b) 0.5 amp 

 (c) 1.0 amp (d) 1.5 amp 

25. Resistances of 6 ohm each are connected in the manner shown in 

adjoining figure. With the current 0.5 ampere as shown in figure, 

the potential difference QP VV   is 

[CPMT 1989] 

 

 

 

 (a) 3.6 V (b) 6.0 V 

 (c) 3.0 V (d) 7.2 V 

26. The equivalent resistance of the arrangement of resistances shown in 

adjoining figure between the points A and B is 

  [CPMT 1990; BVP 2003] 

 (a) 6 ohm 

 (b) 8 ohm  

 (c) 16 ohm 

 (d) 24 ohm 

27. In the network of resistors shown in the adjoining figure, the 

equivalent resistance between A and B is 

 

 

 

 

 (a) 54 ohm (b) 18 ohm 

 (c) 36 ohm (d) 9 ohm 

28. A wire is broken in four equal parts. A packet is formed by keeping 
the four wires together. The resistance of the packet in comparison 
to the resistance of the wire will be  

[MP PET 1985; AFMC 2005] 

 (a) Equal (b) One fourth 

 (c) One eight (d) th
16

1
 

29. Four resistances are connected in a circuit in the given figure. The 

electric current flowing through 4 ohm and 6 ohm resistance is 
respectively   [MP PET 1993] 

 

 (a)  2 amp and 4 amp  

  (b) 1 amp and 2 amp 

 (c) 1 amp and 1 amp  

 (d) 2 amp and 2 amp 

30. An infinite sequence of resistance is shown in the figure. The 

resultant resistance between A and B will be, when ohmR 11   

and ohmR 22    [MP PET 1993] 

 

 

 

 

  

 (a) Infinity (b) 1  

 (c) 2  (d) 5.1  

31. In the figure, the value of resistors to be connected between C and 

D so that the resistance of the entire circuit between A and B does 

not change with the number of elementary sets used is  

 

 

 

 

 

 (a) R  (b) )13( R  

 (c) 3 R (d) )13( R  

32. In the figure shown, the total resistance between A and B is 

 

 

 

 

  

 

 (a) 12  (b) 4  

 (c) 6  (d) 8  

33. The current from the battery in circuit diagram shown is 

   [IIT 1989] 
 

 (a) 1 A  

 (b) 2 A 

 (c) 1.5 A 

 (d) 3 A 

34. In the given figure, when key K is opened, the reading of the 

ammeter A will be 

 (a) 50 A 

A B 

20 16 

8 

16 

6 
9 

18 

A 

3 

3 3 

3 3 

3 

3 

3 

3 

3 

3 

3 

B 

4 6 

4 6 

20V 

A 

B 

R1 

R2 

R1 

R2 

R1 R1 R1 

R2 R2 R2 

A 

B 

R 

R 

R 

R R R 

R R R 

R R R R D 

C 

A 

B 

2 1 1 1 1 1 

2 1 1 1 1 1 

8 8 4 

D 

C 

P 

6 

6 

6 6 

6 6 

Q 

0.5 A 

B C 
4 A 

K 

D A 

+ – 

10V 

E 
5 

15V 

8 

1 

10 

2 

0.5 6 

7 A 

B 
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 (b) 2 A 

 (c) 0.5 A 

 (d) A
9

10
 

35. In the given circuit, the potential of the point E is  

     [MP PMT 2003] 

 (a) Zero 

 (b) V8  

 (c) V3/4  

 (d) 4/3 V  

36. If a resistance 2R  is connected in parallel with the resistance R in 

the circuit shown, then possible value of current through R and the 

possible value of 2R  will be 

 (a) R
I

,
3

 

 (b) RI 2,  

 (c) R
I

2,
3

 

 (d) R
I

,
2

 

37. Four wires AB, BC, CD, DA of resistance 4 ohm each and a fifth 
wire BD of resistance 8 ohm are joined to form a rectangle ABCD of 
which BD is a diagonal. The effective resistance between the points 
A and B is [MP PMT 1994] 

 (a) 24 ohm (b) 16 ohm 

 (c) ohm
3

4
 (d) ohm

3

8
 

38. A battery of e.m.f. 10 V is connected to resistance as shown in figure. 

The potential difference BA VV   between the points A and B is   [MP PMT 1994] 

 

 (a) V2  

 (b) V2  

 (c) V5  

 (d) V
11

20
 

39. Three resistances, each of 1 ohm, are joined in parallel. Three such 
combinations are put in series, then the resultant resistance will be   [MP PMT 1994] 

 (a) 9 ohm (b) 3 ohm 

 (c) 1 ohm (d) ohm
3

1
 

40. A student has 10 resistors of resistance ‘r’. The minimum resistance 
made by him from given resistors is 

     [AFMC 1995] 

 (a) 10 r (b) 
10

r
 

 (c) 
100

r
 (d) 

5

r
 

41. Two wires of same metal have the same length but their cross-

sections are in the ratio 1:3 . They are joined in series. The 

resistance of the thicker wire is 10 . The total resistance of the 

combination will be  [CBSE PMT 1995] 

 (a) 40  (b) 
3

40
 

 (c) 
2

5
 (d) 100  

42. The equivalent resistance of the following infinite network of 
resistances is    [AIIMS 1995] 

 

 

 

 

 

 (a) Less than 4  

 (b) 4  

 (c) More than 4  but less than 12  

 (d) 12  

43. In the figure given below, the current passing through 6  resistor 

is    [Manipal MEE 1995] 

 (a) 0.40 ampere 

 (b) 0.48 ampere 

 (c) 0.72 ampere 

 (d) 0.80 ampere 

44. Three equal resistances each of value R are joined as shown in the 
figure. The equivalent resistance between M and N is 

[MP PET 1995] 

 (a) R 

 (b) 2R 

 (c) 
2

R
 

 (d) 
3

R
 

45. The equivalent resistance between points A and B of an infinite 

network of resistances each of 1  connected as shown, is   [Haryana CEE 1996] 

 

 

 

 
 

 (a) Infinite (b) 2  

 (c) 


2

51
 (d) Zero 

46. A copper wire of resistance R is cut into ten parts of equal length. 

Two pieces each are joined in series and then five such combinations 

are joined in parallel. The new combination will have a resistance  [MP PET 1996] 

 (a) R (b) 
4

R
 

 (c) 
5

R
 (d) 

25

R
 

B 
C 

D 
E 1 

5 

A 
+ – 

8V 

+ – 

R2 

R 

I 

A 

2 2 2 

2 2 2 

2 2 2 

A 
1 1 1 

1 1 1 

B 

10V 

1 A 3 

3 1 B 

3 

1.2 A 

6 

4 

L R 

M 

R N 

R 

Z 



 

  Current Electricity 1061 
 

47. A wire has resistance 12 . It is bent in the form of a circle. The 

effective resistance between the two points on any diameter is equal 

to   [JIPMER 1999] 

 (a) 12  (b) 6  

 (c) 3  (d) 24  

48. In the circuit shown, the point ‘B’ is earthed. The potential at the 

point ‘A’ is 

 (a) 14 V  

 (b) 24 V 

 (c) 26 V 

 (d) 50 V 

49. Three resistors each of 4  are connected together to form a 

network. The equivalent resistance of the network cannot be 

 (a) 33.1  (b) 0.3  

 (c) 0.6  (d) 0.12  

50. In the circuit shown below, the cell has an e.m.f. of 10 V and internal 

resistance of 1 ohm. The other resistances are shown in the figure. 

The potential difference BA VV   is 

[MP PMT 1997] 

 (a) 6 V  

 (b) 4 V 

 (c) 2 V 

 (d) V2  

51. A wire of resistance R is cut into ‘n’ equal parts. These parts are 

then connected in parallel. The equivalent  resistance of the 

combination will be  [MP PMT/PET 1998; BHU 2005] 

 (a) nR (b) 
n

R
 

 (c) 
R

n
 (d) 

2n

R
 

52. The resistance between the terminal points A and B of the given 
infinitely long circuit will be  [MP PMT/PET 1998] 

 

 

 

 

 

 

 

 (a) )13(   (b) )31(   

 (c) )31(   (d) )32(   

53. The current in the given circuit is  [CBSE PMT 1999] 
 

 (a) 8.31 A  

 (b) 6.82 A  

 (c) 4.92 A 

 (d) 2 A 

54. What is the current (i) in the circuit as shown in figure 

[AIIMS 1998] 

 

 (a) 2 A  

 (b) 1.2 A 

 (c) 1 A 

 (d) 0.5 A 

55. n equal resistors are first connected in series and then connected in 

parallel. What is the ratio of the maximum to the minimum 

resistance   [KCET 1994] 

 (a) n (b) 
2

1

n
 

 (c) 2n  (d) 
n

1
 

56. A uniform wire of 16  is made into the form of a square. Two 

opposite corners of the square are connected by a wire of resistance 

16 . The effective resistance between the other two opposite 

corners is    [EAMCET (Med.) 1995] 

 (a) 32  (b) 20  

 (c) 8  (d) 4  

57. For what value of R the net resistance of the circuit will be 18 ohms   [RPET 1997] 

 

 (a) 8  

 (b) 10  

 (c) 16  

 (d) 24  

58. In the figure, current through the 3  resistor is 0.8 ampere, then 

potential drop through 4  resistor is 

   [CBSE PMT 1993; AFMC 1999; MP PMT 2004] 

 

 (a) 9.6 V  

 (b) 2.6 V 

 (c) 4.8 V  

 (d) 1.2 V  

59. Three resistances 4  each of are connected in the form of an 

equilateral triangle. The effective resistance between two corners is   [CBSE PMT 1993] 

 (a) 8  (b) 12  

 (c) 
8

3
 (d) 

3

8
 

60. What will be the equivalent resistance between the two points A and 
D   [CBSE PMT 1996] 

 

 

 

 

4 2 

2 4 

E=10V 

r=1 

1 A 

B 

1 1 

1 1 1 

1 1 1 

Upto 

infinity 

A 

B 

10 10 

10 10 10 

10 10 10 
D 

B A 

C 

5 7 
A 

B 

10 

3 

50V 

E 

C 

D 

4.8V 
RA = 3 

RC = 6 

RB = 6 

R1 = 2 
 

R2 = 2 

R4 = 2 
 

R
3
 =
 2


 
 3V 

i 

10 10 

10 

10 10 10 
A 

R 

B 

6  

4  

3  

+ – 
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 (a) 10  (b) 20  

 (c) 30  (d) 40  

61. What is the equivalent resistance between A and B in the figure 

below if  3R    [SCRA 1996] 

 

 (a) 9  

 (b) 12  

 (c) 15  

 (d) None of these 

62. What is the equivalent resistance between A and B 

[BHU 1997; MP PET 2001] 

 (a) R
3

2
 

 (b) R
2

3
 

 (c) 
2

R
 

 (d) R2  

63. The current in the following circuit is [CBSE PMT 1997] 

 (a) A
8

1
 

 (b) A
9

2
 

 (c) A
3

2
 

 (d) A1  

64. What is the equivalent resistance of the circuit [KCET 1998] 

 

 (a) 6  

 (b) 7  

 (c) 8  

 (d) 9  

65. 10 wires (same length, same area, same material) are connected in 

parallel and each has 1 resistance, then the equivalent resistance 

will be   [RPMT 1999] 

(a) 10   (b) 1  

(c) 0.1  (d) 0.001  

66. The equivalent resistance of the circuit shown in the figure is  

    [CPMT 1999] 

(a) 8   

(b) 6  

(c) 5  

(d) 4  

67. In the given figure, the equivalent resistance between the points A 

and B is     [AIIMS 1999] 

 

(a) 8  

(b) 6  

(c) 4  

(d) 2  

68. An infinite ladder network is arranged with resistances R and 2 R as 

shown.  The effective resistance between terminals A and B is   [AMU (Med.) 1999] 

 

 

 

 
 

(a)   (b) R 

(c) 2 R (d) 3 R  

69. If all the resistors shown have the value 2 ohm each, the equivalent 
resistance over AB is  [JIPMER 1999] 

(a) 2 ohm  

(b) 4 ohm 

(c) ohm
3

2
1  

(d) ohm
3

2
2  

70. A battery of emf 10 V and internal resistance 3  is connected to a 

resistor as shown in the figure.  If the current in the circuit is 0.5 A.  

then the resistance of the resistor will be  [MH CET 2000; Pb. PMT 2000] 
 

(a) 19  

(b) 17  

(c) 10  

(d) 12  

71. The potential drop across the 3 resistor is [CPMT 2000] 

 

(a) 1 V  

(b) 1.5 V 

(c) 2 V  

(d) 3 V 

72. In the given figure, potential difference between A and B is 

[RPMT 2000] 

(a) 0  

(b) 5 volt 

(c) 10 volt  

(d) 15 volt 

73. If each resistance in the figure is of 9  then reading of ammeter is   [RPMT 2000] 

 

 

+ – 
4V, 1  

2 

2 

2 

4 

A 

V 

R3 = 4  

R2 = 4  

B A 

R1 = 2 R4 = 2  

2R 2R 

R R R 
A 

B 

2R 

30 V 

10K 

10K 10K 

A 

B 

D 

R R 

R 

R R 

A B 

A 2R 

C 

2R D R B 

3  

3  

3 2V 

A B 

+ 

– 
9V 

A 

3 

4 

3 V 

6 
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2 2 

2 

R 
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(a) 5 A  (b) 8 A 

(c) 2 A (d) 9 A 

74. Four resistances 10 , 5 , 7  and 3  are connected so that they 

form the sides of a rectangle AB, BC, CD and DA respectively.  

Another resistance of 10  is connected across the diagonal AC. The 

equivalent resistance between A and B is   [EAMCET (Med.) 2000] 

(a) 2   (b) 5  

(c) 7  (d) 10  

75. Two wires of equal diameters, of resistivities 1 and 2  and 

lengths l
1

 and l
2

, respectively, are joined in series.  The equivalent 
resistivity of the combination is 

  [EAMCET (Engg.) 2000] 

(a) 
21

2211

ll

ll



 
  (b) 

21

1221

ll

ll



 
 

(c) 
21

1221

ll

ll



 
 (d) 

21

2211

ll

ll



 
 

76. Four resistances of 100  each are connected in the form of square. 
Then, the effective resistance along the diagonal points is   [MH CET 2000] 

(a) 200  (b) 400  

(c) 100  (d) 150  

77. Equivalent resistance between the points A and B is (in ) 

[AMU (Engg.) 2000] 

 

 

 

 
 

(a) 
5

1
  (b) 

4

1
1  

(c) 
3

1
2  (d) 

2

1
3  

78. Two wires of the same material and equal length are joined in 
parallel combination.  If one of them has half the thickness of the 
other and the thinner wire has a resistance of 8 ohms, the resistance 
of the combination is equal to 

[AMU (Engg.) 2000] 

(a) ohms
8

5
  (b) ohms

5

8
 

(c) ohms
8

3
 (d) ohms

3

8
 

79. In the circuit shown here, what is the value of the unknown resistor 
R so that the total resistance of the circuit between points P and Q 

is also equal to R   [MP PET 2001] 

(a) 3 ohms  

(b) ohms39  

(c) ohms69  

(d) 10 ohms  

80. A uniform wire of resistance 9  is cut into 3 equal parts.  They are 

connected in the form of equilateral triangle ABC.  A cell of e.m.f. 2 
V and negligible internal resistance is connected across B and C.  
Potential difference across AB is 

[Kerala (Engg.) 2001] 

(a) 1 V  (b) 2 V 

(c) 3 V (d) 0.5 V 

81. The resistors of resistances 2 , 4  and 8  are connected in 

parallel, then the equivalent resistance of the combination will be[KCET 2001] 

(a) 
7

8
 (b) 

8

7
 

(c) 
4

7
 (d) 

9

4
 

82. Effective resistance between A and B is [UPSEAT 2001] 

(a) 15  

(b) 5  

(c) 
2

5
 

(d) 20  

83. The effective resistance of two resistors in parallel is 
7

12
.  If one 

of the resistors is disconnected the resistance becomes 4 .  The 

resistance of the other resistor is [MH CET 2002] 

(a) 4  (b) 3  

(c) 
7

12
 (d) 

12

7
 

84. Two resistance wires on joining in parallel the resultant resistance is 

ohms
5

6
.  One of the wire breaks, the effective resistance is 2 

ohms.  The resistance of the broken wire is  

[MP PET 2001, 2002] 

(a) ohm
5

3
 (b) 2 ohm 

(c) ohm
5

6
 (d) 3 ohm  

85. In the circuit, the potential difference across PQ will be nearest to   [Kerala PET 2002] 

 

(a) 9.6 V  

(b) 6.6 V 

(c) 4.8 V  

(d) 3.2 V 

86. Three resistors are connected to form the sides of a triangle ABC, 

the resistance of the sides AB, BC and CA are 40 ohms, 60 ohms 

and 100 ohms respectively. The effective resistance between the 

points A and B in ohms will be 

B 1 A 1 1 1 1 

5 

5 

5 

5 5 
B 

A 

48 V 

100  

80  

20  
P 

100  

Q 

R 

10 

3 
P 

3 
Q 
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[JIPMER 2002] 

(a) 32  (b) 64 

(c) 50 (d) 200 

87. Find the equivalent resistance across AB  [Orissa JEE 2002] 
 

(a) 1  

(b) 2  

(c) 3  

(d) 4  

88. The equivalent resistance between x and y in the circuit shown is    [MP PMT 2002] 

(a) 10   

(b) 40  

(c) 20  

(d) 
2

5
 

89. The equivalent resistance between the points P and Q of the circuit 
given is   [Pb. PMT 2002] 

(a) 
4

R
  

(b) 
3

R
 

(c) 4 R  

(d) 2 R 

90. Two wires of the same dimensions but resistivities 21  and   are 

connected in series.  The equivalent resistivity of the combination is  [KCET 2003] 

(a) 21    (b) 
2

21  
 

(c) 21  (d) )(2 21    

91. Three unequal resistors in parallel are equivalent to a resistance 1 

ohm.  If two of them are in the ratio 1 : 2 and if no resistance value 
is fractional, the largest of the three resistances in ohms is   [EAMCET 2003] 

(a) 4  (b) 6 

(c) 8 (d) 12 

92. A 3volt battery with negligible internal resistance is connected in a 
circuit as shown in the figure.  The current I, in the circuit will be   [AIEEE 2003] 

 

(a) 1/3 A  

(b) 1 A 

(c) 1.5 A  

(d) 2 A 

93. Find the equivalent resistance between the points a and b 

    [BHU 2003; CPMT 2004] 

(a) 2  

(b) 4  

(c) 8  

(d) 16  

94. The potential difference between point A & B is 

[BHU 2003; CPMT 2004; MP PMT 2005] 

 (a) V
7

20
 

 (b) V
7

40
 

(c) V
7

10
 

(d) 0  

95. In the circuit shown below,   The reading of the voltmeter V is    [MP PET 2003] 
 

(a) 12 V 

(b) 8 V 

(c) 20 V  

(d) 16 V  

96. A wire has a resistance of 12 ohm. It is bent in the form of 

equilateral triangle. The effective resistance between any two corners 

of the triangle is  

 (a) 9 ohms (b) 12 ohms 

 (c) 6 ohms (d) 8/3 ohms 

97. A series combination of two resistors 1  each is connected to a 12 

V battery of internal resistance 0.4 .  The current flowing through 

it will be  [MH CET (Med.) 1999] 

(a) 3.5 A (b) 5 A 

(c) 6 A (d) 10 A 

98. In the circuit shown in the adjoining figure, the current between B 

and D is zero, the unknown resistance is of 

[CPMT 1986] 

 

 

 

 (a) 4  

 (b) 2  

 (c) 3  

 (d) em.f. of a cell is required to find the value of X 

99. In the circuit shown in the figure, the current flowing in 2   

resistance  [CPMT 1989; MP PMT 2004] 

 

 (a) 1.4 A 

  (b) 1.2 A  

 (c) 0.4 A 

 (d) 1.0 A  

100. Five resistors are connected as shown in the diagram. The equivalent 

resistance between A  and B  is 

     [MP PMT 1996] 

 (a) ohm6  

 (b) ohm9  

A 

2 
2 

2 

2 

2 

B 

10  

10  

10  

10  10  
y x 

P Q 
R R R 

B 

A 

8 6 

4 3 

10 V 

B 

X 

C 

1 

1 

4 

12 

1 

3 

D 

A 

A 

10 8 

4 5 

B 
9 

C 

D 

3V 3 

3 

I 

3 

4 

8 

4 

2 10 
b a 

1.4A 

25 5 

2 10 

G 

4 16 

16 4 

2A 
V 
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 (c) ohm12  

 (d) ohm15  

101. In the figure given the value of X  resistance will be, when the p.d. 

between B and D is zero  [MP PET 1993] 

  

 

 

 

 

 

 

 

 

 (a) 4 ohm (b) 6 ohm 

 (c) 8 ohm (d) 9 ohm 

102. The effective resistance between points A and B is 

   [NCERT 1974; MP PMT 2000] 

 

(a) 10  

(b) 20  

(c) 40  

(d) None of the above three values 

103. Five resistors of given values are connected together as shown in the 
figure. The current in the arm BD will be 

[MP PMT 1995] 

 

 

 

 

 
 

 

 (a) Half the current in the arm ABC 

 (b) Zero 

 (c) Twice the current in the arm ABC 

 (d) Four times the current in the arm ABC 

104. In the network shown in the figure, each of the resistance is equal to 

2 . The resistance between the points A and B is  

[CBSE PMT 1995] 

 (a) 1  

 (b) 4  

 (c) 3  

 (d) 2  

105. In the arrangement of resistances shown below, the effective 
resistance between points A and B is  

   [MP PMT 1997; RPET 2001] 

 

 

 

 

 

 

 (a) 20  (b) 30  

 (c) 90  (d) 110  

106. Five resistances are connected as shown in the figure. The effective 

resistance between the points A and B is 

   [MP PMT 1999; KCET 2001; BHU 2001, 05] 

(a) 
3

10
 

(b) 
3

20
  

 (c) 15  

 (d) 6  

107. In the given figure, when galvanometer shows no deflection, the 

current (in ampere) flowing through 5  resistance will be     [SCRA 1994, 96] 

 (a) 0.5 

 (b) 0.6 

 (c) 0.9 

 (d) 1.5 

108. In the Wheatstone's bridge shown, ,2P  ,3Q   6R  

and  8S . In order to obtain balance, shunt resistance across 'S' 

must be   [SCRA 1998] 

 

 (a) 2  

 (b) 3  

 (c) 6  

 (d) 8  

109. Five equal resistances each of value R are connected in a form 

shown alongside. The equivalent resistance of the network   [Roorkee 1999] 

(a) Between the points B and D is R  

(b) Between the points B and D is 
2

R
 

(c) Between the points A and C is R 

(d) Between the points A and C is
2

R
 

110. In the circuit shown below the resistance of the galvanometer is 20 

.  In which case of the following alternatives are the currents 
arranged strictly in the decreasing order   [AMU (Engg.) 1999] 

 

(a) i, i
1,

 i
2

, i
g

  

(b) i, i
2,

 i
1

, i
g

 

(c) i, i
2,

 i
g

, i
1

  

(d) i, i
1,

 i
g

, i
2

  

111. Potential difference between the points P and Q in the electric 
circuit shown is  [KCET 1999] 

 

(a) 4.5 V  

(b) 1.2 V 

(c) 2.4 V  

B 
X 

C 

4 

4 

6 

15 

15 

4 

D 

A 

3 8 

6 

6 

A 

10 10 

10 10 

B 
10 

S R 

Q P 

R R 

R R 

R C 

D 

A 

B 

2 20 

100 10 

i1 

ig 

i2 

i 

2V 0 

G 

10 10 

10 5 15 

10 20 30 

B A 

P 

Q 

A 

4 6 

3 2 

B 
7 

A 

B 

R R 

R 
R 

4R 
A 

C 

B 

D 

RA = 2 

3 

Q 

P 

RB = 4 

RC = 12 RD = 6 

i = 1.5 A 

2.1A 
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2 8 
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(d) 2.88 V  

112. The current between B and D in the given figure is 

[RPET 2000; DCE 2001] 

 

(a) 1 amp 

(b) 2 amp 

(c) Zero 

(d) 0.5 amp 

113. In the given figure, equivalent resistance between A and B will be   [CBSE PMT 2000] 

(a) 
3

14
  

(b) 
14

3
 

(c) 
14

9
 

(d) 
9

14
 

114. In a typical Wheatstone network, the resistances in cyclic order are 

A = 10 , B = 5 , C = 4  and D = 4  for the bridge to be 
balanced  [KCET 2000] 

 

 

 

 

 
 

(a) 10  should be connected in parallel with A 

(b) 10  should be connected in series with A 

(c) 5  should be connected in series with B  

(d) 5  should be connected in parallel with B  

115. In the circuit shown in figure, the current drawn from the battery is 

4A.  If 10  resistor is replaced by 20  resistor, then current 
drawn from the circuit will be 

[KCET 2000; CBSE PMT 2001] 

 

(a) 1 A  

(b) 2 A 

(c) 3 A 

(d) 0 A 

116. Calculate the equivalent resistance between A and B 

[UPSEAT 2001] 

(a) 
2

9
 

(b) 3  

(c) 6  

(d) 
3

5
 

117. The equivalent resistance between P and Q in the given figure, is   [MH CET (Med.) 2001] 

 

(a) 50  

(b) 40  

(c) 30  

(d) 20  

118. If each of the resistance of the network shown in the figure is R, the 
equivalent resistance between A and B is 

[KCET 2002] 

(a) 5 R 

(b) 3 R 

(c) R 

(d) R/2 

119. The equivalent resistance of the following diagram A and B is    [BCECE 2003] 

(a) 
3

2
 

(b) 9  

(c) 6  

(d) None of these 

120. Thirteen resistances each of resistance R ohm are connected in the 
circuit as shown in the figure below.  The effective resistance 
between A and B is   [KCET 2003] 

(a) 2R  

(b) 
3

4 R
 

(c) 
3

2 R
 

(d) R  

121. In a Wheatstone’s bridge all the four arms have equal resistance R.  
If the resistance of the galvanometer arm is also R, the equivalent 
resistance of the combination as seen by the battery is    [CBSE PMT 2003] 

(a) 
2

R
 (b) R 

(c) 2 R (d) 
4

R
 

122. For what value of unknown resistance X, the potential difference 
between B and D will be zero in the circuit shown in the figure    [MP PMT 2004] 

 
 

 (a) 4  

 (b) 6  

 (c) 2   

 (d) 5  

123. Which arrangement of four identical resistances should be used to 
draw maximum energy from a cell of voltage V  

[MP PMT 2004] 

(a)  

 

 

(b)   

 

 

 

(c)  

30  

A C 

D 

30  

30  30  

30V 

l 

B 

60  

D = 4  C = 4  

B = 5  A = 10  

1 

+ – 

3 

10 

4A 

10 

21 7 

3 3 3 

3 3 

3 3 3 

A 
B 

P 

20  20  

20  20  

Q 20  

A 
B 

R 

R 

R R R 

A 

3  3  

3  3  

B 3  

R 

R R 

R 

R 

R R 

R 

R 

R 

R R 

R B A 

A 

6  8  

4  3  

B 7  

B 

C 

1 

1 

12 

X 

6 

D 

A 
1 

1 
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(d)  
 

124. An unknown resistance R
1

 is connected in series with a resistance of 

10 . This combinations is connected to one gap of a metre bridge 
while a resistance R

2

 is connected in the other gap. The balance 

point is at 50 cm. Now, when the 10  resistance is removed the 
balance point shifts to 40 cm. The value of R

1

 is (in ohm)   [KCET 2004] 

(a) 60  (b) 40  

(c) 20  (d) 10  

125. A wire has a resistance of 6 . It is cut into two parts and both half 
values are connected in parallel. The new resistance is ....    [KCET 2004] 

(a) 12  (b) 1.5  

(c) 3  (d) 6   

126. Six equal resistances are connected between points P, Q and R as 
shown in the figure. Then the net resistance will be maximum 
between  [IIT-JEE (Screening) 2004] 

 

(a) P and Q 

(b) Q and R 

(c) P and R  

(d) Any two points 

127. The total current supplied to the circuit by the battery is  

[AIEEE 2004] 

(a) 1 A  

(b) 2 A  

(c) 4 A  

(d) 6 A  

128. An electric current is passed through a circuit containing two wires 
of the same material, connected in parallel. If the lengths and radii 
of the wires are in the ratio of 4/3 and 2/3, then the ratio of the 
currents passing through the wire will be 

[AIEEE 2004] 

(a) 3 (b) 1/3 

(c) 8/9 (d) 2 

129. If a rod has resistance 4  and if rod is turned as half cycle then 
the resistance along diameter  [BCECE 2004] 

(a) 1.56  (b) 2.44  

(c) 4  (d) 2  

130. If three resistors of resistance 2, 4 and 5  are connected in 
parallel then the total resistance of the combination will be 

[Pb. PMT 2004] 

(a) 
19

20
 (b) 

20

19
 

(c) 
10

19
 (d) 

19

10
 

131. In circuit shown below, the resistances are given in ohms and the 
battery is assumed ideal with emf equal to 3 volt. The voltage across 
the resistance R

4

 is 

[UPSEAT 2004; Kerala PMT 2004] 

 

(a) 0.4 V  

(b) 0.6 V  

(c) 1.2 V  

(d) 1.5 V  

132. A parallel combination of two resistors, of 1  each, is connected in 

series with a 1.5  resistor. The total combination is connected 

across a 10 V battery. The current flowing in the circuit is    [DCE 2004] 

(a) 5 A  (b) 20 A  

(c) 0.2 A  (d) 0.4 A 

133. If you are provided three resistances 2 , 3  and 6 . How will 

you connect them so as to obtain the equivalent resistance of 4     [DPMT 2003] 

 

(a)  (b)  

 

 

 

(c)  (d) None of these  

 

134. The equivalent resistance and potential difference between A and B 
for the circuit is respectively  [Pb. PMT 2003] 

 

(a) 4 , 8 V   

(b) 8 , 4 V  

(c) 2 , 2 V   

(d) 16 , 8 V 

135. Five equal resistances each of resistance R are connected as shown 
in the figure. A battery of V volts is connected between A and B. 
The current flowing in AFCEB will be  

[CBSE PMT 2004] 

(a) 
R

V3
 

(b) 
R

V
  

(c) 
R

V

2
 

(d) 
R

V2
 

136. For the network shown in the figure the value of the current i  is    [Kerala PMT 2005] 

(a) 
35

9V
 

(b) 
18

5V
 

(c) 
9

5V
 

(d) 
5

18V
 

137. When a wire of uniform cross-section a, length l and resistance R is 
bent into a complete circle, resistance between any two of 
diametrically opposite points will be  

[CBSE PMT 2005] 

(a) 
4

R
 (b) 

8

R
 

(c) R4  (d) 
2

R
 

138. The current in a simple series circuit is 5.0 amp. When an additional 
resistance of 2.0 ohms is inserted, the current drops to 4.0 amp. The 
original resistance of the circuit in ohms was   [KCET 2005] 

+ 

– 

50   

50   

60   30   

30   
R2  

R5  

R1  
R3  R4  

3 V  

6V 
2 

6 

1.5 

3 

P 

Q R 

2 

6 3 

2 

6 

3 

2 

6 

3 

2.5 

3 

6 

6 

C 
A 

2A 

B 
D 

E 

R 
D 

R R 

C 

R 

R 

A 

F 

B 

4 

3 

6 

4 

2 

V 

i 
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(a) 1.25 (b) 8 

(c) 10 (d) 20 

139. In the circuit given E = 6.0 V, R
1

 = 100 ohms, R
2

 = R
3

 = 50 ohms, R
4

 = 
75 ohms. The equivalent resistance of the circuit, in ohms, is   [KCET 2005] 

(a) 11.875 

(b) 26.31 

(c) 118.75 

(d) None of these  

140. By using only two resistance coils-singly, in series, or in parallel one 
should be able to obtain resistances of 3, 4, 12 and 16 ohms. The 
separate resistances of the coil are 

[KCET 2005] 

(a) 3 and 4 (b) 4 and 12 

(c) 12 and 16 (d) 16 and 3 

141. In the given circuit, the voltmeter records 5 volts. The resistance of 
the voltmeter in ohms is  [KCET 2005] 

 

(a) 200  

(b) 100 

(c) 10 

(d) 50 
 

Kirchhoff's Law, Cells 
 

1. In the adjoining circuit, the battery 1E  has an ... fme  of volt12  

and zero internal resistance while the battery E  has an ... fme  of 

volt2 . If the galvanometer G  reads zero, then the value of the 

resistance X  in ohm is  

[NCERT 1990; AIEEE 2005] 

 (a) 10 

 (b) 100 

 (c) 500 

 (d) 200 

2. The magnitude and direction of the current in the circuit shown will 
be    [CPMT 1986, 88] 

 

 

 

 

 

 (a) 
3

7
A from a to b through e 

 (b) 
3

7
A from b to a through e 

 (c) 1A from b to a through e  

 (d) 1A from a to b through e  

3. A cell of ... fme  V5.1  having a finite internal resistance is 

connected to a load resistance of 2 . For maximum power 

transfer the internal resistance of the cell should be  

[BIT 1988] 

 (a) 4 ohm (b) 0.5 ohm 

 (c) 2 ohm (d) None of these 

4. By a cell a current of 0.9 A flows through 2 ohm resistor and 0.3 A 
through 7 ohm resistor. The internal resistance of the cell is [KCET 2003] 

 (a) 5.0  (b) 0.1  

 (c) 2.1  (d) 0.2  

5. The e.m.f. of a cell is E volts and internal resistance is r  ohm. The 

resistance in external circuit is also r  ohm. The p.d. across the cell 
will be  [CPMT 1985; NCERT 1973] 

 (a) E/2 (b) 2E 

 (c) 4E (d) E/4 

6. A cell of e.m.f. E  is connected with an external resistance R , then 

p.d. across cell is V .  The internal resistance of cell will be  [MNR 1987; Kerala PMT 2002; MP PMT 2002] 

 (a) 
E

RVE )( 
 (b) 

V

RVE )( 
 

 (c) 
V

REV )( 
 (d) 

E

REV )( 
 

7. Two cells, e.m.f. of each is E  and internal resistance r  are 

connected in parallel between the resistance R . The maximum 
energy given to the resistor will be, only when 

[MNR 1988; MP PET 2000; UPSEAT 2001] 

 (a) 2/rR   (b) rR   

 (c) rR 2  (d) 0R  

8. Kirchhoff's first law ..ei  0i  at a junction is based on the law 

of conservation of [CBSE PMT 1997; AIIMS 2000; 

MP PMT 2002; RPMT 2001; DPMT 2005] 

 (a) Charge  (b) Energy 

 (c) Momentum (d) Angular momentum 

9. Kirchhoff's second law is based on the law of conservation of 

[RPET 2003; MH CET 2001] 

 (a) Charge  (b) Energy 

 (c) Momentum (d) Sum of mass and energy 

10. The figure below shows currents in a part of electric circuit. The 
current i is   [CPMT 1981; RPET 1999] 

 (a) 1.7 amp 

 (b) 3.7 amp 

 (c) 1.3 amp  

 (d) 1 amp 

11. The terminal potential difference of a cell is greater than its e.m.f. 

when it is 

 (a) Being discharged  

 (b) In open circuit 

 (c) Being charged  

 (d) Being either charged or discharged 

12. In the circuit shown, potential difference between X and Y will be  

 (a) Zero 

  (b) 20 V 

 (c) 60 V  

 (d) 120 V  

d c 

b a 
1 

10V 

e 

4V 

2 

3 

2amp 

2amp 

1amp 

1.3amp 

i 

E1 

D 

A B 

C 

E X 

500  

G 

20 

X Y 40 

120V 

R1 

R2 R3 

R4 

E 

i 

V 

100 50 

10 V 



 

  Current Electricity 1069 
 

13. In the above question, potential difference across the 40  

resistance will be 

 (a) Zero (b) 80 V 

 (c) 40 V (d) 120 V 

14. In the circuit shown, A and V are ideal ammeter and voltmeter 
respectively. Reading of the voltmeter will be 

 

 (a) 2 V  

 (b) 1 V 

 (c) 0.5 V  

 (d) Zero 

15. When a resistance of 2ohm is connected across the terminals of a cell, 
the current is 0.5 amperes. When the resistance is increased to 5 ohm, 
the current is 0.25 amperes. The internal resistance of the cell is   [MP PMT 1996] 

 (a) ohm5.0  (b) ohm0.1  

 (c) ohm5.1  (d) ohm0.2  

16. The terminal potential difference of a cell when short-circuited is 

( E  = E.M.F. of the cell) 

 (a) E  (b) 2/E  

 (c) Zero (d) 3/E  

17. A primary cell has an e.m.f. of 1.5 volts, when short-circuited it gives 
a current of 3 amperes. The internal resistance of the cell is   [CPMT 1976, 83] 

 (a) 4.5 ohm  (b) 2 ohm  

 (c) 0.5 ohm  (d) 1/4.5 ohm  

18. A 50V battery is connected across a 10 ohm resistor. The current is 
4.5 amperes. The internal resistance of the battery is  [CPMT 1985; BHU 1997; Pb. PMT 2001] 

 (a) Zero (b) 0.5 ohm 

 (c) 1.1 ohm (d) 5.0 ohm 

19. The potential difference in open circuit for a cell is 2.2 volts. When a 
4 ohm resistor is connected between its two electrodes the potential 

difference becomes 2 volts. The internal resistance of the cell will be 

   [MP PMT 1984; SCRA 1994; CBSE PMT 2002] 

 (a) 1 ohm  (b) 0.2 ohm 

 (c) 2.5 ohm (d) 0.4 ohm 

20. A new flashlight cell of e.m.f. 1.5 volts gives a current of 15 amps, 

when connected directly to an ammeter of resistance 04.0 . The 

internal resistance of cell is  [MP PET 1994] 

 (a) 04.0  (b) 06.0  

 (c) 10.0  (d) 10  

21. A cell whose e.m.f. is 2 V and internal resistance is 1.0 , is 

connected with a resistance of 9.3 . The voltage across the cell 

terminal will be  

[CPMT 1990; MP PET 1993; CBSE PMT 1999;  

AFMC 1999; Pb. PMT 2000; AIIMS 2001] 

 (a) V50.0  (b) V90.1  

 (c) V95.1  (d) V00.2  

22. The reading of a high resistance voltmeter when a cell is connected 
across it is 2.2 V. When the terminals of the cell are also connected 

to a resistance of 5  the voltmeter reading drops to 1.8 V. Find 

the internal resistance of the cell   [KCET 2003; MP PMT 2003] 

 (a) 2.1  (b) 3.1  

 (c) 1.1  (d) 4.1  

23. When cells are connected in parallel, then 

     [MNR 1983] 

 (a) The current decreases (b) The current increases 

 (c) The e.m.f. increases (d) The e.m.f. decreases 

24. The internal resistance of a cell depends on 

 (a) The distance between the plates 

 (b) The area of the plates immersed 

 (c) The concentration of the electrolyte 

 (d) All the above 

25. n identical cells each of e.m.f. E and internal resistance r are 
connected in series. An external resistance R is connected in series 
to this combination. The current through R is  

[DPMT 2002] 

 (a) 
nrR

nE


 (b) 

rnR

nE


 

 (c) 
nrR

E


 (d) 

rR

nE


 

26. A cell of internal resistance r is connected to an external resistance 
R. The current will be maximum in R, if 

     [CPMT 1982] 

 (a) rR   (b) rR   

 (c) rR   (d) 2/rR   

27. To get the maximum current from a parallel combination of n 
identical cells each of internal resistance r in an external resistance 
R, when   [DPMT 1999] 

 (a) rR   (b) rR   

 (c) rR   (d) None of these 

28. Two identical cells send the same current in 2  resistance, 

whether connected in series or in parallel. The internal resistance of 
the cell should be 

   [NCERT 1982; Kerala PMT 2002] 

 (a) 1  (b) 2   

 (c) 
2

1
 (d) 5.2  

29. The internal resistances of two cells shown are 1.0  and 3.0 . 

If  2.0R , the potential difference across the cell 

 

 

 

 (a) B will be zero 

 (b) A will be zero 

 (c) A and B will be 2V 

 (d) A will be V2  and B will be V2  

30. A torch battery consisting of two cells of 1.45 volts and an internal 

resistance 15.0 , each cell sending currents through the filament 

of the lamps having resistance 1.5ohms. The value of current will be[MP PET 1994] 

 (a) 16.11 amp (b) 1.611 amp 

 (c) 0.1611 amp (d) 2.6 amp 

31. The electromotive force of a primary cell is 2 volts. When it is short-
circuited it gives a current of 4 amperes. Its internal resistance in 
ohms is   [MP PET 1995] 

 (a) 0.5 (b) 5.0 

 (c) 2.0 (d) 8.0 

32. The figure shows a network of currents. The magnitude of currents 
is shown here. The current i will be 

    [MP PMT 1995] 

 (a) 3 A  

2V 

1 1 

V A 

15A 
3A 

8A 

5A 
i 

A B 

2V, 0.1 
 

2V, 0.3 
 

0.2 
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 (b) 13 A 

 (c) 23 A  

 (d) – 3 A  

33. A battery of e.m.f. E and internal resistance r is connected to a 
variable resistor R as shown here. Which one of the following is true   [MP PMT 1995] 

 

 

 

 

 

 (a) Potential difference across the terminals of the battery is 

maximum when R = r  

 (b) Power delivered to the resistor is maximum when R = r 

 (c) Current in the circuit is maximum when R = r 

 (d) Current in the circuit is maximum when rR   

34. A dry cell has an e.m.f. of 1.5 V and an internal resistance of 

05.0 . The maximum current obtainable from this cell for a very 

short time interval is    [Haryana CEE 1996] 

 (a) 30 A (b) 300 A 

 (c) 3 A (d) 0.3 A  

35. Consider the circuit given here with the following parameters 

 E.M.F. of the cell = 12 V. Internal resistance of the cell  2 . 

Resistance  4R  

 

 

 

 

 Which one of the following statements in true 

 (a) Rate of energy loss in the source is = 8 W 

 (b) Rate of energy conversion in the source is 16 W 

 (c) Power output in is = 8 W  

 (d) Potential drop across R is = 16 V  

36. A current of two amperes is flowing through a cell of e.m.f. 5 volts 
and internal resistance 0.5 ohm from negative to positive electrode. 

If the potential of negative electrode is 10V, the potential of positive 
electrode will be 

     [MP PMT 1997] 

 (a) 5 V (b) 14 V 

 (c) 15 V (d) 16 V 

37. 100 cells each of e.m.f. 5 V and internal resistance 1 ohm are to be 

arranged so as to produce maximum current in a 25 ohms 
resistance. Each row is to contain equal number of cells. The 
number of rows should be [MP PMT 1997] 

 (a) 2 (b) 4 

 (c) 5 (d) 10 

38. The current in the arm CD of the circuit will be  

   [MP PMT/PET 1998; MP PMT 2000; DPMT 2000] 

 

 (a) 21 ii   

 (b) 32 ii   

 (c) 31 ii   

 (d) 321 iii    

39. When a resistance of 2 ohm is connected across the terminals of a 
cell, the current is 0.5 A. When the resistance is increased to 5 ohm, 
the current is 0.25 A. The e.m.f. of the cell is  

   [MP PET 1999, 2000; Pb. PMT 2002; MP PMT 2000] 

 (a) 1.0 V (b) 1.5 V  

 (c) 2.0 V (d) 2.5 V 

40. Two non-ideal identical batteries are connected in parallel. Consider 
the following statements    [MP PMT 1999] 

 (i) The equivalent e.m.f. is smaller than either of the two e.m.f.s 

 (ii) The equivalent internal resistance is smaller than either of the 
two internal resistances  

 (a) Both (i) and (ii) are correct  

 (b) (i) is correct but (ii) is wrong 

 (c) (ii) is correct but (i) is wrong 

 (d) Both (i) and (ii) are wrong 

41. If six identical cells each having an e.m.f. of 6V are connected in 
parallel, the e.m.f. of the combination is 

  [EAMCET (Med.) 1995; Pb. PMT 1999; CPMT 2000] 

 (a) 1 V (b) 36 V 

 (c) V
6

1
 (d) 6 V  

42. Consider the circuit shown in the figure. The current 3I  is equal to   [AMU 1995] 

 

 (a) 5 amp  

 (b) 3 amp 

 (c) amp3  

 (d) amp6/5  

43. If VVAB 4  in the given figure, then resistance X will be  

[RPET 1997] 

 (a) 5  

 (b) 10  

 (c) 15  

 (d) 20  

44. Two resistances 1R  and 2R  are joined as shown in the figure to 

two batteries of e.m.f. 1E  and 2E . If 2E  is short-circuited, the 

current through 1R  is [NDA 1995] 

 (a) 11 / RE  

 (b) 12 / RE  

 (c) 22 / RE  

 (d) )/( 121 RRE   

45. A storage battery has e.m.f. 15 volts and internal resistance 0.05 
ohm. Its terminal voltage when it is delivering 10 ampere is   [JIPMER 1997] 

 (a) 30 volts  (b) 1.00 volts 

 (c) 14.5 volts (d) 15.5 volts  

46. The number of dry cells, each of e.m.f. 1.5 volt and internal 
resistance 0.5 ohm that must be joined in series with a resistance of 
20 ohm so as to send a current of 0.6 ampere through the circuit is   [SCRA 1998] 

 (a) 2 (b) 8 

 (c) 10 (d) 12 

47. Emf is most closely related to   [DCE 1999] 

(a) Mechanical force  (b) Potential difference 

E 

R 

O 

i1 
i2 

i3 
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C 

B 

D 

28 54 

6 V 

I3 

8 V 12 V 

E r 
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2V X 
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5V 10 

E1 

R1 

R2 E2 
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(c) Electric field (d) Magnetic field 

48. For driving a current of 2 A for 6 minutes in a circuit, 1000 J of 
work is to be done.  The e.m.f. of the source in the circuit is           [CPMT 1999] 

(a) 1.38 V  (b) 1.68 V 

(c) 2.04 V (d) 3.10 V 

49. Two batteries of e.m.f. 4V and 8 V with internal resistances 1  and 

2  are connected in a circuit with a resistance of 9  as shown in 
figure.  The current and potential difference between the points P 
and Q are   [AFMC 1999] 

(a) VA 3 and
3

1
  

(b) VA 4 and
6

1
 

(c) VA 9 and
9

1
 

(d) VA 12and
2

1
 

50. In the shown circuit, what is the potential difference across A and B   [AIIMS 1999] 

(a) 50 V  

(b) 45 V 

(c) 30 V  

(d) 20 V  

51. Four identical cells each having an electromotive force (e.m.f.) of 
12V, are connected in parallel. The resultant electromotive force 
(e.m.f.) of the combination is 

    [CPMT 1999] 

(a) 48 V (b) 12 V 

(c) 4 V (d) 3 V 

52. Electromotive force is the force, which is able to maintain a constant   [Pb. PMT 1999] 

(a) Current (b) Resistance 

(c) Power (d) Potential difference 

53. A cell of emf 6 V and resistance 0.5 ohm is short circuited.  The 
current in the cell is   [JIPMER 1999] 

(a) 3 amp  (b) 12 amp 

(c) 24 amp (d) 6 amp 

54. A storage cell is charged by 5 amp D.C. for 18 hours.  Its strength 
after charging will be   [JIPMER 1999] 

(a) 18 AH  (b) 5 AH 

(c) 90 AH (d) 15 AH 

55. A battery having e.m.f. V5  and internal resistance 0.5  is 

connected with a resistance of 4.5  then the voltage at the 
terminals of battery is   [RPMT 2000] 

(a) 4.5 V  (b) 4 V 

(c) 0 V (d) 2 V 

56. In the given circuit the current I
1

 is  [DCE 2000] 

 

(a) 0.4 A  

(b) – 0.4 A 

(c) 0.8 A 

(d) – 0.8 A 

57. The internal resistance of a cell of e.m.f. 12V is  2105 . It is 

connected across an unknown resistance. Voltage across the cell, 
when a current of 60 A is drawn from it, is 

[CBSE PMT 2000] 

(a) 15 V (b) 12 V 

(c) 9 V (d) 6 V 

58. The current in the given circuit is     

[AIIMS 2000; MH CET 2003] 

 

(a) 0.1 A  

(b) 0.2 A 

(c) 0.3 A  

(d) 0.4 A  

59. A current of 2.0 ampere passes through a cell of e.m.f. 1.5 volts 
having internal resistance of 0.15 ohm.  The potential difference 
measured, in volts, across both the ends of the cell will be   [UPSEAT 1999, 2000] 

(a) 1.35  (b) 1.50 

(c) 1.00 (d) 1.20 

60. A battery has e.m.f. 4 V and internal resistance r. When this battery 
is connected to an external resistance of 2 ohms, a current of 1 amp. 
flows in the circuit.  How much current will flow if the terminals of 
the battery are connected directly 

[MP PET 2001] 

(a) 1 amp (b) 2 amp 

(c) 4 amp (d) Infinite 

61. Two batteries A and B each of e.m.f. 2 V are connected in series to 
an external resistance R = 1 ohm.  If the internal resistance of battery 
A is 1.9 ohms and that of B is 0.9 ohm, what is the potential 
difference between the terminals of battery A   [MP PET 2001] 

 

(a) 2 V  

(b) 3.8 V 

(c) Zero 

(d) None of the above 

62. When a resistor of 11  is connected in series with an electric cell, 

the current flowing in it is 0.5 A.  Instead, when a resistor of 5  is 
connected to the same electric cell in series, the current increases by 
0.4 A. The internal resistance of the cell is    [EAMCET 2001] 

(a)  1.5  (b) 2  

(c)  2.5  (d) 3.5  

63. The internal resistance of a cell is the resistance of  

[BHU 1999, 2000; AIIMS 2001] 

(a) Electrodes of the cell   

(b) Vessel of the cell 

(c) Electrolyte used in the cell 

(d) Material used in the cell 

64. How much work is required to carry a 6 C charge from the 

negative terminal to the positive terminal of a 9 V battery  

[KCET (Med.) 2001] 

(a) 54 × 310  J (b) 54 × 610  J  

(c) 54 × J910  (d) 54 × 1210  J  

65. Consider four circuits shown in the figure below. In which circuit 
power dissipated is greatest  (Neglect the internal resistance of the 
power supply)  [Orissa JEE 2002]  

                            

(a)  (b) 

 

Q 
2  1  8 V 4 V 

P 

9  

r1 r2 

30  

40  

40  
40V 
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I1 

I 2 
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R 

B A 

E R R 

20 V  

A  B 

E 
R 

R 

20  

2 V 

A B 

10  
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(c)  (d) 

 

 

 
 

66. The  emf of a battery  is 2 V  and  its  internal  resistance is 0.5 . 
The maximum power which it can deliver to any external circuit will 
be   [AMU (Med.) 2002] 

(a) 8 Watt  (b) 4 Watt 

(c) 2 Watt (d) None of the above 

67. Kirchoff’s I law and II law of current, proves the  

[CBSE PMT 1993; BHU 2002; AFMC 2003] 

(a) Conservation of charge and energy  

(b) Conservation of current and energy 

(c) Conservation of mass and charge 

(d) None of these 

68. In the circuit, the reading of the ammeter is (assume internal 
resistance of the battery be zero) 

 (a) A
29

40
 

 (b) A
9

10
 

 (c) A
3

5
 

 (d) 2 A  

69. In the above question, if the internal resistance of the battery is 1 
ohm, then what is the reading of ammeter 

 (a) 5/3 A (b) 40/29 A 

 (c) 10/9 A (d) 1 A 

70. Eels are able to generate current with biological cells called 
electroplaques. The electroplaques in an eel are arranged in 100 
rows, each row stretching horizontally along the body of the fish 
containing 5000 electroplaques. The arrangement is suggestively 
shown below. Each electroplaques has an emf of 0.15 V and internal 

resistance of 0.25   [AIIMS 2004] 
 

 

 

 

 

 

 

 

 

The water surrounding the eel completes a circuit between the head 

and its tail. If the water surrounding it has a resistance of 500 , 

the current an eel can produce in water is about  

(a) 1.5 A  (b) 3.0 A  

(c) 15 A  (d) 30 A  

71. Current provided by a battery is maximum when  
[AFMC 2004] 

(a) Internal resistance equal to external resistance  

(b) Internal resistance is greater than external resistance  

(c) Internal resistance is less than external resistance  

(d) None of these  

72. A battery is charged at a potential of 15 V for 8 hours when the 

current flowing is 10 A. The battery on discharge supplies a current 

of 5 A for 15 hours. The mean terminal voltage during discharge is 

14 V. The "Watt-hour" efficiency of the battery is    [CBSE PMT 2004] 

(a) 82.5% (b) 80 % 

(c) 90% (d) 87.5% 

73. In the given current distribution what is the value of I  

[Orissa PMT 2004] 

(a) 3A   

(b) 8 A  

(c) 2A   

(d) 5A 

74. A capacitor is connected to a cell of emf E having some internal 

resistance r. The potential difference across the  

[CPMT 2004; MP PMT 2005] 

(a) Cell is < E  (b) Cell is E  

(c) Capacitor is > E  (d) Capacitor is < E  

75. When the resistance of 9  is connected at the ends of a battery, its 

potential difference decreases from 40 volt to 30 volt. The internal 

resistance of the battery is   [DPMT 2003] 

(a) 6  (b) 3  

(c) 9  (d) 15  

76. The maximum power drawn out of the cell from a source is given 

by (where r is internal resistance)  [DCE 2002] 

(a) rE 2/2  (b) rE 4/2  

(c) rE /2  (d) rE 3/2  

77. Find out the value of current through 2 resistance for the given 

circuit  [IIT-JEE (Screening) 2005] 

(a) 5 A  

(b)  2 A  

(c)  Zero  

(d)  4 A  

78. Two batteries, one of emf 18 volts and internal resistance 2  and 

the other of emf 12 volt and internal resistance 1 , are connected 

as shown. The voltmeter V will record a reading of   [CBSE PMT 2005] 

(a) 15 volt  

(b) 30 volt  

(c) 14 volt  

(d) 18 volt  

79. Two sources of equal emf are connected to an external resistance R. 

The internal resistances of the two sources are 1R  and 

E 
R 

R 

R 

E 

R 

R R 

4 

5 

10V 

A 

I 

4A 

2A 

3A 

5A 

10V 
5 

10 

2 

20V 

V 

2 18V 

1 12V 

500  

100  rows 
5000 electroplaques per row 

0.25  
0.15 V 

+ – + – + – 

+ – + – + – 

+ – + – + – 
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)( 122 RRR  . If the potential difference across the source having 

internal resistance 2R  is zero, then 

[AIEEE 2005] 

(a) )/( 2121 RRRRR    

 (b) )/( 1221 RRRRR    

(c) )/()( 12212 RRRRRR   

(d) 12 RRR   

80. An energy source will supply a constant current into the load if its 
internal resistance is    [AIEEE 2005] 

(a) Zero 

 (b) Non-zero but less than the resistance of the load 

(c) Equal to the resistance of the load 

(d) Very large as compared to the load resistance 

81. The magnitude of i in ampere unit is [KCET 2005] 

 

 (a) 0.1 

 (b) 0.3 

 (c) 0.6 

 (d) None of these 

82. To draw maximum current from a combination of cells, how should 

the cells be grouped    [AFMC 2005] 

 (a) Series  

 (b) Parallel  

 (c) Mixed 

(d) Depends upon the relative values of external and internal 
resistance 

83. The figure shows a network of currents. The magnitude of currents 
is shown here. The current I will be [BCECE 2005] 

 

(a) 3 A  

(b) 9 A 

(c) 13 A 

(d) 19 A  

84. The n rows each containing m cells in series are joined in parallel. 

Maximum current is taken from this combination across an external 

resistance of 3 resistance. If the total number of cells used are 24 

and internal resistance of each cell is 0.5  then     [J & K CET 2005] 

(a) 3,8  nm  (b) 4,6  nm  

(c) 2,12  nm  (d) 12,2  nm  

85. A cell of constant e.m.f. first connected to a resistance 1R  and then 

connected to a resistance 2R . If power delivered in both cases is 

then the internal resistance of the cell is 

[Orissa JEE 2005] 

(a) 21RR  (b) 
2

1

R

R
 

(c) 
2

21 RR 
 (d) 

2

21 RR 
 

 

 Different Measuring Instruments 
 

1. In meter bridge or Wheatstone bridge for measurement of 
resistance, the known and the unknown resistances are interchanged. 
The error so removed is  

[MNR 1988; MP PET 1995] 

 (a) End correction  

 (b) Index error 

 (c) Due to temperature effect 

 (d) Random error 

2. A galvanometer can be converted into an ammeter by connecting  

  [MP PMT 1987, 93; CPMT 1973, 75, 96, 2000;  

MP PET 1994; AFMC 1993, 95; RPET 2000; DCE 2000] 

 (a) Low resistance in series 

 (b) High resistance in parallel 

 (c) Low resistance in parallel 

 (d) High resistance in series 

3. A cell of internal resistance 5.1  and of e.m.f. 1.5 volt balances 

500 cm on a potentiometer wire. If a wire of 15  is connected 

between the balance point and the cell, then the balance point will 
shift   [MP PMT 1985] 

 (a) To zero (b) By 500 cm  

 (c) By 750 cm  (d) None of the above 

4. amp310   is flowing through a resistance of 1000 . To measure 

the correct potential difference, the voltmeter is to be used of which 
the resistance should be [MP PMT 1985] 

 (a) 0  (b) 500  

 (c) 1000  (d)  1000   

5. A galvanometer of 100  resistance gives full scale deflection when 

10 mA of current is passed. To convert it into 10 A  range ammeter, 
the resistance of the shunt required will be    [MP PMT 1985] 

 (a) 10  (b) 1   

 (c) 1.0  (d) 01.0  

6. 50  and 100  resistors are connected in series. This 

connection is connected with a battery of 2.4 volts. When a 

voltmeter of 100  resistance is connected across 100  resistor, 

then the reading of the voltmeter will be   

     [MP PMT 1985] 

 (a) 1.6 V (b) 1.0 V 

 (c) 1.2 V (d) 2.0 V 

7. A 2 volt battery, a 15  resistor and a potentiometer of 100 cm 

length, all are connected in series. If the resistance of potentiometer 

wire  is 5 , then the potential gradient of the potentiometer wire 

is   [AIIMS 1982] 

 (a) 0.005 V/cm (b) 0.05 V/cm 

 (c) 0.02 V/cm (d) 0.2 V/cm 

8. An ammeter gives full scale deflection when current of 1.0 A is 

passed in it. To convert it into 10 A range ammeter, the ratio of its 
resistance and the shunt resistance will be  

[MP PMT 1985] 

 (a) 1 : 9  (b) 1 : 10  

1 A 

I 

2 A 

10 A 

6 A 

15 5 

10 

60 

i 

1A 1A 
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 (c) 1 : 11 (d) 9 : 1  

9. By ammeter, which of the following can be measured 

   [MP PET 1981; DPMT 2001] 

 (a) Electric potential  (b) Potential difference 

 (c) Current  (d) Resistance 

10. The resistance of 1 A ammeter is 018.0 . To convert it into 10 A 

ammeter, the shunt resistance required will be 

[MP PET 1982] 

 (a) 18.0  (b) 0018.0  

 (c) 002.0  (d) 12.0  

11. For measurement of potential difference, potentiometer is preferred 

in comparison to voltmeter because 

[MP PET 1983] 

 (a) Potentiometer is more sensitive than voltmeter 

 (b) The resistance of potentiometer is less than voltmeter 

 (c) Potentiometer is cheaper than voltmeter 

 (d) Potentiometer does not take current from the circuit 

12. In order to pass 10% of main current through a moving coil 

galvanometer of 99 ohm, the resistance of the required shunt is [MP PET 1990, 99; MP PMT 1994;  

RPET 2001; KCET 2003, 05] 

 (a) 9.9  (b) 10  

 (c) 11  (d) 9  

13. An ammeter of 5 ohm resistance can read 5 mA. If it is to be used 

to read 100 volts, how much resistance is to be connected in series  

   [MP PET 1991; MP PMT 1996; MP PMT 2000] 

 (a) 9995.19  (b) 995.199  

 (c) 95.1999  (d) 19995  

14. The potential gradient along the length of a uniform wire is 

metrevolt /10 . B  and C  are the two points at cm30  and 

cm60  point on a meter scale fitted along the wire. The potential 

difference between B  and C  will be  [CPMT 1986] 

 (a) volt3  (b) volt4.0  

 (c) volt7  (d) volt4  

15. mA100  current gives a full scale deflection in a galvanometer of 

2  resistance. The resistance connected with the galvanometer to 

convert it into a voltmeter to measure V5 is  [MNR 1994; UPSEAT 2000] 

 (a) 98  (b) 52  

 (c) 50  (d) 48  

16. When a 12  resistor is connected with a moving coil 

galvanometer then its deflection reduces from 50 divisions to 10 
divisions. The resistance of the galvanometer is  

[CPMT 2002; DPMT 2003] 

 (a) 24  (b) 36  

 (c) 48  (d) 60  

17. A galvanometer can be used as a voltmeter by connecting a  

[AFMC 1993; MP PMT 1993, 95; CBSE PMT 2004] 

 (a) High resistance in series (b) Low resistance in series 

 (c) High resistance in parallel (d) Low resistance in parallel 

18. The tangent galvanometer, when connected in series with a standard 
resistance can be used as  [MP PET 1994] 

 (a) An ammeter 

 (b) A voltmeter 

 (c) A wattmeter 

 (d) Both an ammeter and a voltmeter 

19. In Wheatstone's bridge 9P ohm, 11Q ohm, 4R ohm and 

6S ohm. How much resistance must be put in parallel to the 

resistance S  to balance the bridge  

     [DPMT 1999] 

 (a) 24 ohm (b) 
9

44
ohm  

 (c) 26.4 ohm (d) 18.7 ohm 

20. A Daniel cell is balanced on 125 cm  length of a potentiometer wire. 
Now the cell is short-circuited by a resistance 2 ohm and the 
balance is obtained at 100 cm . The internal resistance of the Daniel 
cell is [UPSEAT 2002] 

 (a) 0.5 ohm (b) 1.5 ohm 

 (c) 1.25 ohm (d) 4/5 ohm 

21. Sensitivity of potentiometer can be increased by  

     [MP PET 1994] 

 (a) Increasing the e.m.f. of the cell 

 (b) Increasing the length of the potentiometer wire 

 (c) Decreasing the length of the potentiometer wire 

 (d) None of the above 

22. A potentiometer is an ideal device of measuring potential difference 
because  

 (a) It uses a sensitive galvanometer  

 (b) It does not disturb the potential difference it measures 

 (c) It is an elaborate arrangement  

 (d) It has a long wire hence heat developed is quickly radiated 

23. A battery of 6 volts is connected to the terminals of a three metre 

long wire of uniform thickness and resistance of the order of 100 . 
The difference of potential between two points separated by 50 cm  
on the wire will be 

  [CPMT 1984; CBSE PMT 2004] 

 (a) 1 V (b) 1.5 V 

 (c) 2 V (d) 3 V 

24. A galvanometer of 10 ohm resistance gives full scale deflection with 
0.01 ampere of current. It is to be converted into an ammeter for 

measuring 10 ampere current. The value of shunt resistance required 
will be [MP PET 1984] 

 (a) 
999

10
ohm (b) 0.1 ohm 

 (c) 0.5 ohm (d) 1.0 ohm 

25. A potentiometer is used for the comparison of e.m.f. of two cells 

1E  and 2E . For cell 1E  the no deflection point is obtained at 

20 cm  and for 2E  the no deflection point is obtained at 30 cm . 

The ratio of their e.m.f.'s will be  

     [MP PET 1984] 

 (a) 2/3 (b) 1/2 

 (c) 1 (d) 2 

26. Potential gradient is defined as  [MP PET 1994] 

 (a) Fall of potential per unit length of the wire 

 (b) Fall of potential per unit area of the wire 

 (c) Fall of potential between two ends of the wire 
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 (d) Potential at any one end of the wire 

27. In an experiment of meter bridge, a null point is obtained at the 
centre of the bridge wire. When a resistance of 10 ohm is connected 
in one gap, the value of resistance in other gap is   [MP PET 1994] 

 (a) 10  (b) 5  

 (c) 
5

1
 (d) 500  

28. If the length of potentiometer wire is increased, then the length of 
the previously obtained balance point will 

 (a) Increase (b) Decrease 

 (c) Remain unchanged (d) Become two times 

29. In potentiometer a balance point is obtained, when 

 (a) The e.m.f. of the battery becomes equal to the e.m.f. of the 
experimental cell 

 (b) The p.d. of the wire between the +ve end to                                                                                                                                                                                                                                                                                                           
jockey becomes equal to the e.m.f. of the experimental cell 

 (c) The p.d. of the wire between +ve point and jockey becomes 
equal to the e.m.f. of the battery 

 (d) The p.d. across the potentiometer wire becomes equal to the 
e.m.f. of the battery 

30. In the experiment of potentiometer, at balance, there is no current 
in the 

 (a) Main circuit  

 (b) Galvanometer circuit 

 (c) Potentiometer circuit  

 (d) Both main and galvanometer circuits 

31. If in the experiment of Wheatstone's bridge, the positions of cells 

and galvanometer are interchanged, then balance points will 

 (a) Change 

 (b) Remain unchanged 

 (c) Depend on the internal resistance of cell and resistance of 
galvanometer 

 (d) None of these 

32. The resistance of a galvanometer is 90 ohms. If only 10 percent of 
the main current may flow through the galvanometer, in which way 
and of what value, a resistor is to be used   [MP PET 1996] 

 (a) 10 ohms in series (b) 10 ohms in parallel 

 (c) 810 ohms in series (d) 810 ohms in parallel 

33. Two cells when connected in series are balanced on 8m on a 
potentiometer. If the cells are connected with polarities of one of the 
cell is reversed, they balance on 2m. The ratio of e.m.f.'s of the two 
cells is 

 (a) 5:3  (b) 3:5  

 (c) 4:3  (d) 3:4  

34. A voltmeter has a resistance of G ohms and range V volts. The value 

of resistance used in series to convert it into a voltmeter of range 
nV volts is 

[MP PMT 1999; MP PET 2002; DPMT 2004; MH CET 2004] 

 (a) nG (b) Gn )1(   

 (c) 
n

G
 (d) 

)1( n

G
 

35. Which of the following statement is wrong  [MP PET 1994] 

 (a) Voltmeter should have high resistance 

 (b) Ammeter should have low resistance 

 (c) Ammeter is placed in parallel across the conductor in a circuit 

 (d) Voltmeter is placed in parallel across the conductor in a circuit 

36. In the diagram shown, the reading of voltmeter is 20 V and that of 
ammeter is 4 A. The value of R should be (Consider given ammeter 
and voltmeter are not ideal) [RPMT 1997] 

 

 (a) Equal to 5  

 (b) Greater from 5  

 (c) Less than 5  

 (d) Greater or less than 5  depends on the material of R 

37. A moving coil galvanometer has a resistance of 50 and gives full 

scale deflection for 10 mA. How could it be converted into an 
ammeter with a full scale deflection for 1A  

[MP PMT 1996] 

 (a) 99/50  in series (b) 99/50  in parallel 

 (c) 01.0  in series (d) 01.0  in parallel  

38. The current flowing through a coil of resistance 900 ohms is to be 

reduced by 90%. What value of shunt should be connected across 
the coil    [Roorkee 1992] 

 (a) 90  (b) 100  

 (c) 9  (d) 10  

39. A galvanometer of resistance 25  gives full scale deflection for a 

current of 10 milliampere, is to be changed into a voltmeter of range 
100 V by connecting a resistance of ‘R’ in series with galvanometer. 

The value of resistance R in   is  

[MP PET 1994] 

 (a) 10000 (b) 10025 

 (c) 975 (d) 9975 

40. In a potentiometer circuit there is a cell of e.m.f. 2 volt, a resistance 
of 5 ohm and a wire of uniform thickness of length 1000 cm and 
resistance 15 ohm. The potential gradient in the wire is   [MP PMT 1994] 

 (a) cmV /
500

1
 (b) cmV /

2000

3
 

 (c) cmV /
5000

3
 (d) cmV /

1000

1
 

41. The resistance of a galvanometer is 25 ohm and it requires A50  

for full deflection. The value of the shunt resistance required to 

convert it into an ammeter of 5 amp is 

   [MP PMT 1994; BHU 1997] 

 (a) ohm4105.2   (b) ohm31025.1   

 (c) 0.05 ohm  (d) 2.5 ohm 

42. Which is a wrong statement    [MP PMT 1994] 

 (a) The Wheatstone bridge is most sensitive when all the four 
resistances are of the same order 

 (b) In a balanced Wheatstone bridge, interchanging the positions of 
galvanometer and cell affects the balance of the bridge 

 (c) Kirchhoff's first law (for currents meeting at a junction in an 
electric circuit) expresses the conservation of charge 

 (d) The rheostat can be used as a potential divider 

43. A voltmeter having a resistance of 998 ohms is connected to a cell 
of e.m.f. 2 volt and internal resistance 2 ohm. The error in the 
measurement of e.m.f. will be [MP PMT 1994] 

 (a) volt1104   (b) volt3102   

 (c) volt3104   (d) volt1102   

R 

20V 

4A 

V 

A 
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44. For comparing the e.m.f.'s of two cells with a potentiometer, a 
standard cell is used to develop a potential gradient along the wires. 
Which of the following possibilities would make the experiment 
unsuccessful   [MP PMT 1994] 

 (a) The e.m.f. of the standard cell is larger than the E e.m.f.'s of the 
two cells 

 (b) The diameter of the wires is the same and uniform throughout 

 (c) The number of wires is ten 

 (d) The e.m.f. of the standard cell is smaller than the e.m.f.'s of the 
two cells  

45. Which of the following is correct  [BHU 1995] 

 (a) Ammeter has low resistance and is connected in series 

 (b) Ammeter has low resistance and is connected in parallel 

 (c) Voltmeter has low resistance and is connected in parallel 

 (d) None of the above 

46. An ammeter with internal resistance 90  reads 1.85 A when 

connected in a circuit containing a battery and two resistors 700  

and 410  in series. Actual current will be 

[Roorkee 1995] 

 (a) 1.85 A (b) Greater than A85.1  

 (c) Less than 1.85 A (d) None of these 

47. AB is a wire of uniform resistance. The galvanometer G shows no 

current when the length AC = 20cm and CB = 80 cm. The resistance R 
is equal to  [MP PMT 1995; RPET 2001] 

 (a) 2  

 (b) 8  

 (c) 20  

 (d) 40  

48. The circuit shown here is used to compare the e.m.f. of two cells 

1E  and )( 212 EEE  . The null point is at C when the 

galvanometer is connected to 1E . When the galvanometer is 

connected to 2E , the null point will be [MP PMT 1995] 

 

 (a) To the left of C  

 (b) To the right of C 

 (c) At C itself 

 (d) Nowhere on AB 

49. In an experiment to measure the internal resistance of a cell by 
potentiometer, it is found that the balance point is at a length of 2m 

when the cell is shunted by a 5  resistance; and is at a length of 

3m when the cell is shunted by a 10  resistance. The internal 

resistance of the cell is, then 

[Haryana CEE 1996] 

 (a) 5.1  (b) 10  

 (c) 15  (d) 1  

50. A potentiometer circuit shown in the figure is set up to measure 
e.m.f. of a cell E. As the point P moves from X to Y the galvanometer 
G shows deflection always in one direction, but the deflection 
decreases continuously until Y is reached. In order to obtain balance 
point between X and Y it is necessary to  

 

 

 

 

 (a) Decreases the resistance R 

 (b) Increase the resistance R 

 (c) Reverse the terminals of battery V 

 (d) Reverse the terminals of cell E 

51. In the Wheatstone's bridge (shown in figure) YX   and BA  . 
The direction of the current between ab will be 

 

 (a) From a to b  

 (b) From b to a 

 (c) From b to a through c  

 (d) From a to b through c 

52. The figure shows a circuit diagram of a ‘Wheatstone Bridge’ to 
measure the resistance G of the galvanometer. The relation 

G

R

Q

P
  will be satisfied only when 

 

 

 

 

 

 

 

 (a) The galvanometer shows a deflection when switch S is closed 

 (b) The galvanometer shows a deflection when switch S is open 

 (c) The galvanometer shows no change in deflection whether S is 
open or closed 

 (d) The galvanometer shows no deflection 

53. The resistance of a galvanometer is 50 ohms and the current 

required to give full scale deflection is A100 . In order to convert 

it into an ammeter, reading upto 10A, it is necessary to put a 
resistance of [MP PMT 1997; AIIMS 1999] 

 (a)  3105  in parallel (b)  4105  in parallel 

 (c) 510  in series (d) 950,99 in series 

54. A resistance of 4  and a wire of length 5 metres and resistance 

5  are joined in series and connected to a cell of e.m.f. 10 V and 

internal resistance 1 . A parallel combination of two identical cells 

is balanced across 300 cm of the wire.  The e.m.f. E of each cell is [MP PMT 1997] 

  

 (a) 1.5 V 

 (b) 3.0 V 

 (c) 0.67 V 

 (d) 1.33 V 

55. The resistivity of a potentiometer wire is mohm  81040  and 

its area of cross-section is 26108 m . If 0.2 amp current is 

flowing through the wire, the potential gradient will be    [MP PMT/PET 1998] 

E2 

E1 

C 

B 

B 

G 

A 

V 

E 

X Y 
P 

R 

G 

R 

P 

S 

Q 
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A 
C 

B 
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a 

b 
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E 
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1 
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 (a) mvolt /10 2  (b) mvolt /10 1  

 (c) mvolt /102.3 2  (d) mvolt /1  

56. If only 2% of the main current is to be passed through a 
galvanometer of resistance G, then the resistance of shunt will be   [MP PMT/PET 1998] 

 (a) 
50

G
 (b) 

49

G
  

 (c) G50  (d) G49  

57. The resistance of an ideal voltmeter is  

  [EAMCET (Med.) 1995; MP PMT/PET 1998; Pb. PMT 1999; 
CPMT 2000] 

 (a) Zero (b) Very low 

 (c) Very large (d) Infinite 

58. A 100 V voltmeter of internal resistance k20  in series with a 

high resistance R is connected to a 110 V line. The voltmeter reads 5 
V, the value of R is [MP PET 1999] 

 (a) k210  (b) k315  

 (c) k420  (d) k440  

59. Constantan wire is used in making standard resistances because its   [MP PET 1999] 

 (a) Specific resistance is low  

 (b) Density is high 

 (c) Temperature coefficient of resistance is negligible 

 (d) Melting point is high 

60. The net resistance of a voltmeter should be large to ensure that    [MP PMT 1999] 

 (a) It does not get overheated 

 (b) It does not draw excessive current 

 (c) It can measure large potential difference  

 (d)  It does not appreciably change the potential difference to be 
measured 

61. A galvanometer has resistance of 7  and gives a full scale 

deflection for a current of 1.0 A. How will you convert it into a 
voltmeter of range 10 V [MP PMT 1999] 

 (a) 3  in series (b) 3  in parallel 

 (c) 17  in series (d) 30  in series 

62. A potentiometer consists of a wire of length 4 m and resistance 

10 . It is connected to a cell of e.m.f. 2 V. The potential 

difference per unit length of the wire will be 

[CBSE PMT 1999; AFMC 2001] 

 (a) 0.5 mV /  (b) mV /2  

 (c) mV /5  (d) mV /10  

63. In a meter bridge, the balancing length from the left end (standard 
resistance of one ohm is in the right gap) is found to be 20 cm. The 
value of the unknown resistance is 

[CBSE PMT 1999; Pb PMT 2004] 

 (a) 8.0  (b) 5.0  

 (c) 4.0  (d) 25.0  

64. In the circuit shown RP  , the reading of the galvanometer is 

same with switch S open or closed. Then 

   [IIT-JEE (Screening) 1999] 

 

 (a) GR II   

 (b) GP II    

 (c) GQ II   

 (d) RQ II    

65. In the following Wheatstone bridge SRQP //  . If key K is 

closed, then the galvanometer will show deflection 

[CPMT 1999] 

 (a) In left side 

 (b) In right side 

 (c) No deflection 

 (d) In either side 

66. A galvanometer having a resistance of 8 ohm is shunted by a wire of 
resistance 2 ohm. If the total current is 1 amp, the part of it passing 
through the shunt will be 

    [CBSE PMT 1998] 

 (a) 0.25 amp (b) 0.8 amp 

 (c) 0.2 amp (d) 0.5 amp 

67. A potentiometer wire has length 10 m and resistance 20 . A 2. 5 

V battery of negligible internal resistance is connected across the 

wire with an 80  series resistance. The potential gradient on the 

wire will be   [KCET 1994] 

 (a) mmV /105 5  (b) cmV /105.2 4  

 (c) mmV /1062.0 4  (d) mmV /101 5  

68. An ammeter whose resistance is 180  gives full scale deflection 

when current is 2 mA. The shunt required to convert it into an 
ammeter reading 20 mA (in ohms) is 

   [EAMCET (Engg.) 1995] 

 (a) 18 (b) 20 

 (c) 0.1 (d) 10 

69. A galvanometer whose resistance is 120  gives full scale 

deflection with a current of 0.05 A so that it can read a maximum 
current of 10 A. A shunt resistance is added in parallel with it. The 
resistance of the ammeter so formed is 

[Bihar MEE 1995] 

 (a) 06.0  (b) 006.0  

 (c) 6.0  (d) 6 s 

70. In a potentiometer experiment, the galvanometer shows no 
deflection when a cell is connected across 60 cm of the 

potentiometer wire. If the cell is shunted by a resistance of 6 , 

the balance is obtained across 50 cm of the wire. The internal 
resistance of the cell is  [SCRA 1994] 

 (a) 5.0  (b) 6.0  

 (c) 2.1  (d) 5.1  

71. A voltmeter of resistance 1000  gives full scale deflection when a 

current of 100 mA flow through it. The shunt resistance required 
across it to enable it to be used as an ammeter reading 1 A at full 
scale deflection is [SCRA 1994] 

 (a) 10000  (b) 9000  

 (c) 222  (d) 111  

R G 

Q P 

S 

V 

R S 

Q 
P 

K 
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72. The resistance of 10 metre long potentiometer wire is 1ohm/meter. A 
cell of e.m.f. 2.2 volts and a high resistance box are connected in 
series to this wire. The value of resistance taken from resistance box 
for getting potential gradient of 2.2 millivolt/metre will be [RPET 1997] 

 (a) 790  (b) 810  

 (c) 990  (d) 1000  

73. We have a galvanometer of resistance 25 . It is shunted by a 

5.2  wire. The part of total current that flows through the 

galvanometer is given as 

   [AFMC 1998; MH CET 1999; Pb. PMT 2002] 

 (a) 
11

1

0


I

I
 (b) 

10

1

0


I

I
 

 (c) 
11

3

0


I

I
 (d) 

11

4

0


I

I
 

74. In the adjoining circuit, the e.m.f. of the cell is 2 volt and the 
internal resistance is negligible. The resistance of the voltmeter is 80 
ohm. The reading of the voltmeter will be 

[CPMT 1991] 

 (a) 0.80 volt 

 (b) 1.60 volt 

 (c) 1.33 volt  

 (d) 2.00 volt  

75. If the resistivity of a potentiometer wire be   and area of cross-

section be A, then what will be potential gradient along the wire   [RPET 1996] 

 (a) 
A

I
 (b) 

A

I
 

 (c) 


IA
 (d) IA  

76. A voltmeter has resistance of 2000 ohms and it can measure upto 
2V. If we want to increase its range to 10 V, then the required 
resistance in series will be 

   [CPMT 1997, SCRA 1994] 

 (a) 2000  (b) 4000  

 (c) 6000  (d) 8000  

77. For a cell of e.m.f. 2V, a balance is obtained for 50 cm of the 

potentiometer wire. If the cell is shunted by a 2  resistor and the 

balance is obtained across 40 cm of the wire, then the internal 
resistance of the cell is  [SCRA 1998] 

 (a) 25.0  (b) 50.0  

 (c) 80.0  (d) 00.1  

78. The arrangement as shown in figure is called as 

    [CPMT 1999] 

 (a) Potential divider  

 (b) Potential adder 

(c) Potential substracter 

(d) Potential multiplier 

79. A potentiometer wire of length m1  and resistance 10  is 

connected in series with a cell of emf 2V with internal resistance 1  

and a resistance box including a resistance R.  If potential difference 

between the ends of the wire is 1 mV, the value of R is [KCET 1999] 

(a) 20000   (b) 19989  

(c) 10000  (d) 9989  

80. In a balanced Wheatstone’s network, the resistances in the arms Q 

and S are interchanged.  As a result of this 

[KCET 1999] 

(a) Network is not balanced  

(b) Network is still balanced 

(c) Galvanometer shows zero deflection 

(d) Galvanometer and the cell must be interchanged to balance 

81. The ammeter A reads 2 A and the voltmeter V reads 20 V.  the 

value of resistance R is (Assuming finite resistance's of ammeter and 

voltmeter) [JIPMER 1999; MP PMT 2004] 

(a) Exactly 10 ohm  

(b) Less than 10 ohm 

(c) More than 10 ohm  

(d) We cannot definitely say  

82. The resistance of a galvanometer coil is R.  What is the shunt 
resistance required to convert it into an ammeter of range 4 times   [BHU 2000] 

(a) 
5

R
  (b) 

4

R
 

(c) 
3

R
 (d) 4 R 

83. If an ammeter is connected in parallel to a circuit, it is likely to be 
damaged due to excess  [BHU 2000; BCECE 2004] 

(a) Current  (b) Voltage 

(c) Resistance (d) All of these 

84. In the given figure, battery E is balanced on 55 cm length of 

potentiometer wire but when a resistance of 10  is connected in 

parallel with the battery then it balances on 50 cm length of the 
potentiometer wire then internal resistance r of the battery is   [DCE 2000; RPET 2000] 

(a) 1   

(b) 3  

(c) 10  

(d) 5  

85. A galvanometer with a resistance of 12  gives full scale deflection 

when a current of 3 mA is passed. It is required to convert it into a 
voltmeter which can read up to 18 V.  the resistance to be connected 
is   [Pb. PMT 2000] 

(a) 6000  (b) 5988  

(c) 5000  (d) 4988  

86. The resistance of an ideal ammeter is [KCET 2000] 

(a) Infinite (b) Very high 

(c) Small (d) Zero 

87. A galvanometer of 25  resistance can read a maximum current of 

6mA.  It can be used as a voltmeter to measure a maximum of 6 V 
by connecting a resistance to the galvanometer.  Identify the correct 
choice in the given answers    [EAMCET (Med.) 2000] 

(a) 1025  in series  (b) 1025  in parallel 

(c) 975  in series (d) 975  in parallel 

+ – 
2V 

80  

20  80  

V 

A 

2 V 

r E 

B 

1 m 

Variable P.D. 

Total  P.D. 

R 
A 

V 
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88. A galvanometer has a resistance of 25 ohm and a maximum of 0.01 
A current can be passed through it.  In order to change it into an 
ammeter of range 10 A, the shunt resistance required is    [MP PET 2000] 

(a) 5/999 ohm  (b) 10/999 ohm 

(c) 20/999 ohm (d) 25/999 ohm 

89. In the circuit shown, a meter bridge is in its balanced state.  The 

meter bridge wire has a resistance 0.1 ohm/cm.  The value of 
unknown resistance X and the current drawn from the battery of 
negligible resistance is  [AMU (Engg.) 2000] 

 

(a) 6 , 5 amp 

(b) 10 , 0.1 amp 

(c) 4 , 1.0 amp 

(d) 12 , 0.5 amp 

90. A galvanometer has 30 divisions and a sensitivity 16 div./A It can 

be converted into a voltmeter to read 3 V by connecting    [Kerala PMT 2005] 

(a) Resistance nearly 6 k in series 

(b) k6  in parallel 

(c) 500  in series 

(d)  It cannot be converted 

91. Voltmeters V
1

 and V
2

 are connected in series across a D.C. line.  V
1

 
reads 80 volts and has a per volt resistance of 200 ohms.  V

2

 has a 
total resistance of 32 kilo ohms.  The line voltage is    [UPSEAT 2000] 

(a) 120 volts  (b) 160 volts 

(c) 220 volts (d) 240 volts 

92. A potentiometer having the potential gradient of 2 mV/cm is used to 
measure the difference of potential across a resistance of 10 ohm. If 
a length of 50 cm of the potentiometer wire is required to get the 
null point, the current passing through the 10 ohm resistor is (in 
mA) 

 [AMU (Med.) 2000] 

(a) 1 (b) 2 

(c) 5 (d) 10 

93. AB is a potentiometer wire of length 100 cm and its resistance is 10 
ohms.  It is connected in series with a resistance R = 40 ohms and a 
battery of e.m.f. 2 V and negligible internal resistance.  If a source of 
unknown e.m.f. E is balanced by 40 cm length of the potentiometer 
wire, the value of E is    [MP PET 2001] 

 

 (a) 0.8 V 

 (b) 1.6 V 

(c) 0.08 V 

(d) 0.16 V 

94. An ammeter gives full deflection when a current of 2 amp. flows 

through it. The resistance of ammeter is 12 ohms.  If the same 
ammeter is to be used for measuring a maximum current of 5 amp., 
then the ammeter must be connected with a resistance of   [MP PET 2001] 

(a) 8 ohms in series  (b) 18 ohms in series 

(c) 8 ohms in parallel (d) 18 ohms in parallel 

95. In a circuit 5 percent of total current passes through a 
galvanometer.  If resistance of the galvanometer is G then value of 
the shunt is   [MP PET 2001] 

(a) 19 G  (b) 20 G 

(c) 
20

G
 (d) 

19

G
 

96. A voltmeter having resistance of 50 × 103 ohm is used to measure the 
voltage in a circuit.  To increase the range of measurement 3 times 
the additional series resistance required is   [MP PET 2001] 

(a) 105 ohm  (b) 150 k.ohm 

(c) 900 k.ohm (d) 9 × 106 ohm 

97. In a potentiometer experiment two cells of e.m.f. E
1

 and E
2

 are used 
in series and in conjunction and the balancing length is found to be 
58 cm of the wire.  If the polarity of E

2

 is reversed, then the 

balancing length becomes 29 cm.  The ratio 
2

1

E

E
 of the e.m.f. of the 

two cells is 

  [Kerala (Engg.) 2001] 

(a) 1 : 1  (b) 2 : 1 

(c) 3 : 1 (d) 4 : 1 

98. A milliammeter of range 10 mA has a coil of resistance 1 .  To use 

it as voltmeter of range 10 volt, the resistance that must be 
connected in series with it, will be [KCET 2001] 

(a) 999  (b) 99  

(c) 1000  (d) None of these 

99. A voltmeter has a range 0-V with a series resistance R.  With a 

series resistance 2R, the range is 0-V.  The correct relation between 

V and V is    [CPMT 2001] 

(a) VV 2  (b) VV 2  

(c) VV 2  (d) VV 2'  

100. The measurement of voltmeter in the following circuit is 

[AFMC 2001] 

(a) 2.4 V 

(b) 3.4 V 

(c) 4.0 V 

(d) 6.0 V 

101. A 36  galvanometer is shunted by resistance of 4. The 
percentage of the total current, which passes through the 
galvanometer is   [UPSEAT 2002] 

(a) 8 %  (b) 9 % 

(c) 10 % (d) 91 % 

102. An ammeter and a voltmeter of resistance R are connected in series 
to an electric cell of negligible internal resistance. Their readings are 
A and V respectively.  If another resistance R is connected in parallel 
with the voltmeter  

[EAMCET 2000; KCET 2002] 

(a) Both A and V will increase  

(b) Both A and V will decrease  

(c) A will decrease and V will increase 

(d) A will increase and V will decrease 

103. A wire of length 100 cm is connected to a cell of emf 2 V and 

negligible internal resistance.  The resistance of the wire is 3 .  
The additional resistance required to produce a potential drop of 1 
milli volt per cm is [Kerala PET 2002] 

(a) 60  (b) 47  

(c) 57  (d) 35  

B A 
60 cm 40 cm 

X 6 

5V 

G 

R 

A B 

2 V 

40 cm 

E 

6V  

60  

+ – 

40  

V 
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104. A galvanometer of resistance 20  is to be converted into an 
ammeter of range 1 A.  If a current of 1 mA produces full scale 
deflection, the shunt required for the purpose is  

[Kerala PET 2002] 

(a) 0.01  (b) 0.05  

(c) 0.02  (d) 0.04  

105. There are three voltmeters of the same range but of resistances 

10000 , 8000  and 4000  respectively.  The best 

voltmeter among these is the one whose resistance is    [Kerala PET 2002] 

(a) 10000  (b) 8000  

(c) 4000  (d) All are equally good 

106. If an ammeter is to be used in place of a voltmeter then we must 
connect with the ammeter a  

  [AIEEE 2002; AFMC 2002] 

(a) Low resistance in parallel   

(b) High resistance in parallel 

(c) High resistance in series 

(d) Low resistance in series 

107. A 10 m long wire of 20 resistance is connected with a battery of 3 

volt e.m.f. (negligible internal resistance) and a 10  resistance is 

joined to it is series. Potential gradient along wire in volt per meter 
is   [MP PMT 2003] 

(a) 0.02 (b) 0.3 

(c) 0.2 (d) 1.3 

108. A potentiometer has uniform potential gradient across it.  Two cells 

connected in series (i) to support each other and (ii) to oppose each 
other are balanced over 6m and 2m respectively on the 
potentiometer wire.  The e.m.f.’s of the cells are in the ratio of   [MP PMT 2002] 

(a) 1 : 2  (b) 1 : 1 

(c) 3 : 1 (d) 2 : 1 

109. The material of wire of potentiometer is 

    [MP PMT 2002] 

(a) Copper (b) Steel 

(c) Manganin (d) Aluminium 

110. To convert a galvanometer into a voltmeter, one should connect a   [CBSE PMT 2002] 

(a) High resistance in series with galvanometer  

(b) Low resistance in series with galvanometer 

(c) High resistance in parallel with galvanometer 

(d) Low resistance in parallel with galvanometer 

111. To convert a 800 mV range milli voltmeter of resistance 40  into a 

galvanometer of 100 mA range, the resistance to be connected as 
shunt is   [CBSE PMT 2002] 

(a) 10  (b) 20  

(c) 30  (d) 40  

112. A 100 ohm galvanometer gives full scale deflection at 10 mA.  How 
much shunt is required to read 100 mA 

[MP PET 2002] 

(a) 11.11 ohm (b) 9.9 ohm 

(c) 1.1 ohm (d) 4.4 ohm 

113. The potential difference across the 100 resistance in the following 

circuit is measured by a voltmeter of 900  resistance. The 
percentage error made in reading the potential difference is   [AMU (Med.) 2002] 

(a) 
9

10
 

(b) 0.1 

(c) 1.0 

(d) 10.0 

114. A cell of internal resistance 3 ohm and emf 10 volt is connected to a 
uniform wire of length 500 cm and resistance 3 ohm.  The potential 
gradient in the wire is [MP PET 2003] 

(a) 30 mV/cm  (b) 10 mV/cm  

(c) 20 mV/cm (d) 4 mV/cm 

115. An ammeter of 100  resistance gives full deflection for the current 
of 10–5 amp.  Now the shunt resistance required to convert it into 
ammeter of 1 amp. range, will be 

[RPET 2003] 

(a) 410     (b) 510    

(c) 310    (d) 110    

116. A galvanometer of resistance 36  is changed into an ammeter by 

using a shunt of 4 .  The fraction f
0

 of total current passing 
through the galvanometer is [BCECE 2003] 

(a) 
40

1
  (b) 

4

1
 

(c) 
140

1
 (d) 

10

1
 

117. If the ammeter in the given circuit reads 2 A, the resistance R is    [Orissa JEE 2003] 

 

(a) 1 ohm  

(b) 2 ohm 

(c) 3 ohm 

(d) 4 ohm 

118. A 50 ohm galvanometer gets full scale deflection when a current of 
0.01 A passes through the coil.  When it is converted to a 10 A 
ammeter, the shunt resistance is 

[Orissa JEE 2003] 

(a)  0.01  (b) 0.05  

(c) 2000  (d) 5000  

119. Resistance in the two gaps of a meter bridge are 10 ohm and 30 
ohm respectively. If the resistances are interchanged the balance 
point shifts by   [Orissa JEE 2003] 

(a) 33.3 cm  (b) 66.67cm 

(c) 25 cm (d) 50 cm 

120. A potentiometer has uniform potential gradient. The specific 
resistance of the material of the potentiometer wire is 10–7 ohm–
meter and the current passing through it is 0.1 ampere; cross-section 
of the wire is 10–6 m2.  The potential gradient along the potentiometer 
wire is [KCET 2003] 

(a) 410   V/m  (b) 610   V/m 

(c) 210   V/m (d) 810   V/m 

121. Two resistances of 400  and 800  are connected in series with 6 
volt battery of negligible internal resistance.  A voltmeter of 

resistance 10,000  is used to measure the potential difference 

across 400 .  The error in the measurement of potential difference 
in volts approximately is    [EAMCET 2003] 

(a) 0.01  (b) 0.02 

(c) 0.03 (d) 0.05 

900  

100  

10  

V 

6 

R 

3 

6V 
A 
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122. A galvanometer, having a resistance of 50  gives a full scale deflection for 
a current of 0.05 A. The length in meter of a resistance wire of area of 
cross-section 2.97× 10–2 cm2 that can be used to convert the galvanometer 
into an ammeter which can read a maximum of 5 A current is (Specific 

resistance of the wire = 5 × 710  m)    [EAMCET 2003] 

(a) 9  (b) 6 

(c) 3 (d) 1.5 

123. An ammeter reads upto 1 ampere.  Its internal resistance is 0.81 
ohm.  To increase the range to 10 A the value of the required shunt 
is   [AIEEE 2003] 

(a) 0.09  (b) 0.03  

(c) 0.3  (d) 0.9  

124. The length of a wire of a potentiometer is 100 cm, and the emf of its 
standard cell is E volt.  It is employed to measure the e.m.f of a 

battery whose internal resistance is 0.5 .  If the balance point is 
obtained at l = 30 cm from the positive end, the e.m.f. of the battery 
is  [AIEEE 2003] 

(a) 
100

30E
 

(b) 
5.100

30E
 

(c) 
)5.0100(

30



E
 

(d) 
100

)5.0(30 iE 
, where i is the current in the potentiometer 

125. Resistance of 100 cm long potentiometer wire is 10, it is connected 
to a battery (2 volt) and a resistance R in series. A source of 10 mV 
gives null point at 40 cm length, then external resistance R is    [MP PMT 2003] 

(a) 490  (b) 790  

(c) 590  (d) 990  

126. The e.m.f. of a standard cell balances across 150 cm length of a wire 

of potentiometer. When a resistance of 2  is connected as a shunt 

with the cell, the balance point is obtained at cm100 . The internal 

resistance of the cell is 

     [MP PET 1993] 

 (a) 1.0  (b) 1  

 (c) 2  (d) 5.0  

127. What is the reading of voltmeter in the following figure  

[MP PMT 2004]  

 (a) 3 V  

 (b) 2 V  

 (c) 5 V  

 (d) 4 V  

128. The current flowing in a coil of resistance 90  is to be reduced by 
90%. What value of resistance should be connected in parallel with 
it    [MP PMT 2004] 

 (a) 9   (b) 90  

 (c) 1000  (d) 10  

129. The maximum current that can be measured by a galvanometer of 

resistance 40  is 10 mA. It is converted into a voltmeter that can 
read upto 50 V. The resistance to be connected in series with the 
galvanometer is ... (in ohm) 

[KCET 2004] 

(a) 5040  (b) 4960 

(c) 2010 (d) 4050 

130. For the post office box arrangement to determine the value of 
unknown resistance the unknown resistance should be connected 
between   [IIT-JEE (Screening) 2004] 

 

(a) B and C  

(b) C and D  

(c) A and D  

(d) B
1

 and C
1

  

131. A galvanometer of 50 ohm resistance has 25 divisions. A current of 

4  10–4 ampere gives a deflection of one division. To convert this 

galvanometer into a voltmeter having a range of 25 volts, it should 

be connected with a resistance of  

[CBSE PMT 2004] 

(a) 2500  as a shunt (b) 2450  as a shunt 

(c) 2550  in series  (d) 2450  in series  

132. In a metre bridge experiment null point is obtained at 20 cm from 

one end of the wire when resistance X is balanced against another 

resistance Y. If X < Y, then where will be the new position of the null 

point from the same end, if one decides to balance a resistance of 

4X against Y  

[AIEEE 2004] 

(a) 50 cm  (b) 80 cm  

(c) 40 cm  (d) 70 cm  

133. In the circuit given, the correct relation to a balanced Wheatstone 

bridge is    [Orissa PMT 2004] 

(a) 
S

R

Q

P
  

(b) 
R

S

Q

P
  

(c) 
Q

S

R

P
  

(d) None of these  

134. A galvanometer coil of resistance 50 , show full deflection of 

A100 . The shunt resistance to be added to the galvanometer, to 

work as an ammeter of range 10 mA is  

[Pb PET 2000] 

(a) 5  in parallel  (b) 0.5  in series  

(c) 5  in series  (d) 0.5  in parallel  

135. In given figure, the potentiometer wire AB has a resistance of 5  
and length 10 m. The balancing length AM for the emf of 0.4 V is    [Pb. PET 2001] 

 

(a) 0.4 m  

(b) 4 m 

(c) 0.8 m  

(d) 8 m  

A 

B C D 

B1 C1 

G 

S Q 

R P 

V 

500  A A 500  

10 V 

1000  

0.4V 

M 
A 

5V 

R=45 

B 
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136. A potentiometer consists of a wire of length 4 m and resistance 10 

. It is connected to cell of emf 2 V. The potential difference per 
unit length of the wire will be  

[Pb. PET 2002] 

(a) 0.5 V/m  (b) 10 V/m  

(c) 2 V/m  (d) 5 V/m  

137. A voltmeter essentially consists of    [UPSEAT 2004] 

(a) A high resistance, in series with a galvanometer 

(b) A low resistance, in series with a galvanometer 

(c) A high resistance in parallel with a galvanometer 

(d) A low resistance in parallel with a galvanometer 

138. In a potentiometer experiment the balancing with a cell is at length 

240 cm. On shunting the cell with a resistance of 2 , the balancing 
length becomes 120 cm. The internal resistance of the cell is    [DCE 2002; AIEEE 2005] 

(a) 4   (b) 2  

(c) 1  (d) 0.5  

139. With a potentiometer null point were obtained at 140 cm and 180 
cm with cells of emf 1.1 V and one unknown X volts. Unknown emf is 
   [DCE 2002] 

(a) 1.1 V  (b) 1.8 V  

(c) 2.4 V  (d) 1.41 V 

140. A moving coil galvanometer of resistance 100 is used as an 

ammeter using a resistance 0.1 The maximum deflection current 

in the galvanometer is 100A. Find the minimum current in the 
circuit so that the ammeter shows maximum deflection   [IIT-JEE (Screening) 2005] 

 (a) 100.1 mA (b) 1000.1 mA 

(c) 10.01 mA (d) 1.01 mA  

141. Two resistances are connected in two gaps of a metre bridge. The 
balance point is 20 cm from the zero end. A resistance of 15 ohms is 
connected in series with the smaller of the two. The null point shifts 
to 40 cm. The value of the smaller resistance in ohms is   [KCET 2005] 

(a) 3 (b) 6 

(c) 9 (d) 12 

142. If resistance of voltmeter is 10000 and resistance of ammeter is 

2 then find R when voltmeter reads 12V and ammeter reads 0.1 A   [BCECE 2005] 

(a) 118  (b) 120  

(c) 124  (d) 114 

143. Potentiometer wire of length 1 m is connected in series with 490  

resistance and 2V battery. If 0.2 mV/cm is the potential gradient, 

then resistance of the potentiometer wire is     [DCE 2005] 

(a) 4.9  (b) 7.9  

(c) 5.9  (d) 6.9   

  

 

 

 

 

1. In an electrical cable there is a single wire of radius 9 mm of 

copper. Its resistance is 5 . The cable is replaced by 6 different 

insulated copper wires, the radius of each wire is mm3 . Now the 

total resistance of the cable will be 

   [CPMT 1988] 

 (a) 5.7  (b) 45  

 (c) 90  (d) 270  

2. Two uniform wires A  and B  are of the same metal and have 

equal masses. The radius of wire A  is twice that of wire B . The 

total resistance of A and B  when connected in parallel is   [MNR 1994] 

 (a) 4  when the resistance of wire A  is 25.4  

 (b) 5  when the resistance of wire A  is 25.4  

 (c) 4  when the resistance of wire B  is 25.4  

 (d) 4  when the resistance of wire B  is 25.4  

3. Twelve wires of equal length and same cross-section are connected 

in the form of a cube. If the resistance of each of the wires is R , 

then the effective resistance between the two diagonal ends would 

be   [J & K CET 2004] 

 (a) 2 R  

 (b) 12 R  

 (c) R
6

5
 

 (d) 8 R  

4. You are given several identical resistances each of value  10R  

and each capable of carrying maximum current of 1 ampere. It is 

required to make a suitable combination of these resistances to 

produce a resistance of 5  which can carry a current of 4 

amperes. The minimum number of resistances of the type R  that 
will be required for this job 

[CBSE PMT 1990] 

 (a) 4 (b) 10 

 (c) 8 (d) 20 

5. The resistance of a wire is 610  per metre. It is bend in the 

form of a circle of diameter m2 . A wire of the same material is 

connected across its diameter. The total resistance across its 

diameter AB will be 

 

 

 

 

 

 (a)  610
3

4
  (b)  610

3

2
  

 (c)  61088.0  (d)  61014  

6. In the figure shown, the capacity of the condenser C is F2 . The 

current in 2  resistor is  [IIT 1982] 

 

 

 

 

 

 

 

A B 

6V 2.8 

+ – 

2F 
4 

3 

2 



 

  Current Electricity 1083 
 

 (a) 9 A (b) 0.9 A 

 (c) A
9

1
 (d) A

9.0

1
 

7. When the key K is pressed at time 0t , which of the following 

statements about the current I in the resistor AB of the given circuit 

is true   [CBSE PMT 1995] 

 

 

 

 

 

 (a) I = 2 mA  at all t 

 (b) I oscillates between 1 mA and 2mA 

 (c) I = 1 mA at all t 

 (d) At t = 0 , I = 2 mA and with time it goes to 1 mA  

8. A torch bulb rated as 4.5 W, 1.5 V is connected as shown in the 
figure. The e.m.f. of the cell needed to make the bulb glow at full 
intensity is   [MP PMT 1999] 

  

 (a) 4.5 V  

 (b) 1.5 V 

 (c) 2.67 V  

 (d) 13.5 V 

9. In the circuit shown in the figure, the current through 

[IIT 1998] 

 

 

 

 

 (a) The 3 resistor is 0.50A (b) The 3 resistor is A25.0  

 (c) The 4 resistor is 0.50A (d) The 4 resistor is A25.0  

10. There are three resistance coils of equal resistance. The maximum 

number of resistances you can obtain by connecting them in any 

manner you choose, being free to use any number of the coils in any 

way is  

   [ISM Dhanbad 1994] 

 (a) 3 (b) 4 

 (c) 6 (d) 5 

11. In the circuit shown, the value of each resistance is r, then 

equivalent resistance of circuit between points A and B will be   [Similar to CBSE PMT 1999; RPET 1999] 

 

(a) (4/3) r  

(b) 3r / 2 

(c) r / 3 

(d) 8r / 7 

12. If in the circuit shown below, the internal resistance of the battery is 

1.5  and V
P

 and V
Q

 are the potentials at P and Q respectively, what 

is the potential difference between the points P and Q    [MP PET 2000] 

 

(a)  Zero 

(b) 4 volts (V
P

 > V
Q

) 

(c) 4 volts (V
Q

 > V
P

) 

(d) 2.5 volts (V
Q

 > V
P

) 

13. Two wires of resistance R
1

 and R
2

 have temperature coefficient of 

resistance 21  and  , respectively.  These are joined in series.  The 

effective temperature coefficient of resistance is   [MP PET 2003] 

(a) 
2

21  
  (b) 21  

(c) 
21

2211

RR

RR




 (d) 

2
2

2
1

2121

RR

RR




 

14. Two cells of equal e.m.f. and of internal resistances 1r  and 

)( 212 rrr   are connected in series. On connecting this combination 

to an external resistance R, it is observed that the potential 

difference across the first cell becomes zero. The value of R will be  

[MP PET 1985; KCET 2005; Kerala PMT 2005] 

 (a) 21 rr   (b) 21 rr   

 (c) 
2

21 rr 
 (d) 

2

21 rr 
 

15. When connected across the terminals of a cell, a voltmeter measures 

5V and a connected ammeter measures 10 A of current. A resistance 

of 2 ohms is connected across the terminals of the cell. The current 

flowing through this resistance will be    [MP PMT 1997] 

 (a) 2.5 A (b) 2.0 A 

 (c) 5.0 A (d) 7.5 A 

16. In the circuit shown here, E
1

 = E
2 

= E
3

 = 2 V and R
1

 = R
2

 = 4 ohms.  The 

current flowing between points A and B through battery E
2

 is   [MP PET 2001] 

 

(a) Zero  

(b) 2 amp from A to B 

(c) 2 amp from B to A 

(d) None of the above 

17. In the circuit shown below E
1

 = 4.0 V, R
1

= 2 , E
2

 = 6.0 V, R
2

 = 4  

and R
3

 = 2 .  The current  I
1

 is  [MP PET 2003] 

 

(a) 1.6 A  

(b) 1.8 A 

(c) 1.25 A 

(d) 1.0 A 

E(r=2.67) 

1 

4.5 W 
1.5 V 

9 V 8 8 

2 3 2 

2 2 2 

4 

B 

1000 

C 1F 

A 

K 
2V 

10
0
0


 

E1 = 4 V 

R1 = 2  

I2 

I1 

E2 = 6 V 

R3 = 2  

R2 = 4  

A B 
C 

r r r 
r 

r r 

r 

R1 

R2 

B A 

E1 

E3 

E2 

2  P 

Q 

20 V 

3  

3  

2  

1.5  

+ – 
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18. A microammeter has a resistance of 100  and full scale range of 

A50 . It can be used as a voltmeter or as a higher range ammeter 

provided a resistance is added to it. Pick the correct range and 

resistance combination 

[SCRA 1996; AMU (Med.) 2001; Roorkee 2000] 

 (a) 50 V range with k10  resistance in series 

 (b) 10 V range with k200  resistance in series 

 (c) 10 mA range with 1  resistance in parallel 

 (d) 10 mA range with 1.0  resistance in parallel 

19. The potential difference across 8 ohm resistance is 48 volt as shown 

in the figure. The value of potential difference across X and Y points 
will be   [MP PET 1996] 

 

(a) 160 volt 

(b) 128 volt 

 (c) 80 volt 

 (d) 62 volt  

20. Two resistances 1R  and 2R  are made of different materials. The 

temperature coefficient of the material of 1R  is   and of the 

material of 2R  is  . The resistance of the series combination of 

1R  and 2R  will not change with temperature, if 21 / RR  equals   [MP PMT 1997] 

 (a) 



 (b) 








 

 (c) 


 22 
 (d) 




 

21. An ionization chamber with parallel conducting plates as anode and 

cathode has 7105   electrons and the same number of singly-

charged positive ions per 3cm . The electrons are moving at 0.4 m/s. 

The current density from anode to cathode is 2/4 mA .  The 

velocity of positive ions moving towards cathode is   [CBSE PMT 1992] 

 (a) 0.4 m/s (b) 16 m/s 

 (c) Zero (d) 0.1 m/s  

22. A wire of resistance 10  is bent to form a circle. P and Q are 

points on the circumference of the circle dividing it into a quadrant 

and are connected to a Battery of 3 V and internal resistance 1  as 

shown in the figure.  The currents in the two parts of the circle are   [Roorkee 1999] 

(a) AA
23

18
 and

23

6
  

(b) AA
26

15
and

26

5
 

(c) AA
25

12
 and

25

4
 

(d) AA
25

9
 and

25

3
 

23. In the given circuit, it is observed that the current I is independent 
of the value of the resistance R

6

. Then the resistance values must 
satisfy  [IIT-JEE (Screening) 2001] 

 

 

 

 

 
 

(a) 643521 RRRRRR    

(b) 
65

11

RR


4321

11

RRRR 



  

(c) 3241 RRRR    

(d) 654231 RRRRRR   

24. In the given circuit, with steady current, the potential drop across 
the capacitor must be   [IIT-JEE (Screening) 2001] 

(a) V  

(b) V / 2 

(c) V / 3 

(d) 2V / 3 

25. A wire of length L and 3 identical cells of negligible internal 
resistances are connected in series.  Due to current, the temperature 

of the wire is raised by  T in a time t.  A number N of similar 
cells is now connected in series with a wire of the same material and 

cross–section but of length 2 L.  The temperature of the wire is 

raised by the same amount  T in the same time t.  the value of N 
is 

   [IIT-JEE (Screening) 2001] 

(a) 4  (b) 6 

(c) 8 (d) 9 

26. What is the equivalent resistance between the points A and B of the 
network   [AMU (Engg.) 2001] 

(a) 
7

57
  

(b) 8  

(c) 6  

(d) 
5

57
 

27. The effective resistance between points P and Q of the electrical 

circuit shown in the figure is 

  [IIT-JEE (Screening) 2002] 

(a) )/(2 rRRr   

(b) )3/()(8 rRrRR   

(c) Rr 42   

(d) rR 22/5   

28. In the circuit element given here, if the potential at point B, V
B

 = 0, 
then the potentials of A and D are given as 

[AMU (Med.) 2002] 

 

 

3 

20 30 60 

8 24 48V 
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(a) VVVV DA 2,5.1   (b) VVVV DA 2,5.1   

(c) VVVV DA 5.0,5.1   (d) VVVV DA 5.0,5.1   

29. The equivalent resistance between the points P and Q in the 

network given here is equal to (given 
2

3
r ) 

[AMU (Med.) 2002] 

(a) 
2

1
 

(b) 1  

(c) 
2

3
 

(d) 2  

30. The current in a conductor varies with time t as 232 ttI   
where I is in ampere and t in seconds.  Electric charge flowing 
through a section of the conductor during t = 2 sec to t = 3 sec is    [Orissa JEE 2003] 

(a) 10 C (b) 24 C 

(c) 33 C (d) 44 C 

31. A group of N cells whose emf varies directly with the internal 

resistance as per the equation E
N

 = 1.5 r
N

 are connected as shown in 
the figure below.  The current I in the circuit is 

[KCET 2003] 

 

(a) 0.51 amp  

(b) 5.1 amp 

(c) 0.15 amp 

(d) 1.5 amp  

32. In the shown arrangement of the experiment of the meter bridge if 
AC corresponding to null deflection of galvanometer is x, what 
would be its value if the radius of the wire AB is doubled  [IIT-JEE (Screening) 2003] 

(a) x  

(b) x/4 

(c) 4x 

(d) 2x 

33. The resistance of a wire of iron is 10 ohms and temp. coefficient of 

resistivity is C  /105 3 . At C20  it carries 30 milliamperes of 
current. Keeping constant potential difference between its ends, the 

temperature of the wire is raised to C120 . The current in 
milliamperes that flows in the wire is   [MP PMT 1994] 

 (a) 20 (b) 15 

 (c) 10 (d) 40 

34. Seven resistances are connected as shown in the figure.  The 
equivalent resistance between A and B is [MP PET 2000] 
 

(a) 3  

(b) 4  

(c) 4.5  

(d) 5  

35. A battery of internal resistance 4 is connected to the network of 

resistances as shown. In order to give the maximum power to the 

network, the value of R (in  ) should be    [IIT 1995] 

 (a) 4/9 

 (b) 8/9 

 (c) 2 

 (d) 18 

36. In the circuit shown here, the readings of the ammeter and 
voltmeter are   [Kerala PMT 2002] 

 

(a) 6 A, 60 V  

(b) 0.6 A, 6 V 

(c) 6/11 A, 60/11 V 

(d) 11/6 A, 11/60 V 

37. Length of a hollow tube is 5m, it’s outer diameter is 10 cm and 

thickness of it’s wall is 5 mm. If resistivity of the material of the 

tube is 1.7  10–8 m then resistance of tube will be  

(a) 5.6  10–5   (b) 2  10–5   

(c) 4  10–5  (d) None of these 

38. A wire of resistor R is bent into a circular ring of radius r. 
Equivalent resistance between two points X and Y on its 

circumference, when angle XOY is , can be given by  

(a) )2(
4 2







R
 

(b) )2(
2





R

 

(c) R (2 – )  

(d) )2(
4







R
 

39. Potential difference across the terminals of the battery shown in 

figure is (r = internal resistance of battery) 

(a) 8 V  

(b) 10 V  

(c) 6 V  

(d) Zero  

40. As the switch S is closed in the circuit shown in figure, current 

passed through it is   

 

(a) 4.5 A  

(b) 6.0 A 

(c) 3.0 A 

(d) Zero 

41. In the following circuit a 10 m long potentiometer wire with 

resistance 1.2 ohm/m, a resistance R
1

 and an accumulator of emf 2 V 

are connected in series. When the emf of thermocouple is 2.4 mV 

then the deflection in galvanometer is zero. The current supplied by 

the accumulator will be 

 

(a) 4  10–4 A 

5 
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(b) 8  10–4 A 

(c) 4  10–3 A  

(d) 8  10–3 A  

42. In the following circuit, bulb rated as 1.5 V, 0.45 W. If bulbs glows 

with full intensity then what will be the equivalent resistance 

between X and Y  

 (a) 0.45  

(b) 1  

(c) 3  

(d) 5  

43. Consider the circuits shown in the figure. Both the circuits are 

taking same current from battery but current through R in the 

second circuit is 
10

1
th of current through R in the first circuit. If R 

is 11 , the value of R
1

  

(a) 9.9  

(b) 11  

(c) 8.8  

(d) 7.7  

44. In order to quadruple the resistance of a uniform wire, a part of its 

length was uniformly stretched till the final length of the entire wire 

was 1.5 times the original length, the part of the wire was fraction 

equal to  

(a) 1 / 8 

(b) 1 / 6 

(c) 1 / 10 

(d) 1 / 4 

45. In the circuit shown in figure reading of voltmeter is V
1

 when only S
1

 

is closed, reading of voltmeter is V
2

 when only S
2

 is closed and 

reading of voltmeter is V
3

 when both S
1

 and S
2

 are closed. Then  

(a) V
3

 > V
2

 > V
1

  

(b) V
2

 > V
1

 > V
3

 

(c) V
3

 > V
1

 > V
2

  

(d) V
1

 > V
2

 > V
3

  

46. Current through wire XY of circuit shown is  

 

(a) 1 A  

(b) 4 A  

(c) 2 A  

(d) 3 A  

47. 12 cells each having same emf are connected in series with some 

cells wrongly connected. The arrangement is connected in series 
with an ammeter and two cells which are in series. Current is 3 A 
when cells and battery aid each other and is 2 A when cells and 
battery oppose each other. The number of cells wrongly connected 
is  

(a) 4 (b) 1 

(c) 3 (d) 2 

48. Following figure shows cross-sections through three long conductors 

of the same length and material, with square cross-section of edge 
lengths as shown. Conductor B will fit snugly within conductor A, 
and conductor C will fit snugly within conductor B. Relationship 
between their end to end resistance is 

 

 

 

 

 

 

(a) R
A

 = R
B

 = R
C

  

(b) R
A

 > R
B

 > R
C

  

(c) R
A

 < R
B

 < R  

(d) Information is not sufficient 

49. In the following star circuit diagram (figure), the equivalent 
resistance between the points A and H will be  

 

(a) 1.944 r  

(b) 0.973 r  

(c) 0.486 r  

(d) 0.243 r  

50. In the adjoining circuit diagram each resistance is of 10 . The 
current in the arm AD will be 

(a) 
5

2i
 

(b) 
5

3i
 

(c) 
5

4 i
 

(d) 
5

i
 

51. In the circuit of adjoining figure the current through 12  resister 

will be 

(a) 1 A  

(b) A
5

1
 

(c) A
5

2
 

(d) 0 A  

52. The reading of the ideal voltmeter in the adjoining diagram will be 

(a) 4 V  

(b) 8 V 

(c) 12 V  

(d) 14 V  
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53. The resistance of the series combination of two resistance is S. 

When they are joined in parallel the total resistance is P. If S = nP, 

then the minimum possible value of n is  

[AIEEE 2004] 

(a) 4  (b) 3 

(c) 2  (d) 1 

54. A moving coil galvanometer has 150 equal divisions. Its current 

sensitivity is 10 divisions per milliampere and voltage sensitivity is 2 

divisions per millivolt. In order that each division reads 1 volt, the 

resistance in ohms needed to be connected in series with the coil 

will be [AIEEE 2005] 

 (a) 99995 (b) 9995 

 (c) 310  (d) 510  

 

 

 

 

 

 

1. Which of the adjoining graphs represents ohmic resistance 

[CPMT 1981; DPMT 2002] 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

2. Variation of current passing through a conductor as the voltage 

applied across its ends as varied is shown in the adjoining diagram. 

If the resistance (R) is determined at the points A, B, C and D, we 

will find that  [CPMT 1988] 

 (a) R
C

 = R
D

  

 (b) R
B

 > R
A

  

 (c) R
C

 > R
B

  

 (d) None of these 

3. The voltage V and current I graph for a conductor at two different 

temperatures 1T  and 2T  are shown in the figure. The relation 

between 1T  and 2T  is 

   [MP PET 1996; KCET 2002] 

 (a) 21 TT   

 (b) 21 TT   

 (c) 21 TT   

 (d) 21 TT   

4. From the graph between current I and voltage V shown below, 

identify the portion corresponding to negative resistance   [CBSE PMT 1997] 

(a) AB 

(b) BC 

(c) CD 

(d) DE 

5. I-V characteristic of a copper wire of length L and area of cross-

section A is shown in figure.  The slope of the curve becomes    [Orissa JEE 2003] 

 

 

 

 

(a) More if the experiment is performed at higher temperature  

(b) More if a wire of steel of same dimension is used 

(c) More if the length of the wire is increased 

(d) Less if the length of the wire is increased 

6. E denotes electric field in a uniform conductor, I corresponding 

current through it, dv  drift velocity of electrons and P denotes 

thermal power produced in the conductor, then which of the 
following graph is incorrect 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

7. The two ends of a uniform conductor are joined to a cell of e.m.f. E 
and some internal resistance. Starting from the midpoint P of the 
conductor, we move in the direction of current and return to P. The 
potential V at every point on the path is plotted against the distance 
covered (x). Which of the following graphs best represents the 
resulting curve 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

8. The resistance tR  of a conductor varies with temperature t as 

shown in the figure. If the variation is represented by 

]1[ 2
0 ttRRt   , then   [CPMT 1988] 

 (a)   and   are both negative 

 (b)   and   are both positive 

 (c)   is positive and   is negative 

 (d)   is negative and   are positive 
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9. Variation of current and voltage in a conductor has been shown in 
the diagram below. The resistance of the conductor is.  

 

 

 

 

 

 

 

 (a) 4 ohm (b) 2 ohm 

 (c) 3 ohm (d) 1 ohm 

10. Resistance as shown in figure is negative at  [CPMT 1997] 

 

 

 

 

 
 

 (a) A (b) B 

 (c) C (d) None of these 

11. For a cell, the graph between the potential difference (V) across the 
terminals of the cell and the current (I) drawn from the cell is 
shown in the figure. The e.m.f. and the internal resistance of the cell 
are  

 

 

 

 

 

 

 (a) 5.0,2V  (b) 4.0,2V  

 (c)  5.0,2V  (d)  4.0,2V  

12. The graph which represents the relation between the total resistance 
R of a multi range moving coil voltmeter and its full scale deflection 
V is 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) (i) (b) (ii) 

 (c) (iii) (d) (iv) 

13. When a current I is passed through a wire of constant resistance, it 
produces a potential difference V across its ends. The graph drawn 
between log I and log V will be 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

 

 

14. The V-i graph for a conductor at temperature 1T  and 2T  are as 

shown in the figure. )( 12 TT   is proportional to 

 (a) 2cos  

 (b) sin  

 (c) 2cot  

 (d) tan  

 

15. A cylindrical conductor has uniform cross-section. Resistivity of its 
material increase linearly from left end to right end. If a constant 
current is flowing through it and at a section distance x from left 
end, magnitude of electric field intensity is E, which of the following 
graphs is correct 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

16. The V-i graph for a conductor makes an angle   with V-axis. Here 

V denotes the voltage and i denotes current. The resistance of 

conductor is given by 

 (a) sin  (b) cos  

 (c) tan  (d) cot  

17. A battery consists of a variable number 'n' of identical cells having 

internal resistances connected in series. The terminals of battery are 

short circuited and the current i is measured. Which of the graph 

below shows the relation ship between i and n  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

 

18. In an experiment, a graph was plotted of the potential difference V 

between the terminals of a cell against the circuit current i by 
varying load rheostat. Internal conductance of the cell is given by 
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(a) xy  (b) 
x

y
 

(c) 
y

x
 (d) (x – y) 

19. V-i graphs for parallel and series combination of two identical 
resistors are as shown in figure. Which graph represents parallel 
combination  

 

 

 
 

(a) A  (b) B  

(c) A and B both (d) Neither A nor B  

20. The ammeter has range 1 ampere without shunt. the range can be 

varied by using different shunt resistances. The graph between 
shunt resistance and range will have the nature  

 

 

 

 

 

 

(a) P  (b) Q  

(c) R  (d) S 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below : 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  :  The resistivity of a semiconductor increases with 
temperature.  

 Reason  : The atoms of a semiconductor vibrate with larger 
amplitude at higher temperatures thereby 
increasing its resistivity [AIIMS 2003] 

2. Assertion  :  In a simple battery circuit the point of lowest 
potential is positive terminal of the battery  

 Reason  : The current flows towards the point of the higher 
potential as it flows in such a circuit from the 
negative to the positive terminal. 

[AIIMS 2002] 

3. Assertion  :  The temperature coefficient of resistance is positive 
for metals and negative for p-type semiconductor. 

 Reason  : The effective charge carriers in metals are 
negatively charged whereas in p-type semiconductor 
they are positively charged.  

[AIIMS 1996] 

4. Assertion  :  In the following circuit emf is 2V and internal 

resistance of the cell is 1  and R = 1, then 

reading of the voltmeter is 1V.  

 

 

 

 

 
 

 Reason  : irEV   where E = 2V, Ai 1
2

2
  and R = 

1   [AIIMS 1995] 

5. Assertion  :  There is no current in the metals in the absence of 
electric field.  

 Reason  : Motion of free electron are randomly.  

[AIIMS 1994] 

6. Assertion  :  Electric appliances with metallic body have three 
connections, whereas an electric bulb has a two pin 
connection.  

 Reason  : Three pin connections reduce heating of connecting 
wires.  

7. Assertion  :  The drift velocity of electrons in a metallic wire will 
decrease, if the temperature of the wire is 
increased.  

 Reason  : On increasing temperature, conductivity of metallic 
wire decreases.  

8. Assertion  :  The electric bulbs glows immediately when switch 
is on. 

 Reason  : The drift velocity of electrons in a metallic wire is 
very high.  

9. Assertion  :  Bending a wire does not effect electrical resistance. 

 Reason  : Resistance of wire is proportional to resistivity of 
material. 

10. Assertion  :  In meter bridge experiment, a high resistance is 
always connected in series with a galvanometer. 

 Reason  : As resistance increases current through the circuit 
increases. 

11. Assertion  :  Voltameter measures current more accurately than 
ammeter. 

 Reason  : Relative error will be small if measured from 
voltameter. 

12. Assertion  :  Electric field outside the conducting wire which 
carries a constant current is zero. 

 Reason  : Net charge on conducting wire is zero.  

13. Assertion  :  The resistance of super-conductor is zero. 

 Reason  : The super-conductors are used for the transmission 
of electric power. 

14. Assertion  :  A potentiometer of longer length is used for 
accurate measurement.  

 Reason  : The potential gradient for a potentiometer of longer 
length with a given source of e.m.f. becomes small. 

15. Assertion  :  The e.m.f. of the driver cell in the potentiometer 

experiment should be greater than the e.m.f. of the 

cell to be determined.  

 Reason  : The fall of potential across the potentiometer wire 

should not be less than the e.m.f. of the cell to be 

determined. 

16. Assertion  :  A person touching a high power line gets stuck 

with the line. 
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 Reason  : The current carrying wires attract the man towards 

it. 

17. Assertion  :  The connecting wires are made of copper. 

 Reason  : The electrical conductivity of copper is high. 

 

 

 

 

 

Electric Conduction, Ohm's Law and Resistance 
 

1 a 2 c 3 b 4 b 5 c 

6 a 7 a 8 a 9 d 10 c 

11 d 12 d 13 a 14 c 15 a 

16 a 17 c 18 b 19 c 20 b 

21 d 22 b 23 b 24 b 25 d 

26 c 27 b 28 b 29 b 30 a 

31 c 32 d 33 b 34 d 35 c 

36 b 37 b 38 c 39 a 40 d 

41 b 42 b 43 a 44 b 45 c 

46 a 47 b 48 b 49 c 50 a 

51 c 52 c 53 b 54 b 55 b 

56 a 57 a 58 a 59 c 60 c 

61 a 62 b 63 b 64 c 65 c 

66 d 67 a 68 b 69 d 70 d 

71 a 72 a 73 c 74 b 75 b 

76 c 77 c 78 c 79 d 80 b 

81 a 82 d 83 b 84 b 85 c 

86 b 87 c 88 a 89 a 90 d 

91 a 92 c 93 b 94 a 95 b 

96 b 97 c 98 a 99 c 100 d 

101 c 102 a 103 d 104 b 105 b 

106 d 107 d 108 a 109 d 110 d 

111 d 112 d 113 a 114 a 115 c 

116 a 117 a 118 b 119 c 120 a 

121 d 122 a 123 a 124 d 125 c 

126 b 127 c 128 a 129 a 130 c 

131 c 132 b 133 c     

 
 

Grouping of Resistances 
 

1 c 2 d 3 a 4 c 5 b 

6 c 7 c 8 b 9 a 10 b 

11 d 12 d 13 b 14 d 15 b 

16 d 17 c 18 c 19 b 20 d 

21 a 22 a 23 b 24 b 25 c 

26 b 27 d 28 d 29 d 30 c 

31 b 32 d 33 a 34 b 35 c 

36 d 37 d 38 b 39 c 40 b 

41 a 42 c 43 b 44 d 45 c 

46 d 47 c 48 b 49 b 50 d 

51 d 52 c 53 d 54 a 55 c 

56 d 57 c 58 c 59 d 60 c 

61 d 62 c 63 d 64 c 65 c 

66 c 67 b 68 c 69 d 70 b 

71 a 72 c 73 a 74 b 75 a 

76 c 77 c 78 b 79 c 80 a 

81 a 82 b 83 b 84 d 85 d 

86 a 87 a 88 a 89 b 90 b 

91 b 92 c 93 b 94 d 95 a 

96 d 97 b 98 b 99 d 100 a 

101 c 102 a 103 b 104 d 105 a 

106 a 107 b 108 d 109 bc 110 b 

111 d 112 c 113 a 114 a 115 d 

116 a 117 d 118 c 119 d 120 c 

121 b 122 b 123 b 124 c 125 b 

126 a 127 c 128 b 129 c 130 a 

131 a 132 a 133 c 134 a 135 b 

136 b 137 a 138 b 139 c 140 b 

141 b         

 

Kirchhoff's Law, Cells 
 

1 b 2 d 3 c 4 a 5 a 

6 b 7 a 8 a 9 b 10 a 

11 c 12 d 13 a 14 d 15 b 

16 c 17 c 18 c 19 d 20 b 

21 c 22 c 23 b 24 d 25 a 

26 a 27 b 28 b 29 a 30 b 

31 a 32 c 33 b 34 a 35 a 

36 b 37 a 38 b 39 b 40 c 

41 d 42 d 43 d 44 a 45 c 

46 c 47 b 48 a 49 a 50 d 

51 b 52 d 53 b 54 c 55 a 

56 b 57 c 58 a 59 d 60 b 

61 c 62 c 63 c 64 b 65 a 

66 c 67 a 68 d 69 b 70 a 

71 a 72 d 73 c 74 b 75 b 

76 b 77 c 78 c 79 d 80 d 

81 a 82 d 83 c 84 c 85 a 

 

 Different Measuring Instruments 
 

1 a 2 c 3 d 4 d 5 c 

6 c 7 a 8 d 9 c 10 c 

11 d 12 c 13 d 14 a 15 d 

16 c 17 a 18 b 19 c 20 a 

21 b 22 b 23 a 24 a 25 a 

26 a 27 a 28 a 29 b 30 b 

31 b 32 b 33 b 34 b 35 c 

36 c 37 b 38 b 39 d 40 b 
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41 a 42 b 43 c 44 d 45 a 

46 b 47 c 48 a 49 b 50 a 

51 b 52 c 53 b 54 b 55 a 

56 b 57 d 58 c 59 c 60 d 

61 a 62 a 63 d 64 a 65 d 

66 b 67 a 68 b 69 c 70 c 

71 d 72 c 73 a 74 c 75 a 

76 d 77 b 78 a 79 b 80 a 

81 c 82 c 83 a 84 a 85 b 

86 d 87 c 88 d 89 c 90 a 

91 d 92 d 93 d 94 c 95 d 

96 a 97 c 98 a 99 d 100 d 

101 c 102 d 103 c 104 c 105 a 

106 c 107 c 108 d 109 c 110 a 

111 a 112 a 113 c 114 b 115 c 

116 d 117 a 118 b 119 d 120 c 

121 d 122 c 123 a 124 a 125 b 

126 b 127 d 128 d 129 b 130 c 

131 d 132 a 133 c 134 d 135 d 

136 a 137 a 138 b 139 d 140 a 

141 c 142 a 143 a     

 

Critical Thinking Questions 
 

1 a 2 a 3 c 4 c 5 c 

6 b 7 d 8 d 9 d 10 b 

11 d 12 d 13 c 14 b 15 b 

16 b 17 b 18 b 19 a 20 d 

21 d 22 a 23 c 24 c 25 b 

26 b 27 a 28 d 29 b 30 b 

31 d 32 a 33 a 34 b 35 c 

36 c 37 a 38 a 39 d 40 a 

41 a 42 b 43 a 44 a 45 b 

46 c 47 b 48 a 49 b 50 a 

51 d 52 b 53 a 54 b   
 

Graphical Questions 
 

1 a 2 d 3 a 4 c 5 d 

6 c 7 b 8 b 9 d 10 a 

11 b 12 d 13 a 14 c 15 b 

16 d 17 d 18 b 19 a 20 b 
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Assertion and Reason 
 

1 d 2 d 3 b 4 a 5 a 

6 c 7 b 8 c 9 a 10 c 

11 a 12 a 13 b 14 a 15 a 

16 d 17 a       

 
 
 
 
 
 
Electric Conduction, Ohm's Law and Resistance 
 

1. (a) Number of electrons flowing per second  

e

i

t

n
 1919 103106.1/8.4    

2. (c) 
ne

J
vd    Jvd    (current density)  

A

i
J 1  and 12

2

2
J

A

i

A

i
J  ;   vvv dd  21 )()(  

3. (b) Order of drift velocity seccmsecm /10/10 24    

4. (b) Density of 33 /109 mkgCu   (mass of 1 m3 of Cu) 

 6.0  1023 atoms has a mass = 63  10–3 kg  

 Number of electrons per m3 are  

283

3

23

105.8109
1063

100.6








 

Now drift velocity 
neA

i
vd   

231928 )105.0(106.1105.8

1.1
 




 

secm /101.0 3  

5. (c) Because 1 H.P. = 746 J/s = 746 watt  

6. (a) 2lR    
l

l

R

R 


 2
  %2.01.02%0 



R

R
 

7. (a) 



 




 6

22

2
8 10

)1050(

1050
1050

A

l
R


 

8. (a) Resistivity of some material is its intrinsic property and is 
constant at particular temperature. Resistivity does not depend 
upon shape. 

9. (d) 
)00125.01(

)2700125.01(

2

1

)1(

)1(

2

1

2

1

tt

t


















 

 KTCt 1127854   

10. (c) 
A

l
Rei

A

l
R

A

l
R  221 ..

2

2
 

 21 RR   

11. (d) In case of stretching of wire 
2lR   

 If length becomes 3 times so Resistance becomes 9 times 

i.e.  180209'R  

12. (d) Resistivity is the property of the material. It does not depend 
upon size and shape. 

13. (a) Because with rise in temperature resistance of conductor 
increase, so graph between V and i becomes non linear.  

14. (c) Because V-i graph of diode is non-linear. 

15. (a) 
l

V

m

e
vd   or 

l

El

m

e
vd .  (Since )ElV   

 Evd   

16. (a) Resistance of conductor depends upon relation as 


1
R . 

With rise in temperature rms speed of free electron inside the 
conductor increase, so relaxation time decrease and hence 
resistance increases 

17. (c) ampere
t

q
i 2

2

4
  

18. (b) 
l

AAl
3

3Volume   

 Now
3/3

3
2l

l

l

A

l
R


 






392  l  

19. (c) ampere
t

ne
i 10

1

106.1105.62 1918







 

20. (b) In twisted wire, two halves each of resistance 2 are in 

parallel, so equivalent resistance will be  1
2

2
.  

21. (d) In stretching of wire 
4

1

r
R   

22. (b) 
23 )101(

7

22

1
7.0








A

L
R  

 6102.2  ohm-m. 

23. (b) 
22

111

dr
R

A
R     [d = diameter of wire] 

24. (b) i = q 1519 106.6106.1   mAA 11056.10 4    

25. (d) 
2r

l
R   ml

lr

r

l

l

R

R
20

1

25

1

1
2

2

2
2

1

2
2

2

1

2

1 







  

26. (c)  

27. (b) In semiconductors charge carries are free electrons and holes 

28. (b) Net current )()(   iiinet  

t

qn

t

qn )()()()( 
   

e
t

n
e

t

n


 )()(
2  

= 3.2  1018  2  1.6  10–19 + 3.6  1018  1.6  10–19  

= 1.6 A (towards right) 

inet 

+2e 

+ 

– 

– e 
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29. (b) In the absence of external electric field mean velocity of free 

electron (V
rms

) is given by TV
m

KT
V rmsrms 

3
 

30. (a) With rise in temperature  specific resistance increases  

31. (c) For metallic conductors, temperature co-efficient of resistance 
is positive.  

32. (d) 

33. (b) Length l = 1 cm m210  

 

 

 

 

 

 

Area of cross-section A = 1 cm  100 cm 

                                     = 100 cm2 = 10–2 m2 

Resistance R = 3  10–7 
2

2

10

10




 = 3  10–7  

34. (d) In the above question for calculating equivalent resistance 
between two opposite square faces. 

l = 100 cm = 1 m, A = 1 cm2 = 10–4 m2, so resistance R = 3  10–7 

410

1


 = 3  10–3  

35. (c) 
19629 106.11010

20
 


nAe

i
vd sm /1025.1 3  

36. (b) Specific resistance 
j

E
k   

37. (b) 
2d

l

A

l
R    1

2

4

22

1

2

2

1

2

1 























d

d

L

L

d

d

l

l

R

R
 

 R
2

 = R
1

 = R. 

38. (c) 
22196 104.8106.110

344.1




nAe

i
vd  

 smmscm /1.0/01.0
4.86.110

344.1



  

39. (a) Internal resistance 
eTemperatur

1
  

40. (d) Charge = Current × Time =5 × 60 = 300 C 

41. (b) By AlR /  

42. (b) 

43. (a) 

44. (b) 
a

l
R


  for first wire and R’=

44

R

a

l



for second wire. 

45. (c) For semiconductors, resistance decreases on increasing the 
temperature.              

46. (a) 
A

l

ne

n

A

l
R .

2
    

47. (b) Because as temperature increases, the resistivity increases and 

hence the relaxation time decreases for conductors .
1













  

48. (b) In VI graph, we will not get a straight line in case of liquids. 

49. (c) 
A

l
R   

50. (a) Since 2lR    If length is increased by 10%, resistance is 
increases by almost 20% 

Hence new resistance %2010' R of 10 

.1210
100

20
10   

51. (c) 
)]500(1[

)]150(1[

500

150










R

R
. Putting  133150R  and 

,/0045.0 C  we get  258500R  

52. (c) 
2

6

7

22

1981064
7

r
A

l
R








   cmr 024.0  

53. (b) Current density 
2r

i

A

i
J


  

2
1

2
2

2

1

2

1

r

r

i

i

J

J
  

But the wires are in series, so they have the same current, 

hence 21 ii  . So 1:9
2

1

2
2

2

1 
r

r

J

J
 

54. (b) As R
i

V
 and R  temperature 

55. (b) 2lR    If l doubled then R becomes 4 times. 

56. (a) Temperature coefficient of a semiconductor is negative. 

57. (a) The reciprocal of resistance is called conductance 

58. (a) 
Current

differencePotential
Resistance  

59. (c) Ohm’s Law is not obeyed by semiconductors. 

60. (c) Drift velocity dd v
enl

V
v ;


  does not depend upon 

diameter. 

61. (a) Using  )](1[ 1212
TTRR TT    

  )]50100(1[50100  RR  

  )]50(1[57     Co/008.0
250

)57(



  

62. (b) This is because of secondary ionisation which is possible in the 
gas filled in it.  

63. (b) 

64. (c) 
)1092.31(

)201092.31(

8.76

50

)1(

)1(
3

3

2

1

2

1

tt

t

R

R

















 

 Ct  167  

65. (c) From 2rviAvi
neA

i
v ddd   

66. (d) Resistivity depends only on the material of the conductor. 

100 cm 

1 
cm

 

1 cm 
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67. (a) A particular temperature, the resistance of a superconductor is 

zero  
0

11

R
G  

68. (b)  Net current 
t

qn

t

qn
iii

)()()()( 
   

 

 

 
 

 e
t

n
e

t

n
i   )()(

 

       19181918 106.1102.1106.1109.2    

 Ai 66.0  

69. (d) If E be electric field, then current density j = E  

 Also we know that current density 
A

i
j   

Hence j is different for different area of cross-sections. When j 
is different, then E is also different. Thus E is not constant. The 

drift velocity dv is given by 
ne

j
vd  = different for different j 

values. Hence only current i will be constant.   

70. (d) 

71. (a) 
A

l
R   and mass m = volume (V)  density (d) = (A l) d  

Since wires have same material so  and d is same for both.  

Also they have same mass  Al = constant   
A

l
1

  

 

4

1

2

2

1

2

1

2

2

1

2

1






























r

r

A

A

A

A

l

l

R

R
 

 

4

2 2

34










r

r

R
   5442R  

72. (a) L
A

A

R

R

A

l
R ,(

1

2

2

1   constant) 2
1

2

2

1 
R

R

A

A
 

 Now, when a body dipped in water, loss of weight 

gALgV LL    

 So, ;2
of wight) (Loss

of weight) (Loss

2

1

2

1 
A

A
so A has more loss of 

weight.  

73. (c)  Q = it = 20 × 10–6 × 30 = 6× 10–4 C 

74. (b) Ge is semiconductor and Na is a metal. The conductivity of 
semiconductor increases and that of the metals decreases with 
the rise in temperature. 

75. (b) 
t

ne
i   16

19

3

10
106.1

1106.1











e

it
n . 

76. (c) Drift velocity 
2

1
or 

1

d
v

A
v

neA

i
v ddd   

 QP

P

Q

Q

P vv
d

d

d

d

v

v

4

1

4

12/
22
























 .  

77. (c) Human body, though has a large resistance of the order, of 

K (say k10 ), is very sensitive to minute currents even as 
low as a few mA. Electrons, excites and disorders the nervous 
system of the body and hence one fails to control the activity 

of the body.  

78. (c) )1(0 tRR t   

   4.2 = 00 4.1)100004.01( RR    30R .  

79. (d) 
m

l
R

2

 

2

3

3

2

2

2

2

1

1
321 :::: 











































m

l

m

l

m

l
RRR  

5

1
:

3

9
:

1

25
  1:15:125

5

1
:3:25  .  

80. (b) 

81. (a) 
42

4

2

4

1

2

2

1

n

R
R

r

nr

R

R

r

r

R

R
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82. (d) 
)1001(

)501(

6

5

)1(

)1(

2

1

2

1



















t

t

R

R
Co per 

200

1
  

Again by )1(0 tRRt   

 .450
200

1
15 00 








 RR  

83. (b) mAQ
T

Q
i 8.0105106.1 1519   . 

84. (b) 4.2
107.1

101
8

7

copper

iron

Copper

iron 













r

r
. 

85. (c) .101.1108.6106.1 31519 ampei     

86. (b) Resistivity of the material of the rod 

1

)103.0(103 223  





l

RA
= m  91027  

Resistance of disc 
)section crossof  Area(

)Thickness(
R  

  = 
22

3
9

)101(

)10(
1027










 .107.2 7   

87. (c) By using )1(0 tRR t   

  )1041(3 3
00 tRR  Ct o500 .  

88. (a) .96.0106.1106 1915 mAi    

89. (a) 
1

106.1
1016

19
3


 


n

t

ne
i 1710 n  

90. (d) 



 25.010

2.010

5.0100

i

V
R .  

91. (a) 
A

l

i

V
R   

23

2

)101(

1050

4

2







   m 6101 . 

92. (c) 

93. (b) C
R

Vt
Q

t

Q

R

V
i 240

10

60220



 . 

i 

Ne+ 
+ – 

e– 
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94. (a) 

2

2

1

2

12
















l

l

R

R
lR

4
4

2/
2

2

2

R
R

l

l

R

R
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95. (b) 

96. (b) 
19629 106.11010

40
 


neA

i
Vd  

 = secm/105.2 3 .  

97. (c) 
19628 106.110104.8

4.5
 


nAe

i
Vd  

= secmmsecm /4.0/104.0 3   . 

98. (a) 

2

2

1

2

1
















l

l

R

R









 160

16

1

20

510
2

2

2

R
R

. 

99. (c) ;
1


R  where  = Relaxation time. 

When lamp is switched on, temperature of filament increase, 
hence  decrease so R increases  

100. (d)  kR 1.91091 2 . 

101. (c) 

102. (a) 

103. (d) 
3

2
3

2

2
2

1

2
1

321

2

::::
m

l

m

l

m

l
RRR

m

l
R   

  1:6:27
3

1
:

2

4
:

1

9
:: 321  RRR . 

104. (b) 15

19

3

1025.6
106.1

101











n . 

105. (b) 

2

1

2

2

1

22 ' 














r

r

i

i

v
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r

i
v

rne

i
v dd

 2
'

v
v  . 

106. (d) 

4

1

2

2

1
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r

R

R
 RR
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R

R

81

256

256

814/3
2

4

2









  

107. (d) 

108. (a) 
nAe

i
vd 192328 106.1)102(108

8
 

 

      = secm/10156.0 3 . 

109. (d) Specific resistance doesn’t depend upon length and area. 

110. (d) Heating effect of current. 

111. (d) 


 2rR
l  m1.1

1048

)102.0(14.32.4
8

23











 

112. (d) For conductors, resistance  Temperature and for semi-

conductor, resistance 
eTemperatur

1
 

113. (a) If suppose initial length 1001 l  then 2001001002 l   

22

2

1

2

1

200

100
























l

l

R

R
  12 4RR   

  100
4

100100
1

11

1

12 








R

RR

R

RR

R

R
%.300  

114. (a) Ammeter is always connected in series and Voltmeter is always 
connected in parallel. 

115. (c) Same mass, same material i.e. volume is same or Al = constant  

Also, 
A

l
R    

4

1

2

2

1

2

1

2

2

1

2

1






























d

d

A

A

A

A

l

l

R

R
 

   16
2/

24
4

2















d

d

R
   5.12R . 

116. (a) mAqnqnI ppee 1  towards right 

117. (a) As steady current is flowing through the conductor, hence the 
number of electrons entering from one end and outgoing from 
the other end of any segment is equal. Hence charge will be 
zero. 

118. (b) Conductance 
l

C
l

A

R
C

11



 

119. (c)  
dt

dQ
i    idtdQ     dttdtiQ

t

t  
5

0
)32.1(2

1
 

Ct
t

303
2

2.1
5

0

2













  

120. (a) In stretching, 

4

2

1

1

2
















r

r

R

R
4

2

1

2










R

R
RR 162   

121. (d) RRRnR 16'' 2   

122. (a)  

Significant figures Multiplier 

     Brown                    Black  Brown 

        1                             0  101 

 R = 10  101 = 100  

123. (a)  

124. (d)  

125. (c)  

126. (b) 
2r

l
R    

2
2

2
1

1

2

1

2

r

r

l

l

R

R
 = 

2

2

1

1

2


















2

1
  

 ,
2

1
2

R
R   specific resistance doesn't depend upon length, 

and radius. 

127. (c) By using  
21928 )02.0(

4
106.110

100




 neA

i
vd  

 sec/102 4 m  

128. (a) 
2r

l
R  . For highest resistance 

2r

l
 should be maximum, 

which is correct for option (a) 

129. (a) Red, brown, orange, silver red and brown represents the first 

two significant figures. 

Significant figures Multiplier Tolerance 

     Red             Brown  Orange Silver 

       2                  1  103  10% 

 R = %101021 3   
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130. (c) In stretching 2lR     
2

1

2
2

1

2

l

l

R

R
  

2

1

2

1

2










R

R
 

 12 4RR  . Change in resistance  112 3RRR   

Now,  
1

33

resistanceOriginal

resistanceinChange

1

1 
R

R
 

131. (c) ,

2

2

1

2

1
















l

l

R

R
 If 1001 l  then l

2

 = 110 

 

2

2

1

110

100










R

R
  12 21.1 RR   

% change %21100
1

12 


R

RR
 

132. (b)   

133. (c) Resistance 
A

l
  

  
8

5

4

5

4

3

3

2

1

2

2

1

2

1

2

1 
A

A

l

l

R

R




 

 
Grouping of Resistances 

 

1. (c) The given circuit can be redrawn as follows 

 

 

 

 

 

 

For identical resistances, potential difference distributes equally 

among all. Hence potential difference across each resistance is 

,
3

2
V  and potential difference between A and B is .

3

4
V  

2. (d) Equivalent resistance of parallel resistors is always less than any 
of the member of the resistance system. 

3. (a) Each part will have a resistance 10/Rr   

 Let equivalent resistance be ,Rr then 

  times10...........
1111

rrrrR

  

  R
R

r
RRrr

R

R

01.0
100

100

10/

10101
  

4. (c) 






 20

90

3060

30)3030(

30)3030(
equivalentR  

  ampere
R

V
i

10

1

20

2
  

5. (b) Resistance of parallel group 
2

R
  

  Total equivalent resistance = R
R

2
2

4   

6. (c) Resistance of 1 ohm group 
3

1

n

R
 

  This is in series with 
3

2
resistor. 

  Total resistance  1
3

3

3

1

3

2
 

7. (c) Lowest resistance will be in the case when all the resistors are 
connected in parallel. 

 .......
1.0

1

1.0

11


R
 10 times 

 10.......1010
1


R

times 

 100
1


R
 i.e. 

100

1
R  

8. (b) Resistance across XY 
3

2
 

Total resistance  


3

8

3

2
2  

Current through ammeter  

A
4

3

8

6

3/8

2
    

9. (a) Equivalent resistance of the combination   







3

4

6

8

222

2)22(
 

 
 
 
 
 
 

10. (b) In parallel, 
n

R
x    nxR   

In series, R + R + R .... n times = nR = n (nx) = n2x  

11. (d) The circuit reduces to  

 
 
 
 
 
 
 








 6.3

5

18

15

69

69

69
ABR  

12. (d) As resistance  Length  

 Resistance of each arm  4
3

12
 

  





3

8

84

84
effectiveR  

13. (b) Given circuit is equivalent to  

 
 
 
 
 
 
 

2 

2 

2 

2 2V 

X Y 

A 

P Q 
2 

2 2 

6 

A 

3 3 

3 

B 

5 5 5 
C D A 

5 5 5 

 

B 
 

2/3V 
 

2/3V 
 

2/3V 
 

2V 
 

C 
 

A 
 

3 

3 C 

B 

A 

3  A 

3 

6 

6 

3 

C 

B 

3 
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So the equivalent resistance between points A and B is equal to 





 2

36

36
R  

14. (d) Potential difference across all resistors in parallel combination 
is same. 

15. (b) Current through each arm DAC and DBC = 1A  

 2 AD VV  and 3 BD VV   VVV BA 1  

16. (d) R
effecti ve 

=
2

5

2

3 rr
r   

17. (c) If resistances are 1R  and 2R  then 
8

6

21

21 
 RR

RR
 …..(i) 

  Suppose 2R  is broken then  21R  …..(ii) 

On solving equations (i) and (ii) we get  5/62R  

18.  (c)  

 
 
 
 
 
 

19. (b) Because all the lamps have same voltage. 

20. (d) ......321series  RRRR  

21. (a) Current supplied by cell Ai
5

1

532

2



  

 
 
 
 
 
 
 

 

So potential difference across 3 will be VV 6.0
5

13



  

22. (a) According to the problem, we arrange four resistance as 
follows  

 
 
 
 
 
 
 

Equivalent resistance 


 10
40

2020
 

23. (b) 921  RR  and 2
21

21 
 RR

RR
  1821 RR  

 372814)( 21
2

2121  RRRRRR  

  3,6 21 RR  

24. (b) ampii 1
2/3

5.1
21   

 
 
 
 
 
 
 

 

3

3

2

1 
i

i
   21 ii     12 5.0 iAi   

25. (c) VVV qp 3)5.0()42()5.0(
612

612

3

6













  

26. (b)  

 
 
 
 
 
 
 
 
 





 8

)1224(

1224
ABR  

27. (d) The network can be redrawn as follows 

 

 

  9eqR  

28. (d) Let the resistance of the wire be R, then we know that 
resistance is proportional to the length of the wire. So each of 
the four wires will have R/4 resistance and they are connected 
in parallel. So the effective resistance will be  

  
16

4
41

1

1

R
R

RR









  

29. (d) Equivalent resistance ohm5
66

66

44

44










  So the 

current in the circuit 4
5

20
 ampere Hence the current 

flowing through each resistance = 2 ampere. 

30. (c) Let the resultant resistance be R. If we add one more branch, 
then the resultant resistance would be the same because this is 
an infinite sequence. 

 
 
 
 
 
 
 

 RRRRRR
RR

RR
222 2

1

2

2 


  

 1022  RRR  or ohmR 2      

31. (b) Cut the series from XY and let the resistance towards right of 

XY be 0R whose value should be such that when connected 

across AB does not change the entire resistance. The 
combination is reduced to as shown below. 

 
 
 
 
 
 
 
 
 
 
 

D 

10 10 

10 10 

B 

C 

A 

i 
i2 

i1 

3 

1 
2 

1.5V 

2 3 5 

2V 

i 

4 20 

6 6 

B A 

24 

12 

 

18 

9 

16 

16 

8 20 

6 

A B 

6 

4 

A 

R2 = 2 R 

B 

X 

Y 

R1 = 1 

R 

A 

B 

R 

R 

R0 

E 

F 

= 

A 

B 

R 

R 

R 

R R R 

R R R 

R R R R D 

C X 

Y 

E 

F 

A B 
3 3 3 
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  The resistance across )2(, 0 RRREF EF   

  Thus 0

0

2
0

0

0

3

2

2

)2(
R

RR

RRR

RRR

RRR
R AB 









  

  )13(022 0
2

0
2
0  RRRRRR  

32. (d) The last two resistance are out of circuit. Now 8  is in 

parallel with  )11411( . 

 4
2

8
8||8R     8224ABR  

33. (a) The given circuit can be simplified as follows 

  

 

 

 

 

 

 

  On further solving equivalent resistance 15R  

Hence current from the battery Ai 1
15

15
  

34. (b) The circuit will be as shown 

 
 

Ai 2
5

10
  

 

35. (c) The current in the circuit 
3

4

15

8



  

Now 1
3

4
 EC VV   VVE

3

4
  

36. (d) According to the figure, RIRII 121)(   

 
 
 
 
 
 
 
 
 

Only two values satisfying the above relation are 
2

I
 and R  

37. (d) Effective resistance between the points A and B is 


3

8

12

32
R  

38. (b)  5eqR , Current Ai 2
5

10
  and current in each 

branch = 1A  

 
 
 
 
 
 

 
 
Potential difference between C and A, 

VVV AC 111    .......(i) 

Potential difference between C and B,  

VVV BC 331   ......(ii) 

On solving (i) and (ii)  voltVV BA 2  

Shot Trick : VRR
i

VV BA 2)13(
2

2
)(

2
)( 12   

39. (c) 
1

3

1

1

1

1

1

11


R
  ohmR

3

1
  

Now such three resistance are joined in series, hence total 

ohmR 1
3

1

3

1

3

1
  

40. (b) To obtain minimum resistance, all resistors must be connected 
in parallel. 

Hence equivalent resistance of combination 
10

r
  

41. (a) For same material and same length  

2

3

2

1

1

2 
A

A

R

R
  12 3RR   

Resistance of thick wire  101R  

 Resistance of thin wire  302R  

Total resistance in series = 10 + 30 = 40  

42. (c) Similar to Q. No. 30 

R

R
R






2

2
22   RRRR 2482 2   

 0842  RR   322
2

32164



R  

R cannot be negative, hence  46.5322R  

43. (b) P.d. across the circuit volt88.2
46

46
2.1 




  

Current through 6 ohm resistance A48.0
6

88.2
  

44. (d) Three resistances are in parallel. 

 
RRRRR

3111

'

1
  

The equivalent  resistance 
3

'
R

R  

45. (c) Similar to Q. No. 30. By formula 
RR

RR
RR






2

2
1  

 
R

R
R






1

1
1   RRRR  12  

 012  RR  or 
2

411 
R  

2

51 
  

Since R cannot be negative, hence 



2

51
R  

46. (d) lR   

10V 

5 
A 

+ – 

R2 

R 

I 

I – I1 

I1 

A 

1 

 

10 

 

7 

 

6 

 

8 

 

0.5 

 

15V 
 

2 

 
18 

 

6 

 

8 
 

0.5 
 

15V 
 

2 

 

 
 

18 

 

4.5 

 

1 

A 

3 

3 1 

B 
10V 

i/2 

i/2 

3 

i 



 
  Current Electricity 1103 
 

Hence every new piece will have a resistance .
10

R
 If two 

pieces are connected in series, then their resistance 

510

2 RR
  

If 5 such combinations are joined in parallel, then net 

resistance 
2555

RR



  

47. (c)  

 
 
 
 
 

 3
2

6
eqR  

48. (b) Current in the given circuit Ai 2
)31075(

50



  

Potential difference between A and B 122 BA VV  

 VVA 240    VVA 24  

49. (b) If all are in series then  12eqR  

If all are in parallel then  33.1
3

4
eqR  

If two are in series then parallel with third,  6.2
3

8
eqR  

If two are in parallel then series with third,  6eqR  

50. (d) Equivalent external resistance of the given circuit  4eqR  

Current given by the cell A
rR

E
i

eq

2
)14(

10






  

 Hence, .2)42(
2

2
)(

2
)( 12 VRR

i
VV BA   

51. (d) Resistance of each part will be 
n

R
; such n parts are joined in 

parallel so 
2n

R
Req  . 

52. (c) Let equivalent resistance between A and B be R, then 
equivalent resistance between C and D will also be R. 

 

 

 

 

 
 

 R
R

R
R 


 2

1
 or 0222  RR  

  13
2

842



R  

53. (d) 6 and 6 are in series, so effective resistance is 12 which is 

in parallel with 3, so 

 
36

15

12

1

3

11


R
  

15

36
R  

  A
R

V
I 2

36

158.4



  

54. (a) Equivalent resistance of the circuit 
2

3
R  

  Current through the circuit A
R

V
i 2

2/3

3
  

55. (c) nRR max  and nRR /min    2

min

max n
R

R
  

56. (d) According to the principle of Wheatstone’s bridge, the effective 

resistance between the given points is 4. 

 
 
 
 
 
 
 
 

57. (c)  

58. (c) Current through 6 resistance in parallel with 3 resistance = 

0.4 A 

So total current = 0.8 + 0.4 = 1.2 A 

Potential drop across V8.442.14   

59. (d) Two resistances in series are connected parallel with the third. 

Hence 
8

3

8

1

4

11


pR
  

3

8
pR  

60. (c) Resistances at C and B are not in the circuit. Use laws of 
resistances in series and parallel excluding the two resistance. 

61. (d) After simplifying the network, equivalent resistance obtained 

between A and B is 8. 

62. (c) The circuit consists of three resistances (2R, 2R and R) 
connected in parallel. 

63. (d) Resistance across the battery is 

 
6

3

6

12

6

1

3

11





pR
   2pR  AI 1

2

2
  

64. (c) The voltmeter is assumed to have infinite resistance. Hence (1 + 

2 + 1) + 4 = 8. 

65. (c)  1.0
10

1
'

n

R
R  

66. (c) The given circuit can be redrawn as follows  

 

 

 

 

    5eqR . 

67. (b) 4

32

32
1 R

RR

RR
RR AB 


 = 




 62

44

44
2 . 

68. (c) Let equivalent resistance between A and B is R', so given circuit 
can be reduced as follows 

 

 

 

6 

6 

2 
 

2 

2 
 

2 
 

2 1 2 

 

A 

B 

R 

2R R R  

A 

B 

R 

2R 2R 2R 

R R 

R    

R 1 

1 

1 

R 

A 

B 

C 

D 

A 

4 4 

4 4 

D 

C 

B 

16 
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  02
)2(

2
' 22 




 RRRR

RR

RR
RR  

  On solving the equation we get RR 2' . 

69. (d) R
R

R AB 
3

 = 
3

2
2

3

8
2

3

2
. 

70. (b) 
3

10
5.0







RrR

E
i  10 = 0.5R + 1.5  R = 17. 

71. (a) Equivalent resistance 



 6

63

63
4R  and main current 

A
R

E
i 5.0

6

3
  

Now potential difference across the combination of 3 and 

6, VoltV 1
63

63
5.0 












  

  The same potential difference, also develops across 3 
resistance. 

72. (c)  

 

 

 

 

 

Equivalent resistance  kR 15
2

10
10  

Current i = A3102
15

30   

Hence, potential difference between A and B  

  .101010
2

102 3
3

VoltV 












 




 

73. (a) Equivalent resistance 
9

9
R  

 

 

 

 

Current Ai 9
1

9
  

 Current passes through the ammeter = 5A. 

74. (b) The figure can be drawn as follows  

 

 

 

 

 

 

 

 

 

 

 
 

  5ABR . 

75. (a) 
A

l
R

A

l
R 22

2
11

1  and


 . In series 21 RRReq   

  
A

l

A

l

A

lleq 221121. )( 




21

2211

ll

ll
eq







 . 

76. (c) The figure can be drawn as follows  

 

 

 

 

 

 

  



 100

200200

200200
ACR .  

77. (c)  

 

 

 

 
3

1
2

3

1
2ABR . 

78. (b) 12
4

1
 same, same, AAl   (as 

2

1
2

r
r  ) 

By using  2
4

1

8
1

1

1

2

2

1 R
R

A

A

R

R

A

l
R   

  Hence, .
5

8

)82(

82

21

21 








RR

RR
Req  

79. (c) The given circuit can be simplified as follows  

 

 

 

 

 

 

 

 
 

R

R
R






310

)3(10
3

R

R






13

1030
3  

R

R

R

RR
R











13

1369

13

1030339
 

 RRR 136913 2     69R . 

80. (a) The circuit can be drawn as follows  

 

 

 

 

i 

30V 10k 

i/2 A 
10k 

10k 

B 

i/2 

100  C 
D 

100  

 A 100  
B 

100  

Q 

10 

3 R 

3 

10 

Q 

(3 + R) 

3 
P  

C 

3 3 

3 
B 

A 

i1 

i 

i2 

2V 

10 

5 

5 

A B 

C 

B A 
10 

10 

 
 

10 

5 

10 

B 

C 

A 

10 

 

7 C D 

3 

A 
10 

B 

10 5  

1 1 1 1 1 

A B 

+ 

– 
9V 

A 

1A 1A 1A 1A 1A 1A 1A 1A 1A 

9 9 9 9 9 9 9 9 9 
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 Equivalent resistance 



 2

)33(3

)33(3
R  

Current .1
2

2
Ai   So, Ai

3

1

63

3
11 










 . 

 Potential difference between A and B = volt.13
3

1
  

81. (a) 
8

124

8

1

4

1

2

11 


eqR
  

7

8
eqR . 

82. (b) The given figure is balance wheat stone bridge. 

83. (b)  3
1

4

1

12

7
R

R
 

84. (d) Suppose resistance of wires are 1R  and 2R  then 

21

21

5

6

RR

RR


 . If 2R  breaks then  21R  

  Hence, 



 3

2

2

5

6
2

2

2 R
R

R
. 

85. (d) Potential difference across PQ i.e. p.d. across the resistance of 

20, which is V = i × 20 

and Ai 16.0
)2080100100(

48



  

   VV 2.32016.0  . 

86. (a)  

 

 

  



 32

40160

40160
R . 

 

87. (a)  

 

 

 

 

 



 1

22

22
ABR . 

88. (a) Given circuit is a balance Wheatstone bridge circuit. 

89. (b) All of three resistance are in parallel So, 
3

/'
R

nRR  . 

90. (b) 21 RRReq  
A

l

A

l

A

leff 21.2 


2

21
.





 eff . 

91. (b) Two resistance are in ratio 1 : 2 and third resistance is R  

So, 











12

3
1

1

2

11

R

R
x

Rxx
 

As, resistance is not fractional  2
1


R

R
 

 62,2,3  xRx  

  Hence, the value of largest resistance = 6. 

92. (c) 



 2

3)33(

3)33(
R  Ai 5.1

2

3
 . 

93. (b) Given circuit is a balanced Wheatstone bridge circuit, hence it 
can be redrawn as follows 

 
 
 
 
 
 
 
 
 

  



 4

)612(

612
ABR . 

94. (d) The given circuit is a balanced wheatstone bridge circuit. Hence 
potential difference between A and B is zero. 

95. (a) In the following circuit potential difference between  

C and A is 441  AC VV    ……(i) 

 

 

 

 

 

 

C and B is 16161  BC VV   ……(ii)  

On solving equations (i) and (ii) we get 

  VVV BA 12 . 

96. (d) As resistance  Length 

 Resistance of each arm  4
3

12
 

 





3

8

84

84
effectiveR  

97. (b) .5
4.0)11(

12
Ai 


  

98. (b) By balanced Wheatstone bridge condition  
5.0

416


X
 

    2
4

8
X  

99. (d) Current through 2 A1
)525()210(

)525(
4.1 












  

100. (a) Since the given bridge is balanced, hence there will be no 

current through 9  resistance. This resistance has no effect 
and must be ignored in the calculations. 

 

 

 

40 

60 

B A 

100 

C Series 

100+60 = 160 

B  

A  A 

B 

2 2 
2  

2  

2  
2  

2  

  

4 5 

10 8 

B A 

9 

14 

4 4 

4 

8 

a 

12 

6 

b 

8 4 

2 4 

b 

 6 

a 
 

12 

16 

B 

A 

2A C 

1A 4 

16 1A 4 

V 
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 6
27

189
ABR  

101. (c) Potential difference between B and D is zero, it means 

Wheatstone bridge is in balanced condition  

 

 

 

 

 

 

 

So 
S

R

Q

P
   

6

18

)8(

8
3

21





X

X
  8X  

102. (a) This is a balanced Wheatstone bridge. Therefore no current will 

flow from the diagonal resistance 10  

 Equivalent resistance 
)1010()1010(

)1010()1010(




  10  

103. (b) This is a balanced Wheatstone bridge circuit. So potential at B 
and D will be same and no current flows through 4R 
resistance.  

104. (d) The equivalent circuits are as shown below 

 

 

 

 

 

 

Clearly, the circuit is a balanced Wheatstone bridge. So 

effective resistance between A and B is 2 . 

105. (a) By the concept of balanced Wheatstore bridge, the given circuit 
can be redrawn as follows 

 

 

 

 

 

 

 



 20

)6030(

6030
ABR  

106. (a) The given circuit is a balanced Wheatstone bridge type, hence 
it can be simplified as follows 

 

 

 

 

 

 

 

107. (b) Let current through 5  resistance be i. Then  

10)1.2(25 ii   Ai 6.01.2
35

10
  

108. (d) Let the value of shunt be r. Hence the equivalent resistance of 

branch containing S will be 
rS

Sr


 

In balance condition, 
R

rSSr

Q

P )/( 
 . This gives  8r  

109. (b, c) 

 

      

 

 

22

11

2

11 R
R

RRRR
BD

BD

  

Between A and C circuit becomes equivalent to balanced 

Wheatstone bridge so RRAC  . 

110. (b) 
R

i
1

  

111. (d) Equivalent resistance between P and Q  

)124(

1

3

1

)26(

11







PQR
  

25

48
PQR  

Current between P and Q; i = 1.5A 

So, potential difference between P and Q  

VVPQ 88.2
25

48
5.1  .  

112. (c) Given circuit is a balanced Wheatstone bridge i.e. potential 
difference between B and D is zero. Hence, no current flows 
between B and D. 

113. (a) The given circuit is a balanced Wheatstone bridge, hence it can 
be redrawn as follows  

 

 

 

 

 

 







3

14

)147(

147
eqR . 

114. (a) For a balance Wheatstone bridge. 

d)(Unbalance 
4

4

5

10


C

D

B

A
 

4

4

5

''


A

C

D

B

A
   5'A  

)5(' A  is obtained by connecting a 10  resistance in 

parallel with A. 

115. (d) Given circuit is a balanced Wheatstone bridge circuit. So there 
will be no change in equivalent resistance. Hence no further 
current will be drawn. 

116. (a) No current flow through vertical resistances  

 

R 

R R 

R R 
C 

B D  

A 

2R 

R 

2R 

B D 

4 3 

6 8 

B A 

7 

14 A B 

5 10 15 

10 20 30 

 30 

 60 

 

3  3  3  

3  3  3  

A B 

9 

9 

A B 

B D 

A 

C 

 

C 

B A 

D 

2 2 

2 2 

B 

D 

A 

C 

 

4 

 
6 

 

2 

 
3 

 

A 
 

B 
 

5 
 

10 
 

 
 


3

10
ABR  

 

B 
X 

C 

4 

6 

15 

15 

4 

D 

A 

3 
8 

6 

6 

4 

)8(

8
3

X

X


  

6 
18 

21 
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2

9
ABR . 

117. (d) The given circuit is a balanced Wheatstone bridge. 

118. (c) The given circuit can be redrawn as follows 

 

 

 

 

 

 

Equivalent resistance between A to B is R. 

119. (d) Equivalent resistance of the given circuit is 3 . 

120. (c)  

 

   

 

 

 

Hence 
3

2R
Req  . 

121. (b)  

122. (b) For balanced Wheatstone bridge 
S

R

Q

P
  

 
)2/1(

6

)2/1(

12 


x
   6x  

123. (b) For maximum energy equivalent resistance of combination 
should be minimum. 

124. (c) For first balancing condition 
50

5010

2

1 


R

R
  

 12 10 RR  . For second balancing condition 

60

40

2

1 
R

R
 

3

2

10 1

1 
 R

R
     201R  

125. (b) Given  6R . When resistor is cut into two equal parts and 
connected in parallel, then  

2

2/R
Req    5.1

4

6

4

R
 

126. (a)   Resistance between P and Q 











23
||

RR
RRPQ

RR

RR

6

5
6

5





 R
11

5
  

Resistance between Q and R 











3
||

2

R
R

R
RQR

3

4

2

3

4

2
RR

RR





 R
11

4
  

Resistance between P and R 









 R

RR
RPR

2
||

3

2

3

3

2

3

3
RR

RR





 R
11

3
  

Hence it is clear that PQR  is maximum. 

127. (c) Given circuit can be redrawn as follows 

 

 

 

 

 

 

    Ai 4
5.1

6
  

 

128. (b) 
3

1

3

2

4

3
22

2

1

1

2

1

2

2

1 























r

r

l

l

R

R

i

i
 

129. (c)  

 

 

 

 

130. (a) 
321

1111

RRRReq


5

1

4

1

2

1


20

19
  

19

20
eqR  

131. (a) Equivalent resistance of the given network  75eqR  

 

 

 

 

 Total current through battery 
75

3
i  

150

3

275

3
21 


 ii  

Current through 
)6030(

60

150

3
4


R A

150

2

90

60

150

3
  

VVRiV 4.0
5

2
30

150

2
444   

132. (a) 
 

Ai 5
5.05.1

10

1||15.1

10






  

133. (c)   

 

 

  

   4eqR  

134. (a) The equivalent resistance between C and D is  

60 

R1(50) 

3V 

i2 

i1 

i 

R3 

R4 

(30) 
R2 

(50) 
R5(30) 

 

R1(50) i2 

i1 

R2 

(50) 50 

3 6V 3  

1.5 

6 
3 

2 

6V  

1.5 

3 6V 

1.5 

R 

R R 

R 

R 

B 

A 

R 

R 

R 

R R 

R 

R 

R R 

R 

R 

R 

R 

A B  

2R/3 

2R/3 2R/3 

R B A 

2R/3 

2 2 

 
6 

3 

2 

Parallel 

R=4 

B 

A 

 

B 

A 

R=4 
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3

2

3

1

6

1

6

1

'

1


R
  or   5.1

2

3
'R  

Now the equivalent resistance between A and B as  5.1'R  

and 5.2  are connected in series, so 

 45.25.1"R  

Now by ohm's law, potential difference between A and B is 

given by 0.42  iRVV BA volt8  

135. (b) The given circuit can be redrawn as follows 

 

 

 

 

 

Equivalent resistance between A and B is R and  

current 
R

V
i   

136. (b) The given network is a balanced Wheatstone bridge. It's 

equivalent resistance will be 
5

18
R  

So current from the battery 
18

5

5/18

VV

R

V
i   

137. (a)  
42

2/ RR
R AB   

 

 

 

 

138. (b) 
1

2

2

11

R

R

i

i

R
i    

R

R )2(

4

5 
  R = 8  

139. (c) In given circuit three resistance 42, RR  and 3R  are parallel. 

  
342

1111

RRRR
  

  
75

1

50

1

50

1
  

  
7550

507575




  

  






 75.18

4

75

200

7550

507575

7550
R  

  This resistance is in series with 1R  

   

 75.11875.181001resultant RRR  

140. (b) When resistances 4  and 12  are connected in series 

 16124  

When these resistance are connected in parallel. 








 3

16

124

124

124

12

1

4

11
P

P

R
R

 

141. (b) Since voltmeter records 5V, it means the equivalent. Resistance 

of voltmeter and 100  must be 50, because in series grouping 

if resistances are equal, they share equal potential difference. It 

conclude that resistance of voltmeter must be 100 . 

 
Kirchoff's Law, Cells 

 

1. (b) For no current through galvanometer, we have  

EX
X

E










500

1   2
500

12











X

X
  X = 100  

2. (d) Since )4()10( 21 VEVE   

So current in the circuit will be clockwise. 

 

 

 

 

 

Applying Kirchoff's voltage law  

0324101  iii   )  via to(1 ebaAi   

 Current ampere
R

V
0.1

6

410



  

3. (c) For maximum power, external resistance = internal resistance. 

4. (a) 0.9 (2 + r) = 0.3 (7 + r)  6 + 3r = 7 + r  r = 0.5  

5. (a) Since both the resistors are same, therefore potential difference 

EVV    
2

E
V   

6. (b) Let the current in the circuit 
R

V
i   

Across the cell, irVE   R
V

VE

RV

VE

i

VE
r 







 








/
 

7. (a) For maximum energy, we have  

External resistance of the circuit  

= Equivalent internal resistance of the circuit i.e. 
2

r
R   

8. (a) Kirchhoff's first law is based on the law of conservation of 
charge. 

9. (b) Kirchhoff's second law is based on the law of conservation of 
energy. 

10. (a) According to Kirchhoff's first law  

At junction A, AiAB 422   

At junction B, Aii BCAB 31   

 

 

 

 
 

At junction C, ampii BC 7.13.133.1   

11. (c)  In charging V > E. 

12. (d) In open circuit of a cell V = E  

F 
R 

R R 

R 

R 

C 

D E 

B 

A 

1 

3 

2 

10V 
i 

4V 

E2 E1 e b a 

2A 

2A 

1A 
1.3A 

t 

A 
C 

B 

A B 

R/2 

R/2 

R1 

R2 R3 

R4 

E 

i 
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13. (a) Zero (Circuit open means no current and hence no potential 
difference across resistance). 

14. (d) Zero (No potential difference across voltmeter). 

15. (b) Let the e.m.f. of cell be E and internal resistance be r. Then 

)2(
5.0




r

E
 and 

)5(
25.0




r

E
 

On dividing, 
r

r






2

5
2    1r  

16. (c) In short circuiting R = 0, so V = 0 

17. (c) Short circuit current 
r

E
iSC    

r

5.1
3     5.0r  

18. (c) 
rR

i



50

   1.1
5.4

5
10

5.4

50
r  

19. (d) 2.2)4(  ir       ......(i) 

and 24 i   
2

1
i  

Putting the value of i in (i), we get r = 0.4 ohm. 

20. (b) Let the internal resistance of cell be r, then  

rR

E
i


   

r


04.0

5.1
15    06.0r  

21. (c) The voltage across cell terminal will be given by 

R
rR

E



  V95.19.3

)1.09.3(

2



  

22. (c) ,2.2 voltE   ,8.1 voltV   RR 5  


















 1.151

8.1

2.2
1 R

V

E
r   

23. (b) In parallel, equivalent resistance is low 























n

r
R

E
i  

24. (d) Internal resistance  distance ionconcentrat
Area

1
  

25. (a) Total e.m.f. = nE, Total resistance R + nr  
nrR

nE
i


  

26. (a) Current through R is maximum when total internal resistance 
of the circuit is equal to external resistance.  

27. (b) Cells are joined in parallel when internal resistance is higher 
then a external resistance. (R <<r) 

n

r
R

E
i



  

28. (b) In series , 
r

E
i

22

2
1


  

In parallel, 
r

E

r

E
i







4

2

2
2

2  

Since 21 ii    
r

E

r

E

22

2

4

2





   2r  

29. (a) Applying Kirchhoff law  

i)2.03.01.0()22(    Ai
3

20
  

Hence potential difference across A  

V
3

4

3

20
1.02    (less than 2V)  

Potential difference across 0
3

20
3.02 B  

30. (b) Here two cells are in series. 

Therefore total emf = 2E. 

Total resistance = R + 2r  

 amp
rR

E
i 611.1

18

29

8.1

9.2

15.025.1

45.12

2

2








  

31. (a) irVE   

After short-circuiting, ;0V    5.0
4

2

i

E
r  

32. (c) By Kirchhoff's current law.  

33. (b)  For power to be maximum  

External resistance = Equivalent internal resistance of the 
circuit 

34. (a) A
r

E
i 30

05.0

5.1
   

35. (a) Ai 2
)24(

12



  

Energy loss inside the source ri2 W82)2( 2   

36. (b) voltirEVV 45.02512   

 voltVV 141044 12   

37. (a) If m = Number of rows  

and n = Number of cells in a row  

Then m  n = 100                                             .....(i) 

Also condition of maximum current is 
m

nr
R   

 
m

n


1
25   n = 25 m                       .....(ii)  

On solving (i) and (ii) m = 2 

38. (b) According to Kirchhoff's law 32 iiiCD   

39. (b) Since ,











rR

E
i  we get  

r

E




2
5.0  ......(i)  

r

E




5
25.0  .....(ii) 

Dividing (i) by (ii), we get 
r

r






2

5
2    1r  

 
12

5.0



E

  VE 5.1  

40. (c) Because EEeq   and 
2

r
req   

41. (d) In parallel combination VEEeq 6  

42. (d) Suppose current through different paths of the circuit is as 
follows.  

 
 
 
 
 

12 V 

54 

i3 

28 

6 V 

8 V 

1 2 
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After applying KVL for loop (1) and loop (2)  

We get 8628 1 i     Ai
2

1
1   

and      12654 2 i   Ai
3

1
2   

Hence Aiii
6

5
213   

43. (d) 
10

1025
4






X

X
VAB    20X  

44. (a) After short circuiting, R
2

 becomes meaningless.  

45. (c) VIREV 5.1405.01015   

46. (c) In series 
Rnr

nE
i


   

205.0

5.1
6.0






n

n
 n = 10 

47. (b)  

48. (a) Vi
t

W
P    V

it

W
V 38.1

6062

1000



  

49. (a) Applying Kirchoff's voltage law in the given loop. 

 
 
 
 
 
 
 

091482  iii   Ai
3

1
  

Potential difference across PQ V39
3

1
  

50. (d) Because cell is in open circuit.  

51. (b) In parallel combination VEEeq 12  

52. (d)  

53. (b) amp.
r

E
i 12

5.0

6
  

54. (c) Strength = 5 × 18 = 90AH.  

55. (a) A
rR

E
i 1

5.05.4

5






  

  Volt5.45.015  irEV  

56. (b) The circuit can be simplified as follows 

 

 

 

 

 
 

Applying KCL at junction A 

213 iii    .….(i) 

Applying Kirchoff’s voltage law for the loop ABCDA 

       0404030 31  ii  

040)(4030 211  iii  

447 21  ii    .….(ii) 

Applying Kirchoff’s voltage law for the loop ADEFA. 

040804040 32  ii    

120)(4040 212  iii  

32 21  ii   …….(iii) 

On solving equation (ii) and (iii) Ai 4.01  . 

57. (c) irEV  = 21056012  = 9V. 

58. (a) Applying Kirchoff's voltage law in the loop  

 

 

 

 

 

0220510  ii   Ai 1.0  

59. (d) VoltirEV 20.115.025.1  . 

60. (b) 





 2
2

4
1 r

rrR

E
i  

Short circuit when terminals of battery connected directly then 

current flows which is A
r

E
iSC 2

2

4
 . 

61. (c) Ai
8.3

4

9.09.11

22





  

For cell A irVE    09.1
8.3

4
2 V . 

62. (c) By using 
rR

E
i


  

r

E




11
5.0   rE 5.05.5   ..…(i) 

and 
r

E




5
9.0   rE 9.05.4    ..…(ii) 

On solving these equation, we have  5.2r  

63. (c)  

64. (b) JqVW 66 10549106   . 

65. (a) ;
2

eqR

V
P   for P to be maximum eqR  should be less. Hence 

option (a) is correct. 

66. (c) W
r

E
P 2

5.04

)2(

4

22

max 


  

67. (a)  

68. (d) Applying Kirchhoff law in the first mesh 

  i 510  Ai 2
5

10
  

69. (b) Applying Kirchhoff law in the first mesh  

  ii  1510   .....(i) 

 

 

 

 

 

i3 

i2 

i3 
i1 

A 

B C 

E F 

30 

40 

40 80V 

40V 
D 

10 

20 

i 

2V 

5V 

B A 
i 

1 

9 

2 

i 
4V 

8V 4V i Q P 

4 
5 

10V 

i i – i1 

i1 

r 
= 

1
 

A 
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Applying  in the second mesh 

11 445 iii    ......(ii) 

Solving equation (i) and (ii), we get Ai
29

40
1   

70. (a) Given problem is the case of mixed grouping of cells 

  So total current produced 

m

nr
R

nE
i



  

  Here  500,5000,100 Rnm  

  VE 15.0  and  25.0r   

 

100

25.05000
500

15.05000





i

5.512

750
  A5.1  

71. (a)  

72. (d) Watt hour efficiency
energyCharging

energygDischargin
  

  
10815

15514




 875.0 %5.87   

73. (c) From Kirchoff's junction Law 

   03524  i  Ai 2  

74. (b) In the given case cell is in open circuit (i = 0) so voltage across 
the cell is equal to its e.m.f. 

75. (b) The internal resistance of battery is given by 

  91
30

40
1 

















 R

V

E
r 


 3

30

109
 

76. (b)  
Rr

E
i


   RiP 2   

2

2

)( Rr

RE
P


  

Power is maximum when r = R   rEP 4/2
max   

77. (c) Since the current coming out from the positive terminal is 
equal to the current entering the negative terminal, therefore, 
current in the respective loop will remain confined in the loop 
itself. 

current through 2 resistor = 0 

78. (c) Reading of voltmeter  

V
rr

rErE
Eeq 14

21

212118

21

1221 








  

79. (d) 
21

2

RRR

E
i


  

From cell (2)  22 0 iRiRVE   

 

 

 

 

 

 

 2

21

2
R

RRR

E
E 


    12 RRR   

80. (d)   

81. (a) Applying Kirchoff's law in following figure.  

At junction A :  

121  iii  .... (i) 

For Loop (i)  

0)515(60 1  ii     

 ii 31           ...(ii) 

For loop (2)  

– (15 + 5) i
1

 + 10 i
2

 = 0  

 i
2

 = i
1

 = (3 i) = 6i  

On solving equation (i), (ii) and (iii) we get i = 0.1 A  

Short Trick : Branch current = 

     








resistanceTotal 

 branchoppositeof  Resistance
 current main  

 

























60
3

20
3

20

1i  

      = 0.1 A  

82. (d) Maximum current will be drawn from the circuit if resultant 
resistance of all internal resistances is equal to the value of 
external resistance if the arrangement s mixed. In series, 

nrR   and in parallel, the external resistance is negligible. 

83. (c) On applying Kirchoff's current law i = 13 A.  

84. (c) Total cells = m  n = 24              ....  (i)  

For maximum current in the circuit 
n

mr
R   

 )5.0(3 
n

m
  m = 6n            ..... (ii)  

On solving equation (i) and (ii), we get m = 12, n =2 

85. (a) Power dissipated R
rR

E
Ri

2

2










  

   2

2

2

1

2

1

R
rR

E
R

rR

E































 

   )2()2( 1
22

1222
2
21 rRrRRrRrRR   

   rRRrRRRrRrRRR 21
2

22
2
12

2
11

2
2 22   

 2121
2

21
2

21 )()()( RRRRrRRrRR    

 21RRr   

 
Different Measuring Instruments 

 

1. (a) In meter bridge experiment, it is assumed that the resistance of 
the L shaped plate is negligible, but actually it is not so. The 
error created due to this is called, end error. To remove this 
the resistance box and the unknown resistance must be 
interchanged and then the mean reading must be taken. 

2. (c) To convert a galvanometer into an ammeter a low value 
resistance is to be connected in parallel to it called shunt. 

3. (d) Balance point has some fixed position on potentiometer wire. It 
is not affect by the addition of resistance between balance 
point and cell.  

1 

2 

15 5 

10 

60 

I 

I2 

I1 1A 

A B 

1A 

15 5 

10 

60 

I 

(Branch 

current) 

1A 

20/3  

R 

i 

E, R1 E, R2 

(1) (2) 
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4. (d) Resistance of voltmeter should be greater than the external 
circuit resistance. An ideal voltmeter has infinite resistance.  

5. (c) 






 1.0

10

1

)01.010(

01.0100

g

g

ii

Gi
S  

6. (c) Equivalent resistance of the circuit  100eqR  

current through the circuit Ai
100

4.2
  

P.D. across combination of voltmeter and 100  resistance 

V2.150
100

4.2
  

Since the voltmeter and 100  resistance are in parallel, so the 
voltmeter reads the same value i.e. 1.2V. 

7. (a) Potential gradient 
L

R

rRR

e

h

.
)( 

  

1

5

)0515(

2





cm

V

m

V
005.05.0   

8. (d) 
)( g

g

ii

Gi
S


   

1

9

1

110








g

g

i

ii

S

G
 

9. (c) Ammeter is used to measure the current through the circuit. 

10. (c) 
)( g

g

ii

Gi
S


 




 002.0

9

018.0

110

018.01
 

11. (d) Potentiometer works on null deflection method. In balance 
condition no current flows in secondary circuit. 

12. (c) Shunt resistances 






 11

)10100(

9910

)( g

g

ii

Gi
S  

13. (d) By using G
i

V
R

g

   





995,195
105

100
3

R  

14. (a) Potential gradient = Change in voltage per unit length 

 voltVV
VV

3
100/30

10 12
12 


  

15. (d) 2
10/100

5
3
 G

i

V
R

g

 482
100

5000
 

16. (c) 
GS

iS
ig


 

G




12

1250
10  6012 G    48G  

17. (a) To convert a galvanometer into a voltmeter, a high value 
resistance is to be connected in series with it. 

18. (b)   

19. (c) 
S

R

Q

P


  (For balancing bridge) 

 
9

44

9

114



S  

 
6

111


 rS
 

  
r

1

6

1

44

9
   

   4.26
5

132
r  

20. (a) 




















 
 5.02

100

25

2

21 R
l

ll
r  

21. (b) The sensitivity of potentiometer can be increased by decreasing 
the potential gradient i.e. by increasing the length of 
potentiometer wire. 

 (Sensitivity  Length
..

1


GP
) 

22. (b) In balance condition, potentiometer doesn't take the current 
from secondary circuit. 

23. (a) Here same current is passing throughout the length of the 

wire, hence lRV   

  
2

1

2

1

l

l

V

V
   

50

3006

2


V

  V
2

 =1 V. 

24. (a) ohm
ii

Gi
S

g

g

999

10

01.010

01.010








  

25. (a) Ratio will be equal to the ratio of no deflection lengths i.e. 

3

2

2

1

2

1 
l

l

E

E
 

26. (a) Potential gradient 
Length

 differencePotential 
  

27. (a) Wheatstone bridge is balanced, therefore 

 
S

R

Q

P
  or 

S

10
1    ohmS 10  

28. (a) When the length of potentiometer wire is increased, the 
potential gradient decreases and the length of previous balance 
point is increased. 

29. (b) 

30. (b) 

31. (b) The actual circuit is same. 

32. (b)  %10gi  of 
10

i
i   





 10

)110(

90

)1(n

G
S  

33. (b) 
3

5

)28(

)28(

21

21

2

1 










ll

ll

E

E
 

34. (b) Suppose resistance R is connected in series with voltmeter as 
shown. 

By Ohm's law  

VnRig )1(.   

 GnR )1(   (where )
G

V
ig   

35. (c) Ammeter is always connected in series with circuit. 

36. (c) If resistance of ammeter is r then 

 4)(20 rR    5 rR    5R  

37. (b) 














99

50

10101

501010
3

3

g

g

ii

Gi
S  in parallel. 

38. (b)  )%90100( gi  of 
10

i
i   

 Required shunt 





 100
)110(

900

)1(n

G
S  

39. (d) 





997525
1010

100
3

G
i

V
R

g

 

40. (b) Potential gradient 
L

iR

L

V
x   

A 

R = 4 
r 

Q = 11 P = 9 

6 

C 

D 

B 

S' 

G 
ig ig R 

V (n – 1)V 

nV 
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  cmvoltx /
2000

3

10

15

)515(

2



  

41. (a) 

1
1050

5

25

1
6











gi

i

G
S  


 4

55
105.2

10

25

110

25
 

42. (b) In balanced Wheatstone bridge, the arms of galvanometer and 
cell can be interchanged without affecting the balance of the 
bridge. 

43. (c) Error in measurement = Actual value – Measured value 

 

 

 

 Actual value = 2V 

 Ai
500

1

2998

2



  

 Since irVE    VirEV
500

998
2

500

1
2   

   Measured value V
500

998
  

   Error volt3104
500

998
2   

44. (d) The emf of the standard cell must be greater than that of 
experimental cells, otherwise balance point is not obtained. 

45. (a)  

46. (b) In general, ammeter always reads less than the actual value 
because of its resistance. 

47. (c) By Wheatstone bridge, 
80

20

80


BC

ACR
   20R  

48. (a) lE  (balancing length) 

49. (b) '
2

21 R
l

ll
r 












 
 5

2

21 






 


l
       ... (i)  

and 10
3

31 






 


l
r                  ... (ii)  

On solving (i) and (ii) r = 10  

50. (a)  

51. (b) In the part c b d,  

dbbc VVVV    
2

dc
b

VV
V


  

 In the part c a d 

 daac VVVV    a
dc V

VV




2
  ab VV   

52. (c) In balance condition, no current will flow through the branch 
containing S. 

53. (b) Resistance in parallel 
)1010010(

1010050
6

6













g

g

ii

Gi
S  

   4105S  

54. (b) l
L

iR

l

V
lxE   l

L

R

rRR

e
E

h





)(

 

  VE 33
5

5

)145(

10



  

55. (a) Potential gradient
A

i

AL

Li

L

iR

L

V 
  

 mV /10
108

10402.0 2

6

8










  

56. (b) %2gi  of 
50

i
i   

49)150()1(

GG

n

G
S 





  

57. (d) The resistance of an ideal voltmeter is considered as infinite. 

58. (c)  

 

 

 

 

Here 
R

i



31020

110
 

  iRV    3

3
1020

1020

110
5 












R
 

  55 1022510  R   KR 420
5

10
21

5

 

59. (c) Due to the negligible temperature co-efficient of resistance of 
constantan wire, there is no change in it's resistance value with 
change in temperature. 

60. (d)  The resistance of voltmeter is too high, so that it draws 
negligible current from the circuit, hence potential drop in the 
external circuit is also negligible. 

61. (a) By connecting a series resistance 

  37
1

10
G

i

V
R

g

 

62. (a) Since potential difference for full length of wire = 2 V 

  P.D. per unit length of wire
m

V
5.0

4

2
  

63. (d) 
80

20

1


X
   25.0

4

1
X . 

64. (a) Reading of galvanometer remains same whether switch S is 
open or closed, hence no current will flow through the switch 
i.e. R and G will be in series and same current will flow 

through them. GR II  . 

65. (d) Pressing the key does not disturb current in all resistances as 
the bridge is balanced. Therefore, deflection in the 
galvanometer in whatever direction it was, will stay. 

66. (b) GiiSi gg )(    iGGSig  )(  

  8.0
82

8








GS

G

i

ig
 

67. (a) Potential gradient 
L

R

rRR

e
x

h





)(

 

  
mm

V
x 5105

10

20

)08020(

5.2 


  

68. (b) Given ,2mAig    180,20 GmAi  

SG

S

i

ig


   SS 10180     20

9

180
S  

69. (c) Resistance of shunted ammeter
SG

GS


  

998  

i 

+ – 
2 2V 

V 

R 20×103 

i 
110V 

5V 

V 
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Also 
S

G

i

i

g

 1   
i

Gi

SG

GS g .



 

 
10

12005.0 


 SG

GS
= 0.6  

70. (c) 






 



 2.16

50

5060
'

)(

2

21 R
l

ll
r  

71. (d) By using 
S

G

i

i

g

 1  

  
S

i 1000
1

10100 3


 
   111

9

1000
S  

72. (c) Potential gradient 
L

R

rRR

e

L

V
x

h





)(

 

  1
)10(

2.2
102.2 3 


 

hR
   990R  

73. (a) 
S

SG

i

i

g


  

11

1

5.27

5.2





SG

S

i

ig
 

74. (c) Total resistance of the circuit  6020
2

80
 

  Main current Ai
30

1

60

2
  

 Combination of voltmeter and 80 resistance is connected in 

series with 20, so current through 20 and this combination 

will be same A
30

1
 . 

 Since the resistance of voltmeter is also 80, so this current is 

equally distributed in 80 resistance and voltmeter 

(i.e. A
60

1
through each) 

 P.D. across 80 resistance V33.180
60

1
  

75. (a) Potential gradient 
A

i

L

A

L
i

L

iR

L

V
x
















  

76. (d) Here 5
2

10
n  

  GnR )1(   80002000)15(  

77. (b) 











 
 5.0

1

21 R
l

ll
r . 

78. (a)  

79. (b) 10
)10(

2
10.

)(
 . 3 





 

rR
R

rRR

e
i.RV

h

 

 989,19R . 

80. (a)  

81. (c)  10202 RR . 

82. (c) 
S

R

S

G

i

i

g

 1
1

4
1

3

R
S  . 

83. (a) When ammeter is connected in parallel to the circuit, net 
resistance of the circuit decreases. Hence more current is 
drawn from the battery, which damages the ammeter. 

84. (a) '
2

21 R
l

ll
r 












 
 







 
 110

50

5055
r . 

85. (b) 





598812
103

18
3

G
i

V
R

g

 

86. (d)  

87. (c) 





97525
106

6
3

G
i

V
R

g

(In series). 

88. (d) 
SG

S
iig


     

S

S




25
1001.0  

SS  251000    
999

25
S . 

89. (c)  

 

 

 

 

 

 

Resistance of the part AC 

 4401.0ACR  and  6601.0CBR  

In balanced condition  4
6

4

6
X

X
 

Equivalent resistance  5eqR  so current drawn from 

battery Ai 1
5

5
 . 

90. (a) ViGR g  )(   
gi

V
GR  )(  

  





k25.6
101630

3
6

 

    Value of R  is nearly equal to k6  

This is connected in series in a voltmeter. 

91. (d)  

 

 

 
 

 kR 1616000200801  

Current flowing through 1V = Current flowing through 2V  = 

A3

3
105

1016

80 


. 

So, potential differences across 2V  is  

volt1601032105 33
2  V  

Hence, line voltage VVVV 2401608021  . 

92. (d) xliRxlV   

1.01050
10

102
10 2

2

3














 
 





i  

mAAi 101010 3   . 

93. (d) l
L

R

rRR

e
E

h





)(

V16.04.0
1

10

)04010(

2



 . 

5V 

C 

6 4 

X 6 

A B 

G 

V1 

R1 = 16k R2 = 32k 

V2 

V 

V1 = 80V 

G 
ig R 
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94. (c) 
S

G

i

i

g

 1 .8
12

1
2

5
 S

S
 (In parallel). 

95. (d) 
SG

S

i

ig


   

SG

S




100

5
  

19

G
S   

96. (a)  53 10)13(1050)1(nGR . 

97. (c) 
1

3

2958

2958

21

21

2

1 










ll

ll

E

E
 

98. (a) 





9991
1010

10
3

G
i

V
R

g

. 

99. (d) For conversion of galvanometer (of resistances) into voltmeter, 

a resistance R is connected in series. 

 
GR

V
ig


 1  and 

GR

V
ig




2

2  

 
GR

V

GR

V




 2

21   
)(

)(22

1

2

GR

GGR

GR

GR

V

V









  

)(
2

GR

G


  

)(
2 1

12
GR

GV
VV


  12 2VV   

100. (d) If the voltmeter is ideal then given circuit is an open circuit, so 
reading of voltmeter is equal to the e.m.f. of cell i.e., 6V.  

101. (c) %.10..
10

1

436

4
ei

SG

S

i

ig






  

102. (d) After connecting a resistance R in parallel with voltmeter its 

effective resistance decreases. Hence less voltage appears across 
it i.e. V will decreases. Since overall resistance decreases so 
more current will flow i.e. A will increase. 

103. (c) Potential gradient 
L

R

rRR

e
x

h

.
)( 

  









57
1

3

)03(

2

10

10
2

3

h

h

R
R

. 

104. (c) 
S

G

i

i

g

 1 


02.0
999

2020
1

10

1
3

S
S

. 

105. (a) Resistance of voltmeter should be high. 

106. (c) If ammeter is used in place of voltmeter (i.e. in parallel) it may 
damage due to large current in circuit. Hence to control this 
large amount of current a high resistance must be connected in 
series. 

107. (c) Potential gradient 
L

R

rRR

e
x

h

.
)( 

  

2.0
10

20

)01020(

3



   

108. (d) 
1

2

)26(

)26(

21

21

2

1 










ll

ll

E

E
 

109. (c) Manganin or constantan are used for making the potentiometer 
wire. 

110. (a) 

111. (a) 
S

G

i

i

g

 1
SS

G

V

Gi

g

40
1

10800

4010100
1

.
3

3











 

 10S . 

112. (a) 
SG

S
iig


  33 10100

100
1010  




S

S
 

100090 S  11.11
90

1000
S . 

113. (c) Before connecting the voltmeter, potential difference across 

100  resistance 

VVVi
11

10

)10100(

100



  

Finally after connecting 

voltmeter across 100  
Equivalent resistance  





90

)900100(

900100
 

Final potential difference 

 VVVf
10

9

)1090(

90



  

% error = 100


i

fi

V

VV
 

.0.1100

11

10
10

9

11

10







V

VV

 

114. (b) Potential gradient =  
LrR

Re

).(

.


= 

5)33(

310




. 

./10/1 cmmVmV   

115. (c) 
SS

G

i

i

g

100
1

10

1
1

5



 3

5
10

10

100
S . 

116. (d) 
10

1

40

4

436

4








SG

S

i

ig
 

117. (a) 
R

R
R

V
i










2

6

36

36

6
2   1R . 

118. (b) 
SG

S
iig


 

S


50

5

10

01.0
  05.0

999

50
S . 

119. (d) R
l

l
S .

100







 
  

Initially, cml
l

l
2510

100
30 







 
  

Finally,  cml
l

l
7530

100
10 







 
  

So, shift = 50cm. 

120. (c) Potential gradient (x) 
A

i
 mV/10

10

101.0 2

6

7









  

121. (d) Before connecting voltmeter potential difference across 400 
resistance is  

 

 

   

V 

10 100 

Vi 

V 

100 

900 

Vf 

10 

6V 

10,000 

400 A B 800 B 

V 
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  VVi 26
)800400(

400



  

 

 

After connecting voltmeter equivalent resistance between A and 

B 



 6.384

)000,10400(

000,10400
 

Hence, potential difference measured by voltmeter 

VV f 95.16
)8006.384(

6.384



  

Error in measurement = 95.12  fi VV  = 0.05V. 

122. (c) 
SS

G

i

i

g

50
1

05.0

5
1   

 
A

l
S





99

50
 ml 3

105

101097.2

99

50
7

42











. 

123. (a) 
S

G

i

i

g

 1  
S

81.0
1

1

10
  09.0S . 

124. (a) From the principle of potentiometer lV    

 
L

l

E

V
 ; where V = emf of battery, E = emf of standard 

cell, L = Length of potentiometer wire 

 
100

30E

L

El
V  . 

125. (b) l
L

R

rRR

e
E

h




 .
)(

 

4.0
1

10

)010(

2
1010 3 


 

R
 R = 790 

126. (b) Using 












 1

2

1

l

l
Rr  








 11

100

150
2  

127. (d) Resistance between A and B 
3

1000

)1500(

5001000



  

  So, equivalent resistance of the circuit 

  eqR
3

2500

3

1000
500   

 Current drawn from the cell 

 
)3/2500(

10
i A

250

3
  

Reading of voltmeter i.e.  

potential difference across VAB 4
3

1000

250

3
  

128. (d) 
10

i
ig    Required shunt 





 10

)110(

90

)1(n

G
S  

129. (b) 





496040
1010

50
3gi  

130. (c) Post office box is based on the principle of Wheatstone's bridge 

131. (d) Full deflection current 410425 gi  A410100   

Using G
I

V
R

g

 50
10100

25
4






 2450 in series. 

132. (a) In balancing condition, 
1

1

2

1

2

1

100 l

l

l

l

R

R


  

  
4

1

80

20


Y

X
 .....(i) 

and 
l

l

Y

X




100

4
 .....(ii) 


l

l




1004

4
   cml 50  

133. (c)  

134. (d) G
ii

i
S

g

g
















 50

)101001010(

10100
63

6











 5.0  

(in parallel) 

135. (d)  l
L

R

rRR

e
E

h




 .
)(

 l



10

5

)0455(

5
4.0   

 l = 8 m  

136. (a) Potential difference per unit length mV
L

V
/5.0

4

2
  

137. (a)  

138. (b) 












 1

2

1

l

l
Rr 








 1

120

240
2   2  

139. (d) 
l

V
E  ; E is constant (volt. gradient). 

   
2

2

1

1

l

V

l

V
   

180140

1.1 V
  VV 41.1

140

1.1180



  

140. (a)  SIIGI GG   I = GI
S

G








1   I = 100.1 mA  

141. (c) Let S be larger and R be smaller resistance connected in two 
gaps of meter bridge. 

   RRR
l

l
S 4

20

20100100











 
    .....(i) 

  When 15  resistance is added to resistance R, then 

  )15(
4

6
)15(

40

40100








 
 RRS       .... (ii) 

From equations (i) and (ii)  9R  

142. (a) According to following figure  

 

 

 

 

 
 

Reading of voltmeter = Potential difference between A and B = i 

(R + 2) 12 = 0.1 (R + 2)  R = 118 . 

143. (a) Potential gradient 
L

R

rRR

e
x

h

.
)( 

  

 
1)0490(

2

10

102.0
2

3 R

R










  R = 4.9 .      

V 

500 500 
A B C 

1000

10V 

Parallel 

V 

A 

2 

B A 

i=0.1A 
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Critical Thinking Questions  
 

1. (a) Initially : Resistance of given cable  

23 )109( 





l
R                                        ... 

(i) 
Finally : Resistance of each insulated copper wire is  

23 )103(
'







l
R . Hence equivalent resistance of 

cable 

















 23 )103(6

1

6

'




lR
Req ….(ii)  

 

 

 

 

On solving equation (i) and (ii) we get R
eq

 = 7.5  

2. (a) 

4
















A

B

B

A

r

r

R

R
  

16

1

2

1
4











B

A

R

R
  AB RR 16  

When R
A

 and R
B

 are connected in parallel then equivalent 

resistance A

BA

BA
eq R

RR

RR
R

17

16

)(



  

If  25.4AR  then  4eqR  i.e. option (a) is correct. 

3. (c) The given circuit can be simplified as follows  

 

 

 

 


6

5R
RAD   

4. (c) Suppose n resistors are used for the required job. Suppose 
equivalent resistance of the combination is R' and according to 

energy conservation it's current rating is '.i  

Energy consumed by the combination = n  (Energy consumed 
by each resistance) 

 RinRi 22 ''   8
10

5

1

4''
22






































R

R

i

i
n  

5. (c) Resistance across 
1

111

'

1

RRRR
AB   

 6
1 102R   

and  6101R  

On solving,  

 61088.0'R  

6. (b) No current flows through the capacitor branch in steady state. 
Total current supplied by the battery  

i 
2

3

2.18.2

6



 .  

Current through 2  resistor A9.0
5

3

2

3
  

7. (d) At time t = 0 i.e. when capacitor is charging, current 

mAi 2
1000

2
  

When capacitor is full charged, no current will pass through it, 

hence current through the circuit mAi 1
2000

2
  

8. (d) Current in the bulb A
V

P
3

5.1

5.4
  

Current in 1  resistance A5.1
1

5.1
  

Hence total current from the cell Ai 5.45.13   

By using irVE   VE 5.13)67.2(5.45.1   

9. (d) Equivalent resistance of the circuit  9R  

 Main current A
R

V
i 1

9

9
  

 

 

 

 

 

 

After proper distribution, the current through 4 resistance is 
0.25 A.   

10. (b) Maximum number of resistance 422 131  n  

11. (d) The given circuit can be simplified as follows.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

12. (d) 
2

5
eqR  

Ai 5

5.1
2

5

20




  

 
 

Potential difference between X and P,  

VVV PX 5.73
2

5









   ....(i) 

l 

 

9 mm 

l 

 

A B C D 

R 

R1 

R 

A B 

7

8r
 

A B 
 

A B 

r 

r 

r r 

r 
r 

r 

 A 

r 

r r 

r 

r 
r r 

B 

 

20V, 1.5 

i 3 2 

3 2 

P 

Q 

i/2 

i/2 

X 

i 

0.5 A 1 A 

3 

8 8 

2 

9V 

2 2 

4 

2 2 

0.25 A 

B 2r 

2r/3 

r r 

A 

 

2r 

3

8r
 

A B 
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VVV QX 52
2

5
    …(ii)  

On solving (i) and (ii) PQQP VVvoltVV   ; 5.2 . 

Short Trick : )(
2

)( 12 RR
i

VV QP  5.2)32(
2

5
  

 PQ VV   

13. (c) )1( 111
tRR t   and )1( 222

tRRt   

Also  21. 21
RRRRRR eqtteq  tRR )( 2211    

 





























 t

RR

RR
RRReq .1)(

21

2211
21


 

So 
21

2211

RR

RR
eff







  

14. (b) Let the voltage across any one cell is V, then 


















Rrr

E
rEirEV

21

1

2
 

But V = 0  

 0
2

21

1 



Rrr

Er
E  

 121 2rRrr   

 21 rrR   

15. (b) Emf E = 5V , Internal resistance  5.0
10

5
r  

Current through the resistance Ai 2
)5.02(

5



  

16. (b) The given circuit can be redrawn  

 

 

 

  

 

 

V
RR

RERE
Eeq 2

44

4242

21

1221 








  and 

 2
2

4
eqR . Current Ai 2

2

22



  from A to B 

through E
2

.  

17. (b) Applying Kirchhoff’s law for the loops (1) and (2) as shown in 
figure 

For loop (1)  

 

 

 

 

 
 

04)(22 211  iii   22 21  ii   …(i) 

For loop (2)   

064)(2 221  iii   33 21  ii    …(ii)  

On solving equation (i) and (ii) Ai 8.11  . 

18. (b) To convert a galvanometer into an ammeter, a shunt 

G
II

I
S

g

g


  is connected in parallel with it. To convert a 

galvanometer into a voltmeter, a resistance G
I

V
R

g

  is 

connected in series with it. 
19. (a) The given circuit can be redrawn as follows  

 

 

 

 

 

 

 

 

 

 

 

Resistance between A and B 


 6
32

824
 

Current between A and B = Current between X and Y 

Ai 8
6

48
  

Resistance between X and Y  20)16103(  

 Potential difference between X and Y = 8  20 = 160 V  

20. (d) )1()1( 2121 tRtRRR    

 tRtRRRRR  212121   





2

1

R

R
 

21. (d) Current density of drifting electrons j = nev  
36737 10105105   mcmn . 

Cemsv 191 106.1,4.0    26102.3  Amj  

Current density of ions = (4 – 3.2)  10–6 =
2

6108.0
m

A  

This gives v for ions = 0.1 ms–1.   

22. (a) In the following figure  

Resistance of part PNQ;  

 5.2
4

10
1R  and 

Resistance of part PMQ;  

 5.710
4

3
2R  

)5.75.2(

5.75.2

21

21









RR

RR
Req  = 

8

15
. 

Main Current i = A
23

24

1
8

15

3




 

So, i
1

= A
RR

R
i

23

18

5.75.2

5.7

23

24

21

2 

























  

r1 

E 

r2 

E 

V 

E1 

A 

R1 

R2 E3 

E2 

B 
Eeq Req 

E2 

B A 

i  

E2 = 6V 

i1 R1 = 2 

E1 = 4V 

R3 = 2 

i1 

i2 
R2 = 4 

i2 

(i1 – i2) 1 

2 

i2 

i1 

Q N 

M 

P i 

3V, 1 

X 

Y 

3 

i 

20 30 60 

i 
A 

B 

1 i 

24 8 48 V 

10 

6 



 

 1120 Current Electricity  

and Aiii
23

6

23

18

23

24
12  . 

23. (c) As I is independent of ,6R  no current flows through 6R  this 

requires that the junction of 1R  and 2R  is at the same potential 

as the junction of 3R  and 4R . This must satisfy the condition 

,
4

3

2

1

R

R

R

R
  as in the Wheatstone bridge. 

24. (c) Moving anticlockwise from A 

022  iRVViR  

or ViR 3  or 
R

V
i

3
  

iRVViRVV BA   

 Potential drop across C =
3

V
 

25. (b) Let R and m be the resistance and mass of the first wire, then 
the second wire has resistance 2R and mass 2m. Let E = emf of 
each cell, S = specific heat capacity of the material of the wire. 

For the first wire, current 
R

E
i

3
1   and TmSRti 2

1  

For the second wire, 
R

EN
i

2
2   and TmStRi  2)2(2

2 . 

Thus, 21 ii   or 6N . 

26. (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 8ABR . 

27. (a)  

 

 

 

 
 

In a circuit, any circuit element placed between points at the 
same potential can be removed, without affecting the rest of 
the circuit. Here, by symmetry, points A, B and C are at same 
potential, for any potential difference between P and Q.  

The circuit can therefore be reduced as shown below 

 

 

 

 

 

Effective resistance 
rR

Rr
Req




2
. 

28. (d) Potential difference between A and B 

5.11 BA VV  

VVVV AA 5.15.10   

Potential difference between B and C 

VVV CB 5.25.21   

 VVVV CC 5.25.20   

Potential difference between C and D 

VVV DC 2 .5.025.2 VVV DD   

29. (b) The given circuit can be simplifies as follows  

 

 

 

 

 

 

 

 

 

 

 

 

 

 1
2

3

3

2

3

2
'

r
R . 

30. (b) dQ = Idt   




3

2

t

t
IdtQ














 

3

2

2

3

2

32 dtttdt    

=    3233

2
2 tt  = (9 – 4) + (27 – 8) = 5 + 19 = 24C. 

31. (d) 
).......(

.....

321

321

n
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32. (a) Balancing length is independent of the cross sectional area of 
the wire.  

33. (a) 
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34. (b) The given circuit can be simplified as follows  
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Now it is a balance Wheatstone bridge.  

So,  

 

 

 



 4

16

64

88

88
ABR  

35. (c) The equivalent network is  

 

 

 

 

 

 

 

Clearly, the network of resistances is a balanced Wheatstone 

bridge. So ABR  is given by  

RRRRRAB 2

1

6

12

6

1

3

11



   RRAB 2   

For maximum power transfer  42R   2
2

4
R  

36. (c) The given circuit can be redrawn as follows  

 

 

 

 

 

Current Ai
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P.D. between A and B, VV
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37. (a) By using ;.
A

l
R   here )( 2

1
2
2 rrA     

Outer radius r
2

 = 5cm  

Inner radius r
1

 = 5 – 0.5 = 4.5 cm  

 

 

 
 

So 
})105.4()105{(

5
107.1

2222
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 5106.5  

38. (a) Here 
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39. (d) Battery is short circuited so potential difference is zero. 

40. (a) Let V be the potential of the junction as shown in figure. 
Applying junction law, we have 

 
 

 
 
 

 
 

or 
2

0

4

5

2

20 





 VVV
   

or  40 – 2V + 5 – V = 2V or  5V = 45  V = 9V  

 A
V

i 5.4
2

3   

41. (a) lilxE   A
l

E

l

E
i 4

3

104
52.1

104.2 









. 

42. (b) When bulb glows with full intensity, then voltage across it will 

be 1.5 V and voltage across 3  resistance will be 4.5 V. 

 

 

 

 

 
 

Current through 3  resistance Ai 5.1
3

5.4
  

Same current will flow between X and Y  

So XYXY iRV    XYR5.15.1     1XYR  

43. (a) In figure (b) current through 
10

9

10
2

ii
iR   

Potential difference across 2R  = Potential difference across R  

 
1010

9
2

i
RiR   i.e. 

9

11

9
2

R
R  
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11

1

11

9

11
1

11

9

11

)( 2

2

RR

RR
Req  

Total circuit resistance 11
10

11
1  RR   9.91R  

44. (a) Let l be the original length of wire and x be its length stretched 
uniformly such that final length is 1.5 l  
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45. (b) In series : Potential difference  R  

When only S
1

 is closed EEV 75.0
4

3
1   

When only S
2

 is closed EEV 86.0
7

6
2   

and when both S
1

 and S
2

 are closed combined resistance of 6R 
and 3R is 2R  

     EEV 67.0
3

2
3 








    312 VVV   

46. (c) 

 

 

 

 

 
 

030 21  iii xy i.e. 21 3ii    ......(i) 

Also 0)(4)(2 21  xyxy iiii  

i.e. xyiii 642 21          ....(ii) 

Also 0)(21 11  xyAB iiiV  )(250 11 xyiii   

xyii 23 1                .... (iii) 

Solving (i), (ii) and (iii),  Aixy 2  

47. (b) Let n be the number of wrongly connected cells.  

Number of cells helping one another )12( n  

Total e.m.f. of such cells En)12(   

Total e.m.f. of cells opposing = nE  

Resultant e.m.f. of battery nEEn  )12( En)212(   

Total resistance of cells = 12r  

( resistance remains same irrespective of connections of 
cells) 

With additional cells  

(a) Total e.m.f. of cells when additional cells help battery = (12 
– 2n) E + 2E  

Total resistance = 12r + 2r = 14r  

 3
14

2)212(




r

EEn
     ......(i) 

(b) Similarly when additional cells oppose the battery  

     2
14

2)212(




r

EEn
 ......(ii)  

Solving (i) and (ii), n = 1 

48. (a) All the conductors have equal lengths. Area of cross-section of 

A is 222 })2()3{( aaa   

Similarly area of cross-section of B = Area of cross-section of C 
= a2  

Hence according to formula ;
A

l
R   resistances of all the 

conductors are equal  i.e. R
A

 = R
B

 = R
C

  

49. (b) Resistance of CD arm = 2r cos 72o = 0.62r  

Resistance of CBFC branch  













62.02

62.21

62.0

1

2

11

rrrR
 

rR 24.1

62.21
         

62.2

24.1 r
R   

Equivalent r
r

rRR 
62.2

24.1
22'  

rr 946.11
62.2

48.2









  

Because the star circuit is symmetrical about the line AH 

 Equivalent resistance between A and H  

'

1

'

11

RRReq

  rr
R

Req 973.0
2

946.1

2

'
  

50. (a) 

 

 

 

 

 
 

Applying Kirchoff's law in mesh ABCDA 

     02010)(10 121  iiii     iii  213  .......(i) 

and in mesh BEFCB 

       010)(10)(20 22121  iiiiii  

    iii 243 21   ......(ii) 

From equation (i) and (ii)  
5

,
5

2
21

i
i

i
i   

5

2i
iAD   

51. (d) Let the current in 12  resistance is i  
Applying loop theorem in closed mesh AEFCA  

12i = – E + E = 0     i = 0 

52. (b) Current flowing in the circuit A
R

E
i

5

1

1020

410





  

P.D. across AC V420
5

1
  

P.D. across AN = 4 + 4 = 8V 

53. (a) If two resistances are 1R  and 2R  then 

  21 RRS   and 
)( 21

21

RR

RR
P


  

From given condition S = nP i.e.  
















21

21
21 )(

RR

RR
nRR  

 21
2

21 )( RRnRR   2121
2

21 4)( RnRRRRR   

So .
)(

4
21

2
21

RR

RR
n


  Hence minimum value of n is 4. 

54. (b) Voltage sensitivity 
Gergalvanometof  Resistance

ysensitivit Current
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  5
2

10
G .  

Here gi  Full scale deflection current mA15
10

150
 .  

V = Voltage to be measured = 150  1 = 150 V.  

Hence 





99955
1015

150
3

G
i

V
R

g

. 

 
Graphical Questions  

 

1. (a) For ohmic resistance iV    RiV   (here R is constant) 

2. (d) From the curve it is clear that slopes at points A, B, C, D have 
following order A > B > C > D.  

and also resistance at any point equals to slope of the V-i 
curve. 

So order of resistance at three points will be 

DCBA RRRR   

3. (a) Slope of the V-i curve at any point equal to resistance at that 
point. From the curve slope for T

1

 > slope for T
2

  

 
21 TT RR  . Also at higher temperature resistance will be 

higher so T
1

 > T
2

  

4. (c) For portion CD slope of the curve is negative i.e. resistance be 
negative.  

5. (d) Slope of V-i curve 









A

l
R


. But in given curve axis of i 

and V are interchanged. So slope of given curve 











l

A

R 

1
 

i.e. with the increase in length of the wire. Slope of the curve 
will decrease.  

6. (c) 
A

neAv

A

i

L

iR
E d


.

   Evd   (Straight line)  

  R
EA

RiP

2

2














  2EP    (Symmetric parabola)  

Also 2iP   (parabola)  

Hence all graphs a, b, d are correct and c is incorrect. 

7. (b) When we move in the direction of the current in a uniform 

conductor, the potential difference decreases linearly. When we 
pass through the cell, from it's negative to it's positive terminal, 
the potential increases by an amount equal to it's potential 
difference. This is less than it's emf, as there is some potential 
drop across it's internal resistance when the cell is driving 
current.   

8. (b) Since the value of R continuously increases, both  and  must 
be positive. 

Actually the components of the given equation are as follows 

 

 

 

 

It  is positive,  is negative, the component will be shown in 

the following graph.  

 

 

 

 

 
 

In this case, the value of R will not increase continuously. 
Hence the correct option is (c). 

9. (d) Slope of V-i curve = resistance. Hence  1
1

1
R  

10. (a) At point A the slope of the graph will be negative. Hence 
resistance is negative. 

11. (b) E.m.f. is the value of voltage, when no current is drawn from 

the circuit so E = 2V. Also r = slope =  4.0
5

2
 

12. (d) For conversion of a galvanometer into a voltmeter  

gi
GR

V



  g

V

i
R

V
 ; where R

V

 = R + G = Total resistance  

 
g

V
i

V
R    VRV   

13. (a) According to ohm's law iRV   

 RiV eee logloglog    RVi eee logloglog   

The graph between Ielog  and Velog  will be a straight line 

which cut Velog  axis and it's gradient will be positive. 

14. (c) As we know, for conductors resistance  Temperature. 

From figure R
1

  T
1

  tan  T
1

  tan = kT
1

   … (i)  

and R
2

  T
2

  tan (90o – )  T
2

  cot = kT
2

  ….(ii) 

From equation  (i) and (ii) )tan(cot)( 12   TTk  













cossin

)sin(cos

cos

sin

sin

cos
)(

22

12











TT 2cot2  

   (T
2

 – T
1

)  cot 2 

15. (b) Let resistivity at a distance 'x' from left end be ).( 0 ax   

Then electric field intensity at a distance 'x' from left end will 

be equal to 
A

axi

A

i
E

)( 0 


 where i is the current 

flowing through the conductor. It means E  or E varies 

linearly with distance 'x'. But at x = 0, E has non-zero value. 
Hence (b) is correct.  

16. (d) At an instant approach the student will choose tan will be the 
right answer. But it is to be seen here the curve makes the 

angle  with the V-axis. So it makes an angle (90 – ) with the 
i-axis.  

  So resistance = slope = tan (90 – ) = cot. 

17. (d) Short circuited current 
r

E

nr

nE
i   i.e. i doesn't depend 

upon n.  

18. (b) Here internal resistance is given by the slope of graph i.e. 
y

x
. 

But conductance 
x

y


 Resistance

1
 

19. (a) SeriesParallel RR  . From graph it is clear that slope of the line 

A is lower than the slope of the line B. Also slope = resistance, 
so line A represents the graph for parallel combination. 

20. (b) To make range n times, the galvanometer resistance should be 
G /n, where G is initial resistance. 

 

Assertion and Reason 
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1. (d) Resistivity of a semiconductor decreases with the temperature. 
The atoms of a semiconductor vibrate with larger amplitudes 
at higher temperatures thereby increasing it's conductivity not 
resistivity.  

2. (d) It is quite clear that in a battery circuit, the point of lowest 
potential is the negative terminal of the battery and the current 
flows from higher potential to lower potential.  

3. (b) The temperature co-efficient of resistance for metal is positive 
and that for semiconductor is negative.  

In metals free electrons (negative charge) are charge carriers 
while in P-type semiconductors, holes (positive charge) are 
majority charge carriers. 

4. (a) Here, ,2VE   A1
2

2
1   and  1r   

Therefore, VirEV 1112   

5. (a) It is clear that electrons move in all directions haphazardly in 
metals. When an electric field is applied, each free electron 
acquire a drift velocity. There is a net flow of charge, which 
constitute current. In the absence of electric field this is 
impossible and hence, there is no current.  

6. (c) The metallic body of the electrical appliances is connected to 
the third pin which is connected to the earth. This is a safety 
precaution and avoids eventual electric shock. By doing this the 
extra charge flowing through the metallic body is passed to 
earth and avoid shocks. There is nothing such as reducing of 
the heating of connecting wires by three pin connections.  

7. (b) On increasing temperature of wire the kinetic energy of free 

electrons increase and so they collide more rapidly with each 
other and hence their drift velocity decreases. Also when 
temperature increases, resistivity increase and resistivity is 
inversely proportional to conductivity of material. 

8. (c) In a conductor there are large number of free electrons. When 
we close the circuit, the electric field is established instantly 
with the speed of electromagnetic wave which cause electron 
drift at every portion of the circuit. Due to which the current is 
set up in the entire circuit instantly. The current which is set 

up does not wait for the electrons flow from one end of the 
conductor to the another end. It is due to this reason, the 
electric bulb glows immediately when switch is on. 

9. (a) Resistance wire 
A

l
R  . where  is resistivity of material 

which does not depend on the geometry of wire. Since when 
wire is banded, resistivity, length and area of cross-section do 
not change, therefore resistance of wire also remain same.  

10. (c) The resistance of the galvanometer is fixed. In meter bridge 
experiments, to protect the galvanometer from a high current, 
high resistance is connected to the galvanometer in order to 
protect it from damage.  

11. (a) Voltameter measures current indirectly in terms of mass of 
ions deposited and electrochemical equivalent  of the substance 

.









Zt

m
I  Since value of m and Z are measured to 3rd 

decimal place and 5th decimal place respectively. The relative 
error in the measurement of current by voltmeter will be very 
small as compared to that when measured by ammeter directly. 

12. (a) When current flows through a conductor it always remains 
uncharged, hence no electric field is produced outside it. 

13. (b) Here assertion and reason both are correct but the reason is 
not the correct explanation of assertion. 

14. (a) Sensitivity of wire) Length(
gradientPotential 

1
  

15. (a) If either the e.m.f. of the driver cell or potential difference 
across the whole potentiometer wire is lesser than the e.m.f. of 
the experimental cell, then balance point will not obtained. 

16. (d) Because there is no special attractive force that keeps a person 
stuck with a high power line. The actual reason is that a 
current of the order of 0.05 A or even less is enough to bring 
disorder in our nervous system. As a result of it, the affected 
person may lose temporarily his ability to exercise his nervous 
control to get himself free from the high power line.  

17. (a) Due to high electrical conductivity of copper, it conducts the 
current without offering much resistance. The copper being 
diamagnetic material does not get magnetised due to current 
through it and hence does not disturb the current in the 
circuit.  
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1. Figure shows a simple potentiometer circuit for measuring a small 

e.m.f. produced by a thermocouple. The meter wire PQ has a 

resistance 5  and the driver cell has an e.m.f. of 2 V. If a balance 

point is obtained 0.600 m along PQ when measuring an e.m.f. of 

6.00 mV, what is the value of resistance R  

(a) 995  

(b) 1995  

(c) 2995  

(d) None of these  

2. A car has a fresh battery of e.m.f. 12 V and internal resistance of 

0.05 . If the starter motor draws a current of 90 A, the terminal 

voltage when the starter is on will be  

(a) 12 V  (b) 10.5 V  

(c) 8.5 V  (d) 7.5 V  

3. If the balance point is obtained at the 35 th cm in a metre bridge the 
resistances in the left and right gaps are in the ratio of  

(a) 7 : 13 (b) 13 : 7 

(c) 9 : 11 (d) 11 : 9 

4. Find the equivalent resistance across the terminals of source of e.m.f. 

24 V for the circuit shown in figure 

(a) 15  

(b) 10  

(c) 5  

(d) 4  

5. In the circuit shown in figure, switch S
1

 is initially closed and S
2

 is 

open. Find V
a

 – V
b

  

(a) 4 V  

(b) 8 V  

(c) 12 V 

(d) 16 V  

6. The figure here shows a portion of a circuit. What are the 
magnitude and direction of the current i in the lower right-hand 
wire  

(a) 7 A  

(b) 8 A  

(c) 6 A  

(d) 2 A 

7. A carbon resistor has colour strips as violet, yellow brown and 
golden. The resistance is  

(a) 641  (b) 741  

(c) 704  (d) 407  

8. A voltmeter of resistance 1000  is connected across a resistance of 

500  in the given circuit. What will be the reading of voltmeter  

(a) 1 V  

(b) 2 V  

(c) 6 V 

(d) 4 V  

9. A beam contains 2  108 doubly charged positive ions per cubic 
centimeter, all of which are moving with a speed of 105 m/s. The 
current density is  

(a) 6.4 A/m2  (b) 3.2 A/m2  

(c) 1.6 A/m2  (d) None of these 

10. In the circuit shown, the reading of ammeter when switch S is open 
and when switch S is closed respectively are  

(a) 3 A and 4 A  

(b) 4 A and 5 A  

(c) 5 A and 6 A  

(d) 6 A and 7 A  

11. In the circuit as shown in figure the  

 

 

 

 
 

(a) Resistance R = 46  

(b) Current through 20  resistance is 0.1 A  

(c) Potential difference across the middle resistance is 2 V  

(d) All option are correct  

12. In figure shows a rectangular block with dimensions x, 2x and 4x. 
Electrical contacts can be made to the block between opposite pairs 
of faces (for example, between the faces labelled A-A, B-B and C-C). 
Between which two faces would the maximum electrical resistance 
be obtained (A-A : Top and bottom faces, B-B : Left and right faces, 
C-C : Front and rear faces) 

 

 

 

 
 

(a) A-A  (b) B-B  

(c) C-C  (d) Same for all three pairs 

13. A battery is connected to a uniform resistance wire AB and B is 
earthed. Which one of the graphs below shows how the current 
density J varies along AB  

 

 

 

 

(a)  (b)  
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(c)  (d)  

 

 
 

14. A cylindrical metal wire of length l and cross sections area S, has 

resistance R, conductance G, conductivity  and resistivity . Which 

one of the following expressions for  is valid  

(a) 


GR
 (b) 

G

R
 

(c) 
l

GS
 (d) 

S

Rl
 

15. A potential divider is used to give outputs of 4 V and 8 V from a 12 
V source. Which combination of resistances, (R

1

, R
2

, R
3

) gives the 
correct voltages ? R

1

 : R
2

 : R
3

  
 

(a) 2 : 1 : 2 

(b) 1 : 1 : 1 

(c) 2 : 2 : 1 

(d) 1 : 1 : 2  

16. Find equivalent resistance between A and B  
 

(a) R  

(b) 
4

3R
 

(c) 
2

R
 

(d) 2R  

17. Following figure shows four situations in which positive and negative 

charges moves horizontally through a region and gives the rate at 

which each charge moves. Rank the situations according to the 

effective current through the region greatest first 

 

 

 

(a) i = ii = iii = iv  (b) i > ii > iii > iv  

(c) i = ii = iii > iv (d) i = ii = iii < iv  

18. A and B are two square plates of same metal and same thickness but 
length of B is twice that of A. Ratio of resistances of A and B is 

(a) 4 : 1 

(b) 1 : 4  

(c) 1 : 1 

(d) 1 : 2 

19. A moving coil galvanometer is converted into an ammeter reading 

upto A03.0  by connecting a shunt of resistance r4  across it and 

into an ammeter reading upto A06.0  when a shunt of resistance 

r  is connected across it. What is the maximum current which can 
be sent through this galvanometer if no shunt is used  [MP PMT 1996] 

 (a) A01.0  (b) A02.0  

 (c) A03.0  (d) A04.0  

20. Two conductors are made of the same material and have the same 

length. Conductor A is a solid wire of diameter 1.0 mm. Conductor B is a 

hollow tube of outside diameter 2.0 mm and inside diameter 1.0 mm. 

The resistance ratio R
A

/R
B

 will be 

(a) 1 (b) 2 

(c) 3 (d) 4 

21. A wire has resistance of 24  is bent in the following shape. The 

effective resistance between A and B is  

(a) 24   

(b) 10  

(c) 
3

16
 

(d) None of these 

22. In the circuit shown in figure, find the current through the branch 

BD 

(a) 5 A  

(b) 0 A  

(c) 3 A  

(d) 4 A 

23. A battery of 24 cells, each of emf 1.5 V and internal resistance 2 is 

to be connected in order to send the maximum current through a 12 

 resistor. The correct arrangement of cells will be  

(a) 2 rows of 12 cells connected in parallel  

(b) 3 rows of 8 cells connected in parallel 

(c) 4 rows of 6 cells connected in parallel 

(d) All of these  

 

 

 

 

 

1. (a) The voltage per unit light of the metre wire PQ is 












m

mV

600.0

00.6
 i.e. mmV /10 . Hence potential difference 

across the metre wire is mVmmmV 101/10  . The 

current drawn from the driver cell is mA
mV

i 2
5

10



 . 

The resistance 


 995
2

1990

2

)102(

mA

mV

mA

mVV
R . 

7C/sec 

(i) 

+ 
3C/sec 

4C/sec 

(ii) 

+ 

– 
2C/sec 

5C/sec 
(iii) 

+ 

– 
6C/sec 

1C/sec 
(iv) 

– 

+ 

A  

B  

+12V R3 

R2 

R1 

+8V 

+4V 

0 Volt 

R 

R 
R 

R 
R 

R R 

R 

R 
R 

R 

R 
R R 

A B 

60° 

60° 

B 
A 

10 cm 
5 cm 

6 A C 

15 V 

3 

B 

D 

30 V 

3 

(SET - 19) 
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2. (d)  riEV . 05.09012  5.412  V5.7 . 

3. (a)  Using Wheatstone principle  
l

R

S

R

Q

P




100
 

    
13

7

65

35

35100

35



  

4. (c) Given circuit can be reduced to a simple circuit as shown in 
figures below  

 
 
 
 
 
 
 
 
 
 
 
 
 

  i.e.   5eqR . 

5. (b)  Switch 2S  is open so capacitor is not in circuit. 

 
 
 
 
 
 
 

Current through 3 resistor  A4
33

24



 

Let potential of point ‘O’ shown in fig. is OV  

then using ohm’s law  

VVV aO 1243                          ....(i) 

Now current through 5  resistor A4
15

24



  

So VVV b 4140                                       

.....(ii)  

From equation (i) and (ii) .8412 VVV ab   

6. (b)  By using Kirchoff's junction law as shown below.  

 

 

 

 

 
 

7. (b) Using standard colour codes 

Violet = 7, yellow = 4, brown = 1 and gold = 5 % (tolerance)  

So %51074 1 R  %5740   

So its value will be nearest to  741 . 

8. (d)  Total current through the circuit  

Ai
250

3

500
3

1000

10




  

Now voltmeter reading Vv Ri  .4500
250

3

3

2
V  

9. (a) 
32

5198

)10(

10106.12102
)(



 
 vzennqvJ =6.4A/m2 

10. (b)  When switch S is open total current through ammeter. 

Ai 4
)23(

20



 . 

When switch is closed Ai 5
)22(3

20

||



 . 

11. (d)  

 

 

 
 

20

1

10

1

10

1

'

1


R
 4

5

20
'R  

Now using ohm’s law 
'

25

RR
i




4

25
5.0




R
 

50
5.0

25
4  R  46450R  

Current through 20  resistor A1.0
25

5.2

520

55.0





  

Potential difference across middle resistor  

= Potential difference across 20 V21.020   

 

12. (c)  Let   is the resistivity of the material  

Resistance for contact A-A 

xxx

x
RAA

842


 


  

Similar for contacts B-B and C-C are respectively 

xxxx

x
RBB

8

4

24

2
.


 


  

and 
xxxx

x
RCC

8

162

2

4 
 


  

It is clear maximum resistance will be for contact C-C.    

13. (d)  Wire AB is uniform so current through wire AB at every across 

section will be same. Hence current density  AiJ /  at every 

point of the wire will be same. 

14. (a)  Conductivity 



1

   .....(i)  

and conductance 
R

G
1

  

1 GR    .....(ii) 

From equation (i) and (ii) 



GR

  

15. (b)  Resistors are connected in series. So current through each 
resistor will be same 

123

0448812

RRR
i










123

444

RRR
  

So, 1:1:1:::: 321 RRR . 

16. (c)  Given circuit can be redrawn as follows 

4 

15 

10 6 

8 
8 

Parallel 

Parallel 

 

4 

6 6 

4 

Series 

 

10 10 

1 5 

3 3 

b 

a 

24 V 

O 

R 

0.5 A 

10 10 20 
25 V 

Parallel 

R'  

R 

0.5 A 

R' 4 

2A 

1A 

3A 
4A 

2A 

2A 

6A 

i=8A 

5A 

3A 
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2

R
Req   

17. (c)  For figure (i)  Ai 71   

For figure (ii) Ai 7342   

For figure (iii) Ai 7253   

For figure (iv) Ai 5164   

18. (c)  
ttl

l
RA





 and 

ttl

l
RB









2

2
 i.e. 1:1

B

A

R

R
 

19. (b)  SiiGi
SG

S

i

i
gg

g
)( 


    

  riGi gg 4)03.0(   .....(i)  

and riGi gg )06.0(   .....(ii) 

From (i) and (ii)  

gg ii  06.0412.0 Aig 02.0 . 

20. (c) For conductor A, 
2

1r

l
RA




 ,  

For conductor B, 
)( 2

1
2
2 rr

l
RB






 

 

 

 

 

 

 

  31
1

2
11

22

1

2

2

1

2

2
1

2
1

2
2 









































d

d

r

r

r

rr

R

R

B

A  

21. (b) Given resistance of each part will be 

 

 

 

 

 

R
eq

 = 10    

 
22. (a) The current in the circuit are assumed as shown in the fig. 

 

 

 

 

 

Applying KVL along the loop ABDA, we get   

– 6i
1

 – 3 i
2

 + 15 = 0 or  2i
1

 + i
2

 = 5       …..(i) 

Applying KVL along the loop BCDB, we get  

– 3(i
1

 – i
2

) – 30 + 3i
2

 = 0 or – i
1

 + 2i
2

 = 10 …..(ii) 

  Solving equation (i) and (ii) for i
2

, we get i
2

 = 5 A. 

23. (a) Suppose m rows are connected in parallel and each row 

contains n identical cells (each cell having E = 15 V and r = 2) 
For maximum current in the external resistance R, the 

necessary condition is 
m

nr
R    

 
m

n 2
12


   n = 6m   ..... (i) 

Total cells = 24 = n  m   ..... (ii) 
On solving equations (i) and (ii) n = 12 and m = 2 
i.e. 2 rows of 12 cells are connected in parallel.  

 

6 
A C 

15 V 3 

B 

D 

30 V 

3 i1 i1 – i2 

i2 

i1 

4 6 B A 

6 6 

6 6 B A 

 

 

6 6 B A 

12 4 

R/3 
3

2R

 
A B 

R/3 

3

2R
 

 

R 

A B 

R 

 

Neglect 

A B 

Parallel 

Parallel 

Neglect 

 

R/3 

R 

R R 

R 

R R 

A B 

R/3 

Series  

R+R=2R 

Series  

R+R=2R 

l 

 

A 

1 
m

m
 

l 

 

1 
m

m
 

r2 

r1 

2 
m

m
 

B 

***  
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Joules Heating 

When some potential difference V is applied across a 

resistance R then the work done by the electric field on charge q 

to flow through the circuit in time t will be W = qV = Vit = i2Rt 

Joule
R

tV 2

 . This work appears as thermal energy in the 

resistor.  

Heat produced by the resistance R is 

.
242424

22

Cal
R

tVRtiVit

J

W
H








  This relation is called joules 

heating. 

Electric Power 

The rate at which electrical energy is dissipated into other 

forms of energy is called electrical power i.e. 

R

V
RiVi

t

W
P

2
2    

(1) Units : It’s S.I. unit is Joule/sec or Watt  

Bigger S.I. units are KW, MW and HP, remember 1 HP = 

746 Watt 

(2) Rated values : On electrical appliances (Bulbs, Heater, 

Geyser …. etc.). Wattage, voltage, ……. etc. are printed called 

rated values e.g. If suppose we have a bulb of 40 W, 220 V then 

rated power (PR) = 40 W while rated voltage (VR) = 220 V.   

(3) Resistance of electrical appliance : If variation of 

resistance with temperature is neglected then resistance of any 

electrical appliance can be calculated by rated power and rated 

voltage i.e. by using 
R

R

P

V
R

2

 . 

(4) Power consumed (illumination) : An electrical appliance 

(Bulb, heater, …. etc.) consume rated power (PR) only if applied 

voltage (VA) is equal to rated voltage (VR) i.e. If  VA = VR  so 

Pconsumed = PR. If VA < VR then 
R

V
P A

consumed

2

  also we have 

R

R

P

V
R

2

  so R

R

A
Consumed P.

V

V
BrightnessP
















2

2

)(  

(5) Long distance power transmission : When power is 

transmitted through a power line of resistance R, power-loss 

will be Ri2  

Now if the power P is transmitted at voltage V then ViP    

i.e.  )/( VPi      So,    R
V

P


2

2

lossPower  

Now as for a given power and line, P and R are constant so 

)/1( lossPower 2V  

   

Heating and Chemical Effect of Current 

Chapter  

20 
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So if power is transmitted at high voltage, power loss will 

be small and vice-versa. This is why long distance power 

transmission is carried out at high voltage. 

Electricity Consumption 

(1) The price of electricity consumed is calculated on the 

basis of electrical energy and not on the basis of electrical 

power. 

(2) The unit Joule for energy is very small hence a big 

practical unit is considered known as kilowatt hour (KWH) or 

board of trade unit (B.T.U.) or simple unit.  

(3) 1 KWH or 1 unit is the quantity of electrical energy 

which dissipates in one hour in an electrical circuit when the 

electrical power in the circuit is 1 KW thus 1 KWH = 1000 W  

3600 sec = 3.6  106 J. 

(4) Important formulae to calculate the no. of consumed 

units is 
1000

  Total  Total HoursWatt
n


  

Combination of Bulbs 

(1) Series combination  

 

 

 

 

 

(i) Total power consumed ......
111

21


PPPtotal

 

(ii) If ‘n’ bulbs are identical, 
N

P
Ptotal   

(iii) 
rated

consumed
P

RVP
1

)Brightness(   i.e. in series 

combination bulb of lesser wattage will give more bright light 

and p.d. appeared across it will be more. 

(2) Parallel combination  

(i) Total power consumed ntotal PPPPP  ......321  

 

 

 

 

 

 

(ii) If ‘n’ identical bulbs are in parallel.  nPPtotal   

(iii) 
R

iPP Rconsumed

1
)Brightness(   i.e. in parallel 

combination, bulb of greater wattage will give more bright light 

and more current will pass through it. 

Chemical Effect of Current 

Current can produce or speed up chemical change, this 

ability of current is called chemical effect (shown by dc not by 

ac).  

(1) Electrolytes : The liquids which allows the current to 

pass through them and also dissociates into ions on passing 

current through them are called electrolytes e.g. solutions of 

salts, acids and bases in water, etc.  

Those liquids which do not allow current to pass through 

them are called insulators (e.g. vegetable oils, distilled water etc.)  

Solutions of cane sugar, glycerin, alcohol etc. are examples 

of non-electrolytes. 

(2) Electrolysis : The process of decomposition of 

electrolyte solution into ions on passing the current through it is 

called electrolysis. 

Practical applications of electrolysis are Electrotyping, 

extraction of metals from the ores, Purification of metals, 

Manufacture of chemicals, Production of O2 and H2, Medical 

applications and electroplating. 

(3) Electroplating : It is a process of depositing a thin layer 

of one metal over another metal by the method of electrolysis. 

The articles of cheap metals are coated with precious metals 

like silver and gold to make their look more attractive. The 

Fig. 20.1 

P1, V 

Supply 

P2, V 

V 

P1, V 

P2, V 

Supply 

Fig. 20.2 

V 
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article to be electroplated is made the cathode and the metal to 

be deposited is made the anode. A soluble salt of the precious 

metal is taken as the electrolyte. (If gold is to be coated then 

auric chloride is used as electrolyte). 

 

 

 

 

 

 

 

(4) Voltameter : The vessel in which the electrolysis is 

carried out is called a voltameter. It contains two electrodes and 

electrolyte. It is also known as electrolytic cell.  

Table 20.1 : Types of voltameters 

Volatameter Anode/ 

cathode 

Electrolyte  Deposition 

Cu voltameter  

 

 

 

 

 

 

 

Cathode 

may be of 

any 

material 

but anode 

must be of 

Cu  

CuSO4 or 

CuCl2  

At cathode 

Cu 

deposited  

Ag voltameter  

 

 

 

 

 

Cathode 

may be of 

any 

material 

but anode 

must be of 

Ag 

AgNO3 At cathode 

Ag  

deposited 

Water voltameter  

 

Both 

electrode 

Acidulated 

water  

H2 and O2 

gases are 

 

 

 

 

 

 

are made 

of platinum 

(Pt)  

collects 

over the 

cathode 

and anode 

respectively 

in the ratio 

of 2 : 1 

 

Faraday's Law of Electrolysis 

(1) First law : It states that the mass (m) of substance 

deposited at the cathode during electrolysis is directly 

proportional to the quantity of electricity (total charge q) passed 

through the electrolyte i.e. qm   or m = zq = zit, where the 

constant of proportionality z is called electrochemical equivalent 

(E.C.E.) of the substance.  

Therefore we have zitm  . If q = 1 coulomb, then we have 

m = z  1 or z = m  

Hence, the electrochemical equivalent of substance may be 

defined as the mass of its substance deposited at the cathode, 

when one coulomb of charge passes through the electrolyte.  

S.I. unit of electrochemical equivalent of a substance is 

kilogram coulomb–1 (kg-C–1).  

Table 20.2 : E.C.E. for certain substances 

Element  Atomic 

weight 

Atomic 

number 

Valency  E.C.E. (Z) in 

kg / C 

Hydrogen 1.0008 1 1 10.4  10–9  

Oxygen  15.999 8 2 82.9  10–9 

Aluminium  26.982 13 3 93.6  10–9 

Chromium  51.996 24 3 179.6  10–9  

Nickel  58.710 28 2 304.0  10–9 

Copper  63.546 29 2 329.4  10–9 

Zinc 65.380 30 2 338.7  10–9 

Silver 107.868 47 1 1118  10–9 

Gold 196.966 79 3 681.2  10–9 

 

(2) Second law : If same quantity of electricity is passed 

through different electrolytes, masses of the substance 

Cu 

plates C A 

Rh 

 Cu  

deposited 

Cu lost 

+ – 
Rh 

Ag 

AgNO3 

solution 

Cathode 

Anode 

O2 H2 

+ – 

Rh 

+ – 

A 
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deposited at the respective cathodes are directly proportional to 

their chemical equivalents i.e. 
2

1

2

1

E

E

m

m
Em   

Let m be the mass of the ions of a substance liberated, 

whose chemical equivalent is E. Then, according to Faraday’s 

second law  of electrolysis, Em   or m = constant  E or 

constant 
E

m
 

Chemical equivalent E also known as equivalent weight in 

gm i.e. 
)( Valancy

)( massAtomic 

V

A
E    

(3) Relation between chemical equivalent and 

electrochemical equivalent : Suppose that on passing same 

amount of electricity q through two different electrolytes, masses 

of the two substances liberated are m1 and m2. If E1 and E2 are 

their chemical equivalents, then from Faraday’s second law, we 

have 
2

1

2

1

E

E

m

m
 . Also from Faraday’s first law  

2

1

2

1

z

z

m

m
   

So 
2

1

2

1

E

E

z

z
    Ez   

(4) Faraday constant : As we discussed above zE    

 FzE    
VF

A

F

E
z  . ‘F’ is proportionality constant 

called Faraday’s constant.  

As 
F

E
z   and 

Q

m
z    so 

Q

m

F

E
  hence if Q = 1 Faraday 

then mE   i.e. If electricity supplied to a voltameter is 1 

Faraday then amount of substance liberated or deposited is (in 

gm) equal to the chemical equivalent.  

Electro Chemical Cell 

 

 

 

 

 

 

 

 

It is an arrangement in which the chemical energy is 

converted into electrical energy due to chemical action taking 

place in it.  

(1) Primary cell : Is that cell in which electrical energy is 

produced due to chemical energy. In the primary cell, chemical 

reaction is irreversible. This cell can not be recharged. 

Examples of primary cells are Voltaic cell, Daniel cell, Leclanche 

cell and Dry cell etc. 

(2) Secondary cell : A secondary cell is that cell in which 

the electrical energy is first stored up as a chemical energy and 

when the current is taken from the cell, the chemical energy is 

reconverted into electrical energy. In the secondary cell 

chemical reactions are reversible. The secondary cells are also 

called storage cell or accumulator. The commonly used 

secondary cells is lead accumulator.  

(3) Defects In a primary cell : In voltaic cell there are two 

main defects arises.  

 

 

 

 

 

 

 
 

Local action : It arises due to the presence of impurities of 

iron, carbon etc. on the surface of commercial Zn rod used as 

an electrode. The particles of these impurities and Zn in contact 

with sulphuric acid form minute voltaic cell in which small local 

electric currents are set up resulting in the wastage of Zn even 

when the cell is not sending the external current.  

Removal : By amalgamating Zn rod with mercury (i.e. the 

surface of Zn is coated with Hg).  

Polarisation : It arises, when the positive H2 ions, which are 

formed by the action of Zn on sulphuric acid, travel towards the 

Cu rod and after transferring, the positive charge converted into 

H2 gas atoms and get deposited in the form of neutral layer of a 

gas on the surface of Cu rod. This weakens the action of cell.  

Fig. 20.5 

Polarisation 

Cu 
+ – 

Electrolyte 

dilute H2SO4 

Zn 

Local action 
Cu 

Zn 

Cu2+ SO4
2– 

2Na+ SO4
2– 

Zn2+ 

SO4
2– 

Zn 

2e– 

e– e– 

Salt bridge 

Copper (cathode) Zinc (anode) 

Cu2+(aq)+2e–  Cu(s) Zn(s)  Zn2+(aq)+2e– 

Fig. 20.4 
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Removal : Either by brushing the anode the remove the 

layer or by using a depolariser (i.e. some oxidising agent MnO2, 

CuSO4 etc which may oxidise H2 into water). 
 

Thermo electric effect of current 

 

 

 

 

 

 

If two wires of different metals are joined at their ends so as 

to form two junctions, then the resulting arrangement is called a 

“Thermo couple”.  

Seeback Effect 

(1) Definition : When the two junctions of a thermo couple 

are maintained at different temperatures, then a current starts 

flowing through the loop known as thermo electric current. The 

potential difference between the junctions is called thermo 

electric emf which is of the order of a few micro-volts per degree 

temperature difference (V/oC). 

 

 

 

 

 

 

 

 

(2) Seebeck series : The magnitude and direction of thermo 

emf in a thermocouple depends not only on the temperature 

difference between the hot and cold junctions but also on the 

nature of metals constituting the thermo couple.  

(i) Seebeck arranged different metals in the decreasing order 

of their electron density. Few metals forming the series are as 

below.  

Sb, Fe, Cd, Zn, Ag, Au, Cr, Sn, Pb, Hg, Mn, Cu, Pt, Co, Ni, Bi  

(ii) Thermo electric emf is directly proportional to the 

distance between the two metals in series. Farther the metals in 

the series forming the thermo couple greater is the thermo emf. 

Thus maximum thermo emf is obtained for Sb-Bi thermo couple.  

(iii) The current flow at the hot junction of the thermocouple 

is from the metal occurring later in the series towards that 

occurring earlier, Thus, in the copper-iron thermocouple the 

current flows from copper (Cu) to iron (Fe) at the hot junction. 

This may be remembered easily by the hot coffee. 

(3) Variation of thermo emf with temperature : In a 

thermocouple as the temperature of the hot junction increases 

keeping the cold junction at constant temperature (say 0oC). 

The thermo emf increases till it becomes maximum at a certain 

temperature.  

 

 

 

 

 

(i) Thermo electric emf is given by the equation 

2

2

1
ttE    where  and  are thermo electric constant 

having units are volt/oC and volt/oC2 respectively (t = 

temperature of hot junction). For E to be maximum (at t = tn)  

0
dt

dE
 i.e.  +  tn = 0  




 t   

(ii) The temperature of hot junction at which thermo 

emf becomes maximum is called neutral temperature ( tn). 

Neutral temperature is constant for a thermo couple (e.g. 

for Cu-Fe, tn = 270oC)  

Cu 

Fe 

G 

Hot Ice 

Fig. 20.6 

O tn ti t 

E 

Fig. 20.7 
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(iii) Neutral temperature is independent of the temperature 

of cold junction.  

(iv) If temperature of hot junction increases beyond neutral 

temperature, thermo emf start decreasing and at a particular 

temperature it becomes zero, on heating slightly further, the 

direction of emf is reversed. This temperature of hot junction is 

called temperature of inversion (ti). 

(v) Relation between in tt ,  and ct  is 
2

ci
n

tt
t


  

(4) Thermo electric power : The rate of change of thermo 

emf with the change in the temperature of the hot junction is 

called thermoelectric power.  

It is also given by the slope of parabolic curve representing 

the variation of thermo emf with temperature of the hot junction, 

as discussed in previous section.  

The thermo electric power 








dt

dE
 is also called Seebeck 

coefficient. Differentiating both sides of the equation of thermo 

emf with respect to t, we have thermoelectric power  

)
2

1
( 2tt

dt

d

dt

dE
P     

 tP    

The equation of the thermo 

electric power is of the type 

,cmxy   so the graph of 

thermo electric power is as shown. 

 

(5) Laws of thermoelectricity  

(i) Law of successive temperature : If initially temperature 

limits of the cold and the hot junction are t1 and t2, say the 

thermo emf is .2

1

t

t
E  When the temperature limits are t2 and t3, 

then say the thermo emf is 3

2

t

t
E  then 3

1

3

2

2

1

t

t

t

t

t

t
EEE   where 

3

1

t

t
E  is the thermo emf when the temperature limits are 3

1

t

t
E  

(ii) Law of intermediate metals : Let A, B and C be the three 

metals of Seebeck series, where B lies between A and C. 

According to this law, C
A

C
B

B
A EEE   

When tin is used as a soldering metal in Fe-Cu thermocouple 

then at the junction, two different thermo couples are being 

formed. One is between iron and tin and the other is between tin 

and copper, as shown in figure  

 

 

 

 

 

 

If the soldering metal does not lie between two metals (in 

Seebeck series) of thermocouple then the resultant emf will be 

subtractive. 

Peltier Effect 

When current is passed through a junction of two different 

metals, the heat is either evolved or absorbed at the junction. 

This effect is known as Peltier effect. It is the reverse of 

Seebeck effect. (When a positive charge flows from high 

potential to low potential, it releases energy and when positive 

charge flows from low potential to high potential it absorbs 

energy.) 

 

 

 

 

 

 

 

Peltier co-efficient () : Heat absorbed or liberated at the 

junction is directly proportional to the charge passing through 

the junction i.e. H  Q  H = Q ; where  is called Peltier co-

efficient. It’s unit is J/C or volt.  

Peltier co-efficient of a junction is the amount of heat 

absorbed or liberated per sec. When 1 amp of current is passed 

to the thermo couple.  

t 

 

Slope  

P 

Fig. 20.8 

Sn 

Cu 

Fe 

Cu
SnE  

Sn
FeE  

Fig. 20.9 

Cooled 

(Heat absorbed) 

Cu 
Fe 
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(Heat evolved) 
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Fe 
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Fig. 20.10 
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It is found that ST
dT

dE
T  ; where T is in Kelvin and 

 P
dT

dE
 Seebeck coefficient S  

Thomson's Effect 

In Thomson’s effect we deal with only metallic rod and not 

with thermocouple as in Peltiers effect and Seebeck’s effect. 

(That’s why sometimes it is known as homogeneous thermo 

electric effect. When a current flows thorough an unequally 

heated metal, there is an absorption or evolution of heat in the 

body of the metal. This is Thomson’s effect.  

(i) Positive Thomson’s effect : In positive Thomson’s 

effect it is found that hot end is at high potential and cold end is 

at low potential. Heat is evolved when current is passed from 

hotter end to the colder end and heat is absorbed when current 

is passed from colder end to hotter end. The metals which 

shows positive Thomson's effect are Cu, Sn, Ag, Cd, Zn... etc. 

 

 

 

 

(ii)  Negative Thomson’s effect : In the elements which 

show negative Thomson’s effect, it is found that the hot end is at 

low potential and the cold end is at higher potential. Heat is 

evolved when current is passed from colder end to the hotter 

end and heat is absorbed when current flows from hotter end to 

colder end. The metals which shows negative. Thomson's effect 

are Fe, Co, Bi, Pt, Hg ... etc. 

 

 

 

 

 

Thomson’s co-efficient : In Thomson’s effect it is found that 

heat released or absorbed is proportional to Q i.e.  QH   

   QH  where  = Thomson’s coefficient. It’s unit is 

Joule/coulomboC or volt/oC and  = temperature difference.  

If Q = 1 and  = 1 then H  so the amount of heat 

energy absorbed or evolved per second between two points of a 

conductor having a unit temperature difference, when a unit 

current is passed is known as Thomson’s co-efficient for the 

material of a conductor.  

It can be proved that Thomson co-efficient of the material of 

conductor 
2

2

dT

Ed
T 








 T

dT

dS
T ;  where  = Thermo 

electric constant 
dt

dS
  

Application of Thermo Electric Effect 

(1) To measure temperature : A thermocouple is used to 

measure very high (2000oC) as well as very low (– 200oC) 

temperature in industries and laboratories. The thermocouple 

used to measure very high temperature is called pyrometer.  

(2) To detect heat radiation : A thermopile is a sensitive 

instrument used for detection of heat radiation and 

measurement of their intensity. It is based upon Seebeck effect.  

A thermoppile consists of a number of thermocouples of 

Sb-Bi, all connected in series.  

 

 

 

 

 

 

Table 20.3: Heating effect and Thermo-electric effects

S.No. Joule's effect Peltier's effect Seebeck effect Thomson's effect 

1. Heat produced is directly 

proportional to the square of the 

current passing through a 

Heat produced or absorbed at 

a junction is proportional to the 

current through the junction. 

Here temperature difference of 

junction is used to produce 

thermo e.m.f. and vice versa.  

Thomson's heat is proportional 

to the current passing through 

the conductor. 

Cold Cold Hot 

Heat absorbed Heat evolved 

i i 

Fig. 28.11 

Cold Cold Hot 
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i i 
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Fig. 20.12 
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conductor.  

2. This effect is produced due to 

collision of free electrons with 

positive ions of the current 

carrying conductor. 

This effect is produced when 

current is passed through 

junction of suitable materials.  

This effect produced when 

junctions of a themocouple are 

kept at different temperatures.  

This effect is produced when 

parts of same conductor are 

kept at different temperature. 

3. It is not a reversible effect. It is a reversible effect  It is a reversible effect It is a reversible effect 

4. Heat produced depends upon 

resistance (and thus 

temperature also) of the 

conductor.  

Heat exchange depends upon 

nature of conductors and 

temperature of the junctions.  

This effect depends upon 

nature of materials used to 

form junctions and temperature 

of junctions.  

This effect depends upon 

nature of conductor and 

temperature difference of 

different parts of the conductor. 

5. It is basically a heating effect  It can be heating as well as 

cooling effect.  

Different junctions are at 

different temperature. 

It is heating as well as cooling 

effect.  

 

This instrument is so sensitive that it can detect heat 

radiations from a match stick lighted at a distance of 50 metres 

from the thermopile. 

(3) Thermoelectric refrigerator : The working of thermo-

electric refrigerator is based on Peltier effect.  

(4) Thermoelectric generator : Thermocouple can be used 

to generate electric power using Seebeck effect in remote 

areas.  

(5) Thero-couple meter : The current to be measured 

passes through a resistance where heat is generated in the 

amount of i2R joule/sec. The hot junction of the thermocouple is 

in contact with this resistance, and resulting thermoelectic 

current gives deflection in the galvanometer G.  

 

 

 

 

 

 

 

 

 

 

 

 

If VApplied < VRated then % drop in output power of 

electrical device 100
)(





R

consumedR

P

PP
 

 Different bulbs  

 

 

 Resistance   R25 > R100 > R1000  

 Thickness of filament  t1000 > t100 > t40  

  Brightness   B1000 > B100 > B25  

 Time taken by heater to raise the temperature by  of  

m kg (or m litre) water is given by 
p

m
t




)4200or(4180
 

 Necessary series resistance to glow a bulb, if VApplied  > 

VRated  

R

R

RatedApplied
V

P

VV
R 












 
       (PR = Rated power of bulb) 

 When some potential difference applied across the 

conductor then collision of free electrons with ions of the 

lattice result’s in conversion of electrical energy into heat 

energy 

 If a heating coil of resistance R, (length l) consumed 

power P, when voltage V is applied to it then by keeping V 

constant if it is cut in n equal parts then resistance of each part 

will be R/n and from ,
1

R
Pconsumed   power consumed by each 

100W 

220V 

25W 

220V 

1000W 

220V 

Hot 

Cold 

G 

i 

Fig. 20.14 
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part nPP ' . 

 In series a device of higher power rating consumes less 

power. 

 Consider that n bulbs are connected in series across V 

volt supply. If one bulb gets fused and (n – 1) bulbs are again 

connected in series across same supply, the illumination will 

be more with (n – 1) bulbs then n bulbs but risk of fusing of 

bulbs will increases. 

 When a heavy current appliance such us motor, heater 

or geyser is switched on, it will draw a heavy current from the 

source so that terminal voltage of source decreases. Hence 

power consumed by the bulb decreases, so the light of bulb 

becomes less. 

 

 

 

 

 If  is the density of the material deposited and A is the area 

of deposition then the thickness (d) of the layer of the material 

deposited in electroplating process is 
A

tZi

A

m
d


 ; where m = 

deposited mass, Z = electro chemical equivalent, i = electric 

current. 

 Charging current for a secondary cell  

circuit of the resistanceTotal 

cellof  e.m.f.charger of  e.m.f. 
  

 Efficiency of a cell is given by 
Rr

R


  where R is 

external resistance and r is internal resistance. 

 The efficiency of cell is 50% when the power dissipated in 

the external circuit is maximum.  

 Thermo couple can be compared to a heat engine. It 

absorbs heat at the junction (source) converts heat into electric 

energy (which appears as the circulating electric current) and 

rejects the remaining heat to cold junction (Sink). 

 

 
 
 
 

 
 

Heating Effect of Current 

 

1. One kilowatt hour is equal to [NCERT 1974; MP PMT 2002] 

(a) joules51036  (b) joules31036  

(c) joules310  (d) joules510  

2. If 1R  and 2R  are respectively the filament resistances of 

a 200 watt bulb and 100 watt bulb designed to operate on 

the same voltage, then [NCERT 1980; CPMT 1991, 97] 

(a) 1R  is two times 2R  (b) 2R  is two times 1R  

(c) 2R  is four times 1R  (d) 1R  is four times 2R  

3. Two electric bulbs, one of 200 volt 40 watt and the other 

200 volt 100 watt are connected in a house wiring circuit   

[NCERT 1971; CBSE PMT 2000] 

(a) They have equal currents through them  

(b)  The resistance of the filaments in both the bulbs is 

same 

(c)  The resistance of the filament in 40 watt bulb is more 

than the resistance in 100 watt bulb 

(d)  The resistance of the filament in 100 watt bulb is 

more than the resistance in 40 watt bulb 

4. The two bulbs as in the above question are connected in 

series to a 200 volt line. Then   [NCERT 1971, 78] 

 (a) The potential drop across the two bulbs is the same 

 (b) The potential drop across the 40 watt bulb is greater 

than the potential drop across the 100 watt bulb  

 (c) The potential drop across the 100 W bulb is greater 

than the potential drop across the 40 W bulb 

 (d) The potential drop across both the bulb is 200 volt 

5. Forty electric bulbs are connected in series across a 220 

V supply. After one bulb is fused, the remaining 39 are 

connected again in series across the same supply. The 

illumination will be 

~ 
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   [NCERT 1972; Haryana CEE 1996; DPMT 2001] 

 (a) More with 40 bulbs than with 39  

 (b) More with 39 bulbs than with 40  

 (c) Equal in both the cases 

 (d) In the ratio of 22 39:49  

6. The material of fuse wire should have  

   [BHU 1999; MH CET 2001; CBSE PMT 2003] 

 (a) A high specific resistance and high melting point 

 (b) A low specific resistance and low melting point 

 (c) A high specific resistance and low melting point 

 (d) A low specific resistance and a high melting point 

7. Two electric bulbs whose resistances are in the ratio of 1 

: 2 are connected in parallel to a constant voltage source. 

The powers dissipated in them have the ratio 

  [NCERT 1977; MP PMT 1994, 2000] 

 (a) 1 : 2 (b) 1 : 1  

 (c) 2 : 1  (d) 1 : 4  

8. A heater coil is cut into two parts of equal length and one 

of them is used in the heater. The ratio of the heat 

produced by this half coil to that by the original coil is 

[NCERT 1972; AIEEE 2005; CBSE PMT 2005] 

(a) 2 : 1  (b) 1 : 2  

 (c) 1 : 4  (d) 4 : 1  

9. Resistance of one carbon filament and one tungsten lamp 

are measured individually when the lamp are lit and 

compared with their respective resistances when cold. 

Which one of the following statements will be true [NCERT 972] 

 (a) Resistance of the carbon filament lamp will increase 

but that of the tungsten will diminish when hot 

 (b) Resistance of the tungsten filament lamp will 

increase but that of carbon will diminish when hot 

(c) Resistances of both the lamps will increase when hot  

(d) Resistances of both the lamps will decrease when 

hot 

10. The mechanism of the heat produced in a conductor 

when an electric current flows through it, can be 

explained on the basis of  

 (a) Viscosity  (b) Friction 

 (c) Free electron theory (d) Gauss's theorem 

11. Two electric bulbs whose resistances are in the ratio of 1 

: 2 are connected in series. The powers dissipated in 

them have the ratio   [NCERT 1977] 

(a) 1 : 2  (b) 2 : 1  

 (c) 1 : 1  (d) 1 : 4 

12. You are given a resistance wire of length 50 cm and a 

battery of negligible resistance. In which of the following 

cases is largest amount of heat generated 

(a) When the wire is connected to the battery directly 

(b) When the wire is divided into two parts and both the 

parts connected to the battery in parallel  

(c) When the wire is divided into four parts and all the 

four connected to the battery in parallel 

(d) When only half the wire is connected to the battery 
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13. What is immaterial for an electric fuse wire 

   [MNR 1984; MP PMT 2002; CPMT 1996, 2003]  

(a)  Its specific resistance  

(b) Its radius  

(c) Its length  

(d) Current flowing through it  

14. The electric bulbs have tungsten filaments of same length. If one of 
them gives 60 watt and other 100 watt, then  

[NCERT 1979] 

(a) 100 watt bulb has thicker filament 

(b) 60 watt bulb has thicker filament 

(c) Both filaments are of same thickness  

(d) It is possible to get different wattage unless the lengths are 
different 

15. Three equal resistors connected in series across a source of e.m.f. 
together dissipate 10 watt. If the same resistors are connected in 

parallel across the same e.m.f., then the power dissipated will be  

[CBSE PMT 1998; KCET (Engg.) 1999; MP PMT 2003] 

(a) 10 watt (b) 30 watt  

(c) 10/3 watt (d) 90 watt 

16. How much energy in kilowatt hour is consumed in operating ten 50 

watt bulbs for 10 hours per day in a month (30 days).  

[NCERT 1978, 80; CPMT 1991] 

 (a) 1500  (b) 5,000 

(c) 15  (d) 150 

17. (1) The product of a volt and a coulomb is a joule. 

 (2)  The product of a volt and an ampere is a joule/second. 

 (3)  The product of volt and watt is horse power. 

 (4)  Watt-hour can be measured in terms of electron volt. 

 State if   [NCERT 1978; MP PMT 2003] 

 (a) All four are correct  

 (b) (1), (2) and (4) are correct 

 (c) (1) and (3) are correct 

 (d) (3) and (4) are correct 

18. A 25 W, 220 V bulb and a 100 W, 220 V bulb are connected in 
parallel across a 440 V line    [CBSE PMT 2001] 
(a) Only 100 watt bulb will fuse 

(b) Only 25 watt bulb will fuse 
(c) Both bulbs will fuse 

 (d) None of the bulbs will fuse 

19. Two electric lamps of 40 watt each are connected in parallel. The 
power consumed by the combination will be 

[CPMT 1984] 

(a) 20 watt (b) 60 watt 
(c) 80 watt (d) 100 watt 

20. Two heating coils, one of fine wire and the other of thick  wire of 
the same material and of the same length are connected in series 
and in parallel. Which of the following statement is correct  

 (a) In series fine wire liberates more energy while in parallel thick 
wire will liberate more energy 

 (b) In series fine wire liberates less energy while in parallel thick 
wire will liberate more energy 

 (c) Both will liberate equally  

(d) In series the thick wire will liberate more while in parallel it 
will liberate less energy  

21. An electric bulb is rated 220 volt and 100 watt. Power consumed by 
it when operated on 110 volt is  

   [CPMT 1986; MP PMT 1986, 94; AFMC 2000] 

 (a) 50 watt  (b) 75 watt  
(c) 90 watt  (d) 25 watt 

22. A 25 watt, 220 volt bulb and a 100 watt, 220 volt bulb are connected 
in series across a 220 volt lines. Which electric bulb will glow more 
brightly [MP PET 1999; MP PMT 1999] 

 (a) 25 watt bulb   

 (b) 100 watt bulb  
(c) First 25 watt and then 100 watt 
(d) Both with same brightness  

23. A resistor 1R  dissipates the power P when connected to a certain 

generator. If the resistor 2R  is put in series with 1R , the power 

dissipated by 1R   [CPMT 1985; MNR 1998] 

 (a) Decreases  

 (b) Increases  
(c) Remains the same   

 (d) Any of the above depending upon the relative values of 1R  

and 2R  

24. An electric fan and a heater are marked as 100 watt, 220 volt and 
1000 watt, 220 volt respectively. The resistance of the heater is    [CPMT 1990] 
(a) Zero 

 (b) Greater than that of the fan  

 (c) Less than that of the fan 

 (d) Equal to that of the fan  

25. According to Joule's law, if the potential difference across a 
conductor having a material of specific resistance remains constant, 
then the heat produced in the conductor is directly proportional to    [MP PMT 1986] 

(a)   (b) 2  

(c) 


1
 (d) 



1
 

26. Two heater wires of equal length are first connected in series and 
then in parallel. The ratio of heat produced in the two cases is 

[MNR 1987; UPSEAT 1999; MP PMT 1996, 2000, 01;  

AIIMS 2000; MP PET 1999, 2002; BHU 2004; Pb PET 2004] 

 (a) 2 : 1  (b) 1 : 2  
 (c) 4 : 1  (d) 1 : 4  

27. Two bulbs of equal wattage, one having carbon filament and the 
other having a tungsten filament are connected in series to the 
mains, then 

(a) Both bulbs glow equally  

 (b) Carbon filament bulb glows more  
(c) Tungsten filament bulbs glows more  

 (d) Carbon filament bulb glows less 

28. Two identical heaters rated 220 volt, 1000 watt are placed in series 
with each other across 220 volt lines. If resistance do not change 
with temperature, then the combined power is  

 (a) 1000 watt (b) 2000 watt 

 (c) 500 watt  (d) 4000 watt  

29. A 25 watt, 220 volt bulb and a 100 watt, 220 volt bulb are connected 
in parallel across a 220 volt line. Which bulb will glow more brightly  
(a) 25 watt bulb 

 (b) 100 watt bulb 

 (c) Both will have same brightness 
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 (d) First 25 watt then 100 watt  

30. If two bulbs of wattage 25 and 100 respectively each rated at 220 

volt are connected in series with the supply of 440 volt, then which 
bulbs will fuse   [MNR 1988] 
(a) 100 watt bulb (b) 25 watt bulb  
(c) None of them (d) Both of them 

31. If  current in an electric bulb changes by 1%, then the power will 

change by    [AFMC 1996] 

 (a) 1% (b) 2% 

 (c) 4% (d) %
2

1
 

32. Two identical batteries, each of e.m.f. 2 volt and internal resistance 
1.0 ohm are available to produce heat in an external resistance 

5.0R ohm by passing a current through it. The maximum 
Joulean power that can be developed across R using these batteries 
is   

[CBSE PMT 1990; BHU 1997] 

 (a) 1.28 watt (b) 2.0 watt  

 (c) watt
9

8
 (d) 3.2 watt  

33. A constant voltage is applied between the two ends of a metallic 
wire. If both the length and the radius of the wire are doubled, the 
rate of heat developed in the wire 

[MP PMT 1996] 

 (a) Will be doubled (b) Will be halved 

 (c) Will remain the same (d) Will be quadrupled 

34. The heating coils rating at 220 volt and producing 50 cal/sec heat 

are available with the resistances  220,110,55   and 

440 . The heater of maximum power will be of  

[MP PMT 1985] 

 (a) 440  (b) 220  

 (c) 110  (d) 55  

35. Which of the following statement is false  

 (a) Heat produced in a conductor is proportional to its resistance 

 (b) Heat produced in a conductor is proportional to the square of 
the current 

 (c) Heat produced in a conductor is proportional to charge 

 (d) Heat produced in a conductor is proportional to the time for 
which current is passed  

36. On an electric heater 220 volt and 1100 watt are marked. On using it 
for 4 hours, the energy consumed in kWh will be 

(a) 2 (b) 4.4 

(c) 6 (d) 8 

37. An electric heater kept in vacuum is heated continuously by passing 
electric current. Its temperature  [MP PET 1993] 
(a) Will go on rising with time 

 (b) Will stop after sometime as it will loose heat to the 
surroundings by conduction 

 (c) Will rise for sometime and there after will start falling 

 (d) Will become constant after sometime because of loss of heat 
due to radiation 

38. Heat produced in a wire of resistance R due to current flowing at 
constant potential difference is proportional to 

[MP PET 1993] 

(a) 
2

1

R
 (b) 

R

1
  

 (c) R (d) 2R  

39. The power rating of an electric motor which draws a current  of 
3.75 amperes when operated at 200 V is about 

 (a) 1 H.P. (b) 500 W 

 (c) 54 W (d) 750 H.P.  

40. An electric bulb of 100 watt is connected to a supply of electricity of 
220 V. Resistance of the filament is 

  [EAMCET 1981, 82; MP PMT 1993, 97] 

(a) 484  (b) 100  

(c) 22000  (d) 242  

41. A cable of resistance 10  carries electric power from a generator 

producing 250 kW at 10000 volt. The current in the cable is 
(a) 25 A (b) 250 A 
(c) 100 A (d) 1000 A 

42. In the above question, the power lost in the cable during 
transmission is 
(a) 12.5 kW (b) 6.25 kW 

 (c) 25 kW (d) 3.15 kW 

43. The heat generated through 2 ohm and 8 ohm resistances 

separately, when a condenser of 200 F  capacity charged to 200 V 

is discharged one by one, will be  [MP PET 1993] 
(a) 4 J and 16 J respectively  

(b) 16 J and 4 J respectively 

 (c) 4 J and 8 J respectively 

 (d) 4 J and 4 J respectively 

44. Two bulbs are in parallel and they together consume 48 W from a 

battery of 6 V. The resistance of each bulb is 

(a) 67.0  (b) 0.3  

(c) 0.4  (d) 5.1  

45. The heat developed in an electric wire of resistance R by a current I 
for a time t is [MP PMT 1993; MP PET 2005] 

(a) cal
RtI

2.4

2

 (b) cal
R

tI

2.4

2

 

 (c) cal
t

RI

2.4

2

 (d) cal
I

Rt
22.4

 

46. Two bulbs, one of 50 watt and another of 25 watt are connected in 

series to the mains. The ratio of the currents through them is   [JIPMER 1997] 
(a) 2 : 1 

 (b) 1 : 2 
(c) 1 : 1 

 (d) Without voltage, cannot be calculated 

47. The brightness of a bulb will be reduced, if a resistance is connected 

in 

 (a) Series with it 

 (b) Parallel with it 

 (c) Series or parallel with it 

 (d) Brightness of the bulb cannot be reduced 

48. A 100 watt bulb working on 200 volt and a 200 watt bulb working 

on 100 volt have 
(a) Resistances in the ratio of 4 : 1 

 (b) Maximum current ratings in the ratio of 4:1  

(c) Resistances in the ratio of 2 : 1 
(d) Maximum current ratings in the ratio of 1 : 2 
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49. There are two electric bulbs of 40 W and 100 W. Which one will be 
brighter when first connected in series and then in parallel,   [MP PET 1993] 
(a) 40 W in series and 100 W in parallel  

 (b) 100 W in series and 40 W in parallel  

 (c) 40 W both in series and parallel will be uniform 

 (d) 100 W both in series and parallel will be uniform 

50. Two resistances 1R  and 2R  when connected in series and parallel 

with 120 V line, power consumed will be 25 W and 100 W 

respectively. Then the ratio of power consumed by 1R  to that 

consumed by 2R  will be  [EAMCET 1983] 

 (a) 1 : 1 (b) 1 : 2 

 (c) 2 : 1 (d) 1 : 4 

51. A  220 volt and 800 watt electric kettle and three 220 volt and 100 

watt bulbs are connected in parallel. On connecting this 
combination with 220 volt electric supply, the total current will be   [MP PMT 1975] 
(a) 0.15 ampere (b) 5.0 ampere 
(c) 5.5 ampere (d) 6.9 ampere 

52. You are given three bulbs of 25, 40 and 60 watt. Which of them has 
lowest resistance    [NCERT 1982] 

 (a) 25 watt bulb (b) 40 watt bulb 

 (c) 60 watt bulb (d) Information is insufficient 

53. The value of internal resistance of an ideal cell is  

     [EAMCET 1989] 

 (a) Zero (b) 5.0  

 (c) 1  (d) Infinity 

54. Electric power is transmitted over long distances through 
conducting wires at high voltage because  [MP PET 1994] 

(a) High voltage travels faster 

(b) Power loss is large 

 (c) Power loss is less 

 (d) Generator produced electrical energy at a very high voltage 

55. A coil develops heat of 800 cal/sec. When 20 volts is applied across 
its ends. The resistance of the coil is (1 cal = 4.2 joule)   [MP PET 1994] 

 (a) 2.1  (b) 4.1  

 (c) 12.0  (d) 14.0  

56. Resistances 1R  and 2R  are joined in parallel and a current is 

passed so that the amount of heat liberated is 1H  and 2H  

respectively. The ratio 
2

1

H

H
 has the value 

     [MP PMT 1994] 

 (a) 
1

2

R

R
 (b) 

2

1

R

R
 

 (c) 
2
2

2
1

R

R
 (d) 

2
1

2
2

R

R
 

57. The internal resistance of a primary cell is 4 ohm. It generates a 
current of 0.2 amp in an external resistance of 21 ohm. The rate at 
which chemical energy is consumed in providing the current is   [MP PMT 1994] 

(a) sJ /42.0  (b) sJ /84.0  

(c) sJ /5  (d) sJ /1  

58. A heating coil is labelled 100 W, 220 V. The coil is cut in half and 
the two pieces are joined in parallel to the same source. The energy 
now liberated per second is  [CBSE PMT 1995] 

 (a) 200 J (b) 400 J  

 (c) 25 J (d) 50 J  

59. Which of the following is not a correct statement 

     [MP PET 1995] 

 (a) Resistivity of electrolytes decreases on increasing temperature 

 (b) Resistance of mercury falls on decreasing its temperature 

 (c) When joined in series a 40 W bulb glows more than a 60 W 
bulb 

 (d) Resistance of 40 W bulb is less than the resistance of 60 W 
bulb 

60. Three light bulbs of 40 W, 60 W and 100 W are connected in series 
with 220 V source. Which one of the bulbs will glow brightest[MP PMT 1995; UPSEAT 2002; BCECE 2005] 

 (a) 40 W  

 (b) 60 W 

 (c) 100 W  

 (d) All with the same brightness 

61. The energy consumed in 1 kilowatt electric heater in 30 seconds will 
be  

(a) J2106   (b) J71099.4   

 (c) J6108.9   (d) J4103   

62. Two bulbs of 500 watt and 200 watt are manufactured to operate 
on 220 volt line. The ratio of heat produced in 500 W and 200 W, 
in two cases, when firstly they are joined in parallel and secondly in 
series, will be 

  [MP PET 1996; DPMT 1999] 

(a) 
5

2
,

2

5
 (b) 

2

5
,

2

5
 

(c) 
2

5
,

5

2
 (d) 

5

2
,

5

2
 

63. A 60 watt bulb carries a current of 0.5 amp. The total charge 
passing through it in 1 hour is    [MP PMT 1996] 

 (a) 3600 coulomb (b) 3000 coulomb 

 (c) 2400 coulomb (d) 1800 coulomb 

64. An electric heater of resistance 6 ohm is run for 10 minutes on a 120 
volt line. The energy liberated in this period of time is   [MP PMT 1996] 

(a) J3102.7   (b) J5104.14   

 (c) J4102.43   (d) J4108.28   

65. Two bulbs are working in parallel order. Bulb A is brighter than 

bulb B. If AR  and BR  are their resistance respectively then    [MP PMT 2003] 

(a) BA RR   (b) BA RR   

(c) BA RR   (d) None of these 

66. Two conductors made of the same material are connected across a 
common potential difference. Conductor A has twice the diameter 
and twice the length of conductor B. The power delivered to the two 

conductors AP  and BP  respectively is such that BA PP /  equals 

to  
(a) 0.5 (b) 1.0 
(c) 1.5 (d) 2.0 

67.  A heating coil can heat the water of a vessel from C20  to 

C60  in 30 minutes. Two such heating coils are put in series and 
then used to heat the same amount of water through the same 

temperature range. The time taken now will be (neglecting thermal 
capacity of the coils) 

    [MP PMT 1997] 

(a) 60 minutes (b) 30 minutes 
(c) 15 minutes (d) 7.5 minutes 
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68. If 2.2 kilowatt power is transmitted through a 10 ohm line at 22000 
volt, the power loss in the form of heat will be  

[MP PMT/PET 1998] 

 (a) 0.1 watt (b) 1 watt 

 (c) 10 watt (d) 100 watt 

69. Two resistors having equal resistances are joined in series and a 

current is passed through the combination. Neglect any variation in 
resistance as the temperature changes. In a given time interval   [MP PMT 1999] 

 (a) Equal amounts of thermal energy must be produced in the 

resistors 

 (b) Unequal amounts of thermal energy may be produced 

(c) The temperature must rise equally in the resistors 

 (d) The temperature must rise unequally in the resistors 

70. A C5  rise in temperature is observed in a conductor by passing a 
current. When the current is doubled the rise in temperature will be 
approximately  [CBSE PMT 1998] 

(a) C16  (b) C10  

(c) C20  (d) C12  

71. Watt-hour meter measures [KCET 1994] 

 (a) Electric energy (b) Current 

 (c) Voltage (d) Power 

72. An electric lamp is marked 60 W, 230 V. The cost of 1 kilowatt hour 
of power is Rs. 1.25. The cost of using this lamp for 8 hours is    [KCET 1994] 

(a) Rs. 1.20 (b) Rs. 4.00 
(c) Rs. 0.25 (d) Rs. 0.60 

73. 4 bulbs marked 40 W, 250 V are connected in series with 250 V 
mains. The total power is  [EAMCET (Engg.) 1995] 

 (a) 10 W (b) 40 W 

 (c) 320 W (d) 160 W 

74.  Pick out the wrong statement   [AMU 1995] 

 (a) In a simple battery circuit, the point of lowest potential is the 
negative terminal of the battery 

 (b) The resistance of an incandescent lamp is greater when the 
lamp is switched off 

 (c) An ordinary 100 W lamp has less resistance than a 60 W lamp 

 (d) At constant voltage, the heat developed in a uniform wire 
varies inversely as the length of the wire used 

75. Two resistors of 6  and 9  are connected in series to a 120 volt 

source. The power consumed by the 6  resistor is  

[SCRA 1994] 

 (a) 384 W  (b) 576 W 
 (c) 1500 W (d) 1200 W 

76. Electric room radiator which operates at 225 volts has resistance of 
50 ohms. Power of the radiator is approximately   [SCRA 1994] 
(a) 100 W (b) 450 W 
(c) 750 W (d) 1000 W 

77. If a power of 100 W is being supplied across a potential difference of 

200 V, current flowing is  [AFMC 1993] 

(a) 2 A (b) 0.5 A 

(c) 1 A (d) 20 A 

78. A current of 2 A passing through conductor produces 80 J of heat in 

10 seconds. The resistance of the conductor is 

[CBSE PMT 1993] 

 (a) 5.0  (b) 2  

 (c) 4  (d) 20  

79. A F4  conductor is charged to 400 volts and then its plates are 

joined through a resistance of k1 . The heat produced in the 

resistance is   [CBSE PMT 1994] 

(a) 0.16 J (b) 1.28 J 

(c) 0.64 J (d) 0.32 J 

80. A 10 ohm electric heater operates on a 110 V line. Calculate the rate 

at which it develops heat in watts  [AFMC 1997] 

 (a) 1310 W (b) 670 W 

 (c) 810 W (d) 1210 W  

81. A (100 W, 200 V) bulb is connected to a 160 V power supply. The 

power consumption would be 

[CBSE PMT 1997; JIPMER 2000] 

(a) 64 W (b) 80 W 

(c) 100 W (d) 125 W 

82. A battery of e.m.f. 10 V and internal resistance 0.5 ohm is connected 

across a variable resistance R. The value of R for which the power 

delivered in it is maximum is given by 

[BHU 1998; JIPMER 2001, 02; CBSE PMT 2001] 

 (a) 2.0 ohm (b) 0.25 ohm 

 (c) 1.0 ohm (d) 0.5 ohm 

83. A piece of fuse wire melts when a current of 15 ampere flows 

through it. With this current, if it dissipates 22.5 W, the resistance 

of fuse wire will be   [MNR 1998] 

(a) Zero (b) 10  

(c) 1  (d) 10.0  

84. Two wires ‘A’ and ‘B’ of the same material have their lengths in the 
ratio 1 : 2 and radii in the ratio 2 : 1. The two wires are connected in 
parallel across a battery. The ratio of the heat produced in ‘A’ to the 
heat produced in ‘B’ for the same time is   [MNR 1998] 

(a) 2:1  (b) 1:2  

(c) 8:1  (d) 1:8  

85. A heater draws a current of 2A when connected to a 250V source. 
The rate of energy dissipation is  [JIPMER 1999] 

(a) 500 W  (b) 1000 W 

(c) 250 W (d) 125 W 

86. A bulb rated at (100W – 200V) is used on a 100V line. The current 
in the bulb is    [JIPMER 1999] 

(a) 
4

1
amp (b) 4 amp 

(c) 
2

1
amp (d) 2 amp 

87. A steel wire has a resistance twice that of an aluminium wire. Both 
of them are connected with a constant voltage supply. More heat 
will be dissipated in  [Roorkee 1999] 

(a) Steel wire when both are connected in series 

(b) Steel wire when both are connected in parallel 

(c) Aluminium wire when both are connected in series 

(d) Aluminium wire when both are connected in parallel  

88. A current i passes through a wire of length l, radius of cross-section 

r and resistivity . The rate of heat generation is 

[AMU (Med.) 1999] 
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(c) rli /2   (d) rli /  

89. Which of the following is not equal to watt  [DPMT 1999] 

(a) ohmAmp 2)(  (b) Amp / Volt 

(c) Amp × Volt (d) Joule / sec 

90. Two wires with resistances R and 2R are connected in parallel, the 
ratio of heat generated in 2R and R is 

[DCE 1999, 2000] 

(a) 1 : 2  (b) 2 : 1 

(c) 1 : 4 (d) 4 : 1 

91. If a high power heater is connected to electric mains, then the bulbs 
in the house become dim, because there is a 

[BHU 1999; Pb. PMT 2000] 

(a) Current drop  (b) Potential drop 

(c) No current drop (d) No potential drop 

92. If three bulbs 60W, 100W and 200W are connected in parallel, then    [BHU 2000] 

(a) 200 W bulb will glow more 

(b) 60 W bulb will glow more 

(c) 100 W bulb will glow more 

(d) All the bulbs will glow equally 

93. An expression for rate of heat generated, if a current of I ampere 

flows through a resistance of R , is [Pb. PMT 2000] 

(a) RtI2  (b) RI 2  

(c) RV 2  (d) RI  

94.  On giving 220V to a resistor the power dissipated is 40W then 
value of resistance is    [RPMT 2000] 

(a) 1210   (b) 2000  

(c) 1000  (d) None of these 

95. A 60 watt bulb operates on 220V supply. The current flowing 

through the bulb is   [MP PMT 2000] 

(a) 11/3 amp  (b) 3/11 amp 

(c) 3 amp (d) 6 amp 

96. If two bulbs of wattage 25 and 30, each rated at 220 volts, are connected 

in series with a 440 volt supply, which bulb will fuse 

[MP PET 2000] 

(a) 25 W bulb  (b) 30 W bulb 

(c) Neither of them (d) Both of them 

97. Two electric bulbs (60W and 100W respectively) are connected in 

series. The current passing through them is 

    [AMU (Med.) 2000] 

(a) More in 100W bulb (b) More in 60W bulb 

(c) Same in both (d) None of these 

98. In the circuit shown below, the power developed in the 6 resistor 

is 6 watt. The power in watts developed in the 4 resistor is    [AMU (Med.) 2000] 

(a) 16  

(b) 9 

(c) 6 

(d) 4 

99.  Two wires A and B of same material and mass have their lengths in 

the ratio 1 : 2. On connecting them to the same source, the rate of 

heat dissipation in B is found to be 5W. The rate of heat dissipation 

in A is   [AMU (Engg.) 2000] 

(a) 10W  (b) 5W 

(c) 20W (d) None of these 

100.  If two electric bulbs have 40W and 60W rating at V220 , then the 

ratio of their resistances will be 

[BHU 1999; KCET 2001] 

(a) 3 : 2  (b) 2 : 3 

(c) 3 : 4 (d) 4 : 3 

101.  An electric bulb is designed to draw power P
0

 at voltage V
0

. If the 

voltage is V it draws a power P. Then [KCET 2001] 

(a) 0

2

0 P
V

V
P 








   (b) 0

2

0

P
V

V
P 













  

(c) 0

0

P
V

V
P 













  (d) 0

0 P
V

V
P 








  

102. Three bulbs of 40W, 60W and 100W are arranged in series with 

220V. Which bulb has minimum resistance 

[AFMC 2001] 

(a) 40W  (b) 60W 

(c) 100W (d) Equal in all bulbs  

103. An electric kettle has two heating coils. When one coil is used, water 

in the kettle boils in 5 minutes, while when second coil is used, same 

water boils in 10 minutes. If the two coils, connected in parallel are 

used simultaneously, the same water will boil in time   [MP PET 2001] 

(a) 3 min 20 sec  (b) 5 min 

(c) 7 min 30 sec (d) 2 min 30 sec 

104. An external resistance R is connected to a battery of e.m.f. V and 

internal resistance r. The joule heat produced in resistor R is 

maximum when R is equal to   [MP PET 2001] 

(a)  r  (b) 
2

r
 

(c) 2r (d) Infinitely large 

105. The amount of heat produced in a resistor when a current is passed 

through it can be found using  [Kerala PET 2001] 

(a) Faraday’s Law  (b) Kirchhoff’s Law 

(c) Laplace’s Law (d) Joule’s Law 

106. Two wires have resistance of 2 and 4 connected to same voltage, 

ratio of heat dissipated at resistance is  

[UPSEAT 2001] 

(a) 1 : 2  (b) 4 : 3 

(c) 2 : 1 (d) 5 : 2 

107. Two electric bulbs rated 1P  watt V volts and 2P  watt V volts are 

connected in parallel and V volts are applied to it. The total power 
will be [MP PMT 2001; MP PET 2002] 

6 

4 
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(a) wattPP 21   (b) 21PP watt 

(c) watt
PP

PP

21

21


 (d) watt

PP

PP

21

21   

108. n identical bulbs, each designed to draw a power p from a certain 

voltage supply, are joined in series across that supply. The total 
power which they will draw is  

[KCET 2002] 

(a) 2/np  (b) np/  

(c) p  (d) np  

109. A wire when connected to 220V mains supply has power dissipation 

1P . Now the wire is cut into two equal pieces which are connected 

in parallel to the same supply. Power dissipation in this case is 2P . 

Then 12 : PP  is  [AIEEE 2002] 

(a) 1  (b) 4 

(c) 2 (d) 3 

110. An electric bulb marked 40 W and 200 V, is used in a circuit of 
supply voltage 100 V. Now its power is  [AIIMS 2002]  

(a) 100W (b) 40W 

(c) 20W (d) 10W 

111. Electric bulb 50 W-100 V glowing at full power are to be used in 

parallel with battery 120 V, 10 . Maximum number of bulbs that 
can be connected so that they glow in full power is   [CPMT 2002] 

(a) 2 (b) 8 

(c) 4 (d) 6 

112. A bulb has specification of one kilowatt and 250 volts, the resistance 
of bulb is    [MP PMT 2002] 

(a) 125  (b) 62.5  

(c) 0.25  (d) 625  

113. If a 30 V, 90 W bulb is to be worked on a 120 V line, a resistance of 
how many ohms should be connected in series with the bulb [MP PMT 2002; KCET 2003] 

(a) 10 ohm (b) 20 ohm 

(c) 30 ohm (d) 40 ohm 

114. A fuse wire with radius 1 mm blows at 1.5 amp. The radius of the 
fuse wire of the same material to blow at 3A will be 

[KCET 2003] 

(a) mm3/14  (b) mm4/13  

(c) mm2/12  (d) mm2/13  

115. Three electric bulbs of rating 60W each are joined in series and then 
connected to electric mains. The power consumed by these three 
bulbs will be 

[MP PET 2003; CBSE PMT 2004] 

(a) 180 W (b) 60 W 

(c) 20 W (d) W
3

20
 

116. An electric bulb is rated 60W, 220V. The resistance of its filament is 
   [MP PET 2003] 

(a) 708  (b) 870  

(c) 807  (d) 780  

117. A 220 volt, 1000 W bulb is connected across a 110 volt mains supply. 
The power consumed will be  [AIEEE 2003] 

(a) 1000 W (b) 750 W 

(c) 500 W (d) 250 W  

118. Two bulbs of 100 W and 200 W working at 220 volt are joined in 
series with 220 volt supply. Total power consumed will be 
approximately.   [Pb. PET 2003; BHU 2005] 

 (a) 65 watt (b) 33 watt 

 (c) 300 watt (d) 100 watt 

119. How many calories of heat will be produced approximately in a 210 
watt electric bulb in 5 minutes [Pb. PET 2004] 

 (a) 80000 cal (b) 63000 cal 

 (c) 1050 cal (d) 15000 cal  

120. CA o5  rise in the temperature is observed in a conductor by 

passing some current. When the current is doubled, then rise in 
temperature will be equal to  [BHU 2004] 

 (a) Co5  (b) Co10  

 (c) Co20  (d) Co40  

121. If a 2 kW boiler is used everyday for 1 hour, then electrical energy 
consumed by boiler in thirty days is  [BHU 2004] 

 (a) 15 unit (b) 60 unit 

 (c) 120 unit (d) 240 unit 

122. What will happen when a 40 watt, 220 volt lamp and 100 watt, 220 
volt lamp are connected in series across 40 volt supply    [BHU 2004] 

 (a) 100 watt lamp will fuse (b) 40 watt lamp will fuse 

 (c) Both lamps will fuse (d) Neither lamp will fuse 

123. What is the ratio of heat generated in R and 2R  

[DCE 2003] 

 (a) 2 : 1 

 (b) 1 : 2 

 (c) 4 : 1 

 (d) 1 : 4 

124. In an electric heater 4 amp current passes for 1 minute at potential 

difference of 250 volt, the power of heater and energy consumed 

will be respectively     [DPMT 2003] 

 (a) 1 kW, 60 kJ (b) 0.5 kW, 30 kJ 

 (c) 10 kW, 600 kJ (d) None of these 

125. Some electric bulbs are connected in series across a 220 V supply in 

a room. If one bulb is fused then remaining bulbs are connected 

again in series across the same supply. The illumination in the room 

will   [J & K CET 2004] 

 (a) Increase (b) Decrease 

 (c) Remains the same  (d) Not continuous 

126. The resistor of resistance 'R' is connected to 25 V supply and heat 
produced in it is 25 J/sec. The value of R is  

[Orissa PMT 2004] 

 (a) 225  (b) 1  

 (c) 25  (d) 50  

127. Three bulbs of 40 W, 60 W, 100 W are arranged in series with 220 
volt supply which bulb has minimum resistance 

[Pb. PET 2000] 

 (a) 100 W (b) 40 W 

2R R 

I 

E 
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 (c) 60 W (d) Equal in all bulbs 

128. If two electric bulbs have 40 W and 60 W rating at 220 V, then the 
ratio of their resistances will be  [Pb. PET 2001] 

 (a) 9 : 4 (b) 4 : 3 

 (c) 3 : 8 (d) 3 : 2 

129. A 10 V storage battery of negligible internal resistance is connected 

across a 50  resistor. How much heat energy is produced in the 

resistor in 1 hour  [Pb. PET 2001] 

 (a) 7200 J (b) 6200 J 

 (c) 5200 J (d) 4200 J 

130. A hot electric iron has a resistance of 80  and is used on a 200 V 

source. The electrical energy spent, if it is used for two hours, will 
be    [Pb. PET 2002] 

 (a) 8000 Wh (b) 2000 Wh 

 (c) 1000 Wh (d) 800 Wh 

131. The heat produced by a 100 watt heater in 2 minute will be equal to 
   [BCECE 2004] 

 (a) J31012  (b) J31010   

 (c) J3106   (d) J3103   

132. If two wires having resistance R and 2R. Both joined in series and in 
parallel then ratio of heat generated in this situation, applying the 
same voltage,  [BCECE 2004] 

 (a) 2 : 1 (b) 1 : 2 

 (c) 2 : 9 (d) 9 : 2 

133. Two electric bulbs A and B are rated as 60 W and 100 W. They are 
connected in parallel to the same source. Then,  

[KCET 2004] 

 (a) Both draw the same current 

 (b) A draws more current than B 

 (c) B draws more current than A 

 (d) Current drawn are in the ratio of their resistances 

134. Three identical resistances A, B and C are connected as shown in the 
given figure. The heat produced will be maximum   [MP PMT 2004] 

 

 

 

 

 
 

 (a) In B (b) In B and C 

 (c) In A (d) Same for A, B and C 

135. If 2.2kW power is transmitted through a 100  line at ,000,22 V  

the power loss in the form of heat will be  

[MP PET 2004] 

 (a) 0.1 W (b) 1 W 

 (c) 10 W (d) 100 W 

136. A heater coil connected to a supply of a 220 V is dissipating some 

power .1P  The coil is cut into half and the two halves are 

connected in parallel. The heater now dissipates a power .2P  The 

ratio of power 21 : PP  is   [AFMC 2004] 

 (a) 2 : 1 (b) 1 : 2 

 (c) 1 : 4 (d) 4 : 1 

137. An electric lamp is marked 60 W, 230 V. The cost of a 1 kWh of 
energy is Rs. 1.25. The cost of using this lamp 8 hrs a day for 30 day 
is      [Kerala (Med.) 2002] 

 (a) Rs. 10 (b) Rs. 16 

 (c) Rs. 18 (d) Rs. 20 

138. An electric iron draws 5 amp, a TV set draws 3 amp and 

refrigerator draws 2 amp from a 220 volt main line. The three 

appliances are connected in parallel. If all the three are operating at 

the same time, the fuse used may be of  

[ISM Dhanbad 1994] 

 (a) 20 amp  (b) 5 amp  

 (c) 15 amp  (d) 10 amp  

139. Match the List I with the List II from the combination shown. In the 

left side (List I) there are four different conditions and in the right 

side (List II), there are ratios of heat produced  in each resistance 

for each condition :  [ISM Dhanbad 1994] 

 List I List II 

(I) Two wires of same resistance are 

connected in series and same current is 

passed through them 

(A) 1 : 2 

(II) Two wires of resistance R and 2R ohm 

are connected in series and same P.D. is 

applied across them 

(B) 4 : 1 

(III) Two wires of same resistance are 

connected in parallel and same  current 

is flowing through them 

(C) 1 : 1 

(IV) Two wires of resistances in the ratio 1 : 

2 are connected in parallel and same 

P.D. is applied across them 

(D) 2 : 1 

 (a) DIVCIIIAIIBI  ;;;  

 (b) DIVCIIIDIICI  ;;;  

 (c) CIVAIIIDIIBI  ;;;  

 (d) CIVDIIIBIIAI  ;;;  

140. The electric current passing through a metallic wire produces heat 

because of   [BHU 1994] 

 (a) Collisions of conduction electrons with each other 

 (b) Collisions of the atoms of the metal with each other 

 (c) The energy released in the ionization of the atoms of the metal 

 (d) Collisions of the conduction electrons with the atoms of the 

metallic wires 

141. The maximum current that flows through a fuse wire before it 

blows out varies with its radius as [SCRA 1998] 

 (a) 2/3r  (b) r 

 (c) 3/2r  (d) 2/1r  

142. What is immaterial for an electric fuse wire [UPSEAT 1999] 

(a) Specific resistance of the wire  

(b) Radius of the wire 

(c) Length of the wire  

(d) Current flowing through the wire 

143. The current flowing through a lamp marked as 50 W and 250 V is   [MH CET (Med.) 2001] 

A 

B 

C 
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(a) 5 amp (b) 2.5 amp 

(c) 2 amp (d) 0.2 amp 

144. Find the power of the circuit   [AIEEE 2002] 

 

 

 

 

 

 

 

(a) 1.5 W (b) 2 W 

(c) 1 W (d) None of these 

145. If in the circuit, power dissipation is 150 W, then R is 

[AIEEE 2002] 

 

 

 

 

 

(a) 2  (b) 6  

(c) 5  (d) 4  

146. Two resistors whose value are in ratio 2 : 1 are connected in parallel 
with one cell.  Then ratio of power dissipated is 

[RPMT 2000] 

(a) 2 : 1  (b) 4 : 1 

(c) 1 : 2 (d) 1 : 1 

147. A heater coil is cut into two equal parts and only one part is now 
used in the heater. The heat generated will now be 

[AIEEE 2005] 

(a) One fourth (b) Halved 

(c) Doubled (d) Four times 

148. The resistance of hot tungsten filament is about 10 times the cold 
resistance. What will be the resistance of 100 W and 200 V lamp 
when not in use   [AIEEE 2005] 

(a) 400  (b) 200  

(c)  40  (d) 20  

149. A 5.0 amp current is setup in an external circuit by a 6.0 volt 
storage battery for 6.0 minutes. The chemical energy of the battery 
is reduced by   [KCET 2005] 

(a) 1.08  104 J (b) 1.08  10-4 volt 

(c) 1.8  104 J (d) 1.8  104 volt 

150. A railway compartment is lit up by thirteen lamps each taking 2.1 
amp at 15 volts. The heat generated per second in each lamp will be   [J & K CET 2005] 

(a) cal35.4  (b) cal73.5  

(c) cal5.7  (d) cal5.2  

151. Two bulbs X and Y having same voltage rating and of power 40 watt 
and 60 watt respectively are connected in series across a potential 
difference of 300 volt, then 

[Orissa JEE 2005] 

(a) X will glow brighter 

(b) Resistance of Y is 
greater than X 

(c) Heat produced in Y will be greater than X 

(d) Voltage drop in X will be greater than Y 

152. 3 identical bulbs are connected in series and these together dissipate 
a power P. If now the bulbs are connected in parallel, then the 
power dissipated will be  [DPMT 2005] 

(a) 
3

P
 (b) 3P 

(c) 9P (d) 
9

P
 

153. A coil takes 15 min to boil a certain amount of water, another coil 
takes 20 min for the same process. Time taken to boil the same 
amount of water when both coil are connected in series    [DCE 2005] 

(a) 5 min (b) 8.6 min  

(c) 35 min (d) 30 min  
 

Chemical Effect of Current 
 

1. Water can not be made conducting by adding small amount of any 

of the following except 

(a) Sodium chloride  (b) Copper sulphate  

(c) Ammonium chloride (d) Sugar 

2. The electrochemical equivalent Z of any element can be obtained by 

multiplying the electrochemical equivalent of hydrogen with 

(a) Atomic weight  (b) Molecular weight  

(c) Chemical equivalent (d) A constant 

3. A silver and zinc voltameter are connected in series and a current i 

is passed through them for a time t liberating W gm of zinc. The 

weight of silver deposited is nearly   

[NCERT 1973, 76] 

 (a) W (b) 1.7 W 

(c) 2.4 W (d) 3.5 W 

4. To deposit one gm equivalent of an element at an electrode, the 

quantity of electricity needed is 

  [IIT 1984; DPMT 1982; MP PET 1998;  

MP PMT 1998; 2003] 

 (a) One ampere (b) 96000 amperes 

 (c) 96500 farads (d) 96500 coulombs 

5. In an electrolysis experiment, a current i passes through two 

different cells in series, one containing a solution of 4CuSO  and 

the other a solution of 3AgNO . The rate of increase of the weight 

of the cathodes in the two cells will be  

[NCERT 1972] 

 (a) In the ratio of the densities of Cu and Ag 
 (b) In the ratio of the at. weights of Cu and Ag 

 (c) In the ratio of half the atomic weight of Cu to the atomic 
weight of Ag 

 (d) In the ratio of half the atomic weight of Cu to half the atomic 
weight of Ag 

6. To deposit one litre of hydrogen at 22.4 atmosphere from acidulaled 

water, the quantity of electricity that must pass through is    [BVP 2003] 

(a) 1 coulomb (b) 22.4 coulomb 

(c) 96500 coulomb (d) 193000 coulomb 

R 

2  

15 V 

4 4 

2 2 

2V 

300 V 

40 W(X) 

60 W(Y) 
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7. The amount of substance liberated on electrodes during electrolysis 

when 1 coulomb of electricity is passed, is  

(a) Chemical equivalent  

 (b) Electrochemical equivalent 

(c) Equivalent weight 

 (d) One mol 

8. For goldplating on a copper chain, the substance required in the 

form of solution is  

 (a) Copper sulphate 

 (b) Copper chloride 

 (c) Potassium cyanide  

 (d) Potassium aurocyanide 

9. On passing the current in water voltameter, the hydrogen  

 (a) Liberated at anode (b) Liberated at cathode 
(c) Does not liberate (d) Remains in the solution 

10.  In water voltameter, the electrolysis of ...... takes place 

[DPMT 1999] 

(a) OH2  (b) 42SOH  

 (c) OH2  and 42SOH  both  (d) 2H  and 2O  

11. For depositing 1 gm of Cu in copper voltameter on passing 2 

amperes of current, the time required will be (For copper  Z = 

0.00033 gm/C) 

(a) Approx. 20 minutes (b) Approx. 25 minutes 

(c) Approx. 30 minutes (d) Approx. 35 minutes 

12. A battery of e.m.f. 3 volt and internal resistance 1.0 ohm is 

connected in series with copper voltameter. The current flowing in 

the circuit is 1.5 amperes. The resistance of voltameter will be 

(a) Zero  (b) 1.0 ohm 

(c) 1.5 ohm (d) 2.0 ohm  

13. According to Faraday's laws of electrolysis, the amount of 
decomposition is proportional to   [MP PMT 1993] 

(a) 
 passescurent for which Time

1
 

(b) Electrochemical equivalent of the substance 

(c)  
Current

1
 

(d) 
equivalentmical Electroche

1
 

14. If in a voltaic cell 5 gm of zinc is consumed, then we get how many 

ampere hours ? (Given that E.C.E. of Zn is 710387.3   
kg/coulomb)  

 (a) 2.05 (b) 8.2 

(c) 4.1 (d) 710387.35   

15. The current flowing in a copper voltameter is 1.6 A. The number of 
Cu  ions deposited at the cathode per minute are  [MP PMT 1994; MP PET 2000] 

 (a) 20105.1   (b) 20103   

 (c) 20106   (d) 19101  

16. In a copper voltameter experiment, current is decreased to one-
fourth of the initial value but it is passed for four times the earlier 
duration. Amount of copper deposited will be 

[MP PMT 1993] 

 (a) Same 

 (b) One-fourth the previous value 

 (c) Four times the previous value 

 (d) th
16

1
 of the previous value 

17. A certain charge liberates 0.8 gm of 2O . The same charge will 

liberate how many gm of silver   [MP PET 1999] 

 (a) 108 gm (b) 10.8 gm 

 (c) 0.8 gm (d) gm
8.0

108
 

18. In charging a battery of motor-car, the following effect of electric 
current is used [MP PET 1993; AFMC 2003] 

 (a) Magnetic (b) Heating 

 (c) Chemical (d) Induction 

19. The Avogadro's number is 23106   per gm mole and electronic 

charge is C19106.1  . The Faraday's number is 

[DPMT 2001] 

(a) 1923 106.1106   (b) 
19

23

106.1

106



 

 (c) 
1923 106.1106

2


 (d) 
23

19

106

106.1



 

 

20. In 4CuSO  solution when electric current equal to 2.5 faraday is 

passed, the gm equivalent deposited on the cathode is 

(a) 1 (b) 1.5 

(c) 2 (d) 2.5 

21. The atomic weight of silver and copper are 108 and 64. A silver 
voltameter and a copper voltameter are connected in series and 
when current is passed 10.8 gm of silver is deposited. The mass of 
copper deposited will be 

(a) 6.4 gm (b) 12.8 gm 

(c) 3.2 gm (d) 10.8 gm 

22. Faraday's laws of electrolysis are related to  [IIT 1983] 
(a) The atomic number of positive ion 

(b) The equivalent weight of electrolyte 

 (c) The atomic number of negative ion 

 (d) The velocity of positive ion 

23. In the process of electrolysis, the current is carried out inside the 
electrolyte by   [AMU (Engg.) 1999] 
(a) Electrons  

 (b) Atoms 
(c) Positive and negative ions 

 (d) All the above 

24. The mass of ions deposited during a given interval of time in the 

process of electrolysis depends on  [DPMT 2002] 

 (a) The current (b) The resistance 

 (c) The temperature (d) The electric power 

25. The amount of charge required to liberate 9 gm of aluminium 

(atomic weight = 27 and  valency = 3) in the process of electrolysis 

is (Faraday's number = 96500 coulombs/gm equivalent) 

 (a) 321660 coulombs (b) 69500 coulombs 

 (c) 289500 coulombs (d) 96500 coulombs 

26. In an electroplating experiment, m gm of silver is deposited when 4 

ampere of current flows for 2 minute. The amount (in gm) of silver 

deposited by 6 ampere of current for 40 second will be [MNR 1991; UPSEAT 2000; MP PET 2002;  
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Pb. PET 2004; Orissa JEE 2005] 

 (a) 4 m (b) 2/m  

 (c) 4/m  (d) 2 m 

27. In electrolysis, if the duration of the passage of current is doubled, 
the mass liberated is   [EAMCET 1979] 

(a) Doubled (b) Halved 
(c) Increased four times (d) Remains the same 

28. A current of 16 ampere flows through molten NaCl for 10 minute. 
The amount of metallic sodium that appears at the negative 

electrode would be   [EAMCET 1984] 
(a) 0.23 gm (b) 1.15 gm 
(c) 2.3 gm (d) 11.5 gm 

29. The mass of a substance liberated when a charge ‘q’ flows through 

an electrolyte is proportional to [EAMCET 1984] 

 (a) q (b) q/1  

 (c) 2q  (d) 2/1 q  

30. A steady current of 5 amps is maintained for 45 mins. During this 
time it deposits 4.572 gms of zinc at the cathode of a voltameter. 
E.C.E. of zinc is  [MP PET 1994] 

 (a) Cgm /10387.3 4  (b) gmC /10387.3 4  

 (c) Cgm /10384.3 3  (d) gmC /10394.3 3  

31. The relation between faraday constant F, electron charge e and 
avogadro number N is   [MP PET 1995] 

(a) eNF /  (b) NeF   

(c) 2FN   (d) eNF 2  

32. The electrochemical equivalent of magnesium is Cmg /126.0 . A 

current of 5 A is passed in a suitable solution for 1 hour. The mass 
of magnesium deposited will be    [MP PMT 1995] 

 (a) 0.0378 gm (b) 0.227 gm 

 (c) 0.378 gm (d) 2.27 gm 

33. Two electrolytic cells containing 4CuSO  and 3AgNO  

respectively are connected in series and a current is passed through 
them until 1 mg of copper is deposited in the first cell. The amount 

of silver deposited in the second cell during this time is 
approximately  

[Atomic weights of copper and silver are respectively 63.57 and 
107.88]   [MP PMT 1996] 

(a) 1.7 mg (b) 3.4 mg 
(c) 5.1 mg (d) 6.8 mg  

34. A current I is passed for a time t through a number of voltameters. 
If m is the mass of a substance deposited on an electrode and z is 
its electrochemical equivalent, then 

[MP PMT 1997] 

(a) constant
m

zIt
 (b) constant

mIt

z
 

 (c) constant
zmt

I
 (d) constant

zm

It
 

35. For electroplating a spoon, it is placed in the voltameter at  

[MP PMT/PET 1998] 

(a) The position of anode   

(b) The position of cathode 

(c) Exactly in the middle of anode and the cathode 

(d) Anywhere in the electrolyte 

36. If nearly 510 coulomb liberate 1 gm equivalent of aluminium, then 

the amount of aluminium (equivalent weight 9) deposited through 
electrolysis in 20 minutes by a current of 50 amp will be   [CBSE PMT 1998] 
(a) 0.6 gm (b) 0.09 gm 
(c) 5.4 gm (d) 10.8 gm 

37. Electroplating does not help in  [AIIMS 1998] 

 (a) Fine finish to the surface 

 (b) Shining appearance 

 (c) Metals to become hard 

 (d) Protect metal against corrosion 

38. When a current is passed through water, acidified with a dilute 
sulphuric acid, the gases formed at the platinum electrodes are    [KCET 1994] 

(a) 1 vol. hydrogen (cathode) and 2 vol. oxygen (anode) 

 (b) 2 vol. hydrogen (cathode) and 1 vol. oxygen (anode) 

 (c) 1 vol. hydrogen (cathode) and 1 vol. oxygen (anode) 

 (d) 1 vol. oxygen (cathode) and 2 vol. hydrogen (anode) 

39. The negative Zn pole of a Daniel cell, sending a constant current 

through a circuit, decreases in mass by 0.13g in 30 minutes. If the 

electrochemical equivalent of Zn and Cu are 32.5 and 31.5 

respectively, the increase in the mass of the positive Cu pole in this 

time is   [AIEEE 2003] 

(a) 0.242 g (b) 0.190 g 

(c) 0.141 g (d) 0.126 g 

40. When a copper voltameter is connected with a battery of e.m.f. 12 
volts. 2 gms of copper is deposited in 30 minutes. If the same 
voltameter is connected across a 6 volt battery, then the mass of 
copper deposited in 45 minutes would be  

[SCRA 1994] 

(a) 1 gm (b) 1.5 gm 

(c) 2 gm (d 2.5 gm 

41. The value of current required to deposit 0.972 gm of chromium in 3 
hours if the E.C.E. of chromium is 0.00018 gm per coulomb, is   [SCRA 1994] 

 (a) 1 amp (b) 1.5 amp 

 (c) 0.5 amp (d) 2 amp 

42. The current inside a copper voltameter [Roorkee 1992] 

 (a) Is half the outside value 

 (b) Is the same as the outside value 

 (c) Is twice the outside value 

 (d) Depends on the concentration of 4CuSO  

43. The resistance of a cell does not depend on [RPET 1996] 

(a) Current drawn from the cell 

(b) Temperature of electrolyte 

 (c) Concentration of electrolyte 

 (d) The e.m.f. of the cell 

44. The electrochemical equivalent of a metal is 

coulombkg /103.3 7 . The mass of the metal liberated at the 

cathode when a 3 A current is passed for 2 seconds will be  [SCRA 1998; AIEEE 2004; DCE 2005] 

 (a) kg7108.19   (b) kg71039.9   

 (c) kg7106.6   (d) kg7101.1   

45. Faraday’s 2nd law states that mass deposited on the electrode is 

directly proportional to  [DCE 1999] 

(a) Atomic mass (b) Atomic mass × Velocity 
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(c) Atomic mass/Valency (d) Valency 

46. The relation between Faraday constant (F), chemical equivalent (E) 

and electrochemical equivalent (Z) is 

[SCRA 1994; AFMC 2000] 

(a) EZF    (b) 
E

Z
F   

(c) 
Z

E
F   (d) 

2Z

E
F   

47. The electrochemical equivalent of a material in an electrolyte 

depends on   [MP PET 2001] 

(a) The nature of the material 

(b) The current through the electrolyte 

(c) The amount of charge passed through electrolyte 

(d) The amount of material present in electrolyte 

48. On passing 96500 coulomb of charge through a solution 4CuSO  

the amount of copper liberated is   [MP PMT 2001] 

(a) 64 gm (b) 32 gm 

(c) 32 kg (d) 64 kg 

49. If 96500 coulombs of electricity liberates one gram equivalent of any 

substance, the time taken for a current of 0.15 amperes to deposite  

20mg of copper from a solution of copper sulphate is (Chemical 

equivalent of copper = 32) 

[Kerala (Engg.) 2002] 

(a) 5 min 20 sec  (b) 6 min 42 sec 

(c) 4 min 40 sec (d) 5 min 50 sec  

50. How much current should be passed through acidified water for 100 

s to liberate 0.224 litre of 2H  [DCE 2002] 

(a) 22.4 A (b) A3.19  

(c) 9.65 A (d) 1 A 

51. Who among the following scientists made the statement –"Chemical 

change can produce electricity" [DCE 2004] 

(a) Galvani (b) Faraday 

(c) Coulomb (d) Thomson 

52. If a steady current of 4 amp maintained for 40 minutes, deposits 4.5 

gm of zinc at the cathode and then the electro chemical equivalent 

will be   [MH CET 2003] 

(a) Cgm /1051 17  (b) Cgm /1028 6  

(c) Cgm /1032 5  (d) Cgm /1047 5  

53. The current flowing in a copper voltameter is 3.2 A. The number of 

copper ions )( 2Cu  deposited at the cathode per minute is    [Pb. PET 2001] 

(a) 20105.0   (b) 20105.1   

(c) 20103   (d) 20106   

54. A copper voltameter is connected in series with a heater coil of 

resistance 1.0 . A steady current flows in the circuit for twenty 

minutes and mass of 0.99 g of copper is deposited at the cathode. If 

electrochemical equivalent of copper is 0.00033 gm/C, then heat 
generated in the coil is  

[Pb. PET 2002] 

(a) 750 J (b) 650 J 

(c) 350 J (d) 250 J 

55. E.C.E. of Cu and Ag are 6107   and .102.1 6 A certain 

current deposits 14 gm of Cu. Amount of Ag deposited is 

[Orissa PMT 2004] 

(a) 1.2 gm (b) 1.6 gm 

(c) 2.4 gm (d) 1.8 gm 

56. The chemical equivalent of silver is 108. If the current in a silver 

voltameter is 2 Amp., the time required to deposit 27 grams of silver 

will be   [MP PMT 2004] 

(a) 8.57 hrs (b) 6.70 hrs 

(c) 3.35 hrs (d) 12.50 hrs  

57. Two voltameters, one of copper and another of silver, are joined in 

parallel. When a total charge q flows through the voltameters, equal 

amount of metals are deposited. If the electrochemical equivalents of 

copper and silver are 1z  and 2z  respectively the charge which 

flows through the silver voltameter is   [AIEEE 2005] 

(a) 
2

1

z

z
q  (b) 

1

2

z

z
q  

(c) 

2

11
z

z

q



 (d) 

1

21
z

z

q



 

58. The chemical equivalent of copper and zinc are 32 and 108 

respectively. When copper and silver voltameter are connected in 

series and electric current is passed through for sometimes, 1.6 g of 

copper is deposited. Then, the mass of silver deposited will be      [J & K CET 2005] 

(a) 3.5 g (b) 2.8 g 

(c) 5.4 g (d) None of these 

59. Ampere hour is the unit of   [Orissa JEE 2005] 

(a) Quantity of charge (b) Potential 

(c) Energy (d) Current 
 

Thermo-Electricity  
 

1. The production of e.m.f. by maintaining a difference of temperature 
between the two junctions of two different metals is known as  

 (a) Joule effect (b) Seebeck effect 
(c) Peltier effect (d) Thomson effect 

2. When a current passes through the junction of two different  
metals, evolution or absorption of heat at the junction is known as   [MP PMT/PET 1998] 

 (a) Joule  effect (b) Seebeck effect  

 (c) Peltier effect (d) Thomson effect 

3. When a current passes through a wire whose different parts are 
maintained at different temperatures, evolution or absorption of 
heat all along the length of wire is known as  

 (a) Joule effect  (b) Seebeck effect 
(c) Peltier effect (d) Thomson effect 

4. The thermocouple is based on the principle of  

  [MP PET 1984; AFMC 1998; BCECE 2003] 

(a) Seebeck effect (b) Thomson effect 
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 (c) Peltier effect (d) Joule effect 

5. For a thermocouple, the neutral temperature is C270  and the 

temperature of its cold junction is C20 . If there is no deflection 
in the galvanometer, the temperature of the hot junction should be    [AMU Engg. 2000] 

(a) C210  (b) C540  

(c) C520  (d) C209  

6. Thermocouple is a device for the measurement of 

 (a) Absolute temperature of a metal  

 (b) The temperature difference between two substances 

 (c) The couple acting on a wire  

 (d) Thermal conductivity of a substance 

7. The true statement for thermo e.m.f. of a thermocouple 

 (a) Depends on the nature of metals 

 (b) Depends only on temperature of cold junction 

 (c) Depends only on temperature of hot junction 

 (d) Depends on the length of the wires used for thermocouple  

8. The direction of current in an iron-copper thermocouple is 

[MP PET 1995] 

(a) From copper to iron at the hot junction 

(b) From iron to copper at the hot junction 

 (c) From copper to iron at cold junction  

 (d) No current will flow 

9. Peltier coefficient for the junction of a pair of metals is proportional 

to [MP PMT 1993; MP PET 1997] 

(a) T absolute temperature of the junction 

(b) Square of absolute temperature of the junction 

 (c)  
junction of the re temperatuAbsolute

1
 

 (d) 
junction of the re temperatuabsoluteof  Square

1
 

10. If for a thermocouple nT  is the neutral temperature, cT  is the 

temperature of the cold junction and iT  is the temperature of 

inversion, then  [MP PET 2001; AIEEE 2002] 

(a) cni TTT  2  (b) cin TTT 2  

(c) cni TTT   (d) None of these 

11.  For a thermocouple, the temperature of inversion is that 

temperature at which thermo e.m.f. is 

(a) Zero (b) Maximum 

(c) Minimum (d) None of the above 

12. For a given thermocouple, the thermo e.m.f. can be 

(a) Zero (b) Positive 

 (c) Negative (d) All of the above 

13. When current is passed in antimony-bismuth couple, then 

 (a) The junction becomes hot when the current is from bismuth to 
antimony 

 (b) The junction becomes hot when current flows from antimony 

to bismuth 

 (c) Both junctions become hot  

 (d) Both junctions become cold 

14. A thermocouple is made of Cu and Fe. If a battery is connected in it, 

then 

(a) Both junctions will be at the same temperature 

(b) Both junctions will become hot 

(c) One junction will be hotter than the other 

(d) None of these 

15. Thermopile is used for 

 (a) Collecting the heat energy 

 (b) The measurement of radiant heat energy 

 (c) The measurement of current 

 (d) The change of atomic energy into heat energy 

16. When a current of 1 ampere is passed through a conductor whose 

ends are maintained at temperature difference of C1 , the amount 

of heat evolved or absorbed is called 

(a) Peltier coefficient (b) Thomson coefficient 

 (c) Thermoelectic power (d) Thermo e.m.f. 

17. In a thermocouple, the temperature that does not depend on the 

temperature of the cold junction is called 

(a) Neutral temperature (b) Temperature of inversion 

(c) Both the above (d) None of the above 

18. At neutral temperature, the thermoelectric power 








dT

dE
 has the 

value [MP PET 2003; MP PMT 2004] 
 

(a) Zero (b) Maximum but negative 

(c) Maximum but positive (d) Minimum but positive 

19. In Cu-Fe couple, the flow of current at the temperature of inversion 
is 

 (a) From Fe to Cu through the hot junction 

 (b) From Cu to Fe through the hot junction 

 (c) Maximum 

 (d) None of the above 

20. In Seebeck series Sb appears before Bi. In a BiSb   thermocouple 

current flows from  [MP PET 1994] 
(a) Sb to Bi at the hot junction 
(b) Sb to Bi at the cold junction 
(c) Bi to Sb at the cold junction 
(d) None of the above 

21. Which of the following statement is correct   [MP PET 1994] 

 (a) Both Peltier and Joule effects are reversible  

 (b) Both Peltier and Joule effects are irreversible 

 (c) Joule effect is reversible, whereas Peltier effect is irreversible 

 (d) Joule effect is irreversible, whereas Peltier effect is reversible 

22. For a given temperature difference, which of the following pairs will 

generate maximum thermo e.m.f. [MP PMT 1994] 

 (a) Antimony-bismuth (b) Silver-gold 

 (c) Iron-copper (d) Lead-nickel 

23. The cold junction of a thermocouple is maintained at C10 . No 

thermo e.m.f. is developed when the hot junction is maintained at 

C530 . The neutral temperature is 

[MP PMT 1994] 

 (a) C260  (b) C270  

 (c) C265  (d) C520  

24. Which of the following is not reversible 

   [Manipal MEE 1995; DPMT 2001] 

 (a) Joule effect (b) Peltier effect 
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 (c) Seebeck effect (d) Thomson effect 

25. Neutral temperature of a thermocouple is defined as the 

temperature at which   [MP PMT 1996] 

 (a) The thermo e.m.f. changes sign 

 (b) The thermo e.m.f. is maximum 

 (c) The thermo e.m.f. is minimum 

 (d) The thermo e.m.f. is zero 

26. As the temperature of hot junction of a thermo-couple is increased 
(while cold junction is at constant temperature), the thermo e.m.f. 
(a) Increases uniformly at constant rate 

 (b) Increases slowly in the beginning and more rapidly at higher 
temperatures 

 (c) Increases more rapidly in the beginning but less rapidly at 
higher temperatures 

 (d) In minimum at neutral temperature 

27. As the temperature of hot junction increases, the thermo e.m.f.   [MP PET 1999] 
(a) Always increases 

 (b) Always decreases 

 (c) May increase or decrease  

 (d) Always remains constant 

28. The e.m.f. in a thermoelectric circuit with one junction at C0  and 

the other at Ct  is given by 2BtAtE  . The neutral 
temperature is then   [AMU 1995; BCECE 2004] 

 (a) 
B

A
 (b) 

B

A

2
  

 (c) 
A

B

2
  (d) 

B

A

2
 

29. The temperature of cold junction and neutral temperature of a 

thermocouple are Co15  and Co280  respectively. The 
temperature of inversion is    [AMU (Engg.) 1999] 

(a) Co295  (b) Co265  

(c) Co545  (d) Co575  

30. Above neutral temperature, thermo e.m.f. in a thermocouple 

[AMU (Engg.) 1999] 

(a) Decreases with rise in temperature 

(b) Increases with rise in temperature 

(c) Remains constant 

(d) Changes sign 

31. Consider the following two statements A and B, and identify the 
correct choice out of given answers  

A. Thermo e.m.f. is minimum at neutral temperature of a 
thermocouple 

B. When two junctions made of two different metallic wires are 
maintained at different temperatures, an electric current is 
generated in the circuit.   [EAMCET (Med.) 2000] 

(a) A is false and B is true (b) A is true and B is false 

(c) Both A and B are false (d) Both A and B are true 

32. The temperature at which thermal electric power of a thermo 
couple becomes zero is called  [MP PMT 2001] 

(a) Inversion temperature (b) Neutral temperature 

(c) Junction temperature (d) Null temperature 

33. Thomson coefficient of a conductor is KV/10 . The two ends of it 

are kept at Co50  and Co60   respectively. Amount of heat 

absorbed by the conductor when a charge of 10C flows through it is   [EAMCET 2001] 

(a) 1000 J  (b) 100 J 

(c) 100 mJ (d) 1 mJ 

34. For a thermocouple the neutral temperature is Co270  when its 

cold junction is at Co20 . What will be the neutral temperature 

and the temperature of inversion when the temperature of cold 

junction is increased to Co40  

      [Kerala PET 2001] 

(a) CC oo 580,290  (b) CC oo 580,270  

(c) CC oo 500,270  (d) CC oo 540,290  

35. Two ends of a conductor are at different temperatures the 
electromotive force generated between two ends is 

[MP PMT 2001; MP PET 2002] 

(a) Seebeck electro motive force (e.m.f.) 

(b) Peltier electro motive force (e.m.f.) 

(c) Thomson electro motive force (e.m.f.) 

(d) None of these 

36. The neutral temperature of a thermocouple is Co350  when the 

cold junction is at .0 Co  When the cold junction is immersed in a 

bath of ,30 Co  the inversion temperature is  

[Kerala (Med.) 2002] 

(a) Co700   (b) Co600  

(c) Co350  (d) Co670  

37. A thermoelectric refrigerator works on  [JIPMER 2002] 

(a) Joule effect  (b) Seeback effect 

(c) Peltier effect (d) Thermonic emission  

38. If the temperature of cold junction of thermocouple is lowered, then 
the neutral temperature [JIPMER 2002] 

(a) Increases  

(b) Approaches inversion temperature 

(c) Decreases 

(d) Remains the same 

39. Consider the following two statements A and B and identify the 
correct choice given in the answers 

(A) Duddells thermo-galvanometer is suitable to measure direct 
current only 

(B) Thermopile can measure temperature differences of the order 

of Co310     [EAMCET 2003] 

(a) Both A and B are true (b) Both A and B are false 

(c) A is true but B is false (d) A is false but B is true 

40. If ,2btatE   what is the temperature of inversion 

[DCE 2003] 

(a) 
b

a

2
  (b) 

b

a

2
  

(c) 
b

a
  (d) 

b

a
  

41. Antimony and bismuth are usually used in a thermocouple, because   [MH CET 2003] 

(a) Negative thermal e.m.f. produced 

(b) Constant thermal e.m.f. produced 

(c) Lower thermal e.m.f. produced 

(d) Higher thermal e.m.f. produced 

42. The smallest temperature difference that can be measured with a 

combination of a thermocouple of thermo e.m.f. 30V per degree and a 
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galvanometer of 50 ohm resistance, capable of measuring a minimum 

current of  3  10–7 amp is 

[MP PET 2000] 

(a) 0.5 degree  (b) 1.0 degree 

(c) 1.5 degree (d) 2.0 degree 

43. 2

2

1
tte   , If temperature of cold junction is Co0  then 

temperature of inversion is 

CVCV oo Square/0.5,/0.500if (   ) [DCE 2001] 

(a) 100  (b) 200 

(c) 300 (d) 400 

44. If the emf of a thermocouple, one junction of which is kept 0°C is 

given by 22/1 btate   then the neutral temperature will be [J & K CET 2005] 

(a) a/b (b) – a/b 

(c) a/2b (d) –1/ ab 
 

 

 

 

 

1. The resistance of the filament of an electric bulb changes with 
temperature. If an electric bulb rated 220 volt and 100 watt is 

connected )8.220(   volt sources, then the actual power would be    [CPMT 1989] 

(a) watt8.0100  

 (b) watt2)8.0(100  

 (c) Between 8.0100 watt and 100 watt  

 (d) Between watt2)8.0(100  and 8.0100 watt 

2. An immersion heater is rated 836 watt. It should heat 1 litre of 

water from C10  to C40  in about   [AIEEE 2004] 

 (a) 200 sec (b) 150 sec 

(c) 836 sec (d) 418 sec 

3. In the circuit shown in figure, the heat produced in 5 ohm 

resistance is 10 calories per second. The heat produced in 4 

resistance is [IIT 1981; UPSEAT 2002] 

(a) 1 cal / sec 

(b) 2 cal/sec 

 (c) 3 cal / sec 

(d) 4 cal/sec 

4. A house is served by 220 V supply line in a circuit protected by a 9 

ampere fuse. The maximum number of 60 W lamps in parallel that 

can be turned on, is  

(a) 44 (b) 20 

(c) 22 (d) 33 

5. Water boils in an electric kettle in 15 minutes after switching on. If 

the length of the heating wire is decreased to 3/2  of its initial 

value, then the same amount of water will boil with the same supply 

voltage in     [MP PMT 1994] 

 (a) 15 minutes (b) 12 minutes 

 (c) 10 minutes (d) 8 minutes 

6. In the circuit as shown in the figure, the heat produced by 6 ohm 

resistance due to current flowing in it is 60 calorie per second. The 

heat generated across 3 ohm resistance per second will be   [MP PET 1996] 

(a) 30 calorie 

 (b) 60 calorie 

(c) 100 calorie 

 (d) 120 calorie 

7. The resistance of a heater coil is 110 ohm. A resistance R is 

connected in parallel with it and the combination is joined in series 

with a resistance of 11 ohm to a 220 volt main line. The heater 

operates with a power of 110 watt. The value of R in ohm is    [ISM Dhanbad 1994] 

(a) 12.22 

 (b) 24.42  

(c) Negative  

 (d) That the given values are not correct 

8. A 500 W heating unit is designed to operate from a 115 volt line. If 

the line voltage drops to 110 volt, the percentage drop in heat output 

will be   [ISM Dhanbad 1994] 

(a) 10.20% (b) 8.1% 

(c) 8.6% (d) 7.6% 

9. A heater of 220 V heats a volume of water in 5 minute time. A 

heater of 110 V heats the same volume of water in 

[AFMC 1993] 

 (a) 5 minutes (b) 8 minutes 

 (c) 10 minutes (d) 20 minutes 

10. An electric kettle takes 4 A current at 220 V. How much time will it 

take to boil 1 kg of water from room temperature C20  ? The 

temperature of boiling water is C100  

[RPET 1996] 

 (a) 6.4 minutes (b) 6.3 minutes 
 (c) 12.6 minutes (d) 12.8 minutes 

11. If a wire of resistance 20  is covered with ice and a voltage of 210 

V is applied across the wire, then the rate of melting of ice is   [AFMC 1997] 

(a) sg /85.0  (b) sg /92.1  

(c) sg /56.6  (d) All of these 

12. Four identical electrical lamps are labelled 1.5V, 0.5A which describes 

the condition necessary for them to operate at normal brightness. A 
12V battery of negligible internal resistance is connected to lamps as 
shown, then 

   [UPSEAT 2001] 

   

 

 

 

 

 

 

(a) The value of R for normal brightness of each lamp is (3/4)  

(b) The value of R for normal brightness of each lamp is (21/4)  

(c) Total power dissipated in circuit when all lamps are normally 
bright is 24W 

(d) Power dissipated in R is 21W when all lamps are normally 
bright 

13. A 100 W bulb B
1

, and two 60-W bulbs B
2

 and B
3

, are connected to a 

250 V source, as shown in the figure. Now W
1

, W
2

 and W
3

 are the 

output powers of the bulbs B
1

, B
2

 and B
3

, respectively. Then   [IIT-JEE (Screening) 2002] 

 

 

R 12V 

250V 

B1 B2 

B3 

2 3 

6 4 

4 6 

5 
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(a) 321 WWW   (b) 321 WWW   

(c) 321 WWW   (d) 321 WWW   

14. The three resistance of equal value are arranged in the different 

combinations shown below. Arrange them in increasing order of 

power dissipation   

 [IIT-JEE (Screening) 2003] 

 

I.  II.  

 

 

 

III.  IV.  

 

 

 

(a) III < II < IV < I (b) II < III < IV < I 

(c) I < IV < III < II (d) I < III < II < IV 

15. Silver and copper voltameter are connected in parallel with a battery 

of e.m.f. 12 V. In 30 minutes, 1 gm of silver and 1.8 gm of copper are 

liberated. The power supplied by the battery is   [IIT 1975] 

(a) 24.13 J/sec (b) 2.413 J/sec 

(c) 0.2413 J/sec (d) 2413 J/sec 

CgmZCu /106.6( 4  and )/102.11 4 CgmZ Ag
  

16. A silver voltameter of resistance 2 ohm and a 3 ohm resistor are 

connected in series across a cell. If a resistance of 2 ohm is 

connected in parallel with the voltameter, then the rate of deposition 

of silver        [EAMCET 1983] 

 (a) Decreases by 25%  

 (b) Increases by 25% 

 (c) Increases by 37.5%  

 (d) Decreases by 37.5% 

17. The expression for thermo e.m.f. in a thermocouple is given by the 

relation 
20

40
2

 E , where   is the temperature difference of 

two junctions. For this, the neutral temperature will be   [AMU (Engg.) 2000] 

 (a) C100  (b) C200  

 (c) C300  (d) C400  

18. For copper-iron (Cu-Fe) couple, the thermo e.m.f. (temperature of 

cold junction C 0 ) is given by VE  )02.014( 2 . The 

neutral temperature will be 

 (a) C350  (b) 350 K 

 (c) C560  (d) 560 K 

19. One junction of a certain thermoelectric couple is at a fixed 

temperature rT  and the other junction is at temperature T. The 

thermo electromotive force for this is expressed by 









 )(

2

1
)( 0 rr TTTTTKE . At temperature 0

2

1
TT  , the 

thermoelectric power is     [MP PMT 1994] 

(a) 0
2

1
KT  (b) 0KT  

(c) 2
0

2

1
KT  (d) 2

0 )(
2

1
rTTK   

20. The temperature of the cold junction of thermo-couple is C0  and 

the temperature of hot junction is CT . The e.m.f. is 

204.016 TTE   volts. The temperature of inversion is   [EAMCET 1994] 

(a) C200  (b) C400  

(c) C100  (d) C300     

21. The temperature of the cold junction of a thermocouple is Co0  

and temperature of the hot junction is .CT o  The thermo e.m.f. is 

given by the relation 2

2

1
BTATE   (where A = 16 and B = 

0.08). The temperature of inversion is     [AIIMS 2001] 

(a) Co100   (b) Co300  

(c) Co400  (d) Co500  

22. The thermo e.m.f. of a thermo-couple is CV o/25  at room 

temperature. A galvanometer of 40 ohm resistance, capable of 

detecting current as low as ,10 5 A  is connected with the 

thermocouple. The smallest temperature difference that can be 
detected by this system is    [AIEEE 2003] 

(a) Co20  (b) Co16  

(c) Co12  (d) Co8   

23. An electric bulb rated for 500 watts at 100 volts is used in a circuit 
having a 200-volt supply. The resistance R that must be put in series 
with the bulb, so that the bulb draws 500 W is  

(a) 10  (b) 20  

(c) 50  (d) 100  

24. A thermo couple develops V200  between Co0  and .100 Co  

If it develops V64  and V76  respectively between 

)320( CC oo   and )7032( CC oo  then what will be the thermo 

emf it develops between Co70  and Co100  

(a) V65  (b) V60  

 (c) V55  (d) V50  

25. A thermo couple is formed by two metals X and Y metal X comes 

earlier to Y in Seebeck series. If temperature of hot junction 

increases beyond the temperature of inversion. Then direction of 

current in thermocouple will so 

(a) X to Y through cold junction 

(b) X to Y through hot junction 

(c) Y to X through cold junction 

i i 

i i 
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(d) Both (b) and (c) 

26. Peltier co-efficient of a thermo couple is 2 nano volts. How much 

heat is developed at a junction if 2.5 amp current flows for 2 minute 

(a) 6 ergs (b) ergs7106   

(c) 16 ergs (d) erg3106   

27. Resistance of a voltameter is ,2  it is connected in series to a 

battery of 10 V through a resistance of 3 . In a certain time mass 

deposited on cathode is 1 gm. Now the voltameter and the 3  

resistance are connected in parallel with the battery. Increase in the 

deposited mass on cathode in the same time will be 

(a) 0 (b) 1.5 gm 

(c) 2.5 gm (d) 2 gm 

28. A current of 1.5 A flows through a copper voltameter. The thickness 

of copper deposited on the electrode surface of area 250 cm  in 20 

minutes will be (Density of copper = 9000 3/ mkg  and E.C.E. of 

copper = 0.00033 g/C) 

(a) m5106.2   (b) m4106.2   

(c) m5103.1   (d) m4103.1   

29. An ammeter, suspected to give inaccurate reading, is connected in 

series with a silver voltameter. The ammeter indicates 0.54 A. A 

steady current passed for one hour deposits 2.0124 gm of silver. If 

the E.C.E. of silver is ,10118.1 13  gmC  then the error in 

ammeter reading is  

(a) + 0.04 A (b)  + 0.02 A  

(c) – 0.03 A (d) – 0.01 A 

30. If 1 A of current is passed through 4CuSO  solution for 10 seconds, 

then the number of copper ions deposited at the cathode will be 

about 

(a) 19106.1   (b) 19101.3   

(c) 19108.4   (d) 19102.6   

31. A silver and a copper voltmeters are connected in parallel across a 6 volt 

battery of negligible resistance. In half an hour, 1 gm of copper and 2 gm 

of silver are deposited. The rate at which energy is supplied by the 

battery will approximately be (Given E.C.E. of copper 

Cg /10294.3 4  and E.C.E. of silver )/10118.1 3 Cg  

(a) 64 W (b) 32 W 

(c) 96 W (d) 16 W 

32. A thermocouple of resistance 6.1  is connected in series with a 

galvanometer of 8  resistance. The thermocouple develops and 

e.m.f. of V10  per degree temperature difference between two 

junctions. When one junction is kept at Co0  and the other in a 

molten metal, the galvanometer reads 8 millivolt. The temperature 

of molten metal, when e.m.f. varies linearly with temperature 

difference, will be 

(a) Co960  (b) Co1050  

(c) Co1275  (d) Co1545  

33. The emf of a thermocouple, one junction of which is kept at ,0 Co  

is given by 2btate   the Peltier co-efficient will be 

(a) )2()273( btat   (b) )2()273( btat   

(c) )2()273( btat   (d) )2()273( btat   

34. A coil of wire of resistance 50  is embedded in a block of ice. If a 

potential difference of 210 V is applied across the coil, the amount of 

ice melted per second will be  

(a) 4.12 gm (b) 4.12 kg 

(c) 3.68 kg (d) 2.625 gm 

35. The same mass of copper is drawn into two wires 1 mm and 2 mm 

thick. Two wires are connected in series and current is passed 

through them. Heat produced in the wire is in the ratio 

(a) 2 : 1 (b) 1 : 16 

(c) 4 : 1 (d) 16 : 1 

36. The temperature of hot junction of a thermo-couple changes from 

Co80  to .100 Co  The percentage change in thermoelectric 

power is  

(a) 8% (b) 10% 

(c) 20% (d) 25% 

37. A thermo couple uses Bismuth and Tellurium as the dissimilar 

metals. The sensitivity of bismuth is CV o/72  and that of the 

tellurium is CV o/500 . If the difference between hot and cold 

junction is ,100 Co  then the maximum output will be  

(a) mV50  (b) mV2.7  

(c) mV8.42  (d) mV2.57  

38. Three wires of copper, iron and nickel are joined to form three 

junctions as shown in Fig. When the temperature of junction 1 is kept 

Co50  with the other two junctions at Co0 , the sensitive 

galvanometer gives a deflection of 14 divisions. When the temperature 

of junction 3 is kept ,50 Co with the other two junctions at ,0 Co  

the galvanometer gives a deflection of 11 divisions. Then the deflection 

given by the galvanometer, when temperature of the junction 2 is kept 

at ,50 Co  with the other two junctions at ,0 Co  will be 

 

 (a) 3 div  

 (b) 11 div 

(c) 14 div 

(d) 25 div   

39. The wiring of a house has resistance .6  A 100 W bulb is glowing. 

If a geyser of 1000 W is switched on, the change in potential drop 

across the bulb is nearly   [MNR 1998] 

(a) Nil (b) 23 V 

Cu Cu 

Fe Ni 

2 1 3 

G 
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(c) 32 V (d) 12 V 

40. A 12 V lead accumulator is being charged using 24 V supply with an 

external resistance 2 . The internal resistance of the accumulator 

is 1 . Find the time in which it will store 360 W-hour energy. 

(a) 1 hr (b) 7.5 hr 

(c) 10 hr (d) None of these 

41. In a Ag voltameter 2.68 gm of silver is deposited in 10 min. The heat 

developed in 20  resistor during the same period will be 

 

(a) 192 kJ  

(b) 192 J 

(c) 200 J 

(d) 132 kJ 

42. The thermo e.m.f. of a thermocouple varies with the temperature   

of the hot junction as 2 baE   in volts where the ratio a/b is 

.700 Co  If the cold junction is kept at ,0 Co  then the neutral 

temperature is  [AIEEE 2004] 

(a) Co700  

(b) Co350  

(c) Co1400  

(d) No neutral temperature is possible for this  thermocouple 

43. In the following circuit, 5  resistor develops 45 J/s due to current 

flowing through it. The power developed per second across 12  

resistor is   [AMU (Engg.) 1999] 
 

(a) 16 W  

(b) 192 W 

(c) 36 W  

(d) 64 W  

44. Water of volume 2 litre in a container is heated with a coil of 1 kW 

at 27 oC. The lid of the container is open and energy dissipates at 

rate of 160 J/s. In how much time temperature will rise from 27oC to 

77oC [Given specific heat of water is 4.2 kJ/kg]  [IIT-JEE (Screening) 2005] 

(a) 8 min 20 s  (b) 6 min 2 s  

(c) 7 min (d) 14 min 

45. For ensuring dissipation of same energy in all three resistors 

),,( 321 RRR  connected as shown in figure, their values must be 

related as ]   [AIIMS 2005] 

(a) 321 RRR    

(b) 32 RR  and 21 4RR   

(c) 32 RR  and 21
4

1
RR   

(d) 321 RRR   

 

 

 

 
 

1. In a copper voltameter, mass deposited in 30 second is m gm. If the 

time-current graph is as shown in figure, ECE of copper is 

(a) m 

(b) 2/m  

(c) 0.1 m 

(d) 0.6 m  

2. Which of the following plots may represent the thermal energy 

produced in a resistor in a given time as a function of the electric 

current   [MP PMT 1999] 

(a) a 

(b) b 

(c) c 

(d) d  

3. Two different metals are joined end to end. One end is kept at 
constant temperature and the other end is heated to a very high 
temperature. The graph depicting the thermo e.m.f. is    [DCE 2000] 

(a)  (b)  

 

    

 

 

(c)  (d) 

 

    

 
 

4. Which of the following graphs shows the variation of thermoelectric 
power with temperature difference between hot and cold junction in 
thermocouples 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

5. When an electric heater is switched on, the current flowing through 
it (i) is plotted against time (t). Taking into account the variation of 
resistance with temperature, which of the following best represents 
the resulting curve  

(a)  (b)  

 

 

 

 

(c)  (d)  
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6. The V-i graphs A and B drawn for two voltameters. Identify each 
graph 

 

 

 

 

 
 

 (a) A for water voltameter and B for Cu  voltameter 

 (b) A for Cu  voltameter and B for water voltameter 

 (c) Both A and B represents Cu  voltameter  

 (d) None of these 

7. A constant current i is passed through a resistor.  Taking the 
temperature coefficient of resistance into account, indicate which of 
the plots shown in figure best represents the rate of production of 
thermal energy in the resistor  

(a) a  

(b) b  

(c) c 

(d) d  

8. In a copper voltameter, mass deposited in 6 minutes is m gram. If 
the current-time graph for the voltameter is as shown here, then the 
E.C.E of the copper is  

(a) m / 5    

(b) m / 300 

(c) 5 m  

(d) m / 18000 

9. Battery shown in figure has e.m.f. E and internal resistance r. 
Current in the circuit can be varied by sliding the contact J. If at any 
instant current flowing through the circuit is I, potential difference 
between terminals of the cell is V, thermal power generated in the 

cell is equal to  fraction of total electrical power generated in it.; 
then which of the following graph is correct  

 

 

 

 

 
 

(a)   (b)  

 

 

 

 
 

(c)  (d) Both (a) and (b) are correct 

 

 

 

 

 

 

 

 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below : 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  :  The possibility of an electric bulb fusing is higher at 
the time of switching ON and OFF  

 Reason  : Inductive effects produce a surge at the time of 
switch ON and OFF  [AIIMS 2003] 

2. Assertion  :  The 200 W bulbs glows with more brightness then 
100 W bulbs.  

 Reason  : A 100 W bulb has more resistance than a 200 W 
bulb. 

3. Assertion  :  Fuse wire must have high resistance and low 
melting point. 

 Reason  : Fuse is used for small current flow only.  

4. Assertion  :  Two electric bulbs of 50 and 100 W are given. When 
connected in series 50 W bulb glows more but when 
connected parallel 100 W bulb glows more.   

 Reason  : In series combination, power is directly proportional 
to the resistance of circuit. But in parallel 
combination, power is inversely proportional to the 
resistance of the circuit.   

5. Assertion  :  Two bulbs of same wattage, one having a carbon 
filament and the other having a metallic filament 
are connected in series. Metallic bulbs will glow 
more brightly than carbon filament bulb.   

 Reason  : Carbon is a semiconductor.  

6. Assertion  :  An electric bulb is first connected to a dc source 
and then to a ac source having the same brightness 
in both the cases. 

 Reason  : The peak  value of voltage for an A.C. source is 

2 times the root mean square voltage.  

7. Assertion  :  Current is passed through a metallic wire, heating it 
red. When cold water is poured on half of its 
portion, then rest of the half portion become more 
hot.    

 Reason  : Resistances decreases due to decrease in 
temperature and so current through wire increases. 

8. Assertion  :  Through the same current flows through the line 
wires and the filament of the bulb but heat 
produced in the filament is much higher then that 
in line wires.  

 Reason  : The filament of bulbs is made of a material of high 
resistance and high melting point.   

9. Assertion  :  Neutral temperature of a thermocouple does not 
depend upon temperature of cold junction. 

 Reason  : Its value is constant for the given metals of the 
couple. 

10. Assertion  :  In practical application, power rating of resistance 
is not important. 

 Reason  : Property of resistance remain same even at high 
temperature.   

11. Assertion  :  Leclanche cell is used, when constant supply of 
electric current is not required.    

 Reason  : The e.m.f. of a Leclanche cell falls, if it is used 
continuously.  

 V 
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1.7 V 
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12. Assertion  :  In the given circuit if lamp B or C fuses then light 
emitted by lamp A decreases. 

 

 

 

 

 

 Reason  : Voltage on A decreases.  

13. Assertion  :  If three identical bulbs are connected in series as 
shown in figure then on closing the switches. Bulb 

C short circuited and hence illumination of bulbs A 
and B decreases. 

 

 

 

 

 

 Reason  : Voltage on A and B decreases 

14. Assertion  :  Heat is generated continuously is an electric heater 
but its temperature becomes constant after some 
time.  

 Reason  : At the stage when heat produced in heater is equal 
to the heat dissipated to its surrounding the 
temperature of heater becomes constant. 

15. Assertion  :  Electric appliances with metallic body; e.g. heaters, 
presses etc, have three pin connections, whereas an 
electric bulb has a two pin connection.  [AIIMS 1996] 

 Reason  : Three pin connections reduce heating of connecting 
cables.   

16. Assertion  :  A laser beam 0.2 W power can drill holes through a 
metal sheet, whereas 1000 W torch-light cannot.  

 Reason  : The frequency of laser light is much higher then 
that of torch light.  [AIIMS 1996] 

17. Assertion  :  A domestic electrical appliance, working on a three 

pin will continue working even if the top pin is 
removed. [AIIMS 1995] 

 Reason  : The third pin is used only as a safety device.  

18. Assertion  :  In all conductors, for studying the thermoelectric 
behaviour or metals, lead is taken as a reference 
metal.    

 Reason  : In lead, the Thomson effect is negative.   

19. Assertion  :  The presence of water molecules makes separation 
of ions easier in electrolyte.    

 Reason  : The presence of water molecules in electrolyte 
decreases the resistance of electrolyte.  

20. Assertion  :  Thermocouple acts as a heat engine.    

 Reason  : When two junctions of thermocouple are at 
different temperature, thermo e.m.f. is produced.  

21. Assertion  :  When temperature of cold junction of a 
thermocouple is lowered, the value of neutral 
temperature of this thermocouple is raised.   

 Reason  : When the difference of temperature of two junction 
is raised, more thermo e.m.f. is produced. 
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1 a 2 b 3 c 4 b 5 b 

6 c 7 c 8 a 9 b 10 c 

11 a 12 c 13 c 14 a 15 d 

16 d 17 b 18 c 19 c 20 a 

21 d 22 a 23 a 24 c 25 d 

26 d 27 c 28 c 29 b 30 b 

31 b 32 b 33 a 34 d 35 c 

36 b 37 d 38 b 39 a 40 a 

41 a 42 b 43 d 44 d 45 a 

46 c 47 a 48 b 49 a 50 a 

51 b 52 c 53 a 54 c 55 c 

56 a 57 d 58 b 59 d 60 a 

61 d 62 a 63 d 64 b 65 b 

66 d 67 a 68 a 69 a 70 c 

71 a 72 d 73 a 74 b 75 a 

76 d 77 b 78 b 79 d 80 d 

81 a 82 d 83 d 84 d 85 a 

86 a 87 a,d 88 a 89 b 90 a 

91 b 92 a 93 b 94 a 95 b 

96 a 97 c 98 b 99 c 100 a 

101 b 102 c 103 a 104 a 105 d 

106 c 107 a 108 b 109 b 110 d 

111 c 112 b 113 c 114 a 115 c 

116 c 117 d 118 a 119 d 120 c 

121 b 122 d 123 a 124 a 125 a 

126 c 127 a 128 d 129 a 130 c 

131 a 132 c 133 c 134 c 135 b 

136 c 137 c 138 c 139 b 140 d 

141 a 142 c 143 d 144 c 145 b 

146 c 147 c 148 c 149 a 150 c 

151 a 152 c 153 c     

 

Chemical Effect of Current 
 

1 d 2 c 3 d 4 d 5 c 

6 d 7 b 8 d 9 b 10 a 

11 b 12 b 13 b 14 c 15 b 

16 a 17 b 18 c 19 a 20 d 

21 c 22 b 23 c 24 a 25 d 

26 b 27 a 28 c 29 a 30 a 

31 b 32 d 33 b 34 a 35 b 

36 c 37 c 38 b 39 d 40 b 

41 c 42 b 43 d 44 a 45 c 

46 c 47 a 48 b 49 b 50 b 

51 a 52 d 53 d 54 a 55 c 

A 

B C 

V 

A 

V 
+ 

– 

B C 
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56 c 57 d 58 c 59 a   

 
Thermo-Electricity 

 

1 b 2 c 3 d 4 a 5 c 

6 b 7 a 8 a 9 a 10 a 

11 a 12 d 13 b 14 c 15 b 

16 b 17 a 18 a 19 a 20 b 

21 d 22 a 23 b 24 a 25 b 

26 c 27 c 28 d 29 c 30 a 

31 a 32 b 33 d 34 c 35 c 

36 d 37 c 38 d 39 d 40 a 

41 d 42 a 43 b 44 b   

 

Critical Thinking Questions 
 

1 d 2 b 3 b 4 d 5 c 

6 d 7 a 8 c 9 d 10 b 

11 c 12 b 13 d 14 a 15 a 

16 d 17 d 18 a 19 a 20 b 

21 c 22 b 23 b 24 b 25 d 

26 a 27 b 28 c 29 a 30 b 

31 d 32 a 33 a 34 d 35 d 

36 d 37 d 38 d 39 b 40 b 

41 a 42 d 43 b 44 a 45 c 

 
Graphical Questions 

 

1 b 2 d 3 d 4 a 5 b 

6 a 7 d 8 b 9 d   

 
Assertion and Reason 

 

1 a 2 a 3 c 4 a 5 d 

6 e 7 a 8 a 9 b 10 d 

11 a 12 a 13 d 14 a 15 c 

16 c 17 a 18 c 19 b 20 b 

21 d         

 
 
 
 
 
 

Heating Effect of Current 
 

1. (a) 1 kWh = 1000 W  3600 sec = 36  105 W-sec (or J) 

2. (b) 
1

2

2

11

R

R

P

P

R
P   12

1

2 2
100

200
RR

R

R
  

3. (c) 
R

V
P

2

    1000
40

)200( 2

1

2
1

1
P

V
R  

 and  400
100

)200( 2

2

2
2

2
P

V
R  

4. (b) When two bulbs are connected in series, the current will be 
same in both the bulbs. As a result potential drop will be more 
in the bulb of higher resistance i.e., bulb of lower wattage. 

5. (b) When 1 bulb fuses, the total resistance of the circuit decreases 

hence the current increases. Since RiP 2 , therefore 
illumination increases. 

6. (c)  

7. (c) We know that 
1

2

1

2

2

1 
R

R

P

P
  

8. (a) 
R

P
R

V
P

12

 and lR     
1

21

2

1

2

1 
l

l

P

P

l
P   

9. (b) R
conductor

  Temperature and R
semiconductor

 
eTemperatur

1  

10. (c)  

11. (a) In series, current is same in both the bulbs, hence 

)( 2RiPRP    
2

1

2

1

2

1 
R

R

P

P
 

12. (c) In this case, 
R

V
P

2

 or 
R

P
1

 and R will be minimum, 

when divided four parts are joints in parallel to the battery. 

13. (c) Length is immaterial for an electric fuse wire. 

14. (a) 
R

PRated

1
 and 

2filament)of (Thickness

1
R  

 So 2filament)ofThickness(RatedP  

15. (d) In series 
n

P
PS    

3
10

P
   WP 30  

In parallel nPPP   = 3  30 = 90 W  

16. (d) Energy consumed in 
1000

hourWatt
kWh


  

  For 30 days, kWhP 15030
1000

105010



  

17. (b) qVW   also 
t

W
ViP   

18. (c) Because given voltage is very high, 

19. (c) WnPPp 80402   

20. (a) In series, iRP ( is same), i.e. in series Fine wire (high R) 

liberates more energy.  

In parallel, V
R

P (
1

 is same) i.e. thick wire (less R) liberates 

more energy. 

21. (d) Resistance of the bulb = 


 484
100

2202202

RatateP

V
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When connected with 110 V, the power consumed 

W
R

V
PConsumed 25

484

1101102




  

22. (a) The resistance of 25 W bulb is greater than 100 W bulb. So for 
the same current, heat produced will be more in 25 W bulb. So 
it will glow more brightly.  

23. (a) Equivalent resistance in the second case RRR  21  

 Now, we know that 
R

P
1

  

Since in the second case the resistance )( 21 RR  is higher 

than that in the first case (R
1

).  

Therefore power dissipation in the second case will be 
decreased.  

24. (c) For constant voltage, we know that 
R

P
1

  

 So higher the power, lower will be the resistance. 

25. (d) 
R

V
P

2

  but 
A

l
R


   

l

AV

Al

V
P



22

/
 . Since 

l

AV 2

is constant as per given conditions So 


1
P . 

26. (d) Power consumed means heat produced.  

For constant potential difference 
eqR

P
1

Heatconsumed   

4

1

2

2/

1

2

2

1 
R

R

R

R

H

H
 

(Since 
2

.
2

R

RR

RR
R 


 and )21 RRRR   
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27. (c) Resistance of carbon filament decreases with 

temperature while that of tungsten increases with 

temperature  

In series RPConsumed  i.e. tungsten bulb will glow 

more brightly 

28. (c) Power of the combination W
n

P
Ps 500

2

1000
   

29. (b) For parallel combination 

RatedConsumed PrightnessP B   

30. (b) Resistance of 25 W bulb 


 1936
25

220220
 

Its safe current .11.0
1936

220
amp  

Resistance of 100 W bulb 


 484
100

220220
 

Its safe current .48.0
484

220
amp  

When connected in series to 440 V supply, then the 

current .18.0
)4841936(

440
ampI 


  

Thus current is greater for 25 W bulb, so it will fuse. 

31. (b) RiP 2    
t

i

P

P 


 2
   (R  Constant) 

 % change in power  2 % change in current  

                                    = %212   

32. (b) W
r

E
nP 2

14

22
2

4

2

max 


























  

33. (a) 
R

H
1

  (If V = constant)  
1

2

2

1

R

R

H

H


21

12

Al

Al


2
21

2
12

rl

rl
  

 12 2HH   

34. (d) 
R

V

t

H 2

  
Rt

H 1
   

35.  (c) RtiH 2  and 
t

q
i  . Hence 2

2

; qH
t

Rq
H   

36. (b) kWhE 4.4
1000

41100



  

37. (d) After some time, thermal equilibrium will reach. 

38. (b) At constant p.d., heat produced 
R

Hei
R

V 1
..

2

  

39. (a) Power ..175020075.3 PHWW   

40. (a) P
R

V


2

 


 484
100

2202202

P

V
R  

41. (a) Since VIP   A
V

P
I 25

10000

250000
   

42. (b) Power lost in cable kWW 25.66250)25(10 2   

43. (d) Heat generated in both the cases will be same 

because the capacitor has the same energy initially 

   JCV 4)200(10200
2

1

2

1 262    

44. (d) The bulbs are connected in parallel, hence each bulb 

consumes .24
2

48
W  Therefore 24

2


R

V
 

 


 5.1
24

66
R  

45. (a)  

46. (c) The bulbs are in series, hence they will have the 

same                               current through them. 

47. (a) When resistance is connected in series, brightness of 

bulb decreases because voltage across the bulb 

decreases. 

48. (b) 
P

V
R

2

   


 400
100

200200
1R  and  

.50
200

100100
2 


R  Maximum current rating 

V

P
i    

So 
200

100
1 i  and

100

200
2 i  

4

1

2

1 
i

i
.  

49. (a) 
2

5

40

100

1

2

2

1 
P

P

R

R
. Resistance of 40 W bulb is 

2

5
 

times than 100 W. In series, RiP 2  and in parallel, 

R

V
P

2

 . So 40 W in series and 100 W in parallel will 

glow brighter. 

50. (a) 
R

V
P

2

  
21

2
21

2121

21 )(

)/(

)(

RR

RR

RRRR

RR

R

R

P

P

P

S

S

P 





  

 
21

2
21 )(

25

100

RR

RR 
   

1

1

2

1 
R

R
 

51. (b) Total power )1003800( P  

 Also ViP    i 2201100   Ai 5  

52. (c) Because 
P

R
1

  

53. (a) An ideal cell has zero resistance.  

54. (c) Power loss in transmission 
2

2

V

RP
PL    

2

1

V
PL   
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55. (c) 
R

tV
H

2.4

2

  or  
R

V

t

H

2.4

2

  

  
R




2.4

2020
800   12.0119.0

42

5
R   

56. (a) Heat produced 
R

H
R

tV
H

1

2.4

2

  Hence 
1

2

2

1

R

R

H

H
  

57. (d) Ri
t

H 2 . Here total  25)421(R  

  Rate of energy consumed 252.02.0  sJ /1  

58. (b) When the heating coil is cut into two equal parts and 

these parts are joined in parallel, the resistance of 

coil is reduced to one fourth, so power consumed will 

become 4 times i.e. 400 Js–1. 

59. (d) The resistance of 40 W bulb will be more and 60 W 

bulb will be less. 

60. (a) In series 
Rated

Consumed
P

P
1

Brightness  

61. (d) E = P × t JsecW 4103301000   

62. (a) Resistance 1R  of  500 W bulb 
500

)220( 2

  

Resistance 2R  of  200 W bulb 
200

)220( 2

  

When joined in parallel, the potential difference 

across both the bulbs will be same. 

Ratio of heat produced 
2

5

/

/

1

2

2
2

1
2


R

R

RV

RV
 

When joined in series, the same current will flow 

through both the bulbs. 

Ratio of heat produced 
5

2

2

1

2
2

1
2


R

R

Ri

Ri
 

63. (d) Charge culoumbAitq 1800sec36005.0   

64. (b) 
6

)6010(1201202
2 


R

tV
RtiH joule5104.14   

65. (b) In parallel 
R

Pconsumed

1
Brightness  

BA PP   (given)     BA RR   

66. (d) 
A

l
R  and

R
P

1
 

l

A
P  

l

d
P

2

  BA PP 2  

67. (a) minutestttS 60303021   

68. (a) For power transmission power loss in line RiPL
2  

If power of electricity is P and it is transmitted at 

voltage V, then ViP    
V

P
i   

 
2

22

V

RP
R

V

P
PL 








  W1.0

2200022000

10102.2102.2 33





  

69. (a) RiP 2   (i and R are same) 

 So P will be same for given resistors. 

70. (c) Since ,2iH   so on doubling the current, the heat 

produced and hence the rise in temperature becomes 

four times. 

71. (a) Watt-hour meter measures electric energy. 

72. (d) Total energy consumed kW H48.0
1000

860



  

 So cost .6.025.148.0 Rs  

73. (a) .10
4

40
W

n

P
PS   

74. (b) As temperature increases resistance of filament also 

increases. 

75. (a) Current through the combination Ai 8
)96(

120



  

 So, power consumed by  6  resistance  

 WP 3846)8( 2   

76. (d) W
R

V
P 10005.1012

50

)225( 22

  

77. (b) ViP     A
V

P
i 5.0

200

100
  

78. (b) RtiH 2   


 2
104

80
2ti

H
R  

79. (d) Heat produced = Energy stored in  capacitor  

 2

2

1
CV 26 )400(104

2

1
  J32.0   

80. (d) W
R

V
P 1210

10

12100

10

)110( 22

  

81. (a) 100
)200(

)160(
2

2
2














 R

R

A
consumed P

V

V
P W64  

82. (d) For maximum power r = R 

83. (d) RiP 2   R 2)15(5.22   10.0R  

84. (d) 
1

1
1

A

l
R   and 

2

2
2

A

l
R   

2

1

2

2

1

1

2

2

1

2

1 . 














r

r

l

l

A

A

l

l

R

R
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 Given 
2

1

2

1 
l

l
 and 

1

2

2

1 
r

r
 or 

2

1

1

2 
r

r
 

8

1

2

1 
R

R
 

  Ratio of heats 
1

8

/

/

1

2

2
2

1
2

2

1 
R

R

RV

RV

H

H
 

85. (a) WViP 5002250   

86. (a) 
RR

V
P

22 )200(
100    


 400

10

104
2

4

R  

 Now, amp
R

V
i

4

1

400

100
  

87. (a, d) Alsteel RR 2 . In series RH   (i  is Same) 

So, H  will be more in steel wire . In parallel 
R

H
1

  

(V is Same), so H will be more in aluminium wire. 

88. (a) RtiH 2   
2

2
2

r

li
Ri

t

H




  

89. (b)  

90. (a) t
R

V
H .

2

   
2

1

21

2

2

1 
R

R

R

R

H

H
 

91. (b)  

92. (a) In parallel RatedConsumed PP   

93. (b)  

94. (a)  1210
40

)220( 222

P

V
R

R

V
P  

95. (b) amp
V

P
iViP

11

3

220

60
  

96. (a)  In series,  Applied

Rated

Consumed V
P

P 
1

 

i.e. more voltage appears on smaller wattage bulb, so 

25 W bulb will fuse 

97. (c) Because in series current is same. 

98. (b) 
R

V
P

2

   
1

2

2

1

R

R

P

P
  

3

2

6

46

2


P

  WP 92   

99. (c) 
R

P
R

V
P

t

H 12

  also 




lA

l

A

l
R

.

2

   

  
m

l
R

2

   2lR   (for same mass)  

 So WP
l

l

P

P
A

A

B

B

A 20
1

4
2

2

  

100. (a) 
R

V
P

2

 
2

3

40

60

1

2

2

1 
P

P

R

R
 

101. (b) 2VP   0

2

0

2

00

P
V

V
P

V

V

P

P



























  

102. (c) 
P

R
R

V
P

12

  

So resistance of the 100W bulb will be minimum 

103. (a) In parallel  
21

111

ttt p

   
21

21

tt

tt
t p


  

  min33.3
15

50

105

105





 secmin 20.3  

104. (a) For maximum joule heat produced in resistor external 

resistance = Internal resistance.  

105. (d)  

106. (c) t
R

V
H

2

  
1

2

2

4

1

2

2

1 
R

R

H

H
 

107. (a) If resistances of  bulbs are 1R  and 2R  respectively 

then in parallel 
21

111

RRRP

  













































2

2

1

22

111

P

V

P

V

P

V

p

 

 21 PPPP   

108. (b)   

109. (b) When wire is cut into two equal parts then power 

dissipated by each part is 12P   

So their parallel combination will dissipate power 

1112 422 PPPP   

 Which gives 4
1

2 
P

P
 

110. (d) 
R

V
P

2

  
2

1

2
2

1

2

V

V

P

P
  ( R  is constant) 

 
4

1

200

100
2

1

2 









P

P
W

P
P 10

4

40

4

1
2     

111. (c) When each bulb is glowing at full power, 

Current from each bulb Ai
2

1

100

50
'   

 

 

 

 

 

120 V, 10  

100 V 

1 

2 

i 
n 
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So main current A
n

i
2

  

 Also irVE    410
2

100120 







 n

n
 

112. (b)  5.62
10

)250(
3

22

P

V
R  

113. (c) Suppose resistance R is corrected in series with bulb. 

Current through the bulb Ai 3
30

90
  

 

 

 

 

 

 

Hence for resistance RiV   

 30390 RR  

114. (a)  2/3ri  3/1

3/22/3

1

2

1

2 )4(
5.1

3

























i

i

r

r
 

3/1
1

3/1
2 4)4(  rr  ( r1 = 1 mm) 

115. (c)  In series watts
n

P
P 20

3

60
  

116. (c)  807
60

)220( 22

P

V
R  

117. (d) 

2

2

1

2

1
















V

V

P

P
4

110

2201000
2

2











P
 WP 2502   

118. (a) watt
PP

PP
PS 65

3

200

200100

200100

21

21 






  

119. (d) cal
J

tP
Calories

JR

tV
H 15000

2.4

6052102







  

120. (c) Using conservation of energy  

Supplied electric energy = absorbed heat energy 

 mSTRti 2  

 2iT                (T - change in temperature) 

i.e. when i is doubled T will be four times i.e. 

Co2045   

121. (b) Energy tP  = 2  1  30 = 60 kWH = 60 unit 

122. (d) Bulb (I) : Rated current .
11

2

220

40
1 amp

V

P
I   

Resistance  1210
40

)220( 22

1
P

V
R  

Bulb (II) : Rated current ampI
11

5

220

100
2   

Resistance  484
100

)220( 2

2R  

When both are connected in series across 40 V 

supply  

 

 

 

 

 

 

Total current through supply 

A
PP

I 03.0
1254

40

4841210

4040

21







  

This current is less than the rated current of each 

bulb. So neither bulb will fuse. 

Short Trick : Since VApplied < VRated, neither bulb will fuse. 

123. (a) Both R and 2R in parallel ( V – constant) 

So using 
R

V
P

2

   
1

2

2

1

R

R

P

P
   

1

2

1

2

2

1 
R

R

H

H
 

124. (a) Power kWWtViP 110004250   

Energy = P  t = 1 kW  60 sec = 60 kJ  

125. (a) 
R

V
P

2

   
R

P
1

      (V - constant) 

 When one bulb will fuse out resistance of the 

series combination will be reduced. 

Hence from 
R

PConsumed

1
  illumination will increase.  

126. (c) 
R

V
P

2

   


 25
25

25252

P

V
R  

127. (a) 
R

V
P Rated

Rated

2

   
RatedP

R
1

     (V - constant) 

So bulb of high power will have less resistance.  

30V, 90W R 

120 V 

90 V 30 V 

i 

R1 R2 

40 V 
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128. (d) 
R

PRated

1
   

2

3

40

60

1

2

2

1 
P

P

R

R
 

129. (a) Energy Jt
R

V
72003600

50

10102




  

130. (c) Energy Wht
R

V
1000

80

22002002




  

131. (a) Energy JJtP 3101212000602100   

132. (c) Heat 
R

tV
H

2

   
R

H
1

            (If V, t constant) 

 
9

2

)2(

3

2











 


RR

R

RR

R

R

H

H

S

P

P

S  

133. (c) 
R

i
1

  and 
R

P
1

   Pi  i.e. in parallel bulb of 

higher power will draw more current.  

134. (c) Resistance of A is greater than the resistance of 

combination of B and C, hence voltage drop across A 

will be greater than that across B or C. Also 
R

tV
H

2

   

 2VH   so )( CBA HHH          (R = constant)  

135. (b) ViP    Ai
10

1

22000

102.2 3




  

Now loss of power Ri2 100
10

1
2









  = 1 W 

136. (c) 
R

V
P

2

 . If resistance of heater coil is R, then 

resistance of parallel combination of two halves will 

be 
4

R
 

So  
4

14/

1

2

2

1 
R

R

R

R

P

P
 

137. (c) Total kWh consumed 4.14
1000

30860



  

Hence cost Rs1825.14.14   

138. (c) Current capacity of a fuse wire should be slightly 

greater then the total rated load current.   

139. (b) 

140. (d) Colliding electrons lose their kinetic energy as heat.  

141. (a) It is called safe current and is proportional to 2/3r . 

142. (c) 

143. (d) .2.0
250

50
amp

V

P
i   

144. (c) In steady state the branch containing capacitors, can 

be neglected. So reduced circuit is as follows   

 

 

 

 

 

Power W
R

V
P 1

4

)2( 22

 . 

145. (b) 
R

R

RRR

V
P

eq 2

)2(225

)]2/(2[

)15(
150

22 



  

  6
75

450
R . 

146. (c) 
2

1

1

2

2

1
2


R

R

P

P

R

V
P . 

147. (c) 
R

tV
H

2

   2
2/

















R

R

R

R

H

H

Half

Full

Full

Half
 

 FullHalf HH  2 . 

148. (c) It is given ColdHot RR 10  also resistance at rated 

temperature 


 400
100

2002002

P

V
R . 

So resistance when lamp not in use.  

 40
10

400

10
 Hot

Cold

R
R  

149. (a) The chemical energy reduced in battery  

JVIt 60656  JJ 41008.110800   

150. (c) The heat generated = IVt J5.311151.2   

  cal2.4/5.31 .5.7 cal          ]2.41[ Jcal     

151. (a) Resistance 
power

1
 . Thus, 40 W bulb has a high 

resistance. Because of which there will be more 

potential drop across 40 W bulb. Thus 40 W bulb will 

glow brighter. 

152. (c) When bulbs are connected in series, 
R

V

R

V
P

3

22




  

When bulbs are connected in parallel, 

.933
322

PP
R

V

R

V
P 





  

153. (c) Time .min3521  tttS  

 

Chemical Effect of Current 

2 2 

2V 
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1. (d) As sugar cannot be decomposed into ions and ions 

are responsible for conduction. 

2. (c)  
2

1

2

1

E

E

Z

Z
    1

1

2
2 . Z

E

E
Z 













  

3. (d) 
Ag

Zn

Ag

Zn

E

E

m

m
   















Zn

Ag
Ag

E

E
Wm = 3.3 W = 3.5 W  

4. (d) 96500 coulombs of charge is needed to deposit one 

gram equivalent of an element at an electrode. 

5. (c) As 
Ag

Cu

Ag

Cu

Ag

Cu

E

E

m

m

ght)Atomic wei(

ght)Atomic wei(
2

1

  

6. (d) litreV 4.22
1

14.22
2 


  at NTP 

 11.2 litre of H2 is liberated by 96,500 C 

 22.4 litre of H2 is liberated by 96500  2 = 1,93,000 C 

7. (b) From m = ZQ; if Q = 1C  m = Z  

8. (d)  

9. (b) Because H has positive charge.  

10. (a) Because H2O is used as electrolyte. 

11. (b) tZim    t 200033.01  

 minmint 25
3960

100000

6000066.0

1



  

12. (b) )1(5.13 r   r = 1 

13. (b)  

14. (c) ZqtZim  ; secampq -
10387.3

105
7

3








  

or 1.4-
360010387.3

105
7

3











hrampq  

15. (b) Charge Q = I t = 1.6  60 = 96 C  

Let n be the number of 2Cu  ions, then  

Qne    20

19
103

106.12

96





e

Q
n  

16. (a) In the first case, mtZi   

In the second case, mt
i

Z  4
4

 

17. (b) 
Ag

O

Ag

O

of  equivalentChemical 

of  equivalentChemical 

ions of  Mass

ions of  Mass 22   

 
108

88.0


m
  gmm 8.10   

18. (c)  

19. (a) 1923 106.1106  NeF  

20. (d) Since 1 faraday deposits 1 gm equivalent.  

21. (c) Equivalent weight of copper 32
2

64
  

depositedg of  Weight

deposited of  Weight

of   weightEquivalent

of   weightEquivalent

A

Cu

Ag

Cu
  

Weight of copper deposited gm2.3
108

328.10



  

22. (b)  

23. (c)  

24. (a) qm    tim   

25. (d) Equivalent weight of aluminium 9
3

27
  

So 1 faraday = 96500 C are required to liberate 9 gm 

of Al.  

26. (b) By Faraday's law, .tim   

 
22

11

2

1

ti

ti

m

m
   

406

1204

2 




m

m
  

2
2

m
m   

27. (a) tim   

28. (c) Amount of metallic sodium appears 

ti
VF

A
tZim 








  

601016
965001

23











  =2.3 gm  

29. (a)  

30. (a) tZim   
ti

m
Z  Cgm /10387.3

60455

572.4 4


   

31. (b) Faraday constant = 1 mole electron charge = Ne  

96500106.11002.6 1923    

32. (d) gmtZim 27.23600510126.0 3    

33. (b) 
2

1

2

1

E

E

m

m
  (By faraday law for same current and time) 

Where E1 and E2 are the chemical equivalents and 

m1 and m2 are the masses of copper and silver 

respectively.  

Valency

ghtAtomic wei
E . 79.31

2

57.63
1 E  and 

88.107
1

88.107
2 E  

 
88.107

79.311

2


m

mg
  mgmgm 4.3

79.31

88.107
2   

34. (a) constant)(1
tZi

m
tZim  
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35. (b) Positive ions get deposited on cathode. 

36. (c) tZim   or tim   

 
22

11

2

1

ti

ti

m

m
  

602050

109 5

2 


m
  gmm 4.52   

37. (c) Electroplating only provides a thin deposition of a 

metal on the surface which in no way can give 

hardness to the metal.  

38. (b)  

39. (d) tZim    
Zn

Cu

Zn

Cu

Z

Z

m

m
  

g
Z

Z
mm

Zn

Cu
ZnCu 126.0

5.32

5.31
13.0   

40. (b) tZim    
R

ZVt
m   Vtm    

22

11

2

1

tV

tV

m

m
  

 
456

30122

2 




m
  gmm 5.12   

41. (c) A
Zt

m
i 5.0

3600300018.0

972.0



  

42. (b) The current through the voltameter is same as drawn 

from the battery outside it.  

43. (d) The resistance of the cell is independent of e.m.f. 

44. (a) kgtZim 77 108.1923103.3    

45. (c) zqm  , z = atomic mass / valence 

46. (c)  

47. (a)  

48. (b) 1 faraday (96500C) is the electricity which liberated 

that amount of substance which is equal to equivalent 

wt. So liberated amount of Cu  is 
2

5.63
 

gmgm 3225.31   

49. (b) tiZm    t







  15.0

96500

32
1020 3  

secminmin 42.67.6   

50. (b) 22.4 litre H2 = 1 mole H2 = N molecules of H2  

= 2N atom of H 

So charge required to liberate 22.4 litre of H2 = 2Ne = 

2F   

Hence charge required to liberate 0.224 litre of H2 

224.0
4.22

2


F
C

F
9652

100

2
  

So current amp
t

Q
i 3.19

100

9652



  

51. (a)  

52. (d) tZim     Cg
ti

m
Z /1047

60404

5.4 5


  

53. (d) Charge supplied per minute = 3.2  60 = 192 C  

Charge 2e liberates one Cu+2 ion  

No of Cu+2 ion liberate by 192 C  

20

19
106

106.12

192

2

192





e
 

54. (a) m = Z i t  A
Zt

m
i 5.2

120000033.0

99.0



  

Hence heat generated in the coil is  

12001.0)5.2( 22  RtiH = 750 J  

55. (c) 
2

1

2

1

Z

Z

m

m
   

6

6

1

21
2

107

102.114









Z

Zm
m = 2.4 g  

56. (c) m = Zi t  
iE

Fm

Zi

m
t




     










F

E
Z  

sec5.12062
2108

9650027





t hrhr 35.3

3600

5.12062
  

57. (d) zqm    
q

z
1

   
1

2

2

1

q

q

z

z
      ......(i) 

   also 21 qqq    1
2

1

2


q

q

q

q
 

      

2

1
2

1
q

q

q
q



                             ......(ii) 

 From equation (i) and (ii) 

1

2
2

1
z

z

q
q



  

58. (c) From Faraday’s law, m/E = constant 

where m = mass of substance deposited, E = 

chemical equivalent. 

gm
E

E

m

m
4.56.1

32

108
2

1

2

1

2   

59. (a) timecurrent itq  

 

Thermo-Electricity 

 

1. (b) Production of e.m.f. by temperature difference is 

known Seeback effect. 

2. (c) Production of heat at junctions due to current is 

known as Peltier effect. 



 

 1166 Heating and Chemical Effect of Current  

 

3. (d)  

4. (a)  

5. (c) When there is no deflection, then this temperature is 

called inversion temperature. It is given by the 

relation  

 
2

ci
n





  

Where c  is temperature of cold junction Co20  

and neutral temperature Co
n 270  

 Co
cni 520205402    

6. (b)  

7. (a) Thermo e.m.f. of a thermo couple depends on the 

nature of metals.  

8. (a)  

9. (a) According to the definition. 

10. (a) 



2

Ci
n

TT
T Cni TTT  2  

11. (a)  

12. (d)  

13. (b) Based on Peltier effect.  

14. (c) Peltier effect 

15. (b) Thermopile is used for detection of heat radiation and 

measurement. 

16. (b)   tiH   If i = 1 A,  = 1°C, t = 1sec then H = . 

17. (a) According to Seebeck effect 

18. (a) At neutral temperature, 0
dT

dE
 

19. (a) According to Seebeck effect. 

20. (b)  

21. (d)  

22. (a) As a rule, more the metals are separated from each 

other in the thermoelectric series, the greater will be the 

thermo emf. 

23. (b) C
TT

T oci
n 270

2

53010

2






  

24. (a) Joule effect is not reversible. 

25. (b)  

26. (c)  

27. (c) The graph between thermo emf and temperature of 

hot junction is parabolic in shape. 

28. (d) At neutral temperature E is maximum so 

 0
dt

dE
 0)( 2  BtAt

dt

d
 02  BtA  

B

A
t

2
  

29. (c) 
2

1 c
n

tt
t


  

2

15
280


 it   Ct o

i 545  

30. (a)  

31. (a) A is false because at neutral temperature thermo emf 

is maximum. B is true. 

32. (b) Thermo-electric power ;
d

dE
P   at tn, E  maximum. 

So P  zero. 

33. (d) By using QH   

   mJJH 110)5060(10)1010( 36     

34. (c) No change in neutral temperature but temperature of 

inversion is cni ttt  2  Ct o
i 500402702   

35. (c)  

36. (d) cni ttt  2   Ct o
i 670303502   

37. (c)  

38. (d) Neutral temperature is independent of temperature of 

cold junction. 

39. (d)  

40. (a) 2btatE  at inversion temperature E will be 

minimum  

Thus 0
dt

dE
  0][ 2  btat

dt

d
 

 02  bta   
b

a
t

2
  

41. (d)  

42. (a) 
50

)1030(
103

6
7 





R

e
i   5.0  

43. (b) Ctn 







 100

5

500




 

Also 
2

0
100

2





 ici

n

ttt
t  Cti  200  

44. (b) At neutral temperature, thermal emf will be maximum. 

  bta
dt

de
  

  For maximum or minima, 0 nbta  

batn /  
 

Critical Thinking Questions 
 

1. (d) 
1

2

1

)220(

R
P   and 

2

2

2

)8.0220(

R
P
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2

1

2

2

1

2

)220(

)8.0220(

R

R

P

P



  

2

12

1

2 )8.0(
R

R

P

P
  Here R2 < 

R1  

(because voltage decreases from 220 V  220  0.8 

V  

It means heat produced  decreases) 

So 1
2

1 
R

R
   1

2
2 )8.0( PP    WP 100)8.0( 2

2   

Also ,
220

)8.0220(

1

2

1

2

i

i

P

P 
  Since 12 ii   (we expect)  

So 8.0
1

2 
P

P
  )8.0100(2 P  

Hence the actual power would be between 

W2)8.0(100  and (100  0.8) W  

2. (b) JHW     smJtP   

 
P

smJ
t


   (For water 1 litre = 1kg) 

 sect 150
836

)1040(100012.4



  

Short Trick : use formula 
P

m
t




4200
 

3. (b) 
1

2

5

10

1

2

2

1 
R

R

i

i
 

 

 

 

 

 

Also heat produced per sec i.e. RiP
t

H 2  


1

5

4

5

1

2

4

5
22

2

1

4

5 























i

i

P

P
 scalP /2

5

10
4   

4. (d) )60(9220 n   33n  

5. (c) t
R

V
H

2

  

Since supply voltage is same and equal amount of 

heat will produce, therefore 

2

2

1

1

t

R

t

R
  or 

2

1

2

1

t

t

R

R
   .....(i) 

But lR   
2

1

2

1

l

l

R

R
   .....(ii) 

By (i) and (ii),  
2

1

2

1

t

t

l

l
   .....(iii) 

Now 12
3

2
ll    

2

3

2

1 
l

l
 

 By equation (iii), 
2

15

2

3

t
   102 t minutes  

6. (d)  

 

 

 

 

 

Resistance of upper branch  5321R  

Resistance of lower branch  10642R  

Hence 2
5

10

1

2

2

1 
R

R

i

i
 

)(H  6 across generated Heat

)(H  3 across generated Heat

2

1




2

2

4

6

3
2
2

2
1 





i

i
 

 Heat generated across 3  = 120 cal/sec 

7. (a) Power consumed by heater is 110 W so by using 

R

V
P

2

  

 

 

 

 

 

 

 

.110
110

110
2

VV
V

  Also from figure 

Ai 1
110

110
1   and .10

11

110
Ai   So Ai 91102   

Applying Ohms law for resistance R, V = iR 

R 9110   22.12R  

8. (c) WP
V

V
P R

R

A
consumed 46.457500

115

110
22























  

So, percentage  drop in power output 

%6.8100
500

)46.457500(



  

9. (d) Heat produced t
R

V 2

  

4 6 

i2 

i 

i1 5 

    10  

2 3 

i1 

i 

i2 6 4 

Heater 

R i2 

i1 i 11 

110 V 110 V 

220 V 

110 
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i.e. when voltage is halved, heat produced becomes 

one-fourth. Hence time taken to heat the water 

becomes four times. 

10. (b) Electric power consumed by kettle WP 4220   

Heat required 

calH 801000)20100(11000  J804200  

tPH
t

H
P   

 8042004220  t  3.6t minutes 

11. (c) mLt
R

V
H  1

20

)210( 22

 

  2.480
20

)210( 2

 m   sgm /56.6  

12. (b) For normal brightness of each bulb see following 

circuit. Current through each bulb = 0.5 A 

 

 

 

 

 

 

 

 

 

So main current Ai 2  

Also, voltage across the combination V5.1    

So voltage across the resistance V5.10  

Hence for resistance RiV    R 25.10  

 
4

21
R   

13. (d) 
R

V
P

2

  so 
P

V
R

2

   
100

2

1

V
R   and 

60

2

32

V
RR   

Now 12
21

2

1 .
)(

)250(
R

RR
W


 , 22

21

2

2 .
)(

)250(
R

RR
W


   

and 
3

2

3

)250(

R
W   

64:25:15:: 321 WWW  or  321 WWW   

14. (a) Power dissipated   equivalentR  

15. (a) The current taken by the silver voltameter 

 A
Zt

m
I 496.0

6030102.11

1
41 





 

 and by copper voltameter 

 AI 515.1
6030106.6

8.1
42 





 

 Total current AIII 011.2)( 21   

 Power sec/132.2412011.2 JIVP   

16. (d) Initially current through the voltameter 
5)23(

1

VV
i 


  

  

  

   

 

 

 Finally main current 
413

VV
i 


  

 Hence current through voltameter 
8

2

V
i   

 

    

 

 

 

 

    Rate of deposition Zi
t

m
R )(  iR   

  % drop in rate 100100
1

12

1

12 






i

ii

R

RR
 

 %5.37100

5

58













V

VV

 

17. (d) Comparing the given equation with standard equation  

 2

2

1
ttE    

 40  and 
20

1

2

1
   

10

1
  

 Hence neutral temperature 
10/1

40









nt  

i 

0.5 A 

R 

12V 

0.5 A 

0.5 A 

0.5 A 

1.5 V 

10.5 V 

Volta 

2 3 

i1 

V 

2 

i1 

V 

Volta 

2 
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  Ct o
n 400  

18. (a) Comparing the given equation with standard equation 

,
2

1 2ttE    we get 14  and 02.0
2

1
  

   = – 0.04 

Hence neutral temperature 




nt C


 350

04.0

14
 

19. (a) We know that thermoelectric power 
dT

dE
S   

Given 







 )(

2

1
)( 0 rr TTTTTkE  

By differentiating the above equation w.r.t. T and  

Putting ,
2

1
oTT   we get okTS

2

1
  

20. (b) Comparing the given equation with 2

2

1
ttE    

We get 16  and 08.004.0
2

1
    

 Ctn 


 200
08.0

16




 

Also cni ttt  2  Cti  4000)200(2  

21. (c) itZm    t







  15.0

96500

32
1020 3  

sec.minmin 42.67.6   

22. (b) iRe    40101025 56     

 C









16
25

400

1025

1040
6

5

  

23. (b)  

 

   

 

 

 Rated current through the circuit Ai 5
100

500
  

 Potential difference across R, 

 205100 RR  

24. (b) By using 100
70

70
32

32
0

100
0 eeee   

 100
707664200 e  Ve 60100

70   

25. (d) In the normal condition current flows from X to Y 

through cold. While after increasing the temperature 

of hot junction beyond temperature of inversion. The 

current is reversed i.e. X to Y through hot junction or 

Y to X through cold junction.  

26. (a) ergJitH 6106)602(5.2)102( 79    

27. (b) Remember mass of the metal deposited on cathode 

depends on the current through the voltameter and 

not on the current supplied by the battery. Hence by 

using ,Zitm   we can say 
Series

Parallel

Series

Parallel

i

i

m

m
  

  .5.21
2

5
gmm Parallel   

 Hence increase in mass = 2.5 – 1 = 1.5 gm 

 

   

 

 

 

 

28. (c) Mass deposited metaltheofVolumeDensitym  

  Axm   . Also ,Zitm   so AxZit   

  
A

tZi
x  m5

4

3

103.1
9000)1050(

60205.11000033.0 









  

29. (a) A
Zt

m
i 5.0

360010118.1

0124.2
3







 

  Error A04.05.054.0   

30. (b) Total charge supplied C10101   

  2 electronic charge )102.3( 19 C  liberates one 

Cu  ion 

  Number of Cu  ions liberated by 10 C charge  

 10
102.3

1
19







19101.3   

31. (d)    Zitm   or 
Zt

m
i   

500W 

100V 

100V 100V 

200 V 

i i R 

Volta 

2 

3 

10V 

i1 
2 

3 

10V 

i2 

Volta 
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For silver voltmeter 

amp
tZ

m
i 994.0

180010118.1

2
3

1

1
1 





 

For copper voltameter  

amp
tZ

m
i 687.1

180010294.3

1
4

2

2
2 





 

 Power of circuit )( 21 iiV  )687.1994.0(6   

W16681.26   

32. (a) Let the temperature of molten metal is .Ct o  

The thermo-emf voltte 61010   

Current in the circuit 

.
6.9

10

6.18

10 55

amp
tt

RR

e
i

G









  

But 
8

108 3


GR

V
i  

 
8

108

6.9

10 35  


t
or Ct o960

10

106.9
5

3









 

33. (a)  Peltier coefficient 
dT

de
T  and 273 TCto  

  2)273()273(  TbTae  

 Differentiating w.r.t. T  )273(2  Tba
dT

de
 

 )]273(2[  TbaT
dT

de
T  )2()273( btat   

34. (d) L
t

m

R

V

t

Q
.

2.4

2

  

  gm
RL

V

t

m
625.2

80502.4

)210(

2.4

22




  

35. (d) 
2

2
22

A

Vti
t

A

l
iRTiH











    (V = volume, = Al) 

  
4

1

r
H    

1

16

1

2
44

1

2

2

1 























r

r

H

H
. 

36. (d) Thermoelectric power P  

 100
80

80100
100

80

80100 





P

PP
= 25% 

37. (d) The sensitivity of the thermocouple will be  

 )/72(/500 CVCV oo   CV o/572  

Therefore for a Co100  temperature difference, the 

thermo e.m.f. will be 

 )(10010572 6 voltE   3102.57  .2.57 mV  

38. (d) At cold junction, current flows from copper to nickel 

and from iron to copper, and at hot junction from 

nickel to iron, thus the contributions add. 

39. (b)  484
100

220 2

BulbR ,  4.48
1000

220 2

GeyserR  

 

 

   

 

 

 (i) When only bulb is ON, 

VVBulb 4.217
490

484220



  

(ii) When geyser is also switched ON, equivalent 

resistance of bulb and geyser is 





 44

4.48484

4.48484
R  

Voltage across the bulb VVBulb 6.193
50

44220



  

 Hence the potential drop is V8.236.1934.217   

40. (b) Ai 4
3

1224



 ,  Time of charging 

iV
t

.

`360
  

 .5.7
412

360
hourst 


  

41. (a) A
Zt

m
I 4

6

965

108

68.2

6010
96500

108

68.2




  

Energy .192600204 22 kJRtI   

42. (d) Comparing with standard equation 2

2

1
ttE    

  = a and  = 2b   C
b

a
t o
n 350700

2

1

2
  

This is not possible. 

43. (b) 
1

3

5

15

2

1 
i

i
   … (i)  

 

 

 
i 

i1 

i2 6  9  

5  

12  

6 

220 V Geyser 
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Also 5)(45 2
1

2  iRi
t

H
 

 Ai 31   and from equation (i) Ai 12   

So Aiii 421   

Hence power developed in 12  resistance 

WRiP 19212)4( 22   

44. (a) Heat gained by water = Heat supplied by container - 

heat lost  mS = 1000t – 160t  

 
840

5010002.42 
t  = 8 min 20 sec 

45. (c) As the voltage in 2R and 3R is same therefore, 

according to, 

  ,.
2

t
R

V
H   32 RR   

  Also the energy in all 

resistance is same. 

   tRitRi 2
2
11

2   

  Using ii
RR

R
i

RR

R
i

2

1

33

3

32

3
1 





  

Thus tR
i

tRi 2

2

1
2

4
  or, 

4

2
1

R
R   

 

Graphical Questions 

1. (b) Area = it = 2 Coulomb  and zitm    
2

m

ti

m
z   

2. (d) ,2iU   hence the graph between U and i is parabolic 

in nature and should be above graph (b).  

3. (d) ,
2

1 2ttE    graph between E and t will be a 

parabola, such that first emf increases and then 

decreases. 

4. (a) Thermo electric power 



d

dE
P  

Comparing it with ,cmxy   option (a) is correct.  

5. (b) The filament of the heater reaches its steady 

resistance when the heater reaches its steady 

temperature, which is much higher than the room 

temperature. The resistance at room temperature is 

thus much lower than the resistance at its steady 

state. When the heater is switched on, it draws a 

larger current than its steady state current. As the 

filament heats up, its resistance increases and 

current falls to steady state value.  

6. (a) Cu voltameter with soluble electrodes obeys ohms 

law. In water voltameter, in the beginning when V is 

small ),7.1( volt  very little current flows, the 

voltameter does not obey ohms law. As soon as V 

exceeds 1.7 volt (back e.m.f.) the current increases 

steadily according to ohms law.  

7. (d) Thermal energy in resistor is RtiU 2  

where )1(0 tRR   2
0

2
0

2
0

2 )1( tRitRittRiU    

So )1(0
2 tRi

dt

dU
  

With the time temperature increases, hence dtdU /  

increases. This is best shown by curve (d).  

8. (b) tZim   and ti = Area of given curve  

= Area of triangle + Area of rectangle  

 i t 300160)26(1)602(
2

1
  

 
300

m

ti

m
Z   

9. (d) Terminal voltage .IrEV   Hence the graph 

between V and i will be a straight line having negative 

slope and positive intercept. 

Thermal power generated in the external circuit  

.2rIEIP   Hence graph between P and I will be a 

parabola passing through origin. 

Also at an instant, thermal power generated in the 

cell = ri2  and total electrical power generated in the 

cell = Ei. Hence the fraction ;
2

I
E

r

EI

rI








  so 

R1 

R2 R3 Vin 

i 
A 

B 

i1 i2 

D 
C 
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I . It means graph between  and I will be a 

straight line passing through origin.  

 
Assertion and Reason 

 

1. (a) The possibility of an electric bulb fusing is higher at 

the time of switching ON and switching OFF because 

inductive effect produces a surge at the time of 

switching ON and OFF. 

2. (a) The resistance, 
P

V
R

2

   PR /1  

i.e., higher is the wattage of a bulb, lesser is the 

resistance and so it will glow bright. 

3. (c) Assertion is true but reason is false. Fuse wire must 

have high resistance because in series current 

remains same, therefore according to Joule's law 

2.4

2 Rti
H  , heat produced is high if R is high. The 

melting point must be low so that wire may melt with 

increase in temperature. As the current equal to 

maximum safe value, flows through the fuse wire, it 

heats up, melts and break the circuit. 

4. (a) Resistance of 50 W bulb is two times the resistance 

of 100 W bulb. When bulbs are connected in series, 

50 W bulb will glow more as RiP 2 (current 

remains same in series). In parallel the 100 W bulb 

will glow more as RVP /2 (potential difference 

remain same in parallel). 

5. (d) When two bulbs are connected in series, the 

resistance of the circuit increases and so the voltage 

in each decreases, hence the brightness and the 

temperature also decreases. Due to decrease in 

temperature, the resistance of the carbon filament 

will slightly increase while that of metal filament will 

decrease. Hence, carbon filament bulb will glow 

more brightly ).( 2 RiP   Also carbon is not a 

semiconductor. 

6. (e) Voltage of dc source is constant but in ac, peak value 

of voltage is 2 times the rms. voltage. Hence bulb 

will glow with more brightness when connected to an 

ac source of the same voltage. 

7. (a) When cold water is poured on half portion of the wire, 

its resistance decreases due to decrease in 

temperature. As a result of this total resistance of 

circuit decreases i.e. current through each portion of 

wire increases i.e. rest of the half portion becomes 

still more hot. 

8. (a) As filament of bulb and line wire are in series, hence 

current through both is same. Now, because 

2.4

2 Rti
H   and resistance of the filament of the bulb 

is much higher than that of line wires, hence heat 

produced in the filament is much higher than that in 

line wires. 

9. (b) Neutral temperature is the temperature of hot 

junction, at which the thermo e.m.f. produced in the 

thermocouple becomes maximum. It is independent 

of cold junction and depends on the nature of 

materials of two metals used to form thermocouple. 

10. (d) Because of heat production every resistance has a 

maximum power rating, the maximum power that can 

be dissipated without overheating the device. When 

this rating is exceeded, heat is produced, due to 

which resistance may change unpredictably. 

11. (a) The e.m.f. of a Leclanche cell falls, because of the 

partial polarisation due to accumulation of hydrogen 

gas. In case, Leclanche cell is used in experiment, 

where current is drawn after short breaks, then 

during each break, hydrogen gas escapes and 
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32OMn  converts into 2MnO  by taking oxygen from 

the atmosphere. As a result, the cell regains its 

original e.m.f.  

12. (a) When lamp B or C gets fused equivalent resistance 

of B and C increases. In series voltage distributes in 

the ratio of resistance, so voltage appears across B 

increases or in other words voltage across A 

decreases. 

13. (d) When switch S is closed, bulb C is short circuited, so 

voltage V distributes only in two parts i.e. voltage on 

Bulb A and B increases as compared previously. 

Hence illumination of Bulb A and B increases. 

14. (a)  

15. (c) The electrical appliances with metallic body like 

heater, press etc. have three pin connections. Two 

pins are for supply line and third pin is for earth 

connection for safety purposes. 

16. (c) A laser beam is a beam of light which is light 

amplification by stimulated emission of radiation. 

  The energy per unit area of the laser beam is very 

high as compared to the torch light. 

17. (a) Follow hint of question 15 of this section. 

18. (c) Thomson e.m.f. in lead is practically zero. 

19. (b) The presence of water molecules reduces force 

between ions by 81/1  times because the value of 

dielectric constant of water is 81. That is why the 

separation between ions becomes easier. 

20. (b) Here reason is not the correct explanation of the 

assertion, which is correct. 

21. (d) Here assertion and reason are not correct.  
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1. An electric kettle has two coils. When one of these is switched on, 
the water in the kettle boils in 6 minutes. When the other coil is 
switched on, the water boils in 3 minutes. If the two coils are 
connected in series, the time taken to boil the water in the kettle is  

 (a) 3 minutes  (b) 6 minutes  
(c) 2 minutes  (d) 9 minutes  

2. A 3  rise in temperature is observed in a conductor by passing a 

certain current. When the current is doubled, the rise in 
temperature will be   

(a) C15  (b) C12  

(c) C9  (d) C3  

3. Two indentical electric lamps marked 500 W, 220 V are connected 
in series and then joined to a 110 V line. The power consumed by 
each lamp is  

(a) W
4

125
 (b) W

4

25
 

(c) W
4

225
 (d) 125 W 

4. When 1 gm hydrogen Ckgece /10044.1...( 8  forms water, 

34 kcal heat is liberated. The minimum voltage required to 

decompose water is  

(a) 0.75 V (b) 3 V 

(c) 1.5 V (d) 4.5 V 

5. In how much time, one litre of 2H  will be collected by 5 A current 

? (If CkgZ /101 8  and density of 3
2 /09.0 mkgH  )   

(a) 30 minutes (b) 15 minutes 

(c) 45 minutes (d) 60 minutes 

6. The three resistances A, B and C have values 3R, 6R and R 
respectively. When some potential difference is applied across the 
network, the thermal powers dissipated by A, B and C are in the 
ratio 

(a) 2 : 3 : 4 

(b) 2 : 4 : 3 

(c) 4 : 2 : 3 

(d) 3 : 2 : 4 

7. If the length of the filament of a heater is reduced by 10%, the 

power of the heater will  

(a) Increase by about 9%  (b) Increase by about 11% 

(c) Increase by about 19% (d) Decrease by about 10% 

8. A thermo couple develops 40 kelvinV / . If hot and cold junctions 

be at 40o C and 20 o C respectively then the emf develops by a 
thermopile using such 150 thermo couples in series shall be 

(a) mV150  (b) mV80  

(c) mV144  (d) mV120  

9. Amount of electricity required to pass through the OH2  voltmeter 

so as to liberate 11.2 litre of hydrogen will be 

(a) 1 Faraday (b) Faraday
2

1
 

(c) 2 Faraday (d) 3 Faraday 

10. The resistance of the filament of a lamp increases with the increase 

in temperature. A lamp rated 100 W, 220 V is connected across 220 
V power supply. If the voltage drops by 10% then the power of lamp 
will be  

(a) 90 W  (b) 81 W  

(c) Between 90 W and 100 W (d) Between 81 W and 90 W  

11. In the following circuit, 18  resistor develops secJ/2  due to 

current flowing through it. The power developed across 10  

resistance is 

(a) 125 W 

(b) 10 W 

(c) W
5

4
 

(d) 25 W 

12. If resistance of the filament increases with temperature, what will be 
power dissipated in a 220 V- 100 W lamp when connected to 110 V 
power supply 

(a) 25 W (b) < 25 W 

(c) > 25 W (d) None of these 

13. Total surface area of a cathode is 205.0 m and 1 A current passes 
through it for 1 hour. Thickness of nickle deposited on the cathode is 

(Given that density of nickle = ccgm /9 and it's E.C.E. = 

Cgm /1004.3 4 ) 

(a) 2.4 m (b) m4.2  

(c) 2.4 m (d) None of these 

14. Two bulbs consume same power when operated at 200 V and 300 V 
respectively. When these bulbs are connected in series across a D.C. 
source of 500 V, then 

(a) Ratio of potential difference across them is 3/2 

(b) Ratio of potential difference across them is 9/4 

(c) Ratio of power consumed across them is 4/9 

(d) Ratio of power consumed across them is 2/3 
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1. (d)  In series 
21

111

PPPS

  
)/(

1

)/(

1

)/(

1

2211 tHtHtH ss

  

21 HHHs   So minttts 93621   

2. (b) ;32 CCRti    C = Thermal capacity  

when ii 21    CCRtiC o12344 1
2

1    

3. (a) Voltage across each bulb WV 55
2

110
'  so, power 

consumed by each bulb will 
be  

500
220

55
'

2









P      

    W
4

125
  

4. (c) CC
Z

m
itZitm

044.1

10

10044.1

101 5

8

3











 

Given kcalH 34 = 4.2  34  103 J  

 Heat generated 
044.1

10
.

5

VVitH     


210

044.1342.4 
V  = 4.2  0.34  1.044 = 1.5 V 

5. (a) tzim   t  510109.010 83   mint 30  

6. (c) Thermal power in RiR
i

PA A
2

2

3

4
3

3

2









  

Thermal power in  RiR
i

PB B
2

2

3

2
6

3









  

Thermal power in   

RiPC C
2  

CBA PPP ::  

3:2:41:
3

2
:

3

4
  

7. (b) 
l

PlR
R

P
1

 and
1

  

100

90

100

)10100(

2

1

1

2

2

1 



P

P

l

l

P

P
12 11.1 PP   

% change in power = %11100
1

12 


P

PP
 

8. (d) The temperature difference is 20o C = 20 K. So that thermo emf 

developed VK
K

V
E 


 8002040   

Hence total emf = mVV 1201012800150 4    

9. (a)  22.4 litre H
2

 =1 mole of H
2

  = N molecules of H
2

  

                    = 2N atoms of H.  

So charge required to liberate 22.4 litre of H
2

 = 2Ne = 2F.  

Hence charge required to liberate 11.2 litre of H
2

 = F. 

10. (d) Let the resistance of the lamp filament be R. Then 

R

2)220(
100  . When then voltage drops, expected power is 

'

)9.0220( 2

R
P


 . Here R will be less than R, because now 

the rise in temperature will be less. Therefore P is more than 

W
R

81
)9.0220( 2




 

But it will not be 90% of earlier value, because fall in 
temperature is small. Hence (d) is correct. 

11. (b) The given circuit can be redrawn as follows  

2

1

18

9

2

1 
i

i
 

and 21 iii   

3211
1

2

1


i

i

i

i
 

From 
18

10
2

118

102 


















i

i

P

P
RiP  WP 1010    

12. (c) If resistance does not vary with temperature P consumed = 

WP
V

V
R

R

A 25100
220

110
22























. But  in second cases 

resistance decreases so consumed power will be more than 25 
W 

13. (c) Mass deposited = density  volume of the metal 

XApm                         …..(i) 

Hence from Faraday’s first law Zitm   .….(ii) 

So from equation (i) and (ii)  

A

Zit
xAxZit


 

mm 4.2104.2
05.09000

36001101004.3 6
34





 



 

14. (c) 
R

V
P

2

  2
2

or VR
P

V
R   i.e.  

9

4

300

200
2

2

1 









R

R
 

When connected in series potential drop and power consumed 

are in the ratio of their resistances. So, 
9

4

2

1

2

1

2

1 
R

R

V

V

P

P
 

500W 
220V 

55V 55V 

110 V 

500W 
220V 

R 

R 

i C 

A 

6R 

B 

10  

6  3  

18  
i 

i2 

i1 

*** 
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Oersted found that a magnetic field is established around a 

current carrying conductor. 

Magnetic field exists as long as there is current in the wire. 

 

 

 

 

 

 

Biot-Savart's Law 

Biot-Savart’s law is used to determine the magnetic field at 

any point due to a current carrying conductor. 

This law is although for infinitesimally small conductor yet it 

can be used for long conductors. In order to understand the 

Biot-Savart’s law, we need to understand the term current-

element. 

 

Current element  

It is the product of current and length of infinitesimal 

segment of current carrying wire. 

The current element is taken as 

 a vector quantity. Its direction is  

same as the direction of current. 

Current element AB = dli  

 

According to Biot-Savart Law, magnetic field at point ‘P’ 

due to the current element dli  is given by the expression, 

n
r

dli
kBd

2
ˆ

sin
  also n

r

dli
BdB ˆ

sin
.

4 2

0

 





 

In C.G.S. k = 1 and in S.I. : 




4

0k  

where 0  = Absolute permeability of air or vacuum 

metreAmp

W b


 7104 . It's other units are   

metre

Henry
  or 

2Amp

N
or 

Ampere

metreTesla
 

Vectorially, 
3

0

2

0 )(

4

)ˆ(

4 r

rdli

r

rdli
Bd














  

Direction of Magnetic Field 

The direction of magnetic field is determined with the help 

of the following simple laws : 

(1) Maxwell’s cork screw rule : According 

to this rule, if we imagine a right handed 

 

A 
B 

dl 
i 

Magnetic lines of forces 
i 

Fig. 21.1 

Fig. 21.3 

dl 

i 

P 

r 

Fig. 21.2 
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screw placed along the current carrying linear conductor, be 

rotated such that the screw moves in the direction of flow of 

current, then the direction of rotation of the thumb gives the 

direction of magnetic lines of force.  

(2) Right hand thumb rule : According 

to this rule if a straight current carrying 

conductor is held in the right hand such 

that the thumb of the hand represents the 

direction of current flow, then the direction 

of folding fingers will represent the 

direction of magnetic lines of force. 

 

 

(3) Right hand thumb rule of circular currents : According to 

this rule if the direction of 

current in circular conducting 

coil is in the direction of 

folding fingers of right hand, 

then the direction of 

magnetic field will be in the 

direction of stretched thumb. 

 

 

(4) Right hand palm rule 

If we stretch our right hand 

such that fingers point towards 

the point. At which magnetic field 

is required while thumb is in the 

direction of current then normal to 

the palm will show the direction of 

magnetic field.  

 

 

Meaning of Cross  and dot  

If magnetic field is directed perpendicular and into the plane 

of the paper it is represented by  (cross) while if magnetic field 

is directed perpendicular and out of the plane of the paper it is 

represented by  (dot) 

 

 

 

 

 

In : Magnetic field is away from the observer or 

perpendicular inwards. 

Out : Magnetic field is towards the observer or 

perpendicular outwards. 

Ampere’s Law 

Amperes law gives another method to calculate the 

magnetic field due to a given current distribution. 

Line integral of the magnetic field B  around any closed 

curve is equal to 0  times the 

net current i threading through 

the area enclosed by the curve 

i.e.  

  )( 23100 iiiidIB    

Also using HB 0  (where H  = magnetising field)  

idlH  00 .     idlH.  

Total current crossing the above area is )( 231 iii  . Any 

current outside the area is not included in net current. (Outward 

  +ve, Inward   – ve) 

Table 21.1 : Biot-Savart's law v/s Ampere's law 

Biot-Savart's law Ampere's law 

this law is valid for all current 

distributions 

This law is valid for symmetrical 

current distributions 

This law is the differential form of 

B  or H  

Basically this law is the integral 

from of B  or H  

This law is based only on the 

principle of magnetism  

This law is based on the 

principle of electromagnetism. 

B  

Fig. 21.4 

B 

Fig. 21.6 

i 

B  

Fig. 21.5 

i 

B B 

Out In 

i 

B B 

Out In 

i 
CW 

In  

i 
ACW 

Out  

Fig. 21.7 

i1 

i2 

i3 

i5 

i4 

 

B  
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Magnetic Field Due to Circular Current 

If a coil of radius r, carrying current i then magnetic field on 

it's axis at a distance x from its centre given by (Application of 

Biot-Savart's law) 

 

 

 

 

 

(1) 
2322

2
0

)(

2

4 /axis
rx

πNir
.

π

μ
B


 ; where N = number of turns in coil. 

(2) At centre x = 0   
r

Ni
Bcentre





 2
.

4

0  = max
0

2
B

r

Ni



 

(3) The ratio of magnetic field at the centre of circular coil 

and on it's axis is given by 

3/2

2

2

axis

centre

r

x

B

B














 1  

(4) If x >> r   
3

0

3

2
0 2

.
4

2
.

4 x

NiA

x

Nir
Baxis








   

where A = r2 = Area of each turn of the coil.  

(5) B-x curve : The variation of magnetic field due to a 

circular coil as the distance x varies as shown in the figure. 

B varies non-linearly with distance x as shown in figure and 

is maximum when 0min2 x , i.e., the point is at the centre of 

the coil and it is zero at x =  .  

 

 

 

 

 

 

(6) Point of inflection (A and A) : Also known as points of 

curvature change or points of zero curvature.  

(i) At these points B varies linearly with x  
dx

dB
 

constant  0
2

2


dx

Bd
. 

(ii) These are located at 
2

r
x   from the centre of the coil 

and the magnetic field at 
2

r
x   is 

r

Ni
B

55

4 0  

(7) Helmholtz coils 

(i) This is the set-up of two coaxial coils of same radius 

such that distance between their centres is equal to their radius.  

(ii) At axial mid point O, magnetic field is given by 

B
R

Ni

R

Ni
B 432.1716.0

55

8 00 


, where 
R

Ni
B

2

0  

(iii) Current direction is same in both coils otherwise this 

arrangement is not called Helmholtz’s coil arrangement. 

(iv) Number of points of inflextion  Three (A, A, A)  

 

 

 

 

 

 

 

Magnetic Field at Centre O in Different Conditions 

of Circular Current 

 

Condition Figure Magnetic field 

 

Arc subtends 

angle  at the 

centre  

 

  

r

i
B






.

4

0  

 

Arc subtends 

  

 

O 
B 

P 

x 

r 

i 

O 

Fig. 21.9 

A A B0 

x = – r/2 x = 0 x = r/2 

Fig. 21.10 

a 

O2 
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a
x   

2
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O O1 

A A 

x O2 

Resultant field (Uniform) 
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Fig. 21.11 
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angle (2 – ) 

at the centre 

 

r

i
B

)2(
.

4

0 



 
  

 

Semi-circular 

arc  

 

 

  

r

i

r

i
B

4
.

4

00 




  

 

Three quarter 

semi-circular 

current 

carrying arc  

 

r

i

B












2

2

.
4

0








r

i

8

3 0  

 

Circular 

current 

carrying arc  

 

 
r

i
B





 2

4

0  

r

i

2

0  

 

Concentric 

co-planer 

circular loops 

carries 

current in the 

same 

direction 
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0
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co-planer 

circular loops 

carries 

current in the 

  

 











21

0
2

11
2
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opposite 

direction 

 

Concentric 

loops but their 

planes are 

perpendicular 

to each other 

 

 2
2

2
1 BBB   

2
2

2
1
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2
ii
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Concentric 

loops but their 

planes are at 

an angle  

with each 

other 
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2
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Distribution of 

current 

across the 

diameter  

 

 

  

 

          B = 0 

Distribution of 

current 

between any 

two points on 

the 

circumference  

 

  

 

 

B = 0 

 

 

Magnetic Field Due to a Straight Wire 
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Magnetic field due to a current carrying wire at a point P 

which lies at a perpendicular distance r from the wire as shown 

is given as  

)sin(sin.
4

21
0 





r

i
B  

From figure )90( 1  o  

 and  )90( 2  o  

Hence )cos(cos.
4







r

i
B o  

(1) For a wire of finite length : Magnetic field at a point 

which lies on perpendicular bisector of finite length wire  

  21  

So )sin2(.
4

0 




r

i
B   

 

 

(2) For a wire of infinite length : When the linear conductor 

XY is of infinite length and the point P lies near the centre of 

the conductor 1 = 2 = 90o. 

So, ]90sin90[sin
4

0 oo

r

i
B 




  

      
r

i2

4

0




  

 

 

(3) For a wire of semi-infinite length : When the linear 

conductor is of infinite length and the point P lies near the end Y 

or X. o901   and o02    

So, ]0sin90[sin
4

0 oo

r

i
B 




 

        
r

i





4

0  

 

(4) For axial position of wire  : When point P lies on axial 

position of current carrying conductor then magnetic field at P  

 

     B = 0 

 

Magnetic Field Due to a Cylindrical Wire 

Magnetic field due to a cylindrical wire is obtained by the 

application of Ampere's law  

(1) Outside the cylinder  

 

 

 

 

 

 

 

 

 

 

 

 

In all above cases magnetic field outside the wire at P  

  idlB 0.    idlB 0   irB 02     
r

i
Bout





2

0  

In all the above cases 
R

i
Bsurface





2

0  

(2) Inside the hollow cylinder : Magnetic field inside the 

hollow cylinder is zero. 

 

 

 

 

 

 

(3) Inside the solid cylinder : Current enclosed by loop (i) is 

lesser then the total current (i)  

 

 

B = 0 
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(B) Thick hollow cylinder 

Fig. 21.18 
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Current density is uniform i.e. J = J   















2

2'
'

R

r
i

A

A
ii  

Hence at inside point   '. 0ildBin     
2

0 .
2 R

ir
B




  

(4) Inside the thick portion of hollow cylinder : Current 

enclosed by loop is given as 
)(

)('
'

2
1

2
2

2
1

2

RR

Rr
i

A

A
ii




  

 

 

 

 

 

Hence at point Q     '. 0ildB    
)(

)(
.

2 2
1

2
2

2
1

2
0

RR

Rr

r

i
B









 

Magnetic Field Due to an Infinite Sheet Carrying 

Current  

The figure shows an infinite sheet of current with linear 

current density j (A/m). Due to symmetry the field line pattern 

above and below the sheet is uniform. Consider a square loop 

of side l as shown in the figure. 

 

 

 

 

 

 

idlBdlBdlBdlB
a

d

d

c

c

b

b

a
0....      (By Ampere’s law) 

Since B  dl along the path b  c and d  a, therefore, 

0. 
c

b
dlB ; 0. 

a

d
dlB  

Also, B || dl along the path a  b and c  d, thus 

BldlBdlB
a

d

b

a
2..    

The current enclosed by the loop is i = jl. Therefore, 

according to Ampere’s law )(2 0 jlBl   or 
2

0 j
B


  

Solenoid 

 

 

 

 

 

 

 

A cylinderical coil of many tightly wound turns of insulated 

wire with generally diameter of the coil smaller than its length is 

called a solenoid.  

 

 

 

      

 

 

 

A magnetic field is produced around and within the 

solenoid. The magnetic field within the solenoid is uniform and 

parallel to the axis of solenoid.  

(1) Finite length solenoid : 

If N = total number of turns, l = 

length of the solenoid, n = 

number of turns per unit length 

l

N
  

(i) Magnetic field inside the 

solenoid at point P is given by  ]sin)[sin2(
4

0 



 niB  
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(ii) Infinite length solenoid : If the solenoid is of infinite 

length and the point is well inside the solenoid i.e. 

)2/(  .  

So   niμB 0in   

(iii) If the solenoid is of infinite length and the point is near one 

end i.e. 0  and )2/(   so )ni(B 0end 
2

1
        

( inend BB
2

1
 )  

Toroid 

A toroid can be considered as a ring shaped closed 

solenoid. Hence it is like an endless cylindrical solenoid.  

 

 

 

 

 

Consider a toroid having n turns per unit length. Magnetic 

field at a point P in the figure is given as   

ni
r

Ni
B o






2

0  where 
r

N
n

2
  

Force On a Charged Particle in Magnetic Field  

If a particle carrying a positive charge q and moving with 

velocity v enters a magnetic field B then it experiences a force F 

which is given by the expression )( BvqF    sinqvBF   

where v  velocity of the particle, B  magnetic field 

 

 

 

 

(1) Zero force : Force on charged particle will be zero 

(i.e. F = 0) if 

(i) No field i.e. B = 0  F = 0 

(ii) Neutral particle i.e. q = 0  F = 0  

(iii) Rest charge i.e. v = 0  F = 0 

(iv) Moving charge i.e.  = 0o or  = 180o  F = 0 

(2) Direction of force : The force F  is always perpendicular 

to both the velocity v  and the field B  in accordance with Right 

Hand Screw Rule, though v  and B  themselves may or may not 

be perpendicular to each other. 

 

 

 

 

 

 

Direction of force on charged particle in magnetic field can 

also be find by Fleming's Left Hand Rule (FLHR). 

 

 

 

 

 

 

Here, First finger (indicates)  Direction of magnetic field 

Middle finger  Direction of motion of positive charge or 

direction, Opposite to the motion of negative charge. 

Thumb  Direction of force  

Trajectory of a Charged Particle in a Magnetic 

Field 

(1) Straight line : If the direction of a v  is parallel or 

antiparallel to B ,  = 0 or  = 180o and therefore F = 0. Hence 

the trajectory of the particle is a straight line. 
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(2) Circular path : If v  is perpendicular to B  i.e.  = 90o, 

hence particle will experience a maximum magnetic force 

Fmax = qvB which act's in a direction perpendicular to the motion 

of charged particle. Therefore the trajectory of the particle is a 

circle.  

 

 

 

 

 

(i) In this case path of charged particle is circular and 

magnetic force provides the necessary centripetal force i.e. 

r

mv
qvB

2

   radius of path  

q

mV2

B

1

qB

2mK

qB

p

qB

mv
r   

where p = momentum of charged particle and K = kinetic 

energy of charged particle (gained by charged particle after 

accelerating through potential difference V) then 

mqVmKmvp 22   

(ii) If T is the time period of the particle then 
qB

m
T

2
  (i.e., 

time period (or frequency) is independent of speed of particle). 

(3) Helical path : When the charged particle is moving at an 

angle to the field (other than 0o, 90o, or 180o). Particle describes 

a path called helix.  

 

 

 

 

 

 

(i) The radius of this helical path is  
qB

)vsinθ(m
r   

(ii) Time period and frequency do not depend on velocity 

and so they are given by 
qB

m
T

2
  and 

m

qB




2
  

(iii) The pitch of the helix, (i.e., linear distance travelled in 

one rotation) will be given by )cos(2)cos(  v
qB

m
vTp   

(iv) If pitch value is p, then number of pitches obtained in 

length l given as  

Number of pitches
p

l
  and time required 

cosv

l
t   

Lorentz Force  

When the moving charged particle is subjected 

simultaneously to both electric field E  and magnetic field B , 

the moving charged particle will experience electric force 

EqFe   and magnetic force )( BvqFm  ; so the net force on it 

will be )]Bv(E[qF  . Which is the famous ‘Lorentz-force 

equation’. 

Depending on the directions of Ev,  and B  following 

situations are possible 

(i) When Ev,  and B  all the three are collinear : In this 

situation the magnetic force on it will be zero and only electric 

force will act and so 
m

Eq

m

F
a




  

(ii) The particle will pass through the field following a 

straight-line path (parallel field) with change in its speed. So in 

this situation speed, velocity, momentum and kinetic energy all 

will change without change in direction of motion as shown  

 

 

 

(iii) E,v  and B are mutually perpendicular : In this 

situation if E  and B  are such that 0 me FFF  i.e., 

0)/(  mFa   

 

× × ×  × × × 

× × × × × × × 

× × × × × × × 

× × × × × × × 

× × × × × × × 

× × × × × × × 
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as shown in figure, the particle will pass through the field 

with same velocity, without any deviation in path.  

And in this situation, as me FF   i.e., qvBqE   BEv /  

This principle is used in ‘velocity-selector’ to get a charged 

beam having a specific velocity. 

Cyclotron 

Cyclotron is a device used to accelerated positively 

charged particles (like, -particles, deutrons etc.) to acquire 

enough energy to carry out nuclear disintegration etc.  

It is based on 

the fact that the 

electric field 

accelerates a 

charged particle 

and the magnetic 

field keeps it 

revolving in circular 

orbits of constant 

frequency.  

It consists of two hollow D-shaped metallic chambers D1 

and D2 called dees. The two dees are placed horizontally with a 

small gap separating them. The dees are connected to the 

source of high frequency electric field. The dees are enclosed in 

a metal box containing a gas at a low pressure of the order of 

10–3 mm mercury. The whole apparatus is placed between the 

two poles of a strong electromagnet NS as shown in fig. The 

magnetic field acts perpendicular to the plane of the dees.  

(1) Cyclotron frequency : Time taken by ion to describe a 

semicircular path is given by 
qB

m

v

r
t


  

If T = time period of oscillating electric field then 

qB

m
tT

2
2   the cyclotron frequency 

m

Bq

T 


2

1
  

(2) Maximum energy of particle : Maximum energy gained 

by the charged particle 2
22

max
2

r
m

Bq
E














  

where r0 = maximum radius of the circular path followed by 

the positive ion.  

Hall Effect 

The Phenomenon of producing a transverse emf in a 

current carrying conductor on applying a magnetic field 

perpendicular to the direction of the current is called Hall effect.  

Hall effect helps us to know the nature and number of 

charge carriers in a conductor.  

Consider a conductor having electrons as current carriers. 

The electrons move with drift velocity v  opposite to the 

direction of flow of current 

 

 

 

 

 

 

Force acting on electron ).( BveFm   This force acts 

along x-axis and hence electrons will move towards face (2) and 

it becomes negatively charged. 

Force On a Current Carrying Conductor In 
Magnetic Field 

In case of current carrying conductor in a magnetic field 

force experienced by its small length element is BlidFd  ;  

lid = current element )( BldiFd   
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Total magnetic force   )( BldiFdF . If magnetic field 

is uniform i.e., B  = constant )(][ BLiBdliF    

 'Ldl  vector sum of all the length elements from initial 

to final point. Which is in accordance with the law of vector 

addition is equal to length vector L  joining initial to final point. 

(For a straight conductor sinBilF  ) 

Direction of force : The direction of force is always 

perpendicular to the plane containing dli  and B  and is same 

as that of cross-product of two vectors )( BA  with dliA  . 

 

 

 

 

 

 

The direction of force when current element dli  and B


 are 

perpendicular to each other can also be determined by applying 

either of the following rules 

Fleming’s left-hand rule : Stretch the fore-finger, central 

finger and thumb of left hand mutually perpendicular. Then if the 

fore-finger points in the direction of field B  and the central in 

the direction of current i, the thumb will point in the direction of 

force. 

 

 

 

 

 

 

Right-hand palm rule : Stretch the fingers and thumb of 

right hand at right angles to each other. Then if the fingers point 

in the direction of field B  and thumb in the direction of current i, 

then normal to the palm will point in the direction of force 

 

 

 

 

 

 

Force Between Two Parallel Current Carrying 
Conductors 

The force on a length l of each of two long, straight, parallel 

wires carrying currents i1 and i2 and separated by a distance a is  

l
a

ii
F  210 2

4


 

Hence force per unit length 

a

ii

l

F 210 2

4














m

N
or 










cm

dyne

a

ii

l

F 212
  

 

Direction of force : If conductors carries current in same 

direction, then force between them will be attractive. If 

conductor carries current in opposite direction, then force 

between them will be repulsive. 
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Force Between Two Moving Charges  

If two charges q1 and q2 are moving with velocities v1 and 

v2 respectively and at any instant the distance between them is 

r, then  

 

 

 

 

 

Magnetic force between them is 
2

21210 .
4 r

vvqq
Fm




  .... (i) 

and Electric force between them is 
2

21

0

.
4

1

r

qq
Fe


   .... (ii) 

From equation (i) and (ii) 2
00 v

F

F

e

m   but 
200

1

c
 ;   

where c is the velocity of light in vacuum. So 

2











c

v

F

F

e

m  

As v < c so Fm < Fe   

Standard Cases For Force on Current Carrying 
Conductors 

Case 1 : When an arbitrary current carrying loop placed in a 

magnetic field ( to the plane of loop), each element of loop 

experiences a magnetic force due to which loop stretches and 

open into circular loop and tension developed in it’s each part. 

 

 

 

 

 

 

 

Case 2 : Equilibrium of a current carrying conductor : When 

a finite length current carrying wire is kept parallel to another 

infinite length current carrying wire, it can suspend freely in air 

as shown below 

 

 

 

 

 

 

In both the situations for equilibrium of XY it's downward 

weight = upward magnetic force i.e. .l
h

ii2
.

4

μ
mg 210

π
  

Case 3 : Current carrying spring : If current is passed 

through a spring, then it will contract because current will flow 

through all the turns in the same direction. 

 

 

 

 

 

 

 

 

Case 4 : Tension less strings : In the following figure the 

value and direction of current through the conductor XY so that 

strings becomes tensionless? 

Strings becomes tensionless if weight of conductor XY 

balanced by magnetic force )( mF . 
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Hence direction of current is from X  Y and in balanced 

condition mgFm     mgliB    
lB

mg
i   

Case 5 : Sliding of conducting rod on inclined rails : When a 

conducting rod slides on conducting rails. 

 

 

 

 

 

 

In the following situation conducting rod (X, Y) slides at 

constant velocity if 

 sincos mgF     sincos mgliB    tan
li

mg
B   

Current Loop as a Magnetic Dipole 

A current carrying circular coil behaves as a bar magnet 

whose magnetic moment is M = NiA; Where N = Number of turns in 

the coil, i = Current through the coil  and A = Area of the coil  

Magnetic moment of a current carrying coil is a vector and 

it's direction is given by right hand thumb rule  

 

 

 

 

 

(1) For a given perimeter circular shape have maximum 

area. Hence maximum magnetic moment. 

(2) For a any loop or coil B  at centre due to current in loop, 

and M  are always parallel. 

 

 

 

 

Behaviour of Current Loop in a Magnetic Field 

(1) Torque : Consider a rectangular 

current carrying coil PQRS having N turns 

and area A, placed in a uniform field B , in 

such a way that the normal )ˆ(n  to the coil 

makes an angle  with the direction of B . 

the coil experiences a torque given by  = 

NBiA sin . Vectorially BM   

 

(i)  is zero when  = 0, i.e., when the plane of the coil is 

perpendicular to the field. 

(ii)  is maximum when o90 , i.e., the plane of the coil is 

parallel to the field  NBiAmax  

(2) Workdone : If coil is rotated through an angle  from it's 

equilibrium position then required work. ).cos1(  MBW  It is 

maximum when  = 180o  Wmax = 2 MB  

(3) Potential energy :  U = – MB cos   BMU .   

Moving Coil Galvanometer 

 

 

 

 

 

 

 

 

In a moving coil galvanometer the coil is suspended between 

the pole pieces of a strong horse-shoe magnet. The pole pieces 

are made cylindrical and a soft iron cylindrical core is placed 
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within the coil without touching it. This makes the field radial. In 

such a field the plane of the coil always remains parallel to the 

field. Therefore o90  and the deflecting torque always has the 

maximum value. 

NBiAdef   ......(i) 

Coil deflects, a restoring torque is set up in the suspension 

fibre. If  is the angle of twist, the restoring torque is 

     Crest    .....(ii) 

where C is the torsional constant of the fibre. 

When the coil is in equilibrium NBiA = C   Ki  , 

where 
NBA

C
K   is the galvanometer constant. This linear 

relationship between i and  makes the moving coil 

galvanometer useful for current measurement and detection. 

Current sensitivity (Si) : The current sensitivity of a 

galvanometer is defined as the deflection produced in the 

galvanometer per unit current flowing through it. 

 
C

NBA

i
S i 


 

Voltage sensitivity (SV) : Voltage sensitivity of a 

galvanometer is defined as the deflection produced in the 

galvanometer per unit voltage applied to it. 

 
RC

NBA

R

S

iRV
S i
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 The device whose working principle based on Halmholtz 

coils and in which uniform magnetic field is used called as 

"Halmholtz galvanometer". 

 The value of magnetic field induction at a point, on the 

centre of separation of two linear parallel conductors carrying 

equal currents in the same direction is zero. 

 If a current carrying circular loop (n = 1) is turned into a 

coil having n identical turns then magnetic field at the centre 

of the coil becomes n2 times the previous field i.e. B (n turn) = n2 

B(single turn) 

 When a current carrying coil is suspended freely in 

earth's magnetic field, it's plane stays in East-West direction. 

 Magnetic field ( B ) produced by a moving charge q is 

given by 
2

0

3

0 )ˆ(

4

)(

4 r

rvq

r

rvq
B














; where v = velocity of 

charge and v << c (speed of light). 

 

 

 

 

 If an electron is revolving in a circular path of radius r 

with speed v then magnetic field produced at the centre of 

circular path 
2

0 .
4 r

ev
B




   

B

v
r   

 The line integral of magnetising field )(H  for any closed 

path called magnetomotive force (MMF). It's S.I. unit is amp. 

 Ratio of dimension of e.m.f. to MMF is equal to the 

dimension of resistance. 

 The positive ions are produced in the gap between the 

two dees by the ionisation of the gas. To produce proton, 

hydrogen gas is used; while for producing alpha-particles, 

helium gas is used. 

 Cyclotron frequency is also known as magnetic 

resonance frequency. 

 Cyclotron can not accelerate electrons because they 

have very small mass. 

 The energy of a charged particle moving in a uniform 

magnetic field does not change because it experiences a 

force in a direction, perpendicular to it's direction of motion. 

Due to which the speed of charged particle remains 

unchanged and hence it's K.E. remains same. 

 Magnetic force does no work when the charged particle 

q v 
r 

B 
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is displaced while electric force does work in displacing the 

charged particle. 

 Magnetic force is velocity dependent, while electric force 

is independent of the state of rest or motion of the charged 

particle. 

 If a particle enters a magnetic field normally to the 

magnetic field, then it starts moving in a circular orbit. The 

point at which it enters the magnetic field lies on the 

circumference. (Most of us confuse it with the centre of the 

orbit) 

 Deviation of charged particle in magnetic field : If a 

charged particle (q, m) enters a uniform magnetic field B  

(extends upto a length x) at right angles with speed v as 

shown in figure. The speed of the particle in magnetic field 

does not change. But it gets deviated in the magnetic field.  

Deviation in terms of time t; t
m

Bq
t 








  

Deviation in terms of length of the magnetic field;  









 

r

x1sin .  This relation can be used only when x   r . 

For x > r, the deviation will be 180o  as shown in the 

following figure  

 

 

 

 

 

 If no magnetic field is present, the loop will still open into 

a circle as in it’s adjacent parts current will be in opposite 

direction and opposite currents repel each other. 

 

 

 

 

 In the following case if wire XY is slightly displaced from 

its equilibrium position, it executes SHM and it’s time period 

is given by 
g

h
T 2 . 

 

 

 

 In the previous case if direction of current in movable wire 

is reversed then it’s instantaneous acceleration produced is 2g 

. 

 Electric force is an absolute concept while magnetic 

force is a relative concept for an observer. 

 The nature of force between two parallel charge beams 

decided by electric force, as it is dominator. The nature of 

force between two parallel current carrying wires decided by 

magnetic force. 

 

 

 

 

 

 

 If a straight current carrying wire is placed along the axis 

of a current carrying coil then it will not experience magnetic 

force because magnetic field produced by the coil is parallel 

to the wire. 

 The force acting on a curved wire joining points a and b 

as shown in the figure is the same as that on a straight wire 

joining these points. It is given by the expression BLiF   
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 If a current carrying conductor AB is placed transverse to 

a long current carrying conductor as shown then force. 

Experienced by wire AB  
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Biot-savart's Law and Ampere's Law 

 

1. A length L of wire carries a steady current I. It is bent first 

to form a circular plane coil of one turn. The same length 

is now bent more sharply to give a double loop of smaller 

radius. The magnetic field at the centre caused by the 

same current is [NCERT 1980; AIIMS 1980; MP PMT 1995, 99] 

(a) A quarter of its first value 

(b) Unaltered 

(c) Four times of its first value 

(d) A half of its first value 

2. A vertical straight conductor carries a current vertically 

upwards. A point P lies to the east of it at a small distance 

and another point Q lies to the west at the same distance. 

The magnetic field at P is  [MNR 1986; DPMT 2004] 

(a) Greater than at Q  

(b) Same as at Q  

(c) Less than at Q  

(d) Greater or less than at Q depending upon the 

strength of the current 

3. If a copper rod carries a direct current, the magnetic field 

associated with the current will be   [CPMT 1984] 

(a) Only inside the rod 

(b) Only outside the rod 

(c) Both inside and outside the rod 

(d) Neither inside nor outside the rod 

i2 

A B 

i1 

x l 
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4. If a long hollow copper pipe carries a direct current, the magnetic 
field associated with the current will be  

[CBSE PMT 1999; AFMC 1999;  

CPMT 1984, 2000; Pb. PET 2000; JIPMER 2002] 

(a) Only inside the pipe 

(b) Only outside the pipe 

(c) Neither inside nor outside the pipe 

(d) Both inside and outside the pipe 

5. The magnetic field Bd  due to a small current element ld  at a 

distance r   and element carrying current i is,  

or 

 Vector form of Biot-savart's law is  

[CBSE PMT 1996; MP PET 2002; MP PMT 2000] 

(a) 
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4
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6. A charge q coulomb moves in a circle at n revolutions per second 
and the radius of the circle is r metre. Then magnetic field at the 
centre of the circle is 

(a) 710
2 
nr

q
 N/amp/metre (b) 710

2 
r

q
 N/amp/metre 

(c) 710
2 

r

nq
N/amp/metre (d) 

r

q2
 N/amp/metre 

7. An infinitely long straight conductor is bent into the shape as shown 

in the figure. It carries a current of i ampere and the radius of the 
circular loop is r metre. Then the magnetic induction at its centre 
will be    [MP PMT 1999]  

 (a) )1(
2

4

0 




r

i
 

 (b)  )1(
2

4

0 




r

i
 

(c) Zero  

(d) Infinite 

8. A current i ampere flows in a circular arc of wire whose radius is R, 

which subtend an angle 2/3  radian at its centre. The magnetic 

induction B at the centre is 

(a) 
R

i0  

(b) 
R

i

2

0  

(c) 
R

i02
 

(d) 
R

i

8

3 0  

9. A current i ampere flows along the inner conductor of a coaxial 
cable and returns along the outer conductor of the cable, then the 

magnetic induction at any point outside the conductor at a distance 
r metre from the axis is 

(a)   (b) Zero 

(c) 
r

i2

4

0




 (d) 

r

i



 2

4

0   

10. A straight section PQ of a circuit lies along the X-axis from 

2

a
x   to 

2

a
x   and carries a steady current i. The magnetic 

field due to the section PQ at a point X = + a  will be    [MP PMT 1987] 

(a) Proportional to a  (b) Proportional to 2a  

(c) Proportional to a/1  (d) Zero 

11. A helium nucleus makes a full rotation in a circle of radius 0.8 
metre in two seconds. The value of the magnetic field B at the 
centre of the circle will be 

[CPMT 1988; KCET 1998; UPSEAT 2001] 

(a) 
0

1910





 (b) 0
1910   

(c) 0
10102   (d) 

0

10102




 

12. A solenoid of 1.5 metre length and 4.0 cm diameter posses 10 turn 
per cm. A current of 5 ampere is flowing through it. The magnetic 
induction at axis inside the solenoid is 

[CPMT 1990] 

(a) Tesla3102   (b) Tesla5102   

(c) Gauss2104   (d) Gauss5102   

13. The magnetic induction at a point P which is distant 4 cm from a 

long current carrying wire is Tesla810 . The field of induction at 

a distance 12 cm from the same current would be  [CBSE PMT 1990; DPMT 2001] 

(a) Tesla91033.3   (b) Tesla41011.1   

(c) Tesla3103   (d) Tesla2109   

14. The strength of the magnetic field at a point r near a long straight 

current carrying wire is B. The field at a distance 
2

r
 will be   [MP PMT 1990] 

(a) 
2

B
 (b) 

4

B
 

(c) 2B (d) 4B 

15. Field at the centre of a circular coil of radius r, through which a 
current I flows is   [MP PMT 1993] 

(a) Directly proportional to r 

(b) Inversely proportional to I 

(c) Directly proportional to I 

(d) Directly proportional to 2I  

16. A current of 0.1 A circulates around a coil of 100 turns and having a 

radius equal to 5 cm. The magnetic field set up at the centre of the 
coil is  

 )/104( 7
0 metreampereweber     [MP PMT 1993] 

(a) tesla5104   (b) tesla5108   

(c) tesla5104   (d) tesla5102   

O 

R 
/2 i 

r 

O 
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17. The magnetic field B with in the solenoid having n turns per metre 

length and carrying a current of i ampere is given by  

[MP PET 1993] 

(a) 
e

ni0  (b) ni0  

(c) ni04  (d) ni 

18. The magnetic induction at the centre O in the figure shown is  [IIT 1988; KCET 2002] 

(a) 
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19. Field inside a solenoid is   [MP PMT 1993] 

(a) Directly proportional to its length  

(b) Directly proportional to current 

(c) Inversely proportional to total number of turns 

(d) Inversely proportional to current 

20. In the figure, shown the magnetic induction at the centre of there 

arc due to the current in portion AB will be 

(a) 
r

i0   

(b) 
r

i

2

0  

(c) 
r

i

4

0   

(d) Zero 

21. In the above question, the magnetic induction at O due to the whole 
length of the conductor is 

[MP PMT/PET 1998; RPET 2002] 

(a) 
r

i0  (b) 
r

i

2

0  

(c) 
r

i

4

0  (d) Zero 

22. In the figure shown there are two semicircles of radii 1r  and 2r  in 

which a current i is flowing. The magnetic induction  at the centre 
O will be 

(a) )( 21
0 rr
r

i



 

(b) )(
4

21
0 rr
i




 

 (c) 











 

21

210

4 rr

rri
 

 (d) 











 

21

120

4 rr

rri
 

23. The magnetic moment of a current carrying loop is 
225101.2 mamp  . The magnetic field at a point on its axis at 

a distance of Å1  is 

(a) 22 /102.4 mweber  (b) 23 /102.4 mweber  

(c) 24 /102.4 mweber  (d) 25 /102.4 mweber  

24. Two straight horizontal parallel wires are carrying the same current 
in the same direction, d is the distance between the wires. You are 
provided with a small freely suspended magnetic needle. At which of 
the following positions will the orientation of the needle be 
independent of the magnitude of the current in the wires   [NCERT 1983] 

(a) At a distance 2/d  from any of the wires 

(b) At a distance 2/d  from any of the wires in the horizontal 
plane 

(c) Anywhere on the circumference of a vertical circle of radius d 
and centre halfway between the wires 

(d) At points halfway between the wires in the horizontal plane 

25. A particle carrying a charge equal to 100 times the charge on an 
electron is rotating per second in a circular path of radius 0.8 metre. 
The value of the magnetic field produced at the centre will be 

0(  permeability for vacuum)  

[CPMT 1986; KCET 2001; BHU 2001] 

(a) 
0

710





 (b) 0
1710   

(c) 0
610   (d) 0

710   

26. A circular coil of radius R carries an electric current. The magnetic 
field due to the coil at a point on the axis of the coil located at a 
distance r from the centre of the coil, such that r >> R, varies as  [EAMCET 1987; AIIMS 2004] 

(a) 
r

1
 (b) 

2/3

1

r
 

(c) 
2

1

r
 (d) 

3

1

r
 

27. In hydrogen atom, an electron is revolving in the orbit of radius 

Å53.0  with 15106.6  rotations/second. Magnetic field produced 

at the centre of the orbit is   [MP PET 2003] 

(a) 2/125.0 mwb  (b) 2/25.1 mwb  

(c) 2/5.12 mwb  (d) 2/125 mwb  

28. The magnetic induction due to an infinitely long straight wire 

carrying a current i at a distance r from wire is given by  

[MP PET 1994] 

(a) 
r

i2

4
|| 0 













B  (b) 

i

r

24
|| 0 













B  

(c) 
r

i24
||

0


















B  (d) 

i

r

2

4
||

0


















B  

29. Magnetic effect of current was discovered by [MP PET 1994] 

(a) Faraday (b) Oersted 

(c) Ampere (d) Bohr 

30. Two concentric circular coils of ten turns each are situated in the 

same plane. Their radii are 20 and 40 cm and they carry respectively 

R1 

O 

R2 

O A B C D 

r 

r1 

O 
r2 
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0.2 and 0.3 ampere current in opposite direction. The magnetic field 

in 2/ mweber  at the centre is 

[MP PMT 1994] 

(a) 0
4

35
  (b) 

80

0  

(c) 0
80

7
  (d) 0

4

5
  

31. A long solenoid has a radius a and number of turns per unit length 
is n. If it carries a current i, then the magnetic field on its axis is 
directly proportional to   [MP PMT 1994] 

(a) ani (b) ni 

(c) 
a

ni
 (d) in2  

32. A cell is connected between two points of a uniformly thick circular 
conductor. The magnetic field at the centre of the loop will be   [MP PMT 1994] 

(a) Zero (b) )(
2

21
0 ii
a




 

(c) )(
2

21
0 ii
a




 (d) )( 21
0 ii

a



 

(Here 1i  and 2i  are the currents flowing in the two parts of the 

circular conductor of radius ‘a’ and 0  has the usual meaning) 

33. A long solenoid is formed by winding 20 turns/cm. The current 
necessary to produce a magnetic field of 20 millitesla inside the 
solenoid will be approximately 

)/10
4

( 70 amperemetretesla 




  [MP PMT 1994] 

(a) 8.0 A (b) 4.0 A 

(c) 2.0 A (d) 1.0 A 

34. A battery is connected between two points A and B on the 

circumference of a uniform conducting ring of radius r and 

resistance R. One of the arcs AB of the ring subtends an angle   at 

the centre. The value of the magnetic induction at the centre due to 
the current in the ring is  [IIT 1995] 

(a) Proportional to )180(2   

(b) Inversely proportional to r 

(c) Zero, only if  180  

(d) Zero for all values of   

35. A current of 1 ampere is passed through a straight wire of length 2.0 

metres. The magnetic field at a point in air at a distance of 3 metres 

from either end of wire and lying on the axis of wire will be   [MP PET 1995] 

(a) 




2

0  (b) 




4

0  

(c) 




8

0  (d) Zero 

36. A long copper tube of inner radius R carries a current i. The 
magnetic field B inside the tube is   [MP PMT 1995] 

(a) 
R

i





2

0  (b) 
R

i





4

0  

(c) 
R

i

2

0  (d) Zero 

37. A straight wire of length )( 2  metre is carrying a current of 2A and 

the magnetic field due to it is measured at a point distant 1 cm from 
it. If the wire is to be bent into a circle and is to carry the same 
current as before, the ratio of the magnetic field at its centre to that 
obtained in the first case would be   [Haryana CEE 1996] 

(a) 50 : 1 (b) 1 : 50 

(c) 100 : 1 (d) 1 : 100 

38. The direction of magnetic lines of forces close to a straight 

conductor carrying current will be   

[RPMT 2002; RPET 2003; MP PET 2003] 

(a) Along the length of the conductor 

(b) Radially outward 

(c) Circular in a plane perpendicular to the conductor 

(d) Helical 

39. If the strength of the magnetic field produced 10cm away from a 

infinitely long straight conductor is 25 /10 mWeber , the value of 

the current flowing in the conductor will be 

[MP PET 1996] 

(a) 5 ampere (b) 10 ampere 

(c) 500 ampere (d) 1000 ampere 

40. Due to 10 ampere of current flowing in a circular coil of 10 cm 

radius, the magnetic field produced at its centre is 
23 /1014.3 mWeber . The number of turns in the coil will be    [MP PET 1996] 

(a) 5000 (b) 100 

(c) 50 (d) 25 

41. There are 50 turns of a wire in every cm length of a long solenoid. If 

4 ampere current is flowing in the solenoid, the approximate value 
of magnetic field along its axis at an internal point and at one end 
will be respectively 

    [MP PET 1996] 

(a) 2323 /103.6,/106.12 mWebermWeber    

(b) 2323 /101.25,/106.12 mWebermWeber    

(c) 2323 /106.12,/101.25 mWebermWeber    

(d) 2525 /106.12,/101.25 mWebermWeber    

42. A solenoid is 1.0 metre long and it has 4250 turns. If a current of 

5.0 ampere is flowing through it, what is the magnetic field at its 

centre ]/104[ 7
0 mampweber    

[MP PMT 1996] 

(a) 22 /104.5 mweber  (b) 22 /107.2 mweber  

(c) 22 /1035.1 mweber  (d) 22 /10675.0 mweber  

43. A vertical wire kept in Z-X plane carries a current from Q to P (see 

figure). The magnetic field due to current will have the direction at 
the origin O along 

(a) OX  

(b) 'OX  

Y 
Z ' 

Q 

i 
X X 

Y 

Z P 

O 
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(c) OY  

(d) 'OY  

44. One metre length of wire carries a constant current. The wire is 

bent to form a circular loop. The magnetic field at the centre of this 

loop is B. The same is now bent to form a circular loop of smaller 

radius to have four turns in the loop. The magnetic field at the 

centre of this new loop is 

(a) 4 B (b) 16 B 

(c) 2/B  (d) 4/B  

45. In a hydrogen atom, an electron moves in a circular orbit of radius 

m11102.5   and produces a magnetic induction of 12.56 T at its 

nucleus. The current produced by the motion of the electron will be 

(Given )/104 7
0 mAWb    

[MP PET 1997] 

(a) ampere31053.6   (b) ampere101025.13   

(c) ampere6106.9   (d) ampere31004.1   

46. An arc of a circle of radius R subtends an angle 
2


 at the centre. It 

carries a current i. The magnetic field at the centre will be   [MP PET 2003] 

(a) 
R

i

2

0  (b) 
R

i

8

0  

(c) 
R

i

4

0  (d) 
R

i

5

2 0  

47. At a distance of 10 cm from a long straight wire carrying current, 
the magnetic field is 0.04 T. At the distance of 40 cm, the magnetic 
field will be   [MP PMT 1997] 

(a) 0.01 T  (b) 0.02 T  

(c) 0.08 T  (d) 0.16 T  

48. A uniform wire is bent in the form of a circle of radius R. A current 

I enters at A and leaves at C as shown in the figure : 

If the length ABC is half of the length ADC, the magnetic field at the 

centre O will be   [MP PMT 1997] 

(a) Zero 

(b) 
R

I

2

0  

(c) 
R

I

4

0  

(d) 
R

I

6

0  

49. The magnetic induction at any point due to a long straight wire 
carrying a current is    [MP PMT/PET 1998] 

(a) Proportional to the distance from the wire  

(b) Inversely proportional to the distance from wire 

(c) Inversely proportional to the square of the distance from the 
wire 

(d) Does not depend on distance  

50. The expression for magnetic induction inside a solenoid of length L 
carrying a current I and having N number of turns is  [MP PMT/PET 1998] 

(a) 
LI

N





4

0  (b) NI0  

(c) NLI




4

0  (d)  I
L

N
0  

51. In a current carrying long solenoid, the field produced does not 
depend upon   [MP PET 1999] 

(a) Number of turns per unit length  

(b) Current flowing 

(c) Radius of the solenoid 

(d) All of the above three 

52. The earth's magnetic induction at a certain point is 

./107 25 mWb  This is to be annulled by the magnetic 
induction at the centre of a circular conducting loop of radius 5 cm. 
The required current in the loop is 

  [MP PET 1999; MP PMT 2002] 

(a) 0.56 A (b) 5.6 A 

(c) 0.28 A (d) 2.8 A 

53. Magnetic field due to 0.1 A current flowing through a circular coil of 
radius 0.1 m and 1000 turns at the centre of the coil is   [CBSE PMT 1999] 

(a) T1102   (b) T21031.4   

(c) T41028.6   (d) T41081.9   

54. Magnetic field intensity at the centre of coil of 50 turns, radius 0.5 

m and carrying a current of 2 A is 

[CBSE PMT 1999; BHU 2002] 

(a) T5105.0   (b) T41025.1   

(c) T5103   (d) T5104   

55. A circular coil ‘A’ has a radius R and the current flowing through it 

is I. Another circular coil ‘B’ has a radius 2R and if 2I is the current 

flowing through it, then the magnetic fields at the centre of the 

circular coil are in the ratio of (i.e. AB  to BB )  [CBSE PMT1993; AIEEE 2002] 

(a) 4 : 1 (b) 2 : 1 

(c) 3 : 1 (d) 1 : 1 

56. The magnetic field at a distance r from a long wire carrying current 

i is 0.4 Tesla. The magnetic field at a distance 2r is 

[CBSE PMT 1992; DPMT 2004] 

(a) 0.2 Tesla (b) 0.8 Tesla 

(c) 0.1 Tesla (d) 1.6 Tesla 

57. A current I flows along the length of an infinitely long, straight and 

thin-walled pipe. Then [IIT-JEE 1993] 

(a) The magnetic field at all points inside the pipe is the same but 
not zero 

(b) The magnetic field at any point inside the pipe is zero 

(c) The magnetic field is zero only on the axis of the pipe 

(d) The magnetic field is different at different points inside the 

pipe 

58. The magnetic field at the centre of current carrying coil is 

[CPMT 1996; RPET 2002, 03] 

(a) 
r

ni

2

0  (b) 
r

ni





2

0  

(c) 
r

ni

4

0  (d) ni0  

A 

B 

C 

D 

O 
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59. A straight wire of diameter 0.5 mm carrying a current of 1 A is 
replaced by another wire of 1 mm diameter carrying the same 
current. The strength of magnetic field far away is 

[CBSE PMT 1997, 99] 

(a) Twice the earlier value  

(b) Half of the earlier value 

(c) Quarter of its earlier value 

(d) Unchanged 

60. A neutral point is obtained at the centre of a vertical circular coil 
carrying current. The angle between the plane of the coil and the 
magnetic meridian is   [SCRA 1998] 

(a) 0 (b) 45° 

(c) 60° (d) 90° 

61. One Tesla is equal to   [AFMC 1998] 

(a) gauss710  (b) gauss410  

(c) gauss410  (d) gauss810  

62. A current carrying wire in the neighborhood produces  

[AFMC 1999] 

(a) No field  

(b) Electric field only 

(c) Magnetic field only 

(d) Electric and magnetic fields 

63. Tesla is the unit of    [AIIMS 1999] 

(a) Electric flux  (b) Magnetic flux 

(c) Electric field (d) Magnetic field 

64. The magnetic induction in air at a point 1cm away from a long wire 

that carries a current of 1A, will be  

    [BHU 1999] 

(a) T5101    (b) T5102   

(c) T5103   (d) T5104   

65. The magnetic field at the centre of coil of n turns, bent in the form 

of a square of side 2l , carrying current i, is 

     [AMU (Engg.) 1999] 

(a) 
l

ni



02
  (b) 

l

ni





2

2 0  

(c) 
l

ni





4

2 0  (d) 
l

ni



02
 

66. Which of the following gives the value of magnetic field according 

to,  Biot-Savart’s law’   [BHU 2000] 

(a) 
2

sin

r

li 
  (b) 

r

li 



 sin

4

0 
 

(c) 
2

0 sin

4 r

li 



 
 (d) 




sin

4

0 li  

67. A toroid has number of turns per unit length n, current i, then the 

magnetic field is    [RPET 2000] 

(a) ni0  (b) in2
0  

(c) ni /0  (d) None of these 

68. Magnetic field due to a ring having n turns at a distance x on its 

axis is proportional to (if r = radius of ring)  [RPET 2000] 

(a) 
)( 22 rx

r


  (b) 

2/322

2

)( rx

r


 

(c) 
2/322

2

)( rx

nr


 (d) 

2/322

22

)( rx

rn


 

69. A and B are two concentric circular conductors of centre O and 

carrying currents 1i  and 2i  as shown in the adjacent figure. If ratio 

of their radii is 1 : 2 and ratio of the flux densities at O due to A and 

B  is 1 : 3, then the value of 21 / ii  is            [KCET 2000] 

(a) 
6

1
 

(b) 
4

1
 

(c) 
3

1
 

(d) 
2

1
 

70. A long straight wire carries an electric current of 2A. The magnetic 

induction at a perpendicular distance of 5m from the wire is    [EAMCET (Med.) 2000] 

(a) T8104    (b) T8108   

(c) T81012   (d) T81016   

71. A straight wire carrying a current 10 A is bent into a semicircular 

arc of radius 5 cm. The magnitude of magnetic field at the center is    [CPMT 2000] 

(a) T5105.1   (b) T51014.3   

(c) T51028.6   (d) T5106.19   

72. A long solenoid of length L has a mean diameter D. It has n layers of 

windings of N turns each. If it carries a current ‘i’ the magnetic field 

at its centre will be  [MP PMT 2000] 

(a) Proportional to D  

(b) Inversely proportional to D  

(c) Independent of D 

(d) Proportional to L 

73. A circular loop of radius 0.0157m carries a current of 2.0 amp. The 

magnetic field at the centre of the loop is  

)/104( 7
0 mampweber      [MP PET 2000] 

(a) 2-5 / 101.57 mweber  (b) 2-5 / 100.8 mweber  

(c) 2-5 / 105.2 mweber  (d) 2-5 / 1014.3 mweber  

74. A long solenoid has 200 turns per cm and carries a current of 2.5 amps. 

The magnetic field at its centre is )-/104( 7
0 mampweber     [MP PET 2000] 

(a) 22 /1014.3 mweber  

(b) 22 /1028.6 mweber  

i1 i2 

r1 

r2 

B 

A 

O 
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(c) 22 /1042.9 mweber  

(d) 22 /1056.12 mweber  

75. Two concentric coplanar circular loops of radii 1r  and 2r  carry 

currents of respectively 1i  and 2i  in opposite directions (one 

clockwise and the other anticlockwise.) The magnetic induction at 

the centre of the loops is half that due to 1i  alone at the centre. If 

.2 12 rr   the value of 12 / ii  is    

[MP PET 2000] 

(a) 2 (b) 1/2 

(c) 1/4 (d) 1 

76. PQRS is a square loop made of uniform conducting wire the current 
enters the loop at P and leaves at S.  Then the magnetic field will be 
   

         [KCET 2000] 

  

 

 

 

 

(a) Maximum at the centre of the loop 

(b) Zero at the centre of loop 

(c) Zero at all points inside the loop 

(d) Zero at all points outside of the loop 

77. Magnetic fields at two points on the axis of a circular coil at a 
distance of 0.05m and 0.2m from the centre are in the ratio 8 : 1. 
The radius of the coil is  

[KCET 2002] 

(a) 1.0 m   (b) 0.1 m 

(c) 0.15 m (d) 0.2 m 

78. An electric current passes through a long straight wire. At a distance 

5 cm from the wire, The magnetic field is B. The field at 20 cm  
from the wire would be     

[CPMT 2001; Pb PET 2002] 

(a) 
6

B
 (b) 

4

B
 

(c) 
3

B
 (d) 

2

B
 

79. A closely wound flat circular coil of 25 turns of wire has diameter of 

10 cm and carries a current of 4 ampere. Determine the flux density 
at the centre of a coil  

    [AIIMS 2001] 

(a) tesla510679.1   (b) tesla410028.2   

(c) tesla310257.1   (d) tesla610512.1   

80. The dimension of the magnetic field intensity B is  

    [MP PET 2001] 

(a) 12  AMLT   (b) 12  AMT  

(c) 22 TAML  (d) 122  ALTM  

81. A current of 2 amp. flows in a long, straight wire of radius 2 mm. 
The intensity of magnetic field on the axis of the wire is    [MP PET 2001] 

(a) 310










o Tesla  (b) 310
2












o Tesla 

(c) 310
2












o Tesla (d) Zero 

82. The magnetic field at the centre of a circular coil of radius r 

carrying current I is 1B . The field at the centre of another coil of 

radius 2 r carrying same current I is 2B . The ratio 
2

1

B

B
 is    [MP PET 2001] 

(a) 
2

1
  (b) 1 

(c) 2 (d) 4 

83. 1A current flows through an infinitely long straight wire. The 
magnetic field produced at a point 1 metres away from it is  

[MP PMT 2001] 

(a) Tesla3102    (b) Tesla
10

2
 

(c) Tesla7102   (d) Tesla102 6  

84. Two infinitely long parallel wires carry equal current in same 
direction. The magnetic field at a mid point in between the two 
wires is    [MP PMT 2001] 

(a) Twice the magnetic field produced due to each of the wires  

(b) Half of the magnetic field produced due to each of the wires 

(c) Square of the magnetic field produced due to each of the wires 

(d) Zero 

85. A wire in the form of a square of side ‘a’ carries a current i. Then 
the magnetic induction at the centre of the square wire is (Magnetic 

permeability of free space = )o  [EAMCET 2001] 

(a) 
a

i





2

0   (b) 
a

i



 20  

(c) 
a

io



22
 (d) 

a

i





2

0  

86. What should be the current in a circular coil of radius 5cm to annul 

TBH
5105     [DCE 2001] 

(a) 0.4 A (b) 4 A 

(c) 40 A (d) 1 A  

87. A current of 0.1 A circulates around a coil of 100 turns and having a 
radius equal to 5cm. The magnetic field set up at the centre of the 

coil is (
0

 = 4  10–7 weber/amp-metre) 

[DPMT 2002] 

(a) 2  10–5 Tesla  (b) 4  10–5 Tesla 

(c) 8  10–5 Tesla (d) 4  10–5 Tesla 

88. An electron moving in a circular orbit of radius r makes n rotation 
per second. The magnetic field produced at the centre has a 
magnitude of   

[KCET 2001; UPSEAT 2001, 02] 

(a) 
r

ne

2

0   (b) 
r

en

2

2
0  

P 

Q R 

S 
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i 

B 

A C 

(c) 
r

ne





2

0  (d) Zero 

89. A long solenoid has n turns per meter and current I A is flowing 

through it. The magnetic field at the ends of the solenoid is                  [MP PMT 2001; MP PET 2002]    

(a) 
2

0nI
  (b) nI0  

(c) Zero (d) nI02  

90. A wire carrying current i is shaped as shown. Section AB is a 

quarter circle of radius r.  The magnetic field is directed 

[KCET 2002] 

 

 

 

 

 

 

(a) At an angle 4/  to the plane of the paper 

(b) Perpendicular to the plane of the paper and directed in to the 

paper 

(c) Along the bisector of the angle ACB  towards AB  

(d) Along the bisector of the angle ACB away from AB 

91. Two long straight wires are set parallel to each other. Each carries a 

current i in the same direction and the separation between them is 
2r. The intensity of the magnetic field midway between them is    

[Kerala PET 2002; DCE 2002] 

(a) rio /   

(b) rio /4  

(c) Zero 

(d) rio 4/  

92. A magnetic field can be produced by   [AIEEE 2002] 

(a) A moving charge (b) A changing electric field  

(c) None of these (d) Both of these 

93. Unit of magnetic permeability is   [AFMC 2002] 

(a) Amp/metre  (b) Amp/ 2m  

(c) Henry (d) Henry/metre 

94. A long straight wire carries a current of .amp  The magnetic field 

due to it will be 25  105 weber/m  at what distance from the 

wire o[ permeability of air]  

    [MP PMT 2002] 

(a) o
410  metre  (b) 

o

410
 metre 

(c) o
610  metre (d) 

o

610
metre 

95. When a certain length of wire is turned into one circular loop, the 
magnetic induction at the centre of coil due to some current flowing 

is 1B  If the same wire is turned into three loops to make a circular 

coil, the magnetic induction at the center of this coil for the same 
current will be  

[MP PMT 2002] 

(a) 1B  (b) 19 B  

(c) 13 B  (d) 127 B  

96. Gauss is unit of which quantity  [MP PET 2002] 

(a) H  (b) B 

(c)   (d) I 

97. On connecting a battery to the two corners of a diagonal of a square 
conductor frame of side a  the magnitude of the magnetic field at 
the centre will be   [MP PET 2002] 

(a) Zero  (b) 
a

o




 

(c) 
a

o



2
 (d) 

a

io



4
 

98. The ratio of the magnetic field at the centre of a current carrying 
coil of the radius a and at a distance ‘a’ from centre of the coil and 
perpendicular to the axis of coil is  

    [MP PET 2002] 

(a) 
2

1
  (b) 2  

(c) 
22

1
 (d) 22  

99. A part of a long wire carrying a current i is bent into a circle of 

radius r as shown in figure. The net magnetic field at the centre O 
of the circular loop is    [UPSEAT 2002] 

 (a) 
r

io

4


  

(b) 
r

io

2


 

(c) )1(
2






r

io  

(d) )1(
2






r

io  

100. The current in the windings on a toroid is 2.0A. There are 400 turns 
and the mean circumferential length is 40cm. If the inside magnetic 

field is 1.0T, the relative permeability is near to    [AMU (Med.) 2002]  

(a) 100  (b) 200 

(c) 300 (d) 400 

101. ‚On flowing current in a conducting wire the magnetic field 
produces around it.‛ It is a law of    [RPET 2003] 

(a) Lenz  (b) Ampere 

(c) Ohm (d) Maxwell 

102. The magnetic field near a current carrying conductor is given by     [Orissa JEE 2003] 

(a) Coulomb’s law  (b) Lenz’ law 

(c) Biot-savart’s law (d) Kirchoff’s law 

103. A current of 10A is passing through a long wire which has 
semicircular loop of the radius 20cm as shown in the figure. 
Magnetic field produced at the centre of the loop is    

[Orissa JEE 2003] 

(a) T10   

(b) T5  

(c) T4   

(d) T2  

P 

i i 
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r O 
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B A 

20 cm 
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10 A 
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104. A wire in the form of a circular loop of one turn carrying a current 
produces a magnetic field B at the centre. If the same wire is looped 
into a coil of two turns and carries the same current, the new value 
of magnetic induction at the centre is    [CBSE 2002; KCET 2003] 

(a) B5   (b) B3  

(c) B2  (d) B4  

105. A long solenoid carrying a current produces a magnetic field B along 
its axis. If the current is doubled and the number of turns per cm is 
halved, the new value of the magnetic field is 

[CBSE PMT 2003] 

(a) B  (b) 2 B 

(c) 4 B (d) B/2 

106. A long straight wire carrying current of 30A is placed in an external 

uniform magnetic field of induction 4  10–4T. The magnetic field is 
acting parallel to the direction of current. The magnitude of the 
resultant magnetic induction in tesla at a point 2.0 cm away from 
the wire is  [EAMCET 2003] 

(a) 10–4  (b) 3  10–4 

(c) 5  10–4 (d) 6  10–4 

107. The earth’s magnetic field at a given point is 25 -105.0  mWb . 
This field is to be annulled by magnetic induction at the center of a 
circular conducting loop of radius 5.0cm. The current required to be 
flown in the loop is nearly    [AIIMS 2003] 

(a) 0.2 A  (b) 0.4A 

(c) 4A (d) 40A 

108. A coil having N turns carry a current I as shown in the figure. The 

magnetic field intensity at point P is  

[BHU 2003; CPMT 2004] 

(a) 
2/322
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(d) Zero 

109. Two similar coils are kept mutually perpendicular such that their 
centres coincide. At the centre, find the ratio of the magnetic field 
due to one coil and the resultant magnetic field by both coils, if the 
same current is  flown  

[BHU 2003; CPMT 2004] 

 (a) 1: 2   (b) 1 : 2 

(c) 2 : 1 (d) 1:3  

110. In the figure, what is the magnetic field at the point O   

[MP PMT 2004] 
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111. The magnetic moment of a current (i) carrying circular coil of 

radius (r) and number of turns (n) varies as  [AIIMS 2004] 

(a) 1/ r2  (b) 1/ r  

(c) r  (d) r2  

112. A current flows in a conductor from east to west. The direction of 

the magnetic field at a points above the conductor is .....    [KCET 2004] 

(a) Towards north  (b) Towards south  

(c) Towards east  (d) Towards west  

113. A long wire carries a steady current. It is bent into a circle of one 
turn and the magnetic field at the centre of the coil is B. It is then 
bent into a circular loop of n turns. The magnetic field at the centre 
of the coil will be [AIEEE 2004] 

(a) nB  (b) n2B 

(c) 2nB  (d) 2n2B  

114. The magnetic field due to a current carrying circular loop of radius 

3 cm at a point on the axis at a distance of 4 cm from the centre is 

54 T. What will be its value at the centre of the loop    [AIEEE 2004] 

(a) 250  T (b) 150  T  

(c) 125  T  (d) 75  T  

115. The magnetic induction at the centre of a current carrying circular 

of coil radius r, is     [J & K CET 2004] 

(a) Directly proportional to r   

(b) Inversely proportional r   

(c) Directly proportional to r2  

(d) Inversely proportional to r2  

116. The current is flowing in south direction along a power line. The 

direction of magnetic field above the power line (neglecting earth's 

field) is  

[Pb. PMT 2004; Kerala PMT 2004] 

(a) South  (b) East 

(c) North (d) West 

117. Two wires of same length are shaped into a square and a circle. If 

they carry same current, ratio of the magnetic moment is    [DCE 2002] 

(a) 2 :  (b)  : 2 

(c)  : 4 (d) 4 :  

118. When the current flowing in a circular coil is doubled and the 

number of turns of the coil in it is halved, the magnetic field at its 

centre will become    [DPMT 2003] 

(a) Four times  (b) Same  

(c) Half (d) Double  

119. An electron is revolving round a proton, producing a magnetic field 

of 16 weber/m2 in a circular orbit of radius 1Å. It’s angular velocity 

will be   [RPMT 2002] 

(a) 1017 rad/sec (b) 1/2   1012 rad/sec 

(c) 2   1012 rad/sec  (d) 4   1012 rad/sec  

120. 20 ampere current is flowing in a long straight wire. The intensity of 

magnetic field at a distance 10 cm from the wire will be    [Pb. PMT 2003]  

(a) 4  10–5 Wb/m2  (b) 9  10–5 Wb/m2  

(c) 8  10–5 Wb/m2  (d) 6  10–5 Wb/m2 

121. The field due to a long straight wire carrying a current I is 

proportional to   [MP PMT 1993] 

(a) I  (b) 3I  

(c) I  (d) I/1  

122. Two concentric coils each of radius equal to cm 2  are placed at 

right angles to each other. 3 ampere and 4 ampere are the currents 
flowing in each coil respectively. The magnetic induction in 

I 

x 

P 
R 

I 

O r 
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2/ mWeber  at the centre of the coils will be 

)./104( 7
0 mAWb     [AIEEE 2005] 

(a) 5105   (b) 5107   

(c) 51012   (d) 510   

123. A wire carrying current I and other carrying 2I in the same direction 

produces a magnetic field B at the mid point. What will be the field 
when 2I wire is switched off  [AFMC 2005] 

 (a) B / 2 (b) 2B 

(c) B (d) 4B 

124. Two long parallel wires P and Q are both perpendicular to the plane 

of the paper with distance 5 m between them. If P and Q carry 
current of 2.5 amp and 5 amp respectively in the same direction, 
then the magnetic field at a point half way between the wires is     [Kerala PMT 2005] 

(a) 




2

3 0  (b) 


0  

(c) 




2

3 0  (d) 




2

0  

(e) 


03
 

125. The direction of magnetic lines of force produced by passing a direct 
current in a conductor is given by  [J & K CET 2005] 

(a) Lenz’s law (b) Fleming’s left hand rule 

(c) Right hand palm rule (d) Maxwell’s law 

126. For the magnetic field to be maximum due to a small element of 

current carrying conductor at a point, the angle between the 
element and the line joining the element to the given point must be   [J & K CET 2005] 

(a) 0° (b) 90°  

(c) 180° (d) 45° 

 

Motion of Charged Particle In Magnetic Field 

 

1. A proton moving with a constant velocity passes through a region of 

space without any change in its velocity. If E  and B  represent the 

electric and magnetic fields respectively, then this region of space 

may have 

  [IIT-JEE 1985; AMU 1995; AFMC 2001; 

Roorkee 2000; AMU (Med.) 2000] 

(a) 0,0  BE  (b) 0,0  BE  

(c) 0,0  BE  (d) 0,0  BE  

2. A uniform electric field and a uniform magnetic field are produced, 

pointed in the same direction. An electron is projected with its 
velocity pointing in the same direction 

[NCERT 1980; CBSE PMT 1993; JIPMER 1997;  

AIEEE 2005] 

(a) The electron will turn to its right 

(b) The electron will turn to its left 

(c) The electron velocity will increase in magnitude 

(d) The electron velocity will decrease in magnitude 

3. Two particles X and Y having equal charges, after being accelerated 
through the same potential difference, enter a region of uniform 

magnetic field and describes circular path of radius 1R  and 2R  

respectively. The ratio of mass of X to that of Y is[IIT-JEE 1988; CBSE PMT1995; MP PMT 2001] 
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4. A beam of ions with velocity sm /102 5  enters normally into a 

uniform magnetic field of tesla2104  . If the specific charge of 

the ion is kgC /105 7 , then the radius of the circular path 

described will be  [NCERT 1983; BVP 2003] 

(a) 0.10 m (b) 0.16 m 

(c)  0.20 m (d) 0.25 m 

5. The radius of curvature of the path of the charged particle in a 
uniform magnetic field is directly proportional to 

   [MNR 1995; UPSEAT 1999, 2000] 

(a) The charge on the particle 

(b) The momentum of the particle 

(c) The energy of the particle 

(d) The intensity of the field 

6. An electron has mass kg31109   and charge C19106.1   is 

moving with a velocity of sm /106 , enters a region where 

magnetic field exists. If it describes a circle of radius 0.10 m, the 
intensity of magnetic field must be 

[NCERT 1982; CPMT 1989; DCE 2005] 

(a) T4108.1   (b) T5106.5   

(c) T5104.14   (d) T6103.1   

7. A proton (mass m and charge +e) and an  particle (mass 4m 
and charge +2e) are projected with the same kinetic energy at right 
angles to the uniform magnetic field. Which one of the following 
statements will be true  [NCERT 1983] 

(a) The  particle will be bent in a circular path with a small 
radius that for the proton 

(b) The radius of the path of the  particle will be greater than 
that of the proton 

(c) The  particle and the proton will be bent in a circular path 
with the same radius 

(d) The  particle and the proton will go through the field in a 
straight line 

8. A charged particle moving in a magnetic field experiences a resultant 
force   [MP PMT 1994] 

(a) In the direction of field 

(b) In the direction opposite to that field 

(c) In the direction perpendicular to both the field and its velocity 

(d) None of the above 

9. If the direction of the initial velocity of the charged particle is 
perpendicular to the magnetic field, then the orbit will be  

or  

The path executed by a charged particle whose motion is 
perpendicular to magnetic field is 

[MP PMT 1993; CPMT 1996] 

(a) A straight line (b) An ellipse 

(c) A circle (d) A helix 
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10. If the direction of the initial velocity of the charged particle is 
neither along nor perpendicular to that of the magnetic field, then 
the orbit will be    [MP PET 1993] 

(a) A straight line (b) An ellipse 

(c) A circle (d) A helix 

11. Particles having positive charges occasionally come with high velocity 

from the sky towards the earth. On account of the magnetic field of 
earth, they would be deflected towards the    [NCERT 1977] 

(a) North (b) South 

(c) East (d) West  

12. A 2 MeV proton is moving perpendicular to a uniform magnetic 
field of 2.5 tesla. The force on the proton is 

[CPMT 1989] 

(a) N10105.2   (b) N11106.7   

(c) N11105.2   (d) N12106.7   

13. A charged particle moves with velocity v in a uniform magnetic field 

B . The magnetic force experienced by the particle is   [CBSE PMT 1990] 

(a) Always zero 

(b) Never zero 

(c) Zero, if B  and v  are perpendicular 

(d) Zero, if B  and v  are parallel 

14. A proton is moving along Z-axis in a magnetic field. The magnetic 
field is along X-axis. The proton will experience a force along 

(a) X-axis (b) Y-axis 

(c) Z-axis (d) Negative Z-axis 

15. A proton of mass m and charge +e is moving in a circular orbit in a 
magnetic field with energy 1 MeV. What should be the energy of 
 particle (mass = 4m and charge = + 2e), so that it can revolve in 

the path of same radius [BHU 1997] 

         (a) 1 MeV (b) 4 MeV 

(c) 2 MeV (d) 0.5 MeV 

16. An electron is moving with a speed of sec/108 m  perpendicular 

to a uniform magnetic field of intensity B. Suddenly intensity of the 
magnetic field is reduced to B/2. The radius of the path becomes 
from the original value of r 

     [MP PET 1993] 

(a) No change (b) Reduces to r / 2 

(c) Increases to 2r (d) Stops moving 

17. A proton and an  particle enter a uniform magnetic field 
perpendicularly with the same speed. If proton takes 25   sec to 

make 5 revolutions, then the periodic time for the  particle 
would be   [MP PET 1993] 

(a) 50   sec (b) 25   sec 

(c) 10   sec (d) 5   sec 

18. A proton (mass kg271067.1   and charge )106.1 19 C  

enters perpendicular to a magnetic field of intensity 2 2/ mweber  

with a velocity sec/104.3 7 m . The acceleration of the proton 

should be [DPMT 1999] 

(a) 215 sec/105.6 m  (b) 213 sec/105.6 m  

(c) 211 sec/105.6 m  (d) 29 sec/105.6 m  

19. An  particle travels in a circular path of radius 0.45 m in a 

magnetic field 2/2.1 mWbB   with a speed of 

sec/106.2 7 m . The period of revolution of the  particle is 

(a) sec101.1 5  (b) sec101.1 6  

(c) sec101.1 7  (d) sec101.1 8  

20. A uniform magnetic field B is acting from south to north and is of 

magnitude 1.5 2/ mWb . If a proton having mass kg27107.1   

and charge C19106.1   moves in this field vertically 

downwards with energy 5 MeV, then the force acting on it will be   [Pb. PMT 2002] 

(a) N12104.7   (b) N12104.7   

(c) N19104.7   (d) N19104.7   

21. A strong magnetic field is applied on a stationary electron, then [BIT 1989; MP PMT 1995; CPMT 1999] 

(a) The electron moves in the direction of the field 

(b) The electron moves in an opposite direction 

(c) The electron remains stationary 

(d) The electron starts spinning 

22. A uniform magnetic field acts at right angles to the direction of 

motion of electrons. As a result, the electron moves in a circular 
path of  radius 2 cm. If the speed of the electrons is doubled, then 
the radius of the circular path will be 

[CBSE PMT 1991] 

(a) 2.0 cm (b) 0.5 cm 

(c) 4.0 cm (d) 1.0 cm 

23. A deutron of kinetic energy 50 keV is describing a circular orbit of 

radius 0.5 metre in a plane perpendicular to magnetic field B . The 
kinetic energy of the proton that describes a circular orbit of radius 

0.5 metre in the same plane with the same B  is   [CBSE PMT 1991] 

(a) 25 keV (b) 50 keV 

(c) 200 keV (d) 100 keV 

24. If a proton is projected in a direction perpendicular to a uniform 
magnetic field with velocity v and an electron is projected along the 
lines of force, what will happen to proton and electron    [DPMT 1979] 

(a) The electron will travel along a circle with constant speed and 
the proton will move along a straight line 

(b) Proton will move in a circle with constant speed and there will 
be no effect on the motion of electron 

(c) There will not be any effect on the motion of electron and 
proton 

(d) The electron and proton both will follow the path of a parabola  

25. An electron is travelling horizontally towards east. A magnetic field 
in vertically downward direction exerts a force on the electron along   [EAMCET 1984] 

(a) East (b) West 

(c) North (d) South 

26. Lorentz force can be calculated by using the formula 

[MP PET 1994, 2002, 03; CBSE PMT 2002] 

(a) )( BvEqF   (b) )( BvEqF   

(c)  )( BvEqF   (d) )( vBEqF   

27. A magnetic field   [MP PET 1994; Pb PMT 2003] 

(a) Always exerts a force on a charged particle 

(b) Never exerts a force on a charged particle 

(c) Exerts a force, if the charged particle is moving across the 
magnetic field lines 

(d) Exerts a force, if the charged particle is moving along the 
magnetic field lines 
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28. A proton enters a magnetic field of flux density 2/5.1 mweber  

with a velocity of sec/102 7 m  at an angle of 30  with the 

field. The force on the proton will be 

[MP PET 1994 ; Pb. PMT 2004] 

(a) N12104.2   (b) N121024.0   

(c) N121024   (d) N1210024.0   

29. If a particle of charge coulomb1210  moving along the 

x̂ direction with a velocity sm /105  experiences a force of 

newton1010  in ŷ direction due to magnetic field, then the 

minimum magnetic field is   [MP PMT 1994] 

(a) tesla31025.6   in ẑ direction 

(b) tesla1510  in ẑ direction 

(c) tesla31025.6   in ẑ direction 

(d) tesla310  in ẑ direction 

30. If a proton, deutron and  particle on being accelerated by the 
same potential difference enters perpendicular to the magnetic field, 
then the ratio of their kinetic energies is  

[MP PMT 2003; J & K CET 2005] 

(a) 1 : 2 : 2 (b) 2 : 2 : 1 

(c) 1 : 2 : 1 (d) 1 : 1 : 2 

31. Which of the following statement is true 

    [Manipal MEE 1995] 

(a) The presence of a large magnetic flux through a coil maintains 
a current in the coil if the circuit is continuous 

(b) A coil of a metal wire kept stationary in a non-uniform 
magnetic field has an e.m.f. induced in it 

(c) A charged particle enters a region of uniform magnetic field at 

an angle of 85  to the magnetic lines of force; the path of the 
particle is a circle 

(d) There is no change in the energy of a charged particle moving 
in a magnetic field although a magnetic force is acting on it 

32. An electron and a proton enter region of uniform magnetic field in a 
direction at right angles to the field with the same kinetic energy. 

They describe circular paths of radius er  and pr  respectively. Then    [Manipal MEE 1995] 

(a) pe rr   

(b) pe rr   

(c) pe rr   

(d) er  may be less than or greater than pr  depending on the 

direction of the magnetic field 

33. A proton of mass kg271067.1   and charge C19106.1   is 

projected with a speed of sm /102 6  at an angle of 60  to the 

X axis. If a uniform magnetic field of 0.104 Tesla is applied along 

Y axis, the path of proton is   [IIT-JEE 1995] 

(a) A circle of radius = 0.2 m and time period s710  

(b) A circle of radius = 0.1 m and time period s7102   

(c) A helix of radius = 0.1 m and time period s7102   

(d) A helix of radius = 0.2 m and time period s7104   

34. A proton and a deutron both having the same kinetic energy, enter 
perpendicularly into a uniform magnetic field B. For motion of 

proton and deutron on circular path of radius pR  and dR  

respectively, the correct statement is 

[MP PET 1995] 

(a) pd RR 2  (b) 2/pd RR   

(c) pd RR   (d) pd RR 2  

35. A proton (or charged particle) moving with velocity v is acted upon 
by electric field E and magnetic field B. The proton will move 
undeflected if 

  [MP PMT 1995, 2003; UPSEAT 2002; DPMT 2003] 

(a) E is perpendicular to B 

(b) E is parallel to v and perpendicular to B 

(c) E, B and v are mutually perpendicular and 
B

E
v   

(d) E and B both are parallel to v 

36. A proton and an electron both moving with the same velocity v 
enter into a region of magnetic field directed perpendicular to the 
velocity of the particles. They will now move in circular orbits such 
that  [MP PMT 1995] 

(a) Their time periods will be same 

(b) The time period for proton will be higher 

(c) The time period for electron will be higher 

(d) Their orbital radii will be same 

37. A charge + Q is moving upwards vertically. It enters a magnetic field 

directed to the north. The force on the charge will be towards[MP PMT 1995; AMU (Engg.) 2000] 

(a) North (b) South 

(c) East (d) West 

38. An electron is moving on a circular path of radius r with speed v in 
a transverse magnetic field B. e/m for it will be  

[MP PMT 2003] 

(a) 
Br

v
 (b) 

rv

B
 

(c) Bvr (d) 
B

vr
 

39. A beam of well collimated cathode rays travelling with a speed of 
16105  ms  enter a region of mutually perpendicular electric and 

magnetic fields and emerge undeviated from this region. If 

T02.0|| B , the magnitude of the electric field is   [Haryana CEE 1996] 

(a) 1510 Vm  (b) 18105.2  Vm  

(c) 1101025.1  Vm  (d) 13102  Vm  

40. An electron having charge C19106.1   and mass kg31109   

is moving with 16104  ms  speed in a magnetic field 

tesla1102   in a circular orbit. The force acting on electron and 

the radius of the circular orbit will be 

  [MP PET 1996; JIPMER 2000; BVP 2003] 

(a) mN 413 101.1,108.12    
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(b) mN 314 101.1,1028.1    

(c) mN 313 101.1,1028.1    

(d) mN 413 101.1,1028.1    

41. An electron enters a magnetic field whose direction is perpendicular 
to the velocity of the electron. Then 

[MP PMT 1996; CBSE PMT 2003] 

(a) The speed of the electron will increase 

(b) The speed of the electron will decrease 

(c) The speed of the electron will remain the same 

(d) The velocity of the electron will remain the same 

42. An electron is moving in the north direction. It experiences a force 

in vertically upward direction. The magnetic field at the position of 
the electron is in the direction of  

[MP PET 2003] 

(a) East (b) West 

(c) North (d) South 

43. A current carrying long solenoid is placed on the ground with its 

axis vertical. A proton is falling along the axis of the solenoid with a 

velocity v. When the proton enters into the solenoid, it will 

(a) Be deflected from its path 

(b) Be accelerated along the same path 

(c) Be decelerated along the same path 

(d) Move along the same path with no change in velocity  

44. A charged particle of mass m and charge q describes circular motion 

of radius r in a uniform magnetic field of strength B. The frequency 

of revolution is  [MP PET 1997; RPET 2001] 

(a) 
m

Bq

2
 (b) 

rm

Bq

2
 

(c) 
Bq

m2
 (d) 

q

Bm

2
 

45. An electron is accelerated by a potential difference of 12000 volts. It 

then enters a uniform magnetic field of T310  applied 

perpendicular to the path of electron. Find the radius of path. Given 

mass of electron kg31109   and charge on electron 

C19106.1     [MP PET 1997] 

(a) 36.7 m (b) 36.7 cm 

(c) 3.67 m (d) 3.67 cm 

46. The charge on a particle Y is double the charge on particle X. These 
two particles X and Y after being accelerated through the same 
potential difference enter a region of uniform magnetic field and 

describe circular paths of radii 1R  and 2R  respectively. The ratio 

of the mass of X to that of Y is    [MP PET 1997] 

(a) 

2

2

12














R

R
 (b) 

2
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(c)  
2
2

2
1

2R

R
 (d) 

2

12

R

R
 

47. A particle with coulomb1110  of charge and kg710  mass is 

moving with a velocity of sm /108  along the y-axis. A uniform 

static magnetic field TeslaB 5.0  is acting along the x-direction. 

The force on the particle is  [MP PMT 1997] 

(a) N11105   along î  (b) 3105   N along k̂  

(c) N11105   along ĵ  (d) N4105   along k̂  

48. A particle of charge q and mass m moving with a velocity v along 

the x-axis enters the region x > 0 with uniform magnetic field B 

along the k̂  direction. The particle will penetrate in this region in 
the x-direction upto a distance d equal to   [MP PMT 1997] 

(a) Zero (b) 
qB

mv
 

(c) 
qB

mv2
 (d) Infinity 

49. A charged particle is moving with velocity v in a magnetic field of 
induction B. The force on the particle will be maximum when    [MP PMT/PET 1998] 

(a) v and B are in the same direction 

(b) v and B are in opposite directions 

(c) v and B are perpendicular 

(d) v and B are at an angle of 45  

50. A charged particle enters a magnetic field H with its initial velocity 

making an angle of 45  with H. The path of the particle will be [MP PET 1999; AIIMS 1999; BHU 1999] 

(a) A straight line (b) A circle  

(c) An ellipse (d) A helix 

51. An electron and a proton enter a magnetic field perpendicularly. 
Both have same kinetic energy. Which of the following is true   [MP PET 1999] 

(a) Trajectory of electron is less curved  

(b) Trajectory of proton is less curved 

(c) Both trajectories are equally curved 

(d) Both move on straight-line path 

52. A charged particle moves in a uniform magnetic field. The velocity 

of the particle at some instant makes an acute angle with the 
magnetic field. The path of the particle will be 

[MP PMT 1999] 

(a) A straight line 

(b) A circle 

(c) A helix with uniform pitch 

(d) A helix with non-uniform pitch 

53. An electron is moving along positive x-axis. To get it moving on an 
anticlockwise circular path in x-y plane, a magnetic filed is applied   [MP PMT 1999] 

(a) Along positive y-axis (b) Along positive z-axis 

(c) Along negative y-axis (d) Along negative z-axis 

54. A moving charge will gain energy due to the application of  

[CPMT 1999] 

(a) Electric field (b) Magnetic field 

(c) Both of these (d) None of these 

55. A proton, a deuteron and an  particle having the same kinetic 

energy are moving in circular trajectories in a constant magnetic 

field. If dp rr ,  and r  denote respectively the radii of the 

trajectories of these particles, then 
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[IIT 1997 Re-Exam] 

(a) dp rrr   (b) pd rrr   

(c) pd rrr   (d) rrr dp   

56. When a magnetic field is applied in a direction perpendicular to the 
direction of cathode rays, then their 

[EAMCET 1994; BHU 2005] 

(a) Energy decreases 

(b) Energy increases 

(c) Momentum increases 

(d) Momentum and energy remain unchanged 

57. A charge moves in a circle perpendicular to a magnetic field. The 
time period of revolution is independent of 

[RPET 1997; AIEEE 2002] 

(a) Magnetic field (b) Charge 

(c) Mass of the particle (d) Velocity of the particle 

58. A proton of energy 200 MeV enters the magnetic field of 5 T. If 

direction of field is from south to north and motion is upward, the 
force acting on it will be [RPET 1997] 

(a) Zero (b) N10106.1   

(c) N8102.3   (d) N6106.1   

59. An electron enters a region where magnetic (B) and electric (E) 

fields are mutually perpendicular to one another, then 

[CBSE PMT1993] 

(a) It will always move in the direction of B 

(b) It will always move in the direction of E 

(c) It always possess circular motion 

(d) It can go undeflected also 

60. A charge moving with velocity v in X-direction is subjected to a field 

of magnetic induction in the negative X-direction. As a result, the 

charge will   [CBSE PMT1993] 

(a) Remain unaffected 

(b) Start moving in a circular path Y-Z plane 

(c) Retard along X-axis 

(d) Move along a helical path around X-axis 

61. An electron and a proton with equal momentum enter 
perpendicularly into a uniform magnetic field, then 

  [BHU 1997; AIEEE 2002; MH CET (Med.) 2000] 

(a) The path of proton shall be more curved than that of electron 

(b) The path of proton shall be less curved than that of electron 

(c) Both are equally curved 

(d) Path of both will be straight line 

62. A positively charged particle moving due east enters a region of 

uniform magnetic field directed vertically upwards. The particle will   [CBSE PMT 1997] 

(a) Get deflected vertically upwards 

(b) Move in a circular orbit with its speed increased 

(c) Move in a circular orbit with its speed unchanged 

(d) Continue to move due east 

63. A particle moving in a magnetic field increases its velocity, then its 
radius of the circle   [BHU 1998] 

(a) Decreases (b) Increases 

(c) Remains the same (d) Becomes half 

64. A particle is moving in a uniform magnetic field, then 

[BHU 1998] 

(a) Its momentum changes but total energy remains the same 

(b) Both momentum and total energy remain the same 

(c) Both will change 

(d) Total energy changes but momentum remains the same 

65. If an electron is going in the direction of magnetic field B  with the 

velocity of v  then the force on electron is 

[RPMT 1999] 

(a) Zero  (b) )( Bve   

(c) )( Bve   (d) None of these 

66. One proton beam enters a magnetic field of 410  T normally, 

Specific charge = ./1011 kgC  velocity = sm/107 . What is the 

radius of the circle described by it  [DCE 1999] 

(a) 0.1 m  (b) 1 m 

(c) 10 m (d) None of these 

67. In a cyclotron, the angular frequency of a charged particle is 
independent of    [CPMT 1999] 

(a) Mass (b) Speed 

(c) Charge (d) Magnetic field 

68. A charged particle is moving in a uniform magnetic field in a 
circular path. Radius of circular path is R. When energy of particle is 
doubled, then new radius will be 

[CPMT 1999; Pb. PET 2002] 

(a) 2R  (b) 3R  

(c) 2 R  (d) 3 R 

69. The radius of curvature of the path of a charged particle moving in 
a static uniform magnetic field is  [Roorkee 1999] 

(a) Directly proportional to the magnitude of the charge on the 
particle 

(b) Directly proportional to the magnitude of the linear 
momentum of the particle 

(c) Directly proportional to the kinetic energy of the particle  

(d) Inversely proportional to the magnitude of the magnetic field 

70. A proton moving with a velocity, sm /105.2 7 , enters a 

magnetic field of intensity 2.5T making an angle o30  with the 
magnetic field. The force on the proton is  

 [AFMC 2000; CBSE PMT 2000] 

(a) N12103    (b) N12105   

(c) 12106  N (d) N12109   

71. Maximum kinetic energy of the positive ion in the cyclotron is     [Pb. PMT 2000] 

(a) 
m

Brq

2

0
2

  (b) 
m

rqB o

2

2

 

(c) 
m

rBq

2

2
0

22

 (d) 
2

0

2m

qBr
 

72. A charge q is moving in a magnetic field then the magnetic force 
does not depend upon   [RPET 2000] 

(a) Charge  (b) Mass 

(c) Velocity (d) Magnetic field 

73. An electron is travelling in east direction and a magnetic field is 
applied in upward direction then electron will deflect in     [RPET 2000] 
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(a) South  (b) North 

(c) West (d) East 

74. A charge of 1C is moving in a magnetic field of 0.5Tesla with a 
velocity of 10m/sec Perpendicular to the field. Force experienced is   [RPMT 2000] 

(a) 5 N (b) 10 N 

(c) 0.5 N (d) 0 N 

75. An electron of mass m and charge q is travelling with a speed v 
along a circular path of radius r at right angles to a uniform of 
magnetic field B. If speed of the electron is doubled and the 

magnetic field is halved, then resulting path would have a radius of    

[Kerala PMT 2004; KCET 2000, 05] 

(a) 
4

r
  (b) 

2

r
 

(c) r2  (d) r4  

76. If an electron enters a magnetic field with its velocity pointing in the 

same direction as the magnetic field, then 

[MP PMT 2000] 

(a) The electron will turn to its right  

(b) The electron will turn to its left 

(c) The velocity of the electron will increase 

(d) The velocity of the electron will remain unchanged 

77. A particle of mass m and charge q enters a magnetic field B 
perpendicularly with a velocity v, The radius of the circular path 

described by it will be    [MP PMT 2000] 

(a) mvBq /   (b) Bvmq /  

(c) qvmB /  (d) Bqmv /  

78. An electron moving towards the east enters a magnetic field directed 
towards the north. The force on the electron will be directed    [MP PET 2000] 

(a) Vertically upward (b) Vertically downward 

(c) Towards the west (d) Towards the south 

79. An electron (mass = 9.0× 3110 kg and charge 

= 19106.1  coulomb) is moving in a circular orbit in a magnetic 

field of ./100.1 24 mweber  Its period of revolution is   [MP PET 2000; Pb PET 2003] 

(a)  7105.3  sec (b) 7100.7  sec 

(c) 61005.1  sec (d) 6101.2  sec 

80. An electron (charge q coulomb) enters a magnetic field of H 
2/mweber  with a velocity of smv /  in the same direction as that 

of the field the force on the electron is  [MP PET 2000] 

(a) Hqv Newton’s in the direction of the magnetic field   

(b) Hqv dynes in the direction of the magnetic field  

(c) Hqv Newton’s at right angles to the direction of the magnetic 

field 

(d) Zero 

81. A homogeneous electric field E and a uniform magnetic field 


B  are 

pointing in the same direction. A proton is projected with its 

velocity parallel to 


E . It will   [Roorkee 2000] 

(a) Go on moving in the same direction with increasing velocity 

(b) Go on moving in the same direction with constant velocity  

(c) Turn to its right  

(d) Turn to its left 

82. The radius of circular path of an electron when subjected to a 
perpendicular magnetic field is  

[Pb. PMT 1999; DCE 2000; MH CET (Med.) 2000] 

(a) 
Be

mv
  (b) 

Be

me
 

(c) 
Be

mE
 (d) 

mv

Be
 

83. Cyclotron is used to accelerate  [AIIMS 2001; BCECE 2004] 

(a) Electrons  (b) Neutrons 

(c) Positive ions (d) Negative ions 

84. Two particles A and B of masses Am  and Bm  respectively and 

having the same charge are moving in a plane. A uniform magnetic 
field exists perpendicular to this plane. The speeds of the particles 

are Av
 

and
 Bv  

respectively, and the trajectories are as shown in the 

figure. Then   

  [IIT-JEE (Screening) 2001] 

(a) BBAA vmvm    

(b) BBAA vmvm   

(c) BABA vvmm  and  

(d) BABA vvmm   and  

85. A proton and an alpha particle are separately projected in a region 

where a uniform magnetic field exists. Their initial velocities are 
perpendicular to direction of magnetic field. If both the particles 
move around magnetic field in circles of equal radii, the ratio of 

momentum of proton to alpha particle 













P

Pp
is    [MP PET 2001] 

(a) 1  (b) 
2

1
 

(c) 2 (d) 
4

1
 

86. A particle of mass 0.6 g and having charge of 25 nC is moving 

horizontally with a uniform velocity 14101.2  ms  in a uniform 

magnetic field, then the value of the magnetic induction is 

)10( 2 msg     [EAMCET 2001] 

(a) Zero  (b) 10 T 

(c) 20 T (d) 200 T 

87. An   particle and a proton travel with same velocity in a magnetic 

field perpendicular to the direction of their velocities, find the ratio 
of the radii of their circular path  

[AIIMS 2004; DCE 2001, 03; Kerala PMT 2005] 

(a) 4 : 1 (b) 1 : 4 

(c) 2 : 1 (d) 1 : 2 

88. Motion of a moving electron is not affected by  

   [AMU (Engg.) 2001] 

(a) An electric field applied in the direction of motion 

(b) Magnetic field applied in the direction of motion 

(c) Electric field applied perpendicular to the direction of motion  

(d) Magnetic field applied perpendicular to the direction of motion 

89. When a charged particle enters a uniform magnetic field its kinetic 
energy   [MP PMT 2001; MP PET 2002] 

(a) Remains constant  (b) Increases 

(c) Decreases (d) Becomes zero 

90. If cathode rays are projected at right angles to a magnetic field, their 
trajectory is    [JIPMER 2002] 

(a) Ellipse  (b) Circle 

(c) Parabola (d) None of these 

        

        

        

        

        

B

A
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91. At a specific instant emission of radioactive compound is deflected 
in a magnetic field. The compound can emit 

(i) Electrons  (ii) Protons 

(iii) 2He  (iv) Neutrons 

The emission at the instant can be   [AIEEE 2002] 

(a) i, ii, iii  (b) i, ii, iii, iv 

(c) iv (d) ii, iii 

92. Which particles will have minimum frequency of revolution when 
projected with the same velocity perpendicular to a magnetic field     [Orissa JEE 2002] 

(a) Li+ (b) Electron 

(c) Proton (d) He  

93. Mixed He  and 2O ions (mass of amuHe 4  and that of 

)162 amuO   beam passes a region of constant perpendicular 

magnetic field. If kinetic energy of all the ions is same then   [Orissa JEE 2002] 

(a) He  ions will be deflected more than those of 
2O  

(b) He ions will be deflected less than those of 2O  

(c) All the ions will be deflected equally 

(d) No ions will be deflected 

94. An electron (mass = 9 10–31kg. Charge = 1.6  10–19C) whose kinetic 

energy is 7.2  10–18 joule is moving in a circular orbit in a magnetic 

field of 9  10–5 weber/m2. The radius of the orbit is      [MP PMT 2002] 

(a) 1.25 cm   (b) 2.5 cm 

(c) 12.5 cm (d) 25.0 cm 

95. An electron enters a region where electrostatic field is 20N/C and 
magnetic field is 5T. If electron passes undeflected through the 
region, then velocity of electron will be  

[DPMT 2002] 

(a) 125.0 ms   (b) 12 ms  

(c) 14 ms  (d) 18 ms  

96. A charged particle is released from rest in a region of steady 
uniform electric and magnetic fields which are parallel to each other 
the particle will move in a  

 [IIT-JEE 1999; DPMT 2000; UPSEAT 2003] 

(a) Straight line  (b) Circle 

(c) Helix (d) Cycloid 

97. A particle of mass M and charge Q moving with velocity 


v describes a circular path of radius R when subjected to a uniform 
transverse magnetic field of induction B. The work done by the field 
when the particle completes one full circle is      [AIEEE 2003] 

(a) RQvB 2   (b) R
R

Mv
2

2














 

(c) Zero (d) RBQ 2  

98. A particle of charge 181016  coulomb moving with velocity 
110 ms  along the x-axis enters a region where a magnetic field of 

induction B is along the y-axis, and an electric field of magnitude 

mV/104 is along the negative    z-axis. If the charged particle 

continues moving along the   x-axis, the magnitude of B is   [AIEEE 2003] 

(a) 23 /10 mWb   (b) 23 /10 mWb  

(c) 25 /10 mWb  (d) 216 /10 mWb  

99. Two ions having masses in the ratio 1 : 1 and charges 1 : 2 are 

projected into uniform magnetic field perpendicular to the field with 
speeds in the ratio 2 : 3. The ratio of the radii of circular paths 
along which the two particles move is  

[EAMCET 2003] 

(a) 4 : 3  (b) 2 : 3 

(c) 3 : 1 (d) 1 : 4 

100. An electron is travelling along the x-direction. It encounters a 

magnetic field in the y-direction. Its subsequent motion will be       [AIIMS 2003] 

(a) Straight line along the x-direction 

(b) A circle in the xz-plane 

(c) A circle in the yz-plane 

(d) A circle in the xy-plane  

101. An electron and a proton have equal kinetic energies. They enter in 

a magnetic field perpendicularly, Then 

[UPSEAT 2003] 

(a) Both will follow a circular path with same radius 

(b) Both will follow a helical path 

(c) Both will follow a parabolic path  

(d) All the statements are false 

102. Electrons move at right angles to a magnetic field of 
2105.1  Tesla with a speed of ./106 7 sm If the specific 

charge of the electron is 11107.1  C/kg. The radius of the circular 

path will be   [BHU 2003] 

(a) 2.9 cm  (b) 3.9 cm 

(c) 2.35 cm (d) 3 cm 

103. The cyclotron frequency of an electron grating in a magnetic field of 

1 T is approximately    [AIIMS 2004] 

 (a) 28 MHz  (b) 280 MHz  

(c) 2.8 GHz (d) 28 GHz 

104. In the given figure, the electron enters into the magnetic field. It 
deflects in ...... direction    [Orissa PMT 2004] 

 (a) + ve X direction   

 (b) – ve X direction  

(c) + ve Y direction  

(d) – ve Y direction  

105. A proton of energy 8 eV is moving in a circular path in a uniform 

magnetic field. The energy of an alpha particle moving in the same 
magnetic field and along the same path will be    [J & K CET 2004] 

 (a) 4 eV  (b) 2 eV  

(c) 8 eV  (d) 6 eV  

106. An electron, a proton, a deuteron and an alpha particle, each having 

the same speed are in a region of constant magnetic field 
perpendicular to the direction of the velocities of the particles. The 
radius of the circular orbits of these particles are respectively R

e

, R
p

, 

R
d

 and R. It follows that     [UPSEAT 2004] 

 (a) pe RR    (b) dp RR   

(c) RRd   (d) RRp   

107. An electron moving with a uniform velocity along the positive x-
direction enters a magnetic field directed along the positive y-
direction. The force on the electron is directed along     [UPSEAT 2004] 

 (a) Positive y-direction   (b) Negative y-direction  

× × × 

× × × 

× × × 

× × × 
X 

Y 

e 
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(c) Positive z-direction  (d) Negative z-direction  

108. An electron is projected along the axis of a circular conductor 
carrying some current. Electron will experience force    [DCE 2002] 

 (a) Along the axis  

 (b) Perpendicular to the axis 

(c) At an angle of 4o with axis 

(d) No force experienced  

109. A very high magnetic field is applied to a stationary charge. Then 
the charge experiences    [DCE 2004] 

 (a) A force in the direction of magnetic field 

 (b) A force perpendicular to the magnetic field  

(c) A force in an arbitrary direction  

(d) No force  

110. A electron (q = 1.6  10–19 C) is moving at right angle to the uniform 

magnetic field 3.534  10–5 T. The time taken by the electron to 
complete a circular orbit is  [MH CET 2004] 

 (a) 2 s  (b) 4 s  

(c) 3 s  (d) 1 s  

111. In case Hall effect for a strip having charge Q and area of cross-
section A, the Lorentz force is   [DCE 2004] 

 (a) Directly proportional to Q  

(b) Inversely proportional to Q  

(c) Inversely proportional to A  

(d) Directly proportional to A  

112. A charged particle of mass m and charge q travels on a circular path 
of radius r that is perpendicular to a magnetic field B. The time 
taken by the particle to complete one revolution is    [AIEEE 2005] 

(a) 
m

qB2
 (b) 

Bq

m2
 

(c) 
B

qm2
 (d) 

m

Bq22
 

113. A very long straight wire carries a current I . At the instant when a 

charge Q  at point P  has velocity V , as shown, the force on the 

charge is   [CBSE PMT 2005] 

 

 

 

 

 

 

 

(a) Opposite to OX (b) Along OX 

(c) Opposite to OY (d) Along OY 

114. The electron in the beam of a television tube move horizontally from 

south to north. The vertical component of the earth's magnetic field 
points down. The electron is deflected towards   [KCET 2005] 

(a) West (b) No deflection 

(c) East (d) North to south 

115. An electron moves in a circular orbit with a uniform speed v. It 
produces a magnetic field B at the centre of the circle. The radius of 
the circle is proportional to  [CBSE PMT 2005] 

(a) 
v

B
 (b) 

R

v
 

(c) 
B

v
 (d) 

v

B
 

116. An electric field of 1500 V / m and a magnetic field of     0.40 weber 
/ meter2 act on a moving electron. The minimum uniform speed 
along a straight line the electron could have is   [KCET 2005] 

(a) 1.6  1015 m / s (b) 6  10-16 m / s 

(c) 3.75  103 m / s (d) 3.75  102 m / s 

117. An electron (mass = 31101.9   kg; charge = 19106.1  C) 
experiences no deflection if subjected to an electric field of 

5102.3  V/m, and a magnetic fields of 3100.2   Wb/m2. Both 
the fields are normal to the path of electron and to each other. If the 
electric field is removed, then the electron will revolve in an orbit of 
radius    [BCECE 2005] 

 (a) 45 m (b) 4.5 m  

(c) 0.45 m (d) 0.045 m  

118. An electron, moving in a uniform magnetic field of induction of 

intensity ,B


 has its radius directly proportional to  

[DPMT 2005] 

(a) Its charge (b) Magnetic field 

(c) Speed (d) None of these 
 

Force and Torque on a Current Carrying Conductor 
 

1. Two free parallel wires carrying currents in opposite direction 

[CPMT 1977; MP PMT 1993; AFMC 2002; CPMT 2003] 

(a) Attract each other 

(b) Repel each other 

(c) Neither attract nor repel 

(d) Get rotated to be perpendicular to each other 

2. A rectangular loop carrying a current i is situated near a long straight 
wire such that the wire is parallel to the one of the sides of the loop 
and is in the plane of the loop. If a steady current I is established in 
wire as shown in figure, the loop will 

 [IIT 1985; MP PET 1995; MP PMT 1995, 99; AIIMS 2003] 

 

 

 

 

 

(a) Rotate about an axis parallel to the wire 

(b) Move away from the wire or towards right 

(c) Move towards the wire 

(d) Remain stationary 

3. A circular coil of radius 4 cm and of 20 turns carries a current of 3 
amperes. It is placed in a magnetic field of intensity of 0.5 

2/ mweber . The magnetic dipole moment of the coil is   [MP PMT 2001] 

(a) 0.15 2mampere   (b) 0.3 2mampere   

(c) 0.45 2mampere   (d) 0.6 2mampere   

4. A conducting circular loop of radius r carries a constant current i. It 

is placed in a uniform magnetic field B , such that B  is 

perpendicular to the plane of the loop. The magnetic force acting on 
the loop is 

  [BIT 1992; MP PET 1994; IIT 1983;  

MP PMT 1999; AMU (Engg.) 2000] 

(a) Bir  (b) Bri2  

i 

i 

I V 
 P 

Q 

O 
X 

Y 
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(c) Zero (d) Bri  

5. Two thin long parallel wires separated by a distance b are carrying a 
current i amp each. The magnitude of the force per unit length 
exerted by one wire on the other is  

[CPMT 1991; IIT 1986; Bihar MEE 1995; RPMT 1997; 

MP PET 1996; MP PMT 1994, 96, 99; UPSEAT 2001, 03] 

(a) 
2

2
0

b

i
 (b) 

b

i





2

2
0  

(c) 
b

i





2

0  (d) 
2

0

2 b

i




 

6. Through two parallel wires A and B, 10 and 2 ampere of currents are 

passed respectively in opposite direction. If the wire A is infinitely 
long and the length of the wire B is 2 m, the force on the conductor 
B, which is situated at 10 cm distance from A will be [CPMT 1988; MP PMT 1994] 

(a) N5108   (b) N7104   

(c) N5104   (d) N7104   

7. If two streams of protons move parallel to each other in the same 
direction, then they  [MP PET 1999; AIIMS 2004] 

(a) Do not exert any force on each other 

(b) Repel each other 

(c) Attract each other 

(d) Get rotated to be perpendicular to each other 

8. A straight wire carrying a current ampi1  runs along the axis of a 

circular current ampi2 . Then the force of interaction between the 

two current carrying conductors is 

(a)   (b) Zero 

(c) mN
r

ii
/

2

4

210




 (d) mN

r

ii
/

2 21  

9. Two parallel wires are carrying electric currents of equal magnitude 
and in the same direction. They exert 

   [CPMT 1990; MP PET/PMT 1988; 

 Orissa JEE 2003; AFMC 2003] 

(a) An attractive force on each other 

(b) A repulsive force on each other 

(c) No force on each other 

(d) A rotational torque on each other 

10. Two long and parallel wires are at a distance of 0.1 m and a current 
of 5 A is flowing in each of these wires. The force per unit length 
due to these wires will be  [CPMT 1977] 

(a) mN /105 5  (b) mN /105 3  

(c) mN /105.2 5  (d) mN /105.2 4  

11. Two straight parallel wires, both carrying 10 ampere in the same 

direction attract each other with a force of N3101  . If both 
currents are doubled, the force of attraction will be 

[MP PET 1994] 

(a) N3101   (b) N3102   

(c) N3104   (d) N31025.0   

12. A circular coil of radius 4 cm has 50 turns. In this coil a current of 

2 A is flowing. It is placed in a magnetic field of 0.1 2/ mweber . 

The amount of  work done in rotating it through 180  from its 
equilibrium position will be 

     [CPMT 1977] 

(a) 0.1 J (b) 0.2 J 

(c) 0.4 J (d) 0.8 J 

13. 3 A of current is flowing in a linear conductor having a length of 40 

cm. The conductor is placed in a magnetic field of strength 500 

gauss and makes an angle of 30  with the direction of the field. It 
experiences a force of magnitude 

[MP PET 1993] 

(a) newton4103  (b) newton2103  

(c) newton2103   (d) newton4103   

14. The radius of a circular loop is r and a current i  is flowing in it. 

The equivalent magnetic moment will be  [CPMT 1990] 

(a) ir (b) ir2  

(c) 2ri  (d) 
2

1

r
 

15. A current carrying loop is placed in a uniform magnetic field. The 

torque acting on it does not depend upon 

[CPMT 1985; RPMT 1997; Kerala PMT 2002] 

 (a) Shape of the loop (b) Area of the loop 

(c) Value of the current (d) Magnetic field 

16. To make the field radial in a moving coil galvanometer 

[MP PET 1993] 

(a) The number of turns in the coil is increased 

(b) Magnet is taken in the form of horse-shoe 

(c) Poles are cylindrically cut 

(d) Coil is wounded on aluminium frame 

17. The deflection in a moving coil galvanometer is 

[MP PMT 1993] 

(a) Directly proportional to the torsional constant 

(b) Directly proportional to the number of turns in the coil 

(c) Inversely proportional to the area of the coil 

(d) Inversely proportional to the current flowing 

18. A moving coil sensitive galvanometer gives at once much more 

deflection. To control its speed of deflection 

[MP PET 1985] 

(a) A high resistance is to be connected across its terminals 

(b) A magnet should be placed near the coil 

(c) A small copper wire should be connected across its terminals 

(d) The body of galvanometer should be earthed 

19. In a moving coil galvanometer, the deflection of the coil   is related 

to the electrical current i by the relation 

  [MP PMT 1996, 2000, 03; RPMT 1997;  

CPMT 1975; MP PET 1999] 

(a) tani  (b) i  

(c) 2i  (d) i  

20. The unit of electric current ‚ampere‛ is the current which when 
flowing through each of two parallel wires spaced 1 m apart in 
vacuum and of infinite length will give rise to a force between them 
equal to  

[BIT 1987; CBSE PMT1998; MP PET 1999; MP PMT 2002] 

(a) mN /1  (b) mN /102 7  
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(c) mN /101 2  (d) mN /104 7  

21. A moving coil galvanometer has N number of turns in a coil of 
effective area A, it carries a current I. The magnetic field B is radial. 
The torque acting on the coil is  [MP PMT 1994] 

(a) IBNA 22  (b) 2NABI  

(c) ABIN 2  (d) NABI 

22. A small coil of N turns has an effective area A and carries a current 

I. It is suspended in a horizontal magnetic field B  such that its 

plane is perpendicular to B . The work done in rotating it by 180  

about the vertical axis is [MP PMT 1994] 

(a) NAIB (b) 2NAIB 

(c) NAIB2  (d) NAIB4  

23. A small coil of N turns has area A and a current I flows through it. 

The magnetic dipole moment of this coil will be 

[MP PMT 1994] 

(a) ANI /  (b) ANI2  

(c) AIN 2  (d) NIA 

24. A current of 10 ampere is flowing in a wire of length 1.5 m. A force 
of 15 N acts on it when it is placed in a uniform magnetic field of 2 
tesla. The angle between the magnetic field and the direction of the 
current is  [MP PMT 1994] 

(a) 30  (b) 45  

(c) 60  (d) 90  

25. A rectangular loop carrying a current i is placed in a uniform 
magnetic field B. The area enclosed by the loop is A. If there are n 
turns in the loop, the torque acting on the loop is given by    [MP PMT 1994] 

(a) BAni   (b) BAni   

(c) )(
1

BAi
n

  (d) )(
1

BAi
n

  

26. An electron moves with a constant speed v along a circle of radius r. 
Its magnetic moment will be (e is the electron's charge)   [MP PMT 1994] 

(a) evr (b) evr
2

1
 

(c) evr2  (d) rev2  

27. Four wires each of length 2.0 metres are bent into four loops P, Q, 
R and S and then suspended into uniform magnetic field. Same 
current is passed in each loop. Which statement is correct  [MP PET 1995; DPMT 1999] 

 

 

 

 

 

 

(a) Couple on loop P will be the highest 

(b) Couple on loop Q will be the highest 

(c) Couple on loop R will be the highest 

(d) Couple on loop S will be the highest  

28. A current carrying rectangular coil is placed in a uniform magnetic 
field. In which orientation, the coil will not tend to rotate   [MP PMT 1995] 

(a) The magnetic field is parallel to the plane of the coil 

(b) The magnetic field is perpendicular to the plane of the coil 

(c) The magnetic field is at 45o with the plane of the coil 

(d) Always in any orientation 

29. A current carrying circular loop is freely suspended by a long 

thread. The plane of the loop will point in the direction 

[MP PMT 1995] 

(a) Wherever left free 

(b) North-south 

(c) East-west 

(d) At 45  with the east-west direction 

30. A current carrying loop is free to turn in a uniform magnetic field. 

The loop will then come into equilibrium when its plane is inclined 
at  [CBSE PMT 1992; Haryana CEE 1996] 

(a) 0  to the direction of the field 

(b) 45  to the direction of the field 

(c) 90  to the direction of the field 

(d) 135  to the direction of the field 

31. The expression for the torque acting on a coil having area of cross-
section A, number of turns n, placed in a magnetic field of strength 

B, making an angle   with the normal to the plane of the coil, 

when a current i is flowing in it, will be 

[MP PET 1996] 

(a) tanABni  (b) cosABni  

(c) sinABni  (d) ABni  

32. The pole pieces of the magnet used in a pivoted coil galvanometer 
are   [MP PET 1996] 

(a) Plane surfaces of a bar magnet 

(b) Plane surfaces of a horse-shoe magnet 

(c) Cylindrical surfaces of a bar magnet 

(d) Cylindrical surfaces of a horse-shoe magnet 

33. The sensitiveness of a moving coil galvanometer can be increased by 
decreasing   [MP PMT 1996] 

(a) The number of turns in the coil 

(b) The area of the coil 

(c) The magnetic field 

(d) The couple per unit twist of the suspension 

34. A metallic loop is placed in a magnetic field. If a current is passed 
through it, then   [UPSEAT 2003] 

(a) The ring will feel a force of attraction 

(b) The ring will feel a force of repulsion 

(c) It will move to and fro about its centre of gravity 

(d) None of these 

35. Two parallel conductors A and B of equal lengths carry currents I 
and 10 I, respectively, in the same direction. Then  

[MP PET 2003] 

(a) A and B will repel each other with same force 

(b) A and B will attract each other with same force 

(c) A will attract B, but B will repel A 

(d) A and B will attract each other with different forces 

36. Three long, straight and parallel wires carrying currents are 
arranged as shown in figure. The force experienced by 10 cm length 
of wire Q is    [MP PET 1997] 

 

 

10cm 2cm 

R Q 

10 A 20 A 30 A 

P 

S P Q P 
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(a) N4104.1   towards the right 

(b) N4104.1   towards the left 

(c) N4106.2   to the right 

(d) N4106.2   to the left 

37. A 100 turns coil shown in figure carries a current of 2 amp in a 

magnetic field 2/2.0 mWbB  . The torque acting on the coil is    [MP PET 1997] 

 

 

 

 

 

(a) 0.32 Nm tending to rotate the side AD out of the page 

(b) 0.32 Nm tending to rotate the side AD into the page 

(c) 0.0032 Nm tending to rotate the side AD out of the page 

(d) 0.0032 Nm tending to rotate the side AD into the page 

38. A current of 5 ampere is flowing in a wire of length 1.5 metres. A 
force of 7.5 N acts on it when it is placed in a uniform magnetic 
field of 2 Tesla. The angle between the magnetic field and the 

direction of the current is  

[MP PET 1997; Pb. PET 2003] 

(a) 30  (b) 45° 

(c) 60° (d) 90° 

39. A conductor in the form of a right angle ABC with AB = 3 cm and 
BC = 4 cm carries a current of 10 A. There is a uniform magnetic 
field of 5 T perpendicular to the plane of the conductor. The force 
on the conductor will be 

    [MP PMT 1997] 

(a) 1.5 N (b) 2.0 N 

(c) 2.5 N (d) 3.5 N 

40. The coil of a galvanometer consists of 100 turns and effective area of 

1 square cm. The restoring couple is radianmN /10 8  . The 

magnetic field between the pole pieces is 5 T. The current sensitivity 
of this galvanometer will be    [MP PMT 1997] 

(a) amprad /105 4  (b) ampper6105   

(c) ampper7102   (d) amprad /5  

41. A rectangular coil cmcm 2020   has 100 turns and carries a 

current of 1 A. It is placed in a uniform magnetic field       B =0.5 T 
with the direction of magnetic field parallel to the plane of the coil. 

The magnitude of the torque required to hold this coil in this 
position is   [MP PMT 1997] 

(a) Zero (b) 200 N-m  

(c) 2 N-m (d) 10 N-m  

42. If a current is passed in a spring, it  

   [MP PMT/PET 1998; AIEEE 2002] 

(a) Gets compressed  (b) Gets expanded 

(c) Oscillates (d) Remains unchanged 

43. A current carrying small loop behaves like a small magnet. If A be 
its area and M its magnetic moment, the current in the loop will be  

   [MP PMT/PET 1998; RPET 2001; MP PMT 2003] 

(a) AM /  (b) MA /  

(c) MA (d) MA 2  

44. In hydrogen atom, the electron is making sec/106.6 15 rev  

around the nucleus in an orbit of radius 0.528 Å. The magnetic 

moment )( 2mA   will be 

    [MP PET 1999] 

(a) 15101   (b) 10101   

(c) 23101   (d) 27101   

45. A triangular loop of side l carries a current I. It is placed in a 

magnetic field B such that the plane of the loop is in the direction of 
B. The torque on the loop is   [MP PET 2003] 

(a) Zero (b) IBl 

(c) 22

2

3
BIl  (d) 2

4

3
IBl  

46. Three long, straight and parallel wires carrying currents are 

arranged as shown in the figure. The wire C which carries a current 
of 5.0 amp is so placed that it experiences no force. The distance of 
wire C from wire D is then  [AMU 1995] 

 

(a) 9 cm  

(b) 7 cm 

(c) 5 cm  

(d) 3 cm 

 

47. A vertical wire carrying a current in the upward direction is placed 
in horizontal magnetic field directed towards north. The wire will 
experience a force directed towards 

[SCRA 1994] 

(a) North (b) South 

(c) East (d) West 

48. A coil carrying electric current is placed in uniform magnetic field, 

then   [CBSE PMT 1993] 

(a) Torque is formed 

(b) E.M.f. is induced 

(c) Both (a) and (b) are correct 

(d) None of these 

49. A circular loop carrying a current is replaced by an equivalent 

magnetic dipole. A point on the axis of the loop is    [MNR 1998] 

(a) An end-on position (b) A broad side-on position 

(c) Both (a) and (b) (d) Neither (a) nor (b) 

50. A power line lies along the east-west direction and carries a current 

of 10 ampere. The force per metre due to the earth's magnetic field 

of tesla410  is   [Roorkee 1992] 

(a) N510  (b) N410  

(c) N310  (d) N210  

51. A straight wire of length 0.5 metre and carrying a current of 1.2 
ampere placed in a uniform magnetic field of induction 2 Tesla. The 

N S 

A B 

D C 

10
 c

m
 

8 cm 

D C B 

15A 

(15–x) x 

5A 10A 

15cm 
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magnetic field is perpendicular to the length of the wire. The force 
on the wire is 

 [CBSE PMT 1992; BHU 1998; DPMT 2001; RPET 2003] 

(a) 2.4 N (b) 1.2 N 

(c) 3.0 N (d) 2.0 N 

52. Two parallel wires in free space are 10 cm apart and each carries a 
current of 10 A in the same direction. The force one wire exerts on 

the other per metre of length is 

  [CBSE PMT 1997; AFMC 1999] 

(a) N4102  , attractive (b) N4102  , repulsive 

(c) N7102  , attractive (d) N7102  , repulsive 

53. The current sensitivity of a moving coil galvanometer can be 

increased by    [Roorkee 1999] 

(a) Increasing the magnetic field of the permanent magnet  

(b) Increasing the area of the deflecting coil 

(c) Increasing the number of turns in the coil 

(d) Increasing the restoring couple of the coil 

54. A circular coil of diameter 7cm has 24 turns of wire carrying 

current of 0.75A. The magnetic moment of the coil is 

[AMU (Med.) 1999] 

(a) 22109.6 mamp     (b) 22 -103.2 mamp  

(c) 2210 mamp   (d) 2310 mamp   

55. Two long parallel wires carrying equal current separated by 1m, 

exert a force of mN /102 7  on one another. The current 

flowing through them is        [AMU (Engg.) 1999] 

(a) 2.0 A (b) A7100.2   

(c) 1.0 A (d) A7100.1   

56. Two parallel beams of electrons moving in the same direction produce 

a mutual force  [MP PET 1996; DCE 1999] 

(a) Of attraction in plane of paper 

(b) Of repulsion in plane of paper   

(c) Upwards perpendicular to plane of paper 

(d) Downwards perpendicular to plane of paper 

57. A circular loop of area 201.0 m  carrying a current of 10 A, is held 
perpendicular to a magnetic field of intensity 0.1T. The torque acting 
on the loop is     [Pb. PMT 2000] 

(a) Zero (b) 0.01 N-m 

(c) 0.001 N-m (d) 0.8 N-m 

58. Magnetic dipole moment of a rectangular loop is  

    [RPET 2000] 

(a) Inversely proportional to current in loop 

(b) Inversely proportional to area of loop 

(c) Parallel to plane of loop and proportional to area of loop  

(d) Perpendicular to plane of loop and proportional to area of loop 

59. If m is magnetic moment and B is the magnetic field, then the 

torque is given by    [DCE 2000] 

(a) 


Bm.   (b) 




||

||

B

m
 

(c) 


 Bm  (d) 


||.|| Bm  

60. What is the net force on the square coil  

                        [DCE 2000; RPMT 2000] 

 

 

 

 

 

(a) N71025   moving towards wire  

(b) N71025   moving away from wire 

(c) N71035   moving towards wire  

(d) N71035   moving away from wire 

61. Two long parallel copper wires carry currents of 5A each in opposite 

directions. If the wires are separated by a distance of 0.5m, then the 
force between the two wires is 

[EAMCET (Engg.) 2000] 

(a) ,10 5 N attractive   (b) ,10 5 N repulsive 

(c) ,102 5 N attractive (d) ,102 5 N repulsive 

62. In order to increase the sensitivity of a moving coil galvanometer, 
one should decrease [MP PMT 2000] 

(a) The strength of its magnet   

(b) The torsional constant of its suspension  

(c) The number of turns in its coil  

(d) The area of its coil 

63. A circular loop has a radius of 5 cm and it is carrying a current of 

0.1 amp. Its magnetic moment is [MP PMT 2000] 

(a) 241032.1 mamp    

(b) 24 -1062.2 mamp  

(c) 24 -1025.5 mamp  

(d) 24 -1085.7 mamp  

64. Due to the flow of current in a circular loop of radius R, the 
magnetic induction produced at the centre of the loop is B. The 
magnetic moment of the loop is  

constant)typermeabili( 0     [MP PET 2000] 

(a) 0
3 2/ BR   (b) 0

3 /2 BR  

(c) 0
2 2/ BR  (d) 0

2 /2 BR  

65. The magnetic moment of a circular coil carrying current is  

[MP PET 2000] 

(a) Directly proportional to the length of the wire in the coil   

(b) Inversely proportional to the length of the wire in the coil  

(c) Directly proportional to the square of the length of the wire in 

the coil 

(d) Inversely proportional to the square of the length of the wire in 
the coil 

66. A long wire A carries a current of 10 amp. Another long wire B, 
Which is parallel to A and separated by 0.1m from A, carries a 
current of 5 amp, in the opposite direction to that in A. what is the 
magnitude and nature of the force experienced per unit length of B   

)-/104( 7
0 mampweber    [MP PET 2000] 

2 cm 

2 A 
1 A 15 cm 

10 cm 
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(a) Repulsive force of mN /10 4  

 (b) Attractive force of mN /10 4  

(c) Repulsive force of mN /102 5  

(d) Attractive force of mN /102 5  

67. A stream of electrons is projected horizontally to the right. A straight 

conductor carrying a current is supported parallel to electron stream 
and above it. If the current in the conductor is from left to right then 
what will be the effect on electron stream     [Roorkee 2000] 

(a) The electron stream will be pulled upward  

(b) The electron stream will be pulled downward 

(c) The electron stream will be retarted 

(d) The electron beam will be speeded up towards the right 

68. The relation between voltage sensitivity ( V ) and current 

sensitivity )( i  of a moving coil galvanometer is (Resistance of 

Galvanometer = G)    [CPMT 2001] 

(a) V
i

G



   (b) i

G

V 


  

(c) i

V

G



  (d) V

i

G



  

69. What is shape of magnet in moving coil galvanometer to make the 
radial magnetic field   [RPET 2001] 

(a) Concave  (b) Horse shoe magnet 

(c) Convex (d) None of these 

70. If a wire of length 1 meter placed in uniform magnetic field 1.5 Tesla 

at angle 
o30  with magnetic field. The current in a wire 10 amp. 

Then force on a wire will be  [RPET 2001] 

(a) 7.5 N  (b) 1.5 N 
(c) 0.5 N (d) 2.5 N 

71. A current i flows in a circular coil of radius r. If the coil is placed in 
a uniform magnetic field B with its plane parallel to the field, 
magnitude of the torque that acts on the coil is  

[MP PET 2001] 

(a) Zero  (b) Bir2  

(c) Bir2  (d) Bir22  

72. An arbitrary shaped closed coil is made of a wire of length L and a 

current I ampere is flowing in it. If the plane of the coil is 

perpendicular to magnetic field 


B , the force on the coil is 
[MP PMT 2001] 

(a) Zero  (b) IBL 

(c) 2IBL (d) IBL
2

1
 

73. A circular coil having N turns is made from a wire of length L 
meter. If a current I ampere is passed through it and is placed in a 
magnetic field of B Tesla, the maximum torque on it is   [MP PMT 2001] 

(a) Directly proportional to N  

(b) Inversely proportional to N 

(c) Inversely proportional to 2N  
(d) Independent of N 

74. A small cylindrical soft iron piece is kept in a galvanometer so that   [MP PMT 2001] 

(a) A radial uniform magnetic field is produced 

(b) A uniform magnetic field is produced 

(c) There is a steady deflection of the coil 

(d) All of these 

75. A, B and C are parallel conductors of equal length carrying currents 
I, I and 2I respectively. Distance between A and B is x. Distance 

between B and C is also x. 1F  is the force exerted by B on A and F
2

 

is the force exerted by B on A choose the correct answer    [Kerala PET 2001] 

(a) 21 2FF    

(b) 12 2FF   

(c) 21 FF    

(d) 21 FF   

76. A straight conductor carries a current of 5A. An electron travelling 

with a speed of 16105  ms parallel to the wire at a distance of 

0.1m from the conductor, experiences a force of        [Kerala PET 2001] 

(a) N20108    (b) N19102.3   

(c) N18108   (d) N19106.1   

77. Two galvanometers A and B require 3mA and 5mA respectively to 
produce the same deflection of 10 divisions. Then     [Kerala PET 2001] 

(a) A is more sensitive than B  

(b) B is more sensitive than A 

(c) A and B are equally sensitive 

(d) Sensitiveness of B is 5/3 times that of A 

78. Two long straight parallel conductors separated by a distance of 
0.5m carry currents of 5A and 8A in the same direction. The force 
per unit length experienced by each other is    [Kerala (Med.) 2002] 

(a) N5106.1   (attractive) (b) N5106.1   (repulsive) 

(c) N51016   (attractive) (d) N51016   (repulsive) 

79. If the current is doubled, the deflection is also doubled in 

[Orissa JEE 2002] 

(a) A tangent galvanometer 

(b) A moving coil galvanometer 

(c) Both (a) and (b)  

(d) None of these 

80. Which is a vector quantity   [AFMC 2003] 

(a) Density  (b) Magnetic flux 

(c) Intensity of magnetic field (d) Magnetic potential 

81. There long straight wires A, B and C are carrying current as shown 
figure. Then the resultant force on B is directed ..... 

[KCET 2004] 

 

 

(a) Towards A  

(b) Towards C 

(c) Perpendicular to the plane of paper and outward 

(d) Perpendicular to the plane of paper and inward 

82. Two long conductors, separated by a distance d carry current I
1

 and 
I

2

 in the same direction. They exert a force F on each other. Now the 
current in one of them is increased to two times and its directions is 
reversed. The distance is also increased to 3d. The new value of the 
force between them is    [AIEEE 2004] 

(a) – 2F  (b) F/3  

(c) 2F/3 (d) – F/3 

83. The resultant magnetic moment of neon atom will be  

[J & K CET 2004] 

(a) Infinity  (b) 
B

  

(c) Zero  (d) 
B

/2 

A B C 

I 

x 

I 2I 

x 

1A 2A 3A 

d d 

A B C 
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84. A one metre long wire is lying at right angles to the magnetic field. 
A force of 1 kg wt. is acting on it in a magnetic field of 0.98 Tesla. 
The current flowing in it will be [J & K CET 2004] 

(a) 100 A   (b) 10 A  

(c) 1 A  (d) Zero  

85. A beam of electrons and protons move parallel to each other in the 
same direction, then they  [DCE 2004] 

(a) Attract each other  (b) Repel each other  

(c) No relation  (d) Neither attract nor repel  

86. Two parallel wires of length 9 m each are separated by a distance 

0.15 m. If they carry equal currents in the same direction and exerts 

a total force of 30  10–7 N on each other, then the value of current 

must be  [MH CET 2003] 

(a) 2.5 amp   (b) 3.5 amp  

(c) 1.5 amp  (d) 0.5 amp  

87. Current i is carried in a wire of length L. If the wire is turned into a 
circular coil, the maximum magnitude of torque in a given magnetic 
field B will be    [Pb. PET 2004] 

(a) 
2

2LiB
 (b) 

2

2BLi
  

(c) 
4

2iBL
 (d) 

4

2BLi
 

88. In ballistic galvanometer, the frame on which the coil is wound is 
non-metallic to    [MH CET 2004] 

(a) Avoid the production of induced e.m.f. 

(b) Avoid the production of eddy currents  

(c) Increase the production of eddy currents  

(d) Increase the production of induced e.m.f. 

89. Two thin, long, parallel wires, separated by a distance ‘d’ carry a 

current of ‘i’ A in the same direction. They will  

[AIEEE 2005] 

(a) Attract each other with a force of )2/( 22
0 di   

(b) Repel each other with a force of )2/( 22
0 di   

(c) Attract each other with a force of )2/(2
0 di   

(d)  Repel each other with a force of )2/(2
0 di   

90. Three long, straight parallel wires carrying current, are arranged as 
shown in figure. The force experienced by a 25 cm length of wire C 
is     [KCET 2005] 

 

 (a) 10-3 N  

 (b) 2.5  10-3 N 

(c) Zero  

(d) 1.5  10-3 N 

91. A circular coil of 20 turns and radius 10 cm is placed in uniform 
magnetic field of 0.10 T normal to the plane of the coil. If the 
current in coil is 5 A, then the torque acting on the coil will be   [J & K CET 2005] 

(a) 31.4 Nm (b) 3.14 Nm 

(c) 0.314 Nm (d) Zero 

30 A 10 A 20 A 

2 cm 3 cm 

D C G 
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1. A circular current carrying coil has a radius R. The distance from 
the centre of the coil on the axis where the magnetic induction will 

be th
8

1
 to its value at the centre of the coil, is 

[MP PMT 1997] 

(a) 
3

R
 (b) 3R  

(c) R32  (d) R
3

2
 

2. The field normal to the plane of a wire of n turns and radius r 
which carries a current i is measured on the axis of the coil at a 
small distance h from the centre of the coil. This is smaller than the 
field at the centre by the fraction 

(a) 
2

2

2

3

r

h
 (b) 

2

2

3

2

r

h
 

(c) 
2

2

2

3

h

r
 (d) 

2

2

3

2

h

r
 

3. The magnetic field at the centre of a circular coil of radius r is   
times that due to a long straight wire at a distance r from it, for 
equal currents. Figure here shows three cases : in all cases the 
circular part has radius r and straight ones are infinitely long. For 
same current the B field at the centre P in cases 1, 2, 3 have the 
ratio   [CPMT 1989] 
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(d) 
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4. Two straight long conductors AOB and COD are perpendicular to 

each other and carry currents 1i  and 2i . The magnitude of the 

magnetic induction at a point P at a distance a from the point O in 
a direction perpendicular to the plane ACBD is   [MP PMT 1994] 

(a) )(
2

21
0 ii
a





 (b) )(

2
21

0 ii
a





 

(c) 2/12
2

2
1

0 )(
2

ii
a





 (d) 

)(2 21

210

ii

ii

a 


 

5. A cell is connected between the points A and C of a circular 

conductor ABCD of centre O with angle A oOC 60 . If 1B  and 

2B  are the magnitudes of the magnetic fields at O due to the 

currents in ABC  and ADC  respectively, the ratio 
2

1

B

B
 is    [KCET 1999; Pb PET 2000] 

 

(a) 0.2 

(b) 6 

(c) 1 

(d) 5 

6. An infinitely long conductor PQR is bent to form a right angle as 

shown. A current I flows through PQR The magnetic field due to 

this current at the point M is H
1

. Now another infinitely long straight 

conductor QS is connected at Q so that the current is I/2 in QR as 

well as in QS, The current in PQ remaining unchanged. The 

magnetic field at M is now .2H The ratio 21 / HH  is given by    

  [IIT-JEE (Screening) 2000] 

(a) 
2

1
  

(b) 1 

(c) 
3

2
 

(d) 2  

7. Two coaxial solenoids 1 and 2 of the same length are set so that one 

is inside the other. The number of turns per unit length are 1n  and 

2n . The currents 1i  and 2i  are flowing in opposite directions. The 

magnetic field inside the inner coil is zero. This is possible when    [Roorkee 2000] 

(a) 21 ii   and 21 nn   

(b) 21 ii  and 21 nn   

(c) 21 ii   and 21 nn   

(d) 2211 nini   

8. A coil having N turns is wound tightly in the form of a spiral with 

inner and outer radii a and b respectively. When a current I passes 

through the coil, the magnetic field at the centre is      [IIT-JEE (Screening) 2001] 

(a) 
b

NI0   (b) 
a

NI02
 

(c) 
a

b

ab

NI
ln

)(2

0




 (d) 

a

b

ab

I N

ln
)(2

0




  

9. A non-planar loop of conducting wire carrying a current I is placed 
as shown in the figure. Each of the straight sections of the loop is of 
length 2a. The magnetic field due to this loop at the point P (a,0,a) 
points in the direction  

[IIT-JEE (Screening) 2001] 

 (a) )ˆˆ(
2

1
kj    

(b) )ˆˆˆ(
3

1
ikj   

90o 

90o 
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–  
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(c) )ˆˆ(̂
3

1
kji    

(d) )ˆ(̂
2

1
ki   

10. A long straight wire along the z-axis carries a current I in the 

negative z direction. The magnetic vector field 


B  at a point having 
coordinates (x, y)  in the z = 0 plane is  

[IIT-JEE (Screening) 2002] 

(a) 
)(2

)ˆˆ(
22 yx

jxiyIo








  (b) 

)(2

)ˆˆ(
22 yx

jyixIo








 

(c) 
)(2

)ˆˆ(
22 yx

iyjxIo








 (d) 

)(2

)ˆˆ(
22 yx

jyixIo








 

11. A particle of charge +q and mass m moving under the influence of a 

uniform electric field iEˆ  and a uniform magnetic field kB ˆ  follows 
trajectory from P to Q as shown in figure. The velocities at P and Q 

are ivˆ  and jv̂2  respectively. Which of the following statement(s) 

is/are correct   [IIT 1991; BVP 2003] 

 

 

 

 

 

 

(a) 
qa

mv
E

2

4

3
  

(b) Rate of work done by electric field at P is 
a

mv 3

4

3
 

(c) Rate of work done by electric field at P is zero 

(d) Rate of work done by both the fields at Q is zero 

12.  HeH ,  and O  ions having same kinetic energy pass through 

a region of space filled with uniform magnetic field B directed 
perpendicular to the velocity of ions. The masses of the ions 

 HeH , and O  are respectively in the ratio 16:4:1 . As a 

result 

(a) H  ions will be deflected most 

(b) O  ions will be deflected least 

(c) He  and O  ions will suffer same deflection 

(d) All ions will suffer the same deflection 

13. An ionized gas contains both positive and negative ions. If it is 
subjected simultaneously to an electric field along the +x direction 
and a magnetic field along the +z direction, then  

   [IIT-JEE (Screening) 2000] 

(a) Positive ions deflect towards +y direction and negative ions 
towards –y direction   

(b) All ions deflect towards +y direction 

(c) All ions deflect towards –y direction  

(d) Positive ions deflect towards –y direction and negative ions 

towards +y direction  

14. An electron moves with speed 5102 m/s along the positive x-
direction in the presence of a magnetic induction 

kjiB ˆ3ˆ4ˆ  (in Tesla.) The magnitude of the force experienced 

by the electron in Newton's is (charge on the electron 

= )106.1 19 C    [EAMCET 2001] 

(a) 131018.1    (b) 131028.1   

(c) 13106.1   (d) 131072.1   

15. A particle of mass m and charge q moves with a constant velocity v 
along the positive x direction. It enters a region containing a 
uniform magnetic field B directed along the negative z direction, 
extending from  x = a to x = b. The minimum value of v required so 

that the particle can just enter the region bx   is         [IIT-JEE (Screening) 2002] 

(a) mBqb /   (b) mBabq /)(   

(c) mBqa /  (d) mBabq 2/)(   

16. For a positively charged particle moving in a  x-y plane initially along 
the x-axis, there is a sudden change in its path due to the presence 
of electric and/or magnetic fields beyond P. The curved path is 

shown in the x-y plane and is found to be non-circular. Which one 
of the following combinations is possible  [IIT-JEE (Screening) 2003] 

 

 

 

 

 

(a) kcibBE ˆˆ;0    (b) iakcBaiE ˆˆ;   

(c) kbjcBE ˆˆ;0   (d) jbkcBaiE ˆˆ;   

17.  A horizontal rod of mass 10 gm and length 10 cm is placed on a 

smooth plane inclined at an angle of 60  with the horizontal, with 
the length of the rod parallel to the edge of the inclined plane. A 
uniform magnetic field of induction B is applied vertically 
downwards. If the current through the rod is 1.73 ampere, then the 
value of B for which the rod remains stationary on the inclined 

plane is 

(a) 1.73 Tesla (b) 
73.1

1
 Tesla 

(c) 1 Tesla (d) None of the above 

18. Two long wires are hanging freely. They are joined first in parallel 

and then in series and then are connected with a battery. In both 

cases, which type of force acts between the two wires    [MP PET 1993] 

(a) Attraction force when in parallel and repulsion force when in 

series 

(b) Repulsion force when in parallel and attraction force when in 

series 

(c) Repulsion force in both cases 

(d) Attraction force in both cases 

19. A wire of length L metre carrying a current of I ampere is bent in 

the form of a circle. Its magnitude of magnetic moment will be[MP PET 1995; MH CET 2004] 

(a) 
4

IL
 (b) 

4

2IL
 

(c) 
4

22LI
 (d) 

4

2LI
 

x

y

P

P 

O 2a 

a 

2v 

Q 
X 

Y 
v 
 

E 
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20. A thin circular wire carrying a current I has a magnetic moment M. 

The shape of the wire is changed to a square and it carries the same 

current. It will have a magnetic moment [MP PET 2003; MP PMT 2004] 

(a) M (b) M
2

4


 

(c) M


4
 (d) M

4


 

21. A particle of charge q and mass m moves in a circular orbit of 

radius r with angular speed  . The ratio of the magnitude of its 

magnetic moment to that of its angular momentum depends on     [IIT-JEE (Screening) 2000] 

(a) qand   (b) mq and  

(c) mq and  (d) mand  

22. An elastic circular wire of length l carries a current I. It is placed in 

a uniform magnetic field 


B  (Out of paper) such that its plane is 

perpendicular to the direction of 


B . The wire will experience   [MP PET 2000] 

 

 

 

 

 

 

(a) No force  (b) A stretching force 

(c) A compressive force (d) A torque 

23. A and B are two conductors carrying a current i in the same 
direction. x and y are two electron beams moving in the same 
direction       [Karnataka CET (Engg./Med.) 2002] 

 

 

 

 

 

(a) There will be repulsion between A and B attraction between x 
and y  

(b) There will be attraction between A and B, repulsion between x 
and y 

(c) There will be repulsion between A and B and also x and y  

(d) There will be attraction between A and B and also x and y 

24. Wires 1 and 2 carrying currents 1i  and 2i respectively are inclined at 

an angle   to each other. What is the force on a small element dl 
of wire 2 at a distance of r from wire 1 (as shown in figure) due to 
the magnetic field of wire1 

[AIEEE 2002] 

(a) 



tan

2
21

0 dlii
r

   

(b) 



sin

2
21

0 dlii
r

 

(c) 



cos

2
21

0 dlii
r

 

(d) 



sin

4
21

0 dlii
r

 

25. A conducting loop carrying a current I is placed in a uniform 
magnetic field pointing into the plane of the paper as shown. The 
loop will have a tendency to    

 [IIT-JEE (Screening) 2003] 

 

(a) Contract   

(b) Expand 

(c) Move towards +ve x -axis 

(d) Move towards –ve x-axis 

26. A current carrying loop is placed in a uniform magnetic field in four 
different orientations, I,II, III & IV arrange them in the decreasing 
order of potential Energy 

   [IIT-JEE (Screening) 2003] 

 

I.   II.  

 

 

 

III.  IV.  

 
 

(a) I > III > II > IV (b) I > II >III > IV 

(c) I > IV > II > III (d) III > IV > I > II 

27. A metallic block carrying current I is subjected to a uniform 

magnetic induction B  as shown in the figure. The moving charges 

experience a force F  given by ........... which results in the lowering 
of the potential of the face ........ Assume the speed of the carriers to 
be v   [IIT 1996] 

 

(a) keVB ˆ , ABCD  

(b) keVB ˆ , EFGH 

(c) keVB ˆ , ABCD  

(d) keVB ˆ , EFGH  

28. Two insulated rings, one of slightly smaller diameter than the other 

are suspended along their common diameter as shown. Initially the 
planes of the rings are mutually perpendicular. When a steady 
current is set up in each of them   [IIT 1995] 

 
 
 
 
 
 
 

(a) The two rings rotate into a common plane 

(b) The inner ring oscillates about its initial position 

(c) The inner ring stays stationary while the outer one moves into 
the plane of the inner ring 

(d) The outer ring stays stationary while the inner one moves into 
the plane of the outer ring 

29. Two particles each of mass m and charge q are attached to the two 

ends of a light rigid rod of length 2R. The rod is rotated at constant 

angular speed about a perpendicular axis passing through its centre. 

The ratio of the magnitudes of the magnetic moment of the system 

and its angular momentum about the centre of the rod is  [IIT 1998] 

B 
 

B 
 

B 
 

B 
 

B 
 

A 

B 

x 

y 

i1 i2 

dl 
 

r 

  

i 

Y 

X 

 

B 

n̂  
B B 

n̂  

B 

n̂  

B 

n̂  

B 
 Y 

G 

X 

I 

B A 
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D C 
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(a) 
m

q

2
 (b) 

m

q
 

(c) 
m

q2
 (d) 

m

q


 

30. Two very long, straight and parallel wires carry steady currents I 

and I respectively. The distance between the wires is d. At a certain 

instant of time, a point charge q is at a point equidistant from the 

two wires in the plane of the wires. Its instantaneous velocity v is 

perpendicular to this plane. The magnitude of the force due to the 

magnetic field acting on the charge at this instant is  [IIT 1998] 

(a) 
d

Iqv





2

0  (b) 
d

Iqv



0  

(c) 
d

Iqv



02
 (d) 0 

31. A ring of radius R, made of an insulating material carries a charge Q 
uniformly distributed on it. If the ring rotates about the axis passing 
through its centre and normal to plane of the ring with constant 
angular speed  , then the magnitude of the magnetic moment of 
the ring is  [MP PET 2001] 

(a) 2RQ  (b) 2

2

1
RQ   

(c) RQ 2  (d) RQ 2

2

1
  

32. What will be the resultant magnetic field at origin due to four 

infinite length wires. If each wire produces magnetic field 'B' at 

origin 

 

 

 

 

(a) 4 B  (b) B2   

(c) B22   (d) Zero   

33. The ratio of the magnetic field at the centre of a current carrying 
circular wire and the magnetic field at the centre of a square coil 
made from the same length of wire will be 

(a) 
24

2
 (b) 

28

2
 

(c) 
22


 (d) 

24


 

34. Two infinite length wires carries currents 8A and 6A respectively 
and placed along X and Y-axis. Magnetic field at a point 

mdP ),0,0(  will be 

(a) 
d

07
 (b) 

d

010
 

(c) 
d

014
 (d) 

d

05
 

35. Figure shows a square loop ABCD with edge length a. The resistance 
of the wire ABC is r and that of ADC is 2r. The value of magnetic 
field at the centre of the loop assuming uniform wire is  

 

 

 

 

 

(a) 
a

i





3

2 0
 (b) 

a

i





3

2 0  

(c) 
a

i



02
  (d)  

a

i



02
 

36. Figure shows the cross-sectional view of the hollow cylindrical 
conductor with inner radius 'R' and outer radius '2R', cylinder 
carrying uniformly distributed current along it's axis. The magnetic 

induction at point 'P' at a distance 
2

3R
from the axis of the cylinder 

will be  

(a) Zero 

(b) 
R

i





72

5 0  

(c) 
R

i





18

7 0  

(d) 
R

i





36

5 0  

37. A long wire AB is placed on a table. Another wire PQ of mass 1.0 g 

and length 50 cm is set to slide on two rails PS and QR. A current 

of 50A is passed through the wires. At what distance above AB, will 

the wire PQ be in equilibrium  

(a) 25 mm 

(b) 50 mm  

(c) 75 mm 

(d) 100 mm 

38. An infinitely long, straight conductor AB is fixed and a current is 
passed through it. Another movable straight wire CD of finite length 
and carrying current is held perpendicular to it and released. Neglect 

weight of the wire 

 

 

 

 

(a) The rod CD will move upwards parallel to itself 

(b) The rod CD will move downward parallel to itself 

(c) The rod CD will move upward and turn clockwise at the same 
time  

(d) The rod CD will move upward and turn anti –clockwise at the same 
time 

39. A steady current i flows in a small square loop of wire of side L in a 
horizontal plane. The loop is now folded about its middle such that 

half of it lies in a vertical plane. Let 1  and 2  respectively 

denote the magnetic moments due to the current loop before and 
after folding. Then   

[IIT-JEE 1993] 

x 

1 
Y 

X 

4 

3 

2 

i 

i 

i 

i x 

A 

B 

i1 

C D i2 

2R 

R 

3R/2 

i 

B 

C A 

O 

i1 

i2 

A 

50 A 
B 

P Q 

S R 
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(a) 02   

(b) 1  and 2  are in the same direction 

(c) 2
||

||

2

1 



 

(d) 














2

1

||

||

2

1




 

40. A current i is flowing in a straight conductor of length L. The 

magnetic induction at a point distant 
4

L
 from its centre will be   

(a) 
L

i





5

4 0  (b) 
L

i





2

0  

(c) 
L

i

2

0  (d) Zero  

41. Two thick wires and two thin wires, all of the same materials and 

same length form a square in the three different ways P, Q and R as 

shown in fig with current connection shown, the magnetic field at 

the centre of the square is zero in cases  

 

 

 

 

 

 

(a) In P only (b) In P and Q only 

(c) In Q and R only (d)  P and R only 

42. A particle with charge q, moving with a momentum p, enters a 

uniform magnetic field normally. The magnetic field has magnitude 

B and is confined to a region of width d, where 
Bq

p
d  , The 

particle is deflected by an angle   in crossing the field  

(a) 
p

Bqd
sin  

(b) 
Bqd

p
sin  

(c) 
qd

Bp
sin  

(d) 
Bq

pd
sin  

43. Same current i = 2A is flowing in a wire frame as shown in figure. 

The frame is a combination of two equilateral triangles ACD and 

CDE of side 1m. It is placed in uniform magnetic field B = 4T acting 

perpendicular to the plane of frame. The magnitude of magnetic 

force acting on the frame is   

(a) 24 N  

(b) Zero 

(c) 16 N 

(d)  8 N  

44. A uniform conducting wire ABC has a mass of 10g. A current of 2A 
flows through it. The wire is kept in a uniform magnetic field 

.2TB  The acceleration of the wire will be  

 

 

 
 

(a) Zero 

(b) 212 ms  along  y-axis 

(c) 23102.1  ms  along y-axis 

(d) 23106.0  ms  along y - axis 

45. In the given figure net magnetic field at O will be  

 (a) 20 4
3

2







a

i
 

 (b) 20 4
3







a

i
 

 (c)  2

2

0 4
3

2







a

i
 

 (d) )4(
3

2 20 





a

i
 

46. In the following figure a wire bent in the form of a regular polygon 
of n sides is inscribed in a circle of radius a. Net magnetic field at 
centre will be   

 (a) 
na

i 




tan

2

0  

 (b)  
na

ni 




tan

2

0  

 (c) 
na

ni 



tan

2
0  

 (d) 
na

ni 
 tan

2
0  

47. A proton accelerated by a potential difference KV500  moves 

though a transverse magnetic field of T51.0  as shown in figure. 

The angle  through which the proton deviates from the initial 
direction of its motion is 

 

(a) o15  

(b) o30  

(c) o45  

(d) o60  

48. AB  and CD are long straight conductor, distance d apart, carrying a 
current I. The magnetic field at the midpoint of BC is    

(a) k
d

I ˆ

2

0




 

(b) k
d

I ˆ0




 

(c) k
d

I ˆ

4

0




 

(d) k
d

I ˆ

8

0
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49. An electron is moving along the positive X-axis. You want to apply a 
magnetic field for a short time so that the electron may reverse its 
direction and move parallel to the negative X-axis. This can be done 
by applying the magnetic field along   

(a) Y-axis (b) X-axis 

(c) Y-axis only (d) None of these 

50. The unit vectors kji ˆ andˆ,ˆ  are as shown below. What will be the 

magnetic field at O in the following figure  

(a) j
a

i ˆ
2

2
4

0 













 

(b) j
a

i ˆ
2

2
4

0 













 

(c) i
a

i ˆ
2

2
4

0 













 

(d) k
a

i ˆ

2
2

4

0 













 

51. An electron moving with a speed u along the positive x-axis at y = 0 

enters a region of uniform magnetic field kBB ˆ
0  which exists 

to the right of y-axis. The electron exits from the region after some 
time with the speed v at co-ordinate y, then   [IIT-JEE (Screening 2004)] 

 

 

 

 

 
 

(a) v > u, y < 0 (b) v = u, y > 0 

(c) v > u, y > 0 (d) v = u, y < 0 

 

 

 

 

 

1. Which of the following graphs shows the variation of magnetic 

induction B with distance r from a long wire carrying current  [NCERT 1984; MNR 1998; MP PMT 1999] 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

  

2. Two very thin metallic wires placed along X and Y-axis carry equal 

currents as shown here. AB and CD are lines at 45  with the axes 
with origin of axes at O. The magnetic field will be zero on the line  [MP PMT 1995; CBSE PMT 1996] 

(a) AB  

(b) CD 

(c) Segment OB only of line AB 

(d) Segment OC only of line CD 

3. Two long parallel wires are at a distance 2d apart. They carry steady 
equal currents flowing out of the plane of the paper, as shown. The 
variation of the magnetic field B along the line XX’ is given by    [IIT-JEE (Screening) 2000] 

 

(a)   (b)  

 

 

 

 

(c)  (d)  

 

 

 

 

4. The magnetic field due to a straight conductor of uniform cross 

section of radius a and carrying a steady current is represented by    [AIIMS 2004] 

(a)  (b)  

 

 

 

 

(c)  (d) 

 

 

 

5. Two parallel beams of protons and electrons, carrying equal currents 

are fixed at a separation d. The protons and electrons move in 
opposite directions. P is a point on a line joining the beams, at a 
distance x from any one beam. The magnetic field at P is B. If B is 
plotted against x, which of the following best represents the 
resulting curve  

 

(a)   (b)  

 

 

 

(c)  (d)   

 

 

 

 

6. A long thin hollow metallic cylinder of radius 'R' has a current i 

ampere. The magnetic induction 'B'-away from the axis at a distance 

r from the axis varies as shown in  

(a)   (b)  
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(c)  (d)  

 

 

 

 

7. The correct curve between the magnetic induction (B) along the axis 
of a long solenoid due to current flow i in it and distance x from 
one end is  

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

 

8. A particle of charge q and mass m is moving along the x -axis with 
a velocity v and enters a region of electric field E and magnetic field 
B as shown in figure below for which figure the net force on the 
charge may be zero  

 

(a)  (b)  

 

 

 
 

 

(c)  (d)  

 

 

 

9. A wire carrying a current i is placed in a uniform magnetic field in 

the form of the curve .20sin Lx
L

x
ay 











 The force 

acting on the wire is  

(a) 


iBL
 

(b) iBL  

(c) iBL2  

(d)  Zero  

10. The ( – ) graph for a coil is  

(a)  (b)  

 

 

 

(c)  (d) 

 

 

 

11. A uniform magnetic field B and a uniform electric field E act in a 
common region. An electron is entering this region of space. The 
correct arrangement for it to escape undeviated is  

 

(a)  (b)  

 

 

(c)  (d) 

 

 

 

12. If induction of magnetic field at a point is B and energy density is U 
then which of the following graphs is correct  

(a)  (b)  

 

 

 

(c)  (d) 

 

 

 

13. A thin wire of length l is carrying a constant current. The wire is 
bent to form a circular coil. If radius of the coil, thus formed, is 
equal to R and number of turns in it is equal to n, then which of the 
following graphs represent (s) variation of magnetic field induction 
(B) at centre of the coil  

(a)  (b)  

 

 

 

(c)  (d) 

 

 

 

14. A current is flowing through a thin cylindrical shell of radius R. If 
energy density in the medium, due to magnetic field, at a distance r 
from axis of the shell is equal to U then which of the following 
graphs is correct 

(a)  (b)  

 

 

 
 

(c)  (d) 
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15. If current flowing through shell of previous objective is equal to i, 
then energy density at a point distance 2R from axis of the shell 
varies according to the graph 

(a)  (b)  

 

 

 

(c)  (d) 

 

 

 

16. A circular coil is in y-z plane with centre at origin. The coil is 
carrying a constant current. Assuming direction of magnetic field at 
x = – 25 cm to be positive direction of magnetic field, which of the 
following graphs shows variation of magnetic field along x-axis 

(a)  (b)  

 

 

 

(c)  (d) 

 

 

 

 

 

 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  :  Cyclotron does not accelerate electron. 

 Reason  : Mass of the electron is very small. 

[AIIMS 2000] 

2. Assertion  :  Cyclotron is a device which is used to accelerate the 
positive ion. 

 Reason  : Cyclotron frequency depends upon the velocity.[AIIMS 1997] 

3. Assertion  :  Magnetic field interacts with a moving charge and 
not with a stationary charge. 

 Reason  : A moving charge produces a magnetic field. 

4. Assertion  :  If an electron is not deflected while passing through 
a certain region of space, then only possibility is 
that there is no magnetic region. 

 Reason  : Force is directly proportional to the magnetic field 
applied. 

5. Assertion  :  Free electron always keep on moving in a conductor 
even then no magnetic force act on them in 
magnetic field unless a current is passed through it. 

 Reason  : The average velocity of free electron is zero. 

6. Assertion  :  The ion cannot move with a speed beyond a certain 
limit in a cyclotron. 

 Reason  : As velocity increases time taken by ion increases. 

7. Assertion  :  The coil is bound over the metallic frame in moving 

coil galvanometer. 

 Reason  : The metallic frame help in making steady deflection 
without any oscillation. 

8. Assertion  :  A circular loop carrying current lies in XY plane 
with its center at origin having a magnetic flux in 
negative Z-axis. 

 Reason  : Magnetic flux direction is independent of the 
direction of current in the conductor. 

9. Assertion  :  The energy of charged particle moving in a uniform 
magnetic field does not change. 

 Reason  : Work done by magnetic field on the charge is zero. 

10. Assertion  :  If an electron, while coming vertically from 
outerspace, enter the earth's magnetic field, it is 
deflected towards west. 

 Reason  : Electron has negative charge. 

11. Assertion  :  A direct current flows through a metallic rod, 
produced magnetic field only outside the rod. 

 Reason  : There is no flow of charge carriers inside the rod. 

12. Assertion  :  An electron and proton enters a magnetic field with 
equal velocities, then, the force experienced by the 
proton will be more than electron. 

 Reason  : The mass of proton is 1837 times more than 
electron. 

13. Assertion  :  Torque on the coil is the maximum, when coil is 
suspended in a radial magnetic field. 

 Reason  : The torque tends to rotate the coil on its own axis. 

14. Assertion  :  A loosely round helix made of stiff wire is 
suspended vertically with the lower end just 
touching a dish of mercury. When a current is 
passed through the wire, the helical wire executes 
oscillatory motion with the lower end jumping out 
of and inside of mercury. 

 Reason  : When electric current is passed through helix, a 
magnetic field is produced both inside and outside 
the helix. 

15. Assertion  :  The magnetic filed at the ends of a very long 
current carrying solenoid is half of that at the 
center. 

 Reason  : If the solenoid is sufficiently long, the field within it 
is uniform. 

16. Assertion  :  If a charged particle is moving on a circular path in 
a perpendicular magnetic field, the momentum of 
the particle is not changing,. 

 Reason  : Velocity of the particle in not changing in the 
magnetic field. 

17. Assertion  :  If a proton and an -particle enter a uniform 
magnetic field perpendicularly, with the same speed, 

then the time period of revolution of the -particle 
is double than that of proton. 

 Reason  : In a magnetic field, the time period of revolution of 
a charged particle is directly proportional to mass. 

18. Assertion  :  If two long wires, hanging freely are connected to a 
battery in series, they come closer to each other. 

U 

O i 
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O i 

U 

O i 
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 Reason  : Force of attraction acts between the two wires 
carrying current. 

19. Assertion  :  A current I flows along the length of an infinitely 
long straight and thin walled pipe. Then the 
magnetic field at any point inside the pipe is zero. 

 Reason  : IldB o


.  
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Biot-Savart's Law and Amperes Law 
 

1 c 2 b 3 c 4 b 5 d 

6 c 7 b 8 d 9 b 10 d 

11 b 12 a 13 a 14 c 15 c 

16 a 17 b 18 a 19 b 20 d 

21 c 22 c 23 a 24 d 25 b 

26 d 27 c 28 a 29 b 30 d 

31 b 32 a 33 a 34 d 35 d 

36 d 37 b 38 c 39 a 40 c 

41 c 42 b 43 d 44 b 45 d 

46 b 47 a 48 a 49 b 50 d 

51 c 52 b 53 c 54 b 55 d 

56 a 57 b 58 a 59 d 60 d 

61 c 62 c 63 d 64 b 65 a 

66 c 67 a 68 c 69 a 70 b 

71 c 72 c 73 b 74 b 75 d 

76 b 77 b 78 b 79 c 80 b 

81 d 82 c 83 c 84 d 85 c 

86 b 87 d 88 a 89 a 90 b 

91 c 92 d 93 d 94 a 95 b 

96 b 97 a 98 d 99 c 100 d 

101 b 102 c 103 b 104 d 105 a 

106 c 107 b 108 a 109 a 110 c 

111 d 112 a 113 b 114 a 115 b 

116 d 117 c 118 b 119 a 120 a 

121 a 122 a 123 c 124 d 125 c 

126 b         

 

Motion of Charged Particle In Magnetic Field 
 

1 abd 2 d 3 c 4 a 5 b 

6 b 7 c 8 c 9 c 10 d 

11 c 12 d 13 d 14 b 15 a 

16 c 17 c 18 a 19 c 20 b 

21 c 22 c 23 d 24 b 25 d 

26 a 27 c 28 a 29 d 30 d 

31 d 32 b 33 c 34 a 35 c 

36 b 37 d 38 a 39 a 40 d 

41 c 42 a 43 d 44 a 45 b 

46 c 47 d 48 b 49 c 50 d 

51 b 52 c 53 b 54 a 55 a 

56 d 57 d 58 b 59 d 60 a 

61 c 62 c 63 b 64 a 65 a 

66 b 67 b 68 a 69 bd 70 b 

71 c 72 b 73 b 74 a 75 d 

76 d 77 d 78 b 79 a 80 d 

81 a 82 a 83 c 84 b 85 b 

86 c 87 c 88 b 89 a 90 b 

91 a 92 a 93 c 94 d 95 c 

96 a 97 c 98 b 99 a 100 b 

101 d 102 c 103 d 104 d 105 c 

106 c 107 d 108 d 109 d 110 d 

111 a 112 b 113 d 114 c 115 c 

116 c 117 c 118 c     

 

Force and Torque on a Current Carrying Conductor 
 

1 b 2 c 3 b 4 c 5 b 

6 a 7 b 8 b 9 a 10 a 

11 c 12 a 13 c 14 c 15 a 

16 c 17 b 18 b 19 b 20 b 

21 d 22 b 23 d 24 a 25 a 

26 b 27 d 28 b 29 c 30 c 

31 c 32 d 33 d 34 d 35 b 

36 a 37 a 38 a 39 c 40 d 

41 c 42 a 43 a 44 c 45 d 

46 a 47 d 48 a 49 a 50 c 

51 b 52 a 53 abc 54 a 55 c 

56 b 57 a 58 d 59 c 60 a 

61 b 62 b 63 d 64 b 65 c 

66 a 67 b 68 a 69 a 70 a 

71 c 72 a 73 a 74 d 75 d 

76 c 77 a 78 a 79 b 80 c 

81 b 82 c 83 c 84 b 85 a 

86 d 87 c 88 b 89 c 90 c 

91 d         

 

Critical Thinking Questions 
 

1 b 2 a 3 a 4 c 5 c 

6 c 7 cd 8 c 9 d 10 a 

11 abd 12 ac 13 c 14 c 15 b 

16 b 17 c 18 a 19 b 20 d 

21 c 22 b 23 b 24 c 25 b 

26 c 27 a 28 a 29 a 30 d 

31 b 32 c 33 b 34 d 35 b 

36 d 37 a 38 c 39 c 40 a 

41 d 42 a 43 a 44 b 45 b 

46 b 47 b 48 b 49 a 50 d 

51 d         

 

Graphical Questions 
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1 c 2 a 3 b 4 a 5 c 

6 a 7 a 8 b 9 c 10 a 

11 c 12 a 13 bc 14 b 15 b 

16 b         

 

Assertion and Reason 
 

1 a 2 c 3 a 4 e 5 a 

6 c 7 a 8 c 9 a 10 b 

11 d 12 e 13 b 14 b 15 b 

16 d 17 b 18 d 19 a   

 

 
 
 
 
 
 

Biot-Savart's Law and Amperes Law 
 

1. (c) Magnetic field at the centre of current carrying coil is given by 
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  The following figure shows that single turn coil changes to 
double turn coil.  
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Short trick : For such type of problems remember 1
2

2 BnB    

2. (b) If distance is same field will be same 
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3. (c) Magnetic field lies inside as well as outside the solid current 
carrying conductor.  

4. (b) Because for inside the pipe 0i  
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5. (d) 
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6. (c) The magnetic field at the centre of the circle 
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7. (b) The given shape is equivalent to the following diagram 

The field at O  due to straight 

part of conductor 

is
r

i
B o 2

.
4
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 . The field at O due to circular coil is 
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0
2 . Both fields will act in the opposite 

direction, hence the total field at O.  
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8. (d) 
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9. (b) The respective figure is shown below 

Magnetic field at P due to 

inner and outer conductors 

are equal and opposite. 

Hence net magnetic field at 

P will be zero. 

10. (d) Magnetic field at a point 

on the axis of a current carrying wire is always zero. 
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13. (a) 
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14. (c) BB
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15. (c) Field at the centre of a circular coil of radius r is 
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16. (a) 
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17. (b) Magnetic field inside the solenoid niBin 0  

18. (a) In the following figure, magnetic fields at O due to sections 1, 2, 

3 and 4 are considered as 321 ,, BBB  and 4B  respectively. 
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19. (b) niB o  

20. (d) The magnetic induction at O due to the current in portion 

AB  will be zero because O lies on AB  when extended. 

21. (c) The induction due to AB  and CD will be zero. Hence the 

whole induction will be due to the semicircular part BC . 

r

i
B o

4


   

22. (c) The magnetic induction due to both semicircular parts will be 
in the same direction perpendicular to the paper inwards. 

 











 


21

210

2

0

1

0
21

444 rr

rri

r

i

r

i
BBB


 

23. (a) Field at a point x from the centre of a current carrying loop 
on the axis is  
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24. (d) At these points, the resultant field 0  
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26. (d) 
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27. (c) 
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28. (a)  

29. (b)  

30. (d) Two coils carrying current in opposite direction, hence net 
magnetic field at centre will be difference of the two fields. 

  i.e. 
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31. (b) Because niB 0   niB  . 

32. (a) See solution 34. 

33. (a) 
n

B
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10020104
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34. (d) Directions of currents in two parts are different, so directions 
of magnetic fields due to these 
currents are opposite. Also 

applying Ohm’s law across AB   

22212211 liliRiRi   
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Hence, two field induction’s are equal but of opposite direction. 
So, resultant magnetic induction at the centre is zero and is 

independent of  . 

35. (d) The magnetic field at any point on the axis of wire be zero. 

36. (d) Magnetic field inside the hollow conductor (tube) is zero. 

37. (b) If a wire of length l is bent in the form of a circle of radius r 

then lr 2   
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Magnetic field due to 

straight wire 
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38. (c) See the following figure 

 

 

 

 

 

39. (a) 
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40. (c) 
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41. (c) The magnetic field in the solenoid along its axis (i) At an 

internal point nio  

237 /101.2545000104 mWb    

)/5000/50 Here( mturnscmturnsn    

(ii) At one end  

2

101.25
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1 3
0




ni
BB inend

 23 /106.12 mWb  

42. (b) Magnetic field at the centre of solenoid niB 0)(    

Where n = Number of turns /meter  

227 /107.254250104 mWbB     

43. (d) Use Right hand palm rule, or Maxwell’s Cork screw rule or any 
other. 
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44. (b) BBBBBnB 16)4( 22   

45. (d) 
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47. (a) TB
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48. (a) See solution 34. 

49. (b) 
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50. (d) i
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niB 00    

51. (c) Here niB 0  

 where n is number of turns per unit length 
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53. (c) T
r

Ni
B 4

7
0 1028.6

1.02

1.01000104

2











 

54. (b) T
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55. (d) 
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56. (a) ..
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when r  is doubled, B  is halved. 

57. (b) Applying Ampere’s law   idlB 0.   to any closed path inside 

the pipe we find no current is enclosed. Hence 0B .  

58. (a) Magnetic field at the centre of current carrying coil is 
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59. (d) The magnetic field is given by 
r

i
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2

4

0




 .  

 It is independent of the radius of the wire.  
60. (d) Magnetic meridian is a vertical N-S plane, the earth’s magnetic 

field )( HB  lies in it. (For more details see magnetism). 

  To obtain neutral point at the centre of coil, magnetic field due 

to current (B) and HB  must cancel each other. Hence plane of 

the coil and magnetic meridian must be perpendicular to each 
other as shown 

 

 

 

 

 

 

 
 

61. (c) 1 Tesla Gauss410  

62. (c)  

63. (d)  

64. (b) 5
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65. (a) Magnetic field due to one side of the square at centre O 
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  Hence magnetic field at centre due to all side  
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66. (c)  

67. (a)  

68. (c) Magnetic field on the axis of circular current  
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69. (a) 2:1: 21 rr  and 3:1: 21 BB  We know that  
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70. (b) T
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71. (c) TB
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72. (c) Magnetic field due to solenoid is independent of diameter 

(Because niB 0 ). 
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75. (d) Magnetic field at centre due to smaller loop 
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76. (b)  

77. (b) 
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81. (d) Magnetic field on the axis of conductor is zero. 

82. (c) 2
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84. (d) At midpoint, magnetic fields due to both the wires are equal 
and opposite. So B

Net

= 0.  

85. (c) 
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86. (b) 
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88. (a) Corresponding current i = en  
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89. (a) B at ends of solenoid is ni
2

0  

90. (b) Use Right hand palm rule or Maxwell’s Cork screw rule. 

91. (c) At P 

 21 BBBnet   

 Since 21 BB   

 So, B
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 = 0  

 

92. (d) A moving charge and changing electric field both produces 
magnetic field. 

93. (d)  
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95. (b) BBBnB 9)3( 22   

96. (b) B represents the magnetic field. 

97. (a)  
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99. (c) The given circuit can be considered as follows 
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107. (b) Magnetic field at the centre of circular loop 
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110. (c) Magnetic field due to different parts are  

  B
1

 = 0 

 
r

i
B






.

4

0
2   

 
r

i
B .

4

0
3




  

 
r

i

r

i
BBBnet





44

00
32    

111. (d)   22 rMrniniAM    

112. (a)  

 

 

 

 

113. (b) Magnetic field at the center of single turn loop  
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114. (a) 
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115. (b) 
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116. (d)  

 

 

 

117. (c) Suppose length of each wire is l. 
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119. (a) Magnetic field due to revolution of electron  
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120. (a) 25
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70 /104
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121. (a) 
r

i
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122. (a) 2
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2
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123. (c) When two parallel conductors carrying current I and 2I in same 
direction, then magnetic field at the midpoint is  

r

I

r

I

r

l
B













222

2 000 

 

When current 2I is 
switched off then 
magnetic field due to 

conductor carrying current I is 
r

I
B





2

0 . 

124. (d) In the following figure magnetic field at mid point M is given 
by  

 

 

PQnet BBB   
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125. (c) 

126. (b) The magnetic field due to small element of conductor of length 

is given by 
2

0 sin

4 r

Idl
dB






  

  This value will be maximum when 

   90sin1sin  or,  90  

 

Motion of Charged Particle in Magnetic Field 
 

1. (a, b, d)  

Here the proton has no acceleration so .0 BE  

When 0E but ,0B but parallel to the motion of proton, 

there will be no force acting.  

When 0E and 0B and E, B and motion of proton 

 v are mutually perpendicular, there may be no net force. 

Forces due to E and B cancel each other.  

2. (d) Since electron is moving is parallel to the magnetic field, hence 

magnetic force on it 0mF . 
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The only force acting on the electron is electric force which 
reduces it’s speed. 

3. (c) 
q

mV

BqB

mk
r

212
   mr    

2

2

1

2
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R

R

m

m
 

4. (a) 
Bq

mv
r  m

Bmq

v
1.0

104105

102

)/( 27

5








 

5. (b) 
qB

p
r    pr   

6. (b) T
qr

mv
B 5

19

631

106.5
1.0106.1

10109 









  

7. (c) 
q

m
rei

qB

mK
r  ..

2
 

Here kinetic energy K and B are same. 
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8. (c) BvqF   

9. (c)  

10. (d)  

11. (c) East,  (By )( BνvqF  )  or by applying Fleming's left 

hand rule. 

12. (d) 5.2
2

106.1 19












 

m

E
qvBF  

27

619
19

1066.1

10106.122
104









 N12106.7   

13. (d) )( BvqF  ; if Bv ||  then 0F  

14. (b) This is according to the cross product )( BvqF   otherwise 

can be evaluated by the left-hand rule of Fleming.  

15. (a)  
qB

mK
r

2
   

m

q
K
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p

pp
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q

q
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16. (c) 
B

r
1

  i.e. r
B

B
r

B

B

r

r


2/1

1
2

1

2

2

1 = 2r  

17. (c) Time period of proton sec5
5

25
pT  

By using 
qB

m
T

2
 





q

q

m

m

T

T p

pp


p

p

p

p

q

q

m

m

2

4
   

  .sec102   pTT  

18. (a) F = ma = qvB  
27

719

1067.1

104.32106.1









m

qvB
a  

     = 6.5  1015m/sec2  

19. (c) sec1008.1
106.2

45.014.3222 7

7







v

r

qB

m
T


 

20. (b) qvBF   and 2

2

1
mvK    

m

k
qBF

2
  

27

196
19

107.1

106.11052
5.1106.1









  

 N1210344.7   

21. (c) Magnetic force acts on a moving charge. 

22. (c) cmrrvr
qB

mv
r 4222, 12   

23. (d) 
m

q
K

qB

mK
r

22
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1
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1
22
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m
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q

K

K
 

 .100502 keVKp   

24. (b) Maximum force will act on proton so it will move on a circular 

path. Force on electron will be zero because it is moving 

parallel to the field. 

25. (d) Fleming's left hand rule is used to the determine the direction 

of force. 

26. (a) Lorentz force is given by 

)]([)( BvEqBvqEqFFF me   

27. (c) BvqF   

28. (a) sinqvBF   

o30sin5.1102106.1 719    

N12719 104.2
2

1
5.1102106.1    

29. (d) sinqvBF    
sinqv

F
B   

 
qv

F
B min  (when  = 90o) 

 3

512

10

min 10
1010

10 









qv

F
B  Tesla in ẑ -direction. 

30. (d)  Kinetic energy in magnetic field remains constant and it is 

qKVqK  (V = constant)  

 2:1:1::::  adpdp qqqKKK   

31. (d) When charged particle enters perpendicularly in a magnetic 

field, it moves on a circular path with a constant speed. Hence 

it’s kinetic energy also remains constant. 

32. (b) 
q

m
rei

qB

mK
r  ..

2
 

Here kinetic energy K and B are same.  
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 Since m
e

 < m
p

, therefore r
e

 < r
p

  

33. (c) Path of the proton will be a helix of radius 
qB

mv
r

sin
  

(where  = Angle between vB and ) 

104.0106.1

30sin1021067.1
19

627








 o

r  

m1.0  

Time period 
104.0106.1

1067.122
19

27










qB

m
T  

sec7102    

34. (a) qvB
R

mv


2

. For proton 
qB

Em

qB

mv
R

p

p

2
  

and for deutron 
qB

Em
R

d
d

2
  

pd

p

d

p

d RR
m

m

R

R
22   

35. (c) In this case |||| me FF   and both forces are opposite to each 

other. 

36. (b) We know that time period mTei
qB

m
T  ..

2
 

(Since q and B are same) 

  Mass of proton > Mass of electron 

  Time period of proton > Time period of electron  

37. (d) According to Fleming’s right hand rule.   

38. (a) 
rB

v

m

e

eB

mv
r   

39. (a) Using eE = evB 156 1002.0105  VmvBE  

40. (d) F = evB 1619 102104106.1   N131028.1   

Also 
eB

mv
revB

r

mv


2

 

 mr 4

119

631

101.1
102106.1

104109 









  

41. (c) Force acts perpendicular to the velocity in a magnetic field, so 

speed of electron will remain same.  

42. (a) By Fleming left hand rule.  

43. (d) Direction of motion of proton is same as that of direction of 

magnetic field.   

44. (a) Time period is given by 
qB

m
T

2
  

 Frequency 
m

qB

T 


2

1
  

45. (b) 
q

mV

BqB

mK
r

212
  

 
19

31

3 106.1

120001092

10

1




 


 =0.367 m = 36.7 cm 

46. (c) 
y

y

x

x
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m

q

q

m

r

r

q

m
r

q

mV

B
r 

21
 

 
2
2

2
1

2

1

21

2

R
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47. (d) )ˆ5.0ˆ10(10)( 811 ijBvqF    

 )ˆ(105)ˆˆ(105 44 kNij    

48. (b) It is easy to understand the given problem, along with the 

following figure. 

d = radius of path 

   
qB

mv
   

 

 
 

49. (c) Lorentz force  BvqF   or sinqvBF   

F will be maximum. when o90  

50. (d) The component of velocity perpendicular to H will make the 

motion circular while that parallel to H will make it move along 

a straight line. The two together will make the motion helical.   

51. (b) We have 
r

mv
qvB

2

  or 
qB

mK

qB

mv
r

2
  

For same kinetic energy K, we have mr   

Hence path of proton will have larger r and is therefore less 

curved.  

52. (c) When particle enters at angle other than 0° or 90° or 180°, 

path followed is helix. 

53. (b) To move the electron in xy plane, force on it must be acting in 

the y-direction initially. The direction of F


is known, and the 

direction of v is known, hence by applying Fleming's left hand 

rule, the direction of magnetic field is also determined. 

 

 

 

 

 

 

 

54. (a) A moving charge gains energy in electric field only because in 

magnetic field energy remains constant. 

55. (a) Given that KKK dp  = K (say)  

We know that m
p

 = m, m
d

 = 2m and mm 4 and q
p

 = e, q
d

 

= e and eq 2  
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Further
qB

mK
r

2
 

eB

mK
rp

2
 , 

 
pd r

eB

Km
r 2

22
  

and 
 
  pr

Be

Km
r 

2

42
 .  Hence dp rrr   

56. (d) Since force is perpendicular to direction of motion. energy and 
magnitude of momentum remains constant. 

57. (d) ovT
qB

m
T 




2
 

58. (b) qvBF   also Kinetic energy 2

2

1
mvK 

m

K
v

2
  

  B
m

K
qF

2
  

 5
1067.1

106.1102002
106.1

27

196
19 









  

 N10106.1   

59. (d) The deflection produced by the electric field may be nullified 
by that produced by magnetic field.  

60. (a) )( BvqFm   

When the angle between v  and B  is 180o, F
m

 = 0  

61. (c) qBmvr /   

Since both have same momentum, therefore the circular path 
of both will have the same radius.  

62. (c) When particle enters perpendicularly in a magnetic field, it 
moves along a circular path with constant speed.  

63. (b) For motion of a charged particle in a magnetic field, we have r 
= mv/qB i.e. vr   

64. (a) The charged particle moving in a magnetic field does not gain 
energy. However, the direction of its velocity changes 
continuously. Hence momentum changes. 

65. (a) 00sinsin  qvBqvBF   

66. (b)  )/10/(1
1010

10 11

411

7

kgCmqm
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67. (b) 
m
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68. (a) Kr
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mK
r 

2
 2

2
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2

RR
K
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R
  

69. (b, d) 
qB

P

qB

mv
r    

70. (b) oqvBF 30sin105.25.2106.1sin 719    

 NF 12719 105
2

1
1025.6106.1    

71. (c) 2
max

2

1
mvK   and 

qB

mv
r 0   

m

qBr
v 0  
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rBq
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qBr
mK

22

1 2
0

222

0
max 








   

72. (b) sinqvBF  ; Independent of mass 

73. (b) By Fleming left hand rule.  

74. (a) NqBvF 5105.01   

75. (d) 
4
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mv
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 12 4rr   

76. (d) Magnetic force on charge will be zero.  

77. (d) 

78. (b) Apply Fleming's left hand rule. 

79. (a) 7

419

31

105.3
101106.1

10914.322 











qB

m
T


sec 

80. (d) 0)(  BvqF  as v  and B  are parallel. 

81. (a) Here magnetic force is zero, but the velocity increases due to 

electric force.  

82. (a)  

83. (c) 

84. (b) mvr
qB

mv
r   (q and B are constant) 

 BBAABA vmvmrr   

85. (b) 
qB

p
r     p  q      (  r and B are constant) 
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86. (c) Particle will move with uniform velocity when it’s acceleration 
is zero.   

i.e. qvBmgmgFm ||  

T
qv

mg
B 20

102.11025

10106.0
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87. (c) 
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pp

 

88. (b) When field is parallel to the direction of motion of charge, 
magnetic force on it is zero. 

89. (a) Since F  and v  are perpendicular to each other work done by 

force is zero. Hence K.E. is constant. 

90. (b) 

91. (a) Charged particles deflects in magnetic field. 

92. (a) 
m
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q
is minimum so Li

  is minimum.  

93. (c) 
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 .
1

1

1

2

16

4
  Then will deflect equally.  

94. (d) 
519

1831

109106.1

102.710922









qB

mE
r  

= 0.25 m = 25 cm  

95. (c) sec/4
5

20
m

B

E
v   

96. (a) Because magnetic force on charge will be zero.  

97. (c) 090cos.  odFW  

98. (b) Since particle is moving undeflected.  

So 23
4

/10
10

10
/ mWbvEBqvBqE   

99. (a) 
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100. (b) )( BveF   ]ˆ[]ˆˆ[ kevBjBiveF   

  i.e. Force on electron is acting towards negative z-axis. Hence 

particle will move on a circle in xz-plane. 

 

 

 

 

 

101. (d) Particles entering perpendicularly, hence they will describe 

circular path. Since their masses are different so they will 
describe path of different radii. 

102. (c) cm
qB

mv
r 35.2

105.1107.1

106
211
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103. (d) Cyclotron frequency 
m

Bq
v

2
  

 zHv 10

31
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1079.2
101.914.32

106.11











 

 GHZHZ 28109.27 9   

104. (d) By Fleming's left hand rule.  

105. (c) 
m
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106. (c) By using 
 mq
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107. (d) By using Fleming's left hand rule.  

108. (d) Along the axis of coil. v and B  are parallel, so 0F  

109. (d) sinqvBFm  , if 00  mFv  

110. (d) 
519

31

10534.3106.1

101.914.322









qB

m
T


 

  .1101 6 secsec    

111. (a) 

112. (b) 

113. (d) Magnetic field produced by wire at the location of charge is 

perpendicular to the paper inwards. Hence by applying 
Fleming's left hand rule, force is directed along OY. 

114. (c) From Fleming’s left hand rule the force on electron is towards 

the east means it is deflected towards east. 

115. (c) Electric current corresponds to the revolution of electron is 

r
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2
  

Magnetic field due to circular current at the centre 
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v
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116. (c) When electron moves in both electric and magnetic field then 

qvBqE  . 

 sm
B

E
v /3750

40.0

1500
 sm /1075.3 3 . 

117. (c) For no deflection in mutually perpendicular electric and 

magnetic field sm
B

E
v /106.1

102

102.3 8

3

5
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  If electric field is removed then due to only magnetic field 

radius of the path described by electron 

m
qB

mv
r 45.0

102106.1

106.1101.9
319

831











 

118. (c) 
qB

mv
r    vr   

 

Force and Torque on Current Carrying Conductor 
 

1. (b) Two wires, if carries current in opposite direction, they repel 

each other. 

2. (c)  21 rr   

 So  F
1

 > F
2

  

  )( 21 FFFnet   

 towards the wire. 

  

3. (b) 222 3.03)104(
7

22
20 mANiAM    
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XZ-plane 
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4. (c) Net force on a current carrying closed loop is always zero, if it 

is placed in an uniform magnetic field. 

5. (b) Force per unit length 
b

i

r

ii 2
0210 .

2

2
.

4 






  

6. (a) l
a

ii
F  210 2

.
4


NF 5

2

7 1082
)1010(

2102
10 



 



  

7. (b) For charge particles, if they are moving freely in space, 

electrostatic force is dominant over magnetic force between 

them. Hence due to electric force they repel each other. 

8. (b) As shown in the following figure straight wire is placed parallel 
to the magnetic field produced by circular current. Hence force 
on wire F = 0 

 

 

 

 

  

9. (a) Two straight conductors carry current in same direction, then 
attractive force acts between them. 

10. (a) mN
a

ii
F /105

1.0

552102

4

5
7

210 












 

11. (c) N
a

ii
F 3210 10

2

4





 

 When current in both the wires is doubled, then  

 
 

N
a

ii
F 3210 104

222

4
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12. (a) The magnetic moment of current carrying loop  

 )( 2rniniAM   

 Hence the work done in rotating it through 180° 

 MBMBW 2)cos1(   Brni )(2 2  

 J1.01.0)101614.3250(2 4    

13. (c) sinBilF   

N224 103
2

1
)1040(310500    

14. (c) 2riM   

15. (a) Because  cosNiAB  

16. (c)  

17. (b) N
C

NiAB
      (Number of turns)  

18. (b) Magnet provides damping. 

19. (b) 
NAB

C
i


   i  

20. (b) Force per unit length on two parallel current carrying 

conductor is given by 
a

ii

l

F 217 210    

  mN
l

F
/102

1

11
210 77  


  

21. (d)  sinMB   NiABmax ,  (  90 ) 

22. (b)  21 coscos   MBW  

            NAIBBNiA 2)180cos0(cos)(   

23. (d) Magnetic dipole moment of coil = NIA 

24. (a) 
2

1

5.1102

15
sinsin 




Bil

F
BilF    30  

25. (a) 

26. (b) evrMr
r

ev
riM

2

1

2
)( 22  


  

27. (d) Couple of force on loop S will be maximum because for same 

perimeter the area of loop will be maximum and magnetic 

moment of loop .Ai  So, it will also be maximum for loop 

S.  

28. (b) According to the definition.  

29. (c) Current carrying loop, behaves as a bar magnet. A freely 

suspended bar magnet stays in the SN   direction. 

 

 

 

 

 

30. (c) In equilibrium angle between M and B  is zero. It is 

happened, when plane of the coil is perpendicular to B  

 

 

 

 

31. (c) 

32. (d) 

33. (d) Sensitivity 
C

nBA

i
S 


 

34. (d) 

35. (b) By Fleming left hand rule.  

36. (a) Force on wire Q due to wire P is  

 1.0
1.0

10302
10 7 


 

PF N5106  (Towards left)  

 Force on wire Q due to wire R is  

 NFR
57 10201.0

02.0

10202
10  


   (Towards right)  

 Hence NNFFF PRnet
45 104.11014    

 (Towards right)  

37. (a)   mNNBiA  32.01.008.022.0100  

 Direction can be found by Fleming's left hand rule.  

38. (a)  30sin5.1525.7sin BilF  

39. (c) According to the question figure can be drawn as shown below. 
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Force on the conductor ABC = Force on the conductor AC  

   = 5  10  (5  10–2) = 2.5 N 

40. (d) Current sensitivity 
C

NBA

i



 

 Amprad
i
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10

105100
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41. (c) mNNBiA   21040015.0100 4  

42. (a) When current is passed through a spring, it gets compressed.  

43. (a) AMiiAM /  

44. (c) ampi 41915 105.10106.1106.6    

   22022 10528.0142.3 mRA    

    2024 10528.0142.3105.10   iAM  

         unitsunits 2324 1011010    

45. (d) Since  = 90°  

Hence BlINIAB
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       Bl2
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46. (a) For no force on wire C, force on wire C due to wire D= force 

on wire C due to wire B  
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47. (d) By Fleming’s left hand rule.  

48. (a)  

49. (a)  

50. (c) Force on the wire = Bil  

 Force per unit length NBi 34 101010    

51. (b) NBilF 2.15.02.12   

52. (a) N
a

ii
F 47210 102

1.0

10102
10

2

4

 






 

 Direction of current is same, so force is attractive.  

53. (a,b,c) Sensitivity 
C

NAB

i



 

54. (a) 22)105.3(14.375.024  NiAM  

 22 -109.6 mA  

55. (c) )(
2

4

2

4
21

2
0210 iii

a

i

a

ii

l

F
 








 

 Ai
i

1
1

2
10102

2
77    

56. (b) 

57. (a) )0(0sin oNiAB     

58. (d) NiAM   

59. (c) 

60. (a) Force on side BC and AD are equal but opposite so their net 

will be zero. 

 

 

 

 

 

 

 

 

 But NFAB
62

2

7 1031015
102

122
10 



 



  

 and  
2

2

7 1015
1012

122
10 



 



CDF N6105.0   

 CDABnet FFF   N6105.2   

 N71025  , towards the wire.  

61. (b) N
a

ii
F 57217 10

5.0

552
10

2
10  


 (repulsive)  

62. (b) Sensitivity 
C

NAB
  

63. (d)  205.01.0  iAM  

   244 1085.7102514.31.0 mamp    

64. (b) 
0

0 2

2 

 RB
i

R

i
B


  

 Now, 
0

3
2

0

2 22









BR
R

RB
RiAiM 


  

65. (c) AMNiAM  2rM    rlrl  2As  

  2lM   

66. (a) N
a

ii
F 47210 10

1.0

5102
10

2

4

 






(Repulsive)  

67. (b) According to Fleming’s left hand rule, magnetic force on 

electrons will be downward.  

 

 

   

68. (a) GG
iGi Vi 


    
V

G

i 


  

69. (a) 

70. (a) NBilF o 5.7
2

1
1105.130sin   

l 

B 
 

i i 

FAB FCD 

2 A 

10 cm 

15 cm 

C B 

D A 

2cm 

e– e– e– e– e– e– e– 

e– e– e– e– e– e– e– 
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71. (c) As shown in the following figure, the given situation is similar 

to a bar magnet placed in a uniform magnetic field 

perpendicularly. Hence torque on it 

 

 

 

 

 

 

  BriMB )(90sin 2   

72. (a)  As shown in figure, since 0L  

 

 

 

 

 

 

 

  Hence according to )( BLiF


   0F


 

73. (a) Because BiNAmax   N . 

74. (d)  

75. (d) 
a

ii
F 210 2

4


  

x

i
F

2
0

1

2

4





        (Attraction) 

x

i

x

ii
F

2
00

2

2

42

22

4 









  (Repulsion)  

Thus 21 FF   

76. (c) Magnetic field produced by wire is perpendicular to the motion 

of electron and it is given by 

2570 /10
1.0

52
10

2

4
mWb

a

i
B  







 

Hence force on electron  

NqvBF 185619 10810105)106.1(    

77. (a) Sensitivity (S) =
i


  BA

A

B

B

A SS
i

i

S

S


3

5
 

78. (a) 
5.0

852
10

2
10 7217 

 

a

ii
F

5106.1  (Attractive)  

79. (b) In moving coil galvanometer .i  

80. (c)  

81. (b) 21iiF  , so force on B due to C will be greater than that due 

A. Hence net force on B acts towards C.   

82. (c) 
a

ii
F 21 ; Since one of the current increase two times and 

distance increases three times, so force become 
3

2
times. Also 

due to the reversal of direction of current force becomes 
negative.  

83. (c) Neon molecule is diatomic, so it’s net magnetic moment is zero. 

84. (b) 198.08.91  iBilF Ai 10  

85. (a)  

86. (d) l
a

i
F  

2
7 2

10 9
15.0

2
101030

2
77   i

 

 Ai 5.0  

87. (c) BriNiAB  )(1 2
max        













2
,2

L
rLr  

 



42

22

max

iBL
B

L
i 








  

88. (b)   

89. (c) 
a

ii

l

F 210 2
.

4













d

i

d

i

l

F









2

2
.

4

2
0

2
0 








 (Attractive) 

90. (c) Force on wire C due to wire D 

  NFD
42

2

7 1051025
102

10302
10 



 



  

     (towards right) 

 

 

 

 

 
 

  Force on wire C due to wire G 

  NFG
42

2

7 1051025
102

10202
10 



 



  

     (towards left) 

 Net force on wire C is 0 GDnet FFF  

91. (d) Since  0   so 0  )sin(  NiAB  

 

Critical Thinking Questions 
 

1. (b) ,1
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2. (a) Field at the centre 
r

ni

r

in
B .

2

2

4

00
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Field at a distance h from the centre  
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2/322
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2

2

1

2/3

2

2

1 .
2

3
11

r

h
B

r

h
B (By binomial theorem) 

Hence B
2

 is less than B
1

 by a fraction 
2

2

2

3

r

h
  

3. (a)  Case 1 : 
r

i
BA .

4

0




 

r

i
BB






.

4

0  

r

i
BC .

4

0




  

So net magnetic field at the centre of case 1 

r

i
BBBBB ACB






.

4

0
11     ..... (i) 

Case 2 : As we discussed before magnetic field at the centre O 

in this case  


r

i
B






.

4

0
2  ..... (ii) 

 

Case 3 : 0AB  





r

i
BB

)2/2(
.

4

0 




 

r

i
BC .

4

0




  


r

i

2

3
.

4

0 




 

So net magnetic field at the centre of case 3 









 1

2

3
.

4

0
3







r

i
B  ..... (iii) 

From equation (i), (ii) and (iii)  

321 :: BBB  :   


















2

1

4

3
:

2
:

2
1

2

3 
 

4. (c) At P : 2
2

2
1 BBBnet   

2

20

2

10 2

4

2

4



















a

i

a

i








 

2/12
2

2
1

0 )(
2

ii
a





 

 

 

5. (c) iB
r

i
B 








4

0     (but 
1

2

1

2

2

1






l

l

i

i
) 

2

1

2

1

2

1 .
i

i

B

B




  

So, 
1

2

2

1

2

1










B

B
 

21 BB   

6. (c) Magnetic field at any point lying on the current carrying 
straight conductor is zero.  

Here H
1

 = Magnetic field at M due to current in PQ. 

        H
2 

= Magnetic field at M due to QR 

                + magnetic field at M due to QS 

                + magnetic field at M due to PQ  

            11
1

2

3

2
0 HH

H
  

3

2

2

1 
H

H
 

7. (c, d) 212121 0 BBBBBBBnet   

.niB  So 2211 inin  or 2121  and iinn   

8. (c) Number of turns per unit width 
ab

N


  

Consider an elemental ring of radius x and with thickness dx 

Number of turns in the ring 
ab

Ndx
dN


  

Magnetic field at the centre due to the ring element 

xab

Ndxi

x

idN
dB

1
.

)(
.

22

)( 00





 

Field at the centre  

           


b

a x

dx

ab

Ni
dB

)(2

0  

          .ln
)(2

0

a

b

ab

Ni





 

9. (d) The magnetic field at ),0,( aaP  due to the loop is equal to 

the vector sum of the magnetic fields produced by loops 

ABCDA and AFEBA as shown in the figure.   

Magnetic field due to loop ABCDA will be along î  and due to 

loop AFEBA, along k̂ . Magnitude of magnetic field due to both 

the loops will be equal.  

Therefore, direction of resultant magnetic field at P will be 

)ˆ(̂
2

1
ki  . 

 

 

 

 

 

10. (a) Magnetic field at P is B , perpendicular to OP in the direction 

shown in figure. 

  So, jBiBB ˆcosˆsin    

  Here 
r

I
B





2

0  

  
r

y
sin  and 

r

x
cos  

i2 

D 

O 
B 

C 

A 

i1 

a 

B1 

B2 

P 

1A 

i2 

300o 
1 

2 

60o 

i1 

O 

(A) 

r 
i 

O (B) 

(C) 

(B) 

O 

90o 

r i 

(C) 

(A) 

r 

O 

i (C) 

(B) 

(A) dx 

a 
b 

x 

C 
 

D 
 
 

A 
 
 
 

B 
 
 
 
 

P(a,0, a) 
 
 
 
 
 

E 
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k̂  
 

 
î  
 

 
 

ĵ  

 
 

 
 

 

 

B sin  

B cos  r 

B 

y 

x 
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Y 
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)(2

)ˆˆ(
)ˆˆ(

1

2 22

0

2

0

yx

jxiyI
jxiy

r

I
B













(as 222 yxr  ) 

11. (a, b, d) Kinetic energy of the particle at point 2

2

1
mvP   

  

 

 

 

 

 

K.E. of the particle at point 2)2(
2

1
vmQ   

Increase in K.E. 2

2

3
mv  

It comes from the work done by the electric force qE on the 

particle as it covers a distance 2a along the x-axis. Thus 

qa

mv
EaqEmv

2
2

4

3
2

2

3
 . The rate of work done by 

the electric field at P  
a

mv
vqEvF

4
3

3

  

At EqFQ, e   is along x-axis while velocity is along negative 

y-axis. Hence rate of work done by electric field 

)90(0 o
e v.F    Similarly, according to equation 

)Bvq(Fm   

Force mF is also perpendicular to velocity vector v .  

Hence the rate of work done by the magnetic field = 0 

12. (a, c) 
q

m
r  2:2:1

2

16
:

1

4
:

1

1
::  oHeH rrr  

Radius is smallest for H , so it is deflected most. 

13. (c) As the electric field is switched on, positive ion will start to 

move along positive x-direction and negative ion along negative 

x-direction. Current associated with motion of both types of 

ions is along positive x-direction. According to Fleming's left 

hand rule force on both types of ions will be along negative y-

direction.  

14. (c) iv ˆ102 5 and )ˆ3ˆ4(̂ kjiB   

)]ˆ3ˆ4(ˆ102[106.1)( 519 kjiiBvqF    

)]ˆ(̂3)ˆ(̂4ˆ[̂102106.1 519 kijiii    

)ˆ3ˆ4(102.3]ˆ3ˆ40[102.3 1414 kkjk    

 .106.15102.3|| 1314 NF    

15. (b) In the figure, the z-axis points out of the paper, and the 
magnetic field is directed into the paper, existing in the region 
between PQ and RS. The particle moves in a circular path of 

radius r in the magnetic field. It can just enter the region x > b 

for )( abr   

 

 

 

 

 

 

Now, )( ab
qB

mv
r   

or 
m

Babq
v

)( 
   

m

Babq
v

)(
min


  

16. (b) Electric field can deviate the path of the particle in the shown 
direction only when it is along negative y-direction. In the given 

options E  is either zero or along x-direction. Hence it is the 

magnetic field which is really responsible for its curved path. 
Options (a) and (c) can’t be accepted as the path will be helix 
in that case (when the velocity vector makes an angle other 
than 0°, 180° or 90° with the magnetic field, path is a helix) 
option (d) is wrong because in that case component of net 
force on the particle also comes in k direction which is not 

acceptable as the particle is moving in x-y plane. Only in option 
(b) the particle can move in x-y plane. 

  In option (d) : )( BvqEqFnet   

  Initial velocity is along x-direction. So let ivv ˆ  

   kqvbjqvciqajbkcivqiqaFnet
ˆˆˆ]ˆˆ()ˆ[(ˆ   

In option (b) jqvciqaiakcivqiaqFnet
ˆˆ)ˆ()ˆ[()ˆ(    

17. (c) The given situation can be drawn as follows 

 

 

 

 

 

 

ilBF   oo ilBmg 60cos60sin   

TB 1
73.11.0

31001.0





  

18. (a) When connected in parallel the current will be in the same 
direction and when connected in series the current will be in 

the opposite direction. 

 

 

 

 

 
    

19. (b) If the radius of circle is r, then 



2

2
L

rLr   

60° mg 

60° 

60° 

mg cos 60° 

Fm 

Fm cos 60° 

mg cos 60° 

B 

Parallel 

Series 

Q S y 

x 
R P 
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O 

x > b 

x = b x = a 

 B 
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2a 
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2v 

Q 
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Y 
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Area 





44

2

2

2
2 LL

r   

Magnetic moment 
4

2IL
IA   

20. (d) Initially for circular coil rL 2 and 2riM   




42

22
iLL

i 







   ..... (i) 

Finally for square coil 
164

22
iLL

iM 







   ..... (ii) 

 

 

 

 
 

 

Solving equation (i) and (ii) 
4

M
M


  

21. (c) The effective current 




2

q
i  and 2rA  .  

Magnetic moment 2

2

1
rqiAM   

Angular moment  2mrIL   
m

q

L

M

2
  

22. (b)  On applying Fleming’s left hand rule. 

23. (b)  Current carrying conductors will attract each other, while 

electron beams will repel each other. 

24. (c) Length of the component dl which is parallel to wire (1) is 

cosdl , so force on it.  

r

dlii
dl

r

ii
F










2

cos
)cos(

2
.

4

210210   

25. (b) Net force on a current carrying loop in uniform magnetic field 

is zero. Hence the loop can’t translate. So, options (c) and (d) 

are wrong.  

 

 

 

 

 

From Fleming's left hand rule we can see that if magnetic field 

is perpendicular to paper inwards and current in the loop is 

clockwise (as shown) the magnetic force mF  on each element 

of the loop is radially outwards, or the loops will have a 

tendency to expand.    

26. (c) cosMBU  ; where  Angle between normal to the 

plane of the coil and direction of magnetic field.   

27. (a) As the block is of metal, the charge carriers are electrons, so 

for current along positive x-axis, the electrons are moving along 

negative x-axis, i.e. ivv ˆ  

and as the magnetic field is along the y-axis, i.e. jBB ˆ  

so )( BvqF   for this case yield )]ˆˆ)[( jBiveF   

i.e., kevBF ˆ   [As kji ˆˆˆ  ] 

 

 

 

 

 

As force on electrons is towards the face ABCD, the electrons 
will accumulate on it an hence it will acquire lower potential.  

28. (a)  

29. (a) 22;
2

2
RqR

q
iAM

qq
i 












  

)(2.2.2 2  RvmRmRRmvRL   

 
m

q

L

M

2
  

30. (d) According to gives information following figure can be drawn, 
which shows that direction of magnetic field is along the 
direction of 
motion of charge 
so net force on it 
is zero.  

 

31. (b)

 2RiiAM  also 2

2

1

2
RQM

Q
i 




  

32. (c) Direction of magnetic field (B
1

, B
2

, B
3

 and B
4

) at origin due to 
wires 1, 2, 3 and 4 are shown in the following figure. 

B
x

i
BBBB 

2
.

4

0
4321




. So net magnetic field at 

origin O   

2
42

2
31 )()( BBBBBnet  BBB 22)2()2( 22   

 

 

 

 

 

 

33. (b)  Circular coil               Square coil 

 

 

  

 

 

4 

3 

i 

i 
i 

i 

O 

1 
2 

B
4

 

B
1

 B
3

 

B
2

 

i 

i 

r 

45o 

45o 
O 

i 

a/2 
a 

i 

i 
Y 

X 

Fm 

 
 

i 

r 

L/4 

v 

d 

d/2 d/2 

q 

y 

x 
z 

E G 

D C 

d 

H 
F 

e– 

v 
 

B 
 

F 
 

A 

i 

B 



 

  Magnetic Effect of Current 1233 
 

 

Length L = 2 r             Length L = 4a 

Magnetic field at the centre of circular coil 

r

i
Bcircular





 2
.

4

0
L

i2
0 4

.
4






   

Magnetic field at the centre of square coil  

L

i

a

i
Bsquare

232
.

4

28
.

4

00








  

Hence 
28

2


square

circular

B

B
 

34. (d) Magnetic field at P  due to wire 1, 
d

B
)8(2

.
4

0
1




  

 

 

 

 

 

and due to wire 2, 
d

B
)6(2

.
4

0
2




  

   

2
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2

02
2

2
1

12
.

4

16
.

4



















dd
BBBnet








 

  
dd 





 00 5
10

2

4
  

35. (b) According to question resistance of wire ADC is twice that of 
wire ABC. Hence current flows through ADC is half that of 

ABC i.e. 
2

1

1

2 
i

i
. Also iii  21   

3

2
1

i
i   and 

3
2

i
i   

Magnetic field at centre O due to wire AB and BC  (part 1 and 

2) 
2/

45sin2
.

4

10
21

a

i
BB

o






a

i10 22
.

4


 

and magnetic field at centre O due to wires AD and DC (i.e. 

part 3 and 4)  
a

i
BB 20

43

22

4


  

Also i
1

 = 2i
2

.  So (B
1

 = B
2

) > (B
3

 = B
4

)  

Hence net magnetic field at centre O  

)()( 4321 BBBBBnet   
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36. (d) By using 
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.5
 . 

37. (a) Suppose in equilibrium wire PQ lies at a distance r above the 
wire AB  

Hence in equilibrium  Bilmg  il
r

i
mg 










2

4

0




 

 5.0
)50(2

101010
2

73 


 

r
  mmr 25  

38. (c)  Since the force on the rod CD is non-uniform it will experience 
force and torque. From the left hand side it can be seen that 
the force will be upward and torque is clockwise. 

 

 

 

 
 

39. (c) Initial magnetic moment = 
1

 = iL2  

 

 

 

 

 

                                                           
 

After folding the loop,  M = magnetic moment due to each part 

222

1
2 











iL
L

L
i  

 
2

2
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2 11
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  M  

40. (a) By using )sin(sin.
4

21
0 





a

i
B  

 )sin2(
)4/(

.
4

0 




L

i
B   

 Also 
5

2

4/5

2/
sin 

L

L
  

 
L

i
B





5

4 0  

41. (d) In P and R loops, currents are divided in same proportion 
because the branches have equal resistance. Hence magnetic 
field produced at centre due to each segment is of equal 
magnitude but of opposite direction, so net field is zero. 

 

 

 

 

42. (a) From figure it is clear that  

  
r

d
sin  also 

qB

p
r   

  
p

Bqd
sin  
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C D i2 

B = 0 B  0 B = 0 
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43. (a) CEDCDCAD FFF   

 Net force on frame CDF3  )4()1()2()3(   (F = ilB) 

= 24 N  

44. (b) The given curved wire can be treated as a straight wire as 
shown  

 

 

 

 

 

 
 

Force acting on the wire AC, 210322  BilF  

= N21012   along y-axis. 

So acceleration of wire 2

3

2

/12
1010

1012
sm
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F











 

45. (b)  

 

 

 

 

 

 

 

  Magnetic field at 0 due to  

Part (1) : 01 B  

Part (2): 
)2/(

.
4

0
2

a

i
B






 (along –Z-axis) 

Part (3):  
)2/(

.
4

0
3

a

i
B




 (along – Y-axis) 

Part (4): 
)2/3(

.
4

0
4

a

i
B






  (along +Z-axis) 

Part (5):  
)2/3(

.
4

0
5

a

i
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 (along – Y-axis) 
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i
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i
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2
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 (along – Z-axis) 
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a
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1
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00
53  (along – Y-axis) 

Hence net magnetic field  

   2
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2
42 )()( BBBBBnet  4

3

20  




a

i
 

46. (b) Magnetic field at the centre due to one side  

  
r

i
B





 sin2
.

4

0
1  where cosar   

  So 
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4

00
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i
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  Hence net magnetic field  
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i
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47. (b) According to following figure 
r

d
sin   

also 
q

mV

BqB
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r
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q
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2
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48. (b) The field at the midpoint of BC due to AB is 







 k

d

i ˆ

2/
.

4

0




 

and the same is due to CD. Therefore the total field is 

















 k

d

i ˆ0




 

49. (a)  The electron reverses it’s direction. It can be done by covering 
semi-circular path in x-z or x-y plane. 

50. (d) The field at 0 due to AB is k
a

i ˆ.
4

0




 and that due to DE is 

also k
a

i ˆ.
4

0




.  

However the field due to BCD is k
a

i ˆ

2
.

4

0 






 




.  

Thus the total field at O is k
a

i ˆ

2
2.

4

0 













 

 

 

 

 

 

 

51. (d) The energy of a charged particle moving in magnetic field 

remains constant because the magnetic field does not do any 
work. Therefore kinetic energy is constant i.e. vu  . 

The force on electron will act along negative y-axis initially. The 
electron will undergo circular motion in clockwise direction and 

emerge out the field. So 0y . 

 

Graphical Questions 

1. (c) 
r

1
||

2
.

4
|| 0  B

r

iμ
B




 

2. (a) Every point on line AB will be equidistant from X and Y-axis. 

So magnetic field at every point on line AB due to wire 1 along 

X-axis is equal in magnitude but opposite in direction to the 

magnetic field due to wire along Y-axis. Hence netB on 

0AB  

3. (b) If the current flows out of the paper, the magnetic field at 

points to the right of the wire will be upwards and to the left 

O 

5 

3 X 

4 

2 

1 

a/2 

2

3a
 

Y 

Z 

Y 

Z 
X 

(B2–B4) 

(B3 B5) 

 
 r O 

a 

i 

i 

a O 

a 

A 

B 

C 

D E 

× × × × 

× × × × 

× × × × 

× × × × 

A C 
3cm 

4cm 

5cm 

 
 

r 

d 
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will be downward. Now magnetic field at C, is zero. The field in 

the region XB  will be upwards (+ve) because all points lying 

in this region are to the right of both the wires. Similarly, 

magnetic field in the region AX will be downwards (– ve). The 

field in the region AC will be upwards (+ve) because points are 

closer to A compared to B. Similarly magnetic field in region 

BC will be downward (–ve). Graph (b) satisfies all these 

conditions.  

 

 

 

 

 

4. (a) Magnetic field inside the conductor rBin  and magnetic field 

outside the conductor 
r

Bout

1
                                                                                                                                                                          

(where r is the distance of observation point from axis) 

5. (c) The magnetic field at points to the right of the proton beam 

acts perpendicular to the paper inwards (). The magnetic field 

at points to the left of the electron beam acts perpendicular to 

the paper outwards (). 

Magnetic field at mid point  M is zero.  

 

 

 

 

 

Magnetic field at the points closer to proton beam acts 

perpendicular to the paper inwards (i.e. ()) and at the points 

closer to electron beam it acts outwards i.e. (). In the given 

options graph (c) satisfies all the conditions.  

6. (a) Magnetic field  inside the hollow metallic cylinder ,0inB and 

magnetic field outside it 
r

Bout

1
  

7. (a) Magnetic field in the middle of the solenoid’s is maximum, 

magnetic field at the and 
2

1
endB B

centre

. 

8. (b) The charge will not experience any force if |||| me FF  . This 

condition is satisfied in option (b) only. 

9. (c) The given portion of the curved wire may be treated as a 

straight wire of length 2L which experiences a magnetic force 

)2( LBiFm   

10. (a)  sinNBiA  so the graph between   and   is a 

sinusoidal graph.  

11. (c) For undeviated motion |||| me FF  , which happened when 

Ev ,  and B  are mutually perpendicular to each other. 

12. (a) If at a place, magnetic induction is B, then energy density will 

be equal to 
0

2

2

B
U  . It means, graph between U and B will 

be a parabola passing through origin and symmetric about U-

axis.  

13. (b, c) Since length of the wire is equal to l, therefore, lRn 2 or 

R

l
n

2
 .  

Magnetic induction at centre of a circular coil is given by   

2

00

4

2
.

4 R

il

R

ni
B








   

2

1

R
B   

It means, when  BR ,0 and ,0,  BR  

Hence (b) is correct and (d) is wrong.  

Substituting 
n

l
R

2
  in 

R

ni
B





 2
.

4

0  

2nB  . It means graph between B and n will be a parabola 

having increasing slope and passing through origin. Hence (c) 

is correct and (a) is wrong.   

14. (b) When a current flows through cylindrical shell, then according 

to Ampere circuital law, magnetic induction inside it will be 

equal to zero. Hence energy density at Rr   is equal to zero.  

Therefore, (a), (c) and (d) are wrong.  

When r > R, 
r

i
B





2

0 .  

Since ,
2 0

2



B
U  therefore, outside the shell, 

22

2
0

8 r

i
U




 . It 

means, just outside the shell, 
22

2
0

8 R

i
U




 and when 

.0,  Ur  

Hence (b) is correct. 

15. (b) Energy density in previous objective, at Rr 2 , will be equal 

to 
22

2
0

32 R

i
U




 or .2iU   It means, graph-between U and 

i will be a parabola, passing through origin, symmetric about 

U-axis and having increasing slope. Hence (b) is correct.  

16. (b)  Direction of magnetic field at every point on axis of a current 

carrying coil remains same though magnitude varies. Hence 

magnetic induction for whole the x-axis will remain positive.  

Therefore, (c) and (d) are wrong.  

Magnitude of magnetic field will very with x according to law, 

2/322

2
0

)(2 xR

NIR
B





.  

p+ 

p+ 

p+ 

p+ 

p+ 

e– 

e– 

e– 

e– 

e– 

M P 

x 

d 
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Hence, at 
R

NI
Bx

2
,0 0  and when .0,  Bx  

Slope of the graph will be 
2/522

2
0

)(2

.3

xR

xNIR

dx

dB





. 

It means, at x = 0, slope is equal to zero or tangent to the 

graph at x = 0, must be parallel to x-axis.  

Hence (b) is correct and (a) is wrong. 

 

 

Assertion and Reason 
 

1. (a) Cyclotron is suitable for accelerating heavy particles like 

protons, -particles etc, and not for electrons because of low 

mass. Because electrons acquire very high velocities very near 
to velocity of light and appreciable variation in their mass, 
occurs.  

2. (c) Cyclotron is utilised to accelerate the positive ion. And 

cyclotron frequency is given by .
2 m

Be


   It means cyclotron 

frequency doesn't depends upon velocity. Therefore, assertion is 
true and reason false.  

3. (a) A moving charge experiences a force in magnetic field. It is 
because of interaction of two magnetic fields, one which is 
produced due to the motion of charge and other in which 
charge is moving. 

4. (e) In this case we can not be sure about the absence of the 
magnetic field because if the electron moving parallel to the 
direction of magnetic field, the angle between velocity and 
applied magnetic field is zero (F = 0). Then also electron passes 

without deflection. Also sinevBF    F  B . 

5. (a) In the absence of the electric current, the free electrons in a 
conductor are in a state of random motion, like molecules in a 
gas. Their average velocity is zero. i.e. they do not have any net 
velocity in a direction. As a result, there is no net magnetic 
force on the free electrons in the magnetic field. On passing 
the current, the free electrons acquire drift velocity in a definite 

direction, hence magnetic force acts on them, unless the field 
has no perpendicular component. 

6. (c) Time taken is independent of velocity and radius of path. 

However, maximum velocity will be given by 
m

qBR
v max  

where R is radius of Dee’s. 

7. (a) Due to metallic frame the deflection is only due to current in a 
coil and magnetic field, not due to vibration in the strings. If 
string start oscillating, presence of metallic frame in the field 
make these oscillations damped. 

8. (c) The direction of magnetic field due to current carrying 

conductor can be found by applying right hand thumb rule or 

right hand palm rule. When electric current is passed through 

a circular conductor, the magnetic field lines near the center of 

the conductor are almost straight lines. Magnetic flux direction 

is determined only by the direction of current. 

9. (a) The force on a charged particle moving in a uniform magnetic 

field always acts in direction perpendicular to the direction of 

motion of the charge. As work done by magnetic field on the 

charge is zero, [W = FS cos], so the energy of the charged 

particle does not change. 

10. (b) We know that the direction of the earth’s magnetic field is 

toward north and the velocity of electron is vertically 

downward. Applying Fleming’s left hand rule, the direction of 

force is towards west. Therefore, an electron coming from 

outer space will be deflected toward west. 

11. (d) In the case of metallic rod, the charge carriers flow through 

whole of the cross section. Therefore, the magnetic field exists 

both inside as well as outside. However magnetic field inside 

the rod will go on decreasing as we go towards the axis. 

12. (e) The force experienced by a charge particle in a magnetic field 

is given by, )( BvqF   

which is independent of mass. As q, v and B are same for both 

the electron and proton, hence both will experience same force. 

13. (b) The torque on the coil in a magnetic field is given by  = 

nIBA cos  

For radial field, the coil is set with its plane parallel to the 

direction of the magnetic field B, then  = 0o and cos  = 1  

Torque = nIBA (1) = nIBA (maximum). 

14. (b) The winding of helix carry currents in the same direction 

therefore they experience an attractive force pulling the lower 

end out of mercury. As a result of this, the circuit breaks, 

current becomes zero and hence the force of attraction 

vanishes. Therefore helix comes back to its final position, 

completing the circuit again. In this way, the process is 

repeated and helix executes oscillatory motion. 

15. (b) For a solenoid )(
2

1
inend BB  . Also for a long solenoid, 

magnetic field is uniform within it but this reason is not 

explaining the assertion. 

16. (d) When a charged particle is moving on a circular path in a 

magnetic field, the magnitude of velocity does not change but 

direction of velocity is changing every moment. Hence velocity 

is changing, so momentum )( vm


 is also changing. 

17. (b) Time period, 
Bq

m
T

2
  as 

p
q

m

q

m

















2



 pTT 2  

Also mT  , but then pTT 4  which is not the case. 

18. (d) When two long parallel wires, are connected to a battery in 

series. They carry currents in opposite directions, hence they 

repel each other. 

19. (a) Here, both Assertion and Reason are correct and reason is the 

correct explanation of assertion. 
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1. In the hydrogen atom, the electron is making ...106.6 15 spr  If 

the radius of the orbit is ,1053.0 10 metre  then magnetic field 

produced at the centre of the orbit is  

(a) 140 Tesla (b) 12.5 Tesla 

(c) 1.4 Tesla (d) 0.14 Tesla 

2. A coil carrying a heavy current and having large number of turns 
mounted in a N-S vertical plane and a current flows in clockwise 
direction. A small magnetic needle at its cente will have its north 
pole in 

(a) East-north direction (b) West-north direction 

(c) East-south direction (d) West-south direction 

3. A charged particle is projected in a plane perpendicular to a uniform 
magnetic field. The area bounded by the path described by the 
particle is proportional to  

(a) The velocity (b) The momentum 

(c) The kinetic energy (d) None of these 

4. In figure shows three long straight wires P, Q and R carrying 
currents normal to the plane of the paper. All three currents have 
the same magnitude. Which arrow best shows the direction of the 
resultant force on the wire P 

 

 

 

 

 

 
 

(a) A (b) B 

(c) C (d) D 
5. A moving coil galvanometer has 48 turns and area of coil is 

.104 22 m  If the magnetic field is 0.2 T, then to increase the 
current sensitivity by 25% without changing area (A) and field (B) 
the number of turns should become 

(a) 24 (b) 36 

(c) 60 (d) 54 

6. Figure shows a straight wire of length l current i. The magnitude of 
magnetic field produced by the current at point P is 

(a) 
l

i



02
 

(b) 
l

i





4

0  

(c) 
l

i





8

2 0  

(d)  
l

i





22

0  

7. A winding wire which is used to frame a solenoid can bear a 

maximum 10 A current. If length of solenoid is 80cm and it's cross 

sectional radius is 3 cm then required length of winding wire is 

)2.0( TB   

(a) m2102.1   (b) m2108.4   

(c) m3104.2   (d) m3106   

8. A current carrying wire LN is bent in the from shown below. If wire 

carries a current of 10 A and it is placed in a magnetic field of 5T which 

acts perpendicular to the paper outwards then it will experience a force  

 

 

 

 

(a) Zero  (b) 5 N  

(c) 30 N (d)  20 N  

9. A wire of length L is bent in the form of a circular coil and current i 

is passed through it. If this coil is placed in a magnetic field then the 

torque acting on the coil will be maximum when the number of 

turns is  

(a) As large as possible  (b) Any number  

(c) 2 (d) 1 

10. A particle having a charge of C0.10  and mass g1  moves in a 

circle of radius 10 cm  under the influence of a magnetic field of 

induction T1.0 . When the particle is at a point P , a uniform 
electric field is switched on so that the particle starts moving along 
the tangent with a uniform velocity. The electric field is  

(a) 0.1 V/m  

(b) 1.0 V/m  

(c) 10.0 V/m  

(d) 100 V/m  

11. Two parallel long wires carry currents i
1

 and i
2

 with 21 ii  . When 

the currents are in the same direction, the magnetic field midway 

between the wires is 10 T. When the direction of i
2

 is reversed, it 

becomes 40 T. the ratio 21 / ii  is  

(a) 3 : 4 (b) 11 : 7 

(c) 7 : 11 (d) 5 : 3 

12. Two circular coils X and Y, having equal number of turns, carry 
equal currents in the same sense and subtend same solid angle at 
point O. If the smaller coil, X is midway between O and Y, then if 
we represent the magnetic induction due to bigger coil Y at O as B

Y

 
and that due to smaller coil X at O as B

X

 , then  

(a) 1
X

Y

B

B
 

(b) 2
X

Y

B

B
 

(c) 
2

1


X

Y

B

B
 

 

l 

i 

l 

P 

4 cm 

10A 

L 

N 

4 cm 

6 cm 

2r 

r 

d/2 

O 

Y 

d 

X 

P 
Q 

R 
D 

C 

B 

A 

       

       

       

       

       
P 
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(d) 
4

1


X

Y

B

B
 

13. A fixed horizontal wire carries a current of 200 A. Another wire 

having a mass per unit length mkg /10 2
 is placed below the 

first wire at a distance of 2 cm and parallel to it. How much current 
must be passed through the second wire if it floats in air without 
any support? What should be the direction of current in it  

(a) 25A (direction of current is same to first wire) 

(b) 25A (direction of current is opposite to first wire)  

(c) 49 A (direction of current is same to first wire)  

(d) 49 A (direction of current is opposite to first wire) 

14. Find magnetic field at O  

(a) 
r

i





24

5 0  

(b) 
r

i





24

0  

(c) 
r

i





24

11 0  

(d) Zero 

15. A square loop of side a hangs from an insulating hanger of spring 
balance. The magnetic field of strength B occurs only at the lower 
edge. It carries a current I. Find the change in the reading of the 
spring balance if the direction of current is reversed 

 

 

 

 

 

 

 
 

(a) IaB (b) 2 IaB  

(c) 
2

IaB
 (d) IaB

2

3
 

16. A charge of C0.2  moves with a speed of 16100.3  ms  along 

+ ve X-axis A magnetic field of strength kB ˆ2.0


 Tesla exists in 

space. What is the magnetic force )( mF  on the charge  

(a) NFm 2.1  along + xve  direction 

(b) NFm 2.1  along – xve  direction 

(c) NFm 2.1  along + yve  direction 

(d) NFm 2.1  along – yve  direction 

17. Five very long, straight wires are bound together to form a small 

cable. Currents carried by the wires are ,201 AI   ,62 AI   

.18,7,12 543 AIAIAI   The magnetic induction at a 

distance of 10 cm from the cable is  

(a) 34 T (b) 74 mT  

(c) 34 mT  (d) 74 T  
18. Following figure shows the path of an electron that passes through 

two regions containing uniform magnetic fields of magnitudes B
1

 and 
B

2

. It's path in each region is a half circle, choose the correct option 
 

 

 

 

 
 

(a) B
1

 is into the page and it is stronger than B
2

 

(b) B
1

 is in to the page and it is weaker than B
2

 

(c) B
1

 is out of the page and it is weaker than B
2

 

(d) B
1

 is out of the page and it is stronger than B
2

  

19. The square loop ABCD, carrying a current i, is placed in uniform 
magnetic field B, as shown. The loop can rotate about the axis XX'. 

The plane of the loop makes and angle  ( < 90°) with the 
direction of B. Through what angle will the loop rotate by itself 
before the torque on it becomes zero  

 

(a)  

(b) 90°–  

(c) 90° +  

(d) 180°–  

20. A cylindrical conductor of radius 'R' carries a current 'i'. The value of 
magnetic field at a point which is R/4 distance inside from the 
surface is 10 T. Find the value of magnetic field at point which is 4R 
distance outside from the surface 

(a) T
3

4
 (b) T

3

8
 

(c) T
3

40
 (d) T

3

80
 

21. Three long straight wires are connected parallel to each other across 
a battery of negligible internal resistance. The ratio of their 
resistances are 3 : 4 : 5. What is the ratio of distances of middle 
wire from the others if the net force experienced by it is zero 

(a) 4 : 3 (b) 3 : 1 

(c) 5 : 3   (d) 2 : 3 

 

 

 

 

 

1. (b) qi   
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00

1053.02
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2. (b)  
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3. (c) 
qB

mK
r

2
 and .

)2(
22

2 KA
Bq

mK
ArA 


  

4. (c) The forces QF and RF are the forces applies by wires Q and R 

respectively on the wire P as shown in figure. Their resultant 
force F is best shown by C.  

 

 

 

 

 

 

5. (c) As we know 

  Current sensitivity 
C

NBA
S i   

 NS i   
2

1

2

1

)(

)(

N

N

S

S

i

i    
2

48

125

100

N
   602 N . 

6. (c) The given situation can be redrawn as follow. 

 As we know the general 
formula for finding the 
magnetic field due to a finite 
length wire  

 )sin(sin.
4

21
0 





r

i
B  

 Here oo 45,01    

 
l

i
B

l

i

r

i
B oo













8

2

2
.

4
)45sin0(sin.

4

000   

7. (c) 
l

Ni
B 0 where N = Total number of turns, l = length of the 

solenoid  

 


 47 104

8.0

10104
2.0









N
N

 

 Since N turns are made from the winding wire so length of the 

wire (L) Nr 2 [ r2 length of each turns] 

 mL 3
4

2 104.2
104

1032 


 


  

8. (b) The given wire can be replaced by a straight wire as shown 
below  

 

 

 

 

 
 

 Hence force experienced by the wire 

 NBilF 51.0105    

9. (d) MBmax or Brni 2
max   . Let number of turns in 

length l is n so )2( rnl   or 
n

l




2
  

 1
1

44
min

min

max

min

2

22

2

max  n
nn

iBl

n

Blni





  

10. (c) When the particle moves along a circle in the magnetic field B, 

the magnetic force is radially inward. If an electric field of 

proper magnitude is switched on which is directed radially 

outwards, the particle may experience no force. It will then 

move along a straight line with uniform velocity. This will be 

the case when vBEqvBqE   

 also 
m

qBr
v

qB

mv
r   

  So 
m

rqB
E

2

  

 mV /10
10101

1010)1.0()1010(
63

226











 

11. (d) Initially when wires carry currents in the same direction as 
shown.  

 Magnetic field at mid point O due to wires 1 and 2 are 
respectively  

 
x

i
B 10

1

2
.

4


 

 and 
x

i
B 20

2

2
.

4


  

  

 Hence net magnetic field at O )(
2

4
21

0 ii
x

Bnet 



 

 )(
2

.
4

1010 21
06 ii

x
 




  ..... (i) 

 If the direction of i
2

 is reversed then  

 
x

i
B 10

1

2
.

4


 

 and 
x

i
B 20

2

2
.

4


 

 So )(
2

.
4

21
0 ii

x
Bnet 




   

 )(
2

.
4

1040 21
06 ii

x
 




     ..... (ii) 

 Dividing equation (ii) by (i) 
3

5

1

4

2

1

21

21 




i

i

ii

ii
 

12. (c) Magnetic field at O due to bigger coil Y, is  
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 Magnetic field at O due to smaller coil X is  
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2
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2

1


X

Y

B

B
 

13. (c) For floating the second wire  

 
iton

forceMagnetic

wiresecondof

weightwardDown
  

l
a

ii
mg  210 2

.
4
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ii
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 (Direction of current is same to first wire) 

14. (a) 0531  BBB  
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 Net magnetic field at O,  
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15. (b) Initially IaBmgF 1 (down wards) 

 when the direction of current is reversed  

 IaBmgF 2 (down wards)  IaBF 2  

16. (c) By using )( BvqFm   

 }ˆ)2.0(ˆ103{102 66 kiFm  
jki ˆ2.1)ˆ(̂2.1   

 i.e., 1.2 N in positive y direction.  

17. (d) Ainet 3718712620  so 
a

i
B

2
.

4

0




  

 TT 741074
1010

372
10 6

2

7 



 



  

18. (a) Direction of field can be find using Fleming left hand rule and 

B
r

1
 . 

19. (c) In the position shown, AB is outside and CD is inside the plane 
of the paper. The Ampere force on AB acts into the paper. The 
torque on the loop will be clockwise, as seen from above. The 

loop must rotate through an angle )90( o  before the plane 

of the loop becomes normal to the direction of the direction of 
B and the torque becomes zero.  

20. (b) Magnetic field inside the cylindrical conductor  

 
2

0 2
.

4 R

ir
Bin




  (R=Radius of cylinder, r = distance of  

observation point from axis of cylinder) 

 Magnetic field out side the cylinder at a distance r from it’s 

axis 
r

i
Bout




2
.

4

0
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21. (c) The wires are in parallel and ratio of their resistances are 3 : 4 

: 5, Hence currents in wires are in the ratio 
5

1
:

4

1
:

3

1
 

  
3

1

k
i   

  
42

k
i   

  
5
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. As the forces are equal and 

opposite so 
3

5

2

1
21 

r

r
FF . 

***  

r 

r 

r 

 

2 

O 

3 

4 

6 5 

7 

1 

Fm 

mg 

i 

200A 2cm 

r1 

r2 

i1 

i2 

i3 

i 



 

     1242 Magnetism 

The molecular theory of magnetism was given by Weber 

and modified later by Ewing. According to this theory. 

Every molecule of a substance is a complete magnet in 

itself. However, in an magnetic substance the molecular 

magnets are randomly oriented to give net zero magnetic 

moment. On magnetising, the molecular magnets are realigned 

in a specific direction leading to a net magnetic moment.  

 

 

 

 

 

 
 

Bar Magnet 

A bar magnet consist of two equal and opposite magnetic 

pole separated by a small distance. Poles are not exactly at the 

ends. The shortest distance between two poles is called effective 

length (Le) and is less than its geometric length (Lg). for bar 

magnet Le = 2l and     Le = (5/6) Lg.  for semi circular magnet 

RLg   and RLe 2  

 

 

 

 

 

 

(1) Directive properties : When a magnet suspended freely 

it stays in the earth’s N-S direction (in magnetic meridian).  

 

 

 

 

(2) Monopole concept : If a magnet is Broken into number 

of pieces, each piece becomes a magnet. This in turn implies 

that monopoles do not exist. (i.e., ultimate individual unit of 

magnetism in any magnet is called dipole). 

 

 

 

 

(3) For two rods as shown, if both the rods attract in figure 

(A) and doesn’t attract in figure (B) then, Q is a magnetic and P 

is simple iron rod. Repulsion is sure test of magnetism. 

 

(A) Unmagnetised (B) Magnetised 
Fig. 22.1 

 Magnetic axis 

 Magnetic meridian 

 N 
 S 

Fig. 22.3 

  S          N 

  S N   S N   S N 

Fig. 22.4 

Magnetism 

Chapter  

22 

Fig. 22.2 

Le = 2l 

S N 

Lg 
(A) Bar magnet (B) Semicircular magnet 

2R 

S N 
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(4) Pole strength (m) : The strength of a magnetic pole to 

attract magnetic materials towards itself is known as pole 

strength. 

(i) It is a scalar quantity. 

(ii) Pole strength of N and S pole of a magnet is 

conventionally represented by +m and –m respectively.  

(iii) It's SI unit is amp × m or N/Tesla and dimensions are 

[LA]. 

(iv) Pole strength of the magnet depends on the nature of 

material of magnet and area of cross section. It doesn't depends 

upon length.  

 

   

 

 

(5) Magnetic moment or magnetic dipole moment )(M  : It 

represents the strength of magnet. Mathematically it is defined as 

the product of the strength of either pole and effective length. i.e. 

)2( lmM    

 

 

 

(i) It is a vector quantity directed from south to north.  

(ii) It's S.I. unit amp×m2 or N-m / Tesla and dimensions 

[AL2] 

(6) Cutting of a rectangular bar magnet : Suppose we have 

a rectangular bar magnet having length, breadth and mass are 

L, b and w respectively if it is cut in n equal parts along the 

length as well as perpendicular to the length simultaneously as 

shown in the figure then  

  

 

 

 

 

 

Length of each part 
n

L
L ' , breadth of each part 

n

b
b '  

, Mass of each part 
n

w
w ' , pole strength of each part 

n

m
m ' , 

Magnetic moment of each part 
n

M

n

L

n

m
LmM  '''  

If initially moment of inertia of bar magnet about the axes 

passing from centre and perpendicular to it’s length is 













 


12

22 bL
wI  then moment of inertia of each part 

2
'

n

I
I   

(7) Cutting of a thin bar magnet : For thin magnet b = 0 so 

n

L
L ' , 

n

w
w ' , 

n

m
m ' , 

3
'

n

I
I   

Various Terms Related to Magnetism 

(1) Magnetic field and magnetic lines of force : Space 

around a magnetic pole or magnet or current carrying wire 

within which it's effect can be experienced is defined as 

magnetic field. Magnetic field can be represented with the help 

of a set of lines or curves called magnetic lines of force.  

   

 

 

 

 

 

 

(2) Magnetic flux () and flux density (B)  

S N 

L = 2l 

– m + m 

Fig. 22.7 

N 

(A) Isolated north pole (C) Magnetic dipole 

S N 

(B) Isolated south pole 

S 

Fig. 22.9 

Fig. 22.6 
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N 
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m – more 

S N 
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S S 
S S 
S S 

A – less 

m – less 

(A) (B) 

Q 
(A) 

P 

Q 

(B) 

Fig. 22.5 
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b 
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L 

Fig. 22.8 
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(i) The number of magnetic lines of force passing normally 

through a surface is defined as magnetic flux (). It's S.I. unit is 

weber (wb) and CGS unit is Maxwell.  

Remeber 1 wb = 108 Maxwell.  

(ii) When a piece of a magnetic substance is placed in an 

external magnetic field the substance becomes magnetised. 

The number of magnetic lines of induction inside a magnetised 

substance crossing unit area normal to their direction is called 

magnetic induction or magnetic flux density ).(B  It is a vector 

quantity.  

 

 

 

 

 

It's SI unit is Tesla which is equal to  

222

sec

m

volt

mamp

J

mamp

N

m

wb 






  

and CGS unit is Gauss. Remember 1 Tesla = 104 Gauss.  

(3) Magnetic permeability : It is the degree or extent to 

which magnetic lines of force can enter a substance and is 

denoted by . Or characteristic of a medium which allows 

magnetic flux to pass through it is called it's permeability. e.g. 

permeability of soft iron is 1000 times greater than that of air.  

 

 

 

 

 

 

 

 

Also  = ;0 r  where 0  absolute permeability of air or 

free space = ./104 7 ampmtesla    

and r  Relative permeability of the medium = 

.
 vacuumin densityflux 

material in densityflux

0


B

B
 

(4) Intensity of magnetising field )H(  (magnetising field) : 

It is the degree or extent to which a magnetic field can 

magnetise a substance. Also 


B
H  . 

It's SI unit is  

wbm

J

Teslam

J

wb

N

Teslam

N
mA










32
./  It's CGS unit is 

Oersted. Also 1 Oersted = 80 A/m  

(5) Intensity of magnetisation (I) : It is the degree to which a 

substance is magnetised when placed in a magnetic field.  

It can also be defined as the pole strength per unit cross 

sectional area of the substance or the induced dipole moment 

per unit volume.  

Hence I = .
V

M

A

m
  It is a vector quantity, it's S.I. unit is 

Amp/m. 

(6) Magnetic susceptibility (m) : It is the property of the 

substance which shows how easily a substance  can be 

magnetised. It can also be defined as the ratio of intensity of 

magnetisation (I) in a substance to the magnetic intensity (H) 

applied to the substance, i.e. 
H

I
m  . It is a scalar quantity 

with no units and dimensions.  

(7) Relation between permeability and susceptibility : Total 

magnetic flux density B in a material is the sum of magnetic flux 

density in vacuum 0B  produced by magnetising force and 

magnetic flux density due to magnetisation of material mB . i.e. 

mBBB  0   1()( 0000 HIHIHB  )m . Also 

)1( mr     

Force and Field 

(1) Coulombs law in magnetism : The force between two 

magnetic poles of strength m1 and m2 lying at a distance r  is 

N S 

Fig. 22.10 

In soft iron In air 

Fig. 22.11 

(A) (B) 
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given by 
2

21.
r

mm
kF  . In S.I. units mAmpwbk   /10

4

70




, 

In CGS units 1k  

(2) Magnetic field  

(i) Magnetic field due to an imaginary magnetic pole (Pole 

strength m) : Is given by 
0m

F
B   also

2

0 .
4 d

m
B




  

(ii) Magnetic field due to a bar magnet : At a distance r from 

the centre of magnet  

(a) On axial position  

222

0

)(

2

4 lr

Mr
Ba







; If l<<r then 

3

0 2

4 r

M
Ba




  

 

 

 

 

 

 

 

 

(b) On equatorial position : 
2/322

0

)(4 lr

M
Be







; If l <<r ; 

then 
3

0

4 r

M
Be




  

(c) General position :  In general position for a short bar 

magnet )1cos3(
4

2

3

0  




r

M
Bg  

(3) Bar magnet in magnetic field : When a bar magnet is left 

free in an uniform magnetic field, if align it self in the directional 

field. 

(i) Torque :  = BMMB sin  

(ii) Work :  )cos1(  MBW  

(iii) Potential energy : BMMBU .cos   ; ( = Angle 

made by the dipole with the field) 

(4) Gauss's law in magnetism : Net magnetic flux through 

any closed surface is always zero i.e.   0.dsB  

Earth's Magnetic Field (Terrestrial Magnetism) 

As per the most established theory it is due to the rotation 

of the earth where by the various charged ions present in the 

molten state in the core of the earth rotate and constitute a 

current.  

 

 

 

 

 

 

 

 

(1) The magnetic field of earth is similar to one which would 

be obtained if a huge magnet is assumed to be buried deep 

inside the earth at it's centre. 

(2) The axis of rotation of earth is called geographic axis and 

the points where it cuts the surface of earth are called geographical 

poles (Ng, Sg). The circle on the earth's surface perpendicular to 

the geographical axis is called equator. 

(3) A vertical plane passing through the geographical axis is 

called geographical meridian. 

(4) The axis of the huge magnet assumed to be lying inside 

the earth is called magnetic axis of the earth. The points where 

the magnetic axis cuts the surface of earth are called magnetic 

poles. The circle on the earth's surface perpendicular to the 

magnetic axis is called magnetic equator.  

(5) Magnetic axis and Geographical axis don't coincide but 

they make an angle of 17.5° with each other. 

(6) Magnetic equator divides the earth into two 

hemispheres. The hemisphere containing south polarity of 

a 

Equatorial line 

Axial line 

 

e 

 +  

aB


 

eB


 
B


 

M


 

g 

2l 

N S 

Fig. 22.12 
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Nm Sg 

Equator 

Geographic 
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Magnetic 
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earth's magnetism is called northern hemisphere while the 

other, the southern hemisphere.  

(7) The magnetic field of earth is not constant but changes 

irregularly from place to place on the surface of the earth and 

even at a given place it varies with time too.  

(8) Direction of earth's magnetic field is from S  

(geographical south) to N (geographical north). 

Elements of Earth's Magnetic Field 

The magnitude and direction of the magnetic field of the 

earth at a place are completely given by certain. quantities 

known as magnetic elements. 

(1) Magnetic Declination () : It is the angle between 

geographic and the magnetic meridian planes.  

 

 

 

 

 

 

 

Declination at a place is expressed at Eo  or Wo  

depending upon whether the north pole of the compass needle 

lies to the east or to the west of the geographical axis. 

(2) Angle of inclination or Dip () : It is the angle between 

the direction of intensity of total magnetic field of earth and a 

horizontal line in the magnetic meridian.  

(3) Horizontal component of earth's magnetic field (BH) : 

Earth's magnetic field is horizontal only at the magnetic equator. 

At any other place, the total intensity can be resolved into 

horizontal component (BH) and vertical component (BV).    

Also BH= cosB   ...... (i)  and  sinBBV   ...... (ii) 

By squaring and adding equation (i) and (ii)   

22 VH
BBB   

Dividing equation (ii) by equation (i)  
H

V

B

B
tan   

Magnetic Maps and Neutral Points 

(1) Magnetic maps : Magnetic maps (i.e. Declination, dip and 

horizontal component) over the earth vary in magnitude from 

place to place. It is found that many places have the same value 

of magnetic elements. The lines are drawn joining all place on the 

earth having same value of a magnetic element. These lines form 

magnetic map.  

(i) Isogonic lines: These are the lines on the magnetic map 

joining the places of equal declination.  

(ii) Agonic line: The line which passes through places 

having zero declination is called agonic line.  

(iii) Isoclinic lines : These are the lines joining the points of 

equal dip or inclination.  

(iv) Aclinic line : The line joining places of zero dip is called 

aclinic line (or magnetic equator)  

(v) Isodynamic lines : The lines joining the points or places 

having the same value of horizontal component of earth's 

magnetic field are called isodynamic lines.  

(2) Neutral points : A neutral point is a point at which the 

resultant magnetic field is zero. In general the neutral point is 

obtained when horizontal component of earth's field is balanced 

by the field produced by the magnet. 

Tangent Law  

When a small magnet is 

suspended in two uniform magnetic 

fields B  and HB which are at right 

angles to each other, the magnet 

comes to rest at an angle  with 

respect to HB . 

In equilibrium  

sinHMB )90(sin  oMB  

 .tanHBB   This is called tangent law. 

Tangent Galvanometer 

mBH 

B 

 
mB 

mBH 

mB 

BH 

S 

N 

Fig. 22.15 
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BH 

Geographical 

meridian 
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Magnetic 

meridian 
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E W 
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 oW  oE 

Fig. 22.14 
(A) (B) 
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It consists of three circular coils of insulated copper wire 

wound on a vertical circular frame made of nonmagnetic 

material as ebonite or wood. A small magnetic compass needle 

is pivoted at the centre of the vertical circular frame. When the 

coil of the tangent galvanometer is kept in magnetic meridian 

and current passes through any of the coil then the needle at 

the centre gets deflected and comes to an equilibrium position 

under the action of two perpendicular field : one due to 

horizontal component of earth and the other due to field (B) set 

up by the coil due to current.  

 

 

 

 

 

 

 

 

 

In equilibrium θtanHBB   where 
r

ni
B

2

0 ; n = number 

of turns, r = radius of coil, i = the current to be measured,  = 

angle made by needle from the direction of BH in 

equilibrium.  

Hence 


tan
2

0
HB

r

Ni
    i = k tan  where 

N

rB
k H

0

2


  is 

called reduction factor.  

Deflection Magnetometer 

It's working is based on the principle of tangent law. It 

consists of a small compass needle, pivoted at the centre of a 

circular box. The box is kept in a wooden frame having two 

meter scale fitted on it's two arms. Reading of a scale at any 

point directly gives the distance of that point from the centre of 

compass needle.  

 

 

 

 

 

(1) Tan A position : In this position the magnetometer is set 

perpendicular to magnetic meridian. So that, magnetic field due 

to magnet, is in axial position and perpendicular to earth's field. 

Hence 
222

0

)(

2
.

4
tan

lr

Mr
BH







  or 

3

0 2
.

4
tan

r

M
BH




   

(2) Tan B position : The arms of magnetometer are set in 

magnetic meridian, so that the magnetic field due to magnet is 

at it's equatorial position. Hence 
2/322

0

)(
.

4
tan

lr

M
BH







  or 

3

0 .
4

tan
r

M
BH




   

(3) Comparison of magnetic moments : According to 

deflection method 
2

1

2

1

tan

tan






M

M
 

According to null deflection method 

3

2

1

2

1
















d

d

M

M
 

Vibration Magnetometer 

Vibration magnetometer is used for comparison of magnetic 

moments and magnetic fields. This device works on the 

principle, that whenever a freely suspended magnet in a uniform 

magnetic field, is disturbed from it's equilibrium position, it starts 

vibrating about the mean position. 

 

 

 

 

 

 

Time period of oscillation of experimental bar magnet 

(magnetic moment M) in earth's magnetic field )( HB  is given by 

the formula. 
HMB

I
T 2 ; where, I  moment of inertia of 

short bar magnet 
12

2wL
  (w = mass of bar magnet) 

(1) Determination of magnetic moment of a magnet :  The 

experimental (given) magnet is put into vibration magnetometer 

and it's time period T is determined. Now 

2

2

.

4
2

TB

I
M

MB

I
T

HH
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Fig. 22.16 

Torsion head 

N S 

Fig. 22.18 

0o 

0o 

90o 90o 

Fig. 22.17 



 

     1248 Magnetism 

(2) Comparison of horizontal components of earth's 

magnetic field at two places  

HMB

I
T 2  ; since I and M of the magnet are constant,  

So 
2

1

2
2

2

12

)(

)(1

T

T

B

B

B
T

H

H

H

  

(3) Comparison of magnetic moment of two magnets of 

same size and mass  

HBM

I
T

.
2  ; Here I and BH are constants.   

So 
2

1

T
M     

2
1

2
2

2

1

T

T

M

M
  

(4) Comparison of magnetic moments by sum and 

difference method   

Sum position  

Net magnetic moment Ms = M1 + M2 

Net moment of inertia Is = I1 + I2  

Time period of oscillation of this pair in earth's magnetic field 

(BH)  

Hs

s
s

BM

I
T 2

HBMM

II

)(
2

21

21




                ....(i) 

Frequency  
s

H
s

I

BMM )(

2

1 21 


  

Difference position   

Net magnetic moment  

Md = M1 + M2 

Net moment of inertia Id = I1 + I2  

and  
Hd

d
d

BM

I
T 2  

HBMM

II

)(
2

21

21




     ....(ii)  

and 
)(

)(

2

1

21

21

II

BMM H
d







 . From equation (i) and (ii) we 

get  

21

21

MM

MM

T

T

d

s




   

22

22

22

22

2

1

ds

ds

sd

sd

TT

TT

M

M













  

(5) To find the ratio of magnetic field : Suppose it is 

required to find the ratio 
HB

B
 where B is the field created by 

magnet and BH is the horizontal component of earth's magnetic 

field.  

To determine 
HB

B
 a primary (main) magnet is made to first 

oscillate in earth's magnetic field (BH) alone and it's time period 

of oscillation (T) is noted. 

HBM

I
T 2  

and frequency 
I

BM H




2

1
  

Now a secondary magnet placed near the primary magnet 

so primary magnet oscillate in a new field with is the resultant of 

B and BH and now time period, is noted again. 

)(
2'

HBBM

I
T


    

or 
I

BBM H )(

2

1
'





  

  1
'

2















HB

B
 

Magnetic Materials 

On the basis of mutual interactions or behaviour of various 

materials in an external magnetic field, the materials are divided 

in three main categories.  

(1) Diamagnetic materials : Diamagnetism is the intrinsic 

property of every material and it is generated due to mutual 

interaction between the applied magnetic field and orbital 

motion of electrons.  

(2) Paramagnetic materials : In these substances the inner 

orbits of atoms are incomplete. The electron spins are 

uncoupled, consequently on applying a magnetic field the 

magnetic moment generated due to spin motion align in the 

direction of magnetic field and induces magnetic moment in its 

direction due to which the material gets feebly magnetised. In 

these materials the electron number is odd.  

2M  

1M  

S N 

S N 

Fig. 22.20 

2M  

1M  
S N 

S N 

Fig. 22.19 

HB  

d 

N S 

Sec. 

N S 

Pri. 

Fig. 22.22 

BH 

M  N S 

Fig. 22.21 
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(3) Ferromagnetic materials : In some materials, the 

permanent atomic magnetic moments have strong tendency to 

align themselves even without any external field. 

 These materials are called ferromagnetic materials. 

In every unmagnetised ferromagnetic material, the atoms 

form domains inside the material. Different domains, however, 

have different directions of magnetic moment and hence the 

materials remain unmagnetised. On applying an external 

magnetic field, these domains rotate and align in the direction of 

magnetic field.  

 

 

 

 

 

 

 

(4) Curie Law : The magnetic susceptibility of paramagnetic 

substances is inversely proportional to its absolute temperature 

i.e. 
T

1
  

T

C
 ;  where C = Curie constant, T = absolute 

temperature. 

On increasing temperature, the magnetic susceptibility of 

paramagnetic materials decreases and vice versa. 

The magnetic susceptibility of ferromagnetic substances 

does not change according to Curie law. 

(5) Curie temperature (Tc) : The temperature above which a 

ferromagnetic material behaves like a paramagnetic material is 

defined as Curie temperature (Tc). 

    or 

The minimum temperature at which a ferromagnetic 

substance is converted into paramagnetic substance is defined 

as Curie temperature. For various ferromagnetic materials its 

values are different, e.g. for Ni, CT o
CNi

358 for Fe, 

CT o
CFe

770  

for CO, CT o
CCO

1120  

At this temperature the ferromagnetism of the substances 

suddenly vanishes. 

(6) Curie-weiss law : At temperatures above Curie 

temperature the magnetic susceptibility of ferromagnetic 

materials is inversely proportional to (T – Tc) 

i.e. 
cTT 


1

   

   
)( cTT

C


   

Here Tc = Curie temperature  

-T curve is shown (for Curie-Weiss Law) 

Hysteresis Curve 

For ferromagnetic 

materials, by removing external 

magnetic field i.e. H = 0. The 

magnetic moment of some 

domains remain aligned in the 

applied direction of previous 

magnetising field which results 

into a residual magnetism.  

The lack of retracibility as shown in figure is called 

hysteresis and the curve is known as hysteresis loop. 

(1) Retentivity : When H is reduced, I reduces but is not 

zero when H = 0. The remainder value OC of magnetisation 

when H = 0 is called the residual magnetism or retentivity. 

(A) 

When no field is applied On application of field )(B  

(B) 

Fig. 22.23 

T 
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Fig. 22.25 
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Fig. 22.26 

(A) Unmagnetised (B) Magnetised 

Fig. 22.24 



 

     1250 Magnetism 

The property by virtue of which the magnetism (I) remains 

in a material even on the removal of magnetising field is called 

Retentivity or Residual magnetism. 

(2) Corecivity or corecive force : When magnetic field H is 

reversed, the magnetisation decreases and for a particular 

value of H, denoted by Hc, it becomes zero i.e., Hc = OD when I 

= 0. This value of H is called the corecivity.  

Magnetic hard substance (steel)  High corecvity 

Magnetic soft substance (soft iron)  Low corecivity  

(3) When field H is further increased in reverse direction, 

the intensity of magnetisation attains saturation value in reverse 

direction (i.e. point E) 

(4) When H is decreased to zero and changed direction in 

steps, we get the part EFGB. 

Thus complete cycle of magnetisation and demagnetisation 

is represented by BCDEFGB. This curve is known as hysteresis 

curve 

 

Table 22.1 : Comparison between soft iron and steel  

Soft iron Steel 

 

 

 

 

 

 

 

The area of hysteresis loop is 

less (low energy loss)  

The area of hysteresis loop is 

large (high energy loss) 

Less relativity and corecive 

force  

More retentivity and corecive 

force  

Magnetic permeability is high  Magnetic permeability is less 

I and  both  are high I and  both  are low 

It magnetised and 

demagnetised easily  

Magnetisation and 

demagnetisation is not easy  

Used in dynamo, transformer, 

electromagnet tape recorder 

and tapes etc.   

Used for making permanent 

magnet.  

 

Table 22.2 : Comparative study of magnetic materials 

Property Diamagnetic substances Paramagnetic substances Ferromagnetic substances 

Cause of magnetism  Orbital motion of electrons  Spin motion of electrons Formation of domains 

Explanation of magnetism On the basis of orbital motion of 

electrons 

On the basis of spin and orbital 

motion of electrons 

On the basis of domains formed 

Behaviour In a non-uniform 

magnetic field  

These are repelled in an external 

magnetic field i.e. have a 

tendency to move from high to 

low field region. 

 

 

 

These are feebly attracted in an 

external magnetic field i.e., have 

a tendency to move from low to 

high field region  

These are strongly attracted in 

an external magnetic field i.e. 

they easily move from low to 

high field region 

H 

I 

H 

I 

N S 

Pushed up 

N S 

Pulled in 

N S 

Very 

strong pull 
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State of magnetisation  These are weekly magnetised in 

a direction opposite to that of 

applied magnetic field  

These get weekly magnetised in 

the direction of applied magnetic 

field  

These get strongly magnetised 

in the direction of applied 

magnetic field  

When the material in the form of 

liquid is filled in the U-tube and 

placed between pole pieces.  

 

 

 

 

 

Liquid level in that limb gets 

depressed  

 

 

 

 

 

Liquid level in that limb rises up  

 

 

 

 

 

Liquid level in that limb rises up 

very much  

 

 

 

 

 

On placing the gaseous materials 

between pole pieces  

The gas expands at right angles 

to the magnetic field.  

The gas expands in the direction 

of magnetic field. 

The gas rapidly expands in the 

direction of magnetic field  

The value of magnetic induction B  B < B0 (where B0 is the magnetic 

induction in vacuum) 

B > B0  B >> B0  

Magnetic susceptibility   Low and negative ||  1 Low but positive   1 Positive and high   102  

Dependence of  on temperature  Does not depend on temperature 

(except Bi at low temperature) 

 

 

 

 

On cooling, these get converted 

to ferromagnetic materials at 

Curie temperature  

These get converted into 

paramagnetic materials at Curie 

temperature  

Relative  

permeability (r)  

r < 1  r > 1  r >> 1 

r = 102  

Intensity of magnetisation (I) I is in a direction opposite to that of H 

and its value is very low  

I is in the direction of H but value 

is low  

I is in the direction of H and 

value is very high.  

I-H curves   
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Magnetic moment (M)  Very low ( 0) Very low  Very high  

Examples  Cu, Ag, Au, Zn, Bi, Sb, NaCl, 

H2O air and diamond etc.  

Al, Mn, Pt, Na, CuCl2, O2 and 

crown glass 

Fe, Co, Ni, Cd, Fe3O4 etc.  

 

 

 

 

 

 

 Bohr magneton 
m

eh
B




4
 9.27×10–24 A/m2 . It serves as 

natural unit of magnetic moment. Bohr magneton can be defined 

as the orbital magnetic moment of an electron circulating in inner 

most orbit. 

 Magnetic moment of straight current carrying wire is 

zero. 

 Magnetic moment of toroid is zero 

 Atoms which have paired electron have the magnetic 

moment zero. 

 Magnetostriction : The length of an iron bar changes 

when it is magnetised,  when an iron bar magnetised it's  

length increases due to alignment of spins  parallel to the 

field. This increase is in the direction of magnetisation. This 

effect is known as magnetostriction. 

 A current carrying solenoid can be treated as the 

arrangement of small magnetic dipoles placed in line with 

each other as shown. The number of such small magnetic 

dipoles is equal to the number of turns in the solenoid. 

 

 

 

 

 When a magnetic dipole of moment M moves from 

unstable equilibrium to stable equilibrium position in a 

magnetic field B, the kinetic energy will decrease by 2 MB. 

 Intensity of magnetisation (I) is produced in materials 

due to spin motion of electrons. 

 For protecting a sensitive equipment from the external 

magnetic field it should be placed inside an iron cane. 

(magnetic shielding) 

 

 

 

 

 

 Apparent dip : In a vertical plane inclined at an angle  to 

the magnetic meridian, vertical component of earth's 

magnetic field remains unchanged while in the new inclined 

plane horizontal component cos' HH BB    

'  apparent angle of dip 

and 



cos

'tan
'

H

V

H

V

B

B

B

B
  

 





cos

tan
'tan   

 If at any place the angle of dip is  and magnetic latitude 

is  then tan  = 2tan 

 At the poles and equator of earth the values of total 

intensity are 0.66 and 0.33 Oersted respectively. 

 Remember time period of oscillation in difference 

position is greater than that in sum position Td > Ts . 

 If a rectangular bar magnet is cut in n equal parts then 

time period of each part will be 
n

1
 times that of complete 

magnet (i.e. 
n

T
T ' ) while for short magnet 

n

T
T ' . If 

B = 0 

Inclined plane 

BH 

BV 
B 

  

Magnetic meridian 

BH cos 
 

S N   
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nothing is said then bar magnet is treated as short magnet. 

 Suppose a magnetic needle is vibrating in earth’s 

magnetic field. With temperature rise M decreases hence 

time period (T) increases but at 770oC (Curie temperature) it 

stops vibrating. 

 An iron cored coil and a bulb are connected in series 

with an ac generator. If an iron rod is introduced inside a coil, 

then the intensity of bulb will decrease, because some energy 

lost in magnetising the rod. 

 Hysteresis energy loss = Area bound by the hysteresis 

loop = VAnt Joule; Where , V = Volume of ferromagnetic 

sample, A = Area of B – H loop P,  n = Frequency of 

alternating magnetic field and t = Time 

 

 
 
 
 
 

 

Magnet and it's Properties 

 

1. An iron rod of length L and magnetic moment M is bent in 

the form of a semicircle. Now its magnetic moment will be 

 [CPMT 1984; MP Board 1986; NCERT 1975;  

MP PET/PMT 1988; EAMCET (Med.) 1995;  

Manipal MEE 1995;RPMT 1996; BHU 1995; MP PET 2002] 

(a) M  (b) 


M2
 

(c) 


M
 (d) M  

2. Unit of magnetic flux density (or magnetic induction) is 

[DPMT 1988;CPMT 1984, 78, 90;  

MP PMT 1992; MH CET 2004] 

(a) Tesla (b) Weber/metre2  

(c) Newton/ampere-metre (d) All of the above 

3. Magnetic intensity for an axial point due to a short bar 

magnet of magnetic moment M is given by 

[MP PET 1984; CPMT 1974; Pb. PMT 1999] 

(a) 
3

0

4 d

M





 (b) 

2

0

4 d

M





 

(c) 
3

0

2 d

M





 (d) 

2

0

2 d

M





 

4. A magnet is placed in iron powder and then taken out, 

then maximum iron powder is at 

(a) Some away from north pole 

(b) Some away from south pole 

(c) The middle of the magnet 

(d) The end of the magnet 

5. A magnet of magnetic moment M and pole strength m is 

divided in two equal parts, then magnetic moment of each 

part will be   [MP Board 1985; MP PET 1984, 2000;  

NCERT 1974;  AFMC 1996; MP PMT 2002;  

MH CET (Med.) 2001; CPMT 1983, 84; KCET 1994, 2001] 

(a) M  (b) 2/M  

(c) 4/M  (d) M2  

6. Points A and B are situated along the extended axis of 2 

cm long bar magnet at a distance x and 2x cm 

respectively. From the pole nearer to the points, the ratio 

of the magnetic field at A and B will be [EAMCET 1984; CPMT 1986] 

(a) 4 : 1 exactly (b) 4 : 1 approx. 

(c) 8 : 1 exactly (d) 8 : 1 approx. 

7. If a magnet of pole strength m is divided into four parts 

such that the length and width of each part is half that of 

initial one, then the pole strength of each part will be 

(a) 4/m  (b) 2/m  

(c) 8/m  (d) m4  

8. The distance of two points on the axis of a magnet from 

its centre is 10 cm and 20 cm respectively. The ratio of 

magnetic intensity at these points is 12.5 : 1. The length 

of the magnet will be 

(a) 5 cm (b) 25 cm 

(c) 10 cm (d) 20 cm 

9. Ratio of magnetic intensities for an axial point and a point 

on broad side-on position at equal distance d from the 

centre of magnet will be or The magnetic field at a 
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distance d from a short bar magnet in longitudinal and 

transverse positions are in the ratio [CPMT 1978, 82; KCET 1998] 

(a) 1 : 1 (b) 2 : 3 

(c) 2 : 1 (d) 3 : 2 
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10. The magnetism of magnet is due to  [JIPMER 1997] 

(a) The spin motion of electron 

(b) Earth 

(c) Pressure of big magnet inside the earth 

(d) Cosmic rays 

11. The pole strength of a bar magnet is 48 ampere-metre and the 

distance between its poles is 25 cm. The moment of the couple by 
which it can be placed at an angle of 30o with the uniform magnetic 
intensity of flux density 0.15 Newton /ampere-metre will be 

(a) 12 Newton × metre (b) 18 Newton × metre 

(c) 0.9 Newton × metre (d) None of the above 

12. The magnetic field at a point x on the axis of a small bar magnet is 
equal to the field at a point y on the equator of the same magnet. 
The ratio of the distances of x and y from the centre of the magnet 
is   [MP PMT 1990] 

(a) 32   (b) 3/12  

(c) 32  (d) 3/12  

13. A magnet of magnetic moment 20 C.G.S. units is freely suspended in 
a uniform magnetic field of intensity 0.3 C.G.S. units. The amount of 
work done in deflecting it by an angle of 30o in C.G.S. units is    [MP PET 1991] 

(a) 6 (b) 33  

(c) )32(3   (d) 3  

14. A bar magnet having centre O has a length of 4 cm. Point P
1

 is in 
the broad side-on and P

2

 is in the end side-on position with OP
1

 = 
OP

2

 = 10 metres. The ratio of magnetic intensities H at P
1

 and P
2

 is   [MP  PET 1990] 

(a) 100:16: 21 HH   (b) 2:1: 21 HH  

(c) 1:2: 21 HH  (d) 16:100: 21 HH  

15. The magnetic field due to a short magnet at a point on its axis at 
distance X cm from the middle point of the magnet is 200 Gauss. 
The magnetic field at a point on the neutral axis at a distance X cm 
from the middle of the magnet is 

[CPMT 1971, 88; MP PET 1985] 

(a) 100 Gauss (b) 400 Gauss 

(c) 50 Gauss (d) 200 Gauss 

16. Which of the following, the most suitable material for making 
permanent magnet is 

(a) Steel (b) Soft iron 

(c) Copper (d) Nickel 

17. In the case of bar magnet, lines of magnetic induction 

[CPMT 1975; CBSE PMT 1990] 

(a) Start from the north pole and end at the south pole 

(b) Run continuously through the bar and outside 

(c) Emerge in circular paths from the middle of the bar 

(d) Are produced only at the north pole like rays of light from a 
bulb 

18. A sensitive magnetic instrument can be shielded very effectively 
from outside magnetic fields by placing it inside a box of   [CPMT 1974] 

(a) Teak wood 

(b) Plastic material 

(c) Soft iron of high permeability 

(d) A metal of high conductivity 

19. The field due to a magnet at a distance R from the centre of the 
magnet is proportional to   [MP PET 1996] 

(a) 2R  (b) 3R  

(c) 2/1 R  (d) 3/1 R  

20. A uniform magnetic field, parallel to the plane of the paper existed 
in space initially directed from left to right. When a bar of soft iron 
is placed in the field parallel to it, the lines of force passing through 
it will be represented by 

[CPMT 1986, 88] 

  

 

 

 

 

 

 

 

 

 

 
 

(a) Figure (A) (b) Figure (B) 

(c) Figure (C) (d) Figure (D) 

21. The figure below shows the north and south poles of a permanent 

magnet in which n turn coil of area of cross-section A is resting, 

such that for a current i passed through the coil, the plane of the 

coil makes an angle  with respect to the direction of magnetic field 

B. If the plane of the magnetic field and the coil are horizontal and 

vertical respectively, the torque on the coil will be 

[CPMT 1986, 88; DPMT 2002] 

 

 

 

 

 
 

(a)  cosniAB  

(b)  sinniAB  

(c) niAB   

(d) None of the above, since the magnetic field is radial 

22. Points A and B are situated perpendicular to the axis of a 2cm long 
bar magnet at large distances X and 3X from its centre on opposite 
sides. The ratio of the magnetic fields at A and B will be 
approximately equal to  [CPMT 1988] 

(a) 1 : 9 (b) 2 : 9 

(c) 27 : 1 (d) 9 : 1 

23. Two short magnets with their axes horizontal and perpendicular to 
the magnetic meridian are placed with their centres 40 cm east and 

50 cm west of magnetic needle. If the needle remains undeflected, 

the ratio of their magnetic moments 21 : MM  is  [MP PET 1990] 

(a) 4 : 5 (b) 16 : 25 

(c) 64 : 125 (d) 5:2  

24. If a bar magnet of magnetic moment M is freely suspended in a 
uniform magnetic field of strength B, the work done in rotating the 

magnet through an angle  is 

[AFMC 1997; MNR 1998; RPET 1999; MP PMT 1989, 96, 99; MP PET 1984, 89, 
2000; UPSEAT 1999, 2000, 05] 

(a) )sin1( MB  (b) sinMB  

(c) cosMB  (d) )cos1( MB  

(A) (B) 

(C) (D) 

N S 
Coil 



 
     1252 Magnetism 

25. Two small bar magnets are placed in a line with like poles facing 
each other at a certain distance d apart. If the length of each magnet 
is negligible as compared to d, the force between them will be 
inversely proportional to 

[CPMT 1971; NCERT 1971; MP PMT 1992] 

(a) d  (b) 2d  

(c) 
2

1

d
 (d) 4d  

26. A magnet of magnetic moment M is situated with its axis along the 

direction of a magnetic field of strength B. The work done in 
rotating it by an angle of 180o will be 

[MP PMT 1985; MP PET 1997] 

(a) MB  (b) MB  

(c) 0 (d) MB2  

27. A long magnet is cut in two parts in such a way that the ratio of 

their lengths is 2 : 1. The ratio of pole strengths of both the section 
is   [CPMT 1986] 

(a) Equal (b) In the ratio of 2 : 1 

(c) In the ratio of 1 : 2 (d) In the ratio of 4 : 1 

28. A bar magnet of length 10 cm and having the pole strength equal to 
10–3 weber is kept in a magnetic field having magnetic induction (B) 

equal to 3104  Tesla. It makes an angle of 30o with the 

direction of magnetic induction. The value of the torque acting on 
the magnet is   

[MP PMT 1993] 

(a) mN  7102  (b) mN  5102  

(c) mN 5.0  (d) mN  2105.0  

( mampweber   /104 7
0  ) 

29. Magnetic field intensity is defined as [MP PET 1993] 

(a) Magnetic moment per unit volume 

(b) Magnetic induction force acting on a unit magnetic pole 

(c) Number of lines of force crossing per unit area 

(d) Number of lines of force crossing per unit volume 

30. If the magnetic flux is expressed in weber, then magnetic induction 

can be expressed in 

[CPMT 1974, 77, 83, 86, 87; MP PET 1989] 

(a) Weber/m2 (b) Weber/m 

(c) Weber-m (d) Weber-m2 

31. A magnetic needle is kept in a non-uniform magnetic field. It 
experiences   [MP PMT 1987; IIT 1982;  

          Kerala PET 2002; AMU 1999; AIEEE 2005] 

(a) A force and a torque  

(b) A force but not a torque 

(c) A torque but not a force  

(d) Neither a torque nor a force 

32. The magnetic induction in air at a distance d from an isolated point 

pole of strength m unit will be  [MNR 1987; 

CPMT 1991; MP PET 1995; AMU 1999; J & K CET 2005] 

(a) 
d

m
 (b) 

2d

m
 

(c) md  (d) 2md  

33. A magnetic needle lying parallel to a magnetic field requires W units 
of work to turn it through 60°. The torque required to maintain the 
needle in this position will be   [KCET 1994; MNR 1991; MP PET 1996;  

[AIEEE 2003; UPSEAT 2000; BHU 2004; Pb PET 2004] 

(a) W3  (b) W 

(c) W
2

3
 (d) 2W 

34. A long magnetic needle of length 2L, magnetic moment M and pole 
strength m units is broken into two pieces at the middle. The 
magnetic moment and pole strength of each piece will be   [NCERT 1983; DPMT 1987] 

(a) 
2

,
2

mM
 (b) 

2
,
m

M  

(c) m
M

,
2

 (d) mM,  

35. Two identical thin bar magnets each of length l and pole strength m 
are placed at right angle to each other with north pole of one 

touching south pole of the other. Magnetic moment of the system is   [MNR 1981; MP PET 2002] 

(a) ml (b) 2ml 

(c) ml2  (d) ml
2

1
 

36. Magnetic induction is a   [AFMC 1986] 

(a) Scalar quantity (b) Vector quantity 

(c) Both (a) and (b) (d) None of the above 

37. What happens to the force between magnetic poles when their pole 
strength and the distance between them are both doubled[CPMT 1978, 80, 84, 85; MP PET 2005] 

(a) Force increases to two times the previous value 

(b) No change  

(c) Force decreases to half the previous value  

(d) Force increases to four times the previous value 

38. Force between two unit pole strength placed at a distance of one 

metre is   [CPMT 1987] 

(a) 1 N (b) N
4

10 7

 

(c) N710  (d) N7104   

39. A small bar magnet of moment M is placed in a uniform field H. If 

magnet makes an angle of 30° with field, the torque acting on the 

magnet is   [CPMT 1989] 

(a) MH (b) 
2

MH
 

(c) 
3

MH
 (d) 

4

MH
 

40. If a hole is made at the centre of a bar magnet, then its magnetic 

moment will 

(a) Increase (b) Decrease 

(c) Not change (d) None of these 

41. The small magnets each of magnetic moment 10 A-m2 are placed 

end-on position 0.1m apart from their centres. The force acting 

between them is   [MNR 1994] 

(a) N7106.0   (b) N71006.0   

(c) N6.0  (d) N06.0  

42. Magnetic lines of force   [MP PET 1994] 

(a) Always intersect 

(b) Are always closed 

(c) Tend to crowd far away from the poles of magnet 
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(d) Do not pass through vacuum 

43. Rate of change of torque   with deflection is maximum for a 

magnet suspended freely in a uniform magnetic field of induction B, 

when    [MP PET 1994] 

(a)  0  (b)  45  

(c)  60  (d)  90  

44. A magnet of magnetic moment M is rotated through 360° in a 

magnetic field H, the work done will be     
        [KCET 1998; MP PMT 1994; Roorkee 2000] 

(a) MH (b) 2MH 

(c) MH2  (d) Zero 

45. The direction of line of magnetic field of bar magnet is   
[AFMC 1995] 

(a) From south pole to north pole 

(b) From north pole to south pole 

(c) Across the bar magnet 

(d) From south pole to north pole inside the magnet and from 

north pole to south pole outside the magnet 

46. The work done in turning a magnet of magnetic moment 'M' by an 

angle of 90° from the meridian is 'n' times the corresponding work 

done to turn it through an angle of 60°, where 'n' is given by[CBSE PMT 1995; MP PET 2003] 

(a) 1/2 (b) 2 

(c) 1/4 (d) 1 

47. Force between two identical bar magnets whose centres are r metre 
apart  is 4.8 N, when their axes are in the same line. If separation is 

increased to 2r, the force between them is reduced to   [AIIMS 1995] 

(a) 2.4N (b) 1.2N 

(c) 0.6N (d) 0.3N 

48. A bar magnet of magnetic moment 104J/T is free to rotate in a 

horizontal plane. The work done in rotating the magnet slowly from 
a direction parallel to a horizontal magnetic field of 4×10–5 T to a 
direction 60° from the field will be 

[MP PET 1995] 

(a) 0.2 J (b) 2.0 J 

(c) 4.18 J (d) 2 × 102 J 

49. Magnetic lines of force due to a bar magnet do not intersect because   [MP PMT 1995] 

(a) A point always has a single net magnetic field 

(b) The lines have similar charges and so repel each other 

(c) The lines always diverge from a single point 

(d) The lines need magnetic lenses to be made to intersect 

50. The unit of magnetic moment is 

[MP PET 1996; AMU 2000; MP PMT 1995, 2002] 

(a)  Wb/m  (b) 2.mWb  

(c) A.m (d) 2.mA  

51. The dipole moment of a short bar magnet is 1.25 A-m2. The magnetic 
field on its axis at a distance of 0.5metre from the centre of the 
magnet is 

(a) meterampNewton   /100.1 4  

(b) metreampNewton   /104 2  

(c) metreampNewton   /102 6  

(d) metreampNewton   /1064.6 8  

52. A permanent magnet    [MP PET 1996] 

(a) Attracts all substances 

(b) Attracts only magnetic substances 

(c) Attracts magnetic substances and repels all non-magnetic 
substances 

(d) Attracts non-magnetic substances and repels magnetic 
substances 

53. Two equal bar magnets are kept as shown in the figure. The 

direction of resultant magnetic field, indicated by arrow head at the 

point P is (approximately) 

 

 

 

 
 

(a)  (b)   
 

(c)               (d)   

54. The S.I. unit of magnetic permeability is   [MP PET 1997] 

(a) 1Am  

(b) Am  

(c) 1mHenry  

(d) No unit, it is a dimensionless number 

55. A short bar magnet placed with its axis at 30° with a uniform 

external magnetic field of 0.16 Tesla experiences a torque of 

magnitude 0.032 Joule. The magnetic moment of the bar magnet will 

be [MP PMT 1997; UPSEAT 2004] 

(a) 0.23 Joule/Tesla (b) 0.40 Joule/Tesla 

(c) 0.80Joule/Tesla (d) Zero 

56. The magnetic field to a small magnetic dipole of magnetic moment 

M,  at distance r from the centre on the equatorial line is given by 

(in M.K.S. system)   [MP PMT/PET 1998] 

(a)  
2

0

4 r

M





 (b) 

3

0

4 r

M





 

(c)  
2

0 2

4 r

M





 (d)  

3

0 2

4 r

M





 

57. The incorrect statement regarding the lines of force of the magnetic 

field B is   [MP PET 1999] 

(a) Magnetic intensity is a measure of lines of force passing  

 through unit area held normal to it 

(b) Magnetic lines of force form a close curve 

(c) Inside a magnet, its magnetic lines of force move from north 
pole of a magnet towards its south pole 

(d) Due to a magnet magnetic lines of force never cut each  

 other 

58. A straight wire carrying current i is turned into a circular loop. If 
the magnitude of magnetic moment associated with it in M.K.S. unit 
is M, the length of wire will be 

[MP PET 1999] 

P 
• S N 

S 

N 
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(a) iM4  (b) 
i

M4
 

(c) 
M

i4
 (d) 

i

M

4


 

59. A bar magnet of magnetic moment M  is placed in a magnetic field 

of induction B . The torque exerted on it is 

[EAMCET (Engg.) 1995; CBSE PMT 1999; BHU 2003;  

CPMT 2004; MP PMT 2001, 05] 

(a) BM.  (b) – BM.  

(c) BM   (d) MB    

60. For protecting a sensitive equipment from the external magnetic 
field, it should be 

  [KCET 1993; CBSE PMT 1998] 

(a) Placed inside an aluminium cane 

(b) Placed inside an iron cane 

(c) Wrapped with insulation around it when passing current  

 through it 

(d) Surrounded with fine copper sheet 

61. If a piece of metal was thought to be magnet, which one of the 
following observations would offer conclusive evidence 

[KCET 1994] 

(a) It attracts a known magnet 

(b) It repels a known magnet 

(c) Neither (a) nor (b) 

(d) It attracts a steel screw driver 

62. The magnet can be completely demagnetized by 

  [KCET 1994] 

(a) Breaking the magnet into small pieces  

(b) Heating it slightly 

(c) Droping it into ice cold water 

(d) A reverse field of appropriate strength 

63. A current loop placed in a magnetic field behaves like a 

[AFMC 1994] 

(a) Magnetic dipole (b) Magnetic substance 

(c) Magnetic pole (d) All are true 

64. A magnet when placed perpendicular to a uniform field of strength 
24 /10 mWb  experiences a maximum couple of 

moment ./104 5 mN . What is its magnetic moment  

[Bihar MEE 1995] 

(a) 24.0 mA   (b) 22.0 mA   

(c) 216.0 mA   (d) 204.0 mA   

(e) 206.0 mA   

65. Weber/m2  is equal to  [CPMT 1985; AFMC 1997] 

(a) Volt  (b)   Henry  

(c) Tesla (d) All of these 

66. Two magnets, each of magnetic moment ‘M’ are placed so as to 
form a cross at right angles to each other. The magnetic moment of 
the system will be  

[AFMC 1999; Pb PET 2001] 

(a) 2 M  (b) M2  

(c) 0.5 M  (d) M 

67. Two like magnetic poles of strength 10 and 40 SI units are separated 
by a distance 30 cm. The intensity of magnetic field is zero on the 
line joining them   [JIPMER 1999] 

(a) At a point 10 cm from the stronger pole 

(b) At a point 20 cm from the stronger pole  

(c) At the mid-point  

(d) At infinity  

68. If a magnet of length 10 cm and pole strength 40 A-m is placed at 

an angle of 45o in an uniform induction field of intensity 2  10–4 T, 
the couple acting on it is  

[Pb. PMT 1999; MH CET (Med.) 1999] 

(a) 0.5656  10–4 N-m (b) 0.5656  10–3 N-m  

(c) 0.656  10–4 N-m  (d) 0.656  10–5 N-m  

69. The intensity of magnetic field is H and moment of magnet is M. 
The maximum potential energy is  

[Pb. PMT 1999; MH CET (Med.) 1999] 

(a) MH (b) 2 MH 

(c) 3 MH (d) 4 MH 

70. A bar magnet of magnetic moment 200 A-m2 is suspended in a 
magnetic field of intensity 0.25 N/A-m. The couple required to 
deflect it through 30o is 

[AFMC 1999; Pb. PET 2000] 

(a) 50 N-m (b) 25 N-m 

(c) 20 N-m (d) 15 N-m 

71. Two similar bar magnets P and Q, each of magnetic moment M, are 
taken, If P is cut along its axial line and Q is cut along its equatorial 
line, all the four pieces obtained have   [EAMCET (Engg.) 2000] 

(a) Equal pole strength (b) Magnetic moment 
4

M
 

(c) Magnetic moment 
2

M
 (d) Magnetic moment M  

72. A magnet of magnetic moment  2-ˆ50 mAi  is placed along the x-

axis in a magnetic field .)ˆ0.3ˆ5.0( TjiB   The torque acting on 

the magnet is 

    [MP PMT 2000] 

(a) 175 mNk -ˆ  (b) 150 mNk -ˆ  

(c) 75 mNk -ˆ  (d) mNk -ˆ3725  

73. A bar magnet is held perpendicular to a uniform magnetic field. If 
the couple acting on the magnet is to be halved by rotating it, then 
the angle by which it is to be rotated is  

[CBSE PMT 2000] 

(a) 30o  (b) 45o  

(c) 60o  (d) 90o  

74. There is no couple acting when two bar magnets are placed coaxially 
separated by a distance because 

   [EAMCET (Engg.) 2000] 

(a) There are no forces on the poles  

(b) The forces are parallel and their lines of action do not coincide  

(c) The forces are perpendicular to each other  

(d) The forces act along the same line  

75. A bar magnet of magnetic moment 3.0 A-m2 is placed in a 

uniform magnetic induction field of 2  10–5  T. If each pole of the 
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magnet experiences a force of 6  10–4 N, the length of the 
magnet is   [EAMCET (Med.) 2000] 

(a) 0.5 m  (b) 0.3 m  

(c) 0.2 m  (d) 0.1 m  

76. A bar magnet when placed at an angle of 30 o to the direction of 

magnetic field induction of 5  10–2 T, experiences a moment of 

couple 25  10–6 N-m. If the length of the magnet is 5 cm its pole 
strength is 

[EAMCET (Med.) 2000] 

(a) 2  10–2 A-m  (b) 5  10–2 A-m  

(c) 2 A-m  (d) 5 A-m  

77. Two lines of force due to a bar magnet   [MP PMT 2002] 

(a) Intersect at the neutral point  

(b) Intersect near the poles of the magnet 

(c) Intersect on the equatorial axis of the magnet 

(d) Do not intersect at all  

78. The ultimate individual unit of magnetism in any magnet is called [MP PET 2002; J & K CET 2004] 

(a) North pole  (b) South pole  

(c) Dipole  (d) Quadrupole  

79. The magnetic field lines due to a bar magnet are correctly shown in   [IIT-JEE (Screening) 2002] 

 

(a)  (b)  

 

 

 

 

 

(c)  (d)  

 

 

 

80. The magnetic lines of force inside a bar magnet  

[AIEEE 2003] 

(a) Are from south-pole to north-pole of the magnet 

(b) Are from north-pole to south-pole of the magnet 

(c) Do not exist 

(d) Depend upon the area of cross-section of the bar magnet  

81. If a magnet is hanged with its magnetic axis then it stops in  

[AFMC 2003] 

(a) Magnetic meridian (b) Geometric meridian 

(c) Angle of dip  (d) None of these 

82. The work done in rotating a magnet of magnetic moment 2 A-m2 in 

a magnetic field of 5  10–3 T from the direction along the magnetic 

field to opposite direction to the magnetic field, is    [MP PET 2003] 

(a) Zero  (b) 2  10–2 J 

(c) 10–2 J  (d) 10 J  

83. The torque on a bar magnet due to the earth's magnetic field is 

maximum when the axis of the magnet is  

[MP PMT 2004] 

(a) Perpendicular to the field of the earth 

(b) Parallel to the vertical component of the earth's field 

(c) At an angle of 33o with respect to the N-S direction 

(d) Along the North-South (N-S) direction 

84. Magnetic dipole moment is a     [AFMC 2004] 

(a) Scalar quantity (b) Vector quantity 

(c) Constant quantity (d) None of these 

85. A bar magnet of length 3 cm has points A and B along its axis at 

distances of 24 cm and 48 cm on the opposite sides. Ratio of 

magnetic fields at these points will be  [DPMT 2004] 

 

 

 

(a) 8 (b) 22/1  

(c) 3 (d) 4 

86. A magnet of magnetic moment 12 TJ  is aligned in the direction 

of magnetic field of 0.1 T. What is the net work done to bring the 

magnet normal to the magnetic field 

[DCE 2004] 

(a) 0.1  J (b) 0.2 J 

(c) 1 J (d) 2 J 

87. The magnetic moment of a magnet of length 10 cm and pole 

strength 4.0 Am will be     [DPMT 2003] 

(a) 24.0 Am  (b) 26.1 Am  

(c) 220 Am  (d) 20.8 Am  

88. The effective length of a magnet is 31.4 cm and its pole strength is 

0.5 Am. The magnetic moment, if it is bent in the form of a 

semicircle will be     [DPMT 2003] 

(a) 21.0 Am  (b) 201.0 Am  

(c) 22.0 Am  (d) 22.1 Am  

89. The magnetic potential at a point on the axial line of a bar magnet 

of dipole moment M is V. What is the magnetic potential due to a 

bar magnet of dipole moment 
4

M
 at the same point   [MH CET 2004] 

(a) V4  (b) V2  

(c) 
2

V
 (d) 

4

V
 

90. A small bar magnet has a magnetic moment 1.2 A-m2. The magnetic 

field at a distance 0.1 m on its axis will be : (
0

 = 4  10–7 T-m/A)   [BHU 2003] 

(a) 1.2  10–4 T  (b) 2.4  10–4 T     

(c) 2.4  104 T (d) 1.2  104 T 

91. Two identical short bar magnets, each having magnetic moment of 

10 Am2, are arranged such that their axial lines are perpendicular to 

each other and their centres be along the same straight line in a 

horizontal plane. If the distance between their centres is 0.2 m, the 

resultant magnetic induction at a point  midway between them  is 

S N 
A B 

24 cm 48 cm 

S 

N 

S 

N 

S 

N 

S 

N 



 
     1256 Magnetism 

)104( 17
0

 Hm                     [EAMCET 2005] 

(a) 7102   Tesla (b) 7105   Tesla  

(c) 3102   Tesla (d) 3105   Tesla 

92. A magnet of length 0.1 m and pole strength ..10 4 mA  is kept in a 

magnetic field of 2/30 mWb  at an angle 30°. The couple acting on 

it is ……… .10 4 Nm  [MP PET 2005] 

 (a) 7.5 (b) 3.0  

 (c) 1.5 (d) 6.0 

 

Earth Magnetism 

 

1. A very small magnet is placed in the magnetic meridian with its 
south pole pointing north. The null point is obtained 20 cm away 
from the centre of the magnet. If the earth's magnetic field 

(horizontal component) at this point be 0.3 gauss, the magnetic 
moment of the magnet is 

[CPMT 1987; MNR 1978] 

(a) ...100.8 2 ume  (b) ...102.1 3 ume  

(c) ...104.2 3 ume  (d) ...106.3 3 ume  

2. Intensity of magnetic field due to earth at a point inside a hollow 

steel box is   [MP PET 1995] 

(a) Less than outside (b) More than outside 

(c) Same (d) Zero 

3. Earth's magnetic field always has a horizontal component except at 
or Horizontal component of earth's magnetic field remains zero at   [CPMT 1971, 81, 83] 

(a) Equator (b) Magnetic poles 

(c) A latitude of 60o  (d) An altitude of 60o  

4. A dip needle in a plane perpendicular to magnetic meridian will 
remain  [NCERT 1975; MP PMT 1984; MP PET 1995] 

(a) Vertical 

 (b) Horizontal  

(c) In any direction 

(d)  At an angle of dip to the horizontal 

5. At magnetic poles of earth, angle of dip is 

[CPMT 1977, 91; NCERT 1981; MP PET 1997; Pb PET 2002] 

(a) Zero (b) 45o   

(c) 90o (d) 180o 

6. The correct relation is 

[CPMT 1986; MP PET 1981; AFMC 1996] 

(a)  
H

V

B

B
B  (b) HV BB B  

(c) 22|| VH BB B  (d) VH BB B  

(Where HB Horizontal component of earth's magnetic field; 

VB = Vertical component of earth's magnetic field and B  = Total 

intensity of earth's magnetic field) 

7. At a certain place, the horizontal component of earth's magnetic 

field is 3 times the vertical component. The angle of dip at that 

place is  [MP PMT 1984, 85; AFMC 2000] 

(a) 60  (b) 45  

(c) 90  (d) 30  

8. The vertical component of earth's magnetic field is zero at or The 

earth's magnetic field always has a vertical component except at the 

  [NCERT 1980, 88; CPMT 1983; MP PMT 1996] 

(a) Magnetic poles (b) Geographical poles 

(c) Every place (d) Magnetic equator 

9. The angle between the magnetic meridian and geographical meridian 
is called   

[MNR 1990; UPSEAT 1999, 2000; MP PMT 2000] 

(a) Angle of dip (b) Angle of declination 

(c) Magnetic moment (d) Power of magnetic field 

10. The lines of forces due to earth's horizontal component of magnetic 
field are 

  [CPMT 1985; MP PMT 1980; AIIMS 1998] 

(a) Parallel straight lines (b) Concentric circles  

(c) Elliptical (d) Parabolic 

11. At a place, if the earth's horizontal and vertical components of 

magnetic fields are equal, then the angle of dip will be  

[SCRA 1994; DCE 2001; MP PMT 2002] 

(a) 30  (b) 90  

(c) 45  (d) 0° 

12. If the angles of dip at two places are 30o and 45o respectively, then the 

ratio of horizontal  components of earth's magnetic field at the two 

places will be   [MP PET 1989] 

(a) 2:3  (b) 2:1  

(c) 3:1  (d) 2:1  

13. At a place the earth's horizontal component of magnetic field is 

24 /1036.0 mweber . If the angle of dip at that place is 60o, 

then the vertical component of earth's field at that place in weber/m2 
will be approximately  [MP PMT 1985] 

(a) 41012.0   (b) 41024.0   

(c) 41040.0   (d) 41062.0   

14. The angle of dip at a place is 40.6o and the intensity of the vertical 

component of the earth's magnetic field 5106 V Tesla. The 
total intensity of the earth's magnetic field (I) at this place is  [MP PMT 1993] 

(a) tesla5107   (b) tesla5106   

(c) tesla5105   (d) tesla5102.9   

15. The angle of dip is the angle   [CPMT 1978] 

(a) Between the vertical component of earth's magnetic field and 
magnetic meridian 

(b) Between the vertical component of earth's magnetic field and 
geographical meridian 

(c) Between the earth's magnetic field direction and horizontal 
direction 

(d) Between the magnetic meridian and the geographical meridian 
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16. At a certain place the angle of dip is 30° and the horizontal 
component of earth's magnetic field is 0.50 Oersted. The earth's 
total magnetic field is   [CPMT 1990] 

(a) 3  (b) 1  

(c) 
3

1
 (d) 

2

1
 

17. The angle of dip at the magnetic equator is  

[MP PET 1984; MP PMT 1987; CBSE PMT 1989, 90;  

MP Board 1980; CPMT 1977, 87, 90; Manipal MEE 1995] 

(a) 0° (b) 45° 

(c) 30° (d) 90° 

18. The line on the earth's surface joining the points where the field is 
horizontal is  

[MNR 1985; UPSEAT 1999; Pb PET 2004] 

(a) Magnetic meridian (b) Magnetic axis 

(c) Magnetic line (d) Magnetic equator 

(e) Isogonic line 

19. The angle between the earth's magnetic and the earth's geographical 
axes is   [MNR 1979] 

(a) Zero (b) 17° 

(c) 23° (d) None of these 

20. The lines joining the places of the same horizontal intensity are 
known as   [MNR 1984] 

(a) Isogonic lines (b) Aclinic lines 

(c) Isoclinic lines (d) Agonic lines 

(e) Isodynamic lines 

21. Ratio between total intensity of magnetic field at equator to poles is   [IIT 1970; CPMT 1981] 

(a) 1 : 1 (b) 1 : 2  

(c) 2 : 1 (d) 1 : 4 

22. A line passing through places having zero value of magnetic dip is 
called   [CPMT 1987] 

(a) Isoclinic line (b) Agonic line 

(c) Isogonic line (d) Aclinic line 

23. At a place, the horizontal and vertical intensities of earth's magnetic 

field is 0.30 Gauss and 0.173 Gauss respectively. The angle of dip at 
this place is  [MP PMT 1986] 

(a) 30° (b) 90° 

(c) 60° (d) 45° 

24. The angle of dip at a place is 60°. At this place the total intensity of 
earth's magnetic field is 0.64 units. The horizontal intensity of 
earth's magnetic field at this place is 

[MP PET 1984] 

(a) 1.28 units (b) 0.64 units 

(c) 0.16 units (d) 0.32 units 

25. The magnetic compass is not useful for navigation near the 

magnetic poles because   [BIT Ranchi 1982] 

(a) The magnetic field near the poles is zero 

(b) The magnetic field near the poles is almost vertical 

(c) At low temperature, the compass needle looses its magnetic 
properties 

(d) Neither of the above 

26. The angle of dip at a place on the earth gives 

[MP PET 1994] 

(a) The horizontal component of the earth's magnetic field 

(b) The location of the geographic meridian 

(c) The vertical component of the earth's field 

(d) The direction of the earth's magnetic field 

27. At the magnetic north pole of the earth, the value of horizontal 
component of earth's magnetic field and angle of dip are, 
respectively   [MP PMT 1994] 

(a) Zero, maximum (b) Maximum, minimum 

(c) Maximum, maximum (d) Minimum, minimum 

28. At a place, the magnitudes of the horizontal component and total 

intensity of the magnetic field of the earth are 0.3 and 0.6 Oersted 
respectively. The value of the angle of dip at this place will be   [MP PMT 1994] 

(a) 60° (b) 45° 

(c) 30° (d) 0° 

29. A dip circle is at right angle to the magnetic meridian. What will be 
the apparent dip   [AFMC 1995] 

(a) 0° (b) 30° 

(c) 60º (d) 90° 

30. A bar magnet is placed north-south with its north pole due north. 

The points of zero magnetic field will be in which direction from the 

centre of the magnet 

[MNR 1995; MP PMT 1995; UPSEAT 2000] 

(a) North and south 

(b) East and west 

(c) North-east and south-west 

(d) North-west and south-east 

31. In two separate experiments the neutral points due to two small 

magnets are at a distance of r and 2r in broad side-on position. The 

ratio of their magnetic moments will be    [MP PMT 1985] 

(a) 4 : 1 (b) 1 : 2 

(c) 2 : 1 (d) 1 : 8 

32. The magnetic field due to the earth is closely equivalent to that due 

to   [BIT Ranchi 1982] 

(a) A large magnet of length equal to the diameter of the earth    

(b) A magnetic dipole placed at the centre of the earth 

(c) A large coil carrying current 

(d) Neither of the above 

33. The earth's magnetic field at a certain place has a horizontal 

component 0.3 Gauss and the total strength 0.5 Gauss. The angle of 

dip is   [MP PMT 1995] 

(a) 
4

3
tan 1  (b) 

4

3
sin 1  

(c) 
3

4
tan 1  (d)  

5

3
sin 1  

34. The value of the horizontal component of the earth's magnetic field 

and angle of dip are 25 /108.1 mWeber  and 30° respectively 

at some place. The total intensity of earth's magnetic field at that 

place will be  [MP PET 1996] 

(a) 25 /1008.2 mWeber  (b) 25 /1067.3 mWeber  



 
     1258 Magnetism 

(c) 25 /1018.3 mWeber  (d) 25 /100.5 mWeber  

35. When the N-pole of a bar magnet points towards the south and S-

pole towards the north, the null points are at the 

 [MP PMT 1996] 

(a) Magnetic axis 

(b) Magnetic centre 

(c) Perpendicular divider of magnetic axis 

(d) N  and S poles 

36. Lines which represent places of constant angle of dip are called 

(a) Isobaric lines (b) Isogonic lines 

(c) Isoclinic lines (d) Isodynamic lines 

37. The vertical component of the earth's magnetic field is zero at a 
place where the angle of dip is   [MP PMT/PET 1998] 

(a) 0° (b) 45° 

(c) 60° (d) 90° 

38. At a certain place, the horizontal component 0B  and the vertical 

component 0V  of the earth's magnetic field are equal in magnitude. 

The total intensity at the place will be 

 [MP PMT 1999, 2003] 

(a) 0B  (b) 2
0B  

(c) 02B  (d) 02B  

39. A compass needle will show which one of the following directions at 
the earth's magnetic pole  [KCET 1993, 94] 

(a) Vertical (b) No particular direction 

(c) Bent at 45° to the vertical (d) Horizontal 

40. The north pole of the earth's magnet is near the geographical   [KCET 1994] 

(a) South (b) East  

(c) West (d) North 

41. The magnetic field of earth is due to [JIPMER 1997] 

(a) Motion and distribution of some material in and outside the 

earth 

(b) Interaction of cosmic rays with the current of earth 

(c) A magnetic dipole buried at the centre of the earth 

(d) Induction effect of the sun 

42. A short magnet of moment 6.75 Am2 produces a neutral point on its 
axis. If horizontal component of earth's magnetic field is 

25 /105 mWb , then the distance of the neutral point should be   [SCRA 1994] 

(a) 10 cm (b) 20 cm 

(c) 30 cm (d) 40 cm 

43. Due to the earth's magnetic field, charged cosmic ray particles   [CBSE PMT 1997] 

(a) Require greater kinetic energy to reach the equator than  

 the poles 

(b) Require less kinetic energy to reach the equator than the poles 

(c) Can never reach the equator 

(d) Can never reach the poles 

44. Two bar magnets with magnetic moments 2 M and M are fastened 
together at right angles to each other at their centres to form a 

crossed system, which can rotate freely about a vertical axis through 
the centre. The crossed system sets in earth’s magnetic field with 

magnet having magnetic moment 2M making and angle  with the 

magnetic meridian such that    [AFMC 1999] 

(a) 












 

3

1
tan 1  (b)  3tan 1  

(c) 







 

2

1
tan 1  (d) 








 

4

3
tan 1  

45. Angle of dip is 90o at    [AIIMS 1999] 

(a) Poles  (b) Equator  

(c) Both (a) and (b) (d) None of these 

46. At a certain place the horizontal component of the earth’s magnetic 

field is B
0

 and the angle of dip is 45 o. The total intensity of the field 
at that place will be  

[MP PET 2000; Pb PET 2003] 

(a) B
0

  (b) 02 B  

(c) 2 B
0

 (d) 2
0B  

47. The value of angle of dip is zero at the magnetic equator because on 
it    [MP PET 2001] 

(a) V and H are equal  

(b) The value of V and H is zero  

(c) The value of V is zero  

(d) The value of H is zero  

48. Which of the following relation is correct in magnetism 

[KCET (Engg./Med.) 2001] 

(a) 222 HVI   (b) HVI   

(c) 22 HIV   (d) HIV 2  

49. The direction of the null points is on the equatorial line of a bar 
magnet, when the north pole of the magnet is pointing 

[AFMC 1999; Pb. PMT 2000; CPMT 2001; MH CET 2003] 

(a) North  (b) South 

(c) East (d) West 

50. Magnetic meridian is a   [Orissa JEE 2002] 

(a) Point  (b) Horizontal plane  

(c) Vertical plane  (d) Line along N-S  

51. The angle of dip at a certain place is 30o. If the horizontal 
component of the earth’s magnetic field is H, the intensity of the 
total magnetic field is   

[UPSEAT 1993, 2000; MP PMT 2002] 

(a) 
2

H
 (b) 

3

2H
 

(c) 2H  (d) 3H  

52. The horizontal component of the earth's magnetic field is 0.22 Gauss 
and total magnetic field is 0.4 Gauss. The angle of dip. is     [MP PMT 2004] 

 (a) )1(tan 1  (b) )(tan 1   

 (c) )518.1(tan 1  (d) )(tan 1   

53. A bar magnet is situated on a table along east-west direction in the 

magnetic field of earth. The number of neutral points, where the 
magnetic field is zero, are   [MP PMT 2004] 

 (a) 2 (b) 0 

 (c) 1 (d) 4 
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54. At which place, earth's magnetism become horizontal 

[AFMC 2004] 

 (a) Magnetic pole (b) Geographical pole 

 (c) Magnetic meridian (d) Magnetic equator 

55. Isogonic lines on magnetic map will have  [AFMC 2004] 

 (a) Zero angle of dip 

 (b) Zero angle of declination 

 (c) Same angle of declination 

 (d) Same angle of dip 

56. A current carrying coil is placed with its axis perpendicular to N-S 

direction. Let horizontal component of earth's magnetic field be H
o

 

and magnetic field inside the loop is H. If a magnet is suspended 

inside the loop, it makes angle   with H. Then  =    [Orissa PMT 2004] 

 (a) 








H

H 01tan  (b) 













0

1tan
H

H
 

 (c) 













0

1cos
H

H
ec  (d) 









H

H 01cot  

57. Let V and H be the vertical and horizontal components of earth's 

magnetic field at any point on earth. Near the north pole    [UPSEAT 2004] 

 (a) HV   (b) HV   

 (c) HV   (d) 0 HV  

58. At the magnetic poles of the earth, a compass needle will be  

[DCE 2003] 

 (a) Vertical  

 (b) Bent slightly 

 (c) Horizontal  

 (d) Inclined at 45o to the horizontal 

59. If magnetic lines of force are drawn by keeping magnet vertical, then 

number of neutral points will be 

[MP PMT 1985; CPMT 1985] 

(a) One (b) Two     

(c) Four (d) Five 

 

Magnetic Equipments 

 

1. Time period of a freely suspended magnet does not depend upon[NCERT 1980; CPMT 1980; MP PET 1997] 

(a) Length of the magnet 

(b) Pole strength of the magnet 

(c) Horizontal component of earth's magnetic field 

(d) Length of the suspension thread 

2. Magnetic moments of two bar magnets may be compared with the 
help of   [MP PET/PMT 1988] 

(a)  Deflection magnetometer 

(b) Vibration magnetometer 

(c) Both of the above 

(d) None of the above 

3. The time period of oscillation of a freely suspended bar magnet with 
usual notations is given by 

[CPMT 1973, 76, 87; MP PET 1994, 96] 

(a) 
HMB

I
T 2  (b) 

I

MB
T H2  

(c) 
HMB

I
T   (d) 

MI

B
T H2  

4. In sum and difference method in vibration magnetometer, the time 
period is more if 

[MP PMT 1989; MP PET/PMT 1988] 

(a) Similar poles of both magnets are on same sides 

(b) Opposite poles of both magnets are on same sides 

(c) Both magnets are perpendicular to each other 

(d) Nothing can be said 

5. At a certain place a magnet makes 30 oscillations per minute. At 
another place where the magnetic field is double, its time period will 
be 

  [MP PMT 1989; MP PET/PMT 1988] 

(a) 4 sec (b) 2 sec 

(c) sec
2

1
 (d) sec2  

6. Vibration magnetometer is used for comparing 

[MP PET/PMT 1988] 

(a) Magnetic fields (b) Earth's field 

(c) Magnetic moments (d) All of the above 

7. Two magnets of same size and mass make respectively 10 and 15 
oscillations per minute at certain place. The ratio of their magnetic 
moments is 

  [Bihar PET 1984; MP PET/PMT 1988; MP PET 1992] 

(a) 4 : 9 (b) 9 : 4 

(c) 2 : 3 (d) 3 : 2 

8. Time period for a magnet is T. If it is divided in four equal parts 
along its axis and perpendicular to its axis as shown then time 
period for each part will be 

 

 

 

 

(a) T4  (b) 4/T  

(c) 2/T  (d) T  

9. Keeping dissimilar poles of two magnets of equal pole strength and 
length same side, their time period will be 

[DPMT 2001] 

(a) Zero (b) One second 

(c) Infinity  (d) Any value 

10. Time period in vibration magnetometer will be infinity at 

(a) Magnetic equator (b) Magnetic poles 

(c) Equator (d) At all places 

11. Twists of suspension fibre should be removed in vibration 
magnetometer so that  

(a) Time period be less 

(b) Time period be more 

(c) Magnet may vibrate freely  

S N 
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(d) Cannot be said with certainty 

12. The period of oscillation of a magnet in vibration magnetometer is 2 
sec. The period of oscillation of a magnet whose magnetic moment 
is four times that of the first magnet is[CPMT 1975, 77, 79, 89, 90; MP PMT 1986] 

(a) 1 sec (b) 4 sec 

(c) 8 sec (d) 0.5 sec 

13. Moment of inertia of a magnetic needle is 40 gm-cm2 has time 

period 3 seconds in earth's horizontal field = 5106.3  weber/m2. 
Its magnetic moment will be 

(a) 25.0 mA   (b) 25 mA   

(c) 2250.0 mA   (d) 22105 mA   

14. Vibration magnetometer before use, should be set 

(a) In magnetic meridian 

(b) In geographical meridian 

(c) Perpendicular to magnetic meridian 

(d) In any position 

15. If a brass bar is placed on a vibrating magnet, then its time period 

(a) Decreases 

(b) Increases 

(c) Remains unchanged  

(d) First increases then decreases 

16. A magnetic needle is made to vibrate in uniform field H, then its 
time period is T. If it vibrates in the field of intensity 4H, its time 
period will be 

 [MP Board 1988; MP PMT 1992; MH CET (Med.) 1999] 

(a) T2  (b) 2/T  

(c) T/2  (d) T  

17. Two bar magnets of the same mass, length and breadth but 
magnetic moments M and 2M respectively, when placed in same 
position, time period is 3 sec. What will be the time period when 
they are placed in different position 

[NCERT 1977; DPMT 1999] 

(a) sec3  (b) sec33  

(c) sec3  (d) sec6  

18. To compare magnetic moments of two magnets by vibration 
magnetometer, 'sum and difference method' is better because 

(a) Determination of moment of inertia is not needed which 
minimises the errors 

(b) Less observations are required 

(c) Comparatively less calculations 

(d) All the above 

19. A magnet is suspended in such a way that it oscillates in the 
horizontal plane. It makes 20 oscillations per minute at a place 
where dip angle is 30o and 15 oscillations per minute at a place 
where dip angle is 60o. The ratio of total earth's magnetic field at the 
two places is  

    [MP PMT 1991; BHU 1997] 

(a) 8:33  (b) 39:16  

(c) 9:4  (d) 9:32  

20. The time period of oscillation of a magnet in a vibration 
magnetometer is 1.5 seconds. The time period of oscillation of 
another magnet similar in size, shape and mass but having one-
fourth magnetic moment than that of first magnet, oscillating at 
same place will be  

 [MP PMT 1991; MP PMT 2002] 

(a) 0.75 sec (b) 1.5 sec 

(c) 3 sec (d) 6 sec 

21. A bar magnet A of magnetic moment M
A

 is found to oscillate at a 
frequency twice that of magnet B of magnetic moment M

B

 when 
placed in a vibrating magneto-meter. We may say that    [MP PMT 1991] 

(a) BA MM 2  (b) BA MM 8  

(c) BA MM 4  (d) AB MM 8  

22. Two magnets A and B are identical in mass, length and breadth but 
have different magnetic moments. In a vibration magnetometer, if 
the time period of B is twice the time period of A. The ratio of the 

magnetic moments BA MM /  of the magnets will be [MP PET 1990; MP PMT 1990] 

(a) 2/1  (b) 2  

(c) 4  (d) 4/1  

23. A magnet of magnetic moment M oscillating freely in earth's 

horizontal magnetic field makes n oscillations per minute. If the 
magnetic moment is quadrupled and the earth's field is doubled, the 
number of oscillations made per minute would be    [MP PET 1991] 

(a) 
22

n
 (b) 

2

n
 

(c) n22  (d) n2  

24. A magnetic needle suspended horizontally by an unspun silk fibre, 
oscillates in the horizontal plane because of the restoring force 
originating mainly from [CPMT 1980, 89] 

(a) The torsion of the silk fibre 

(b) The force of gravity 

(c) The horizontal component of earth's magnetic field 

(d) All the above factors 

25. At two places A and B using vibration magnetometer, a magnet 
vibrates in a horizontal plane and its respective periodic time are 2 
sec and 3 sec and at these places the earth's horizontal components 
are H

A

 and H
B

 respectively. Then the ratio between H
A

  and H
B

 will be 

   [MP PMT 1985, 89] 

(a) 9 : 4 (b) 3 : 2 

(c) 4 : 9 (d) 2 : 3 

26. The time period of a bar magnet suspended horizontally in the 
earth's magnetic field and allowed to oscillate    

 [MP PET 1992] 

(a) Is directly proportional to the square root of its mass 

(b) Is directly proportional to its pole strength 

(c) Is inversely proportional to its magnetic moment 

(d) Decreases if the length increases but pole strength remains 
same 

27. Magnets A and B are geometrically similar but the magnetic 
moment of A is twice that of B. If T

1 

and T
2

 be the time periods of 
the oscillation when their like poles and unlike poles are kept 

together respectively, then 
2

1

T

T
will be 

     [SCRA 1998] 

(a) 
3

1
 (b) 

2

1
 

(c) 
3

1
 (d) 3  

28. A small bar magnet A oscillates in a horizontal plane with a period 
T at a place where the angle of dip is 60o. When the same needle is 
made to oscillate in a vertical plane coinciding with the magnetic 
meridian, its period will be 

[MP PMT 1992] 
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(a) 
2

T
 (b) T  

(c) T2  (d) T2  

29. Vibration magnetometer works on the principle of 

[MP PET 1993] 

(a) Torque acting on the bar magnet 

(b) Force acting on the bar magnet 

(c) Both the force and the torque acting on the bar magnet 

(d) None of these 

30. Tangent galvanometer is used to measure  [MP PET 1993] 

(a) Steady currents 

(b) Current impulses 

(c) Magnetic moments of bar magnets 

(d) Earth's magnetic field 

31. A tangent galvanometer has a coil with 50 turns and radius equal to 
4 cm. A current of 0.1 A is passing through it. The plane of the coil 
is set parallel to the earth's magnetic meridian. If the value of the 

earth's horizontal component of the magnetic field is 5107  tesla 

and mampweber   /104 7
0  , then the deflection in the 

galvanometer needle will be  [MP PMT 1993] 

(a) 45o (b) 48.2o 

(c) 50.7o (d) 52.7o 

32. A bar magnet has a magnetic moment equal 

to .105 5 mweber    It is suspended in a magnetic field which 

has a magnetic induction (B) equal to .108 4 tesla  The 

magnet vibrates with a period of vibration equal to 15 sec. The 
moment of inertia of the magnet is 

[MP PMT 1993; CBSE PMT 2001] 

(a) 25.22 mkg   (b) 225.11 mkg   

(c) 262.5 mkg   (d) 271016.7 mkg    

33. The time period of a freely suspended magnet is 4 seconds. If it is 
broken in length into two equal parts and one part is suspended in 
the same way, then its time period will be  

[NCERT 1984; CPMT 1991;  

MP PMT 1994; MH CET 2004] 

(a) 4 sec (b) 2 sec 

(c) 0.5 sec (d) 0.25 sec 

34. Which of the following statement is true about magnetic moments 

of atoms of different elements   [CPMT 1977] 

(a) All have a magnetic moment 

(b) None has a magnetic moment 

(c) All acquire a magnetic moment under external magnetic field 
and in same direction as the field 

(d) None of the above statements are accurate 

35. The number of turns and radius of cross-section of the coil of a 

tangent galvanometer are doubled. The reduction factor K will be      
   [NCERT 1983; MP PMT 2002] 

(a) K (b) 2K 

(c) 4K (d) K/4 

36. A magnetic needle suspended by a silk thread is vibrating in the 

earth's magnetic field. If the temperature of the needle is increased 
by 500°C, then   [MNR 1994] 

(a) The time period decreases 

(b) The time period remains unchanged 

(c) The time period increases 

(d) The needle stops vibrating 

37. The sensitivity of a tangent galvanometer is increased if  

[AFMC 1995] 

(a) Number of turn decreases (b) Number of turn increases 

(c) Field increases (d) None of the above  

38. Two tangent galvanometers having coils of the same radius are 

connected in series. A current flowing in them produces deflections 
of 60° and 45° respectively. The ratio of the number of turns in the 
coils is 

[MP PET 1995; MP PMT 1999] 

(a) 4/3 (b) 1/)13(   

(c) )13/()13(   (d) 1/3  

39. Using a bar magnet P, a vibration magnetometer has time  period 
2seconds. When a bar Q (identical to P in mass and size) is placed 
on top of P, the time period is unchanged. Which of the following 
statements is true [MP PMT 1995] 

(a) Q is of non-magnetic material 

(b) Q is a bar magnet identical to P, and its north pole placed on 
top of P's north pole 

(c) Q is of unmagnetized ferromagnetic material 

(d) Nothing can be said about Q's properties 

40. The strength of the magnetic field in which the magnet of a 
vibration magnetometer is oscillating is increased 4 times its original 
value. The frequency of oscillation would then become    [Haryana CEE 1996] 

(a) Twice its original value 

(b) Four times its original value 

(c) Half its original value 

(d) One-fourth its original value 

41. A certain amount of current when flowing in a properly set tangent 
galvanometer, produces a deflection of 45°. If the current be reduced 

by a factor of 3 , the deflection would 

[MP PMT 1996; DPMT 2005] 

(a) Decrease by 30° (b) Decrease by 15° 

(c) Increase by 15° (d) Increase by 30° 

42. Two normal uniform magnetic field contain a magnetic needle 

making an angle 60° with F. Then the ratio of 
H

F
 is  

[CPMT 1987; DPMT 2001] 

(a) 1 : 2 (b) 2 : 1 

(c) 1:3  (d) 3:1  

43. A short magnetic needle is pivoted in a uniform magnetic field of 

strength 1 T. When another magnetic field of strength T3  is 

applied to the needle in a perpendicular direction, the needle 

deflects through an angle , where  is  

[KCET 1999] 

(a) 30o (b) 45o  

(c) 90o  (d) 60o  

44. Two magnets are held together in a vibration magnetometer and are 
allowed to oscillate in the earth's magnetic field with like poles 
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together, 12 oscillations per minute are made but for unlike poles 
together only 4 oscillations per minute are executed. The ratio of 
their magnetic moments is 

[MP PMT 1996; CPMT 2002] 

(a) 3 : 1  (b) 1 : 3 

(c) 3 : 5 (d) 5 : 4  

45. To measure which of the following, is a tangent galvanometer used [MP PET 1997; CBSE PMT 2001] 

(a) Charge (b) Angle 

(c) Current (d) Magnetic intensity 

46. When 3 ampere current is passed in a tangent galvanometer, 

there is a deflection of 30° in it. The deflection obtained when 3 
amperes current is passed, is 

     [MP PMT 1997] 

(a) 30°  (b) 45° 

(c) 60° (d) 75° 

47. The period of oscillations of a magnetic needle in a magnetic field is 
1.0 sec. If the length of the needle is halved by cutting it, the time 
period will be   [MP PMT/PET 1998] 

(a) 1.0 sec (b) 0.5 sec 

(c) 0.25 sec (d) 2.0 sec 

48. The time period of a freely suspended magnet is 2 sec. If it is broken 
in length into two equal parts and one part is suspended in the 
same way, then its time period will be 

[MP PMT 1999] 

(a) 4 sec (b) 2 sec 

(c) sec2  (d)  1 sec 

49. The bob of a simple pendulum is replaced by a magnet. The 
oscillations are set along the length of the magnet. A copper coil is 
added so that one pole of the magnet passes in and out of the coil. 
The coil is short-circuited. Then which one of the following happens 

     [KCET 1994] 

(a) Period decreases 

(b) Period does not change 

(c) Oscillations are damped 

(d) Amplitude increases 

50. The period of oscillation of a vibration magnetometer depends on 
which of the following factors  [KCET 1994] 

(a) I and M only (b) M and H only 

(c) I and H only (d) I, M and H only 

where I is the moment of inertia of the magnet about the axis of 
suspension, M is the magnetic moment of the magnet and H is the 
external magnetic field 

51. The time period of oscillation of a bar magnet suspended 
horizontally along the magnetic meridian is T

0

. If this magnet is 
replaced by another magnet of the same size and pole strength but 
with double the mass, the new time period will be  [SCRA 1994; JIPMER 2001, 02] 

(a) 
2

0T
 (b) 

2

0T
 

(c) 02T  (d) 02T  

52. Two short magnets having magnetic moments in the ratio 27 : 8, 
when placed on opposite sides of a deflection magnetometer, 
produce no deflection. If the distance of the weaker magnet is 0.12 m 
from the centre of deflection magnetometer, the distance of the 
stronger magnet from the centre is    [EAMCET (Med.) 2000] 

(a) 0.06 m  (b) 0.08 m 

(c) 0.12 m  (d) 0.18 m  

53. The magnet of a vibration magnetometer is heated so as to reduce 
its magnetic moment by 19%. By doing this the periodic time of the 
magnetometer will  [MP PMT 2000, 01] 

(a) Increase by 19% (b) Decrease by 19% 

(c) Increase by 11% (d) Decrease by 21% 

54. A magnet makes 40 oscillations per minute at a place having 

magnetic field intensity of 0.1  10–5 T. At another place, it takes 
2.5 sec to complete one vibration. The value of earth’s horizontal 
field at that place is  

[AIIMS 2000; CPMT 2000; Pb PET 2002] 

(a) 0.25  10–6 T  (b) 0.36  10–6 T  

(c) 0.66  10–8 T  (d) 1.2  10–6 T  

55. A tangent galvanometer has a coil of 25 turns and radius of 
15 cm. The horizontal component of the earth’s magnetic 

field is 3  10 –5 T. The current required to produce a 
deflection of 45 o in it, is 

    [MP PMT 2000] 

(a) 0.29 A  (b) 1.2 A  

(c) 3.6  10–5 A  (d) 0.14 A  

56. The time period of a vibration magnetometer is T
0

. Its magnet is 

replaced by another magnet whose moment of inertia is 3 times and 
magnetic moment is 1/3 of the initial magnet. The time period now 
will be [MP PMT 2000] 

(a) 3T
0

 (b) T
0

  

(c) 3/0T  (d) T
0

/3 

57. The error in measuring the current with a tangent galvanometer is 
minimum when the deflection is about  

   [MP PET 2001] 

(a) 0o  (b) 30o  

(c) 45o  (d) 60o  

58. Before using the tangent galvanometer, its coil is set in  

[MP PMT 2001; CPMT 2005] 

(a) Magnetic meridian (or vertically north south) 

(b) Perpendicular to magnetic meridian 

(c) At angle of 45o to magnetic meridian  

(d) It does not require any setting  

59. The time period of a thin bar magnet in earth’s magnetic field is T. 

If the magnet is cut into two equal parts perpendicular to its length, 
the time period of each part in the same field will be    [MP PET 2001] 

(a) 
2

T
 (b) T  

(c) T2  (d) 2T  

60. A magnet freely suspended in a vibration magnetometer makes 10 

oscillations per minute at a place A and 20 oscillations per minute at 
a place B. If the horizontal component of earth’s magnetic field at A 

is ,1036 6 T  then its value at B is         [EAMCET (Med.) 2001] 

(a) 36  10–6 T  (b) 72  10–6 T  

(c) 144  10–6 T  (d) 288  10–6 T  

61. When 2 amperes current is passed through a tangent galvanometer, 
it gives a deflection of 30o. For 60o deflection, the current must be    [MP PMT 2001] 

(a) 1 amp  (b) amp32  

(c) 4 amp (d) 6 amp  
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62. Which of the following statement is not the true   

  [KCET (Engg./Med.) 2001] 

(a) While taking reading of tangent galvanometer, the plane of the 

coil must be set at right angles to the earth’s magnetic 
meridian 

(b) A short magnet is used in a tangent galvanometer since a long 
magnet would be heavy and may not easily move  

(c) Measurements with the tangent galvanometer will be more 
accurate when the deflection is around 45 o  

(d) A tangent galvanometer can not be used in the polar region  

63. The period of oscillations of a magnet is 2 sec. When it is 

remagnetised so that the pole strength is 4 times its period will be   [Kerala PMT 2002] 

(a) 4 sec  (b) 2 sec  

(c) 1 sec  (d) 1/2 sec  

64. When two magnetic moments are compared using equal distance 
method the deflections produced are 45 o and 30o. If the length of 
magnets are in the ratio 1 : 2, the ratio of their pole strengths is    [JIPMER 2002] 

(a) 3 : 1 (b) 3 : 2 

(c) 1:3  (d) 1:32  

65. The magnetic needle of a tangent galvanometer is deflected at an 
angle 30o due to a magnet. The horizontal component of earth’s 

magnetic field 0.34  10–4 T is along the plane of the coil. The 
magnetic intensity is  

[AIIMS 2000, 2002; BHU 2000; AFMC 2000;  

KCET (Engg./Med.) 1999] 

(a) 1.96  10–4 T  (b) 1.96  10–5 T  

(c) 1.96  104 T  (d) 1.96  105 T  

66. In a tangent galvanometer a current of 0.1 A produces a deflection of 
30o. The current required to produce a deflection of 60o is    [MP PET 2003] 

(a) 0.2 A (b) 0.3 A 

 (c) 0.4 A (c) 0.5 A 

67. A bar magnet is oscillating in the Earth’s magnetic field with a 
period T. What happens to its period and motion if its mass is 
quadrupled    [CBSE PMT 2003] 

(a) Motion remains S.H.M. with time period = 2T 

(b) Motion remains S.H.M. with time period = 4T 

(c) Motion remains S.H.M. and period remains nearly constant 

(d) Motion remains S.H.M. with time period 
2

T
  

68. A thin rectangular magnet suspended freely has a period of 

oscillation equal to T. Now it is broken into two equal halves (each 

having half of the original length) and one piece is made to oscillate 

freely in the same field. If its period of oscillation is T , then ratio 

T

T 
is   [AIEEE 2003]  

(a) 
4

1
 (b) 

22

1
  

(c) 
2

1
 (c) 2 

69. A bar magnet is oscillating in the earth's magnetic field with time 

period T. If its mass is increased four times then its time period will 

be     [J & K CET 2004] 

 (a) 4 T (b) 2 T 

 (c) T (d) T/2 

70. The length of a magnet is large compared to its width and breadth. 

The time period of its oscillation in a vibration magnetometer is 2 s. 

The magnet is cut along its length into three equal parts and three 

parts are then placed on each other with their like poles together. 

The time period of this combination will be     [AIEEE 2004] 

 (a) 2 s (b) 2/3 s 

 (c) s32  (d) s3/2  

71. A magnet oscillating in a horizontal plane has a time period of 2 

second at a place where the angle of dip is 30o and 3 seconds at 

another place where the angle of dip is 60o. The ratio of resultant 

magnetic fields at the two places is  

[Pb. PET 2001] 

 (a) 
7

34
 (b) 

39

4
 

 (c) 
34

9
 (d) 

3

9
 

72. Two identical bar magnets are placed on above  the other such that 

they are mutually perpendicular and bisect each other. The time 

period of this combination in a horizontal magnetic field is T. The 

time period of each magnet in the same field is    [CPMT 2005] 

 (a) T2  (b) T4

1

2  

 (c) T4

1

2


 (d) T2

1

2


 

73. The radius of the coil of a Tangent galvanometer. which has 10 turns 

is 0.1m. The current required to produce a deflection of 60° 

)104( 5 TBH
  is  [MP PET  2005] 

 (a) 3 A (b) 1.1 A  

 (c) 2.1 A (d) 1.5 A 
 

Magnetic Materials 
 

1. Magnets cannot be made from which of the following substances   [Bihar PET 1984] 

(a) Iron (b) Nickel 

(c) Copper (d) All of the above 

2. The magnetic moment of atomic neon is 

[NCERT 1984] 

(a) Zero (b) 2/B  

(c) B  (d) 2/3 B  

3. Which of the following is most suitable for the core of 
electromagnets    [AIIMS 1980; NCERT 1980;  

AFMC 1988; CBSE PMT 1990] 

(a) Soft iron (b) Steel 

(c) Copper-nickel alloy (d) Air 

4. Demagnetisation of magnets can be done by 

[DPMT 1984; CBSE PMT 1988] 

(a) Rough handling 

(b) Heating 

(c) Magnetising in the opposite direction 

(d) All the above 
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5. A ferromagnetic material is heated above its curie temperature. 
Which one is a correct statement  

     [MP PET 1995] 

(a) Ferromagnetic domains are perfectly arranged 

(b) Ferromagnetic domains becomes random 

(c) Ferromagnetic domains are not influenced 

(d) Ferromagnetic material changes itself into diamagnetic material 

6. If a diamagnetic substance is brought near north or south pole of a 
bar magnet, it is 

[EAMCET (Engg.) 1995; CBSE PMT 1999; AFMC 2003] 

(a) Attracted by the poles 

(b) Repelled by the poles 

(c) Repelled by the north pole and attracted by the south pole  

(d) Attracted by the north pole and repelled by the south pole 

7. The material of permanent magnet has 

[KCET 1994, 2003; AFMC 2004] 

(a) High retentivity, low coercivity 

(b) Low retentivity, high coercivity 

(c) Low retentivity, low coercivity 

(d) High retentivity, high coercivity 

8. The permanent magnet is made from which one of the following 
substances   [Bihar MEE 1995] 

(a) Diamagnetic (b) Paramagnetic 

(c) Ferromagnetic (d) Electromagnetic 

9. Temperature above which a ferromagnetic substance becomes 
paramagnetic is called 

[SCRA 1994; J & K CET 2004] 

(a) Critical temperature (b)  Boyle's temperature 

(c) Debye's temperature (d)  Curie temperature 

10. When a magnetic substance is heated, then it  

[AIIMS 1999] 

(a) Becomes a strong magnet 

(b) Losses its magnetism 

(c) Does not effect the magnetism 

(d) Either (a) or (c) 

11. The only property possessed by ferromagnetic substance is 

[KCET 1999] 

(a) Hysteresis  

(b) Susceptibility  

(c) Directional property  

(d) Attracting magnetic substances 

12. Substances in which the magnetic moment of a single atom is not 
zero, is known as     [AFMC 1999] 

(a) Diamagnetism  (b) Ferromagnetism  

(c) Paramagnetism (d) Ferrimagnetism 

13. Diamagnetic substances are    [AFMC 1999] 

(a) Feebly attracted by magnets  

(b) Strongly attracted by magnets  

(c) Feebly repelled by magnets  

(d) Strongly repelled by magnets  

14. The magnetic susceptibility is    [RPMT 1999] 

(a) 
H

I
  (b) 

H

B
   

(c) 
V

M
  (d) 

H

M
  

15. Which of the following statements are true about the magnetic 

susceptibility m  of paramagnetic substance  

  [Roorkee 1999] 

(a) Value of m  is inversely proportional to the absolute 

temperature of the sample  

(b) 
m

 is positive at all temperature  

(c) m  is negative at all temperature 

(d) m  does not depend on the temperature of the sample 

16. Relative permeability of iron is 5500, then its magnetic susceptibility 
will be  [KCET 2000; Kerala PMT 2004] 

(a) 5500  107  (b) 5500  10–7  

(c) 5501  (d) 5499  

17. An example of a diamagnetic substance is  

[KCET 2000] 

(a) Aluminium (b) Copper 

(c) Iron (d) Nickel 

18. The use of study of hysteresis curve for a given material is to 
estimate the    [KCET (Engg./Med.) 2000] 

(a) Voltage loss  (b) Hysteresis loss 

(c) Current loss (d) All of these  

19. Magnetic permeability is maximum for   

[AIIMS 2000; MH CET 2003; DPMT 2003] 

(a) Diamagnetic substance (b) Paramagnetic substance  

(c) Ferromagnetic substance  (d) All of these  

20. If a diamagnetic solution is poured into a U-tube and one arm of 

this U-tube placed between the poles of a strong magnet with the 
meniscus in a line with the field, then the level of the solution will    [AMU 1999, 2000] 

(a) Rise (b) Fall 

(c) Oscillate slowly (d) Remain as such 

21. The relative permeability is represented by 
r

 and the susceptibility 

is denoted by  for a magnetic substance. Then for a paramagnetic 
substance  

[KCET (Engg./Med.) 2001] 

(a) 
r

 < 1,  < 0 (b) 
r

 < 1,  > 0 

(c) 
r

 > 1,  < 0 (d) 
r

 > 1,  > 0 

22. Which of the following is true    [BHU 2001] 

(a) Diamagnetism is temperature dependent  

(b) Paramagnetism is temperature  dependent  

(c) Paramagnetism is temperature independent 

(d) None of these  

23. The magnetic susceptibility does not depend upon the temperature 
in    [CBSE PMT 2001] 

(a) Ferrite substances  (b) Ferromagnetic substances  

(c) Diamagnetic substances (d) Paramagnetic substances 

24. Identify the paramagnetic substance   [KCET 2001] 

(a) Iron (b) Aluminium  

(c) Nickel (d) Hydrogen  

25. If a magnetic substance is kept in a magnetic field, then which of 
the following is thrown out   [DCE 1999, 2001] 
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(a) Paramagnetic  (b) Ferromagnetic  

(c) Diamagnetic  (d) Antiferromagnetic  

26. If the angular momentum of an electron is J  then the magnitude 

of the magnetic moment will be [MP PET 2002] 

(a) 
m

eJ
 (b) 

m

eJ

2
 

(c) eJ 2m  (d) 
eJ

m2
 

27. The magnetic susceptibility is negative for  [AIEEE 2002] 

(a) Paramagnetic materials  

(b) Diamagnetic materials  

(c) Ferromagnetic materials 

(d) Paramagnetic and ferromagnetic materials  

28. The universal property of all substances is  [CPMT 2002] 

(a) Diamagnetism (b) Ferromagnetism 

(c) Paramagnetism  (d) All of these  

29. Which of the following statements is incorrect about hysteresis    [UPSEAT 2002] 

(a) This effect is common to all ferromagnetic substances  

(b) The hysteresis loop area is proportional to the thermal energy 
developed per unit volume of the material  

(c) The hysteresis loop area is independent of the thermal energy 
developed per unit volume of the material  

(d) The shape of the hysteresis loop is characteristic of the material  

30. Curies law can be written as  

[MH CET 2002; CBSE PMT 2003] 

(a) )( cTT   (b) 
cTT 


1

  

(c) 
T

1
  (d) T  

31. A superconductor exhibits perfect   [KCET 2002] 

(a) Ferrimagnetism (b) Ferromagnetism  

(c) Paramagnetism  (d) Diamagnetism  

32. A small rod of bismuth is suspended freely between the poles of a 
strong electromagnet. It is found to arrange itself at right angles to 
the magnetic field. This observation establishes that bismuth is     [Kerala 2002] 

(a) Diamagnetic  (b) Paramagnetic 

(c) Ferri-magnetic  (d) Antiferro-magnetic  

33. A diamagnetic material in a magnetic field moves  

[Pb. PMT 1999; AIIMS 2000; MH CET 2000; CBSE PMT 2003] 

(a) From weaker to the stronger parts of the field  

(b) Perpendicular to the field  

(c) From stronger to the weaker parts of the field 

(d) In none of the above directions 

34. Curie temperature is the temperature above which 

[DCE 2002; AIEEE 2003] 

(a) A paramagnetic material becomes ferromagnetic  

(b) A ferromagnetic material becomes paramagnetic 

(c) A paramagnetic material becomes diamagnetic  

(d) A ferromagnetic material becomes diamagnetic  

35. A frog can be deviated in a magnetic field produced by a current in 

a vertical solenoid placed below the frog. This is possible because 

the body of the frog behaves as 

[AIIMS 2003] 

(a) Paramagnetic  (b) Diamagnetic  

(c) Ferromagnetic  (d) Antiferromagnetic  

36. Which one of the following is a non-magnetic substance  

[MP PET 2004] 

(a) Iron (b) Nickel 

(c) Cobalt (d) Brass 

37. Liquid oxygen remains suspended between two pole faces of a 
magnet because it is     [AIIMS 2004] 

(a) Diamagnetic (b) Paramagnetic 

(c) Ferromagnetic (d) Antiferromagnetic 

38. Curie-Weiss law is obeyed by iron at a temperature ...... 

[KCET 2004] 

(a) Below Curie temperature (b) Above Curie temperature 

(c) At Curie temperature only (d) At all temperatures 

39. The materials suitable for making electromagnets should have     [AIEEE 2004] 

(a) High retentivity and high coercivity 

(b) Low retentivity and low coercivity 

(c) High retentivity and low coercivity  

(d) Low retentivity and high coercivity 

40. The given figure represents a material which is  

[Orissa PMT 2004] 

  

 

 

 

(a) Paramagnetic (b) Diamagnetic 

(c) Ferromagnetic (d) None of these 

41. For an isotropic medium B, , H and M are related as (where 

HB ,, 0  and M have their usual meaning in the context of 

magnetic material    [Pb. PMT 2004] 

(a) HMB 0)(   (b) )(0 MHM    

(c) )(0 MHH    (d) )(0 MHB    

42. The magnetic susceptibility of any paramagnetic material changes 

with absolute temperature T as    

[UPSEAT 2004; DCE 2005] 

(a) Directly proportional to T 

(b) Remains constant 

(c) Inversely proportional to T 

(d) Exponentially decaying with T 

43. When a piece of a ferromagnetic substance is put in a uniform 

magnetic field, the flux density inside it is four times the flux density 

away from the piece. The magnetic permeability of the material is    [UPSEAT 2004] 

(a) 1 (b) 2 

(c) 3 (d) 4 

44. Which of the following is diamagnetism  [DCE 2002] 

(a) Aluminium (b) Quartz 
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(c) Nickel (d) Bismuth 

45. If a ferromagnetic material is inserted in a current carrying solenoid, 

the magnetic field of solenoid  [DCE 2004] 

(a) Largely increases (b) Slightly increases 

(c) Largely decreases (d) Slightly decreases 

46. In the hysteresis cycle, the value of H needed to make the intensity 

of magnetisation zero is called  [DCE 2004] 

(a) Retentivity (b) Coercive force 

(c) Lorentz force (d) None of the above 

47. If the magnetic dipole moment of an atom of diamagnetic material, 

paramagnetic material and ferromagnetic material denoted by 

fpd  ,, respectively then [CBSE PMT 2005] 

(a) 0  and  0  fd   (b) 0  and  0  fp   

(c) 0  and  0  pd   (d) 0  and  0  pd   

48. Among the following properties describing diamagnetism identify  

the property that is wrongly stated  [KCET 2005] 

(a) Diamagnetic material do not have permanent magnetic 

moment 

(b) Diamagnetism is explained in terms of electromagnetic 

induction 

(c) Diamagnetic materials have a small positive susceptibility 

(d) The magnetic moment of individual electrons neutralize each 

other 

49. Susceptibility of ferromagnetic substance is 

[Orissa JEE 2005] 

(a) > 1 (b) < 1 

(c) 0 (d) 1 

50. When a ferromagnetic material is heated to temperature above its 

Curie temperature, the material [UPSEAT 2005] 

(a) Is permanently magnetized 

(b) Remains ferromagnetic 

(c) Behaves like a diamagnetic material 

(d) Behaves like a paramagnetic material 

 

 

 

 

 

 

1. Two identical magnetic dipoles of magnetic moments 1.0 A-m2 each, 

placed at a separation of 2m with their axis perpendicular to each 

other. The resultant magnetic field at a point midway between the 

dipoles is  [Roorkee 1995] 

(a) T7105   (b) T7105   

(c) T710   (d) None of these 

2. Two short magnets placed along the same axis with their like poles 

facing each other repel each other with a force which varies 

inversely as 

(a) Square of the distance 

(b) Cube of the distance 

(c) Distance 

(d) Fourth power of the distance 

3. Two identical short bar magnets, each having magnetic moment M, 

are placed a distance of 2d apart with axes perpendicular to each 

other in a horizontal plane. The magnetic induction at a point 

midway between them is  

[IIT-JEE (Screening) 2000] 

(a) 
3

0 )2(
4 d

M




 (b) 

3

0 )3(
4 d

M




   

(c) 
3

02

d

M












 (d) 

3

0 )5(
4 d

M




 

4. If a magnet is suspended at an angle 30o to the magnetic meridian, it 

makes an angle of 45o with the horizontal. The real dip is    

(a) )2/3(tan 1  (b) )3(tan 1  

(c) )2/3(tan 1  (d) )3/2(tan 1  

5. A short bar magnet with its north pole facing north forms a neutral 
point at P in the horizontal plane. If the magnet is rotated by 90o in 
the horizontal plane, the net magnetic induction at P is (Horizontal 

component of earth’s magnetic field = HB )       [EAMCET (Engg.) 2000] 

(a) 0 (b) 2 B
H

   

(c) HB
2

5
 (d) HB5  

6. The true value of angle of dip at a place is 60o, the apparent dip in a 
plane inclined at an angle of 30o with magnetic meridian is    [AIEEE 2002] 

(a) 
2

1
tan 1  (b) )2(tan 1     

(c) 








3

2
tan 1  (d) None of these  

7. A vibration magnetometer consists of two identical bar magnets 

placed one over the other such that they are perpendicular and 

bisect each other. The time period of oscillation in a horizontal 

magnetic field is 4/52 seconds. One of the magnets is removed and 

if the other magnet oscillates in the same field, then the time period 

in seconds is    [EAMCET (Med.) 2003] 

(a) 4/12  (b) 2/12    

(c) 2 (d) 4/32  

8. In a vibration magnetometer, the time period of a bar magnet 

oscillating in horizontal component of earth's magnetic field is 2 sec. 

When a magnet is brought near and parallel to it, the time period 

reduces to 1 sec. The ratio H/F of the horizontal component H and 

the field F due to magnet will be [MP PMT 1990; Pb PET 2000] 

(a) 3  (b) 3/1  

(c) 3  (d) 3/1  

9. A cylindrical rod magnet has a length of 5 cm and a diameter 

of 1 cm. It has a uniform magnetisation of 5.30 ×  10 3Amp/m3 . 

What its magnetic dipole moment  

(a) TJ /101 2  (b) TJ /1008.2 2  
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(c) TJ /1008.3 2  (d)  TJ /1052.1 2  

10. Two magnets of equal mass are joined at right angles to each other 

as shown the magnet 1 has a magnetic moment 3 times that of 

magnet 2. This arrangement is pivoted so that it is free to rotate in 

the horizontal plane. In equilibrium what angle will the magnet 1 

subtend with the magnetic meridian 

(a) 








2

1
tan 1

 

(b) 








3

1
tan 1

 

(c) )1(tan 1
 

(d)  0° 

11. The dipole moment of each molecule of a paramagnetic gas is 

1.5  10 –2 3 amp  m2. The temperature of gas is 27 oC and the 

number of molecules per unit volume in it is 2  10 2 6 m–3 . The 

maximum possible intensity of magnetisation in the gas will be 

(a) 3  103 amp/m  (b) 4  10–3 amp/m  

(c) 5  105 amp/m  (d) 6  10–4 amp/m  

12. Two magnets A and B are identical and these are arranged as shown 

in the figure. Their length is negligible in comparison to the 

separation between them. A magnetic needle is placed between the 

magnets at point P which gets deflected through an angle   under 

the influence of magnets. The ratio of distance 1d  and 2d  will be  

(a) 3/1)tan2(    

(b) 3/1)tan2(   

(c) 3/1)cot2(   

(d) 3/1)cot2(   

13. Two short magnets of equal dipole moments M are fastened 
perpendicularly at their centre (figure). The magnitude of the 
magnetic field at a distance d from the centre on the bisector of the 
right angle is 

(a) 
3

0

4 d

M




  

(b) 
3

0 2

4 d

M




 

(c) 
3

0 22

4 d

M




 

(d)  
3

0 2

4 d

M




 

14. A small coil C with N = 200 turns is mounted on one end of a 
balance beam and introduced between the poles of an electromagnet 
as shown in figure. The cross sectional area of coil is A= 1.0 cm2, 

length of arm OA of the balance beam is .30 cml   When there is 

no current in the coil the balance is in equilibrium. On passing a 
current I = 22 mA through the coil the equilibrium is restored by 

putting the additional counter weight of mass mgm 60  on the 

balance pan. Find the magnetic induction at the spot where coil is 
located.  

 

 

 

 

 

 

(a) 0.4 T (b) 0.3 T 

(c) 0.2 T (d) 0.1 T 

15. Two identical bar magnets with a length 10 cm and weight 50 gm-
weight are arranged freely with their like poles facing in a inverted 
vertical glass tube. The upper magnet hangs in the air above the 
lower one so that the distance between the nearest pole of the 
magnet is 3mm. Pole strength of the poles of each magnet will be  
 

(a) 6.64 amp  m  

(b) 2 amp  m 

(c) 10.25 amp  m 

(d) None of these 

16. If 1  and 2  be the angles of dip observed in two vertical planes 

at right angles to each other and  be the true angle of dip, then 

(a) 2
2

1
22 coscoscos    

(b) 2
2

1
22 secsecsec    

(c) 2
2

1
22 tantantan     

(d) 2
2

1
22 cotcotcot    

17. Each atom of an iron bar )115( cmcmcm   has a magnetic 

moment .108.1 223 Am  Knowing that the density of iron is 

,1078.7 33 mkg  atomic weight is 56 and Avogadro's  number is 

231002.6   the magnetic moment of bar in the state of magnetic 
saturation will be  

(a) 275.4 Am  (b) 274.5 Am  

(c) 254.7 Am  (d) 24.75 Am  

18. An iron rod of volume 3410 m  and relative permeability 1000 is 

placed inside a long solenoid wound with 5 turns/cm. If a current of 
0.5 A is passed through the solenoid, then the magnetic moment of 
the rod is  

(a) 210 Am  (b) 215 Am  

(c) 220 Am  (d) 225 Am  

19. A bar magnet has coercivity .104 13  Am  It is desired to 

demagnetise it by inserting it inside a solenoid 12 cm long and 
having 60 turns. The current that should be sent through the 
solenoid is  

(a) 2 A  (b) 4 A 

(c) 6 A  (d) 8 A 

90° 

(1) (2) 

m1  

S 

N N 

S 

m2 

N 

S N 

P 

d 

S 

A 

O 

M 

N 

d1 d2 

P  

S N 

S 

N 

N 

S 

S 

N 
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20. A magnet is suspended in the magnetic meridian with an untwisted 
wire. The upper end of wire is rotated through 180 o to deflect the 
magnet by 30o from magnetic meridian. When this magnet is 
replaced by another magnet, the upper end of wire is rotated 
through 270o to deflect the magnet 30o from magnetic meridian. The 
ratio of magnetic moments of magnets is  

(a) 1 : 5 (b) 1 : 8 

(c) 5 : 8 (d) 8 : 5 

21. A dip needle vibrates in the vertical plane perpendicular to the 

magnetic meridian. The time period of vibration is found to be 
2 seconds. The same needle is then allowed to vibrate in the 
horizontal plane and the time period is again found to be 2 
seconds. Then the angle of dip is 

(a) 0o (b) 30o 

(c) 45o (d) 90o 

22. The unit for molar susceptibility is 

(a) m3  (b) kg-m–3   

(c) kg–1 m3  (d) No units 

23. A short magnet oscillates with a time period 0.1 s at a place where 

horizontal magnetic field is .24 T  A downward current of 18 A is 

established in a vertical wire 20 cm east of the magnet. The new 

time period of oscillator 

(a) 0.1 s (b) 0.089 s  

(c) 0.076 s (d) 0.057 s  

24. A dip needle lies initially in the magnetic meridian when it shows an 

angle of dip  at a place. The dip circle is rotated through an angle 

x in the horizontal plane and then it shows an angle of dip   . 

Then 




tan

tan 
 is   

(a) 
xcos

1
 (b) 

xsin

1
 

(c) 
xtan

1
 (d) xcos   

25. A dip circle is adjusted so that its needle moves freely in the 

magnetic meridian. In this position, the angle of dip is 40°. Now the 

dip circle is rotated so that the plane in which the needle moves 

makes an angle of 30° with the magnetic meridian. In this position 

the needle will dip by an angle 

[DCE 2005] 

(a) 40° (b) 30° 

(c) More than 40° (d) Less than 40°  

 

 

 

 

 

1. For substances hysteresis (B - H) curves are given as shown in 
figure. For making temporary magnet which of the following is best. 

 

 (a)   (b) 

 

 

 

 

 (c)  (d) 

 

 

 

 

2. A curve between magnetic moment and temperature of magnet is 

 

(a)  (b) 

 

 

 

 

(c)  (d) 

 

 

3. The variation of magnetic susceptibility )( with temperature for a 

diamagnetic substance is best represented by  

 

(a)  (b) 

 

 

 

(c)  (d) 

 

 

 

4. The variation of magnetic susceptibility )( with magnetising field 

for a paramagnetic substance is   

 

(a)  (b) 

 

 

 

(c)  (d) 

 

 

 

5. The variation of magnetic susceptibility )( with absolute 

temperature T for a ferromagnetic material is  

 

(a)  (b) 

 

 

 

(c)  (d) 
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B 

H 

B 

H 

B 
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B 
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T O 

 

T O 
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T O 
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6. The relative permeability )( r  of a ferromagnetic substance varies 

with temperature (T) according to the curve 

 

 

 

 

 

 

(a) A (b) B 

(c) C (d) D 

7. The basic magnetization curve for a ferromagnetic material is shown 

in figure. Then, the value of relative permeability is highest for the 

point 

 

 

 

 

 

 

 

(a) P (b) Q 

(c) R (d) S 

8. Which curve may best represent the current deflection in a tangent 

galvanometer 

 

 

 

 

 

(a) A (b) B 

(c) C (d) D 

9. Some equipotential surfaces of the magnetic scalar potential are 

shown in the figure. Magnetic field at a point in the region is  

 

 

 

 

 

(a) T410  (b) T4102   

(c) T4105.0   (d) None of these 

10. The T/1 graph for an alloy of paramagnetic nature is shown in 

Fig. The curie constant is, then  

 

 

 

 

 

 

 

(a) 57 K (b) K3108.2    

(c) 570 K (d) K3105.17   

11. The figure illustrate how B, the flux density inside a sample of 
unmagnetised ferromagnetic material varies with B

0

, the magnetic 
flux density in which the sample is kept. For the sample to be 
suitable for making a permanent magnet  

 [AMU 2001] 

 

 

 

 

 
 

(a) OQ should be large, OR should be small  

(b) OQ and OR should both be large 

(c) OQ should be small and OR should be large 

(d) OQ and OR should both be small  

12. The variation of the intensity of magnetisation (I) with respect to 
the magnetising field (H) in a diamagnetic substance is described by 
the graph   [KCET 2002] 

 

 

 

 

 

 

(a) OD (b) OC  

(c) OB (d) OA 

13. For ferromagnetic material, the relative permeability )( r , versus 

magnetic intensity (H) has the following shape 

 

(a)  (b) 

 

 

 

 

(c)  (d) 

 

 

 

14. The most appropriate magnetization M versus magnetising field H 
curve for a paramagnetic substance is  
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(a) A (b) B  

(c) C (d) D  

 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  :  We cannot think of magnetic field configuration 

with three poles. 

Reason  : A bar magnet does exert a torque on itself due to 

its own field.   [AIIMS 2002] 

2. Assertion  :  The poles of magnet cannot be separated by 

breaking into two pieces. 

 Reason  : The magnetic moment will be reduced to half when 

a magnet is broken into two equal pieces.[SCRA 1994] 

3. Assertion  :  Basic difference between an electric line and 

magnetic line of force is that former is 

discontinuous and the latter is continuous or 

endless. 

 Reason  : No electric lines of forces exist inside a charged 

body but magnetic lines do exist inside a magnet.  

4. Assertion  :  Magnetic moment of an atom is due to both, the 

orbital motion and spin motion of every electron. 

Reason  : A charged particle produces a magnetic field. 

5. Assertion  :  When radius of circular loop carrying current is 

doubled, its magnetic moment becomes four times. 

Reason  : Magnetic moment depends on area of the loop. 

6. Assertion  :  The earth’s magnetic field is due to iron present in 

its core. 

Reason  : At a high temperature magnet losses its magnetic 
property or magnetism. 

7. Assertion  :  A compass needle when placed on the magnetic 

north pole of the earth rotates in vertical direction. 

Reason  : The earth has only horizontal component of its 
magnetic field at the north poles. 

8. Assertion  :  The tangent galvanometer can be made more 

sensitive by increasing the number of turns of its 

coil. 

Reason  : Current through galvanometer is proportional to 

the number of turns of coil. 

9. Assertion  :  The ferromagnetic substance do not obey Curie’s 
law. 

Reason  : At Curie point a ferromagnetic substance start 
behaving as a paramagnetic substance. 

10. Assertion  :  The properties of paramagnetic and ferromagnetic 
substance are not effected by heating. 

Reason  : As temperature rises, the alignment of molecular 
magnets gradually decreases. 

11. Assertion  :  Soft iron is used as transformer core. 

Reason  : Soft iron has narrow hysteresis loop. 

12. Assertion  :  Magnetism is relativistic. 

Reason  : When we move along with the charge so that there 

is no motion relative to us, we find no magnetic 
field associated with the charge. 

13. Assertion  :  The earth’s magnetic field does not affect the 

working of a moving coil galvanometer. 

Reason  : Earth’s magnetic field is very weak. 

14. Assertion  :  A paramagnetic sample display greater 
magnetisation (for the same magnetising field) 
when cooled. 

Reason  : The magnetisation does not depend on 
temperature. 

15. Assertion  :  Electromagnets are made of soft iron. 

Reason  : Coercivity of soft iron is small. 

16. Assertion  :  To protect any instrument from external magnetic 
field, it is put inside an iron body. 

Reason  : Iron is a magnetic substance. 

17. Assertion  :  When a magnet is brought near iron nails, only 
translatory force act on it. 

Reason  : The field due to a magnet is generally uniform. 

18. Assertion  :  When a magnetic dipole is placed in a non uniform 
magnetic field, only a torque acts on the dipole. 

Reason  : Force would also acts on dipole if magnetic field 
were uniform. 

19. Assertion  :  Reduction factor (K) of a tangent galvanometer 
helps in reducing deflection to current. 

Reason  : Reduction factor increases with increase of current. 

20. Assertion  :  The susceptibility of diamagnetic materials does not 
depend upon temperature. 

Reason  : Every atom of a diamagnetic material is not a 

complete magnet in itself. 

21. Assertion  :  The permeability of a ferromagnetic material is 

independent of the magnetic field. 

Reason  : Permeability of a material is a constant quantity. 

22. Assertion  :  For a perfectly diamagnetic substance permeability 
is always one. 

Reason  : The ability of a material of permit the passage of 
magnetic lines of force through it is called magnetic 
permeability. 

23. Assertion  :  Gauss theorem is not applicable in magnetism. 

Reason  : Mono magnetic pole does not exist. 

24. Assertion  :  Magnetic moment of helium atom is zero. 

Reason  : All the electron are paired in helium atom orbitals. 

25. Assertion  :  For making permanent magnets, steel is preferred 
over soft iron. 

Reason  : As retentivity of steel is smaller.  
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Magnet and It's Properties 

 

1 b 2 d 3 c 4 d 5 b 

6 d 7 b 8 c 9 c 10 a 

11 c 12 d 13 c 14 b 15 a 

16 a 17 b 18 c 19 d 20 b 

21 a 22 c 23 c 24 d 25 d 

26 d 27 a 28 a 29 b 30 a 

31 a 32 b 33 a 34 c 35 c 

36 b 37 b 38 c 39 b 40 c 

41 c 42 b 43 a 44 d 45 d 

46 b 47 d 48 a 49 a 50 d 

51 c 52 b 53 b 54 c 55 b 

56 b 57 c 58 b 59 c 60 b 

61 b 62 d 63 a 64 a 65 c 

66 b 67 b 68 b 69 a 70 b 

71 c 72 b 73 c 74 d 75 d 

76 a 77 d 78 c 79 d 80 a 

81 a 82 b 83 a 84 b 85 a 

86 b 87 a 88 a 89 d 90 b 

91 d 92 c       

 
 

Earth Magnetism 
 

1 b 2 d 3 b 4 a 5 c 

6 c 7 d 8 d 9 b 10 a 

11 c 12 a 13 d 14 d 15 c 

16 c 17 a 18 d 19 b 20 e 

21 b 22 d 23 a 24 d 25 b 

26 d 27 a 28 a 29 d 30 b 

31 d 32 a 33 c 34 a 35 a 

36 c 37 a 38 d 39 a 40 a 

41 a 42 c 43 c 44 c 45 a 

46 b 47 c 48 a 49 a 50 c 

51 b 52 c 53 b 54 d 55 c 

56 a 57 a 58 b 59 a   

 

Magnetic Equipments 
 

1 d 2 c 3 a 4 b 5 d 

6 d 7 a 8 c 9 c 10 b 

11 c 12 a 13 a 14 a 15 b 

16 b 17 b 18 d 19 b 20 c 

21 c 22 c 23 c 24 c 25 a 

26 a 27 c 28 a 29 a 30 a 

31 b 32 d 33 b 34 d 35 a 

36 c 37 b 38 d 39 b 40 a 

41 b 42 d 43 d 44 d 45 c 

46 b 47 b 48 d 49 c 50 d 

51 c 52 d 53 c 54 b 55 a 

56 a 57 c 58 a 59 a 60 c 

61 d 62 a 63 c 64 d 65 b 

66 b 67 a 68 c 69 b 70 b 

71 c 72 c 73 b     

 

Magnetic Materials 
 

1 c 2 a 3 a 4 d 5 b 

6 b 7 d 8 c 9 d 10 b 

11 a 12 c 13 c 14 a 15 ab 

16 d 17 b 18 b 19 c 20 b 

21 d 22 b 23 c 24 b 25 c 

26 b 27 b 28 a 29 c 30 c 

31 d 32 a 33 c 34 b 35 b 

36 d 37 b 38 b 39 c 40 b 

41 d 42 c 43 d 44 d 45 a 

46 b 47 c 48 c 49 a 50 d 

 
 

 

Critical Thinking Questions 
 

1 b 2 d 3 d 4 a 5 d 

6 b 7 c 8 b 9 b 10 b 

11 a 12 c 13 c 14 a 15 a 

16 d 17 c 18 d 19 d 20 c 

21 c 22 a 23 c 24 a 25 c 

 

Graphical Questions 
 

1 d 2 c 3 b 4 a 5 a 

6 c 7 b 8 b 9 b 10 a 

11 b 12 b 13 d 14 a   

 

Assertion and Reason 
 

1 d 2 b 3 a 4 c 5 b 

6 e 7 d 8 b 9 b 10 e 

11 a 12 a 13 a 14 c 15 a 

16 a 17 d 18 d 19 c 20 c 

21 d 22 e 23 a 24 a 25 b 
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Magnet and it's Properties 
 

1. (b) On bending a rod it’s pole strength remains unchanged where 
as its magnetic moment changes. 

New magnetic moment 


ML
mRmM

22
)2( 








  

 
 
 
 

2. (d)  

3. (c) 
3

0

3

0

2

2

4 d

M

d

M
Ba








  

4. (d)  
5. (b) If cut along the axis of magnet of length l, then new pole 

strength 
2

m
m  and new length ll   

New magnetic moment 
222

Mml
l

m
M   

 
 
 
 

If cut perpendicular to the axis of magnet, then new pole 

strength mm   and new length, 2/ll   

 New magnetic moment 
222

Mmll
mM   

S 

L 

N 

S N 
 L' = 2R 

 

S N S N 



 

 Magnetism 1275 

6. (d) For a magnet 
3

0 2
.

4 x

M
B




           (Nearly) 

 
8

1

2

33

2

1

2

1 























x

x

x

x

B

B
 (Approx.) 

7. (b) For each part 
2

m
m   

 

 

 

 

8. (c) 

2

2

2
2

22
1

22
2

2

1

2

1

100

400

20

10

1

5.12






































l

l

ld

ld

d

d

B

B
 

 cml 5  

 Hence length of magnet cml 102   

9. (c) 1:2;.
2

2

1

3231 
B

B

d

M
B

d

M
B   

10. (a)  

11. (c) 
2

1
15.0102548sin 2   MB mN  9.0  

12. (d) 
3231

2

y

M
Band

x

M
B    

As 21 BB   

Hence 3/1

3

3

33
2or2or

2


y

x

y

x

y

M

x

M
 

13. (c) Work done  cos1 HMBW  

    323
2

3
1630cos13.020 














  

14. (b) Magnetic intensity on end side-on position is twice than broad 

side on position.  

15. (a) Along the axis of magnet guass
X

M
Ba 200

2
3
  

 guass
X

M
Ba 100

3
  

16. (a) 

17. (b) 

18. (c) 

19. (d) Provided length of magnet is <<the distance.  

20. (b) Permeability of soft iron is maximum, so maximum lines of 
force tries to pass through the soft iron.  

21. (a) Plane of coil is having angle   with the magnetic field.  

 )90sin(   MB  or  cosniAB      [As M =niA] 

22. (c) 
1

2731
33

1

2

2

1

3

























x

x

x

x

B

B

x
B  

23. (c) For null deflection 
125

64

50

40
33

2

1

2

1 























d

d

M

M
 

24. (d) 

25. (d) 






 


4

0 6

4 d

MM
F




in end-on position.  

26. (d) Work done )cos(cos 21  MB  

 o01  and o1802   

   MBMBW 2180cos0cos   

27. (a) Pole strength doesn’t depend upon the length.  

28. (a) Torque  sinHMB  

 
2

1
41030sin104101.0 733    o  

 mN  7102  

29. (b) Number of lines of force passing through per unit area 
normally is intensity of magnetic field, hence option (c) is 
incorrect. The correct option is (b). 

30. (a) Flux 2/; mWeber
A

Flux
BAB   

31. (a)  

32. (b) 
2

d

m
B  in C.G.S. system.  

33. (a) )60cos0(cos)cos(cos 21
ooMBMBW    

 
22

1
1

MB
MB 








  

 and 
2

3
60sinsin MBMBMB o    

 W
MB

33
2









   

34. (c)  

 

 

 
 

Pole strength of each part =m 

Magnetic moment of each part  

2

M
mLLmM     

35. (c)  

 

 

 

 

 

.22 mlMMnet   

36. (b)  
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37. (b) 
2

21

r

mm
F   

38. (c) 
 

 
N

r

m
F 7

2

27

2

2
7 10

1

110
10 


   

39. (b) 
2

30sinsin
MH

MHMH o    

40. (c) 

41. (c) 






 


4

0 6

4 d

MM
F




 in end-on position between two small 

magnets.  

 
 

NF 6.0
1.0

10106
10

4

7 












 
 

 

42. (b) 

43. (a)  sinHMB  or 



cosHMB

d

d
  

This will be maximum. when 
.0o  

44. (d)   ooMBW 360and0;coscos 2121   0W  

45. (d) 

46. (b) MBMBMBW oo  )01()90cos0(cos1  

  
22

1
1)60cos0(cos2

MB
MBMBW oo 








  

 22 21  nWW  

47. (d) In magnetic dipole, force 
4

1

r
  

Hence new force N3.0
16

8.4

2

8.4
4

  

48. (a) Magnetic moment of bar TJM /10 4  

 TB 5104   

 Hence work done BMW .  

 Jo 2.060cos10410 54    

49. (a) 

50. (d) 

51. (c) 
 

mAN
d

M
B 


  /102

5.0

25.12
10

2

4

6

3

7

3

0




 

52. (b) 

53. (b)  

 

 

 

 

54. (c) 

55. (b) o
H MMB 30sin16.0032.0sin    

 teslaJM /4.0  

56. (b) 
3

0

4 r

M
Bequatorial




  

57. (c) Inside a magnet, magnetic lines of force move form south pole 
to north pole.  

58. (b) Magnetic moment of circular loop carrying current 

  
I

M
L

ILL
IRIIAM






4

42

22

2 







  

59. (c)   

60. (b) Concept of magnetic screening.  

61. (b) Repulsion is the sure test of magnetism.  

62. (d)  

63. (a)  

64. (a) 245
max 4.010104 mAMMMBC    

65. (c) Magnetic flux Tesla
m

Weber

A
BBA 

2


  

66. (b)  
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67. (b) Suppose magnetic field is zero at point P. Which lies at a 
distance x from 10 unit pole. Hence at P  

 

 

 

 

 
 

cmx
xx

10
30

40
.

4

10
.

4 2

0

2

0 










 

 So from stronger pole distance is 20 cm. 

68. (b)    sinsin BmLMB   

     45sin102)101040( 42  

   mN  310565.0  

69. (a) Potential energy cosMBU   

 )180at(max
oMHU    

70. (b)  sinMB  

 .2530sin25.0200 mN   

71. (c) If pole strength, magnetic moment and length of each part are  

Mm , and L respectively then  

 

 

 

   
2

m
m    mm   

   LL    
2

L
L   

  
2

M
M    

2

M
M   

72. (b) )ˆ3ˆ5.0(ˆ50 jiiBM    

   .ˆ150ˆˆ150 mNkji   

73. (c)  sinsin  MB  

10 unit 40 unit 

x (30 – x) 

30 cm 

P 

S N N S 

Q 

N 

P 

S 

S 

N 

 

M 
 

Mnet 

 

M 
 

S N 
N 

S 

S N 

S 

N 
P 
• 

B2 

B1 Bnet 

1 

2 
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22

1

2

1

sin

90sin

2/sin

sin












  

 o30
2

1
sin 22    

  angle of rotation  60300Å    

74. (d) 

75. (d) B
L

M
FmBF   

 .1.0102
3

106 54 mL
L

   

76. (a)  sin)(sin BmLMB   

 30sin105)105(1025 226   m  

 mAm  2102 . 

77. (d) 

78. (c) Monopole do not exists.  

79. (d) 

80. (a) 

81. (a)  

 

 

 

 

82. (b) );cos1(  MBW where o180  

 JWMBW 23 102105222    

83. (a) Torque on a bar magnet in earths magnetic field (B
H

) is 

.sin HMB   will be maximum if sin  = maximum i.e.  

= 90o. Hence axis of the magnet is perpendicular to the field of 

earth.  

84. (b)  

85. (a) Both points A and B lying on the axis of the magnet and on 

axial position  

3

1

d
B    

1

8

24

48
33

























A

B

B

A

d

d

B

B
 

86. (b) JMBW o 2.0)90cos1(1.02)cos1(    

87. (a) 22 4.010104 mAmLM    

88. (a) Similar to solution (1) 

New magnetic moment 

2
2

1.0
14.3

104.315.0222
' mamp

mLM
M 







 

89. (d) Magnetic potential at a distance d from the bar magnet on it's 
axial line is given by  

2

0 .
4 d

M
V




   MV    

2

1

2

1

M

M

V

V
  

 
4/2 M

M

V

V
   

4
2

V
V   

90. (b) 
 

TB
d

M
B 4

3

7

3

0 104.2
1.0

2.12
10

2
.

4

 






 

91. (d)  

 

 

 

 

From figure 
22

eanet BBB   

2

3

0

2

3

0 .
4

2
.

4 


















d

M

d

M








 

3

0 .
4

.5
d

M






3

7

)1.0(

10
105   = 3105  Tesla. 

92. (c)  sin)2(sin BlmMB   

      30sin301.010 4 Nm4105.1   

 

Earth Magnetism 

 

1. (b)  

 

 

 

 

 

At neutral point  

HBB 
 

3.0
20

2
3


M
 .102.1 3 emuM    

2. (d) No magnetic lines of force passes through the steel box.  

3. (b) At magnetic poles, the angle of dip is 90o. Hence the horizontal 

component .0cos  BBH  

4. (a) 

5. (c) 

6. (c) 

7. (d) ,3 VH BB  also o

H

V

B

B
30

3

1
tan    

8. (d) At magnetic equator, the angle of dip is 0 o. Hence the vertical 

component .0sin  IV  

9. (b) 

10. (a)  

11. (c) ;tanHV HB   If  ,HV BB   then 1tan  or o45  

12. (a) The horizontal components are 11 cos)( BBH  and 

22 cos)( BBH   

2

3
2

2

3

45cos

30cos

cos

cos

)(

)(

2

1

2

1 
o

o
H

HB

B




 

13. (d) From the relation cosBBH  and sinBBV   

N 

E 

W 

S 

Magnetic Axis 

Magnetic 

Meridian 

S 
N 

W 

N 

E 

S 

S 

N 

BH 

N1 

N2 

B 

BH 

B 

20cm 

20cm 

S N 

S 

N 
P 
• 

B1 

B2 

0.1m 0.1m 

1 
2 



 
     1278 Magnetism 

  tan
H

V

B

B
or tanHV BB   

  244 /10623.060tan1036.0 mWbo    

14. (d) From the relation sinIBV   

  5
55

102.9
65.0

106

6.40sin

106

sin











o

V
I


tesla 

15. (c) 

16. (c) 
3

1

2/3

5.0

30cos

5.0

cos
;cos 

o

H
H

B
BBB


  

17. (a) 

18. (d) 

19. (b) 

20. (e ) 

21. (b)   

22. (d) 

23. (a) o

H

V

B

B
30

3

1

3

3

0.3

73.1

30.0

173.0
tan    

24. (d) cosBBH  32.0
2

1
64.060cos64.0  o units 

25. (b) 

26. (d) 

27. (a) 

28. (a) OerstedIOerstedBH 6.0,3.0   

  We have 
2

1

6.0

3.0
coscos 

I

B
IB H

H   

  o60  

29. (d) 

30. (b)  

 

 

 

31. (d) At broad side-on position 
3d

M
B   

  
8

1

88 3

3

2

1

3

2

3

1

3
2

2

3
1

1 
r

r

M

M
or

r

M

r

M
or

d

M

d

M
 

32. (a) 

33. (c) 4.0)3.0()5.0( 2222222  HVHV BBBBBB  

Now 
3

4

3.0

4.0
tan 

H

V

B

B
   








 

3

4
tan 1 . 

34. (a) Horizontal component cosBBH   

  Total intensity of earth magnetic field 
cos

HB
B   

  25
55

/1008.2
2/3

108.1

30cos

108.1
mWb

o










  

35. (a) 

36. (c) 

37. (a) The vertical component of earth’s magnetic field is zero at 
equator where angle of dip is also zero.  

38. (d) 00 VB  also total intensity 2
0

2
0 VBB   02BB   

39. (a) At poles magnetic field is perpendicular to the surface of earth.  

40. (a)  

41. (a) 

42. (c) At neutral point  

earth to

 due fieldMagnetic 

magnet to

 due fieldMagnetic 


5

3

75

3

0 105
75.62

10105
2

.
4

 



dd

M




 

cmmd 303.0   

43. (c) As they enter the magnetic field of the earth, they are deflected 
away from the equator.  

44. (c)  

 

 

 

 

 

 

2

1
tan

2

1

2
tan 1  

M

M
 

45. (a) 

46. (b) 



sin

sin H
H

B
BBB  02

45sin
B

B
B

o

o   

47. (c)  

48. (a) 

49. (a)  

 

 

 

 

 

 

N
1

 and N
2

 are two null points. And  

HB Horizontal component of earth’s magnetic field 

B = Magnetic field due to bar magnet.  

50. (c) 

51. (b) 
3

2

30coscos
cos H

o

HH
H

BB
B

B
BBB 


  

52. (c) By using cosBBH    

 
4.0

22.0
cos 

B

BH  

 
22.0

)22.0()4.0(
tan

22 
  

 )518.1(tan 1  

53. (b) 

54. (d) At equator angle of dip is zero. 

55. (c)  

56. (a) In given case H and H
0

 are 
perpendicular to each other. 

From figure 
H

H0tan        

S 

N 

W 

N 

E 

S 

N2 

BH 

B 

N1 

BH 

B 

M2  

 
Mnet 

BH 
M  

2M 

 
Mnet 

M  

S 

N S 

N 

N 

E W 

S 

N2 

BH 

B 

N1 

BH 

B 

N 

S 

H 

HO 

 

 

0.4 

0.22 

(0
.2

2)
2  
–
 (

0
.4

)2 
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H

H01tan  

57. (a)  

58. (b) 

59. (a) 

 

Magnetic Equipments 
 

1. (d)  

2. (c) 

3. (a) 

4. (b) In sum position : 
H

s
S

BMM

I
T

)(
2

21 
   

In difference position : 
H

d
d

BMM

I
T

)(
2

21 
   

It is clear that sd TT   

5. (d) 
2

1
12

1

2

2

1

)(

)(

)(

)(
;2

H

H

H

H

H B

B
TT

B

B

T

T

MB

I
T    

Here n
1

=30 oscillation /min 
2

1
 oscillation/sec 

sec2
1

1

1 
n

T  

sec2
2

1
2

2
22 

H

H

B

B
T  

6. (d) 

7. (a) 
1

2

2

11
2

M

M

T

T

MB
T

H

   

 

  9

4

10/60

15/60
2

2

2
1

2
2

2

1 
T

T

M

M
 

8. (c) When magnet of length l is cut into four equal parts. then 

2

m
m   and 

4422
;

2

Mmllm
M

l
l   

New moment of inertia 
12

w
.

16

1

12

2

1
.

4

w

12

w 2

2

2 ll
I 










  

Here w is the mass of magnet.  

II
16

1
 ; Time period of each part 

HBM

I
T




 2  

     
24

2
)4/(

16/
2

T

MB

I

BM

I

HH

   

9. (c) 
HBMM

II
T

)(
2

21

21




   

Here  TMMM ,21  

10. (b) Time period in vibration magnetometer  

HMB

I
T 2 , At poles  TsoBH 0  

11. (c) 

12. (a) 2
2

2
4

21

2

2

1 
TM

M

M

M

T

T
sec12  T  

13. (a) 
HMB

I
T 2  

282 1040040 mkgcmgmI    

M








6

8

1036

10400
23   

2

2
5.0

4

36

4

91
mAM

M



 

14. (a) 

15. (b) Because moment of inertia increases i.e. IT   

16. (b) 
1

2

2

1

)(

)(
2

H

H

H B

B

T

T

MB

I
T    

 12

2

1
2 )(4)(

2)(

)(
HH BB

T

BH

BH
TT    

17. (b) In sum position 

21

1

MM
T


 and in difference position 

21

1

MM
T


  

22

2

2

sec39
2

23





 T

MM

MM

T
 

sec33T  

18. (d) 

19. (b) Given 1
2

1
1 sec

4

1

60

15
andsec

3

1

60

20     

Now  



 cos

cos

2

1

2

1
BB

I

MB

I

MB
H

H    

22

11

2

1

cos

cos









B

B
   

2

1

2

2

2

1

2

1

cos

cos





































B

B
 

 
39

16

2/3

2/1

9

16

30cos

60cos

4/1

3/1
2

2

1 













B

B
. 

20. (c) 
2

14/5.11

1

1

21

2

2

1 
M

M

TM

M

T

T

M
T  

sec32  T  

21. (c) M
I

MBH  



2

1
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BA

B

A

B

A

B

A MM
M

M

M

M
4

1

2





 

22. (c) 
1

41
2

2
















A

B

B

A

H T

T

M

M

M
T

MB

I
T   

23. (c) No. of oscillation per minute 
I

MBH

2

1
  

timesB

timesMMBn

H

H

2

4;




 

So neitimes 228..8    

24. (c)  

 

 

 

 

25. (a) 
H

T
MH

I
T

1
2    

A

B

B

A

H

H

T

T
  

 
B

A

H

H

4

9

2

3
22
























A

B

T

T
. 

26. (a) w;
12

)(w
and2

22




 T
bl

I
MB

I
T

H

  

(w = Mass of the magnet) 

27. (c) 
H

Sum
BMM

II
T

)(

)(
2

21

21




   

H

diff
BMM

II
T

)(
2

21

21




   

3

1

2

2

21

21

2

1 










MM

MM

MM

MM

T

T

T

T

d

s  

28. (a) 
HB

B

B

B

T

T

MB

I
T 





 2  

2
60cos

1

cos

1





oT

T

 2

T
T   

29. (a)  

30. (a)  

31. (b) For tangent galvanometer 


tan
2

0n

rB
I   

12.1
210704.0

501041.0

2
tan

5

7
0 











rB

nI
 

or   o2.4812.1tan 1    

32. (d) Time period of a magnet 
MB

I
T 2  

or 
2

45

2

2

4

108105225

4 





 


MBT
I  

271016.7 mkgI    

33. (b) sec42 
HMB

I
T   

When magnet is cut into two equal halves, then New magnetic 

moment 
2

M
M   

New moment of inertia 
  

12

w
.

8

1

12

2/2/w 22
ll

I   

Where w is the initial mass of the magnet  

But 
8

;
12

w 2 I
I

l
I   

 New time period 
HBM

I
T




 2  

  HH M

I

BM

I
 2

2

1

2/

8/
2  sec24

2

1

2

1
 T  

34. (d)  

35. (a) 
N

RB
K H

0

2


     (R = radius,  N= number of turns) 

36. (c) 
M

T
1

 . Since magnetic moment decreases with increase in 

temperature hence time period T increases.  

37. (b) Sensitivity 




tanKi
S  where 

N

RB
K H

0

2


  

For increasing sensitivity K should be decreased and hence 

number of turns should be increased.  

38. (d) In the first galvanometer  

360tantan 11111 KKKi o    

In the second galvanometer  

22222 45tantan KKKi o    

In series i
1

 = i
2

  
3

1
3

2

1
21 

K

K
KK   

But 
n

K
1

 
1

2

2

1

n

n

K

K
       

1

3

2

1 
n

n
. 

39. (b) 
HMB

I
T 2 . If Q is an identical bar magnet then time 

period of system will be T
BM

I
T

H


)2(

2
2   

40. (a) Frequency HB   

mBH 

mBH 

S 

E W 

N 
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41. (b) In tangent galvanometer, tanI  

2

0

1

1

2

1

2

1

tan

45tan

3/tan

tan






I

I

I

I
 

o30
3

1
tan1tan3 222    

So deflection will decrease by 45o- 30o = 15o. 

42. (d) From figure at equilibrium  

F

H
60tan  

 
F

H
3  

3

1


H

F
 

43. (d) In balance condition tan12 BB   

1

3
tan    

o60  

44. (d) In the sum and difference method of vibration magnetometer 

2
1

2
2

2
1

2
2

2

1

TT

TT

M

M




  

Here sec15
4

601
.sec5

12

601

2

2

1

1 
n

T
n

T  

4

5

25225

25225

515

515
22

22

2

1 










M

M
  

45. (c) 

46.  (b) o
o

i

i
i 45

tan

30tan

3

3

tan

tan
tan

22

1

2

1  



  

47. (b) 
Bl

l

MB

I
T




2strengthPole

12/w
22

2

  

WlT   

2

12/

w

2/w

w

w

1

1

1

1

1

2

1

2

1

2 
l

l

l

l

T

T
 

sec
T

T 5.0
2

1
2   

48. (d) secT
n

T
T 1

2

2
  

49. (c) It is due to the magnetic field produced by coil.  

50. (d)  

51. (c) 02w2 TTIT
MB

I
T

H

   

52. (d) 

3

1

3

2

1

2

1

12.08

27
























d

d

d

M

M
 

m
d

18.0
12.02

3 1   

53. (c) 
1

2

2

11
2

M

M

T

T

M
T

MB

I
T

H

   

If M
1

 =100 than M
2

 (100 – 19) = 81 

So 112

2

1 11.1
9

10

10

9

100

81
TTT

T

T
  

 Time period increases by 11% 

54. (b) 

HH B
T

BM

I
T

1
2 


   

5

2

1

2

2

1

101.0

)(

5.2

40/60

)(

)(


 H

H

H B

B

B

T

T
 

TBH
6

2 1036.0)(   

55. (a) 


tan
2

0 N

rB
i H  

oi 45tan
25104

10310152
7

52












Ai 29.0  

56. (a) 3;2  I
MB

I
T

H

  times and 
3

1
M times 

So 3T times i.e. 03TT   

57. (c) In case of tangent galvanometer as  

tanki   

Differentiating both side w.r.t.   




dkdik
d

di 22 secsec   









2sin

2

cossin

dd

i

di
  

Hence the error in the measurement will be least when  

1max2sin  oo 45902    

58. (a) 

59. (a) 
n

T
T   

60. (c) 
61036

)(

20/60

10/60

)(

)(


 BH

AH

BH

B

A B

B

B

T

T
 

TB BH
610144)(   

61. (d) 
2

1

2

1

tan

tan
tan




 

i

i
i  

ampi
i

6
60tan

30tan2
2

2

  

62. (a) In tangent galvanometer experiment. The plane of the coil 
firstly set in the magnetic meridian.   

B1 = 1T 

B2 = 3 T 

 

F 

H 

60° 
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63. (c) 
m

T
M

T
11

 ; If 4m times.  

2

1
T times i.e. sec1

2

2

2

' 
T

T  

64. (d) 
2

1

22

11

2

1

2

1

tan

tan

tan

tan










Lm

Lm

M

M
 

1

32

30tan

45tan

1

2

2

1 





m

m
 

65. (b) tanHBB  T54 1096.130tan1034.0    

66. (b) 
2

1

2

1

tan

tan
tan




 

i

i
i  

Ai
i

3.0
3

1

60tan

30tan1.0
2

2





  

67. (a) As IT  ; where I = moment of inertia  

w
12

w 2

 T
L

 (w = Mass of magnet. If 

w quadrupled, then T doubled i.e. TT 2  

68. (c) Oscillation of nth part of magnet 
n

T
T '  

nT

T 1



 ; here n = 2 so .

2

1




T

T
 

69. (b) 
HBM

I
T 2 ; where 

12

)(w 22 bL
I


   

    (w =Mass of magnet) 

,w T If w four times then T Two times  

70. (b) Initially, the time period of the magnet  

MB

I
T 22     ..... (i) 

For each part, it’s moment of inertia 
27

I
 and magnetic 

moment 
3

M
  

 Moment of inertia of system 
9

3
27

II
Is   

Magnetic moment of system M
M

M s  3
3

 

Time period of system  

sec
3

2

3
2

3

1
2 

T

MB

I

BM

I
T

s

s
s   

71. (c) 
cos

11

BB
T

H


11

22

2

1

cos

cos





B

B

T

T
  















30cos

60cos

2

3

cos

cos
2

1

2

2
1

2
2

2

1





T

T

B

B

34

9

2

1 
B

B
 

72. (c) Time period of combination  

  
HM

I
T

.2

2
2    …..(i)  

  and time period of each magnet 

  
MH

I
T 2  ……(ii) 

  from (i) and (ii)  we get    

  T
T

T 4/1

4/1
2

2

  

73. (b) tanHBB    


tan
2

0
HB

r

ni
  

   
n

Br
i H

0

tan.2






7

5

10410

1041.02










= 1.1A 

 

Magnetic Materials 
 

1. (c)   

2. (a) Neon atom is diamagnetic, hence it’s net magnetic moment is 

zero.  

3. (a) Soft iron is highly ferromagnetic. 

4. (d)  

5. (b) On heating, different domains have net magnetisation in them 

which are randomly distributes. Thus the net magnetisastion of 

the substance due to various domains decreases to minimum.  

6. (b) Repelled due to induction of similar poles.  

7. (d) From the characteristic of B-H curve.    

8. (c)  

9. (d)  

10. (b)  

11. (a) 

12. (c) The property of paramagnetism is found in these substances 
whose atoms have an excess of electrons spinning in the same 
direction. Hence atoms of paramagnetic substances have a net 
non-zero magnetic moment of their own.   

13. (c)  

14. (a) 

15. (a, b) 

16. (d)     5499155001  mrm   

17. (b) 

18. (b) 

19. (c) 

20. (b) Because, diamagnetic substance, moves from stronger magnetic 
field to weaker field.   

21. (d)  

M 

M S N 
N 

S 
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22. (b) With rise in temperature their magnetic susceptibility decreases 

i.e. 
T

m

1
   

23. (c)  

24. (b)  

25. (c) Diamagnetic substances are repelled by magnetic field.     

26. (b) As we know for circulating electron magnetic moment  

evrM
2

1
                      ...... (i) 

and angular momentum mvrJ    ...... (ii) 

From equation (i) and (ii) 
m

eJ
M

2
  

27. (b) 

28. (a)  

29. (c) The energy lost per unit volume of a substance in a complete 
cycle of magnetisation is equal to the area of the hysteresis 
loop.  

30. (c)  

31. (d)  

32. (a) A diamagnetic rod set itself perpendicular to the field if free to 
rotate between the poles of a magnet as in this situation the 
field is strongest near the poles.  

 

 

 

 

 

33. (c)  

34. (b)  

35. (b) Diamagnetic substances are repelled by the magnetic field.  

36. (d) 

37. (b) 

38. (b) 

39. (c) 

40. (b) 

41. (d) Net magnetic induction mBBB  0 MH 00    

42. (c)  

43. (d)  4
0


B

B
r  

44. (d) 

45. (a) 

46. (b) 

47. (c) 

48. (c) Susceptibility of diamagnetic substance is negative and it does 
not change with temperature. 

49. (a)  

50. (d) When a ferromagnetic material in heated above its curie 
temperature then it behaves like paramagnetic material.  

 
Critical Thinking Questions 

 

1. (b) With respect to 1st magnet, P lies in end side-on position 

 









3

0
1

2

4 d

M
B




 (RHS) 

 

 

 

 

 With respect to 2nd magnet. P lies in broad side on position. 

 









3

0
2

4 d

M
B




 (Upward)  

 T
B

BTB 71
2

77
1 10

2
,102

1

12
10  


  

 As B
1

 and B
2

 are mutually perpendicular, hence the resultant 

magnetic field 

 27272
2

2
1 )10()102(   BBBR  T7105   

2. (d)   

 

 

 

 

 

Both the magnets are placed in the field of one another, hence 

potential energy of dipole (2) is  

 
3

10
212122

2
.

4
0cos

r

M
MBMBMU




  

 By using 
dr

dU
F  , Force on magnet (2) is  

 
4

210

3

2102
2 6.

4

2
.

4 r

MM

r

MM

dr

d

dr

dU
F

















  

 It can be proved 
4

210
21

6
.

4 r

MM
FFF




  

 
4

1

r
F    

3. (d) At point P net magnetic field 2
2

2
1 BBBnet   

 where 
3

0
1

2
.

4 d

M
B




 and 

3

0
2 .

4 d

M
B




  

 
3

0 5
.

4 d

M
Bnet




  

 

 

 

 

S 

N 
N S S N 

1 

S N 

2 

r 

M1 M2 

  

B1 

 

N S 

2m 
B2 

B1 P 

1m 

N S 

S 

N 
1 

2 

P 

B2 

B1 

d 

S N 

1 

2 

N 

S 

d 
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4. (a) Let the real dip be , then 
H

V

B

B
tan  

 For apparent dip,  

 

H

V

o
H

V

H

V

B

B

B

B

B

B

3

2

30coscos
tan ' 


   

 or tan.
3

2
45tan o or 














 

2

3
tan 1  

5. (d) Initially  

 

 

 

 

 Neutral point obtained on equatorial line and at neutral point 

eH BB   

 where B
H

 = Horizontal component of earth’s magnetic field, B
e

 = 

Magnetic field due to bar magnet on it’s equatorial line 

 Finally  

 

 

 

 Point P comes on axial line of the magnet and at P, net 

magnetic field 22
Ha BBB   

 HHHHe BBBBB 5)2()()2( 2222    

6. (b) ;
cos

tan
tan '




  where ' =Apparent angle of dip,  

  = True angle of dip,  =Angle made by vertical plane with 

magnetic meridian.  

  2tan2
30cos

60tan
tan 1''  

o

o

 

7. (c) Initially magnetic moment of system  

 MMMM 222
1   and moment of inertia  

 .21 IIII   

 Finally when one of the magnet is removed then  

 MM 2 and II 2  

 So 
HBM

I
T 2  

 
M

M

I

I

M

M

I

I

T

T

2

2

1

2

2

1

2

1  .sec2
2

2
4/1

4/5

2  T  

8. (b) HF
H

FH

H

H

T

T

H
T 3

1

21

1

2

2

1 


  

or 
3

1


F

H
 

9. (b)  Relation for dipole moment is, VIM  . Volume of the 

cylinder lrrV 2 , Where  r is the radius and l  is the length 

of the cylinder, then dipole moment,  

 )105()105.0(
7

22
)1030.5( 22232   lrIM   

 TJ /1008.2 2  

10. (b) For equilibrium of the system torques on M
1

 and M
2

 due to B
H

 

must counter balance each other i.e. HH BMBM  21 . If  

is the angle between M
1

 and B
H

 will be )90(  ; so 

)90sin(sin 21   HH BMBM  

 







 

3

1
tan

3

1

3
tan 1

1

2 
M

M

M

M
 

11. (a) mAmp
V

N

V

M
I /103

1

102105.1 3
2623







 

12. (c) In equilibrium tan21 BB   

 

 

 

 

 









tan.

4

2
.

4 3
2

0

3
1

0

d

M

d

M
  

   3/1

2

1 cot2 
d

d
 

13. (c) Resultant magnetic moment of the two magnets is  

 MMMMnet 222   

 

 

 

 

 

 Imagine a short magnet lying along OP with magnetic moment 

equal to 2M . Thus point P lies on the axial line of the 

magnet.  

 Magnitude of magnetic field at P is given by 

3

0 22
.

4 d

M
B




   

14. (a) On passing current through the coil, it acts as a magnetic 

dipole. Torque acting on magnetic dipole is counter balanced 

by the moment of additional weight about position O. Torque 

acting on a magnetic dipole 

 NiABBNiAMB o  90sin)(sin . 

S N 
P 

BH 

Ba 

N 

E W 

S 

P 

BH 

Be 

N 

S 

S O N 

S 

N 

d 
P 

S 

N B1 

B2 

 

N S 

d1 d2 

1 

2 
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 Again lmgarmLeverForce   

 mglNiAB   

 
43

23

1011022200

10308.91060












NiA

mgl
B = 0.4 T  

15. (a) The weight of upper magnet should be balanced by the 

repulsion between the two magnet 

 wtgm
r

m
 50.

4 2

2




 

 8.91050
)109(

10 3

6

2
7 


 



 m
 

 mampm  64.6  

16. (d) Let  be the angle which one of the planes make with the 
magnetic meridian the other plane makes an angle 

)90( o
with it. The components of H in these planes will 

be cosH and sinH  respectively. If 1 and 2 are the  

apparent dips in these two planes, then  

 

 

 

 

 




cos
tan 1

H

V
   i.e. 

1tan
cos




H

V
  ..... (i) 

 



sin

tan 2
H

V
  i.e. 

2tan
sin




H

V
    ..... (ii) 

 Squaring and adding (i) and (ii), we get  

 
























2
2

1
2

2

22

tan

1

tan

1
sincos




H

V
 

 i.e.  2
2

1
2

2

2

cotcot1  
H

V
 

 or 2
2

1
2

2

2

cotcot  
V

H
i.e. 2

2
1

22 cotcotcot    

 This is the required result.  

17. (c) The number of atoms per unit volume in a specimen,  

 
A

N
n A
  

 For iron, ,108.7 33  kgm  

 ,/1002.6 26 kgmolN A   A=56 

 
56

1002.6108.7 263 
 n

3281038.8  m  

 Total number of atoms in the bar is  

 )101101105(1038.8 22228
0

  nVN  

 23
0 1019.4 N  

 The saturated magnetic moment of bar  

 22323 54.7108.11019.4 Am    

18. (d) We have, IHB 00     

 or 
0

0



 HB
I


  or H

HH
I 
















 1

00

0








 

 HI r )1(    

 For a solenoid of n-turns per unit length and current i 

 H = ni  

 niI r )1(   5.0500)11000(   

 15105.2  AmI  

  Magnetic moment M=IV 

 45 10105.2 M = 25 Am2 

    

19. (d) The bar magnet coercivity 13104  Am i.e., it requires a 

magnetic intensity 13104  AmH to get demagnetised. 

Let i be the current carried by solenoid having n number of 

turns per metre length, then by definition H = ni. Here 

3104 H Amp turn metre-1 

 500
12.0

60


l

N
n  turn metre–1  

 A
n

H
i 0.8

500

104 3




  

20. (c) Let M
1

 and M
2

 be the magnetic moments of magnets and H the 

horizontal component of earth’s field.  

We have  sinMH . If  is the twist of wire, then 

, C C being restoring couple per unit twist of wire 

  sinMHC   

 Here ooo 150)30180(1 
180

150


 rad 

ooo 240)30270(2 
180

240


 rad 

 So,  sin11 HMC  (For deflection o30 of I magnet) 

  sin22 HMC   (For deflection o30 of II magnet) 

 Dividing 
2

1

2

1

M

M





 

 
8

5

24

15

180
240

180
150

2

1

2

1 






























M

M
 

 8:5: 21  MM  

21. (c) In vertical plane perpendicular to magnetic meridian. 

 
VMB

I
T 2             ..... (i) 

(9
0
°–


) 

 

H
2=

H
 s

in


 

H1=H cos  

H 
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 In horizontal plane 
HMB

I
T 2   ..... (ii) 

 Equation (i) and (ii) gives HV BB   

 Hence by using 
o

H

V

B

B
451tantan    

22. (a) litysusceptibiMolar  

 weightmolecular
materialofDensity

litysusceptibiVolume
  

 M
VM

HI
M

HI


/

//


 

 So it’s unit is m3. 

23. (c)  

 

 

 

 

 

  Initially 
HmB

I
T 2   , Finally 

)(
2

HBBm

I
T


   

  Where B = Magnetic field due to down ward conductor 

                T
a

i





18

2
.

4

0    

   
H

H

BB

B

T

T





  

2418

24

1.0 


T
 .076.0 sT   

24.  (a) In first case  
H

V

B

B
tan        ..... (i) 

 Second case 
xB

B

H

V

cos
tan '    ..... (ii) 

 From equation (i) and (ii), 
xcos

1

tan

'tan





 

 

 

 

 

 

 
 

25. (c) 
H

V

B

B
tan                ... (i)  

If apparent dip is '  then  

2

330cos

'
'tan











H

V

H

V

H

V

B

B

B

B

B

B
  

  tan'tantan
3

2
'tan 













    '  

 

Graphical Questions 
 

1. (d) For a temporary magnet the hysteresis loop should be long and 

narrow. 

2. (c) Magnetism of a magnet falls with rise of temperature and 

becomes practically zero above curie temperature.  

3. (b) For a diamagnetic substance  is small, negative and 

independent of temperature.  

4. (a) Susceptibility of a paramagnetic substance is independent of 

magnetising field. 

5. (a) Susceptibility of a ferromagnetic substance falls with rise of 

temperature 
















cTT

c
  and the substance becomes 

paramagnetic above curie temperature, so magnetic 

susceptibility becomes very small above curie temperature.    

6. (c) 

7. (b) 
H

B
HB rr  0 = slope of B- H curve  

 According to the given graph, slope of the graph is highest 

point Q. 

8. (b) tani  

9. (b) T
x

V
B

o

4
4

102
30sin1.0

101.0
|| 










  

 

 

 

 

10. (a) K
T

CX 57
107

4.01
3






 

11. (b) In the given figure OQ refers to retentivity while OR refers to 

corecivity, for permanents both retentivity and corecivity 

should be high.  

12. (b) Intensity of magnetisation of diamagnetic substance is very 

small and negative.   

13. (d) 
H

I
r  1 ; as we know I dependent on H, initially value of 

H

I
 is smaller so value of 

r

 increases with H but slowly but 

with further increases of H value of 
H

I
 also increases i.e. 

r

 

increases speedily. When material fully magnetised I becomes 

constant then with the increase of H  (
H

I
 decreases) 

r

 

decreases. This is confirm with the option (d).  

14. (a) For paramagnetic substance magnetization M proportional to 

magnetising field H, and M is positive.   

 

x 

BH 

BH cos x 

BV 

40 

30o 

10 cm 

30o 

S 

N 

E W 

BH 

S 

N 

BH 

S 

N 
BH 

Initially Finally 
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Assertion and Reason 

1. (d) It is quite clear that magnetic poles always exists in pairs. 

Since, one can imagine magnetic field configuration with three 

poles. When north poles or south poles of two magnets are 

glued together. They provide a three pole field configuration. It 

is also known that a bar magnet does not exert a torque on 

itself due to own its field.  

2. (b) As we know every atom of a magnet acts as a dipole, So poles 

cannot be separated. When magnet is broken into two equal 

pieces, magnetic moment of each part will be half of the 

original magnet.  

3. (a) In case of the electric field of an electric dipole, the electric 

lines of force originate from positive charge and end at 

negative charge. Since isolated magnetic lines are closed 

continuous loops extending through out the body of the 

magnet. 

4. (c) In an atom, electrons revolve around the nucleus and as such 

the circular orbits of electrons may be considered as the small 

current loops. In addition to orbital motion, an electron has got 

spin motion also. So the total magnetic moment of electron is 

the vector sum of its magnetic moments due to orbital and 

spin motion. Charge particles at rest do not produce electric 

field. 

5. (b) Magnetic dipole moment of the current loop  

                       = Ampere turns  Area of the coil 

Initially magnetic moment M = ir2, new magnetic moment 

2)2(' riM  .4)(4 2 Mri    

So magnetic moment becomes four times when radius is 

doubled.  

6. (e) The temperature inside the earth is so high that it is impossible 

for iron core to behave as magnet and act as a source of 

magnetic field. The magnetic field of earth is considered to be 

due to circulating electric current in the iron (In molten state) 

and other conducting materials inside the earth. 

7. (d) The earth has only vertical component of its magnetic field at 

the magnetic poles. Since compass needle is only free to rotate 

in horizontal plane. At north pole the vertical component of 

earth’s field will exert torque on the magnetic needle so as to 

align it along its direction. As the compass needle can not 

rotate in vertical plane, it will rest horizontally, when placed on 

the magnetic pole of the earth. 

8. (b) In tangent galvanometer the current through the coil is given 

by 


tan.
2

0

HB
n

r
I    rn /tan   

i.e. by reducing its radius or by increasing number of turns of 

coil we can increase the sensitivity of tangent galvanometer. 

9. (b) The susceptibility of ferromagnetic substance decreases with 

the rise of temperature in a complicated manner. After Curies 

point the susceptibility of ferromagnetic substance varies 

inversely with its absolute temperature. Ferromagnetic 

substance obey’s Curies law only above its Curie point. 

10. (e) The properties of substance is due to alignment of molecules in 

it. When these substance are heated, molecules acquire some 

kinetic energy. Some of molecules may get back to the closed 

chain arrangement (produce zero resultant). So they lose their 

magnetic property or magnetism. Therefor the properties of 

both ferromagnetic and paramagnetic are effected by heating. 

11. (a) The core of a transformer undergoes cycles of magnetisation 

again and again. During each cycle of magnetisation, energy 

numerically equal to the area of the hysteresis loop is spent per 

unit volume of the core. Therefore, for high efficiency of 

transformer, the energy loss will be lesser if the hystersis loop 

is of lesser area, i.e. narrow. That’s why the soft iron is used as 

core, which has narrow hysteresis loop (or area of HB   

curve is very small). Also soft iron (ferromegnetic substance) 

has high permeability, high retentivity, low coercivity and low 

hystersis loss. 

12. (a) A magnetic field is produced by the motion of electric charge. 

Since motion is relative, the magnetic field is also relative. 

13. (a) In a moving coil galvanometer, the coil is suspended in a very 

strong uniform magnetic field created by two magnetic pole 

pieces. The earth’s magnetic field is quite weak as compared to 

that field, therefore, it does not effect the working of magnetic 

field.  

14. (c) A paramagnetic sample display greater magnetisation when 

cooled, this is because at lower temperature, the tendency to 

disrupt the alignment of dipoles (due to magnetising field) 

decreases on account of reduced random thermal motion. 

15. (a) Electromagnets are magnets, which can be turned on and off 

by switching the current on and off. As the material in 

electromagnets is subjected to cyclic change (magnification and 

demagentisation), the hysteresis loss of the material must be 

small. The material should attain high value of I and B with low 

value of magnetising field intensity H. As soft iron has small 

coercivity, so it is a best choice for this purpose. 

16. (a) Since iron is ferromagnetic in nature, therefore, lines of force 

due to external magnetic field prefer to pass through iron.  

17. (d) In general, the field due to a magnet is non-uniform. Therefore, 

it exerts both, a net force and a torque on the nails which will 

translate and also rotate the nails before striking to north pole 

of magnet with their induced south poles and vice-versa. 

18. (d) In a non-uniform magnetic field, both a torque and a net force 

acts on the dipole. If magnetic field were uniform, net force on 

dipole would be zero. 

19. (c) The reduction factor of tangent galvanometer is  

                     
0

2

n

r
B

G

B
K H

H   

Thus reduction factor of a tangent galvanometer depends upon 

the geometry of its coil. It increases with increase of radius and 

decreases with increase in number of turn of the coil of the 

galvanometer. 

20. (c) Diamagnetism is non-cooperative behaviour of orbiting 

electrons when exposed to an applied magnetic field. 

Diamagnetic substance are composed of atom which have no 

net magnetic moment (i.e., all the orbital shells are filled and 

there are no unpaired electrons). When exposed to a field, a 

negative magnetization is produced and thus the susceptibility 

is negative. 

Behaviour of diamagnetic material is that the susceptibility is 

temperature independent. 
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21. (d) The permeability of a ferromagnetic material is not 

independent of magnetic field, .0BKB m


  

0B  is applied field. The total magnetic field B


 inside a 

ferromagnet may be 310  or 410 times the applied field .0B  

The permeability mK  of a ferromagnetic material is not 

constant, neither the field B


 nor the magnetization M


 

increases linearly with B


. Even at small value of .0B  From 

the hysteresis curve, magnetic permeability is greater for lower 
field.  

22. (e) For a perfectly diamagnetic substance,  

0)(0  IHB   .HI   

Therefore, 1
H

I
m  

Therefore relative permeability 

.0111  mr     r 0 zero. 

i.e. for a perfectly diamagnetic material permeability is zero. 

23. (a)  

24. (a) Helium atom has paired electrons so their electron spin are 
opposite to each other and hence it’s net magnetic moment is 

zero. 

25. (b) Steel is preferred over soft iron for making permanent 
magnets, because coercivity of steel is larger. 

Slope =  

H 

M 
M = H 

 = constant 

T 
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1. A compass needle whose magnetic moment is 60 amp × m2 pointing 

geographical north at a certain place, where the horizontal component 

of earth's magnetic field is 40  Wb/m2, experiences a torque 

.102.1 3 mN    What is the declination at this place   [EAMCET (Engg.) 1996] 

 (a) 30° (b) 45° 

 (c) 60° (d)  25° 

2. The distance between the poles of a horse shoe magnet is 0.1 m and 

its pole strength is 0.01 amp-m. The induction of magnetic field at a 

point midway between the poles will be 

 (a) T5102   

 (b) T6104   

 (c) T7108   

 (d)  Zero 

3. Due to a small magnet intensity at a distance x in the end on 

position is 9 Gauss. What will be the intensity at a distance 
2

x
 on 

broad side on  position 

 (a) 9 Gauss (b) 4 Gauss 

 (c) 36 Gauss (d)  4.5 Gauss 

4. The magnetic moment produced in a substance of gm1  is 

.106 27 metreampere    If its density is ,/5 3cmgm  then the 

intensity of magnetisation in A/m will be 

 (a) 6103.8   (b) 3.0 

 (c) 7102.1   (d)  6103    

5. The needle of a deflection galvanometer shows a deflection of 60° 

due to a short bar magnet at a certain distance in Atan position. If 

the distance is doubled, the deflection is 

 (a) 















8

3
sin 1

 (b) 















8

3
cos 1

 

 (c) 















8

3
tan 1

 (d) 















8

3
cot 1

 

6. The area of hysteresis loop of a material is equivalent to 250 joule. 

When 10 kg material is magnetised by an alternating field of 50 Hz 

then energy lost in one hour will be if the density of material is 

3/5.7 cmgm   

 (a) 4106 J (b) 4106 erg 

 (c) 2103 J (d) 2103 erg 

7. A magnetised wire of moment M is bent into an arc of a circle 

subtending an angle of 60° at the centre; then the new magnetic 

moment is 

 (a) )/2( M  

 (b) )/( M  

 (c) )/33( M  

 (d) )/3( M  

8. A tangent galvanometer shows a deflection 45° when 10 mA current 

pass through it. If the horizontal component of the earth’s field is 

5106.3  T and radius of the coil is 10 cm. The number of turns 

in the coil is  

 (a) 5700 turns (b) 57 turns 

 (c) 570 turns (d) 5.7 turns 

9. A magnet is parallel to a uniform magnetic field. If it is rotated by 

60°, the work done is 0.8 J. How much work is done in moving it 

30° further 

 (a) 7108.0  ergs (b) 0.4 J 

 (c) 8 J (d) 0.8 ergs 

10. Susceptibility of Mg at 300 K is 5102.1  . The temperature at 

which susceptibility will be 5108.1   is [Roorkee 1999] 

 (a) 450 K (b) 200 K 

 (c) 375 K (d) None of these 

11. Three identical bar magnets each of magnetic moment M are placed 

in the form of an equilateral triangle as shown. The net magnetic 

moment of the system is 

 (a) Zero 

 (b) 2 M 

 (c) 3M  

 (d) 
2

3M
 

12. A magnetic needle is placed on a cork floating in a still lake in the 

northern hemisphere. Does the needle together with the cork move 

towards the north of the lake 

 (a) Yes 

 (b) No 

 (c) May be or may not be move 

 (d) Nothing can be said 

13. The magnet of vibration magnetometer is heated so as to reduce its 
magnetic moment by 36%. By doing this the periodic time of the 
magnetometer will 

 (a) Increases by 36% (b) Increases by 25% 

 (c) Decreases by 25% (d) Decreases by 64% 

14. The ratio of magnetic moments of two bar magnet is 13 : 5. These 
magnets are held together in a vibration magnetometer are allowed 
to oscillate in earth’s magnetic field with like poles together 15 
oscillation per minute are made. What will be the frequency of 
oscillation of system if unlike poles are together 

 

N S 

N 

S 

N 

S 

S N 
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 (a) 10 oscillations/min (b) 15 oscillations/min 

 (c) 12 oscillations/min  (d) 
13

75
 oscillations/min 

15. A magnet is suspended horizontally in the earth's magnetic 
field. When it is displaced and then released it oscillates in a 
horizontal plane with a period T. If a place of wood of the 
same moment of inertia (about the axis of rotation) as the 
magnet is attached to the magnet what would the new period 
of oscillation of the system become 

 (a) 
3

T
 

 (b) 
2

T
 

 (c) 
2

T
 

 (d) 2T   

16. Two short magnets of magnetic moment 1000 2Am  are placed as 

shown at the corn ers of a square of side 10 cm. The net magnetic 

induction at P is 

 

 

 

 

 

(a) 0.1 T (b) 0.2 T 

(c) 0.3 T  (d)  0.4 T 

17. The length of a magnet is large compared to it's width and breadth. 

The time period of its oscillation in a vibration magnetometer is T. 

The magnet is cut along it’s length into six parts and these parts are 

then placed together as shown in the figure. The time period of this 

combination will be    

(a) T  

(b) 
3

T
 

(c) 
32

T
 

 (d) Zero 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. (a) As the compass needle is free to rotate in a horizontal plane 
and points along the magnetic meridian, 

 so when it is pointing 

along the geographic 

meridian, it will 

experience a torque due 

to the horizontal component of earth's magnetic field i.e. 

 sinHMB  

 where  = angle between geographical  

 and magnetic meridians called angle of declination   

(SET -22) 

P S N 

S N 

Magnetic 

meridian 

mBH 

 

IV. M 

mBH 

S N 

S N 

S N 

S N 

S N 

S N S N 

BH 
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 So, 
2

1

104060

102.1
sin

6

3











  o30  

2. (c) Net magnetic field at mid point P, SN BBB   

 where NB  magnetic field due to N- pole  

 SB  magnetic field due to S- pole  

2

0

4 r

m
BB SN
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3. (c) In C.G.S. 
3

2
9

x

M
Baxial   .....(i) 

 
33equaterial

8

2

x

M

x

M
B 









   .....(ii) 

 From equation (i) and (ii) 36equaterial B Gauss. 

4. (b) 
tymass/densi

M

V

M
I  ,  

 given mass = 1gm = kg310  ,  

 and density 33

332

3
3 /105

)10(

105
/5 mkg

m

kg
cmgm 








 

 Hence 3
10

105106
3

37
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5. (c) For short bar magnet in tan A-position 

      



tan

2

4 3

0 H
d

M
   …..(i) 

When distance is doubled, then new deflection   is given by 

    



 tan

)2(

2

4 3

0 H
d

M
  …..(ii) 
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6. (a) t
d

m
nAnAVtE  4

3
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7. (d) From figure  

r

x


2
sin


  

 
2

sin


rx   

Hence new magnetic moment 
2

sin2.)2('


rmxmM   

  
2

sin
2

.
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3/

)6/sin(2
  

8. (c) 
n

rB
K H

0

2


  

or 
37

5

0 1010104

106.31.022









 K

rB
n H 570

14.3

108.1 3




  

9. (a) )cos(cos 21   MBW  

When the magnet is rotated from 0° to 60°, then work done is 

0.8 J 

     
2

)60cos0(cos8.0
MB

MB   

  mNMB  6.1  

In order to rotate the magnet through an angle of 30°, i.e., 

from 60° to 90°, the work done is 









 0

2

1
)90cos60(cos MBMBW  

     ergsJ
MB 7108.08.0

2

6.1

2
  

10. (b) 
T

1
  

  2211 TT    

 Hence KT 200
108.1

300102.1
5

5

2 









 

11. (b) The resultant magnetic moment can be calculated as follows. 

 

 

 

 

12. (b) Magnetic needle is a dipole which is in earth’s uniform 

magnetic field and as a dipole in a uniform field does not 

experience any net force but may experience a couple as shown 

in figure, so the needle together with the cork will not translate 

i.e. move towards the north of the lake, but will rotate and set 

itself parallel to the field with it’s north pole pointing north. 

 

 

 

 

 

13. (b) 
HMB

I
T 2   

M
T

1
   

1

2

2

1

M

M

T

T
  

If 1001 M  then 64)36100(2 M  

So 
10

8

100

64

2

1 
T

T
  112 25.1

8

10
TTT   

So % increase in time period = 25% 
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14. (a) 
22

22

2

1

ds

ds

M

M








   

22

22

)15(

)15(

5

13

d

d








  

  10d oscillations/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15. (d) Due to wood moment of inertia of the system becomes twice 

but there is no change in magnetic moment of the system.  

 Hence by using TTIT
MB

I
T

H

2'2    

16. (a) Point P lies on equatorial line of magnet (1) and axial line of 

magnet (2) as shown 
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17. (c) 
MH

I
T 2 ; MI  of each part 

36

I
   

 and magnetic moment of each part 
6

M
  

 so net MI of system 
23 6

6
6

II
  

 and net magnetic moment 
36

2

6

4 MMM
  

  time period of the system  

 
HM

I
T

)3/(

36/
2

MH

I
2

32

1


32

T
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 Electromagnetic Induction 1 

Magnetic Flux 

(1) The total number of magnetic lines of force passing 

normally through an area placed in a magnetic field is equal to 

the magnetic flux linked with that area. 

 

 

 

 

 

(2) Net flux through the surface θBAAdB cos 


   

( is the angle between area vector and magnetic field 

vector) 

If  = 0o then  = BA, If  = 90o then  = 0  

(3) Unit and Dimension : Magnetic flux is a scalar quantity. 

It’s S.I. unit is weber (wb), CGS unit is Maxwell or Gauss × cm2;         

( Maxwellwb 8101  ). 

(4) Other units : Tesla × m2 

Amp

Joule

Amp

mN





Amp

Volt Coulomb
   

secVolt  = Ohm × Coulomb = Henry × Amp. It’s 

dimensional formula [] = [ML2T–2A–1] 

Faraday's Laws of Electromagnetic Induction  

(1) First law : Whenever the number of magnetic lines of 

force (magnetic flux) passing through a circuit changes an emf 

is produced in the circuit called induced emf. The induced emf 

persists only as long as there is change or cutting of flux.  

(2) Second law : The induced emf is given by rate of change of 

magnetic flux linked with the circuit i.e. 
dt

d
e


 . For N turns 

dt

dN
e


  ; Negative sign indicates that induced emf (e) 

opposes the change of flux. 

(3) Other formulae :  = BA cos ; Hence  will change if 

either, B, A or   will change  

So 
t

BBNA

t

N

dt

d
Ne











 cos)()( 1212  

t

NBA






)cos(cos 12 
 

 

Table 23.1 : Induced i, q and P 

Induced current (i) Induced charge (q) Induced power (P) 

dt

d
.

R

N

R

e
i


  d

R

N
dtidq   

Induced charge is 

time independent. 

R

e
P

2



22











dt

d

R

N 
 

It depends on time 

and resistance 

 

Lenz's Law 

This law gives the direction of induced emf/induced current. 

According to this law, the direction of induced emf or current in a 

circuit is such as to oppose the cause that produces it. This law 

is based upon law of conservation of energy.  

 

 

 
B 

dA 

 

Fig. 23.1 
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     2 Electromagnetic Induction  

(1) When N-pole of a bar magnet moves towards the coil, 

the flux associated with loop increases and an emf is induced in 

it. Since the circuit of loop is closed, induced current also flows 

in it.  

(2) Cause of this induced current, is approach of north pole 

and therefore to oppose the cause, i.e., to repel the approaching 

north pole, the induced current in loop is in such a direction so 

that the front face of loop behaves as north pole. Therefore 

induced current as seen by observer O is in anticlockwise 

direction. (figure) 

 

 

 

 

 

Table 23.2 : The various positions of relative motion between the magnet and the coil 

 

 

Position of magnet  

 

    

Direction of induced 

current 

Anticlockwise direction Clockwise direction Clockwise direction Anticlockwise direction 

Behaviour of face of 

the coil 

As a north pole As a south pole As a south pole As a north pole 

Type of magnetic 

force opposed 

Repulsive force Attractive force Repulsive force Attractive force 

Magnetic field linked 

with the coil and it’s 

progress as viewed 

from left 

Cross (×), Increases Cross (×), Decreases Dots () Increases Dots () Decreases 

 

(3) If the loop is free to move the cause of induced emf in 

the coil can also be termed as relative motion. Therefore to 

oppose the cause, the relative motion between the approaching 

magnet and the loop should be opposed. For this, the loop will 

itself start moving in the direction of motion of the magnet. 

(4) It is important to remember that whenever cause of 

induced emf is relative motion, the new motion is always in the 

direction of motion of the cause. 

Induced Electric Field 

It is non-conservative and non-electrostatic in nature. Its 

field lines are concentric circular closed curves.  

A time varying magnetic field 
dt

dB
 always produced 

induced electric field in all space surrounding it.  

Induced electric field (Ein) is directly proportional to induced 

emf so   ldEe in


          ..…(i) 

From Faraday's second laws  
dt

d
e


           ..…(ii) 

From (i) and (ii) 
dt

d
l.dEe in


 


  This is known as 

integral form of Faraday’s laws of EMI. 
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S N G 

Observer 
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v 

Fig. 23.2 
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N S G 

Concentric circular field 

lines of induced electric 

field existing 

everywhere inside and 

outside of cylindrical 

space 

dB/dt in cylindrical space 
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A uniform but time varying magnetic field B(t) exists in a 

circular region of radius ‘a’ and is directed into the plane of the 

paper as shown, the magnitude of the induced electric field (Ein) 

at point P lies at a distance r from the centre of the circular 

region is calculated as follows. 

So 
dt

dB
A

dt

d
eldEin 


  i.e.  

dt

dB
arE 2)2(       

where  r  a   or 
dt

dB

r

a
E

2

2

 ;  
r

Ein

1
  

Dynamic (Motional) EMI Due to Translatory Motion 

(1) Consider a conducting rod of length l moving with a 

uniform velocity v


 perpendicular to a uniform magnetic field B


, 

directed into the plane of the paper. Let the rod be moving to the 

right as shown in figure. The conducting electrons also move to 

the right as they are trapped within the rod.  

 

 

 

 

 

 

Conducting electrons experiences a magnetic force 

.evBFm   So they move from P to Q within the rod. The end P 

of the rod becomes positively charged while end Q becomes 

negatively charged, hence an electric field is set up within the 

rod which opposes the further downward movement of electrons 

i.e. an equilibrium is reached and in equilibrium Fe = Fm i.e. eE = 

evB  or  E = vB   Induced emf BvlEle    [
l

V
E  ] 

(2) If rod is moving by making an angle  with the direction 

of magnetic field or length. Induced emf e = Bvl sin  

 

 

 

 

 

 
 

 

(3) Motion of conducting rod on an inclined plane : When 

conductor start sliding from the top of an inclined plane as 

shown, it moves perpendicular to it’s length but at an angle 

)90(   with the direction of magnetic field.  

 

 

 

 

Hence induced emf across the ends of conductor 

 cos)90sin( BvllBve    

So induced current 
R

Bvl
i

cos
  (Directed from Q to P).  

The forces acting on the bar are shown in following figure. 

The rod will move down with constant velocity only if  

)90cos(cos   mgFm sinmg   sincos mgBil    




sincos
cos

mgl
R

lBv
B T 








  

θlB

θmgR
vT 222 cos

sin
  

Motional Emi in Loop by Generated Area  

If conducting rod moves on two parallel conducting rails as 

shown in following figure then phenomenon of induced emf can 

also be understand by the concept of generated area (The area 

swept of conductor in magnetic field, during it’s motion) 

 

 

 

 

 

 

As shown in figure in time t distance travelled by conductor = vt  

Area generated A = lvt. Flux linked with this area  = BA = 

Blvt. Hence induced emf Bvl
dt

d
e 


||  

× × × P × × × 

× × × × × × × 

× × × × × × × 

× × × × × × 

 
v e 

–  – 

Q 

F 

+ + 

Fig. 23.4 

× × × × × × × 

× × × × × × 

× × × × × × 

× × × × × × × 

v 

vt Q 

l R v 

P 

Fig. 23.7 
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Fig. 23.6 

B 
 

Q 

 

v P 

R 

R 

mg  

 

mg cos (90–) 

Fm cos 

Fm 
(90 – ) 

(A) (B) 
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(1) Induced current : 
R

e
i 

R

Bvl
  

(2) Magnetic force : Conductor PQ experiences a magnetic 

force in opposite direction of it’s motion and 

l
R

Bvl
BBilFm 










R

vlB 22

  

(3) Power dissipated in moving the conductor : For uniform 

motion of rod PQ, the rate of doing mechanical work by external 

agent or mech. Power delivered by external source is given as 

v
R

vlB
vF

dt

dW
PP extextmech 

22

.
R

lvB 222

   

(4) Electrical power : Also electrical power dissipated in 

resistance or rate of heat dissipation across resistance is given 

as  

R
R

Bvl
Ri

t

H
Pthermal .

2

2








 ;   

R

lvB
Pthermal

222

  

(It is clear that Pmech. = Pthermal which is consistent with the 

principle of conservation of energy.) 

(5) Motion of conductor rod in a vertical plane : If 

conducting rod released from rest (at t = 0) as shown in figure 

then with rise in it’s speed (v), induces emf (e), induced current 

(i), magnetic force (Fm) increases but it’s weight remains 

constant.  

Rod will achieve a constant maximum (terminal) velocity vT 

if mgFm   

So   mg
R

lvB T 
222

     

    
22lB

mgR
vT   

 

Special cases  

Motion of train and aeroplane in earth's magnetic field  

 

 

 

 

 

 

Induced emf across the axle of the wheels of the train and it 

is across the tips of the wing of the aeroplane is given by e = 

Bvlv where l = length of the axle or distance between the tips of 

the wings of plane, Bv = vertical component of earth's magnetic 

field and v = speed of train or plane. 

Motional EMI Due to Rotational Motion 

(1) Conducting rod : A conducting rod of length l whose one 

end is fixed, is rotated about the axis passing through it’s fixed 

end and perpendicular to it’s length with constant angular 

velocity . Magnetic field (B) is perpendicular to the plane of the 

paper. 

emf induces across the 

ends of the rod  

where  = frequency 

(revolution per sec) and T = 

Time period. 

(2) Cycle wheel : A conducting wheel each spoke of length l 

is rotating with angular velocity  in a given magnetic field as 

shown below in fig.  

Due to flux cutting each metal spoke becomes identical cell 

of emf e (say), all such 

identical cells connected in 

parallel fashion eenet   

(emf of single cell). Let N be 

the number of spokes hence 

 2;
2

1 2  Bwlenet    

Here  o
net Ne   i.e. total  emf does not depends on number of 

spokes ‘N’. 

(3) Faraday copper disc 

generator : A metal disc can be 

assumed to made of uncountable 

radial conductors when metal disc 

rotates in transverse magnetic 

field these radial conductors cuts 

away magnetic field lines and 

because of this flux cutting all becomes identical cells each of 

emf ‘e’ where ,
2

1 2rBe   

     

 

l 
Q P 

  

B 

     

     

     

Fig. 23.10 
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(4) Semicircular conducting loop : If a semi-circular 

conducting loop (ACD) of radius 

‘r’ with centre at O, the plane of 

loop being in the plane of paper. 

The loop is now made to rotate 

with a constant angular velocity , 

about an axis passing through O 

and perpendicular to the plane of paper. The effective 

resistance of the loop is R.  

In time t the area swept by the loop in the field i.e. region II   

trrrA  2

2

1
)(

2

1
 ;  

2

2r

dt

dA
  

Flux link with the rotating loop at time t  BA  

Hence induced emf in the loop in magnitude 

2
||

2rB

dt

dA
B

dt

d
e


  and induced current  

R

rB

R

e
i

2

|| 2
   

Periodic EMI 

Suppose a rectangular coil having N turns placed initially in 

a magnetic field such that 

magnetic field is perpendicular to 

it’s plane as shown.  

 – Angular speed  

 – Frequency of rotation of 

coil  

R – Resistance of coil  

For uniform rotational motion 

with , the flux linked with coil at any time t  

 tNBANBA  coscos    

ωtcos0   where 0 = NBA = maximum flux  

(1) Induced emf in coil : Induced emf also changes in 

periodic manner that’s why this phenomenon called periodic 

EMI 

tNBA
dt

d
e 


sin   ωtee sin0   where e0 = emf 

amplitude or max. emf  0 NBA  

(2) Induced current : At any time t, 

tit
R

e

R

e
i  sinsin 0

0   where i0 = current amplitude or max. 

current 
RR

NBA

R

e
i

 00
0   

Inductance 

(1) Inductance is that property of electrical circuits which 

opposes any change in the current in the circuit.  

(2) Inductance is inherent property of electrical circuits. It 

will always be found in an electrical circuit whether we want it or 

not. 

(3) A straight wire carrying current with no iron part in the 

circuit will have lesser value of inductance. 

(4) Inductance is analogous to inertia in mechanics, 

because inductance of an electrical circuit opposes any change 

of current in the circuit. 

Self Induction 

Whenever the electric current passing through a coil or 

circuit changes, the magnetic flux linked with it will also change. 

As a result of this, in accordance with Faraday’s laws of 

electromagnetic induction, an emf is induced in the coil or the 

circuit which opposes the change that causes it. This 

phenomenon is called ‘self induction’ and the emf induced is 

called back emf, current so produced in the coil is called 

induced current. 

 

 

 

 

 

 

 

 

(1) Coefficient of self-induction : Number of flux linkages 

with the coil is proportional to the current i. i.e. iN    or  

LiN   (N is the number of turns in coil and N – total flux 

linkage). Hence 
i

N
L


 = coefficient of self-induction.  

n̂

 

B


 

 = 2 

R 
Fig. 23.14 

(A) Main current 

increasing 

Induced current 

Rheostat Key 

(B) Main current decreasing 

Induced current 

Rheostat Key 

Fig. 23.15 

Fig. 23.13 
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(2) If i = 1amp, N = 1 then, L =  i.e. the coefficient of self 

induction of a coil is equal to the flux linked with the coil when 

the current in it is 1 amp. 

(3) By Faraday’s second law induced emf 
dt

d
Ne


 . 

Which gives 
dt

di
Le   ; If  secamp

dt

di
/1 then |e|= L.  

Hence coefficient of self induction is equal to the emf 

induced in the coil when the rate of change of current in the coil 

is unity. 

(4) Units and dimensional formula of ‘L’ : It's S.I. unit  

222

2

Amp

voltCoulomb

Amp

Joule

Amp

mN

Amp

mTesla

Amp

weber 






  

sec
sec




 ohm
amp

volt
. But practical unit is henry (H). It’s 

dimensional formula [L] = [ML2T–2A–2] 

(5) Dependence of self inductance (L) : ‘L’ does not depend 

upon current flowing or change in current flowing but it depends 

upon number of turns (N), Area of cross section (A) and 

permeability of medium ().  

‘L’ does not play any role till there is a constant current 

flowing in the circuit. ‘L’ comes in to the picture only when there 

is a change in current. 

(6) Magnetic potential energy of inductor : In building a 

steady current in the circuit, the source emf has to do work 

against of self inductance of coil and whatever energy 

consumed for this work stored in magnetic field of coil this 

energy called as magnetic potential energy (U) of coil  

2

0 2

1
LiLidiU

i

  ;  Also  
2

)(
2

1 iN
iLiU


    

(7) The various formulae for L  

Condition Figure 

Circular coil  

2

2
0 rN

L


  

 

 

 

Solenoid 

)( 0

22
0

r
r

l

AN

l

AN
L 


  

 

 

 

 

Toroid 

2

2
0 rN

L


   

 

 

 

 

Square coil  



 aN
L

2
022

  

 

 

 

Coaxial cylinders  

1

20 log
2 r

r

r
L e




  

1

2
100 log

2

303.2

r

r

r



    

 

 

 

Mutual Induction 

Whenever the current passing through a coil or circuit 

changes, the magnetic flux linked with a neighbouring coil or 

circuit will also change. Hence an emf will be induced in the 

neighbouring coil or circuit. This phenomenon is called ‘mutual 

induction’.  
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(1) Coefficient of mutual induction :  Total flux linked 

with the secondary due to current in the primary is N22 and 

N22  i1   122 MiN   where N1 - Number of turns in 

primary; N2 - Number of turns in secondary; 2 - Flux linked 

with each turn of secondary; i1 - Current flowing through 

primary; M-Coefficient of mutual induction or mutual 

inductance. 

(2) According to Faraday’s second law emf induces in 

secondary 
dt

d
Ne 2

22


 ; 

dt

di
Me 1

2   

(3) If 
sec

Amp

dt

di 11   then |e2| = M. Hence coefficient of 

mutual induction is equal to the emf induced in the secondary 

coil when rate of change of current in primary coil is unity.  

(4) Units and dimensional formula of M : Similar to self-

inductance (L) 

(5) Dependence of mutual inductance   

(i) Number of turns (N1, N2) of both coils  

(ii) Coefficient of self inductances (L1, L2) of both the coils  

(iii) Area of cross-section of coils  

(iv) Magnetic permeability of medium between the coils (r) 

or nature of material on which two coils are wound 

(v) Distance between two coils (As d increases so M 

decreases)   

(vi) Orientation between primary and secondary coil (for 90o 

orientation no flux relation M = 0) 

(vii) Coupling factor ‘K’ between primary and secondary coil  

(6) Relation between M, L1 and L2 : For two magnetically 

coupled coils 21LLkM  ; where k – coefficient of coupling or 

coupling factor which is defined as  

 primaryin linkedflux Magnetic 

secondary in linkedflux Magnetic 
k ; 0  k  1 

 

 

 

  (A) k = 1          (B) 0 < k < 1    (C) k = 0  

 

(7) The various formulae for M : 

Condition Figure 

Two concentric coplaner circular 

coils 

R

rNN
M

2

2
210

  

 

 

Two Solenoids 

 

l

ANNμ
M 210  

 

 

Two concentric coplaner square 

coils 

L

lNN
M



 2
210 22

  

 

 

 

Combination of Inductance  

(1) Series : If two coils of self-inductances L1 and L2 having 

mutual inductance are in series and are far from each other, so 

that the mutual induction between them is negligible, then net 

self inductance 21 LLLS    

When they are situated close to each other, then net 

inductance MLLLS 221   

(2) Parallel : If two coils of self-inductances L1 and L2 

having mutual inductance are connected in parallel and are far 

from each other, then net inductance L is 
21

111

LLLP

   

21

21

LL

LL
LP


  

When they are situated close to each other, then  

i1 

Primary 

(N1 turns) 

Secondar

y (N2 

turns) 

l 

P S P 

S 
Air 

gap 

P S 

Fig. 23.17 
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MLL

MLL
LP

221

2
21




  

Growth and Decay of Current In LR- Circuit 

If a circuit containing a pure inductor L and a resistor R in 

series with a battery and a key then on closing the circuit current 

through the circuit rises exponentially and reaches up to a 

certain maximum value (steady state). If circuit is opened from 

it’s steady state condition then current through the circuit 

decreases exponentially. 

 

 

 

 

 

 

(1) The value of current at any instant of time t after closing 

the circuit (i.e. during the rising of current) is given by 
















 t
L

R

0 e1ii ; where 
R

E
ii  max0 = steady state current. 

(2) The value of current at any instant of time t after opening 

from the steady state condition (i.e. during the decaying of 

current) is given by  
t

L

R

eii


 0  

(3) Time constant () : It is given as 
R

L
 ; It’s unit is 

second. In other words the time interval, during which the 

current in an inductive circuit rises to 63% of its maximum value 

at make, is defined as time constant or it is the time interval, 

during which the current after opening an inductive circuit falls to 

37% of its maximum value. 

 

 

 

 

 

 

 

 

 

 LC- Oscillation 

When a charged capacitor C having an initial charge q0 is 

discharged through an inductance L, the charge and current in 

the circuit start oscillating simple harmonically. If the resistance 

of the circuit is zero, no energy is dissipated as heat. We also 

assume an idealized situation in which energy is not radiated 

away from the circuit. The total energy associated with the 

circuit is constant. 

Frequency of oscillation is given by  

sec

rad

LC

1
   

 or Hz

LC


2

1
  

Eddy Current  

When a changing magnetic flux is applied to a bulk piece of 

conducting material then circulating currents called eddy 

currents are induced in the material. Because the resistance of 

the bulk conductor is usually low, eddy currents often have large 

magnitudes and heat up the conductor.  

(1) These are circulating currents like eddies in water.  

(2) Experimental concept given by Focault hence also 

named as “Focault current”. 

(3) The production of eddy currents in a metallic block leads 

to the loss of electric energy in the form of heat.  

(4) By Lamination, slotting processes the resistance path 

for circulation of eddy current increases, resulting in to 

weakening them and also reducing losses causes by them  
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C 

L 
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(5) Application of eddy currents : Though most of the times 

eddy currents are undesirable but they find some useful 

applications as enumerated below  

(i) Dead-beat galvanometer : A dead beat galvanometer 

means one whose pointer comes to rest in the final equilibrium 

position immediately without any oscillation about the 

equilibrium position when a current is passed in its coil. 

This is achieved by winding the coil on a metallic frame the 

large eddy currents induced in the frame provide 

electromagnetic damping.  

(ii) Electric-brakes : When the train is running its wheel is 

moving in air and when the train is to be stopped by electric 

breaks the wheel is made to move in a field created by 

electromagnet. Eddy currents induced in the wheels due to the 

changing flux oppose the cause and stop the train.  

(iii) Induction furnace : Joule's heat causes the melting of a 

metal piece placed in a rapidly changing magnetic field.  

(iv) Speedometer : In the speedometer of an automobile, a 

magnet is geared to the main shaft of the vehicle and it rotates 

according to the speed of the vehicle. The magnet is mounted in 

an aluminium cylinder with the help of hair springs. When the 

magnet rotates, it produces eddy currents in the drum and drags 

it through an angle, which indicates the speed of the vehicle on 

a calibrated scale.  

(v) Energy meter : In energy meters, the armature coil 

carries a metallic aluminium disc which rotates between the 

poles of a pair of permanent horse shoe magnets. As the 

armature rotates, the current induced in the disc tends to 

oppose the motion of the armature coil. Due to this braking 

effect, deflection is proportional to the energy consumed.  

dc Motor 

It is an electrical machine 

which converts electrical energy 

into mechanical energy.  

(1) Principle : It is based on 

the fact that a current carrying coil 

placed in the magnetic field experiences a torque. This torque 

rotates the coil. 

(2) Construction : It consists of the following components 

figure. 

 

 

 

 

 

 

 

 

 

ABCD = Armature coil, S1, S2 = split ring comutators   

B1, B2 = Carbon brushes, N, S = Strong magnetic poles 

(3) Working : Force on any arm of the coil is given by 

)( BliF


  in fig., force on AB will be perpendicular to plane of 

the paper and pointing inwards. Force on CD will be equal and 

opposite. So coil rotates in clockwise sense when viewed from 

top in fig. The current in AB reverses due to commutation 

keeping the force on AB and CD in such a direction that the coil 

continues to rotate in the same direction.  

Fig. 23.22 
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(4) Back emf in motor : Due to the rotation of armature coil 

in magnetic field a back emf is induced in the circuit. Which is 

given by e = E – iR. 

Back emf directly depends upon the angular velocity  of 

armature and magnetic field B. But for constant magnetic field 

B, value of back emf e is given by  e     or  e = k   (e = 

NBA sint) 

(5) Current in the motor :  
R

kE

R

eE
i





 ; When motor 

is just switched on i.e.  = 0 so e = 0 hence maximum
R

E
i  

and at full speed,  is maximum so back emf e is maximum and 

i is minimum. Thus, maximum current is drawn when the motor 

is just switched on which decreases when motor attains the 

speed. 

(6) Motor starter : At the time of start a large current flows 

through the motor which may burn out it. Hence a starter is used 

for starting a dc motor safely. Its function is to introduce a 

suitable resistance in the circuit at the time of starting of the 

motor. This resistance decreases gradually and reduces to zero 

when the motor runs at full sped. 

 

 

 

 

 

 

 

The value of starting resistance is maximum at time t = 0 

and its value is controlled by spring and electromagnetic system 

and is made to zero when the motor attains its safe speed. 

(7) Mechanical power and Efficiency of dc motor :  

Efficiency 
in

out

plied

mechanical

P

P

P

P


sup


 voltageSupply

e.m.f.Back 


E

e
 

(8) Uses of dc motors : They are used in electric 

locomotives, electric ears, rolling mills, electric cranes, electric 

lifts, dc drills, fans and blowers, centrifugal pumps and air 

compressors, etc. 

ac Generator/Alternator/Dynamo 

An electrical machine used to convert mechanical energy 

into electrical energy is known as ac generator/alternator.  

(1) Principle : It works on the principle of electromagnetic 

induction i.e., when a coil is rotated in uniform magnetic field, an 

induced emf is produced in it.  

(2) Construction : The main components of ac generator are  

 

 

 

 

 

 

 

 

 

 

 

 

(i) Armature : Armature coil (ABCD) consists of large number 

of turns of insulated copper wire wound over a soft iron core. 

(ii) Strong field magnet : A strong permanent magnet or an 

electromagnet whose poles (N and S) are cylindrical in shape in 

a field magnet. The armature coil rotates between the pole 

pieces of the field magnet. The uniform magnetic field provided 

by the field magnet is perpendicular to the axis of rotation of the 

coil.    

(iii) Slip rings : The two ends of the armature coil are 

connected to two brass slip rings R1 and R2. These rings rotate 

along with the armature coil. 

(iv) Brushes : Two carbon brushes (B1 and B2), are pressed 

against the slip rings. The brushes are fixed while slip rings 

rotate along with the armature. These brushes are connected to 

the load through which the output is obtained. 

C B 

D A 

B2 

B1 

R1 

R2 

RL Output 

N S 

Fig. 23.24 
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(3) Working : When the armature coil ABCD rotates in the 

magnetic field provided by the strong field magnet, it cuts the 

magnetic lines of force. Thus the magnetic flux linked with the 

coil changes and hence induced emf is set up in the coil. The 

direction of the induced emf or the current in the coil is 

determined by the Fleming’s right hand rule.  

The current flows out through the brush B1 in one direction 

of half of the revolution and through the brush B2 in the next half 

revolution in the reverse direction. This process is repeated. 

Therefore, emf produced is of alternating nature. 

tNBA
dt

Nd
e 


sin = e0 sint    where e0 = NBA 

tit
R

e

R

e
i  sinsin 0

0    R  Resistance of the circuit 

dc Generator 

If the current produced by the generator is direct current, 

then the generator is called dc generator. 

dc generator consists of  (i) Armature (coil)  (ii) Magnet      

(iii) Commutator   (iv) Brushes  

In dc generator commutator is used in place of slip rings. 

The commutator rotates along with the coil so that in every cycle 

when direction of ‘e’ reverses, the commutator also reverses or 

makes contact with the other brush so that in the external load 

the current remains in the some direction giving dc  

 

 

 

 

 

 

 

 

 

Transformer 

It is a device which raises or lowers the voltage in ac 

circuits through mutual induction. 

It consists of two coils wound on the same core. The 

alternating current passing through the primary creates a 

continuously changing flux through the core. This changing flux 

induces an alternating emf in the secondary.  

 

 

 

 

 

(1) Transformer works on ac only and never on dc. 

(2) It can increase or decrease either voltage or current but 

not both simultaneously. 

(3) Transformer does not change the frequency of input ac. 

(4) There is no electrical connection between the winding 

but they are linked magnetically. 

(5) Effective resistance between primary and secondary 

winding is infinite. 

(6) The flux per turn of each coil must be same i.e. PS   ; 

dt

d

dt

d PS 
 . 

(7) If NP = number of turns in primary, NS = number of turns 

in secondary, VP = applied (input) voltage to primary, VS = 

Voltage across secondary (load voltage or output), eP = induced 

emf in primary ;  eS = induced emf in secondary,  = flux linked 

with primary as well as secondary, iP = current in primary;  iS = 

current in secondary (or load current) 

As in an ideal transformer there is no loss of power 

i.e. inout PP  so  PPSS iViV    and  PP eV  , SS eV  . Hence 

k
i

i

V

V

N

N

e

e

S

P

P

S

P

S

P

S  ; k = Transformation ratio (or turn 

ratio)  

Table 23.3 : Types of transformer 

Step up transformer Step down transformer 

It increases voltage and 

decreases current 

It decreases voltage and 

increases current 

P S S P 

S 

Armature 

Load 

+ 

(Coil) 

Commutator 
Brushes 

– 

N 

Fig. 23.25 
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 VS > VP  VS < VP  

 NS > NP  NS < NP 

 ES > EP    ES < EP   

 iS < iP  iS > iP 

 RS > RP  

 tS > tP  

 k > 1 

 RS < RP  

 tS > tP  

 k < 1 

 

(8) Efficiency of transformer () : Efficiency is defined as 

the ratio of output power and input power  

i.e.  100100% 
PP

SS

in

out

iV

iV

P

P
  

For an ideal transformer Pout = Pin  so %100  (But efficiency 

of practical transformer lies between 70% – 90%) 

For practical transformer lossesoutin PPP   

so   100
)(

100
)(

100 






in

Lin

Lout

out

in

out

P

PP

PP

P

P

P
  

(9) Losses in transformer : In transformers some power is 

always lost due to, heating effect, flux leakage eddy currents, 

hysteresis and humming. 

(i) Cu loss (i2R) : When current flows through the 

transformer windings some power is wasted in the form of heat 

).( 2 RtiH  To minimize this loss windings are made of thick Cu 

wires (To reduce resistance)  

(ii) Eddy current loss : Some electrical power is wasted in 

the form of heat due to eddy currents, induced in core, to 

minimize this loss transformers core are laminated and silicon is 

added to the core material as it increases the resistivity. The 

material of the core is then called silicon-iron (steel). 

(iii) Hystersis loss : The alternating current flowing through 

the coils magnetises and demagnetises the iron core again and 

again. Therefore, during each cycle of magnetisation, some 

energy is lost due to hysteresis. However, the loss of energy 

can be minimised by selecting the material of core, which has a 

narrow hysterisis loop. Therefore core of transformer is made of 

soft iron. Now a days it is made of “Permalloy” (Fe-22%, Ni-

78%). 

(iv) Magnetic flux leakage : Magnetic flux produced in the 

primary winding is not completely linked with secondary 

because few magnetic lines of force complete their path in air 

only. To minimize this loss secondary winding is kept inside the 

primary winding. 

(v) Humming losses : Due to the passage of alternating 

current, the core of the transformer starts vibrating and 

produces humming sound. Thus, some part (may be very small) 

of the electrical energy is wasted in the form of humming 

sounds produced by the vibrating core of the transformer. 

(10) Uses of transformer : A transformer is used in almost 

all ac operations e.g.  

(i) In voltage regulators for TV, refrigerator, computer, air 

conditioner etc.  

(ii) In the induction furnaces. 

(iii) Step down transformer is used for welding purposes. 

(iv) In the transmission of ac over long distance. 

 

 

 

 

 

 

(v) Step down and step up transformers are used in 

electrical power distribution. 

(vi) Audio frequency transformers are used in radiography, 

television, radio, telephone etc.  

Fig. 23.27 
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(vii) Radio frequency transformers are used in radio 

communication. 

(viii) Transformers are also used in impedance matching. 

 

 

 

 

 

 If a bar magnet moves towards a fixed conducting coil, 

then due to the flux changes an emf, current and charge 

induces in the coil. If speed of magnet increases then induced 

emf and induced current increases but induced charge remains 

same 

 

 

 

    Induced parameter :  e1, i1, q1              e2 (> e1), i2( > i1), q2 (= q1) 

 Can ever electric lines of force be closed curve ? Yes, 

when produced by a changing magnetic field. 

 No flux cutting    No EMI 

 Vector form of motional emf  :  lBve


).(   

 In motional emf vB


,  and l


 are three vectors. If any two 

vector are parallel – No flux cutting. 

 

 

 

 

 

 A piece of metal and a piece of non-metal are dropped 

from the same height near the surface of the earth. The non-

metallic piece will reach the ground first because there will be 

no induced current in it. 

 If an aeroplane is landing down or taking off and its 

wings are in the east-west direction, then the potential 

difference or emf will be induced across the wings. If an 

aeroplane is landing down or taking off and its wings are in 

the north-south direction, then no potential difference or emf 

will be induced. 

 When a conducting rod moving horizontally on equator of 

earth no emf induces because there is no vertical component 

of earth's magnetic field. But at poles BV is maximum so 

maximum flux cutting hence emf induces. 

 When a conducting rod falling freely in earth's magnetic 

field such that it's length lies along East - West direction then 

induced emf continuously increases w.r.t. time and induced 

current flows from West - East. 

 1 henry = 109 emu of inductance or 109 ab-henry. 

 Inductance at the ends of a solenoid is half of it's the 

inductance at the centre.  







 centreend LL

2

1
. 

 A thin long wire made up of material of high resistivity 

behaves predominantly as a resistance. But it has some 

amount of inductance as well as capacitance in it. It is thus 

difficult to obtain pure resistor. Similarly it is difficult to obtain 

pure capacitor as well as pure inductor. 

 Due to inherent presence of self inductance in all 

electrical circuits, a resistive circuit with no capacitive or 

inductive element in it, also has some inductance associated 

with it.  

The effect of self-inductance can be eliminated 

 as in the coils of a resistance box by doubling  

back the coil on itself.  

 It is not possible to have mutual inductance without self 

inductance but it may or may not be possible self inductance 

without mutual inductance. 

 If main current through a coil increases (i) so 
dt

di
 will be 

positive (+ve), hence induced emf e will be negative (i.e. 

opposite emf)  eEEnet   

 

 

 

 

 

 Sometimes at sudden opening of key, because of high 

v1 

S N 
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||  so e = 0 
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i i 

K E 

e 

Circuit is made on 

or i increasing 



 

     1306 Electromagnetic Induction  

inductance of circuit a high momentarily induced emf 

produced and a sparking occurs at key position. To avoid 

sparking a capacitor is connected across the key. 

 Sometimes at sudden opening of key, because of high 

inductance of circuit a high momentarily induced emf 

produced and a sparking occurs at key position. To avoid 

sparking a capacitor is connected across the key. 

 One can have resistance with or without inductance but 

one can’t have inductance without having resistance. 

 The circuit behaviour of an inductor is quite different from 

that of a resistor. while a resistor opposes the current i, an 

inductor opposes the change 
dt

di
 in the circuit. 

 

 

 

 In RL-circuit with dc source the time taken by the current 

to reach half of the maximum value is called half life time and 

it is given by T = 0.693 
R

L
 . 

 dc motor is a highly versatile energy conversion device. It 

can meet the demand of loads requiring high starting torque, 

high accelerating and decelerating torque. 

 When a source of emf is connected across the two ends 

of the primary winding alone or across the two ends of 

secondary winding alone, ohm’s law can be applied. But in 

the transformer as a whole, ohm’s law should not be applied 

because primary winding and secondary winding are not 

connected electrically. 

 Even when secondary circuit of the transformer is open it 

also draws some current called no load primary current for 

supplying no load Cu and iron loses. 

 Transformer has highest possible efficiency out of all the 

electrical machines. 
 

L 

a b 

i 

dt

di
LV

ab
  

R 

a b 

i 

Vab = iR 
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Faraday's and Lenz's Law 
 

1. In electromagnetic induction, the induced e.m.f. in a coil is 
independent of   [CPMT 1984] 

 (a) Change in the flux (b) Time           

(c) Resistance of the circuit (d) None of the above 

2. Lenz's law is consequence of the law of conservation of   

[JIPMER 1997; CPMT 1990; RPMT 1997;  

MP PET 1999; MP PMT 2000, 03; RPET 2003; AFMC 2004] 

(a) Charge (b) Momentum 

(c) Mass (d) Energy 

3. In electromagnetic induction, the induced charge in a coil is 
independent of 

(a) Change in the flux  (b) Time 

(c) Resistance in the circuit (d) None of the above 

4. The magnetic flux through a circuit of resistance R  

 changes by an amount   in time t ,  Then the total quantity of 

electric charge Q , which passing during this time through any 

point of the circuit is given by 

  [Haryana CEE 1996; CBSE PMT 2004] 

 (a) 
t

Q






 (b) R

t
Q 







 

 (c) R
t

Q 






 (d) 

R
Q


  

5. A cylindrical bar magnet is kept along the axis of a circular coil. If 
the magnet is rotated about its axis, then 

    [CPMT 1983; BCECE 2004] 

 (a)  A current will be induced in a coil  

 (b)  No current will be induced in a coil 

 (c)  Only an e.m.f. will be induced in the coil 

 (d)  An e.m.f. and a current both will be induced in the coil 

6.  A metallic ring is attached with the wall of a room. When the north 
pole of a magnet is brought near to it, the induced current in the 
ring will be 

   [AFMC 1993; MP PMT/PET 1998; Pb PET 2003] 

  

 

 

 

 

 (a)  First clockwise then anticlockwise 

 (b)  In clockwise direction  

 (c)  In anticlockwise direction 

 (d)  First anticlockwise then clockwise 

7. A coil having an area 0A  is placed in a magnetic field which 

changes from 0B to 04B  in a time interval t. The e.m.f. induced in 

the coil will be   [MP PET 1990] 

 (a) 
t

BA 003
 (b) 

t

BA 004
 

 (c) 
tA

B

0

03
 (d) 

tA

B

0

04
 

8. The magnetic flux linked with a coil is given by an equation   (in 

webers) = 538 2  tt . The induced e.m.f. in the coil at the fourth 
second will be    [MP PET 1990] 

 (a)  16 units (b) 39 units 

 (c) 67 units (d) 145 units 

9. The current flowing in two coaxial coils in the same direction. On 
increasing the distance between the two, the electric current will    [MP PMT 1991] 

 (a)  Increase 

 (b)  Decrease 

 (c)  Remain unchanged 

 (d)  The information is incomplete 

10. A copper ring is held horizontally and a bar magnet is dropped 
through the ring with its length along the axis of the ring. The 

acceleration of the falling magnet while it is passing through the 
ring is    

[CBSE PMT 1996; MP PET 1990, 99; 

  CPMT 1991, 99; JIPMER 1997; CPMT 2003; 

   MP PET/PMT 2001; KCET 2001; Kerala (Engg.) 2001] 

 (a) Equal to that due to gravity  

 (b) Less than that due to gravity 

 (c) More than that due to gravity 

 (d) Depends on the diameter of the ring and the length of the 

magnet  

11. A square coil 2210 m  area is placed perpendicular to a uniform 

magnetic field of intensity 23 /10 mWb . The magnetic flux 
through the coil is    [MP PMT 1990, 2001] 

 (a) 10 weber  (b) 510  weber 

 (c) 510 weber (d) 100 weber 

12. A magnet is brought towards a coil (i) speedly (ii) slowly then the 
induced e.m.f./induced charge will be respectively 

[RPMT 1997; MP PMT 2003] 

 (a)  More in first case / More in first case 

 (b)  More in first case/Equal in both case 

 (c)  Less in first case/More in second case 

 (d)  Less in first case/Equal in both case 

13. The direction of induced e.m.f. during electromagnetic induction is 
given by    [MP PET 1994, 96] 

 (a) Faraday's law (b) Lenz's law 

 (c) Maxwell's law (d) Ampere's law 

14. In a coil of area 210 cm  and 10 turns with a magnetic field 

directed perpendicular to the plane and is changing at the rate of 

810 gauss/second. The resistance of the coil is 20 ohm. The current 

in the coil will be   [CPMT 1976] 

 (a) 5 amp (b) 0.5 amp 

 (c) 0.05 amp (d) amp8105   

a 

N 

S 
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15.  As shown in the figure, a magnet is moved with a fast speed 

towards a coil at rest. Due to this induced electromotive force, 

induced current and induced charge in the coil is IE,  and Q  

respectively. If the speed of the magnet is doubled, the incorrect 

statement is   [MP PET 1995] 

  

 

 

 

 (a) E  increases (b) I  increases 

 (c) Q  remains same (d) Q  increases 

16. A coil having 500 square loops each of side 10 cm is placed normal 
to a magnetic flux which increases at the rate of 1.0 tesla/second. 
The induced e.m.f. in volts is 

    [CPMT 1989, 90; DCE 2002] 

 (a)  0.1 (b) 0.5 

 (c)  1 (d) 5 

17. When a magnet is pushed in and out of a circular coil C connected 

to a very sensitive galvanometer G as shown in the adjoining 

diagram with a frequency  , then 

 

 

 

 

 

 

 (a) Constant deflection is observed in the galvanometer  

 (b) Visible small oscillations will be observed in the galvanometer if 

 is about 50 Hz  

 (c) Oscillations in the deflection will be observed clearly if 1  

or 2 Hz  

 (d) No variation in the deflection will be seen if 1 or 2 Hz 

18. A coil of area 2100cm  has 500 turns. Magnetic field of 

2/1.0 metreweber  is perpendicular to the coil. The field is 

reduced to zero in 0.1 second. The induced e.m.f. in the coil is   [MP PMT 1991; MH CET (Med.) 1999] 

 (a) 1 V (b) 5 V  

 (c)   50 V (d)  Zero 

19. A 50 turns circular coil has a radius of cm3 , it is kept in a 

magnetic field acting normal to the area of the coil. The magnetic 

field B  increased from 0.10 tesla to 0.35 tesla in 2 milliseconds. The 

average induced e.m.f. in the coil is 

[MP PET 1994] 

 (a) volts77.1  (b) volts7.17  

 (c) volts177  (d) volts177.0  

20. A coil having an area 22m  is placed in a magnetic field which 

changes from 2/1 mWb to 2/4 mWb in a interval of 2 second. 
The e.m.f. induced in the coil will be 

                           [DPMT 1999; MP PET 2002] 

 (a)  4 V  (b) 3 V  

 (c)  1.5 V (d) 2 V  

21. A coil has 2000 turns and area of 270cm . The magnetic field 

perpendicular to the plane of the coil is 2/3.0 mWb and takes 

0.1sec to rotate through o180 . The value of the induced e.m.f. will 
be    

[MP PET 1993; Similar to AIIMS 1997] 

 (a) V4.8  (b) V84  

 (c) V42  (d) V2.4  

22. Two different loops are concentric and lie in the same plane. The 
current in the outer loop is clockwise and increasing with time. The 
induced current in the inner loop then, is 

[MP PET 1993] 

 (a) Clockwise  

 (b) Zero 

 (c) Counter clockwise 

 (d) In a direction that depends on the ratio of the loop radii 

23. According to Faraday's law of electromagnetic induction 

 [MP PET 1994] 

(a) The direction of induced current is such that it opposes the 
cause producing it 

(b) The magnitude of induced e.m.f. produced in a coil is directly 
proportional to the rate of change of magnetic flux 

(c) The direction of induced e.m.f. is such that it opposes the cause 
producing it 

(d) None of the above 

24. The unit of magnetic flux is  

[MP PMT 1994; MP PET 1995; AFMC 1998] 

(a) 2/ mWeber  (b) Weber 

(c) Henry (d) Ampere/m 

25. The north pole of a long horizontal bar magnet is being brought 

closer to a vertical conducting plane along the perpendicular 

direction. The direction of the induced current in the conducting 

plane will be  [MP PMT 1994] 

(a) Horizontal (b) Vertical 

(c) Clockwise (d) Anticlockwise 

26. The magnetic field in a coil of 100 turns and 40 square cm area is 
increased from 1 Tesla to 6 Tesla in 2 second. The magnetic field is 
perpendicular to the coil. The e.m.f. generated in it is   [MP PMT 1994] 

(a) V410  (b) 1.2 V 

(c) 1.0 V (d) V210   

27. The dimensions of magnetic flux are 

[MP PMT 1994; CBSE PMT 1999] 

(a) 22  AMLT  (b) 222  ATML  

(c) 212  ATML  (d) 122  ATML  

28.  Lenz's law gives    [MP PMT 1994] 

(a) The magnitude of the induced e.m.f. 

(b) The direction of the induced current 

(c) Both the magnitude and direction of the induced current 

(d) The magnitude of the induced current 

29. The north pole of a bar magnet is moved swiftly downward towards 

a closed coil and then second time it is raised upwards slowly. The 

G 

S N 

G 

S N 
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magnitude and direction of the induced currents in the two cases 
will be of [MP PET 1996] 

  First case    Second case 

(a) Low value clockwise  Higher value anticlockwise 

(b) Low value clockwise  Equal value anticlockwise 

(c) Higher value clockwise  Low value clockwise 

(d) Higher value anticlockwise Low value clockwise 

30. A metallic ring connected to a rod oscillates freely like a pendulum. 

If now a magnetic field is applied in horizontal direction so that the 
pendulum now swings through the field, the pendulum will  

  

 

 

 

 

 

(a) Keep oscillating with the old time period  

(b) Keep oscillating with a smaller time period 

(c) Keep oscillating with a larger time period 

(d) Come to rest very soon 

31. A circular coil of 500 turns of wire has an enclosed area of 21.0 m  

per turn. It is kept perpendicular to a magnetic field of induction 0.2 

T and rotated by 180° about a diameter perpendicular to the field in 
0.1 sec. How much charge will pass when the coil is connected to a 
galvanometer with a combined resistance of 50 ohms   [MP PET 1997] 

(a) 0.2 C  (b) 0.4 C 

(c) 2 C (d) 4 C 

32. A coil of 100 turns and area 5 square centimetre is placed in a 
magnetic field B = 0.2 T. The normal to the plane of the coil makes 
an angle of 60° with the direction of the magnetic field. The 
magnetic flux linked with the coil is 

[MP PMT 1997] 

(a) Wb3105   (b) Wb5105   

(c) Wb210   (d) Wb410   

33. In a circuit with a coil of resistance 2 ohms, the magnetic flux 
changes from 2.0 Wb to 10.0 Wb in 0.2 second. The charge that 
flows in the coil during this time is 

[MP PMT 1997] 

(a) 5.0 coulomb (b) 4.0 coulomb 

(c) 1.0 coulomb (d) 0.8 coulomb 

34. The direction of induced current is such that it opposes the very 
cause that has produced it. This is the law of 

[MP PMT/PET 1998] 

(a) Lenz (b) Faraday 

(c) Kirchhoff (d) Fleming 

35. To induce an e.m.f. in a coil, the linking magnetic flux 

[KCET 1994] 

(a) Must decrease 

(b) Can either increase or decrease 

(c) Must remain constant 

(d) Must increase 

36. A solenoid is 1.5 m long and its inner diameter is 4.0 cm. It has 
three layers of windings of 1000 turns each and carries a current of 
2.0 amperes. The magnetic flux for a cross-section of the solenoid is 
nearly   [AMU 1995] 

(a) 2.5  10–7 weber  (b) 6.31  10–6 weber 

(c) 5.2  10–5 weber  (d) 4.1  10–5 weber 

37. A coil of 40  resistance has 100 turns and radius 6 mm is 

connected to ammeter of resistance of 160 ohms. Coil is placed 
perpendicular to the magnetic field. When coil is taken out of the 

field, 32  C charge flows through it. The intensity of magnetic field 

will be  [RPET 1997] 

(a) 6.55 T (b) 5.66 T  

(c) 0.655 T (d) 0.566 T  

38. Faraday's laws are consequence of conservation of 

[CBSE PMT 1993; BHU 2002] 

(a) Energy  

(b) Energy and magnetic field  

(c) Charge 

(d) Magnetic field 

39. A magnetic field of 2  10– 2 T acts at right angles to a coil of area 100 
cm2 with 50 turns. The average emf induced in the coil is 0.1 V, 
when it is removed from the field in time t. The value of t is[CBSE PMT 1992; CPMT 2001] 

(a) 0.1 sec (b) 0.01 sec 

(c) 1 sec (d) 20 sec 

40. The total charge induced in a conducting loop when it is moved in 
magnetic field depends on  

 [CBSE PMT 1992; ISM Dhanbad 1994] 

(a) The rate of change of magnetic flux 

(b) Initial magnetic flux only 

(c) The total change in magnetic flux 

(d) Final magnetic flux only 

41. A rectangular coil of 20 turns and area of cross- section  25 sq cm 
has a resistance of 100 ohm. If a magnetic field which is 
perpendicular to the plane of the coil changes at the rate of 1000 
Tesla per second, the current in the coil is  

[CBSE PMT 1992;  

Very Similar to MHCET 2002; DPMT 2004] 

(a) 1.0 ampere (b) 50 ampere 

(c) 0.5 ampere (d) 5.0 ampere 

42. The north pole of a magnet is brought near a metallic ring. The 
direction of the induced current in the ring will be 

[AIIMS 1999] 

(a) Clockwise  (b) Anticlockwise  

(c) Towards north  (d) Towards south  

43.  Lenz’s law applies to    [DCE 1999] 

(a) Electrostatics  

(b) Lenses 

(c) Electro-magnetic induction  

(d) Cinema slides  

44. If a coil of metal wire is kept stationary in a non-uniform magnetic 
field, then    [BHU 2000] 

(a) An e.m.f. is induced in the coil 

(b) A current is induced in the coil  

(c) Neither e.m.f. nor current is induced  

× × × × × 

× × × × × 

× × × × × 

× × × × × 
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(d) Both e.m.f. and current is induced  

45. The magnetic flux linked with a coil, in webers, is given by the 

equations 943 2  tt . Then the magnitude of induced e.m.f. 

at t = 2 second will be 

[KCET 2000; CPMT 2003; MP PET 2005] 

(a) 2 volt  (b) 4 volt  

(c) 8 volt  (d) 16 volt  

46. A coil has an area of 0.05 m2 and it has 800 turns. It is placed 

perpendicularly in a magnetic field of strength ,/104 25 mWb  

it is rotated through o90  in 0.1 sec. The average e.m.f. induced in 
the coil is  [CPMT 2001] 

(a) 0.056 V  (b) 0.046 V 

(c) 0.026 V  (d) 0.016 V  

47. A moving conductor coil in a magnetic field produces an induced 
e.m.f. This is in accordance with 

[AFMC 1993; MH CET 2001, 03] 

(a) Amperes law  (b) Coulomb law  

(c) Lenz’s law  (d) Faraday’s law  

48. In the diagram shown if a bar magnet is moved along the common 

axis of two single turn coils A and B in the direction of arrow    [Kerala (Engg.) 2001] 

 

 

 

 

 

(a) Current is induced only in A & not in B  

(b) Induced currents in A & B are in the same direction  

(c) Current is induced only in B and not in A  

(d) Induced currents in A & B are in opposite directions  

49. Magnetic flux  (in weber) linked with a closed circuit of resistance 

10 ohm varies with time t (in seconds) as  

               145 2  tt  

The induced electromotive force in the circuit at t = 0.2 sec. is     [MP PMT 2001] 

(a) 0.4 volts  (b) – 0.4 volts  

(c) – 2.0 volts  (d) 2.0 volts  

50. The formula for induced e.m.f. in a coil due to change in magnetic 

flux through the coil is (here A = area of the coil, B = magnetic field) 

   [MP PET 2002] 

(a) 
dt

dB
Ae .  (b) 

dt

dA
Be .  

(c) ).( BA
dt

d
e   (d) )( BA

dt

d
e   

51. Lenz’s law is expressed by the following formula (here e = induced 

e.m.f.,  = magnetic flux in one turn and N = number of turns)   [MP PET 2002] 

(a) 
dt

dN
e   (b) 

dt

d
Ne


  

(c) 









Ndt

d
e


 (d) 

dt

d
Ne


  

52.  A magnet is dropped down an infinitely long vertical copper tube    [KCET 2002] 

(a) The magnet moves with continuously increasing velocity and 

ultimately acquires a constant terminal velocity  

(b) The magnet moves with continuously decreasing velocity and 

ultimately comes to rest  

(c) The magnet moves with continuously increasing velocity but 

constant acceleration  

(d) The magnet moves with continuously increasing velocity and 

acceleration 

53. An aluminium ring B faces an electromagnet A. The current I 

through A can be altered    [Kerala PET 2002] 

 

 

 

 

 

(a) Whether I increases or decreases, B will not experience any 

force  

(b) If I decrease, A will repel B  

(c) If I increases, A will attract B  

(d) If I increases, A will repel B  

54. The magnetic flux linked with a coil at any instant ‘t’ is given by  = 

5t3 – 100t + 300, the e.m.f. induced in the coil at t = 2 second is    [KCET 2003] 

(a) – 40 V  (b) 40 V  

(c) 140 V  (d) 300 V 

55. A coil has 1,000 turns and 500 cm2 as its area. The plane of the coil is 

placed at right angles to a magnetic induction field of 

25 /102 mWb . The coil is rotated through o180  in 0.2 

seconds. The average e.m.f. induced in the coil, in milli-volts, is     [EAMCET 2003] 

(a) 5 (b) 10 

(c) 15 (d) 20 

56. When a bar magnet falls through a long hollow metal cylinder fixed 

with its axis vertical, the final acceleration of the magnet is    [BVP 2003] 

(a) Equal to zero  

(b) Less than g  

(c) Equal to g  

(d) Equal to g in to beginning and then more than g  

57. The magnetic flux linked with a vector area A  in a uniform magnetic 

field B  is    [MP PET 2003] 

(a) AB   (b) AB  

(c) AB   (d) 
A

B
 

58. The magnetic flux linked with a circuit of resistance 100 ohm 

increases from 10 to 60 webers. The amount of induced charge that 

flows in the circuit is (in coulomb)  

     [MP PET 2003] 

B A 

N S 

B A 

+ – i Rear 

side  

Front 

side  
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(a) 0.5  (b) 5 

(c) 50 (d) 100 

59. A magnet NS is suspended from a spring and while it oscillates, the 
magnet moves in and out of the coil C. The coil is connected to a 
galvanometer G. Then as the magnet oscillates,    [KCET 2004] 

(a) G shows deflection to the left and right with constant 
amplitude   

(b) G shows deflection on one side  
 (c) G shows no deflection.  

(d) G shows deflection to the left and right 
but the amplitude steadily decreases.   

60. A coil having n turns and resistance R   is 
connected with a galvanometer of resistance 

R4 . This combination is moved in time t 
seconds from a magnetic field W

1

 weber to W
2

 
weber. The induced current in the circuit is    [AIEEE 2004] 

(a) 
Rnt

WW

5

12   (b) 
Rt

WWn

5

)( 12   

(c) 
Rnt

WW )( 12   (d) 
Rt

WWn )( 12     

61. If a copper ring is moved quickly towards south pole of a powerful 
stationary bar magnet, then  [Pb. PMT 2004] 

(a) Current flows through the copper ring  
(b) Voltage in the magnet increase  

(c) Current flows in the magnet  
(d) Copper ring will get magnetised   

62. The magnetic flux linked with coil, in weber is given by the 

equation, 1635 2  tt . The induced emf in the coil in the 

fourth second is    [Pb. PMT 2004] 
(a) 10 V (b) 30 V 
(c)  45 V (d) 90 V  

63. The coil of area 0.1 m2 has 500 turns. After placing the coil in a 

magnetic field of strength 24 /104 mWb , if rotated through 90o 
in 0.1 s, the average emf induced in the coil is 

    [Pb. PET 2002] 

 (a) 0.012 V (b) 0.05 V 
    (c) 0.1 V (d) 0.2 V    

64. Magnetic flux in a circuit containing a coil of resistance 2 changes 
from 2.0 Wb to 10 Wb in 0.2 sec. The charge passed through the 
coil in this time is [DPMT 2003] 
(a)  0.8 C (b) 1.0 C 
(c) 5.0 C (d)  4.0 C  

65. The diagram below shows two coils A and B placed parallel to each 
other at a very small distance. Coil A is connected to an ac supply. G 
is a very sensitive galvanometer. When the key is closed   [CPMT 1986]  

 
 
 

 
 

(a) Constant deflection will be observed in the galvanometer for 50 
Hz supply 

(b) Visible small variations will be observed in the galvanometer 
for 50 Hz input 

(c) Oscillations in the galvanometer may be observed when the 
input ac voltage has a frequency of 1 to 2 Hz 

(d) No variation will be observed in the galvanometer even when 
the input ac voltage is 1 or 2 Hz  

66. An infinitely long cylinder is kept parallel to an uniform magnetic 

field B directed along positive z axis. The direction of induced 

current as seen from the z axis will be  

[IIT-JEE (Screening) 2005] 

 (a)  Clockwise of the +ve z axis   

 (b) Anticlockwise of the +ve z axis  

 (c)  Zero  

 (d) Along the magnetic field 

67. In a magnetic field of 0.05T, area of a coil changes from 2101cm  

to 2100 cm  without changing the resistance which is 2. The 

amount of charge that flow during this period is 

[Orissa PMT 2005] 

(a) 6105.2  coulomb (b) 6102  coulomb 

(c) 610 coulomb (d) 6108  coulomb 

68. If a coil of 40 turns and area 4.0 cm2 is suddenly removed from a 

magnetic field, it is observed that a charge of C4100.2   flows 

into the coil. If the resistance of the coil is 80 , the magnetic flux 

density in 2/mWb  is [MP PET 2005] 

(a) 0.5 (b) 1.0  

(c) 1.5 (d) 2.0  
 

Motional EMI 
 

1.  A rectangular coil ABCD is rotated anticlockwise with a uniform 

angular velocity about the axis shown in diagram below. The axis of 
rotation of the coil as well as the magnetic field B are horizontal. 
The induced e.m.f. in the coil would be maximum when   

[Haryana CEE 1996; MP PMT 1992, 94, 99] 

 

 

 

 

 

 

(a) The plane of the coil is horizontal 

(b) The plane of the coil makes an angle of 45° with the magnetic 

field 

(c) The plane of the coil is at right angles to the magnetic field 

(d) The plane of the coil makes an angle of 30° with the magnetic 

field 

2. A 10 metre wire kept in east-west falling with velocity          5 

m/sec perpendicular to the field 24 /103.0 mWb .  The induced 

e.m.f. across the terminal will be   [MP PET 2000] 

 (a)  0.15 V (b) 1.5 mV 

 (c)  1.5 V (d) 15.0 V 

3. An electric potential difference will be induced between the ends of 
the conductor shown in the diagram, when the conductor moves in 
the direction 

    [AIIMS 1982; DPMT 2001] 

 (a)  P  

 (b) Q 

 (c)  L  

 (d) M 

4. Two rails of a railway track insulated from each other and the 
ground are connected to a milli voltmeter. What is the reading of 
voltmeter, when a train travels with a speed of 180 km/hr along the 
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track. Given that the vertical component of earth's magnetic field is 
24 /102.0 mweber  and the rails are separated by 1 metre  

   [IIT 1981; KCET  2001] 

 (a) volt210  (b) volt410   

 (c) volt310  (d) 1 volt 

5. A conductor of 3 m in length is moving perpendicularly to magnetic 

field of 310  tesla with the speed of sm /10 2 , then the e.m.f. 

produced across the ends of conductor will be     [MP PET 1990] 

 (a)  0.03 volt (b) 0.3 volt 

 (c) volt3103   (d) 3 volt 

6. When a wire loop is rotated in a magnetic field, the direction of 

induced e.m.f. changes once in each 

      [MP PMT 1991, 04] 

 (a) 
4

1
 revolution (b) 

2

1
 revolution 

 (c)  1 revolution (d) 2 revolution 

7. An aeroplane in which the distance between the tips of wings is 50 
m is flying horizontally with a speed of 360 km/hr over a place 
where the vertical components of earth magnetic field is 

24 /100.2 mweber . The potential difference between the tips 

of wings would be  

[CPMT 1990; MP PET 1991] 

 (a) 0.1 V (b) 1.0 V 

 (c) 0.2 V (d) 0.01 V 

8. A copper disc of radius 0.1 m is rotated about its centre with 10 
revolutions per second in a uniform magnetic field of 0.1 Tesla with 
its plane perpendicular to the field. The e.m.f. induced across the 
radius of disc is  [MH CET (Med) 2001] 

 (a) V
10


 (b) V

10

2
 

 (c) V210   (d) V2102   

9. A metal conductor of length 1m rotates vertically about one of its 
ends at angular velocity 5 radians per second. If the horizontal 

component of earth's magnetic field is T4102.0  , then the 

e.m.f. developed between the two ends of the conductor is[MP PMT 1992; AIEEE 2004] 

 (a) mV5  (b) V4105   

 (c) mV50  (d) V50  

10. A conducting square loop of side L and resistance R moves in its 

plane with a uniform velocity v perpendicular to one of its sides. A 
magnetic induction B constant in time and space, pointing 
perpendicular and into the plane of the loop exists everywhere. The 
current induced in the loop is 

 [IIT 1989; MP PET 1997; MP PMT 1996, 99; MP PMT 2002] 

 (a) 
R

Blv
clockwise  

 (b) 
R

Blv
anticlockwise 

 (c) 
R

Blv2
anticlockwise  

 (d) Zero 

11. A player with 3 m long iron rod runs towards east with a speed of 

30 km/hr. Horizontal component of earth's magnetic field is 
25 /104 mWb . If he is running with rod in horizontal and 

vertical positions, then the potential difference induced between the 
two ends of the rod in two cases will be    [MP PET 1993] 

 (a) Zero in vertical position and V3101  in horizontal position 

 (b) V3101  in vertical position and zero is horizontal position 

 (c) Zero in both cases 

 (d) V3101  in both cases 

12. A coil of area 80 square cm and 50 turns is rotating with 2000 
revolutions per minute about an axis perpendicular to a magnetic 
field of 0.05 Tesla. The maximum value of the e.m.f. developed in it 
is    [MP PMT 1994] 

(a) volt200  (b) volt
3

10
 

(c) volt
3

4
 (d) 

3

2
volt 

13. A conducting rod of length l is falling with a velocity v 
perpendicular to a uniform horizontal magnetic field B. The 
potential difference between its two ends will be 

     [MP PMT 1994] 

(a) 2Blv (b) Blv 

(c) Blv
2

1
 (d) 222 vlB  

14. A conducting wire is moving towards right in a magnetic field B. 
The direction of induced current in the wire is shown in the figure. 
The direction of magnetic field will be 

[MP PET 1995] 

 

 

 
 

 

(a) In the plane of paper pointing towards right 

(b) In the plane of paper pointing towards left 

(c) Perpendicular to the plane of paper and down-wards 

(d) Perpendicular to the plane of paper and upwards 

15. The current carrying wire and the rod AB are in the same plane. 
The rod moves parallel to the wire with a velocity v. Which one of 
the following statements is true about induced emf in the rod 

  

 

 

 

 

(a) End A will be at lower potential with respect to B 

(b) A and B will be at the same potential 

(c) There will be no induced e.m.f. in the rod 

(d) Potential at A will be higher than that at B 

16. A long horizontal metallic rod with length along the east-west 
direction is falling under gravity. The potential difference between 
its two ends will [MP PMT 1997] 

(a) Be zero (b) Be constant 

(c) Increase with time (d) Decrease with time 

17. A two metre wire is moving with a velocity of 1 m/sec perpendicular 
to a magnetic field of 0.5 weber/m2. The e.m.f. induced in it will be   

[MP PMT/PET 1998; Pb PET 2003] 

(a) 0.5 volt (b) 0.1 volt 

(c) 1 volt (d) 2 volt 

18. A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant uniform magnetic field exists 
in space in a direction perpendicular to the rod as well as its 
velocity. Select the correct statement(s) from the following    [IIT JEE 1998] 
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(a) The entire rod is at the same electric potential 

(b) There is an electric field in the rod 

(c) The electric potential is highest at the centre of the rod and 
decreases towards its ends 

(d) The electric potential is lowest at the centre of the rod and 
increases towards its ends 

19. A conducting wire is dropped along east-west direction, then 

[RPMT 1997] 

(a) No emf is induced 

(b) No induced current flows 

(c) Induced current flows from west to east 

(d) Induced current flows from east to west 

20. The magnetic induction in the region between the pole faces of an 

electromagnet is 0.7 weber/m2. The induced e.m.f. in a straight 

conductor 10 cm long, perpendicular to B and moving perpendicular 

both to magnetic induction and its own length with a velocity    2 

m/sec is [AMU (Med.) 1999] 

(a) 0.08 V  (b) 0.14 V 

(c) 0.35 V (d) 0.07 V  

21. A straight conductor of length 0.4 m is moved with a speed of 7 m/s 

perpendicular to the magnetic field of intensity of 0.9 Wb/m2. The 

induced e.m.f. across the conductor will be 

[MH CET (Med.) 1999] 

(a) 7.25 V (b) 3.75 V 

(c) 1.25 V  (d) 2.52 V 

22. A coil of N turns and mean cross-sectional area A is rotating with 

uniform angular velocity  about an axis at right angle to uniform 

magnetic field B. The induced e.m.f. E in the coil will be   [MP PMT 2002] 

(a) NBA sint (b) NB  sint 

(c) NB/A sint (d) NBA  sint  

23. A conducting square loop of side l and resistance R moves in its 

plane with a uniform velocity v perpendicular to one of its sides. A 

magnetic induction B constant in time and space, pointing 

perpendicular and into the plane at the loop exists everywhere with 

half the loop outside the field, as shown in figure. The induced e.m.f. 

is    [AIEEE 2002] 

 

(a) Zero  

(b) RvB 

(c) VBl/R  

(d) VBl  

24. A wheel with ten metallic spokes each 0.50 m long is rotated with a 

speed of 120 rev/min in a plane normal to the earth’s magnetic field at 

the place. If the magnitude of the field is 0.4 Gauss, the induced e.m.f. 

between the axle and the rim of the wheel is equal to    [AMU (Med.) 2002] 

(a) V310256.1    (b) V41028.6   

(c) V410256.1    (d) V51028.6    

25. A metal rod of length 2 m is rotating with an angular velocity of 100 

rad/sec in a plane perpendicular to a uniform magnetic field of 0.3 

T. The potential difference between the ends of the rod is    [MP PET 2003] 

(a) 30 V  (b) 40 V  

(c) 60 V  (d) 600 V  

26. The wing span of an aeroplane is 20 metre. It is flying in a field, 

where the vertical component of magnetic field of earth is 5  10–5 
tesla, with velocity 360 km/h. The potential difference produced 
between the blades will be 

[CPMT 2003] 

(a) 0.10 V  (b) 0.15 V  

(c) 0.20 V  (d) 0.30 V  

27. A horizontal straight conductor kept in north-south direction falls 
under gravity, then    [MP PMT 2003] 

(a) A current will be induced from South to North 

(b) A current will be induced from North to South 

(c) No induce e.m.f. along the length of conductor 

(d) An induced e.m.f. is generated along the length of conductor 

28. A rectangular coil of 300 turns has an average area of average area 

of .1025 cmcm  The coil rotates with a speed of 50 cps in a 

uniform magnetic field of strength T2104   about an axis 
perpendicular of the field. The peak value of the induced e.m.f. is (in 
volt)   [KCET 2004] 

(a)  3000  (b) 300  

(c) 30  (d) 3  

29. A rod of length 20 cm is rotating with angular speed of 100 rps in a 
magnetic field of strength 0.5 T about it’s one end. What is the 
potential difference between two ends of the rod 

[Orissa PMT 2004] 

 (a) 2.28 V (b) 4.28 V 

(c) 6.28 V (d) 2.5 V  

30. A circular metal plate of radius R is rotating with a uniform   
angular velocity  with its plane perpendicular to a uniform 
magnetic field B. Then the emf developed between the centre and 
the rim of the plate is   [UPSEAT 2004] 

 (a) 2BR  (b) 2BR  

   (c) 2/2BR  (d) 2/2BR   

31. A circular coil of mean radius of 7 cm and having 4000 turns is 
rotated at the rate of 1800 revolutions per minute in the earth's 
magnetic field (B = 0.5 gauss), the maximum e.m.f. induced in coil 
will be    [Pb. PMT 2003] 

(a)  1.158 V (b)  0.58 V 

(c) 0.29 V (d)  5.8 V   

32. One conducting U tube can slide inside another as shown in figure, 
maintaining electrical contacts between the tubes. The magnetic field 
B is perpendicular to the plane of the figure. If each tube moves 
towards the other at a constant sped v then the emf induced in the 
circuit in terms of B, l and v where l is the width of each tube, will 
be   

[AIEEE 2005] 

 

 

(a) Zero  

(b) Blv2  

(c) Blv   

(d) Blv  

 

33. The magnitude of the earth’s magnetic field at a place is 0B  and 

the angle of dip is  . A horizontal conductor of length l lying along 
the magnetic north-south moves eastwards with a velocity v. The 
emf induced across the conductor is  

[Kerala PET 2005] 

 (a) Zero (b) sin0 vlB  

 (c) vlB0   (d) cos0 vlB  
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1. The back e.m.f. induced in a coil, when current changes from 1 
ampere to zero in one milli-second, is 4 volts, the self inductance of 
the coil is   [MP PET/PMT 1988] 

(a) 1 H  (b) 4 H 

(c) 310  H (d) 3104   H 

2. An e.m.f. of 5 volt is produced by a self inductance, when the 
current changes at a steady rate from 3 A to 2 A in 1 millisecond. 
The value of self inductance is 

[CPMT 1982; MP PMT 1991; CBSE PMT 1993; AFMC 2002] 

(a) Zero (b) 5 H 

(c) 5000 H (d) 5 mH 

3. A 50 mH coil carries a current of 2 ampere. The energy stored in 
joules is [MP PET/PMT 1988; MP PET 2005] 

(a) 1 (b) 0.1 

(c) 0.05 (d) 0.5 

4. The current passing through a choke coil of 5 henry is decreasing at 
the rate of 2 ampere/sec. The e.m.f. developing across the coil is    

[CPMT 1982; MP PMT 1990; AIIMS 1997; MP PET 1999] 

(a) 10 V (b) – 10 V 

(c) 2.5 V (d) – 2.5 V 

5. Average energy stored in a pure inductance L when a current i flows 
through it, is   [MP PET/PMT 1988] 

(a) 2Li  (b) 22Li  

(c) 
4

2Li
 (d) 

2

2Li
 

6. A solenoid has 2000 turns wound over a length of 0.30 metre. The 

area of its cross-section is 23102.1 m . Around its central 
section, a coil of 300 turns is wound. If an initial current of 2 A in 
the solenoid is reversed in 0.25 sec, then the e.m.f. induced in the 
coil is 

   [NCERT 1982; MP PMT 2003] 

 (a) V4106   (b) V3108.4   

 (c) V2106   (d) 48 mV 

7. A coil is wound as a transformer of rectangular cross-section. If all 
the linear dimensions of the transformer are increased by a factor 2 
and the number of turns per unit length of the coil remain the 
same, the self  inductance increased by a factor of    [AIIMS 1980] 

 (a)  16 (b) 12 

 (c)  8 (d) 4 

8. Two coils of self  inductance 1L  and 2L  are placed closer to each 

other so that total flux in one coil is completely linked with other. If 

M  is mutual inductance between them, then 

[DCE 2002] 

 (a) 21LLM   (b) 21 / LLM   

 (c) 21LLM   (d) 2
21 )( LLM   

9. The equivalent quantity of mass in electricity is 

 (a)  Charge (b) Potential 

 (c)  Inductance (d) Current             

10.  The momentum in mechanics is expressed as vm  . The 

analogous expression in electricity is [MP PMT 2003] 

 (a) QI   (b) VI   

 (c) IL   (d) QL   

11. In what form is the energy stored in an inductor  or  

 A coil of inductance L is carrying a steady current i. What is the 

nature of its stored energy   [CBSE PMT 1990, 92;  

MP PMT 1996, 2000, 02; Kerala PMT 2002] 

 (a)  Magnetic  

 (b)  Electrical 

 (c)  Both magnetic and electrical 

 (d)  Heat 

12. The coefficient of self inductance of a solenoid is 0.18 mH. If a crode 

of soft iron of relative permeability 900 is inserted, then the 

coefficient of self inductance will become nearly 

 (a)  5.4 mH (b) 162 mH 

 (c)  0.006 mH (d) 0.0002 mH 

13. In a transformer, the coefficient of mutual inductance between the 

primary and the secondary coil is 0.2 henry. When the current 

changes by 5 ampere/second in the primary, the induced e.m.f. in 

the secondary will be 

     [MP PMT 1989] 

 (a)  5 V (b) 1 V 

 (c)  25 V (d) 10 V 

14. When the  current in a coil changes from 8 ampere to 2 ampere in 
2103  second, the e.m.f. induced in the coil is volt2 . The self 

inductance of the coil (in millihenry) is    

[MNR 1991; UP SEAT 2000; Pb PET 2004] 

 (a)  1 (b) 5 

 (c)  20 (d) 10 

15. The mutual inductance between two coils is 1.25 henry. If the 

current in the primary changes at the rate of 80 ampere/second, 

then the induced e.m.f. in the secondary is  

      [MP PET 1990] 

 (a)  12.5 V (b) 64.0 V 

 (c)  0.016 V (d) 100.0 V 

16. A coil of wire of a certain radius has 600 turns and a self inductance 

of 108 mH. The self inductance of a 2nd  similar coil of 500 turns will 

be     [MP PMT 1990] 

 (a) 74 mH (b) 75 mH 

 (c)  76 mH (d) 77 mH 

17.  When the number of turns in a coil is doubled without any change 
in the length of the coil, its self inductance becomes 

[MP PMT 1986; CBSE PMT 1992; Pb PET 2000] 

 (a) Four times  (b) Doubled 

 (c) Halved (d) Unchanged 

18.  The average e.m.f. induced in a coil in which the current changes 
from 2 ampere to 4 ampere in 0.05 second is 8 volt. What is the self 
inductance of the coil ? 

  [NCERT 1984; CPMT 1997; MP PMT 1999, 2003;  

UPSEAT 2000; RPMT 2000; Pb. PMT 2002; RPET 2003;  

DPMT 2005] 

 (a) 0.1 H  (b) 0.2 H  

 (c) 0.4 H  (d) 0.8 H  

19. If a current of 3.0 amperes flowing in the primary coil is reduced to 
zero in 0.001 second, then the induced e.m.f. in the secondary coil is 
15000 volts. The mutual inductance between the two coils is     [MP PMT 1989, 91] 

 (a) 0.5 henry (b) 5 henry 

 (c) 1.5 henry (d) 10 henry 

20. An e.m.f. of 12 volts is induced in a given coil when the current in it 
changes at the rate of 48 amperes per minute. The self inductance 
of the coil is   [MP PMT 2000] 
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 (a) 0.25 henry (b) 15 henry 

 (c) 1.5 henry (d) 9.6 henry 

21. A closely wound coil of 100 turns and area of cross-section 21 cm  

has a coefficient of self-induction 1 mH. The magnetic induction in 
the centre of the core of the coil when a current of 2A flows in it, 
will be   [MP PET 1992] 

 (a) 2022.0 Wbm  (b) 24.0 mWb  

 (c) 28.0 mWb  (d) 21 mWb     

22.  Two circuits have coefficient of mutual induction of 0.09 henry. 
Average e.m.f. induced in the secondary by a change of current from 
0 to 20 ampere in 0.006 second in the primary will be   [MP PET 1992] 

 (a) 120 V (b) 80 V 

 (c) 200 V (d) 300 V 

23. In the following circuit, the bulb will become suddenly bright if     [CBSE PMT 1989] 
 

(a) Contact is made or broken 

 (b) Contact is made 

 (c) Contact is broken 

 (d) Won't become bright at all 

24.  Two pure inductors each of self inductance L are connected in 

parallel but are well separated from each other. The total inductance 
is  

 [MP PET 1991; Pb. PMT 1999; BHU 1998, 05] 

 (a) L2  (b) L 

 (c) 
2

L
 (d) 

4

L
 

25. A coil and a bulb are connected in series with a dc source, a soft 
iron core is then inserted in the coil. Then  

[MP PMT 1990; RPET 2001] 

 (a) Intensity of the bulb remains the same 

 (b) Intensity of the bulb decreases 

 (c) Intensity of the bulb increases 

 (d) The bulb ceases to glow 

26. Self induction of a solenoid is    [MP PMT 1993] 

 (a) Directly proportional to current flowing through the coil 

 (b) Directly proportional to its length 

 (c) Directly proportional to area of cross-section 

 (d) Inversely proportional to area of cross-section 

27. Mutual inductance of two coils can be increased by  

[MP PET 1994] 

 (a) Decreasing the number of turns in the coils 

 (b) Increasing the number of turns in the coils 

 (c) Winding the coils on wooden core 

 (d) None of the above 

28. The self inductance of a coil is 5 henry, a current of 1 amp change to 

2 amp within 5 second through the coil. The value of induced e.m.f. 
will be   [MP PET 1994;  

Similar MP PET/PMT 1998; CBSE PMT 1990] 

(a) 10 volt (b) 0.10 volt 

(c) 1.0 volt (d) 100 volt 

29. The unit of inductance is   [MP PMT 1994, 95;  

MP PET 1997; MP PMT/PET 1998; RPET 2001] 

(a) Volt/ampere (b) Joule/ampere 

(c) Volt-sec/ampere (d) Volt-ampere/sec 

30. The current flowing in a coil of self inductance 0.4 mH is increased 
by 250 mA in 0.1 sec. The e.m.f. induced will be 

[MP PMT 1994] 

(a) + 1 V (b) – 1 V 

(c) + 1 mV (d) – 1 mV 

31. 5 cm long solenoid having 10 ohm resistance and 5 mH inductance 
is joined to a 10 volt battery. At steady state the current through the 

solenoid in ampere will be 

[MP PET 1995] 

(a) 5 (b) 1 

(c) 2 (d) Zero 

32. When current in a coil changes to 2 ampere from 8 ampere in 

ondsec103 3 , the e.m.f. induced in the coil is 2 volt. The self 

inductance of the coil in millihenry is 

[MP PET 1995] 

(a) 1 (b) 5 

(c) 20 (d) 10 

33. An ideal coil of 10 henry is joined in series with a resistance of 5 
ohm and a battery of 5 volt.  2 second after joining, the current 
flowing in ampere in the circuit will be 

     [MP PET 1995] 

(a) 1e  (b) )1( 1 e  

(c) )1( e  (d) e 

34. The number of turns of primary and secondary coils of a 
transformer are 5 and 10 respectively and the mutual inductance of 
the transformer is 25 henry. Now the number of turns in the 
primary and secondary of the transformer are made 10 and 5 
respectively. The mutual inductance of the transformer in henry will 
be    [MP PET 1995] 

(a) 6.25 (b) 12.5 

(c) 25 (d) 50 

35. The inductance of a coil is H60 . A current in this coil increases 

from 1.0 A to 1.5 A in 0.1 second. The magnitude of the induced 
e.m.f. is   [MP PMT 1995] 

(a) V61060   (b) V410300   

(c) V41030   (d) V4103   

36. A circular coil of radius 5 cm has 500 turns of a wire. The 
approximate value of the coefficient of self induction of the coil will 
be [MP PET 1996; Pb PET 2000] 

(a) 25 millihenry (b) 31025  millihenry 

(c) 31050  millihenry (d) 31050  henry 

37. An e.m.f. of 100 millivolts is induced in a coil when the current in 

another nearby coil becomes 10 ampere from zero in 0.1 second. The 
coefficient of mutual induction between the two coils will be  

[MP PET 1996; Kerala PMT 2004] 

(a) 1 millihenry (b) 10 millihenry 

(c) 100 millihenry (d) 1000 millihenry 

38. In a coil of self inductance 0.5 henry, the current varies at a 

constant rate from zero to 10 amperes in 2 seconds. The e.m.f. 
generated in the coil is   [MP PMT 1996] 

(a) 10 volts (b) 5 volts 

(c) 2.5 volts (d) 1.25 volts 

39. A coil of self inductance 50 henry is joined to the terminals of a 
battery of e.m.f. 2 volts through a resistance of 10 ohm and a steady 
current is flowing through the circuit. If the battery is now 

disconnected, the time in which the current will decay to 1/e of its 
steady value is  [MP PMT 1996] 
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(a) 500 seconds (b) 50 seconds 

(c) 5 seconds (d) 0.5 seconds 

40. The self inductance of a solenoid of length L, area of cross-section A 
and having N turns is  

[MP PET 1997; MP PET 2003] 

(a) 
L

AN 2
0  (b) 

L

NA0  

(c) LAN 2
0  (d) NAL0  

41. The self inductance of a coil is L. Keeping the length and area same, 
the number of turns in the coil is increased to four times. The self 
inductance of the coil will now be 

[MP PMT 1997] 

(a) L
4

1
 (b) L  

(c) 4 L (d) 16 L 

42. The mutual inductance between a primary and secondary circuits is 
0.5 H. The resistances of the primary and the secondary circuits are 
20 ohms and 5 ohms respectively. To generate a current of 0.4 A in 
the secondary, current in the primary must be changed at the rate 
of [MP PMT 1997] 

(a) 4.0 A/s (b) 16.0 A/s 

(c) 1.6 A/s (d) 8.0 A/s 

43. The energy stored in a 50 mH inductor carrying a current of 4 A 
will be   [MP PET 1999] 

(a) 0.4 J (b) 4.0 J 

(c) 0.8 J (d) 0.04 J 

44. The average e.m.f. induced in a coil in which a current changes from 
0 to 2 A in 0.05 s is 8 V. The self inductance of the coil is    [CPMT 1999] 

(a) 0.1 H  (b) 0.2 H  

(c) 0.4 H  (d) 0.8 H  

45. If the current is halved in a coil, then the energy stored is how much 
times the previous value  [CPMT 1999] 

(a) 
2

1
 (b) 

4

1
 

(c) 2 (d) 4 

46. The SI unit of inductance, the henry, can be written as 

[IIT JEE 1998] 

(a) Weber/ampere  (b) Volt-second/ampere 

(c) Joule/(ampere)2  (d) Ohm-second 

47. A varying current in a coil changes from 10 amp to zero in 0.5 sec. 
If average EMF is induced in the coil is 220 volts, the self inductance 
of coil is 

[EAMCET 1994; MH CET (Med.) 1999] 

(a) 5 H  (b) 10 H  

(c) 11 H  (d) 12 H  

48. Which of the following is wrong statement [AMU 1995] 

(a) An emf can be induced between the ends of a straight 
conductor by moving it through a uniform magnetic field 

(b) The self induced emf produced by changing current in a coil 
always tends to decrease the current 

(c) Inserting an iron core in a coil increases its coefficient of self 
induction 

(d) According to Lenz's law, the direction of the induced current is 
such that it opposes the flux change that causes it 

49. A coil has an inductance of 2.5 H and a resistance of 0.5 r. If the coil 
is suddenly connected across a 6.0 volt battery, then the time 
required for the current to rise 0.63 of its final value is   [AMU 1995] 

(a) 3.5 sec (b) 4.0 sec  

(c) 4.5 sec  (d) 5.0 sec 

50. When the number of turns and the length of the solenoid are 
doubled keeping the area of cross-section same, the inductance [CBSE PMT 1993; MH CET 2000] 

(a) Remains the same (b) Is halved 

(c) Is doubled (d) Becomes four times 

51. A 100 mH coil carries a current of 1 ampere. Energy stored in its 

magnetic field is [CBSE PMT 1992; KCET 1998] 

(a) 0.5 J (b) 1 J 

(c) 0.05 J (d) 0.1 J 

52. The mutual inductance of an induction coil is H5 . In the primary 

coil, the current reduces from A5  to zero in s310 . What is the 

induced emf in the secondary coil  [RPET 1996] 

(a) V2500  (b) 25000V 

(c) 2510V (d) Zero 

53. The self inductance of a straight conductor is [KCET 1998] 

(a) Zero (b) Very large 

(c) Infinity (d) Very small 

54. What is the coefficient of mutual inductance when the magnetic flux 

changes by Wb2102   and change in current is 0.01A[BHU 1998; AIIMS 2002] 

(a) 2 henry (b) 3 henry 

(c) henry
2

1
 (d) Zero 

55. The current in a coil changes from 4 ampere to zero in 0.1 s. If the 
average e.m.f. induced is 100 volt, what is the self inductance of the 
coil   [MNR 1998] 

(a) H5.2  (b) H25  

(c) H400  (d) H40  

56. Pure inductance of 3.0 H is connected as shown below. The 

equivalent inductance of the circuit is 

[MNR 1998; AIEEE 2002] 

 

 

 
 

(a) 1 H (b) 2 H 

(c) 3 H (d) 9 H 

57. A varying current at the rate of 3 A/s in a coil generates an e.m.f. of 
8 mV in a nearby coil. The mutual inductance of the two coils is    [Pb. PMT 2000] 

(a) 2.66 mH  (b) mH31066.2   

(c) 2.66 H (d) 0.266 H  

58. If a current of 10 A flows in one second through a coil, and the 
induced e.m.f. is 10 V, then the self-inductance of the coil is  [CPMT 2000; Pb. PMT 2001; MHCET 2003] 

(a) H
5

2
 (b) H

5

4
 

(c) H
4

5
 (d) 1 H  

59. The inductance of a closed-packed coil of 400 turns is 8 mH. A 
current of 5 mA is passed through it. The magnetic flux through 
each turn of the coil is   [Roorkee 2000] 

(a) W b0
4

1



  (b) 

2

1
 

0

Wb  

(c) W b0
3

1



  (d) Wb04.0    
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60. When the current through a solenoid increases at a constant rate, 
the induced current    [UPSEAT 2000] 

(a) Is constant and is in the direction of the inducing current  

(b) Is a constant and is opposite to the direction of the inducing 
current  

(c) Increases with time and is in the direction of the inducing 
current  

(d) Increases with time and opposite to the direction of the 
inducing current  

61. If in a coil rate of change of area is 5 m2/milli second and current 

become 1 amp from 2 amp in .102 3 sec  If magnitude of field is 

1 tesla then self inductance of the coil is 

[RPET 2000] 

(a) 2 H  (b) 5 H  

(c) 20 H (d) 10 H  

62. The inductance of a solenoid 0.5 m long of cross-sectional area 20 
cm2 and with 500 turns is   [AMU (Med.) 2000] 

(a) 12.5 mH  (b) 1.25 mH  

(c) 15.0 mH  (d) 0.12 mH  

63. The equivalent inductance of two inductances is 2.4 henry when 

connected in parallel and 10 henry when connected in series. The 
difference between the two inductances is 

[MP PMT 2000] 

(a) 2 henry  (b) 3 henry  

(c) 4 henry (d) 5 henry  

64. An e.m.f. of 12 volt is produced in a coil when the current in it 
changes at the rate of 45 amp/minute. The inductance of the coil is    [MP PET 2000] 

(a) 0.25 henry (b) 1.5 henry 

(c) 9.6 henry (d) 16.0 henry 

65. An average induced e.m.f. of 1V appears in a coil when the current 

in it is changed from 10A in one direction to 10 A in opposite 
direction in 0.5 sec. Self-inductance of the coil is  

[CPMT 2001] 

(a) 25 mH  (b) 50 mH  

(c) 75 mH  (d) 100 mH  

66. A coil of resistance 10  and an inductance 5H is connected to a 100 

volt battery. Then energy stored in the coil is 

[Pb. PMT 2001; CPMT 2002] 

(a) 125 erg  (b) 125 J  

(c) 250 erg  (d) 250 J  

67. If a change in current of 0.01 A in one coil produces a change in 

magnetic flux of Wb2102.1   in the other coil, then the mutual 
inductance of the two coils in henries is 

[EAMCET 2001] 

(a) 0 (b) 0.5  

(c) 1.2 (d) 3 

68. Energy stored in a coil of self inductance 40mH carrying a steady 

current of 2 A is    [Kerala (Engg.) 2001] 

(a) 0.8 J  (b) 8 J  

(c) 0.08 J  (d) 80 J  

69. A solenoid of length l metre has self-inductance L henry. If number 
of turns are doubled, its self inductance  

[MP PMT 2001] 

(a) Remains same  (b) Becomes 2L henry 

(c) Becomes 4L henry  (d) Becomes 
2

L
 henry  

70. Two coils A and B having turns 300 and 600 respectively are placed 
near each other, on passing a current of 3.0 ampere in A, the flux 

linked with A is weber4102.1   and with B it is 

weber5100.9  . The mutual inductance of the system is   [MP PMT 2001] 

(a) 2  10–5 henry  (b) 3  10–5 henry  

(c) 4  10–5 henry  (d) 6  10–5 henry  

71. In a circular conducting coil, when current increases from 2 A to 18 

A in 0.05 sec., the induced e.m.f. is 20 V. The self inductance of the 
coil is    [MP PET 2001] 

(a) 62.5 mH  (b) 6.25 mH  

(c) 50 mH  (d) None of these  

72. Find out the e.m.f. produced when the current changes from 0 to 1 

A in 10 second, given L = 10 H   [DCE 2001] 

(a) 1 V  (b) 1 V  

(c) 1 mV  (d) 0.1 V  

73. Which of the following is not the unit of self inductance  

[AMU (Med.) 2001] 

(a) Weber/Ampere  (b) Ohm-Second  

(c) Joule-Ampere  (d) Joule Ampere–2  

74. A coil of 100 turns carries a current of 5 mA and creates a magnetic 
flux of 10–5 weber. the inductance is  

[Orissa JEE 2002] 

(a) 0.2 mH  (b) 2.0 mH 

(c) 0.02 mH  (d) None of these 

75. In circular coil, when no. of turns is doubled and resistance becomes 

th
4

1
 of initial, then inductance becomes  

[AIEEE 2002] 

(a) 4 times  (b) 2 times  

(c) 8 times  (d) No change  

76. The current in a coil of inductance 5 H decreases at the rate of 2 

A/s. The induced e.m.f. is   [MH CET 2002] 

(a) 2 V  (b) 5 V  

(c) 10 V (d) – 10 V  

77. The self-induced e.m.f. in a 0.1 H coil when the current in it is 
changing at the rate of 200 ampere/second  is 

     [DPMT 2002] 

(a) V4108    (b) V5108    

(c) V20   (d) V125   

78. Two circuits have mutual inductance of 0.1 H. What average e.m.f. is 
induced in one circuit when the current in the other circuit changes 
from 0 to 20 A in 0.02 s   

    [Kerala PET 2002] 

(a) 240 V  (b) 230 V  

(c) 100 V  (d) 300 V  

79. An air core solenoid has 1000 turns and is one metre long. Its cross-
sectional area is 10 cm2. Its self inductance is 

[JIPMER 2002] 

(a) 0.1256 mH  (b) 12.56 mH 

(c) 1.256 mH  (d) 125.6 mH 

80. The coefficient of mutual inductance of two coils is 6 mH. If the 
current flowing in one is 2 ampere, then the induced e.m.f. in the 
second coil will be  [BVP 2003] 

(a) 3 mV  (b) 2 mV  

(c) 3 V (d) Zero  
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81. An L-R circuit has a cell of e.m.f. E, which is switched on at time t = 
0. The current in the circuit after a long time will be 

[MP PET 2003] 

(a) Zero  (b) 
R

E
 

(c) 
L

E
 (d) 

22 RL

E



 

82. Two coils are placed close to each other. The mutual inductance of 

the pair of coils depends upon   [AIEEE 2003] 

(a) The currents in the two coils 

(b) The rates at which currents are changing in the two coils  

(c) Relative position and orientation of the two coils  

(d) The materials of the wires of the coils  

83. When the current change from + 2A to – 2A in 0.05 second, an 
e.m.f. of 8 V is induced in a coil. The coefficient of self-induction of 
the coil is    [AIEEE 2003] 

(a) 0.1 H  (b) 0.2 H  

(c) 0.4 H  (d) 0.8 H  

84. A coil resistance 20 and inductance 5H is connected with a 100V 
battery. Energy stored in the coil will be 

[MP PMT 2003] 

(a) 41.5 J  (b) 62.50 J  

(c) 125 J  (d) 250 J 

85. Why the current does not rise immediately in a circuit containing 
inductance   [EAMCET 1994] 

(a) Because of induced emf  

(b) Because of high voltage drop 

 (c) Because of low power consumption 

  (d) Because of Joule heating 

86. Two circular coils have their centres at the same point. The mutual 
inductance between them will be maximum when their axes    [MP PMT 2004] 

(a) Are parallel to each other  

(b)  Are at 60o to each other  

(c) Are at 45o to each other   

(d) Are perpendicular to each other  

87. The current in a coil decreases from 1 A to 0.2 A. In 10sec. Calculate 
the coefficient of self inductance. If induced emf is 0.4 volt.    [BCECE 2004] 

   (a) 5 H (b)  3 H  

(c)  4 H (d) 2 H 

88. The current through choke coil increases form zero to 6A in 0.3 
seconds and an induced e.m.f. of 30 V is produced. The inductance 
of the coil of choke is   [MP PMT 2004] 

(a) 5 H (b) 2.5 H 

(c) 1.5 H (d) 2 H   

89. The resistance and inductance of series circuit are 5  and   20H 
respectively. At the instant of closing the switch, the current is 
increasing at the rate 4A-s. The supply voltage is 

    [MP PMT 2004] 

 (a) 20 V (b) 80 V 

         (c) 120 V (d) 100 V   

90. A coil of N = 100 turns carries a current I = 5 A and creates a 

magnetic flux 2510  Tm  per turn. The value of its inductance 

L will be    [UPSEAT 2004] 

 (a) 0.05 mH (b) 0.10 mH 

  (c) 0.15 mH (d) 0.20 mH   

91. Two identical induction coils each of inductance L joined in series 
are placed very close to each other such that the winding direction 
of one is exactly opposite to that of the other, what is the net 
inductance   [DCE 2003] 

(a) L2 (b) 2L  

 (c) L/2 (d) Zero  

92. If the current 30 A flowing in the primary coil is made zero in 0.1 

sec. The emf induced in the secondary coil is 1.5 volt. The mutual 
inductance between the coil is  [Pb PMT 2003] 

(a)  0.05 H (b)  1.05 H 

(c)  0.1 H (d)  0.2 H      

93. Eddy currents are used in    [AFMC 2004] 

(a) Induction furnace  (b) Electromagnetic brakes  

         (c) Speedometers  (d) All of these 

94. The adjoining figure shows two bulbs B
1

 and B
2

 resistor R and an 

inductor L. When the switch S is turned off  

 [CPMT 1989] 

 

 

 

 

 
 

(a) Both B
1

 and B
2

 die out promptly 

(b) Both B
1

 and B
2

 die out with some delay 

(c) B
1

 dies out promptly but B
2

 with some delay 

(d) B
2

 dies out promptly but B
1

 with some delay  

95. In L-R circuit, for the case of increasing current, the magnitude of 
current can be calculated by using the formula  

[MP PET 1994] 

(a) LRteII /
0

  (b) )1( /
0

LRteII   

(c) )1( /
0

LRteII   (d) LRteII /
0  

96. An inductance L and a resistance R are first connected to a battery. 
After some time the battery is disconnected but L and R remain 
connected in a closed circuit. Then the current reduces to 37% of its 
initial value in  [MP PMT 1994] 

(a) RL sec (b) sec
L

R
 

(c) sec
R

L
 (d) sec

LR

1
 

97. In an LR-circuit, time constant is that time in which current grows 

from zero to the value (where 0I  is the steady state current) [MP PMT/PET 1998; MP PET 2002] 

(a) 063.0 I  (b) 050.0 I  

(c) 037.0 I  (d) 0I  

98. In the figure magnetic energy stored in the coil is  

   [RPET 2000] 

 

 

 
 

(a) Zero (b) Infinite 

(c) 25 joules (d) None of the above 

99. A capacitor is fully charged with a battery. Then the battery is 

removed and coil is connected with the capacitor in parallel, current 

varies as    [RPET 2000; DCE 2000] 

(a) Increases monotonically (b) Decreases monotonically 

(c) Zero (d) Oscillates indefinitely 

R 

L 

S B1 

B2 

2H 

10 V 2  
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100. A coil of inductance 40 henry is connected in 0series with a 
resistance of 8 ohm and the combination is joined to the terminals 
of a 2 volt battery. The time constant of the circuit is      [MP PET 2000] 

(a) 40 seconds (b) 20 seconds 

(c) 8 seconds (d) 5 seconds 

101. A solenoid has an inductance of 60 henrys and a resistance of 30 
ohms. If it is connected to a 100 volt battery, how long will it take 

for the current to reach %2.63
1




e

e
 of its final value    [MP PET 2000] 

(a) 1 second (b) 2 seconds 

(c) e seconds (d) 2e seconds  

102.  An inductor, L a resistance R and two identical bulbs, 1B  and 2B  

are connected to a battery through a switch S as shown in the 
figure. The resistance R is the same as that of the coil that makes L. 
Which of the following statements gives the correct description of 
the happenings when the switch S is closed    [AMU (Med.) 2002] 

 

 

 

 

 
 

(a) The bulb B
2

 lights up earlier than B
1

 and finally both the bulbs 
shine equally bright 

(b) B
1

 light up earlier and finally both the bulbs acquire equal 
brightness 

(c) B
2

 lights up earlier and finally B
1

 shines brighter than B
2

 

(d) B
1

 and B
2

 light up together with equal brightness all the time 

103. The time constant of an LR circuit represents the time in which the 
current in the circuit  [MP PMT 2002] 

(a) Reaches a value equal to about 37% of its final value  

(b) Reaches a value equal to about 63% of its final value  

(c) Attains a constant value  

(d) Attains 50% of the constant value 

104. A LC circuit is in the state of resonance. If FC 1.0  and 

25.0L henry. Neglecting ohmic resistance of circuit what is the 
frequency of oscillations   [BHU 2003; MP PMT 2005] 

(a) 1007 Hz (b) 100 Hz 

(c) 109 Hz (d) 500 Hz  

105. An oscillator circuit consists of an inductance of 0.5mH and a 

capacitor of 20 F . The resonant frequency of the circuit is nearly   [Kerala PET 2002] 

(a) 15.92 Hz (b) 159.2 Hz 

(c) 1592 Hz (d) 15910 Hz 

106. A coil of inductance 300 mH and resistance 2  is connected to a 

source of voltage V2 . The current reaches half of its steady state 
value in   [AIEEE 2005] 

(a) 0.15 s (b) 0.3 s  

(c) 0.05 s (d) 0.1 s 

107. A coil having an inductance of 0.5 H carries a current which is 
uniformly varying from zero to 10 ampere in 2 second. The e.m.f. (in 
volts) generated in the coil is    

[Kerala PET 2005] 

 (a) 10 (b) 5  

 (c) 2.5  (d) 1.25 

108. The square root of the product of inductance and capacitance has 
the dimension of  [KCET 2005] 

(a) Length (b) Mass 

(c) Time (d) No dimension 

 

Application of EMI (Motor, Dynamo, Transformer...) 
 

1. Which of the following does not depend upon the magnetic effect of 
some sort  

 (a)  Moving coil galvanometer 

 (b)  Hot wire ammeter 

 (c)  Dynamo 

 (d)  Electric motor 

2. Use of eddy currents is done in the following except 

 (a)  Moving coil galvanometer  

 (b)  Electric brakes 

 (c)  Induction motor  

 (d)  Dynamo 

3.  Plane of eddy currents makes an angle with the plane of magnetic 
lines of force equal to  

 (a) o40  (b) o0  

 (c) o90  (d) o180  

4. Which of the following is constructed on the principle of 
electromagnetic induction    [MP PMT 2002] 

 (a)  Galvanometer (b) Electric motor 

 (c)  Generator (d) Voltmeter 

5. A transformer is based on the principle of  

    [AIIMS 1998; AFMC 2005] 

 (a)  Mutual inductance (b) Self  inductance 

 (c)  Ampere's law (d) Lenz's law 

6. Which of the following is not an application of eddy currents  

[CBSE PMT 1989] 

 (a) Induction furnace  

 (b) Galvanometer damping  

 (c) Speedometer of automobiles  

 (d) X-ray crystallography 

7. The core of a transformer is laminated to reduce energy losses due 
to 

   [CBSE PMT 1990; Karnataka CET (Med.) 2001] 

 (a) Eddy currents  (b)  Hysteresis 

 (c) Resistance in winding  (d)  None of these 

8. The pointer of a dead-beat galvanometer gives a steady deflection 
because    [MP PMT 1994] 

(a) Eddy currents are produced in the conducting frame over 
which the coil is wound 

(b) Its magnet is very strong 

(c) Its pointer is very light 

(d) Its frame is made of abonite 

9. The device that does not work on the principle of mutual induction 
is   [KCET 1994] 

(a) Induction coil (b) Motor 

(c) Tesla coil (d) Transformer 

10. Eddy currents are produced when 

[CBSE PMT 1993; AFMC 2002] 

(a) A metal is kept in varying magnetic field 

B1
 

B2
 

L
 

R
 

B
 S

 



 
     1316 Electromagnetic Induction  

(b) A metal is kept in the steady magnetic field 

(c) A circular coil is placed in a magnetic field 

(d) Through a circular coil, current is passed 

11. If rotational velocity of a dynamo armature is doubled, then induced 

e.m.f. will become   [MP PMT 1991; AIIMS 2000] 

(a) Half (b) Two times  

(c) Four times  (d) Unchanged  

12. Dynamo is a device for converting 

(a) Electrical energy into mechanical energy 

(b) Mechanical energy into electrical energy 

(c) Chemical energy into mechanical energy 

(d) Mechanical energy into chemical energy 

13. The working of dynamo is based on principle of 

[CPMT 1984] 

(a) Electromagnetic induction 

(b) Conversion of energy into electricity 

(c) Magnetic effects of current 

(d) Heating effects of current 

14. Choke coil works on the principle of [MP PET/PMT 1988] 

(a) Transient current (b)  Self induction 

(c) Mutual induction  (d)  Wattless current 

15. When the speed of a dc motor increases the armature current [CPMT 1984, 85; MP PMT 2004] 

(a) Increases 

(b) Decreases  

(c) Does not change 

(d) Increases and decreases continuously 

16. The output of a dynamo using a splitting commutator is  

(a) dc 

(b) ac 

(c) Fluctuating dc 

(d) Half-wave rectified voltage 

17. Which of the following statement is incorrect  

(a)  Both ac and dc dynamo have a field magnet 

(b) Both ac and dc dynamo have an armature 

(c) Both ac and dc dynamo convert mechanical energy into 
electrical energy 

(d) Both ac and dc dynamo have slip rings 

18. The coil of dynamo is rotating in a magnetic field. The developed 
induced e.m.f. changes and the number of magnetic lines of force 
also changes. Which of the following condition is correct   [MP PET 1993] 

(a) Lines of force minimum but induced e.m.f. is zero 

(b) Lines of force maximum but induced e.m.f. is zero 

(c) Lines of force maximum but induced e.m.f. is not zero 

(d) Lines of force maximum but induced e.m.f. is also maximum 

19. Dynamo core is laminated because  [MP PET 1995] 

(a) Magnetic field increases 

(b) Magnetic saturation level in core increases 

(c) Residual magnetism in core decreases 

(d) Loss of energy in core due to eddy currents decreases 

20. Armature current in dc motor will be maximum when 

[CPMT 1986, 88; MP PET 1995] 

(a) Motor has acquired maximum speed 

(b) Motor has acquired intermediate speed 

(c) Motor has just started moving 

(d) Motor is switched off 

21. The armature of dc motor has 20  resistance. It draws current of 

1.5 ampere when run by 220 volts dc supply. The value of back e.m.f. 
induced in it will be [MP PMT 1999] 

(a) 150 V (b) 170 V 

(c) 180 V (d) 190 V 

22. In an induction coil, the secondary e.m.f. is  [KCET 1994] 

(a) Zero during break of the circuit 

(b) Very high during make of the circuit 

(c) Zero during make of the circuit 

(d) Very high during break of the circuit 

23. The number of turns in the coil of an ac generator is 5000 and the 

area of the coil is 225.0 m . The coil is rotated at the rate of 100 

cycles/sec in a magnetic field of 0.2 2/ mW . The peak value of the 

emf generated is nearly  [AMU 1995] 

(a) 786 kV (b) 440 kV 

(c) 220 kV (d) 157.1 kV 

24. In a dc motor, induced e.m.f. will be maximum 

[RPMT 1997] 

(a) When motor takes maximum speed  

(b) When motor starts rotating 

(c) When speed of motor increases 

(d) When motor is switched off 

25. Work of electric motor is    [RPMT 1997] 

(a) To convert ac into dc 

(b) To convert dc into ac 

(c) Both (a) and (b) 

(d) To convert ac into mechanical work 

26. In an induction coil with resistance, the induced emf will be 

maximum when   [RPMT 1996] 

(a) The switch is put on due to high resistance 

(b) The switch is put off due to high resistance 

(c) The switch is put on due to low resistance 

(d) The switch is put off due to low resistance 

27. An electric motor operating on a 60 V dc supply draws a current of 

10 A. If the efficiency of the motor is 50%, the resistance of its 

winding is    [AMU (Engg.) 2001] 

(a) 3  (b) 6  

(c) 15  (d) 30  

28. A device which converts electrical energy into mechanical energy is     [KCET  2001] 

(a) Dynamo (b) generator 

(c) Electric motor (d) Induction coil 

29. An electric motor operates on a 50 volt supply and a current of 12A. 
If the efficiency of the motor is 30%, what is the resistance of the 
winding of the motor   [Kerala PET 2002] 

(a) 6  (b) 4  

(c) 9.2  (d) 1.3  
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30. A motor having an armature of resistance 2  is designed to 
operate at 220 V mains. At full speed, it develops a back e.m.f. of 
210V. When the motor is running at full speed, the current in the 
armature is    [UPSEAT 2002] 

(a) 5A (b) 105A 

(c) 110A (d) 215A 

31. Fan is based on    [AFMC 2003] 

(a) Electric Motor (b) Electric dynamo 

(c) Both (d) None of these 

32. A transformer is employed to 

[MP PET 1985; MP PMT 1993; RPET 1999] 

(a) Obtain a suitable dc voltage 

(b) Convert dc into ac 

(c) Obtain a suitable ac voltage 

(d) Convert ac into dc 

33. What is increased in step-down transformer  

[MP PMT/PET 1998; CPMT 1999] 

(a) Voltage (b)  Current 

(c) Power (d)  Current density 

34. The core of a transformer is laminated so that 

[CPMT 1985; MP PMT 1994, 2000, 02, 03; BHU 1999] 

(a) Ratio of voltage in the primary and secondary may be increased 

(b) Rusting of the core may be stopped 

(c) Energy losses due to eddy currents may be reduced 

(d) Change in flux is increased 

35. In transformer, core is made of soft iron to reduce 

[AIIMS 1998; UPSEAT 2001; AFMC 2005] 

(a) Hysteresis losses 

(b) Eddy current losses 

(c) Force opposing electric current 

(d) None of the above 

36. The transformation ratio in the step-up transformer is  

(a) 1 

(b) Greater than one 

(c) Less than one 

(d) The ratio greater or less than one depends on the other factors 

37. In a transformer 220 ac voltage is increased to 2200 volts. If the 

number of turns in the secondary are 2000, then the number of 

turns in the primary will be  [MP PET/PMT 1988] 

(a) 200 (b) 100 

(c) 50 (d) 20 

38. The ratio of secondary to the primary turns in a transformer is 3 : 2. 

If the power output be P, then the input power neglecting all loses 

must be equal to 

[MP PMT 1984; KCET 2003] 

(a) 5 P (b) 1.5 P 

(c) P (d) P
5

2
 

39. The primary winding of a transformer has 100 turns and its 

secondary winding has 200 turns. The primary is connected to an ac 

supply of 120 V and the current flowing in it is 10 A. The voltage 

and the current in the secondary are 

[MP PMT 1991; DPMT 2004] 

(a) 240 V, 5 A (b)  240 V, 10 A 

(c) 60 V, 20 A (d)  120 V, 20 A 

40. A step-down transformer is connected to 2400 volts line and 80 

amperes of current is found to flow in output load. The ratio of the 

turns in primary and secondary coil is 20 : 1. If transformer 

efficiency is 100%, then the current flowing in primary coil will be    [MP PMT 1991] 

(a) 1600 A (b)  20 A 

(c) 4 A (d)  1.5 A  

41. A loss free transformer has 500 turns on its primary winding and 

2500 in secondary. The meters of the secondary indicate 200 volts at 
8 amperes under these conditions. The voltage and current in the 
primary is [MP PMT 1996] 

(a) 100 V, 16 A (b)  40 V, 40 A 

(c) 160 V, 10 A (d)  80 V, 20 A 

42. An ideal transformer has 100 turns in the primary and 250 turns in 
the secondary. The peak value of the ac is 28 V. The r.m.s. 
secondary voltage is nearest to  [MP PMT 1992] 

(a) 50 V (b) 70 V 

(c) 100 V (d)  40 V 

43. A transformer is employed to reduce 220 V to 11 V. The primary 

draws a current of 5 A and the secondary 90 A. The efficiency of 

the transformer is  [MP PMT 1992, 2001, 04] 

(a) 20% (b)  40% 

(c) 70% (d)  90% 

44. In a step-up transformer, the turn ratio is 1 : 2. A Leclanche cell 
(e.m.f. 1.5V) is connected across the primary. The voltage developed 
in the secondary would be  

[MP PET 1992, 99; AIIMS 2000; MP PMT 2000; RPET 2001] 

(a) 3.0 V (b) 0.75 V 

(c) 1.5 V (d) Zero 

45. The alternating voltage induced in the secondary coil of a 
transformer is mainly due to [MP PET 1992; MP PMT 1996] 

(a) A varying electric field 

(b) A varying magnetic field 

(c) The vibrations of the primary coil 

(d) The iron core of the transformer 

46. We can reduce eddy currents in the core of transformer  

[MP PET 1993] 

(a) By increasing the number of turns in secondary coil 

(b) By taking laminated core 

(c) By making step-down transformer 

(d) By using a weak ac at high potential 

47. A 100% efficient transformer has 100 turns in the primary and 25 

turns in its secondary coil. If the current in the secondary coil is 4 

amp, then the current in the primary coil is     [MP PMT 1990] 
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(a) 1 amp (b) 4 amp 

(c) 8 amp (d) 16 amp 

48. The efficiency of transformer is very high because 

[MP PET 1994] 

(a) There is no moving part in a transformer 

(b) It produces very high voltage 

(c) It produces very low voltage 

(d) None of the above 

49. In a lossless transformer an alternating current of  2 amp is flowing 
in the primary coil. The number of turns in the primary and 
secondary coils are 100 and 20 respectively. The value of the current 
in the secondary coil is 

[MP PMT 1994] 

(a) 0.08 A (b) 0.4 A 

(c) 5 A (d) 10 A 

50. A transformer connected to 220 volt line shows an output of 2 A at 

11000 volt. The efficiency is 100%. The current drawn from the line is  [MP PMT 1995] 

(a) 100 A (b) 200 A  

(c) 22 A (d) 11 A 

51. The coils of a step down transformer have 500 and 5000 turns. In 
the primary coil an ac of 4 ampere at 2200 volts is sent. The value 
of the current and potential difference in the secondary coil will be   [MP PET 1996] 

(a) 20 A, 220 V (b) 0.4 A, 22000 V 

(c) 40 A, 220 V (d) 40 A, 22000 V 

52. A power transformer is used to step up an alternating e.m.f. of 220 

V to 11 kV to transmit 4.4 kW of power. If the primary coil has 1000 
turns, what is the current rating of the secondary ? Assume 100% 
efficiency for the transformer  

[MP PET 1997] 

(a) 4 A (b) 0.4 A 

(c) 0.04 A (d) 0.2 A 

53. A step up transformer connected to a 220 V AC line is to supply 22 
kV for a neon sign in secondary circuit. In primary circuit a fuse 
wire is connected which is to blow when the current in the 
secondary circuit exceeds 10 mA. The turn ratio of the transformer is 
   [MP PET 1997] 

(a) 50 (b)  100 

(c) 150 (d)  200 

54. In a transformer the primary has 500 turns and secondary has 50 
turns. 100 volts are applied to the primary coil, the voltage 
developed in the secondary will be [MP PMT 1997] 

(a) 1 V (b) 10 V 

(c) 1000 V (d) 10000 V 

55. A transformer is used to   [MP PET 1999] 

(a) Change the alternating potential  

(b) Change the alternating current  

(c) To prevent the power loss in alternating current flow   

(d) To increase the power of current source 

56. A step-up transformer operates on a 230 V line and supplies a load 

of 2 ampere. The ratio of the primary and secondary windings is 1 : 

25. The current in the primary is 

[CBSE PMT 1998] 

(a) 15 A (b) 50 A 

(c) 25 A (d) 12.5 A 

57. The number of turns in the primary coil of a transformer is 200 and 

the number of turns in the secondary coil is 10. If 240 volt AC is 

applied to the primary, the output from the secondary will be [BHU 1997; JIPMER 2000] 

(a) 48 V (b) 24 V  

(c) 12 V  (d) 6 V  

58. The primary winding of transformer has 500 turns whereas its 

secondary has 5000 turns. The primary is connected to an ac supply 

of 20 V, 50 Hz. The secondary will have an output of [CBSE PMT 1997; AIIMS 1999] 

(a) 200 V, 50 Hz  (b) 2 V, 50 Hz  

(c) 200 V, 500 Hz  (d) 2 V, 5 Hz  

59. A step-up transformer has transformation ratio of 3 : 2. What is the 

voltage in secondary if voltage in primary is 30 V    [BHU 1998; Pb. PMT 2004] 

(a) 45 V (b) 15 V 

(c) 90 V (d) 300 V  

60. In a transformer, the number of turns in primary coil and secondary 

coil are 5 and 4 respectively. If 240 V is applied on the primary coil, 

then the ratio of current in primary and secondary coil is [AFMC 1998; CPMT 2000; Pb. PET 2002] 

(a) 4 : 5 (b) 5 : 4 

(c) 5 : 9 (d) 9 : 5 

61. A step-down transformer is connected to main supply 200V to 

operate a 6V, 30W bulb. The current in primary is  

[AMU (Engg.) 1999] 

(a) 3 A (b) 1.5 A 

(c) 0.3 A (d) 0.15 A 

62. The number of turns in primary and secondary coils of a 

transformer are 100 and 20 respectively. If an alternating potential of 

200 volt is applied to the primary, the induced potential in 

secondary will be    [RPET 1999] 

(a) 10 V (b) 40 V 

(c) 1000 V (d) 20,000 V 

63. The ratio of secondary to primary turns is .4:9  If power input is 

P, what will be the ratio of power output (neglect all losses) to 

power input   [DCE 1999] 

(a) 4 : 9 (b) 9 : 4 

(c) 5 : 4 (d) 1 : 1 

64. Voltage in the secondary coil of a transformer does not depend 
upon.   [BHU 2000] 

(a) Voltage in the primary coil 

(b) Ratio of number of turns in the two coils 

(c) Frequency of the source 

(d) Both (a) and (b) 

65.  A transformer has turn ratio 100/1. If secondary coil has 4 amp 
current then current in primary coil is  [RPET 2000] 

(a) 4 A (b) 0.04 A 

(c) 0.4 A (d) 400 A 

66. In a step-up transformer the turn ratio is 1:10. A resistance of 200 
ohm connected across the secondary is drawing a current of 0.5 A. 
What is the primary voltage and current 

[MP PET 2000] 

(a) 50 V, 1 amp (b) 10 V, 5 amp 

(c) 25 V, 4 amp (d) 20 V, 2 amp 
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67. Large transformers, when used for some time, become hot and are 
cooled by circulating oil. The heating of transformer is due to    [MP PET 2001] 

(a) Heating effect of current alone 

(b) Hysteresis loss alone 

(c) Both the hysteresis loss and heating effect of current 

(d) None of the above  

68. In a step-up transformer the voltage in the primary is 220 V and the 
current is 5A. The secondary voltage is found to be 22000V. The 
current in the secondary (neglect losses) is    

[Kerala PMT 2002] 

(a) 5 A (b) 50 A 

(c) 500 A (d) 0.05 A 

69. In a transformer, number of turns in the primary are 140 and that in 
the secondary are 280. If current in primary is 4A then that in the 
secondary is   [AIEEE 2002] 

(a) 4 A (b) 2 A 

(c) 6 A (d) 10 A 

70. A transformer has 100 turns in the primary coil and carries 8 A 
current. If input power is one kilowatt, the number of turns 
required in the secondary coil to have 500V output will be 

[MP PET 2002] 

(a) 100 (b) 200 

(c) 400 (d) 300 

71.  An ideal transformer has 500 and 5000 turn in primary and 
secondary windings respectively. If the primary voltage is connected 
to a 6V battery then the secondary voltage is  

[Orissa JEE 2003] 

(a) 0 (b) 60 V 

(c) 0.6 V (d) 6.0 V 

72. In a primary coil 5A current is flowing on 220 volts. In the 
secondary coil 2200V voltage produces. Then ratio of number of 
turns in secondary coil and primary coil will be 

[RPET 2003] 

(a) 1 : 10 (b) 10 : 1 

(c) 1 : 1 (d) 11 : 1 

73. A step up transformer has transformation ration 5 : 3. What is 
voltage in secondary if voltage in primary is 60 V  

[Pb. PET 2000] 

(a) 20 V  (b) 60 V  

(c) 100 V  (d) 180 V  

74. In a step up transformer, 220 V is converted into 200 V. The 
number of turns in primary coil is 600. What is the number of 
turns in the secondary coil     [DCE 2004] 

(a) 60 (b) 600 

(c) 6000 (d) 100 

75. The output voltage of a transformer connected to 220 volt line is 

1100 volt at 1 amp current. Its efficiency is 100%. The current coming 
from the line is   [Pb. PET 2003] 

(a) 20 A  (b) 10 A  

(c) 11 A  (d) 22 A  

76. Quantity that remains unchanged in a transformer is  

[MP PMT/PET 1998; AIIMS 1999; J & K CET 2005] 

(a) Voltage (b) Current 

(c) Frequency (d) None of the above 

77. In a region of uniform magnetic induction teslaB 210 , a 

circular coil of radius 30 cm and resistance 2 ohm is rotated about 

an axis which is perpendicular to the direction of B and which forms 

a diameter of the coil. If the coil rotates at 200 rpm the amplitude 
of the alternating current induced in the coil is   [CBSE PMT 1990] 

(a) 42 mA  (b) 30 mA  

(c) 6 mA  (d) 200 mA  

78. In a transformer, the number of turns in primary and secondary are 
500 and 2000 respectively. If current in primary is 48 A, the current 

in the secondary is  

[Orissa PMT 2004] 

(a) 12 A  (b) 24 A  

(c) 48 A  (d) 144 A  

79. In an inductor of inductance L = 100 mH, a current of AI 10  is 
flowing. The energy stored in the inductor is  

[Orissa PMT 2004] 

(a) 5 J  (b) 10 J 

(c) 100 J  (d) 1000 J  

80. The turn ratio of a transformers is given as 2 : 3. If the current 
through the primary coil is 3 A, thus calculate the current through 
load resistance  [BHU 2005] 

(a) 1 A (b) 4.5 A 

(c) 2 A (d) 1. 5 A 

81. Core of transformer is made up of   [AFMC 2005] 

 (a) Soft iron  (b) Steel  

 (c) Iron  (d) Alnico  

82. The induction coil works on the principle of [KCET 2005] 

(a) Self-induction (b) Mutual induction 

(c) Ampere's rule (d) Fleming's right hand rule 

83. A transformer with efficiency 80% works at 4 kW and 100 V. If the 
secondary voltage is 200 V, then the primary and secondary currents 
are respectively [Kerala PMT 2005] 

(a) 40 A, 16 A (b) 16 A, 40 A 

(c) 20 A, 40 A (d) 40 A, 20 A 

84. In a step up transformer, if ratio of turns of primary to secondary is 
1 : 10 and primary voltage is 230 V. If the load current is 2A, then 
the current in primary is 

[Orissa PMT 2005] 

(a) 20 A (b) 10 A 

(c) 2 A (d) 1 A 

85. If a coil made of conducting wires is rotated between poles pieces of 
the permanent magnet. The motion will generate a current and this 
device is called   [CPMT 2005] 

 (a) An electric motor  (b) An electric generator   

(c) An electromagnet   (d) All of above 

86. A step-down transformer is used on a 1000 V line to deliver 20 A at 
120 V at the secondary coil. If the efficiency of the transformer is 
80% the current drawn from the line is . 

[Kerala PET 2005] 

 (a) 3 A (b) 30 A  

 (c) 0.3 A  (d) 2.4 A 
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1. An electron moves along the line AB, which lies in the same plane as 

a circular loop of conducting wires as shown in the diagram. What 

will be the direction of current induced if any, in the loop   

[MP PET 1989; AIIMS 1982, 2001; KCET 2003;  

UPSEAT 2005] 

  

 

 

 
  

 (a) No current will be induced 

(b) The current will be clockwise 

(c) The current will be anticlockwise 

(d) The current will change direction as the electron passes by 

2. A copper rod of length l is rotated about one end perpendicular to 
the magnetic field B with constant angular velocity  . The induced 
e.m.f. between the two ends is 

[MP PMT 1992; Orissa JEE 2003] 

(a) 2

2

1
lB  (b) 2

4

3
lB  

(c) 2lB  (d) 22 lB  

3. Two different coils have self-inductance 81 L mH, mHL 22  . 

The current in one coil is increased at a constant rate. The current 
in the second coil is also increased at the same rate. At a certain 
instant of time, the power given to the two coils is the same. At that 
time the current, the induced voltage and the energy stored in the 

first coil are 11, Vi and 1W respectively. Corresponding values for 

the second coil at the same instant are 22 , Vi  and 2W  respectively. 

Then   [IIT JEE 1994] 

 (a) 
4

1

2

1 
i

i
 (b) 4

2

1 
i

i
8 

 (c) 4
1

2 
W

W
 (d) 

4

1

1

2 
V

V
 

4. An e.m.f. of 15 volt is applied in a circuit containing 5 henry 
inductance and 10 ohm resistance. The ratio of the currents at time 

t  and at t = 1 second is  [MP PMT 1994] 

(a) 
12/1

2/1

e

e
 (b) 

12

2

e

e
 

(c) 11  e  (d) 1e  

5. Two conducting circular loops of radii 1R  and 2R  are placed in 

the same plane with their centres coinciding. If 21 RR  , the 

mutual inductance M between them will be directly proportional to [MP PMT 1994; MP PET 2001] 

(a) 21 / RR  (b) 12 / RR  

(c) 2
2
1 / RR  (d) 1

2
2 / RR  

6. A thin semicircular conducting ring of radius R is falling with its 
plane vertical in a horizontal magnetic induction B. At the position 
MNQ, the speed of the ring is V and the potential difference 
developed across the ring is  [IIT JEE 1996] 

 

 

 

 

 

 

(a) Zero 

(b) 2/2RB  and M is at higher potential 

(c) RBV and Q is at higher potential 

(d) 2RBV and Q is at higher potential 

7. At a place the value of horizontal component of the earth's magnetic 

field H is 25 /103 mWeber . A metallic rod AB of length 2 m 

placed in east-west direction, having the end A towards east, falls 
vertically downward with a constant velocity of 50 m/s. Which end 
of the rod becomes positively charged and what is the value of 
induced potential difference between the two ends  [MP PET 1996] 

(a) End A, mV3103   (b) End A, 3 mV 

(c) End B, mV3103   (d) End B, 3 mV 

8. Consider the situation shown in the figure. The wire AB is sliding on 
the fixed rails with a constant velocity. If the wire AB is replaced by 
semicircular wire, the magnitude of the induced current will   [MP PMT 1999] 

(a) Increase 

(b) Remain the same 

(c) Decrease 

(d) Increase or decrease 
depending on whether 
the semicircle bulges 
towards the resistance or 
away from it 

9. A circular loop of radius R 
carrying current I lies in x-y plane with its centre at origin. The total 
magnetic flux through x-y plane is   [IIT-JEE 1999] 

(a) Directly proportional to I 

(b) Directly proportional to R 

(c) Directly proportional to 2R  

(d) Zero 

10. Two identical circular loops of metal wire are lying on a table 
without touching each other. Loop-A carries a current which 
increases with time. In response, the loop-B 

[IIT JEE 1999; UPSEAT 2003] 

(a) Remains stationary 

(b) Is attracted by the loop-A 

(c) Is repelled by the loop-A 

(d) Rotates about its CM, with CM fixed 

(CM is the centre of mass) 

11. Two coils have a mutual inductance 0.005 H. The current changes in 

the first coil according to equation tII sin0 , where 

AI 100   and  = 100  radian/sec. The maximum value of e.m.f. 

in the second coil is 

[CBSE PMT 1998; Pb. PMT 2000] 

(a) 2 (b) 5  

(c)  (d) 4 

12. A small square loop of wire of side l is placed inside a large square 
loop of wire of side L (L > l). The loop are coplanar and their centre 
coincide. The mutual inductance of the system is proportional to   [IIT JEE 1998] 

(a) l / L  (b) Ll /2   

(c) lL /  (d) lL /2  

N B


 

     

    

     

     

M Q 

V 

× 

× 

× 

× × × × 

× × × × 

× × × × 

× × × × × 
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 Electromagnetic Induction 1321 

13. A wire of length 1 m is moving at a speed of 2ms–1 perpendicular to 
its length and a homogeneous magnetic field of 0.5 T. The ends of 

the wire are joined to a circuit of resistance 6 . The rate at which 

work is being done to keep the wire moving at constant speed is [Roorkee 1999] 

(a) W
12

1
 (b) W

6

1
 

(c) W
3

1
 (d) 1W 

14. A uniform but time-varying magnetic field B(t) exists in a circular 
region of radius a and is directed into the plane of the paper, as 
shown. The magnitude of the induced electric field at point P at a 
distance r from the centre of the circular region   [IIT-JEE (Screening) 2000] 

(a) Is zero  

(b) Decreases as 
r

1
 

(c) Increases as r  

(d) Decreases as 
2

1

r
 

15. A coil of wire having finite inductance and resistance has a 
conducting ring placed coaxially within it. The coil is connected to a 

battery at time t = 0, so that a time-dependent current )(1 tI  starts 

flowing through the coil. If )(2 tI  is the current induced in the ring. 

and )(tB  is the magnetic field at the axis of the coil due to ),(1 tI  

then as a function of time (t > 0), the product I
2

 (t) B(t) 
    [IIT-JEE (Screening) 2000] 

(a) Increases with time  (b) Decreases with time  

(c) Does not vary with time (d) Passes through a maximum  

16. Two circular coils can be arranged in any of the three situations shown in 
the figure. Their mutual inductance will be 

[IIT JEE (Screening) 2001] 

 

 

 

 
 

(a) Maximum in situation (A) (b) Maximum in situation (B) 

(c) Maximum in situation (C) (d) The same in all situations  

17. A metallic square loop ABCD is moving in its own plane with 
velocity v in a uniform magnetic field perpendicular to its plane as 
shown in the figure. An electric field is induced       [IIT JEE (Screening) 2001] 

 

(a) In AD, but not in BC  

(b) In BC, but not in AD  

(c) Neither in AD nor in BC  

(d) In both AD and BC  

18. A conducting rod of length 2l is rotating with constant angular 

speed  about its perpendicular bisector. A uniform magnetic field 

B  exists parallel to the axis of rotation. The e.m.f. induced between 
two ends of the rod is  

    [MP PET 2001] 

(a) Bl2   

(b) 2

2

1
lB  

(c) 2

8

1
lB   

(d) Zero  

19. An inductor of 2 henry and a resistance of 10 ohms are connected in 

series with a battery of 5 volts. The initial rate of change of current 

is    [MP PMT 2001] 

(a) 0.5 amp/sec  (b) 2.0 amp/sec  

(c) 2.5 amp/sec (d) 0.25 amp/sec  

20. As shown in the figure, P and Q are two coaxial conducting loops 

separated by some distance. When the switch S is closed, a clockwise 

current PI  flows in P (as seen by E) and an induced current 
1QI  

flows in Q. The switch remains closed for a long time. When S is 

opened, a current 
2QI  flows in Q. Then the directions of 

1QI  and 

2QI  (as seen by E) are      [IIT JEE (Screening) 2002] 

 

 

 

 

 

 
 

(a) Respectively clockwise and anticlockwise  

(b) Both clockwise  

(c) Both anticlockwise  

(d) Respectively anticlockwise and clockwise  

21. A short-circuited coil is placed in a time-varying magnetic field. 

Electrical power is dissipated due to the current induced in the coil. 

If the number of turns were to be quadrupled and the wire radius 

halved, the electrical power dissipated would be   [IIT-JEE (Screening) 2002] 

(a) Halved  (b) The same  

(c) Doubled  (d) Quadrupled 

22. A physicist works in a laboratory where the magnetic field is 2 T. 

She wears a necklace enclosing area 0.01 m2 in such a way that the 

plane of the necklace is normal to the field and is having a resistance 

R = 0.01 . Because of power failure, the field decays to 1 T in time 

10–3 seconds. Then what is the total heat produced in her necklace ? 

(T = Tesla) 

[Orissa JEE 2002] 

(a) 10 J  (b) 20 J  

(c) 30 J  (d) 40 J 

23. A coil of inductance 8.4 mH and resistance 6  is connected to a 12 

V battery. The current in the coil is 1.0 A at approximately the time  

[IIT-JEE (Screening) 1999; UPSEAT 2003] 

(a) 500 sec  (b) 20 sec  

(c) 35 milli sec  (d) 1 milli sec  

24. As shown in the figure a metal rod makes contact and complete the 
circuit. The circuit is perpendicular to the magnetic field with 

.15.0 teslaB   If the resistance is Ω3 , force needed to move the 

rod as indicated with a constant speed of secm /2  is    [MP PET 1994] 

 

(a) 31075.3  N  

(b) N21075.3   

(c) N21075.3    

(d) N41075.3   

25. Two identical coaxial circular loops carry current i each circulating 
in the clockwise direction. If the loops are approaching each other, 
then    [MP PMT 1995, 96] 

(a) Current in each loop increases 

(b) Current in each loop remains the same  

(c) Current in each loop decreases  

(d) Current in one-loop increases and in the other it decreases 

P 

r 
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26. In the following figure, the magnet is moved towards the coil with a 
speed v and induced emf is e. If magnet and coil recede away from 
one another each moving with speed v, the induced emf in the coil 
will be 

(a) e  

(b) 2e 

(c) e/2 

(d) 4e 

27. A current carrying solenoid is approaching a conducting loop as 
shown in the figure. The direction of induced current as observed by 
an observer on the other side of the loop will be 

 

 

 

 (a) Anticlockwise  (b) Clockwise  

 (c) East (d) West 

28. A conducting wire frame is placed in a magnetic field which is 
directed into the paper. The magnetic field is increasing at a 
constant rate. The directions of induced current in wires AB and CD 
are 

 

 

 

 

(a) B to A and D to C  (b) A to B and C to D   

(c) A to B and D to C  (d) B to A and C to D 

29. A square metallic wire loop of side 0.1 m and resistance of 1 is 
moved with a constant velocity in a magnetic field of 2 wb/m2 as 
shown in figure. The magnetic field is perpendicular to the plane of 
the loop, loop is connected to a network of resistances. What should 
be the velocity of loop so as to have a steady current of 1mA in loop 

 

 

 

 

(a) 1 cm/sec  (b) 2 cm/sec  

(c) 3 cm/sec  (d) 4 cm/sec 

30. A conductor ABOCD moves along its bisector with a velocity of 1 m/s 
through a perpendicular magnetic field of 1 wb/m2, as shown in fig. If all 
the four sides are of 1m length each, then the induced emf between 
points A and D is 

 

 

 

 

 

 

(a) 0 (b) 1.41 volt 

(c) 0.71 volt  (d) None of the above 

31. A conducting rod PQ of length L = 1.0 m is moving with a uniform 

speed v = 2 m/s in a uniform magnetic field T.B 04  directed 

into the paper. A capacitor of capacity C = 10 F is connected as 
shown in figure. Then 

 

 

 

 

 

(a) q
A

 = + 80 C and q
B

 = – 80 C  

(b) q
A

 = – 80 C and q
B

 = + 80 C  

(c) q
A

 = 0 = q
B

  

(d) Charge stored in the capacitor increases exponentially with 
time 

32. The resistance in the following circuit is increased at a particular 

instant. At this instant the value of resistance is 10. The current in 
the circuit will be now 

 

 

 

 

 

(a) i = 0.5 A  (b) i > 0.5 A  

(c) i < 0.5 A  (d) i = 0  

33. Shown in the figure is a circular loop of radius r and resistance R. A 

variable magnetic field of induction teBB  0  is established inside 

the coil. If the key (K) is closed, the electrical power developed right 
after closing the switch is equal to 

 

 

 

 

(a) 
R

rB 22
0  (b) 

R

rB 3
010

 

(c) 
5

422
0 RrB 

 (d) 
R

rB 422
0  

34. A conducting ring is placed around the core of an electromagnet as 
shown in fig. When key K is pressed, the ring  

(a) Remain stationary  

(b) Is attracted towards the electromagnet  

(c) Jumps out of the core 

(d) None of the above 

35. The north and south poles of two identical magnets approach a coil, 
containing a condenser, with equal speeds from opposite sides. Then  

 

 

 

(a) Plate 1 will be negative and plate 2 positive 

(b) Plate 1 will be positive and plate 2 negative 

(c) Both the plates will be positive 

(d) Both the plates will be negative 
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36. A highly conducting ring of radius R is perpendicular to and 

concentric with the axis of a long solenoid as shown in fig. The ring 

has a narrow gap of width d in its circumference. The solenoid has 

cross sectional area A and a uniform internal field of magnitude B
0

. 

Now beginning at t = 0, the solenoid current is steadily increased to 

so that the field magnitude at any time t is given by B(t) = B
0

 + t 

where 0 . Assuming that no charge can flow across the gap, 

the end of ring which has excess of positive charge and the 

magnitude of induced e.m.f. in the ring are respectively  

(a) X, A  

(b) X R2  

(c) Y, A2  

(d) Y, R2  

37. Plane figures made of thin wires of resistance R = 50 milli 
ohm/metre are located in a uniform magnetic field perpendicular 

into the plane of the figures and which decrease at the rate dB/dt = 
0.1 m T/s. Then currents in the inner and outer boundary are. (The 
inner radius a = 10 cm and outer radius b = 20 cm)   

 

 

 

 
 

(a) 10– 4 A (Clockwise), 2  10– 4 A (Clockwise) 

(b) 10– 4 A (Anticlockwise), 2  10– 4 A (Clockwise) 

(c) 2  10– 4 A (clockwise), 10– 4 A (Anticlockwise) 

(d) 2  10– 4 A (Anticlockwise), 10– 4 A (Anticlockwise) 

38. A rectangular loop with a sliding connector of length l = 1.0 m is 

situated in a uniform magnetic field B = 2T perpendicular to the 

plane of loop. Resistance of connector is r = 2. Two resistance of 

6 and 3 are connected as shown in figure. The external force 

required to keep the connector moving with a constant velocity v = 
2m/s is  

(a) 6 N  

(b) 4 N  

(c) 2 N  

(d) 1 N 

39. A wire cd of length l and mass m is sliding without friction on 
conducting rails ax and by as shown. The vertical rails are connected 
to each other with a resistance R between a and b. A uniform 
magnetic field B is applied perpendicular to the plane abcd such that 
cd moves with a constant velocity of  

(a) 
Bl

mgR
 

(b) 
22 lB

mgR
 

(c) 
33 lB

mgR
 

(d) 
lB

mgR
2

 

40. A conducting rod AC of length 4l is rotated about a point O in a 

uniform magnetic field B


 directed into the paper. AO = l and OC = 
3l. Then  

(a) 
2

2lB
VV OA


  

(b) 2

2

7
lBVV CO   

(c) 24 lBVV CA   

(d) 2

2

9
lBVV OC   

41. How much length of a very thin wire is required to obtain a 

solenoid of length 0l  and inductance L 

(a) 
0

02



Ll
 (b) 

2
0

04



Ll
 

(c) 
0

04



Ll
 (d) 

0

08



Ll
 

42. What is the mutual inductance of a two-loop system as shown with 
centre separation l  

(a) 
3

4
0

8l

a
 

(b) 
3

4
0

4l

a
 

(c) 
3

4
0

6l

a
 

(d) 
3

4
0

2l

a
 

43. The figure shows three circuits with identical batteries, inductors, 
and resistors. Rank the circuits according to the current through the 
battery (i) just after the switch is closed and (ii) a long time later, 
greatest first 

 

 

 

 

 

(a) (i) )0(1132  iiii  (ii) 132 iii   

(b) (i) )0(1132  iiii  (ii) 132 iii   

(c) (i) )0(1132  iiii  (ii) 132 iii   

(d) (i) )0(1132  iiii  (ii) 132 iii   

44. The network shown in the figure is a part of a complete circuit. If at 
a certain instant the current i is 5 A and is decreasing at the rate of 

sA /103  then BA VV   is 

(a) 5 V  

(b) 10 V  

(c) 15 V  

(d) 20 V  

45. A 50 volt potential difference is suddenly applied to a coil with 
3105 L  henry and ohmR 180 . The rate of increase of 

current after 0.001 second is  [MP PET 1994] 

(a) 27.3 amp/sec  (b) 27.8 amp/sec 
(c) 2.73 amp/sec (d) None of the above 

46. The current in a LR circuit builds up to 
4

3
th of its steady state 

value in s4 . The time constant of this circuit is  
[Roorkee 2000] 

Area 
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(a) s
2ln

1
 (b) s

2ln

2
 

(c) s
2ln

3
 (d) s

2ln

4
 

47. A conducting ring of radius 1 meter is placed in an uniform 
magnetic field B of 0.01Telsa oscillating with frequency 100Hz with 
its plane at right angles to B. What will be the induced electric field   [AIIMS 2005] 

(a) mvolt /  (b) mvolt /2  

(c) mvolt /10  (d) mvolt /62  

48. A simple pendulum with bob of mass m and conducting wire of 

length L swings under gravity through an angle 2 . The earth’s 
magnetic field component in the direction perpendicular to swing is 
B. Maximum potential difference induced across the pendulum is   [MP PET 2005] 

(a) 2/1)(
2

sin2 gLBL 







  

(b) )(
2

sin gLBL 







 

(c) 2/3)(
2

sin gLBL 







  

(d) 2)(
2

sin gLBL 







 

L  

h 
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1. The graph Shows the variation in magnetic flux )(t  with time 

through a coil. Which of the statements given below is not correct   [AMU (Engg.) 2001]                                                                                                                                            

 

 

 

 

 

 

(a) There is a change in the direction as well as magnitude of the 
induced emf between B and D  

(b) The magnitude of the induced emf is maximum between B and 
C  

(b) There is a change in the direction as well as magnitude of 
induced emf between A and C  

(d) The induced emf is zero at B  

2. The variation of induced emf (E) with time (t) in a coil if a 
short bar magnet is moved along its axis with a constant velocity is 
best represented as  [IIT-JEE (Screening) 2004] 

 

 

 

 (a)  (b)  

 

 
 

 

  

 (c)  (d)  

 
 

3. The current through a 4.6 H inductor is shown in the following 
graph. The induced emf during the time interval t = 5 milli-sec to 6 
milli-sec will be 

 (a) 103 V  

(b) – 23 103 V  

(c) 23  103 V  

(d) Zero 

4. An alternating current of frequency 200 rad/sec and peak value 1A 
as shown in the figure, is applied to the primary of a transformer. If 
the coefficient of mutual induction between the primary and the 
secondary is 1.5 H, the voltage induced in the secondary will be 

(a) 300 V 

(b) 191 V 

 (c) 220 V 

 (d) 471 V 

5. A horizontal loop abcd is moved across the pole pieces of a magnet 

as shown in fig. with a constant speed v. When the edge ab of the 

loop enters the pole pieces at time t = 0 sec. Which one of the 

following graphs represents correctly the induced emf in the coil 

  

 

 

 

 

  

 (a)  (b)   

 

 

 

  

 (c)  (d)  

 

 

6. Some magnetic flux is changed from a coil of resistance 10 ohm. As 

a result an induced current is developed in it, which varies with time 

as shown in figure. The magnitude of change in flux through the coil 

in webers is 
 

 (a) 2 

 (b) 4 

 (c) 6 

 (d) None of these  

7. The graph gives the magnitude B(t) of a uniform magnetic field that 

exists throughout a conducting loop, perpendicular to the plane of 

the loop. Rank the five regions of the graph according to the 

magnitude of the emf induced in the loop, greatest first 

 (a) b > (d = e) < (a = c)  

 (b) b > (d = e) > (a = c)    

 (c) b < d < e < c < a 

 (d) b > (a = c) > (d = e)  

8. Figure (i) shows a conducting loop being pulled out of a magnetic 

field with a speed v. Which of the four plots shown in figure (ii) 

may represent the power delivered by the pulling agent as a 

function of the speed v  
 

 (a) a  

 (b) b  

 (c) c  

 (d) d 

9. A rectangular loop is being pulled at a constant speed v, through a 
region of certain thickness d, in which a uniform magnetic field B is 
set up. The graph between position x of the right hand edge of the 
loop and the induced emf E will be 

  

 

 

 

   

 (a)  (b)  

 

 

 

 

 (c)  (d)  
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10. The current i in an inductance coil varies with time, t according to 
the graph shown in fig. Which one of the following plots shows the 
variation of voltage in the coil with time    [CBSE PMT 1994] 

  

 

 

 

 

 

 (a)  (b)  

 

 
 

 

 

 (c)  (d)  

 

 

11. When a battery is connected across a series combination of self 
inductance L and resistance R, the variation in the current i with 
time t is best represented by [MP PET 2004] 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

12. When a certain circuit consisting of a constant e.m.f. E an 
inductance L and a resistance R is closed, the current in, it increases 
with time according to curve 1. After one parameter (E, L or R) is 
changed, the increase in current follows curve 2 when the circuit is 
closed second time. Which parameter was changed and in what 
direction 

 (a) L is increased 

 (b) L is decreased 

 (c) R is increased  

 (d) R is decreased 

13. A flexible wire bent in the form of a circle is placed in a uniform 
magnetic field perpendicular to the plane of the coil. The radius of 
the coil changes as shown in figure. The graph of induced emf in the 
coil is represented by 

 

 

 

 

 
 

 

 (a)  (b)  

 

 

 
 

 (c)  (d)   

 

 

 

 
 

14. The current i in an induction coil varies with time t according to the 
graph shown 

  
 

 
 

 
 
 

in figure. Which of the following graphs shows the induced          
emf (e) in the coil with time  
 

 (a)  (b)  

 

 

 

  

 (c)  (d)  

 

 

 

 

15. In an L–R circuit connected to a battery the rate at which energy is 
stored in the inductor is plotted against time during the growth of 
the current in the circuit. Which of the following best represents the 
resulting curve  

 

 (a)  (b)   

 

 

 

 (c)  (d)  

 

 

 

 

 

16. Switch S of the circuit shown in figure. is closed at t = 0. If e 
denotes the induced  

 

 

 

 

 

 

        emf in L and i, the current flowing through the circuit at time 

          t, which of the following graphs is correct  
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 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

 

17. For previous objective, which of the following graphs is correct  
 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

18. A square loop of side 5 cm enters a magnetic field with 1 cms - 1. 

The front edge enters the magnetic field at t = 0 then which 

graph best depicts emf  

  

 

 

 
  

 (a)   

 

 

 

 

 (b)  

 

 

 

 (c)   

 

 

 

 

 (d)  

 

 
 

19. A magnet is made to oscillate with a particular frequency, passing 

through a coil as shown in figure. The time variation of the 

magnitude of e.m.f. generated across the coil during one cycle is    [AIIMS 2005] 

IV.   
 
 
 
 
 
 
 
 
 
 

(a)  (b)  

 

 

(c)  (d)  

 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  :  Eddy currents is produced in any metallic 
conductor when magnetic flux is changed around it. 

Reason  : Electric potential determines the flow of charge.  [AIIMS 1995] 

2. Assertion  :  The quantity L/R possesses dimensions of time. 
 Reason  : To reduce the rate of increases of current through a 

solenoid should increase the time constant (L/R). [AIIMS 2002] 
3. Assertion  :  Faraday’s laws are consequences of conservation of 

energy. 
 Reason  : In a purely resistive ac circuit, the current lags 

behind the e.m.f. in phase.  [AIIMS 2002] 
4. Assertion  :  Only a change in magnetic flux will maintain an 

induced current the coil. 
 Reason  : The presence of large magnetic flux through a coil 

maintains a current in the coil if the circuit is 
continuous.  [AIIMS 1999] 

5. Assertion  :  Magnetic flux can produce induced e.m.f.  
 Reason  : Faraday established induced e.m.f. experimentally. 
6. Assertion  :  The induced e.m.f. and current will be same in two 

identical loops of copper and aluminium, when 
rotated with same speed in the same magnetic field. 

 Reason  : Induced e.m.f. is proportional to rate of change of 
magnetic field while induced current depends on 
resistance of wire. 

7. Assertion  :  Inductance coil are made of copper. 
 Reason  : Induced current is more in wire having less 

resistance. 
8. Assertion  :  Self-inductance is called the inertia of electricity. 
 Reason  : Self-inductance is the phenomenon, according to 

which an opposing induced e.m.f. is produced in a 
coil as a result of change in current or magnetic flux 
linked in the coil. 

9. Assertion  :  When two coils are wound on each other, the 
mutual induction between the coils is maximum. 

 Reason  : Mutual induction does not depend on the 
orientation of the coils. 
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10. Assertion  :  Acceleration of a magnet falling through a long 
solenoid decreases. 

 Reason  : The induced current produced in a circuit always 
flow in such direction that it opposes the change or 
the cause the produced it. 

11. Assertion  :  An aircraft flies along the meridian, the potential at the 
ends of its wings will be the same. 

 Reason  : Whenever there is change in the magnetic flux 
e.m.f. induces. 

12. Assertion  :  A spark occur between the poles of a switch when 
the switch is opened. 

 Reason  : Current flowing in the conductor produces 
magnetic field. 

13. Assertion  :  In the phenomenon of mutual induction, self 
induction of each of the coils persists. 

 Reason  : Self induction arises when strength of current in 
same coil changes. In mutual induction, current is 
changing in both the individual coils. 

14. Assertion  :  Lenz’s law violates the principle of conservation of 
energy.  

 Reason  : Induced e.m.f., opposes always the change in 
magnetic flux responsible for its production. 

15. Assertion  :  The induced emf in a conducting loop of wire will 
be non zero when it rotates in a uniform magnetic 
field. 

 Reason  : The emf is induced due to change in magnetic flux. 
16. Assertion  :  An induced emf is generated when magnet is 

withdrawn from the solenoid. 
 Reason  : The relative motion between magnet and solenoid 

induces emf. 
17. Assertion  :  An artificial satellite with a metal surface is moving 

above the earth in a circular orbit. A current will be 
induced in satellite if the plane of the orbit is 
inclined to the plane of the equator. 

 Reason  : The current will be induced only when the speed of 
satellite is more than 8 km/sec. 

18. Assertion  :  A bar magnet is dropped into a long vertical copper 
tube. Even taking air resistance as negligible, the 
magnet attains a constant terminal velocity. If the 
tube is heated, the terminal velocity gets increased. 

 Reason  : The terminal velocity depends on eddy current 
produced in bar magnet. 

19. Assertion  :  A metal piece and a non-metal (stone) piece are 
dropped from the same height near earth’s surface. 
Both will reach the earth’s surface simultaneously.  

 Reason  : There is no effect of earth’s magnetic field on freely 
falling body. 

20. Assertion  :  A transformer cannot work on dc supply.  
 Reason  : dc changes neither in magnitude nor in direction. 
21. Assertion  :  Soft iron is used as a core of transformer. 
 Reason  : Area of hysteresis is loop for soft iron is small. 
22. Assertion  :  An ac generator is based on the phenomenon of 

self-induction. 
 Reason  : In single coil, we consider self-induction only. 
23. Assertion  :  An electric motor will maximum efficient when 

back e.m.f. is equal to applied e.m.f. 

 Reason  : Efficiency of electric motor is depends only on 
magnitude of back e.m.f.. 

24. Assertion  :  The back emf in a dc motor is maximum when the 
motor has just been switched on. 

 Reason : When motor is switched on it has maximum speed. 



 

 Electromagnetic Induction 1331 

 
 

 

 

 
 

Faraday's and Lenz's Law 
 

1 c 2 d 3 b 4 d 5 b 

6 c 7 a 8 c 9 a 10 b 

11 a 12 b 13 b 14 a 15 d 

16 d 17 c 18 b 19 b 20 b 

21 b 22 c 23 b 24 b 25 d 

26 c 27 d 28 b 29 d 30 d 

31 b 32 a 33 b 34 a 35 b 

36 b 37 d 38 a 39 a 40 c 

41 c 42 b 43 c 44 c 45 d 

46 d 47 d 48 d 49 d 50 c 

51 b 52 a 53 d 54 b 55 b 

56 a 57 c 58 a 59 d 60 b 

61 a 62 a 63 d 64 d 65 c 

66 c 67 a 68 b     

 

Motional EMI 
 

1 a 2 b 3 d 4 c 5 b 

6 b 7 b 8 c 9 d 10 d 

11 b 12 c 13 b 14 c 15 d 

16 c 17 c 18 b 19 c 20 b 

21 d 22 d 23 d 24 d 25 c 

26 a 27 c 28 c 29 c 30 d 

31 b 32 b 33 b     

 

Static EMI 
 

1 d 2 d 3 b 4 a 5 d 

6 d 7 c 8 c 9 c 10 c 

11 a 12 b 13 b 14 d 15 d 

16 b 17 a 18 b 19 b 20 b 

21 a 22 d 23 c 24 c 25 b 

26 c 27 b 28 c 29 c 30 d 

31 b 32 a 33 b 34 c 35 d 

36 a 37 a 38 c 39 c 40 a 

41 d 42 a 43 a 44 b 45 b 

46 abcd 47 c 48 b 49 d 50 c 

51 c 52 b 53 a 54 a 55 a 

56 a 57 a 58 d 59 a 60 b 

61 d 62 b 63 a 64 d 65 a 

66 d 67 c 68 c 69 c 70 b 

71 a 72 b 73 c 74 b 75 a 

76 c 77 c 78 c 79 c 80 d 

81 b 82 c 83 a 84 b 85 a 

86 a 87 a 88 c 89 b 90 d 

91 d 92 a 93 d 94 c 95 b 

96 c 97 a 98 c 99 d 100 d 

101 b 102 c 103 b 104 a 105 c 

106 d 107 c 108 c     

 

Application of EMI (Motor, Dynamo, Transformer ...) 
 

1 b 2 d 3 c 4 c 5 a 

6 d 7 a 8 a 9 c 10 a 

11 b 12 b 13 a 14 b 15 b 

16 c 17 d 18 b 19 d 20 c 

21 d 22 d 23 d 24 a 25 d 

26 b 27 a 28 c 29 c 30 a 

31 a 32 c 33 b 34 c 35 a 

36 b 37 a 38 c 39 a 40 c 

41 b 42 a 43 d 44 d 45 b 

46 b 47 a 48 a 49 d 50 a 

51 c 52 b 53 b 54 b 55 a 

56 b 57 c 58 a 59 a 60 a 

61 d 62 b 63 d 64 c 65 b 

66 b 67 c 68 d 69 b 70 c 

71 a 72 b 73 c 74 c 75 b 

76 c 77 c 78 a 79 a 80 c 

81 a 82 b 83 a 84 a 85 b 

86 a         

 

Critical Thinking Questions 
 

1 d 2 a 3 acd 4 b 5 d 

6 d 7 b 8 b 9 d 10 c 

11 b 12 b 13 b 14 b 15 d 

16 a 17 d 18 d 19 c 20 d 

21 b 22 a 23 d 24 a 25 c 

26 b 27 b 28 a 29 b 30 b 

31 a 32 b 33 d 34 c 35 b 

36 a 37 a 38 c 39 b 40 c 

41 c 42 d 43 a 44 c 45 d 

46 b 47 b 48 a     

 

Graphical Questions 
 

1 d 2 a 3 c 4 b 5 d 

6 a 7 b 8 b 9 b 10 c 

11 b 12 a 13 b 14 c 15 a 

16 c 17 d 18 c 19 a   

 

Assertion and Reason 
 

1 b 2 b 3 c 4 c 5 e 

6 e 7 a 8 b 9 c 10 a 

11 a 12 b 13 a 14 e 15 a 

16 a 17 c 18 b 19 d 20 a 

21 a 22 e 23 d 24 d   
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Faraday’s and Lenz’s Law 
 

1. (c) Because induced e.m.f. is given by .
dt

d
NE


  

2. (d) The energy of the field increases with the magnitude of the 

field. Lenz’s law infers that there is an opposite field created 

due to increase or decrease of magnetic flux around a 

conductor so as to hold the law of conservation of energy.  

3. (b) We know that 
dt

d
e


  

 But e=iR and 
dt

d
R

dt

dq

dt

dq
i


   

R

d
dq


  

4. (d)  Similar to Q.3  

5. (b) Because there is no change in flux linked with coil 

6. (c) As it is seen from the magnet side induced current will be 
anticlockwise.  

 

 

 

 

 

 

7. (a) 
t

AB

dt

d
e 003




 

8. (c)   unitst
dt

d
e 67316 


 

9. (a) Induced current in both the coils assist the main current so 

current through each coil increases.  

 

 

 

 

 

 

10. (b) When the magnet is allowed to fall vertically along the axis of 

loop with its north pole towards the ring. The upper face of 

the ring will become north pole in an attempt to oppose the 

approaching north pole of the magnet. Therefore the 

acceleration in the magnet is less than g.  

 Note : If coil is broken at any point then induced emf will be 
generated in it but no induced current will flow. In this 
condition the coil will not oppose the motion of magnet and 
the magnet will fall freely with acceleration g. (i.e. a = g) 
  

   

 

 

  

11. (a) weberBA 10  

12. (b) The magnitude of induced e.m.f. is directly proportional to the 
rate of change of magnetic flux. Induced charge doesn’t depend 
upon time.  

13. (b)  

14. (a) 
 

20

1010101010/ 448 







R

dtdN

R

e
I


= 5 A 

15. (d) Induced charge doesn’t depend upon the speed of magnet.   

16. (d) cos.|| A
t

B
Ne 












 .50cos)1010(1500 22 V   

17. (c) When frequency is high, the galvanometer will not show 
deflection.   

18. (b) 
t

ABBN
e






cos)( 12   

 V5
1.0

0cos10100)1.00(500 4







 

19. (b) 
t

ABBN
e






cos)( 12  

 
3

22

102

0cos)103()10.035.0(50









o
V7.17 . 

20. (b) V
t

B
Ae 3

2

)14(
2.|| 







 . 

21. (b) 
t

NBA
e






)cos(cos 12 
 

 
1.0

)0cos180(cos
10703.02000 4 

   

 Ve 84  

22. (c) The induced current will be in such a direction so that it 
opposes the change due to which it is produced.  

23. (b) 

24. (b) 

25. (d) According to Lenz’s law.  

26. (c)  cos.A
t

B
Ne 












 0cos)1040(

2

)16(
100 4


  

 Ve 1||   

27. (d) 

28. (b) 

29. (d) 

30. (d) Emf induces in ring and it will opposes the motion. Hence due 
to the resistance of the ring all energy dissipates.  

31. (b)  21 coscos  
R

NBA
Q  

 
 

C4.0
50

180cos0cos1.02.0500



  

32. (a) oNBA 60cos1052.0100cos 4   

 Wb3105   
a = g N 

S 

N 

S 

B A 

Observer 
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33. (b) 
 

C
R

Q 4
2

210









 

34. (a) 

35. (b) 

36. (b)  227
0 1022

5.1

3000
104    niA  

 Wb61031.6   

37. (d)   cos12 ABB
R

N
q   

  61032 
 

    oB 0cos1060
40160

100 23 


   

 TB 565.0  

38. (a) Faraday’s laws involve conversion of mechanical energy into 
electric energy. This is in accordance with the law of 
conservation of energy.  

39. (a) 
t

ABBN
e






cos)( 12   

 
t

o0cos10100)1020(50
1.0

42 




 

 sect 1.0 . 

40. (c) d
R

N
q   dq   

41. (c) oA
t

B

R

N

R

e
i 0cos)1025(1000

100

20
cos. 4




   

 Ai 5.0  

42. (b) According to Lenz’s law. 

43. (c)  

44. (c) E.m.f. or current induces, only when flux linked with the coil 
changes.  

45. (d)    46943 2  ttt
dt

d

dt

d
e


 

   voltee 16||164)2(6   

46. (d) 
t

NBA
e






)cos(cos 12 
 

1.0

)0cos90(cos05.0104800 5 oo 




= 0.016 V  

47. (d) 

48. (d) 

49. (d) )410(  t
dt

d
e


  volte t 2)42.010()( 2   

50. (c) 

51. (b) 

52. (a) If bar magnet is falling vertically through the hollow region of 
long vertical copper tube then the magnetic flux linked with 
the copper tube (due to 'non-uniform' magnetic field of 
magnet) changes and eddy currents are generated in the body 
of the tube by Lenz's law the eddy currents opposes the falling 
of the magnet which therefore experience a retarding force. 
The retarding force increases with increasing velocity of the 
magnet and finally equals the weight of the magnet. The 

magnet then attains a constant final terminal velocity i.e. 
magnet ultimately falls with zero acceleration in the tube. 

53. (d)  

 

 

 

 

 

If current through A increases, crosses (X) linked with coil B 
increases, hence anticlockwise current induces in coil B. As 
shown in figure both the current produces repulsive effect.   

54. (b)  3001005 3  tt
dt

d

dt

d
e


 

 )10015( 2  t  at t = 2sec ; e = 40 V 

55. (b) By using 
 

t

NBA
e




 12 coscos 

 

 
 

2.0

0cos180cos105001021000 45 oo

e





 

 mVvolt 1010 2    

56. (a) Similar to Q. 52 

57. (c) 

58. (a) Induced charge     C
R

N
Q 5.01060

100

1
12    

59. (d)  

60. (b) 
Rt

WWn

tR

N

R

e
i

5

)()( 1212 








 

61. (a) Magnetic flux linked with the ring changes so current flows 
through it.  

62. (a) )310()1635(|| 2  ttt
dt

d

dt

d
e


 

 when Vet 33)3310(sec,3 3   

 when Vet 43)3410(sec,4 4   

 Hence emf induced in fourth second  

 Vee 10334334   

63. (d) 
t

NBA
e






)cos(cos 12 
 

 V2.0
1.0

)0cos90(cos1.0104500 4







 

64. (d) C
R

N
q 4)210(

2

1
)(    

65. (c) At low frequency of 1 to 2 Hz, oscillations may be observed as 

our eyes will be able to detect it. 

66. (c) Since the magnetic field is uniform therefore there will be no 

change in flux hence no current will be induced. 

67. (a) BA   

  change in flux dABd . = 410)100101(05.0   

                                              610.5  Wb. 

B A 

i 

Observer 
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 Now, charge 6
6

105.2
2

105 






R

d
dQ


C.  

68. (b) 
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BAn
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nA

RQ
B

.


4

4

10440
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Motional EMI 

 

1. (a) Emf = ;sin0 ee   e will be maximum when  is 90o i.e. 

plane of the coil will be horizontal.  

2. (b) Induced e.m.f. 510103.0 4  Blv  

 mVV 5.1105.1 3    

3. (d) Conductor cuts the flux only when, if it moves in the direction 

of M.  

4. (c) vlBe v . 1
3600

1000180
102.0 4 







 
  V310  

5. (b) voltBvle 3.010103 23    

6. (b) This is the case of periodic EMI   

7.  (b) 50
3600

1000360
102.. 4 







 
 lvBe v Ve 1  

8. (c) 22 )1.0(1021.0
2

1

2

1
 rBe V210   

9. (d) VrBe  50)1(5102.0
2

1

2

1 242    

10. (d) No flux change is taking place because magnetic field exists 

everywhere and is constant in time and space.  

11. (b) If player is running with rod in vertical position towards east, 

then rod cuts the magnetic field of earth perpendicularly 

(magnetic field of earth is south to north). 

Hence Maximum emf induced is  

 voltBvle 35 1013
3600

100030
104  


  

 When he is running with rod in horizontal position, no field is 

cut by the rod, so e = 0. 

  

 

 

 

 

12. (c) 
60

2000
22;   fNBAe  

 
3

4

60

2000
2108005.050 4 
  e  

13. (b) 

14. (c) According to Fleming right hand rule, the direction of B will be 
perpendicular to the plane of paper and act downward.  

15. (d) By Fleming's right hand rule. 

16. (c) gtveBvle   

17. (c) VBvle 1125.0   

18. (b) A motional emf Bvle  is induced in the rod, or we can say, 
a potential difference is induced between the two ends of the 
rod AB, with P at higher potential and Q at lower potential. 
Due to this potential difference, there is an electric field in the 
rod.  

 

 

 

 

 

19. (c) 

20. (b) VeBvle 14.0)1010(27.0 2    

21. (d) VeBvle 52.24.079.0   

22. (d)  

23. (d)  

24. (d) 
60

120
)14.3()5.0(104.0 242  Ble  

 V51028.6   

25. (c)  VBle 60100)2(3.0
2

1

2

1 22     

26. (a) VBvle 1.020
3600

1000360
105 5 


   

27. (c)  

28. (c) Peak value of NBANBAeemf  20   

 )10101025(104300502 222     

 volt30  

29. (c)  22

2

1
BlBle   

 Ve 28.610014.3)1020(5.0 22    

30. (d)  

31. (b) )()2( 2
0 rNBNBAe   222 NBr  

 2242 )107(105.04000
60

1800
)14.3(2    

 V58.0  

32. (b) Two emf's induces in the closed circuit each of value vBl . 

These two emf's are additive. So vBlE 2net  .  

33. (b) When a conductor lying along the magnetic north-south, 

moves eastwards it will cut vertical component of 0B . So 

induced emf  

                      lvBe V )sin( 0 lBv  sin0 vlB .   

 

Static EMI 
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1. (d) 
dt

di
Le   but e =4V and 3

3
10/1

10

10 







dt

di
 

 henryLL 3

3
1044)(

10

1 





  

2. (d) henrymilli
dtdi

e
L 510

1

5

10/)23(

5

/

3

3



 


 

3. (b) Energy stored JLiE 1.041050
2

1

2

1 32    

4. (a) Given HLsecA
dt

di
5.,/2  V

dt

di
Le 1025   

5. (d) As we know 
dt

di
L

dt

d
e 


 

 Work done against back e.m.f. e in time dt and current i is 

 diLiidt
dt

di
LeidtdW   2

0 2

1
LidiiLW

i

   

6. (d) Induced emf 
dt

di

l

ANN

dt

di
Me .210  

 
25.0

|)2(2|

30.0

102.13002000104 37 






 

 mVV 48102.48 3    

7. (c) Self inductance lAnlANL 2
0

2
0 /    

 Where n is the number of turns per unit length and N is the 

total number of turns and nlN   

 In the given question n is same. A is increased 4 times and l is 
increased 2 times and hence L will be increased 8 times.  

8. (c) 
dtdi

e

dtdi

e
M

// 2

1

1

2   

 Also 
dt

di
Le

dt

di
Le 2

22
1

11 .   

 2121

21

212 LLMLL

dt

di

dt

di

ee
M 

















  

9. (c) Inductance is inherent property of electrical circuits. It will 

always be found in an electrical circuit whether we want it or 
not. The circuit in which a large emf is induced when the 
current in the circuit changes is said to have greater 
inductance. A straight wire carrying current with no iron part 
in the circuit will have lesser value of inductance while if the 
circuit contains a circular coil having many number of turns, 
the induced emf to oppose the cause will be greater and the 
circuit is therefore said to have greater value of inductance. 

10. (c) Magnetic flux LI  

 By analogy, since physical quantities mass (m) and linear 
velocity (v) are equivalent to electrical quantities inductance (L) 

and current (I) respectively. Thus magnetic flux LI is 

equivalent to momentum vp m . 

11. (a) Energy stored ,
2

1 2Li where Li is a magnetic flux.  

12. (b) niL    
01

2






L

L
 ( n and i are same) 

  mHLL r 16218.090012    

13. (b) V
dt

di
Me 152.0   

14. (d) 













2103

28
2 L

dt

di
Le mHHL 1001.0   

15. (d) V
dt

di
Me 1008025.1    

16. (b) mHL
n

n

L

L
B

A

B

A

B 75108
600

500
22























  

17. (a) 1

2

1

2
12

2

2

1

2

12 4.. L
N

N
LL

N

N

L

L
eiNL 



























  

18. (b) HLL
dt

di
Le 2.0

05.0

)24(
8 


  

19. (b) HM
dt

di
Me 5001.0

3

15000
  

20. (b) H
dtdi

e
L 15

60/48

12

/
  

21. (a) 
2

7
0

102

2100104

2 










r

Ni
B 2/022.0 mwb  

22. (d) V
dt

di
Me 300

006.0

20
09.0   

23. (c)  

24. (c) Inductors obey the laws of parallel and series combination of 
resistors.  

25. (b) There will be self induction effect when soft iron core is 
inserted.   

26. (c) lANL /2
0  

27. (b) 

28. (c) volte
dt

di
Le 1

5

1
5   

29. (c) 
dt

di
Le 

Ampere

Volt
L

sec
  

30. (d) mV
dt

di
Le 1

1.0

10250
104.0

3
3 





  

31. (b) In steady state current passing through solenoid  

 A
R

E
i 1

10

10
  

32. (a) 
dt

di
Le    mHLL 1

103

6
2

3
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33. (b) From ]1[ /
0

LRteii  , where ampi 1
5

5
0   

 ampeei )1(11 110

25



















  

34. (c) 
l

ANN
M 210   

35. (d) volt
dt

di
Le 46 103

1.0

)0.15.1(
.1060  


  

36. (a) LiNBALi   

 Since magnetic field at the centre of circular coil carrying 

current is given by 
r

Ni
B





 2
.

4

0  

 
2

.
2

.
4

.
2

020 rN
LLir

r

Ni
N









  

 Hence self inductance of a coil  

 mH25
2

05.0500500104 7





 

 

37. (a) Induced 







 

1.0

10
10100... 3 M

dt

di
Mefme  

 mHHM 110 3    

38. (c) sec/5
2

10
A

t

i





  volts

t

i
Le 5.255.0 



  

39. (c) Time in which the current will decay to 
e

1
of its steady value 

is 5
10

50


R

L
t  seconds   

40. (a) 

41. (d) 2NL   

42. (a) 
dt

di

dt

di
MRi

dt

di
Me 11

22
1

2 5.054.0   

 .sec/41 A
dt

di
  

43. (a) 232 )4()1050(
2

1

2

1
 LiU J4.010400 3    

44. (b) 


















05.0

2
8 L

dt

di
Le  HL 2.0  

45. (b) 
4

1

2

1
..

2

1
22

1

2

1

22 























i

i

U

U
eiLiU 12

4

1
UU   

46. (a, b, c, d) 

47. (c) 
5.0

10
220||  L

dt

di
Le HL 11  

48. (b) 

49. (d) sec5
5.0

5.2


R

L
t   

50. (c) A
l

N
L

2

0 . When N and l are doubled. L is also doubled.  

51. (c) Energy JLI 05.0110100
2

1

2

1 232    

52. (b) 
 

V
dt

di
Me 25000

10

5
5

3






 

53. (a) nL  (Number of turns), For straight conductor n = 0, hence 
L = 0. 

54. (a) IL   H
I

L 2
01.0

102 2











 

55. (a) HLL
dt

di
Le 5.2

1.0

4
100   

56. (a) The inductances are in parallel  H
L

Leq 1
3

3

3
  

57. (a) mHAM
dt

di
Me 66.23108|| 1

3    

58. (d) HLL
dt

di
Le 1

1

10
10||   

59. (a) wb
N

Li
LiN






4
10

400

105108 07
33




 


 

60. (b) According to Lenz’s law.  

61. (d) 
dt

Ldi

dt

dA
NB

dt

Ldi

dt

Nd
LiN 


  

 HLL 10
102

12

10

511
33



















 

62. (b) 
 

5.0

1020500104 4272
0

 




l

AN
L =1.25mH 

63. (a) HLLLS 1021                  ..... (i) 

 H
LL

LL
LP 4.2

21

21 


             ..... (ii) 

 On solving (i) and (ii) L
1

L
2 

= 24                ..... (iii) 

 Also 21
2

21
2

21 4)()( LLLLLL   

 4244)10()( 22
21  LL HLL 221   

64. (d) HLL
dt

di
Le 16

60

45
12   

65. (a) 
  

mHL
L

dt

di
Le 25

5.0

1010
1|| 


  

66. (d) JULiU 250
10

100
5

2

1

2

1
2

2 







  

67. (c) HMMi 2.1
01.0

102.1 2







  

68. (c) JULiU 08.0)2(1040
2

1

2

1 232    
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69. (c) 2NL   

70. (b) 3109 5
122   MMiN   HM 5103   

71. (a) mHLL
dt

di
Le 5.62

05.0

)218(
20|| 


  

72. (b) Ve
dt

di
Le 1

10

1
1010|||| 6    

73. (c) 

74. (b) mHLLiT 2
105

10
3

5









  

75. (a) 2NL   

76. (c) 
dt

di
Le  , since current decreases so 

dt

di
is negative, hence 

  Ve 1025   

77. (c) Ve
dt

di
Le 202001.0   

78. (c) Ve
dt

di
Me 100

02.0

)020(
1.0 


  

79. (c) 
1

1010)1000(104 4272
0

 




l

AN
L  

 =1.256 mH 

80. (d) In secondary e.m.f. induces only when current through primary 
changes.  

81. (b)  

82. (c) 

83. (a) HLL
dt

di
Le 1.0

05.0

))2(2(
8 


  

84. (b) J
R

E
LLiU 50.62

20

100
5

2

1

2

1

2

1
22

2 
















  

85. (a) 

86. (a) 

87. (a) 
10

)12.0(
4.0




L

dt

di
Le HL 5  

88. (c) HLL
dt

di
Le 5.1

3.0

)06(
30|| 


  

89. (b) 
















L

Rt

eii 10
L

Rt

L

Rt

e
L

Ri
e

L

R
i

dt

di 









 .0

0  

  At t = 0 ; 
L

E

L

Ri

dt

di
 0 VE

E
80

20
4   

90. (d) LiN  .2.0510100 5 mHLL    

91. (d) When the two coils are joined in series such that the winding 

of one is opposite to the other, then the emf produced in first 
coil is 180o out of phase of the emf produced in second coil.  

 Thus, emf produced in first coil is negative and the emf 

produced in second coil is positive so, net inductance is  

 LLLLL  21 0
ii

L


 

92. (a) HMM
dt

di
Me 05.0

1.0

30
5.1   

93. (d) 

94. (c) Current in 1B  will promptly become zero while current in 

2B will slowly tend to zero. 

95. (b)  

96. (c) When battery disconnected current through the circuit start 

decreasing exponentially according to LRteii /
0

  

 LRteii /
0037.0    LRte

e

/1
37.0    

R

L
t   

97. (a) Current at any instant of time t after closing an L-R circuit is 

given by 
















t

L

R

eII 10  

Time constant 
R

L
t   
























 




e
IeIeII R

L

L

R
1

1)1(1 0
1

00  

%6363.0
718.2

1
1 00 








 II  of 0I  

98. (c) A
R

V
i 5

2

10
  

 JLiU 25252
2

1

2

1 2   

99. (d)  

100. (d) Time constant .sec5
8

40


R

L
 

101. (b) .sec2
30

60


R

L
t   

102. (c)  

103. (b)  

104. (a) Hz1007
93.9

10

)101.0()25.0(2

1 4

6
0 






  

105. (c) 
64

0

102010514.32

1

2

1

 


LC

  

  Hz1592
28.6

10 4

0   

106. (d) 

















L

Rt

eii 10   For 
2

0ii  ,  
R

L
t 693.0   

   sect 1.0
2

10300
693.0

3
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107. (c)  V
dt

di
Le 5.2

2

10
5.0   

108. (c)  Time period of LC circuit oscillations  

  LCT 2  dimensions of LC is Time.    

 

Application of EMI (Motor, Dynamo, Transformer... ) 

 

1. (b) Hot wire ammeter is not based on the phenomenon of 
electromagnetic induction.    

2. (d)    

3. (c) Direction of eddy currents is given by Lenz’s rule.  

 

 

 

 

 

 

 

4. (c) In a generator. e.m.f. is induced according as Lenz’s rule.   

5. (a)   

6. (d)  

7. (a) Circulation of eddy currents is prevented by use of laminated 
core.  

8. (a)   

9. (c)   

10. (a)  

11. (b) e  

12. (b) 

13. (a) Rotation of magnet in the dynamo creates the variable flux 
which in turn produces the induced current.   

14. (b)   

15. (b) With the increasing speed,  increases. Thus current reduces 
due to increase in the back e.m.f.  

Moreover 
R

KV
i


 . More  will lead to the lesser current.   

16. (c) Commutator converts ac into fluctuating dc. 

17. (d) Only ac dynamo have slip rings.   

18. (b) ;
dt

d
e


  if   maximum then e  minimum.  

19. (d)   

20. (c) Motor e.m.f. equation aab RIVE   

 At starting ,0bE  so aI will be maximum. 

21. (d) Ve
e

R

eE
i 190

20

220
5.1 





   

22. (d) 

23. (d) NBANBAe )2(0    

 25.02.05000100014.32  = 157 kV 

24. (a) Back motor.ofspeedemf    

25. (d)   

26. (b)  

27. (a) Efficiency %50 So 2/Ee   

 and 
R

E

R

EE
i

R

eE
i

2

2/






  

 


 3
102

60

2i

E
R  

28. (c)   

29. (c) Ee
E

e
3.0100   

 Now, 





 9.2
)503.0(50

12 R
RR

eE
i  

30. (a) A
R

eE
i 5

2

10

2

210220






  

31. (a) 

32. (c) A transformer is a device to convert alternating current at high 
voltage into low voltage and vice-versa.  

33. (b) We know that for step down transformer  

 sp VV   but ps

p

s

s

p
ii

i

i

V

V
 ;  

 Current in the secondary coil is greater than the primary.  

34. (c)   

35. (a)   

36. (b) Transformation ratio 
p

s

p

s

V

V

N

N
k   

 For step-up transformers, ,.. psps VVeiNN   hence 

.1k  

37. (a) 2002000
2200

220









 p

s

p

s

p
N

N

N

V

V
  

38. (c) Provided no power looses, being assumed.   

39. (a) VV
V

V

V

N

N
s

s

p

s

p

s 240
120100

200
  

 also Ai
ii

i

V

V
s

ss

p

p

s 5
10

120

240
  

40. (c) VV
V

V

V

N

N
s

s

p

s

p

s 120
240020

1
  

 For 100% efficiency ppss iViV   

 Aii pp 4240080120    

41. (b) VV
N

N

V

V
p

s

p

s

p
40

5

200

5

1

2500

500
  

 Also A
V

V
iiViVi

p

s
spsspp 4058   

Eddy 
currents 

Metallic 

block 

Non-uniform 

magnetic field 
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42. (a) VV
V

V

V

N

N
s

s

p

s

p

s 50
2/28100

250
  

43. (d) %90100
5220

9011
100 






pp

ss

iV

iV
  

44. (d) Transformer doesn’t work on dc  

45. (b)   

46. (b)  

47. (a) For 100% efficient transformer  

 
p

s

s

p

p

s
ppss

N

N

i

i

V

V
iViV   Ai

i
p

p
1

100

25

4
  

48. (a)  

49. (d) 
s

p

p

s

i

i

N

N
   A

N

N
ii

s

p
ps 10

20

100
2   

50. (a) Ai
i

i

V

V
p

s

p

p

s 100
220

211000



  

51. (c) 
p

s

s

p

s

p

i

i

V

V

N

N
 . The transformer is step-down type, so 

primary coil will have more turns. Hence  

 ampiVV
i

V
ss

s

s

40,220
4

2200

500

5000
  

52. (b) A
V

P
i

s

s
s 4.0

1011

104.4
3

3





   

53. (b) 100
220

22000


p

s

p

s

V

V

N

N
  

54. (b)  

55. (a)  

56. (b) 
s

p

p

s

i

i

N

N
  or Ai

i
p

p
50

21

25
   

57. (c) voltsV
N

N
V

N

N

V

V
p

p

s
s

p

s

p

s 12240
200

10
   

58. (a) 
500

5000

20
 s

p

s

p

s V

N

N

V

V
 VVs 200  

 Frequency remains unchanged.  

59. (a) VV
V

k
N

N

V

V
s

s

p

s

p

s 45
2

3

30
  

60. (a) 
5

4


s

p

s

p

p

s

i

i

i

i

N

N
  

61. (d) VVVV sp 6,200   

 AiiiVP ssssout 5630   

 From Ai
i

i

i

V

V
p

p

s

p

p

s 15.0
5200

6
  

62. (b) VE
EN

N

E

E
s

ss

p

s

p
40

20

100200
  

63. (d) Since all the losses are neglected. 

 So inout PP   

64. (c) 

65. (b) Ai
i

N

N

i

i
p

p

p

s

s

p
04.0

100

1

4
   

66. (b) 10:1: sp NN  and VVs 1002005.0   

 VV
VN

N

V

V
p

pp

s

p

s 10
1

10100
  

 ampi
i

N

N

i

i
p

p

p

s

s

p
5,

1

10

5.0
  

67. (c)  

68. (d) ampi
i

i

i

V

V
s

s

p

s

s

p
05.0

522000

220
   

69. (b) Ai
i

i

V

V
s

p

s

s

p
2

280

140
4    

70. (c) 
8

1000
81000  sssss VViVP  

 400
100

500

)8/1000(
 s

ss

p

s

p
N

NN

N

V

V
 

71. (a) Transformer works on ac only.  

72. (b) 
1

10

220

2200


p

s

p

s

V

V

N

N
  

73. (c) Transformation ratio VV
V

V

V
k s

s

p

s 100
603

5
   

74. (c) 6000
220

2200

600
 s

s

p

s

p

s N
N

V

V

N

N
 

75. (b) For 100% efficiency ppss iViV   

 Aii pp 1022021100   

76. (c)  

77. (c) Amplitude of the current 
R

rNB

R

NBA

R

e
i

)(2 2
0

0


  

mAAi 6106
)3.0(1012 3

2

22

0 


 





 

78. (a) Ai
ii

i

N

N
s

ss

p

p

s 12
48

500

2000
  

79. (a) JLiU 5)10(10100
2

1

2

1 232    

80. (c) As 
s

p

s

P

n

n

I

I
 ; i.e. AI

I
s

s

2
2

33
 . 

81. (a) 

82. (b) 

83. (a) 
pp

ss

IE

IE


powerinput

poweroutput
   

3104

200

100

80




 sI  

  AIS 16
200

10004

100

80
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 Also, KWIE pp 4  AIp 40
100

104 3




  

84. (a) 
P

S

S

P

I

I

N

N
   AI

N

N
I S

P

S
P 202

1

10
 . 

85. (b)  

86. (a) 
Input

Output
   

li




1000

2020

100

80
 

  Ail 3
801000

10012020





 . 

 

Critical Thinking Questions  
 

1. (d) If electron is moving from left to right, the flux linked with the 

loop (which is into the page) will first increase and then 
decrease as the electron passes by. So the induced current in 
the loop will be first anticlockwise and will change direction as 
the electron passes by.   

2. (a) If in time t. the rod turns by an angle , the area generated by 

the rotation of rod will be 

ll
2

1
2

2

1
l  

So the flux linked with the 
area generated by the 
rotation of rod 

 

 tBlBllB  222

2

1

2

1
0cos

2

1









  

  And so 
 22

2

1

2

1
BltBl

dt

d

dt

d
e 








  

3. (a, c, d) From Faraday’s Law, the induced voltage LV    

rate of change of current is constant 









dt

di
LV   

 
4

1

8

2

1

2

1

2 
L

L

V

V
  4

2

1 
V

V
 

Power given to the two coils is same, i.e.,  

2211 iViV    
4

1

1

2

2

1 
V

V

i

i
 

Energy stored 2

2

1
LiW   

   44
4

1 2

2

1

2

1

2

1

2 





































i

i

L

L

W

W
  

4

1

2

1 
W

W
   

4. (b) )1( /
0

LRteii    

R

E
i 0 (Steady current)          when t  

 5.1
10

5
)1(  

 e
R

E
i  

 )1(5.1)1(5.1 2/
1

  eei LR 
11

1
2

2

2
1 









e

e

ei

i
 

5. (d) Mutual inductance between two coil in the same plane with 
their centers coinciding is given by  

 















1

21
2
2

2
0 2

4 R

NNR
M






 henry. 

6. (d) Rate of decrease of area of the semicircular ring 

VR
dt

dA
)2(  

According to Faraday's law of induction induced emf 

)2( RVB
dt

dA
B

dt

d
e 


 

 

 

 

 

 

The induced current in the ring must generate magnetic field 
in the upward direction. Thus Q is at higher potential.   

7. (b) Induced potential difference between two ends lvBBlv H  

 millivoltvolt 31030502103 35    

 By Fleming's right hand rule, end A becomes positively charged. 

8. (b) Effective length between A and B remains same. 

9. (d) Circular loop behaves as a magnetic dipole whose one surface 
will be N-pole and another will be S-pole. Therefore magnetic 
lines a force emerges from N will meet at S. Hence total 
magnetic flux through x-y plane is zero. 

10. (c) If the current increases with time in loop A, then magnetic flux 
in B will increase. According to Lenz's law, loop –B is repelled 
by loop –A.  

11. (b) )sin(005.0 0 ti
dt

d

dt

di
Me  ti  cos005.0 0  

  510010005.0max e  

12. (b) Magnetic field produced due to large loop 
L

i
B

28

4

0




  

Flux linked with smaller loop  

 
L

il
lB

2
02 8

4
)(






   

L

l
M

L

l

i
MMi

22
0 28

.
4





  

13. (b) Rate of work ;FvP
t

W
  also l

R

Bvl
BBilF 








  

 W
R

lvB
P

6

1

6

)1()2()5.0( 222222




  

14. (b) Construct a concentric circle of radius r. The induced electric 
field (E) at any point on the circle is equal to that at P. For this 
circle 

  
dt

dB
A

dt

d
ldE


.  

  or 
dt

dB
arE .)2( 2   

  
r

E
dt

dB

r

a
E

1

2

2

   

15. (d) Using k
1

, k
2

 etc, as different constants.  

 )()(],1[)( 12
/

11 tIktBektI t     
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dr 

i 

L 

l 

P 



 

 Electromagnetic Induction 1341 

 /
432

)(
)( tek

dt

tdB
ktI   

 ]][1[)()( //
52

 tt eektBtI   

 This quantity is zero for 0t  and t  and positive for 
other value of t. It must, therefore, pass through a maximum.  

 

 

 

 

16. (a) The mutual inductance between two coils depends on their 
degree of flux linkage, i.e., the fraction of flux linked with one 
coil which is also linked to the other coil. Here, the two coils in 
arrangement (a) are placed with their planes parallel. This will 
allow maximum flux linkage.  

17. (d) Both AD and BC are straight conductors moving in a uniform 
magnetic field and emf will be induced in both. This will cause 
electric fields in both, but no net current flows in the circuit. 

18. (d) Potential difference between  

O and A is  2
0

2

1
BlVV A   

O and B is 2
0

2

1
BlVV B   

so 0 BA VV  

19. (c) L

Rt

L

Rt

ei
dt

d
i

dt

d

dt

di
eii

















 000 1  

 L

Rt

L

Rt

e
L

Ri
e

L

R
i

dt

di 









 0

00  

 Initially, ./5.2
2

5
0 0 secamp

L

E

L

Ri

dt

di
t 


  

20. (d) When switch S is closed magnetic field lines passing through Q 
increases in the direction from right to left. So, according to 

Lenz’s law induced current in Q i.e. 
1QI  will flow in such a 

direction so that the magnetic field lines due to 
2QI passes 

from left to right through Q. This is possible when 
1QI  flows 

in anticlockwise direction as seen by E. Opposite is the case 

when switch S is opened i.e. 
2QI will be clockwise as seen by E. 

  

21. (b) Power ;
2

R

e
P   hence 










dt

d
e


 where NBA  

 









dt

dB
NAe  Also 

2r

l
R   

 Where R = resistance, r = radius, l = Length  

 
l

rN
P

22

  1
2

1 
P
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22. (a) 
t

ABBN
Vand

R

tV
H

cos)( 12
2 

  

 VV
o

10
10

0cos01.0)21(1
3







 

 So, JH 10
01.0

10)10( 32







 

23. (d) Peak current in the circuits Ai 2
6

12
0   

Current decreases from 2A to 1A i.e., becomes half in time 

.1
6

104.8
693.0693.0

3

secmilli
R

L
t 






 

24. (a) Induced current in the circuit 
R

Bvl
i   

Magnetic force acting on the wire l
R

Bvl
BBilFm 








  

R

vlB
Fm

22

  External force needed to move the rod with 

constant velocity        

3

)5.0()2()15.0(
)(

2222 


R

vlB
Fm N31075.3   

25. (c) According to Lenz's Law   

26. (b) e
dt

d










case first In


 

 e
dt

d

dt

d

v

22
case I2 velocityrelative

















 
 

   

 

 

 

 

27. (b) The direction of current in the solenoid is anti-clockwise as 
seen by observer. On displacing it towards the loop a current 
in the loop will be induced in a direction so as to oppose the 
approach of solenoid. Therefore the direction of induced 
current as observed by the observer will be clockwise. 

  

 

 

 

28. (a) Inward magnetic field () increasing. Therefore, induced 
current in both the loops should be anticlockwise. But as the 
area of loop on right side is more, induced emf in this will be 
more compared to the left side loop 











dt

dB
A

dt

d
e .


. Therefore net current in the 

complete loop will be in a direction shown below. Hence only 
option (a) is correct. 

  

 

 

 

 

29. (b) Equivalent resistance of the given Wheatstone bridge circuit 

(balanced) is 3 so total resistance in circuit is 

 413R . The emf induced in the loop Bvle  . 

 So induced current 
R

Bvl

R

e
i   

Observer 

N S N 

v 

C 

D 

B 

A 

S N 

v 

v 

t 

I2(t) B(t) 

B


 
 

A B O 
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30. (b) There is no induced emf in the part AB and CD because they 
are moving along their length while emf induced between B 
and C i.e. between A and D can be calculated as follows 

  

 

 

 

 

 

 Induced emf between B and C = Induced emf between A and B 

= .41.12111)2( voltlBv   

31. (a) Q = CV = C (Bvl) = 10  10– 6  4  2  1 = 80 C 

 According to Fleming's right hand rule induced current flows 
from Q to P. Hence P is at higher potential and Q is at lower 
potential. Therefore A is positively charged and B is negatively 
charged. 

  

 

 

 

 

32. (b) If resistance is constant (10) then steady current in the circuit 

Ai 5.0
10

5
 . But resistance is increasing it means current 

through the circuit start decreasing. Hence inductance comes 

in picture which induces a current in the circuit in the same 

direction of main current. So i > 0.5 A. 

33. (d) t
o

t
o eABeB

dt

d
ABA

dt

d
e

R

e
P   )()(;

2

 

 
R

eBA
eAB

R
P

t
ot

o

222
2)(

1


   

 At the time of starting t = 0 so 
R

BA
P o

22

  

 
R

rB

R

Br
P oo

422222 )( 
  

34. (c) When key k is pressed, current through the electromagnet start 

increasing i.e. flux linked with ring increases which produces 

repulsion effect.   

35. (b) By the movement of both the magnets, current will be 

anticlockwise, as seen from left side i.e. plate 1 will be positive 

and 2 will be negative.  

 

 

 

  

36. (a) Since the current is increasing, so inward magnetic flux linked 

with the ring also increasing (as viewed from left side). Hence 

induced current in the ring is anticlockwise, so end x will be 

positive.  

Induced emf )( tB
dt

d
A

dt

dB
Ae o  Ae   

37. (a) Current in the inner coil 
dt

dB

R

A

R

e
i

1

1  

length of the inner coil a2  

so it’s resistance )(21050 3
1 aR    

A
a

a
i 43

3

2

1 10101.0
)(21050












 

According to lenz’s law direction of i
1

 is clockwise.  

Induced current in outer coil 
dt

dB

R

A

R

e
i

2

2

2

2
2   

)(102101.0
)2(1050

43

3

2

2 CWA
b

b
i 










 

38. (c) Motional emf VeBvle 4122   

This acts as a cell of emf VE 4 and internal resistance 

 2r . 

This simple circuit can be drawn as follows  

 

 

 

 
 

Current through the connector Ai 1
22

4



  

magnetic force on connector NBilFm 2112   

   (Towards left) 

39. (b) Due to magnetic field, wire will experience an upward force 

l
R

Bvl
BBilF 










R

vlB
F

22

  

 If wire slides down with constant velocity then  

 
22

22

lB

mgR
vmg

R

vlB
mgF    

40. (c) By using 2

2

1
Ble   

For part AO ; 2

2

1
Bleee AOOA   

For part OC; 2)3(
2

1
lBeee COOC   

24 Blee CA   

41. (c) Suppose solenoid has N turns, each of radius r and length of 
wire is l.  

 

 

 

 

It’s self inductance 
0

22
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2
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l
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l
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  .... (i) 

Also length of the wire rNl 2  

 
2

2
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l
rN                           .... (ii) 
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× × × × × × 

× × × × × × 
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 From equation (i) and (ii) 
o

oLl
l



4
  

42. (d) Magnetic field at the location of coil (2) produced due to coil 
(1)  
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4 l
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B o




  

Flux linked with coil (2)  
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2
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43. (a) Just before closing the switch.  

 

 

 

 

 

 

 

 

 

 

 

 
 

,01 i
R

E
i 2 , 

R

E
i

2
3    so 132 iii     )0( 1 i  

After a long time closing the switch  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hence 132 iii    

44. (c) By using Kirchoff’s voltage law  

 .15 voltVVV
dt

di
LERiV ABBA   

 

 

45. (d) The rate of increase of current  

   LRtLRt ei
dt

d
i

dt

d
ei

dt

d

dt

di /
00

/
0 1    

 LRtLRt e
L

R
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dt
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ei /
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 e sec/10 364 Ae   

46. (b) We know that 

















L

Rt

o eii 1 or  /1
4

3 t
oo eii   

(where 
R

L
  time constant) 

/1
4

3 te   or 
4
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3
1/  te  
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 ln 4 

.
2ln
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2ln2

4

4ln
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t
   

47. (b) In a constant magnetic field conducting ring oscillates with a 
frequency of 100 Hz. 

i.e. ,
100

1
sT  in time 

2

T
 flux links with coil changes from  

BA  to zero.  Induced emf = 
time

flux in change
 

  
T

BA

T

BA 2

2/


T

rB 22 
 V


4

100/1

101.02 2




   

  Induced electric field along the circle, using Maxwell equation    
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d
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. e
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48. (a)   

   

 

 

 

   )cos1(  Lh   …….(i) 

  Maximum velocity at equilibrium is given by  

   )cos1(222  Lgghv 









2
sin22 2 Lg  

   
2

sin2


gLv   

  Thus, max. potential difference  

  BvLV max LgLB
2

sin2


 .)(
2

sin2 2/1gLBL
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Graphical Questions  
 

1. (d) At B, flux is maximum, so from 
dt

d
e


  at B 0 e   

2. (b) As the magnet moves towards the coil, the magnetic flux 

increases (nonlinearly). Also there is a change in polarity of 

induced emf when the magnet passes on to the other side of 

the coil.  

3. (c) Rate of decay of current between t = 5 ms to 6 ms 

) line of the (Slope BC
dt

di
  

 ./105
101

5 3

3
sA













 Hence induced emf 

.1023)105(6.4 33 V
dt

di
Le   

4. (b) 
TTdt

di
Me

6

)4/(

)01(
5.1 


 , 

100200

22 




T  

  VVe 191–~9.190
600

|| 


 

5. (d) When loop enters in field between the pole pieces, flux linked 

with the coil first increases (constantly) so a constant emf 

induces, when coil entered completely within the field, no flux 

change so .0e  

 When coil exit out, flux linked with the coil decreases, hence 

again emf induces, but in opposite direction. 

6. (a)  dti
R

d
dq


Area under i – t  graph  

  d (Area under i – t graph) R  

 .2)10(1.04
2

1
wb  

7. (b) Induced emf 
dt

dB
Ae   

 i.e. 
dt

dB
e  (= slope of B – t graph)  

 

 

 

 
 

 In the given graph slope of AB > slope of CD, slope in the ‘a’ 

region = slope in the ‘c’ region = 0, slope in the ‘d’ region = 

slope in the ‘e’ region 0 . That’s why )()( caedb    

8. (b) 2
222

vP
R

lvB
vl

R

Bvl
BvBilFvP 








   

9. (b) As x increases so 
dt

dB
increases i.e. induced emf (e) is negative. 

When loop completely entered in the magnetic field, emf = 0 

 When it exit out x increases but 
dt

dB
decreases i.e. e is positive.   

10. (c) According to i – t graph, in the first half current is in-creasing 

uniformly so a constant negative emf induces in the circuit.   

In the second half current is decreasing uniformly so a constant 

positive emf induces  

Hence graph (c) is correct  

11. (b) 















 t
L

R

eii 10    

12. (a) 
dt

di
slope of i – t graph slope of graph (2) < slope of graph 

(1) so 
12



















dt

di

dt

di
  

Also 12
)/(

1
LL

dtdi
L   

13. (b) BA 2rB    

 22 krr    (k = constant) 

 
dt

dr
rk

dt

d
e 2.


 

 From 0 – 1, r is constant,  0
dt

dr
 hence, e = 0 

 From 1 – 2, ,tr   
dt

dr
 hence re    te   

 From 2 – 3, again r is constant,  0
dt

dr
hence e = 0  

14. (c) Emf induces during ‘a’ = 0  

 emf induced during ‘b’ is constant throughout emf induced 

during ‘c’ is constant throughout magnitude of emf induced 
during ‘b’ is equal to the 
magnitude of emf 
induced during ‘c’. But 
the direction opposite.  

15. (a) 2

2

1
LiU   

 Rate 









dt

di
Li

dt

dU
 

 At 0,0  it 0rate   

 At 0, iit   but ,0
dt

di
 therefore rate = 0 

16. (c) At the time t = 0, e is max and is equal to E, but current i is 
zero. 

a b c d e 
t 

B 

A 

B C 

D 

a 

b c 

t 

i 
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As the time passes, current through the circuit increases but 
induced emf decreases. 

17. (d) If at any instant, current through the circuit is i then applying 

Kirchoffs voltage law, .iREeEeiR   Therefore, 

graph between e and i will be a straight line having negative 
slope and having a positive intercept.  

18. (c) When loop is entering in the field, magnetic flux (i.e. ) linked 

with the loop increases so induced emf in it 

Bvle  = V422 103105106.0    (Negative) . 

When loop completely entered in the field (after 5 sec) flux 
linked with the loop remains constant so e = 0. 

After 15 sec, loop begins to exit out, linked magnetic flux 

decreases so induced emf Ve 4103   (Positive). 

19. (a)  

 

Assertion  and Reason 

 

1. (b) When a metallic conductor is moved in a magnetic field; 
magnetic flux is varied. It disturbs the free electrons of the 
metal and set up an induced emf in it. As there are no free 

ends of the metal i.e. it will be closed in itself so there will be 
induced current. 

2. (b) The relation of induced emf is 
dt

Ldi
e   and current i is given 

by 
dt

diL

RR

e
i

.
.

1
  

RL

i

L

R
i

dt

di

/
 . 

In order to decreases the rate of increase of current through 

solenoid. We have to increase the time constant .
R

L
   

3. (c) According to Faraday's laws, the conversion of mechanical 

energy into electrical energy. This is in accordance with the law 

of conservation of energy. It is also clearly known that in pure 

resistance, the emf is in phase with the current.  

4. (c) Presence of magnetic flux cannot produce current.   

5. (e) E.M.F. induces, when there is change in magnetic flux. Faraday 

did experiment in which, there is relative motion between the 

coil and magnet, the flux linked with the coil changes and e.m.f. 

induces.  

6. (e) Since both the loops are identical (same area and number of 

turns) and moving with a same speed in same magnetic field. 

Therefore same emf is induced in both the coils. But the 

induced current will be more in the copper loop as its 

resistance will be lesser as compared to that of the aluminium 

loop.  

7. (a) The inductance coils made of copper will have very small 

ohmic resistance. Due to change in magnetic flux a large 

induced current will be produced in such an inductance, which 

will offer appreciable opposition to the flow of current.  

8. (b) Self-inductance of a coil is its property virtue of which the coil 

opposes any change in the current flowing through it. 

9. (c) The manner in which the two coils are oriented, determines the 

coefficient of coupling between them. 

 21
2. LLKM   

When the two coils are wound on each other, the coefficient of 

coupling is maximum and hence mutual inductance between 

the coil is maximum. 

10. (a) The induced current in the ring opposes the motion of falling 

magnet. Therefore, the acceleration of the falling magnet will 

be less than that due to gravity.  

11. (e) As the aircraft flies, magnetic flux changes through its wings 

due to the vertical component of the earth’s magnetic field. 

Due to this, induced emf is produced across the wings of the 

aircraft. Therefore, the wings of the aircraft will not be at the 

same potential.   

12. (b) According to Lenz’s law, induced emf are in a direction such as 

to attempt to maintain the original magnetic flux when a 

change occurs. When the switch is opened, the sudden drop in 

the magnetic field in the circuit induces an emf in a direction 

that attempts to keep the original current flowing. This can 

cause a spark as the current bridges the air gap between the 

poles of the switch. (The spark is more likely in circuits with 

large inductance).  

13. (b) Mutual inductance is the phenomenon according to which an 

opposing e.m.f. produce flux in a coil as a result of change in 

current or magnetic flux linked with a neighboring coil. But 

when two coils are inductively coupled, in addition to induced 

e.m.f. produced due to mutual induction, also induced e.m.f. is 

produced in each of the two coils due to self-induction.      

14. (e) Lenz’s Law is based on conservation of energy and induced emf 
always opposes the cause of it i.e., change in magnetic flux.       

15. (a) As the coil rotates, the magnetic flux linked with the coil (being 

AB


. ) will change and emf will be induced in the loop.  

16. (a)    

17. (c) When the satellite moves in inclined plane with equatorial 

plane (including orbit around the poles), the value of magnetic 

field will change both in magnitude and direction. Due to this, 

the magnetic flux through the satellite will change and hence 

induced currents will be produced in the metal of the satellite. 

But no current will induced if satellite orbits in the equatorial 

plane because the magnetic flux does not change through the 

metal of the satellite in this plane.   

18. (b) When the tube is heated its resistance gets increased due to 

which eddy currents produced in copper tube becomes weak. 

Hence opposing force also gets reduced and the terminal 

velocity of magnet gets increased.   

19. (d) When a metal piece falls from a certain height then eddy 

currents are produced in it due to earth’s magnetic field. Eddy 

current oppose the motion of piece. Hence metal piece falls 

with a smaller acceleration (as compared to g). But no eddy 

current are produced in non-metal piece, hence it drops with 

acceleration due to gravity. Therefore non-metal piece will 

reach the earth’s surface earlier.  

20. (a)  Transformer works on ac only, ac changes in magnitude as well 

as in direction.  

21. (a)  Hysteresis loss in the core of transformer directly proportional 

to the hysteresis loop area of the core material. Since soft iron 
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has narrow hysteresis loop area, that is why soft iron core is 

used in the transformer.         

22. (e)  ac generator is based on the principle of the electromagnetic 

induction. When a coil is rotated about an axis perpendicular 

to the direction of uniform magnetic field, an induced emf is 

produced across it.   

23. (d)  Efficiency of electric motor is maximum when the back emf set 

up in the armature is half the value of the applied battery emf.  

24. (d)  Backs emf. e . At start  = 0 so e = 0 
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1. The figure shows four wire loops, with edge lengths of either L or 
2L. All four loops will move through a region of uniform magnetic 

field B


 (directed out of the page) at the same constant velocity. 

Rank the four loops according to the maximum magnitude of the 
e.m.f. induced as they move through the field, greatest first 

 

 

 

(a) )()( badc eeee   (b) )()( badc eeee   

(c) abdc eeee   (d) abdc eeee   

2. A circular coil and a bar magnet placed near by are made to move 

in the same direction. The coil covers a distance of 1 m in 0.5 sec 

and the magnet a distance of 2 m in 1 sec. The induced emf 

produced in the coil  

 (a) Zero 

 (b) 1 V  

 (c) 0.5 V 

 (d) Cannot be determined from the given information 

3. A square coil ABCD lying in x-y plane with it’s centre at origin. A 

long straight wire passing through origin carries a current i = 2t in 
negative z-direction. The induced current in the coil is 

 (a) Clockwise  

 (b) Anticlockwise 

 (c) Alternating 

 (d) Zero 

4. A short magnet is allowed to fall along the axis of a horizontal 

metallic ring. Starting from rest, the distance fallen by the magnet in 
one second may be 

 (a) 4 m (b) 5 m  

 (c) 6 m (d) 7 m 

5. The horizontal component of the earth’s magnetic field at a place is 

3 × 10–4 T and the dip is 








3

4
tan 1

. A metal rod of length 0.25 m 

placed in the north-south position and is moved at a constant speed 
of 10 cm/s towards the east. The emf induced in the rod will be  

 (a) Zero (b) 1 V 

  (c) 5 V  (d) 10 V 

6. A copper disc of radius 0.1 m rotates about its centre with 10 
revolutions per second in a uniform magnetic field of 0.1 Tesla. The 
emf induced across the radius of the disc is  

(a) V
10


 (b) V

10

2
 

(c) 10  mV  (d) 20  mV 

7. A coil of Cu wire (radius-r, self inductance-L) is bent in two 

concentric turns each having radius .
2

r
 The self inductance now  

 (a) 2L  (b) L  

 (c) 4 L  (d) L / 2 

8. In which of the following circuit is the current maximum just after 
the switch S is closed 

 

 

 

 

 
 

 (a) (i) (b) (ii) 

 (c) (iii) (d) Both (ii) and (iii) 

9. A small coil is introduced between the poles of an electromagnet so 
that its axis coincides with the magnetic field direction. The number 
of turns is n and the cross sectional area of the coil is A. When the 
coil turns through 180o about its diameter, the charge flowing 
through the coil is Q. The total resistance of the circuit is R. What is 
the magnitude of the magnetic induction 

 (a) 
nA

QR
 (b) 

nA

QR2
 

 (c) 
RA

Qn

2
 (d) 

nA

QR

2
 

10. Two circular coils A and B are facing each other as shown in figure. 
The current i through A can be altered  

 

 

 

 

(a) There will be repulsion between A and B if i is increased 

(b) There will be attraction between A and B if i is increased 

(c) There will be neither attraction nor repulsion when i is 
changed 

 (d) Attraction or repulsion between A and B depends on the 
direction of current. If does not depend whether the current is 
increased or decreased 

11. A conducting loop having a capacitor is moving outward from the 

magnetic field then which plate of the capacitor will be positive  

(a) Plate – A 

(b) Plate – B 

(c) Plate – A and Plate – B both 

(d) None 

12. A straight wire of length L is bent into a semicircle. It is moved in a 
uniform magnetic field with speed v with diameter perpendicular to 
the field. The induced emf between the ends of the wire is  

(a) BLv  

(b) 2BLv  

y 

x 

A B 

C D i 

A B 

   

   

   

   

A 

B 

v 

×     ×     ×      ×     ×     ×     ×     × 

×      ×    ×      ×     ×     ×     ×     × 

×      ×     ×     ×     ×     ×     ×     × 

×     ×     ×     ×     ×      ×     ×     × 

   ×     ×     ×      ×     ×     ×     ×      × 

(i) 

R 

E 
L 

S 

(ii) 

R 

E 
L 

S 

R 

(iii) 

R 

E 
L 

S 

R 

   

   

   

   

 

 

 

 

 

 

 

 

B


 

a b 

c d 
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(c) 2BLv  

 (d) 


BvL2
 

13. If in a coil rate of change of area is 
secondmilli

metre25
 and current 

become 1 amp form 2 amp in 2 × 10–3 sec. If magnetic field is 1 Tesla 
then self inductance of the coil is  

(a) 2 H  (b) 5 H  

(c) 20 H  (d) 10 H  

14. In series with 20 ohm resistor a 5 henry inductor is placed. To the 
combination an e.m.f. of 5 volt is applied. What will be the rate of 
increase of current at t = 0.25 sec 

 (a) e (b)  e–2  

 (c) e–1 (d) None of these 

15. Two coils P and Q are placed co-axially and carry current I and I' 
respectively 

 

 

 

 

 

(a) If I' = 0 and P moves towards Q, a current in the same 

direction as I is induced in Q  

(b) If I = 0 and Q moves towards P, a current opposite in 

direction to that of I' is induced in P  

(c) When I  0 and I '  0 are in the same direction, then two coil 

tend to move apart  

(d) None of these  

16. The phase difference between the flux linkage and the induced e.m.f. 

in a rotating coil in a uniform magnetic field 

(a)   (b)  / 2 

(c)  / 4 (d)  / 6 

17. A pair of parallel conducting rails lie at right angle to a uniform 

magnetic field of 2.0 T as shown in the fig. Two resistors 10  and 

5  are to slide without friction along the rail. The distance 

between the conducting rails is 0.1 m. 

Then  

(a) Induced current A
150

1
  

directed clockwise if 10  

resistor is pulled to the right 

with speed 0.5 ms–1 and 5  resistor is held fixed 

(b) Induced current A
300

1
  directed anti-clockwise if 10  

resistor is pulled to the right with speed 0.5 ms–1 and 5  

resistor is held fixed 

(c) Induced current A
300

1
  directed clockwise if 5  resistor 

is pulled to the left at 0.5 ms–1 and 10  resistor is held at rest  

(d) Induced current A
150

1
 directed anti-clockwise if 5  

resistor is pulled to the left at 0.5 ms–1 and 10  resistor is 

held at rest 

18. The magnetic field in the cylindrical region shown in figure increases 

at a constant rate of 20 mT/sec. Each side of the square loop ABCD 

has a length of 1 cm and resistance of 4. Find the current in the 

wire AB if the switch S is closed    

 (a) A71025.1  , (anti-clockwise)  

 (b) A71025.1   (clockwise)        

 (c) A7105.2   (anti clockwise) 

 (d) A7105.2   (clockwise) 

19. An aircraft with a wing-span of 40 m flies with a speed of 1080 km 

h–1 in the eastward direction at a constant altitude in the northern 
hemisphere, where the vertical component of earth's magnetic field 

is 1.75  10–5 T. Then the emf that develops between the tips of the 
wings is  

(a) 0.5 V  (b) 0.35 V  

(c) 0.21 V  (d) 2.1 V  

20. A hundred turns of insulated copper wire are wrapped around an 

iron cylinder of area 1  10–3 m2 and are connected to a resistor. The 
total resistance in the circuit is 10 ohms. If the longitudinal magnetic 
induction in the iron changes from 1 weber m–2, in one direction to 1 
Weber m–2 in  the opposite direction, how much charge flows 
through the circuit  

(a) 2  10–2 C  (b) 2  10–3 C  

(c) 2  10–4 C  (d) 2  10–5 C  
 

 
 
 
 
 
 
1. (b) Emf induces across the length of the wire which cuts the 

magnetic field.  (Length of c = Length d) > (Length of a = b). 

So )( dc ee   > )( ba ee   

2. (a)  Speed of the magnet  

 smv /2
1

2
1   

Speed of the coil 

 smv /2
5.0

1
2   

(SET -23) 

I 

P Q 

I ' 

S N 

v
1 

v
2 

5 10 

B   

A D 

B C 

S 
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Relative speed between coil and magnet is zero, so there is no 
induced emf in the coil. 

3. (d) Magnetic lines are tangential to the coil as shown in figure. 
Thus net magnetic flux passing through the coil is always zero 
or the induced current will be zero. 

 

 

 

 

 

 
4. (a) We know that in this case acceleration of falling magnet will be 

lesser than g. If ‘g’ would have been acceleration, then distance 

covered mgt 5
2

1 2  . 

Now the distance covered will be less than 5 m. hence only 
option (a) is correct. 

5. (d) Rod is moving towards east, so induced emf across it’s end will 

be e = B
V

vl vlBH )tan(   

 Ve 524 1025.0)1010(
3

4
103   = V10                                

6. (c) The induced emf between centre and rim of the rotating disc is 

  voltRBE 322 1010)1.0(1021.0
2

1

2

1    

7. (a)   rNL 2 ;  
2

1

2

2

1

2

1

r

r

N

N

L

L














  

    
2

1

2/2

1
2

2




















r

r

L

L
;   L

2

 = 2L 

8. (b) At t = 0 current through L is zero so it acts as open circuit. 
The given figures can be redrawn as follow. 

 

 

 

 

 
 

 

         01 i            
R

E
i 2                  

R

E
i

2
3   

Hence i
2

 > i
3

 > i
1

.  

9. (d) Induced charge )cos(cos 12  
R

NBA
Q  

)0cos180(cos oo

R

NBA
   

NA

QR
B

2
  

10. (a)  With rise in current in coil A flux through B increases. 
According to Lenz's law repulsion occurs between A and B.  

11. (a) Crosses () linked with the loop are decreasing, so induced 

current in it is clockwise i.e. from B  A. Hence electrons flow 
from plate A to B so plate A becomes positively charged.  

12. (d) Induced emf e = Bvl   


BvL
RBve

2
)2(   

13. (d) 
dt

di
L

dt

dA
Be  . 

33 102

)12(

10

5
1

 


 L  L = 10H 

14. (c) )1( /
0

LRteii    LRte
L

R
i

dt

di /
0










 LRte

L

E /  

On putting values 11  e
edt

di
. 

15. (b)  

 

 

 

 

 

  

16. (b)  cosBA  where  is the angle between area and field  

)90cos(.sin 


















dt

d
BA

dt

d
BA

dt

d
e  

Here phase difference = 90o. 

17. (d) When 5  resistor is pulled left at 0.5 m/sec induced emf., in the 

said resistor  = VvBle 1.01.025.0   

Resistor 10  is at rest so induced emf in it )( vBle   be 

zero.  
Now net emf.,  
in the circuit V1.0   
and equivalent  
resistance of the circuit   

R = 15  

Hence current ampampi
150

1

15

1.0
  

And its direction will be anti-clockwise (according to Lenz’s 
law)   

18. (a) A
dt

dB

R

A

R

e
i 73

22

1025.11020
16

)101(
. 






  

(Anti-clockwise).  

19. (c) L=40 m, v =1080km h–1 =300m sec–1  and B =1.75  10–5 T   

VvBle 21.0300401075.1 5    

20. (a) C
R

dBnA

R

d
dQ 2

3

102
10

2101100 








 

y 

x 

A B 

C D 

5 10 

B ' = 2T 

 0.5 ms–1 

(i) 

S 

R 

E 

(ii) 

E 

R 

S 

R 

(iii) 

E 

R 

S 

R 

I I' 

S N N S 

P Q 

*** 
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Alternating Quantities (i or V) 

(1) An alternating quantity (current i or voltage V) is one whose 

magnitude changes continuously with time between zero and a maximum 
value and whose direction reverses periodically. 

(2) Some graphical representation for alternating quantities  

 

 

 

 

 

 

 

 

 

 

(3) Equation for i and V : Alternating current or voltage varying as 

sine function can be written as  

          i = i
0

 sint = i
0

 sin 2 t = i
0

sin t
T

2
 

 and  t
T

VtVtVV



2

sin2sinsin 000   

where i and V are 

Instantaneous values of 

current and voltage, 

i
0

 and V
0

 are peak 

values of current and 

voltage  

 = Angular 

frequency in rad/sec,  = 
Frequency in Hz and T = 
time period  

(i) The time taken to complete one cycle of variations is called the 
periodic time or time period.  

(ii) Alternating quantity is positive for half the cycle and negative for 
the rest half. Hence average value of alternating quantity (i or V) over a 
complete cycle is zero.  

(iii) The value of alternating quantity is zero or maximum 2 times 

every second. The direction also changes 2 times every second. 

(iv) Generally sinusoidal waveform is used as alternating 
current/voltage. 

(v) At 
4

T
t   from the beginning, i or V reaches to their maximum 

value. 

Important Values of Alternating Quantities  

(1) Peak value (i
0

 or V
0

) : The maximum value of alternating quantity (i 

or V) is defined as peak value or amplitude.  

(2) Mean square value )i V(
2 2

or  : The average of square of 

instantaneous values in one cycle is called mean square value. It is always 

positive for one complete cycle.  e.g.  
2

1 2
0

0

22 V
dtV

T
V

T

   or 
2

2
02 i

i   

(3) Root mean square (r.m.s.) value : Root of mean of square of 

voltage or current in an ac circuit for one complete cycle is called r.m.s. 
value. It is denoted by V

rms

 or i
rms

  

2

... 0

0

0

2

2
2
2

2
1 i

dt

dti

i
n

ii
i

T

T

rms 







= 0.707 i

0

 = 70.7% i
0

   

Similarly %7.70707.0
2

0
0  V

V
Vrms of V

0

   

 









2

1
)(cos)(sin 22 tt   

 

t 

i or V 

+ 

– 

Triangular 

+ 

– 

t 

i or V 

Sinusoidal  

i or V 
+ 

– 

+ 

Rectangular 

t 

ac super imposed on dc 

i or V 

t 

Fig. 24.1 

Negative half 

cycle  

V0 or i0 Positive half 

cycle  + 

– 

0 

 2 

T 

T/2 

T/4 

i or V 

t or  

Fig. 24.2 

Alternating Current 

Chapter  

24 
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(i) The r.m.s. value of alternating current is also called virtual value or 

effective value. 

(ii) In general when values of voltage or current for alternating circuits 

are given, these are r.m.s. value.  

(iii) ac ammeter and voltmeter are always measure r.m.s. value. Values 

printed on ac circuits are r.m.s. values. 

(iv) In our houses ac is supplied at 220 V, which is the r.m.s. value of 

voltage. It's peak value is .3112002 V  

(v) r.m.s. value of ac is equal to that value of dc, which when passed 

through a resistance for a given time will produce the same amount of heat 

as produced by the alternating  current when passed through the same 

resistance for same time. 

(4) Mean or Average value (i
av

 or V
av

) : The average value of alternating 

quantity for one complete cycle is zero. 

The average value of ac over half cycle (t = 0 to T/2) 

%7.63637.0
2

0
0

2/

0

2/

0





i

i

dt

dti

i
T

T

av


 of i
0

,  

Similarly %7.63637.0
2

0
0  V

V
Vav


 of V

0

. 

(5) Peak to peak value : It is equal to the sum of the magnitudes of 

positive and negative peak values 

 Peak to peak value = V
0

 + V
0

 = 2V
0

  

                                 rmsrms VV 828.222   

(6) Form factor and peak factor : The ratio of r.m.s. value of ac to it's 

average during half cycle is defined as form factor. The ratio of peak value 
and r.m.s. value is called peak factor 

Phase 

Physical quantity which represents both the instantaneous value and 
direction of alternating quantity at any instant is called it's phase. It's a 
dimensionless quantity and it's unit is radian. 

If an alternating quantity is expressed as )sin( 00   tXX  then 

the argument of )sin(  t  is called it's phase. Where  t = 

instantaneous phase (changes with time) and 0 = initial phase (constant 

w.r.t. time) 

Table 24.1 : Some important values 

Nature of wave 

form 

Wave form r.m.s. 

value 

average value Form factor 

 valueAverage

valuer.m.s.
fR  

Peak factor 

valuer.m.s.

  valuePeak
pR  

Sinusoidal   

 

 

 

2

0i  
0

2
i


 11.1

22



 41.12   

Half wave 

rectified  

 

 

 

 

2

0i  

0i  57.1

2



 2 

Full wave 

rectified  

 

 

 

 

2

0i  


02i
 

22


 2  

Square or 

Rectangular  

 

 

 

 

0i  0i  1 1 

 

(1) Phase difference (Phase constant) : The difference between the 

phases of currents and voltage is called phase difference. If alternating 

voltage and current are given by )sin( 10   tVV  and 

)sin( 20   tii  then phase difference  = 
1

 – 
2

 (relative to current) 

or 12    (relative to voltage) 

(2) Time difference : If phase difference between alternating current 

and voltage is  then time difference between them is given as  





2
T.D.

T
 

+ 

– 

i or V 

 2 
0 

+ 

 

i or V 

2 

+ 

i or V 

+ 

– 
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(3) Phasor diagram : A diagram representing alternating current and 

alternating voltage (of same frequency) as vectors (phasors) with the phase 

angle between them is called a phasor diagram. 

While drawing phasor diagram for a pure element (e.g. R, L or C) 

either of the current or voltage can be plotted along X-axis. 

But when phasor diagram for a combination of elements is drawn then 

quantity which remains constant for the combination must be plotted along 

X-axis so we observe that  

(i) In series circuits current has to be plotted along X-axis. 

(ii) In parallel circuits voltage has to be plotted along X-axis. 

Measurement of Alternating Quantities 

Alternating current shows heating effect only, hence meters used for 

measuring ac are based on heating effect and are called hot wire meters 

(Hot wire ammeter and hot wire voltmeter) 

Table 24.2 : Measurement of ac and dc  

ac measurement dc measurement 

(1) All ac meters read r.m.s. value.  (1) All dc meters read average value  

(2) All ac meters are based on 
heating effect of current. 

(2) All dc meters are based on 
magnetic effect of current  

(3) Deflection in hot wire meters  

    2
rmsi      

 

 

 

(non-linear scale) 

(3) Deflection in dc meters  

      i       

 

 

 

(Linear scale) 

 

Impedance, Reactance, Admittance and Susceptance 

(1) Impedance (Z) : The opposition offered by ac circuits to the flow of 

ac through it is defined it's impedance. It’s unit is ohm(). 

(2) Reactance (X) : The opposition offered by inductor or capacitor or 
both to the flow of ac through it is defined as reactance. It is of following 
two type  

(i) Inductive reactance (X
L

) : Offered by inductive circuit 

LLXL  2  0dc  so for dc, X
L

 = 0. 

Capacitive reactance (X
C

) : Offered by capacitive circuit 

CC
X C

 2

11
 for dc X

C

 = . 

(3) Admittance (Y) : 
rms

rms

i

V

i

V
Z 

0

0  Reciprocal of impedance is 

known as admittance .
1










Z
Y  It’s unit is mho 

(4) Susceptance (S) : the reciprocal of reactance is defined as 

susceptance .
1










X
S  It is of two type  

(i) inductive susceptance 
LX

S
L

L
2

11
  and  

(ii) Capacitive susceptance, CC
X

S
C

C  2
1

 . 

Power in ac Circuits  

In dc circuits power is given by P = Vi. But in ac circuits, since there is 

some phase angle between voltage and current, therefore power is defined 

as the product of voltage and that component of the current which is in 

phase with the voltage.  

Thus cosiVP  ; where V and i are r.m.s. value of voltage and 

current.  

(1) Instantaneous power : Suppose in a circuit tVV sin0  and 

)sin(0   tii then ViP ousinstantane )sin(sin00   ttiV  

(2) Average power (True power) : The average of instantaneous power 
in an ac circuit over a full cycle is called average power. It's unit is watt i.e.  

 cos
2

1
cos

2
.

2
cos 00

00 iV
iV

iVP rmsrmsav 
2

2
2

Z

RV
Ri rms

rms   

(3) Apparent or virtual power : The product of apparent voltage and 
apparent current in an electric circuit is called apparent power. This is 

always positive 
2

00 iV
iVP rmsrmsapp   

Power Factor 

(1) It may be defined as cosine of the angle of lag or lead ( i.e. 

cos) 

(2) It is also defined as the ratio of resistance and impedance (i.e. 

Z

R
) 

(3) The ratio cos
 power Apparent

 power True


kVA

kW

VA

W
 

Resistive Circuit (R-Circuit) 

(1) Current : tii sin0  

(2) Peak current : 
R

V
i 0
0   

(3) Phase difference between 

    voltage and current :  = 0o 

(4) Power factor : 1cos   

(5) Power : 
2

00 iV
iVP rmsrms   

(6) Time difference : T.D. = 0 

(7) Phasor diagram : Both are in same phase 

 

 

 

Inductive Circuit (L-Circuit) 

(1) Current : 









2
sin0


 tii  

(2) Peak current :  

 
L

VV

X

V
i

LL  2

000
0   

(3) Phase difference between  

R 

i 

tVV sin0  

Fig. 24.3 

L 

i 

tVV sin0  

Fig. 24.5 

i V 

Fig. 24.4 



 

 Alternating Current 1353 

     voltage and current o90  (or )
2


  

(4) Power factor : 0cos   

(5) Power : P = 0 

(6) Time difference : 
4

T.D.
T

  

(7) Phasor diagram : Voltage leads the current by 
2


 

 

                         or 

 

 

Capacitive Circuit (C-Circuit) 

(1) Current : 









2
sin0


 tii   

(2) Peak current :  

     )2(00
0

0 CVCV
X

V
i

C

   

(3) Phase difference between 

    voltage and current : o90 (or )
2


  

(4) Power factor : 0cos   

(5) Power : P = 0 

(6) Time difference : 
4

TD
T

  

(7) Phasor diagram : Current leads the voltage by /2 

 

    or     

 

 

Resistive, Inductive Circuit (RL-Circuit) 

 

            V
R

 = iR , 

           V
L

 = iX
L

 

 

 

 

(1) Applied voltage : 22
LR VVV   

(2) Impedance : 22222 LRXRZ L  2222 4 LR   

(3) Current :    tii sin0  

(4) Peak current 
22

00
0

LXR

V

Z

V
i




2222

0

4 LR

V


  

(5) Phase difference : 
R

L

R

XL 
 11 tantan    

(6) Power factor : 
22

cos

LXR

R


   

(7) Leading quantity : Voltage  

Resistive, Capacitive Circuit (RC-Circuit) 

 

        V
R

 = iR,  

        V
C

 = iX
C

 

 

 

 

 

(1) Applied voltage : 22
CR VVV   

(2) Impedance : 

2

222 1










C
RXRZ C


 

(3) Current :    tii sin0  

(4) Peak current : 
22

00
0

CXR

V

Z

V
i




222

2

0

4

1

C
R

V




  

(5) Phase difference : 
CRR

X C




1
tantan 11    

(6) Power factor : 
22

cos

CXR

R



  

(7) Leading quantity : Current 

Inductive, Capacitive Circuit (LC-Circuit) 

 

 

    V
L

 = iX
L

, 

    V
C

 = iX
C

 

 

 

 

(1) Applied voltage : CL VVV   

(2) Impedance : XXXZ CL   

(3) Current : 









2
sin0


 tii  

(4) Peak current : 
CL XX

V

Z

V
i


 00

0

C
L

V




1
0



  

(5) Phase difference :  = 90o  

V 

i 

90o 

V 

i 

90o 

Fig. 24.6 
i 

C R 

VR 
VC 

tVV sin0  

VC 

VR 

 

V 

i 

Fig. 24.10 

C 

i 

tVV sin0  

Fig. 24.7 

90o 

V 

i 

90o 

V 

i 

Fig. 24.8 

R 

i 

L 

VR 
VL 

tVV sin0  

VR 

VL 

 

V 

i 

Fig. 24.9 

i 

C L 

VL VC 

tVV sin0  

V= (VL – VC) 

i 

VL 

VC 

90o 

Fig. 24.11 
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(6) Power factor : 0cos   

(7) Leading quantity : Either voltage or current 

Series RLC-Circuit 

 

 

 

 

 

 

 

(1) Equation of current :  )sin(0   tii ; where 
Z

V
i 0
0   

(2) Equation of voltage :  From phasor diagram  

 22 )( CLR VVVV   

(3) Impedance of the circuit :  

 

2

222 1
)( 










C
LRXXRZ CL


  

(4) Phase difference : From phasor diagram 

  
R

C
L

R

C
L

R

XX

V

VV CL

R

CL 






2

1
2

1

tan













  

(5) If net reactance is inductive : Circuit behaves as LR circuit  

(6) If net reactance is capacitive : Circuit behave as CR circuit 

(7) If net reactance is zero : Means 0 CL XXX  

 X
L

 = X
C

 . This is the condition of resonance  

(8) At resonance (series resonant circuit) 

(i) X
L

 = X
C

  Z
min

 = R  i.e. circuit behaves as resistive circuit  

(ii) V
L

 = V
C

  V = V
R

  i.e. whole applied voltage appeared across the 

resistance  

(iii) Phase difference :  = 0o  p.f. = cos  = 1 

(iv) Power consumption P = V
rms

 i
rms

 00
2

1
iV  

(v) Current in the circuit is maximum and it is 
R

V
i 0
0   

(vi) These circuit are used for voltage amplification and as selector 

circuits in wireless telegraphy. 

(9) Resonant frequency (Natural frequency) 

At resonance CL XX    
C

L
0

0

1


      

s e c

r a d

LC

1
0    

 )or(
2

1
0 cpsHz

LC
   

(Resonant frequency doesn't depend upon the resistance of the circuit) 

(10) Half power frequencies and band width : The frequencies at which 

the power in the circuit is half of the maximum power (The power at 

resonance), are called half power frequencies. 

(i) The current in the circuit at half power frequencies (HPF) is 
2

1
 or 

0.707 or 70.7% of maximum current (current at resonance). 

 

 

 

 

(ii) There are two half power frequencies 

(a) 1  called lower half power frequency. At this frequency the 

circuit is capacitive. 

(b) 2  called upper half power frequency. It is greater than 0 . 

At this frequency the circuit is inductive.  

(iii) Band width () : The difference of half power frequencies 1  and 

2  is called band width () and 12   . For series resonant 

circuit it can be proved 









L

R
  

(11) Quality factor (Q-factor) of series resonant circuit 

(i) The characteristic of a series resonant circuit is determined by the 

quality factor (Q - factor) of the circuit.  

(ii) It defines sharpness of i -  curve at resonance when Q - factor is 

large, the sharpness of resonance curve is more and vice-versa. 

(iii) Q - factor also defined as follows  

       Q - factor 
 ndissipatio Energy

stored energy Max.
2    

dissipated power Mean

stored energy Max.2


T








 0

 widthBand

frequency Resonant
 

(iv) Q - factor 
R

L

V

V
  or 

R

C

V

V

CRR

L

0

0 1
or




  

 
C

L

R
Q

1
factor-   

 

 

 

 

 

 

 

 

Parallel RLC Circuits 

GV
R

V
iR 0

0   
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Phasor diagram 
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Fig. 24.12 
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Fig. 24.13 
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L

L

L SV
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V
i 0

0   

 C
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C SV
X

V
i 0

0   

(1) Current and phase difference : From phasor diagram current 

22 )( LCR iiii   and phase difference 

G

SS

i

ii LC

R

LC )(
tan

)(
tan 11 




   

 

 

(2) Admittance (Y) of the circuit : From 
equation of current 

2

00

2

00
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(3) Resonance : At resonance  (i) LC ii     Rii min  

(ii) 
LC X

V

X

V
    0 SSS LC  

(iii) R
i

V
Z

R

max  

(iv) 0    p.f.  = cos = 1 = maximum  

(v) Resonant frequency 
LC


2

1
  

(4) Parallel LC circuits : If inductor has resistance (R) and it is 

connected in parallel with capacitor as shown 

(i) At resonance 

 

 

 

 

(a) 
CR

L

Y
Z 

min

max

1
 

(b) Current through the circuit is minimum and 
L

CRV
i 0
min   

(c) CL SS    
CL XX

11
   X  

(d) Resonant frequency 
sec

rad

L

R

LC 2

2

0

1
  or 

Hz
L

R

LC 2

2

0

1

2

1



 (Condition for parallel resonance is 

C

L
R  ) 

(e) Quality factor of the circuit 

2

21

1
.

1

L

R

LC

CR


 . In the state of 

resonance the quality factor of the circuit is equivalent to the current 

amplification of the circuit. 

(ii) If inductance has no resistance : If R = 0 then circuit becomes 

parallel LC circuit as shown  

 

 

 

 

 

Condition of resonance : LC ii      
LC X

V

X

V
   

 LC XX  . At resonance current i in the circuit is zero and 

impedance is infinite. Resonant frequency : Hz
LC


2

1
0   

Wattless Current  

In an ac circuit R = 0  cos = 0 so P
av

 = 0 i.e. in resistance less circuit 

the power consumed is zero. Such a circuit is called the wattless circuit and 

the current flowing is called the wattless current.  

or 

The component of current which does not contribute to the average 

power dissipation is  called wattless current  

(i) The average of wattless component over one cycle is zero  

(ii) Amplitude of wattless current = i
0

 sin  

and r.m.s. value of wattless current =  sin
2

sin 0iirms  .  

 

 

 

 

 

 

It is quadrature (90o) with voltage. 

Choke Coil  

Choke coil (or ballast) is a device having high inductance and 

negligible resistance. It is used to control current in ac circuits and is used 

in fluorescent tubes. The power loss in a circuit containing choke coil is 

least.  
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(1) It consist of a Cu coil wound over a soft iron laminated core. 

(2) Thick Cu wire is used to reduce the resistance (R) of the circuit. 

(3) Soft iron is used to improve inductance (L) of the circuit. 

(4) The inductive reactance or effective opposition of the choke coil is 

given by X
L

 =  L = 2 L  

(5) For an ideal choke coil r = 0, no electric energy is wasted i.e. 

average power P = 0. 

(6) In actual practice choke coil is equivalent to a R – L circuit.  

(7) Choke coil for different frequencies are made by using different 

substances in their core. 

For low frequency L should be large thus iron core choke coil is used. 

For high frequency ac circuit, L should be small, so air cored choke coil is 

used. 

 

 

 

 
 

 If ac is produced by a generator having a large number of poles 

then it's frequency  

2

second per rotation of polesNumber 


2

nP 
  

Where P is the number of poles; n is the rotational frequency of 

the coil. 

 Alternating current in electric wires, bulbs etc. flows 50 times in 

one direction and 50 times in the opposite direction in 1 second. Since in 
one cycle the current becomes zero twice, hence a bulb lights up 100 
times and is off 100 times in one second (50 cycles) but due to 
persistence of vision, it appears lighted continuously. 

 ac is more dangerous than dc. 

 The rate of change of ac is minimum at that instant when they are 
near their peak values. 

 ac equipments such as electric motors, are more durable and 
convenient compared to dc equipments. 

 Skin Effect  

A direct current flows uniformly throughout the cross-section of the 
conductor. An alternating current, on the other hand, flows 

mainly along the surface of the conductor. This 
effect is known as skin effect. the reason is that 
when alternating current flows through a 
conductor, the flux changes in the inner part of 
the conductor are higher. Therefore the 

inductance of the inner part is higher than that 
of the outer part. Higher the frequency of 
alternating current, more is the skin effect. 

The depth upto which ac current flows through a wire is called skin 

depth (). 
 

 
 
 
 

 
 

Alternating Current, Voltage and Power 
 

1. The power is transmitted from a power house on high voltage ac 
because   [CPMT 1984, 85] 

(a) Electric current travels faster at higher volts 

(b) It is more economical due to less power wastage 

(c) It is difficult to generate power at low voltage 

(d) Chances of stealing transmission lines are minimized 

I
ac

 = 0 
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2. The potential difference V and the current i flowing through an 
instrument in an ac circuit of frequency f are given by 

tV cos5  volts and I = 2 sin t amperes (where  = 2f). The 

power dissipated in the instrument is 

[CPMT 1977, 80; MP PET 1999] 

(a) Zero  (b) 10 W 

(c) 5 W (d)  2.5 W 

3. In an ac circuit, V and I are given by  

V = 100 sin (100 t) volts, mAtI 









3
100sin100


. The power 

dissipated in circuit is 

[MP PET 1989; RPET 1999; MP PMT 1999, 2002] 

(a) 104 watt (b) 10 watt 

(c) 2.5 watt (d) 5 watt 

4. Alternating current can not be measured by dc ammeter because   [AIEEE 2004] 

(a) ac cannot pass through dc ammeter 

(b) Average value of complete cycle is zero 

(c) ac is virtual 

(d) ac changes its direction 

5. The resistance of a coil for dc is in ohms. In ac, the resistance   [CPMT 1987] 

(a) Will remain same (b) Will increase 

(c) Will decrease (d)  Will be zero 

6. If instantaneous current is given by )(cos4   ti  amperes, 

then the r.m.s. value of current is  [RPET 2000] 

(a) 4 amperes (b) 22  amperes 

(c) 24  amperes (d) Zero amperes 

7. In an ac circuit, peak value of voltage is 423 volts. Its effective 
voltage is    [JIPMER 1997] 

(a)  400 volts (b)  323 volts 

(c) 300 volts (d)  340 volts 

8. In an ac circuit I = 100 sin 200 t. The time required for the current 
to achieve its peak value will be    [DPMT 2003] 

(a) sec
100

1
 (b) sec

200

1
 

(c) sec
300

1
 (d) sec

400

1
 

9. The peak value of an Alternating current is 6 amp, then r.m.s. value 
of current will be  

(a) 3 A (b) 33 A 

(c) 23 A (d) 32 A 

10. A generator produces a voltage that is given by tV 120sin240 , 

where t is in seconds. The frequency and r.m.s. voltage are[MP PET 1993; MP PMT 1990] 

(a) 60 Hz and 240 V (b) 19 Hz and 120 V 

(c) 19 Hz and 170 V (d) 754 Hz and 70 V 

11. If 0E  represents the peak value of the voltage in an ac circuit, the 

r.m.s. value of the voltage will be  

[CPMT 1972; MP PMT 1996] 

(a) 


0E
  (b) 

2

0E
 

(c) 


0E
 (d) 

2

0E
 

12. The peak value of 220 volts of ac mains is 

[CPMT 1990; MP PMT 1999; MP PET 2000; RPET2001] 

(a) 155.6 volts (b)  220.0 volts 

(c) 311.0 volts (d)  440 volts 

13. A sinusoidal ac current flows through a resistor of resistance R. If 

the peak current is pI , then the power dissipated is   

[MP PMT 1991] 

(a) cos2RIp  (b) RIp
2

2

1
 

(c) RIp
24


 (d) RIp

21


 

14. A 40  electric heater is connected to a 200 V, 50 Hz mains supply. 
The peak value of electric current flowing in the circuit is 
approximately    [MP PET 1992] 

(a) 2.5 A (b) 5.0 A 

(c) 7 A (d) 10 A 

15. The frequency of ac mains in India is 

[NCERT 1974; MP PMT/PET 1988; RPMT 1997; RPET 2000] 

(a) 30 c/s or Hz  (b) 50 c/s or Hz  

(c) 60 c/s or Hz  (d) 120 c/s or Hz  

16. The r.m.s. value of an ac of 50 Hz is 10 amp. The time taken by the 
alternating current in reaching from zero to maximum value and the 
peak value of current will be 

[MP PET 1993; KCET 2003] 

(a) 2  10–2 sec and 14.14 amp 

(b) 1  10–2 sec and 7.07 amp 

(c) 5  10–3 sec and 7.07 amp 

(d) 5  10–3 sec and 14.14 amp 

17. The root mean square value of the alternating current is equal to    [MP PMT 1993] 

(a) Twice the peak value 

(b) Half the peak value 

(c) 
2

1
 times the peak value 

(d) Equal to the peak value 

18. The peak value of an alternating e.m.f. E is given by 

tEE cos0 is 10 volts and its frequency is 50 Hz. At 

time sect
600

1
 , the instantaneous e.m.f. is 

[MP PMT 1990; MP PET 2004] 

(a) 10 V (b) V35  

(c) 5 V (d)  1 V 

19. If a current I given by 









2
sin0


 tI  flows in an ac circuit 

across which an ac potential of tEE sin0  has been applied, 

then the power consumption P in the circuit will be 

[CPMT 1986; Roorkee 1992; SCRA 1996; 

MP PMT 1994; RPET 2001; MP PET 2001, 02] 

(a) 
2

00 IE
P   (b) 002 IEP   
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(c) 
2

00 IE
P   (d) P = 0 

20. In an ac circuit, the instantaneous values of e.m.f. and current are e 

= 200 sin 314 t volt and 









3
314sin


ti  ampere. The average 

power consumed in watt is  

[NCERT 1990; RPMT 1997] 

(a) 200 (b) 100 

(c) 50 (d)  25 

21. An ac generator produced an output voltage 

voltstE 377sin170 , where t is in seconds. The frequency of 

ac voltage is   [MP PET 1994] 

(a) 50 Hz (b) 110 Hz 

(c) 60 Hz (d) 230 Hz 

22. In general in an alternating current circuit  [MP PMT 1994] 

(a) The average value of current is zero 

(b) The average value of square of the current is zero 

(c) Average power dissipation is zero 

(d) The phase difference between voltage and current is zero 

23. An alternating current is given by the equation 

titii  sincos 21  . The r.m.s. current is given by 

  [MP PMT 1994] 

(a) )(
2

1
21 ii   (b) 2

2)(
2

1
iii   

(c) 2/12
2

2
1 )(

2

1
ii   (d) 2/12

2
2
1 )(

2

1
ii   

24. In an ac circuit, the current is given by 









2
100sin5


ti  and 

the ac potential is .)100(sin200 voltV   Then the power 

consumption is  

[CBSE PMT 1995; MH CET 1999; CPMT 2002] 

(a) 20 watts (b) 40 watts 

(c) 1000 watts (d) 0 watt 

25. An electric lamp is connected to 220 V, 50 Hz supply. Then the 
peak value of voltage is   [AFMC 1996] 

(a) 210 V (b) 211 V 

(c) 311 V (d) 320 V 

26. In a circuit, the value of the alternating current is measured by hot 
wire ammeter as 10 ampere. Its peak value will be 

[MP PET 1996; AMU (Med.) 1999;  

KCET (Engg./Med.) 2000; CPMT 2003] 

(a) 10 A (b) 20 A 

(c) 14.14 A (d) 7.07 A 

27. The voltage of domestic ac is 220 volt. What does this represent   [MP PMT 1996] 

(a) Mean voltage 

(b) Peak voltage 

(c) Root mean voltage 

(d) Root mean square voltage 

28. The r.m.s. voltage of domestic electricity supply is 220 volt . 
Electrical appliances should be designed to withstand an 
instantaneous voltage of  

(a) 220 V (b) 310 V 

(c) 330 V (d) 440 V 

29. The process by which ac is converted into dc is known as   [RPMT 1997] 

(b) Purification (b) Amplification 

(c) Rectification (d) Current amplification 

30. In an ac circuit with voltage V and current I, the power dissipated is 
   [CBSE PMT 1997] 

(a) VI 

(b) VI
2

1
 

(c) VI
2

1
 

(d) Depends on the phase between V and I  

31. For an ac circuit tV sin15  and tI cos20  the average 
power consumed in this circuit is  [RPET 1999] 

(a) 300 Watt (b) 150 Watt 

(c) 75 Watt (d) zero 

32. A bulb is connected first with dc and then ac of same voltage then it 
will shine brightly with    [RPET 2000] 

(a) AC 

(b) DC 

(c) Brightness will be in ratio 1/1.4 

(d) Equally with both 

33. An ac supply gives 30 V r.m.s. which passes through a 10  
resistance. The power dissipated in it is  [AMU (Med.) 2001] 

(a) W290  (b) W90  

(c) W245  (d) W45  

34. The frequency of an alternating voltage is 50 cycles/sec and its 
amplitude is 120V. Then the r.m.s. value of voltage is  

[BHU 1999; MH CET (Med.) 2001; 

KCET (Med.) 2001; MH CET 2003] 

(a) 101.3V (b) 84.8V 

(c) 70.7V (d) 56.5V 

35. A resistance of 20 ohms is connected to a source of an alternating 

potential )100sin(220 tV  . The time taken by the current to 

change from its peak value to r.m.s value is  

[MP PET 2001] 

(a) 0.2 sec (b) 0.25 sec 

(c) 31025  sec (d) 3105.2  sec 

36. Voltage and current in an ac circuit are given by 











6
100sin5


tV  and 










6
100sin4


tI  

[Kerala PET 2001] 

(a) Voltage leads the current by o30  

(b) Current leads the voltage by o30  

(c) Current leads the voltage by o60  

(d) Voltage leads the current by o60  
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37. If an ac main supply is given to be 220 V. What would be the average 
e.m.f. during a positive half cycle [MH CET 2002] 

(a) 198V (b) 386V 

(c) 256V (d) None of these 

38. In an ac circuit, the r.m.s. value of current, I
rms

 is related to the peak 
current, I

0

 by the relation   [AFMC 2002] 

(a) 0

1
IIrms


  (b) 0

2

1
IIrms   

(c) 02IIrms   (d) 0IIrms   

39. An alternating voltage is represented as .300sin20 tE   The 
average value of voltage over one cycle will be  

[MP PMT 2002] 

(a) Zero  (b) 10 volt 

(c) 220  volt (d) 
2

20
 volt 

40. The ratio of peak value and r.m.s value of an alternating current is    [MP PMT 2002] 

(a) 1 (b) 
2

1
 

(c) 2  (d) 2/1  

41. A 280 ohm electric bulb is connected to 200V electric line. The peak 

value of current in the bulb will be 

[MP PET 2002] 

(a) About one ampere (b) Zero 

(c) About two ampere (d) About four ampere 

42. An ac source is rated at 220V, 50 Hz. The time taken for voltage to 
change from its peak value to zero is 

[Orissa JEE 2003] 

(a) 50 sec (b) 0.02 sec 

(c) 5 sec (d) 3105   sec 

43. If the value of potential in an ac, circuit is 10V, then the peak value 
of potential is     [CPMT 2003] 

(a) 
2

10
 (b) 210  

(c) 220  (d) 
2

20
 

44. A lamp consumes only 50% of peak power in an a.c. circuit. What is 
the phase difference between the applied voltage and the circuit 
current   [MP PMT 2004] 

(a) 
6


 (b) 

3


 

(c) 
4


 (d) 

2


 

45. If an alternating voltage is represented as  

 ),628sin(141 tE   then the rms value of the voltage and the 

frequency are respectively    [Kerala PET 2005] 

 (a) HzV 628,141  (b) HzV 50,100   

(c) HzV 100,100  (d) HzV 100,141  

46. The maximum value of a.c. voltage in a circuit is 707V. Its rms value 
is     [MP PET  2005] 

 (a) 70.7 V (b) 100 V  

(c) 500 V (d) 707 V 
 

ac Circuits 

1. Choke coil works on the principle of  [MP PET/PMT 1988] 

(a) Transient current (b)  Self induction 

(c) Mutual induction  (d)  Wattless current 

2. A choke coil has  [RPET 1999; AIIMS 1999] 

(a) High inductance and low resistance 

(b) Low inductance and high resistance 

(c) High inductance and high resistance 

(d) Low inductance and low resistance 

3. Choke coil is used to control    [CPMT 1984] 

(a) ac (b) dc 

(c) Both ac and dc (d) Neither ac nor dc 

4. Current in the circuit is wattless, if 

(a) Inductance in the circuit is zero 

(b) Resistance in the circuit is zero 

(c) Current is alternating 

(d) Resistance and inductance both are zero 

5. The phase angle between e.m.f. and current in LCR series ac circuit 

is   [MP PMT/PET 1998] 

(a) 0 to  / 2 (b)  / 4 

(c)  / 2 (d)   

6. A choke coil is preferred to a rheostat in ac circuit as   

(a) It consumes almost zero power  

(b) It increases current 

(c) It increases power  

(d) It increases voltage 

7. An alternating e.m.f. is applied to purely capacitive circuit. The 
phase relation between e.m.f. and current flowing in the circuit is            
or 

In a circuit containing capacitance only 

[MP PET 1996; AIIMS 1997] 

(a) e.m.f. is ahead of current by  / 2  

(b) Current is ahead of e.m.f. by  / 2 

(c) Current lags behind e.m.f. by  

(d) Current is ahead of e.m.f. by  

8. An ac source is connected to a resistive circuits. Which of the 
following is true    [CPMT 1985] 

(a) Current leads the voltage and both are in same phase 

(b) Current lags behind the voltage and both are in same phase 

(c) Current and voltage are in same phase 

(d) Any of the above may be true depending upon the value of 
resistance 

9. The average power dissipated in a pure inductor of inductance L 
when an ac current is passing through it, is 

[CPMT 1974; RPMT 1997; MP PET 1999] 

(a) 2

2

1
LI  (b) 2

4

1
LI  

(c) 22 Li  (d) Zero 

(Inductance of the coil L and current I) 
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10. An alternating current of frequency '' f  is flowing in a circuit 

containing a resistance R and a choke L in series. The impedance of 
this circuit is 

[CPMT 1978; MP PMT 1993; MP PET 1999; 

AIIMS 2000; Pb. PET 2004; RPET 2001, 03] 

(a) R + 2fL  (b) 2222 4 LfR    

(c) 22 LR   (d) fLR 22   

11. A resonant ac circuit contains a capacitor of capacitance F610  

and an inductor of .10 4 H  The frequency of electrical oscillations 
will be 

(a) Hz510  (b) 10 Hz  

(c) Hz
2

105

 (d) Hz
2

10
 

12. Power delivered by the source of the circuit becomes maximum, 
when   [DCE 2004] 

(a) CL    (b) 
C

L



1

  

(c) 

2
1











C
L


  (d) CL    

13. An alternating voltage is connected in series with a resistance R and 
an inductance L If the potential drop across the resistance is 200 V 
and across the inductance is 150 V, then the applied voltage is   [CPMT 1990] 

(a) 350 V  (b) 250 V  

(c) 500 V  (d) 300 V  

14. An inductive circuit contains resistance of 10  and an inductance 

of 20 H. If an ac voltage of 120 V and frequency 60 Hz is applied to 

this circuit, the current would be nearly 

(a) 0.32 amp  (b) 0.016 amp 

(c) 0.48 amp  (d) 0.80 amp 

15. Same current is flowing in two alternating circuits. The first circuit 
contains only inductance and the other contains only a capacitor. If 
the frequency of the e.m.f. of ac is increased, the effect on the value 
of the current will be [MP PET 1993] 

(a) Increases in the first circuit and decreases in the other 

(b) Increases in both the circuits 

(c) Decreases in both the circuits 

(d) Decreases in the first circuit and increases in the other 

16. A capacitor is a perfect insulator for 

(a) Alternating currents (b) Direct currents 

(c) Both ac and dc (d) None of these 

17. In a circuit containing an inductance of zero resistance, the e.m.f. of 
the applied ac voltage leads the current by 

[CPMT 1990] 

(a) 90o  (b) 45o  

(c) 30o  (d) 0o  

18. In a pure inductive circuit or In an ac circuit containing inductance 

only, the current  

[MP PMT 1993; CPMT 1996; Kerala PET 2002] 

(a) Leads the e.m.f. by 90o  

(b) Lags behind the e.m.f. by 90o  

(c) Sometimes leads and sometime lags behind the e.m.f. 

(d) Is in phase with the e.m.f. 

19. A 20 volts ac is applied to a circuit consisting of a resistance and a 

coil with negligible resistance. If the voltage across the resistance is 
12 V, the voltage across the coil is 

[MP PMT 1989; RPMT 1997] 

(a) 16 volts (b) 10 volts 

(c) 8 volts (d) 6 volts 

20. A resistance of 300  and an inductance of 


1
 henry are 

connected in series to a ac voltage of 20 volts and 200 Hz frequency. 
The phase angle between the voltage and current is     [Roorkee 1980] 

(a) 
3

4
tan 1  (b) 

4

3
tan 1  

(c) 
2

3
tan 1  (d) 

5

2
tan 1  

21. The power factor of LCR circuit at resonance is 

[MP PMT 1991; RPMT 1999; RPET 2001; UPSEAT 1999] 

(a) 0.707 (b) 1 

(c) Zero (d)  0.5 

22. An inductance of 1 mH a condenser of 10 F and a resistance of 50 

 are connected in series. The reactances of inductor and 

condensers are same. The reactance of either of them will be 

(a) 100  (b) 30  

(c) 3.2   (d) 10  

23. The natural frequency of a L-C circuit is equal to 

[CPMT 1978, 97] 

(a) LC
2

1
 (b) 

LC2

1
 

(c) 
C

L

2

1
 (d) 

L

C

2

1
 

24. An alternating voltage )100sin(2200 tE   is connected to a 1 

microfarad capacitor through an ac ammeter. The reading of the 
ammeter shall be  [NCERT 1984; MNR 1995; 

MP PET 1999; RPET 1999; UPSEAT 2000] 

(a) 10 mA  (b) 20 mA 

(c) 40 mA  (d) 80 mA  

25. An ac circuit consists of an inductor of inductance 0.5 H and a 

capacitor of capacitance 8 F in series. The current in the circuit is 

maximum when the angular frequency of ac source is     [CPMT 1986] 

(a) 500 rad/sec (b) 2  105 rad/sec 

(c) 4000 rad/sec (d) 5000 rad/sec 

26. The average power dissipation in a pure capacitance in ac circuit is  [DPMT 1987; MP PMT/PET 1998] 

(a) 2

2

1
CV  (b) 2CV  

(c) 2

4

1
CV  (d) Zero  

27. In a region of uniform magnetic induction teslaB 210 , a 

circular coil of radius 30 cm and resistance 2 ohm is rotated about 

an axis which is perpendicular to the direction of B and which forms 
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a diameter of the coil. If the coil rotates at 200 rpm the amplitude 
of the alternating current induced in the coil is   [CBSE PMT 1990] 

(a) 42 mA  (b) 30 mA  

(c) 6 mA  (d) 200 mA  

28. An inductive circuit contains a resistance of 10 ohm and an 
inductance of 2.0 henry. If an ac voltage of 120 volt and frequency of 
60 Hz is applied to this circuit, the current in the circuit would be 
nearly  [CPMT 1990; MP PET 2002] 

(a) 0.32 amp  (b) 0.16 amp  

(c) 048 amp  (d) 0.80 amp 

29. In a LCR circuit having L = 8.0 henry, C = 0.5 F and R = 100 

ohm in series. The resonance frequency in per second is   [CPMT 1990] 

(a) 600 radian (b) 600 Hz 

(c) 500 radian (d) 500 Hz 

30. In LCR circuit, the capacitance is changed from C to 4C. For the 

same resonant frequency, the inductance should be changed from L 
to  [MP PMT 1986; BHU 1998] 

(a) 2L (b) L / 2 

(c) L / 4 (d) 4 L 

31. A 120 volt ac source is connected across a pure inductor of 

inductance 0.70 henry. If the frequency of the source is 60 Hz, the 

current passing through the inductor is 

    [MP PET 1994] 

(a) 4.55 amps (b) 0.355 amps 

(c) 0.455 amps (d) 3.55 amps 

32. The impedance of a circuit consists of 3 ohm resistance and 4 ohm 

reactance. The power factor of the circuit is 

[MP PMT 1994] 

(a) 0.4  (b) 0.6 

(c) 0.8 (d) 1.0 

33. L, C and R denote inductance, capacitance and resistance 

respectively. Pick out the combination which does not have the 

dimensions of frequency   [MP PMT 1994] 

(a) 
RC

1
 (b) 

L

R
 

(c) 
LC

1
 (d) 

L

C
 

34. The power factor of a good choke coil is  [MP PMT 1994] 

(a) Nearly zero (b) Exactly zero 

(c) Nearly one (d) Exactly one 

35. If resistance of 100  , inductance of 0.5 henry and capacitance of 

F61010   are connected in series through 50 Hz ac supply, then 

impedance is  [BHU 1995] 

(a) 1.876 (b) 18.76 

(c) 189.72 (d) 101.3  

36. An alternating current source of frequency 100 Hz is joined to a 

combination of a resistance, a capacitance and a coil in series. The 

potential difference across the coil, the resistance and the capacitor 

is 46, 8 and 40 volt respectively. The electromotive force of 

alternating current source in volt is 

[MP PET 1995] 

(a) 94 (b) 14 

(c) 10 (d) 76 

37. A 10 ohm resistance, 5 mH coil and 10 F capacitor are joined in 

series. When a suitable frequency alternating current source is 

joined to this combination, the circuit resonates. If the resistance is 

halved, the resonance frequency   [MP PET 1995] 

(a) Is halved (b) Is doubled 

(c) Remains unchanged (d) In quadrupled 

38. L, C and R represent physical quantities inductance, capacitance and 
resistance respectively. The combination representing dimension of 
frequency is  

[MP PET 1995; DCE 2001] 

(a) LC (b) 2/1)( LC  

(c) 

2/1










C

L
 (d) 

L

C
 

39. In a series circuit R = 300  ,  L = 0.9 H, C = 2.0 F and  

= 1000 rad/sec. The impedance of the circuit is    [MP PMT 1995] 

(a) 1300  (b) 900  

(c) 500  (d) 400  

40. In a L-R circuit, the value of L is henry










4.0
 and the value of R 

is 30 ohm. If in the circuit, an alternating e.m.f. of 200 volt at 50 

cycles per sec is connected, the impedance of the circuit and current 

will be  [MP PET 1996; DPMT 2003] 

(a) A5.17,4.11   (b) A5.6,7.30   

(c) A5,4.40   (d) A4,50  

41. The reactance of a coil when used in the domestic ac power supply 

(220 volt, 50 cycles) is 100 ohm. The self inductance of the coil is 

nearly   [MP PMT 1996] 

(a) 3.2 henry (b) 0.32 henry 

(c) 2.2 henry (d) 0.22 henry 

42. In a series LCR circuit, operated with an ac of angular frequency  , 

the total impedance is  [MP PET 1996] 

(a) 2/122 ])([  CLR    

(b) 

2/1
2

2 1



























C
LR  

(c) 

2/1
2

2 1




























C
LR  

(d) 

2/1
2

2 1
)(



























C
LR  

43. The reactance of a F25  capacitor at the ac frequency of 4000 

Hz is  

(a) 


5
ohm (b) 



5
ohm 

(c) 10 ohm (d) 10 ohm 
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44.  The frequency for which a F5  capacitor has a reactance of 

1000

1
 ohm is given by   [MP PET 1997] 

(a) MHz


100
 (b) Hz



1000
 

(c) Hz
1000

1
 (d) 1000 Hz 

45. An e.m.f. )1000cos(4 tE   volt  is applied to an LR-circuit of 

inductance 3 mH and resistance 4 ohms. The amplitude of current 
in the circuit is   [MP PMT 1997] 

(a) A
7

4
 (b) 1.0 A 

(c) A
7

4
 (d) 0.8 A 

46. In an ac circuit, a resistance of R ohm is connected in series with an 
inductance L. If phase angle between voltage and current be 45°, the 

value of inductive reactance will be  

[MP PMT/PET 1998] 

(a) 
4

R
  

(b) 
2

R
 

(c) R 

(d) Cannot be found with the given data 

47. A coil of inductance L has an inductive reactance of LX  in an AC 

circuit in which the effective current is I. The coil is made from a 
super-conducting material and has no resistance. The rate at which 
power is dissipated in the coil is  

[MP PMT 1999] 

(a) 0 (b) LIX  

(c) LXI2  (d) 2
LIX  

48. The phase difference between the current and voltage of LCR circuit 
in series combination at resonance is  

  [CPMT 1999; Pb. PET 2001] 

(a) 0 (b) 2/  

(c)   (d)   

49. In a series resonant circuit, the ac voltage across resistance R, 

inductance L and capacitance C are 5 V, 10 V and 10 V respectively. 

The ac voltage applied to the circuit will be 

[KCET 1994] 

(a) 20 V (b) 10 V 

(c) 5 V (d) 25 V 

50. When 100 volt dc is applied across a coil, a current of 1 amp flows 

through it. When 100 volt ac at 50 cycle 1s  is applied to the same 

coil, only 0.5 ampere current flows. The impedance of the coil is    [Bihar MEE 1995] 

(a) 100  (b) 200  

(c) 300  (d) 400  

51. The coefficient of induction of a choke coil is 0.1H and resistance is 

12 . If it is connected to an alternating current source of 

frequency 60 Hz, then power factor will be 

[RPET 1997] 

(a) 0.32 (b) 0.30 

(c) 0.28 (d) 0.24 

52. For series LCR  circuit, wrong statement is [RPMT 1997] 

(a) Applied e.m.f. and potential difference across resistance are in 
same phase 

(b) Applied e.m.f. and potential difference at inductor coil have 

phase difference of 2/  

(c) Potential difference at capacitor and inductor have phase 

difference of 2/  

(d) Potential difference across resistance and capacitor have phase 

difference of 2/  

53. In a purely resistive ac circuit, the current [Roorkee 1992] 

(a) Lags behind the e.m.f. in phase 

(b) Is in phase with the e.m.f. 

(c) Leads the e.m.f. in phase 

(d) Leads the e.m.f. in half the cycle and lags behind it in the other 

half 

54. If an 8  resistance and 6  reactance are present in an ac series 

circuit then the impedance of the circuit will be 

[MP PMT 2003] 

(a) 20 ohm  (b) 5 ohm 

(c) 10 ohm (d) 214  ohm 

55. A 12 ohm resistor and a 0.21 henry inductor are connected in series 

to an ac source operating at 20 volts, 50 cycle/second. The phase 
angle between the current and the source voltage is   [BHU 1994] 

(a) 30° (b) 40° 

(c) 80° (d) 90° 

56. What will be the phase difference between virtual voltage and virtual 

current, when the current in the circuit is wattless 

[RPET 1996] 

(a) 90° (b) 45° 

(c) 180° (d) 60° 

57. The resonant frequency of a circuit is f. If the capacitance is made 4 

times the initial values, then the resonant frequency will become    [RPET 1996] 

(a) f / 2 (b) 2f 

(c) f  (d) f / 4 

58. In the non-resonant circuit, what will be the nature of the circuit for 

frequencies higher than the resonant frequency 

[RPET 1996] 

(a) Resistive (b) Capacitive 

(c) Inductive (d) None of the above 

59. In an ac circuit, the potential difference across an inductance and 
resistance joined in series are respectively 16 V and 20 V. The total 
potential difference across the circuit is 

[AFMC 1998; BHU 1999] 

(a) 20.0 V (b) 25.6 V 

(c) 31.9 V (d) 53.5 V 

60. A 220 V, 50 Hz ac source is connected to an inductance of 0.2 H 
and a resistance of 20 ohm in series. What is the current in the 
circuit [MNR 1998; JIPMER 2001, 02] 

(a) 10 A (b) 5 A  
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(c) 33.3 A (d) 3.33 A 

61.  An LCR circuit contains R = 50  , L = 1 mH and C = 0.1 F. The 
impedance of the circuit will be minimum for a frequency of 

[Bihar MEE 1995] 

(a) 1
5

2

10 s


 (b) 1
6

2

10 s


 

(c) 15102  s  (d) 16102  s  

62. In a series LCR circuit, resistance  10R  and the impedance 

.20Z  The phase difference between the current and the 
voltage is  [KCET (Engg./Med.) 1999] 

(a) o30  (b) o45  

(c) o60  (d) o90  

63. A series ac circuit consist of an inductor and a capacitor. The 

inductance and capacitance is respectively 1 henry and .25 F  If the 

current is maximum in circuit then angular frequency will be     [RPMT 1999] 

(a) 200 (b) 100 

(c) 50 (d) 200/2  

64. An alternating e.m.f. of frequency 














LC
v

2

1
 is applied to a 

series LCR circuit. For this frequency of the applied e.m.f.    [Roorkee 1999] 

(a) The circuit is at resonance and its impedance is made up only of a 
reactive part 

(b) The current in the circuit is in phase with the applied e.m.f. 
and the voltage across R equals this applied emf 

(c) The sum of the p.d.’s across the inductance and capacitance 

equals the applied e.m.f. which is 
o180  ahead of phase of the 

current in the circuit 

(d) The quality factor of the circuit is RL /  or CR/1  and 
this is a measure of the voltage magnification (produced by the 
circuit at resonance) as well as the sharpness of resonance of 
the circuit 

65. In the circuit shown below, the ac source has voltage 

)cos(20 tV   volts with  = 2000 rad/sec. the amplitude of the 

current will be nearest to   [AMU (Engg.) 2000] 

(a) A2  

(b) A3.3  

(c) A5/2  

(d) A5  

66. The value of the current through an inductance of H1  and of 

negligible resistance, when connected through an ac source of 200 V 
and 50 Hz, is   [AFMC 2000] 

(a) 0.637 A (b) 1.637 A 

(c) 2.637A (d) 3.637 A 

67. The quality factor of LCR circuit having resistance (R) and 

inductance (L) at resonance frequency ( ) is given by  

[AFMC 2000; CBSE PMT 2000] 

(a) 
R

L
 (b) 

L

R


 

(c) 

2/1










R

L
 (d) 

2










R

L
 

68. Power factor is maximum in an LCR circuit when 

[RPET 2000] 

(a) CL XX   (b) 0R  

(c) 0LX  (d) 0CX  

69. In an ac circuit the reactance of a coil is 3  times its resistance, 

the phase difference between the voltage across the coil to the 
current through the coil will be   

[KCET (Engg.) 2000] 

(a) 3/  (b) 2/  

(c) 4/  (d) 6/  

70. The capacity of a pure capacitor is 1 farad. In dc circuits, its effective 
resistance will be     [MP PMT 2000] 

(a) Zero (b) Infinite 

(c) 1 ohm (d) 1/2 ohm 

71. In an ac circuit, the current lags behind the voltage by 3/ . The 

components in the circuit are   [MP PMT 2000] 

(a) R and L (b) R and C  

(c) L and C (d) Only R 

72. The reactance of a coil when used in the domestic ac power supply 

(220 volts, 50 cycles per second) is 50 ohms. The inductance of the 
coil is nearly  [MP PMT 2000] 

(a) 2.2 henry (b) 0.22 henry 

(c) 1.6 henry (d) 0.16 henry 

73. In an ac circuit, the power factor   [Roorkee 2000] 

(a) Is zero when the circuit contains an ideal resistance only 

(b) Is unity when the circuit contains an ideal resistance only 

(c) Is zero when the circuit contains an ideal inductance only 

(d) Is unity when the circuit contains an ideal inductance only 

74. A resistance of 40 ohm and an inductance of 95.5 millihenry are 
connected in series in a 50 cycles/second ac circuit. The impedance 
of this combination is very nearly  

[MP PET 2000] 

(a) 30 ohm (b) 40 ohm 

(c) 50 ohm (d) 60 ohm  

75. For high frequency, a capacitor offers 

[CPMT 1999; CBSE PMT 1999; 

AFMC 2001; Pb. PET 2001; J & K CET 2004] 

(a) More reactance (b) Less reactance 

(c) Zero reactance (d) Infinite reactance 

76. The coil of choke in a circuit   [AIIMS 2001] 

(a) Increases the current 

(b) Decreases the current 

(c) Does not change the current 

(d) Has high resistance to dc circuit 

77. In a circuit, the current lags behind the voltage by a phase difference 

of .2/  The circuit contains which of the following    [AIIMS 2001] 

(a) Only R (b) Only L 

(c) Only C (d) R and C 

78. The inductive reactance of an inductor of 


1
 henry at 50 Hz 

frequency is    [MP PET 2001, 02] 

6  

50 F 5 mH, 4 
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(a) 


50
ohm (b) 

50


 ohm 

(c) 100 ohm (d) 50 ohm 

79. An oscillator circuit consists of an inductance of 0.5mH and a 

capacitor of 20 F . The resonant frequency of the circuit is nearly    [Kerala PET 2002] 

(a) 15.92 Hz (b) 159.2 Hz 

(c) 1592 Hz (d) 15910 Hz 

80. Reactance of a capacitor of capacitance FC  for ac frequency 



400
 Hz is 25 . The value C is [MH CET 2002] 

(a) F50  (b) F25  

(c) F100  (d) F75  

81. The power factor of an ac circuit having resistance (R) and 
inductance (L) connected in series and an angular velocity   is   [AIEEE 2002; MP PET 2000] 

(a) LR /  (b) 2/1222 )/( LRR   

(c) RL /  (d) 2/1222 )/( LRR   

82. A circuit has a resistance of ,11  an inductive reactance of 25  

and a capacitative resistance of .18  It is connected to an ac source 
of 260V and 50Hz. The current through the circuit (in amperes) is   [Kerala PMT 2002] 

(a) 11 (b) 15 

(c) 18 (d) 20 

83. A 0.7 henry inductor is connected across a 120V – 60 Hz ac source. 

The current in the inductor will be very nearly 

[MP PMT 2002] 

(a) 4.55 amp (b) 0.355 amp 

(c) 0.455 amp (d) 3.55 amp 

84. There is a 5  resistance in an ac, circuit. Inductance of 0.1H is 

connected with it in series. If equation of ac e.m.f. is t50sin5  then 
the phase difference between current and e.m.f. is    [RPET 2003] 

(a) 
2


 (b) 

6


 

(c) 
4


 (d) 0 

85. An inductor of inductance L and resistor of resistance R are joined 
in series and connected by a source of frequency  . Power 
dissipated in the circuit is  [AIEEE 2002; RPET 2003] 

(a) 
V

LR )( 222 
 (b) 

)( 222

2

LR

RV


 

(c) 
)( 222 LR

V


 (d) 

2

222

V

LR 
 

86. In a ac circuit of capacitance the current from potential is  

[CPMT 2003] 

(a) Forward 

(b) Backward 

(c) Both are in the same phase 

(d) None of these 

87. A coil of 200 resistance and 1.0 H inductance is connected to an ac 

source of frequency .2/200 Hz  Phase angle between potential 

and current will be  [MP PMT 2003] 

(a) 30o  (b) 90o  

(c) 45o  (d) 0o  

88. In a LCR circuit the pd between the terminals of the inductance is 
60 V, between the terminals of the capacitor is 30V and that 
between the terminals of resistance is 40V. the supply voltage will 
be equal to …… [KCET 2004] 

(a) 50 V (b) 70 V  

(c) 130 V (d) 10 V 

89. Radio frequency choke uses core of [AFMC 2004] 

(a) Air (b) Iron 

(c) Air and iron (d) None of these 

90. In a LCR circuit capacitance is changed from C to 2C. For the 
resonant frequency to remain unchanged, the inductance should be 
change from L to [AIEEE 2004] 

(a) 4L (b) 2L 

(c) L/2 (d) L/4 

91. In an LCR series ac circuit, the voltage across each of the 
components, L, C and R is 50V. the voltage across the LC 
combination will be   [AIEEE 2004] 

(a) 50V (b) V250  

(c) 100V (d) 0 V (zero) 

92. A coil has L = 0.04 H and  12R . When it is connected to 

220V, 50Hz supply the current flowing through the coil, in amperes 
is   [Kerala PMT 2004] 

(a) 10.7 (b) 11.7 

(c) 14.7 (d) 12.7 

93. The current in series LCR circuit will be maximum when  is 

[Kerala PMT 2004] 

(a) As large as possible 

(b) Equal o natural frequency of LCR system 

(c) LC  

(d) LC/1  

94. An inductor L and a capacitor C are connected in the circuit as 

shown in the figure. The frequency of the power supply is equal to 
the resonant frequency of the circuit. Which ammeter will read zero 
ampere  [DCE 2002] 

 

 

 

 

 

 

(a) 1A  (b) 2A  

(c) 3A  (d) None of these 

95. Which of the following components of a LCR circuit, with ac supply, 
dissipates energy   [DCE 2004] 

(a) L (b) R 

(c) C (d) All of these 

96. In a circuit RCL   and  , are connected in series with an 

alternating voltage source of frequency f . The current leads the 

voltage by 45°. The value of C  is  [CBSE PMT 2005] 

(a) 
)2(2

1

RfLf 
  

A1 

A2 

A3 

C 

E = E0 sint 

L 
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(b) 
)2(

1

RfLf 
 

(c)  
)2(2

1

RfLf 
  

(d) 
)2(

1

RfLf 
 

97. In an A.C. circuit the current   [CPMT 2005]  

 (a) Always leads the voltage   

 (b) Always lags behind the voltage    

 (c) Is always in phase with the voltage   

 (d) May lead or lag behind or be in phase with the voltage 

98. For the series LCR circuit shown in the figure, what is the resonance 
frequency and the amplitude of the current at the resonating 
frequency    [Kerala PET 2005] 

 

 

 

 

 

 

 (a) 12500  srad  and A25   

 (b) 12500  srad  and A5   

  (c) 12500  srad  and A
2

5
  

(d) 125  srad  and A25  

 

 

 

 

 

1. When 100 volts dc is supplied across a solenoid, a current of 1.0 
amperes flows in it. When 100 volts ac is applied across the same 
coil, the current drops to 0.5 ampere. If the frequency of ac source 
is 50 Hz, then the impedance and inductance of the solenoid are   [CPMT 1990] 

(a) 200  and 0.55 henry  (b) 100   and 0.86 henry 

(c) 200  and 1.0 henry (d) 100  and 0.93 henry 

2. In an LR-circuit, the inductive reactance is equal to the resistance R 

of the circuit. An e.m.f. )cos(0 tEE   applied to the circuit. The 

power consumed in the circuit is 

[MP PMT 1997] 

(a) 
R

E2
0  (b) 

R

E

2

2
0  

(c) 
R

E

4

2
0  (d) 

R

E

8

2
0  

3. One 10 V, 60 W bulb is to be connected to 100 V line. The required 

induction coil has self inductance of value )50( Hzf     [RPET 1997] 

(a) 0.052 H (b) 2.42 H 

(c) 16.2 mH (d) 1.62 mH 

4. In the circuit given below, what will be the reading of the voltmeter   [RPET 1996] 

(a) 300 V  

(b) 900 V 

(c) 200 V  

(d) 400 V 

5. In the circuit shown below, what will be the readings of the 

voltmeter and ammeter    [RPMT 1996] 

 

 

 

 

 

 

(a) 800 V, 2A  (b) 300 V, 2A  

(c) 220 V, 2.2 A  (d) 100 V, 2A  

6. A bulb and a capacitor are connected in series to a source of 

alternating current. If its frequency is increased, while keeping the 
voltage of the source constant, then  

[Roorkee 1999] 

(a) Bulb will give more intense light 

(b) Bulb will give less intense light 

(c) Bulb will give light of same intensity as before 

(d) Bulb will stop radiating light 

7. An alternating e.m.f. of angular frequency   is applied across an 

inductance. The instantaneous power developed in the circuit has an 
angular frequency  [Roorkee 1999] 

(a) 
4


 (b) 

2


 

(c)   (d) 2  

8. The voltage of an ac source varies with time according to the 

equation ttV  100cos100sin100  where t  is in seconds and V 

is in volts. Then     [MP PMT 1996; 2000] 

(a) The peak voltage of the source is 100 volts 

(b) The peak voltage of the source is 50 volts 

(c) The peak voltage of the source is 2/100 volts 

(d) The frequency of the source is 50 Hz 

9. The diagram shows a capacitor C and a resistor R connected in 

series to an ac source. 1V  and 2V  are voltmeters and A is an 

ammeter 

 

 

 

 

 

Consider now the following statements 

I. Readings in A and V
2

 are always in phase 

II. Reading in V
1

 is ahead in phase with reading in V
2

 

III. Readings in A and V
1

 are always in phase which of these 

statements are/is correct  [AMU (Med.) 2001] 

(a) I only  (b) II only 

(c) I and II only (d) II and III only 

200V, 100 Hz 

V 100V 100V 

C V2 

V1 

A 

R 

220 V, 50 Hz 

300 V 300 V 

100  

A V 

~ 220 V 20 F 

44  

8 mH 
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10. In the circuit shown in figure neglecting source resistance the 
voltmeter and ammeter reading will respectively, will be 

 [KCET (Engg.) 2001] 

 

 

 

 

 

(a) 0V, 3A (b) 150V, 3A 

(c) 150V, 6A (d) 0V, 8A 

11. The voltage of an ac supply varies with time )(t  as 

.100cos100sin120 ttV   The maximum voltage and 

frequency respectively are  [MP PMT 2001; MP PET 2002] 

(a) 120 volts, 100 Hz  (b) 
2

120
 volts, 100 Hz 

(c) 60 volts, 200 Hz (d) 60 volts, 100 Hz 

12. In the circuit shown in the figure, the ac source gives a voltage 

).2000cos(20 tV   Neglecting source resistance, the voltmeter 

and ammeter reading will be  

[KCET (Engg.) 2002] 

 

 

 

 

 

(a) 0V, 0.47A (b) 1.68V, 0.47A 

(c) 0V, 1.4 A (d) 5.6V, 1.4 A  

13. A telephone wire of length 200 km has a capacitance of 0.014 F per 

km. If it carries an ac of frequency 5 kHz, what should be the value 

of an inductor required to be connected in series so that the 
impedance of the circuit is minimum  

(a) 0.35 mH  (b) 35 mH  

(c) 3.5 mH (d) Zero 

14. In a certain circuit current changes with time according to 

.2 ti   r.m.s. value of current between 2t  to st 4  will be 

(a) A3  (b) A33  

(c) A32  (d) A)22(   

15. Match the following  

 Currents  r.m.s. values  

(1) tx sin0  (i)  x
0

 

(2) ttx  cossin0  (ii) 
2

0x
 

(3) txtx  cossin 00   (iii)   
)22(

0x
 

(a) 1. (i), 2. (ii), 3. (iii) (b) 1. (ii), 2. (iii), 3. (i) 

(c) 1. (i), 2. (iii), 3. (ii) (d) None of these 

16. The reading of ammeter in the circuit shown will be  

 

(a) 2A  

(b) 2.4 A  

(c) Zero 

(d) 1.7 A  

17. An ac source of angular frequency  is fed across a resistor r and a 
capacitor C in series. The current registered is I. If now the 

frequency of source is changed to /3 (but maintaining the same 
voltage), the current in then circuit is found to be halved. Calculate 

the ratio of reactance to resistance at the original frequency  [Roorkee 1996] 

(a) 
5

3
 (b) 

5

2
 

(c) 
5

1
 (d) 

5

4
 

18. An LCR series circuit with a resistance of 100 ohm is connected to 
an ac source of 200 V (r.m.s.) and angular frequency 300 rad/s. 
When only the capacitor is removed, the current lags behind the 

voltage by o60 . When only the inductor is removed the current 

leads the voltage by o60 . The average power dissipated is   

(a) 50 W (b) 100 W 

(c) 200 W (d) 400 W 

19. A virtual current of 4A and 50 Hz flows in an ac circuit containing a 
coil. The power consumed in the coil is 240 W. If the virtual voltage 
across the coil is 100 V its inductance will be 

(a) 
3

1
H (b) H

5

1
 

(c) H
7

1
 (d) H

9

1
 

20. For a series RLC circuit R = X
L

 = 2X
C

. The impedance of the circuit 
and phase difference (between) V and i will be  

(a) )2(tan,
2

5 1R
 (b) 









2

1
tan,

2

5 1R
 

(c) )2(tan,5 1
CX  (d) 









2

1
tan,5 1R  

21. In the adjoining ac circuit the voltmeter whose reading will be zero 

at resonance is  

(a) V
1

  

(b) V
2

  

(c) V
3

  

(d) V
4

  

22. In the adjoining figure the impedance of the circuit will be 

(a) 120 ohm  

(b) 50 ohm 

(c) 60 ohm 

(d) 90 ohm 

23. If 2ti   Tt 0  then r.m.s. value of current is 

(a) 
2

2T
 (b) 

2

2T
 

(c) 
5

2T
 (d) None of these 

24. Is it possible 

(a) Yes 

(b) No 

R = 30 XL = 25 XC = 25 

240 V 

V 

A 

V 

A 

5mH 50F 

6 

4 

15 A 

5 A 

10 A 

A 

R = 55 

V 

XL = 5 

110 V 
XC = 5 

R 

V1 V2 

V4 

V3 

C L 
V5 

XL = 30  

90 V 

XC =20 
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(c) Cannot be predicted 

(d) Insufficient data to reply 

25. In a series circuit mHLFC 1,2    and ,10R when the 

current in the circuit is maximum, at that time the ratio of the 
energies stored in the capacitor and the inductor will be 

(a) 1 : 1 (b) 1 : 2 

(c) 2 : 1 (d) 1 : 5 

 

 

 

 

 

1. Which one of the following curves represents the variation of 

impedance (Z) with frequency f in series LCR circuit 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

2. The variation of the instantaneous current (I) and the instantaneous 

emf (E) in a circuit is as shown in fig. Which of the following 

statements is correct  

 

 

 

 

(a) The voltage lags behind the current by  / 2 

(b) The voltage leads the current by  / 2 

(c) The voltage and the current are in phase  

(d) The voltage leads the current by   

3. The figure shows variation of R, X
L

 and X
C

 with frequency f in a series 
L, C, R circuit. Then for what frequency point, the circuit is 
inductive  
 

 
(a) A   
(b) B  
(c) C   
(d) All points  

4. An alternating emf is applied across a parallel combination of a 
resistance R, capacitance C and an inductance L. If I

R

, I
L

, I
C

 are the 
currents through R, L and C respectively, then the diagram which 
correctly represents, the phase relationship among I

R

, I
L

, I
C

 and source 
emf E, is given by  

 
(a)  (b)  
 
 
 
 
(c)  (d)  
 
 

 
 

5. An ac source of variable frequency f is connected to an LCR series 
circuit. Which one of the graphs in figure. represents the variation 
of current of current I in the circuit with frequency f  

 

(a)  (b)  
 
 

 
 
 

 

(c)  (d)  
 

 
 
 
 

6. The r.m.s. voltage of the wave form shown is  

 
(a) 10 V   
(b) 7 V  

(c) 6.37 V   

(d) None of these  

7. A constant voltage at different frequencies is applied across a 

capacitance C as shown in the figure. Which of the following graphs  

 

 

 

 

Correctly depicts the variation of current with frequency ? 

(a)  (b)  

 
 
 

 
 
 

(c)  (d)  
 
 

 
 

8. The output current versus time curve of a rectifier is shown in the 
figure. The average value of output current in this case is    [AIIMS 1982] 
 

 

 

 

(a) 0  (b) 
2

0I  

(c) 


02I
 (d) 0I  

9. The current 'i' in an inductance coil varies with time 't' according to 

following graph  

 

 

 

 

 

f 

Z 
f 

Z 

f 

Z 

f 

Z 

 

E I 

O 
/2 3/2 

2 t 

R 

XC XL 

f 
A B C 

IR 

E 

IL 

IC 

IL 

E 

IR 

IC 

IR 

E 

IC 

IL 

IC 

E 

IR 

IL 

f 

I 

0 
f 

I 

0 

f 

I 

0 
f 

I 

0 

0 t 

+ 10 

– 10 

Y 

A 
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Signal 

Generator 
C 

 

I 

 

I 

 

I 

 

I 

Time 

I0 

C
u
rr

en
t  

(0, 0) 

i 

t 
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Which one of the following plots shows the variations of voltage in 

the coil    [CBSE PMT 1994] 

 

(a)  (b)  
 
 
 
 
 
 
(c)  (d)  
 
 

 

 

10. When an ac source of e.m.f. 0Ee  )100sin( t  is connected across 

a circuit, the phase difference between the e.m.f. e and the current i 

in the circuit is observed to be 4/ , as shown in the diagram. If 

the circuit consists possibly only of RC or LC in series, find the 

relationship between the two elements   [IIT-JEE (Screening) 2003] 

 

 

 

 

(a) FCkR 10,1   (b) FCkR 1,1   

(c) HLkR 10,1   (d) HLkR 1,1   

11. Two sinusoidal voltages of the same frequency are shown in the 
diagram. What is the frequency, and the phase relationship between 
the voltages 

 

 

 

 

 

Frequency in Hz Phase lead of N over M in radians 

(a) 0.4 4/  

(b) 2.5 2/  

(c) 2.5 2/  

(d) 2.5 4/  

12. The voltage across a pure inductor is represented by the following 

diagram. Which one of the following diagrams will represent the 

current    [MP PMT 1995] 

 

 

 

 

 

(a)  (b)  

 

 

 

(c)  (d)   

 

 

 

13. In pure inductive circuit, the curves between frequency f and 

reciprocal of inductive reactance 1/X
L

 is   

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

14. The vector diagram of current and voltage for a circuit is as shown. 

The components of the circuit will be  

 

(a) LCR  

(b) LR  

(c) LCR or LR  

(d) None of these 

15. The resonance point in fXL   and fXC   curves is    

 

 

 

 

 

(a) P  (b) Q  

(c) R  (d) S 

16. The i -  curve for anti-resonant circuit is  

 

(a)  (b)  

 

 

 

(c)  (d)   

 

 

 

17. The graphs given below depict the dependence of two reactive 

impedances X
1

 and X
2

 on the frequency of the alternating e.m.f. 

applied individually to them. We can then say that[Haryana CEE 1996; RPMT 2004] 

 

 

 

i or e i e 

i 

t 

i 

t 

i 

t 

i 

t 

V 

t 

LX

1
 

f 

LX

1
 

f 

LX

1
 

f 

LX

1
 

f 

45o 

irms = 25 amp 

Erms = 20 V 

XC 

R S P 

XL 

Q f 

i 

 

i 

 
i 

 

i 

 

M N 
V 

O 
 0.2 0.4 0.8 0.6 

(0, 0) 

V 

t (0, 0) 

V 
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(a) X
1

 is an inductor and X
2

 is a capacitor 

(b) X
1

 is a resistor and X
2

 is a capacitor 

(c) X
1

 is a capacitor and X
2

 is an inductor 

(d) X
1

 is an inductor and X
2

 is a resistor 

18. Which of the following plots may represent the reactance of a series 

LC combination   [MP PMT 1999] 

(a) a  

(b) b  

(c) c  

(d) d  

19. Which of the following curves correctly represents the variation of 

capacitive reactance X
C

 with frequency f  

[RPMT 1996] 

(a)  (b)  

  

 

 

 

(c)  (d)  

 

 

 

 

 
 
 

 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 

explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 

explanation of the assertion. 

(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false.  

(e) If assertion is false but reason is true. 

1. Assertion  :  In series LCR circuit resonance can take place. 

Reason  : Resonance takes place if inductance and capacitive 

reactances are equal and opposite. 

[AIIMS 1998] 

2. Assertion  :  The alternating current lags behind the e.m.f. by a 

phase angle of 2/ , when ac flows through an 

inductor.  

 Reason  : The inductive reactance increases as the frequency 

of ac source decreases. 

3. Assertion  :  Capacitor serves as a block for dc and offers an 

easy path to ac. 

 Reason  : Capacitive reactance is inversely proportional to 

frequency.  

4. Assertion  :  When capacitive reactance is smaller than the 

inductive reactance in LCR current, e.m.f. leads the 

current . 

 Reason  : The phase angle is the angle between the 

alternating e.m.f. and alternating current of the 

circuit. 

5. Assertion  :  Chock coil is preferred over a resistor to adjust 

current in an ac circuit. 

 Reason  : Power factor for inductance is zero. 

6. Assertion  :  If the frequency of alternating current in an ac 

circuit consisting of an inductance coil is increased 

then current gets decreased. 

 Reason  : The current is inversely proportional to frequency 

of alternating current. 

7. Assertion  :  A bulb connected in series with a solenoid is 

connected to ac source. If a soft iron core is 

introduced in the solenoid, the bulb will glow 

brighter.  

 Reason  : On introducing soft iron core in the solenoid, the 

inductance increases. 

8. Assertion  :  An alternating current does not show any magnetic 

effect. 

 Reason  : Alternating current varies with time. 

9. Assertion  :  The dc and ac both can be measured by a hot wire 

instrument. 

 Reason  : The hot wire instrument is based on the principle 

of magnetic effect of current. 

10. Assertion  :  ac is more dangerous than dc  

 Reason  : Frequency of ac is dangerous for human body. 

11. Assertion  :  Average value of ac over a complete cycle is always 

zero.  

 Reason  : Average value of ac is always defined over half cycle.  

12. Assertion  :  The division are equally marked on the scale of ac 

ammeter. 

 Reason  : Heat produced is directly proportional to the 

current. 

13. Assertion  :  When ac circuit contain resistor only, its power is 

minimum.  

 Reason  : Power of a circuit is independent of phase angle.  

14. Assertion  :  An electric lamp connected in series with a  

variable capacitor and ac source, its brightness 

increases with increase in capacitance.  

d 

c 

b 

a 

Frequency R
ea

ct
an

ce
 

Xc 

f 
Xc 

f 

Xc 

f 

Xc 

f 
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 Reason  : Capacitive reactance decrease with increase in 

capacitance of capacitor.  

15. Assertion  :  An inductance and a resistance are connected in 

series with an ac circuit. In this circuit the current 

and the potential difference across the resistance 

lag behind potential difference across the 

inductance by an angle /2. 

 Reason  : In LR circuit voltage leads the current by phase 

angle which depends on the value of inductance and 

resistance both.  

16. Assertion  :  A capacitor of suitable capacitance can be used in an 

ac circuit in place of the choke coil.  

 Reason  : A capacitor blocks dc and allows ac only. 

 
 

 

 

 
 

Alternating Current, Voltage and Power 
 

1 b 2 a 3 c 4 b 5 b 

6 b 7 c 8 d 9 c 10 c 

11 d 12 c 13 b 14 c 15 b 

16 d 17 c 18 b 19 d 20 c 

21 c 22 a 23 c 24 d 25 c 

26 c 27 d 28 b 29 c 30 d 

31 d 32 d 33 b 34 b 35 d 

36 c 37 a 38 b 39 a 40 c 

41 a 42 d 43 b 44 b 45 c 

46 c         

 

ac Circuits 
 

1 b 2 a 3 a 4 b 5 a 

6 a 7 b 8 c 9 d 10 b 

11 c 12 b 13 b 14 b 15 d 

16 b 17 a 18 b 19 a 20 a 

21 b 22 d 23 b 24 b 25 a 

26 d 27 c 28 b 29 c 30 c 

31 c 32 b 33 d 34 a 35 c 

36 c 37 c 38 b 39 c 40 d 

41 b 42 b 43 a 44 a 45 d 

46 c 47 a 48 a 49 c 50 b 

51 b 52 c 53 b 54 c 55 c 

56 a 57 a 58 b 59 b 60 d 

61 a 62 c 63 a 64 bd 65 a 

66 a 67 a 68 a 69 a 70 b 

71 a 72 d 73 bc 74 c 75 b 

76 b 77 b 78 c 79 c 80 a 

81 b 82 d 83 c 84 c 85 b 

86 a 87 c 88 a 89 a 90 c 

91 d 92 d 93 d 94 c 95 b 

96 a 97 d 98 b     

 

Critical Thinking Questions 

 

1 a 2 c 3 a 4 c 5 c 

6 a 7 d 8 b 9 b 10 d 

11 d 12 d 13 a 14 c 15 b 

16 c 17 a 18 d 19 b 20 b 

21 d 22 c 23 c 24 a 25 d 

 

Graphical Questions 
 

1 c 2 b 3 c 4 c 5 d 

6 a 7 b 8 c 9 b 10 a 

11 b 12 d 13 c 14 c 15 c 

16 b 17 c 18 d 19 b   

 

Assertion and Reason 
 

1 a 2 c 3 a 4 b 5 a 

6 a 7 e 8 b 9 c 10 a 

11 b 12 d 13 d 14 a 15 b 

16 b         
 

 
 
 
 
 
 

Alternating Current, Voltage and Power 
 

1. (b) Power loss 
2(Voltage)

1
    

2. (a) 









2
sin5cos5


 ttV  and  ti sin2  

 Power cos......  smrsmr iV = 0 

 (Since 
2


  , therefore 0

2
coscos 


 ) 

3. (c) cos......  smrsmr iVP
3

cos
2

10100

2

100 3 







 

 watt5.2
4

10

2

1

2

1010 34







  

4. (b) In dc ammeter, a coil is free to rotate in the magnetic field of a 
fixed magnet.  

If an alternating current is passed through such a coil, the 
torque will reverse it’s direction each time the current changes 
direction and the average value of the torque will be zero.  

5. (b) The coil having inductance L besides the resistance R. Hence 

for ac it’s effective resistance 22
LXR   will be larger than 

it’s resistance R for dc.   

6. (b) ampere
i

i o
smr 22

2

4

2
...    

7. (c) Effective voltage V
V

V o
smr 300

2

423

2
...    
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8. (d) The current takes 
4

T
sec to reach the peak value.  

 In the given question secT
T 100

1
200

2
 


 

 Time to reach the peak value sec
400

1
  

9. (c) Ai smr 23
2

6
..   

10. (c) Hz19
222

7120

2










  

 VV smr 1702120
2

240
...   

11. (d)   

12. (c) Peak value = V3112220   

13. (b) Power 
22

22

2
RI

R
I

RI
pp














  

14. (c) A
R

V
i smr

smr 5
40

200...
...     Aii smr 07.72...0   

15. (b)  

16. (d) Time taken by the current to reach the maximum value 

sec
T

t 3105
504

1

4

1

4







  

and 14.142102  rmso ii amp  

17. (c)  

18. (b) 
T

t
EtEE




2
coscos 00   

 
6

cos10
600

1502
cos10





 .35 volt   

19. (d) Phase angle o90 , so power 0cos  ViP   

20. (c) 
2

1
,

2

200
 rmsrms iV  

 wattiVP rmsrms 50
3

cos
2

1

2

200
cos 


  

21. (c) Hz03.603772    

22. (a)  

23. (c) 2/12
2

2
1

2
2

2
1 )(

2

1

2
ii

ii
irms 


   

24. (d) cosViP   

 Phase difference zeroP 
2


  

25. (c) 310222020  rmsVV   

26. (c) Hot wire ammeter reads rms value of current. Hence its peak 

value ampirms 14.142    

27. (d)   

28. (b) Peak voltage V3112202    

29. (c)   

30. (d) ,cosViP  cosP   

31. (d) .90sin;cos o
rmsrms ceIVP    So P = 0  

32. (d) Brightness  
R

Pconsumed

1
  for Bulb, ,dcac RR   so 

brightness will be equal in both the cases.     

33. (b) W
R

V
P rms 90

10

)30( 22

  

34. (b) V
V

Vrms 8.84
414.1

120

2

0    

35. (d) Peak value to r.m.s. value means, current becomes 
2

1
 times.  

So from tiitii  100sin
2

1
100sin 000   

sectt
400

1
100sin

4
sin  


.105.2 3 sec  

36. (c) Phase difference 
366

12


 







 
   

37. (a) rmsrmsav VVVV .
22

)2(
22

0


  

 V198220
22




 

38. (b)   

39. (a)  

40. (c)  

41. (a) .
7

5

280

200
Airms   So .12

7

5
20 Aii rms    

42. (d) Required time secTt 3105
504

1
4/ 


   

43. (b) 21020  rmsVV  

44. (b)  cos.cos
2

1
Peakoo PPiVP   

 
32

1
coscos)(

2

1 
  peakpeak PP  

45. (c)  ),628sin(141 tE     

 V
E

Erms 100
41.1

141

2

0  and 6282 f  

  Hzf 100  

46. (c)  V
E

Erms 500
41.1

707

2

0   

 

ac Circuits 
 

1. (b)      

2. (a)   

3. (a) The choke coil can be used only in ac circuits, not in dc 
circuits, because for dc ( = 0) the inductive reactance 

LX L  of the coil is zero, only the resistance of the coil 

remains effective which too is almost zero.   
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4. (b) Because power ,2 Ri  if R = 0, then P = 0.   

5. (a)  

6. (a) A choke coil contains high inductance but negligible resistance, 
due to which power loss becomes appreciably small.   

7. (b) For purely capacitive circuit tee sin0  

  









2
sin


tii o  i.e. current is ahead of emf by 

2


  

8. (c)  

9. (d)   

10. (b) LXXRZ LL  ,22 and f 2  

 2222 4 LfRZ   

11. (c) Hz
LC 


2

10

10102

1

2

1 5

46






 

12. (b)   

13. (b) The applied voltage is given by 22
LR VVV   

 22 )150()200( V volt250  

14. (b) 
222222 20604100

120









 LR

V
i =0.016 A 

15. (d) For the first circuit 
222 LR

V

Z

V
i


  

  Increase in  will cause a decrease in i.  

 For the second circuit 

22

2 1

C
R

V
i




  

 Increase in  will cause an increase in i. 

16. (b) 
CC

XC
 2

11
 ; For dc  CX,0  

17. (a) In a pure inductor (zero resistance), voltage leads the current 

by .2/..90 eio   

18. (b)   

19. (a) The voltage across a L–R combination is given by 

 222
LR VVV   

 .1625614440022 voltVVV RL   

20. (a) Phase angle 
3

41

300

2002
tan 









R

L
 

 
3

4
tan 1   

21. (b) At resonance, LCR circuit behaves as purely resistive circuit, for 
purely resistive circuit power factor = 1  

22. (d) Given 
C

L



1

 
LC

12   

or 
4

863
10

10

1

101010

1







  

   101010 34LXL   

23. (b)  

24. (b) Reading of ammeter 
2

0 CV

X

V
i

C

rms
rms


  

 mAA 20102
2

)101(1002200 2
6




 


 

25. (a) Current will be maximum at the condition of resonance. So 

resonant frequency 
6

0

1085.0

11




LC

  

= 500 rad/s  

26. (d) Average power in ac circuits is given by cosrmsrms iVP   

For pure capacitive circuit o90  so P = 0   

27. (c) Amplitude of 
R

rNB

R

NBA

R

V
iac

)()2( 2
0

0


  

 mAi 6

)3.0(101
60

200
2

2

22

0 











 

28. (b) 22
LXRZ  7.753)2602(10 22    

 Ai 159.0
7.753

120
  

29. (c) Resonance frequency in radian/second is 

 secrad
LC

/500

105.08

11

6







  

30. (c) 
4

11 1
2

2211

L
L

CLCL
   

31. (c) 7.0602  LXZ  

 ampere
Z

i 455.0
7.0602

120120






 

32. (b) 534 2222  XRZ  

 6.0
5

3
cos 

Z

R
  

33. (d)    

34. (a) 
Z

R
cos . In choke coil  90 so 0cos   

35. (c) 22 )( CL XXRZ   

 

2

6

2

1001010

1
1005.0100 












 
  72.189  

36. (c) ,46voltsVL  voltsVC 40 , voltsVR 8  

 E.M.F. of source voltsV 10)4046(8 22   

37. (c) Resonant frequency 
LC2

1
 does not depend on 

resistance.  

38. (b) Frequency
LC2

1
  

 So the combination which represents dimension of frequency is 

2/1)(
1  LC
LC

 

39. (c) For series R-L-C circuit, 22 )( CL XXRZ   
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 500

21000

10
9.01000)300(

2
6

2  

40. (d) 2222 )2( fLRXRZ   

= 







 501600900

4.0
502)30(

2

2


   

 ampere
Z

V
i 4

50

200
  

41. (b) Reactance LL  50
7

22
21002  

 henryL 32.0  

42. (b)   

43. (a) 



 

5

102540002

1

2

1
6C

XC   

44. (a) 
C

X C
2

1


61052

1

1000

1





 

 MHz



100

  

45. (d) A
Z

V
i 8.0

)1031000(4

4

232







 

46. (c) RX
R

X

R

X
L

LoL  145tantan   

47. (a) For purely L-circuit P = 0  

48. (a) At resonance LCR series circuit behaves as pure resistive 

circuit. For resistive circuit o0   

49. (c) VoltVVVV CLR 5)1010()5()( 2222    

50. (b) When dc is supplied  100
1

100

i

V
R  

 When ac is supplied  200
5.0

100

i

V
Z  

51. (b) 
222

cos

LR

R

Z

R






  

        
2222 )1.0()60(4)12(

12






30.0cos    

52. (c)   

53. (b)  

54. (c) Impedance  10)6()8( 2222 XRZ   

55. (c) o

R

L
805.5

12

21.0502
tan 


 


  

56. (a) If the current is wattless then power is zero. Hence phase 

difference o90   

57. (a) 
LC

f
2

1
   

C
f

1
  

58. (b) In non resonant circuits 

 impedance 
2

2

11

1













L
C

R

Z




, with rise in 

frequency Z decreases i.e. current increases so circuit behaves 
as capacitive circuit.   

59. (b) VVVV LR 6.25656)16()20( 2222    

60. (d) 
22 )2.0502()20(

220






i A33.3

66

220
  

61. (a) Impedance of LCR circuit will be minimum at resonant 

frequency so 
LC


2

1
0   

63 101.01012

1

 



 

Hz
2

105

  

62. (c) o

Z

R
60

2

1

20

10
cos     

63. (a) Current in LC circuit becomes maximum when resonance 
occurs. So 

 sec/200
5

1000

10251

11

6
rad

LC







  

64. (b, d) 

65. (a)  1046R  

   101052000 3LX L   

 





10
10502000

11
6C

XC


 

  10)( 22
CL XXRZ  

 Amplitude of current A
Z

V
i 2

10

200
0   

66. (a) A
LX

V
i

L

637.0
1502

200200






 

67. (a)  

68. (a) In LCR circuit; in the condition of resonance CL XX   i.e. 

circuit behaves as resistive circuit. In resistive circuit power 
factor is maximum. 

69. (a) 3
3

tan 
R

R

R

XL   3/60   o  

70. (b) 
0

1

2

1

C
XC


  

71. (a)  

72. (d) H
X

LLX L
L 16.0

5014.32

50

2
2 





   

73. (b, c) 

74. (c) 22 )2( LRZ   

 ohm50)105.95()50(4)40( 23222    

75. (b) 


1

2

1
 CC X

C
X   

76. (b)   
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77. (b)   

78. (c)  100
1

5022


LXL  

79. (c) 
64

0

102010514.32

1

2

1

 


LC

  

 Hz1592
28.6

10 4

0   

80. (a) F
X

C
C

X
C

C 





50

25
400

2

1

2

1

2

1




   

81. (b) 
2/122 )(

cos
LR

R

Z

R





    

82. (d)  13)1825()11()( 2222
CL XXRZ  

 Current Ai 20
13

260
  

83. (c) A
X

V
i

L

455.0
7.06014.32

120



  

84. (c) 
22222 )1.0()50(25

5
cos









LR

R

Z

R


  

 4/
2

1

2525

5
 


  

85. (b) 
2

2

cos
Z

RV

Z

R

Z

V
VViP 
















 

)( 222

2

LR

RV


  

86. (a)  

87. (c) oL

R

L

R

X
451

200

1
2

200
2

2
tan 



 



  

88. (a) 22 )( CLR VVVV   V50)3060()40( 22   

89. (a) 

90. (c) 
LC


2

1
0   

If C changes to 2C then for keeping 
0

 constant L must change 

to L/2. 

91. (d)  Net voltage across LC combination CL VV  = 0 V 

92. (d) Impedance 2222 4 LRZ   

)04.0()50()14.3(4)12( 222  = 17.37 A 

Now current 
Z

V
i   7.12

37.17

220
 

93. (d) At resonant frequency current in series LCR circuit is 
maximum. 

94. (c)  

95. (b)   

96. (a) 
R

XX LC 
tan   

R

fL
fCo




2
2

1

45tan



   

 
)2(2

1

RfLf
C





 

97. (d) 

98. (b)  Resonance frequency 

sec/2500

1020108

11

63
rad

LC







  

Resonance current = A
R

V
5

44

220
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Critical Thinking Questions 
 

1. (a) For dc,  100
1

100

i

V
R  

 For ac,  200
5.0

100

i

V
Z  

 22 )( LRZ   2222 )50(4)100(200 L  

  HL 55.0  

2. (c) 
Z

RiE
iEP rmsrms 

22
cos 00  

  
Z

R

Z

EE


22

00

2

2
0

2Z

RE
P   

 Given RX L   so, RZ 2
R

E
P

4

2
0  

3. (a) Current through the bulb A
V

P
i 6

10

60
  

  

   

 

 

 

 22
LR VVV   

 222 )10()100( LV VoltVL 5.99  

 Also )2( LiiXV LL   

 L 5014.3265.99 HL 052.0  

4. (c) 222 )( CLR VVVV   

 Since CL VV   hence VVV R 200  

5. (c) 222 )( CLR VVVV   VVVR 220  

 Also Ai 2.2
100

220
  

6. (a) When a bulb and a capacitor are connected in series to an ac 

source, then on increasing the frequency the current in the 

circuit is increased, because the impedance of the circuit is 

decreased. So the bulb will give more intense light.  

7. (d) The instantaneous values of emf and current in inductive 

circuit are given by tEE sin0 and 











2
sin0


tii respectively.  

So, 









2
sinsin 00


 titEEiPinst  











2
sincos

2
cossinsin00





 tttiE  

ttiE  cossin00  

tiE 2sin
2

1
00   )cossin22(sin ttt    

Hence, angular frequency of instantaneous power is 2 . 

8. (b) tttV  200sin50100cos100sin250   

 VoltsV 500   and Hz100  

9. (b) In RC series circuit voltage across the capacitor leads the 

voltage across the resistance by 
2


  

10. (d) The voltage LV  and CV  are equal and opposite so voltmeter 

reading will be zero. 

Also  25,30 CL XXR  

 So  A
R

V

XXR

V
i

CL

8
30

240

)( 22




  

11. (d) ttV  100cos100sin120 tV 200sin60  

 VV 60max  and Hz100  

12. (d) ;)()( 22
CL XXRZ   

   101052000,10 3LXR L   

 





10..10
10502000

11
6

Zei
C

XC


 

 Maximum current A
Z

V
i 2

10

200
0   

 Hence Airms 4.1
2

2
   

 and  41.14rmsV 5.64 V  

13. (a) Capacitance of wire 

  FFC 8.2108.220010014.0 66    

For impedance of the circuit to be minimum CL XX    

C
L




2

1
2   


623222 108.2)105()14.3(4

1

4

1



C

L


 

mHH 35.01035.0 3    

14. (c) 
2

4)4(
4

2

4

2

4

2

2

2 










dtt

dt

dtt

dt

dti
i   12

2
2

4

2
2

4

2

2













 t

t
 

i 

10 V VL i 

100V, 50Hz 

L 
60W, 10V 
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 Aiirms 32122   

15. (b) 1. rms value =
2

0x
 

 2. 
22

x
 value2sin

2
cossin 00

0  rmst
x

ttx   

 3. 

2

0

2

0
00

22
  valuecossin































xx
rmstxtx   

 0
2
0 xx   

16. (c) Given ,5 CL XX  this is the condition of resonance. So 

,CL VV  so net voltage across L and C combination will be 

zero.    

17. (a) At angular frequency , the current in RC circuit is given by  

 
2

2 1












C
R

V
i rms
rms



   ......(i) 

 Also 

22

2
2

2

9

3

1

2

C
R

V

C

R

Vi rmsrmsrms





























      ......(ii) 

 From equation (i) and (ii) we get  

 
5

3

1

5
3

22

2 
R

C

C
R 


 

5

3


R

XC  

18. (d) 
R

X

R

X

R

X

R

X CLoCL  60tantan  

 RXX CL 3  

 i.e. RXXRZ CL  22 )(  

 So average power 
100

2002002 


R

V
P = 400 W 

19. (b)  15
16

240
2
rmsi

P
R  

  25
4

100

i

V
Z  

 Now  20)15()25( 2222 RZX L  

 HzLL



5

1

502

20
202 


  

20. (b) 2/, RXRX CL   

 
2

12tan 







R

R
R

R

XX CL  

 )2/1(tan 1  

 Also R
R

RXXRZ CL
2

5

4
)(

2
222   

21. (d) At resonance net voltage across L and C is zero.   

22. (c) ,3
30

90
AiL     AiC 5.4

20

90
  

 Net current through circuit Aiii LC 5.1  

  60
5.1

90

i

V
Z  

23. (c) 
5

1 2

0

2 T
dti

T
i

T

rms     

24. (a) Yes, in AC if branch AB has R, BC has a capacitor C, and BD 

has a pure inductance L  

 

 

 

 

 

 

25. (d) Current will be maximum in the condition of resonance so 

A
V

R

V
i

10
max   

Energy stored in the coil 2
max

2

1
LiWL 

2

102

1










E
L  














 

100
10

2

1 2
3 E

jouleE 2510
2

1   

 Energy stored in the capacitor  

jouleEECEWC
26262 10102

2

1

2

1    

 
5

1


L

C

W

W
 

Graphical Questions 

1. (c) 

2

2

2

1
2 










fC
fLRZ


  

From above equation at f = 0  z  

When 
LC

f
2

1
  (resonant frequency) RZ   

For 
LC

f
2

1
Z starts increasing. 

i.e., for frequency 0 – f
r

, Z decreases 

and for f
r

 to , Z increases. This is justified by graph c.   

15 A 

5 A 

10 A B 
A 

C 

D 
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2. (b) At t = 0, phase of the voltage is zero, while phase of the 

current is 
2


  i.e., voltage leads by 

2


  

3. (c) At LC XXA :  

 At LC XXB :  

 At LC XXC :  

4. (c) I
L

 lags behind I
R

 by a phase of 
2


, while I

C 

leads by a phase of 

2


. 

5. (d) As explained in solution (1) for frequency ,0 rf  Z decreases 

hence ),/( ZVi   increases and for frequency ,rf  Z 

increases hence i decrees.     

6. (a) Vdt
T

V
T

rms 1010
1

0

2    

7. (b) For capacitive circuits 
C

X C


1
  

 CV
X

V
i

C

  i  

8. (c) 






2/

0

2/

0
T

T

av

dt

dti
I

2/

)sin(
2/

0
0

T

dttI
T





 

2/

0

0 cos2
T

t

T

I















































o

T

T

I 0cos2
cos

2 0  

]0coscos[
2 0 o

T

I
 

 
00 2

]11[
2

2 II
  

9. (b) (1) For time interval 0 < t < T/2  

,ktI   where k is the slope  

For inductor as we know, induced voltage 
dt

di
LV   

 KLV  1  

 (2) For time interval Tt
T


2

 

 KtI  KLV  2  

10. (a) As the current i leads the voltage by ,
4


 it is an RC circuit, hence 

R

X Ctan  
CR

 1

4
tan   

  1CR  as  = 100 rad/sec 

  
1

100

1  secCR . 

 From all the given options only option (a) is correct. 

11. (b) From the graph shown below. It is clear that phase lead of N 

over M is 
2


 . Since time period (i.e. taken to complete one 

cycle) = 0.4 sec. 

 Hence frequency Hz
T

5.2
1
  

  

  

 

  

12. (d) In purely inductive circuit voltage leads the current by 90o.  

13. (c) fLX L 2   fX L 
fXL

11
  

i.e., graph between 
LX

1
and f will be a hyperbola.  

14. (c) From phasor diagram it is clear that current is lagging with 
respect to E

rms

. This may be happen in LCR or LR circuit.    

15. (c) At resonance CL XX   

16. (b) For anti-resonant circuit current is minimum at resonant 
frequency and at frequencies other than resonant frequency 
current rises with frequency. 

17. (c) We have 
fC

X C
2

1


 and fLX L 2  

18. (d) Reactance 
fC

fLXXX CL



2

1
2    

19. (b) 
f

Xei
fCC

X CC

1
..

2

11



 

 
Assertion and Reason 

 

1. (a) At resonant frequency, CL XX    RZ   (minimum) 

there for current in the circuit is maximum.  

2. (c) When ac flows through an inductor current lags behind the 

emf., by phase of /2, inductive reactance, 

,.2. LfLXL    so when frequency increases 

correspondingly inductive reactance also increases.  

3. (a) The capacitive reactance of capacitor is given by  

CfC
XC

 2

11
  

So this is infinite for dc (f = 0) and has a very small value for 

ac. Therefore a capacitor blocks dc.  

4. (b)  The phase angle for the LCR circuit is given by  

R

CL

R

XX CL 


/1
tan





  

/2 

M N 
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Where X
L

, X
C

 are inductive reactance and capacitive reactance 

respectively when X
L

 > X
C

 then tan is positive i.e.  is positive 

(between 0 and /2). Hence  emf leads the current.  

5. (a)  If resistor is used in controlling ac supply, electrical energy will 

be wasted in the form of heat energy across the resistance 

wire. However, ac supply can be controlled with choke without 

any wastage of energy. This is because, power factor (cos) for 

resistance is unity and is zero for an inductance. [P = EI cos]. 

6. (a)  When frequency of alternating current is increased, the 

effective resistance of the inductive coil increases. Current 

)2( fLLXL    in the circuit containing inductor is given 

by 
fL

V

X

V
I

L 2
 . As inductive resistance of the inductor 

increases, current in the circuit decreases. 

7. (e)  On introducing soft iron core, the bulb will glow dimmer. This 

is because on introducing soft iron core in the solenoid, its 

inductance L increases, the inductive reactance, LXL   

increases and hence the current through the bulb decreases.  

8. (b)  Like direct current, an alternating current also produces 

magnetic field. But the magnitude and direction of the field 

goes on changing continuously with time.  

9. (c)  Both ac and dc produce heat, which is proportional to square 

of the current. The reversal of direction of current in ac is 

immaterial so far as production of heat is concerned.  

10. (a)  The effect of ac on the body depends largely on the frequency. 

Low frequency currents of 50 to 60 Hz (cycles/sec), which are 

commonly used, are usually more dangerous than high 

frequency currents and are 3 to 5 times more dangerous than 

dc of same voltage and amperage (current). The usual 

frequency of 50 cps (or 60 cps) is extremely dangerous as it 

corresponds to the fibrillation frequency of the myocardium. 

This results in ventricular fibrillation and instant death.  

11. (b)  The mean average value of alternating current (or emf) during 

a half, cycle is given by 0636.0 IIm   (or )636.0 0EEm   

During the next half cycle, the mean value of ac will be equal in 

magnitude but opposite in direction.  

For this reason the average value of ac over a complete cycle is 

always zero. So the average value is always defined over a half 

cycle of ac.  

12. (d)  An ac ammeter is constructed on the basics of heating effect of the 

electric current. Since heat produced varies as square of current 

)( 2RIH  . Therefore the division marked on the scale of ac 

ammeter are not equally spaced.  

13. (d)  The power of a ac circuit is given by cosEIP   

where cos is power factor and  is phase angle. In case of 

circuit containing resistance only, phase angle is zero and 

power factor is equal to one. Therefore power is maximum in 

case of circuit containing resistor only. 

14. (a)  Capacitive reactance .
1

C
XC


  When capacitance (C) 

increases, the capacitive reactance decreases. Due to decrease in 

its values, the current in the circuit will increases 


















22
CXR

E
I  and hence brightness of source (or electric 

lamp) will also increases.  

15. (b)  As both the inductance and resistance are joined in series, 

hence current through both 

will be same. But in case of 

resistance, both the current 

and potential vary 

simultaneously, hence they 

are in same phase.  In case of 

an inductance when current 

is zero, potential difference 

across it is maximum and when current reaches maximum (at 

 t = /2), potential difference across it becomes zero i.e. 

potential difference leads the current by /2 or current lags 

behind the potential difference by /2, Phase angle in case of 

LR circuit is given as 







 

R

L
 1tan . 

16. (b)  We can use a capacitor of suitable capacitance as a chock coil, 

because average power consumed per cycle in an ideal 

capacitor is zero. Therefore, like a choke coil, a condenser can 

reduce ac without power dissipation. 

VL 

VR 

I 

V 
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1. A bulb and a capacitor are in series with an ac source. On increasing 
frequency how will glow of the bulb change 

 (a) The glow decreases  (b) The glow increases 

 (c) The glow remain the same (d) The bulb quenches 

2. The r.m.s. current in an ac circuit is 2 A. If the wattless current be 

A3 , what is the power factor 

 (a) 
3

1
 (b) 

2

1
 

 (c) 
2

1
 (d) 

3

1
 

3. F


5.2
 capacitor and 3000-ohm resistance are joined in series to 

an ac source of 200 volt and 150 sec  frequency. The power factor 
of the circuit and the power dissipated in it will respectively  

 (a) 0.6, 0.06 W (b) 0.06, 0.6 W 

 (c) 0.6, 4.8 W (d) 4.8, 0.6 W 

4. The self inductance of a choke coil is 10 mH. When it is connected 
with a 10V dc source, then the loss of power is 20 watt. When it is 
connected with 10 volt ac source loss of power is 10 watt. The 
frequency of ac source will be 

 (a) 50 Hz (b) 60 Hz 

 (c) 80 Hz (d) 100 Hz 

5. In an LCR circuit 100R  ohm. When capacitance C is removed, 

the current lags behind the voltage by 3/ . When inductance L is 

removed, the current leads the voltage by 3/ . The impedance of 
the circuit is 

 (a) 50 ohm (b) 100 ohm 

 (c) 200 ohm (d) 400 ohm 

6. A group of electric lamps having a total power rating of 1000 watt is 

supplied by an ac voltage )60310sin(200  tE . Then the 

r.m.s. value o the circuit current is 

 (a) 10 A (b) A210  

 (c) 20 A (d) A220  

7. Following figure shows an ac generator connected to a "block box" 
through a pair of terminals. The box contains possible R, L, C or 
their combination, whose elements and arrangements are not known 
to us. Measurements outside the box reveals that  

e = 75 sin (sin  t) volt, i = 1.5 sin ( t + 45o) amp then, the wrong 
statement is  

(a) There must be a 
capacitor in the box  

(b) There must be an 
inductor in the box 

(c) There must be a resistance in the box 

(d) The power factor is 0.707 

8. A resistor R, an inductor L and a capacitor C are connected in series 

to an oscillator of frequency n. if the resonant frequency is rn , then 

the current lags behind voltage, when 

 (a) 0n  (b) rnn   

 (c) rnn   (d) rnn   

9. If power factor is 1/2 in a series RL circuit  100R . ac mains is 

used then L is 

 (a) 


3
Henry (b)  Henry 

 (c) 
3


Henry (d) None of these 

10. What will be the self inductance of a coil, to be connected in a series 

with a  resistance of 3  such that the phase difference 

between the emf and the current at 50 Hz frequency is 30°  

 (a) 0.5 Henry (b) 0.03 Henry 

 (c) 0.05 Henry (d) 0.01 Henry 

11. The phase difference between the voltage and the current in an ac 

circuit is 4/ . If the frequency is 50 Hz then this phase difference 
will be equivalent to a time of 

 (a) 0.02 s (b) 0.25 s 

 (c) 2.5 ms (d) 25 ms 

12. The instantaneous values of current and emf in an ac circuit are 

tI 314sin2/1 amp and VtE )6/314sin(2    

respectively. The phase difference between E and I will be 

 (a) 6/ rad (b) 3/ rad 

 (c) 6/ rad (d) 3/ rad  

13. If A and B are identical bulbs which bulbs glows brighter 

(a) A 

(b) B  

(c) Both equally bright  

(d) Cannot say 

14. The instantaneous values of current and voltage in an ac circuit are 

ampti 314sin100  and Vte )3/314(sin200   

respectively. If the resistance is 1 then the reactance of the circuit 
will be 

(a)  3200  (b) 3  

(c)  3/200  (d) 3100  

15. What is the r.m.s. value of an alternating current which when passed 
through a resistor produces heat which is thrice of that produced by 
a direct current of 2 amperes in the same resistor  

(a) 6 amp (b) 2 amp  

(c) 3.46 amp (d) 0.66 amp 
 

 
 
 
 
 
 

(SET -24) 

 

? 

A
 

B
 

100 mH
 

10 pF
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1. (b)  This is because, when frequency  is increased, the capacitive 

reactance 
C

XC
2

1
  decreases and hence the current 

through the bulb increases. 

2. (c) sinrmsWL ii     sin23    
2

3
sin    

 o60  so p.f. 
2

1
60coscos  o . 

3. (c) 
2

6

2

2

2

10
5.2

502

1
)3000(

2

1


























C
RZ  

  322 105)4000()3000(Z  

So power factor 6.0
105

3000
cos

3





Z

R
  and power 

Z

V
iVP rms
rmsrms




cos
cos

2

  WP 8.4
105

6.0)200(
3

2





  

4. (c) With dc : 
R

V
P

2

    5
20

)10( 2

R ;    

With ac : 
2

2

Z

RV
P rms   2

2
2 50

10

5)10(



Z  

Also 22222 4 LRZ    

 23222 )1010()14.3(4)5(50     .80 Hz  

5. (b) When C is removed circuit becomes RL circuit hence 

R

X L
3

tan


    .....(i) 

When L is removed circuit becomes RC circuit hence  

R

X C
3

tan


   .....(ii) 

From equation (i) and (ii) we obtain X
L

 = X
C

. This is the condition of 

resonance and in resonance Z = R = 100. 

 
 
 
 
 
 
 
 
 

6. (b) cos
2

1
00iVP    oi 60cos200

2

1
1000 0  

 Ai 200    .210
2

20

2

0 A
i

irms   

7. (b) Since voltage is lagging behind the current, so there must be 

no inductor in the box.  

8. (d)  The current will lag behind the voltage when reactance of 

inductance is more than the reactance of condenser. Thus, 

C
L




1
   or 

LC

1
  

or 
LC

n
2

1
   or rnn  where n

r

 = resonant frequency.  

9. (a) 
2

1
cos   o60  

R

Lo 
60tan   HL



3
  

10. (d) 
R

L

R

XL 


2
tan   

3

502
30tan



 Lo 
 = 0.01 H.  

11. (c) Time difference 
42

)50/1(

2









T
sms -5.2

400

1
  

12. (a) Phase difference relative to the current 

6
)314()

6
314(


  tt  

13. (a)  (X
C

) >> (X
L

)  

14. (b) V
0

 = i
0

Z  200 = 100 Z  Z = 2 

Also 222
LXRZ   222 )1()2( LX    3LX  

15. (c) Heat produced by ac = 3  Heat produced by dc 

 RtiRtirms
22 3   22 23rmsl   

 Airms 46.332   

*** 



Electron,Photon,PhotoelectricEffectandX-Rays1

ElectricDischargeThroughGases

Atnormalatmospheric pressure,the gases are poor

conductorofelectricity.Ifweestablishapotentialdifference(of

theorderof30kV)betweentwoelectrodesplacedinairata

distanceoffewcm from eachother,electricconductionstarts

intheform ofsparks.

The discharge of electricity through gases can be

systematicallystudiedwiththehelpofdischargetubeshown

below

As the pressure inside the discharge tube is gradually

reduced,thefollowingisthesequenceofphenomenonthatare

observed.

(1)Atnormalpressurenodischargetakesplace.

(2)Atthepressure10mm ofHg,azig-zagthinredspark

runsfrom oneelectrodetootherandcrackingsoundisheard.

(3)Atthepressure4mm.ofHg,anilluminationisobserved

attheelectrodesandtherestofthetubeappearsdark.This

typeofdischargeiscalleddarkdischarge.

(4)Whenthepressurefallsbelow 4mm ofHgthenthe

wholetubeisfilledwithbrightlightcalledpositivecolumnand

colouroflightdependsuponthenatureofgasinthetubeas

showninthefollowingtable.

Table25.1:Colourfordifferentgases

Gas Air H2 N2 Cl2 CO2 Neon

Colour Purple

red

Blue Red Green Bluish

white

Dark

red

(5)Atapressureof1.65mm ofHg:

Skycolourlightisproducedatthecathodeitiscalledas

negativeglow.Positivecolumnshrinkstowardstheanodeand

thedarkspacebetweenpositivecolumnandnegativeglow is

calledFaradaysdarkspace(FDS).

(6)Atapressureof0.8mm Hg:Atthispressure,negative

glow isdetachedfrom thecathodeandmovestowardsthe

anode.Thedarkspacecreatedbetweencathodeandnegative

glowiscalledasCrook'sdarkspace.Lengthofpositivecolumn

furtherreduced.Aglowappearatcathodecalledcathodeglow.

(7)Atapressureof0.05mm ofHg:Thepositivecolumn

splitsintodarkandbrightdiscoflightcalledstriations.

(8)Atthepressureof0.01or10–2mm ofHgsomeinvisible

– +

Negativeglow Positivecolumn

C.D.S. F.D.S.Cathodeglow

Fig.25.4

Streamers– +

Fig.25.2

– +

Negativeglow

F.D.S.

Positivecolumn

Fig.25.3

Lengthoftube

30to40cm

Diameter4cm

– +

High
potential

difference

Vacuum pump
Manometer

Gas

Fig.25.1

Electron,Photon,PhotoelectricEffectandX-rays
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2Electron,Photon,PhotoelectricEffectandX-Rays

particlesmovefrom cathodewhichonstrikingwiththeglass

tubeontheoppositesideofcathodecausethetubetoglow.

Theseinvisibleraysemergingfrom cathodearecalledcathode

rays.

(9)Finallywhenpressuredropstonearly10–4 mm ofHg,

thereisnodischargeintube.

CathodeRays

(1)Cathoderays,discoveredbySirWilliam Crooke

(2)Theyarestreamsoffastmovingelectrons.

(3)They can be produced by using a discharge tube

containinggasatalowpressureoftheorderof10–2mm ofHg.

(4)Thecathoderaysinthedischargetubearetheelectrons

producedduetoionisationofgasandthatemittedbycathode

duetocollisionofpositiveions.

(5)Cathoderaystravelinstraightlines.

(6)Cathoderaysareemittednormallyfrom thecathode

surface.Theirdirectionisindependentofthepositionofthe

anode.

(7)Cathoderaysexertmechanicalforceontheobjectsthey

strike.

(8)Cathoderaysproduceheatwhentheystrikesametal

surface.

(9)Cathoderaysproducefluorescence.

(10)Whencathoderaysstrikeasolidobject,speciallya

metalofhighatomicweightandhighmeltingpointX-raysare

emittedfrom theobjects.

(11)Cathoderaysaredeflectedbyanelectricfieldandalso

byamagneticfield.

(12)Cathoderaysionisethegasesthroughwhichtheyare

passed.

(13)Cathoderayscanpenetratethroughthinfoilsofmetal.

(14)Cathoderaysarefoundtohavevelocityranging

to ofvelocityoflight.

J.J.Thomson'sExperiment

(1)It'sworkingisbasedonthefactthatifabeam of

electron issubjected to thecrossed electricfield and

magneticfield ,itexperiencesaforceduetoeachfield.In

casetheforcesontheelectronsintheelectronbeam dueto

these fields are equaland opposite,the beam remains

undeflected.

(2)Whennofieldisapplied,theelectronbeam produces

illuminationsatpointP.

(3)Inthepresenceofanyfield(electricandmagnetic)

electronbeam deflectedupordown(illuminationat or )

(4)Ifboth the fields are applied simultaneously and

adjusted such thatelectron beam passes undeflected and

producesilluminationatpointP.

Inthiscase;Electricforce=Magneticforce eE=evB

 v=velocityofelectron

(5)Aselectronbeam acceleratedfrom cathodetoanodeits

lossinpotentialenergyappearsasgainintheK.E.attheanode.

IfsupposeVisthepotentialdifferencebetweencathodeand

anodethen,lossinpotentialenergy=eV

AndgaininkineticenergyatanodewillbeK.E.

i.e.  

Thomsonfound,

Ifoneincludestherelativisticvariationofmasswithspeed

,then specific charge ofan electron

decreaseswiththeincreaseinitsvelocity.

(6)Thedeflectionofanelectroninapurelyelectricfieldis

givenby ;wherel=Lengthofeachplate,y=

deflection ofelectron in the field region,v= speed ofthe

electron.

MillikansOilDropExperiment

(1)Millikanperformedthepioneeringoildropexperiment

fortheprecisemeasurementofthechargeontheelectron.

(2)Byapplying suitableelectricfield acrosstwo metal

plates,thechargedoildropletscouldbecausedtoriseorfallor

evenheld stationaryinthefieldofview forsufficientlylong

time.Hefoundthatthechargeonanoildropletwasalwaysan

integralmultipleofanelementarycharge1.60210–19C.

(3)Inthisexperimentchargeonthedropisgivenby
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where=Coefficientofviscosityofair,v1 =Terminal

velocityofdropwhennoelectricfieldisappliedbetweenthe

plates,v2 = Terminalvelocityofdrop when electricfield is

appliedbetweentheplates.

V = Potentialdifference between the plates,d =

Separationbetweenplates,=densityofoil,=Densityofair.

PositiveRays

Whenpotentialdifferenceisappliedacrosstheelectrodes

ofadischargetube(10–3mm ofHg),electronsareemittedfrom

theperforatedcathode.Astheymovetowardsanode,theygain

energy.Theseenergeticelectronswhencollidewiththeatoms

ofthegasinthedischargetube,theyionizetheatoms.The

positiveionssoformedatvariousplacesbetweencathodeand

anode,traveltowardsthecathode.Sinceduringtheirmotion,

thepositiveionswhenreachthecathode,somepassthrough

theholesinthecathodeandafaintluminousglow comesout

from eachholeonthebacksideofthecathode.Itiscalled

positiverays,whicharecomingoutfrom theholes.

(1)Positiveraysarepositiveionshavingsamemassifthe

experimentalgasdoesnothaveisotopes.Howeverifthegas

hasisotopesthenpositiveraysaregroupofpositiveionshaving

differentmasses.

(2)Theytravelinstraightlinesandcastshadowsofobjects

placedintheirpath.Butthespeedofthepositiveraysismuch

smallerthanthatofcathoderays.

(3)Theyaredeflectedbyelectricandmagneticfieldsbut

thedeflectionsaresmallascomparedtothatforcathoderays.

(4)Theyshow aspectrum ofvelocities.Differentpositive

ionsmovewithdifferentvelocities.Beingheavy,theirvelocityis

muchlessthanthatofcathoderays.

(5)q/m ratiooftheseraysdependsonthenatureofthe
gasin thetube(whilein caseofthecathoderaysq/m is
constantanddoesn'tdependonthenatureofgasinthetube).
q/m forhydrogenismaximum.

(6)Theycarryenergyandmomentum.Thekineticenergyof
positiveraysismorethanthatofcathoderays.

(7)Thevalueofchargeon positiveraysisan integral
multipleofelectroniccharge.

(8)Theycauseionisation(whichismuchmorethanthat
producedbycathoderays).

Thomson'sMassSpectrograph

Itisusedtomeasureatomicmassesofvariousisotopesin

gas.Thisisdonebymeasuringq/m ofsinglyionisedpositive

ionofthegas.

(1)Thepositiveionsareproducedinthebulbattheleft
handside.Theseionsareacceleratedtowardscathode.Some
ofthepositiveionspassthroughthefineholeinthecathode.
ThisfinerayofpositiveionsissubjectedtoelectricfieldEand
magneticfieldBandthenallowedtostrikeafluorescentscreen

( but or ).

(2)Iftheinitialmotionoftheionsisin directionand
electricandmagneticfieldsareappliedalong axisthen

forceduetoelectricfieldisinthedirectionofy-axisanddueto
magneticfielditisalongz-direction.

The deflection due to electric field alone

.....(i)

The deflection due to magnetic field alone

.....(ii)

From equation(i)and(ii),

where ;Thisistheequation ofparabola.It

meansallthechargedparticlesmovingwithdifferentvelocities
butofsameq/m valuewillstrikethescreenplacedinyzplane
onaparabolictrackasshownintheabovefigure.

(3)Allthepositiveionsofsame.q/m movingwithdifferent

velocitylieonthesameparabola.Higheristhevelocityloweris

thevalueofyandz.Theionsofdifferentspecificchargewilllie

ondifferentparabola.

(4)Thenumberofparabolatellsthenumberofisotopes
presentinthegivenionicbeam.

BainbridgeMassSpectrograph
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InBainbridgemassspectrograph,fieldparticlesofsame

velocityareselectedbyusingavelocityselectorandthenthey

aresubjectedtoauniform magneticfieldperpendiculartothe

velocityoftheparticles.Theparticlescorrespondingtodifferent

isotopesfollowdifferentcircularpathsasshowninthefigure.

(1)Velocityselector:Thepositiveionshavingacertain

velocityvgetsisolatedfrom allothervelocityparticles.Inthis

chambertheelectricandmagneticfieldsaresobalancedthat

theparticlemovesundeflected.Forthisthenecessarycondition

is andE,Bandvshouldbemutuallyperpendicularto

eachother.

(2)Analysingchamber:InthischambermagneticfieldBis

appliedperpendiculartothedirectionofmotionoftheparticle.

Asaresulttheparticlesmovealongacircularpathofradius

also

Inthiswaytheparticlesofdifferentmassesgetsdeflectedon

circlesofdifferentradiiandreachondifferentpointsonthephoto

plate.

Separationbetweentwotraces

.

MatterWaves(de-BroglieWaves)

According to de-Broglie a moving material particle
sometimesactsasawaveandsometimesasaparticle.

Thewaveassociatedwithmovingparticleiscalledmatter
waveorde-Brogliewaveanditpropagatesintheform ofwave
packetswithgroupvelocity.

(1)de-Brogliewavelength:Accordingtode-Broglietheory,
thewavelengthofde-Brogliewaveisgivenby

Whereh=Plank'sconstant,m =Massoftheparticle,v=

Speedoftheparticle,E=Energyoftheparticle.

Thesmallestwavelengthwhosemeasurementispossible

isthatof -rays.

The wavelength ofmatterwaves associated with the

microscopic particles like electron,proton,neutron,-

particleetc.isoftheorderof m.

(2)de-Broglie wavelength associated with the charged

particles:Theenergyofachargedparticleacceleratedthrough

potentialdifferenceVis

Hencede-Brogliewavelength

Å, Å,

Å, Å

(3) de-Broglie wavelength associated with uncharged

particles:ForNeutronde-Brogliewavelengthisgivenas

Energyofthermalneutronsatordinarytemperature

; where T = Absolute

temperature,k=Boltzman'sconstant= Joule/kelvin,

So,

(4)Ratio ofwavelength ofphoton and electron :The

wavelengthofaphotonofenergyEisgivenby

WhilethewavelengthofanelectronofkineticenergyKis

givenby .Therefore,forthesameenergy,

theratio

CharacteristicsofMatterWaves

(1)Matterwave representsthe probabilityoffinding a
particleinspace.

(2)Matterwavesarenotelectromagneticinnature.

(3)de-Brogileormatterwaveisindependentofthecharge
onthematerialparticle.Itmeans,matterwaveofde-Broglie
waveisassociatedwitheverymovingparticle(whethercharged
oruncharged).

(4)Practicalobservationofmatterwavesispossibleonly

whenthede-Brogliewavelengthisoftheorderofthesizeofthe

particles.

(5)Electronmicroscopeworksonthebasisofde-Broglie

waves.

(6)Thephasevelocityofthematterwavescanbegreater

thanthespeedofthelight.

(7)Matterwavescanpropagateinvacuum,hencetheyare

notmechanicalwaves.

(8)Thenumberofde-Brogliewavesassociatedwithnth

orbitalelectronisn.

(9)Onlythosecircularorbitsaroundthenucleusare

stable whose circumference is integralmultiple ofde-

Brogliewavelengthassociatedwiththeorbitalelectron.

DavisionandGermerExperiment

(1)Itisusedtostudythescatteringofelectronfrom asolid

ortoverifythewavenatureofelectron.Abeam ofelectrons
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emittedbyelectrongunismadetofallonnickelcrystalcut

alongcubicalaxisataparticularangle.Nicrystalbehaveslikea

threedimensionaldiffractiongratinganditdiffractstheelectron

beam obtainedfrom electrongun.

(2)Thediffractedbeam ofelectronsisreceivedbythe

detectorwhichcanbepositionedatanyanglebyrotatingit

aboutthepointofincidence.Theenergyoftheincidentbeam of

electronscanalsobevariedbychangingtheappliedvoltageto

theelectrongun.

(3)Accordingtoclassicalphysics,theintensityofscattered

beam ofelectronsatallscattering anglewillbesamebut

Davisson and Germer,found thatthe intensityofscattered

beam ofelectronswasnotthesamebutdifferentatdifferent

anglesofscattering.Itismaximum fordiffractingangle50°at

54voltpotentialdifference.

(4)Ifthede-Brogliewavesexistforelectronsthenthese

should be diffracted as X-rays.Using the Bragg's formula

,wecandeterminethewavelengthofthesewaves.

where d = distance between diffracting planes,

=glancingangleforincidentbeam =Bragg'sangle.

ThedistancebetweendiffractingplanesinNi-crystalfor

thisexperimentisd=0.91ÅandtheBragg'sangle=65o.This

givesforn=1, Å

Now thede-Brogliewavelengthcanalsobedeterminedby

usingtheformula .Thusthede-

Brogliehypothesisisverified.

(5)The Bragg's formula can be rewritten in the form

containinginteratomicdistanceDandangle



Using

  Dsin=

HeisenbergUncertaintyPrinciple

(1)Accordingto Heisenberg'suncertaintyprinciple,itis

impossibletomeasuresimultaneouslyboththepositionandthe

momentum oftheparticle.

(2)Letxandpbetheuncertaintyinthesimultaneous

measurementofthepositionandmomentum oftheparticle,

then ;where andh=6.63 10–34J-sis

thePlanck'sconstant.

Amorerigoroustreatmentgives .

(3)Ifx=0thenp=andifp=0thenx=

i.e.,ifweareabletomeasuretheexactpositionofthe

particle (say an electron) then the uncertainty in the

measurementofthelinearmomentum oftheparticleisinfinite.

Similarly,ifweareabletomeasuretheexactlinearmomentum

oftheparticlei.e.,p=0,thenwecannotmeasuretheexact

positionoftheparticleatthattime.

An electron cannot be observed without changing it's

momentum

(4)Uncertaintyprinciplesuccessfullyexplains

(i)Non-existenceofelectronsinthenucleus

(ii)Finitesizeofspectrallines.

(5)TheHeisenberguncertaintyprincipleisalsoapplicable

to energy and time, angular momentum and angular

displacement.Hence and

(6)Iftheradiusofthenucleusisrthentheprobabilityof

findingtheelectroninsidethenucleusisx=2randuncertainty

inmomentum is
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AccordingtoEienstein'squantum theorylightpropagatesin

thebundles(packetsorquanta)ofenergy,eachbundlebeing

calledaphotonandpossessingenergy.

(1)Energyofphoton:Energyofphotonisgivenby

wherec= Speed oflight,h = Plank's

constant=6.610–34 J-sec,  =FrequencyinHz,=
Wavelengthoflight.

Inelectronvolt 

(2)Massofphoton:Actuallyrestmassofthephotonis

zero.Butit'seffectivemassisgivenas

 .Thismassisalso

knownaskineticmassofthephoton

(3)Momentum ofthephoton

Momentum

(4)Numberofemittedphotons:Thenumberofphotons

emittedpersecondfrom asourceofmonochromaticradiation

ofwavelengthandpowerPisgivenas ;

whereE=energyofeachphoton

(5)Intensityoflight(I):Energycrossingperunitarea

normallypersecondiscalledintensityorenergyflux

i.e.

Atadistancerfrom apointsourceofpowerPintensityis

givenby 

(6)Numberofphotonsfallingpersecond(n):IfPisthe

powerofradiationandEistheenergyofaphotonthen

Photo-ElectricEffect

The photo-electric effectis the emission ofelectrons

(calledphoto-electronswhenlightstrikesasurface.Toescape

from thesurface,theelectronmustabsorbenoughenergyfrom

theincidentradiationtoovercometheattractionofpositiveions

inthematerialofthesurface.

Thephotoelectriceffectwasfirstobserved byHeinrich

HertzanditwasinvestigatedindetailbyWhilelm Hallwachsand

PhilippLenard.

The photoelectric effectis based on the principle of

conservationofenergy.

(1) Work function (or threshold energy) (W0) :The

minimum energyofincidentradiation,required to ejectthe

electronsfrom metallicsurfaceisdefinedasworkfunctionof

thatsurface.

0=Thresholdfrequency;

0=Thresholdwavelength

WorkfunctioninelectronvoltW0(eV)

Table25.2:Workfunctionofseveralelements

Element Workfunction

(eV)

Element Workfunction

(eV)

Platinum 6.4 Aluminum 4.3

Gold 5.1 Silver 4.3

Nickel 5.1 Sodium 2.7

Carbon 5.0 Lithium 2.5

Silicon 4.8 Potassium 2.2

Copper 4.7 Cesium 1.9

(2)Thresholdfrequency(0):Theminimum frequencyof

incidentradiationsrequiredtoejecttheelectronfrom metal

surfaceisdefinedasthresholdfrequency.

Ifincidentfrequency<0 Nophotoelectronemission

Formostmetalsthethresholdfrequencyisintheultraviolet

(correspondingtowavelengthsbetween200and300nm),but

forpotassium andcesium oxidesitisinthevisiblespectrum (

between400and700nm)

(3)Thresholdwavelength(0):Themaximum wavelength

ofincidentradiationsrequiredtoejecttheelectronsfrom a

metallicsurfaceisdefinedasthresholdwavelength.

Ifincidentwavelength>0 Nophotoelectronemission

(4)Einstein'sphotoelectricequation:AccordingtoEinstein,

photoelectriceffectistheresultofonetooneinelasticcollision

betweenphotonandelectroninwhichphotoniscompletely

absorbed

Einstein'sphotoelectricequationisE=W0+Kmax

where maximum kinetic energy of

emittedelectrons.

ExperimentalSetupforPhotoelectricEffect

(1)Twoconductingelectrodes,theanode(Q)andcathode

(P)areenclosedinanevacuatedglasstubeasshown
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(2)The batteryorothersource ofpotentialdifference
createsanelectricfieldinthedirectionfrom anodetocathode.

(3)Lightofcertainwavelengthorfrequencyfallingonthe
surfaceofcathodecausesacurrentintheexternalcircuitcalled
photoelectriccurrent.

(4)Aspotentialdifferenceincreases,photoelectriccurrent
alsoincreasestillsaturationisreached.

(5)Whenpolarityofbatteryisreversed(i.e.plateQ isat
negativepotentialw.r.t.plateP)electronsstartmovingback
towardsthecathode.

(6)AtaparticularnegativepotentialofplateQnoelectron

willreachtheplateQ andthecurrentwillbecomezero,this

negativepotentialiscalledstoppingpotentialdenotedbyV0.

Maximum kineticenergyofphotoelectronsintermsofstopping

potentialwillthereforebe

EffectofIntensityandFrequencyofLight

(1)Effectofintensity:Iftheintensityoflightisincreased

(whileit'sfrequencyiskeptthesame)thecurrentlevelsoffata

highervalue,showingthatmoreelectronsarebeingemittedper

unittime.ButthestoppingpotentialV0doesn'tchangei.e.

Intensity  no.ofincidentphoton  no.ofemitted

photoelectronpertimephotocurrent

(2)Effectoffrequency:Iffrequencyofincidentlight

increases,(keeping intensityis constant)stopping potential

increasesbuttheirisnochangeinphotoelectriccurrent

ImportantFormulaeforPhotoelectricEffect

(1) and

(2) 

(3)

(4)

(5)

(6)

ComptonEffect

(1)Thescatteringofaphotonbyanelectroniscalled

Comptoneffect.

(2)Theenergyandmomentum isconserved.

(3) Scattered photon will have less energy (more

wavelength)ascomparetoincidentphoton(lesswavelength).

(4)Theenergylostbythephotonistakenbyelectronas

kineticenergy.

(5)ThechangeinwavelengthduetoComptoneffectis

called Compton shift. Compton shift

If=0o,=0

=90o,

(calledComptonwavelength)

X-Rays

(1)X-rayswerediscoveredbyscientistRontgenthatswhy

theyarealsocalledRontgenrays.

(2) Rontgen discovered that when pressure inside a

dischargetubeiskept10–3mm ofHgandpotentialdifferenceis

kept25kV,thensomeunknownradiations(X-rays)areemitted

byanode.

(3) There are three essential requirements for the

productionofX-rays.

(i)Asourceofelectron

(ii)Anarrangementtoacceleratetheelectrons

(iii)Atargetofsuitablematerialofhighatomicweightand

highmeltingpointonwhichthesehighspeedelectronsstrike.

CoolidgeX-RayTube

(1)Itconsistsofahighlyevacuatedglasstubecontaining

cathodeandtarget(alsoknownasfilamenttypeX-raytube).

Thecathodeconsistofatungstenfilament.Thefilamentis

coatedwithoxidesofbarium orstrontium tohaveanemission

of electrons even at low temperature. The filament is

surroundedbyamolybdenum cylinderkeptatnegativepotential

w.r.t.thetarget.

(2)Thetarget(Itisamaterialofhighatomicweight,high

meltingpointandhighthermalconductivity)madeoftungsten

ormolybdenum isembeddedinacopperblock.
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(3)Thefaceofthetargetissetat45o totheincident

electronstream.

(4)Thefilamentisheatedbypassingthecurrentthroughit.

Ahighpotentialdifference(10kVto80kV)isappliedbetween

thetargetandcathodetoacceleratetheelectronswhichare

emittedbyfilament.Thestream ofhighlyenergeticelectrons

arefocussedonthetarget.

(5)Mostoftheenergyoftheelectronsisconvertedinto

heat(above98%)and onlyafraction oftheenergyofthe

electrons(about2%)isusedtoproduceX-rays.

(6)Duringtheoperationofthetube,ahugequantityofheat

isproducedinthistarget,thisheatisconductedthroughthe

copperanodetothecoolingfinsfrom whereitisdissipatedby

radiationandconvection.

(7)ControlofintensityofX-rays:Intensityimpliesthe

numberofX-ray photons produced from the target.The

intensity ofX-rays emitted is directly proportionalto the

electronsemittedpersecondfrom thefilamentandthiscanbe

increasedbyincreasingthefilamentcurrent.SointensityofX-

raysFilamentcurrent

(8)Controlofqualityorpenetration powerofX-rays:

QualityofX-raysimpliesthepenetratingpowerofX-rays,which

canbecontrolledbyvaryingthepotentialdifferencebetween

thecathodeandthetarget.

For large potentialdifference,energy of bombarding

electronswillbelargeandhencelargeristhepenetrationpower

ofX-rays.

Table25.3:TypesofX-rays

HardX-rays SoftX-rays

Morepenetrationpower Lesspenetrationpower

Morefrequencyoftheorderof

1019Hz

Lessfrequencyoftheorderof

1016Hz

Lesserwavelengthrange(0.1Å

–4Å)

Morewavelengthrange(4Å–

100Å)

PropertiesofX-Rays

(1)X-rays are electromagnetic waves with wavelength

range0.1Å–100Å.

(2)ThewavelengthofX-raysisverysmallincomparisonto

thewavelengthoflight.Hencetheycarrymuchmoreenergy

(ThisistheonlydifferencebetweenX-raysandlight)

(3)X-raysareinvisible.

(4)Theytravelinastraightlinewithspeedoflight.

(5)X-raysaremeasuredinRontgen(measureofionization

power).

(6)X-rayscarrynochargesotheyarenotdeflectedin

magneticfieldandelectricfield.

(7)

(8)Theyusedinthestudyofcrystalstructure.

(9)Theyionisegases

(10)X-raysdonotpassthroughheavymetalsandbones.

(11)Theyaffectphotographicplates.

(12)LongexposuretoX-raysisinjuriousforhumanbody.

(13)LeadisthebestabsorberofX-rays.

(14)ForX-rayphotographyofhumanbodyparts,BaSO4 is

thebestabsorber.

(15)TheyproducephotoelectriceffectandComptoneffect

(16)X-raysarenotemittedbyhydrogenatom.

(17)ThesecannotbeusedinRadarbecausetheyarenot

reflectedbythetarget.

(18)Theyshowalltheimportantpropertiesoflightrayslike;

reflection,refraction,interference,diffractionandpolarization

etc.

AbsorptionofX-Rays

X-raysareabsorbedwhentheyincidentonsubstance.

IntensityofemergentX-rays

SointensityofabsorbedX-rays

wherex=thicknessofabsorbingmedium,=absorption

coefficient

=WavelengthofX-ray)

FrequencyofX-ray)

Atomicnumberoftarget)

ClassificationofX-Rays

InX-raytube,whenhighspeedelectronsstrikesthetarget,

theypenetratethetarget.Theylosestheirkineticenergyand

comestorestinsidethemetal.Theelectronbeforefinallybeing

stoppedmakesseveralcollisionswiththeatomsinthetarget.

AteachcollisiononeofthefollowingtwotypesofX-raysmay

getformed.

(1)ContinuousX-rays

(2)CharacteristicX-rays
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ContinuousX-Rays

Asanelectronpassesclosetothepositivenucleusofatom

ofthetarget,theelectronisdeflectedfrom it'spathasshownin

figure.Thisresultsindecelerationoftheelectron.Thelossin

energyoftheelectronduringdecelerationisemittedintheform

ofX-rays.

TheX-rayphotonssoemittedform thecontinuousX-ray

spectrum.

(1)Minimum wavelength: Whentheelectronlooses
wholeofit'senergyinasinglecollisionwiththeatom,anX-ray
photonofmaximum energyhmaxisemittedi.e.

wherev=velocityofelectronbeforecollisionwithtarget
atom,V = potentialdifference through which electron is

accelerated,c=speedoflight=3108m/s

Maximum frequencyofradiations(X-rays)

Minimum wavelength=cutoffwavelengthofX-ray

(2)Intensity wavelength graph :The continuous X-ray
spectraconsistofallthewavelengthsoveragivenrange.These
wavelengthareofdifferentintensities.Followingfigureshows
the intensity variation ofdifferentwavelengths forvarious
acceleratingvoltagesappliedtoX-raytube.

Foreachvoltage,theintensitycurvestartsataparticular

minimum wavelength(min).Risesrapidlytoamaximum and

thendropsgradually.

The wavelength atwhich the intensity is maximum

dependsontheacceleratingvoltage,beingshorterforhigher

voltageandvice-versa.

CharacteristicX-Rays

Few ofthe fastmoving electrons having high velocity

penetratethesurfaceatomsofthetargetmaterialandknock

outthetightlyboundelectronsevenfrom theinnermostshells

oftheatom.Nowwhentheelectronisknockedout,avacancyis

createdatthatplace.

Tofillthisvacancyelectronsfrom highershellsjumptofill

thecreatedvacancies,weknow thatwhenanelectronjumps

from ahigherenergyorbitE1tolowerenergyorbitE2,itradiates

energy(E1 –E2).Thusthisenergydifferenceisradiatedinthe

form ofX-raysofverysmallbutdefinitewavelength which

dependsuponthetargetmaterial.TheX-rayspectrum consists

ofsharplinesandiscalledcharacteristicX-rayspectrum.

(1)K,L,M,…… series:Iftheelectronstrikingthetarget

ejectanelectronfrom theK-shelloftheatom,avacancyis

createdintheK-shell.Immediatelyanelectronfrom oneofthe

outershell,sayL-shelljumpstotheK-shell,emittinganX-ray

photonofenergyequaltotheenergydifferencebetweenthe

twoshells.Similarly,ifanelectronfrom theM-shelljumpstothe

K-shell,X-rayphotonofhigherenergyisemitted.TheX-ray

photonsemittedduetothejumpofelectronfrom theL,M,N

shellstotheK-shellsgivesK,K,KlinesoftheK-seriesofthe

spectrum.

Iftheelectronstrikingthetargetejectsanelectronfrom the

L-shellofthetargetatom,anelectronfrom theM,N…..shells

jumpstotheL-shellsothatX-raysphotonsoflesserenergyare

emitted.

Thesephotonsform theL-seriesofthespectrum.Ina

similarwaytheformationofM series,N seriesetc.maybe

explained.

(2)Intensity-wavelengthgraph:Atcertainsharplydefined

wavelengths,theintensityofX-raysisverylargeasmarkedK,

K ….as shown in figure.These X-rays are known as

characteristicX-rays.Atotherwavelengthstheintensityvaries

graduallyandtheseX-raysarecalledcontinuousX-rays.

Mosley'sLaw

Mosley studied the characteristic X-ray spectrum ofa

numberofaheavyelementsandconcludedthatthespectraof

differentelementsareverysimilarandwithincreasingatomic

+
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number, the spectral lines merely shift towards higher

frequencies.

Healsogavethefollowingrelation

where=Frequencyofemittedline,Z=Atomicnumberof

target,a=Proportionalityconstant,b=Screeningconstantor

Shieldingconstant.

(Z–b)=Effectiveatomicnumber

aandbdoesn'tdependonthenatureoftarget.Different

valuesofbareasfollows

b=1 for K-series

b=7.4 for L-series

b=19.2 for M-series

(1)Mosley'slawsupportedBohr'stheory

(2)Itexperimentallydeterminedtheatomicnumber(Z)of

elements.

(3)Thislaw established the importance ofordering of

elementsinperiodictablebyatomicnumberandnotbyatomic

weight.

(4)GapsinMoseley'sdataforA=43,61,72,75suggested

existenceofnewelementswhichwerelaterdiscovered.

(5)TheatomicnumbersofCu,AgandPtwereestablished

tobe29,47and78respectively.

(6)WhenavacancyoccursintheK-shell,thereisstillone

electronremainingintheK-shell.AnelectronintheL-shellwill

feelaneffectivechargeof(Z–1)edueto+Zefrom thenucleus

and– efrom theremainingK-shellelectron,becauseL-shell

orbitiswelloutsidetheK-shellorbit.

(7) Wave length of characteristic spectrum

and energy of X-ray radiations.

(8)Iftransitiontakesplacefrom n2=2ton1=1(K-line)

(i)

(ii)

(iii)IngeneralthewavelengthofalltheK-linesaregivenby

wheren=2,3,4,….

WhileforK line

(iv)

UsesofX-Rays

(i)Instudyofcrystalstructure:StructureofDNAwasalso

determinedusingX-raydiffraction.

(ii)Inmedicalscience

(iii)Inradiography

(iv)Inradiotherapy

(v)Inengineering

(vi)Inlaboratories

(vii)Indetectivedepartment

(viii)Inartthechangeoccurringinoldoilpaintingscanbe
examinedbyX-rays.

 Discovery of positive rays helps in discovering of
isotopes.

 Thede-BrogliewavelengthofelectronsinfirstBohrorbit
ofanatom isequaltocircumferenceoforbit.

 Aparticlehavingzerorestmassandnonzeroenergy
andmomentum musttravelswithaspeedequaltospeedof
light.

 de-Brogliewavelengthassociateswithgasmolecules

isgivenas (Energyofgasmolecules

attemperatureTis )

 A photonisnotamaterialparticle.Itisaquantaof
energy.

 Whenaparticleexhibitswavenature,itisassociated
withawavepacket,ratherthenawave.

 Bycoatingthemetalsurfacewithalayerofbarium oxideor
strontiumoxideit'sworkfunctionislowered.

 We mustrememberthatintensity ofincidentlight
radiationisinverselyproportionaltothesquareofdistance
between source oflightand photosensitive plate P i.e.,

so )

 The photoelectric currentcan be increased byfilling
someinertgaslikeArgonintothebulb.Thephotoelectrons
emittedbycathodeionisethegasbycollisionandhencethe
currentisincreased.

 Comptoneffectshowsthatphotonhavemomentum.

 Production ofX-ray is the reverse phenomenon of
photoelectriceffect.

k

k

Z

Fig.25.29
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 Thethicknessofmedium atwhichintensityofemergent

X-raysbecomeshalfi.e. iscalledhalfvaluethickness

(x1/2)anditisgivenas .

 ContinuosX-raysareproducedduetothephenomenon

called"Bremsstrahlung".Itmeansslowingdownorbraking

radiation.

 ThewavelengthofcharacteristicX-raydoesn'tdepend

onacceleratingvoltage.Itdependsontheatomicnumber(Z)

ofthetargetmaterial.

 IncharacteristicX-rayspectrum and

also

 Nearlyallmetalsemitsphotoelectronswhenexposedto

UV light.Butalkalimetalslikelithium,sodium,potassium,

rubidium and cesium emit photoelectrons even when

exposedtovisiblelight.

 Oxidecoatedfilamentinvacuum tubesisusedtoemit

electronsatrelativelylowertemperature.

 Conductionofelectricityingasesatlowpressuretakes

becausecollidingelectronsacquirehigherkineticenergydue

toincreaseinmeanfreepath.

 Kineticenergyofcathoderaysdependsonbothvoltage

andworkfunctionofcathode.

 Photoelectriceffectisduetotheparticlenatureoflight.

 Hydrogenatom doesnotemitX-raysbecauseit'senergy

levelsaretooclosetoeachother.

 TheessentialdifferencebetweenX-raysandof-raysis

that,-raysemitsfrom nucleuswhileX-raysfrom outerpart
ofatom.

 Thereisnotimedelaybetweenemissionofelectronand
incidenceofphotoni.e.theelectronsareemittedoutassoon
asthelightfallsonmetalsurface.

 Iflightwerewave(notphotons)itwilltakeaboutanyear

toejectaphotoelectronoutofthemetalsurface.

 DozeofX-rayaremeasuredintermsofproducedionsor

freeenergyviaionisaiton.

 SafedozeforhumanbodyperweekisoneRontgen(One

RontgonistheamountofX-rayswhichemits2.5104Jfree

energythroughionizationof1gm airatNTP

 Thephotoelectronsemittedfrom themetallicsurface

have differentkinetic energies even when the incident

photonshavesameenergy.Thishappensbecauseallthe

electronsdonotexistinthesurfacelayer.

Thosecomingfrom belowthesurfaceloosemoreenergy

ingettingthemselvesfree.

 Einstein was awarded Nobelprize forexplaining the

photoelectriceffect.

 Uncertainty in the measurement of momentum of

photonwithinthenucleusis

where d = diameterofthe nucleus and x = d =

uncertaintyinthemeasurementofpositionofproton.

CathodeRaysandPositiveRays

1. IntheMillikan'sexperiment,thedistancebetweentwo

horizontalplatesis2.5cm andthepotentialdifference

appliedis250V.Theelectricfieldbetweentheplateswill

be

(a)900V/m (b)10000V/m

(c)625 V/m (d)6250V/m

2. Thecathoderayshaveparticlenaturebecauseofthefact

that

[CPMT1986;MNR1986]

(a)Theycanpropagateinvacuum

(b)Theyaredeflectedbyelectricandmagneticfields

(c)Theyproducedfluorescence

(d)Theycastshadows

3. In Millikan's experimentforthe determination ofthe

chargeontheelectron,thereasonforusingtheoilis

(a)Itisalubricant (b)Itsdensityishigher

(c)Itvapouriseseasily (d)Itdoesnotvapourise

4. Themassofaparticleis400 timesthanthatofan

electron and the charge is double.The particle is

acceleratedby5V.Initiallytheparticleremainedinrest,

then its final kinetic energy will be

[MPPMT1990]

(a)5eV (b)10eV

(c)100eV (d)2000eV

5. An electron (charge = ) is accelerated

throughapotentialof100,000V.Theenergyacquiredby

theelectronis [MPPET1989]

(a) (b)

(c) (d)

6. Whiledoinghisexperiment,Millikanonedayobservedthe

followingchargesonasingledrop

(i) (ii)

(iii) (iv)

(v) (vi)

        From thisdatathevalueoftheelementarycharge(e)

was        foundtobe [MPPMT1993]
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(a) (b)

(c) (d)

7. Whenelectronbeam passesthroughanelectricfield,they

gainkineticenergy.Ifthesamebeam passesthrough

magneticfield,then

(a)Theirenergyincreases

(b)Theirmomentum increases

(c)Theirpotentialenergyincreases

(d)Energyandmomentum bothremainsunchanged

8. Which ofthe following law is used in the Millikan's

method for the determination of charge

[DPMT2002]

(a)Ampere'slaw (b)Stoke'slaw

(c)Fleming'slefthandrule (d)Fleming'srighthandrule

9. Themassoftheelectronvarieswith

(a)Thesizeofthecathoderaytube

(b)Thevariationof‘g’

(c)Velocity

(d)Sizeoftheelectron

10. Whenthespeedofelectronsincreases,thenthevalueof

itsspecificcharge [MPPMT1994]

(a)Increases

(b)Decreases

(c)Remainsunchanged

(d)Increasesupto some velocityand then beginsto

decrease

11. Anelectronisacceleratedthroughapotentialdifference

of1000volts.Itsvelocityisnearly

[MPPMT1985;Pb.PET2003]

(a) (b)

(c) (d)

12. Inanelectrongunthecontrolgridisgivenanegative

potentialrelativetocathodeinorderto [NCERT1988]

(a)Decelerateelectrons

(b)Repelelectronsandthustocontrolthenumberof

electronspassingthroughit

(c)Toselectelectronsofsamevelocityandtoconverge

them alongtheaxis

(d)Todecreasethekineticenergyofelectrons
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13. The ratio of momenta of an electron and an  particle which are 

accelerated from rest by a potential difference of 100 V is   [MNR 1994; RPET 1997] 

 (a) 1 (b) 
m

m e2
 

 (c) 
m

m e  (d) 
m

m e

2
 

14. When subjected to a transverse electric field, cathode rays move    [MP PET 1994] 

 (a) Down the potential gradient 

 (b) Up the potential gradient 

 (c) Along a hyperbolic path 

 (d) Along a circular path 

15. The fact that electric charges are integral multiples of the 
fundamental electronic charge was proved experimentally by    [MP PET 1994] 

 (a) Planck (b) J.J. Thomson 

 (c) Einstein (d) Millikan 

16. In Millikan oil drop experiment, a charged drop of mass 

kg14108.1  is stationary between its plates. The distance 

between its plates is 0.90 cm and potential difference is 2.0 kilo 

volts. The number of electrons on the drop is 

[MP PMT 1994, 2003; MP PET 1997] 

 (a) 500 (b) 50 

 (c) 5 (d) 0  

17. The charge on electron was discovered by  

[BHU 1995; RPMT 1999; DCE 2004] 

 (a) J.J. Thomson (b) Neil Bohr 

 (c) Millikan (d) Chadwick 

18. From the following, what charges can be present on oil drops in 

Millikan's experiment   [MP PET 1995] 

 (a) Zero, equal to the magnitude of charge on  particle 

 (b) ,106.1,2 18 Ce    

 (c) eC 5.2,106.1 19  

 (d) ee,5.1  

 (Here e is the electronic charge) 

19. A narrow electron beam passes undeviated through an electric field 

mvoltE /103 4 and an overlapping magnetic field 

23 /102 mWeberB  . If electric field and magnetic field are 

mutually perpendicular. The speed of the electrons is   [MP PET 1995] 

 (a) 60 m/s (b) sm /103.10 7  

 (c) sm /105.1 7  (d) sm /1067.0 7  

20. In Thomson's method of determining e/m of electrons 

[MP PMT 1997] 

          (a) Electric and magnetic fields are parallel to electrons beam  

 (b) Electric and magnetic fields are perpendicular to each other 

and perpendicular to electrons beam 

 (c) Magnetic field is parallel to the electrons beam 

 (d) Electric field is parallel to the electrons beam 

21. Cathode rays enter into a uniform magnetic field perpendicular to 

the direction of the field. In the magnetic field their path will be    [MP PMT/PET 1998] 

 (a) Straight line (b) Circle 

 (c) Parabolic (d) Ellipse 

22. The specific charge of an electron is  [MP PMT/PET 1998; 

 J&K CET 2004; Pb. PET 2002; MH CET 1999] 

 (a) coulomb19106.1   

 (b) coulombstat10108.4   

 (c) kgcoulomb /1076.1 11  

 (d) kgcoulomb /1076.1 11  

23. An electron is moving with constant velocity along x axis. If a 

uniform electric field is applied along y axis, then its path in the 

yx   plane will be  [MP PMT 1999] 

 (a) A straight line (b) A circle 

 (c) A parabola (d) An ellipse 

24. Cathode rays are similar to visible light rays in that 

[SCRA 1994] 

 (a) They both can be deflected by electric and magnetic fields 

 (b) They both have a definite magnitude of wavelength 

 (c) They both can ionise a gas through which they pass 

 (d) They both can expose a photographic plate 

25. Which one of the following devices makes use of the electrons to 

strike certain substances to produce fluorescence  

[SCRA 1994] 

 (a) Thermionic valve (b) Photoelectric cell 

 (c) Cathode ray oscilloscope (d) Electron gun 

26. An oxide coated filament is useful in vacuum tubes because 

essentially   [SCRA 1994] 

 (a) It has high melting point 

 (b) It can withstand high temperatures 

 (c) It has good machanical strength 

 (d) It can emit electrons at relatively lower temperatures 

27. Gases begin to conduct electricity at low pressure because 

[CBSE PMT 1994] 

 (a) At low pressure, gases turn to plasma 

 (b) Colliding electrons can acquire higher kinetic energy due to 

increased mean free path leading to ionisation of atoms 

 (c) Atoms break up into electrons and protons 

 (d) The electrons in atoms can move freely at low pressure 

28. A beam of electrons is moving with constant velocity in a region 

having electric and magnetic fields of strength 120 Vm and 0.5 T 

at right angles to the direction of motion of the electrons. What is 

the velocity of the electrons 

[CBSE PMT 1996] 
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 (a) 20 1ms  (b) 40 1ms  

 (c) 8 1ms  (d) 5.5 1ms  

29. Kinetic energy of emitted cathode rays is dependent on 

[CPMT 1996] 

 (a) Only voltage  

 (b) Only work function 

 (c) Both (a) and (b) 

 (d) It does not depend upon any physical quantity 

30. The radius of the orbital of electron in the hydrogen atom 0.5 Å. 

The speed of the electron is sm /102 6 . Then the current in the 

loop due to the motion of the electron is 

[RPMT 1996] 

 (a) 1 mA (b) 1.5 mA 

 (c) 2.5 mA (d) mA2105.1   

31. The kinetic energy of an electron which is accelerated through a 
potential of 100 volts is 

[MP PET 1986; CBSE PMT 1997; AIIMS 1998] 

(a) J1710602.1   (b) 418.6 calories 

(c) K41016.1   (d) 3410626.6  W- sec  

32. When a proton is accelerated with 1 volt potential difference, then its 
kinetic energy is 

[CPMT 1997; CBSE PMT 1999; RPET 2003] 

 (a) eV
1840

1
 (b) 1840 eV 

 (c) 1 eV (d) 1840 c2 eV 

33. Energy of electrons can be increased by allowing them 

[JIPMER 1997] 

 (a) To fall through electric potential 

 (b) To move in high magnetic field 

 (c) To fall from great heights 

 (d) To pass through lead blocks 

34. Cathode rays and canal rays produced in a certain discharge tube 
are deflected in the same direction if  [SCRA 1998] 

 (a) A magnetic field is applied normally 

 (b) An electric field is applied normally 

 (c) An electric field is applied tangentially 

 (d) A magnetic field is applied tangentially 

35. In a Millikan's oil drop experiment the charge on an oil drop is 

calculated to be C191035.6  . The number of excess electrons 
on the drop is   [MNR 1998] 

 (a) 3.9 (b) 4 

 (c) 4.2 (d) 6 

36. Cathode rays consist of    [DCE 1999] 

(a) Photons (b) Electrons 

(c) Protons (d)  -particles 

37. A metal plate gets heated, when cathode rays strike against, it due to 
  [CPMT 2000; Pb. PET 2000] 

(a) Kinetic energy of cathode rays 

(b) Potential energy of cathode rays 

(c) Linear velocity of cathode rays 

(d) Angular velocity of cathode rays 

38. Cathode rays are    [RPET 2000] 

(a) Positive rays (b) Neutral rays 

(c) He rays (d) Electron waves 

39. An electron of charge ‘e’ coulomb passes through a potential 

difference of V  volts. Its energy in ‘joules’ will be  

[MP PET 2000] 

(a) eV /  (b) eV 

(c) Ve /  (d) V 

40. An electron is accelerated through a potential difference of 200 

volts. If me /  for the electron be 11106.1   coulomb/kg, the 
velocity acquired by the electron will be 

[MP PET 2000] 

(a) sm /108 6  (b) sm /108 5  

(c) sm /109.5 6  (d) sm /109.5 5  

41. Which is not true with respect to the cathode rays 

[Kerala PET 2001] 

(a) A stream of electrons 

(b) Charged particles 

(c) Move with speed same as that of light 

(d) Can be deflected by magnetic fields 

42. In Milikan’s experiment, an oil drop having charge q gets stationary 
on applying a potential difference V in between two plates separated 
by a distance ‘d’. The weight of the drop is    [MP PMT 2001] 

(a) qVd  (b) 
V

d
q  

(c) 
Vd

q
 (d) 

d

V
q  

43. Electron volt is a unit of    [MP PMT 2001] 

(a) Potential (b) Charge 

(c) Power (d) Energy 

44. In Thomson experiment of finding me /  for electrons, beam of 

electron is replaced by that of muons (particle with same charge as 
of electrons but mass 208 times that of electrons). No deflection 
condition in this case satisfied if  

[Orissa (Engg.) 2002] 

(a) B is increased 208 times 

(b) E is increased 208 times 

(c) B is increased 14.4 times 

(d) None of these 

45. The colour of the positive column in a gas discharge tube depends 

on   [Kerala (Engg.) 2002] 

(a) The type of glass used to construct the tube 

(b) The gas in the tube  

(c) The applied voltage  

(d) The material of the cathode 

46. Cathode rays are produced when the pressure is of the order of   [Kerala (Engg.) 2002] 

(a) 2 cm of Hg (b) 0.1 cm of Hg 

(c) 0.01 mm of Hg (d) 1 m  of Hg 
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47. The speed of an electron having a wavelength of m1010  is 

[AIIMS 2002] 

(a) sm /1025.7 6  (b) sm /1026.6 6  

(c) sm /1025.5 6  (d) sm /1024.4 6  

48. Which of the following is not the property of a cathode ray 

[CBSE PMT 2002] 

(a) It casts shadow  

(b) It produces heating effect 

(c) It produces flurosence 

(d) It does not deflect in electric field 

49. In a Thomson set-up for the determination of e/m, electrons 

accelerated by 2.5 kV  enter the region of crossed electric and 

magnetic fields of strengths 14106.3  Vm  and T3102.1   
respectively and go through undeflected. The measured value of 

me/  of the electron is equal to   

[AMU 2002] 

(a) 111 -100.1  kgC  (b) 111 -1076.1  kgC  

(c) 111 -1080.1  kgC  (d) 111 -1085.1  kgC  

50. The ratio of specific charge of an  -particle to that of a proton is    [BCECE 2003] 

 (a) 2 : 1 (b) 1 : 1 

 (c) 1 : 2 (d) 1 : 3 

51. In Bainbridge mass spectrograph a potential difference of 1000 V is 
applied between two plates distant 1 cm apart and magnetic field in 
B = 1T. The velocity of undeflected positive ions in m/s from the 
velocity selector is   

 [RPMT 1998] 

 (a) sm /107  (b) sm /10 4   

 (c) sm /10 5  (d) sm /10 2  

52. When cathode rays (tube voltage ~ 10 kV) collide with the anode of 
high atomic weight then we get [MP PET 1985] 

(a) Positive rays (b) X-rays 

(c) Gamma rays (d) Canal rays 

53. In Thomson's experiment if the value of q/m is the same for all 
positive ions striking the photographic plate, then the trace would 
be   [RPMT 1986] 

 (a) Straight line (b) Parabolic 

 (c) Circular (d) Elliptical 

54. In a discharge tube at 0.02 mm, there is a formation of 

[CBSE PMT 1996] 

(a) FDS (b) CDS 

(c) Both space (d)  None of these 

55. Electric field and magnetic field in Thomson mass spectrograph are 
applied    [RPMT 1998] 

(a) Simultaneously, perpendicular 

(b) Perpendicular but not simultaneously 

(c) Parallel but not simultaneously 

(d) Parallel simultaneously 

56. The current conduction in a discharged tube is due to  

[CBSE PMT 1999] 

(a) Electrons only  

(b) +ve ions and electrons   

(c) – ve ions and electrons  

(d) + ve ions, – ve ions and electrons 

57. In Milikan's oil drop experiment, a charged drop falls with terminal 
velocity V. If an electric field E is applied in vertically upward 
direction then it starts moving in upward direction with terminal 

velocity 2V. If magnitude of electric field is decreased to 
2

E
, then 

terminal velocity will become 

 [CBSE PMT 1999] 

(a) 
2

V
 (b) V 

(c) 
2

3V
 (d) 2V 

58. An electron is accelerated through a p.d. of 45.5 volt. The velocity 
acquired by it is (in ms-1)  [AIIMS 2004] 

(a) 6104   (b) 4104   

(c) 610  (d) Zero 

59. A cathode emits 14108.1   electrons per second, when heated. 

When 400V is applied to anode all the emitted electrons reach the 

anode. The charge on electron is C19106.1  . The maximum 
anode current is    

 [MP PMT 2004] 

(a) A7.2  (b) A29  

(c) A72  (d) 29 mA 

60. Order of  q/m  ratio of proton,  -particle and electron is   

 [AFMC 2004] 

(a)  pe  (b) ep   

(c) pe   (d) None of these 

61. A charge of magnitude e3  and mass m2  is moving in an electric 

field .E  The acceleration imparted to the charge is   

[DCE 2004] 

 (a) mEe 3/2  (b) mEe 2/3  

 (c) Eem 3/2  (d) Eem 2/3  
62. An electron initially at rest, is accelerated through a potential 

difference of 200 volt, so that it acquires a velocity ./104.8 6 sm  
The value of e/m of electron will be   

[DPMT 2003] 

 (a) kgC /1076.2 12  (b) kgC /1076.1 11   

 (c) kgC /1076.0 12  (d) None of these  

63. An  particle is accelerated through a p.d of 610  volt then K.E. of 

particle will be                  [Pb. PET 2003] 

 (a) 8 MeV (b) 4 MeV 

 (c) 2 MeV (d) 1 MeV 

64. Positive rays consists of     [RPMT 1996, 2003] 

 (a) Electrons  (b) Neutrons  

 (c) Positive ions  (d) Electro magnetic waves  
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65.  HeCO ,,  and H  ions are projected on the photographic 

plate with same velocity in a mass spectrograph. Which one will 
strike farthest   [RPMT 2003] 

 (a) O  (b) C  

 (c) He  (d) 
2H  

66. An electron beam is moving between two parallel plates having 

electric field mN /10125.1 6 . A magnetic field T10103   is 

also applied so that beam of electrons do not deflect. The velocity of 

the electron is   [MH CHT 2004] 

 (a) sm /4225  (b) sm /3750  

 (c) sm /2750  (d) sm /3200  

67. Positive rays was discovered by    [RPMT 1998] 

 (a) Thomson (b) Goldstem  

 (c) W. Crookes  (d) Rutherford 

68. An electron is moving in electric field and magnetic field it will gain 
energy from     [DCE 1998] 

 (a) Electric field  (b) Magnetic field 

 (c) Both of these  (d) None of these  

69. If an electron oscillates at a frequency of 1 GHz it gives    

[DCE 1999] 

(a) X-rays  (b) Mirowaves  

(c) Infrared rays  (d) None of these 

70. In an electron gun, the electrons are accelerated by the potential V.  
If e is the charge and m is the mass of an electron, then the 
maximum velocity of these electrons will be  [MP PMT 1987, 96; BHU 1995; MNR 1998] 

 (a) 
m

eV2
 (b) 

m

eV2
 

 (c) 
eV

m2
 (d) 

em

V

2

2

 

71. Which of the following have highest specific charge 

 [BHU 2005] 

 (a) Positron (b) Proton  

(c) He (d) None of these 

72. In Millikan’s oil drop experiment, an oil drop of mass kg61016   

is balanced by an electric field of ./10 6 mV  The charge in 

coulomb on the drop, assuming 2/10 smg   is   [UP SEAT 2005]  

 (a) 11102.6   (b) 91016      

 (c) 111016    (d) 131016   

 

Matter Waves 

 
1. The idea of matter waves was given by  

 (a) Davisson and Germer (b) de-Broglie 

 (c) Einstein (d) Planck 

2. Wave is associated with matter 

 (a) When it is stationary 

 (b) When it is in motion with the velocity of light only 

 (c) When it is in motion with any velocity 

 (d) None of the above 

3. The de-Broglie wavelength associated with the particle of mass m 
moving with velocity v is 

 [CBSE PMT 1992] 

 (a) mvh /  (b) hmv /  

 (c) vmh /  (d) hvm /  

4. A photon, an electron and a uranium nucleus all have the same 
wavelength. The one with the most energy  

     [MP PMT 1992] 

 (a) Is the photon 

 (b) Is the electron 

 (c) Is the uranium nucleus 

 (d) Depends upon the wavelength and the properties of the 

particle. 

5. A particle which has zero rest mass and non-zero energy and 
momentum must travel with a speed 

 [MP PMT 1992; DPMT 2001; Kerala PMT 2004] 

 (a) Equal to c, the speed of light in vacuum 

 (b) Greater than c 

 (c) Less than c 

 (d) Tending to infinity 

6. When the kinetic energy of an electron is increased, the wavelength 
of the associated wave will 

 (a) Increase 

 (b) Decrease 

 (c) Wavelength does not depend on the kinetic energy 

 (d) None of the above 

7. If the de-Broglie wavelengths for a proton and for a  particle are 

equal, then the ratio of their velocities will be    [NCERT 1972] 

 (a) 4 : 1 (b) 2 : 1 

 (c) 1 : 2 (d) 1 : 4 

8. The de-Broglie wavelength  associated with an electron having 

kinetic energy E is given by the expression 

[MP PMT 1990; CPMT 1996] 

 (a)
mE

h

2
 (b) 

mE

h2
 

 (c) mhE2  (d) 
h

mE22
 

9. Dual nature of radiation is shown by  [MP PET 1991] 

 (a) Diffraction and reflection 

 (b) Refraction and diffraction 

 (c) Photoelectric effect alone 

 (d) Photoelectric effect and diffraction 

10. For the Bohr's first orbit of circumference r2 , the de-Broglie 

wavelength of revolving electron will be 

[MP PMT 1987] 

 (a) r2  (b) r  

 (c) 
r2

1
 (d) 

r4

1
 

11. An electron of mass m when accelerated through a potential 

difference V has de-Broglie wavelength  . The de-Broglie 
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wavelength associated with a proton of mass M accelerated through 

the same potential difference will be  

[CBSE PMT 1995; EAMCET 2001; J & K CET 2004] 

 (a)  
M

m
  (b) 

M

m
   

 (c)  
m

M
  (d)  

m

M
  

12. What will be the ratio of de-Broglie wavelengths of proton and 

 particle of same energy 

[RPET 1991, 96; DCE 2002; Kerala PET 2005] 

 (a) 2 : 1 (b) 1 : 2 

 (c) 4 : 1 (d) 1 : 4 

13. What is the de-Broglie wavelength of the  particle accelerated 

through a potential difference V  [RPMT 1996] 

 (a) 
V

287.0
Å (b) 

V

27.12
Å 

 (c) 
V

101.0
Å (d) 

V

202.0
Å 

14. de-Broglie hypothesis treated electrons as 

[BHU 2000] 

(a) Particles (b) Waves 

(c) Both ‘a’ and ‘b’ (d) None of these 

15. The energy that should be added to an electron, to reduce its de-

Broglie wavelengths from 1010 m to 10105.0  m, will be [KCET (Engg./Med.) 2000] 

(a) Four times the initial energy 

(b) Thrice the initial energy 

(c) Equal to the initial energy 

(d) Twice the initial energy 

16. The de-Broglie wavelength of an electron having eV80  of energy is 
nearly  

(1eV = 1.6  10–19 J,  Mass of electron = 9  10–31kg  

Plank’s constant = 6.6  10–34 J-sec) 

[EAMCET (Engg.) 2001] 

(a) 140 Å (b) 0.14 Å 

(c) 14 Å (d) 1.4 Å 

17. If particles are moving with same velocity, then maximum de-Broglie 

wavelength will be for   [CBSE PMT 2002] 

(a) Neutron (b) Proton 

(c) -particle (d)  -particle 

18. If an electron and a photon propagate in the form of waves having 

the same wavelength, it implies that they have the same [CBSE PMT 1995; DCE 2001; AIIMS 2003] 

(a) Energy (b) Momentum 

(c) Velocity (d) Angular momentum 

19. The de-Broglie wavelength is proportional to  [RPET 2003] 

(a) 



1

  (b) 
m

1
  

(c) 
p

1
  (d) p  

20. Particle nature and wave nature of electromagnetic waves and 

electrons can be shown by   [AIIMS 2000] 

(a) Electron has small mass, deflected by the metal sheet  

(b) X-ray is diffracted, reflected by thick metal sheet  

(c) Light is refracted and defracted  

(d) Photoelectricity and electron microscopy  

21. The de-Broglie wavelength of a particle moving with a velocity 2.25 

 108 m/s is equal to the wavelength of photon. The ratio of kinetic 

energy of the particle to the energy of the photon is (velocity of 

light is 3  108 m/s) 

[EAMCET (Med.) 2003] 

(a) 1/8 (b) 3/8 

(c) 5/8 (d) 7/8 

22. According to de-Broglie, the de-Broglie wavelength for electron in an 
orbit of hydrogen atom is 10–9 m. The principle quantum number for 
this electron is  [RPMT 2003] 

(a) 1 (b) 2 

(c) 3 (d) 4 

23. The speed of an electron having a wavelength of m1010
 is 

[Manipal 1997; AIIMS 2002] 

(a) 61025.7  m/s (b) sm /1026.6 6  

(c) sm /1025.5 6  (d) sm /1024.4 6  

24. The kinetic energy of electron and proton is J3210  . Then the 
relation between their de-Broglie wavelengths is  

[CPMT 1999] 

(a) ep    (b) ep    

(c) ep    (d) ep  2  

25. The de-Broglie wavelength of a particle accelerated with 150 volt 

potential is 1010  m. If it is accelerated by 600 volts p.d., its 

wavelength will be    [RPET 1988] 

(a) 0.25 Å (b) 0.5 Å 

(c) 1.5 Å (d) 2 Å 

26. The de-Broglie wavelength associated with a hydrogen molecule 

moving with a thermal velocity of 3 km/s will be  

(a) 1 Å  (b) 0.66 Å  

(c) 6.6 Å   (d) 66 Å 

27. When the momentum of a proton is changed by an amount P
0

, the 

corresponding change in the de-Broglie wavelength is found to be 
0.25%. Then, the original momentum of the proton was    [CPMT 2002] 

(a) p
0

  (b) 100 p
0

  

(c) 400 p
0

  (d) 4 p
0

 

28. The de-Broglie wavelength of a neutron at 27oC is . What will be its 
wavelength at 927oC   [DPMT 2002] 

(a)  / 2 (b)  / 3 

(c)  / 4 (d)  / 9 
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29. An electron and proton have the same de-Broglie wavelength. Then 
the kinetic energy of the electron is  

[Kerala PMT 2004] 

(a) Zero 

(b) Infinity  

(c) Equal to the kinetic energy of the proton 

(d) Greater than the kinetic energy of the proton 

30. For moving ball of cricket, the correct statement about de-Broglie 
wavelength is     [RPMT 2001] 

(a) It is not applicable for such big particle  

(b) 
mE

h

2
 

(c) 
mE

h

2
 

(d) 
mE

h

2
 

31. Photon and electron are given same energy )10( 20 J . Wavelength 

associated with photon and electron are Ph  and el  then correct 

statement will be  [RPMT 2001] 

(a) elPh    (b) elPh    

(c) elPh    (d) C
Ph

el 



 

32. The kinetic energy of an electron with de-Broglie wavelength of 0.3 
nanometer is   [UPSEAT 2004] 

(a) 0.168 eV  (b) 16.8 eV  

(c) 1.68 eV  (d) 2.5 eV  

33. A proton and an -particle are accelerated through a potential 
difference of 100 V. The ratio of the wavelength associated with the 

proton to that associated with an -particle is    [DCE 2002; DPMT 2003] 

(a) 1:2  (b) 1:2  

(c) 1:22  (d) 1:
22

1
 

34. The wavelength of de-Broglie wave is 2m, then its momentum is (h 

= 6.63  10–34 J-s) [DCE 2004] 

(a) 3.315  10–28 kg-m/s  (b) 1.66  10–28 kg-m/s  

(c) 4.97  10–28 kg-m/s  (d) 9.9  10–28 kg-m/s  

35. de-Broglie wavelength of a body of mass 1 kg moving with velocity of 
2000 m/s is    [Pb. PMT 2003] 

(a) 3.32  10–27 Å (b) 1.5  107 Å 

(c) 0.55  10–22 Å (d) None of these  

36. The kinetic energy of an electron is 5 eV. Calculate the de-Broglie 

wavelength associated with it (h = 6.6  10–34 Js, m
e

 = 9.1  10–31 kg)    [Pb. PMT 2004] 

(a) 5.47 Å (b) 10.9 Å 

(c) 2.7 Å  (d) None of these  

37. The wavelength associated with an electron accelerated through a 
potential difference of 100 V is nearly  

[RPMT 2003] 

(a) 100 Å (b) 123 Å 

(c) 1.23 Å (d) 0.123 Å 

38. The de-Broglie wavelength     [RPMT 2004] 

(a) is proportional to mass 

(b) is proportional to impulse  

(c) Inversely proportional to impulse  

(d) does not depend on impulse  

39. Davission and Germer experiment proved  

[RPET 2002; DCE 2004] 

(a) Wave nature of light  (b) Particle nature of light  

(c) Both (a) and (b)  (d) Neither (a) nor (b)  

40. If the kinetic energy of a free electron doubles, its de-Broglie 
wavelength changes by the factor [AIEEE 2005] 

(a) 
2

1
 (b) 2  

(c) 
2

1
 (d) 2 

41. The energy that should be added to an electron to reduce its de 
Broglie wavelength from one nm to 0.5 nm is  

[KCET 2005] 

(a) Four times the initial energy  

(b) Equal to the initial energy 

(c) Twice the initial energy   

(d) Thrice the initial energy 

42. de-Broglie wavelength of a body of mass m and kinetic energy E is 
given by   [BCECE 2005] 

(a) 
mE

h
  (b) 

h

mE2
  

(c) 
mE

h

2
  (d) 

mE

h

2
  

43. The wavelength of the matter wave is independent of  

 [Kerala PMT 2005] 

(a) Mass (b) Velocity  

(c) Momentum  (d) Charge  

 

Photon and Photoelectric Effect 
 

1. The momentum of a photon is   kg29103.3 m/sec. Its frequency 

will be  

[CPMT 1980; MP PET 1992; DPMT  1999] 

 (a) Hz3103  (b) Hz3106  

 (c) Hz12105.7   (d) Hz13105.1   

2. The energy of a photon of wavelength  is given by   

  [CPMT 1974; CBSE PMT 1992; DCE 1998;  

BHU 2000; DPMT 2001] 

 (a) h  (b) ch  

 (c) hc/  (d) /hc  

3. The momentum of a photon is 16102  gm-cm/sec. Its energy is   [CPMT 1974] 

 (a) erg261061.0   (b) erg26100.2   

 (c) erg6106   (d) erg8106   

4. The rest mass of the photon is  

 [MP PET 1994; CPMT 1996; RPMT 1999; JIPMER 2002] 

(a) 0 

(b)   
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 (c) Between 0 and   

 (d) Equal to that of an electron 

5. The momentum of the photon of wavelength 5000Å  will be 

[CPMT 1987] 

 (a) -103.1 27 kg m/sec (b) -103.1 28 kg m/sec 

 (c) -104 29 kg m/sec (d) -104 18 kg m/sec  

6. The momentum of a photon of energy h will be  

     [DCE 2000] 

 (a) h  (b) ch /  

 (c) ch  (d) /h  

7. A photon in motion has a mass   [MP PMT 1992] 

 (a) hc /  (b) /h  

 (c) h  (d) 2/ ch  

8. If the momentum of a photon is p, then its frequency is 

[MP PET 1989] 

 (a) 
c

ph
 (b) 

h

pc
 

 (c) 
c

mh
 (d) 

h

mc
 

 Where m is the rest mass of the photon 

9. An AIR station is broadcasting the waves of wavelength 300 metres. 
If the radiating power of the transmitter is 10 kW, then the number 
of photons radiated per second is 

[MP PET 1989; RPMT 2000] 

 (a) 29105.1   (b) 31105.1   

 (c) 33105.1   (d) 35105.1   

10. The energy of a photon is hE   and the momentum of  photon 



h
p  , then the velocity of photon will be 

[CPMT 1991] 

 (a) E/p (b) Ep 

 (c) 

2










p

E
 (d) sm /103 8  

11. The approximate wavelength of  a photon of energy 2.48 eV is    [MP PMT 1987] 

 (a) 500 Å (b) 5000 Å 

 (c) 2000 Å (d) 1000 Å  

12. An important spectral emission line has a wavelength of 21 cm. The 
corresponding photon energy is  [MP PMT 1993] 

 (a) eV4109.5   (b) eV6109.5   

 (c) eV8109.5   (d) eV6108.11   

 )/103;1062.6( 834 smcJsh    

13. The momentum of a photon in an X-ray beam of 1010 metre 
wavelength is    [MP PET 1996] 

 (a)   kg23105.1 m/sec (b)   kg24106.6  m/sec  

 (c)   kg44106.6 m/sec (d)   kg52102.2  m/sec 

14. The energy of a photon of light with wavelength 5000 Å is 
approximately 2.5 eV. This way the energy of an X-ray photon with 
wavelength 1Å would be [MP PET 1997] 

 (a) 2.5/5000 eV (b) eV2)5000/(5.2  

 (c) eV50005.2   (d) eV2)5000(5.2   

15. Energy of a quanta of frequency 1510 Hz and 

sec-106.6 34 Jh   will be   [RPMT 1997] 

 (a) J19106.6   (b) J12106.6   

 (c) J49106.6   (d) J41106.6   

16. Momentum of a photon of wavelength  is 
[CBSE PMT 1993; JIPMER 2001, 02] 

 (a) 


h
 (b) Zero 

 (c) 
2c

h
 (d) 

c

h
 

17. Wavelength of a 1 keV photon is m91024.1  . What is the 
frequency of 1 MeV photon   

[CBSE PMT 1993; MP PET 2005] 

 (a) Hz151024.1   (b) Hz20104.2   

 (c) Hz181024.1   (d) Hz23104.2   

18. What is the momentum of a photon having frequency 

Hz13105.1     [BHU 1997] 

 (a) smkg /103.3 29  (b) smkg /103.3 34  

 (c) smkg /106.6 34  (d) smkg /106.6 30  

19. The energy of a photon of light of wavelength 450 nm is 

[BHU 1997; JIPMER 2000] 

 (a) J19104.4   (b) J19105.2   

 (c) J171025.1   (d) J17105.2   

20. Frequency of photon having energy 66 eV is 

[CPMT PMT 1997] 

 (a) Hz15108   (b) Hz151012   

 (c) Hz151016  (d) None of these 

21. Which of the following statement is not correct 
 [AFMC 1999] 

(a) Photographic plates are sensitive to infrared rays 

(b) Photographic plates are sensitive to ultraviolet rays 

(c) Infra-red rays are invisible but can cast shadows like visible 
light 

(d) Infrared photons have more energy than photons of visible 
light 

22. If we express the energy of a photon in KeV and the wavelength in 

angstroms, then energy of a photon can be calculated from the 
relation [AMU (Engg.) 1999] 

(a) hE 4.12  (b) /4.12 hE   

(c) /4.12E  (d) hE   

23. The frequency of a photon, having energy 100 eV  

is )-106.6( 34 secJh     [AFMC 2000] 

(a) Hz261042.2   (b) Hz161042.2   

(c) Hz121042.2   (d) Hz91042.2   

24. A photon of wavelength 4400 Å is passing through vacuum. The 
effective mass and momentum of the photon are respectively   [AMU 2000] 

(a) smkgkg /-105.1,105 2736    

(b) smkgkg /-105.1,105 2635    
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(c) Zero, smkg /-105.1 26  

(d) smkgkg /-1067.1,105 4336    

25. Which of the following is true for photon  [RPET 2001] 

(a)  


hc
E   (b) 2

2

1
muE   

(c) 
v

E
p

2
  (d) 2

2

1
mcE   

26. Which of the following is incorrect statement regarding photon[MH CET (Med.) 2001] 

(a) Photon exerts no pressure 

(b) Photon energy is hv  

(c) Photon rest mass is zero 

(d) None of these 

27. If a photon has velocity c and frequency , then which of following 
represents its wavelength   [AIEEE 2002] 

(a) 
E

hc
 (b) 

c

h
 

(c) 
2c

h
 (d) h  

28. The mass of a photo electron is   [MP PMT 2002] 

(a) kg27101.9   (b) kg29101.9   

(c) kg31101.9   (d) kg34101.9   

29. Energy of photon whose frequency is ,1012 MHz  will be  

[MH CET 2002] 

(a)  keV31014.4   (b) eV21014.4   

(c) MeV31014.4   (d) eV31014.4   

30. There are 1n  photons of frequency 1  in a beam of light. In an 

equally energetic beam, there are 2n  photons of frequency 2 . 

Then the correct relation is  [KCET 2003] 

(a)  1
2

1 
n

n
 (b) 

2

1

2

1






n

n
 

(c) 
1

2

2

1






n

n
 (d) 

2
2

2
1

2

1






n

n
 

31. Einstein's photoelectric equation states that   hEk . In this 

equation kE  refers to [CPMT 1982; MP PMT 1997] 

 (a) Kinetic energy of all the emitted electrons 

 (b) Mean kinetic energy of the emitted electrons 

 (c) Maximum kinetic energy of the emitted electrons 

 (d) Minimum kinetic energy of the emitted electrons 

32. Kinetic energy with which the electrons are emitted from the metal 

surface due to photoelectric effect is  [CPMT 1973] 

 (a) Independent of the intensity of illumination 

 (b) Independent of the frequency of light 

 (c) Inversely proportional to the intensity of illumination 

 (d) Directly proportional to the intensity of illumination 

33. The threshold wavelength for photoelectric emission from a material 

is 5200 Å.  Photo-electrons will be emitted when this material is 
illuminated with monochromatic radiation from a [IIT JEE 1982; MP PMT 1992; MP PET 1999;  

UPSEAT 2001; KCET 2004; J & K CET 2004; BHU 2004] 

 (a) 50 watt infrared lamp 

 (b) 1 watt infrared lamp 

 (c) 50 watt ultraviolet lamp 

 (d) 1 watt ultraviolet lamp 

 (e) Both (c) and (d) 

34. Threshold frequency for a metal is 1510 Hz. Light of 

Å4000 falls on its surface. Which of the following statements 

is correct  

(a) No photoelectric emission takes place 

(b) Photo-electrons come out with zero speed 

(c) Photo-electrons come out with 103 m/sec speed 

(d) Photo-electrons come out with 105 m/sec speed 

35. Photo cells are used for the 

 (a) Reproduction of pictures from the cinema film 

 (b) Reproduction of sound from the cinema film 

 (c) Automatic switching of street light 

 (d) (b) and (c) both 

36. Einstein got Nobel prize on which of the following works 

 [DCE 1995] 

 (a) Mass-energy relation 

 (b)  Special theory of relativity 

 (c) Photoelectric equation 

(d)   (a) and (b) both 

37. The photo-electrons emitted from a surface of sodium metal are 

such that   [MP PMT 1992] 

 (a) They all are of the same frequency 

 (b) They have the same kinetic energy 

 (c) They have the same de Broglie wavelength 

 (d) They have their speeds varying from zero to a certain 
maximum 

38. A metal surface of work function 1.07 eV is irradiated with light of 

wavelength 332 nm. The retarding potential required to stop the 

escape of photo-electrons is  [MP PMT 1992] 

 (a) 4.81 eV (b) 3.74 eV 

 (c) 2.66 eV (d) 1.07 eV 

39. In a photo cell, the photo-electrons emission takes place 

 (a) After 10–1sec on incident of light rays 

 (b) After 10–3sec on incident of light rays 

 (c) After 10–6sec on incident of light rays 

 (d) After 10–8sec on incident of light rays 

40. When light falls on a metal surface, the maximum kinetic energy of 

the emitted photo-electrons depends upon 

                                 [MP PMT 1989; MP PET 1992, 93] 

 (a) The time for which light falls on the metal 

 (b) Frequency of the incident light 

 (c) Intensity of the incident light 

 (d) Velocity of the incident light 

41. The electrons are emitted in the photoelectric effect from a metal 

surface   [MP PET 1992] 

 (a) Only if the frequency of the incident radiation is above a 

certain threshold value 
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 (b) Only if the temperature of the surface is high 

 (c) At a rate that is independent of the nature of the metal 

 (d) With a maximum velocity proportional to the frequency of the 

incident radiation 

42. The work function of a metal is 4.2 eV, its threshold    wavelength 

will be   [BHU 2003; CPMT 2004] 

    (a) 4000 Å (b) 3500 Å 

 (c) 2955 Å (d) 2500 Å 

43. The number of photo-electrons emitted per second from a metal 

surface increases when 

   [EAMCET (Med.) 1995; CBSE PMT 1993;  

   MP PMT 1994, 2002; MH CET 1999; KCET 2003] 

 (a) The energy of  incident photons increases  

 (b) The frequency of incident light increases  

 (c) The wavelength of the incident light increases 

 (d) The intensity of the incident light increases 

44. The work function of metal is 1 eV. Light of wavelength 3000 Å is 

incident on this metal surface. The velocity of emitted photo-

electrons will be  [MP PMT 1990] 

 (a) 10 m/sec (b) 3101 m/sec 

 (c) 4101 m/sec (d) 6101 m/sec 

45. The retarding potential for having zero photo-electron current   [MP PMT/PET 1988] 

 (a) Is proportional to the wavelength of incident light 

 (b) Increases uniformly with the increase in the wavelength of 
incident light 

 (c) Is proportional to the frequency of incident light 

 (d) Increases uniformly with the increase in the frequency of 
incident light wave 

46. In a dark room of photography, generally red light is used. The 
reason is 

 (a) Most of the photographic films are not sensitive to red light 

 (b) The frequency for red light is low and hence the energy hv of 

photons is less 

 (c) (a) and (b) both 

 (d) None of the above 

47. The work function of a metal is 19106.1  J. When the metal 

surface is illuminated by the light of wavelength  6400 Å, then the 
maximum kinetic energy of emitted photo-electrons will be 

 (Planck's constant Jsh 34104.6  ) [MP PMT 1989] 

 (a) J191014   (b) J19108.2   

 (c) J19104.1   (d) eV19104.1   

48. Ultraviolet radiations of eV2.6  falls on an aluminium surface 

(work function eV2.4 ). The kinetic energy in joules of the fastest 

electron emitted is approximately  

[MNR 1987; MP PET 1990; CBSE PMT 1993; 

  Pb. PMT 2001; BVP 2003; Pb. PET 2004] 

 (a) 21102.3   (b) 19102.3   

 (c) 
17102.3   (d) 

15102.3   

49. The work function for tungsten and sodium are 4.5 eV and 2.3 eV 

respectively. If the threshold wavelength   for sodium is Å5460 , 

the value of    for tungsten is 

     [MP PET 1990] 

 (a) 5893 Å (b) 10683 Å 

 (c) 2791 Å  (d) 528 Å 

50. A photon of energy 3.4 eV is incident on a metal having work 

function 2 eV. The maximum K.E. of photo-electrons is equal to   [MP PET 1991] 

 (a) 1.4 eV (b) 1.7 eV 

 (c) 5.4 eV (d) 6.8 eV 

51. The work function of a metallic surface is 5.01 eV. The photo-

electrons are emitted when light of wavelength 2000Å falls on it. 

The potential difference applied to stop the fastest photo-electrons is  

sec]1014.4[ 15 eVh   

   [MP PET 1991; DPMT 1999] 

 (a) 1.2 volts (b) 2.24 volts 

 (c) 3.6 volts (d) 4.8 volts 

52. The photoelectric threshold wavelength for a metal surface is 6600 

Å. The work function for this is  [MP PET 1991] 

 (a) 1.87 V (b) 1.87 eV 

 (c) 18.7 eV (d) 0.18 eV  

53. Photoelectric effect was successfully explained first by 

 (a) Planck (b) Hallwash 

 (c) Hertz (d) Einstein 

54. The spectrum of radiation Hz14100.1   is in the infrared region. 

The energy of one photon of this in joules will be 

[MP PET 1982] 

 (a) 481062.6   (b) 201062.6   

 (c) 2810
3

62.6   (d) 281062.63   

55. A radio transmitter operates at a frequency of 880 kHz and a power 

of 10 kW. The number of photons emitted per second are[CBSE PMT 1990; MP PET 1990] 

 (a) 311072.1   (b) 34101327  

 (c) 341027.13   (d) 3410075.0   

56. A photo cell is receiving light from a source placed at a distance of 1 

m. If the same source is to be placed at a distance of 2 m, then the 

ejected electron 

[MNR 1986; UPSEAT 2000, 01] 

 (a) Moves with one-fourth energy as that of the initial energy 

 (b) Moves with one-fourth of momentum as that of the initial 

momentum 

 (c) Will be half in number 

 (d) Will be one-fourth in number 

57. In a photoelectric experiment for 4000 Å incident radiation, the 

potential difference to stop the ejection is 2 V. If the incident light is 

changed to 3000 Å, then the potential required to stop the ejection 

of electrons will be 

[MP PET 1995] 

 (a) 2 V (b) Less than 2 V 

 (c) Zero (d) Greater than 2 V 
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58. Light of wavelength 4000 Å is incident on a sodium surface for 

which the threshold wave length of photo – electrons is 5420 Å. The 

work function of sodium is   

[MP PMT 1993; Pb. PMT 2002] 

 (a) 4.58 eV (b) 2.29 eV  

 (c) 1.14 eV (d) 0.57 eV 

59. Photo cell is  a device to   [MP PET 1993] 

(a) Store photons  

 (b) Measure light intensity  

 (c) Convert photon energy into mechanical energy 

 (d) Store electrical energy for replacing storage batteries 

60. If the work function for a certain metal is 19102.3  joule and it 

is illuminated with light of frequency 14108  Hz. The maximum 
kinetic energy of the photo-electrons would be 

[MP PET 1993] 

 (a) J19101.2   (b) J19105.8   

 (c) J19103.5   (d) J19102.3   

 )1063.6( 34 Jsh   

61. Stopping potential for photoelectrons  [MP PET 1994] 

 (a) Does not depend on the frequency of the incident light 

 (b) Does not depend upon the nature of the cathode material 

 (c) Depends on both the frequency of the incident light and nature 

of the cathode material 

 (d) Depends upon the intensity of the incident light 

62. The maximum wavelength of radiation that can produce 
photoelectric effect in a certain metal is 200 nm. The maximum 
kinetic energy acquired by electron due to radiation of wavelength 
100 nm will be [MP PMT 1994] 

 (a) 12.4 eV (b) 6.2 eV 

 (c) 100 eV (d) 200 eV 

63. When the light source is kept 20 cm away from a photo cell, 
stopping potential 0.6 V is obtained. When source is kept 40 cm 
away, the stopping potential will be  [MP PMT 1994] 

 (a) 0.3 V (b) 0.6 V 

 (c) 1.2 V (d) 2.4 V 

64. The minimum energy required to remove an electron is called[AFMC 1995; DPMT 2001] 

 (a) Stopping potential (b) Kinetic energy 

 (c) Work function (d) None of these  

65. Light of wavelength 4000 Å falls on a photosensitive metal and a 
negative 2V potential stops the emitted electrons. The work function 
of the material (in eV) is approximately 

 )103,106.1,106.6( 181934   mscCeJsh   

   [MP PMT 1995; MH CET 2004] 

 (a) 1.1 (b) 2.0 

 (c) 2.2 (d) 3.1 

66. Assuming photoemission to take place, the factor by which the 
maximum velocity of the emitted photoelectrons changes when the 
wavelength of the incident radiation is increased four times, is    [Haryana CEE 1996] 

 (a) 4 (b) 
4

1
 

(c) 2 (d) 
2

1
 

67. Work function of a metal is 2.51 eV. Its threshold frequency is   [MP PET 1996; Pb. PET 2003] 

 (a) 14109.5  cycle/sec (b) 14105.6  cycle/sec 

 (c) 14104.9  cycle/sec (d) 141008.6   cycle/sec 

68. Energy conversion in a photoelectric cell takes place from   

[AFMC 1993; MP PET 1996; MP PMT 1996] 

 (a) Chemical to electrical (b) Magnetic to electrical 

 (c) Optical to electrical (d) Mechanical to electrical 

69. Which one of the following is true in photoelectric emission 

[MP PMT 1996; JIPMER 2001, 02] 

 (a) Photoelectric current is directly proportional to the amplitude 
of light of a given frequency 

 (b) Photoelectric current is directly proportional to the intensity of 
light of a given frequency at moderate intensities 

 (c) Above the threshold frequency, the maximum K.E. of 
photoelectrons is inversely proportional to the frequency of 
incident light 

 (d) The threshold frequency depends upon the wavelength of 
incident light 

70. When a point source of light is at a distance of one metre from a 

photo cell, the cut off voltage is found to be V. If the same source is 

placed at 2 m distance from photo cell, the cut off voltage will be  

 (a) V (b) V/2 

 (c) V/4 (d) 2/V  

71. The work function of a photoelectric material is 3.3 eV. The 

threshold frequency will be equal to [UPSEAT 1999] 

 (a) Hz4108   (b) Hz56108   

 (c) Hz10108   (d) Hz14108   

72. If the work function of a metal is ''  and the frequency of the 

incident light is '' , there is no emission of photoelectron if 

 (a) 
h


   (b) 

h


   

 (c) 
h


   (d) 

h


   

73. A photoelectric cell is illuminated by a point source of light 1 m 

away. When the source is shifted to 2 m then 

[CBSE PMT 2003] 

 (a) Number of electrons emitted is half the initial number 

 (b) Each emitted electron carries half the initial energy 

 (c) Number of electrons emitted is a quarter of the initial number 

 (d) Each emitted electron carries one quarter of the initial energy 

74. Light of wavelength  strikes a photo-sensitive surface and electrons 

are ejected with kinetic energy E. If  the kinetic energy is to be 

increased to 2E, the wavelength must be changed to '  where   [MP PET 1997] 

 (a) 
2

'


   (b)  2'  

 (c) 


 '
2

 (d)  '  

75. If in a photoelectric experiment, the wavelength of incident radiation 
is reduced from 6000 Å to 4000 Å then  

 [MP PMT 1999] 

 (a) Stopping potential will decrease 

 (b) Stopping potential will increase 
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 (c) Kinetic energy of emitted electrons will decrease 

 (d) The value of work function will decrease 

76. The photoelectric work function for a metal surface is 4.125 eV. The 
cut-off wavelength for this surface is  

[CBSE PMT 1999; KCET 2001] 

 (a) 4125 Å (b) 2062.5 Å 

 (c) 3000 Å (d) 6000 Å  

77. As the intensity of incident light increases 

[CPMT 1999; CBSE PMT 1999; MH CET (Med.) 2000;  

KCET (Engg./Med.) 2001; Pb. PET 2001] 

 (a) Photoelectric current increases 

 (b) Photoelectric current decreases 

 (c) Kinetic energy of emitted photoelectrons increases 

 (d) Kinetic energy of emitted photoelectrons decreases 

78. Light of wavelength 5000 Å falls on a sensitive plate with 
photoelectric work function of 1.9 eV. The kinetic energy of the 
photoelectron emitted will be   [CBSE PMT 1998] 

 (a) 0.58 eV (b) 2.48 eV 

 (c) 1.24 eV (d) 1.16 eV 

79. Which of the following is dependent on the intensity of incident 
radiation in a photoelectric experiment 

[AIIMS 1998] 

 (a) Work function of the surface 

 (b) Amount of photoelectric current 

 (c) Stopping potential will be reduced 

 (d) Maximum kinetic energy of photoelectrons 

80. The work function of a substance is 4.0 eV. The longest wavelength 
of light that can cause photoelectron emission from this substance is 
approximately 

[IIT JEE 1998; UPSEAT 2002, 03; AIEEE 2004] 

 (a) 540 nm (b) 400 nm 

 (c) 310 nm (d) 220 nm 

81. The maximum kinetic energy of photoelectrons emitted from a 
surface when photons of energy 6 eV fall on it is 4 eV. The stopping 
potential in volts is 

[IIT JEE 1997 Re-Exam] 

 (a) 2 (b) 4 

 (c) 6 (d) 10 

82. Work function of a metal is 2.1 eV. Which of the waves of the 
following wavelengths will be able to emit photoelectrons from its 
surface  [Bihar MEE 1995] 

 (a) 4000 Å, 7500 Å (b) 5500 Å, 6000 Å  

 (c) 4000 Å, 6000 Å (d) None of these 

83. If mean wavelength of light radiated by 100 W lamp is 5000 Å, then 

number of photons radiated per second are 

[RPET 1997] 

 (a) 23103  (b) 22105.2   

 (c) 20105.2   (d) 17105  

84. The frequency of the incident light falling on a photosensitive metal 

plate is doubled, the kinetic energy of the emitted photoelectrons is   [Roorkee 1992] 

 (a) Double the earlier value (b) Unchanged 

 (c) More than doubled (d) Less than doubled 

85. When light of wavelength 300 nm (nanometer) falls on a 
photoelectric emitter, photoelectrons are liberated. For another 
emitter, however light of 600 nm wavelength is sufficient for 

creating photoemission. What is the ratio of the work functions of 
the two emitters 

[CBSE PMT 1993; JIPMER 2000] 

 (a) 1 : 2 (b) 2 : 1 

 (c) 4 : 1 (d) 1 : 4 

86. Threshold wavelength for photoelectric effect on sodium is 5000 Å. 

Its work function is   [CBSE PMT 1993] 

 (a) 15 J (b) J141016   

 (c) J19104   (d) J81104   

87. The cathode of a photoelectric cell is changed such that the work 

function changes from W
1

 to W
2

 (W
2

>W
1

). If the current before and 

after change are I
1

 and I
2

, all other conditions remaining unchanged, 

then (assuming h > W
2

)  

[CBSE PMT 1992] 

 (a) 21 II   (b) 21 II   

 (c) 21 II   (d) 121 2III   

88. A beam of light of wavelength   and with illumination L falls on a 

clean surface of sodium. If N photoelectrons are emitted each with 

kinetic energy E, then  [BHU 1994] 

 (a) LN   and LE   (b)  LN  and 


1
E  

 (c) N  and LE   (d) 


1
N and 

L
E

1
  

89. Which of the following statements is correct 

[CBSE PMT 1997] 

 (a) The current in a photocell increases with increasing frequency 
of light 

 (b) The photocurrent is proportional to applied voltage 

 (c) The photocurrent increases with increasing intensity of  

  light 

 (d) The stopping potential increases with increasing intensity of 
incident light 

90. What is the stopping potential when the metal with work function 
0.6 eV is illuminated with the light of 2 eV  

[BHU 1998; MH CET 2003] 

 (a) 2.6 V (b) 3.6 V  

 (c) 0.8 V (d) 1.4 V 

91. When yellow light is incident on a surface, no electrons are emitted 
while green light can emit. If red light is incident on the surface, 
then  

  [MNR 1998; MP PET 2000; MH CET 2000] 

 (a) No electrons are emitted 

 (b) Photons are emitted 

 (c) Electrons of higher energy are emitted 

 (d) Electrons of lower energy are emitted 

92. The photoelectric threshold wavelength of a certain metal is 3000Å. 
If the radiation of 2000Å is incident on the metal 

[MNR 1998; KCET 1994] 

 (a) Electrons will be emitted 

 (b) Positrons will be emitted 

 (c) Protons will be emitted 

 (d) Electrons will not be emitted 

93. A photocell stops emission if it is maintained at 2V negative 
potential. The energy of most energetic photoelectron is  

[JIPMER 1999] 
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(a) 2eV (b) 2J 

(c) 2kJ (d) 2keV  

94. The work functions for sodium and copper are eV2  and eV4 . 
Which of them is suitable for a photocell with 4000 Å light    [RPET 1999] 

(a) Copper (b) Sodium 

(c) Both (d) Neither of them 

95. For intensity I of a light of wavelength 5000Å the photoelectron 

saturation current is 0.40 A  and stopping potential is 1.36 V, the 

work function of metal is  

[RPET 1999] 

(a) 2.47 eV (b) 1.36 eV 

(c) 1.10 eV (d) 0.43 eV 

96. The work function of aluminium is 4.2 .eV  If two photons, each of 

energy 3.5 eV strike an electron of aluminium, then emission of 
electrons will be    [AFMC 1999] 

(a) Possible 

(b) Not possible 

(c) Data is incomplete 

(d) Depend upon the density of the surface 

97. In photoelectric effect if the intensity of light is doubled then 
maximum kinetic energy of photoelectrons will become 

 [RPMT 1999] 

(a) Double (b) Half 

(c) Four time (d) No change 

98. Energy required to remove an electron from aluminium surface is 
4.2 eV. If light of wavelength 2000 Å falls on the surface, the 
velocity of the fastest electron ejected from the surface will be    [AMU 1999] 

(a) m/sec5104.8   (b) m/sec5104.7   

(c) m/sec5104.6   (d) m/sec6104.8   

99. Mercury violet light )4558( Å  is falling on a photosensitive 

material )5.2( eV . The speed of the ejected electrons is in 

1ms , about  [AMU (Engg.) 1999] 

(a) 5103  (b) 51065.2   

(c) 4104   (d) 71065.3   

100. The work functions of metals A and B are in the ratio 1 : 2. If light 

of frequencies f  and f2  are incident on the surfaces of A and B 

respectively, the ratio of the maximum kinetic energies of 
photoelectrons emitted is (f is greater than threshold frequency of A, 
2f is greater than threshold frequency of B)   [EAMCET (Med.) 2000] 

(a) 1 : 1 (b) 1 : 2 

(c) 1 : 3 (d) 1 : 4 

101. Light of frequency  is incident on a substance of threshold 

frequency 
0

(
0

 < ). The energy of the emitted photo-electron will be   [MP PET 2000; 03] 

(a) )( 0 h  (b) /h  

(c) )( 0 he  (d) 0/h  

102. The stopping potential )( 0V    [BHU 2000] 

(a) Depends upon the angle of incident light 

(b) Depends upon the intensity of incident light 

(c) Depends upon the surface nature of the substance 

(d) Is independent of the intensity of the incident light 

103. If work function of metal is 3 eV  then threshold wavelength will be 
   [RPMT 2000] 

(a) 4125 Å (b) 4000 Å 

(c) 4500 Å (d) 5000 Å 

104. When wavelength of incident photon is decreased then 

[RPET 2000] 

(a) Velocity of emitted photo-electron decreases 

(b) Velocity of emitted photoelectron increases 

(c) Velocity of photoelectron do not charge 

(d) Photo electric current increases 

105. Quantam nature of light is explained by which of the following 

phenomenon   [RPET 2000] 

(a) Huygen wave theory 

(b) Photoelectric effect 

(c) Maxwell electromagnetic theory 

(d) de-Broglie theory 

106. When a metal surface is illuminated by light of wavelengths 400 nm 

and 250 nm, the maximum velocities of the photoelectrons ejected 

are v  and v2  respectively. The work function of the metal is (h = 
Planck’s constant, c = velocity of light in air)   [EAMCET (Engg.) 2000] 

(a) Jhc 6102   (b) Jhc 6105.1   

(c) Jhc 610  (d) Jhc 6105.0   

107. 4 eV is the energy of the incident photon and the work function in 

.2eV  What is the stopping potential  

[DCE 2000; AIIMS 2004] 

(a) 2V (b) 4V 

(c) 6V (d) V22  

108. Light of frequency  is incident on a certain photoelectric substance 

with threshold frequency 
0

. The work function for the substance is    [MP PMT 2001] 

(a) h (b) h
0

 

(c) )( 0 h  (d) )( 0 h  

109. If threshold wavelength for sodium is 6800Å then the work function 
will be [RPET 2001] 

(a) eV8.1  (b) eV5.2  

(c) eV1.2  (d) eV4.1  

110. If intensity of incident light is increased in PEE then which of the 
following is true   [RPET 2001] 

(a) Maximum K.E. of ejected electron will increase 

(b) Work function will remain unchanged 

(c) Stopping potential will decrease 

(d) Maximum K.E. of ejected electron will decrease 

111. Light of frequency Hz15108   is incident on a substance of 

photoelectric work function .125.6 eV  The maximum kinetic 

energy of the emitted photoelectrons is  [AFMC 2001] 

(a) 17 eV  (b) 22 eV  

(c) 27 eV  (d) 37 eV  

112. The photoelectric threshold wavelength for potassium (work 

function being eV2 ) is    [CPMT 2001] 

(a) 310 nm (b) 620 nm 

(c) 1200 nm (d) 2100 nm  
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113. Photons of energy 6 eV are incident on a metal surface whose work 
function is 4 eV. The minimum kinetic energy of the emitted photo-
electrons will be  [MP PET 2001] 

(a) 0 eV (b) 1 eV 

(c) 2 eV (d) 10 eV  

114. According to photon theory of light which of the following physical 
quantities associated with a photon do not/does not change as it 
collides with an electron in vacuum 

[AMU (Engg.) 2001] 

(a) Energy and momentum (b) Speed and momentum 

(c) Speed only (d) Energy only 

115. The lowest frequency of light that will cause the emission of 
photoelectrons from the surface of a metal (for which work function 
is 1.65 eV) will be    [JIPMER 2002] 

(a) Hz10104   (b) Hz11104   

(c) Hz14104   (d) Hz10104   

116. Light of two different frequencies whose photons have energies 

eV1  and eV5.2  respectively, successively illuminates a metal of 

work function eV5.0 . The ratio of maximum kinetic energy of the 
emitted electron will be 

[AIEEE 2002] 

(a) 1 : 5 (b) 1 : 4 

(c) 1 : 2 (d) 1 : 1 

117. Sodium and copper have work functions 2.3eV and 4.5 eV  

respectively. Then the ratio of their threshold wavelengths is nearest 
to    [AIEEE 2002] 

(a) 1: 2 (b) 4 : 1 

(c) 2 : 1 (d) 1 : 4 

118. Photon of 5.5 eV energy fall on the surface of the metal emitting 
photoelectrons of maximum kinetic energy 4.0 eV. The stopping 
voltage required for these electrons are 

  [Orissa (Engg.) 2002; DPMT 2004] 

(a) 5.5 V  (b) 1.5 V  

(c) 9.5 V  (d) 4.0 V  

119. A caesium photocell, with a steady potential difference of 60V 
across, is illuminated by a bright point source of light 50 cm away. 
When the same light is placed 1m away the photoelectrons emitted 
from the cell  [KCET 2002] 

(a) Are one quarter as numerous 

(b) Are half as numerous 

(c) Each carry one quarter of their previous momentum 

(d) Each carry one quarter of their previous energy 

120. A radio transmitter radiates 1 kW power at a wavelength 198.6 
metres. How many photons does it emit per second 

[Kerala (Engg.) 2002] 

(a) 1010  (b) 2010  

(c) 3010  (d) 4010  

121. The number of photons of wavelength 540 nm emitted per second 

by an electric bulb of power 100W is (taking h = secJ -106 34 ) 

 [Kerala (Engg.) 2002; Pb. PET 2001] 

(a) 100 (b) 1000 

 (c) 
20103  (d) 

18103  

122. When radiation is incident on a photoelectron emitter, the stopping 

potential is found to be 9 volts. If me /  for the electron is 
111108.1  kgC  the maximum velocity of the ejected electrons is 

  [Kerala (Engg.) 2002] 

(a) 15106  ms  (b) 15108  ms  

(c) 16108.1  ms  (d) 15108.1  ms  

123. Two identical metal plates show photoelectric effect by a light of 

wavelength A  falls on plate A and B  on plate B )2( BA   . 

The maximum kinetic energy is   [CPMT 2002] 

(a) BA KK 2  (b) 2/BA KK   

(c) BA KK 2  (d) 2/BA KK   

124. The threshold wavelength for photoelectric effect of a metal is 6500 
Å. The work function of the metal is approximately  

[MP PMT 2002] 

(a) 2 eV (b) 1 eV 

(c) 0.1eV  (d) 3 eV 

125. When ultraviolet rays are incident on metal plate, then photoelectric 
effect does not occurs. It occurs by the incidence of [CBSE PMT 2002; DCE 1997; AIIMS 2004] 

(a) X-rays (b) Radio wave 

(c) Infrared rays (d) Green house effect 

126. Light of frequency 4
0

 is incident on the metal of the threshold 

frequency 
0

. The maximum kinetic energy of the emitted 

photoelectrons is    [MP PET 2002] 

(a) 03 h  (b) 02 h  

(c) 0
2

3
h  (d) 0

2

1
h  

127. By photoelectric effect, Einstein, proved  [MP PET 2003] 

(a) hvE   (b) 2

2

1
.. mvEK   

(c) 2mcE   (d) 
2

2

n

Rhc
E   

128. The work function of sodium is 2.3 eV. The threshold wavelength of 

sodium will be    [BHU 2003] 

(a) 2900 Å (b) 2500 Å 

(c) 5380 Å (d) 2000 Å 

129. Which of the following shown particle nature of light 

[AFMC 2003; CBSE PMT 2001] 

(a) Refraction (b) Interference 

(c) Polarization (d) Photoelectric effect 

130. Two identical photo-cathodes receive light of frequencies 1f  and 

2f . If the velocities of the photo electrons (of mass m ) coming out 

are respectively 1v  and 2v , then  [AIEEE 2003] 

(a)  
2/1

2121

2
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(c)  
2/1

2121

2
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131. Consider the two following statements A and B and identify the 

correct choice given in the answers; 
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(A) In photovlotaic cells the photoelectric current produced is not 
proportional to the, intensity of incident light. 

(B) In gas filled photoemissive cells, the velocity of photoelectrons 
depends on the wavelength of the incident radiation.   [EAMCET (Engg.) 2003] 

(a) Both A and B are true (b) Both A and B are false 

(c) A is true but B is false (d) A is false B is true 

132. When radiation of wavelength   is incident on a metallic surface, 
the stopping potential is 4.8 volts. If the same surface is illuminated 
with radiation of double the wavelength, then the stopping potential 
becomes 1.6 volts. Then the threshold wavelength for the surface is  

[EAMCET (Engg.) 2003] 

(a) 2  (b) 4  

(c) 6  (d) 8  

133. The frequency and work function of an incident photon are  and 

0 . If 
0

 is the threshold frequency then necessary condition for the 

emission of photo electron is  [RPET 2003] 

(a) 0   (b) 
2

0   

(c) 0   (d) None of these 

134. Light of wavelength 1824 Å, incident on the surface of a metal, 
produces photo-electrons with maximum energy 5.3 eV. When light 
of wavelength 1216 Å is used, the maximum energy of photoelectrons 
is 8.7 eV. The work function of the metal surface is   [MP PMT 2004] 

(a) 3.5 eV (b) 13.6 eV 

(c) 6.8 eV (d) 1.5 eV 

135. If the energy of a photon corresponding to a wavelength of 6000 Å 

is J191032.3  , the photon energy for a wavelength of 4000 Å 
will be   [DPMT 2004] 

(a) 1.4 eV (b) 4.9 eV 

(c) 3.1 eV (d) 1.6 eV 

136. If the wavelength of light is 4000 Å, then the number of waves in 1 
mm length will be   [J & K CET 2004] 

(a) 25 (b) 0.25 

(c) 41025.0   (d) 41025  

137. The velocity of photon is proportional to (where  is frequency)   [Pb. PMT 2004] 

(a) 
2

2
 (b) 



1
 

(c)   (d)   

138. If the work function of a photometal is 6.825 eV. Its threshold 

wavelength will be )/103( 8 smc   

[Pb. PET 2000; BHU 2004] 

(a) 1200 Å (b) 1800 Å 

(c) 2400 Å (d) 3600 Å  

139. A photon of energy 8 eV is incident on a metal surface of threshold 

frequency Hz15106.1  , then the maximum kinetic energy of 

photoelectrons emitted is )106.6( 34 Jsh     [Pb. PET 2002] 

(a) 4.8 eV (b) 2.4 eV  

(c) 1.4 eV (d) 0.8 eV 

140. If the energy of the photon is increased by a factor of 4, then its 
momentum   [UPSEAT 2004] 

(a) Does not change 

(b) Decreases by a factor of 4 

(c) Increases by a factor of 4 

(d) Decreases by a factor of 2 

141. The ratio of the energy of a photon with nm150  to that with 

nm300  is   [DCE 2003] 

(a) 2 (b) 1/4 

(c) 4 (d) 1/2 

142. Photo-electric effect can be explained by [DCE 2003] 

(a) Corpusular theory of light (b) Wave nature of light 

(c) Bohr’s theory (d) Quantum theory of light 

143. In photoelectric effect, the K.E. of electrons emitted from the metal 
surface depends upon   [DCE 2003] 

(a) Intensity of light 

(b) Frequency of incident light 

(c) Velocity of incident light 

(d) Both intensity and velocity of light 

144. The photoelectric effect can be understood on the basis of 

[Pb. PET 2004] 

(a) The principle of superposition 

(b) The electromagnetic theory of light 

(c) The special theory of relativity 

(d) Line spectrum of the atom 

145. If the threshold wavelength for sodium is 5420 Å, then the work 
function of sodium is   [RPMT 2003] 

(a) 4.58 eV (b) 2.28 eV 

(c) 1.14 eV (d) 0.23 eV 

146. The work function of a metal is  [RPMT 2004] 

(a) The energy for the electron to enter into the metal 

(b) The energy for producing X-ray 

(c) The energy for the electron to come out from metal surface 

(d) None of these 

147. The minimum wavelength of photon is 5000 Å, its energy will be   [RPMT 2004] 

(a) 2.5 eV (b) 50 V 

(c) 5.48 eV (d) 7.48 eV 

148. Which of one is correct   [DCE 1998] 

(a) 222 cpE   (b) cpE 22   

(c) 22 pcE   (d) 222 / cpE   

149. The work function for metals A, B and C are respectively 1.92 eV, 
2.0 eV and 5 eV. According to Einstein’s equation, the metals which 
will emit photo electrons for a radiation of wavelength 4100 Å is/are[CBSE PMT 2005] 

(a) None of these (b) A only 

(c) A and B only (d) All the three metals 

150. A photosensitive metallic surface has work function 0hv . If photons 

of energy 02hv  fall on this surface the electrons come out with a 

maximum velocity of sm /104 6 . When the photon energy is 

increases to 05hv  then maximum velocity of photo electron will be[CBSE PMT 2005] 

(a) sm /102 6  (b) sm /102 7  

(c) sm /108 5  (d) sm /108 6  

151. A photocell is illuminated by a small bright source placed 1 m away. 

When the same source of light is placed m
2

1
 away, the number of 

electrons emitted by photo cathode would[CBSE PMT 2001; AIEEE 2005] 

(a) Decrease by a factor of 2 (b) Increase by a factor of 2 

(c) Decrease by a factor of 4 (d) Increase by a factor of 4 

152. The magnitude of saturation photoelectric current depends upon[AFMC 2005] 
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(a) Frequency (b) Intensity 

(c) Work function (d) Stopping potential 

153. For photoelectric emission, tungsten requires light of 2300 Å. If light 
of 1800 Å wavelength is incident then emission 

[AFMC 2005] 

(a) Takes place  

(b) Don’t take place 

(c) May or may not take place 

(d) Depends on frequency 

154. The light rays having photons of energy 1.8 eV are falling on a metal 
surface having a work function 1.2 eV. What is the stopping potential 

to be applied to stop the emitting electrons   [BHU 2005] 

(a) 3 eV (b) 1.2 eV 

(c) 0.6 eV (d) 1.4 eV 

155. The incident photon involved in the photoelectric effect experiment.   [EAMCET 2005]  

 (a) Completely disappears  

 (b) Comes out with an increased frequency       

 (c) Comes out with a decreased frequency 

(d) Comes out without change in frequency 

156. A photon of energy 8 eV is incident on metal surface of threshold 

frequency .106.1 15 Hz  The maximum kinetic energy of the 

photoelectrons emitted (in eV) (Take )106 34 Jsh  .    [MP. PET  2005]  

 (a) 1.6 (b) 6 

 (c) 2 (d) 1.2 

 

X-Rays 
 

1. An X-ray tube is operated at 50 kV. The minimum wavelength 
produced is    [CPMT 1996] 

(a) 0.5 Å  (b) 0.75 Å 

(c) 0.25 Å (d) 1 Å 

2. Which of the following wavelength falls in X-ray region 

[CPMT 1975; MP PMT 1984] 

(a) 10000 Å (b) 1000 Å 

(c) 1 Å (d) 10–2 Å  

3. A metal block is exposed to beams of X-ray of different wavelength. 
X-rays of which wavelength penetrate most      

[NCERT 1980; JIPMER 2002] 

 (a) 2 Å   (b) 4 Å 

 (c) 6 Å (d) 8 Å 

4. X-rays and gamma rays are both electromagnetic waves. Which of 
the following statements is true  [NCERT 1973] 

 (a) In general X-rays have larger wavelength than of gamma rays 

 (b) X-rays have smaller wavelength than that of gamma rays 

 (c) Gamma rays have smaller frequency than that of X-rays 

(d) Wavelength and frequency of X-rays are both larger than that 
of gamma rays 

5. In producing X-rays a beam of electrons accelerated by a potential 
difference V is made to strike a metal target. For what value of V, X-
rays will have the lowest wavelength of 0.3094 Å      [CPMT 1982; NCERT 1986, 87] 

(a) 10 kV (b) 20 kV 

(c) 30 kV (d) 40 kV 

6. In  radio theraphy, X-rays are used to    

[CPMT 1972; BHU 2005] 

(a) Detect bone fractures 

(b) Treat cancer by controlled exposure 

(c) Detect heart diseases 

(d) Detect fault in radio receiving circuits 

7. Hydrogen atom does not emit X-rays because 

[NCERT 1979; CPMT 1980, 90; RPET 1999] 

 (a) Its energy levels are too close to each other 

 (b) Its energy levels are too apart 

 (c) It is too small in size 

 (d) It has a single electron 

8. X-rays were discovered by  [NCERT 1977; BHU 2005] 

 (a) Becquerel (b) Roentgen 

 (c) Marie Curie (d) Von Laue 

9. X-rays are 

[CPMT 1975; EAMCET 1995; RPET 2000; SCRA 1994] 

 (a) Stream of electrons 

 (b) Stream of positively charged particles 

 (c) Electromagnetic radiations of high frequency 

 (d) Stream of uncharged particles 

10. The voltage applied across an X-rays tube is nearly 

[CPMT 1983] 

 (a) 10 V (b) 100 V 

 (c) 10000 V (d) 106 V 

11. The characteristic X-ray radiation is emitted, when 

[CPMT 1975, 80, 90; RPET 1999] 

 (a) The electrons are accelerated to a fixed energy 

 (b) The source of electrons emits a monoenergetic beam 

 (c) The bombarding electrons knock out electrons from  the inner 
shell of the target atoms and one of the outer electrons falls 
into this vacancy 

 (d) The valence electrons in the target atoms are removed as a 
result of the collision 

12. Molybdenum is used as a target element for production of X-rays 

because it is  [CPMT 1980; RPET 1999] 

 (a) A heavy element and can easily absorb high velocity electrons 

 (b) A heavy element with a high melting point  

 (c) An element having high thermal conductivity 

 (d) Heavy and can easily deflect electrons 

13. Mosley's law relates the frequencies of line X-rays 

 with the following characteristics of the target element 

[CPMT 1980; NCERT 1985] 

 (a) Its density  

 (b) Its atomic weight 

 (c) Its atomic number  

 (d) Interplaner spacing of the atomic planes 

14. Compton effect is associated with  [CPMT 1971] 

 (a)  rays (b)  rays 

 (c) X-rays (d) Positive rays 

15. X-rays are in nature similar to 

 (a) Beta rays (b) Gamma rays 

 (c) de-Broglie waves (d) Cathode rays 

16. If the cathode–anode potential difference in an X-ray tube be 105 V, 
then the maximum energy of X-ray photon can be 

 (a) 105 J (b) 105 MeV 

 (c) 10–1 MeV (d) 105 KeV 
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17. The shortest wavelength of X-rays emitted from an X-ray tube 
depends on the  

[MP PMT 1987; CPMT 1988, 92; IIT 1982] 

 (a) Current in the tube  

 (b) Voltage applied to the tube 

 (c) Nature of gas in the tube 

 (d) Atomic number of target material 

18. The wavelength of X-rays is of the order of  

 [CPMT 1983; MP PMT 1987; KCET 1994; JIPMER 1997] 

 (a) Centimetre (b) Micron (10-6 m) 

 (c) Angstrom (10-10 m) (d) Metre 

19. X – rays and  rays of the same energies may be distinguished by   [CPMT 1985] 

 (a) Their velocity (b) Their ionising power 

 (c) Their intensity (d) Method of production 

20. When a beam of accelerated electrons hits a target, a continuous X-

ray spectrum is emitted from the target. Which of the following 

wavelength is absent in the X-ray spectrum, if the X-ray tube is 

operating at 40,000 volts 

[MP PMT 1993; NCERT 1984; MNR 1995; RPMT 2002] 

 (a) 0.25 Å (b) 0.5 Å 

 (c) 1.5 Å (d) 1.0 Å 

21. For continuous X-rays produced wavelength is 

 (a) Inversely proportional to the energy of the electrons hitting the 
target 

 (b) Inversely proportional to the intensity of the electron beam 

 (c) Proportional to intensity of the electron beam 

 (d) Proportional to target temperature 

22. An X-ray has a wavelength of 0.010 Å. Its momentum is 

[AFMC 1980; RPMT 1995; Pb. PMT 2004] 

 (a) 2.126  10–23 kg-m/sec  (b) 6.626  10-22 kg-m/sec  

 (c) 3.456   20–25 kg-m/sec  (d) 3.313  10–22 kg-m/sec  

23. X-rays are not used for radar purpose because 

 (a) They are not reflected by the target 

 (b) They are not electromagnetic waves 

 (c) They are completely absorbed by the air 

 (d) They sometimes damage the target 

24. A direct X-ray photograph of the intestines is not generally taken by 

the radiologists because   [CPMT 1986, 88] 

 (a) Intestines would burst on exposure to X-rays 

 (b) The X-rays would not pass through the intestines 

 (c) The X-rays will pass through the intestines without causing a 
good shadow for any useful diagnosis 

 (d) A very small exposure of X-rays causes cancer in the intestines 

25. The patient is asked to drink 4BaSO for examining the stomach by 

X-rays because X-rays are 

 (a) Reflected by heavy atoms 

 (b) Refracted by heavy atoms 

 (c) Less absorbed by heavy atoms 

 (d) More absorbed by heavy atoms 

26. X-rays can be used to study crystal structure, if the wavelength lies 
in the range 

 (a) 2 Å to 0.1 Å  (b) 10 Å to 5 Å 

 (c) 50 Å to 10 Å (d) 100 Å to 50 Å 

27. When the accelerating voltage applied on the electrons increased 
beyond a critical value  [CPMT 1975] 

 (a) Only the intensity of the various wavelengths is increased 

 (b) Only the wavelength of characteristic relation is affected 

 (c) The spectrum of white radiation is unaffected 

 (d) The intensities of characteristic lines relative to the white 
spectrum are increased but there is no change in their 
wavelength 

28. The X-ray beam coming from an X-ray tube will be   

[IIT 1985; SCRA 1996; MP PET 1999] 

 (a) Monochromatic  

 (b) Having all wavelengths smaller than a certain maximum 
wavelength 

 (c) Having all wavelengths larger than a certain minimum 
wavelength 

 (d) Having all wavelengths lying between a minimum and a 
maximum wavelength 

29. The continuous X-rays spectrum produced by an X-ray machine at 
constant voltage has  [DPMT 1999] 

 (a) A maximum wavelength (b) A minimum wavelength 

 (c) A single wavelength (d) A minimum frequency 

30. The penetrating power of  X-rays increases with the 

[MP PMT 1984] 

 (a) Increase in its velocity (b) Increase in its frequency 

 (c) Increase in its intensity (d) Decrease in its velocity 

31. If 1  and 2  are the wavelengths of characteristic X-rays and 

gamma rays respectively, then the relation between them is   [MP PMT 1987] 

 (a) 
2

1

1


   (b) 21    

 (c) 21    (d) 21    

32. The wavelength   of the K  line of characteristic X-ray spectra 

varies with atomic number approximately 

[MP PMT 1987] 

 (a) Z  (b) Z  

 (c) 
2

1

Z
  (d) 

Z

1
  

33. The minimum frequency   of continuous X-rays is related to the 
applied potential difference V as 

 (a) V  (b) V  

 (c) 2/3V  (d) 2V  

34. If V be the accelerating voltage, then the maximum frequency of 
continuous X-rays is given by 

[NCERT 1971; CPMT 1991; 

                  MP PET 2000; RPMT 2001; MP PMT 2002] 

 (a) 
V

eh
 (b) 

e

hV
 

 (c) 
h

eV
 (d) 

eV

h
 

35. The minimum wavelength of X-rays produced by electrons 
accelerated by a potential difference of volts is equal to 

[CPMT 1986, 88, 91; RPMT 1997; RPMT 1997, 98; 

MP PET 1997, 98; MP PMT 1996, 98, 2003; UPSEAT 2005] 
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 (a) 
hc

eV
 (b) 

cV

eh
 

 (c) 
eV

hc
 (d) 

eh

cV
 

36. The potential difference applied to an X-ray tube is increased. As a 
result, in the emitted radiation 

[IIT 1988; ISM Dhanbad 1994;  

AIIMS 1997; MP PMT 1995, 2004] 

 (a) The intensity increases 

 (b) The minimum wavelength increases 

 (c) The intensity decreases 

 (d) The minimum wavelength decreases 

37. A potential difference of 42,000 volts is used in an X-ray tube to 
accelerate electrons. The maximum frequency of the X–radiations 
produced is    [MP PMT 1993] 

 (a) Hz1910  (b) Hz1810  

 (c) Hz1610  (d) Hz2010  

 JeV 19106.11(   and sec)1063.6 34   Jh  

38. Which of the following is accompanied by the characteristic X-ray 

emission   [MP PET 1993] 

 (a)  particle emission (b) Electron emission 

 (c) Positron emission (d) K–electron capture 

39. X-rays are known to be electromagnetic radiations. Therefore the X-
ray photon has   [MP PET 1993] 

 (a) Electric charge  

 (b) Magnetic moment 

 (c) Both electric charge and magnetic moment 

 (d) Neither electric charge nor magnetic moment 

40. X-rays of which of the following wavelengths are hardest   

 (a) 4 Å  (b) 1 Å  

 (c) 0.1 Å  (d) 2 Å  

41. X-ray beam can be deflected by   

[CPMT 2000; BHU 2001; Pb. PMT 2002] 

(a) Magnetic field  (b) Electric field 

 (c) Both (a) and (b) (d) None of these 

42. X-rays are produced due to   [CPMT 1985; JIPMER 2002] 

 (a) Break up of molecules  

 (b) Changing in atomic energy level 

 (c) Changing in nuclear energy level 

 (d) Radioactive disintegration 

43. X-rays region lies between   [CPMT 1990] 

 (a) Short radiowave and visible region 

 (b) Visible and ultraviolet region 

 (c) Gamma rays and ultraviolet region 

 (d) Short radiowave and long radiowave 

44. The structure of solid crystals is investigated by using   

[CPMT 1992; NCERT 1975; CBSEPMT 1992] 

 (a) Cosmic rays (b) X-rays 

 (c) Infrared radiations (d)  rays 

45. In an X-rays tube, the intensity of the emitted X-rays beam is 
increased by        [MNR 1992; RPMT 1996; UPSEAT 2000] 

 (a) Increasing the filament current 

 (b) Decreasing the filament current 

 (c) Increasing the target potential 

 (d) Decreasing the target potential 

46. The binding energy of the innermost electron in tungsten is 40 keV. 

To produce characteristic X-rays using a tungsten target in an X-rays 
tube the potential difference V between the cathode and the anti-
cathode should be  [IIT 1985] 

 (a) V< 40 kV  (b) V   40 kV 

 (c) V > 40 kV (d) V >/< 40 kV 

47. In above question the energy of the characteristic X-rays given out is   [IIT 1985] 

 (a) Less than 40 keV (b) More than 40 keV 

 (c) Equal to 40 keV (d)  40 keV  

48. The wavelength of most energetic X-rays emitted when a metal 

target is bombarded by 40KeV  electrons, is approximately  

( 341062.6 h  J-sec; 1 eV = 19106.1  J; c = )/103 8 sm  

[MNR 1991; MP PMT 1999; UPSEAT 2000; Pb. PET 2004] 

 (a) 300 Å  (b) 10 Å 

 (c) 4 Å (d) 0.31 Å 

49. X-rays which can penetrate through longer distances in substance 
are called                     [EAMCET 1983] 

 (a) Soft X-rays (b) Continuous X-rays 

 (c) Hard X-rays (d) None of the above 

50. An X-ray machine has an accelerating potential difference of 25,000 
volts. By calculation the shortest wavelength will be obtained as 

 ( 341062.6 h  J–sec; e = 19106.1  coulomb) 

[MP PET 1994] 

 (a) 0.25 Å  (b) 0.50 Å  

 (c) 1.00 Å  (d) 2.50 Å 

51. For the production of X-rays of wavelength 0.1 Å the minimum 

potential difference will be 

[MP PMT 1994; RPMT 1995] 

 (a) 12.4 kV  (b) 24.8 kV 

 (c) 124 kV (d) 248 kV 

52. Mosley measured the frequency (f) of the characteristic X-rays from 

many metals of different atomic number (Z) and represented his 

results by a relation known as Mosley's law. This law is (a, b are 

constants)  [MP PMT 1994; RPMT 1996] 

 (a) 2)( bZaf   (b) 2)( bfaZ   

 (c) )(2 bZaf   (d) 2/1)( bZaf   

53. Penetrating power of X-rays depends on  [MP PMT 1994] 

 (a) Current flowing in the filament 

 (b) Applied potential difference 

 (c) Nature of the target 

 (d) All the above 

54. The energy of a photon of characteristic X-rays from  a Coolidge 
tube comes from                [MP PET 1995] 

(a) The kinetic energy of the striking electron 

(b) The kinetic energy of the free electrons of the target 

(c) The kinetic energy of the ions of the target 

(d) An electronic transition of the target atom 

55. An X-ray tube operates on 30 kV. What is the minimum wavelength 
emitted 

34106.6( h Js, 19106.1 e Coulomb, 8103c ms–1)  

[MP PMT 1995; DPMT 2001, 03] 

 (a) 0.133 Å (b) 0.4 Å 
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 (c) 1.2 Å  (d) 6.6 Å  

56. The wavelength of the most energetic X–ray emitted when a metal 
target is bombarded by 100 KeV  electrons is approximately    [MP PET 1996] 

 (a) 12 Å  (b) 4  

 (c) 0.31 Å (d) 0.124 Å  

57. An electron beam in an X-ray tube is accelerated through a potential 
difference of 50000 volts. These are then made to fall on a tungsten 
target. The shortest wavelength of the X-ray emitted by the tube is   [MP PET 1997] 

 (a) 2.5 Å (b) 0.25 nm 

 (c) 0.25 cm (d) 0.025 nm 

58. For harder X-rays   [MP PET 1997] 

(a) The wavelength is higher  

(b) The intensity is higher 

 (c) The frequency is higher  

 (d) The photon energy is lower 

59. When cathode rays strike a metal target of high melting point with 
very high velocity, then 

[MP PMT 1997; AIIMS 1999] 

 (a) X-rays are produced  

 (b)  Ealpha-rays are produced 

 (c) TV waves are produced  

 (d) Ultrasonic waves are produced 

60. Penetrating power of X-rays can be increased by 

[MP PMT 1997, 2000] 

 (a) Increasing the potential difference between anode and cathode 

 (b) Decreasing the potential difference between anode and cathode 

 (c) Increasing the cathode filament current 

 (d) Decreasing the cathode filament current 

61. K characteristic X-ray refers to the transition  

[MP PMT 1999] 

 (a) 2n  to 1n  (b) 3n  to 2n  

 (c) 3n  to 1n  (d) 4n  to 2n  

62. X-rays are produced in X-ray tube operating at a given accelerating 
voltage. The wavelength of the continuous X-rays has values from   [IIT 1998; BVP 2003] 

 (a) 0 to   

 (b) min  to , where 0min   

 (c) 0  to max  where max  

 (d) min  to max , where 0 <  maxmin   

63. The wavelength of X-rays is   [EAMCET (Med.) 1995] 

 (a) 2000 Å  (b) 2 Å  

 (c) 1 mm (d) 1 cm 

64. The ratio of the energy of an X-ray photon of wavelength 1 Å to that 
of visible light of wavelength 5000 Å  is 

[EAMCET (Med.) 1995] 

 (a) 1: 5000 (b) 5000 : 1 

 (c) 1 :25  106  (d)  25  106 

65. According to Mosley's law, the frequency of a spectral line in X-ray 
spectrum varies as 

[EAMCET (Med.) 1995; Pb. PMT 1999] 

 (a) Atomic number of the element 

 (b) Square of the atomic number of the element 

 (c) Square root of the atomic number of the element 

 (d) Fourth power of the atomic number of the element 

66. For the structural analysis of crystals, X-rays are used because  [IIT 1992; JIPMER 2000] 

 (a) X-rays have wavelength of the order of interatomic spacing 

 (b) X-rays are highly penetrating radiations 

 (c) Wavelength of X-rays is of the order of nuclear size 

 (d) X-rays are coherent radiations 

67. The essential distinction between X-rays and  rays is that   

[BHU 1994; RPMT 1991; JIPMER 2001, 02] 

 (a)  rays have smaller wavelength than X-rays 

 (b)  rays emanate from nucleus while X-rays emanate from 

outer part of the atom 

 (c)  rays have greater ionizing power than X-rays 

 (d)  rays are more penetrating than X-rays 

68. The minimum wavelength of the X-rays produced by electrons 

accelerated through a potential difference of V volts is directly 

proportional to   [CBSE PMT 1996] 

 (a) V  (b) 2V  

 (c) V/1  (d) V/1  

69. What determines the hardness of the X-rays obtained from the 

Coolige tube   [RPMT 1996] 

 (a) Current in the filament  

 (b) Pressure of air in the tube 

 (c) Nature of target  

 (d) Potential difference between cathode and target  

70. The most penetrating radiation out of the following is  

[CBSE PMT 1997] 

 (a) X-rays (b)  -rays 

 (c)  particles (d)  rays 

71. On increasing the number of electrons striking the anode of an X-
ray tube, which one of the following parameters of the resulting X-
rays would increase  [SCRA 1998; DPMT 2000] 

 (a) Penetration power (b) Frequency 

 (c) Wavelength (d) Intensity 

72. What kV  potential is to be applied on X-ray tube so that minimum 

wavelength of emitted  X-rays may be 1Å ( 3410625.6 h J-sec)   [UPSEAT 1999] 

(a) kV42.12   (b) kV84.12  

(c) kV98.11  (d) kV78.10  

73. X-rays cannot be deflected by means of an ordinary grating due to [Pb. PMT 1999; MH CET 2000; BCECE 2004] 

(a) Large wavelength  (b) High speed 

(c) Short wavelength (d) None of these 

74. Consider the following two statements A and B and identify the 
correct choice in the given answer 

A: The characteristic X-ray spectrum depends on the nature of the 
material of the target. 

B:  The short wavelength limit of continuous X-ray spectrum varies 
inversely with the potential difference applied to the X-rays 
tube [EAMCET (Med.) 2000] 

(a) A is true and B is false (b) A is false and B is true  

(c) Both A  and B  are true (d) Both A and B are false 

75. The energy of an X- ray photon of wavelength 1.65 Å is  

1834 103,-106.6(   mscsecJh , )106.11 19 JeV   

[EAMCET (Engg.) 2000] 
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(a)  3.5 keV (b) 5.5 keV 

(c) 7.5 keV (d) 9.5 keV 

76. If  =10Å, then it corresponds to   [DCE 2000]  

(a) Infra-red  (b) Microwave 

(c) Ultra-violet (d) X-rays 

77. Bragg’s law for X-rays is    [UPSEAT 2001] 

(a) d sin  = n2  (b)  nd sin2  

(c) dn  2sin   (d) None of these 

78. The X-rays produced in a coolidge tube of potential difference 40V 
have minimum wavelength of  

[MH CET (Med.) 2001] 

(a) m81009.3   (b) m81009.5   

(c) m81009.4   (d) m81009.1   

79. For the production of X-rays, the target should be made of          [BHU 2000; CPMT 2001] 

(a) Steel  (b) Copper 

(c) Aluminum  (d) Tungsten 

80. Intensity of X-rays depends upon the number of  

[SCRA 1998; DPMT 2000; AFMC 2001] 

(a) Electrons  (b) Protons 

(c) Neutrons (d) Positrons 

81. In an X-ray tube electrons bombarding the target produce X-rays of 
minimum wavelength 1 Å. What must be the energy of bombarding 
electrons     [KCET 2001] 

(a) 13375 eV (b) 12375 eV 

(c) 14375 eV (d) 15375 eV 

82. If energy of K-shell electron is – 40000 eV  and If 60000 V  
potential is applied at coolidge tube then which of the following X-
ray will get form   [RPET 2001] 

(a) Continuous   

(b) White X-rays 

(c) Continuous and all series of characteristic 

(d) None of these 

83. For production of characteristic K X-rays, the electron transition 

is    [MP PET 2001] 

(a) 1to2  nn   (b) 2to3  nn  

(c) 1to3  nn  (d) 2to4  nn  

84. Penetrating power of X-rays does not depend on  

[MP PET 2001] 

(a) Wavelength  (b) Energy 

(c) Potential difference  (d) Current in the filament 

85. The potential difference applied to an X-ray tube is 5kV and the 
current through it is 3.2 mA. Then the number of electrons striking 
the target per second is  

[IIT-JEE (Screening) 2002]   

(a) 16102   (b) 16105  

(c) 17101   (d) 15104   

86. For the production of characteristic ,K X-ray, the electron 

transition is    [BHU 2002] 

(a) 12  nton   (b) 23  nton  

(c) 13  nton  (d) 14  nton  

87. When X  rays pass through a strong uniform magnetic field, Then 

they [MP PET 2002; RPMT 2002, 03] 

(a) Do not get deflected at all 

(b) Get deflected in the direction of the field 

(c) Get deflected in the direction opposite to the field 

(d) Get deflected in the direction perpendicular to the field 

88. If the potential difference applied across X-ray tube is V volts, then 

approximately minimum wavelength of the emitted X-rays will be    [MP PET 2002;  

  RPMT 1995; CBSE PMT 1996] 

(a) Å
V

1227
  (b) Å

V

1240
 

(c) Å
V

2400
 (d) Å

V

12400
 

89. What is the difference between soft and hard X-rays  

  [MP PMT 2002; AIIMS 2002] 

(a) Velocity (b) Intensity 

(c) Frequency (d) Polarization 

90. X-ray will travel minimum distance in  [MP PET 2003] 

(a) Air (b) Iron 

(c) Wood (d) Water 

91. The minimum wavelength of X-ray emitted by X-rays tube is 0.4125 

Å. The accelerating voltage is 

  [BHU 2003; CPMT 2004; MP PMT 2005] 

(a) 30 kV  (b) 50 kV 

(c) 80 kV (d) 60 kV  

92. Characteristic X-rays are produced due to   [AIIMS 2003] 

(a) Transfer of momentum in collision of electrons with target 
atoms 

(b) Transition of electrons from higher to lower electronic orbits in 
an atom  

(c) Heating of the target 

(d) Transfer of energy in collision of electrons with atoms in the 
target 

93. X-rays when incident on a metal [BCECE 2003; RPMT 2003] 

(a) Exert a force on it  (b) Transfer energy to it  

(c) Transfer pressure to it  (d) All of the above 

94. The minimum wavelength of X-rays produced in a coolidge tube 
operated at potential difference of 40 kV is  

[BCECE 2003; RPET 2002, 03] 

(a) 0.31 Å  (b) 3.1 Å 

 (c) 31 Å (d) 311 Å  

95. The potential difference between the cathode and the target in a 
Collidge tube is 100 kV. The minimum wavelength of the X-rays 
emitted by the tube is  [Pb. PMT 2004] 

(a) 0.66 Å (b) 9.38 Å  

 (c) 0.246 Å (d) 0.123 Å 

96. X-rays are produced by accelerating electrons by voltage V and let 
they strike a metal of atomic number Z. The highest frequency of X-
rays produced is proportional to 

    [UPSEAT 2004] 

(a) V (b) Z  

 (c) (Z – 1) (d) 2)1( Z  

97. If the operating potential of an X-ray tube is 50 kV, the velocity of 
X-rays coming out of it is [RPMT 2003] 

(a) sm /104 4  (b) sm /103 8  

 (c) sm /108  (d) sm /3  
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98. If the voltage of X-ray tube is doubled, the intensity of X-rays will 
become   [RPMT 2003] 

(a) Half (b) Unchanged 

(c) Double (d) Four times 

99. If the minimum wavelength obtained in an X-ray tube is 

m10105.2  , the operating potential of the tube will be 

    [RPMT 2003] 

(a) 2 kV (b) 3 kV 

 (c) 4 kV (d) 5 kV 

100. The wavelength of X-rays decreases, when [RPMT 2002] 

(a) Temperature of target is increased 

(b) Intensity of electron beam is increased 

 (c) K.E. of electrons striking the target is increased 

 (d) K.E. of electrons striking the target is decreased 

101. X-rays are produced in laboratory by [RPMT 1998] 

(a) Radiation 

(b) Decomposition of the atom 

 (c) Bombardment of high energy electron on heavy metal 

 (d) None of these 

102. In vacuum an electron of energy 10 keV hits tungsten target, then 
emitted radiation will be   [RPMT 2001] 

(a) Cathode rays (b) X-rays 

 (c) Infrared rays (d) Visible spectrum 

103. X-rays of Å1  have frequency  [DCE 1998] 

(a) Hz8103  (b) Hz18103  

 (c) Hz10103  (d) Hz15103  

104. Solid targets of different elements are bombarded by highly 
energetic electron beams. The frequency (f) of the characteristic X-
rays emitted from different targets varies with atomic number Z as   [AIIMS 2005] 

(a) Zf   (b) 2Zf   

 (c) Zf   (d) 2/3Zf   

105. Compton effect shows that   [DPMT 1995] 

(a) X-rays are waves 

(b) X-rays have high energy 

 (c) X-rays can penetrate matter 

 (d) Photons have momentum 

106. An X-ray tube with a copper target emits Cu K  line of wavelength 

1.50 Å. What should be the minimum voltage through which 
electrons are to be accelerated to produce this wavelength of X rays 

)/103sec,-1063.6( 834 smcJh    [Orissa JEE 1996] 

(a) 8280 V (b) 828 V 

 (c) 82800 V (d) 8.28 V 

107. In X-ray spectrum wavelength  of line K  depends on atomic 

number Z as   [RPMT 1995; DCE 2002] 

(a) 2Z  (b) 2)1(  Z  

 (c) 
)1(

1




Z
  (d) 

2)1(

1




Z
  

108. Absorption of X-ray is maximum in which of the following different 
sheets   [RPMT 1995] 

(a) Copper (b) Gold 

 (c) Beryllium (d) Lead 

109. The wavelength of K  line in copper is 1.54 Å. The ionisation 

energy of K electron in copper in Joule is 

    [EAMCET 1984] 

(a) 27102.11   (b) 16109.12   

 (c) 15107.1   (d) 161010   

110. The wavelength of K  line for an element of atomic number 43 is 

. Then the wavelength of K  line for an element of atomic 

number 29 is 

(a) 
29

43
 (b) 

28

42
 

 (c) 
4

9
 (d) 

9

4
  

111. In X-ray experiment K, K denotes  [DCE 2005] 

(a) Characteristic  

(b) Continuous wavelength 

(c) , -emissions respectively  

 (d) None of these 
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1. A 1A beam of protons with a cross-sectional area of 0.5 sq. mm is 

moving with a velocity of 14103  ms . Then charge density of 
beam is   [CPMT 2002] 

(a) 34 /106.6 mC  (b) 35 /106.6 mC  

(c) 36 /106.6 mC  (d) None of these 

2. A particle of mass M at rest decays into two particles of masses m
1

 

and m
2

, having non-zero velocities. The ratio of the de-Broglie 

wavelengths of the particles, 21 / is 

 [IIT-JEE 1999; KCET 2003] 

 (a) 21 /mm  (b) 12 /mm  

 (c) 1.0 (d) 12 / mm  

3. A photon and an electron have equal energy E. electronphoton /   is 

proportional to    

[UPSEAT 2003; IIT-JEE (Screening) 2004] 

(a) E  (b) E/1  

(c) E/1  (d) Does not depend upon E 

4. When photon of energy 4.25 eV strike the surface of a metal A, the 

ejected photoelectrons have maximum kinetic energy T
A

 eV and de-

Brolie wavelength A . The maximum kinetic energy of 

photoelectrons liberated from another metal B by photon of energy 

4.70 eV is eVTT AB )50.1(  . If the de-Broglie wavelength of 

these photoelectrons is AB  2 , then    [IIT-JEE 1994] 

 (a) The work function of A is 2.25 eV  

 (b) The work function of B is 4.20 eV 

 (c) eVTA 00.2   

 (d) eVTB 75.2  

5. An image of the sun is formed by a lens of focal length of 30 cm on 
the metal surface of a photoelectric cell and a photoelectric current I 
is produced. The lens forming the image is then replaced by another 
of the same diameter but of focal length 15 cm. The photoelectric 
current in this case is     [Manipal MEE 1995] 

 (a) 
2

I
 (b) I 

 (c) 2I (d) 4I 

6. When an inert gas is filled in the place vacuum in a photo cell, then   [MP PMT 1997] 

 (a) Photo-electric current is decreased 

 (b) Photo-electric current is increased 

 (c) Photo-electric current remains the same 

 (d) Decrease or increase in photo-electric current does not depend 

upon the gas filled 

7. A photon of 13107.1  Joules is absorbed by a material under 

special circumstances. The correct statement is 

 [MP PET 1999; JIPMER 2000] 

(a) Electrons of the atom of absorbed material will go the higher 
energy states 

(b) Electron and positron pair will be created 

(c) Only positron will be produced 

(d) Photoelectric effect will occur and electron will be produced 

8. The maximum velocity of an electron emitted by light of wavelength 

  incident on the surface of a metal of work function ,  is[MP PMT/PET 1998, MP PMT 2003] 

 (a) 

2/1
)(2







 





m

hc
 (b)  

m

hc )(2 
 

 (c)  

2/1
)(2







 





m

hc
 (d) 

2/1
)(2







 

m

h 
 

 Where h = Planck's constant, m = mass of electron and c = speed of 
light. 

9. When a point source of monochromatic light is at a distance of 0.2 
m from a photoelectric cell, the cut-off voltage and the saturation 
current are 0.6 volt and 18 mA respectively. If the same source is 
placed 0.6 m away from the photoelectric cell, then[IIT JEE 1992; MP PMT 1999] 

 (a) The stopping potential will be 0.2 V 

 (b) The stopping potential will be 0.6 V 

 (c) The saturation current will be 6 mA 

 (d) The saturation current will be 18 mA  

10. In a photoemissive cell with executing wavelength  , the fastest 

electron has speed v. If the exciting wavelength is changed to 

4/3 , the speed of the fastest emitted electron will be   [CBSE PMT 1998] 

 (a) 2/1)4/3(v  (b) 2/1)3/4(v  

 (c) Less than 2/1)3/4(v  (d) Greater than 2/1)3/4(v  

11. Ultraviolet light of wavelength 300 nm and intensity 1.0 watt/m2 falls 
on the surface of a photosensitive material. If 1% of the incident 
photons produce photoelectrons, then the number of photoelectrons 
emitted from an area of 1.0 cm2  of the surface is nearly   [AMU 1995] 

 (a) 141061.9  per sec (b) 131012.4   per sec 

 (c) 121051.1   per sec (d) 111013.2   per sec 

12. Photoelectric emission is observed from a metallic surface for 

frequencies 1  and 2  of the incident light rays )( 21   . If the 

maximum values of kinetic energy of the photoelectrons emitted in 

the two cases are in the ratio of k:1 , then the threshold frequency 
of the metallic surface is   

[EAMCET (Engg.) 2001] 

(a)  
1

21





k


 (b) 

1

21





k

k 
 

(c) 
1

12





k

k 
 (d) 

k

12  
 

13. Light from a hydrogen discharge tube is incident on the cathode of a 
photoelectric cell the work function of the cathode surface is 4.2 eV. 
In order to reduce the photo-current to zero the voltage of the 
anode relative to the cathode must be made    [DCE 2002] 

(a) – 4.2 V  (b) – 9.4 V  

(c) – 17.8 V  (d) +9.4 V 

14. Work function of lithium and copper are respectively 2.3 eV and 4.0 
eV. Which one of the metal will be useful for the photoelectric cell 

working with visible light ? (h = 6.6  10–34 J-s, c = 3  108 m/s)    [DPMT 2003] 

(a) Lithium  (b) Copper  

(c) Both  (d) None of these   

15. X-rays of wavelength 0.1 Å allowed to fall on a metal get scattered. 
The wavelength of scattered radiation is 0.111 Å. If h = 6.624  10–34 J-s 
and m

0

 = 9  10–31 kg, then the direction of the scattered photons will 
be 

 (a) cos–1 (0.547) (b) cos–1 (0.4484) 
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 (c) cos–1 (0.5) (d) cos–1 (0.3)  

16. The largest distance between the interatomic planes of a crystal is 10 -

7cm. The upper limit for the wavelength of X-rays which can be 
usefully studied with this crystal is 

    [CPMT 1984] 

 (a) 1 Å  (b) 2 Å  

 (c) 10 Å  (d) 20 Å  

17. An X-ray tube is operating at 50 kV and 20 mA. The target material 

of the tube has a mass of 1.0 kg and specific heat 495 J kg-1 
1Co . 

One percent of the supplied electric power is converted into X-rays 
and the entire remaining energy goes into heating the target. Then   [IIT 1995] 

 (a) A suitable target material must have a high melting 
temperature 

 (b) A suitable target material must have low thermal conductivity 

 (c) The average rate of rise of temperature of target would be 2 
°C/s 

 (d) The minimum wavelength of the X-rays emitted is about 

m101025.0   

18. The wavelength of K X-rays produced by an X-ray tube is 0.76 Å. 

The atomic number of the anode material of the tube is    [IIT 1996] 

 (a) 20 (b) 60 

 (c) 40 (d) 80 

19. X-ray beam of intensity 0I passes through an absorption plate of 

thickness d. If absorption coefficient of material of plate is  , the 

correct statement regarding the transmitted intensity I of X-ray is   [MP PET 1999] 

 (a) )1(0
deII   (b) deII  0  

 (c) )1( /
0

deII   (d) deII /
0

  

20. The K X-ray emission line of tungsten occurs at 021.0 nm . 

The energy difference between K and L levels in this atom is about   [IIT 1997 Cancelled] 

 (a) 0.51MeV (b) 1.2 MeV  

 (c) 59 KeV (d) 13.6 eV 

21. Electrons with energy 80 keV are incident on the tungsten target of 
an X-ray tube. K shell electrons of tungsten have ionization energy 
72.5 keV. X-rays emitted by the tube contain only  [IIT-JEE (Screening) 2000] 

(a) A continuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of  ~ 0.155Å 

(b) A continuous X-ray spectrum (Bremsstrahlung] with all 
wavelengths 

(c) The characteristic X-rays spectrum of tungsten 

(d) A continuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of ~ 0.155Å and the characteristic X-ray 
spectrum of tungsten 

22. The X-ray wavelength of L  line of platinum (Z=78) is .30.1 Å  

The X –ray wavelength of L  line of Molybdenum (Z=42) is   [EAMCET (Eng.) 2000] 

(a) 5.41Å (b) 4.20Å 

(c) 2.70Å (d) 1.35 Å 

23. The ratio of de-Broglie wavelengths of molecules of hydrogen and 
helium which are at temperature 27oC and 127oC respectively is  

(a) 
2

1
 (b) 

8

3
 

(c) 
3

8
 (d) 1 

24. A silver ball of radius 4.8 cm is suspended by a thread in the 

vacuum chamber. UV light of wavelength 200 nm is incident on the 

ball for some times during which a total energy of 1  10–7 J falls on 

the surface. Assuming on an average one out of 10 3 photons incident 
is able to eject electron. The potential on sphere will be 

(a) 1 V (b) 2 V 

(c) 3 V (d) Zero  

25. A photon of wavelength 6630 Å is incident on a totally reflecting 
surface. The momentum delivered by the photon is equal to  

(a) 6.63  10–27 kg-m/sec   (b) 2  10–27 kg-m/sec  

(c) 10–27 kg-m/sec (d) None of these  

26. The ratio of de-Broglie wavelength of a -particle to that of a 
proton being subjected to the same magnetic field so that the radii 
of their path are equal to each other assuming the field induction 

vector B  is perpendicular to the velocity vectors of the -particle 
and the proton is  

(a) 1 (b) 
4

1
 

(c) 
2

1
 (d) 2 

27. K wavelength emitted by an atom of atomic number Z = 11 is . 

Find the atomic number for an atom that emits K radiation with 

wavelength 4  [IIT-JEE (Screening) 2005] 

 (a) Z = 6 (b) Z = 4 

(c) Z = 11 (d) Z = 44 

28. The potential energy of a particle of mass m is given by  

  









1;0

10;
)(

0

x

xE
xU  

 
1

 and 
2

 are the de-Broglie wavelengths of the particle, when 0  x 

 1 and x > 1 respectively. If the total energy of particle is 2E
0

, the 

ratio 
2

1




 will be  

 [Based on IIT-JEE (Mains) 2005] 

(a) 2 (b) 1 

(c) 2  (d) 
2

1
 

29. Rest mass energy of an electron is 0.51 MeV. If this electron is 

moving with a velocity 0.8 c (where c is velocity of light in vacuum), 

then kinetic energy of the electron should be. 

(a) 0.28 MeV (b) 0.34 MeV 

(c) 0.39 MeV (d) 0.46 MeV  

30. A proton, a deutron and an -particle having the same momentum, 

enters a region of uniform electric field between the parallel plates 

of a capacitor. The electric field is perpendicular to the initial path 

of the particles. Then the ratio of deflections suffered by them is 

 

 

 
 p d 

+ 

– 

Screen 
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(a) 1 : 2 : 8 (b) 1 : 2 : 4 

(c) 1 : 1 : 2 (d) None of these  

31. In order to coincide the parabolas formed by singly ionised ions in 
one spectrograph and doubly ionized ions in the other Thomson’s 
mass spectrograph, the electric fields and magnetic fields are kept in 
the ratios 1 : 2 and 3 : 2 respectively. Then the ratio of masses of the 
ions is    

(a) 3 : 4 (b) 1 : 3 

(c) 9 : 4 (d) None of these  

32. Let  ,   and   denote the wavelengths of the X-rays of the 

 KK ,  and L  lines in the characteristic X-rays for a metal 

(a)     (b)     

(c) 
  


111

 (d) 
  


111

 

33. The minimum intensity of light to be detected by human eye is 
210 /10 mW . The number of photons of wavelength 

m7106.5   entering the eye, with pupil area 2610 m , per 
second for vision will be nearly 

(a) 100 (b) 200 

(c) 300 (d) 400 

34. In X-ray tube when the accelerating voltage V is halved, the 

difference between the wavelength of K line and minimum 
wavelength of continuous X-ray spectrum 

(a) Remains constant  

(b) Becomes more than two times 

(c) Becomes half  

(d) Becomes less than two times 

35. In a photocell bichromatic light of wavelength 2475 Å and 6000 Å 
are incident on cathode whose work function is 4.8 eV. If a uniform 

magnetic field of 3  10–5 Tesla exists parallel to the plate, the radius 
of the path describe by the photoelectron will be (mass of electron = 

9  10–31 kg) 

(a) 1 cm (b) 5 cm 

(c) 10 cm (d) 25 cm 

36. Two metallic plates A and B, each of area 5  10–4m2 are placed 
parallel to each other at a separation of 1 cm. Plate B carries a 
positive charge of 33.7 pc. A monochromatic beam of light, with 
photons of energy 5 eV each, starts falling on plate A at t = 0, so 
that 1016 photons fall on it per square meter per second. Assume that 
one photoelectron is emitted for every 106 incident photons. Also 
assume that all the emitted photoelectrons are collected by plate B 
and the work function of plate A remains constant at the value 2 eV. 
Electric field between the plates at the end of 10 seconds is 

(a) 2  103 N/C (b) 103 N/C 

(c) 5  103 N/C  (d) Zero 

37. In the following arrangement y = 1.0 mm, d= 0.24 mm and D = 1.2 m. 
The work function of the material of the emitter is 2.2 eV. The 
stopping potential V needed to stop the photo current will be 

 

 

 

 

 

 

(a) 0.9 V  (b) 0.5 V  

(c) 0.4 V (d) 0.1 V  

38. The eye can detect 5  104 photons per square metre per sec of 

green light ( = 5000 Å) while the ear can detect )/(10 213 mW . 

The factor by which the eye is more sensitive as a power detector 

than the ear is close to  

(a) 5 (b) 10 

(c) 106  (d) 15 

39. A photon collides with a stationary hydrogen atom in ground state 

inelastically. Energy of the colliding photon is 10.2 eV. After a time 

interval of the order of micro second another photon collides with 

same hydrogen atom inelastically with an energy of 15 eV. What will 

be observed by the detector   [IIT-JEE (Screening) 2005] 

(a) 2 photon of energy 10.2 eV  

(b) 2 photon of energy of 1.4 eV  

(c) One photon of energy 10.2 eV and an electron of  energy 1.4 eV  

(d) One photon of energy 10.2 eV and another photon of 1.4 eV  

 
 
 
 
 
 
1. The curve drawn between velocity and frequency of photon in 

vacuum will be a      [MP PET 2000] 

 (a) Straight line parallel to frequency axis 

 (b) Straight line parallel to velocity axis 

 (c) Straight line passing through origin and making an angle of 45o 
with frequency axis 

 (d) Hyperbola  

2. Which of the following figure represents the variation of particle 
momentum and the associated de-Broglie wavelength   [AIIMS 1982] 

 

 (a)  (b)  

  

 

   

 (c)  (d) 

 

  

 

3. The figure shows the variation of photocurrent with anode potential 
for a photo-sensitive surface for three different radiations. Let 

ba II , and cI  be the intensities and ba ff ,  and cf  be the 

frequencies for the curves a, b and c respectively [IIT-JEE (Screening) 2004] 

 

 (a) ba ff   and ba ll   

 (b) ca ff   and ca ll   

A 

S y 

d 

Bright 

Dark 

Bright 

Dark 

Bright 
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p 

 

p 
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Photo current 

O Anode potential 
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b 
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 (c) ba ff   and ba ll   

 (d) ba ff   and ba ll   

4. According to Einstein's photoelectric equation, the graph between 
the kinetic energy of photoelectrons ejected and the frequency of 
incident radiation is     

[MP PMT 1994; CBSE PMT 1996; CBSE PMT 2004] 

 

 (a)  (b)  

  

 

 

 

 (c)  (d)  

 

 

 

 

5. For the photoelectric effect, the maximum kinetic energy kE  of the 

emitted photoelectrons is plotted against the frequency  of the 

incident photons as shown in the figure. The slope of the curve 
gives     

     [CPMT 1987; MP PET 2001; DPMT 2002] 

 

 

 

 

 

 (a) Charge of the electron  

 (b) Work function of the metal 

 (c) Planck's constant  

 (d) Ratio of the Planck’s constant to electronic charge 

6. The stopping potential V for photoelectric emission from a metal 

surface is plotted along Y-axis and frequency  of incident light 

along X-axis. A straight line is obtained as shown. Planck's constant 
is given by    [CPMT 1987; 

Similar to MP PMT 2000; Kerala PET 2001] 

 

 

 

 

 

 (a) Slope of the line 

 (b) Product of slope on the line and charge on the electron 

 (c) Product of intercept along Y-axis and mass of the electron 

 (d) Product of Slope and mass of electron 

7. In an experiment on photoelectric effect the frequency f of the 

incident light is plotted against the stopping potential 0V . The 

work function of the photoelectric surface is given by (e is 
electronic charge)    [CPMT 1987] 

 

 (a) OB  e in eV 

 (b) OB in volt 

 (c) OA in eV 

 (d) The slope of the line AB  

8. The stopping potential as a function of the frequency of the incident 

radiation is plotted for two different photoelectric surfaces A and B. 
The graphs show that work function of A is     [DPMT 1992] 

 

 

 

 

 

 (a) Greater than that of B  

 (b) Smaller than that of B 

 (c) Equal to that of B  

 (d) No inference can be drawn about their work functions from the 
given graphs 

9. The intensity of X-rays from a Coolidge tube is plotted against 

wavelength as shown in the figure. The minimum wavelength found 

is c  and the wavelength of the K line is k . As the accelerating 

voltage is increased  

        [IIT-JEE (Screening) 2001] 

 

 

 

 

 

 (a) )( CK   increases (b) )( CK   decreases 

 (c) K  increases (d) K  decreases 

10. The figure represents the observed intensity of X-rays emitted by an 
X-ray tube as a function of wavelength. The sharp peaks A and B 
denote     [CBSE PMT 1995] 

 

 

 

 

 

 

 (a) Band spectrum (b) Continuous spectrum 

 (c) Characteristic radiations (d) White radiations 

11. The graph between intensity of light falling on a metallic plate (I) 
with the current (i) generated is [DCE 2001]  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

12. For a photoelectric cell the graph showing the variation of cut of 

voltage (V
o

) with frequency () of incident light is best represented 

by     [DCE 2001; MP PET 2003] 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  
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13. The curve between current (i) and potential difference (V) for a 
photo cell will be 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

 

14. The correct curve between the stopping potential (V) and intensity 
of incident light (I) is 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

15. The value of stopping potential in the following diagram  

 

 (a) – 4V 

 (b) – 3 V 

 (c) – 2V  

 (d) – 1 V 

16. In the following diagram if V
2

 > V
1

 then  

(a) 21    

(b) 21    

 (c) 21    

 (d) 21    

17. A point source of light is used in an experiment on photoelectric 

effect. Which of the following curves best represents the variation of 

photo current (i) with distance (d) of the source from the emitter 

 (a) a 

 (b) b 

 (c) c 

 (d) d  

18. According to Einstein’s photoelectric equation, the plot of the kinetic 
energy of the emitted photo electrons from a metal versus  the 
frequency, of the incident radiation gives a straight line whose slope   [AIEEE 2004] 

 (a) Is the same for all metals and independent of the intensity of 

the radiation 

 (b) Depends on the intensity of the radiation 

 (c) Depends both on the intensity of the radiation and the metal 

used  

 (d) Depends on the nature of the metals used 

19. The stopping potential )( 0V  versus frequency () plot of a 

substance is shown in figure the threshold wave length is  

 

 

 

 

 

 

 (a) m14105   

 (b) 6000Å 

 (c) 5000 Å  

 (d) Can not be estimated from given data 

20. Figure represents a graph of kinetic energy (K) of photoelectrons (in 
eV) and frequency (v) for a metal used as cathode in photoelectric 

experiment. The work function of metal is 
 

 (a) 1 eV  

 (b) 1.5 eV  

 (c) 2 eV  

 (d) 3 eV  

21. Figure represents the graph of photo current I versus applied 
voltage (V). The maximum energy of the emitted photoelectrons is 

 

 

 (a) 2eV 

 (b) 4 eV 

 (c) 0 eV 

 (d) 4 J  

22. The graph that correctly represents the relation of frequency  of a 

particular characteristic X-ray with the atomic number Z of the 
material is  

 

(a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

23. The intensity distribution of X-rays from two coolidge tubes 

operated on different voltages V
1

 and V
2

 and using different target 
materials of atomic numbers Z

1

 and Z
2

 is shown in the figure. Which 
one of the following inequalities is true? 

 

(a) V
1

 > V
2

, Z
1

 < Z
2

  

(b) V
1

 > V
2

, Z
1

 > Z
2

  

(c) V
1

 < V
2

, Z
1

 > Z
2

  

(d) V
1

 = V
2

, Z
1

 < Z
2

  

24. The correct graph between the maximum energy of a photoelectron 

and the inverse of wavelength of the incident radiation is given by 
the curve  
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 (a) A  

 (b) B  

 (c) C  

 (d) None of the above 

25. The continuous x-ray spectrum obtained from a Coolidge tube is of 

the form 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 
 

26. The dependence of the short wavelength limit min  on the 

accelerating potential V is represented by the curve of figure 

 

 (a) A 

 (b) B 

 (c) C 

 (d) None of these 

27. The variation of wavelength   of the K  line with atomic number 

Z of the target is shown by the following curve of  

 (a) A 

 (b) B 

 (c) C 

 (d) None of these 

28. In the graph given below. If the slope is 151012.4  V-sec, then 
value of ‘h’ should be 

 

 

 

 

 

  

 (a) 31106.6   J-sec 

 (b) 34106.6  J-sec 

 (c) 31101.9   J-sec 

 (d) None of these 

29. The curves (a), (b) (c) and (d) show the variation between the 

applied potential difference (V) and the photoelectric current (i), at 

two different intensities of light (I
1

 > I
2

). In which figure is the 

correct variation shown  

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

30. The figure showing the correct relationship between the stopping 

potential V
0

 and the frequency  of light for potassium and tungsten 

is  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

31. The log-log graph between the energy E of an electron and its de-

Broglie wavelength   will be 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

32. The graph between the square root of the frequency of a specific 

line of characteristic spectrum of X-rays and the atomic number of 

the target will be 

 

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

33. In the diagram a graph between the intensity of X-rays emitted by a 

molybdenum target and the wavelength is shown, when electrons of 

30 keV are incident on the target. In the graph one peak is of K  

line and the other peak is of K  line  
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 (a) First peak is of K  line at 0.6 Å  

 (b) Highest peak is of K line at 0.7 Å 

 (c) If the energy of incident particles is increased, then the peaks 

will shift towards left  

 (d) If the energy of incident particles is increased, then the peaks 

will shift towards right  

34. The maximum value of stopping potential in the following diagram 

is 

 

 (a) – 4V 

 (b) – 1V 

 (c) – 3V 

 (d) – 2V 

35. In a parabola spectrograph, the velocities of four positive ions P,Q,R 

and S are v
1

, v
2

, v
3

 and v
4

 respectively  

 (a) 4321 vvvv   

 (b) 4321 vvvv   

 (c) 4321 vvvv   

 (d) 4321 vvvv   

36. In Thomson spectrograph experiment, four positive ions P,Q,R and S 

are situated on Y-X curve a shown in the figure  

 

 

 

 

 

(a) The specific charge of R and S are same 

(b) The masses of P and S are same 

(c) The specific charges of Q and R are same 

(d) The velocities of R and S are same 

37. The slope of frequency of incident light and stopping potential 

graph for  a given surface will be  [MP PET 1999; 

MP PMT 2000; JIPMER 2001, 02; UPSEAT 2003] 

 (a) h (b) h/e  

 (c) eh (d) e  

38. From the figure describing photoelectric effect we may infer 

correctly that   [KCET 2005] 

 

 

 

 

 

 

(a) Na and Al both have the same threshold frequency 

(b) Maximum kinetic energy for both the metals depend linearly on 

the frequency 

(c) The stopping potentials are different for Na and Al for the 

same change in frequency 

(d) Al is a better photo sensitive material than Na 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : The energy (E) and momentum (p) of a photon are 

related by cEp / . 

Reason  :  The photon behaves like a particle. 

[AIIMS 2005] 

2. Assertion  : Photoelectric effect demonstrates the wave nature 
of light. 

Reason  : The number of photoelectrons is proportional to 
the frequency of light. [AIIMS 2004] 

3. Assertion  : When the speed of an electron increases its specific 
charge decreases. 

Reason  : Specific charge is the ratio of the charge to mass.[AIIMS 2001] 

4. Assertion  :  X-ray travel with the speed of light. 

Reason  : X-rays are electromagnetic rays. 

[AIIMS 2001] 

5. Assertion  : Mass of moving photon varies inversely as the 
wavelength. 

Reason  : Energy of the particle 2light)of  (Speed  Mass   

[AIIMS 2000] 

6. Assertion  : Kinetic energy of photo electrons emitted by a 
photosensitive surface depends upon the intensity 
of incident photon. 

Reason  : The ejection of electrons from metallic surface is 
possible with frequency of incident photon below 
the threshold frequency. [AIIMS 1999] 

7. Assertion  : Separation of isotope is possible because of the 
difference in electron numbers of isotope. 

Reason  : Isotope of an element can be separated by using a 
mass spectrometer.  [AIIMS 1999] 

8. Assertion  : The specific charge of positive rays is not constant. 

Reason  : The mass of ions varies with speed. 

[AIIMS 1999] 

9. Assertion  : Photosensitivity of a metal is high if its work 
function is small. 

Reason  : Work function 0hf  where 0f  is the threshold 

frequency. [AIIMS 1997] 

10. Assertion  : The de-Broglie wavelength of a molecule varies 
inversely as the square root of temperature. 

–4V 
Potential 

difference 
V 

i (Photoelectric 

current) 

–2V 

2 

1 

P 
Q R S 

Y 

X O 

P 
Q 

R 
S 

Y 

X O 

  

10 5 
X 

Al Na 

Frequency 

1 

2 

3 

4 
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p
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Reason  : The root mean square velocity of the molecule 

depends on the temperature. 

[AIIMS 1997] 

11. Assertion  :  An electron is not deflected on passing through 

certain region of space. This observation confirms 

that there is no magnetic field in that region. 

Reason  : The deflection of electron depends on angle 

between velocity of electron and direction of 

magnetic field.  

12. Assertion  : Electric conduction in gases is possible at normal 

pressure. 

Reason  : The electric conduction in gases depends only upon 

the potential difference between the electrodes. 

13. Assertion  : Light is produced in gases in the process of electric 

discharge through them at high pressure. 

Reason  : At high pressure electrons of gaseous atoms collide 

and reach and excited state. 

14. Assertion  : If different gases are filled turn by turn at the same 

pressure in the discharge tube the discharge in 

them takes place at the same potential. 

Reason  : The discharge depends only on the pressure of 

discharge tube and not on the ionisation potential 

of gas. 

15. Assertion  : An electric field is preferred in comparison to 

magnetic field for detecting the electron beam in a 

television picture tube. 

Reason  : Electric field require low voltage. 

16. Assertion  : The specific charge for positive rays is a 

characteristic constant. 

Reason  : The specific charge depends on charge and mass of 

positive ions present in positive rays. 

17. Assertion  : In Millikan's experiment for the determination of 

charge on an electron, oil drops of any size can be 

used. 

Reason : Millikan's experiment determine the charge on 

electron, by simply measuring the terminal velocity.  

18. Assertion  : In the process of photoelectric emission, all the 

emitted photoelectrons have the same kinetic 

energy. 

Reason  : The photon transfers its whole energy to the 

electron of the atom in photoelectric effect. 

19. Assertion  : In photoelectric effect, on increasing the intensity of 
light, both the number of electrons emitted and 
kinetic energy of each of them get increased but 
photoelectric current remains unchanged. 

Reason  : The photoelectric current depends only on 
wavelength of light. 

20. Assertion  : Though light of a single frequency 
(monochromatic) is incident on a metal, the 
energies of emitted photoelectrons are different. 

Reason  : The energy of electrons emitted from inside the 
metal surface is lost in collision with the other 
atoms in the metal. 

21. Assertion  : The threshold frequency of photoelectric effect 
supports the particle nature of sunlight. 

Reason  : If frequency of incident light is less than the 
threshold frequency, electrons are not emitted from 
metal surface. 

22. Assertion  : In photoemissive cell inert gas is used. 

Reason  : Inert gas in the photoemissive cell gives greater 
current. 

23. Assertion  : X-rays cannot be diffracted by means of grating. 

Reason  : X-rays does not obey Bragg's law. 

24. Assertion  : X-rays can penetrate through the flesh but not 
through the bones. 

Reason  : The penetrating power of X-rays depends on 
voltage. 

25. Assertion  : Intensity of X-rays can be controlled by adjusting 
the filament current and voltage. 

Reason  : The intensity of X-rays does not depend on number 
of X-ray photons emitted per second from the 
target. 

26. Assertion  : Anode of Coolidge tube gets heated up at time of 
emission of X-rays. 

Reason  : The anode of Coolidge tube is made of a material of 
high melting point. 

27. Assertion  : Penetrating power of X-rays increases with the 
increasing the wavelength. 

Reason : The penetrating power of X-rays increases with the 

frequency of X-rays. 

28. Assertion  : X-rays are used for studying the structure of 

crystals. 

Reason  : The distance between the atoms of crystals is of the 

order of wavelength of X-rays. 

29. Assertion  : The phenomenon of X-ray production is basically 
inverse of photoelectric effect.  

Reason  : X-rays are electromagnetic waves. 

30. Assertion  : Soft and hard X-rays differ in frequency as well as 
velocity. 

Reason  : The penetrating power of hard X-rays is more than 
the penetrating power of soft X-rays. 

 

 

 

 

 
 

Cathode Rays and Positive Rays 
 

1 b 2 b 3 d 4 b 5 d 

6 a 7 d 8 b 9 c 10 b 

11 c 12 b 13 d 14 b 15 d 

16 c 17 c 18 b 19 c 20 b 

21 b 22 c 23 c 24 d 25 c 

26 d 27 b 28 b 29 c 30 a 

31 a 32 c 33 a 34 a 35 b 

36 b 37 a 38 d 39 b 40 a 

41 c 42 d 43 d 44 c 45 b 

46 c 47 a 48 d 49 c 50 c 

51 c 52 b 53 b 54 b 55 d 

56 d 57 c 58 a 59 b 60 a 



 
     1424 Electron, Photon, Photoelectric Effect and X-Rays    

61 b 62 b 63 c 64 c 65 b 

66 b 67 a 68 a 69 d 70 b 

71 a 72 c       

 
Matter Waves 

 

1 b 2 c 3 a 4 a 5 a 

6 b 7 a 8 a 9 d 10 a 

11 b 12 a 13 c 14 b 15 b 

16 d 17 c 18 b 19 c 20 d 

21 b 22 c 23 a 24 a 25 b 

26 b 27 c 28 a 29 d 30 b 

31 a 32 b 33 c 34 a 35 a 

36 a 37 c 38 c 39 d 40 a 

41 d 42 d 43 d     

 
Photon and Photoelectric Effect 

 

1 d 2 d 3 c 4 a 5 a 

6 b 7 d 8 b 9 b 10 a 

11 b 12 b 13 b 14 c 15 a 

16 a 17 b 18 a 19 a 20 c 

21 d 22 c 23 b 24 a 25 a 

26 a 27 a 28 c 29 d 30 c 

31 c 32 a 33 e 34 a 35 d 

36 c 37 d 38 c 39 d 40 b 

41 a 42 c 43 d 44 d 45 d 

46 c 47 c 48 b 49 c 50 a 

51 a 52 b 53 d 54 b 55 a 

56 d 57 d 58 b 59 b 60 a 

61 c 62 b 63 b 64 c 65 a 

66 d 67 d 68 c 69 b 70 a 

71 d 72 a 73 c 74 c 75 b 

76 c 77 a 78 a 79 b 80 c 

81 b 82 d 83 c 84 c 85 b 

86 c 87 a 88 b 89 c 90 d 

91 a 92 a 93 a 94 b 95 c 

96 b 97 d 98 a 99 b 100 b 

101 a 102 d 103 a 104 b 105 b 

106 a 107 a 108 b 109 a 110 b 

111 c 112 b 113 a 114 c 115 c 

116 b 117 c 118 d 119 a 120 c 

121 c 122 c 123 b 124 a 125 a 

126 a 127 a 128 c 129 d 130 b 

131 d 132 b 133 c 134 d 135 c 

136 c 137 d 138 b 139 c 140 c 

141 a 142 d 143 b 144 d 145 b 

146 c 147 a 148 a 149 c 150 d 

151 d 152 b 153 a 154 c 155 a 

156 a         

 
X-Rays 

 

1 c 2 c 3 a 4 a 5 d 

6 b 7 a 8 b 9 c 10 c 

11 c 12 b 13 c 14 c 15 b 

16 c 17 b 18 c 19 d 20 a 

21 a 22 b 23 a 24 c 25 d 

26 a 27 d 28 c 29 b 30 b 

31 c 32 c 33 b 34 c 35 c 

36 d 37 a 38 d 39 d 40 c 

41 d 42 b 43 c 44 b 45 a 

46 c 47 a 48 d 49 c 50 b 

51 c 52 a 53 b 54 d 55 b 

56 d 57 d 58 c 59 a 60 a 

61 a 62 b 63 b 64 b 65 b 

66 a 67 b 68 d 69 d 70 d 

71 d 72 a 73 c 74 c 75 c 

76 d 77 b 78 a 79 d 80 a 

81 b 82 c 83 c 84 d 85 a 

86 d 87 a 88 d 89 c 90 b 

91 a 92 b 93 d 94 a 95 d 

96 d 97 b 98 b 99 d 100 c 

101 c 102 b 103 b 104 b 105 d 

106 a 107 d 108 d 109 b 110 c 

111 a         

 
Critical Thinking Questions 

 

1 b 2 c 3 b 4 abc 5 d 

6 b 7 b 8 c 9 b 10 d 

11 c 12 b 13 b 14 a 15 a 

16 d 17 acd 18 c 19 b 20 c 

21 d 22 a 23 c 24 c 25 b 

26 c 27 a 28 c 29 b 30 a 

31 c 32 c 33 c 34 d 35 b 

36 a 37 a 38 a 39 c   

 
Graphical Questions 

 

1 a 2 d 3 a 4 d 5 c 

6 b 7 a 8 b 9 a 10 c 

11 b 12 d 13 d 14 b 15 a 
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16 d 17 d 18 a 19 b 20 c 

21 b 22 c 23 a 24 a 25 a 

26 a 27 c 28 b 29 b 30 c 

31 c 32 b 33 b 34 a 35 a 

36 a 37 b 38 b     

 
Assertion and Reason 

 

1 a 2 d 3 b 4 a 5 b 

6 d 7 e 8 b 9 b 10 a 

11 e 12 d 13 d 14 d 15 d 

16 b 17 e 18 e 19 d 20 a 

21 b 22 a 23 c 24 b 25 c 

26 b 27 e 28 a 29 b 30 e 

 
 
 
 
 
 

Cathode Rays and Positive Rays 
 

1. (b) Electric field mV
d

V
/10000

105.2

250
2






. 

2. (b)  

3. (d) In Millikan's experiment, drops of non-volatile liquid (cloak oil) 
are used to prevent evaporation.  

4. (b) eVeeVE 1052    

5. (d) 519 10106.1  eVE J14106.1   

6. (a) Any charge in the universe is given by  

n

q
eneq   (where n is an integer)  

654321654321 :::::::::::: nnnnnnqqqqqq  

09.18:48.16:13.13:5.11:204.8:563.6

654321 ::::::: nnnnnn  

Divide by 6.563 

75.2:5.2:0.2:75.1:25.1:1 654321 ::::::: nnnnnn  

Multiplied by 4  

11:10:8:7:5:4 654321 ::::::: nnnnnn  

45

10967.73 19

654321

654321








nnnnnn

qqqqqq
e  

C1910641.1   
(Note : If you take 45.0743 in place of 45, you will get the 

exact value) 

7. (d) Because magnetic force always points perpendicular to the 
particle velocity. That is why velocity remains unchanged 

thereby keeping energy 






 2

2

1
mv  and momentum (mv) 

unchanged. 

8. (b)  

9. (c) Mass is basically a constant term for any physical application at 

low velocity. But in accordance with Einstein’s theory of 
relativity, at higher speeds the mass of the particle change 
according to formula 

 
)/(1 22

0

cv

m
m


  

10. (b) Refer Q.No. 9. Here the velocity of electron increases, so as per 
Einstein’s equation mass of the electron increases, hence the 

specific charge 
m

e
 decreases. 

11. (c) If the voltage given is V, then the energy of electron 

 
m

eV
veVmv

2

2

1
  

 7

31

19

10875.1
101.9

1000106.12











sm /109.1 7  

12. (b)  

13. (d) Momentum mvp   and 
m

QV
v

2
  

 QmVp 2  Qmp  
 m

m

me

me

p

p eee

22





  

14. (b) In an electric field, a force opposite to the direction of electric 

field acts on negatively charged particles (i.e. from lower 

potential to higher potential).  

15. (d)  

16. (c) 
Ve

mgd
n

E

mg
QmgQE   

 5
106.1102

109.010108.1
193

214











n  

17. (c)  

18. (b) In Millikan’s experiment, the charges present on the oil drops 

are the integral multiples, so 2e and )106.1(10 18 Ce   

charges are present. 

19. (c) sm
B

E
vevBeE /105.1

102

103 7

3

4








 

20. (b)  

21. (b) Charged particles trace a circular path in a perpendicular 

magnetic field. 

22. (c) kgC
m

e
/1076.1

101.9

106.1 11

31

19











 

23. (c)  

24. (d) Light consists of photons and cathode rays consists of 

electrons. However both effect the photographic plate. 

25. (c)  

26. (d)  

27. (b) For ionisation, high energy electrons are required. 

28. (b) .sec/40
5.0

20
m

B

E
v   

29. (c) Higher the voltage, higher is the KE.  Higher the work function, 

smaller is the KE. 
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30. (a) Time period of revolution of electron 
v

r
T





 22
  

 Hence corresponding electric current 
r

ev

T

e
i

2
  

 .1
105.014.32

102106.1
10

619

mAi 









 

31. (a) JoulesVQK 1719 106.1100106.1.    

32. (c) VeVolteVQK 111.   

33. (a) Kinetic energy  Potential difference 

34. (a) In discharge tube cathode rays (a beam of negative particles) 

and canal rays (positive rays) moves opposite to each other. 
They will experience a magnetic force in the same direction, if 
a normal magnetic field is switched on  

 

 

 

35. (b) 4
106.1

1035.6
19

19











e

Q
n  

36. (b)  

37. (a) When cathode rays strike the metal plate, they transfer their 
energy to plate. 

38. (d) Cathode rays are beam of electrons. 

39. (b) eVVeQVK   

40. (a) V
m

e

m

QV
vQVmv 








 2

2

2

1 2  

 smv /108200106.12 611  . 

41. (c) Speed of the cathode rays is smm /103sec/10 77   

42. (d) 
d

QV
mgmgQE   

43. (d)  

44. (c) In the condition of no deflection 
2

2

2VB

E

m

e
 If m is 

increased by 208 times then B should be increased 

4.14208  times 

45. (b) The colour of the positive column in a discharge tube depends 

on the type of gas e.g. For air, colour is purple red, for 2H , 

colour is Blue etc. 

46. (c)  

47. (a) sm
m

h

m

p
v /1025.7

10101.9

106.6 6

1031

34












 

48. (d) Cathode rays are stream of negative charged particle, so they 
deflect in electric field. 

49. (c) 
233

24

2

2

)102.1(105.22

)106.3(

2 




VB

E

m

e
 

 kgC /108.1 11 . 

50. (c) Specific charge 
m

q
 ; Ratio 

2

1

























m

m

q

q

m

q

m

q

p

p

p

. 

51. (c) 
B

E
v  ; where mV

d

V
E /10

101

1000 5

2






  

   smv /10
1

10 5
5

 . 

52. (b)  

53. (b)  

54. (b)  

55. (d) In Thomson’s mass spectrograph BE ||  

56. (d) 

57. (c) In the absence of electric field (i.e. E = 0) 

 rvmg 6                        …(i) 

 

 

  In the presence of Electric field  

 )2(6 vrQEmg     …(ii)  

 

 

 

 When Electric field to reduced to E/2 

   )'(62/ vrEQmg           …(iii) 

 After solving (i), (ii) and (iii) 

 We get vv
2

3
'  

58. (a) 
31

19

101.9

5.45106.122









m

eV
v sm /104 6  

59. (b) A
t

ne

t

Q
i 61914 108.28106.1108.1    

 A29  

60. (a) mmm pe    





























m

q

m

q

m

q

pe

 

61. (b) Acceleration 
 

m

Ee

m

QE
a

2

3
  

62. (b) 
2002

)104.8(

22

1 262
2






V

v

m

e
eVmv .1076.1 11

kg

C
  

63. (c) eVMeVVeVQK 210210)2(. 66   

64. (c) Positive rays consist of positive ions.  

65. (b) 
q

m
r

qB

mv
r  2

2
2    

q

m
 is maximum for C  

66. (b) sm
B

E
v /3750

103

10125.1
10

6











 

67. (a) Positive rays was discovered by J.J. Thomson. 

68. (a)  

mg 

D1 = 6rv  B 

– 

F 

+ 

F 

v 

D3 = 6r(2v) 

mg 

E/2 

QE/2 

mg 

D2 = 6r(2v) 

E 

D2 QE 
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69. (d) If electron oscillate with a frequency of 1 GHz, it does not 
radiate any energy, which corresponds a definite wavelength. It 
only radiate when it jump from one orbit to another orbit. 

70. (b) 
m

eV
v

m

eV
vmveV

22

2

1 22   

71. (a) 

72. (c) mgeE   
E

mg
e   11

6

6

1016
10

101016 





 C. 

 

Matter Waves 
 

1. (b)  

2. (c) According to de-Broglie hypothesis. 

3. (a) 
mv

h

p

h
  

4. (a) :
2mE

h

mv

h
  

2

2

2 m

h
E   

   is same for all, so 
m

E
1

 . Hence energy will be maximum 

for particle with lesser mass. 

5. (a) Particle is photon and it travels with the velocity equal to light 
in vacuum. 

6. (b) 
EmE

h

p

h 1
;

2
   (h and m = constant) 

7. (a) 
1

4
;

1

2

2

1

2211


m

m

v

v

vm

h

vm

h
  

8. (a) 
mE

h

mv

h
mEmvEmv

2
;2

2

1 2    

9. (d) natureDual 
nature WavenDiffractio

 nature Particle effectric Photoelect












 

10. (a) 
2

nh
mvr   According to Bohr’s theory 

   n
mv

h
nr 








2    for 1n , r 2  

11. (b) 
mE

h

2
   

m

1
   (E = same)  

12. (a) 
1

21

2


p

p

m

m

mmE

h 




   

13. (c) 
VQm

h

mE

h




22

  

On putting CQ 19106.12   

kgmm p
271067.144   Å

V

101.0
  

14. (b)  

15. (b) 
1

2

2

11

2 E

E

EmE

h





  

 12

1

2

10

10

4
105.0

10
EE

E

E









 

 Hence added energy 112 3EEE   

16. (d) 
1931

34

106.1801092

106.6

2 








mE

h
 Å4.1  

17. (c) 
mmv

h 1
   

18. (b) If an electron and a photon propagates in the from of waves 
having the same wavelength, it implies that they have same 

momentum. This is according to de-Broglie equation, 


1
p  

19. (c) 
pp

h 1
   

20. (d) In photoelectric effect particle nature of electron is shown. 
While in electron microscope, beam of electron is considered as 
electron wave. 

21. (b) 2
particle

2

1
mvK   also 

mv

h
  

 
 2

.
2

1 2
particle

vh
v

v

h
K 








                  ...(i) 

      


hc
K photon      ...(ii) 

 
8

3

1032

1025.2

2 8

8

photon

particle







c

v

K

K
 

22. (c) 3
1013.514.32

10

2
2

11

9









r
nnr




  

23. (a) By using 
vm

h

e

electron    
eem

h
v


  

./1025.7
10101.9

106.6 6

1031

34

sm









 

24. (a) By using 
mE

h

2
     E = 10–32 J = Constant for both 

particles. Hence 
m

1
  Since ep mm   so .ep    

25. (b) By using 
V

1
      

1

2

2

1

V

V





  

 2
150

60010

2

10





   

2

 = 0.5 Å. 

26. (b) 
rmsmv

h
  Å66.0

1031067.12

106.6
327

34











  

27. (c) 
p

1
    








p

p
   








p

p
  

  
400

1

100

25.00 
p

p
   p = 400 p

0 

. 

28. (a) 
T

neutron

1
     

1

2

2

1

T

T





   

   2
300

1200

)27273(

)927273(

2










    .

2
2


   

29. (d) 
m

E
mE

h 1

2
              ( constant) 

  pe mm   so pe EE   
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30. (b)  

31. (a) Wavelength of photon will be greater than that of electron 
because mass of photon is less than that of electron 

e  ph  

32. (b) 
2

2

22 


m

h
E

mE

h
   

2931

234

)103.0(101.92

)106.6(







 J181065.2   

eV8.16  

33. (c) 
mQmQV

h 1

2
   

pp

p

Qm

Qm 




  

22
24







pp

pp

Qm

Qm
 

34. (a) 
6

34

102

1063.6












h
p

p

h
 

sec/-1031.3 28 mkg  

35. (a) m
mv

h 37
34

103.3
20001

106.6 






  Å27103.3   

36. (a) 
1931

34

106.15101.92

106.6

2 








mE

h
  

Åm 47.510469.5 10    

37. (c) 
100106.1101.92

106.6

2 1931

34










mQV

h
  

 Å23.1  

38. (c) The De-Broglie wavelength is 
|||| I

h

p

h


||

1

I
   

39. (d) Davission and Germer proved the wave nature of electron by 
performing an experiment. 

40. (a) 
mE

h

2
   

E

1
 .   

41. (d) 
mE2


 ;

'

'

E

E







2

1

5.0










E

E
 E

E
E 4

25.0
'   

  The energy should be added to decrease wavelength. 

  EEE 3'   

42. (d) 

43. (d)  

 
Photon and Photoelectric Effect 

 

1. (d) 
h

pc

c

h
p  


34

829

106.6

103103.3







 Hz13105.1   

2. (d)  

3. (c) )103(102 1016  cpE
c

E
p .106 6 erg  

4. (a)  

5. (a) 


h
p  smkg /-103.1

)105000(

106.6 27

10

34










  

6. (b) 
c

E
p 

c

h
  

7. (d) 
2

2

c

h
mmchE


   

8. (b) 
h

pc

c

h

c

E
p  


 

9. (b) 
hc

P

t

n

t

nhc

t

W
P















834

3

103106.6

3001010







 

 31105.1   

10. (a) Momentum of photon 
c

E
p   

  Velocity of photon 
p

E
c   

11. (b) By using  
)(

12375
)(

Å
eVE


  

 ÅÅ 50009.4989
48.2

12375
   

12. (b) eV
hc

E 6

19

348

109.5
106.121.0

1062.6103 












 

13. (b) Momentum of photon  

  
10

34

10

106.6







h
p = 6.6  10–24 kg - m/sec.  

14. (c) eVE
E

E 5000)5.2('
5000

1

'

5.21



 

15. (a) JhE 191534 106.610106.6      

16. (a) Since 2mch  , hence 


 h

c

h
mcp   

17. (b) 
34

196

106.6

106.1101









h

E
hE  Hz20104.2   

18. (a) 
8

1334

103

105.1106.6








c

h
p


sec/-103.3 29 mkg  

19. (a) 
9

834

10450

1031062.6











hc
E J19104.4   

20. (c) 
34

19

106.6

106.166









h

E
hE  Hz151016   

21. (d) ;
1


E  also visibleinfrared    so  visibleinfrared EE   

22. (c) Energy of photon 


hc
E   (Joules) )(eV

e

hc


  

 
)(

12375

)(106.1

103106.6
19

834

)( ÅÅ
E
eV 











 

 


4.12

)(

37.12
)( 

Å
keVE  

23. (b)    3419 106.6106.1100hE  

 Hz161042.2  . 

24. (a) smkg
h

p /.105.1
104400

106.6 27

10

34
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 and mass kg
c

p
m 36

8

27

105
103

105.1 






  

25. (a)  

26. (a)  

27. (a) 
E

hchc
E  


 

28. (c)  

29. (d) 
19

61234

106.1

1010100.6
)(










e

h
eVE


eV31014.4  . 

30. (c) 
1

2

2

11




 

n

n

n
nhE . 

31. (c) According to Einstein's photoelectric equation. 

32. (a) Kinetic energy of photoelectrons depends on the frequency of 

incident radiations and is independent of the intensity of 

illumination. 

33. (e) In this case, for photoelectric emission the wavelength of 

incident radiations must be less then Å5200 . Wavelength of 

ultraviolet radiations is less then this value (5200 Å) but 

wavelength of infrared radiations is higher than this value. 

34. (a) Frequency of light of wavelength )4000( Å  is 

15

10

8

1075.0
104000

103










c
 which is less than 

the given threshold frequency. Hence no photoelectric 

emisssion takes place.  

35. (d) Refer to the application of photo-cell. 

36. (c) Albert Einstein was awarded Nobel Prize in 1921 for discovering 

the photoelectric effect. 

37. (d)  

38. (c) Energy of incident light eVeVE 72.3
3320

12375
)(   

     )3320332( Ånm   

 According to the relation 00 eVWE   

 
e

eVeV

e

WE
V

07.172.3)( 0
0





 .65.2 Volt  

39. (d)  

40. (b) );( 0max WhK       frequency of incident light. 

41. (a) Refer to threshold frequency. 

42. (c) ÅeVW 2955
2.4

1237512375
)( 0

0

0  


 

43. (d) Intensity  (No. of photons)  (No. of photoelectrons) 

44. (d) eVEKWE 125.4
3000

12375
;max0   

 eVeVeVWEK 125.31125.40max   

 Jmv 192
max 106.1125.3

2

1   

 
31

19

max
101.9

106.1125.32







 v sm /101 6  

45. (d) Retarding potential )( 00  
e

h
V  

46. (c)  

47. (c) 19

10

834

0max 106.1
106400

103104.6 









 W

hc
K


 

   J19104.1   

48. (b) )()()( 0max eVWeVEeVK  eV22.42.6   

  )(max JoulesK JJ 1919 102.3106.12     

49. (c) Since 
0

0


hc
W  ; 

T

Na

Na

T

W

W






)(

)(

0

0  or 

T

NaNa
T

W

W

)(

)(

0

0



 Å2791
5.4

3.25460



  

50. (a) eVeVWEK 4.1)24.3()( 0max   

51. (a) Energy of incident light  eVE 18.6
2000

12375
  

According to relation 00 eVWE   

e

eVeV

e

WE
V

)01.518.6()( 0
0





 VV 2.117.1   

52. (b) .87.1
6600

12375
0 eVW   

53. (d)  

54. (b) 1434 100.11064.6  hE J201062.6   

55. (a) Number of photons emitted per second 

 31

334

3

1072.1
10880106.6

1010







h

p
n  

56. (d) Number of ejected electrons
2)Distance(

1
)(Intensity   

Therefore an increment of distance two times will reduce the 

number of ejected electrons to th
4

1
of the previous one. 

57. (d) According to Einstein's photoelectric equation 

 max0 KWE   









0

0

11

e

hc
V  

 Hence if  decreases 0V  increases. 

58. (b) eV
Å

W 28.2
5420

12375

)(

12375

0

0 


 

59. (b) Number of electrons can be measured which are directly 

proportional to the intensity of radiation. 

60. (a) 0max WhK   191434 102.3108106.6    

 J19101.2   

61. (c)  

62. (b) 













)(

1

)(

1
12375)(

0

max
ÅÅ

eVK


 

 









2000

1

1000

1
12375  eV2.6    

63. (b) Stopping potential does not depend on the relative distance 
between the source and the cell. 

64. (c)  
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65. (a) Energy of incident light eVeVE 09.3
4000

12375
)(   

Stopping potential is – 2V  so eVK 2max   

Hence by using max0 KWE  ; W
0

eV09.1 eV1.1  

66. (d) 2
max0

2

1
mvW

hc



 

Assuming 0W  to be negligible in comparison to 


hc
 

i.e. 


11
max

2
max  vv . 

(On increasing wavelength  to 4, v
max

 becomes half). 

67. (d) 
34

19
0

000
106.6

106.151.2









h

W
hW   

   .sec/1008.6 14 Cycle  

68. (c)  

69. (b)  

70. (a) By changing distance of source, photoelectric current changes. 
But there is no change in stopping potential. 

71. (d) Hz
h

W 14

34

19
0

0 108
106.6

106.13.3











   

72. (a) For no emission of photoelectron, energy of incident light < 

Work function 
h

h


   

73. (c) Number of electrons emitted   intensity 
2)distance(

1
 

  4
1

2
2

1

2

2

1 























d

d

n

n
 

4

1
2

n
n   

74. (c) 0W
hc

E 


 and 0
'

2 W
hc

E 


  

  























EW

EW

WE

WE

/2

/1
'

2

'

0

0

0

0 



  

  Since 
2

1

)/2(

)/1(

0

0 




EW

EW
 so 

2
'


   

75. (b) Stopping potential 









0

0

11

e

hc
V . As   decreases so 

0V  increases. 

76. (c) Å
Å

eVW 3000
125.4

12375

)(

12375
)(. 0

0

 


 

77. (a) Intensity increases means more photons of same energy will 
emit more electrons of same energy, hence only photoelectric 
current increases. 

78. (a) eVEKWE 475.2
5000

12375
;max0    

eVWEK 57.09.1475.20max   

79. (b)  

80. (c) nmÅ
W

hc
3103100

4

12400

0

0   

81. (b)  eVVK s ||max   VVs 4||   

82. (d) Threshold wavelength Å8.5892
1.2

12375
0   

83. (c) 
834

10

103106.6

105000100.










hc

P

t

n

t

nhc
P




 

  201050.2   

84. (c) 00maxmax0 WhWEKKWE    

01 WhK    and 02 2 WhK    12 2KK   

85. (b) Work function
0

hc
 ; where 0  is threshold wavelength.  


1

2

10

0

0

0 2

2

1 




W

W
 

86. (c) JJ
hc

W 19

10

834

0

0 104
105000

10310625.6 












 

87. (a) The work function has no effect on current so long as 

0Wh  . The photoelectric current is proportional to the 

intensity of light. Since there is no change in the intensity of 

light, therefore 21 II  . 

88. (b) Number of photons emitted is proportional to the intensity. 

Also EW
hc

 0


. 

89. (c) Photoelectric current  Intensity of light 

90. (d) V
e

eVeV

e

WE
V 4.1

)6.02()( 0
0 





  

91. (a) gyr   . Here threshold wavelength y . 

92. (a) For electron emission 0incident    

93. (a) .2)||( 0max eVeVVK   

94. (b) Threshold wavelength for Na, ÅNa 5.6187
2

12375
  

 Also 75.3093
4

12375
Cu  

 Since ÅNa 4000 ; So Na is suitable.  

95. (c) By using max0 KWE   

 eVE 475.2
5000

12375
  and eVeVK 36.10max   

 So eVWW 1.136.1475.2 00  . 

96. (b) For emission of electrons incident energy of each photon must 
be greater than work function (threshold energy). 

97. (d) maxK  of photoelectrons doesn’t depends upon intensity of 

incident light. 

98. (a) By using 2
max0

2

1
mvWE   where eVE 18.6

2000

12375
  

2
max

2

1
2.418.6 mveVeV   2

max
2

1
98.1 mveV   

  2
max

3119 101.9
2

1
106.198.1 v   

 smv /104.8 5
max   

99. (b) By using 2
max0

2

1
mvWE  ; where eVE 71.2

4558

12375
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 2
max

31101.9
2

1
5.271.2 veVeV    

 2
max

3119 101.9
2

1
106.121.0 v   

 smv /1065.2 5
max   

100. (b) max0 KWE        …..(i) 

 AA KWhf        …..(ii) 

 and BABB KWKWhf  22      














2

1

B

A

W

W
  

 Dividing equation (i) by (ii) 

 
2

1

22

1







B

A

BA

AA

K

K

KW

KW
 

101. (a)  

102. (d) Stopping potential depends upon the energy of photon 

103. (a) Å
eVW

4125
3

12375

)(

12375

0

0   

104. (b) With decrease in wavelength of incident photons, energy of 
photoelectrons increases. 

105. (b)  

106. (a) By using 2
0

2

1
mvW

hc



 

 2
09 2

1

10400
mvW

hc






  …..(i) 

 and 2
09

)2(
2

1

10250
vmW

hc


 
  …..(ii) 

 On solving (i) and (ii) 

 














 99

2

10400

1

10250

1

32

1 hc
mv  …..(iii) 

 From equation (i) and (iii) JhcW 6
0 102  . 

107. (a) voltVeVeVeVeVWE 224 0000   

108. (b)  

109. (a) eVW 8.1
6800

12375
0   

110. (b) With the increase in intensity of light photoelectric current 
increases, but Kinetic energy of ejected electron, stopping 

potential and work function remains unchanged.  

111. (c) eVJhE 331028.5108106.6 181534    By 

using 0maxmax0 WEKKWE 

 eV27125.633   

112. (b) Å
W

5.6187
2

1237512375

0

 nm620   

113. (a) Minimum kinetic energy is always zero. 

114. (c) Speed of photon is sm /103 8  in vacuum. 

115. (c) Minimum frequency : 00 hW    

  Hz
h

W 14

34

19
0

0 104
106.6

106.165.1











  

116. (b) By using max0 KWE  0max WEK   

 Hence, 5.05.011 K  

 and 
4

1
25.05.2

2

1
2 

K

K
K . 

117. (c) 
1

2

3.2

5.4

)(

)(1

10

20

2

1
0 

W

W
W






. 

118. (d) 0max eVK    eVeV 40   VV 40   

119. (a) Number of photo electrons  

 (N)  Intensity 

2

1

2

2

1

2

1















d

d

N

N

d
 

 
41

4

50

100 1
2

2

2

1 N
N

N

N









 . 

120. (c) 
16.198

103106.6
10

834
3






n

t

nhc

t

W
P


 

3010 n . 

121. (c) 
110540

103106
100

9

834








n

t

nhc
p


 20103n   

122. (c) 0max0
2
max 2

2

1
V

m

e
veVmv 








  

./108.19108.12 611 sm  

123. (b) max0 KW
hc




A

A

KW
hc

 0


                ...(i) 

 and B

B

KW
hc

 0


                         ...(ii) 

 Subtracting (i) from (ii), AB

AB

KKhc 










11
 

  AB

BB

KKhc 









 2

11
 AB

B

KK
hc


2

 ...(iii) 

 From (ii) and (iii), BAB KWKK  022  

 02 WKK AB   

 
22

0WK
K B

A   which gives 
2

B
A

K
K  . 

124. (a) eVeV 29.1
6500

12375
0  . 

125. (a) rayUVrayX     

126. (a) max00max0 )4( KhhKhE   0max 3 hK  . 

127. (a)  

128. (c) ÅW 5380
3.2

12375
0  . 

129. (d) 

130. (b) Using Einstein photoelectric equation max0 KWE    

 2
101

2

1
mvWhf     …..(i) 

 2
202

2

1
mvWhf     …..(ii)  
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 )(
2

1
)( 2

2
2
121 vvmffh  )(

2
)( 21

2
2

2
1 ff

m

h
vv   

131. (d)  

132. (b) By using 0

0

11
V

e

hc

















 

 8.4
11

0















e

hc
   …..(i)  

 and 6.1
1

2

1

0















e

hc
   …..(ii) 

 From equation (i) by (ii), 




4

6.1

8.4

1

2

1

11

0

0

0
































. 

133. (c)  

134. (d) max0 KWE  . From the given data E is 6.78 eV (for = 

1824 Å )  or eV17.10 (for Å1216 )  

 eVKEW 48.13.578.6max0   

  or  

    .47.17.817.100 eVW   

135. (c) 
6000

40001032.3

2

19

2

1

2

1 





EE

Ehc
E






 

 .1.31098.4 19
2 eVJE    

136. (c) Number of waves 4

10

3

1025.0
104000

10









 

137. (d) Velocity of photon c  

138. (b) ÅÅ 18001813
825.6

12375
0   

139. (c) Work function 1534
00 106.1106.6  hW  

    J1810056.1  eV6.6  

 From 0maxmax0 WEKKWE  eV4.1  

140. (c) 


hc
E

h
P  ,  .PcE   

141. (a) 
1

2

150

300

2

1 
E

Ehc
E


 

142. (d)  

143. (b) If frequency of incident light increases, kinetic energy of 

photoelectron also increases. 

144. (d) Photoelectric effect can be explained on the basis of spectrum 

of an atom. 

145. (b) eVW 28.2
5420

1237512375

0

0 


 

146. (c)  

147. (a) eVeVE 5.247.2
5000

1237512375



 

148. (a) Momentum 222 cpE
c

E
p   

149. (c) Energy of incident radiations (in eV) eV01.3
4100

12375
  

Work function of metal A and B are less then eV01.3 , so A 
and B will emit photo electrons.   

150. (d) From 2
max0

2

1
mvWE   

 2
100

2

1
2 mvhh     2

10
2

1
mvh         .....(i) 

and 2
200

2

1
5 mvhh     2

20
2

1
4 mvh     .....(ii) 

 Dividing equation (ii) by (i) 
1

4
2

1

2 













v

v
 

   smvv /10810422 66
12   

151. (d) Number of photoelectrons  
2)Distance(

1
. 

152. (b) The value of saturation current depends on intensity. It is 
independent of stopping potential  

153. (a) In tungsten, photoemission take place with a light of 

wavelength 2300 Å. As emission of electron is inversely 
proportional to wavelength, all the wavelengths smaller then 

2300 Å will cause emission of electrons. 

154. (c) Stopping potential = .6.02.18.1 eVeVeV   

155. (a)  

156. (a)  0..  hhEK 























eVeV
19

1534

106.1

106.1106
8  

 = eVeVeV 268   
 

X-Rays 
 

1. (c) ÅÅ 25.0247.0
1050

12375
3min 


 . 

2. (c) X-rays are electromagnetic waves of wavelength ranging from 

0.1 to .100 Å  

3. (a) Penetrating power is greater for lower wavelength. 

4. (a)  

5. (d) From the formula 

   
3094.0

1237512375

min




V kVkV 4099.39   

6. (b) Refer to the application of X-rays. 

7. (a)  

8. (b)  

9. (c)  

10. (c) The voltage applied across the X-ray tube is of the range of 10 

kV – 80 kV. 

11. (c)  

12. (b) In X-ray tube, target must be heavy element with high melting 
point. 

13. (c) 22 )()( bZabZ    

 Z = atomic number of element (a, b are constant). 

14. (c)  
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15. (b) X-rays and gamma rays are electromagnetic waves. 

16. (c) Since Å
V

12375
min  ÅÅ 123.0

10

12375
5

  

  ;
min

max


hc
E   

 On putting the values. .10 1
max MeVE   

17. (b) .min
eV

hc
  where h, c and e are constants. Hence 

V

1
min   

18. (c) Range of X-rays is 0.1Å to 100 Å.  

19. (d) The production of X-rays is an atomic property whereas the 

production of  -rays is a nuclear property. 

20. (a) Å30.0
000,40

12375
min   Hence wavelength less than 0.30 

Å is not possible. 

21. (a) 
eV

hc
min  

22. (b) 
10

34

1001.0

106.6











h
p sec/-106.6 22 mkg . 

23. (a) X-rays are absorbed by the target; they are not reflected by the 
target. 

24. (c)  

25. (d)  

26. (a)  

27. (d)  

28. (c)  

29. (b) Continuous spectrum of X-rays consists of radiations of all 
possible wavelength range having a definite short wavelength 
limit. 

30. (b) 
t

h
P

t

E 
  

 i.e. Penetrating power  energy  Frequency 

31. (c) In general X-rays have larger wavelength than that of gamma 
rays. 

32. (c) According to Mosley's law 2)( bZa   and 



1

  

33. (b) VeVhE    

34. (c) 
h

eV
heVE  maxmax   

35. (c) 
min

max



hc

heVE   
eV

hc
 min  

36. (d) 
eV

hc
min  or 

V

1
min   On increasing potential, min  

decreases. 

37. (a) eVh o  Hz
h

eV
o

19

34

19

10
1063.6

42000106.1











  

38. (d) Nucleus of heavy atom captures electron of k-orbit. This is a 
radioactive process, so vacancy of this electron is filled by an 
outer electron and x-rays are produces. 

39. (d) Because they are electromagnetic waves. 

40. (c) 
min

max

1


   Hard X-rays have high frequency and low 

wavelength. 

41. (d) X-rays are electromagnetic in nature so they remains unaffected 
in electric and magnetic field.  

42. (b)  

43. (c)  

44. (b) X-rays have high energy. They penetrate into the solid crystal 
and used to find out the internal structure.  

45. (a) By changing the filament current with the help of rheostat, 
thermionic emission intensity of X-rays can be changed. 

46. (c) Applied voltage must be greater than binding energy. 

47. (a)  

48. (d) ÅÅ 31.0309.0
)1040(

12375
3




  

49. (c)  

50. (b) Å
VeV

hc 12375
min   ÅÅ 5.0495.0   

51. (c) ;
12375

min Å
VeV

hc
  kV

Å
V 124

in

12375



 

52. (a) Mosley's law is 2)( bZaf   

53. (b) The potential difference across the filament and target 
determines the energy and thence the penetrating power of X-
rays. 

54. (d) The energy of X-ray photon obtained from a coolidge tube by 

an electronic transition of target atom such as K  line is 

obtained from transition from L orbit in K orbit. 

55. (b) Å
V

4.0
1030

1237512375
3min 


  

56. (d) ÅÅ 124.0
10100

12375
3min 


  

57. (d) nm025.0
50000

12375
min      

58. (c)  

59. (a) Refer theory 

60. (a) With the increase in potential difference between anode and 

cathode energy of striking electrons increases which in turn 
increases the energy (penetration power) of X-rays. 

61. (a)  

62. (b)  

63. (b) The wavelength range of X-ray is 0.1 Å – 100 Å.  

64. (b) Energy 



c

hhE   
1

5000

1

2

2

1 




E

E
  

65. (b)  

66. (a) Interatomic spacing in a crystal acts as a diffraction grating. 

67. (b) The wavelength of the -rays is shorter. However the main 

distinguishing feature is the nature of emission. 

68. (d) eVh max  eV
hc


min

 
V

1
min    
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69. (d) Hard X-rays are of higher energy and the energy of X-rays 

depends on the potential difference between the cathode and 

the target. 

70. (d) Penetration is directly proportional to the energy of radiations. 

71. (d) Greater the number of electrons striking the anode, larger is 

the number of X-ray photons emitted. 

72. (a) VVÅ
V

12375
1

1237512375
min   

kVkV 42.12375.12   

73. (c)  

74. (c)  

75. (c) .5.77500
65.1

12375
)( keVeVeVE   

76. (d)  

77. (b)  

78. (a) mÅ 8
min 1009.3

40

12375   

79. (d) Target should be of high atomic number and high melting 

point 

80. (a) Intensity of X-rays depends upon the number of electron 

striking the target. 

81. (b) eV
e

hc
eVE 12375

101106.1

103106.6
)(

1019

834












 

82. (c) When applied voltage is greater then energy of K-electron, 

continuous and all characterstic X-rays are emitted. 

83. (c)  

 

 
 

84. (d) When current through the filament increases, number of 

emitted electrons also increases. Hence intensity of X-ray 

increases but no effect on penetration power. 

85. (a) sec
e

i

t

N

t

Ne
i /102

106.1

102.3 16

19

3











 

86. (d)  

87. (a) Because X-rays are electromagnetic (Neutral) in nature. 

88. (d) 
VeV

hc
19

834

min
106.1

1036.6







 Å

VV

1240012375
  

89. (c) Frequency of hard X-rays is greater than that of soft X-rays. 

90. (b)  

91. (a) kVVÅ
V

30
4125.0

1237512375
min   

92. (b)  

93. (d)  

94. (a) ÅÅ 31.0309.0
1040

12375
3min 


  

95. (d) 
319

834

min
10100106.1

103106.6










eV

hc
  Å123.0  

96. (d) According to Mosley’s law 2)( bZ   

 For k  line, ,1b  and it has maximum frequency so 

2
max )1(  Z  

97. (b) The velocity of X-rays is always equal to that of light. 

98. (b)  

99. (d) Å
V

12375
min 

5.2

12375
 V = 4950 V ≃ 5 kV.  

100. (c) ;
(energy)

min
eV

hc
  when KE  (or )eV  increases,   

decreases. 

101. (c)  

102. (b) When a high energy electron incident on heavy metal, it 
produces X-rays. 

103. (b) Hz
c 18

10

8

103
101

103








  

104. (b) 2

22

11
Z

Z

c

Z
 


  

105. (d)  

106. (a) 
10

834

105.1

1031063.6











hc
eV  

1019

834

105.1106.1

1031063.6







 V  =8280 Volt.   

107. (d)  

108. (d)  

109. (b) Required ionisation  energy  

 
10

834

1054.1

103106.6











hc
J 16109.12  J 

110. (c) 
2)1(

1




Z


2

2

1

1

2

1

1



















Z

Z




 

 

22

2

28

42

129

143


























   

4

9
2  . 

111. (a)  
 

Critical Thinking Questions 
 

1. (b) For one second, distance = Velocity = sec/103 4 m  and 

CiQ 6101  . Charge density
Volume

Charge
  

  35

64

6

/106.6
105.0103

10
mC








 . 

2. (c) By law of conservation of momentum 

  221122110 vmvmvmvm   

 – ve sign indicates that both he particles are moving in 
opposite direction. Now de-Broglie wavelengths 

 
11

1
vm

h
  and 

22

2
vm

h
 ; 1

11

22

2

1 
vm

vm




 

3. (b) 
E

hc
photon   and 

mE

h

2
proton   

n=4 

n=3 

n=2 

n=1 
k  k  k  
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E

m
c

2

electron

photon





 

E

1

electron

photon





  

4. (a,b,c) K
max 

= E – W
0

 

   T
A

 = 4.25 – (W
0

)
A

   ...(i)  

  T
B

 =(T
A

– 1.5)= 4.70 – (W
0

)
B

  ...(ii) 

  Equation (i) and (ii) gives (W
0

)
B 

– (W
0

)
A

 = 1.95 eV 

  De Broglie wave length 
mK

h

2


K

1
   

   
B

A

A

B

K

K





 

5.1
2




A

A

T

T
  T

A

 = 2eV 

  From equation (i) and (iii)  

 W
A 

= 2.25 eV and W
B

 = 4.20 eV. 

5. (d)  

6. (b) In the presence of inert gas photoelectrons emitted by cathode 
ionise the gas by collision and hence the current increases.  

7. (b) For electron and positron pair production, minimum energy is 
1.02 MeV. 

Energy of photon is given 1.7  10-3 J 
19

13

106.1

107.1







  

= 1.06 MeV. 

Since energy of photon is greater than 1.02 MeV,  

So electron, positron pair will be created.  

8. (c) According to Einstein’s photoelectric equation 

  

2/1

2 )(2

2

1







 







 m

hc
vmv

hc
 

9. (b) Cut off voltage is independent of intensity and hence remains 
the same. Since distance becomes 3 times, so intensity (I) 

becomes .
9

I
 Hence photo current also decreases by this factor 

i.e. becomes .2
9

18
mA  

10. (d) 2
max

0

2
max0

2

1

2

1
mv

hchc
mvWh 


  

  2
max

0

0

2

1
mvhc 












 

















 


0

0
max

2





m

hc
v  

  When wavelength is   and velocity is v, then 

  











 


0

02





m

hc
v    …. (i) 

  When wavelength is 
4

3
 and velocity is v’ then 

  













0

0

)4/3(

)4/3(2
'





m

hc
v   ….(ii) 

  Divide equation (ii) by (i), we get 

  














0

0

0

0

4

3

)]4/3(['

v

v
 

  

















0

0

2/1
)]4/3([

3

4
' vv  i.e. 

2/1

3

4
' 








 vv  

11. (c) Intensity of light  

  
A

nhc

Area

W att
I    Number of photon 

hc

IA
n


  

   Number of photo electron = 
hc

IA


100

1
 

  12

834

94

105.1
103106.6

10300101

100

1











     

12. (b) By using max0 Khh    

  101 )( Kh      ….(i) 

  And 202 )( Kh     ….(ii) 

  
KK

K 1

2

1

02

01 








, Hence 

1

21
0






K

K 
 . 

13. (b) 00 eVWE   

  For hydrogen atom, eVE 6.13  

   + 13.6 = 4.2 + eV
0

  

   V
e

eV
V 4.9

)2.46.13(
0 


  

  Potential at anode = – 9.4 V 

14. (a) From 
0

0

12375

W
   

  The maximum wavelength of light required for the 

photoelectron emission, ÅLi 5380
3.2

12375
)( 0  .  

Similarly 
4

12375
)( 0 Cu = 3094 Å. 

Since the wavelength 3094 Å does not in the visible region, but 
it is in the ultraviolet region. Hence to work with visible light, 
lithium metal will be used for photoelectric cell. 

15. (a) Direction of scattered photon 
h

cme



 1cos  

  Here Å011.0  

  
34

83110

10624.6

103101.910011.0
1cos








   

               547.0453.01    

  )547.0(cos 1  

16. (d) Bragg's law,  nd sin2  or 
n

d 


sin2
  

  For maximum wavelength, 1)(sin,1 maxmin  n  

  d2max   or Åcm 20102 7
max     

17. (a,c,d) WVIP 100010201050 33    

  Power converted into heat = 990 W 

  sec/2990 CTTms o  

  Now eV
hc


min

m
eV

hc 10
min 10248.0   

18. (c) The wavelength of X-ray lines is given by Rydberg 



 
     1436 Electron, Photon, Photoelectric Effect and X-Rays    

  Formula 















2
2

2
1

2 111

nn
RZ


 

  For K  line, 11 n  and 22 n  

  









4

31 2RZ


 

2/1

3

4










R
Z  

  

2/1

1017 )1076.0()10097.1(3

4












 mm
= 39.99  40 

19. (b) If intensity of X-ray is decreased by dI, when it passes through 
a length dx of absorbing material then, the amount of observed 

intensity is I dx. 

Thus, – dI = I dx   or 0 I
dx

dI
  

On solving this equation I = I
0

e– 


x =I
0

e–


d    (x =d) 

20. (c) 


hc
EE LK  eV

)106.1()10021.0(

)103()106.6(
199

834








 =59keV 

21. (d) Minimum wavelength of continuous X-ray spectrum is given by  

155.0
1080

1237512375
Å) in(

3min 



E(eV)

  

  Also the energy of the incident electrons (80 KeV) is more than 
the ionization energy of the K-shell electrons (i.e. 72.5 KeV). 
Therefore characteristic X-ray spectrum will also be obtained 
because energy of incident electron is enough to knock out the 
electron from K or L shells.   

22. (a) The wave length of L line is given by 

  
222

2

)4.7(

1

3

1

2

1
)4.7(

1













Z
zR 


 

  
2

1

2
2

2

1

)4.7(

)4.7(






z

z




2

2

2 )4.778(

)4.742(30.1







Å41.52   

23. (c) de-Broglie wavelength 
rmsmv

h
 , rms velocity of a gas 

particle at the given temperature (T) is given as  

  kTmv rms
2

3

2

1 2 
m

kT
vrms

3
 Tmkmv rms 3  

   
mkT

h

mv

h

rms 3
  

  
3

8

)27273(2

)127273(4







HH

HeHe

He

H

Tm

Tm




 

24. (c) 
hc

E
n




11

834

97

101
103106.6

10200101











 

 Number of electrons ejected 8

3

11

10
10

10
  

  V
r

q
V 3

108.4

109)106.110(

4 2

9198

0












 

25. (b) The momentum of the incident radiation is given as 


h
p  . 

When the light is totally reflected normal to the surface the 
direction of the ray is reversed. That means it reverses the 
direction of it’s momentum without changing it’s magnitude  

 
10

34

106630

106.622
2












h
pp = 2  10–27 kg-m/sec.  

26. (c) When a charged particle (charge q, mass m) enters 
perpendicularly in a magnetic field (B) than, radius of the path 

described by it qBrmv
qB

mv
r  .  

Also de-Broglie wavelength 
mv

h
  

 
qBr

h


2

1










rq

rq pp

p

 

27. (a)  111
1

1  a
v

f


 and  1
2

2  Za
v

f


 

  By dividing, 
1

10

1

2




Z




1

10

1

4




Z
 Z = 6  

28. (c) K.E.= 2 E
0

– E
0

 = E
0

  (for 0  x  1)   

0

1
2 Em

h
  

  K.E. = 2 E
0

 (for x > 1)  

0

2
4 Em

h
 .2

2

1 



 

29. (b) Given m
0

c2 = 0.51 MeV and v = 0.8 c  

  K.E. of the electron = mc2– m
0

c2  

  But 
6.036.08.0

11

00

2

0

2

2

0 mm

c

c

m

c

v

m
m 















  

  Now, 
6.0

51.02 mc  MeV = 0.85 MeV 

   K.E. = (0.85 – 0.51)MeV = 0.34 MeV.  

30. (a) The deflection suffered by charged particle in an electric field is 

mp

ELDq

um

ELDq
y

/22
     (p =mu) 

   
2p

qm
y    y

p

 : y
d

 : y 222
::





p

mq

p

mq

p

mq

d

dd

p

pp
   

  Since p = p
d

 = p
p

  (given) 

  m
p

 : m
d

 : m = 1 : 2 : 4 and q
p

 : q
d

 : q = 1 : 1 : 2  

   y
p

 : y
d

 : y = 1 1 : 1  2 : 2  4 = 1 : 2 : 8   

31. (c) Using ;2 y
m

q
kZ 








  where 

E

LDB
k

2

 . For parabolas to 

coincide in the two photographs, the 
m

qk
 should be same for 

the two cases. Thus,  
22

2
2

11

2
1 )2(

mE

eLDB

mE

LDeB
  

   
2

1

1

2

2

2

1

2

1 




























E

E

B

B

m

m

4

9

2

1

1

2

4

9
  

32. (c) According to the energy diagram of X-ray spectra  

  


hc
E 

E


1
  

  (E = Energy radiated when e– jumps from, higher energy orbit 
to lower energy orbit)  
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 Lkk EEE )()()(      

  Also 
 Lkk EEE )()()(   

  
  


hchchc

  


111
 

33. (c) By using ;
A

P
I    where P = radiation power 

   AIP   IA
t

cnh



 

hc

IA

t

n 
  

  Hence number of photons entering per sec the eye 

834

7610

103106.6

106.51010

















t

n
= 300. 

34. (d) min

 K  When V is halved min  becomes two times 

but 


K remains the same. 

        min2' 

 K aK  )(2  

        )(2'    

35. (b) Energy of photons corresponding to light of wave length 
1

 = 

2475 Å is .5
2475

12375
1 eVE   

  and that corresponding to 
2

 = 6000 Å is  

  eVE 06.2
6000

12375
2   

  As E
2

 < W
0

 and E
1

 > W
0

 

  Photoelectric emission is possible with 
1

 only. Maximum 
kinetic energy of emitted photoelectrons K = E – W

0

 = 5 – 4.8 = 
0.2 eV.  

  Photo electrons experiences magnetic force and move along a 
circular path of radius  

  
519

1931

103106.1

106.12.010922









BQ

mk
r  

  = 0.05 m = 5 cm.  

36. (a) Number of photoelectrons emitted up to t = 10 sec are  

610

Time)(Area time)unitper                             

 area unit per of photonsNumber (


n  

    7416

6
105)]10()105()10[(

10

1
   

At time t = 10 sec  

Charge on plate A ; q
A

 = +ne = 5  107  1.6  10–19  

                                   = 8  10–12 C = 8 pC  

and charge on plate B ; q
B

 = 33.7 – 8 = 25.7 pc  

Electric field between the plates  

412

12

0 1051085.82

10)87.25(

2

)(












A

qq
E AB


.102 3

C

N
  

37. (a) As we know in Young's double slit experiment fringe width = 
separation between two consecutive fringe or dark fringes 

d

D
    

Here y2   
d

D
y


2   

D

yd2
  

 Åm 4000104
2.1

1024.01012 7
33




 


  

Energy of light incident on photo plate  

    eVeVE 1.3
4000

12375
)(   

According to Eienstein photoelectric equation 

E = W
0

 + eV
0

   VeV
ee

WE
V 9.0

)2.23()( 0
0 





  

38. (a) JeVE 19104475.2
5000

12375   

So the minimum intensity to which the eye can respond  

EyeI  (Photon flux)  (Energy of a photon) 

 )/(102–~)104()105( 214194 mWIEye
    

Now as lesser the intensity required by a detector for detection, 
more sensitive it will be 

 
Eye

Ear

Ear

Eye

I

I

S

S
 5

102

10
14

13









 i.e. as intensity (power) 

detector, the eye is five times more sensitive than ear.  

39. (c) Due to 10.2 eV photon one photon of energy 10.2 eV will be 
detected. 

Due to 15 eV photon the electron will come out of the atom 
with energy (15 - 13.6) = 1.4 eV. 

 

Graphical Questions 
 

1. (a) Velocity of photon (i.e. light) does not depend upon frequency. 
Hence the graph between velocity of photon and frequency will 
be as follows  

 

 

 
 

    

2. (d) De-Broglie wavelength 
p

h
   

p

1
  

  i.e. graph will be a rectangular hyperbola.  

33..  (a)  The stopping potential for curves a and b is same.  

      ba ff   

  Also saturation current is proportional to intensity  

      ba II    

4. (d) According to Einstein equation 

  max0 Khh     0max  hhK  on comparing it 

with ,cmxy   it is clear to say that,  

  This is the equation of straight line having positive slope (h) 

and negative intercept )( 0h  on KE axis.  

5. (c) Comparing Einstein’s equation 

  0max  hhK  , with ,cmxy  we get slope, hm    

Velocity of photon (c) 

Frequency () 
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6. (b) 0max  hhK    00  hheV   
e

h

e

h
V 0

0


   

  Comparing this equation with cmxy  , we get slope 

e

h
m    emh  . 

7. (a)  Using Einstein’s equation, 
e

W

e

h
V 0

0 







               

  Comparing this equation with cmxy   

  We get intercept on – V
0

 axis 
e

W0  

   
e

W
OB 0   eOBW 0  

8. (b) From the given graph it is clear that if we extend the given 
graph for A and B, intercept of the line A on V axis will be 
smaller as compared to line B means work function of A is 
smaller than that of B. 

9. (a) Wavelength k  is independent of the accelerating voltage (V), 

while the minimum wavelength c  is inversely proportional to 

V. Therefore as V increases, k  remains unchanged whereas 

c  decreases or ck    will increase.  

10. (c) In X-ray spectra, depending on the accelerating voltage and the 
target element, we may find sharp peaks super imposed on 
continuous spectrum. These are at different wavelengths for 
different elements. They form characteristic X-ray spectrum.      

11. (b) Photo current (i) directly proportional to light intensity (I) 

falling on a photosensitive plate.  Ii  

12. (d) According to Einstein’s equation 

   h = W
0

 + K
max

  
e

W

e

h
V 0

0 







   

  This is the equation of straight line having positive slope (h/e) 

and intercept on 0V  axis, equals to 
e

W0  

13. (d) In photocell, at a particular negative potential (stopping 
potential V

0

) of anode, photoelectric current is zero, 

At the potential difference between cathode and anode 
increases current through the circuit increases but after some 
time constant current (saturation current) flows through the 
circuit even if potential difference still increasing. 

14. (b) Stopping potential does not depend upon intensity of incident 
light (I).  

15. (a) Stopping potential is that negative potential for which photo 
electric current is zero. 

16. (d) 


















e

W

e

h
V 0

0  . From the graph 12 VV   

   
e

W

e

h

e

W

e

h 0102 


  12    

   21    (as 



1

 )  

17. (d) 
2

1

d
I   and photo current Ii   

2

1

d
i   

18. (a) max0 KEhh     0max  hhKE   

  On comparing this equation with cmxy   we get 

   hm Universal constant  

19. (b) Åm
c

6000106
105

103 7

14

8

0

0 



 


  

20. (c) Work function is the intercept on K.E. axis i.e. 2eV.  

21. (b) From the graph stopping potential |V
s

|= –V  

Also k
max 

= (|V
0

|eV = 4eV.  

22. (c) By Moseley’s law, )( bZa   or, 22 )( bZa   

Comparing with the equation of a parabola, axy 42   it 

conforms to graph c.  

23. (a) 
eV

hc
min   

V

1
  

  12    (see graph)  21 VV   

  )( bZa   Moseley’s law  

  2)1(  Z  
2)1(

1




Z
              












1

  

  21    (see graph for characteristic lines)  12 ZZ  .  

24. (a) 
0

0max



hchc

hhK   i.e. graph between maxK  and 



1
 will be straight line having slope (hc) and intercept 

0

hc
 on 

– KE axis. 

25. (a)  varies from 0 to max .   

26. (a) 
eV

hc
min   V

e

hc
loglog.log min   

  
e

hc
V logloglog min   

 This is the equation of straight line having slope (–1) and 

intercept 
e

hc
log  on minlog e  axis. 

27. (c) For K
  

line 2)1(  Z   
2)1(

1




Z
  

i.e. the graph between  and z will be (c).  

28. (b) Slope of 0V  curve 
e

h
  

  h = Slope  e = 1.6  10–19 4.12  10–15   

 sec-106.6 34 J . 

29. (b) 21 II   (given)            i
1

 > i
2

   )( Ii  

 and stopping potential does not depend upon intensity. So its 

value will be same )( 0V . 

30. (c) Slope of V
0 

–  curve for all metals be same 








e

h
 i.e. curves 

should be parallel.  

31. (c) 
Em

h

mE

h 1

22
 . Taking log of both sides 

Em

h 1
log

2
loglog   E

m

h
log

2

1

2
loglog   

 
m

h
E

2
loglog

2

1
log    

 This is the equation of straight line having slope (–1/2) and 

positive intercept on log  axis. 
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32. (b) )( bZ    

33. (b) Peak of K is greater than peak of K
 

line.   

34. (a) |– 4V|> |– 2 V|  

35. (a) .
1
2v

x  The ion whose deflection is less, its velocity will be 

more. From the curve 4321 xxxx  , therefore 

4321 vvvv  .  

36. (a)  All the positive ions of same specific charge moving with 
different velocity lie on the same parabola.  

37. (b) The equation of curve between V
0

 and  is 0
0 V

e

h

e

h



. 

This is equation of a straight line with slope 
e

h
 . 

38. (b) Stopping potential equals to maximum kinetic energy. 

  Since stopping potential is varying linearly with the frequency. 
There fore max. KE for both the metals also  vary linearly with 
frequency.       

 

Assertion and Reason 
 

1. (a)  Momentum of a photon is given by 


h
p   

Also the photon is a form of energy packets behaves as a 

particle having energy 


hc
E  . So 

c

E
p   

2. (d) Photoelectric effect demonstrates the particle nature of light. 
Number of emitted photoelectrons depends upon the intensity 
of light. 

3. (b) Charge does not change with speed but mass varies with the 

speed as per relation 

2

2

0

1
c

v

m
m



 . Hence specific charge 

e/m decreases with increase in speed.  

4. (a) X-rays lies in electromagnetic spectrum.  

5. (b) Mass of moving photon  




c

h

c

h
m 

2
 and 2mcE  . 

6. (d) According Einstein equation ;0 hhKE   i.e., KE 

depends upon the frequency. Photoelectron emitted only if 
incident frequency more than threshold frequency. 

7. (e) The atomic number (number of electrons or protons) remains 
same in isotope. Isotope of an element can be separated on 
account of their different atomic weight by using mass 
spectrograph. 

8. (b) The specific charge )/( me  of the positive rays is not universal 

constant because these rays may consists of ions of different 
element. 

9. (b)  Less work function means less energy is required for ejecting 
out the electrons.  

10. (a) de-Broglie wavelength associated with gas molecules varies as 

T

1
  

11. (e) If electron is moving parallel to the magnetic field, then the 
electron is not deflected i.e., if electron is not deflected we 
cannot be sure that there is no magnetic field in that region.  

12. (d) At normal pressure positive ions and electrons liberated by 
ionisation of gas atoms, due to cosmic rays are very small in 
number and they collide constantly with the gas atoms which 
are present in large numbers, and hence are unable to move a 

long distance under the electric field and soon get recombined 
i.e., flow of ions in the gas does not take place. 

13. (d) Light is produced in gases in the process of electric discharge 
at low pressure. When accelerated electrons collide with atoms 
of the gas, atoms get excited. The excited atoms return to their 
normal state and in this process light radiations are emitted. 

14. (d) The discharge depends on both pressure of discharge tube and 
ionisation potential of gas. Since the ionisation potential of 
different gases are different, hence the discharge in different 
gases takes place at different potential. 

15. (d) If electric field is used for detecting the electron beam, then 
very high voltage will have to be applied or very long tube will 
have to be taken. 

16. (b) Specific charge of a positive ion corresponding to one gas is 
fixed but it is different for different gases. 

17. (e) In Millikan’s experiment oil drops should be of microscopic 
sizes. If much bigger oil drops are used, then a very high 
electric field will be required to balance it which is not possible 
to achieve practically. 

Further, the apparent weight of the liquid ga3

3

4
  

.6)( airliquid va   

If a is large, v  will be large and the experimental errors will be 
high. 

18. (e) Only the photoelectrons emitted from the surface of the metal 
have maximum kinetic energy. Those emitted from inside the 
metal loses part of their energy in collision with the other 
atoms inside the metal. 

19. (d) On increasing the intensity of incident light, the current in 
photoelectric cell will increase. The energy of the photons 

)( h  will, however not increase with increase in intensity, and 

hence the kinetic energy of the emitted electrons will not 
increase. 

20. (a) When a light of single frequency falls on the electron of inner 
layer of metal, then this electron comes out of the metal 
surface after a large number of collisions with atoms of its 
upper layer. 

21. (b) There is no emission of photoelectrons till the frequency of 
incident light is less than a minimum frequency, however 
intense light it may be. In photoelectric effect, it is a single 

particle collision. Intensity is ,Nh   where h  is the 

individual energy of the photon and N is the total number of 
photon. In the wave theory, the intensity is proportional, not 

only to 2  but also to the amplitude squared. For the same 
frequency, increase in intensity only increase the number of 
photons (in the quantum theory of Einstein). 

22. (a) The photoemissive cell may be evacuated contain an inert gas 
at low pressure. An inert gas in the cell gives greater current 
but causes a time lag in the response of the cell to very rapid 
changes of radiation which may make it unsuitable for some 
purpose. 

23. (c) Wavelength of X-rays is very small )( Å . Hence they are not 

diffracted by means of ordinary grating. X-rays follows the 
Bragg’s law. 

24. (b) The penetrating power of X-rays depends upon the voltage 
applied across the tube producing X-rays. X-rays can pass 
through matter of lighter elements such as flesh (which is 
composed of oxygen, hydrogen and carbon) but cannot pass 
through substances made of heavier elements like bones (which 
are made of phosphorus and calcium). 

25. (c) Intensity of X-rays (I) is proportional to the filament current 
and also to the square of the voltage. It is well known that 
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intensity of X-rays depends on the number of photons emitted 
per second from target. 

26. (b) When fast moving electrons strike the atoms of the target, then 
most of their kinetic energy is used in increasing the thermal 
agitation of the atoms of the target and only a small part is 
radiated in the form of X-rays. So the temperature of the target 
rises. 

27. (e) Higher is the wavelength of X-ray, lesser is the frequency and 
penetration power. 

28. (a) The distance between the atoms of crystals is of the order of 
wavelength of X-rays. When they fall on a crystal, they are 
diffracted. The diffraction pattern is helpful in the study of 
crystal structure. 

29. (b) In photoelectric effect, the photon falling on some matter is 
absorbed by the matter and its energy is transferred to an 
electron of the matter. In X-ray production, photons are 
produced which get energy from energetic electrons ionising 
the inner shells of the target which in turn cause a cascade of 
emission lines. 

30. (e) Soft and hard X-rays differ only in frequency. But both types of 
X-ray travel with speed of light. 
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1. Which of the following will have the least value of 
m

q
 

 (a) Electron (b) Proton 

 (c) -particle (d) -particle 

2. When green light is incident on the surface of metal, it emits photo-
electrons but there is no such emission with yellow colour light. 
Which one of the colour can produce emission of photo-electrons 

 (a) Orange (b) Red 

 (c) Indigo (d) None of the above 

3. An electron is moving through a field. It is moving (i)  opposite an 

electric field (ii) perpendicular to a magnetic field as shown. For 

each situation the de-Broglie wave length of electron  

 

 

 

 

(a) Increasing, increasing  (b) Increasing, decreasing  

(c) Decreasing, same (d) Same, Same 

4. The figure shows different graphs between stopping potential )( 0V  

and frequency () for photosensitive surface of cesium, potassium, 

sodium and lithium. The plots are parallel. Correct ranking of the 
targets according to their work function greatest first will be 

 

 

 

 

 

 

 

 (a) (i) > (ii) > (iii) > (iv) (b) (i) > (iii) > (ii) > (iv) 

 (c) (iv) > (iii) > (ii) < (i) (d) (i) = (iii) > (ii) = (iv) 

5. The K  X-rays arising from a cobalt (z = 27) target have a 

wavelength of 179 pm. The K  X-rays arising from a nickel target 

(z = 28) is  

 (a) > 179 pm  (b) < 179 pm 

 (c) = 179 pm (d) None of these  

6. If a voltage applied to an X-ray tube is increased to 1.5 times the 

minimum wavelength )( min  of an X-ray continuous spectrum shifts 

by pm26 . The initial voltage applied to the tube is 

 (a)  10 kV (b)  16 kV 

 (c)  50 kV (d)  75 kV 

7. Light of wavelength 2475 Å is incident on barium. Photoelectrons 
emitted describe a circle of radius 100 cm by a magnetic field of flux 

density 510
17

1  Tesla. Work function of the barium is (Given 

)107.1 11
m

e
 

(a) 1.8 eV  

(b) 2.1 eV  

(c) 4.5 eV  

(d) 3.3 eV 

8. Five elements A, B, C, D and E have work functions 1.2 eV, 2.4 eV, 

3.6 eV, 4.8 eV and 6 eV respectively. If light of wavelength 4000 Å 
is allowed to fall on these elements, then photoelectrons are emitted 
by 

 (a) A, B and C (b) A, B, C, D and E 

 (c) A and B (d) Only E  

9. If light of wavelength 1  is allowed to fall on a metal, then kinetic 

energy of photoelectrons emitted is 1E . If wavelength of light 

changes to 2  then kinetic energy of electrons changes to 2E . 

Then work function of the metal is 

 (a) 
21

2121 )(



 EE
 (b) 

)( 21

2211







 EE
 

 (c) 
)( 12

2211







 EE
 (d) 

)( 12

2121







EE
 

10. If maximum velocity with which an electron can be emitted from a 

photo cell is sec/104 8 cm , the stopping potential is (mass of 

electron = 9  10–31 kg)  

 (a) 30 volt (b) 45 volt 

 (c) 59 volt (d) Information is insufficient 

11. Three particles having their charges in the ratio of 1 : 3 : 5 produce 
the same spot on the screen in Thomson’s experiment. Their masses 
are in the ratio of 

 (a) 5 : 3 : 1 (b) 3 : 1 : 5 

 (c) 1 : 3 : 5 (d) 5 : 1 : 3 

12. If the momentum of an electron is changed by p, then the de-

Broglie wavelength associated with it changes by 0.50%. The initial 

momentum of the electron will be 

 (a) 
200

p
 (b) 

199

p
 

 (c) p199   (d) 400 p 

13. If 10000 V is applied across an X-ray tube, what will be the ratio of 

de-Broglie wavelength of the incident electrons to the shortest 

wavelength of X-ray produced (
m

e
 for electron is 

111108.1  kgc ) 

 

V0 

 5.0 5.2 5.4 5.6 5.8 

(1014 Hz) 

E 
 

v 
 

e– 

(i) 

B 
 

v 
 

e– 

(ii)  

 B 
 

Barium 

e– 
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(a) 1 (b) 0.1 

(c) 0.2 (d) 0.3 

14. Two large parallel plates are connected with the terminal of 100 V 

power supply. These plates have a fine hole at the centre. An 

electron having energy 200 eV is so directed that  it passes through 

the holes. When it comes out it's de-Broglie wavelength is  
 

 

 

(a) 1.22 Å 

(b) 1.75 Å 

(c) 2 Å  

(d) None of these 

15. According to Bohr's theory, the electron in orbits have definite 

energy values, then according to uncertainty principle, the life time 

of an excited state will be  

(a) Zero  (b) Finite  

(c) 10–8 sec  (d) Infinite  

16. Monochromatic light of wavelength 3000 Å is incident on a surface 

area 4cm2. If intensity of light is 150 mW/m2, then rate at which 

photons strike the target is  

(a) 3  1010/sec (b) 9  1013/sec 

(c) 7  1015/sec (d) 6  1019/sec  

17. For characteristic X-ray of some material  

(a) )()()(  KEKEKE   (b) )()()(  MELEKE   

(c) )()()(   KKK   (d) )()()(   KLM   

18. The maximum velocity of electrons emitted from a metal surface is 

V. When frequency of light falling on it is f. The maximum velocity 

when frequency becomes 4f is  

(a) 2 V (b) > 2 V  

(c) < 2 V   (d) Between 2 V and 4 V 

19. If the potential difference between the anode and cathode of the X-

ray tube is increases  

 

 

 

 

 

 

 

(a) The peaks at R and S would move to shorter wavelength  

(b) The peaks at R and S would remain at the same wavelength  

(c) The cut off wavelength at P would decrease  

(d) (b) and (c) both are correct  

20. The collector plate in an experiment on photoelectric effect is kept 

vertically above the emitter plate. Light source is put on and a 

saturation photo current is recorded. An electric field is switched on 

which has a vertically downward direction  

(a) The photo current will increase 

(b) The kinetic energy of the electrons will increase 

(c) The stopping potential will decrease 

(d) The threshold wavelength will increase  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (c) Mass of -particle is maximum so 











m

q
 is least.  

2. (c) Wave length of green light is threshold wave length.  
Hence for emission of electron, wave length of incident light < 
wavelength of green light. 

3. (c) 
mv

h
 . Since v is increasing in case (i), but it is not 

changing in case (ii). Hence, in the first case de-Broglie 
wavelength will change, but it second case, it remain the same 

4. (c) The graph between V
0

 and  cut the -axis at 
0

. 

For the given graphs  )(0)(0)(0)(0 )()()()( iiiiiiiv    

 (W
0

)
(iv) 

> (W
0

)
(iii)

 > (W
0

)
(ii)

 > (W
0

)
(i)

. 

(SET -25) 

I 
R 

P  

S 

Q
 

e– 

200 eV 

+ 
– 

100 V 
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5. (b) 
2)1(

1




Z
k   

22

128

127

1

1
































Ni

Co

Co

Ni

Z

Z




 

   pmCoNi 9.165179
27

26

27

26
22


















  pm179 . 

6. (b) 
eV

hc
min 

1

1
eV

hc
 and 

2

2
eV

hc
  

   









12

12

11

VVe

hc
 . Given V

2

 = 1.5 V
1

 

  on solving we get V
1

 = 16000 volt = 16 kV.   
7. (c) Radius of circular path described by a charged particle in a 

magnetic field is given by 
qB

mK
r

2
 ; where K = Kinetic 

energy of electron  
22

22222 reB

m

e

m

rBq
K 








  

2

2

51911 )1(10
17

1
106.1107.1

2

1














   

eVJ 5.0108 20    

By using E = W
0

 + K
max

  

 eVeVeVKEW 5.45.0
2475

12375
max0 








  

8. (c) eVE 09.3
4000

12375
 Photoelectrons emits if energy of 

incident light > work function.  

9. (c) E = W
0

 + K
max

 10

1

EW
hc




 and 20

2

EW
hc




 

   1110  EWhc   and 2220  EWhc   

   22201110  EWEW   
)( 12

2211
0










EE
W . 

10. (b) v
max

= 4  108 cm/sec = 4  106 m/sec.  

   26312
maxmax )104(109

2

1

2

1
 mvK  

  = 7.2  10–18 J = 45 eV.  

  Hence, stopping potential volt
e

eV

e

K
V 45

45max
0  .   

11. (c) Since spot is same, hence 
m

e
 should be same i.e.,  

As q
1

 : q
2

 : q
3

 = 1 : 3 : 5. Hence m
1

 : m
2

 : m
3

 = 1 : 3 : 5 

12. (c) 
p

h
 

pp

h


 

100

5.0


p

h

pp

h

200

199

200

199






 

   ppp
199

200
   p = 199 p  

13. (b) For the incident electron eVmv 2

2

1
 or eVmp 22   

   de-Broglie wavelength 
eVm

h

p

h

2
1   

  Shortest X-ray wavelength 
eV

hc
2  

   

















m

eV

c 2

1

2

1




8

11
4

103

108.1
2

10





 = 0.1    

14. (a) Energy of the electron, when it comes out from the second 
plate = 200 eV – 100 eV  = 100 eV 

Hence accelerating potential difference = 100 V  

Å
V

Electron 23.1
100

27.1227.12
  

15. (d) According to Bohr's theory E = 0, since E t   h 

   t    

16. (b) 
hc

IA

t

n 


sec

1
109

103106.6

10310410150 13

834

743











 

17. (c) )()()(  KEKEKE   )()()(   KKK    

18. (b) 2
max0

2

1
mvWE    

m

Whf
v

)(2 0
max


  

If frequency becomes 4f then  

m

W
hf

m

Wfh
V















4

2

2
)4(2

'

0

0  VV 2'  

19. (d) Peaks on the graph represent characteristic X-ray spectrum. 
Every peak has a certain wavelength, which depends upon the 
transition of electron inside the atom of the target. While 

min depends upon the accelerating voltage (As. V/1min  ).    

20. (b) In electric field photoelectron will 
experience force and accelerate opposite 
to the field so it’s K.E. increases (i.e. 
stopping potential will increase), no 
change in photoelectric current, and 
threshold wavelength. 

E 
 

e– 

*** 
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Thomson's Atomic Model 

J.J. Thomson gave the first idea regarding structure of 

atom. According to this model. 

(1) An atom is a solid sphere in which entire and positive 

charge and it's mass is uniformly distributed and in which 

negative charge (i.e. electron) are embedded like seeds in 

watermelon.  

 

 

 

 

 

(2) This model explained successfully the phenomenon of 

thermionic emission, photoelectric emission and ionization. 

(3) The model fail to explain the scattering of - particles 

and it cannot explain the origin of spectral lines observed in the 

spectrum of hydrogen and other atoms.  

-Scattering Experiment 

'Geiger and Marsden (students of Rutherford) studied the 

scattering of -particles by gold foil on the advice of Rutherford 

and made the following observations.  

 

 

 

 

 

 

 

(1) Most of the -particles pass through the foil straight 

away undeflected.  

(2) Some of them are deflected through small angles.  

(3) A few -particles (1 in 1000) are deflected through the 

angle more than 90o. 

(4) A few  -particles (very few) returned back i.e. deflected 

by 180o. 

(5) Number of scattered particles : 
)2/(sin

1
4 

N  

 

 

 

 

  

 

– 
– 

– 

– – 

– 

Positively charged 

sphere 

Electron 

Fig. 26.1 

N 

N(180°) 

 

Fig. 26.3 

-particle 

(energy E ) 

 

r0 

Nucleus 
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(6) If t is the thickness of the foil and N is the number of -

particles scattered in a particular direction (i.e.  = constant), it 

was observed that constant
t

N
  

2

1

2

1

t

t

N

N
  

(7) Distance of closest approach (Nuclear dimension) : 

The minimum distance from the nucleus up to which the -

particle approach, is called the distance of closest approach (r0). 

At this distance the entire initial kinetic energy has been 

converted into potential energy so  

00

2 2)(
.

4

1

2

1

r

eZe
mv


   

0
2

2

0
mv

Ze
r 

2

24

mv

kZe
  

(8) Impact parameter (b) : The perpendicular distance of 

the velocity vector (v ) of the -particle from the centre of the 

nucleus when it is far away from the nucleus is known as impact 

parameter. It is given as 

  

 

 

 

 

 











2
0

2

2

1
4

)2/cot(

mv

Ze
b




  )2/cot(b  

For large b,  particles will go undeviated and for small b 

the -particle will suffer large scattering.  

Rutherford's Atomic Model 

After -particles scattering experiment, following 

conclusions were made by Rutherford as regard as atomic 

structure : 

 

 

 

 

 

 

 

 

(1) Most of the mass (at least 99.95%) and all of the charge 

of an atom concentrated in a very small region is called atomic 

nucleus. 

(2) Nucleus is positively charged and it's size is of the order 

of  

10–15 m  1 Fermi. The nucleus occupies only about 10–12 

of the total volume of the atom or less. 

(3) In an atom there is maximum empty space and the 

electrons revolve around the nucleus in the same way as the 

planets revolve around the sun. 

Failure of Rutherford's Model 

(1) Stability of atom : It could not explain stability of atom 

because according to classical electrodynamics theory an 

accelerated charged particle should continuously radiate 

energy. Thus an electron moving in an circular path around the 

nucleus should also radiate energy and thus move into smaller 

and smaller orbits of gradually decreasing radius and it should 

ultimately fall into nucleus.  

 

 

 

 

 

 

(2) According to this model the spectrum of atom must be 

continuous where as practically it is a line spectrum. 

(3) It did not explain the distribution of electrons outside the 

nucleus. 

Bohr's Atomic Model 

Bohr proposed a model for hydrogen atom which is also 

applicable for some lighter atoms in which a single electron 

revolves around a stationary nucleus of positive charge Ze 

(called hydrogen like atom)  

Bohr's model is based on the following postulates.  

Size of the nucleus = 1 Fermi = 10–15 m  

Size of the atom 1 Å = 10–10 m 

Atom 

Nucleus 
+ 

10–15 m 

10–10 m 

Fig. 26.5 

+ 

b 

Nucleus 

 

Fig. 26.4 

Fig. 26.6 

Instability of atom 

e– 

+ 
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(1) He postulated that an electron in an atom can move 

around the nucleus in certain circular stable orbits without 

emitting radiations. 

(2) Bohr found that the magnitude of the electron's  

Angular momentum is quantized i.e. 









2

h
nrmvL nn  

where n = 1, 2, 3, ..... each value of n corresponds to a 

permitted value of the orbit radius.  

rn = Radius of nth orbit, vn = corresponding speed  

(3) The radiation of energy occurs only when an electron 

jumps from one permitted orbit to another.  

When electron jumps from higher energy orbit (E2) to lower 

energy orbit (E1) then difference of energies of these orbits i.e. 

E2 – E1 emits in the form of photon. But if electron goes from E1 

to E2 it absorbs the same amount of energy. 

Draw Backs of Bohr's Atomic Model 

(1) It is valid only for one electron atoms, e.g. : H, He+, Li+2, 

Na+1 etc.  

(2) Orbits were taken as circular but according to 

Sommerfield these are elliptical. 

(3) Intensity of spectral lines could not be explained.  

(4) Nucleus was taken as stationary but it also rotates on its 

own axis.  

(5) It could not be explained the minute structure in 

spectrum line.  

(6) This does not explain the Zeeman effect (splitting up of 

spectral lines in magnetic field) and Stark effect (splitting up in 

electric field) 

(7) This does not explain the doublets in the spectrum of 

some of the atoms like sodium (5890 Å & 5896 Å) 

Bohr's Orbits (for Hydrogen and H2-like Atoms) 

(1) Radius of orbit : For an electron around a stationary 

nucleus the electrostatics force of attraction provides the 

necessary centripetal force  

 i.e. 
r

mv

r

eZe 2

2
0

)(

4

1



   …. (i) 

also 
2

nh
mvr           ….(ii) 

 

From equation (i) and (ii) radius of nth orbit  

Å
Z

n

mZe

hn

kZme

hn
rn

2

2

0
22

22

22

53.0
4







      )

4

1
(

0
k  

  
Z

n
rn

2

  

(2) Speed of electron : From the above relations, speed of 

electron in nth orbit can be calculated as  

secm
n

Z

n

Zc

nh

Ze

nh

kZe
vn /102.2.

1372

2 6

0

22














 

  where (c = speed of light 3  108 m/s) 

Table 26.1 : Some other quantities for revolution of 

electron in nth orbit 

Quantity Formula Dependency 

on n and Z 

(1) Angular speed  
332

0

42

2 hn

emz

r

v

n

n
n




   

3

2

n

Z
n   

(2) Frequency  
332

0
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42 hn

emzn
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3

2
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Z
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(3) Time period  
42
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041

emz
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n
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3

Z

n
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(4) Angular momentum  










2

h
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nLn   

(5) Corresponding 

current  
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0
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3

2
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Z
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(6) Magnetic moment   2
nnnn riAiM   
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(7) Magnetic field  
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(1) Potential energy : An electron possesses some potential 

energy because it is found in the field of nucleus potential 

energy of electron in nth orbit of radius rn is given by 

nn r

kZe

r

eZe
kU

2)()(
. 


  

(2) Kinetic energy : Electron posses kinetic energy because 

of it's motion. Closer orbits have greater kinetic energy than 

outer ones.  

As we know 
2

2 )()(.

nn r

eZek

r

mv
  

 Kinetic energy 
2

||

2

2 U

r

kZe
K

n

  

(3) Total energy : Total energy (E) is the sum of potential 

energy and kinetic energy i.e. E = K + U  

         
nr

kZe
E

2

2
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0
22
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                eV
n

Z

n

Z
chR

2

2

2

2

6.13  

where 
32

0

4

8 ch

me
R


 = Rydberg's constant = 1.09  107 per 

m. 

(4) Ionisation energy and potential : The energy required to 

ionise an atom is called ionisation energy. It is the energy 

required to make the electron jump from the present orbit to the 

infinite orbit.  

Hence 













  2

2

6.130
n

Z
EEE nionisation eV

n

Z
2

26.13
  

For H2-atom in the ground state  

eV
n

Eionisation 6.13
)1(6.13

2

2




  

The potential through which an electron need to be 

accelerated so that it acquires energy equal to the ionisation 

energy is called ionisation potential. 
e

E
V ionisation

ionisation   

(5) Excitation energy and potential : When energy is given 

to an electron from external source, it jumps to higher energy 

level. This phenomenon is called excitation.  

The minimum energy required to excite an atom is called 

excitation energy of the particular excited state and 

corresponding potential is called exciting potential.   

InitialFinalExcitation EEE   and 
e

E
V excitation

Excitation  

(6) Binding energy (B.E.) : Binding energy of a system is 

defined as the energy released when it's constituents are 

brought from infinity to form the system. It may also be defined 

as the energy needed to separate it's constituents to large 

distances. If an electron and a proton are initially at rest and 

brought from large distances to form a hydrogen atom, 13.6 

eV energy will be released. The binding energy of a hydrogen 

atom is therefore 13.6 eV.  

(7) Energy level diagram : The diagrammatic description of 

the energy of the electron in different orbits around the nucleus 

is called energy level diagram.  

Table 26.2 : Energy level diagram of hydrogen/hydrogen like 

atom 

 n =   Infinite Infinite    0 eV 

 n = 4 Fourth Third – 0.85 eV  

 n = 3 Third Second – 1.51 eV  

 n = 2 Secon

d 

First – 3.4 eV  

 n = 1 First  Ground  – 13.6 eV  

 Principle 

quantum 

number 

Orbit Excited 

state 

Energy for 

H2 – atom 

 

Transition of Electron 

When an electron makes transition from higher energy level 

having energy E2(n2) to a lower energy level having energy E1 

(n1) then a photon of frequency  is emitted  
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(1) Energy of emitted radiation  
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(2) Frequency of emitted radiation    
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(3) Wave number/wavelength 

Wave number is the number of waves in unit length 
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(4) Number of spectral lines : If an electron jumps from 

higher energy orbit to lower energy orbit it emits raidations with 

various spectral lines.  

If electron falls from orbit n2 to n1 then the number of 

spectral lines emitted is given by  

 
2

))(1( 1212 nnnn
N E


  

If electron falls from nth orbit to ground state (i.e. n2 = n 

and n1 = 1) then number of spectral lines emitted 

2

1)( 


nn
NE  

(5) Recoiling of an atom : Due to the transition of electron, 

photon is emitted and the atom is recoiled  

Recoil momentum of atom = momentum of photon 
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Also recoil energy of atom 
m

p

2

2


2

2

2 m

h
    (where m = 

mass of recoil atom) 

Hydrogen Spectrum and Spectral Series 

When hydrogen atom is excited, it returns to its normal 

unexcited (or ground state) state by emitting the energy it had 

absorbed earlier. This energy is given out by the atom in the 

form of radiations of different wavelengths as the electron jumps 

down from a higher to a lower orbit. Transition from different 

orbits cause different wavelengths, these constitute spectral 

series which are characteristic of the atom emitting them. When 

observed through a spectroscope, these radiations are imaged 

as sharp and straight vertical lines of a single colour. 

 

 

 

 

 

The spectral lines arising from the transition of electron 

forms a spectra series. 

(1) Mainly there are five series and each series is named 

after it's discover as Lymen series, Balmer series, Paschen 

series, Bracket series and Pfund series. 

(2) According to the Bohr's theory the wavelength of the 

radiations emitted from hydrogen atom is given by 
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where n2 = outer orbit (electron jumps from this orbit), n1 = 

inner orbit (electron falls in this orbit) 
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Fig. 26.9 : Emission spectra 
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(3) First line of the series is called first member, for this line 

wavelength is maximum (max)  

For maximum wavelength if n1 = n then n2 = n + 1 

So 
Rn

nn

)12(

)1( 22

max



  

(4) Last line of the series is called series limit, for this line 

wavelength is minimum (min) 

For minimum wavelength nnn  12 ,  So 
R

n2

min   

(5) The ratio of first member and series limit can be 

calculated as 
)12(

)1( 2

min

max






n

n




 

Table 26.3 : Different spectral series 

Spectral 

series  

Transition  max min 

min

max

λ

λ

 

Region 

1. Lymen 

series 

n2 = 2, 3, 4 …   

n1 = 1 

 

R3

4
 

R

1
 

3

4
 

Ultraviole

t region 

2.Balmer 

series  

n2 = 3, 4, 5 … 

n1 = 2 
R5

36
 

R

4
 

5

9
 

Visible 

region  

3. 

Paschen 

series  

n2 = 4, 5, 6 … 

n1 = 3 
R7

144
 

R

9
 

7

16
 

Infrared 

region  

4. Bracket 

series  

n2 = 5, 6, 7 …   

n1 = 4  
R9

400
 

R

16
 

9

25
 

Infrared 

region 

5. Pfund 

series  

n2 = 6, 7, 8 …   

n1 = 5 
R11

900
 

R

25
 

11

36
 

Infrared 

region 

 

Quantum Numbers 

An atom contains large number of shells and subshells. 

These are distinguished from one another on the basis of their 

size, shape and orientation (direction) in space. The parameters 

are expressed in terms of different numbers called quantum 

number. 

Quantum numbers may be defined as a set of four number 

with the help of which we can get complete information about all 

the electrons in an atom. It tells us the address of the electron 

i.e. location, energy, the type of orbital occupied and orientation 

of that orbital. 

(1) Principal Quantum number (n) : This quantum number 

determines the main energy level or shell in which the electron 

is present. The average distance of the electron from the 

nucleus and the energy of the electron depends on it.  

2

1

n
En    and   2nrn   (in H-atom) 

The principal quantum number takes whole number values, 

n = 1, 2, 3, 4,…..   

(2) Orbital quantum number (l) or azimuthal quantum 

number (l) : This represents the number of subshells present in 

the main shell. These subsidiary orbits within a shell will be 

denoted as 1, 2, 3, 4 … or s, p, d, f … This tells the shape of the 

subshells.  

The orbital angular momentum of the electron is given as 

2
)1(

h
llL         (for a particular value of n).    

For a given value of n the possible values of l are l = 0, 1, 2, 

….. upto  (n – 1)  

(3) Magnetic quantum number (ml) : An electron due to it's 

angular motion around the nucleus generates an electric field. 

This electric field is expected to produce a magnetic field. Under 

the influence of external magnetic field, the electrons of a 

subshell can orient themselves in certain preferred regions of 

space around the nucleus called orbitals. 

The magnetic quantum number determines the number of 

preferred orientations of the electron present in a subshell. 

The angular momentum quantum number m can assume 

all integral value between – l to +l including zero. Thus ml can 

be – 1, 0, + 1 for l = 1. Total values of ml associated with a 

particular value of l is given by (2l + 1).  
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(4) Spin (magnetic) quantum number (ms) : An electron in 

atom not only revolves around the nucleus but also spins about 

its own axis. Since an electron can spin either in clockwise 

direction or in anticlockwise direction. Therefore for any 

particular value of magnetic quantum number, spin quantum 

number can have two values, i.e. 
2

1
sm  (Spin up)  or 

2

1
sm   (Spin down) 

This quantum number helps to explain the magnetic 

properties of the substance.  

Table 26.4 :  Quantum states of the hydrogen atom 

n l ml Spectroscopic 

notation 

Shell 

1 0 0 1 s K 

2 0 0 2 s 

2 p 

L 

2 1 – 1, 0, 1 

3 0 0 3 s 

3 p 

3 d 

M 3 1 – 1, 0, 1 

3 2 – 2, – 1, 0, 1, 2 

4 0 0 4 s N 

 

Electronic Configurations of Atoms 

The distribution of electrons in different orbitals of an atom 

is called the electronic configuration of the atom. The filling of 

electrons in orbitals is governed by the following rules. 

(1) Pauli's exclusion principle : "It states that no two 

electrons in an atom can have all the four quantum number (n, l, 

ml and ms) the same."  

It means each quantum state of an electron must have a 

different set of quantum numbers n, l, ml and ms. This principle 

sets an upper limit on the number of electrons that can occupy a 

shell.  

maxN  in one shell = 2n2; Thus Nmax in K, L, M, N …. shells 

are 2, 8, 18, 32, 

(2) Aufbau principle : Electrons enter the orbitals of lowest 

energy first.  

As a general rule, a new electron enters an empty orbital 

for which (n + l ) is minimum. In case the value )( ln   is equal 

for two orbitals, the one with lower value of n is filled first. 

Thus the electrons are filled in subshells in the following 

order (memorize) 

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 

5f, 6d, 7p, …… 

(3) Hund's Rule : When electrons are added to a subshell 

where more than one orbital of the same energy is available, 

their spins remain parallel. They occupy different orbitals until 

each one of them has at least one electron. Pairing starts only 

when all orbitals are filled up. 

Pairing takes place only after filling 3, 5 and 7 electrons in 

p, d and f orbitals, respectively.  

Nucleus 

(1) Rutherford's -scattering experiment established that 

the mass of atom is concentrated with small positively charged 

region at the centre which is called 'nucleus'. 

 

 

 

 

 

 

 

 

(2) The stability or instability of a particular nucleus is 

determined by the competition between the attractive nuclear 

force among the protons and neutrons and the repulsive 

electrical interactions among the protons. Unstable nuclei 

decay, transforming themselves spontaneously into other 

structure by a variety of decay processes.  

e– 

e– 

e– 

Fig. 26.11 
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(3) We could not survive without the 3.90  1026 watt output 

of one near by fusion reactor, our sun.  

(4) Nuclei are made up of proton and neutron. The number 

of protons in a nucleus (called the atomic number or proton 

number) is represented by the symbol Z. The number of 

neutrons (neutron number) is represented by N. The total 

number of neutrons and protons in a nucleus is called it's mass 

number A so A = Z + N.  

(5) Neutrons and proton, when described collectively are 

called nucleons. A single nuclear species having specific values 

of both Z and N is called a nuclide.   

(6) Nuclides are represented as ;A
Z X  where X denotes 

the chemical symbol of the element.  

Neutron 

Neutron is a fundamental particle which is essential 

constituent of all nuclei except that of hydrogen atom. It was 

discovered by Chadwick. A free neutron outside the nucleus is 

unstable and decays into proton and electron.   

 
oAntinutrinElectron

0
1

Proton

1
1

1
0   Hn  

(1) The charge of neutron : It is neutral  

(2) The mass of neutron : 1.6750  10–27 kg  

(3) It's spin angular momentum : sJ
h

-
22

1











 

(4) It's magnetic moment : 9.57  10–27 J/Tesla  

(5) It's half life : 12 minutes  

(6) Penetration power : High  

(7) Types : Neutrons are of two types slow neutron and fast 

neutron, both are fully capable of penetrating a nucleus and 

causing artificial disintegration.  

Thermal Neutrons  

Fast neutrons can be converted into slow neutrons by 

certain materials called moderator's (Paraffin wax, heavy water, 

graphite) when fast moving neutrons pass through a moderator, 

they collide with the molecules of the moderator, as a result of 

this, the energy of moving neutron decreases while that of the 

molecules of the moderator increases. After sometime they both 

attains same energy. The neutrons are then in thermal 

equilibrium with the molecules of the moderator and are called 

thermal neutrons.  

Energy of thermal neutron is about 0.025 eV and speed is 

about 2.2 km/s. 

Types of Nuclei  

The nuclei have been classified on the basis of the number 

of protons (atomic number) or the total number of nucleons 

(mass number) as follows  

(1) Isotopes : The atoms of element having same atomic 

number but different mass number are called isotopes. All 

isotopes have the same chemical properties. The isotopes of 

some elements are the following  

3
1

2
1

1
1 ,, HHH  18

8
17

8
16

8 ,, OOO  4
2

3
2 , HeHe    

37
17

35
17 , ClCl    238

92
235

92 , UU  

(2) Isobars : The nuclei which have the same mass number 

(A) but different atomic number (Z) are called isobars. Isobars 

occupy different positions in periodic table so all isobars have 

different chemical properties. Some of the examples of isobars 

are  

17
9

17
8

14
7

14
6

3
2

3
1  and,and, and FONCHeH  

(3) Isotones : The nuclei having equal number of neutrons 

are called isotones. For them both the atomic number (Z) and 

mass number (A) are different, but the value of (A – Z) is same. 

Some examples are  

19
9

18
8

14
7

13
6

10
5

9
4  and ,and,and FONCBBe  

4
2

3
1

8
4

7
3 and, and HeHBeLi  

(4) Mirror nuclei : Nuclei having the same mass number A 

but with the proton number (Z) and neutron number (A – Z) 

interchanged (or whose atomic number differ by 1) are called 

mirror nuclei for example.  
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 7
4

7
3

3
2

3
1  and,and BeLiHeH  

Size of Nucleus  

(1) Nuclear radius : Experimental results indicates that the 

nuclear radius is proportional to A1/3, where A is the mass 

number of nucleus i.e.    3/1AR      3/1
0 ARR  , where R0 = 

1.2  10–15 m = 1.2 fm.  

(2) Nuclear volume : The volume of nucleus is given by 

AVARRV  3
0

3

3

4

3

4
  

(3) Nuclear density : Mass per unit volume of a nucleus is 

called nuclear density. 

  
33/1

0 )(
3

4nucleusof  Volume

nucleusof  Mass
 )(densityNuclear 

AR

mA



   

where m = Average of mass of a nucleon (= mass of proton 

+ mass of neutron = 1.66  10–27 kg) and mA = Mass of nucleus  

 317

3
0

/1038.2
4

3
mkg

R

m



  

Nuclear Force 

Forces that keep the nucleons bound in the nucleus are 

called nuclear forces.  

 

 

 

 

 

 

(1) Nuclear forces are short range forces. These do not 

exist at large distances greater than 10–15 m. 

(2) Nuclear forces are the strongest forces in nature.  

(3) These are attractive force and causes stability of the 

nucleus.  

(4) These forces are charge independent.  

(5) Nuclear forces are non-central force.  

(6) Nuclear forces are exchange forces : According to 

scientist Yukawa the nuclear force between the two nucleons is 

the result of the exchange of particles called mesons between 

the nucleons.  

 - mesons are of three types – Positive  meson (+), 

negative  meson ( –), neutral  meson (0)  

The force between neutron and proton is due to exchange 

of charged meson between them i.e.  

    pnnp ,   

The forces between a pair of neutrons or a pair of protons 

are the result of the exchange of neutral meson (o) between 

them i.e.  0'  pp    and    0'  nn  

Thus exchange of  meson between nucleons keeps the 

nucleons bound together. It is responsible for the nuclear forces. 

Dog-Bone analogy 

The above interactions can be explained with the dog bone 

analogy according to which we consider the two interacting 

nucleons to be two dogs having a common bone clenched in 

between their teeth very firmly. Each one of these dogs wants to 

take the bone and hence they cannot be separated easily. They 

seem to be bound to each other with a strong attractive force 

(which is the bone) though the dogs themselves are strong 

enemies. The meson plays the same role of the common bone 

in between two nucleons.  

 

 

 

 

 

Atomic Mass Unit (amu) 

(1) In nuclear physics, a convenient unit of mass is the 

unified atomic mass unit abbreviated u. 

(B) At high speeds, nuclei come 

close enough for the strong 

force to bind them together. 

(A) At low speeds, 

electromagnetic repulsion 

prevents the collision of 

nuclei 
Fig. 26.12 

Fig. 26.13 
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(2) The amu is defined as th
12

1
 mass of a 12CB  at on. 

(3) 1 amu (or 1 u) = 1.6605402  10–27 kg . 

(4) Masses of electron, proton and neutrons : 

Mass of electron (me) = 9.1  10–31 kg = 0.0005486 amu, 

Mass of proton (mp) = 1.6726  10–27 kg = 1.007276 amu  

Mass of neutron (mn) = 1.6750  10–27 kg = 1.00865 amu, Mass of 

hydrogen atom (me + mp) = 1.6729  10–27 kg = 1.0078 amu 

(5) The energy associated with a nuclear process is usually 

large, of the order of MeV.  

(6) According to Einstein, mass and energy are inter 

convertible. The Einstein's mass energy relationship is given by 

2mcE    

If m = 1 amu, c = 3  108 m/sec then E = 931 MeV  i.e. 1 

amu is equivalent to 931 MeV or 1 amu (or 1 u) = 931 MeV 

(1 u) c2 = 931 MeV  
2

9311
c

MeV
u   or 

u

MeV
c 9312    

Table 26.5 : Neutral atomic masses for some light nuclides 

Element and isopore Atomic mass (u) 

Hydrogen )(11 H   1.007825 

Deuterium )(2
1 H  2.014102 

Tritium )(3
1 H  3.016049 

Helium )(3
2 He  3.016029 

Helium )(4
2 He  4.002603 

Lithium )(7
3 Li  7.016004 

Beryllium )(9
4 Be  9.012182 

Carbon )(12
6 C  12.000000 

Nitrogen )(14
7 N  14.003074 

Oxygen )(16
8 O  15.994915 

 

Pair Production and Pair-Annihilation 

When an energetic -ray photon falls on a heavy 

substance. It is absorbed by some nucleus of the substance and 

an electron and a positron are produced. This phenomenon is 

called pair production and may be represented by the following 

equation  
Electron)(

0
1

Positron)(

0
1

photon)(






h  

 

 

 

 

 

 

The rest-mass energy of each of positron and electron is  

  E0 = m0c2 = (9.1  10–31 kg)  (3.0  108 m/s)2  

        = 8.2  10–14 J = 0.51 MeV  

Hence, for pair-production it is essential that the energy of 

-photon must be at least 2  0.51 = 1.02 MeV. If the energy of 

-photon is less than this, it would cause photo-electric effect or 

Compton effect on striking the matter. 

The converse phenomenon pair-annihilation is also 

possible. Whenever an electron and a positron come very close 

to each other, they annihilate each other by combining together 

and two -photons (energy) are produced. This phenomenon is 

called pair annihilation and is represented by the following 

equation.  

)photon-()photon-()E(

0
1

Positron)(

0
1


 hh

lectron

   

Nuclear Stability  

Among about 1500 known nuclides, less than 260 are 

stable. The others are unstable that decay to form other 

nuclides by emitting , -particles and  - EM waves. (This 

process is called radioactivity). The stability of nucleus is 

determined by many factors. Few such factors are given below : 

(1) Neutron-proton ratio 







Ratio

Z

N
 : The chemical 

properties of an atom are governed entirely by the number of 

protons (Z) in the nucleus, the stability of an atom appears to 

+Ze 

Nucleus -photon 

h 

+10 

–10 

Fig. 26.14 
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depend on both the number of protons and the number of 

neutrons. 

(i) For lighter nuclei, the greatest stability is achieved when 

the number of protons and neutrons are approximately equal (N 

 Z) i.e. 1
Z

N
 

(ii) Heavy nuclei are stable only when they have more 

neutrons than protons. Thus heavy nuclei are neutron rich 

compared to lighter nuclei (for heavy nuclei, more is the number 

of protons in the nucleus, greater is the electrical repulsive force 

between them. Therefore more neutrons are added to provide 

the strong attractive forces necessary to keep the nucleus 

stable.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) Figure shows a plot of N verses Z for the stable nuclei. 

For mass number upto about A = 40. For larger value of Z the 

nuclear force is unable to hold the nucleus together against the 

electrical repulsion of the protons unless the number of neutrons 

exceeds the number of protons. At Bi (Z = 83, A = 209), the 

neutron excess in N – Z = 43. There are no stable nuclides with 

Z > 83. 

(2) Even or odd numbers of Z or N : The stability of a 

nuclide is also determined by the consideration whether it 

contains an even or odd number of protons and neutrons.  

(i) It is found that an even-even nucleus (even Z and even 

N) is more stable (60% of stable nuclide have even Z and even 

N). 

(ii) An even-odd nucleus (even Z and odd N) or odd-even 

nuclide (odd Z and even N) is found to be lesser sable while the 

odd-odd nucleus is found to be less stable. 

(iii) Only five stable odd-odd nuclides are known : 

180
75

14
7

10
5

6
3

2
1  and,,, TaNBeLiH  

(3) Binding energy per nucleon : The stability of a nucleus 

is determined by value of it's binding energy per nucleon. In 

general higher the value of binding energy per nucleon, more 

stable the nucleus is  

Mass Defect and Binding Energy 

(1) Mass defect (m) : It is found that the mass of a nucleus 

is always less than the sum of masses of it's constituent 

nucleons in free state. This difference in masses is called mass 

defect. Hence mass defect 

 m = Sum of masses of nucleons – Mass of nucleus  

     ')()( MmZAZmZmMmZAZm zepnp   

where mp = Mass of proton, mn = Mass of each neutron, 

me = Mass of each electron 

        M = Mass of nucleus, Z = Atomic number, A = 

Mass number, M = Mass of atom as a whole. 

(2) Packing fraction : Mass defect per nucleon is called 

packing fraction  

Fig. 26.15 
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Packing fraction (f ) 
A

AM

A

m 



  where M = Mass of 

nucleus, A = Mass number 

Packing fraction measures the stability of a nucleus. 

Smaller the value of packing fraction, larger is the stability of the 

nucleus.  

(i) Packing fraction may be of positive, negative or zero 

value. 

(ii) At A = 16, f  Zero  

 

 

 

 

 

 

(3) Binding energy (B.E.) : The neutrons and protons in a 

stable nucleus are held together by nuclear forces and energy is 

needed to pull them infinitely apart (or the same energy is 

released during the formation of the nucleus). This energy is 

called the binding energy of the nucleus. 

   or 

The binding energy of a nucleus may be defined as the 

energy equivalent to the mass defect of the nucleus. 

If m is mass defect then according to Einstein's mass 

energy relation  

Binding energy = m  c2 =  [{mpZ + mn(A – Z)} – M] c2  

(This binding energy is expressed in joule, because m is 

measured in kg) 

If m is measured in amu then binding energy = m amu = 

[{mpZ + mn(A – Z)} – M] amu = m  931 MeV  

(4) Binding energy per nucleon : The average energy 

required to release a nucleon from the nucleus is called binding 

energy per nucleon. 

Binding energy per nucleon  

nucleons)of  

number total .(number  Mass

energying Total bind

i.e


Nucleon

MeV

A

m 931
  

Binding energy per nucleon  Stability of nucleus  

Binding Energy Curve 

It is the graph between binding energy per nucleon and 

total number of nucleons (i.e. mass number A)  

 

 

 

 

 

 

 

 

(1) Some nuclei with mass number A < 20 have large 

binding energy per nucleon than their neighbour nuclei. For 

example 20
10

16
8

12
6

8
4

4
2  and ,,, NeOCBeHe . These nuclei are 

more stable than their neighbours.  

(2) The binding energy per nucleon is maximum for nuclei 

of mass number A = 56 )( 56
26 Fe . It's value is 8.8 MeV per 

nucleon. 

(3) For nuclei having A > 56, binding energy per nucleon 

gradually decreases for uranium (A = 238), the value of binding 

energy per nucleon drops to 7.5 MeV.  

Nuclear Reactions 

The process by which the identity of a nucleus is changed 

when it is bombarded by an energetic particle is called nuclear 
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reaction. The general expression for the nuclear reaction is as 

follows. 


 particle)Incident(nucleus) Parent(
aX  

Energy)() particles(Productnucleus) Compound(nucleus) (Compound
QbYC   

Here X and a are known as reactants and Y and b are 

known as products. This reaction is known as (a, b) reaction 

and can be represented as X(a, b) Y  

(1) Q value or energy of nuclear reaction : The energy 

absorbed or released during nuclear reaction is known as Q-

value of nuclear reaction.  

Q-value = (Mass of reactants – mass of products)c2 Joules  

           = (Mass of reactants – mass of products) amu 

If Q < 0, The nuclear reaction is known as endothermic. 

(The energy is absorbed in the reaction) 

If Q > 0, The nuclear reaction is known as exothermic (The 

energy is released in the reaction) 

(2) Law of conservation in nuclear reactions  

(i) Conservation of mass number and charge number : In 

the following nuclear reaction  

 1
1

17
8

14
7

4
2 HONHe   

Mass number (A)   Before the reaction   After the 

reaction  

       4 +14 = 18   17 + 1 = 18 

Charge number (Z)    2 + 7 = 9     8 + 1 = 9 

(ii) Conservation of momentum : Linear momentum/angular 

momentum of particles before the reaction is equal to the 

linear/angular momentum of the particles after the reaction. That 

is p = 0 

(iii) Conservation of energy : Total energy before the 

reaction is equal to total energy after the reaction. Term Q is 

added to balance the total energy of the reaction. 

(3) Common nuclear reactions : The nuclear reactions 

lead to artificial transmutation of nuclei. Rutherford was the 

first to carry out artificial transmutation of nitrogen to oxygen in 

the year 1919. 

 1
1

17
8

18
9

14
7

4
2 HOFNHe   

It is called (, p) reaction. Some other nuclear reactions are 

given as follows.  

(p, n) reaction     1
0

11
6

12
6

11
5

1
1 nCCBH   

(p, ) reaction     4
2

4
2

8
4

11
3

1
1 HeHeBeLiH   

(p, ) reaction      13
7

13
7

12
6

1
1 NNCH  

(n, p) reaction    1
1

14
6

15
7

14
7

1
0 HCNNn   

(, n) reaction    1
0

1
1

2
1 nHH   

Nuclear Fission 

(1) The process of splitting of a heavy nucleus into two 

lighter nuclei of comparable masses (after bombardment with a 

energetic particle) with liberation of energy is called nuclear 

fission.  

(2) The phenomenon of nuclear fission was discovered by 

scientist Ottohann and F. Strassman and was explained by N. 

Bohr and J.A. Wheeler on the basis of liquid drop model of 

nucleus. 
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(3) Fission reaction of U235  

QnKrBaUnU  1
0

92
36

141
56

nucleus) (unstable

236
92

1
0

235
92 3  

(4) The energy released in U235 fission is about 200 MeV or 

0.8 MeV per nucleon. 

(5) By fission of 235
92 U , on an average 2.5 neutrons are 

liberated. These neutrons are called fast neutrons and their 

energy is about 2 MeV (for each). These fast neutrons can 

escape from the reaction so as to proceed the chain reaction 

they are need to slow down.  

(6) Fission of U235 occurs by slow neutrons only (of energy 

about 1eV) or even by thermal neutrons (of energy about 0.025 

eV). 

(7) 50 kg of U235 on fission will release  4 × 1015 J of 

energy. This is equivalence to 20,000 tones of TNT explosion. 

The nuclear bomb dropped at Hiroshima had this much 

explosion power. 

(8) The mass of the compound nucleus must be greater 

than the sum of masses of fission products.  

(9) The 
A

energyBinding 
 of compound nucleus must be less 

than that of the fission products.  

(10) It may be pointed out that it is not necessary that in 

each fission of uranium, the two fragments Ba56  and Kr36  are 

formed but they may be any stable isotopes of middle weight 

atoms.  

(11) Same other 235U  fission reactions are   

    1
0

94
38

140
54

1
0

235
92 2 nSrXenU   

           1
0

85
35

148
57 3 nBrLa   

              Many more 

(12) The neutrons released during the fission process are 

called prompt neutrons. 

(13) Most of energy released appears in the form of kinetic 

energy of fission fragments.  

 

 

 

 

 

 

 

Chain Reaction 

In nuclear fission, three neutrons are produced along with 

the release of large energy. Under favourable conditions, these 

neutrons can cause further fission of other nuclei, producing 

large number of neutrons. Thus a chain of nuclear fissions is 

established which continues until the whole of the uranium is 

consumed. 
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In the chain reaction, the number of nuclei undergoing 

fission increases very fast. So, the energy produced takes a 

tremendous magnitude very soon.  

Difficulties in Chain Reaction 

In chain reaction following difficulties are observed  

(1) Absorption of neutrons by U238 : the major part in natural 

uranium is the isotope U238 (99.3%), the isotope 235U  is very 

little (0.7%). It is found that 238U  is fissionable with fast 

neutrons, whereas 235U is fissionable with slow neutrons. Due 

to the large percentage of ,238U  there is more possibility of 

collision of neutrons with 238U . It is found that the neutrons get 

slowed on coliding with ,238U  as a result of it further fission of 

U238 is not possible (Because they are slow and they are 

absorbed by U238). This stops the chain reaction.  

Removal : (i) To sustain chain reaction 235
92 U  is separated 

from the ordinary uranium. Uranium so obtained  235
92 U  is 

known as enriched uranium, which is fissionable with the fast 

and slow neutrons and hence chain reaction can be sustained. 

(ii) If neutrons are slowed down by any method to an 

energy of about 0.3 eV, then the probability of their absorption 

by 238U  becomes very low, while the probability of their 

fissioning 235U  becomes high. This job is done by moderators. 

Which reduce the speed of neutron rapidly graphite and heavy 

water are the example of moderators.  

(2) Critical size : The neutrons emitted during fission are 

very fast and they travel a large distance before being slowed 

down. If the size of the fissionable material is small, the 

neutrons emitted will escape the fissionable material before they 

are slowed down. Hence chain reaction cannot be sustained.  

Removal : The size of the fissionable material should be 

large than a critical size. 

The chain reaction once started will remain steady, 

accelerate or retard depending upon, a factor called neutron 

reproduction factor (k). It is defined as follows.  

 
neutronsof  lossof  Rate

neutronsof  ionof product Rate
k  

 If k = 1, the chain reaction will be steady. The size of the 

fissionable material used is said to be the critical size and it's 

mass, the critical mass. 

 If k > 1, the chain reaction accelerates, resulting in an 

explosion. The size of the material in this case is super critical. 

(Atom bomb) 

 If k < 1, the chain reaction gradually comes to a halt. The 

size of the material used us said to be sub-critical. 

Table 26.6 : Types of chain reaction 

 

Controlled chain reaction Uncontrolled chain reaction 

Controlled by artificial method No control over this type of 

nuclear reaction  

All neurons are absorbed except 

one  

More than one neutron takes 

part into reaction 

It's rate is slow Fast rate  

Reproduction factor k = 1 Reproduction factor k > 1 

Energy liberated in this type of 

reaction is always less than 

explosive energy  

A large amount of energy is 

liberated in this type of 

reaction  

Chain reaction is the principle of 

nuclear reactors  

Uncontrolled chain reaction is 

the principle of atom bomb.  

 

Nuclear Reactor 

A nuclear reactor is a device in which nuclear fission can be 

carried out through a sustained and a controlled chain reaction. 

It is also called an atomic pile. It is thus a source of controlled 

energy which is utilised for many useful purposes. 
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(1) Fissionable material (Fuel) : The fissionable material 

used in the reactor is called the fuel of the reactor. Uranium 

isotope (U235) Thorium isotope (Th232) and Plutonium isotopes 

(Pu239, Pu240 and Pu241) are the most commonly used fuels in 

the reactor.  

(2) Moderator : Moderator is used to slow down the fast 

moving neutrons. Most commonly used moderators are graphite 

and heavy water (D2O). 

(3) Control Material : Control material is used to control the 

chain reaction and to maintain a stable rate of reaction. This 

material controls the number of neutrons available for the 

fission. For example, cadmium rods are inserted into the core of 

the reactor because they can absorb the neutrons. The 

neutrons available for fission are controlled by moving the 

cadmium rods in or out of the core of the reactor.  

(4) Coolant : Coolant is a cooling material which removes 

the heat generated due to fission in the reactor. Commonly used 

coolants are water, CO2 nitrogen etc. 

(5) Protective shield : A protective shield in the form a 

concrete thick wall surrounds the core of the reactor to save the 

persons working around the reactor from the hazardous 

radiations.  

(6) Uses of nuclear reactor 

(i) In electric power generation. 

(ii) To produce radioactive isotopes for their use in medical 

science, agriculture and industry.  

(iii) In manufacturing of 239Pu  which is used in atom bomb.  

(iv) They are used to produce neutron beam of high 

intensity which is used in the treatment of cancer and nuclear 

research.  

Nuclear Fusion 

(1) In nuclear fusion two or more than two lighter nuclei 

combine to form a single heavy nucleus. The mass of single 

nucleus so formed is less than the sum of the masses of parent 

nuclei. This difference in mass results in the release of 

tremendous amount of energy 

 

 

 

 

 

 

(2) For fusion high pressure ( 106 atm) and high 

temperature (of the order of 107 K to 108 K) is required and so 

the reaction is called thermonuclear reaction. 

(3) Here are three examples of energy-liberating fusion 

reactions, written in terms of the neutral atoms. Together the 

reactions make up the process called the proton-proton chain. 
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(4) The proton-proton chain takes place in the interior of the 

sun and other stars. Each gram of the suns mass contains 

about 4.5  1023 protons. If all of these protons were fused into 

helium, the energy released would be about 130,000 kWh. If the 

sun were to continue to radiate at its present rate, it would take 

about years91075  to exhaust its supply of protons.  

(5) For the same mass of the fuel, the energy released in 

fusion is much larger than in fission. 

(6) Plasma : The temperature of the order of 108 K required 

for thermonuclear reactions leads to the complete ionisation of 

the atom of light elements. The combination of base nuclei and 

electron cloud is called plasma. The enormous gravitational field 

of the sun confines the plasma in the interior of the sun.  

The main problem to carryout nuclear fusion in the 

laboratory is to contain the plasma at a temperature of 108K. No 

solid container can tolerate this much temperature. If this 

problem of containing plasma is solved, then the large quantity 

of deuterium present in sea water would be able to serve as in-

exhaustible source of energy. 

Table 26.7 : Nuclear bomb (Based on uncontrolled 

nuclear reactions) 

Atom bomb Hydrogen bomb 

Based on fission process it 

involves the fission of U235  

Based on fusion process. 

Mixture of deutron and tritium is 

used in it  

In this critical size is important  There is no limit to critical size  

Explosion is possible at normal 

temperature and pressure  

High temperature and pressure 

are required  

Less energy is released 

compared to hydrogen bomb  

More energy is released as 

compared to atom bomb so it is 

more dangerous than atom 

bomb  

 

Radioactivity 

The phenomenon of spontaneous emission of radiatons by 

heavy elements is called radioactivity. The elements which 

shows this phenomenon are called radioactive elements. 

(1) Radioactivity was discovered by Henery Becquerel in 

uranium salt in the year 1896. 

(2) After the discovery of radioactivity in uranium, Piere 

Curie and Madame Curie discovered a new radioactive element 

called radium (which is 106 times more radioactive than 

uranium)  

(3) Some examples of radio active substances are : 

Uranium, Radium, Thorium, Polonium, Neptunium etc.  

(4) Radioactivity of a sample cannot be controlled by any 

physical (pressure, temperature, electric or magnetic field) or 

chemical changes.  

(5) All the elements with atomic number (Z ) > 82 are 

naturally radioactive. 

(6) The conversion of lighter elements into radioactive 

elements by the bombardment of fast moving particles is called 

artificial or induced radioactivity.  

(7) Radioactivity is a nuclear event and not atomic. Hence 

electronic configuration of atom don't have any relationship with 

radioactivity. 

Nuclear Radiations 

According to Rutherford's experiment when a sample of 

radioactive substance is put in a lead box and allow the 

emission of radiation through a small hole only. When the 

radiation enters into the external electric field, they splits into 

three parts (-rays, -rays and -rays) 
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(1) -decay : Nearly 90%  of the 2500 known nuclides are 

radioactive ; they are not stable but decay into other nuclides  

(i) When unstable nuclides decay into different nuclides, 

they usually emit alpha () or beta () particles.  

(ii) Alpha emission occurs principally with nuclei that are too 

large to be stable. When a nucleus emits an alpha particle, its N 

and Z values each decrease by two and A decreases by four. 

(iii) Alpha decay is possible whenever the mass of the 

original neutral atom is greater than the sum of the masses of 

the final neutral atom and the neutral helium- atom. 

(2) -decay : There are different simple type of -decay 

 ,   and electron capture.  

(i) A beta minus particle )(   is an electron. Emission of 

  involves transformation of a neutron into a proton, an 

electron and a third particle called an antineutrino )( . 

(ii)   decay usually occurs with nuclides for which the 

neutron to proton ratio 







ratio

Z

N
 is too large for stability. 

(iii) In   decay, N decreases by one, Z increases by one 

and A doesn't change.  

(iv)   decay can occur whenever the neutral atomic mass 

of the original atom is larger than that of the final atom.  

(v) Nuclides for which N/Z is too small for stability can emit 

a positron, the electron's antiparticle, which is identical to the 

electron but with positive charge. The basic process called beta 

plus   decay  

  np     ( = neutrino) 

(vi)   decay can occur whenever the neutral atomic mass 

of the original atom is at least two electron masses larger than 

that of the final atom  

(vii) The mass of  and   is zero. The spin of both is 
2

1
 in 

units of .
2

h
 The charge on both is zero. The spin of neutrino is 

antiparallel to it's momentum while that of antineutrino is parallel 

to it's momentum.  

(viii) There are a few nuclides for which   emission is not 

energetically possible but in which an orbital electron (usually in 

the k-shell) can combine with a proton in the nucleus to form a 

neutron and a neutrino. The neutron remains in the nucleus and 

the neutrino is emitted. 

   np  

(3) -decay : The energy of internal motion of a nucleus is 

quantized. A typical nucleus has a set of allowed energy levels, 

including a ground state (state of lowest energy) and several 

excited states. Because of the great strength of nuclear 

interactions, excitation energies of nuclei are typically of the 

order of the order of 1 MeV, compared with a few eV for atomic 

energy levels. In ordinary physical and chemical transformations 

the nucleus always remains in its ground state. When a nucleus 

is placed in an excited state, either by bombardment with high-

energy particles or by a radioactive transformation, it can decay 

to the ground state by emission of one or more photons called 

gamma rays or gamma-ray photons, with typical energies of 10 

keV to 5 MeV. This process is called gamma () decay.  

All the known conservation laws are obeyed in -decay. 

The intensity of -decay after passing through x thickness 

of a material is given by xeII  0    ( = absorption co-efficient) 

Radioactive Disintegration 

(1) Law of radioactive disintegration : According to 

Rutherford and Soddy law for radioactive decay is as follows. 

"At any instant the rate of decay of radioactive atoms is 

proportional to the number of atoms present at that instant" i.e.  

N
dt

dN
    N

dt

dN
 . It can be proved that N = N0e–t  

In terms of mass  M = M0e–t   

where N = Number of atoms remains undecayed after time t, 

N0 = Number of atoms present initially (i.e. at t = 0), M = Mass of 

radioactive nuclei at time t, M0 = Mass of radioactive nuclei at time t 

= 0, N0 – N = Number of disintegrated nucleus in time t  
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dt

dN
= rate of decay,  = Decay constant or disintegration 

constant or radioactivity constant or Rutherford Soddy's 

constant or the probability of decay per unit time of a nucleus. 

Table 26.8 : Properties of ,  and -rays 

Features - particles  - particles  - rays 

1. Identity  Helium nucleus or doubly 

ionised helium atom (2He4)  

Fast moving electron )or  ( –0   Photons (E.M. waves) 

2. Charge  + 2e  – e  Zero  

3. Mass 4 mp (mp = mass of proton 

= 1.87  10–27  

4 mp  me  Massless  

4. Speed   107 m/s  1% to 99% of speed of light   Speed of light  

5. Range of kinetic energy  4 MeV to 9 MeV  All possible values between a 

minimum certain value to 1.2 MeV  

Between a minimum value to 

2.23 MeV  

6. Penetration power  (, , )   1 

(Stopped by a paper)  

100 

(100 times of )  

10,000 

(100 times of  upto  30 cm of 

iron (or Pb) sheet 

7. Ionisation power ( >  > )  10,000  100 1 

8. Effect of electric or magnetic field  Deflected  Deflected  Not deflected  

9. Energy spectrum  Line and discrete  Continuous  Line and discrete  

10. Mutual interaction with matter  Produces heat  Produces heat  Produces, photo-electric effect, 

Compton effect, pair 

production  

11. Equation of decay   
decayA

Z X


 

4
2

4
2 HeY A

Z 
  

'
'

A
Z

A
Z YX

n
     

 
4

A'A
n


α  

 
0

11 eYX A
Z

A
Z  

A
Z

A
Z XX

n

' 


)Z'Zn(2n  αβ  

 a
Z

A
Z XX  

 

(2) Activity : It is defined as the rate of disintegration (or 

count rate) of the substance (or the number of atoms of any 

material decaying per second) i.e.  

 tt eAeNN
dt

dN
A    00  

where A0 = Activity of t = 0, A = Activity after time t  

Units of activity (Radioactivity)  

It's units are Becqueral (Bq), Curie (Ci) and Rutherford (Rd) 

1 Becquerel = 1 disintegration/sec,   
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1 Rutherford = 106 dis/sec,   1 Curie = 3.7  1011 dis/sec  

(3) Half life (T1/2) : Time interval in which the mass of a 

radioactive substance or the 

number of it's atom reduces to 

half of it's initial value is called 

the half life of the substance. 

i.e.   if 
2

0N
N   

then 2/1Tt   

Hence from teNN  0    

)(

0
0 2/1

2

T
eN

N 
    



693.02log
2/1  eT  

Table 26.9 : Fraction of active/decayed atom at different time 

Time (t) Remaining fraction of 

active atoms (N/N0)  

probability of survival  

Fraction of atoms 

decayed (N0 – N) /N0 

probability of decay  

t = 0 1  (100%)   0 

t = T1/2  

2

1
   (50%)  

2

1
 (50%) 

t = 2(T1/2)  

4

1
   (25%)  

4

3
 (75%)  

t = 3(T1/2) 

8

1
  (12.5%)  

8

7
 (87.5%)  

t = 10 (T1/2)  
%1.0

2

1
10









 

%9.99  

t = n (N1/2)  
n










2

1
 























n

2

1
1  

 

(4) Mean (or average) life () : The time for which a 

radioactive material remains active is defined as mean 

(average) life of that material. 

(i) or it is defined as the sum of lives of all atoms divided by 

the total number of atoms  

 i.e. 



1

atomsof number Total 

atoms all theof  lives of the Sum
  

(ii) From teNN  0  
t

N

N

0

ln

 slope of the line shown 

in the graph i.e. the magnitude of inverse of slope of tvs
N

N

0

ln  

curve is known as mean life (). 

 

 

 

 

 

 

(iii) From teNN  0 , if 



1
t   

  %3737.0
1

00
1

0 







  N

e
NeNN  of N0. 

i.e. mean life is the time interval in which number of 

undecayed atoms (N) becomes 
e

1
 times or 0.37 times or 37% 

of original number of atoms.  or 

It is the time in which number of decayed atoms (N0 – N) 

becomes 









e

1
1  times or 0.63 times or 63% of original number 

of atoms.  

(iv) From 


693.0
2/1 T    )(44.1)(.

693.0

11
2/12/1 Tt 


 

i.e. mean life is about 44% more than that of half life. Which 

gives us  > T(1/2)  

Radioactive Series 

(1) If the isotope that results from a radioactive decay is 

itself radioactive then it will also decay and so on. 

(2) The sequence of decays is known as radioactive decay 

series. Most of the radio-nuclides found in nature are members 

of four radioactive series. These are as follows  

Table 26.10 : Four radioactive series 

Mass 

number 

Series 

(Nature) 

Parent Stable end 

product  

Integer n  

4n Thorium 

(natural) 

232
90Th  208

82 Pb  52 

4n + 1 Neptunium 
237

93 Np  209
83 Bi  52 

0

ln
N

N
 

Slope = –  

t 
Fig. 26.25 

t 
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N0/2 

Half life = T 

N 

N0/4 
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(Artificial)  

4n + 2 Uranium 

(Natural) 

238
92 U  206

82 Pb  51 

4n + 3 Actinium 

(Natural) 

227
89 Ac  207

82 Pb  51 

 

(3) The 4n + 1 series starts from 241
94 Pu  but commonly 

known as neptunium series because neptunium is the longest 

lived member of the series. 

(4) The 4n + 3 series actually starts from 235
92 U . 

Successive Disintegration and Radioactive 

Equilibrium 

 

Suppose a radioactive element A disintegrates to form 

another radioactive element B which intern disintegrates to still 

another element C; such decays are called successive 

disintegration. 

 

 

 

Rate of disintegration of 11
1 N

dt

dN
A    (which is also 

the rate of formation of B) 

Rate of disintegration of 22
2 N

dt

dN
B   

 Net rate of formation of B = Rate of disintegration of A – 

Rate of disintegration of B  

         = 1N1 – 2N2  

Equilibrium  

In radioactive equilibrium, the rate of decay of any 

radioactive product is just equal to it's rate of production from 

the previous member.  

i.e. 1N1 = 2N2    
12/1

2/1

1

2

2

2

2

1

)(

)(

T

T

N

N









 

 

Uses of Radioactive Isotopes 

 

 

 

 

 

 

 

 

 

(1) In medicine  

(i) For testing blood-chromium - 51 

(ii) For testing blood circulation - Na - 24 

(iii) For detecting brain tumor- Radio mercury - 203  

(iv) For detecting fault in thyroid gland - Radio iodine - 131 

(v) For cancer - cobalt - 60 

(vi) For blood - Gold - 189 

(vii) For skin diseases - Phospohorous - 31 

(2) In Archaeology 

(i) For determining age of archaeological sample 

(carbon dating) 14C  

(ii) For determining age of meteorites - 40K   

(iii) For determining age of earth-Lead isotopes 

(3) In agriculture  

(i) For protecting potato crop from earthworm- 60CO   

(ii) For artificial rains - AgI  (iii) As fertilizers - 32P   

(4) As tracers - (Tracer) : Very small quantity of 

radioisotopes present in a mixture is known as tracer 

(i) Tracer technique is used for studying biochemical 

reaction in tracer and animals.  

(5) In industries  

(i) For detecting leakage in oil or water pipe lines  (ii) For 

determining the age of planets. 

 

 

 

 

 

 According to Bohr theory the momentum of an e  

revolving in second orbit of H2 atom will be 


h
 

 For an electron in the nth orbit of hydrogen atom in Bohr 
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model, circumference of orbit n ; where  = de-Broglie 

wavelength. 

 Rch = Rydberg's energy eVJ 6.13–~1017.2–~ 18 . 

 For hydrogen atom principle quantum number 

(B.E.)

6.13
n . 

 In an 2H  atom when e  makes a transition from an 

excited state to the ground state it’s kinetic energy increases 

while potential and total energy decreases. 

 The maximum number of electrons in a subshell with 

orbital quantum number l is 2(2l + 1). 

 With the increase in principal quantum number the 

energy difference between the two successive energy level 

decreases, while wavelength of spectral line increases. 

'''''' EEE   

''''''    

'''''' EEEE   

'''

1

''

1

'

11


  

 Rydberg constant is different for different elements  

R(=1.09  107 m–1) is the value of Rydberg constant 

when the nucleus is considered to be infinitely massive as 

compared to the revolving electron. In other words, the 

nucleus is considered to be stationary. 

In case, the nucleus is not infinitely massive or 

stationary, then the value of Rydberg constant is given as 

M

m

R
'R





1

 where m is the mass of electron and M is the 

mass of nucleus. 

 Atomic spectrum is a line spectrum  

Each atom has it's own characteristic allowed orbits 

depending upon the electronic configuration. Therefore 

photons emitted during transition of electrons from one 

allowed orbit to inner allowed orbit are of some definite 

energy only. They do not have a continuous graduation of 

energy. Therefore the spectrum of the emitted light has only 

some definite lines and therefore atomic spectrum is line 

spectrum. 

 Just as dots of light of only three colours combine to form 

almost every conceivable colour on T.V. screen, only about 

100 distinct kinds of atoms combine to form all the materials 

in the universe. 

 Density of a nucleus is maximum at it's centre and 

decreases as we move outwards from the nucleus. 

 When two very light nuclei combines to form a relatively 

heavy nucleus, then binding energy per nucleon increases. 

Thus, energy is released in this process (nuclear fusion). 

 

 

 

 

 

 

 It may be noted that Plutonium is the best fuel as 

compared to other fissionable material. It is because fission in 

Plutonium can be initiated by both slow and fast neutrons. 

Moreover it can be obtained from .238U  

 Nuclear reactor is firstly devised by fermi. 

 Apsara was the first Indian nuclear reactor. 

 A type of reactor that can produce more fissile fuel than it 

consumes is the breeder reactor. 

 To achieve fusion in laboratory a device is used to 

confine the plasma, called Tokamak. 

 A test tube full of base nuclei will weight heavier than the  

n = 4 
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n = 1 

E,  

E,  

E,  

E,  

+ 

+ 

A 

A

EB ..
 

Fusion Fission 



 

 Atomic and Nuclear Physics 1467 

earth. 

 The nucleus of hydrogen contains only one proton. 

Therefore we may say that the proton is the nucleus of 

hydrogen atom. 

 If the relative abundance of isotopes in an element has a 

ratio n1 : n2 whose atomic masses are m1 and m2 then atomic 

mass of the element is 
21

2211

nn

mnmn
M




  

 No radioactive substance emits both  and  particles 

simultaneously. Also -rays are emitted after the emission of 

 or -particles. 

 -particles are not orbital electrons they come from 

nucleus. The neutron in the nucleus decays into proton and 

an electron. This electron is emitted out of the nucleus in the 

form of -rays. 

 Activity per gm of a substance is known as specific activity. 

The specific activity of 1 gm of radium – 226 is 1 Curie. 

 1 millicurie = 37 Rutherford 

 The activity of a radioactive substance decreases as the 

number of undecayed nuclei decreases with time. 

 
lifeHalf

1
Activity  

 Half life and mean life of a substance doesn't change 

with time or with pressure, temperature etc. 

 If a nuclide can decay simultaneously by two different 

process which have decay constant 1 and 2, half life T1 and 

T2 and mean lives 1 and 2 respectively then 

 

 

 

 

 

  = 1 + 2                          
21

21

TT

TT
T


  

 There are at least three varieties of neutranas, each with 

it's corresponding antineutrino; one is associated with beta 

decay and the other two are associated with the decay of two 

unstable particles, the muon and the tau particles.  

 Are all fusion reaction exoergic  ? 

Fusion reaction between sufficiently light nuclei are 

exoergic because the 
A

EB ..
 increases. If the nuclei are too 

massive, however 
A

EB ..
 decreases and fusion is endoergic 

(i.e. it takes in energy rather than releasing it) 

 The Zeeman effect is the spliting of atomic energy levels 

and the associated spectrum lines when the atoms are 

placed in a magnetic field. This effect confirms experimentally 

the quantization of angular momentum.  

 

1, T1, 1 

2, T2, 2 

1 

2 

 

T 
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Atomic Structure 
 

1. If in nature there may not be an element for which the principal 

quantum number n > 4, then the total possible number of elements 

will be  

[IIT 1983; MP PET 1999; RPMT 1999; RPET 2001] 

 (a) 60  (b) 32 

 (c) 4 (d) 64 

2. In the Bohr's hydrogen atom model, the radius of the stationary 
orbit is directly proportional to (n = principle quantum number)[MNR 1988; SCRA 1994;  

   CBSE PMT 1996; AIIMS 1999; DCE 2002] 

 (a) 1n  (b) n 

 (c) 2n  (d) 2n  

3. In the nth orbit, the energy of an electron eV
n

En 2

6.13
 for 

hydrogen atom. The energy required to take the electron from first 

orbit to second orbit will be 

[MP PMT 1987; CPMT 1991, 97; RPMT 1999;  

DCE 2001; Kerala PMT 2004] 

 (a) eV2.10  (b) eV1.12  

 (c) eV6.13  (d) eV4.3  

4. In the following atoms and moleculates for the transition from n= 2  

to n = 1, the spectral line of minimum wavelength will be produced 

by  [IIT 1983] 

 (a) Hydrogen atom (b) Deuterium atom 

 (c) Uni-ionized helium  (d) di-ionized lithium 

5. The Lyman series of hydrogen spectrum lies in the region  

 [MNR 1993; MP PMT 1995; UPSEAT 2002] 

 (a) Infrared  (b) Visible  

 (c) Ultraviolet (d) Of X  rays  

6. The size of an atom is of the order of  

[CPMT 1990; MP PMT 1984; KCET 1994] 

 (a) m810  (b) m1010  

 (c) m1210  (d) m1410  

7. Which one of the series of hydrogen spectrum is in the visible 
region [RPMT 1999;MP PET 1990; MP PMT 1994; 

AFMC 1998; CBSE PMT 1990; MH CET 2004] 

 (a) Lyman series  (b) Balmer series  

 (c) Paschen series  (d) Bracket series  

8. The energy levels of the hydrogen spectrum is shown in figure. 

There are some transitions A, B, C, D and E. Transition A, B and C 

respectively represent 

[CPMT 1986, 88] 

  

 

 

 

 

 

 

 (a) First member of Lyman series, third spectral line of Balmer 

series and the second spectral line of Paschen series 

 (b) Ionization potential of hydrogen, second spectral line of Balmer 

series and third spectral line of Paschen series 

 (c) Series limit of Lyman series, third spectral line of Balmer series 

and second spectral line of Paschen series 

 (d) Series limit of Lyman series, second spectral line of Balmer 

series and third spectral line of Paschen series  

9. In the above figure D and E respectively represent   

 [CPMT 1986, 88] 

 (a) Absorption line of Balmer series and the ionization potential of 
hydrogen  

 (b) Absorption line of Balmer series and the wavelength lesser than 
lowest of the Lyman series 

 (c) Spectral line of Balmer series and the maximum wavelength of 
Lyman series  

 (d) Spectral line of Lyman series and the absorption of greater 
wavelength of limiting value of Paschen series 

10. The Rutherford -particle experiment shows that most of the -

particles pass through almost unscattered while some are scattered 

through large angles. What information does it give about the 

structure of the atom [AFMC 1997] 

 (a) Atom is hollow  

 (b) The whole mass of the atom is concentrated in a small centre 

called nucleus  

 (c) Nucleus is positively charged 

 (d) All the above 

11. Which of the following is true   [MP PET 1993] 

 (a) Lyman series is a continuous spectrum 

 (b) Paschen series is a line spectrum in the infrared 

 (c) Balmer series is a line spectrum in the ultraviolet 

 (d) The spectral series formula can be derived from the Rutherford 

model of the hydrogen atom  

12. The energy required to knock out the electron in the third orbit of a 
hydrogen atom is equal to [DPMT 1987] 

 (a) eV6.13  (b) eV
9

6.13
  

 (c) eV
3

6.13
  (d) eV

6.13

3
  

13. An electron has a mass of kg31101.9  . It revolves round the 

nucleus in a circular orbit of radius metre1010529.0  at a 

speed of sm /102.2 6 . The magnitude of its linear momentum in 
this motion is  

n= 

n=6 

n=5 
n=4 

n=3 

n=2 

n=1 

– 0.00 eV 

– 0.36 eV 

– 0.54 eV 

– 0.85 eV 

– 1.51 eV 

– 3.39 eV 

– 13.5 eV 

A 

B 

C 

D 

E 
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    [AFMC 1988] 

 (a) smkg /101.1 34    (b) smkg /100.2 24    

 (c) smkg /100.4 24    (d) smkg /100.4 31    

14. In a beryllium atom, if a
0

 be the radius of the first orbit, then the 
radius of the second orbit will be in general 

[CBSE PMT 1992; Roorkee 1993; BHU 1998] 

 (a) 0na  (b) 0a  

 (c) 0
2an  (d) 

2

0

n

a
 

15. The ionization potential for second He electron is  

 (a) 13.6 eV  (b) 27.2 eV  

 (c) 54.4 eV  (d) 100 eV 

16. The energy required to remove an electron in a hydrogen atom from 

10n state is    [MP PMT 1993] 

 (a) 13.6 eV (b) 1.36 eV 

 (c) 0.136 eV (d) 0.0136 eV 

17. Every series of hydrogen spectrum has an upper and  lower limit in 

wavelength. The spectral series which has an upper limit of 
wavelength equal to 18752 Å is [MP PMT 1993] 

 (a) Balmer series (b) Lyman series 

 (c) Paschen series (d) Pfund series 

 (Rydberg constant 710097.1 R per metre) 

18. The kinetic energy of the electron in an orbit of radius r in 
hydrogen atom is (e = electronic charge) [MP PMT 1987] 

 (a) 
2

2

r

e
 (b) 

r

e

2

2

 

 (c) 
r

e 2

 (d) 
2

2

2r

e
 

19. Ionization potential of hydrogen atom is 13.6 V.  

 Hydrogen atoms in the ground state are excited by monochromatic 

radiation of photon energy 12.1 eV. The spectral lines emitted by 
hydrogen atoms according to Bohr's theory will be   [CPMT 1990; 

CBSE PMT 1996; MP PMT 1999; AMU (Med.) 2002] 

 (a) One (b) Two 

 (c) Three (d) Four  

20. Energy levels A, B, C of a certain atom corresponding to increasing 

values of energy i.e. CBA EEE  . If 321 ,,  are the 

wavelengths of radiations corresponding to the transitions C to B, B 
to A and C to A respectively, which of the following statements is 
correct  

[AIIMS 1995; CBSE PMT 1990, 2005] 

  

 

 

 

  (a) 213    (b) 
21

21
3







  

 (c) 0321    (d) 2
2

2
1

2
3    

21. The angular momentum of electron in nth orbit is given by 

 [Roorkee 1993] 

 (a) nh (b) 
n

h

2
 

 (c) 
2

h
n  (d) 

2

2 h
n  

22. The ratio of the energies of the hydrogen atom in its first to second 

excited state is    [CPMT 1978] 

 (a) 1/ 4 (b) 4/9 

 (c) 9/ 4 (d) 4 

23. An electron jumps from the 4th orbit to the 2nd orbit of hydrogen 

atom. Given the Rydberg's constant 1510  cmR . The frequency 

in Hz of the emitted radiation will be   [CPMT 1976] 

 (a) 510
16

3
  (b) 1510

16

3
  

 (c) 1510
16

9
  (d) 1510

4

3
  

24. The ionisation potential of hydrogen atom is 13.6 volt. The energy 

required to remove an electron in the n = 2 state of the hydrogen 
atom is  [NCERT 1983; MP PET 2005] 

 (a) 27.2 eV (b) 13.6 eV 

 (c) 6.8 eV (d) 3.4 eV 

25. The ionisation energy of 10 times ionised sodium atom is 

   [DPMT 1991] 

 (a) 13.6 eV (b) eV116.13   

 (c) eV
11

6.13
 (d) eV2)11(6.13   

26. If the wavelength of the first line of the Balmer series of hydrogen 

is Å6561 , the wavelength of the second line of the series should 

be [CPMT 1984; DPMT 2004] 

 (a) Å13122  (b) Å3280  

 (c) Å4860  (d) Å2187  

27. The following diagram indicates the energy levels of a certain atom 
when the system moves from 2E level to E, a photon of wavelength 

  is emitted. The wavelength of photon produced during its 

transition from 
3

4 E
 level to E is 

[CPMT 1989] 

  

 

 

 

  (a) 3/  (b) 4/3  

 (c) 3/4  (d) 3  

28. A beam of fast moving alpha particles were directed towards a thin 

film of gold. The parts BA , and C  of the transmitted and 

reflected beams corresponding to the incident parts A, B and C of 
the beam, are shown in the adjoining diagram. The number of alpha 
particles in 

[CPMT 1986, 88; RPET 2000] 

  

 

1 

2 3 

C 

B 

A 

2E 

4/3E 

E 

B 
B 
A 

C 

C 

A 
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 (a) Bwill be minimum and in C  maximum 

 (b) A will be maximum and in Bminimum 

 (c) A will be minimum and in Bmaximum 

 (d) C  will be minimum and in Bmaximum 

29. According to Bohr's theory the radius of electron in an orbit 
described by principal quantum number n and atomic number Z is 
proportional to   [CPMT 1988] 

 (a) 22nZ  (b) 
2

2

n

Z
 

 (c) 
n

Z 2

 (d) 
Z

n 2

 

30. The radius of electron's second stationary orbit in Bohr's atom is R. 
The radius of the third orbit will be 

[EAMCET 1992; DPMT 1999] 

 (a) 3 R (b) 2.25 R 

 (c) 9 R (d) 
3

R
 

31. If m is mass of electron, v its velocity, r the radius of stationary 
circular orbit around a nucleus with charge Ze, then from Bohr's 

first postulate, the kinetic energy 2

2

1
mvK  of the electron in 

C.G.S. system is equal to  

[NCERT 1977] 

 (a)  
r

Ze 2

2

1
 (b)  

2

2

2

1

r

Ze
 

 (c)  
r

Ze 2

 (d)  
2r

Ze
 

32. Consider an electron in the nth orbit of a hydrogen atom in the Bohr 
model. The circumference of the orbit can be expressed in terms of 

the de Broglie wavelength  of that electron as   [CBSE PMT 1990] 

 (a) n)259.0(  (b) n  

 (c) )6.13(  (d) n  

33. In any Bohr orbit of the hydrogen atom, the ratio of kinetic energy 
to potential energy of the electron is [MP PET 1994] 

 (a) 1/2 (b) 2 

 (c) 2/1  (d)  – 2 

34. The spectral series of the hydrogen spectrum that lies in the 
ultraviolet region is the  

[CPMT 1990; MP PET 1994; MP PMT 2000] 

 (a) Balmer series (b) Pfund series 

 (c) Paschen series (d) Lyman series 

35.  Figure shows the energy levels P, Q, R, S and G of an atom where 

G is the ground state. A red line in the emission spectrum of the 

atom can be obtained by an energy level change from Q to S. A blue 

line can be obtained by following energy level change   [MP PMT 1994] 

 

 

 

 

 

 (a) P to Q (b) Q to R 

 (c) R to S (d) R to G 

36. A hydrogen atom (ionisation potential 13.6 eV) makes a transition 
from third excited state to first excited state. The energy of the 
photon emitted in the process is  [MNR 1995] 

 (a) 1.89 eV (b) 2.55 eV 

 (c) 12.09 eV (d) 12.75 eV 

37. The figure indicates the energy level diagram of an atom and the 

origin of six spectral lines in emission (e.g. line no. 5 arises from the 

transition from level B to A). The following spectral lines will also 

occur in the absorption spectrum 

 [CBSE PMT 1995] 

 

 

 

 

 (a) 1, 4, 6 (b) 4, 5, 6 

 (c) 1, 2, 3 (d) 1, 2, 3, 4, 5, 6  

38. When a hydrogen atom is raised from the ground state to an excited 

state [CBSE PMT 1995; AMU (Med.) 1999] 

 (a) P.E. increases and K.E. decreases 

 (b) P.E. decreases and K.E. increases 

 (c) Both kinetic energy and potential energy increase 

 (d) Both K.E. and P.E. decrease 

39. An electron makes a transition from orbit n = 4 to the orbit n = 2 of 

a hydrogen atom. The wave number of the emitted radiations (R = 

Rydberg's constant) will be  

[CBSE PMT 1995] 

 (a) 
R3

16
 (b) 

16

2R
 

 (c) 
16

3R
 (d) 

16

4 R
 

40. In Bohr model of the hydrogen atom, the lowest orbit corresponds 
to    [Manipal MEE 1995] 

 (a) Infinite energy (b) The maximum energy 

 (c) The minimum energy (d) Zero energy 

41. The ratio of the kinetic energy to the total energy of an electron in a 

Bohr orbit is [Roorkee 1995; BHU 2002] 

 (a) –  1 (b) 2 

 (c) 1 : 2 (d) None of these 

42. An electron in the n = 1 orbit of hydrogen atom is bound by 13.6 eV. 

If a hydrogen atom is in the n = 3 state, how much energy is 

required to ionize it   [MP PMT 1995] 

 (a) 13.6 eV (b) 4.53 eV 

 (c) 3.4 eV (d) 1.51 eV 
P 

Q 

R 

S 

G 

1 2 3 4 5 6 
X 

A 

B 

C 
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43. Which of the following statements about the Bohr model of the 
hydrogen atom is false   [MP PMT 1995] 

 (a) Acceleration of electron in n = 2 orbit is less than that in n = 1 
orbit 

 (b) Angular momentum of electron in n = 2 orbit is more than that 

in n = 1 orbit 

 (c) Kinetic energy of electron in n = 2 orbit is less than that in n = 
1 orbit 

 (d) Potential energy of electron in n = 2 orbit is less than that in n 
= 1 orbit 

44. If an electron jumps from 1st orbital to 3rd orbital, then it will  .  [AFMC 1996] 

 (a) Absorb energy (b) Release energy 

 (c) No gain of energy (d) None of these 

45. The ratio of the frequencies of the long wavelength limits of Lyman 

and Balmer series of hydrogen spectrum is 

 [KCEE 1996] 

 (a) 27 : 5 (b) 5 : 27 

 (c) 4 : 1 (d) 1 : 4 

46. Which of the following transitions in a hydrogen atom emits photon 

of the highest frequency  

[MP PET 1996; DPMT 2001] 

 (a) n = 1 to n = 2 (b) n = 2 to n = 1 

 (c) n = 2 to n = 6 (d) n = 6 to n = 2 

47. In terms of Rydberg's constant R, the wave number of the first 

Balmer line is   [MP PMT 1996] 

 (a) R (b) 3R  

 (c) 
36

5R
 (d) 

9

8 R
 

48. If the ionisation potential of helium atom is 24.6 volt, the energy 

required to ionise it will be  [MP PMT 1996] 

 (a) 24.6 eV (b) 24.6 V 

 (c) 13.6 V (d) 13.6 eV 

49. Which of the transitions in hydrogen atom emits a photon of lowest 

frequency  (n = quantum number) 

[BHU 1999] 

 (a) n = 2 to n = 1 (b) n = 4 to n = 3 

 (c) n = 3 to n = 1 (d) n = 4 to n = 2 

50. According to Bohr's theory, the expressions for the kinetic and 

potential energy of an electron revolving in an orbit is given 
respectively by 

 (a) 
r

e

0

2

8
 and 

r

e

0

2

4
   (b) 

r

e 2
08

 and
r

e 2
04

   

 (c) 
r

e

0

2

8
 and 

r

e

0

2

4
   (d)  

r

e

0

2

8
 and 

r

e

0

2

4
  

51. In a hydrogen atom, which of the following electronic transitions 
would  involve the maximum energy change 

 [MP PET 1997] 

 (a) From n = 2 to n = 1 (b) From n = 3 to n = 1 

 (c) From n = 4 to n = 2 (d) From n = 3 to n = 2 

52. In the lowest energy level of hydrogen atom, the electron has the 
angular momentum  [MP PET 1997; BCECE 2003] 

 (a) h/  (b) /h  

 (c) 2/h  (d) h/2  

53. The minimum energy required to excite a hydrogen atom from its 
ground state is 

[EAMCET (Engg.) 1995; MP PMT 1997; 

CPMT 1999; DCE 1999] 

 (a) 13.6 eV (b) eV6.13  

 (c) 3.4 eV (d) 10.2 eV 

54. Ratio of the wavelengths of first line of Lyman series and first line of 

Balmer series is 

[EAMCET (Engg.) 1995; MP PMT 1997] 

 (a) 1: 3 (b) 27 : 5 

 (c) 5 : 27 (d) 4 : 9 

55. The Rydberg constant R for hydrogen is 

[MP PMT/PET 1998] 

 (a)  
2

22

0

2
.

4

1

ch

me
R



 












  (b)  

2

42

0

2
.

4

1

ch

me
R



 












  

 (c)  
22

422

0

2
.

4

1

hc

me
R



 












  (d)  

3

422

0
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.

4

1
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me
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56. The wavelength of the first line of Balmer series is Å6563 . The 

Rydberg constant for hydrogen is about 

[MP PMT/PET 1998] 

 (a) mper71009.1   (b) mper81009.1   

 (c) mper91009.1   (d) mper51009.1   

57. According to Bohr's theory the moment of momentum of an 

electron revolving in second orbit of hydrogen atom will be  

 [MP PET 1999; KCET 2003] 

 (a) h2  (b) h  

 (c) 


h
 (d) 



h2
 

58. The velocity of an electron in the second orbit of sodium atom 
(atomic number = 11) is v. The velocity of an electron in its fifth 
orbit will be   [MP PET 1999] 

 (a) v (b) v
5

22
 

 (c) v
2

5
 (d) v

5

2
 

59. The absorption transitions between the first and the fourth energy 
states of hydrogen atom are 3. The emission transitions between 
these states will be [MP PET 1999] 

 (a) 3 (b) 4 

 (c) 5 (d) 6 

60. The ratio of longest wavelength and the shortest wavelength 

observed in the five spectral series of emission spectrum of 
hydrogen is   [MP PET 1999] 

 (a) 
3

4
 (b) 

376

525
 

 (c) 25 (d) 
11

900
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61. In the Bohr model of a hydrogen atom, the centripetal force is 
furnished by the coulomb attraction between the proton and the 

electron. If 0a is the radius of the ground state orbit, m is the mass, 

e is the charge on the electron and 0 is the vacuum permittivity, 

the speed of the electron is 

 [CBSE PMT 1998] 

 (a) 0 (b) 
ma

e

00
 

 (c) 
ma

e

004
 (d) 

e

ma004
 

62. The electron in a hydrogen atom makes a transition 21 nn  , 

where 1n  and 2n  are the principal quantum numbers of the two 

states. Assume the Bohr model to be valid. The time period of the 

electron in the initial state is eight times that in the final state. The 

possible values of n
1

 and n
2

 are   [IIT 1998; KCET 2005] 

 (a) 2,4 21  nn  (b) 2,8 21  nn  

 (c) 1,8 21  nn  (d) 3,6 21  nn  

63. As per Bohr model, the minimum energy (in eV) required to remove 

an electron from the ground state of doubly ionized Li atom (Z = 3) 

is  [IIT 1997 Re-Exam; MH CET 2000] 

 (a) 1.51 (b) 13.6 

 (c) 40.8 (d) 122.4 

64. Which one of these is non-divisible  [KCET 1994] 

 (a) Nucleus (b) Photon 

 (c) Proton (d) Atom 

65. In Bohr's model of hydrogen atom, let PE represents potential 

energy and TE the total energy. In going to a higher level   [KCET 1994] 

 (a) PE decreases, TE increases 

 (b) PE increases, TE increases 

 (c) PE decreases, TE decreases 

 (d) PE increases, TE decreases 

66. According to Bohr's model, the radius of the second orbit of helium 

atom is   [Bihar MEE 1995] 

 (a) 0.53 Å (b) 1.06 Å 

 (c) 2.12 Å (d) 0.265 Å 

67. The fact that photons carry energy was established by 

 [ISM Dhanbad 1994] 

 (a) Doppler's effect (b) Compton's effect 

 (c) Bohr's theory (d) Diffraction of light 

68. An ionic atom equivalent to hydrogen atom has wavelength equal to 

1/4 of the wavelengths of hydrogen lines. The ion will be   [RPET 1997] 

 (a) 
He  (b) 

Li  

 (c) 9Ne  (d) 10Na  

69. The extreme wavelengths of Paschen series are 

[RPET 1997] 

 (a) m365.0 and m565.0  (b) m818.0 and m89.1  

 (c) m45.1 and m04.4  (d) m27.2 and m43.7  

70. The third line of Balmer series of an ion equivalent to hydrogen 

atom has wavelength of 108.5 nm. The ground state energy of an 

electron of this ion will be [RPET 1997] 

 (a) 3.4 eV (b) 13.6 eV 

 (c) 54.4 eV (d) 122.4 eV 

71. An electron in the n = 1 orbit of hydrogen atom is bound by 13.6 eV 

energy is required to ionize it is  [MP PMT 2003] 

 (a) 13.6 eV (b) 6.53 eV 

 (c) 5.4 eV (d) 1.51 eV 

72. Ionization energy of hydrogen is 13.6 eV. If   Jh 34106.6 sec, 
the value of R will be of the order of 

[RPMT 1997] 

 (a) 11010 m  (b) 1710 m  

 (c) 1410 m  (d) 1710  m  

73. To explain his theory, Bohr used 

[CBSE PMT 1993; MP PET 2002] 

 (a) Conservation of linear momentum 

 (b) Conservation of angular momentum 

 (c) Conservation of quantum frequency 

 (d) Conservation of energy 

74. The ionisation energy of hydrogen atom is 13.6 eV. Following Bohr's 

theory, the energy corresponding to a transition between the 3rd 

and the 4th orbit is 

[CBSE PMT 1992; DPMT 2000; RPMT 1999;  

AMU (Med.) 2001] 

 (a) 3.40 eV (b) 1.51 eV 

 (c) 0.85 eV (d) 0.66 eV 

75. Hydrogen atoms are excited from ground state of the principal 

quantum number 4. Then the number of spectral lines observed will 

be   [CBSE PMT 1993] 

 (a) 3 (b) 6 

 (c) 5 (d) 2 

76. Hydrogen atom emits blue light when it changes from n = 4 energy 

level to the n = 2 level. Which colour of light would the atom emit 

when it changes from the n = 5 level to the n = 2 level   [KCET 1993] 

 (a) Red (b) Yellow 

 (c) Green (d) Violet 

77. In Rutherford scattering experiment, what will be the correct angle 

for   scattering for an impact parameter b = 0 

 [CBSE PMT 1994; JIPMER 2000] 

 (a) o90  (b) o270  

 (c) o0  (d) o180  

78. The radius of hydrogen atom in its ground state is m11103.5  . 

After collision with an electron it is found to have a radius of 
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m11102.21  . What is the principal quantum number n of the 

final state of the atom 

[CBSE PMT 1994; CPMT 2001; MH CET 2000] 

 (a) n = 4 (b) n = 2 

 (c) n = 16 (d) n = 3 

79. The splitting of line into groups under the effect of electric or 

magnetic field is called    [AFMC 1995] 

 (a) Zeeman's effect (b) Bohr's effect 

 (c) Heisenberg's effect (d) Magnetic effect 

80. The energy of a hydrogen atom in its ground state is eV6.13 . The 

energy of the level corresponding to the quantum number n = 2 (first 
excited state) in the hydrogen atom is [CBSE PMT 1996; CBSE PMT 1997, 2001; 

MP PET 2000; AFMC 2000, 01, 02; BCECE 2003] 

 (a) – 2.72 eV (b) – 0.85 eV  

 (c) – 0.54 eV (d) – 3.4 eV  

81. The first line of Balmer series has wavelength 6563 Å. What will be 
the wavelength of the first member of Lyman series 

 [RPMT 1996] 

 (a) 1215.4 Å (b) 2500 Å 

 (c) 7500 Å (d) 600 Å 

82. The wavelength of Lyman series is  [BHU 1997] 

 (a) cm
109673

4


 (b) cm

109674

3


  

 (c) cm
3

109674 
 (d) cm10967

4

3
  

83. When hydrogen atom is in its first excited level, its radius is .... its 

ground state radius   [CBSE PMT 1997] 

 (a) Half (b) Same 

 (c) Twice (d) Four times 

84. Hydrogen atom excites energy level from fundamental state to n = 3. 
Number of spectrum lines according to Bohr, is 

 [CPMT 1997] 

 (a) 4 (b) 3 

 (c) 1 (d) 2 

85. Number of spectral lines in hydrogen atom is [CPMT 1997] 

 (a) 3 (b) 6 

 (c) 15 (d) Infinite 

86. In Bohr's model, the atomic radius of the first orbit is 0r , then the 

radius of the third orbit is 

[AIIMS 1997; CPMT 2001;  

KCET (Engg./Med.) 1999; Pb. PMT 2004] 

 (a) 
9

0r  (b) 0r  

 (c) 09r  (d) 03r  

87. The wavelength of the energy emitted when electron come from 

fourth orbit to second orbit in hydrogen is cm397.20 . The 

wavelength of energy for the same transition in He is  

 [AIIMS 1997; JIPMER 2000] 

 (a) 1099.5 cm  (b) 1497.20 cm  

 (c) 1994.40 cm  (d) 1988.81 cm  

88. Minimum excitation potential of Bohr's first orbit in hydrogen atom 

is 

[BHU 1998; JIPMER 2001, 02; Pb. PMT 2004] 

 (a) 13.6 V (b) 3.4 V 

 (c) 10.2 V (d) 3.6 V 

89. Which of the following statements are true regarding Bohr's model 

of hydrogen atom 

 (I)  Orbiting speed of electron decreases as it shifts to  

  discrete orbits away from the nucleus 

 (II)  Radii of allowed orbits of electron are proportional to the 
principal quantum number 

 (III) Frequency with which electrons orbits around the nucleus in 
discrete orbits is inversely proportional to the principal 
quantum number 

 (IV)  Binding force with which the electron is bound to the nucleus 
increases as it shifts to outer orbits 

 Select correct answer using the codes given below 

 Codes :   [SCRA 1998] 

 (a) I and III (b) II and IV 

 (c) I, II and III (d) II, III and IV 

90. The wavelength of radiation emitted is 0 when an electron jumps 

from the third to the second orbit of hydrogen atom. For the 

electron jump from the fourth to the second orbit of the hydrogen 

atom, the wavelength of radiation emitted will be  [SCRA 1998; MP PET 2001; MH CET 2003] 

 (a) 0
25

16
  (b) 0

27

20
  

 (c) 0
20

27
  (d) 0

16

25
  

91. For electron moving in nth orbit of H-atom the angular velocity is 
proportional to    [RPET 1999] 

(a) n  (b) 1/n 

(c) n3 (d) 1/n3 

92. The energy of electron in first excited state of H-atom is  

eV4.3  its kinetic energy is   

  [RPET 1999; CBSE PMT 2005] 

(a) – 3.4 eV  (b) + 3.4 eV 

(c) – 6.8 eV (d) 6.8 eV 

93. The energy required to excite an electron from the ground state of 
hydrogen atom to the first excited state, is  

    [Pb. PMT 1999] 

(a) J1410602.1    (b) J1610619.1   

(c) J1810632.1   (d) J2010656.1   

94. Which of the following phenomena suggests the presence of electron 
energy levels in atoms   [JIPMER 1999] 

(a) Radio active decay 

(b) Isotopes 

(c) Spectral lines  

(d) -particles scattering 

95. Which of the following spectral series in hydrogen atom give 
spectral line of 4860 Å    [Roorkee 1999] 
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(a) Lyman  (b) Balmer 

(c) Paschen (d) Brackett 

96. If scattering particles are 56 for o90  angle then this will be at 
o60  angle    [RPMT 2000] 

(a) 224  (b) 256 

(c) 98 (d) 108 

97. When an electron in hydrogen atom is excited, from its 4 th to 5th 

stationary orbit, the change in angular momentum of electron is 

(Planck’s constant: s-106.6 34 Jh  )  

 [AFMC 2000; Pb. PET 2001] 

(a) sJ-1016.4 34   (b) sJ-1032.3 34  

(c) sJ-1005.1 34  (d) sJ-1008.2 34  

98. Energy of electron in a orbit of H-atom is  [RPET 2000] 

(a) Positive  (b) Negative 

(c) Zero (d) Nothing can be said 

99. The concept of stationary orbits was proposed by   

[Pb. PMT 2000] 

(a) Neil Bohr  (b) J.J. Thomson 

(c) Ruther ford (d) I. Newton 

100. In a hydrogen atom, the distance between the electron and proton is 

m11105.2  . The electrical force of attraction between them will 

be    [Pb. PMT 2000]  

(a) N7108.2   (b) N7107.3   

(c) N7102.6   (d) N7101.9   

101. If max  is 6563 Å, then wave length of second line for Balmer 

series will be    [RPMT 2000] 

(a) 
R3

16
  (b) 

R5

36
  

(c) 
R3

4
  (d) None of the above 

102. What will be the angular momentum of a electron, if energy of this 

electron in H-atom is 1.5eV (in J-sec) [RPMT 2000] 

(a) 341005.1   (b) 34101.2   

(c) 341015.3   (d) 34101.2   

103. Who discovered spin quantum number [RPMT 2000] 

(a) Unlenbeck and Goudsmit 

(b) Nell’s Bohr 

(c) Zeeman 

(d) Sommerfield 

104. The time of revolution of an electron around a nucleus of charge Ze 

in nth Bohr orbit is directly proportional to 

 [MP PET 2003] 

(a) n (b) 
2

3

Z

n
 

(c) 
Z

n 2

 (d) 
n

Z
 

105. In Bohr’s model, if the atomic radius of the first orbit is 0r , then 

the radius of the fourth orbit is  [CBSE PMT 2000] 

(a) 0r  (b) 04r  

(c) 16/0r  (d) 016r  

106. If R is the Rydberg’s constant for hydrogen the wave number of the 

first line in the Lyman series will be   

 [KCET 2000] 

(a) 
4

R
 (b) 

4

3R
 

(c) 
2

R
 (d) 2R 

107. In hydrogen atom, if the difference in the energy of the electron in 

2n  and 3n  orbits is E, the ionization energy of hydrogen 

atom is          [EAMCET (Med.) 2000] 

(a) 13.2 E (b) 7.2 E 

(c) 5.6 E (d) 3.2 E 

108. The first member of the Paschen series in hydrogen spectrum is of 

wavelength 18,800 Å. The short wavelengths limit of Paschen series 

is    [EAMCET (Med.) 2000] 

(a) 1215 Å (b) 6560 Å 

(c) 8225 Å (d) 12850 Å 

109. The ratio of the largest to shortest wavelengths in Lyman series of 

hydrogen spectra is    [EAMCET (Med.) 2000] 

(a) 
9

25
 (b) 

6

17
 

(c) 
5

9
 (d) 

3

4
 

110. In Bohr model of hydrogen atom, the ratio of periods of revolution 

of an electron in 2n  and 1n  orbits is 

    [EAMCET (Engg.) 2000]   

(a) 2 : 1 (b) 4 : 1 

(c) 8 : 1 (d) 16 : 1 

111. The ratio of the longest to shortest wavelengths in Brackett series of 

hydrogen spectra is          [EAMCET (Engg.) 2000] 

(a) 
9

25
 (b) 

6

17
 

(c) 
5

9
 (d) 

3

4
 

112. The electron in a hydrogen atom makes a transition from an excited 

state to the ground state. Which of the following statements is true  [IIT JEE (Screening) 2000] 

(a) Its kinetic energy increases and its potential and total energies 

decrease 

(b) Its kinetic energy decreases, potential energy increases and its 

total energy remains the same 
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(c) Its kinetic and total energies decrease and its potential energy 

increases 

(d) Its kinetic, potential and total energies decreases 

113. The ratio of minimum to maximum wavelength in Balmer series is    [MP PET 2000]   

(a) 5 : 9 (b) 5 : 36 

(c) 1 : 4 (d) 3 : 4 

114. The radius of the Bohr orbit in the ground state of hydrogen atom 

is 0.5 Å. The radius of the orbit of the electron in the third excited 

state of He  will be   [MP PMT 2000] 

(a) 8 Å (b) 4 Å 

(c) 0.5 Å (d) 0.25 Å 

115. The ratio of the speed of the electron in the first Bohr orbit of 

hydrogen and the speed of light is equal to (where e, h and c have 

their usual meanings)  [MP PMT 2000] 

(a) 2/2 ehc  (b) che 2/2  

(c) hce 2/2  (d) hce /2 2  

116. According to the Rutherford’s atomic model, the electrons inside the 

atom are    [KCET (Med.) 2000] 

(a) Stationary  (b) Not stationary 

(c) Centralized (d) None of these 

117. The energy of hydrogen atom in its ground state is – 13.6 eV. The 

energy of the level corresponding  to the quantum number n is 

equal 5 is   [KCET (Engg./Med.) 2001] 

(a) – 5.40 eV (b) – 2.72 eV 

(c) – 0.85 eV (d) – 0.54 eV 

118. According to classical theory, the circular path of an electron in 

Rutherford atom is    [BHU 2001] 

(a) Spiral (b) Circular 

(c) Parabolic (d) Straight line 

119. Rutherford’s -particle experiment showed that the atoms have    [AFMC 2001] 

(a) Proton (b) Nucleus 

(c) Neutron (d) Electrons 

120. Orbital acceleration of electron is   [RPET 2001] 

(a) 
322

22

4 rm

hn


 (b) 

32

22

2 rn

hn
 

(c) 
322

224

rm

hn


 (d) 

322

22

4

4

rm

hn


 

121. Which of the following is true for number of spectral lines in going 
form Layman series to Pfund series [RPET 2001] 

(a) Increases 

(b) Decreases 

(c) Unchanged 

(d) May decreases or increases 

122. The wavelength of yellow line of sodium is 5896 Å. Its wave number 

will be   [MP PET 2001] 

(a) 50883 × 1010 per second 

(b) 16961 per cm 

(c) 17581 per cm 

(d) 50883 per cm 

123. Radius of the first orbit of the electron in a hydrogen atom is 0.53 
Å. So, the radius of the third orbit will be 

 [Kerala (Engg.) 2001] 

(a) 2.12 Å (b) 4.77 Å 

(c) 1.06 Å (d) 1.59 Å 

124. The first line in the Lyman series has wavelength . The wavelength 
of the first line in Balmer series is   

         [MH CET (Med.) 2001] 

(a) 
9

2
 (b) 

2

9
 

(c) 
27

5
 (d) 

5

27
 

125. In hydrogen atom which quantity is integral multiple of 
2

h
 

    [DCE 2001]   

(a) Angular momentum (b) Angular velocity 

(c) Angular acceleration (d) Momentum  

126. In the following transitions, which one has higher frequency  

 [UPSEAT 2001] 

(a) 3 – 2 (b) 4 – 3 

(c) 4 – 2 (d) 3 – 1  

127. The diagram shows the path of four -particles of the same energy 
being scattered by the nucleus of an atom simultaneously. Which of 
these are/is not physically possible  

[AMU (Med.) 2001] 

 

 

 

 

(a) 3 and 4 (b) 2 and 3 

(c) 1 and 4 (d) 4 only 

128. An electron jumps from 5 th orbit to 4th orbit of hydrogen atom. 

Taking the Rydberg constant as 710  per metre. What will be the 
frequency of radiation emitted  [Pb. PMT 2001] 

(a) Hz121075.6   (b) Hz141075.6   

(c) Hz131075.6   (d) None of these 

129. For principal quantum number 3n , the possible values of orbital 
quantum number ‘l’ are                   

                                       [MP PET 2001; MP PMT 2001] 

(a) 1, 2, 3 (b) 0, 1, 2, 3 

(c) 0, 1, 2 (d) –1, 0, +1 

130. Four lowest energy levels of H-atom are shown in the figure. The 
number of possible emission lines would be   

    [MP PMT 2001]   

 

    

 

 

 

 

1 
2 
3 
4 

n = 4 

n = 3 

n = 2 

n = 1 
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(a) 3 (b) 4 

(c) 5 (d) 6 

131. The order of the size of nucleus and Bohr radius of an atom 
respectively are  [MP PET 2001; MP PMT 2001] 

(a) mm 1014 10,10   (b) mm 810 10,10   

(c) mm 1620 10,10   (d) mm 68 10,10   

132. Energy of an electron in an excited hydrogen atom is – 3.4 eV. Its 

angular momentum will be: sJh  3410626.6  

 [UPSEAT 1999; Kerala PET 2002] 

(a) sec1011.1 34 J  (b) sec1051.1 31 J  

(c) sec1011.2 34 J  (d) sec1072.3 34 J  

133. The ratio of the wavelengths for 2  1 transition in Li++, He+  and H is   [UPSEAT 2003] 

(a) 1 : 2 : 3 (b) 1 : 4 : 9 

(c) 4 : 9 : 36 (d) 3 : 2 : 1 

134. The wavelength of light emitted from second orbit to first orbits in 

a hydrogen atom is    [Pb. PMT 2002] 

(a) m710215.1   (b) m510215.1   

(c) m410215.1   (d) m310215.1   

135. Energy of the electron in nth orbit of hydrogen atom is given by 

eV
n

En 2

6.13
 . The amount of energy needed to transfer 

electron from first orbit to third orbit is  

[MH CET 2002; Kerala PMT 2002] 

(a) 13.6 eV (b) 3.4 eV  

(c) 12.09 eV (d) 1.51 eV  

136. The ratio of speed of an electron in ground state in Bohrs first orbit 
of hydrogen atom to velocity of light in air is 

 [MH CET 2002] 

(a) 
hc

e

0

2

2
 (b) 

hc

e 0
22 

 

(c) 
hc

e

0

3

2
 (d) 

2

02

e

hc
 

137. Whenever a hydrogen atom emits a photon in the Balmer series       

      [KCET 2002] 

(a) It need not emit any more photon 

(b) It may emit another photon in the Paschen series 

(c) It must emit another photon in the Lyman series 

(d) It may emit another photon in the Balmer series 

138. The de-Broglie wavelength of an electron in the first Bohr orbit is            [KCET 2002] 

(a) Equal to one fourth the circumference of the first orbit 

(b) Equal to half the circumference of the first orbit 

(c) Equal to twice the circumference of the first orbit 

(d) Equal to the circumference of the first orbit 

139. In hydrogen atom, when electron jumps from second to first orbit, 

then energy emitted is    [AIEEE 2002] 

(a) – 13.6 eV (b) – 27.2 eV 

(c) – 6.8 eV (d) None of these  

140. Minimum energy required to takeout the only one electron from 

ground state of He  is    [CPMT 2002] 

(a) 13.6 eV (b) 54.4 eV 

(c) 27.2 eV (d) 6.8 eV  

141. The frequency of 1st line of Balmer series in 2H  atom is 0 . The 

frequency of line emitted by singly ionised He atom is  

 [CPMT 2002] 

(a) 02  (b) 04  

(c) 2/0  (d) 4/0  

142. When the electron in the hydrogen atom jumps from 2nd orbit to 1st 

orbit, the wavelength of radiation emitted is . When the electrons 
jump from 3rd orbit to 1st orbit, the wavelength of emitted radiation 
would be   [MP PMT 2002] 

(a) 
32

27
 (b) 

27

32
 

(c) 
3

2
 (d) 

2

3
 

143. The possible quantum number for 3d electron are  

[MP PMT 2002] 

(a) 
2

1
,1,1,3  sl mmln  

(b) 
2

1
,2,2,3  sl mmln  

(c) 
2

1
,1,1,3  sl mmln  

(d) 
2

1
,1,0,3  sl mmln  

144. The radius of the first (lowest) orbit of the hydrogen atom is .0a  

The radius of the second (next higher) orbit will be  

  [MP PET 2002; MP PMT 2004]   

(a) 04a  (b) 06a  

(c) 08a  (d) 010a  

145. Which of the following transition will have highest emission 
wavelength   [BHU 2003] 

(a) 1 to2   nn  (b) 2  to1  nn  

(c) 5to 2  nn  (d) 2  to5  nn  

146. When the wave of hydrogen atom comes from infinity into the first 
orbit then the value of wave number is [RPET 2003] 

(a) 109700 cm–1 (b) 1097cm–1 

(c) 109 cm–1 (d) None of these 

147. With the increase in principle quantum number, the energy 
difference between the two successive energy levels 

 [RPET 2003] 

(a) Increases  

(b) Decreases 

(c) Remains constant  

(d) Sometimes increases and sometimes decreases 

148. In which of the following systems will the radius of the first orbit 

)1( n  be minimum  
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[Kerala PET 2002; CBSE PMT 2003] 

(a) Single ionized helium 

(b) Deuterium atom 

(c) Hydrogen atom 

(d) Doubly ionized lithium 

149. If the binding energy of the electron in a hydrogen atom is 13.6 eV, 
the energy required to remove the electron from the first excited 

state of 
Li  is   [AIEEE 2003] 

(a) 122.4 eV (b) 30.6 eV  

(c) 13.6 eV (d) 3.4 eV 

150. Which of the following is quantised according to Bohr’s theory of 
hydrogen atom    [MP PMT 2004] 

(a) Linear momentum of electron 

(b) Angular momentum of electron 

 (c) Linear velocity of electron 

 (d) Angular velocity of electron 

151. The shortest wavelength in the Lyman series of hydrogen spectrum 
is 912 Å corresponding to a photon energy of 13.6 eV. The shortest 
wavelength in the Balmer series is about 

     [MP PMT 2004] 

(a) 3648 Å (b) 8208 Å 

 (c) 1228 Å (d) 6566 Å  

152. Energy E of a hydrogen atom with principal quantum number n is 

given by eV
n

E
2

6.13
 . The energy of a photon ejected when the 

electron jumps from 3n  state to 2n  state of hydrogen is 
approximately [CBSE PMT 2004] 

(a) 1.5 eV (b) 0.85 eV 

 (c) 3.4 eV (d) 1.9 eV  

153. The Bohr model of atoms   [CBSE PMT 2004] 

(a) Assumes that the angular momentum of electrons is quantized 

(b) Uses Einstein’s photo-electric equation 

 (c) Predicts continuous emission spectra for atoms 

 (d) Predicts the same emission spectra for all types of atoms 

154. The colour of the second line of Balmer series is 

    [J & K CET 2004] 

(a) Blue (b) Yellow 

 (c) Red (d) Violet 

155. Which state of triply ionised Baryllium )( Be  has the same 

orbital radius as that of the ground state of hydrogen 

     [KCET 2004] 

(a) n = 4 (b) n = 3 

 (c) n = 2 (d) n = 1 

156. The ratio of areas within the electron orbits for the first excited 
state to the ground state for hydrogen atom is 

    [BCECE 2004] 

(a) 16 : 1 (b) 18 : 1 

 (c) 4 : 1 (d) 2 : 1 

157. The kinetic energy of an electron revolving around a nucleus will be   [BCECE 2004] 

(a) Four times of P.E. (b) Double of P.E. 

 (c) Equal to P.E. (d) Half of its P.E. 

158. Taking Rydberg’s constant mRH
710097.1   first and second 

wavelength of Balmer series in hydrogen spectrum is 

    [Pb. PMT 2004] 

(a) 2000 Å, 3000 Å (b) 1575 Å, 2960 Å 

 (c) 6529 Å, 4280 Å (d) 6552 Å, 4863 Å 

159. The kinetic energy of electron in the first Bohr orbit of the hydrogen 
atom is   [Pb. PET 2000] 

(a) – 6.5 eV (b) – 27.2 eV 

 (c) 13.6 eV (d) – 13.6 eV 

160. In the spectrum of hydrogen atom, the ratio of the longest 

wavelength in Lyman series to the longest wavelength in the Balmer 
series is   [UPSEAT 2004] 

(a) 5/27 (b) 1/93 

 (c) 4/9 (d) 3/2 

161. In Bohr’s model of hydrogen atom, which of the following pairs of 
quantities are quantized  [UPSEAT 2004] 

(a) Energy and linear momentum  

(b) Linear and angular momentum 

 (c) Energy and angular momentum 

 (d) None of the above 

162. The energy of the highest energy photon of Balmer series of 

hydrogen spectrum is close to   [UPSEAT 2004] 

(a) 13.6 eV (b) 3.4 eV 

 (c) 1.5 eV (d) 0.85 eV  

163. Energy of an electron in nth orbit of hydrogen atom is 














04

1


k    [DCE 2002] 

(a) 
22

4222

hn

mek
  (b) 

22

224

hn

kem
  

 (c) 
4

22

2 mek

hn


  (d) 

22

22

4 mek

hn


  

164. Which one of the relation is correct between time period and 
number of orbits while an electron is revolving in a orbit 

    [DPMT 2003] 

(a) 2n  (b) 
2

1

n
 

 (c) 3n  (d) 
n

1
 

165. An electron changes its position from orbit 4n  to the orbit 

2n  of an atom. The wavelength of the emitted radiation’s is (R = 

Rydberg’s constant) [BHU 2004] 

(a) 
R

16
 (b) 

R3

16
 

 (c) 
R5

16
 (d) 

R7

16
 

166. If the energy of a hydrogen atom in nth orbit is nE , then energy in 

the nth orbit of a singley ionized helium atom will be    [BHU 2004] 

(a) nE4  (b) 4/nE  

 (c) nE2  (d) 2/nE  
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167. What is the ratio of wavelength of radiations emitted when an 

electron in hydrogen atom jump from fourth orbit to second orbit 

and from third orbit to second orbit 

    [MH CET 2004] 

(a) 27 : 25 (b) 20 : 27  

 (c) 20 : 25 (d) 25 : 27 

168. The energy of electron in the nth orbit of hydrogen atom is 

expressed as eV
n

En 2

6.13
 . The shortest and longest 

wavelength of Lyman series will be [Pb. PET 2003] 

(a) 910 Å, 1213 Å (b) 5463 Å, 7858 Å 

 (c) 1315 Å, 1530 Å (d) None of these 

169. The ground state energy of hydrogen atom is – 13.6 eV. What is the 

potential energy of the electron in this state 

    [AIIMS 2005] 

(a) 0 eV (b) – 27.2 eV  

 (c) 1 eV (d) 2 eV  

170. The diagram shows-the energy levels for an electron in a certain 

atom. Which transition shown represents the emission of a photon 

with the most energy [AIEEE 2005] 

    

 

 

 

 

 

(a) I (b) II 

(c) III (d) IV 

171. As the electron in Bohr orbit of Hydrogen atom passes from state 

2n  to 1n , the kinetic energy K and potential energy U 
change as   [MP PET 2005]  

 (a) K two-fold, U four-fold   

 (b) K four-fold, U two-fold   

 (c) K four-fold, U also four-fold  

(d) K two-fold, U also two-fold 

172. The magnetic moment )( of a revolving electron around the 

nucleus varies with principal quantum number n as 

 [AIIMS 2005] 

(a) n  (b) n/1  

(c) 2n  (d) 2/1 n  

173. Bohr's atom model assumes   [KCET 2005] 

(a) The nucleus is of infinite mass and is at rest 

(b) Electrons in a quantized orbit will not radiate energy 

(c) Mass of electron remains constant 

(d) All the above conditions 

174. Radius of first Bohr orbit is r. What is the radius of 2nd Bohr orbit?    [BHU 2005] 

(a) 8r (b) 2r 

(c) 4r (d) r22  

 

Nucleus, Nuclear Reaction 

1. Which of the following particles are constituents of the nucleus  [CBSE PMT 1992; RPET/PMT 1999] 

(a) Protons and electrons  (b) Protons and neutrons  

(c) Neutrons and electrons  (d) Neutrons and positrons 

2. The particles which can be added to the nucleus of an atom without 
changing its chemical properties are called  

[NCERT 1979] 

 (a) Electrons  (b) Protons  

 (c) Neutrons  (d) None of the above 

3. The neutron was discovered by  

[MP PMT 1992; RPMT 1996] 

 (a) Marie Curie  (b) Pierre Curie  

 (c) James Chadwick (d) Rutherford 

4. The mass number of a nucleus is  

[IIT 1986; ISM Dhanbad 1994;  

MP PMT 1997; CBSE PMT 2003; MH CET (Med.) 2001] 

 (a) Always less than its atomic number  

 (b) Always more than its atomic number  

 (c) Always equal to its atomic number  

 (d) Sometimes more than and sometimes equal to its atomic 
number  

5. The energy equivalent of 1 kilogram of matter is about   

 [MP PET/PMT 1988; MNR 1987] 

 (a) 1510 J (b) 1 J  

 (c) 1210 J (d) 1710 J  

6. Nuclear binding energy is equivalent to [MP PET/PMT 1988] 

 (a) Mass of proton (b) Mass of neutron  

 (c) Mass of nucleus  (d) Mass defect of nucleus 

7. If the binding energy of the deutrium is 2.23 MeV. 

 The mass defect given in a.m.u. is  [MP PET 1993] 

 (a) – 0.0024 (b) – 0.0012 

 (c) 0.0012 (d) 0.0024 

8. Which of the following has the mass closest in value to that of the 
positron    [AFMC 1993] 

 (a) Proton  (b) Electron  

 (c) Photon  (d) Neutrino  

)931..1( MeVuma   

9. Size of nucleus is of the order of 

[CPMT 1983; MP PET 2002, 03] 

 (a) m1010  (b) m1510  

 (c) m1210  (d) m1910  

n = 4 

n = 3 

n = 2 

n = 1 
I II III IV 
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4. A radioactive sample consists of two distinct species having equal 

number of atoms initially. The mean life time of one species is  

and that of the other is 5. The decay products in both cases are 

stable. A plot is made of the total number of radioactive nuclei as a 

function of time. Which of the following figures best represents the 

form of this plot 

  [IIT-JEE (Screening) 2001] 

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 
 

5. Radioactive element decays to form a stable nuclide, then the rate of 

decay of reactant 








dt

dN
 will vary with time (t) as shown in figure   [DCE 2000] 

      

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

 

6. A radioactive sample has 0N  active atoms at 0t . If the rate of 

disintegration at any time is R and the number of atoms is N, then 

the ratio R/N varies with time as 

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

 

7. The count rate of 10g of radioactive material was measured at 

different times and this has been shown in the figure. The half life 
of material and the total counts (approximately) in the first half life 
period, respectively are [CPMT 1986] 

 

 

 

 

 

 

 

 

(a) 4h, 9000 (b) 3h, 14000 

(c) 3h, 235 (d) 3h, 50 

8. The fraction f of radioactive material that has decayed in time t, 
varies with time t. The correct variation is given by the curve 

(a) A 

(b) B 

(c) C  

(d) D 

9. Binding energy per nucleon verses mass number curve for nuclei is 

shown in the figure. W, X, Y and Z are four nuclei indicated on the 
curve. The process that would release energy is     [IIT-JEE 1999] 

  

 

 

 

 

 

 (a) ZY 2  (b) ZXW   

 (c) YW 2  (d) ZYX   

10. The plot of the number )(N  of decayed atoms versus activity )(A  

of a radioactive substance is  

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

11. If in hydrogen atom, radius of thn  Bohr orbit is ,nr  frequency of 

revolution of electron in thn  orbit is nf  choose the correct option   

 

(a)   (b)  

 

 

 
 

 

 (c)  (d) Both (a) and (b) 
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12. The graph between the instantaneous concentration )(N  of a 

radioactive element and time )(t  is   

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

13. In Fig. X represents time and Y represent activity of a radioactive 

sample. Then the activity of sample, varies with time according to 

the curve  

 

 (a) A  

 (b) B 

 (c) C 

 (d) D 

14. The graph which represents the correct variation of logarithm of 

activity (log A) versus time, in figure is  

 

 

(a) A  

(b) B 

 (c) C  

 (d) D 

15. The charge density in a nucleus varies with distance from the centre 

of the nucleus according to the curve in Fig.  

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d) 

 

 

 
 

16. The graph between log R and log A where R is the nuclear radius 

and A is the mass number is  
 

 (a)  (b)  

 

 

  

 

 (c)  (d)  

 

 

 

17. The curve between the activity A of a radioactive sample and the 
number of active atoms N is  

 

 (a)   (b)  

 

 

 

 

 (c)  (d)  

 

 
 

18. The graph between number of decayed atoms N  of a radioactive 
element and time t is  

 (a)  (b)  

 

 

 

 

 

 (c)   (d)  

 

 

19. The figure shows a graph between 
1

ln
A

An  and ln|n|, where nA  is 

the area enclosed by the nth orbit in a hydrogen like atom. The 

correct curve is 

 (a) 4 

 (b) 3 

 (c) 2 

 (d) 1 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : It is not possible to use Cl35 as the fuel for fusion 

energy.    

Reason  :  The binding energy of Cl35 is too small. 

[AIIMS 2005] 
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2. Assertion  : Sr90  from the radioactive fall out from a nuclear 

bomb ends up in the bones of human beings 

through the milk consumed by them. It causes 

impairment of the production of red blood cells.   

Reason  : The energetics -particles emitted in the decay of 

Sr90  damage the bone marrow. 

 [AIIMS 2004] 

3. Assertion  : Neutrons penetrate matter more readily as 

compared to protons.  

Reason  : Neutrons are slightly more massive than protons.  [AIIMS 2003] 

4. Assertion  : Bohr had to postulate that the electrons in 

stationary orbits around the nucleus do not radiate.  

Reason  : According to classical physics all moving electrons 

radiate.  [AIIMS 2003] 

5. Assertion  : Radioactive nuclei emit 1  particles.  

Reason  : Electrons exist inside the nucleus.   

[AIIMS 2003] 

6. Assertion  : A
Z X  undergoes 2 decays. 2  decays and 

2 decays and the daughter product is 

8
2




A
Z Y .  

Reason  : In -decay the mass number decreases by 4 and 

atomic number decreases by 2. In - decay the 

mass number remains unchanged, but atomic 
number increases by 1 only.  

[AIIMS 2001] 

7. Assertion  : Density of all the nuclei is same.  

Reason  : Radius of nucleus is directly proportional to the 
cube root of mass number.   

[AIIMS 2000] 

8. Assertion  : Isobars are the element having same mass number 
but different atomic number.  

Reason  : Neutrons and protons are present inside nucleus. [AIIMS 1997] 

9. Assertion  : The force of repulsion between atomic nucleus and 

-particle varies with distance according to inverse 
square law.   

Reason  : Rutherford did -particle scattering experiment.  

10. Assertion  : The positively charged nucleus of an atom has a 

radius of almost .10 15 m   

Reason  : In -particle scattering experiment, the distance of 

closest approach for -particles is ≃ .10 15 m  

11. Assertion  : According to classical theory, the proposed path of 

an electron in Rutherford atom model will be 
parabolic.  

Reason  : According to electromagnetic theory an accelerated 
particle continuously emits radiation. 

12. Assertion  : Electrons in the atom are held due to coulomb 
forces.  

Reason  : The atom is stable only because the centripetal 

force due to Coulomb’s law is balanced by the 
centrifugal force.  

13. Assertion  : The electron in the hydrogen atom passes from 

energy level 4n  to the 1n  level. The 
maximum and minimum number of photon that 
can be emitted are six and one respectively.  

Reason  : The photons are emitted when electron make a 

transition from the higher energy state to the lower 
energy state.  

14. Assertion  : Hydrogen atom consists of only one electron but its 
emission spectrum has many lines.    

Reason  : Only Lyman series is found in the absorption 

spectrum of hydrogen atom whereas in the 
emission spectrum, all the series are found.  

15. Assertion  : It is essential that all the lines available in the 
emission spectrum will also be available in the 
absorption spectrum.  

Reason  : The spectrum of hydrogen atom is only absorption 
spectrum.  

16. Assertion  : For the scattering of -particles at a large angles, 
only the nucleus of the atom is responsible.  

Reason  : Nucleus is very heavy in comparison to electrons.  

17. Assertion  : All the radioactive elements are ultimately 
converted in lead.  

Reason  : All the elements above lead are unstable.  

18. Assertion  : Amongst alpha, beta and gamma rays, -particle 
has maximum penetrating power.  

Reason  : The alpha particle is heavier than beta and gamma 
rays.  

19. Assertion  : The ionising power of -particle is less compared to 

-particles but their penetrating power is more.  

Reason  : The mass of -particle is less than the mass of -
particle.  

20. Assertion  : The mass of -particles when they are emitted is 
higher than the mass of electrons obtained by other 
means.  

Reason  : -particle and electron, both are similar particles.  

21. Assertion  : Radioactivity of 810  undecayed radioactive nuclei 

of half life of 50 days is equal to that of 8102.1   
number of undecayed nuclei of some other material 
with half life of 60 days    

Reason  : Radioactivity is proportional to half-life.  

22. Assertion  : Fragments produced in the fission of 235U  are 
radioactive.  

Reason  : The fragments have abnormally high proton to 
neutron ratio.  

23. Assertion  : Electron capture occurs more often than positron 
emission in heavy elements.  

Reason  : Heavy elements exhibit radioactivity.  

24. Assertion  : The mass of a nucleus can be either less than or 
more than the sum of the masses of nucleons 
present in it.  

Reason  : The whole mass of the atom is considered in the 
nucleus. 

 
 

 

 

 

 
Atomic Structure 
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1 a 2 d 3 a 4 d 5 c 

6 b 7 b 8 c 9 a 10 d 

11 b 12 b 13 b 14 c 15 c 

16 c 17 c 18 b 19 c 20 b 

21 c 22 c 23 c 24 d 25 d 

26 c 27 d 28 b 29 d 30 b 

31 a 32 d 33 c 34 d 35 d 

36 b 37 c 38 a 39 c 40 c 

41 a 42 d 43 d 44 a 45 a 

46 a 47 c 48 a 49 b 50 a 

51 b 52 c 53 d 54 c 55 d 

56 a 57 c 58 d 59 d 60 d 

61 c 62 ad 63 d 64 b 65 b 

66 b 67 c 68 a 69 b 70 c 

71 a 72 b 73 b 74 d 75 b 

76 d 77 d 78 b 79 a 80 d 

81 a 82 a 83 b 84 b 85 d 

86 c 87 a 88 c 89 a 90 b 

91 d 92 b 93 c 94 c 95 b 

96 a 97 c 98 b 99 a 100 b 

101 a 102 c 103 a 104 b 105 d 

106 b 107 b 108 c 109 d 110 c 

111 a 112 a 113 a 114 b 115 d 

116 b 117 d 118 a 119 b 120 a 

121 b 122 b 123 b 124 d 125 a 

126 d 127 d 128 c 129 c 130 d 

131 a 132 c 133 c 134 a 135 c 

136 a 137 c 138 d 139 d 140 b 

141 b 142 a 143 b 144 a 145 d 

146 a 147 b 148 d 149 b 150 b 

151 a 152 d 153 a 154 a 155 c 

156 d 157 d 158 d 159 c 160 a 

161 c 162 b 163 a 164 c 165 b 

166 a 167 b 168 a 169 b 170 c 

171 c 172 a 173 d 174 c   

 
Nucleus, Nuclear Reaction 

 

1 b 2 c 3 c 4 d 5 d 

6 d 7 d 8 b 9 b 10 c 

11 a 12 b 13 d 14 c 15 c 

16 c 17 c 18 c 19 d 20 c 

21 b 22 d 23 a 24 b 25 c 

26 b 27 c 28 c 29 a 30 a 

31 b 32 a 33 d 34 c 35 c 

36 b 37 a 38 a 39 d 40 c 

41 b 42 a 43 c 44 a 45 c 

46 c 47 d 48 b 49 a 50 b 

51 d 52 b 53 d 54 c 55 a 

56 a 57 d 58 ad 59 c 60 a 

61 c 62 b 63 a 64 a 65 d 

66 c 67 a 68 b 69 b 70 d 

71 b 72 d 73 bc 74 d 75 c 

76 d 77 d 78 c 79 b 80 b 

81 c 82 d 83 c 84 b 85 d 

86 b 87 a 88 d 89 d 90 a 

91 c 92 b 93 a 94 c 95 a 

96 b 97 c 98 d 99 d 100 b 

101 c 102 b 103 a 104 d 105 c 

106 b 107 a 108 b 109 d 110 c 

111 c 112 c 113 b 114 b 115 d 

116 a 117 b 118 a 119 c 120 b 

121 d 122 d 123 a 124 a 125 c 

126 c 127 b 128 d 129 c 130 a 

131 c 132 a 133 a 134 b 135 b 

136 c 137 a 138 c 139 b 140 a 

141 b 142 b 143 b 144 d 145 d 

146 a 147 b 148 b 149 d 150 a 

151 c 152 b 153 d 154 c 155 c 

156 a 157 b 158 a 159 c 160 c 

161 a 162 a 163 b 164 b 165 c 

166 b 167 d 168 d 169 a 170 b 

171 b 172 a 173 c 174 b 175 a 

176 b 177 a 178 c 179 b   

 
Radioactivity 

 

1 a 2 a 3 d 4 c 5 a 

6 c 7 c 8 d 9 c 10 c 

11 b 12 c 13 c 14 c 15 a 

16 c 17 a 18 c 19 b 20 a 

21 a 22 c 23 a 24 d 25 d 

26 d 27 c 28 b 29 a 30 c 

31 c 32 c 33 d 34 c 35 c 

36 b 37 b 38 d 39 d 40 d 

41 a 42 b 43 c 44 d 45 b 

46 b 47 d 48 d 49 b 50 a 

51 b 52 c 53 a 54 d 55 c 

56 d 57 b 58 d 59 d 60 b 

61 a 62 d 63 a 64 d 65 b 

66 a 67 b 68 c 69 d 70 c 

71 d 72 a 73 a 74 d 75 c 

76 d 77 d 78 c 79 a 80 d 

81 d 82 b 83 a 84 a 85 b 
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86 c 87 d 88 d 89 b 90 a 

91 b 92 d 93 c 94 c 95 a 

96 d 97 d 98 a 99 b 100 c 

101 a 102 d 103 b 104 b 105 b 

106 d 107 a 108 d 109 c 110 b 

111 c 112 c 113 d 114 d 115 c 

116 b 117 a 118 a 119 d 120 a 

121 c 122 d 123 a 124 d 125 d 

126 d 127 c 128 d 129 c 130 b 

131 d 132 b 133 c 134 a 135 a 

136 b 137 ac 138 b 139 c 140 c 

141 d 142 c 143 a 144 d 145 c 

146 b 147 d 148 b 149 b 150 c 

151 c 152 a 153 b 154 b 155 d 

156 b 157 c 158 c 159 d 160 c 

161 a 162 d 163 c 164 c 165 d 

166 d 167 c 168 c 169 b 170 d 

171 b 172 c 173 b 174 a 175 c 

176 d         

 
Critical Thinking Questions 

 

1 c 2 c 3 b 4 a 5 a 

6 a 7 a 8 d 9 b 10 d 

11 a 12 a 13 a 14 d 15 c 

16 d 17 c 18 d 19 c 20 d 

21 b 22 c 23 d 24 a 25 d 

26 d 27 c 28 c 29  cd 30 a 

31 a 32 c 33 a 34 a 35 b 

36 b 37 b 38 c 39 b 40 a 

41 a 42 b 43 c 44 c 45 d 

46 a 47 b 48 d 49 a 50 b 

51 d 52 a 53 b 54 b 55 a 

56 a 57 b 58 b 59 b 60 a 

61 a 62 a 63 b 64 c 65 a 

 
Graphical Questions 

 

1 a 2 a 3 c 4 d 5 c 

6 d 7 b 8 b 9 c 10 d 

11 d 12 d 13 b 14 d 15 c 

16 a 17 b 18 c 19 a   

 
Assertion and Reason 

 

1 c 2 a 3 b 4 b 5 c 

6 a 7 a 8 b 9 b 10 a 

11 e 12 c 13 b 14 b 15 d 

16 a 17 c 18 d 19 b 20 b 

21 c 22 c 23 b 24 e   
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Atomic Structure 
 

1. (a) For n=1, maximum number of states 22 2  n and for n = 2, 
3, 4, maximum number of states would be 8, 18, 32 
respectively, Hence number of possible elements  

 = 2 + 8 + 18 + 32 = 60. 

2. (d) Bohr radius 2

2

22
0 ; nr
Zme

hn
r 




  

3. (a)  

 

 

 

 

  eVE 2.10)6.13(4.321   

4. (d) 









22

2

2

1

1

11
RZ


  

 For di-ionised lithium the value of Z is maximum. 

5. (c) Lyman series lies in the UV region. 

6. (b) The size of the atom is of the order of 1Å = 10–10m.  

7. (b) Balmer series lies in the visible region. 

8. (c) Transition A (n =  to 1) : Series limit of Lyman series 

 Transition B (n = 5 to n = 2) : Third spectral line of 

Balmer series 

 Transition C (n = 5 to n = 3) : Second spectral line of 

Paschen series 

9. (a) D is excitation of electron from 2nd orbit corresponding to 
absorption line in Balmer series and E is the energy released to 

bring the electron from  to ground state i.e. ionisation 
potential. 

10. (d)  

11. (b) Paschen series lies in the infrared region. 

12. (b) Energy required to knock out the electron in the nth 

orbit eV
n2

6.13
   eVE

9

6.13
3  . 

13. (b) Linear momentum 631 102.2101.9  mv  

 smkg /100.2 24    

14. (c) 2nr    0
2anrn   )( 01 ar   

15. (c) For the ionization of second He electron. He  will act as 

hydrogen like atom. 

Hence ionization potential  

VvoltZ 4.546.13)2(6.13 22   

16. (c) Energy required eV
n

136.0
10

6.136.13
22
  

17. (c) 
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122
 n  and n

2

 = 4  (Paschen series) 

18. (b) Potential energy of electron in nth orbit of radius r in H-atom 

r

e
U

2

  (in CGS)  

 ∵ K.E. |..|
2

1
EP   

r

e
K

2

2

   

19. (c) Final energy of electron .51.11.126.13 eV  which 

is corresponds to third level i.e. 3n . Hence number of 

spectral lines emitted  3
2

)13(3

2

)1(








nn
 

20. (b) Let the energy in A, B and C state be E
A

. E
B

 and E
C

, then from 

the figure   

 

 

 

 

 

)()()( ACABBC EEEEEE  or 
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hchchc
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21. (c) According to Bohr’s second postulate. 

22. (c) First excited state i.e. second orbit (n = 2) 

 Second excited state i.e. third orbit (n = 3) 
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23. (c) cm
R

R
R 5
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16

16

3
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 Frequency Hz
c

n 15
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16
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16

103








 

24. (d) Energy required to remove electron in the n = 2 

state eV4.3
)2(

6.13
2

   

25. (d) (E
ion

)
Na

eVEZ Hion 6.13)11()( 22   

26. (c) The wavelength of spectral line in Balmer series is given by 
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n
R


 

For first line of Balmer series, n = 3 
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2 3 
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n = 2 

n = 1 

eVE 4.3
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6.13

22   

eVE 6.131   
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;  For second line n = 4.  
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27. (d) 


hc
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hc
EE 2  
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28. (b) Because atom is hollow and whole mass of atom is 
concentrated in a small centre called nucleus. 

29. (d) 
Z

n
r

Zme

hn
r

2

2

22
0 ; 



 

30. (b) 2nr    
9

4

)3(

)2(






n

n

r

r
  RRrn 25.2

4

9
)3(   

31. (a) In the revolution of electron, coulomb force provides the 

necessary centripetal force 

 
r

mv

r

ze 2

2

2

   
r

ze
mv

2
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  K.E.
r

ze
mv

22

1 2
2   

32. (d) According to Bohr’s theory 
2

h
nmvr   

  Circumference  n
mv

h
nr 








2  

33. (c) 
r

kZe
EK

2
.

2

  and ;..
2

r

kZe
EP    

2

1

..

..


EP

EK
. 

34. (d) Lyman series lies in the UV region. 

35. (d) If E is the energy radiated in transition  

 then QPRQSRSQGR EEEEE    

 For getting blue line energy radiated should be maximum 












1
E . Hence (d) is the correct option. 

36. (b) Energy released eV55.2
)4(

1

)2(

1
6.13

22









  

37. (c) The absorption lines are obtained when the electron jumps 
from ground state (n = 1) to the higher energy states. Thus 
only 1, 2 and 3 lines will be obtained. 

38. (a) P.E.
r

1
  and K.E.

r

1
   

 As r increases so K.E. decreases but P.E. increases. 

39. (c) Wave number 
16
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1111
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nn
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40. (c) In hydrogen atom, the lowest orbit (n = 1) corresponds to 
minimum energy (– 13.6 eV).  

41. (a) K.E. = – (T.E.) 

42. (d) Required energy eVE 51.1
3

6.13
23 


  

43. (d) As n increases P.E. also increases. 

44. (a) When an electron jumps from the orbit of lower energy (n=1) 
to the orbit of higher energy (n=3), energy is absorbed. 

45. (a) For Lyman series  
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 For Balmer series 
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46. (a) 21 EE   

21    

 i.e. photons of higher 
frequency will be 
emitted if transition 
takes place from n = 
2 to 1. 

47. (c) Wave number 
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 For first Balmer line n
1

= 2, n
2

=3 

 Wave number 
36
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22
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48. (a) Energy required to ionise helium atom  = 24.6 eV  

49. (b) From diagram 

 

 

 

 

 

 eVE 2.10)4.3(6.131   

 eVE 09.12)51.1(6.132   

 eVE 66.0)85.0(51.13   

 eVE 89.1)51.1(4.34   

 3E  is least i.e. frequency is lowest. 

50. (a) P.E.
r

e
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ke
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22

4
 ;  K.E.
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2

8
)P.E.(

2

1


   

51. (b) Similar to Q. 49 

52. (c) 
2

nh
mvr  , for n =1 it is 

2

h
 

53. (d) Minimum energy required to excite from ground state  

 eV2.10
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1
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54. (c) 
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n=1 

E2
 

E1 

n=4 (– 0.85 eV) 

n=3 (– 1.51 eV) 

n=2 ( –3.4 eV) 

n=1 (– 13.6 eV) 
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 For first line of Lymen series n
1

 = 1 and n
2

 = 2 

 For first line of Balmer series n
2

 = 2 and n
2

 = 3 

 So, 
27
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Balmer

Lymen





 

55. (d) 
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56. (a) 
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57. (c) Angular momentum 
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 For this case n=2, hence 


hh
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58. (d) v
n
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59. (d) By using 
2
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NE  6

2

)14(4



EN  

60. (d) Shortest wavelength comes from 1n to 12 n and 

longest wavelength comes from 61 n to 52 n in the given 

case. Hence RR 
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61. (c) 
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62. (a,d) 3nT  . Given 
21

8 nn TT  , hence 21 2nn   

 Therefore, option (a) and (d) both are correct. 

63. (d) eVZE 6.132  eVeV 4.1226.139   

 So ionisation energy = + 122.4 eV. 

64. (b)  

65. (b) As n increases P.E. increases and K.E. decreases. 

66. (b) )( 0

2

r
Z

n
r  ;  Årn 06.153.0

2

)2( 2

)2(    

67. (c)  

68. (a)  221
ZZ 


 constant 2

4

2  ZZ


  

69. (b) In Paschen series 
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7min 


  

70. (c) For third line of Balmer series 21 n , 52 n  
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 On putting values Z = 2 

 From eV
n

Z
E 4.54

)1(

)2(6.136.13
2

2

2

2




  

71. (a) Ionization energy = Binding energy. 

72. (b) RchE   
348

19

106.6103

106.16.13









ch

E
R  

 mper710098.1   

73. (b) Bohr postulated that the angular momentum of the electron is 
conserved. 

74. (d) ;51.1
9

6.13
3 eVE    eVE 85.0

16

6.13
4   

 eVEE 66.034   

75. (b) Number of spectral lines  6
2

)14(4

2

)1(








nn
NE  

76. (d) In the transition from orbit ,25  more energy is liberated as 

compared to transition from .24   

77. (d) Impact parameter 
2

cot


b  

 Here b = 0, hence o180  

78. (b) 

2

2 .. 














i

f

i

f

n

n

r

r
einr   

 

2

11

11

1103.5

102.21















 n
  42 n   n = 2 

79. (a) 

80. (d) eV
n

En 4.3
4

6.136.13
2







  

81. (a) 
36

5

3

1

2

11
22

Balmer

R
R 











, 

4

3

2

1

1

11
22

Lyman

R
R 











 

 Å4.1215
27

5
BalmerLyman    

82. (a) .
111
2
2

2
1 













nn
RH


 For Lyman series n

1

=1 and n
2

=2, 3, 4, 

When n
2

=2, we get cm
RH 109673

4

3

4


  

83. (b) 2nr  . For ground state n=1 and for first excited state n=2. 

84. (b) No. of lines 3
2

)13(3

2

)1(








nn
NE  

85. (d) Infinitely large transitions are possible (in principle) for the 
hydrogen atom. 

86. (c) 2nrn   

87. (a) 
2

2

n

Zhc
E 











  

2

1

Z
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 Hence cm
He

099.5
4

397.20
  

88. (c) Excitation potential
e

energy Excitation
  

 Minimum excitation energy corresponds to excitation from 

1n  to 2n  

  Minimum excitation energy in hydrogen atom 

eV2.10)6.13(4.3   

 so minimum excitation potential = 10.2 eV.  

89. (a) Orbital speed varies inversely as the radius of the orbit. Energy 
increases with the increase in quantum number. 

90. (b) 













2
2

2
1

111

nn
R


  

36

5

)3(

1

)2(

11
22

23

R
R 











 

 and 
16

3

)4(

1

)2(

11
22

24

R
R 











 

  
27

20

23

24 







  024

27

20
    

91. (d)  

92. (b) Kinetic energy = |Total energy| 

93. (c) Energy to excite the e  from 1n  to 2n  

 

 

 

 

 

 

19106.12.102.10)6.13(4.3  eVE  

 J1810632.1   

94. (c)  

95. (b)  

96. (a) According to scattering formula  

 

4

2

1

1

2

4 )2/sin(

)2/sin(

)2/(sin

1














 N

N
N  

 

4

4

1

2

30sin

45sin

2

60
sin

2

90
sin

































o

o

o

o

N

N
 

 224564)2( 1
4

2  NN  

97. (c) Change in the angular momentum  

 
 22

12
12

hnhn
LLL  )(

2
12 nn

h
L 


 

 )45(
14.32

106.6 34









SJ -1005.1 34  

98. (b) eV
n

En 2

6.13
  

99. (a)  

100. (b) NF 7

211

19199

107.3
)105.2(

106.1106.1109 









  

101. (a) For Balmer series 









22

1

2

11

n
R


 where n = 3, 4, 5 

 For second line n = 4 

 So 
R

RR
3

16

16

3

4

1

2

11
22









 


 

102. (c) Energy of electron in H atom eV
n

En 2

6.13
  

 3
5.1

6.136.13
5.1 2

2



 n

n
 

 Now angular momentum  

 sec1015.3
14.32

106.63

2

34
34





 



J
h

np


 

103. (a) 

104. (b) 
v

r
T

2
 ; r = radius of nth orbit

2

22

mZe

hn


  

 v = speed of e  in nth orbit 
nh

ze

0

2

2
  

  
42

332
04

emZ

hn
T


   

2

3

Z

n
T    

105. (d) 0414

2

1

42 1616
1

16

1

4
rrrr

r

r
nrn 








  

106. (b) For Lyman series  

 









22

1

1

11

n
R


 here n=2, 3, 4, 5..... 

 For first line  

 
4

3

4

1
1

2

1

1

1
22

R
RR 

















   

107. (b) Energy 













2
2

2
1

11

nn
KE       (K = constant) 

 n
1

 = 2 and n
2

 = 3, so 


















36

5

3

1

2

1
22

KKE  

 For removing an electron n
1

 = 1 to 2n  

 Energy EEKE 2.7
5

36
]1[1   

  Ionization energy = 7.2 E 

108. (c) For Paschen series 









22

1

3

11

n
R


  ; n=4, 5, 6.... 

 For first member of Paschen series n = 4 

 
144

71

4

1

3

11

1
22

1

R
R 











 

 7

10
1

101.1
10188007

144

7

144 








R  

 For shortest wave length n  

 So 
9

1

3

11
22

R
R 













 

First excited state 

Ground state 
n = 1 (–13.6 eV) 

n = 2 (– 3.4 eV) 

(For H2 - atom) 
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 Åm
R

822510225.8
101.1

99 7

7



 


  

109. (d) For Lyman series RR
4

3

2

1

1

11
22

max












 and  

 
3

4

1

1

1

11

min

max

22
min



















R
R  

110. (c) 
1

8

1

2
3

3

1

23 
T

T
nT  

111. (a) For Bracket series RR
1625

9

5

1

4

11
22

max 












 

 and 
9

25

16

1

4

11

min

max

22
min



















R
R  

112. (a) For hydrogen and hydrogen like atoms  eV
n

z
En 2

2

6.13  

 eV
n

z
EU nn 2

2

2.272  and  eV
n

z
EK nn 2

2

6.13  

 From these three relations we can see that as n decreases, K
n

 
will increase but E

n

 and U
n

 will decreases. 

113. (a) 
9

5

1

2

1

3

1

2

1

111

2

22

max

min

2
2

2
1











































 nn
R  

114. (b) By using 
Z

n
rrn

2

0 ; Where r
0

 = Radius of the Bohr orbit in 

the ground state atom . So for He third excited state 

ÅrZn 5.0,2,4 0   År 4
2

4
5.0

2

4   

115. (d) Speed of electron in nth orbit (in CGS)  
nh

Ze
vn

22
 (k = 1)  

 For first orbit 2H ; n = 1 and Z = 1 

 So 
h

e
v

22
    

hc

e

c

v 22
  

116. (b)   

117. (d) eV
n

En 2

6.13
  eVE 54.0

25

6.13

5

6.13
25 





  

118. (a) 

119. (b)  

120. (a) 
2

nh
mvr    

mr

nh
v

2
   

322

222

4 rm

hn

r

v


 .   

121. (b) Maximum number of spectral lines are observed in Lymen 
series. 

122. (b) Wave number 



1

 16961
105896

1
8






per cm 

123. (b) Årr
r

r
nrn 77.453.099

1

3
13

2

1

32   

124. (d) For first line in Lyman series 
R

L
3

4
1
  ..... (i) 

 For first line in Balmer series 
R

B
5

36
1
  ..... (ii) 

 From equation (i) and (ii)  

 




5

27

5

27

5

27
111

1

1  BLB

L

B
 

125. (a)   

126. (d) 3 – 1 transition has higher energy so it has higher frequency 











h

E
  

127. (d)  -particles cannot be attracted by the nucleus. 

128. (c) By using 













2
2

2
1

11

nn
RC  

 









22

87

5

1

4

1
)103(10 = 6.75  1013 Hz 

129. (c) For M shell (n = 3), orbital quantum number l = 0, 1, 2. 

130. (d) Number of possible emission lines 
2

)1( 


nn
 

  Where n = 4; Number .6
2

)14(4



  

131. (a) Diameter of nucleus is of the order of 10–14m and radius of first 

Bohr orbit of hydrogen atom .1053.0 10 mr   

132. (c) The electron is in the second orbit (n=2) 

 Hence 


34106.6

2

2

2




hnh
L secJ -1011.2 34  

133. (c) 
22

2
2
1

2 1111

Znn
RZ 














 


 

 36:9:4::  HHeLi
  

134. (a) Energy radiated JeVE 19106.12.102.10   

  


hc
E    m710215.1   

135. (c) For eVEn 6.13
)1(

6.13
,1

21   

 and for n = 3, eVE 51.1
)3(

6.13
23   

 So required energy  

 eVEE 09.12)6.13(51.113   

136. (a)  Similar to Q. 115 

137. (c) Since in spectral series of hydrogen atom, Lymen series lies 
lower Balmer series. 

138. (d) 
 222

nh
r

hnh
pr

nh
mvr nnn   

 ,
2

n

rn
  for first orbit 1n so 12 r   

 = circumference of first orbit 

139. (d) 1&2;
11

6.13 212
1

2
2

21













 nn

nn
E nn  

 eVEE III 2.10
4

3
6.13   

140. (b) eVEeV
n

z
En 4.54

)1(

)2(6.136.13
2

2

12

2
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141. (b) 
2

2 4
4

1

2

1
2

2
HHe

He

H
Z 




 








 = 4

0

  

142. (a) 













2
2

2
1

111

nn
R


 

 First condition 
 3

4

2

1

1

11
22









 RR  

 Second condition 









22 3

1

1

1

'

1
R


 

 
32

27

3

4
8

9
'

8

9
'





 




R

 

143. (b)   

144. (a) 2nrn   

145. (d) 12 EE   12    

 

 

 

 

 
 

 

146. (a) Wave number 











 22

2
2
1

;
111

n
nn

R


   and 11 n  

 117 10970010097.1   cmmR  

147. (b) 321 EEE   

 

 

 

 

 

 

148. (d) ,
1

Z
r  for double ionized lithium )3(Z will be maximum. 

So r will be minimum 

149. (b) .
6.13 2

2
Z

n
En  For first excited state n = 2 and for 

3,  zLi  eVE 6.309
4

6.13
  

150. (b)   

151. (a) In Lyman series 
R

L

1
)( min   and 

R
B

4
)( min   

  ÅLB 36489124)(4)( minmin    

152. (d)  

 

 

 

 

 

  eVE 89.1)51.1(4.323   eVE 9.1|| 23   

153. (a)   

154. (a)   

155. (c) Radius of nth orbit for any hydrogen like atom   

 















Z

n
rrn

2

0  ( 0r radius of first orbit of 2H -atom) 

 If 0rrn    .Zn   For Be+++, Z = 4  n = 2.   

156. (d)  4nrn   4nAn    
1

16

1

2
4

0

1 









A

A
 

157. (d)  

158. (d) .
111
2
2

2
1 













nn
R


 For first wavelength, 21 n , 32 n  

 Å65631  . For second wavelength, 21 n , 42 n  

 Å48612   

159. (c) K.E. = – (Total energy) = – (–13.6 eV) = + 13.6 eV   

160. (a) In Lyman series 
R3

4
max   

 In Balmer series .
5

36
max

R
 So required ratio 

27

5
  

161. (c)   

162. (b) .
11

6.13
2
2

2
1 













nn
E For highest energy in Balmer series 

21 n  and 2n  eVE 4.3
)(

1

)2(

1
6.13

22











  

163. (a)   

164. (c) 3nT     

165. (b) 






















222
2

2
1 )4(

1

)2(

1111
R

nn
R


  

R3

16
    

166. (a) 2ZEn    4
)(

)(
2

2


H

He

Hn

Hen

Z

Z

E

E
  HnHen EE )(4)(   

167. (b) By using 













2
2

2
1

111

nn
R


 

168. (a) 









22
max )2(

1

)1(

11
R


  Å

R
1213

3

4
max   

 and 











1

)1(

11
2

min

R


  Å
R

910
1

min   

169. (b) P.E. eV27.2)6.13(2energyTotal 2   

170. (c) Emitted energy 















2
2

2
1

11

nn

hc
E


. 

171. (c) ,2EU   EK   and eV
n

E 
2

6.13
. 

172. (a)  

173. (d) 

174. (c) 2nr   
 

Nucleus, Nuclear Reaction 
 

1. (b)  

2. (c) Neutrons are neutral particles.  

3. (c) James Chadwick discovered the neutron. 

n=5 

n=4 

n=3 

n=2 

n=1 

E2
 

E1 

1 

2 

n=4 

n=3 

n=2 

n=1 

E2
 

E1 

E3
 

E3
 

n = 3 (– 1.51 eV) 

n = 2 (– 1.51 eV) 

n = 1 (– 1.51 eV) 
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4. (d) In hydrogen, atomic number and mass number are equal. 

5. (d) JmcE 1716282 10109)103(1   

6. (d) B.E. = m  amu = m  931 MeV. 

7. (d) Mass defect 
931

23.2
m = 0.0024. 

8. (b) Positron is the antiparticle of electron. 

9. (b)  

10. (c)  

11. (a) B.E.= mc2 MeV4.28]0015.4)0073.10087.1(2[   

12. (b) 7
4

9310303.0

Nucleon

energyBinding



  

13. (d) Energy / day 36002410200 6   

  J1012 101728106.34.22   

14. (c) JmcE 102862 109)103(10    

15. (c)  

16. (c) Mass of ...01478.22
1 umaH   

  Mass of ...00388.44
2 umaHe   

  Mass of two deuterium 02956.401478.22   

  Energy equivalent to 2
12 H  

  MeVMeV 48.4112.102956.4   

  Energy equivalent to 4
2 H  

  MeVMeV 21.28047.700388.4   

  Energy released MeV73.2348.421.28  = 24 MeV 

17. (c) Energy released while forming a nucleus is known as binding 

energy (by definition). 

18. (c) Nuclear force is stronger than coulomb force.  

19. (d)  

20. (c)  

21. (b) Q = 4 (x
2

 – x
1

) 

22. (d)  

23. (a) Rest energy of an electron 2cme  

  Here kgme
31101.9  and c = velocity of light 

  Rest energy joule2831 )103(101.9    

  keVeV 510
106.1

)103(101.9
19

2831











 

24. (b) 226
88 RaX A

z   

  Number of protons = Z = 88 

  Number of neutrons 13888226  ZA . 

25. (c) Out side the Nucleus, neutron is unstable (life  932 sec).  

26. (b) The order of magnitude of mass and volume of uranium 
nucleus will be  

m ≃ A(1.67  10-27 kg)  (A is atomic number) 

33/1153 ])1025.1[(
3

4~
3

4
AmrV    

Am )102.8(~ 345  

Hence,  
Am

kgA

V

m

)102.8(

)1067.1(
345

27








  

317 /100.2~ mkg . 

27. (c) We have 

3/13/1

1

2

1

23/1

4

206
























A

A

r

r
Ar  

  Fermir 6.11
4

206
3

3/1

2 







 . 

28. (c) Nucleus does not contains electron. 

29. (a) Let the percentage of 10B atoms be x, then Average atomic 

weight 

  81.10
100

)100(1110





xx

81

19
19

11

10



B

B

N

N
x  

30. (a)  

31. (b)  

32. (a) Nuclear force is charge independent, it also acts between two 
neutrons.   

33. (d) ,np     pn  and 0 nn   

34. (c) Helium nucleus  4
2He . 

  Number of protons = Z = 2 

  Number of Neutrons = A – Z = 2. 

35. (c)  

36. (b) Binding energy per nucleon increases with atomic number and 
is maximum for iron. After that it decrease. 

 

 

 

 

37. (a) For isotopes Z is same and A is different. Therefore the 

number of neutrons ZA  will also be different. 

38. (a) This is due to mass defect because a part of mass is used in 
keeping the neutrons and protons bound as  particle. 

39. (d) B.E. of MeVLi 20.397  and MeVHe 24.284   

  Hence binding energy of MeVHe 48.562 4   

  Energy of reaction MeV28.1720.3948.56  .  

40. (c) 3/1)(Ar   

41. (b) 3/1Ar   

42. (a) JmcE 132832 109)103)(101(   . 

43. (c) MeVMeVE 2004.1952366.72345.8  . 

44. (a)  ZMN Total no. of nucleons – no. of protons. 

45. (c)  

46. (c) Both coulomb and nuclear force act inside the nucleus. 

47. (d) For stability in case of lighter nuclei 1
Z

N
 and for heavier 

nuclei 1
Z

N
.  

48. (b) Nuclear forces are charge independent. 

A 
Fe56 

A

EB ..
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49. (a) Actual mass of the nucleus is always less than total mass of 
nucleons so 

  )( pn ZmNMM  . 

50. (b) Mass of H
2

 nucleus =mass of proton =1 amu energy equivalent 
to 1 amu is 931 MeV so correct option is (b). 

51. (d) R = R
0

 A1/3  R  A1/3.   

52. (b)  

53. (d)  Number of neutrons = .121123  ZA  

54. (c) For ,12
6 C 6,6,6  nep  

 For ,14
6 C 8,6,6  nep  

55. (a)  

56. (a) The mass of nucleus formed is always less than the sum of the 

masses of the constituent protons and neutrons i.e. 

pn zmmZAm  )( . 

57. (d) 2.cmE   JE 1328 107.2)103(
1000

3.0
  

  kW h6

6

13

105.7
106.3

107.2





 . 

58. (a, d) 

59. (c) 4
2

7
3

1
0

10
5 HeLinB  . 

60. (a)  

61. (c) 235
92 U  is normally fissionable.  

62. (b)  

63. (a)  

64. (a) In atom bomb nuclear fission takes place with huge 
temperature.  

65. (d) The given equation is AYXHe A
z

A
z  


3

2
4

2  

  Applying charge and mass conservation 

  134  xxAA   022  nnzz  

  Hence A is a neutron. 

66. (c) Energy of stars is due to the fusion of light hydrogen nuclei 

into He. In this process much energy is released. 

67. (a) MeVHeHH 244
2

2
1

2
1  . 

68. (b) Energy 2c ; Decrease in energy 
9

4
 . 

69. (b) Fusion reaction requires a very high temperature 

  =(107 K).  

70. (d) 1
0

12
6

4
2

9
4 nCHeBe  . 

71. (b)  

72. (d)  

73. (b, c) 

74. (d)  

75. (c) Cadmium rods absorb the neutrons so they are used to control 
the chain reaction process.   

76. (d)  

77. (d) No energy and mass enters or goes out of the system of the 
reaction and no external force is assumed to act. 

78. (c)  

79. (b)  

80. (b) Energy of -ray photon = MeV78.178.05.05.0  . 

81. (c)  

82. (d)  

83. (c) When fast moving neutrons pass through a moderator, they 
collide with the molecules of the moderator. As a result of this 
the neutrons are in thermal equilibrium with the surrounding 
molecules of moderator. These neutrons are called thermal 
neutrons.     

84. (b) acb EEE   

85. (d) Because sound waves require medium to travel through and 
there is no medium (air) on moon’s surface. 

86. (b) Heavy water is used as moderators in nuclear reactions to slow 

down the neutrons.  

87. (a) .1066.1
)103(

106.1931 27

28

13

2
kg

c

E
m 







  

88. (d) kgmmcE 32 10
100

1.0
,   

  JE 13163283 10910910)103(10   . 

89. (d) Energy released by  rays for pair production must be 

greater than 1.02 MeV. 

90. (a) 118
9

1
1

18
8 nFHO o  

91. (c) Power sJkW /101000 6  

  Rate of nuclear fission 
13

6

106.1200

10


 = 3.125  1016. 

92. (b) A = 238 – 4 = 234 and Z = 92 – 2 = 90. 

93. (a) 
t

n

t

E
nP

196 106.110200
1000











  

  .10125.3 13
t

n
 

94. (c) Due to the production of neutrons, a chain of nuclear fission is 
established which continues until the whole of the source 
substance is consumed.   

95. (a) 1
0

143
54

90
38

1
0

235
92 3 nXeSrnU   

96. (b) QHeHH  4
2

2
1

2
1 .  

97. (c) Fast neutrons can escape from the reaction. So as to proceed 
the chain reaction. Slow neutrons are best.  

98. (d) 1
1

3
1

2
1

2
1 HHHH   

99. (d)  

100. (b) gmm 007.0993.01   

  2832 )103)(10007.0()(  cmE J101063 . 

101. (c)  4
2

281
77

297
85 4 HeYX   

102. (b) x+1= 24 + 4  x = 27. 

103. (a)  

104. (d)   11
5

11
6 BC because 0

1 e  

105. (c)  

106. (b) JMeV 196 106.110200200
Fission

Energy   
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  Fission rate 111056.1
200

5


MeV
fission/sec. 

107. (a)  

108. (b) Energy is released in the sun due to fusion. 

109. (d)  

110. (c) In nuclear fission, neutrons are released. 

111. (c)  
0

1
4

2
2

1
1

1
1

1 eHeHHH energy. 

112. (c)  

113. (b)  
0

1
1

1
1

0 epn  

  Antineutrino is required for conservation of spin. 

114. (b)  

115. (d) Fusion is the main process of energy production in the sun. 

116. (a)  

117. (b) Mass of proton = mass of antiproton 

  amukg 11067.1 27    

  Energy equivalent to MeVamu 9311   

  So energy equivalent to 2 amu MeV9312  

  196 106.1101862  J101097.2   J10103  . 

118. (a) In fusion reaction, two lighter nuclei combines.  

119. (c)  

120. (b) Hydrogen bomb is based on nuclear fusion.  

121. (d) 236
92

1
0

235
92 UnU  and 

  QnKrBaU  1
0

89
36

144
56

236
92 3 . 

122. (d) Fusion reaction of deuterium is 

  MeVnHeHH 27.31
0

3
2

2
1

2
1   

  So 
22

106.127.3101002.6 13323








E J13108.7   

  J13108  . 

123. (a)  

124. (a)  

125. (c)  

126. (c)  

127. (b)  

128. (d) Energy released in the fission of one nucleus = 200 MeV 

  JJ 11196 102.3106.110200    

  WattKWP 3101616   

  Now, number of nuclei required per second 

  14

11

3

105
102.3

1016







E

P
n . 

129. (c)  

130. (a) Number of fissions per second 

  
fissionperreleasedEnergy

outputPower
  

  17

196

6

101
106.110200

102.3








 

   Number of fission per minute 1817 1061060   

131. (c)  

132. (a) 4
2

71
0

7
3 3),( HeLinXLinX A

Z   

  523 Z and A= 7+4 – 1 =10 

  10
5

10
5 BX   

133. (a)  

134. (b) Mass of electron = mass of positron = 9.1  10-31kg 

Energy released 2).2( cmE   

2831 )103(101.92   = 1.6  10–13J. 

135. (b)  4
2

2
1

2
1 HeHH energy 

  Binding energy of a )( 2
1 H deuterium nuclei 

  MeV2.21.12   

  Total binding energy of two deuterium nuclei 

  MeV4.422.2   

  Binding energy of a )( 4
2 He nuclei MeV2874   

  So, energy released in fusion MeV6.234.428    

136. (c) Mass of a uranium nucleus 

  2727 106747.1143106725.192    

  kg271035.393   

  Number of nuclei in the given mass 

  24

27
10542.2

1035.393

1






 

  Energy released MeV2410542.2200   

  JJMeV 131326 102.810135.81008.5   

137. (a)  

138. (c) 

139. (b) In a material medium, when a positron meets an electron both 

the particles annihilate leading to the emission of two  ray 

photons. This process forms the basis of an important 
diagnestic procedure called PET.  

140. (a) Total mass of reactants 

  amu0282.42)0141.2(   

  Total mass of products amu0024.4  

  Mass defect amuamu 0024.40282.4   

  amu0258.0  

  Energy released MeVE 240258.0931   

141. (b) 1
1

17
8

4
2

14
7 HOHeN   

142. (b)  

143. (b)  

144. (d) 4
2

14
7

2
1

16
8 HeNHO   
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145. (d)  

146. (a)  

147. (b) Nuclear fusion takes place in stars which results in joining of 

nuclei accompanied by release of tremendous amount of 
energy. 

148. (b)  

149. (d) B.E. per nucleon  stability.  

150. (a) Nuclei of different elements having the same mass number are 

called isotones e.g., 9
4 Be and 10

5 B  

151. (c) 

152. (b) 

153. (d) Packing fraction 
A

AM 
   

154. (c) 2)],([ cZNMMNMZB np   

  2/),( cBMNMZZMM np   

155. (c)  

156. (a) In nuclear reacter, nuclear fission can be carried out through a 
sustained and a controlled chain reaction.  

157. (b) o
o NnC 1

13
7

112
6   

158. (a) 189
36

144
56

235
92

1 3 nKrBaUn oo   

159. (c) The energy released in sun and hydrogen bomb are due to 
nuclear fusion.  

160. (c)  

161. (a)  

162. (a) 4
2

206
82

210
84 HeXPo   

Using conservation of linear moments  

)206(

4
04206

v
vvv 

206

4
||

v
v   

163. (b) Power ,
time

Energy 2

t

mc
P  = 1  10–6 (3  108)2  

= 9  1010 W = 9  107 kW. 

164. (b) 

165. (c) 

166. (b) The elements high on the B.E. versus mass number plot are 
very tightly bound and hence, are stable. And the elements 
those are lower on this plot, are less tightly bound and hence, 
are unstable.  

  Since helium nucleus shows a peak on this plot so, it is very 
stable. 

167. (d)  

168. (d) JmcE 10282 109)103(1   

  eVE 35

19

16

10625.5
106.1

109








.10625.5 29 MeV  

169. (a) jmcE 132832 105.4)103(105.0    

  .1025.1
106.3

105.4 7

6

13

kWHE 



  

170. (b) 1
0

139
56

94
36

235
92

1
0 3 nBaKrUn   

171. (b) 

172. (a) Number of protons = 2 + 2 + 6 + 2 + 6 = 18 

Number of neutrons = 40 – 18 = 22.  

173. (c) Neutrons are unstable and having mean life time of 32 sec, 
decaying by emitting an electron and antineutrino to become 
proton.   

174. (b)  During fusion binding energy of daughter nucleus is always 

greater than the total energy of the parent nuclei so energy 
released = c – (a + b) = c – a – b  

175. (a) These nuclei having different Z and A but equal (A – Z) are 

called isotones. 

176. (b) 

 

 

 

 

 

177. (a) 

178. (c) 3/1Ar    

3/1

2

1

2

1
















A

A

r

r
  

  
5

3

125

276.3
3/1

2











r
  Fermir 62   

179. (b)  
 

Radioactivity  
 

1. (a)  

2. (a) By formula 

Tt

NN

/

0
2

1








 or 

3/

44

2

1
10810

t









  

or 

3/

2

1

8

1
t


















or 

3
3

2

1

2

1
3/3

t
t


















 

Hence t = 9 years. 

3. (d) Fraction 
16

1

2

1

2

1
4

1600

6400

0




















N

N
 

4. (c) Negative  decay is expressed by the equation  

  epn  

5. (a) No radioactive substance emit both  and  particles 

simultaneously. Some substances emit  particles and some 

other emits  particles.  rays are emitted along with 

both  and  particles. 

6. (c) -rays are highly penetrating. 

+ 

+ 

A 

A

EB ..
 

Fusion Fission 
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7. (c) Average life 23192308
693.0

16001



 years. 

8. (d) Fraction of atoms remains after five half lives  

32

1

2

1

2

1
/5/

0




















TTTt

N

N
 

 Percentage atom remains %125.3100
32

1
  

9. (c) -rays emitted from nucleus and they carry negative charge.  

10. (c)  

11. (b)    
 )(2

1

40
1  HeA

Z
A

Z YX  

4
1

4
1

0
0 




   A
Z

A
Z KK


 

12. (c) 12500
2

1
50000

2

1
5/10/

0 


















Tt

t NN  

13. (c) A
Z

A
Z XX 1

0
1

   
 

14. (c) 

TTt

N
N

NN

/30

0
0

/

0
2

1

642

1

















 sec5

6

30
 T  

15. (a)   

16. (c)  

17. (a) Average life 


1

 atomsof number Total 

atom all theof  livesall of  Sum
T  

 T = 1 

18. (c) Fraction remains after n half lives 

Ttn

N

N
/

0 2

1

2

1

















  

 
2

1

2

1

2

1
2/1

2/

0




















T

T

N

N
 

19. (b)  

20. (a) Penetration power of  is 100 times of , while that of  is 100 

times of . 

21. (a) 12
60

5
2

1

32

/60

0
0 








 T

T
N

N
T

days 

22. (c) By using ;
2

1
/

0

Tt

NN 







  where 

00
8

1

8

7
1 NNN 








  

So

Tt

NN

/

00
2

1

8

1








 

5/3

2

1

2

1
t


















 t =15 days. 

23. (a) 
172

369
176

271
176

170
180

72 AAAA 


 

172
469 A


 

24. (d)  

25. (d) Half life of a substance doesn't depends upon Amount, 
temperature and pressure. It depends upon the nature of the 
substance.  

26. (d) yearsyearT 1620
1028.4

16931.016931.0
4











 

27. (c) In fusion two lighter nuclei combines, it is not the radioactive 
decay.  

28. (b) 6
4

208232

4

'








AA
n  

and 4)829062()'2(  ZZnn   

29. (a) Remaining amount 

   mg1
2

1

2

1
16

2

1
16

12162/32



























  

30. (c) 
8

1

2

1
5/15

0











N

N
  Decayed fraction 

8

7

8

1
1   

31. (c)  

32. (c) By using 
4

'AA
n


  and '2 ZZnn    

 224342364'  nAA  

and 83)88321()2('  ZnnZ   

33. (d) Uncertain, because it is infinite. No radioactive element can be 

disintegrated fully. 

34. (c) .
2

1

16

1

2

1
140/140/

0

tt

N

N

















  

dayst
t

5604
140

  

35. (c) 

5700/

12

14

2

1

4

1
t

C

C








 yearst

t
114002

5700
  

36. (b) Ionising property depends upon the charge and mass. 

37. (b) 
1

2

1

2

N

N

R

R
N

dt

dN
R   

But 3
2

1

8

1

200

25

2

1

2/1

3

1

2
2/1




















t

t

N

N
t

 

601
3

3

3
2/1  hour

t
t minutes 

38. (d) 31.69
01.0

6931.0
2/1 t seconds. 

39. (d) Because radioactivity is a spontaneous phenomenon. 

40. (d) Undecayed isotope 
8

1

8

7
1   

3
152

1

8

1

2

1
15//

0





























t

N

N
tTt

 

or t =45 hours  

41. (a) Mean life hours4.14
6931.0

10

6931.0

lifeHalf
  



 
     1516 Atomic and Nuclear Physics   

42. (b) 20 gm substance reduces to 10 gm (i.e. becomes half in 4 min. 

So min42/1 T . Again 
2/1/

0
2

1
Tt

MM 







  

 

4/

2

1
8010

t









 

4/3

2

1

2

1

8

1
t


















  t = 12 min.  

43. (c) 
2/1/

0
2

1
Tt

NN 







  

2/1

2

2

1
161

T








   hourT

2

1
2/1   

44. (d) 

45. (b)  decay from nuclei based on this process only. 

46. (b) 
2/1/

0
2

1
Tt

AA 







 

162

1
5 0

30

602

0

A
A 












 1
0 80  secA  

47. (d) 8
4

168200

4

'








AA
n  

6809082'2  ZZnn a  

48. (d) Similar to Q. 47 

49. (b) .
2

1 2/1

0

T

t

NN 







 Hence fraction of atoms decayed  

= 
8

7

2

1
1

2

1
11

60

603

0

2/1






















T

t

N

N
 

In percentage it is %5.87100
8

7
  

50. (a) C-14 is carbon dating substance. 

51. (b) 

Tt

N

N
/

0 2

1










TT /24/2

2

1

2

1

2

1

16

1



































  

hourT 5.0 = 30 minutes.  

52. (c) NnN
dt

dN
   (Given n

dt

dN
 ) 


N

n
 Half life sec

693.0693.0693.0

n

N



 

53. (a) 231
91

231
90

235
92

0
1 YXX
e
  

 

54. (d) 0
1

13
6

13
7 eCN   

55. (c) 
2/1

2

1
0

T

t

AA 







 

2/1

8

2

1
1600100

T








  secT 22/1   

Again at t = 6 sec,  200
2

1
1600

2

6









A counts/sec 

56. (d) 4
2

234
92

238
92 HeThU    

57. (b) 

58. (d) 

59. (d)  

60. (b) By using teNN  0   2/1
0

0

2

T
eN

N 
  2/12

T
e


  

By taking log
e

 both the side  

2/12log Te    693.02/1 T  

61. (a) Number of half lives in 20 min = n 4
5

20
  

Fraction of material remains after four half lives 
16

1
  

Hence fraction that decays %75.93
16

15

16

1
1   

62. (d) In the given case, 12 days = 3 half lives Number of atoms left 
after 3 half lives. 

10

3

10 108.0
2

1
104.6   

63. (a) Decay constant remains unchanged in a chemical reaction. 

64. (d) 8
4

206238

4

'








AA
n  

65. (b) 424
2


  A

Z
A

Z
A

Z XYX


 

66. (a) Both the -rays and the cathode rays are made up of electrons. 

-rays are EM waves, -particles are doubly ionized helium 
atoms and protons and neutrons have approximately the same 
mass.  

67. (b) ;14
6

4
2

4
2

22
10 XHeHeNe  hence X is carbon. 

68. (c) For 80 minutes, number of half lives of sample 

4
20

80
 AnA  and number of half lives of sample 

.2
40

80
 BnB Also by using 

n

NN 









2

1
0   

   
n

N
2

1
  

4

1

2

2

2

2
4

2


A

B

n

n

B

A

N

N
 

69. (d) 4
1

4
2





  m

n
m

n
m

n XXX


 

70. (c) Half-life yearsT 6476
1007.1

693.0693.0
42/1 





 

71. (d) Number of nuclei decreases exponentially  

teNN  0  and Rate of decay N
dt

dN









  

Therefore, decay process losts up to t = . 

Therefore, a given nucleus may decay at any time after t = 0. 

72. (a) To becomes 
4

1
th, it requires time of two half lives  

 58258002)(2.,. 2/1  Ttei centuries 

73. (a) Carbon dating 

74. (d) 18
8

1
1

4
2

15
7 YPHeX   

75. (c)  

76. (d) 234
91

234
90

238
92 YXU 


 

77. (d) 
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78. (c) After three half lives (i.e., 30 days) it remains ,
8

1

2

1
3









so it 

will remain th
10

1
, approximately in 33 days. 

79. (a) 234
91

234
90

238
92 PaThU 


 

     234
92

)( 1 U
oE
   

 

80. (d) By using 
2/1

2

1
0

T

t

AA 







   

8

1

2

1
3/9

0











A

A
 

81. (d) 115
50

)115
48

1(2 SnCd
o

   
 

82. (b) In two half lives, the activity becomes one fourth. 

83. (a)  decay decreases the mass number by 4 and atomic number 

by 2,  decay increases the atomic number by 1. Here atomic 

number of C is same as that of A. 

84. (a) Number of half lives in two days four substance 1 and 2 

respectively are n
1 

= 4
12

242



 and 3

6.1

242
2 


n  

By using 

n

NN 









2

1
0   

2

1

2

1

2

1

)(

)(

20

10

2

1

n

n

N

N

N

N



















  

1

1

2

1

2

1

1

2
3

4





















  

85. (b)  

86. (c) 3.0
3.2

693.0693.0

2/1


T

  

87. (d) Number of  particles emitted 4
4

222238



  

This decreases atomic number to 822490   

Since atomic number of 222
83 Y is 83, this is possible if one 

 particle is emitted. 

88. (d) Number of half lives in 150 years 2
75

150
n  

Fraction of the atom of decayed 

n











2

1
1  

75.0
4

3

2

1
1

2









   Percentage decay = 75% 

89. (b) 5
0 9750975    eeAA t  105  e  

3026.210log3026.210log5 10  e  

  

90. (a) Mass number decreases by 3248   

 Atomic number decreases by 11528   

91. (b)  

92. (d) 

3/

56

/

0
2

1
1064105

2

1 2/1 tTt

AA 
















   

21
2

1

128

1
3/









 t

t

 days  

93. (c) Decayed fraction 
4

3
 , so undecayed fraction 

4

1
  

 Now 2
2

1

4

1

2

1

0


















 n

N

N
nn

 

  daysTnt 6.78.322/1   

94. (c)  4
2

198
82

decay202
84 HeYX  


and 

0
1

198
83

decay198
82 




  ZY  

95. (a) 3
2

1

8

1

2

1

0


















 n

N

N
nn

 

Now daysTnt 4.118.332/1   

96. (d) ;3
24000

72000
n Now 

8

1

2

1

0











n

N

N
 

97. (d)  

98. (a)  

99. (b) 6
4

208232

4

'








AA
n  

4829062'2  ZZnn   

100. (c)  

101. (a) Number of half lives 5
1

5
n  

 Now 
32

1

2

1

2

1
5

00




















N

N

N

N
n

 

102. (d) 

103. (b) Number of half lives ,2
5

10
n now 

4

1

2

1
2

0











N

N
 

 Fraction decayed 
4

3

4

1
11

0


N

N
 

  In percentage %75100
4

3
  

104. (b) Number of half lives ;5
8.3

19
n Now 

n

N

N










2

1

0

 

55

2

1
38.10

2

1

38.10

















 N

N
gm32.0  

105. (b) 

5

0 2

1

2

1



















n

N

N
 

106. (d) 


2log303.22log 10
2/1  eT  
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107. (a) BZHeYX A
Z

A
Z

A
Z

0
1

4
3

4
2

4
2  



  

108. (d) 
4

1

2

1
2,

2

1
2

00




















N

N
n

N

N
n

 

So disintegrated part 
4

3

4

1
11

0


N

N
 

109. (c) Number of half lives 4
5.2

10
n  

 curieA
N

N

A

A
n

1.0
2

1
6.1

2

1
4

00


















  

110. (b) By using teNN  0  and 



1

t   

Substance remains 
3

–~37.0 0
0

0 N
N

e

N
N   

 Substance disintegrated 
3

2

3

00
0

NN
N   

111. (c) th
4

3
 active decay takes place in time  

)(2 2/1Tt    )(2
4

3
2/1T   sec

8

3
2/1 T  

112. (c) By using teNN  0 and average life time 


1
t  

 So 
e

e
N

N
eNeNN

11

0

1
0

/1
0     

 Now disintegrated fraction 
e

e

eN

N 11
11

0


  

113. (d) Complete reaction will be as follows  

0
1

4
2

207
82

235
92 47 eHeYX   

i.e., seven  particles and four  particles will be emitted. 

114. (d) 7
4

207235

4

'








AA
n  

4)829272()'2(  ZZnn   

115. (c) During -decay, a neutron is transformed into a proton and an 
electron.  

116. (b) 4
2


 A

Z
A

Z XX


 

117. (a)  

118. (a) 

119. (d) After emitting -particle (
–1

e0) mass of nucleus doesn't change. 

120. (a) 

n

N

N










2

1

0

  

n




















2

1

2

1

16

1
4

  n = 4. 

Also 
2/1T

t
n    daysT 10

4

40
2/1   

121. (c) As the  particle has no charge and mass. 

122. (d) With emission of an  particle )( 4
2 He mass number 

decreases by 4 unit and atomic number decrease by 2 units 

and with emission of 12  particle atomic number increases 

by 2 units. So Z will remain same and N will become .4N  

123. (a) 

nn

N

N
NN 



















2

1

2

1

0

0 1002
2

1

100

1









 n

n

 

n comes out in between 6 and 7. 

124. (d) 
2/1/

00
2

1

2

1
Ttn

NNNN 
















  

8

1

2

1

2

1
1

3
7.2

1.8


















 N mgmgN 125.0

8

1
  

125. (d) 
TT

t

N
N

NN

16

0
0

0
2

1

42

1

















 8 T days. 

126. (d) 234
91

0
1

234
90

4
2

238
92 UeXHeU    

Hence, A = 234, Z = 91 

127. (c) Mean life 


1
 .sec1067.6 8  

128. (d) N
Tdt

dN
N

dt

dN


2/1

693.0
  

sec/103.2104
102.1

693.0 815

7
atoms


  

129. (c) Remaining material 
Tt

N
N

/

0

2
  

 gmN 96.3
15.2

10

)2(

10
15/20

  

 So decayed material gm04.696.310   

130. (b) Number of atoms remains undecayed teNN  0  

Number of atoms decayed = )1(0
teN   




























e
NeN

1
11 0

1

0




%6363.0 0  N  of N
0

 . 

131. (d) 

132. (b) 4
2

1

16

1

2

1

0



























 n

N

N
nn

 

also daysT
T

t
n 30

4

120
2/1

2/1

  

133. (c) 10//

0
2/1 tTt

eeNN 





  

yearst
e t

20
1

2

1
10/

2









  

134. (a) 
82

1

2

1 0
5

15

00

2/1 N
NNN

T

t


















  

135. (a)  

136. (b) 
2/12/1

60

0
2

1

64

1

2

1 TT

t

AA 
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sec10
2

1

2

1
2/1

60
6

2/1


















 T

T
 

137. (a, c) 

138. (b) A
Z

A
Z XU





  

)6,8()238(
)92(


 

so nAA 4 = 238 – 4  8 = 206 

and znnZ   2 = 6 – 2  8 + 92 = 82.  

139. (c) ;/
00

 tt eAeAA    where  mean life 

  So Tt
eAA

/
01

1
  Tt

Tt
eA

e

A
A

/
1/

1
0

1

1



 

  TttTtTtTt eAAeeAeAA
/)(

12
//

1
/

02
2121 )(

   

140. (c)  

141. (d) 4
4

212228



n  and 1839042 n  

142. (c) In a gamma decay process. There is no change in either A or Z. 

143. (a) The radioactivity of a sample decays to th
16

1
of its initial 

value in four half lives. 

144. (d) 

48//

0 2

1

16

1

2

1
tTt

N

N

















  

  .192
2

1

2

1
48/4

hourt

t


















  

145. (c) If  is the decay constant of a radioactive substance than 

average life = 


1
 

  Also half life life)(Average693.0
693.0




 

  in single average life, more than 63% of radioactive nuclei 
decay 

146. (b)  

147. (d) ;0
teMM   given 












1
2t  

  gmM
e

eM 35.1
1

1010

22
























 

148. (b)  

149. (b) 
5

1250

5000
loglog

2

1

ee

t

A

A

 = 0.4 In 2   

150. (c) 7812142892nucleusResuting Z  

151. (c) Radioactive nuclei that are injected into a patient collected at 
certain sites within it’s body, undergoing radioactive decay and 

emitting electromagnetic radiation. These radiation can than be 
recorded by a detector. This procedure provides an important 
diagnostic tool called radio tracer technique.  

152. (a) By using 
4

AA
n


  and '2 ZZnn    

153. (b) 
21

2

1
0

lT

t

NN 







  

No of atoms at t = 2hr, 101

2

10
1 102

2

1
108 








N  

No. of atoms at t = 4hr, 101

4

10
2 10

2

1

2

1
108 








N  

 No. of atoms decayed in given duration 

1010 105.110
2

1
2 








  

154. (b)  

155. (d) 

n

AA 









2

1
0

n











2

1
24030

n




















2

1

2

1
3

 n=3 

   3
2/1


T

t
 hr

t
T

3

1

3
2/1  = 20 min. 

156. (b) 
2/1

2

1
0

T

t

MM 









1600

2

1
10025

t









  t= 3200 years.  

157. (c) Activity teRR  0  

  
3

1

3

99
0

0    eeR
R

  ...(i) 

  After further 9 years 90

3

   e
R

eRR t  ...(ii) 

  From equation (i) and (ii) 
9

0R
R  .     

158. (c) To reduce one fourth it takes time  2/12 Tt  = 2  40  

= 80 years.   

  Decay constant years
T

0173.0
40

693.0693.0

2/1

  

159. (d) 
2/1

2

1
0

T

t

MM 









6.3

6.3

2

1
20 








 mg019.0

2

1
20

10









  

160. (c) 
2/1

2

1
0

T

t

NN 







 125.0

8

1

2

1 10

30

0











N

N
. 

161. (a) 
8

7
part decays i.e. remaining part is 

8

1
  

2/1

2

1
0

T

t

NN 







 2/1

15

2/1

2

1

8

1
T

T









 =5 min. 

162. (d) 
2/1/

0 2

1
Tt

A

A








  

8/

2

1

8

1
t









   .24 yearst   

163. (c) After )( 0
1 e

  emission atomic number decreases by one 

and mass number remain unchanged. -emission, there will be 
no change on mass number and atomic number.   

164. (c) New mass number nAA 4 20864232   
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atomic number  nnZZ 2 8262490    

165. (d)  

166. (d) Using conservation of momentum PPdaughter   

 
d

d

m

m

E

E 



 
d

d
m

mE
E  

 MeV125.0
214

47.6



   

167. (c)  

168. (c)  

169. (b) 

5700/11400

0
2

1








 NN

2

0
2

1








 N  025.0 N . 

170. (d) Mean life /1)( T  = 100 second  

 Half-life =
60

100693.0693.0 



=1.155 min. 

171. (b) By using 
4

AA
n


  and '2 ZZnn    

172. (c)  

173. (b) 
77

693.0693.0

2/1


T

 day/109 3 . 

174. (a) By using 
4

AA
n


 7

4

204232



 . 

175. (c) 
2

1

2

1

2

1
2/1/

0

2/1



















Tt

N

N
. 

176. (d)  
 

Critical Thinking Questions 
 

1. (c) At closest distance of approach  

Kinetic energy = Potential energy  

 
r

eze )2)((

4

1
106.1105

0

196  


 

 For uranium z= 92, so cmr 12103.5   

2. (c) Speed of electron in nth orbit of hydrogen atom 
hn

e
v

0

2

2
  

In ground state n = 1  
h

e
v

0

2

2
  

 
34812

219

0

2

106.61031085.82

)106.1(

2 








ch

e

c

v


 

137

1
 . 

3. (b) Recoil momentum = momentum of photon 


h
  

 















2
2

2
1

11

nn
hR sec108.6

16

15 27 


  N
hR
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4. (a) The average time that the atom spends in this excited state is 

equal to t, so by using 
2

.
h

tE   

 Uncertainty in energy
t

h




2/
 

 eVJ 826

8

34

1056.61005.1
1014.32

106.6 









  

5. (a) After the removal of first electron remaining atom will be 

hydrogen like atom. 

 So energy required to remove second electron from the atom 

eVE 4.54
1

2
6.13

2

  

  Total energy required = 24.6 + 54.4 = 79 eV. 

6. (a) Electron after absorbing 10.2 eV energy goes to its first excited 

state (n=2) from ground state (n = 1). 

 Increase in momentum 
2

h
  

 sJ-1005.1
28.6

106.6 34
34







 . 

7. (a) Using 2ZE   (∵ 1n  and 2n  are same) 

   2Z
hc




  constant2 Z  

   2
4

2
33

2
22

2
11 4ZZZZ    

   3
4

2
3

2
21 3211    

   4321 94   .  

8. (d) 
2

h
mvr  (for first orbit) 

  






2

2
2

22 h
rm

h
rm 

224 mr

h


   

 
210312

34

)1053.0(101.9)14.3(4

106.6









sec

rev15105.6    

9. (b) It will form a stationary wave 

  ml 91022   

  
mE

h

2
   

  J
m

h
E 20

2

2

106
2




  

10. (d) Suppose closest distance is r, according to conservation of 

energy.  

  
r

eze )2()(
109106.110400 9193    

       14104.6 
r

)106.12()106.182(109 19199  
  

  pmmr 59.0109.5 13   .  

11. (a) Here radius of electron orbit mr /1 and energy E  m, 

where m is the mass of the electron. 

Hence energy of hypothetical atom  

eVeVE 2.27)6.13(20   and radius 
2

0
0

a
r    

12. (a) Electronic configuration of iodine is 2, 8, 18, 18, 7, 

  Here 
Z

n
mrn

2
9 )10053.0(   

  Here 5n and ,53Z hence mrn
11105.2  . 

13. (a) 









2/sin

1
4 

N   112
)30(sin

1
7

41 
o

N  

   and 5.12
)60(sin

1
7

42 
o

N . 

14. (d) .6.13
2

2

eV
n

Z
En   Required energy for said transition 

  









22

2
13

3

1

1

1
6.13 ZEEE  

  eVE 8.108
9

8
36.13 2 








  

  JE 19106.18.108   

  Now 19106.18.108 


hc
E  

  m7

19

834

1011374.0
106.18.108

103106.6 









  Å74.113  

15. (c) 













2
2

2
1

111

nn
R


 

  
















 2
2

2

7

10

1

1

1
10097.1

106.970

1

n
42  n  

  Number of emission lines 6
2

34

2

)1(








nn
N    

16. (d) Neutron velocity = v, mass = m  

Deuteron contains 1 neutron and 1 proton, mass = 2m 

 

 

 

 

In elastic collision both momentum and K.E. are conserved p
i

 = 
p

f

  

     mv = m
1

v
2

 + m
2

v
2 

 mv = mv
1

 + 2mv
2

 ... (i) 

By conservation of kinetic energy   

2
2

2
1

2 )2(
2

1

2

1

2

1
vmmvmv    ... (ii) 

By solving (i) and (ii) we get  

v
mm

m
v

mm

mm
v

)(

2

21

2

21

21
1







   

m

mm
v

3

21
1




3

v
  

2

2

1
mvKi  ,  2

1
2

1
mvK f   

2

2
11

v

v

K

KK

i

fi



  

9

8

9

1
1   (Fractional change in K.E.) 

1×10–9 m 

v 
N 

m 

u = 0 
d 

before After 

v
1

 
N 

m 

v
2

 
d 

2v
2
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17. (c) In hydrogen atom 
2n

Rhc
En   

Also mEn  ; where m is the mass of the electron. Here the 

electron has been replaced by a particle whose mass is double 
of an electron. Therefore, for this hypothetical atom energy in 

nth orbit will be given by 
2

2

n

Rhc
En   

The longest wavelength max  (or minimum energy) photon 

will correspond to the transition of particle from n = 3 to n = 2 

  









2223

max 3

1

2

1
RhcEE

hc


 

This gives 
R5

18
max  . 

18. (d) As the transition 4n and 3n , results in UV radiation 
and infrared radiation involves smaller amounts of energy UV. 
So we require a transition involving initial values of n greater 

than 4 e.g. 45  . 

19. (c) E
hc




 = eV  

  


A
eV

hc
2525

9.4106.1

103106.6
19

834











  

20. (d) Rydberg constant 
2

22
0

mZe

hn
R




  

  Velocity 
nh

Ze
v

0

2

2
  and energy 

222
0

42

8 hn

emZ
E


  

  Now, it is clear from above expressions   R.v  n  

21. (b) In second excited state n = 3 

So 









2
3

h
ll LiH  

While E  Z2 and Z
H

 = 1, Z
Li

 = 3 

So |E
Li

| = 9|E
H

| or |E
H

|<|E
Li

| 

22. (c) Since the Cs133
55  has larger size among the four atoms gives, 

thus the electrons present in the outermost orbit will be away 
from the nucleus and the electrostatic force experienced by 
electrons due to nucleus will be minimum. Therefore the 
energy required to liberate electron from outer will be 

minimum in the case of .133
55 Cs  

23. (d) 

24. (a) Potential energy 
0

0 ln
r

r
eVeVU   

 Force 
r

eV

dr

dU
F 0 .   

 The force will provide the necessary centripetal force. 

Hence 
r

eV

r

mv 0
2

   
m

eV
v 0  …..(i) 

      and 
2

nh
mvr     …..(ii) 

  From equation (i) and(ii) 
02 eV

mnh
mr 











 or r  n  

25. (d) )53.0()53.0()(
2

ÅnÅ
Z

m
rm 














    n

Z

m


2

 

  m = 5 for 257
100 Fm   (the outermost shell)  

  and z = 100   
4

1

100

)5( 2

n  

26. (d) Energy radiated 2/4.1 mkW  

  
2

2

2 864004.1

86400

1

4.1
sec/4.1

mdaymday

kJ
mkJ


  

  Total energy radiated/day 

  E
day

kJ





1

864004.1)105.1(4 211
 

  
2

2

c

E
mmcE   

  kg14

28

211

108.3
)103(

864004.1)105.1(4








. 

27. (c) The equation is 161
0

17 OnO   

 Energy required = B.E. of O17 – B.E. of O16 

 = 17  7.75 – 16  7.97 = 4.23 MeV  

28. (c) 2
0

22

2
02

0
2

)/(1
cm

cv

cm
cmmc 


  

  






























 1

75.0

1
511.01

)/(1

1

22

2
0

cv
cm  

  = 0.079 MeV 

29. (c,d) Due to mass defect (which is finally responsible for the binding 
energy of the nucleus), mass of a nucleus is always less then 

the sum of masses of it's constituent particles Ne20
10  is made 

up of 10 protons plus 10 neutrons. Therefore, mass of Ne20
10  

nucleus )(101 np mmM   

Also heavier the nucleus, more is he mass defect thus 

12 )(10)(20 MmmMmm nppn   

or  12)(10 MMmm np   

 )(1012 np mmMM     112 MMM    

   12 2MM  . 

30. (a)  

  

 

 

 
 

By conservation of momentum m
1

v
1

 = m
2

v
2

  

  
1

2

2

1

1

8

m

m

v

v
   …… (i) 

Also from 3/1Ar     
2

1

8

1
3/13/1

2

1

2

1 























A

A

r

r
. 

31. (a) Since nuclear density is constant hence mass  volume.  

32. (c) Mass defect = 008.1007.1001.4014.23   

  Jamu 196 106.110931026.0026.0   

  J121082.3   

M 

m2 

v
2

 

m1 

v1 
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  Power of star =1016W  

  Number of deuterons used 28
16

1026.0
10





M

 

  Deuteron supply exhausts in s12

28

40

10
1026.0

10



. 

33. (a) Since electron and positron annihilate 

  
196

834

106.110)51.051.0(

103106.6









TotalE

hc
  

  Åm 012.01021.1 12   . 

34. (a) Kinetic energy of the molecules of a gas at a temp. T is kT
2

3
 

  To initiate the reaction JkT 14107.7
2

3   

  KTT 91423 107.3107.71038.1
2

3
  .  

35. (b)   

 

 

 

Q-value of the reaction is 5.5 eV   

i.e. MeVkk 5.521          ……(i) 

By conservation of linear momentum  

2121 )4(2)216(2 kkpp    

  k
2

 = 54 k
1

         ……(ii) 

On solving equation (i) and (ii) we get k
2

 = 5.4 MeV. 

36. (b) By the formula teNN  0  

  Given 
20

1

0


N

N
and 

8.3

6931.0
   8.3

6931.0

20

t

e



  

  Taking log of both sides 

  or log 20 e
t

10log
8.3

6931.0 
  

  or 1.3010
8.3

4343.06931.0 


t
  5.16t days. 

37. (b) teNN  0  

  
9.0

1
log59.0 5

00 eeNN     ...... (i) 

  and 







 

x
eNxN e

1
log2020

00   ...... (ii) 

  Dividing (i) by (ii), we get 

  
xxxe

e

10

10

10

10

log

9.0log

)/1(log

)9.0/1(log

)/1(log

)9.0/1(log

4

1
  

  %8.65658.09.0log4log 1010  xx  

38. (c) If in the rock there is no Y element, then the time taken by 

element X to reduce to th
8

1
 the initial value will be equal to 

n











2

1

8

1
or n =3 

  Therefore, from the beginning three half life time is spent. 
Hence the age of the rock is 

  years99 1011.41037.13  . 

39. (b) .6
2

1

2

1

64

1

2

1
6

0



























 n

N

N
nn

 

After 6 half lives intensity emitted will be safe.  

 Total time taken .1226 hrs  

40. (a) ;N
dt

dN
  ,

6060243651620

6931.06931.0

12 


t
  

  
226

10023.6 23
N  

  
2266060243651620

10023.66931.0 23






dt

dN 101061.3   

41. (a) 
21

21

111

TTT
   

  years
TT

TT
T 540

1620810

1620810

21

21 






  

  Hence 
4

1
th of material remain after 1080 years.  

42. (b) Similar to Q. 40. 

43. (c) yx tT )()( mean2/1   

  yx

yx




693.0
1693.0

  or 
x

 < 
y

  

  Also rate of decay = N 

  Initially number of atoms (N) of both are equal but since 

,xy    therefore, y will decay at a faster rate than x.  

44. (c) 
1620

1
  per year and 

405

1
  per year and it is given 

that the fraction of the remained activity 
4

1

0


A

A
 

Total decay constant  

yearper
324

1

405

1

1620

1
    

  We know that teAA  0  
A

A
t e

0log
1


  

   2log
2

4log
1

eet


 =324  2  0.693  = 449 years. 

45. (d) ;
6.138

1

6.13824

24



n  Now

6.138/1

0 2

1

2

1



















n

N

N
 

  995011
2

1
00000,10

6.138/1









 N  

  So number of disintegration 

  500049899950111000000  . 

46. (a)  

 

 
 

  According to conservation of momentum ')4(4 vAv       

4

4
'




A

v
v . 

M = 220 m1 = 216 

k1 

m2 = 4 

k2 

p2 
  

p1 
  

Rest 

A – 4 
v 

A 

m 

4 

v 
+ 

m 
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47. (b) 03465.0
20

693.0693.0

2/1


T

  

  Now time of decay 
N

N
t 0log

303.2


  

  min6.11
67

100
log

03465.0

303.2
1  t min  

  and mint 32
33

100
log

03465.0

303.2
2   

  Thus time difference between points of time 

  = t
1

 – t
2

 =32 – 11.6 = 20.4 min   20 min. 

48. (d) teNN 10
01

 and teNN  02  

  




9

11 9)10(1

2

1   teee
eN

N tt . 

49. (a) 

1//

0
2

1
10

2

1 2/1 t

A

Tt

NNN 
















  and 

2/

2

1
1

t

BN 







  

  Given 

2/

2

1

2

1
10

tt

BA NN 
















  

  .210
2

1
10 2/

2/

t

t













Taking log both the sides. 

  3010.0
2

12log
2

10log 1010 
tt

 62.6 t years. 

50. (b) Here 202/1 T minutes; we know 
2/1/

0 2

1
Tt

N

N








  

  For 20% decay 

20/

0

1

2

1

100

80
t

N

N








  ..... (i) 

  For 80% decay 

20/

0

2

2

1

100

20
t

N

N








  ..... (ii) 

  Dividing (ii) by (i)  

  ;
2

1

4

1 20

)( 12 tt 









  on solving we get 4012  tt min. 

51. (d) Here the activity of the radioactive sample reduces to half in 
140 days. Therefore, the half life of the sample is 140 days. 280 
days is it’s two half lives. So before two half lives it’s activity 

was 22(  present activity).  

   Initial activity = .24000600022 dps  

52. (a) Excitation energy 12 EEE  









22

2

2

1

1

1
6.13 Z  

  .2
4

3
6.138.40 2  ZZ  

  Now required energy to remove the electron from ground state 

.4.54)(6.13
)1(

6.13 2

2

2

eVZ
Z




  

53. (b) Rate of disintegration 11710  s
dt

dN
 

Half life 14452/1 T  year  

= 1445  365  24  60 60 = 4.55  1010 sec 

Now decay constant  

11

10
2/1

105.1
1055.4

693.0693.0 



T

  per sec  

The rate of disintegration  

0
1117

0 105.110 NN
dt

dN
   

 N
0

 = 6.6  1027.  

54. (b) 
t

nE
P  610300

t

n 196 106.110170 
    

   Number of atoms per sec 1910102.1 
t

n
 

  Number of atoms per hour = 1.02  1019  3600 

  = 3.97  1022. 

55. (a) According to kinetic interpretation of temperature  

  .
2

3

2

1
.. 2 kTmvEK 








  

  T)1038.1(
2

3
106.12.10 2319    

   T = 7.9  104K.  

56. (a) R
0

 = Initial activity = 1 micro curie = 3.7  104 d ps 

r = Activity in 1 cm3 of blood at t = 5 hrs 

dpsdps 93.4
60

296
  

R = Activity of whole blood at time t = 5 hr, 

Total volume should be 
r

eR

r

R
V

t

 0  

93.4

7927.0107.3 4 
 = 5.94  103 cm3  = 5.94 Litre.  

57. (b) Let ground state energy (in eV) be 1E  

  Then from the given condition 

  eVEE n 20412   or eVE
n

E
204

4
12

1   

   eV
n

E 2041
4

1
21 








   …..(i) 

  and eVEE nn 8.402   

   eV
n

E
n

E

n

E
8.40

4

3

4 212

1

2

1 







  …..(ii) 

  From equation (i) and (ii),  5

4

3
4

1
1

2

2





n

n   2n  

58. (b) Here 

3/1

0 2

1

2

1



















n

N

N
 

  where n = Number of half lives 
3

1
  

   
26.1

1

0


N

N
  

26.1

1


 UPb

U

NN

N
 

   UPb NN 26.0   26.0
U

Pb

N

N
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59. (b) For K  X-ray line 

  2

22

2 )1(
4

3

2

1

1

1
)1(

1









 Z

R
ZR


 

  On putting the given values 

  27

10
)1(1009.1

4

3

1076.0

1


 
Z  

   1600)1( 2 Z   401 Z   41Z  

60. (a) Maximum energy is liberated for transition 1nE  and 

minimum energy for 1 nn EE  

  Hence eVE
n

E
224.5212

1   ……(i) 

  and eV
n

E

n

E
224.1

)1( 2

1

2

1 


  …..(ii) 

  Solving equations (i) and (ii) we get  

  eVE 4.541   and 5n  

  Now .4.54
1

6.13
2

2

1 eV
Z

E  Hence 2Z  

61. (a) Activity of substance that has 2000 disintegration/sec 

  cici 054.010054.0
107.3

2000 6

10



   

  The number of radioactive nuclei having activity A 

  
2log

2000 2/1

e

TA
N





 

  101045.3
693.0

3600246.1382000



  

62. (a) Maximum number of nuclei will be present when rate of decay 

= rate of formation    N   



N  

63. (b) 3/1Ar    

3/1

2

1

2

1
















A

A

r

r
 

   

3/1
27

5

3










A
 

A

27

125

27
  125A  

  Number of nuclei in atom X .735212552  A  

64. (c) 1 week  7 days ~  14~247 hrs half lives 

  Number of atoms left 
14)2(

No
 , Activity = N  

   Activity left is 
14)2(

1
 times the initial  

   1
)2(

1
14

  curie 1
16384

1
  curie  61061   curie  

  60 curie.   

65. (a) MeVcm 54.02
0  and K.E. = 2

0
2 cmmc   

Also 
6.0)8.0(1

1

0

2

0

2

2

0 mm

c

v

m
m 






  

 MeV
Hcm

c
m

mcE 9.0
6.0

5.0

6.06.0

0202   

 K.E.= (0.9 – 0.54) = 0.36 MeV.  

 

Graphical Questions   

1. (a) B.E. per nucleon is maximum for 56Fe . For further detail refer 

theory. 

2. (a) 



 c

c
2

2
2      . 

3. (c)   

4. (d) The total number of atoms neither remains constant (as in 

option (a) nor can ever increase (as in option (b) and (c)). 

They will continuously decrease with time. Therefore option (d) 

is correct.   

5. (c) teNN  0  teN
dt

dN   0  

i.e. Rate of decay 








dt

dN
 varies exponentially with time (t).  

6. (d) Rate 
dt

dN
R   NeN t    

0   
N

R
=  (constant)  

  i.e. graph between 
N

R
 and t, be a straight line parallel to the 

time axis. 

7. (b) Read time for 50 count rate, it gives half life period of    3 hrs, 

one small square gives 600 counts (10 × 60). The number of 

small squares between graph and time axis are approx 24  

Hence count rate = 1440060024     

8. (b) Number of atoms undecayed teNN  0  

Number of atoms decayed )1(00
teNNN   

 Decayed fraction te
N

NN
f 


 1

0

0  

i.e. fraction will rise up to 1, following exponential path as 

shown in graph (B).    

9. (c) Energy is released in a process when total Binding energy (B.E.) 

of the nucleus is increased or we can say when total B.E. of 

products is more than the reactants. By calculation we can see 

that only in case of option (c), this happens.  

Given YW 2  

B.E. of reactants = 120  75 = 900 MeV 

and B.E. of products = MeV1020)8560(2   

i.e. B.E. of products > B.E. of reactants.  

10. (d) 
t

eNN
 0 and teAA  0

teN   0  
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   N
decayed 

= N
0

 – N = N
0

 – N
0

e-


t N
decayed

 = 


A
N 0  

  This is equation of straight line with negative slope.  

11. (d) Radius of nth orbit 2nrn  , graph between r
n

 and n is a 

parabola. Also, )(log2log
1 1

2

1

n
r

rn

r

r
e

n
e

n 





















   

Comparing this equation with y = mx + c, 

Graph between 













1

log
r

rn
e  and )(log ne  will be a straight line, 

passing from origin.  

Similarly it can be proved that graph between 













1

log
f

fn
e  and 

log
e 

n is not a straight line.  

12. (d) By using teNN  0 and .N
dt

dN
  

It shows that N decreases exponentially with time.   

13. (b) Activity teNN
dt

dN   0  

i.e., graph between activity and t, be exponential having 

negative slope.  

14. (d) Activity teNA   0   t
eee eNA   logloglog 0  

   tCA ee  loglog   (Take  N
0

 = C) 

   CtA ee loglog    

  This is the equation of a straight line having negative slope (= – 

) and positive intercept on log
e 

A axis. 

15. (c) Charge density is uniform inside and then falls rapidly near the 
surface of the nucleus.  

16. (a) ;3/1
0 ARR   where .102.1 15

0 mR   

   log
e 

R = log
e

 R
0

 + Aelog
3

1
 

  This is the equation of a straight line with positive slope.  

17. (b) N
dt

dN
  N

dt

dN
  

18. (c) Number of atom decayed )1(0
teNN   

N  will increase with time (t) exponentially.  

19. (a) 2
nn rA   

42

11 1
























n

r

r

A

A nn           )( 2nrn   

Taking log
e

 both the side  )(log4log
1

n
A

A
e

n
e   

Comparing it with y = mx + c, graph (4) is correct.  

 

Assertion and Reason 

    

1. (c) In fusion, lighter nuclei are used so, fusion is not possible with 

.35 Cl  Also binding energy of Cl35  is not too small. 

2. (a) Sr90
38  decays to Y90

39  by the emission of  rays. Sr  gets 

absorbed in bones along with calcium.  

Reason is also true. YSr
9090 

  which emits  rays of 

very high energy. Sr  does not emit  rays. The damage is 

by the  rays only. 

3. (b) Neutron is about 0.1 more massive than proton. But the unique 

thing about the neutron is that while it is heavy, it has no 
charge (it is neutral). This lack of charge gives it the ability to 
penetrate matter without interacting as quickly as the beta 
particles or alpha particles.   

4. (b) Bohr postulated that electrons in stationary orbits around the 

nucleus do not radiate.  

This is the one of Bohr’s postulate. According to this the 
moving electrons radiate only when they go from one orbit to 
the next lower orbit. 

5. (c) Nuclear stability depends upon the ratio of neutron to proton. 

If the pn /  ratio is more than the critical value, then a 

neutron gets converted into a proton forming a   particle in 

the process.  epn  

 The   particle )( e  is emitted from the nucleus in some 

radioactive transformation. So electrons do not exist in the 

nucleus but they result in some nuclear transformation.  

6. (a) 8
2

0
1

4
2 2)(2)(2 

  A
z

A
Z XeHeX   

7. (a) Experimentally, it is found that the average radius of a nucleus 
is given by  

3/1
0 ARR   where fmmR 1.1101.1 15

0    

and A mass number 

8. (b) 

9. (b) Rutherford confirmed the repulsive force on -particle due to 

nucleus varies with distance according to inverse square law 
and that the positive charges are concentrated at the centre 

and not distributed throughout the atom.  

10. (a) In -particle scattering experiment, Rutherford found a small 

number of -particles which were scattered back through an 

angle approaching to 180 . This is possible only if the positive 

charges are concentrated at the centre or nucleus of the atom.  

11. (e) According to classical electromagnetic theory, an accelerated 
charge continuously emits radiation. As electrons revolving in 

circular paths are constantly experiencing centripetal 
acceleration, hence they will be losing their energy continuously 
and the orbital radius will go on decreasing and form spiral 
and finally the electron will fall on the nucleus.  

12. (c) According to postulates of Bohr’s atom model, the electron 

revolve round the nucleus in fixed orbit of definite radii. As 
long as the electron is in a certain orbits it does not radiate any 
energy.  

13. (b) Maximum number of photon is given by all the transitions 

possible 64
2
 C  

Minimum number of transition = 1,  

that is directly jump from 4 to 1.   

14. (b) When the atom gets appropriate energy from outside, then this 

electron rises to some higher energy level. Now it can return 
either directly to the lower energy level or come to the lowest 
energy level after passing through other lower energy lends, 
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hence all possible transitions take place in the source and many 
lines are seen in the spectrum. 

15. (d) Emission transitions can take place between any higher energy 
level and any energy level below it while absorption transitions 
start from the lowest energy level only and may end at any 
higher energy level. Hence number of absorptions transitions 
between two given energy levels is always less than the number 
of emission transitions between same two levels.  

  

 

  

 

 

16. (a) We knows that an electron is very light particle as compared to 

an -particle. Hence electron cannot scatter the -particle at 

large angles, according to law of conservation of momentum. 
On the other hand, mass of nucleus is comparable with the 

mass of -particle, hence only the nucleus of atom is 

responsible for scattering of -particles.   

17. (c) All those elements which are heavier than lead are radioactive. 

This is because in the nuclei of heavy atoms, besides the 
nuclear attractive forces, repulsive forces between the protons 
are also effective and these forces reduce the stability of the 
nucleus. Hence, the nuclei of heavier elements are being 
converted into lighter and lighter elements by emission of 
radioactive radiation. When they are converted into lead, the 
emission is stopped because the nucleus of lead is stable (or lead 
is most stable elements in radioactive series).  

18. (d) The penetrating power is maximum in case of gamma rays 
because gamma rays are an electromagnetic radiation of very 
small wavelength.  

19. (b) -particles, being emitted with very high speed compared to -

particles, pass very little time near the atoms of the medium. 
So the probability of the atoms being ionised is comparatively 

less. But due to this reason, their loss of energy is very slow 
and they can penetrate the medium through a sufficient depth.   

20. (b) -particles are emitted with very high velocity (up to 0.99 c). 

So, according to Einstein’s theory of relatively, the mass of a -

particle is much higher compared to is` its rest mass ).( 0m  

The velocity of electrons obtained by other means is very small 
compared to c (Velocity of light). So its mass remains nearly 

.0m  But -particle and electron both are similar particles.  

21. (c) Radioactivity 
T

N
N

dt

dN 693.0
   

60

102.1693.0

50

10693.0 88 



 .102693.0 6  

Radioactivity is proportional to 1/T
1/2

, and not to T
1/2

.   

22. (c) Fragments produced in the fission of 235U  are radioactive. 
When uranium undergoes fission, barium and krypton are not 

the only products. Over 100 different isotopes of more than 20 
different elements have been detected among fission products. 
All of these atoms are, however, in the middle of the periodic 
table, with atomic numbers ranging from 34 to 58. Because the 
neutron-proton ratio needed for stability in this range is much 
smaller than that of the original uranium nucleus, the residual 
nuclei called fission fragments, always have too many neutrons 

for stability. A few free neutrons are liberated during fission 
and the fission fragments undergo a series of beta decays (each 
of which increases Z by one and decreases N by one) until a 
stable nucleus is reached. During decay of the fission 
fragments, an average of 15 MeV of additional energy is 

liberated.   

23. (b) Electron capture occurs more often than positron emission in 

heavy elements. This is because if position emission is 
energetically allowed, electron capture is necessarily allowed, 
but the reverse is not true i.e. when electron capture is 
energetically allowed, positron emission is not necessarily 
allowed.  

24. (e) The whole mass of the atom is concentrated at nucleus and 

M
nucleus

 < (Sum of the masses of nucleous) because, when nucleous 
combines, some energy is wasted. 

C 

B 

A 

Emission 

C 

B 

A 

Absorption 
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1. In Bohr model of hydrogen atom, the force on the electron depends 

on the principal quantum number as 

 (a) 3/1 nF   (b) 4/1 nF   

 (c) 5/1 nF   (d) Does not depend on n 

2. A nucleus 
Z

XA emits 9-particles and 5p particle. The ratio of total 

protons and neutrons in the final nucleus is  

(a) 
)23(

13





ZA

Z
 (b) 

)36(

)18(





A

Z
 

(c) 
)36(

)13(





A

Z
 (d) 

)13(

)13(





ZA

Z
 

3. If t
1/2

 is the half life of a substance then t
3/4

 is the time in which 

substance  

(a) Decays th
4

3
 (b) Remains th

4

3
 

(c) Decays 
2

1
 (d) Remains 

2

1
 

4. The energy level diagram for an hydrogen like atom is shown in the 

figure. The radius of its first Bohr orbit is  

 

 

 

 

 

 (a) 0.265 Å (b) 0.53 Å 

 (c) 0.132 Å (d) None of these 

5. How much work must be done to pull apart the electron and the 

proton that make up the Hydrogen atom, if the atom is initially in 

the state with n = 2  

 (a) J19106.16.13   (b) J19106.14.3   

 (c) J19106.151.1   (d) 0 

6. The nuclide I131 is radioactive, with a half-life of 8.04 days. At noon 

on January 1, the activity of a certain sample is 60089. The activity 

at noon on January 24 will be  

 (a) 75 Bq (b) Less than 75 Bq 

 (c) More than 75 Bq (d) 150 Bq 

7. 238U decays into 
234Th by the emission of an  particle. There 

follows a chain of further radioactive decays, either by  decay or 

by  - decay. Eventually a stable nuclide is reached and after that, 

no further radioactive decay is possible. Which of the following 

stable nuclides is the and product of the 238U radioactive decay 

chain  

 (a) 206Pb  (b) 207Pb  

 (c) 208Pb  (d) 209Pb  

8. If the mass of a radioactive sample is doubled, the activity of the 

sample and the disintegration constant of the sample are 

respectively 

 (a) Increases, remains the same 

 (b) Decreases, increases  

 (c) Decreases, remains same 

 (d) Increases, decreases  

9. When a sample of solid lithium is placed in a flask of hydrogen gas 

then following reaction happened   

 4
2

4
2

7
3

1
1 HeHeLiH   

 This statement is  

 (a) True  

 (b) False  

 (c) May be true at a particular pressure  

 (d) None of these 

10. Consider an initially pure M gm sample of AX, an isotope that has a 

half life of T hour, what is it’s initial decay rate (N
A

= Avogrado No.) 

 (a) 
T

NM A  (b) 
T

NM A693.0
 

 (c) 
AT

NM A693.0
 (d) 

AT

NM A303.2
  

11. At a given instant there are 25% undecayed radioactive nuclei in a 

same. After 10 sec the number of undecayed nuclei reduces to 

6.25%, the mean life of the nuclei is     

 (a) 14.43 sec (b) 7.21 sec 

 (c) 5 sec (d) 10 sec 

12. Highly energetic electrons are bombarded on a target of an element 

containing 30 neutrons. The ratio of radii of nucleus to that of 

Helium nucleus is 3/114 . The atomic number of nucleus will be 

 (a) 25 (b) 26 

 (c) 56 (d) 30 

13. The ratio of ionization energy of Bohr’s hydrogen atom and Bohr’s 

hydrogen like lithium atom is  

 (a) 1 : 1 (b) 1 : 3 

 

H2 

Li 

n =  

n = 3 

n = 2 

n = 1 

0 eV 

– 6.04 eV 

– 13.6 eV 

– 54.4 eV 
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 (c) 1 : 9 (d) None of these 

14. What is the angular momentum of an electron in Bohr’s hydrogen 

atom whose energy is – 0.544 eV. 

 (a) 


h
 (b) 



h2
 

 (c) 
2

5h
 (d) 

2

7h
 

15. Consider a hypothetical annihilation of a stationary electron with a 
stationary positron. What is the wavelength of resulting radiation.  

 (a) 
cm

h

02
 (b) 

cm

h

0

 

 (c) 
cm

h

0

2
 (d) 

2
0cm

h
 

 (h = Plank’s constant, c = speed of light, m
0

 = rest mass) 

16. Nuclear reactions are given as  

(i)     32
15),( ppn     (ii)     16

8),( Op  (iii) 14
7 N (     p) 

14
6 C   

missing particle or nuclide (in box     ) in these reactions are 

respectively   

 (a) S32, F19, 1
0n  (b) F19, S32, 1

0n 

 (c) Be9, F19, 1
0n  (d) None of these  

17. In a sample of hydrogen like atoms all of which are in ground state, 

a photon beam containing photons of various energies is passed. In 

absorption spectrum, five dark lines, are observed. The number of 

bright lines in the emission spectrum will be (assume that all 

transitions takes place).  

 (a) 5 (b) 10 

 (c) 15 (d) None of these  

18. A hydrogen atom emits a photon corresponding to an electron 

transition from n = 5 to n = 1. The recoil speed of hydrogen atom is 

almost (mass of proton  1.6  10-27kg). 

 (a) 10 ms-1 (b) 2  10-2 ms-1 

 (c) 4 ms-1 (d) 8  102 ms-1 

19. Number of nuclei of a radioactive substance at time t = 0 are 1000 

and 900 at time t = 2 s. Then number of nuclei at time t = 4 s will 

be  

 (a) 800 (b) 810 

 (c) 790 (d) 700 

20. The ratio between total acceleration of the electron in singly ionized 

helium atom and hydrogen atom (both in ground state) is   

 (a) 1 (b) 8 

 (c) 4 (d) 16 

21. If the series limit of Lymen series for Hydrogen atom is equal to the 

series limit of Balmer series for a hydrogen like atom, then atomic 

number o this hydrogen like atom will be    

 (a) 1 (b) 2 

 (c) 3 (d) 4 

22. Which sample contains greater number of nuclei :  

a 5.00- Ci sample of 240Pu (half-life 6560y) or a 4.45-Ci sample of 
243Am (half-life 7370 y) 

 (a) 240Pu  (b) 243Am 

 (c) Equal in both  (d) None of these 

23. The fission of 235U can be triggered by the absorption of a slow 

neutrons by a nucleus. Similarly a slow proton can also be used. 

This statement is  

 (a) Correct (b) Wrong 

 (c) Information is insufficient (d) None of these 

24. The radioactivity of a given sample of whisky due to tritium (half life 

12.3 years) was found to be only 3% of that measured in a recently 

purchased bottle marked "7 years old". The sample must have been 

prepared about 

 (a) 220 years back (b) 300 years back 

 (c) 400 years back (d) 70 years back  

25. The following diagram indicates the energy levels of a certain atom 

when the system moves from 4E level to E. A photon of wavelength 


1

 is emitted. The wavelength of photon produced during it's 

transition from E
3

7
 level to E is 

2

. The ratio 
2

1




 will be   

 

 

 

 
 

 (a) 
4

9
 (b) 

9

4
 

 (c) 
2

3
 (d) 

3

7
 

 

 

 
 

 

1. (b) 
r

v
F

2

  also 
n

v
1

  and 
2nr    

4

1

n
F   

2. (a) 36
13

536
18

,9 



  A

Z
A

Z
A

Z XXX


 

Number of protons = (Z = 13) 

Number of neutrons = (A – 36) – (Z – 13) = (A – Z – 23) 

 
)23(

)13(






ZA

Z

N

P
 

(SET -26) 

4 E 

E
3

7
 

E 
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3. (a) You must remember that t
1/2

 is time in which substance decays 

half. Hence in t
3/4

 time substance decays th
4

3
.  

4. (a)  We know that eV
n

Z
En 2

2

6.13  and )(53.0
2

Å
Z

n
rn   

Here for n =1, E
1

 = – 54.4 eV  

Therefore 
1

2

1
6.134.54

Z
   Z = 2 

Hence radius of first Bohr orbit År 265.0
2

)1(53.0 2

  

5. (b) The electrostatic P.E. is zero when the electron and proton are 

far apart from each other. Work done in pulling electron and 

proton far away from each other  

  







 eV

n
EEEW iif 2

6.13
0  

  JW 19

2
106.1

)2(

6.13  = 3.4  1.6  10–19J.  

6. (c) Number of days from January 1st to January 24th = 23 days.  

Number of half lives n = )3(86.2
04.8

23
  

 

 

 

In three half lives activity becomes 75 Bq, but the given 

number of half lives are lesser than 3 so activity becomes 

greater than 75 Bq.   

7. (a) (4n+2) series starts from U238 and it’s stable end product is Pb206.  

8. (a) Activity depends upon mass, but  doesn’t change.   

9. (b) The given reaction is a nuclear reaction, which can take place 
only if a proton (a hydrogen nucleus) comes into contact with 
a lithium nucleus. If the hydrogen is in the atomic from, the 
interaction between it's electron cloud and the electron cloud 
of a lithium atom keeps the two nuclei from getting close to 

each other. Even if isolated protons are used, they must be 
fired at the Li atom with enough kinetic energy to over come 
the electric repulsion between the proton and Li atom.  

10. (c) teNN  0
teN

dt

dN   0  

Initially at t = 0, 0

0

N
dt

dN

t




 

where N
0

 = Initial number of undecayed atoms  

         
XofatomsingleaofMass

sampletheofMass


A

MN

NA

M A

A


/

 

 
AT

MN

A

MN

dt

dN AA

t

693.0

0





  

11. (b) In 10 sec, number of nuclei has been reduced to one fourth 

(25% to 6.25%). 

Therefore it’s half life is T
1/2

 = 5 sec. 

 Mean life 
693.0

5

693.0

2/1 
T

T = 7.21 sec.   

12. (b) By using 

3/1

2

1

2

13/1
0 















A

A

R

R
ARR  

  

3/1

3/1

3/1

4
)14(

4



















AA

R

R

He

 

   A = 56 so Z = 56 – 30 = 26. 

13. (c) Energy of an electron in ground state of an atom (Bohr’s 

hydrogen like atom) is given as  

  eVZE 26.13        (Z = atomic number of the atom) 

   E
ionisation

= 13.6 Z2  

  
 

 
9

1

3

1

)(

)(
22

























Li

H

Liion

Hion

Z

Z

E

E
 

14. (c) By using eV
n

E
2

6.13
   (for H

2

 atom) 

   – 0.544 
2

6.13

n
  n2 = 25  n = 5 

   Angular momentum = 
 2

5

2

hh
n  .  

15. (b) From conservation of momentum, two identical photons must 

travel in opposite directions with equal magnitude of 

momentum and energy 


hc
 

from conservation of energy 2
0

2
0 cmcm

hchc



 

 
cm

h

0

 . 

16. (a) (i) 1
1

32
15

1
0

32
16 HpnS   

(ii) 16
8

4
2

1
1

19
9 OHeHF   

(iii) 1
1

14
6

1
0

14
7 HCnN    

17. (c) Number of lines in absorption spectrum = (n–1) 

   5 = n – 1  n = 6 

   Number of bright lines in the emission spectrum  

  15
2

)16(6

2

)1(








nn
.  

18. (c) The Hydrogen atom before the transition was at rest. Therefore 
from conservation of momentum.  

  
c

eV
nn

c

E
ppH


















2
2

2
1

atom

11
6.13

radiated
photon  

  
8

19

22
27

103

106.1
5

1

1

1
6.13

106.1
















 v  

   v = 4.352 m/s  4 m/sec.  

600 Bq 300 Bq 150 Bq 75 Bq 

T1/2 T1/2 T1/2 
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19. (b) In 2 sec only 90% nuclei are left behind. Thus in next two 
second 90% of 900 or 810 nuclei will be left.   

20. (b) Acceleration 
r

v
a

2

  

where 
n

Z
v   and 

Z

n
r

2

    
4

3

n

Z
a   

Since both are in ground state i.e., n = 1 

so a  Z3  
1

8

1

2
33




























H

He

H

He

Z

Z

a

a
. 

21. (b) By using 













2
2

2
1

2 111

nn
RZ


 

  For Hydrogen atom RR
H













1

1

1

)(

1
2

min
 

 

 

 

 

 

 

 

  
R

H

1
)( min    .....(i) 

  For hydrogen like atom 






















 1

2

11
2

2

atommin

RZ


 

   
2atommin

4
)(

RZ
     ....(ii)  

 From equation (i) and (ii) .2
41

2
 Z

RZR
 

22. (c) The activity N
dt

dN









   























2log

2/1

e

T

dt

dN
N  

Taking the ratio of this expression for Pu240  to this same 

expression for ,243 Am  

1
)7370()45.4(

)6560()5(

)(

)(

2/1

2/1




























yci

yci

T
dt

dN

T
dt

dN

N

N

Am
Am

Pu
Pu

Am

Pu




 

i.e. the two samples contains equal number of nuclei. 

23. (b) Because the neutron has no electric charge, it experience no 
electric repulsion from a U235 nucleus. Hence a slow moving 

neutron can approach and enter a U235 nucleus, thereby 
providing the excitation needed to trigger fission. By contrast a 
slow moving proton feels a strong repulsion from a U235 nucleus. 
It never get's close to the nucleus, so it cannot trigger fission. 

24. (d) After one half life period, the activity of Tritium becomes 50%. 

After 2 half life period 25% 

After 3 half life period 12.5% 

After 4 half life period 6.25% 

After 5 half life period 3.12%  3% 

It is 5  12.5 years + 7 years i.e. approximately 70 years only . 

25. (b) Transition from 4E to E  

1

)4(


hc
EE    

E

hc

3
1      ...... (i) 

Transition from E
3

7
 to E  

23

7



hc
EE 







   

E

hc

4

3
2      ...... (i) 

From equation (i) and (ii)  
9

4

2
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Solids 

It is a state of matter which has a definite shape and a definite volume. 
The characteristic properties of the solid depends upon the nature of forces 
acting between their constituent particles (i.e. ions, atoms or molecules). 

Solids are divided into two categories.  

Crystalline solids  

(1) These solids have definite external geometrical form. 

(2) Ions, atoms or molecules of these solid are arranged in a definite 
fashion in all it’s three dimensions. 

 

 

 

 

 

 

(3) Examples : Quartz, calacite, mica, diamond etc. 

(4) They have well defined facets or faces. 

(5) They are ordered at short range as well as at long range. 

(6) They are anisotropic, i.e. the physical properties like elastic 
modulii, thermal conductivity, electrical conductivity, refractive index have 
different values in different direction. 

(7) They have sharp melting point. 

(8) Bond strengths are identical throughout the solid. 

(9) These are considered as true solids.  

(10) An important property of crystals is their symmetry. 

Amorphous or glassy solids 

(1) These solids have no definite external geometrical form. 

(2) Ions, atoms or molecules of these solids are not arranged in a 

definite fashion. 

 

 

 

 

 

 

(3) Example : Rubber, plastic, paraffin wax, cement etc. 

(4) They do not possess definite facets or faces. 

(5) These have short range order, and there is no long range order.  

(6) They are isotropic. 

(7) They do not have a sharp melting point. 

(8) Bond strengths vary. 

(9) These are considered as pseudo-solids or super cooled liquids. 

(10) Amorphous solids do not have any symmetry. 

Terms Related with Crystal Structure 

(1) Crystal lattice : It is a geometrical arrangement of points in space 
where if atoms or molecules of a solid are placed, we obtain an actual 
crystal structure of the solid. 

(2) Basis : The atoms or molecules attached with every lattice point in 
a crystal structure is called the basis of crystal structure.  

 

 

 

 

Space lattice  

Basis containing two different ions 

Semiconductor electronics 

Electronics 

Chapter  

27 
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(3) Unit cell : Is defined as that volume of the solid from which the 
entire crystal structure can be constructed by the translational repetition in 
three dimensions. The length of three sides of a unit cell (3D) are called 
primitives or lattice constant they are denoted by a, b, c  

 

 

       

                

 

 

(4) Primitive cell : A primitive cell is a minimum volume unit cell or 

the simple unit cell with particles only at the corners is a primitive unit cell 
and other types of unit cells are called non-primitive unit cells. There is only 
one lattice point per primitive cell. 

(5) Crystallographic axis : The lines drawn parallel to the lines of 
intersection of the faces of the unit cell are called crystallographic axis. 

All the crystals on the basis of the shape of their unit cells, have 
been divided into seven crystal systems as shown in the following table. 

Table 27.1 : Different crystal systems 

System Lattice 
constants 

Angle 
between 
lattice 

constants 

Examples 

Cubic 

 

 

 

 

 

Number of lattices = 3 

 

 

 

a  = b = c 

 

 

 

 =  =  = 
90o 

 

 

 

Diamond, NaCl, 
Li, Ag, Cu, 
NH4Cl, Pb etc. 

 
 

Tetragonal 

 

 

 

 

 

 

Number of lattices = 2 

 

 

 

a  = b  c 

 

 

 

 =  =  = 
90o 

 

 

 

White tin, 
NiSO4 etc. 

Orthorhombic 

 

 

 

 

 

 

a   b  c 

 

 

 

 =  =  = 
90o 

 

 

 

HgCl2, KNO3, 
gallium etc. 

 

 

Number of lattices = 4 

Monoclinic 

 

 

 

 

 

 

Number of lattices = 2 

 

 

 

a   b  c 

 

 

 

 =  = 90o 

and   90o  

 

 

 

KclO3, FeSO4 
etc. 

Triclinic 

 

 

 

 

 

Number of lattices = 1 

 

 

 

a   b  c 

 

 

 

      
90o  

 

 

 

K2Cr2O7, CuSO4  
etc. 

Rhombo-hedral or 
Trigonal 

 

 

 

 

 

 

Number of lattices = 1 

 

 

 

a  = b = c 

 

 

 

 =  =   
90o  

 

 

 

Calcite, As, Sb, 
Bi etc. 

Hexagonal 

 

 

 

 

 

 

Number of lattices = 1 

 

 

 

a  = b  c 

 

 

 

 =  = 90o 

and  = 120o 

 

 

 

Zn, Cd, Ni etc. 

Different Types of Symmetry in Cubic Lattices 

(1) Centre of symmetry : An imaginary point within the crystal such 

that any line drawn through it intersects the surface of the crystal at equal 

distances in both directions. 

 

 

 

(2) Plane of symmetry : It is an imaginary plane which passes through 

the centre of a crystal and divides it into two equal portions such that one 

part is exactly the mirror image of the other. 

 

        
   

 

 

 

c 

b 
a 

  

 

c 

b 
a 

 

  

c 

b 
a 

  

 

c 

b 
a 

 

 
 

b 

a 

 
 
 

c 

b a 

 

  c 

b 
a  

  

c 

Fig. 27.2 

Fig. 27.1 

a  

b 
 

c  
  

 

3D unit cell 
2D unit cell 

a  

b 
 

 

Fig. 27.3 

(A) Rectangular plane 

of symmetry 

(B) Diagonal plane of 

symmetry 
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A cubical crystal possesses six diagonal plane of symmetry and three 
rectangular plane of symmetry. 

 

(3) Axis of symmetry : It is an imaginary straight line about which, if 

the crystal is rotated, it will present the same appearance more than once 

during the complete revolution. 

In general, if the same appearance of a crystal is repeated on rotating 

through an angle 
n

o360
, around an imaginary axis, the axis is called an n-

fold axis.  

Table 27.2 : A cubical crystal possesses in all 13 axis  

of symmetry 

Axis of four-fold 
symmetry = 3 

(Because of six faces) 

Axis of three-fold 
symmetry = 4 

 (Because of eight 
corners) 

Axis of two-fold 
symmetry = 6  

(Because of twelve 
edges) 

 

 

 

 

 

 

  

 

(4) Elements of symmetry : The total number of planes, axes and 

centre of symmetry possessed by a crystal are termed as elements of 

symmetry. A cubic crystal possesses a total of 23 elements of symmetry. 

Planes of symmetry 9)63(  , 

Axes of symmetry 13)643(  ,  

Centre of symmetry = 1. 

Total number of symmetry elements = 23 

More About Cubic Crystals 

(1) Different lattice in cubic crystals : There are three lattice in the 
cubic system. 

(i) The simple cubic (sc) lattice. 

(ii) The body-centered cubic (bcc).  

(iii) The face-centered cubic (fcc). 

 

 

 

 

 

(2) Atomic radius : The half of the distance between two atoms in 

contact is defined as atomic radius. 

 
 
 
 
 
 
 

 

 

 

(3) Atoms per unit cell : An atom located at the corner of a unit cell 

of a lattice is shared equally by eight other unit cells in the three 

dimensional lattice. Therefore, each unit cell has 1/8 th share of an atom at its 

each corner. Similarly, a face of the unit cell is common to the two unit cells 

in the lattice. Therefore, each unit cell has 1/2 share of an atom at its each 

face. The atom located at the centre of the unit cell belongs completely to 

the unit cell. 

Let N
c

, N
b

 and N
f

 be the number of atoms at the corners, centre and 

face of the unit cell respectively. Therefore the number of atoms per unit 

cell is given by 
8

N

2

N
NN cf

b   

(i) In sc lattice : ,0bN ,0fN 8cN  so  1N  

(ii) In bcc lattice : 8,0,1  cfb NNN  so 2N  

(iii) In fcc lattice : ,0bN ,6fN  8cN  so 4N  

(4) Co-ordination number : It is defined as the number of nearest 
neighbours that an atom has in a unit cell. It depends upon structure. 

(i) Simple cubic structure : Each atom has two neighbours along X-
axis, two along Y-axis and two along Z-axis so               co-ordination 
number = 6. 

(ii) Face-centred cubic structure: Every corner atom has four 
neighbours in each of the three planes XY, YZ, and ZX so            co-
ordination number = 12 

(iii) Body-centred cubic structure: The atom of the body of the cell has 
eight neighbours at eight corner of the unit cell so           co-ordination 
number = 8. 

(5) Atomic packing fraction (or packing factor or relative packing 

density)  

The atomic packing fraction indicates how close the atoms are packed 

together in the given crystal structure or  the ratio of the volume occupied 

by atoms in a unit cell in a crystal and the volume of unit cell is defined as 

APF. 

(i) For sc crystal : Volume occupied by the atom in the unit cell 

63

4 3
3 a

r


  . Volume of the unit cell 3a  

 Thus P.F. 52.0
6

6/
3

3




a

a
= 52% 

(ii) For bcc : P.F. %68
8

3



    

 (iii) For fcc : P.F. %74
23



 

(6) Density of unit cell : Density of unit 

cell
3cell unit of the Volume

cell unit of the Mass

Na

nA

NV

nA
   

where n = Number of atoms in unit cell (For sc lattice n = 1, for 

bcc lattice n = 2, for fcc lattice n = 4), A = atomic weight, N = 

Avogadro’s number, V = Volume of the unit cell. 

(7) Bond length : The distance between two nearest atoms in a unit 

cell of a crystal is defined as bond length. 

(i) In a sc lattice : Bond length = a  (ii) In a bcc lattice : Bond length 

2

3a
  (iii) In a fcc lattice : Bond length 

2

a
  

sc unit cell 
r = a/2 

a 

r 
bcc unit cell 

 4/3 ar   

A B 

C 

a 

D 
r 

r 

r 

r a 

a 
fcc unit cell 

 22/ar   

a 

a 

r 

r 

r 

r 

C 

B A 

a 

Fig. 27.5 

Fig. 27.4 
(A) 

sc bcc fcc 

(B) (C) 
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Hexagonal Close Packed (HCP) Structure  

The HCP structure also maximizes the packing fraction 

 

 

 

 

 

 

 

 

(1) cba    

(2) Number of atoms per unit cell = 6 

(3) The volume of the hexagonal cell = 323 a  

(4) The packing fraction 
6

2
  

(5) Coordination number = 12 

(6) Magnesium is a special example of HCP lattice structure. 

Bonding Forces in Crystals  

The properties of a solid are mainly determined by the type of 
bonding that exists between the atoms. According to bonding in crystals 
they are classified into following types.  

(1) Ionic crystal : This type of bonding is formed due to transfer of 
electrons between atoms and consequent attraction between them. 

(i) In NaCl crystal, the electron of Na atom is transferred to chlorine 
atom. In this way Na atom changes in to Na+ ion and Cl atom changes into 
Cl– ion.  

(ii) Cause of binding is electrostatic force between positive and 
negative ion.  

(iii) These crystal are usually hard, brittle and possesses high melting 
and boiling point. 

(iv) These are bad conductor of electricity.  

(v) Common example are NaCl, CsCl, LiF etc.   

(2) Covalent crystal : Covalent bonding is formed by sharing of 
electrons of opposite spins between two atoms  

(i) The conductivity of these solids rise with rise in temperature. 

(ii) These crystal posses high melting point. 

(iii) Bonding between H
2

, Cl
2

 molecules Ge, Si, Quartz, diamond etc. are 
common example of covalent bonding  

(3) Metallic bonds : This type of bonding is formed due to attraction 
of valence (free) electrons with the positive ion cores  

(i) Their conductivity decreases with rise of temperature.  

(ii) When visible light falls on a metallic crystal, the electrons of atom 
absorb visible light, so they are opaque to visible light. However some 
orbital electrons absorb energy and reach in excited state. They then return 
to their normal states, remitting light of same frequency. 

Common examples are Na, Li, K, Cs, Au, Hg  etc.  

(4) Vander waal's crystal : These crystal consists of neutral atoms or 
molecules bonded together in solid phase by weak, short range attractive 
forces called vander Waal's forces.  

(i) This bonding is weakest and occurs in solid CO
2

, methane, paraffin, 
ice, etc.  

(ii) They are normally insulator, they are soft, easily compressible and 
posses low melting point.  

(5) Hydrogen bonding : Hydrogen bonding is due to permanent dipole 
interaction.  

(i) This bond is stronger than vander Waal's bond but much weaker 
than ionic and covalent bond.  

(ii) They possesses low melting point.  

(iii) Common examples are H
2

O, HF etc.  

Single, Poly and Liquid Crystals  

(1) Single crystal : The crystals in which the periodicity of the pattern 
extends throughout the piece of the crystal are known as single crystals. 
Single crystals have anisotropic behaviour i.e. their physical properties (like 

mechanical strength, refractive index, thermal and electrical conductivity) 
are different along different directions. The small sized single crystals are 
called mono-crystals. 

(2) Poly-crystals : A poly-crystal is the aggregate of the monocrystals 

whose well developed faces are joined together so that it has isotropic 
properties. Ceramics are the important illustrations of the poly-crystalline 
solids. 

(3) Liquid crystals : The organic crystalline solid which on heating, to a 

certain temperature range becomes fluid like but its molecules remain 
oriented in a particular directions, showing that they retain their anisotropic 
properties, is called liquid crystal. These crystals are used in a liquid crystal 
displays (L.C.D.) which are commonly used in electronic watches, clocks and 
micro-calculators etc. 

Energy Bands 

This theory is based on the Pauli exclusion principle.  

In isolated atom the valence electrons can exist only in one of the 

allowed orbitals each of a sharply defined energy called energy levels. But 
when two atoms are brought nearer to each other, there are alterations in 
energy levels and they spread in the form of bands. 

 

 

 

 

 

 

 

 

Energy bands are of following types  

(1) Valence band : The energy band formed by a series of energy levels 
containing valence electrons is known as valence band. At 0 K, the electrons 
fills the energy levels in valence band starting from lowest one.  

(i) This band is always filled with electrons. 

(ii) This is the band of maximum energy. 

(iii) Electrons are not capable of gaining energy from external electric 
field. 

(iv) No flow of current due to electrons present in this band. 

(v) The highest energy level which can be occupied by an electron in 
valence band at 0 K is called fermi level. 

(2) Conduction band : The higher energy level band is called the 
conduction band. 

(i) It is also called empty band of minimum energy. 

(ii) This band is partially filled by the electrons.  

r r0 

Actual separation of atoms 

in the crystal 
E 

O 

Fig. 27.7 Origin of energy bands in a solid  

b 

c 

a 

Fig. 27.6 
(A) (B) 
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(iii) In this band the electrons can gain energy from external electric 
field.  

(iv) The electrons in the conduction band are called the free electrons. 
They are able to move any where within the volume of the solid.  

(v) Current flows due to such electrons.  

(3) Forbidden energy gap (E
g

) : Energy gap between conduction band 

and valence band maxmin .).(.).( BVBCEg   

 

 

 

 

 

(i) No free electron is present in forbidden energy gap. 

(ii) Width of forbidden energy gap depends upon the nature of 
substance. 

(iii) As temperature increases (), forbidden energy gap decreases () 

very slightly. 

Table 27.3 : Types of solid 

Properties Conductors Insulators Semiconductors 

Electrical 
conductivity 

102 to 108 Ʊ/m 10– 8 Ʊ/m 10– 5 to 100 Ʊ/m 

Resistivity 10–2 to 10–8 -m 
(negligible) 

108 -m 105 to 100 -m 

Band 
structure 

 

 

 

 

 

 
 

  

Energy gap 
(Eg) 

Zero or very small Very large; for 
diamond it is 6 
eV 

Ge     0.7 eV 

Si      1.1 eV  

GaAs  1.3 eV 

GaF2   2.8 eV  

Current 
carriers 

Free electrons –– Free electrons and 
holes 

Condition of 
V.B. and C.B. 
at ordinary 
temperature 

V.B. and C.B. are 
completely filled 
or C.B. is some 
what empty 

V.B. – 
completely 
filled 

C.B. – 
completely 
unfilled 

V.B. –  somewhat 
empty 

C.B. –  somewhat 
filled 

Temperature 
co-efficient of 
resistance  

Positive Zero Negative 

Effect of 
temperature 
on 
conductivity 

Decreases — Increases 

Effect of 
temperature 
on resistance 

Increases — Decreases 

Examples Cu, Ag, Au, Na, Pt, 
Hg etc. 

Wood, plastic, 
mica, diamond, 
glass etc. 

Ge, Si, Ga, As etc. 

Electron 
density 

1029/m3 — Ge ~ 1019 /m3  

Si ~ 1016 /m3  
 

Holes in Semiconductors  

(1) When an electron is removed from a covalent bond, it leaves a 

vacancy behind. An electron from a neighbouring atom can move into this 

vacancy, leaving the neighbour with a vacancy. In this way the vacancy 

formed is called hole (or cotter), and can travel through the material and 

serve as an additional current carriers.  

(2) A hole is considered as a seat of positive charge, having 

magnitude of charge equal to that of an electron. 

(3) Holes acts as virtual charge, although there is no physical charge 

on it.  

(4) Effective mass of hole is more than electron. 

(5) Mobility of hole is less than electron.  

Intrinsic Semiconductors 

(1) A pure semiconductor is called intrinsic semiconductor. It has 

thermally generated current carriers  

(2) They have four electrons in the outermost orbit of atom and 
atoms are held together by covalent bond  

(3) Free electrons and holes both are charge carriers and en (in 

C.B.) hn (in V.B.)  

(4) The drift velocity of electrons )( ev is greater than that of 

holes )( hv  

(5) For them fermi energy level lies at the centre of the C.B. and V.B.  

(6) In pure semiconductor, impurity must be less than 1 in 810 parts 
of semiconductor. 

(7) In intrinsic semiconductor  

i
o

h
o

e nnn  )()( ; where )(o
en  Electron density in conduction band, 

)(o
hn  Hole density in V.B., in  Density of intrinsic carriers. 

(8) The fraction of electrons of valance band present in conduction 

band is given by 
kTEgef

/
 ; where E

g

 = Fermi energy or k = Boltzmann's 

constant and T = Absolute temperature  

(9) Because of less number of charge carriers at room temperature, 
intrinsic semiconductors have low conductivity so they have no practical 
use. 

(10) Number of electrons reaching from valence band to conduction 

band 
kTEgeATn

2/2/3 
  

Extrinsic Semiconductor  

(1) An impure semiconductor is called extrinsic semiconductor 

(2) When pure semiconductor material is mixed with small amounts of 

certain specific impurities with valency different from that of the parent 

material, the number of mobile electrons/holes  drastically changes. The 

process of addition of impurity is called doping.  

 

 

 

 

(3) Pentavalent impurities : The elements whose atom has five valance 
electrons are called pentavalent impurities e.g. As, P, Sb etc. These 
impurities are also called donor impurities because they donate extra free 
electron. 

min. 

max. 

min. 

max. 

Eg
 

C.B.
 

V.B.
 

Fig. 27.8  

Impurity 

Extrinsic  
S.C. + 

Intrinsic  

S.C. 

Fig. 27.9  

C.B. 

 V.B. 

C.B. 

Eg (large) 

 V.B. 

C.B. 

Eg (small) 

 V.B. 
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(4) Trivalent impurities : The elements whose each atom has three 
valance electrons are called trivalent impurities e.g. In, Ga, Al, B, etc. These 
impurities are also called acceptor impurities as they accept electron. 

(5) The compounds of trivalent and pentavalent elements also behaves 
like semiconductors e.g. GaAs, InSb, In P, GaP etc. 

(6) The number of atoms of impurity element is about 1 in 810  

atoms of the semiconductor. 

(7) In extrinsic semiconductors  he nn   

(8) In extrinsic semiconductors fermi level shifts towards valence or 
conduction energy bands. 

(9) Their conductivity is high and they are used for practical purposes.  

(10) In a doped extrinsic semiconductor, the number density of e of 

the conduction band (n
e

) and the number density of holes in the valence 
band (n

h

) differs from that in a pure semiconductor. If n
i

 is the number 
density of electron in conduction band or the number density of holes in 

valence band in a pure semiconductor then 2
innn he  (mass action law) 

(11) Extrinsic semiconductors are of two types  

(i)  N-type semiconductor   (ii) P-type semiconductor 

N-Type Semiconductor 

These are obtained by adding a small amount of pentavalent impurity 

to a pure sample of semiconductor (Ge).  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) Majority charge carriers – electrons 

      Minority charge carriers – holes  

(2) n
e

 >> n
h

; i
e

 >> i
h

  

(3) Conductivity   n
e

 
e

 e  

(4) N-type semiconductor is electrically neutral (not negatively 
charged) 

(5) Impurity is called Donar impurity because one impurity atom 
generate one electron. 

(6) Donor energy level lies just below the conduction band. 

 

 

 

 

 

 

P-Type Semiconductor 

These are obtained by adding a small amount of trivalent impurity to 

a pure sample of semiconductor (Ge). 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

(1) Majority charge carriers – holes 

      Minority charge carriers – electrons  

(2) n
h

 >> n
e

; i
h

 >> i
e

  

(3) Conductivity   n
h

 
h

 e 

(4) P-type semiconductor is also electrically neutral (not positively 
charged) 

(5) Impurity is called Acceptor impurity. 

(6) Acceptor energy level lies just above the valence band. 

 

 

 

 

 

 

Density of Charge Carriers 

Due to thermal collisions, an electron can take up or release energy. 

Thus, occasionally a valence electron takes up energy and the bond is 

broken. The electron goes to the conduction band and a hole is created. 

And occasionally, an electron from the conduction band loses some energy, 

comes to the valence band and fills up a hole. Thus, new electron-hole pairs 

are formed as well as old electron-hole disappear. A steady-state situation is 

reached and the number of electron-hole pairs takes a nearly constant value. 

For silicon at room temperature (300 K), the number of these pairs is about 

7  1015 m3. For germanium, this number is about 6  1019 /m3. 

Table 27. 4 : Densities of charge carriers 

Material  Type  Density of 

conduction 

electrons (m– 3)  

Density of 

holes (m–3) 

Copper  Conductor  9  1028 0 

Silicon  Intrinsic 

semiconductor  
7  1015 7  1015 

Silicon doped with 

phosphorus (1 part 

in 106) 

N-type 

semiconductor  
5  1022 1      109 

N-type  
S.C. + 

Intrinsic  
S.C. 

Pentavalent 

impurity 

Fig. 27.10  

Valence 

electrons 

Ge Ge Ge 

Ge Ge 

Ge Ge Ge 

As 

Acceptor 
hole 

P-type  
S.C. + 

Intrinsic  
S.C. 

trivalent impurity 

Fig. 27.13  

Ge Ge Ge 

Ge Ge 

Ge Ge Ge 

As 

Donor 
 electron 

Valence 

electrons 

Fig. 27.11  

Ea  0.01eV 

Acceptor levels 

Valence band 

Conduction band 

EF 
Eg  1 eV 

Fig. 27.14  

Ed  0.01eV 
Donor levels 

Valence band 

Conduction band 

EF 
Eg  1 eV 

Fig. 27.12  
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Silicon doped with 

aluminium (1 part 

in 106  

P-type 

semiconductor 
1  109 5     1022 

 

Conductivity of Semiconductor 

(1) In intrinsic semiconductors n
e

 = n
h

. Both electron and holes 

contributes in current conduction. 

(2) When some potential difference is applied across a piece of 

intrinsic semiconductor current flows in it due to both electron and holes 

i.e. i = i
e

 + i
h

  ][ hhee vnvneAi   

 

 

 

 

 

(3) As we know 
AE

i

E

J
 . Hence conductivity of semiconductor  

][ hhee nne   ; where v
e

 = drift velocity of electron, v
h

 = drift 

velocity of holes, E = Applied electric field 
E

ve
e  mobility of electron 

and 
E

vh
h  mobility of holes 

(4) Motion of electrons in the conduction band and of holes the 

valence band under the action of electric field is shown below 

 

 

 

 

 

 

 

 

 

 

(5) At absolute zero temperature (0 K) conduction band of 

semiconductor is completely empty i.e.  = 0. Hence the  semiconductor 

behaves as an insulator. 

P-N Junction Diode 

When a P-type semiconductor is suitably joined to an N-type 

semiconductor, then resulting arrangement is called P-N junction or P-N 

junction diode 

 

 

 

 

 

(1) Depletion region : On account of difference in concentration of 

charge carrier in the two sections of P-N junction, the electrons from N-

region diffuse through the junction into P-region and the hole from P 

region diffuse into N-region. 

Due to diffusion, neutrality of both N and P-type semiconductor is 

disturbed, a layer of negative charged ions appear near the junction in the 

P-crystal and a layer of positive ions appears near the junction in N-crystal. 

This layer is called depletion layer  

 

 

 

 

 

 

(i) The thickness of depletion layer is 1 micron = 10–6 m. 

(ii) Width of depletion layer 
Dopping

1
  

(iii) Depletion is directly proportional to temperature. 

(iv) The P-N junction diode is equivalent to capacitor in which the 

depletion layer acts as a dielectric.  

(2) Potential barrier : The potential difference created across the P-N 

junction due to the diffusion of electron and holes is called potential barrier.  

For Ge   VVB 3.0   and for silicon VVB 7.0  

On the average the potential barrier in P-N junction is ~ 0.5 V and 

the width of depletion region ~ 10–6m. 

So the barrier electric field mV
d

V
E /105

10

5.0 5

6



 

(3) Some important graphs 

 

 

 

 

 

 

 

 

 

(4) Diffusion and drift current : Because of concentration difference 

holes/electron try to diffuse from their side to other side. Only those 

holes/electrons crosses the junction, which have high kinetic energy. This 

diffusion results in an electric current from the P-side to the N-side known 

as diffusion current (i
df

) 

As electron hole pair (because of thermal collisions) are continuously 

created in the depletion region. There is a regular flow of electrons towards 

the N-side and of holes towards the P-side. This makes a current from the 

N-side to the P-side. This current is called the drift current (i
dr

).  

Biasing 

P N 

P-N Junction 

P N 

Anode Cathode 

Fig. 27.17  

Charge density 

distance 
–  

+ 

N P 

Potential 

Distance 

N P 

Electric field 

Distance 

N P 

Fig. 27.19  

i 

V 

Electric field 

e– hole 

Fig. 27.15  

Conduction electron Conduction band 

Band gap 

Valancy band 

Hole Eg 

Electric field  E  
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It means the way of connecting emf source to P-N junction diode. It 

is of following two types 

(1) Forward biasing : Positive terminal of the battery is connected to 

the P-crystal and negative terminal of the battery is connected to N-crystal 

 

 

 

 

 

 

 

(i) In forward biasing width of depletion layer decreases 

(ii) In forward biasing resistance offered R
Forward

  10 - 25 

(iii) Forward bias opposes the potential barrier and for V > V
B

 a 

forward current is set up across the junction. 

(iv) The current is given by )1( /  kTeV
s eii ; where  

si  Saturation current,  In the exponent e = 1.6  10-19 C,  

k = Boltzmann's constant 

(v) Cut-in (Knee) voltage : The voltage at which the current starts to 

increase rapidily. For Ge it is 0.3 V and for Si it is 0.7 V. 

(vi)    df – diffusion  

  dr – drift  

          

      

 

 

 

(2) Reverse biasing : Positive terminal of the battery is connected to 

the N-crystal and negative terminal of the battery is connected to P-crystal 

 

 

 

 

 

 

(i) In reverse biasing width of depletion layer increases 

(ii) In reverse biasing resistance offered R
Reverse

  105 

(iii) Reverse bias supports the potential barrier and no current flows 

across the junction due to the diffusion of the majority carriers. 

(A very small reverse currents may exist in the circuit due to the 

drifting of minority carriers across the junction) 

(iv) Break down voltage : Reverse voltage at which break down of 

semiconductor occurs. For Ge it is 25 V and for Si it is 35 V. 

(v)  

 
 

 

 
 
 
 
 

Reverse Breakdown  

If the reverse biased voltage is too high, then breakdown of P-N 

junction diode occurs. It is of following two types  

(1) Zener breakdown : When reverse bias is increased the electric 
field across the junction also increases. At some stage the electric field 
becomes so high that it breaks the covalent bonds creating electron, hole 
pairs. Thus a large number of carriers are generated. This causes a large 
current to flow. This mechanism is known as Zener breakdown. 

(2) Avalanche breakdown : At high reverse voltage, due to high 
electric field, the minority charge carriers, while crossing the junction 
acquires very high velocities. These by collision breaks down the covalent 
bonds, generating more carriers. A chain reaction is established, giving rise 
to high current. This mechanism is called avalanche breakdown. 

Special Purpose Diodes  

(1) Zener diode : It is a highly doped p-n junction which is not 
damaged by high reverse current. It can operate continuously, without being 
damaged in the region of reverse background voltage. In the forward bias, 
the zener diode acts as ordinary diode. It can be used as voltage regulator 

 

 

 

 

 

 

(2) Light emitting diode (LED : Specially designed diodes, which give 

out light radiations when forward biases. LED’S are made of GaAsp, Gap 

etc. 

These are forward biased P-N-junctions which emits spontaneous 
radiation.  

 

 

(3) Photo diode: Photodiode is a special type of photo-detector. 

Suppose an optical photons of frequency  is incident on a semiconductor, 
such that its energy is greater than the band gap of the semiconductor (i.e. 

h > E
g

) This photon will excite an electron from the valence band to the 
conduction band leaving a vacancy or hole in the valence band.  

Which obviously increase the conductivity of the semiconductor. 
Therefore, by measuring the change in the conductance (or resistance) of 
the semiconductor, one can measure the intensity of the optical signal.  

 

 

 

(4) Solar cells : It is based on the photovoltic effect. One of the 

semiconductor region is made so thin that the light incident on it reaches 
the P-N-junction and gets absorbed. It converts solar energy into electrical 
energy. 
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Rectifier is a circuit which converts ac to unidirectional pulsating 

output. In other words it converts ac to dc. It is of following two types 

(1) Half wave rectifier :  When the P-N junction diode rectifies half of 

the ac wave, it is called half wave rectifier 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) During positive half cycle 

  Diode                      forward biased  

  Output signal                    obtained  

(ii) During negative half cycle 

  Diode                      reverse biased  

  Output signal                    not obtained 

(iii) Output voltage is obtained across the load resistance R
L

. It is not 
constant but pulsating (mixture of ac and dc) in nature . 

(iv) Average output in one cycle  


0IIdc   and 

Lf

dc
Rr

V
I

V
V


 0

0
0 ;


    

(r
f

 = forward biased resistance) 

(v) r.m.s. output  :  
2

,
2

00 V
V

I
I rmsrms   

(vi) The ratio of the effective alternating component of the output 

voltage or current to the dc component is known as ripple factor. 

2/1
2

1





























dc

rms

dc

ac

I

I

I

I
r = 1.21  

(vii) Peak inverse voltage (PIV) : The maximum reverse biased voltage 

that can be applied before commoncement of Zener region is called the PIV. 

When diode is not conducting PIV across it = V
0

  

(viii) Efficiency : It is given by 

L

fin

out

R

rP

P





1

6.40
100%  

If R
L

 >> r
f

 then   = 40.6% 

If R
L

 = r
f

 then  = 20.3% 

(ix) Form factor = 57.1
2




dc

rms

I

I
 

(x) The ripple frequency () for half wave rectifier is same as that of 

ac. 

(2) Full wave rectifier : It rectifies both halves of ac input signal. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(i) During positive half cycle 

  Diode : D
1

                     forward biased  

                    D
2

                     reverse biased 

  Output signal                    obtained due to D
1

 only  

(ii) During negative half cycle 

  Diode :   D
1

                     reverse biased  

                    D
2

                     forward biased 

  Output signal                    obtained due to D
2

 only 

(iii) Fluctuating dc                               constant dc. 

(iv) Output voltage is obtained across the load resistance R
L

. It is not 

constant but pulsating in nature. 

(v) Average output : 


00 2
,

2 I
I

V
V avav   

(vi) r.m.s. output  : 
2

,
2

00 I
I

V
V rmsrms   

(vii) Ripple factor : r = 0.48 = 48% 

(viii) Ripple frequency : The ripple frequency of full wave rectifier = 2 

 (Frequency of input ac) 

(ix) Peak inverse voltage (PIV) : It's value is 2V
0

  

(x)  Efficiency : 

L

f

R

r




1

2.81
%  for r

f

 << R
L

 , %2.81  

(3) Full wave bridge rectifier : Four diodes D
1

, D
2

, D
3

 and D
4

 are used in 

the circuit. 

During positive half cycle D
1

 and D
3

 are forward biased and D
2

 and D
4

 

are reverse biased  

During negative half cycle D
2

 and D
4

 are forward biased and D
1

 and D
3

 
are reverse biased 
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Transistor 

(1) The name of this electronic device is derived from it's fundamental 
action transfer resistor. 

(2) Transistor does not need any heater or hot filament, transistor is 
small in size and light in weight. 

(3) Transistor in general is known as bipolar junction transistor.  

(4) Transistor is a current operated device. 

(5) It consists of three main regions 

(i) Emitter (E) : It provides majority charge carriers by which current 
flows in the transistor. Therefore the emitter semiconductor is heavily 
doped.  

(ii) Base (B) : The based region is lightly doped and thin.  

(iii) Collector (C) : The size of collector region is larger than the two 
other regions.  

(6) Junction transistor are of two types : 

(i) NPN transistor : It is formed by sandwiching a thin layer of P-type 
semiconductor between two N-type semiconductors 

 

 

 

 

In NPN transistor electrons are majority charge carriers and flow from 
emitter to base. 

(ii) PNP transistor : It is formed by sandwiching a thin layer of N-type 
semiconductor between two P-type semiconductor 

 

 

 

 

 In PNP transistor holes are majority charge carriers and flow from 
emitter to base. 

In the symbols of both NPN and PNP transistor, arrow indicates the 
direction of conventional current.  

Working of Transistor 

(1) There are four possible ways of biasing the two P-N junctions 

(emitter junction and collector junction) of transistor. 

(i) Active mode : Also known as linear mode operation.  

(ii) Saturation mode : Maximum collector current flows and transistor 
acts as a closed switch from collector to emitter terminals.  

(iii) Cut-off mode : Denotes operation like an open switch where only 
leakage current flows.  

(iv) Inverse mode : The emitter and collector are inter changed.  

Table 27.5 : Different modes of operation of a transistor 

Operating mode Emitter base bias Collector base bias 

Active  Forward  Reverse  

Saturation  forward Forward 

Cut off  Reverse  Reverse 

Inverse  Reverse  Forward  

 

(2) A transistor is mostly used in the active region of operation i.e. 

emitter base junction is forward biased and collector base junction is 

reverse biased.  

(3) From the operation of junction transistor it is found that when the 

current in emitter circuit changes. There is corresponding change in 

collector current.  

(4) In each state of the transistor there is an input port and an output 

port. In general each electrical quantity (V or I) obtained at the output is 

controlled by the input. 

Table 27.6 : Circuit diagram of PNP/NPN transistor 

NPN – transistor PNP – transistor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

5% emitter electron combine with the 

holes in the base region resulting in 

small base current. Remaining 95% 

electrons enter the collector region. 

5% emitter holes combine with the 

electrons in the base region resulting 

in small base current. Remaining 95% 

holes enter the collector region. 

Ie > Ic , and Ie = Ib + Ic  Ie > Ic , and Ie = Ib + Ic 
 

Transistor Configurations 

A transistor can be connected in a circuit in the following three 
different configurations. 

Common base (CB), Common emitter (CE) and Common collector 
(CC) configuration. 

(1) CB configurations : Base is common to both emitter and collector . 

 

 

 

 

 

 

 

(i) Input current = I
e

 (ii) Input voltage = V
EB

  

(iii) Output voltage = V
CB

 (iv) Output current = I
C

  

With small increase in emitter-base voltage V
EB

, the emitter current I
e

 

increases rapidly due to small input resistance.  

(v) Input characteristics : If V
CB

 = constant, curve between I
e

 and V
EB

 is 

known as input characteristics. It is also known as emitter characteristics  
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Input characteristics of NPN transistor are also similar to the above 

figure but I
e

 and V
EB

 both are negative and V
CB

 is positive. 

Dynamic input resistance of a transistor is given by  

 

constant



















CBVe

EB
i

I

V
R     { R

i

 is of the order of 100 } 

(vi) Output characteristics : Taking the emitter current i
e

 constant, the 

curve drawn between I
C

 and V
CB

 are known as output characteristics of CB 

configuration. 

 

 

 

 

 

 

 

 

 

 

Dynamic output resistance 

 constant  ie 




















C

CB
o

i

V
R

 

 

(2) CE configurations : Emitter is common to both base and collector.  

The graphs between voltages and currents when emitter of a transistor 

is common to input and output circuits are known as CE characteristics of 

a transistor. 

 

 

 

 

 

 

 

Input characteristics : Input characteristic curve is drawn between base 

current I
b

 and emitter base voltage V
EB

, at constant collector emitter voltage 

V
CE

. 

 

 

 

 

 

 

 

 

Dynamic input resistance 

constant




















CEVB

BE
i

I

V
R  

Output characteristics : Variation of collector current I
C

 with V
CE

 can be 

noticed for V
CE 

 between 0 to 1 V only. The value of V
CE

 up to which the I
C

 

changes with V
CE

 is called knee voltage. The transistor are operated in the 

region above knee voltage.  

 

 

 

 

 

 

 

 

 
 

Dynamic output resistance 

constant

0






















BI
C

CE

I

V
R  

Field-Effect Transistor 

The low input impedance of the junction transistor is a handicap in 

certain applications. In addition, it is difficult to incorporate large numbers 

of them in an integrated circuit and they consume relatively large amounts 

of power. The field-effect transistor (FET) lacks these disadvantages and is 

widely used today although slower in operation than junction transistors.  

 

 

 

 

 

 

 

An n-channel FET consists of a block of N-type material with contacts 

at each end together with a strip of P-type material on one side that is 

called the gate. When connected as shown, electrons move from the source 

terminal to the drain terminal through the N-type channel. the PN junction 

is given a reverse bias, and as a result both the N and P materials near the 

junction are depleted on charge carriers. The higher the reverse potential on 

the gate, the larger the depleted region in the channel and the fewer the 

electrons available to carry the current. Thus the gate voltage controls the 

channel current. Very little current passes through the gate circuit owing to 

the reverse bias, and the result is an extremely high input impedance. FET is 

uni-polar. 

Transistor as an Amplifier  

A device which increases the amplitude of the input signal is called 

amplifier.  
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The transistor can be used as an amplifier in the following three 

configuration 

(i) CB amplifier (ii) CE amplifier (iii) CC amplifier 

(1) NPN transistor as CB amplifier  

 

 

 

 

 

 

 

(i) ;Cbe iii   i
b

 = 5% of i
e

 and i
C

 = 95% of i
e

  

(ii) V
EE

 < V
CC

  

(iii) Net collector voltage V
CB

 = V
CC

 – i
C

R
L

  

When the input signal (signal to be amplified) is fed to the emitter 

base circuit, it will change the emitter voltage and hence emitter current. 

This in turn will change the collector current (i
c

). This will vary the collector 

voltage V
CB

. This variation of V
CB

 will appear as an amplified output. 

(iv) Input and output signals are in same phase  

(2) NPN transistor as CE amplifier   

 

 

 

 

 

 

 

(i) ;Cbe iii   i
b

 = 5% of i
e

 and i
C

 = 95% of i
e

  

(ii) V
CC

 > V
BB

  

(iii) Net collector voltage V
CE

 = V
CC

 – i
C

R
L

  

(iv) Input and output signals are 180° out of phase. 

Different Gains in CE/CB Amplifiers 

(1) Transistor as CB amplifier 

(i) ac current gain 
)( currentcollector  in changeSmall 

)( currentcollector  in changeSmall 

e

c
ac

i

i




  

 V
B

 (constant) 

(ii) dc current gain 
)( currentEmitter 

)current(Collector 
)(or

e

c
dc

i

i
  

      valve of 
dc

 lies between 0.95 to 0.99 

(iii)  Voltage gain  
)(  voltageinput in Change

) voltage(output in Change

i

o
v

V

V
A




  

         A
v

 = 
ac

  Resistance gain 

(iv)  
) power(input in Change

) power(output in Change
gainPower 

c

o

P

P




  

      gain  ResistancegainPower 2
ac    

(2) Transistor as CE amplifier 

(i) ac current gain 


















b

c
ac

i

i
   V

CE

 = constant 

(ii) dc current gain 
b

c
dc

i

i
  

(iii) Voltage gain :  gain Resistance



 ac

i

o
v

V

V
A   

(iv)  gain Resistance
P

P
gainPower 2

i

o 



 ac  

(v) Trans conductance (g
m

) : The ratio of the change in collector 
current to the change in emitter base voltage is called trans conductance. 

i.e. 
EB

c
m

V

i
g




 . Also

L

V
m

R

A
g  ; R

L

 = Load resistance 

(3) Relation between  and   :  








1
 or 









1
 

Transistor as an Oscillator  

(1) It is defined as a circuit which generates an ac output signal 

without any externally applied input signal. 

Audio frequency oscillators generates signals of frequencies ranging 
from a few Hz to 20 kHz and radio frequency oscillators have a range from 

few kHz to MHz. 

(2) In an oscillator the frequency, waveform, and magnitude of ac 
power generated is controlled by circuit itself.  

(3) An oscillator may be considered as amplifier which provides it's 
own input signal.  

(4) The essential of a transistor oscillator are  

(i) Tank circuit : Parallel combination of L and C. This network 

resonates at a frequency 
LC

1

2

1
0


  . 

(ii) Amplifier : It receives dc power from the battery and converts into 

ac power.  

The amplifier increases the strength of oscillations. 

(iii) Feed back circuit : This circuit supplies a part of the collector 

energy to the tank circuit.  

 

 

 

 

 

 

(5) A basic common-emitter NPN oscillator is shown in the figure.  
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A tank circuit (L-C circuit) is connected in the base-emitter circuit, in 

which the capacitance C is kept variable. By changing C oscillations of a 

desired frequency can be obtained. An inductance coil L' connected in the 

collector-emitter circuit is coupled to coil L.  

On completion of the circuit electrical oscillations are developed in the 

tank circuit. The circuit amplifies these oscillations. A part of the amplifies 

signal in the collector circuit is fed back in the base circuit by the coupling 

between L and L'. Due to this feed back amplitude of oscillation builds up 

till power dissipation in the oscillatory circuit becomes equal to power fed-

back. In this state the amplitude of oscillations becomes constant.  

The oscillations can be transferred to an external circuit by mutual 

induction in a coil connected in that circuit.  

(6) Need for positive feedback : The oscillations are damped due to 

the presence of some inherent electrical resistance in the circuit. 

Consequently, the amplitude of oscillations decreases rapidly and the 

oscillations ultimately stop. Such oscillations are of little practical 

importance. In order to obtain oscillations of constant amplitude, we make 

an arrangement for regenerative or positive feedback from the output 

circuit to the input circuit so that the losses in the circuit can be 

compensated.  

 

 

 

 

 

 

Table 27.7: Comparison between CB, CE and CC  amplifier 

Characteristic Amplifier 

 CB CE CC 

Input resistance 

(Ri)  
 50 to 200  

low 

 1 to 2 k 

medium 

 150 – 800 k 

high 

Output resistance  

(Ro)  
 1 – 2 k high  50 k 

medium 

 k low 

Current gain 0.8 – 0.9 low 20 – 200 high 20 – 200 high 

Voltage gain Medium High Low 

Power gain Medium High Low 

Phase difference 

between input and 

output voltages 

Zero 180o Zero 

Used as amplifier 

for 

current Power  Voltage  

 

 
 

 

 

 

 

 

 

 

Decimal and Binary Number System 

(1) Decimal number system : In a decimal number system, we have ten 

digits i.e. 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

A decimal number system has a base of ten (10) 

e.g.                = 1000 + 900 + 70 + 1 

                     = 1  103 + 9  102 + 7  101 + 1  100  

 

LSD = Least significant digit 

MSD = Most significant digit 

(2) Binary number system : A number system which has only two 

digits i.e. 0 (Low) and 1 (High) is known as binary system. The base of 

binary number system is 2.  

(i) Each digit in binary system is known as a bit and a group of bits is 

known as a byte.  

(ii) The electrical circuit which operates only in these two state i.e. 1 

(On or High) and 0 (i.e. Off or Low) are known as digital circuits. 

Table 27. 8 : Different names for the digital signals  

State Code 1 0 

 

 

 

Name for the State 

On Off 

Up Down 

Close Open 

Excited Unexcited 

True False 

Pulse No pulse 

High Low 

Yes No 

 

(3) Decimal to binary conversion  

(i) Divide the given decimal number by 2 and the successive quotients 
by 2 till the quotient becomes zero.  

(ii) The sequence of remainders obtained during divisions gives the 
binary equivalent of decimal number. 

(iii) the most significant digit (or bit) of the binary number so 
obtained is the last remainder and the least significant digit (or bit) is the 
first remainder obtained during the division. 

For Example : Binary equivalence of 61 

2 61 Remainder  

2 30 1    LSD 

2 15 0 

t 

A 

Fig. 27.45  

Digital Electronics 

MSD LSD 

1971 
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2 7 1 

2 3 1 

2 1 1 

 0 1    MSD 

 (61)
10

 = (111101)
2

  

(4) Binary to decimal conversion : The least significant digit in the 
binary number is the coefficient of 2 with power zero. As we move towards 
the left side of LSD, the power of 2 goes on increasing.  

For Example : (11111100101)
2

 =  1  210 + 1  29 + 1  28 + 1  27 + 1  26 + 1 

 25 + 0  24 + 0  23 + 1  22 + 0  2 1 + 1  20 = 2021 

Voltage Signal 

(1) Analogue voltage signal : The signal which represents the 

continuous variation of voltage with time is known as analogue voltage 

signal  

 
 
 
 
 
 
 

(2) Digital voltage signal : The signal which has only two values. i.e. 

either a constant high value of voltage or zero value is called digital voltage 

signal 

 
 
 
 
 
 
 

Boolean Algebra  

(1) In Boolean algebra only two states of variables (0 and 1) are 
allowed. 

(2) The variables (A, B, C ….) of Boolean Algebra are subjected to three 
operations. 

(i) OR Operation : Represented by (+) sign 

 

 

 

 

 

 

Boolean expression  Y = A + B  

When switch A or B is closed – Bulb glows 

(ii) AND Operation : Represented by (·) sign 

Boolean expression Y = A · B 

When switches A and B both are closed – Bulb glows 

 

 

 

 

 

(iii) NOT Operation : Represented by bar over the variables  

Boolean expression  AY   

 

 

 

 

 

 

 

 

(3) Basic Boolean postulates and laws 

(i) Boolean Postulates : 0 + A = A,      1 · A = A,     

    1 + A = 1,      0 · A = 0, 

   1 AA  

(ii) Identity law :            A + A = A,      A · A = A  

(iii) Negation law :        AA   

(iv) Commutative law : A + B = B + A,   A · B = B · A  

(v) Associative law :  (A+B) + C = A + (B+C), 

                (A · B) · C = A · (B · C) 

(vi) Distributive law : A · (B+C) = A · B + A · C  

             (A + B) · (A + C) = A + BC  

(vii) Absorption laws : A + A·B = A,   A · (A + B) = A  

   BABAA ·)(·   

(viii) Boolean identities : BABAA  , ABBAA  )( , 

   )()( CABABCA  ,  ABCACABA  )(·)(   

(ix) De Morgan’s theorem : It states that the complement of the whole 

sum is equal to the product of individual complements and vice versa i.e. 

BABA   and BABA    

Logic Gates and Truth Table 

(1) Logic gate : The digital circuit that can be analysed with the help of 

Boolean algebra is called logic gate or logic circuit. A logic gate has two or 

more inputs but only one output. 

There are primarily three logic gates namely the OR gate, the AND 

gate and the NOT gate. 

(2) Truth table : The operation of a logic gate or circuit can be 

represented in a table which contains all possible inputs and their 

corresponding outputs is called the truth table. To write the truth table we 

use binary digits 1 and 0. 

The 'OR' Gate 

(1) It has two inputs (A and B) and only one output (Y) 

(2) Boolean expression is Y = A + B and is read as "Y equals A OR 

B" 

 

 

Fig. 27.51 : Logical symbol of OR gate 

(3) Realization of OR gate  

 

 

B 

Y 
A 

 +V 

Time 

O 

Fig. 27.47  
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A 

Fig. 27.48  

 A OFF   Lamp  ON  
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             Lamp OFF 
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Fig. 27.50  
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Fig. 27.52  

Fig. 27.49  
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(i) A = 0, B = 0 

Both diodes D
1

 and D
2

 do not conduct and hence Y = 0 

(ii) A = 0, B = 1 

D
1

 = Does not conducts, D
2

 = Conducts, hence Y = 1 

(iii) A = 1, B = 0 

D
1

 = Conducts, D
2

 = Does not conduct, hence Y = 1 

(iv) A = 1, B = 1  

Both D
1

 and D
2

 conducts, hence Y = 1 

(4) Truth table for 'OR' gate  

A B Y = A + B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
 

The 'AND' Gate 

(1) It has two inputs (A and B) and only one output (Y) 

(2) Boolean expression is Y = A · B is read as " Y equals A AND B" 

 

 

Fig. 27.53 : Logical symbol of AND gate 

(3) Realization of AND gate  

 

 

 

 

 

 

 

 

 

(i) A = 0, B = 0 

The voltage supply through R is forward biasing diodes D
1

 and D
2

 

(offers low resistance) the voltage V would drop across R  

The output voltage at Y = the voltage across diode = 0 

(ii) A = 0, B = 1 

D
1

 = conducts, D
2

 = Not Conducts 

the out voltage at Y= The voltage across the diode (D
1

) =0     

(iii) A = 1, B = 0 

D
1

 = Conducts, D
2

 = Not conducts 

the out voltage at Y= The voltage across the diode (D
2

) =0 

iv) A = 1, B = 1  

None of the diode conducts 

the out voltage at Y= Battery voltage =1 

(4) Truth table for 'AND' gate 

A B Y = A . B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

The 'NOT' Gate 

(1) It has only one input and only one output. 

(2) Boolean expression is AY   and is read as ‚y equals not A‛  

 

 

Fig 27.55 : Logical symbol of NOT gate 

(3) Realization of NOT gate : The transistor is so biased that the 

collector voltage V
CC

 = V (Voltage corresponding to 1 state)  

The resistors R and R
1

 are so chosen that if the input is low i.e. O, the 

transistor is in the cut off and hence the voltage appearing at the output 

will be the same as applied V. Hence Y = V (or state 1) 

If the input is high, the transistor current is in saturation and the net 

voltage at the output Y is 0 (in state 0) 

 

 

 

 

 

 

 

 

 

 

(4) Truth table for NOT gate :  
 

A AY   

0 1 

1 0 

 

Combination of Logic Gates 

(1) The ‘NAND’ gate : From ‘AND’ and ‘NOT’ gate 
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Fig. 27.54  
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Boolean expression and truth table : BAY   
 

A B Y = A  B  Y 

0 0 0 1 

0 1 0 1 

1 0 0 1 

1 1 1 0 

 

(2) The ‘NOR’ gate : From ‘OR’ and ‘NOT’ gate 

 

 

 

 

 

 

 

Boolean expression and truth table : BAY    

A B Y = A + B Y 

0 0 0 1 

0 1 1 0 

1 0 1 0 

1 1 1 0 

 

(3) The ‘XOR’ gate : From ‘NOT’, ‘AND’ and  ‘OR’ gate. Known as 
exclusive OR gate.  

or 

The logic gate which gives high output (i.e., 1) if either input A or 
input B but not both are high (i.e. 1) is called exclusive OR gate or the XOR 
gate. 

It may be noted that if both the inputs of the XOR gate are high, then 

the output is low (i.e., 0). 

 

  

 

 

 

 

 

 

 

 

 

Boolean expression and truth table : Y = A  B = BABA   
 

A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

(4) The exclusive nor (XNOR) gate  

 XOR + NOT                        XNOR 

 

 

 

 

 

 

 

Boolean expression : Y = A  B = ABBA   

Logic Gates Using 'NAND' Gate 

The NAND gate is the building block of the digital electronics. All the 

logic gates like the OR, the AND and the NOT can be constructed from the 

NAND gates. 

(1) Construction of the ‘NOT’ gate from the ‘NAND’ gate 

(i) When both the inputs (A and B) of the NAND gate are joined 

together then it works as the NOT gate. 

 

 

 

(ii) Truth table and logic symbol   

Input Output  

A = B Y 

0 1 

1 0 

 

(2) Construction of the ‘AND’ gate from the ‘NAND’ gate 

(i) When the output of the NAND gate is given to the input of the 

NOT gate (made from the NAND gate), then the resultant logic gate works 

as the AND gate 

 

 

 

(ii) Truth table and logic symbol 

A B Y Y 

0 0 1 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

 

(3) Construction of the ‘OR’ gate by the ‘NAND’ gate 

(i) When the outputs of two NOT gates (obtained from the NAND 

gate) is given to the inputs of the NAND gate, the resultant logic gate works 

as the OR gate 

 Y 
A 

B 

Y = A + B 

B 

A 

OR NOT 

Fig. 27.58  

Y 

B 

A 

 
B 

A 
Y 

Fig. 27.60  

 Y 
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B 

Y 
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Fig. 27.59  
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Fig. 27.61  
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(ii) Truth table and logic symbol 
 

A B A  B  Y 

0 0 1 1 0 

0 1 1 0 1 

1 0 0 1 1 

1 1 0 0 1 
 

 
 
 
 

 

 

 

 

 

 

 

Electron Emission from Metal 

(1) Free electron in metal experiences a barrier on surface due to 

attractive Coulombian force. 

(2) When kinetic energy of electron becomes greater than barrier 

potential energy (or binding energy bE ) then electron can come out of the 

surface of metal. 

(3) Fermi energy (E
f

) : Is the maximum possible energy possessed by 

free electron in metal at 0K temperature 

(i) In this energy level, probability of finding electron is 50%. 

(ii) This is a reference level and it is different for different metals. 

(4) Threshold energy (or work function W
0

) : Is the minimum energy 

required to take out an electron from the surface of metal. Also W
0

 = E
b

 – E
f 

 

 

 

 

 

 

Work function for different materials  

(W
0

)
Pure tungsten

         = 4.5 eV  

(W
0

)
Throated tungsten

     = 2.6 eV 

(W
0

)
Oxide coated tungsten

 = 1 eV 

 

(5) Four processes of electron emission from a metal are 

(i) Thermionic emission  

(ii) Photoelectric emission   

(iii) Field emission   

(iv) Secondary emission 

Thermionic Emission 

(1) The phenomenon of ejection of electrons from a metal surface by 

the application of heat is called thermionic emission and emitted electrons 

are called thermions and current flowing is called thermion current. 

(2) Thermions have different velocities.  

(3) This was discovered by Edison 

(4) Richardson – Dushman equation for current density (i.e. electric 
current emitted per unit area of metal surface) is given as 

T

V

kT

qV

kTW
eATeATeATJ

11600

22/2 0



  

where A = emission constant = 41012 amp/ m2-K2 , k = 
Boltzmann’s constant, T = Absolute temp and W

0

 = work function. 

(5) The number of thermions emitted per second per unit area (J) 
depends upon following : 

(i) 2TJ      (ii) 0W
eJ


  

Table 27.9: Types of thermionic emitters 
 

Directly heated emitter Indirectly heated emitter 

 

 

 

 

 

 

 

 

 

 

 

 

Cathode is directly heated by passing 

current. 

Cathode is indirectly heated. 

Thermionic current is less. Thermionic current is more. 

Energy consumption and life is small. Energy consumption and life is more. 

 

Vacuum Tubes and Thermionic Valves 

(1) Those tubes in which electrons flows in vacuum are called vacuum 

tubes. 

(2) These are also called valves because current flow in them is 

unidirectional. 

(3) Vacuum in vacuum tubes prevents the emission of secondary 
electrons and burning of heated filament (which will happen if we use air in 

place of vacuum) 

(4) Every vacuum tube necessarily contains two electrodes out of 
which one is always electron emitter (cathode) and another one is electron 

collector (anode or plate). 

(5) Depending upon the number of electrodes used the vacuum tubes 
are named as diode, triode, tetrode, pentode…. respectively, if the number of 

electrodes used are 2, 3, 4, 5….. respectively. 

Diode Valve  
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Valve Electronics 

W0 

Temp. 

Fig. 27.65  
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(1) Inventor : Fleming  

(2) Principle : Thermionic emission  

(3) Number of electrodes : Two 

(4) Working : When plate potential ( pV ) is positive, plate current 

( pi ) flows in the circuit (because some emitted  electrons reaches to plate). 

If + pV  increases pi  also increases and finally becomes maximum 

(saturation). 

 

 

 

 

 

 

 

 

(5) Space charge : If pV is zero or negative, then electrons collect 

around the plate as a cloud which is called space charge. space charge 
decreases the emission of electrons from the cathode. 

Characteristic Curves of a Diode 

A graph represents the variation of pi  with pV  at a given filament 

current ( fi ) is known as characteristic curve. 

 

 

 

 

 

 

The curve is not linear hence diode valve is a non-ohmic device. 

(1) Space charge limited region (SCLR) : In this region current is space 
charge limited current. 

Also 2/3
pp Vi    2/3

pp kVi  ; where k is a constant depending on 

metal as well as on the shape and area of the cathode. This is called child’s 
law.  

(2) Linear region (LR) : In this region pp Vi   

(3) Saturated region (SR) or temperature limited region (TLR) : In this 
part, the current is independent of potential difference applied between the 
cathode and anode. 

)( pp Vfi  , fip   (Temperature)  

The saturation current follows Richardson Dushman equation i.e. 
kT

eASTi
/2 0 ;  Here  

A = Emission constant = 22

3

2

/
4

kmamp
h

mek



 

S = Area of emitter in 2m ;  T = Absolute temperature in K 

0 =Work function of metal in Joule; k =Boltzmann constant    

The small increase in pi  after saturation stage due to field emission is 

known as Shottkey effect. 

(4) Diode resistance  

(i) Static plate resistance or dc plate resistance : 
p

p

p
i

V
R  . 

(ii) Dynamic or ac plate resistance : If at constant filament current, a 

small change ∆V
P

 in the plate potential produces a small change pi  in the 

plate current, then the ratio pp iV  /  is called the dynamic resistance, or 

the ‘plate resistance’ of the diode 
p

p

p
i

V
r




 . 

(iii) In SCLR : pp Rr  ,   (iv) In TLR  : pp rR   and pr . 

(5) Uses of diode valve  

(i) As a rectifier   (ii) As a detector  

(iii) As a transmitter   (iv) As a modulator 

Diode Valve as a Rectifier  

Rectifier is a device which converts ac into dc 

(1) Half wave rectifier : The circuit of half wave rectifier is shown 

below. In the first half cycle of ac input the diode conducts and in the 

second half cycle it does not conducts. Thus half of the input cycle appear 

as output.  

 
 
 
 
 
 
 
 
 
 
 

(i) Output voltage is not constant but pulsating in nature. 

(ii) It is a mixture of ac and dc. 

(iii) The dc values of the half wave output are given by  

 


0
..

V
V cd   and 


0

..

i
i cd   

(iv) The r.m.s. values of the half wave output are given by  

 
2

0V
Vrms   and 

2

0iirms   

(v) The ratio of the effective alternating component to the direct 

component of the output voltage or current is called ripple factor 

%12121.11
2

1

22

....

.. 

























cd

rms

cd

ca

i

i

i

i
r . 

(vi) Efficiency of half wave rectifier is given by  

VP (volt) O 

A 
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B 

ip 
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Fig. 27.68  
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 %

1

6.40
%100

..

..

L

pca

cd

R

rP

P



  

The maximum efficiency (for R
L

 >> r
p

) = 40.6%  

(vii) Form factor 57.1
2....




cd

rms

cd

rms

V

V

i

i
 

(viii) Ripple frequency = Frequency of input ac =   

(2) Full wave rectifier : It consist of two diodes D
1

 and D
2

 . They 

conducts alternately during positive and negative half cycle of input ac and 

a unidirectional (or dc) current flows in output  

 
 
 
 
 
 
 
 
 
 
 
 

(i) The average or dc output values are  

 


0
..

2V
V cd   and 


0

..

2i
i cd   

(ii) It is a mixture of ac and dc  

(iii) The r.m.s. values of the half wave output are given by  

 
2

0V
Vrms   and 

2

0iirms   

(iv) Ripple factor %4848.01
22

2

















r . 

(v) Efficiency of half wave rectifier is given by  

 %

1

2.81
%100

..

..

L

pca

cd

R

rP

P



  

The maximum efficiency (for R
L

 >> r
p

) = 81.2%  

(vii) Form factor 11.1
22....




cd

rms

cd

rms

V

V

i

i
 

(viii) Ripple frequency = Double of frequency of input ac = 2 

Filter Circuit 

Filter circuits smooth out the fluctuations in amplitude of ac ripple of 

the output voltage obtained from a rectifier.  

(i) Filter circuit consists of capacitors or/ and choke coils. 

(ii) A capacitor offers a high resistance to low frequency ac ripple 

(infinite resistance to dc) and a low resistance to high frequency ac ripple. 

Therefore, it is always used as a shunt to the load. 

(iii) A choke coil offers high resistance to high frequency ac, and almost 

zero resistance to dc. It is used in series.  

(iv)  - Filter is best for ripple control. 

(v) For voltage regulation choke input filter (L-filter) is best. 

Triode Valve 

 

 

 

 

 

 

 

 

 

(1) Inventor : Dr. Lee De Forest  

(2) Principle : Thermionic emission 

(3) Number of electrodes : It consists of three electrodes. 

(i) Filament (F) : It emits electron on heating. 

(ii) Plate or anode (P) : It collect the electrons. 

(iii) Control grid : It is a third electrode, also known as control grid, 

which controls the electrons going from cathode to plate. As a result grid 

controls the plate current. It is kept near the cathode with low negative 

potential. 

When grid is given positive potential then plate current increases but 

in this case triode cannot be used for amplifier and therefore grid is 

normally not given positive potential.  

When grid is given negative potential then plate current decreases but 

in this case grid controls plate current most effectively. 

(4) Working : Plate of triode valve is always kept at positive potential 

w.r.t. cathode. The potential of plate is more than that of grid. 

 

 

 

 

 

 

 

 
 

The variation of plate potential affects the plate current as follows 

2/3















p
Gp

V
Vki ; where  = Amplification factor of triode valve, k = 

Constant of triode valve. 

The valve of V
G

 for which the plate current becomes zero is known as 

the cut off voltage. For a given pV , it is given by 


p
G

V
V  . 

Characteristics of Triode 

The triode characteristics can be obtained under two sets of condition 

as  

Static characteristics and dynamic characteristics  

(1) Static characteristics : Graphical representation of V
p

 or V
g

 and i
p

 

without any load  

Fig. 27.70  
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(i) Static plate characteristic curve : Graphical representation of i
p

 and 

V
P

 at constant V
g 

. 

 

 

 

 

 

 

 

(ii) Static mutual characteristics curve : Graphical representation of i
P

 

and V
G

 when V
P 

is kept constant 

 

 

 

 

 

 

 

 

(iii) Constant current characteristic curve : Graphical representation 

between V
p

 and V
g

 when i
p

 is constant. 

 

 

 

 

 

 

 

(2) Dynamic characteristics : The curve plotted between i
p

,  V
p

 and V
g

 

when the triode contains load in the plate circuit are called dynamics 

characteristics of diode. 

(i) Load line : Voltage drop i
p

R
L

 across load R
L

 which decreases the plate 

potential will be less then the supply voltage.  

Plate voltage V
p

 = V
pp

 – i
p

R
L

  
L

pp
p

L

p
R

V
V

R
i 

1
 

This equation represents a straight line on the static plate characteristics, 

joining the points ( ppV , 0) on plate voltage axis and )/,0( Lpp RV  on plate 

current axis. This line known as load line.  

  

 

 

 

 

 

 

(a) Points at which load line cuts the plate characteristic curves are 

called operating points.  

(b) The slope of load line 
Lp

p

RdV

di
AB

1
  

(c) In graph,  ppVOA intercept of load line on V
P

 axis and 

 Lpp RVOB / intercept of load line on pi  axis. 

(d) Static plate characteristic  + load line 

       Dynamic plate characteristic 

      Static mutual characteristic  + load line 

     Dynamic mutual characteristic  
 

Constants of Triode Valve 

(1) Plate or dynamic resistance (r
P

)  

(i) The slope of plate characteristic curve is equal to 

resistanceplate

1
 

or It is the ratio of small change in plate voltage to the change in plate 
current produced by it, the grid voltage remaining constant. That is, 

constant,
p





 G

p

p V
i

V
r .  

 

 

 

 

 

 

(ii) It is expressed in kilo ohms (K). Typically, it ranges from 8K to 

40K. The r
p

 can be determined from plate characteristics. It represents the 

reciprocal of the slope of the plate characteristic curve. 

(iii) If the distance between plate and cathode is increased the r
p

 
increases. The value of r

p

 is infinity in the state of cut off bias or saturation 
state. 

(2) Mutual conductance (or trans conductance) (g
m

)  

(i) It is defined as the ratio of small change in plate current )( pi  to 

the corresponding small change in grid potential )( gV  when plate 

potential pV  is kept constant i.e. 

constantispV
g

p
m

V

i
g


















  

 

 

 

 

 

 

 

(ii) The value of g
m

 is equal to the slope of mutual characteristics of 
triode.  

ip VP=120V 
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1
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Fig. 27.74  
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(iii) The value of g
m

 depends upon the separation between grid and 
cathode. The smaller is this separation, the larger is the value of g

m

 and vice 
versa. 

(iv) In the saturation state, the value of 0 pi , 0mg  

(3) Amplification factor () : It is defined as the ratio of change in 

plate potential )( pV  to produce certain change in plate current )( pi  to 

the change in grid potential )( gV  for the same change in plate current 

)( pi i.e. 

 constant a




















pI
g

p

V

V
 ; negative sign indicates that V

p

 and V
g

 

are in opposite phase.  

(i) Amplification factor depends upon the distance between plate and 
cathode (d

pk

), plate and grid (d
pg

) and grid and cathode(d
gk

). 

i.e. 
gk

pkpg
d

dd
1

   

(ii) The value of  is greater than one.  

(iii) Amplification factor is unitless and dimensionless. 

(4) Relation between triode constants : The triode constants are not 

independent of each other. They are related by the relation mp gr   

The pr  and mg  depends on i
p

 in the following manner 

 
3/1

 pp ir , 
3/1

pm ig  ,   does not depend on i
p

.  

Above three constants may be determined from any one set of 
characteristic curves. 

PBPA

PP
p

II

VV
r




 21 ,  

21 GG

PBPA
m

VV

II
g




 ,  

 
12

21

GG

PP

VV

VV




  

Triode as an Amplifiers 

Amplifier is a device by which the amplitude of variation of ac signal 

voltage / current/ power can be increased 

(1) The signal to be amplified (V
i

) is applied in the grid circuit and 

amplified output is obtained from the plate circuit 

 

 

 

 

 

 

 

 

(2) The voltage at grid is the sum of signal V
i

 and grid bias V
gg

.   

 iggg VVV   

(3) Small change in grid voltage results in a large change in plate 
current so results in a large change in voltage across 

)( 00 LpLpL RiVRiVR   

(4) The linear portion of the mutual characteristic with maximum 

slope is chosen for amplification without distortion.  

 

 

 

 

 

 

 

 

 

(i) For the positive half cycle of input voltage (V
i

) : V
g

 becomes less 

negative, so i
P

 increases  

(ii) For the negative half cycle of input voltage (V
i

) : V
g

 becomes more 

negative, so i
p

 decreases  

(iii) The phase difference between the output signal and input signal is 

180° (or )  

(5) Voltage amplification  

 

 

 

 
 

Fig. 27. 82 : Equivalent circuit of triode amplifier  

Current through the load resistance is given by 
Lp

i
p

Rr

V
i





 

 
Lp
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RiV







0     Voltage gain 
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i Rr

R
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0  

Numerically 

L

pLp

L

R

rRr

R
A








1


 

(i) If R
L

 =   A will be maximum and A
max

 =   

(Practically A < )  

(ii) If r
p

 = R
L

  A = 
2


 

(iii) Power at load resistance Lpp RiViP 2
0   

Condition for maximum power R
L

 = r
p

  

 
L

i
L

LL

i

R

V
R

RR

V
P

4

222

max


















  

 

 

 

 

 

 The most efficient packing of atoms in cubic lattice structure 

occurs for fcc.  
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–Vi 

rp 

RL 

ip 

Output 

VO 

ip 

ipA 

ipB 

O VG 

C 

A 

B 

1PV  

2PV  

1GV  
2GV  

Fig. 27.79  

RL 

Vpp 

P 

RL 

Vo 

Output 

voltage 

+ 

– 

K 

Vg 

Vgg 

Vi 

+ 

– 

C 

G 

Fig. 27.80  

Output  

Input  

O 

iP (mA) 

– Vgg+Vi 

Vg 

– Vgg– Vi 

– V
gg 

Linear part 

Fig. 27.81  



 

 Electronics 1553 

 The lattice for NaCl crystal is fcc. 

 The space lattice of diamond is fcc. (The diamond structure may be 
viewed as two fcc structures displaced from each other by one quarter of 
a body diagonal). 

 Carbon, silicon, germanium, tin can crystallize in the diamond 

structure.  

 At room temperature SiGe    

 319 /104.2~)( mn Gei   and 316 /105.1~)( mn Sii   

 In a transistor circuit the reverse bias is high as compared to the 

forward bias.  So that it may exert a large attractive force on the charge 

carriers to enter the collector region. 

 Ge is more sensitive to heat since it's forbidden energy gap is smaller 

than that of silicon. Electrons from the valence band of Ge requires less 
energy to move from the valence band to conduction band.  

 Both N-type as well as P-type semiconductor are neutral. 

 Semiconductor devices are current control devices. 

 The semiconductor devices are temperature sensitive devices. 

 The electric field setup across the potential barrier is of the order 

of 3  105 V/m for Ge and 7  105 V/m for Si.  

 An ideal junction diode when forward biased offers zero resistance. 

Voltage drop across such a junction diode is zero. In reverse biased diode 

offers infinite resistance and voltage drop across it is equal to voltage 

applied.  

 A P-N junction diode can be considered to be equivalent to a 

capacitor with P and N regions acting as the plates of the capacitors and 

depletion layer as the dielectric medium.  

 The mobility of electron is two-three times the mobility of holes. 

Therefore NPN devices are fast and hence preferred. 

 If ,0–~ eVEg  the material is good conductor or metal and if 

,1–~ eVEg  the material is a semiconductor. If eVEg 6–~  then the 

material is an insulator. 

 A P-N junction or diode acts like a valve or voltage controlled 

switch. When forward biased, it acts like ON switch. When reverse 

biased, it acts like an OFF switch.  

 The current due to minority carriers in the junction diode is 

independent of the applied voltage. It only depends upon the 

temperature of the diode. 

 Voltage obtained from a diode rectifier is a mixture of alternating 

and direct voltage. 

 Cross sectional area of base is very large as compared to emitter. 

Cross sectional area of collector is less than base but greater than 

emitter.  

 C.C (common collector) amplifier is called power amplifier or 

current booster or emitter follower.  

 Devices like tunnel diode, tetrode and thyrisisters have negative 

resistance.  

 Transistor provides good power amplification when they are use in 

CE configuration.  

 MOSFETS : In a MOSFET, a type of three-terminal transistor, a 

potential applied to the gate terminal G controls the internal flow of 

electrons from the source terminal S to the drain terminal D. Commonly, 

a MOSFET is operated only in its ON (conducting) or OFF (not 

conducting condition. Installed by the thousands and millions on silicon 

wafers (chips) to form integrated circuits, MOSFETs form the basis for 

computer hardware. 

 When a PN junction is forward biased, it can emit light, hence can 

serve as a light-emitting diode (LED). The wavelength of the emitted 

light is 
gE

hc

f

c
  

 The fermi energy of a given material is the energy of a quantum 

state that has the probability 0.5 of being occupied by an electron.  

 Number of conduction electrons per unit volume  

 
ANM)/ massMolar (

density) sMaterial'(
  

 (N
A

 = Avogadro's number = 6.02  1023 /mol) 

 The occupancy probability P(E) : Electrical conduction of a metal 

depends on the probability that if an energy level is available at energy E, 

is it actually occupied by an electron. 

the expression for occupancy probability P(E) is given by  

Fermi-Dirac statistics ;

1exp

1
)(








 


kT

EE
EP

F

E
F

=Fermi energy 

 A good emitter should have low work function, high melting point, 

high working temperature, high electrical and mechanical strength. 

 When triode amplifier are in series, total voltage gain  

 A = A
1

 A
2

 A
3

 .......... 

 When two triode valve are in parallel  

Total plate resistance 

21

111

ppp rrr
  

Total mutual conductance 
21 mmm ggG   

Total amplification factor  = G
m

R
p

  

Voltage amplification 
Lp

L

Rr

R
A





 

 NOR gate is a universal gate because it can be used to perform the 

basic logic function, AND, OR and NOT. 

 Output in Ex-OR gate is '1' only when inputs are different. 

 If both inputs of NAND gate are shorted then it will become 'NOT 

gate  

 

 

 

  

T.V.-1 

T.V.-2 

A 

NOT gate 

A 
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Solids and Crystals 
 

1. The nature of binding for a crystal with alternate and evenly spaced 
positive and negative ions is  [CBSE PMT 2000] 

(a) Covalent  (b) Metallic 

(c) Dipolar  (d) Ionic 

2. For a crystal system, a = b = c,  =  =    90o, the system is    [BHU 2000] 

(a) Tetragonal system  (b) Cubic system  

(c) Orthorhombic system  (d) Rhombohedral system 

3. Biaxial crystal among the following is  [Pb. CET 1998] 

(a) Calcite  (b) Quartz 

(c) Selenite  (d) Tourmaline 

4. The temperature coefficient of resistance of a conductor is  

     [AFMC 1998] 

(a) Positive always  (b) Negative always 

(c) Zero  (d) Infinite 

5. Potassium has a bcc structure with nearest neighbour distance 4.525 
Å. Its molecular weight is 39. Its density in kg/m3 is    [DCE 1997] 

(a) 900 (b) 494 

(c) 602 (d) 802 

6. The expected energy of the electrons at absolute zero is called     [RPET 1996] 

(a) Fermi energy  (b) Emission energy 

(c) Work function  (d) Potential energy 

7. In a triclinic crystal system   [EAMCET (Med.) 1995] 

(a) cba  ,    (b) cba  ,    

(c) cba  ,    (d) cba  ,    

8. Metallic solids are always opaque because [AFMC 1994] 

(a) Solids effect the incident light   

(b) Incident light is readily absorbed by the free electron in a metal 

(c) Incident light is scattered by solid molecules 

(d) Energy band traps the incident light 

9. In which of the following ionic bond is present 

     [EAMCET (Med.) 1994] 

(a) NaCl (b) Ar 

(c) Si (d) Ge 

10. Which of the following materials is non crystalline 

     [CBSE PMT 1993] 

(a) Copper (b) Sodium chloride 

(c) Wood (d) Diamond 
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11. The coordination number of Cu  is  [AMU 1992] 

(a) 1 (b) 6      

(c) 8 (d) 12 

12. Which one of the following is the weakest kind of bonding in solids[CBSE PMT 1992; KCET 1992] 

(a) Ionic (b) Metallic 

(c) Vander Waals (d) Covalent 

13. In a crystal, the atoms are located at the position of  

     [AMU 1985] 

(a) Maximum potential energy  

(b) Minimum potential energy 

(c) Zero potential energy 

(d) Infinite potential energy 

14. Crystal structure of NaCl  is    [NCERT 1982] 

(a) Fcc (b) Bcc 

(c) Both of the above (d) None of the above 

15. What is the coordination number of sodium ions in the case of 
sodium chloride structure   [CBSE PMT 1988] 

(a) 6 (b) 8 

(c) 4 (d) 12 

16. The distance between the body centred atom and a corner atom in 

sodium (a = 4.225 Å) is  [CBSE PMT 1995] 

(a) 3.66 Å (b) 3.17 Å 

(c) 2.99 Å (d) 2.54 Å 

17. A solid that transmits light in visible region and has a very low 

melting point possesses   [J & K CET 2001] 

(a) Metallic bonding (b) Ionic bonding 

(c) Covalent bonding (d) Vander Waal’s bonding 

18. Atomic radius of fcc is   [J & K CET 2001] 

(a) 
2

a
 (b) 

22

a
 

(c) a
4

3
 (d) a

2

3
 

19. A solid reflects incident light and it’s electrical conductivity 

decreases with temperature. The binding in this solids 

(a) Ionic (b) Covalent 

(c) Metallic (d) Molecular 

20. The laptop PC’s modern electronic watches and calculators use the 
following for display 

(a) Single crystal (b) Poly crystal 

(c) Liquid crystal (d) Semiconductors 

21. The nearest distance between two atoms in case of a bcc lattice is 

equal to    [J & K CET 2004]  

(a) 
3

2
a  (b) 

2

3
a  

(c) 3q  (d) 
2

a
 

22. What is the net force on a Cl– placed at the centre of the bcc 

structure of CsCl     [DCE 2003; AIIMS 2004] 

 

 

 

 

 

(a) Zero  (b) 22 / ake  

(c) 22ake  (d) Data is incomplete 

23. Sodium has body centred packing. If the distance between two 

nearest atoms is 3.7 Å, then its lattice parameter is  

    [Pb. PET 2002] 

(a) 4.8 Å (b) 4.3 Å 

(c) 3.9 Å (d) 3.3 Å 

24. Which of the following is an amorphous solid   

                        [AIIMS 2005; J & K CET 2004] 

(a) Glass  (b) Diamond 

(c) Salt (d) Sugar 

25. Copper has face centered cubic (fcc) lattice with interatomic spacing 

equal to 2.54Å. The value of the lattice constant for this lattice is    [CBSE PMT 2005] 

(a) 1.27 Å (b) 5.08 Å 

(c) 2.54 Å (d) 3.59 Å 

26. In good conductors of electricity, the type of bonding that exists is     [CBSE PMT 1995] 

 (a) Ionic (b) Vander Waals 

 (c) Covalent (d) Metallic 

27. Bonding in a germanium crystal (semi- conductor) is   

[CPMT 1986; KCET 1992; EAMCET (Med.) 1995;  

MP PET/PMT 2004] 

 (a) Metallic  (b) Ionic 

 (c) Vander Waal's type  (d) Covalent 

28. The ionic bond is absent in    [J & K CET 2005] 

(a) NaCl  (b) CsCl  

(c) LiF  (d) H
2

O  

 

Semiconductors 

 

1. The majority charge carriers in P-type semiconductor are   

[MP PMT 1999; CBSE PMT 1999;  

MP PET 1991; MP PET/PMT 1998; MH CET 2003] 

(a) Electrons (b) Protons  

(c) Holes (d)  Neutrons  

2. A P-type semiconductor can be obtained by adding  

[NCERT 1979; BIT 1988; MP PMT 1987; 90] 

(a) Arsenic to pure silicon  

(b) Gallium to pure silicon  

(c) Antimony to pure germanium 

(d) Phosphorous to pure germanium 

3. The valence of an impurity added to germanium crystal in order to 
convert it into a P-type semi conductor is  

[MP PMT 1989; CPMT 1987] 

 (a) 6 (b) 5 

 (c) 4 (d) 3 
Cs+ Cs+ 

Cs+ Cs+ 

Cs+ 

Cs+ 
Cs+ 

Cs+ 
Cl 

a 

a 

a 
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4. In a semiconductor, the concentration of electrons is 
314 /108 cm and that of the holes is .105 312 cm  The 

semiconductor  is  [MP PMT 1997; RPET 1999; 

     Kerala PET 2002] 

 (a) P-type (b) N-type 

 (c) Intrinsic (d) PNP-type 

5. In P-type semiconductor, there is   [MP PMT 1989] 

 (a) An excess of one electron  

 (b) Absence of one electron  

 (c) A missing atom  

 (d) A donar level 

6. The valence of the impurity atom that is to be added to germanium 
crystal so as to make it a N-type semiconductor, is   

[MNR 1993; MP PET 1994; CBSE PMT 1999; AIIMS 2000]  

 (a) 6 (b) 5 

 (c) 4 (d) 3 

7. Silicon is a semiconductor. If a small amount of As is added to it, 
then its electrical conductivity          [MP PMT 1996] 

(a) Decreases (b) Increases 

 (c) Remains unchanged (d) Becomes zero 

8. When the electrical conductivity  of a semi-  conductor  is due to 
the breaking of its covalent bonds, then the semiconductor is said to 
be  

      [AIIMS 1997; KCET (Engg.) 2002] 

 (a) Donar (b) Acceptor 

 (c) Intrinsic (d) Extrinsic  

9. A piece of copper and the other of germanium are cooled from the 
room temperature to 80 K, then which of the following would be a 
correct statement  

[IIT-JEE 1988; Bihar CEE 1992; CBSE PMT 1993;  
MP PET 1997; RPET 1999; AIEEE 2004] 

 (a) Resistance of each increases 

 (b) Resistance of each decreases 

 (c) Resistance of copper increases while that of germanium 
decreases  

 (d) Resistance of copper decreases while that of germanium 
increases  

10. To obtain P-type Si  semiconductor, we need to dope pure Si  

with      [IIT-JEE 1988; MP PET 1997, 93; 

Pb. PMT 2001, 02; UPSEAT 2004] 

 (a) Aluminium  (b) Phosphorous 

 (c) Oxygen  (d) Germanium 

11. Electrical conductivity of a semiconductor  

                                [MP PMT 1993, 2000; RPET 1996] 

 (a) Decreases with the rise in its temperature  

 (b) Increases with the rise in its temperature  

 (c) Does not change with the rise in its temperature 

(d) First increases and then decreases with the rise in its 

temperature 

12. Three semi-conductors are arranged in the increasing order of their 

energy gap as follows. The correct  arrangement is 

          [MP PMT 1993] 

 (a) Tellurium, germanium, silicon 

 (b) Tellurium, silicon, germanium 

 (c) Silicon, germanium, tellurium 

 (d) Silicon, tellurium, germanium 

13. When a semiconductor is heated, its resistance 

 [KCET 1992; MP PMT 1994; MP PET 1992, 2002; 

 RPMT 2001; DCE 2001] 

 (a) Decreases  (b) Increases 

 (c) Remains unchanged (d) Nothing is definite  

14. In an insulator, the forbidden energy gap between the valence band 

and conduction band is of the order of  

[DPMT 1988; EAMCET (Engg.) 1995; MP PET 1996] 

 (a) MeV1  (b) MeV1.0  

 (c) eV1  (d) eV5  

15.  A N-type semiconductor is    [AFMC 1988; RPMT 1999] 

 (a) Negatively charged (b) Positively charged 

 (c) Neutral (d) None of these 

16. The energy band gap of Si  is 

 [MP PET 1994, 2002; BHU 1995; RPMT 2000] 

(a) eV70.0  

(b) 1.1 eV  

 (c) Between eV70.0  to eV1.1  

 (d) 5 eV 

17. The forbidden energy band gap in conductors, semiconductors and 

insulators are 21 , EGEG and 3EG  respectively. The relation 

among them is 

    [MP PMT 1994; RPMT 1997] 

 (a) 321 EGEGEG   (b) 321 EGEGEG   

 (c) 321 EGEGEG   (d) 321 EGEGEG   

18. Which statement is correct    [MP PMT 1994] 

 (a) N-type germanium is negatively charged and P-type germanium 

is positively charged  

 (b) Both N-type and P-type germanium are neutral 

 (c) N-type germanium is positively charged and P-type germanium 

is negatively charged 

 (d) Both N-type and P-type germanium are negatively charged 

19. When Ge crystals are doped with phosphorus atom, then it becomes 
 [AFMC 1995; Orissa PMT 2004] 

 (a) Insulator (b) P-type 

 (c) N-type (d) Superconductor 

20. Let Pn  and en  be the number of holes and conduction electrons 

respectively in a semiconductor. Then 

     [MP PET 1995] 

 (a) eP nn  in an intrinsic semiconductor 

 (b) eP nn  in an extrinsic semiconductor  

 (c) eP nn  in an intrinsic semiconductor 

 (d) Pe nn  in an intrinsic semiconductor 



 

 Electronics 1559 

21. Wires P and Q have the same resistance at ordinary (room) 

temperature. When heated, resistance of P  increases and that of Q 

decreases. We conclude that 

 [MP PMT 1995; MP PET 2001] 

 (a) P and Q are conductors of different materials 

 (b) P is N-type semiconductor and Q is P-type semiconductor 

 (c) P is semiconductor and Q is conductor 

 (d) P is conductor and Q is semiconductor 

22. The impurity atoms which are mixed with pure silicon to make a P-
type semiconductor are those of   [MP PMT 1995] 

 (a) Phosphorus (b) Boron 

 (c) Antimony (d) Copper 

23. Holes are charge carriers in    [IIT-JEE 1996] 

 (a) Intrinsic semiconductors (b) Ionic solids 

 (c) P-type semiconductors (d) Metals  

24. In extrinsic P and N-type, semiconductor materials, the ratio of the 

impurity atoms to the pure semiconductor atoms is about     [MP PET 2003] 

 (a) 1 (b) 110   

 (c) 410   (d) 710   

25. A hole in a P-type semiconductor is  [MP PET 1996] 

 (a) An excess electron (b) A missing electron  

 (c) A missing atom (d) A donor level 

26. The forbidden gap in the energy bands of germanium at room 
temperature is about     [MP PMT/PET 1998] 

 (a) eV1.1  (b) eV1.0  

 (c) eV67.0  (d) eV7.6  

27. In P-type semiconductor the majority and minority charge carriers 
are respectively 

   [EAMCET 1994; MP PMT/PET 1998; MH CET 2000] 

 (a) Protons and electrons (b) Electrons and protons 

 (c) Electrons and holes (d) Holes and electrons 

28. At zero Kelvin a piece of germanium  [MP PET 1999] 

 (a) Becomes semiconductor 

 (b) Becomes good conductor 

 (c) Becomes bad conductor  

 (d) Has maximum conductivity 

29. Electronic configuration of germanium is 2, 8, 18 and 4. To make it 
extrinsic semiconductor small quantity of antimony is added    [MP PET 1999] 

 (a) The material obtained will be N-type germanium in which 
electrons and holes are equal in number 

 (b) The material obtained will be P-type germanium 

 (c) The material obtained will be N-type germanium which has 
more electrons than holes at room temperature 

 (d) The material obtained will be N-type germanium which has less 
electrons than holes at room temperature 

30. A semiconductor is cooled from KT1  to .2 KT  Its resistance 

   [MP PET 1999] 

 (a) Will decrease 

 (b) Will increase 

 (c) Will first decrease and then increase 

 (d) Will not change 

31. If PN and eN be the numbers of holes and conduction electrons in 

an extrinsic semiconductor, then 

    [MP PMT 1999; AMU 2001] 

 (a) eP NN   

 (b) eP NN   

 (c) eP NN   

 (d) eP NN   or eP NN   depending on the nature of impurity   

32. In intrinsic semiconductor at room temperature, number of 
electrons and holes are 

  [EAMCET (Engg.) 1995; JIPMER 2001, 02] 

 (a) Equal (b) Zero 

 (c) Unequal (d) Infinite 

33. (USS 133) Indium impurity in germanium makes 

    [EAMCET (Engg.) 1995] 

 (a) N-type (b) P-type 

 (c) Insulator (d) Intrinsic 

34. Fermi level of energy of an intrinsic semiconductor lies  

[EAMCET (Med.) 1995] 

 (a) In the middle of forbidden gap 

 (b) Below the middle of forbidden gap 

 (c) Above the middle of forbidden gap 

 (d) Outside the forbidden gap 

35. In a semiconductor the separation between conduction band and 
valence band is of the order of 

   [EAMCET (Med.) 1995; AIIMS 2000] 

 (a) eV100  (b) eV10  

 (c) eV1  (d) 0 eV  

36. The intrinsic semiconductor becomes an insulator at  

[EAMCET (Med.) 1995; KCET (Engg./Med.) 1999;  

MP PET 2000; CBSE PMT 2001] 

 (a) C0  (b) C100  

 (c) K300  (d) K0  

37. The addition of antimony atoms to a sample of intrinsic germanium 
transforms it to a material which is 

     [AMU 1995] 

 (a) Superconductor  (b) An insulator 

 (c) N-type semiconductor (d) P-type semiconductor 

38. Resistance of semiconductor at K0  is  [RPET 1997] 

 (a) Zero (b) Infinite 

 (c) Large (d) Small 

39. In a good conductor the energy gap between the conduction band 
and the valence band is 

  [KCET 1993; EMCET (Med.) 1994] 

 (a) Infinite (b) Wide 

 (c) Narrow (d) Zero 

40. The impurity atom added to germanium to make it N-type 

semiconductor is  [KCET 1993; KCET (Engg./Med.) 2000] 
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 (a) Arsenic (b) Iridium 

 (c) Aluminium (d) Iodine 

41. When N-type of semiconductor is heated 

   [CBSE PMT 1993; DPMT 2000] 

 (a) Number of electrons increases while that of holes decreases 

 (b) Number of holes increases while that of electrons decreases 

 (c) Number of electrons and holes remains same 

 (d) Number of electrons and holes increases equally 

42. To obtain a P-type germanium semiconductor, it must be doped 
with [CBSE PMT 1997; Pb. PET 2000] 

 (a) Arsenic (b) Antimony 

 (c) Indium (d) Phosphorus 

43. The temperature coefficient of resistance of a semiconductor  

[AFMC 1998, MNR 1998] 

 (a) Is always positive  

 (b) Is always negative 

 (c) Is zero 

 (d) May be positive or negative or zero 

44. P-type semiconductor is formed when  [RPET 1999] 

 A. As impurity is mixed in Si 

 B. Al impurity is mixed in Si 

 C. B impurity is mixed in Ge 

 D. P impurity is mixed in Ge 

 (a) A and C (b) A and D 

 (c) B and C (d) B and D 

45. In case of a semiconductor, which of the following statement is 
wrong    [Pb. PMT 1999] 

(a) Doping increases conductivity 

(b) Temperature coefficient of resistance is negative 

(c) Resisitivity is in between that of a conductor and insulator 

 (d) At absolute zero temperature, it behaves like a conductor 

46. Energy bands in solids are a consequence of  

[DCE 1999, 2000; AIEEE 2004] 

(a) Ohm’s Law  

(b) Pauli’s exclusion principle 

(c) Bohr’s theory 

(d) Heisenberg’s uncertainty principle 

47. In a P-type semiconductor  

   [AIIMS 1997; Orissa JEE 2002; MP PET 2003] 

 (a) Current is mainly carried by holes 

 (b) Current is mainly carried by electrons 

 (c) The material is always positively charged 

 (d) Doping is done by pentavalent material  

48. At ordinary temperatures, the electrical conductivity of semi 

conductors in r/metemho  is in the range  [MP PET 2003] 

(a) 310   to 410    (b) 610  to 910  

(c) 610   to 1010  (d) 1010  to 1610  

49. When the temperature of silicon sample is increased from C27  to 

C100 , the conductivity of silicon will be   

[RPMT 1999] 

(a) Increased  (b) Decreased 

(c) Remain same (d) Zero 

50. In a P-type semiconductor, germanium is doped with 

[AFMC 1999] 

 (a) Boron (b) Gallium 

(c) Aluminium (d) All of these 

51. In N-type semiconductors, majority charge carriers are 

[AIIMS 1999] 

(a) Holes (b) Protons 

(c) Neutrons (d) Electrons 

52. Semiconductor is damaged by the strong current due to 

[MH CET 2000] 

(a) Lack of free electron (b) Excess of electrons 

(c) Excess of proton (d) None of these 

53. GaAs is   [RPMT 2000] 

(a) Element semiconductor 

(b) Alloy semiconductor 

(c) Bad conductor 

(d) Metallic semiconductor  

54. If en  and hn  are the number of electrons and holes in a 

semiconductor heavily doped with phosphorus, then   

[MP PMT 2000] 

(a) he nn    (b) he nn   

(c) he nn   (d) he nn   

55. An N-type and P-type silicon can be obtained by doping pure silicon 

with     [EAMCET (Med.) 2000] 

(a) Arsenic and Phosphorous (b) Indium and Aluminium 

(c) Phosphorous and Indium (d) Aluminium and Boron 

56. N-type semiconductors will be obtained, when germanium is doped 

with   [AIIMS 2000] 

(a) Phosphorus  (b) Aluminium 

(c) Arsenic (d) Both (a) or (c) 

57. The state of the energy gained by valance electrons when the 
temperature is raised or when electric field is applied is called as   [CBSE PMT 2000] 

(a) Valance band  (b) Conduction band 

(c) Forbidden band (d) None of these 

58. To obtain electrons as majority charge carriers in a semiconductor, 

the impurity mixed is  [MP PET 2000] 

(a) Monovalent  (b) Divalent 

(c) Trivalent (d) Pentavalent 

59. For germanium crystal, the forbidden energy gap in joules is  

 [MP PET 2000] 

(a) 191012.1   (b) 191076.1   

(c) 19106.1   (d) Zero 

60. A pure semiconductor behaves slightly as a conductor at  

 [MH CET (Med.) 2001; BHU 2000; AFMC 2001] 

(a) Room temperature  (b) Low temperature 
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(c) High temperature (d) Both (b) and (c) 

61. Which is the correct relation for forbidden energy gap in conductor, 

semi conductor and insulator          

[RPMT 2001; AIEEE 2002] 

(a) insulatorscc EgEgEg   

(b) conductorscinsulator EgEgEg   

(c) scinsulatorconductor EgEgEg   

(d) insulatorconductorsc EgEgEg   

62. The band gap in Germanium and silicon in eV respectively is     [MP PMT 2001] 

(a) 0.7, 1.1  (b) 1.1, 0.7 

(c) 1.1, 0 (d) 0, 1.1 

63. P-type semiconductors are made by adding impurity element   [MP PMT 2001] 

(a) As  (b) P 

(c) B (d) Bi 

64. At room temperature, a P-type semiconductor has 

[Kerala PMT 2002] 

(a) Large number of holes and few electrons 

(b) Large number of free electrons and few holes 

(c) Equal number of free electrons and holes 

(d) No electrons or holes 

65. In intrinsic semiconductor at room temperature, number of 

electrons and holes are  [JIPMER 2001, 02; MP PMT 2002] 

(a) Unequal  (b) Equal 

(c) Infinite (d) Zero 

66. The valence band and conduction band of a solid overlap at low 

temperature, the solid may be 

   [Orissa JEE 2002; BCECE 2004] 

(a) A metal  (b) A semiconductor 

(c) An insulator (d) None of these 

67. Which impurity is doped in Si to form N-type semi-conductor?[CBSE PMT 1996; AIEEE 2002] 

(a) Al  (b) B  

(c) As (d) None of these 

68. In a semiconductor   [AIEEE 2002; AIIMS 2002] 

(a) There are no free electrons at any temperature 

(b) The number of free electrons is more than that in a conductor 

(c) There are no free electrons at 0 K 

(d) None of these 

69. The energy band gap is maximum in   [AIEEE 2002] 

(a) Metals  (b) Superconductors 

(c) Insulators (d) Semiconductors 

70. The process of adding impurities to the pure semiconductor is called 

   [MH CET 2002] 

(a) Drouping  (b) Drooping  

(c) Doping (d) None of these 

71. When phosphorus and antimony are mixed in zermaniun, then    [CPMT 2003] 

(a) P-type semiconductor is formed 

(b) N-type semiconductor is formed 

(c) Both (a) and (b) 

(d) None of these 

72. To a germanium sample, traces of gallium are added as an impurity. 

The resultant sample would behave like   

[AIIMS 2003] 

(a) A conductor  

(b) A P-type semiconductor 

(c) An N-type semiconductor 

(d) An insulator 

73. For non-conductors, the energy gap is  

[EAMCET (Engg.) 1995; MP PET 1996; RPET 2003] 

(a) 6 eV  (b) 1.1 eV 

(c) 0.8 eV (d) 0.3 eV 

74. Donor type impurity is found in   [RPET 2003] 

(a) Trivalent elements  (b) Pentavalent elements 

(c) In both the above (d) None of these 

75. The difference in the variation of resistance with temperature in a 

metal and a semiconductor arises essentially due to the difference in 

the [AIEEE 2003] 

(a) Variation of scattering mechanism with temperature 

(b) Crystal structure 

(c) Variation of the number of charge carriers with temperature 

(d) Type of bon 

76. The charge on a hole is equal to the charge of 

[MP PMT 2004] 

(a) Zero (b) Proton 

(c) Neutron (d) Electron 

77. When germanium is doped with phosphorus, the doped material has   [MP PMT 2004] 

(a) Excess positive charge 

(b) Excess negative charge 

(c) More negative current carriers  

(d) More positive current carriers 

78. A Ge specimen is doped with Al. The concentration of acceptor 

atoms is ~1021 atoms/m3. Given that the intrinsic concentration of 

electron hole pairs is 319 /10~ m , the concentration of electrons 

in the specimen is  [AIIMS 2004] 

(a) 317 /10 m  (b) 315 /10 m  

(c) 34 /10 m  (d) 32 /10 m  

79. Which of the following has negative temperature coefficient of 

resistance    [AFMC 2004] 

(a) Copper  (b) Aluminium 

(c) Iron  (d) Germanium 

80. In semiconductors at a room temperature  [CBSE PMT 2004] 

(a) The valence band is partially empty and the conduction band is 

partially filled 
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(b) The valence band is completely filled and the conduction band 
is partially filled 

(c) The valence band is completely filled 

(d) The conduction band is completely empty  

81. Regarding a semiconductor which one of the following is wrong     [CPMT 2004] 

(a) There are no free electrons at room temperature  

(b) There are no free electrons at 0 K  

(c) The number of free electrons increases with rise of 

temperature 

(d) The charge carriers are electrons and holes 

82. Which of the following statements is true for an N-type semi-

conductor     [CPMT 2004] 

(a) The donor level lies closely below the bottom of the conduction 

band  

(b) The donor level lies closely above the top of the valence band 

(c) The donor level lies at the halfway mark of the forbidden 
energy gap  

(d) None of above 

83. Choose the correct statement    [DCE 2004] 

(a) When we heat a semiconductor its resistance increases  

(b) When we heat a semiconductor its resistance decreases  

(c) When we cool a semiconductor to 0 K then it becomes super 
conductor  

(d) Resistance of a semiconductor is independent of temperature 

84. In a P-type semi-conductor, germanium is dopped with  

    [MH CET 2003] 

(a) Gallium  (b) Boron 

(c) Aluminium (d) All of these 

85. A piece of semiconductor is connected in series in an electric circuit. 

On increasing the temperature, the current in the circuit will   [RPMT 2003] 

 (a) Decrease (b) Remain unchanged 

 (c) Increase (d) Stop flowing 

86. Intrinsic semiconductor is electrically neutral. Extrinsic 

semiconductor having large number of current carriers would be    [AMU (Engg.) 2001] 

(a) Positively charged 

(b) Negatively charged 

(c) Positively charged or negatively charged depending upon the 

type of impurity that has been added 

(d) Electrically neutral 

87. If n
e

 and v
d

 be the number of electrons and drift velocity in a 

semiconductor. When the temperature is increased 

[Pb. CET 2000] 

(a) n
e

 increases and v
d

 decreases  

(b) n
e

 decreases and v
d

 increases  

 (c) Both n
e

 and v
d

 increases   

 (d) Both n
e

 and v
d

 decreases 

88. In extrinsic semiconductors    [EAMCET (Engg.) 1999] 

(a) The conduction band and valence band overlap 

(b) The gap between conduction band and valence band is more 

than 16 eV 

(c) The gap between conduction band and valence band is near 

about 1 eV 

(d) The gap between conduction band and valence band will be 100 

eV and more 

89. Resistivity of a semiconductor depends on  [MP PMT 1999] 

(a) Shape of semiconductor  

(b) Atomic nature of semiconductor  

(c) Length of semiconductor  

(d) Shape and atomic nature of semiconductor 

90. Electric current is due to drift of electrons in [CPMT 1996] 

 (a) Metallic conductors 

 (b) Semi-conductors 

 (c) Both (a) and (b) 

 (d) None of these 

91. The energy gap of silicon is 1.14 eV. The maximum wavelength at 
which silicon will begin absorbing energy is 

[MP PMT 1993] 

(a) 10888 Å (b) 1088.8 Å 

(c) 108.88 Å (d) 10.888 Å 

92. Which of the following energy band diagram shows the N-type 

semiconductor    [RPET 1986] 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

 

93. The mobility of free electron is greater than that of free holes 

because  

(a) The carry negative charge  

(b) They are light  

(c) They mutually collide less  

(d) They require low energy to continue their motion  

94. The relation between the number of free electrons in 

semiconductors (n) and its temperature (T) is  

(a) 2Tn   (b) Tn   

(c) Tn   (d) 2/3Tn   

Eg 1eV 
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95. The electron mobility in N-type germanium is 3900 cm2/v-s and its 

conductivity is 6.24 mho/cm, then impurity concentration will be if 

the effect of cotters is negligible  

(a) 1015 cm3  (b) 1013 /cm3  

(c) 1012 /cm3 (d) 1016 /cm3  

96. Which of the energy band diagrams shown in the figure corresponds 

to that of a semiconductor  [Orissa JEE 2003] 

 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

97. The energy band diagrams for three semiconductor samples of 
silicon are as shown. We can then assert that  

[Haryana CEE 1996] 

  

 

 

 

 

 (a) Sample X is undoped while samples Y and Z have been doped 
with a third group and a fifth group impurity respectively  

 (b) Sample X is undoped while both samples Y and Z have been 
doped with a fifth group impurity  

 (c) Sample X has been doped with equal amounts of third and fifth 
group impurities while samples Y and Z are undoped 

 (d) Sample X is undoped while samples Y and Z have been doped 
with a fifth group and a third group impurity respectively 

98. Carbon, silicon and Germanium atoms have four valence electrons 
each. Their valence and conduction band are separated by energy 
band gaps represented by (E

g

)
C

. (E
g

)
Si

 and (E
g

)
Ge

 respectively. Which one 
of the following relationship is true in their case   [CBSE PMT 2005]  

(a) SigCg EE )()(   (b) SigCg EE )()(   

(c) GegCg EE )()(   (d) SigCg EE )()(   

99. A semiconductor dopped with a donor impurity is  

    [AFMC 2005]  

(a) P-type  (b) N-type  

(c) NPN type  (d) PNP type 

100. In a semiconducting material the mobilities of electrons and holes 

are 
e

 and 
h

 respectively. Which of the following is true     [AIIMS 2005] 

(a) he    (b) he    

(c) he    (d) 0;0  he   

101. Doping of intrinsic semiconductor is done  [Orissa JEE 2005] 

(a) To neutralize charge carriers  

(b) To increase the concentration of majority charge carriers  

(c) To make it neutral before disposal  

(d) To carry out further purification  
 

Semiconductor Diode 
 

1. In the forward bias arrangement of a PN-junction diode 

[MP PMT 1994, 96, 99] 

 (a) The N-end is connected to the positive terminal of the battery  

 (b) The P-end is connected to the positive terminal of the battery  

 (c) The direction of current is from N-end to P-end in the diode  

 (d) The P-end is connected to the negative terminal of battery  

2. In a  PN-junction diode    [MP PET 1993] 

 (a) The current in the reverse biased condition is generally very 
small 

 (b) The current in the reverse biased condition is small but the 
forward biased current is independent of the bias voltage  

 (c) The reverse biased current is strongly dependent on the 
applied bias voltage  

 (d) The forward biased current is very small in comparison to 

reverse biased current  

3. The cut-in voltage for silicon diode is approximately 

 (a) 0.2 V (b) 0.6 V 

 (c) 1.1 V (d) 1.4 V 

4. The electrical circuit used to get smooth dc  output from a rectifier 

circuit is called      [KCET 2003] 

 (a) Oscillator (b) Filter 

 (c) Amplifier (d) Logic gates 

5. PN-junction diode works as a insulator, if connected  

[CPMT 1987] 

 (a) To A.C. (b) In forward bias 

 (c) In reverse bias (d) None of these  

6. The reverse biasing in a PN junction diode  

     [MP PMT 1991; EAMCET 1994; CBSE PMT 2003] 

 (a) Decreases the potential barrier  

 (b) Increases the potential barrier   

 (c) Increases the number of minority charge carriers 

 (d) Increases the number of majority charge carriers 

7. The electrical resistance of depletion layer is large because 

 (a) It has no charge carriers  

 (b) It has a large number of charge carriers 

 (c) It contains electrons as charge carriers 

(d) It has holes as charge carriers 

8. In the circuit given below, the value of the current is  

 

 

 (a) 0 amp (b) 210  amp 

 (c) 210 amp (d) 310 amp 

9. What is the current in the circuit shown below 

[AFMC 2000; RPMT 2001] 

X Y Z 

CB 

VB 

CB 

VB 

CB 

Eg >> KT 
VB 

CB 

VB 
Eg = KT 

– 4V 
PN 300 – 1V 

+ 4V 
P N 300 + 1V 
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 (a) 0 amp (b) 210 amp 

(c) 1 amp (d) 0.10 amp  
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10. If the forward voltage in a semiconductor diode is doubled, the 

width of the depletion layer will         [MP PMT 1996] 

(a) Become half (b) Become one-fourth 

 (c) Remain unchanged (d) Become double 

11. The PN junction diode is used as 

            [CPMT 1972; AFMC 1997; CBSE PMT 1999; 

   AIIMS 1999; RPMT 2000; MP PMT 04] 

 (a) An amplifier (b) A rectifier 

 (c) An oscillator (d) A modulator 

12. When a PN junction diode is reverse biased 

 (a) Electrons and holes are attracted towards each other and move 

towards the depletion region 

 (b) Electrons and holes move away from the junction depletion 

region 

 (c) Height of the potential barrier decreases 

 (d) No change in the current takes place  

13. Two PN-junctions can be connected in series by three different 

methods as shown in the figure. If the potential difference in the 

junctions is the same, then the correct connections will be                  [IIT-JEE 1989] 

 

 

 

 

 

 

 (a) In the circuit (1) and (2) (b) In the circuit (2) and (3) 

 (c) In the circuit (1) and (3) (d) Only in the circuit (1) 

14. A PN- junction has a thickness of the order of      [BIT 1990] 

 (a) cm1  (b) mm1  

 (c) m610  (d) cm1210   

15. In the depletion region of an unbiased P-N junction diode there are [KCET 1999; CBSE PMT 1999; 

 RPMT 2001; MP PMT 1994, 2003] 

 (a) Only electrons 

 (b) Only holes 

 (c) Both electrons and holes 

 (d) Only fixed ions 

16. On increasing the reverse bias to a large value in a PN-junction 

diode, current   [MP PMT 1994; BHU 2002] 

 (a) Increases slowly  (b) Remains fixed 

 (c) Suddenly increases (d) Decreases slowly 

17. In the case of forward biasing of PN-junction, which one of the 
following figures correctly depicts the direction of flow of carriers    [CBSE PMT 1995] 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

18. Which of the following statements concerning the depletion zone of 
an unbiased PN junction is (are) true 

     [IIT-JEE 1995] 

 (a) The width of the zone is independent of the densities of the 
dopants (impurities) 

 (b) The width of the zone is dependent on the densities of the 
dopants 

 (c) The electric field in the zone is produced by the ionized dopant 
atoms 

 (d) The electric field in the zone is provided by the electrons in the 
conduction band and the holes in the valence band 

19. A semiconductor device is connected in a series circuit with a 
battery and a resistance. A current is found to pass through the 
circuit. If the polarity of the battery is reversed, the current drops 
almost to zero. The device may be  

[MP PET 1995; CBSE PMT 1998] 

 (a) A P-type semiconductor (b) An N-type semiconductor 

 (c) A PN-junction (d) An intrinsic semiconductor 

20. The approximate ratio of resistances in the forward and reverse bias 

of the PN-junction diode is 

 [MP PET 2000; MP PMT 1999, 2002, 03; Pb. PMT 2003] 

 (a) 1:10 2  (b) 1:10 2  

 (c) 410:1   (d) 410:1  

21. In a junction diode, the holes are due to 

   [CBSE PMT 1999; Pb. PMT 2003] 

 (a) Protons (b) Neutrons 

 (c) Extra electrons (d) Missing of electrons 

22. In forward bias, the width of potential barrier in a P-N junction 

diode  [EAMCET (Engg.) 1995; CBSE PMT 1999 

RPMT 1997, 2002, 03] 

(a) Increases 

 (b) Decreases 

 (c) Remains constant  

 (d) First increases then decreases 

23. The cause of the potential barrier in a P-N diode is  

[CBSE PMT 1998; RPMT 2001] 

 (a) Depletion of positive charges near the junction 

 (b) Concentration of positive charges near the junction 

 (c) Depletion of negative charges near the junction 

 (d) Concentration of positive and negative charges near the 

junction 

24. In a PN-junction diode not connected to any circuit  

[IIT-JEE 1998] 

 (a) The potential is the same everywhere 

 (b) The P-type is a higher potential than the N-type side 

 (c) There is an electric field at the junction directed from the N- 

type side to the P- type side 
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 (d) There is an electric field at the junction directed from the P-

type side to the N-type side 

25. Which of the following statements is not true  

    [IIT-JEE 1997 Re-Exam] 

 (a) The resistance of intrinsic semiconductors decrease with 

increase of temperature 

 (b) Doping pure Si with trivalent impurities give P-type 

semiconductors 

 (c) The majority carriers in N-type semiconductors are  

  holes 

 (d) A PN-junction can act as a semiconductor diode 

26. The dominant mechanisms for motion of charge carriers in forward 

and reverse biased silicon P-N junctions are  

[IIT-JEE 1997 Cancelled; RPMT 2000; AIIMS 2000] 

 (a) Drift in forward bias, diffusion in reverse bias  

 (b) Diffusion in forward bias, drift in reverse bias  

 (c) Diffusion in both forward and reverse bias 

 (d) Drift in both forward and reverse bias 

27. In P-N junction, avalanche current flows in circuit when biasing is    [RPET 1997] 

 (a) Forward (b) Reverse 

 (c) Zero (d) Excess 

28. The depletion layer in the P-N junction region is caused by  

[CBSE PMT 1994] 

 (a) Drift of holes  

 (b) Diffusion of charge carriers 

 (c) Migration of impurity ions 

 (d) Drift of electrons  

29. Which one is reverse-biased    [DCE 1999] 

 

(a)  (b)  

 

 

(c)  (d)  

 

30. In a P-N junction diode if P region is heavily doped than n region 

then the depletion layer is    [RPMT 1999] 

(a) Greater in P region  

(b) Greater in N region 

(c) Equal in both region 

(d) No depletion layer is formed in this case 

31. Which one is in forward bias     [RPMT 2000] 

 

(a)  (b)  

 

 

(c)  (d) None of these 

 

32. The reason of current flow in P-N junction in forward bias is 

[RPMT 2000] 

(a) Drifting of charge carriers 

(b) Minority charge carriers 

(c) Diffusion of charge carriers 

(d) All of these 

33. The resistance of a reverse biased P-N junction diode is about    [MP PMT 2000] 

(a) 1 ohm (b) 210 ohm 

(c) 310 ohm (d) 610 ohm 

34. Consider the following statements A and B and identify the correct 

choice of the given answers 

A: The width of the depletion layer in a P-N junction diode increases 

in forwards bias 

B: In an intrinsic semiconductor the fermi energy level is exactly 

in the middle of the forbidden gap  

[EAMCET (Engg.) 2000] 

(a) A is true and B is false (b) Both A and B are false 

(c) A is false and B is true (d) Both A and B are true  

35. In comparison to a half wave rectifier, the full wave rectifier gives 

lower   [AFMC 2001] 

(a) Efficiency  (b) Average dc 

(c) Average output voltage (d) None of these 

36. Avalanche breakdown is due to   [RPMT 2001] 

(a) Collision of minority charge carrier  

(b) Increase in depletion layer thickness  

(c) Decrease in depletion layer thickness  

(d) None of these 

37. Which is reverse biased diode   [DCE 2001] 

  

(a)   (b)  

 

 

(c)  (d)  

 

38. Zener breakdown in a semi-conductor diode occurs when 

[UPSEAT 2002] 

(a) Forward current exceeds certain value 

(b) Reverse bias exceeds certain value 

(c) Forward bias exceeds certain value 

(d) Potential barrier is reduced to zero 

39. When forward bias is applied to a P-N junction, then what happens 

to the potential barrier BV , and the width of charge depleted 

region x    [UPSEAT 2002, 03; 

Roorkee 1999; RPET 2003; AIEEE 2004] 

(a) BV  increases, x decreases 

(b) BV  decreases, x increases 

(c) BV  increases, x increases 

(d) BV  decreases, x decreases 
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40. The potential barrier, in the depletion layer, is due to  

[EAMCET (Engg.) 1998; 

Pb. PMT 1999; Pb. PET 2001; AIIMS 2002] 

(a) Ions (b) Holes  

(c) Electrons (d) Both (b) and (c) 

41. In the given figure, which of the diodes are forward biased ?  

[Kerala PET 2002] 

 

1.  2.     

 

 

 

3.  4.  

 

 

5.  

 
 

(a) 1, 2, 3  (b) 2, 4, 5 

(c) 1, 3, 4 (d) 2, 3, 4 

42. Function of rectifier is    [AFMC 2002, 04] 

(a) To convert ac into dc  (b) To convert dc into ac  

(c) Both (a) and (b) (d) None of these 

43. When the P end of P-N junction is connected to the negative 
terminal of the battery and the N end to the positive terminal of the 
battery, then the P-N junction behaves like   [MP PET 2002] 

(a) A conductor  (b) An insulator 

(c) A super-conductor (d) A semi-conductor 

44. If the two ends P and N of a P-N diode junction are joined by a wire 
   [MP PMT 2002] 

(a) There will not be a steady current in the circuit 

(b) There will be a steady current from N side to P side 

(c) There will be a steady current from P side to N side 

(d) There may not be a current depending upon the resistance of 
the connecting wire  

45. A potential barrier of 0.50 V exists across a P-N junction. If the 

depletion region is 7100.5  m wide, the intensity of the electric 

field in this region is   [UPSEAT 2002] 

(a) mV/100.1 6  (b) mV/100.1 5  

(c) mV/100.2 5  (d) mV/100.2 6  

46. If no external voltage is applied across P-N junction, there would be   [Orissa JEE 2002] 

(a) No electric field across the junction  

(b) An electric field pointing from N-type to P-type side across the 
junction 

(c) An electric field pointing from P-type to N-type side across the 

junction 

(d) A temporary electric field during formation of P-N junction 

that would subsequently disappear 

47. In a PN-junction    [CBSE PMT 2002] 

(a) P and N both are at same potential 

(b) High potential at N side and low potential at P side 

(c) High potential at P side and low potential at N side 

(d) Low potential at N side and zero potential at P side 

48. For the given circuit of PN-junction diode, which of the following 

statement is correct    [CBSE PMT 2002] 

   

 

 

 

(a) In forward biasing the voltage across R is V 

(b) In forward biasing the voltage across R is 2V 

(c) In reverse biasing the voltage across R is V 

(d) In reverse biasing the voltage across R is 2V 

49. On adjusting the P-N junction diode in forward biased  

[RPET 2003] 

(a) Depletion layer increases (b) Resistance increases 

(c) Both decreases (d) None of these 

50. In the middle of the depletion layer of a reverse-biased PN junction, 

the   [AIEEE 2003] 

(a) Potential is zero  (b) Electric field is zero 

(c) Potential is maximum (d) Electric field is maximum 

51. Barrier potential of a P-N junction diode does not depend on    [CBSE PMT 2003] 

(a) Temperature (b) Forward bias 

(c) Doping density (d) Diode design  

52. A crystal diode is a    [MP PET 2004] 

(a) Non-linear device (b) Amplifying device 

(c) Linear device (d) Fluctuating device 

53. Of the diodes shown in the following diagrams, which one is reverse 

biased    [CBSE PMT 2004]  

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

54. In a PN junction photo cell, the value of photo-electromotive force 

produced by monochromatic light is proportional to [CBSE PMT 2004] 

(a) The voltage applied at the PN junction  

(b) The barrier voltage at the PN junction 

(c) The intensity of the light falling on the cell 

(d) The frequency of the light falling on the cell 

55. Which is the correct diagram of a half-wave rectifier  

    [Orissa PMT 2004] 

(a)  (b)  
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(c)  (d)  

 

56. The maximum efficiency of full wave rectifier is  

    [J & K CET 2004]   

(a) 100% (b) 25.20% 

(c) 40.2% (d) 81.2% 

57. Serious draw back of the semiconductor device is   

    [Pb. PMT 2004] 

(a) They cannot be used with high voltage  

(b) They pollute the environment  

(c) They are costly 

(d) They do not last for long time 

58. Select the correct statement    [RPMT 2003] 

(a) In a full wave rectifier, two diodes work alternately  

(b) In a full wave rectifier, two diodes work simultaneously  

(c) The efficiency of full wave and half wave rectifiers is same 

(d) The full wave rectifier is bi-directional. 

59. In order to forward bias a PN junction, the negative terminal of 

battery is connected to    [RPMT 2003] 

(a) P–side  (b) Either P–side or N–side  

(c) N–side  (d) None of these 

60. The diode shown in the circuit is a silicon diode. The potential 

difference between the points A and B will be 

[RPMT 2002] 

(a) 6 V 

(b) 0.6 V  

(c) 0.7 V  

(d) 0 V  

61. Zener breakdown takes place if    [RPMT 2000] 

(a) Doped impurity is low (b) Doped impurity is high  

(c) Less impurity in N-part  (d) Less impurity in P-type 

62. Consider the following statements A and B and identify the correct 

choice of the given answers 

(A) A zener diode is always connected in reverse bias  

(B) The potential barrier of a PN junction lies between 0.1 to 0.3 V 

approximately    [EAMCET 2000]  

(a) A and B are correct  

(b) A and B are wrong  

(c) A is correct but B is wrong  

(d) A is wrong but B is correct  

63. The correct symbol for zener diode is   [RPMT 2000] 

 

(a)  (b)  

 

(c)  (d)  

 

64. Which one of the following statements is not correct  

[SCRA 2000] 

(a) A diode does not obey Ohm's law  

(b) A PN junction diode symbol shows an arrow identifying the 
direction of current (forward) flow  

(c) An ideal diode is an open switch  

(d) An ideal diode is an ideal one way conductor  

65. Which of the following semi-conductor diodes is reverse biased     [DPMT 2000] 

(a)  (b)  

 

 

(c)  (d)  

 

66. No bias is applied to a P-N junction, then the current   

[RPMT 1999] 

(a) Is zero because the number of charge carriers flowing on both 
sides is same  

(b) Is zero because the charge carriers do not move 

(c) Is non-zero  

(d) None of these 

67. Zener diode is used as     [CBSE PMT 1999] 

(a) Half wave rectifier  (b) Full wave rectifier  

(c) ac voltage stabilizer  (d) dc voltage stabilizer  

68. The width of forbidden gap in silicon crystal is 1.1 eV. When the 

crystal is converted in to a N-type semiconductor the distance of 
Fermi level from conduction band is  

      [EAMCET (Med.) 1999] 

 (a) Greater than 0.55 eV  (b) Equal to 0.55 eV  

 (c) Lesser than 0.55 eV  (d) Equal to 1.1 eV  

69. A semiconductor X is made by doping a germanium crystal with 

arsenic (Z = 33). A second semiconductor Y is made by doping 

germanium with indium (Z = 49). The two are joined end to end 

and connected to a battery as shown. Which of the following 

statements is correct  

[Orissa JEE 1998] 

 

 

 

 

(a) X is P-type, Y is N-type and the junction is forward biased  

(b) X is N-type, Y is P-type and the junction is forward biased   

(c) X is P-type, Y is N-type and the junction is reverse biased  

(d) X is N-type, Y is P-type and the junction is reverse biased 

70. In P-N junction, the barrier potential offers resistance to  

[AMU 1995, 96] 
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(a) Free electrons in N region and holes in P region  

(b) Free electrons in P region and holes in N region  

(c) Only free electrons in N region  

(d) Only holes in P region 

71. Symbolic representation of photodiode is   [RPMT 1995] 

 

(a)  (b)  

 

(c)  (d)  

72. To make a PN junction conducting   [IIT-JEE 1994] 

(a) The value of forward bias should be more than the barrier 

potential  

(b) The value of forward bias should be less than the barrier 

potential 

(c) The value of reverse bias should be more than the barrier 

potential  

(d) The value of reverse bias should be less than the barrier 

potential 

73. Which is the wrong statement in following sentences? A device in 

which P and N-type semiconductors are used is more useful then a 

vacuum type because  [MP PET 1992] 

(a) Power is not necessary to heat the filament 

(b) It is more stable  

(c) Very less heat is produced in it 

(d) Its efficiency is high due to a high voltage across the junction 

74. The depletion layer in silicon diode is 1 m wide and the knee 

potential is 0.6 V, then the electric field in the depletion layer will 

be  

(a) Zero   

(b) 0.6 Vm–1  

(c) 6  104 V/m   

(d) 6  105 V/m  

75. In the diagram, the input is across the terminals A and C and the 

output is across the terminals B and D, then the output is    [CBSE PMT 1994]  

(a) Zero 

(b) Same as input 

(c) Full wave rectifier  

(d) Half wave rectifier  

76. The current through an ideal PN-junction shown in the following 

circuit diagram will be   [AMU 1998] 

(a) Zero  

(b) 1 mA 

(c) 10 mA  

(d) 30 mA  

77. If a full wave rectifier circuit is operating from 50 Hz mains, the 

fundamental frequency in the ripple will be 

  [UPSEAT 2000; CBSE PMT 2003; AIEEE 2005] 

(a) 50 Hz (b) 70.7 Hz  

(c) 100 Hz (d) 25 Hz  

78. In a full wave rectifiers, input ac current has a frequency ‘’. The 

output frequency of current is  [BHU 2005] 

(a) /2 (b)   

(c) 2  (d) None of these 

79. A diode having potential difference 0.5 V across its junction which 

does not depend on current, is connected in series with resistance 

of 20  across source. If 0.1 A passes through resistance then what 

is the voltage of the source 

[DCE 2005] 

(a) 1.5 V  (b) 2.0 V   

(c) 2.5 V  (d) 5 V  

 

Junction Transistor 

 

1. When NPN transistor is used as an amplifier 

[AIEEE 2004] 

(a) Electrons move from base to collector  

(b) Holes move from emitter to base  

(c) Electrons move from collector to base 

(d) Holes move from base to emitter 

2. The phase difference between input and output voltages of  a CE 

circuit is     [MP PET 2004] 

(a) 0o  (b) 90o  

(c) 180o  (d) 270o  

3. An oscillator is nothing but an amplifier with  

[MP PET 2004] 

(a) Positive feed back  (b) Large gain  

(c) No feedback  (d) Negative feedback  

4. The emitter-base junction of a transistor is …… biased while the 

collector-base junction is ……. biased  

[KCET 2004] 

(a) Reverse, forward  (b) Reverse, reverse 

(c) Forward, forward  (d) Forward, reverse 

5. In an NPN transistor the collector current is 24 mA. If 80% of 

electrons reach collector its base current in mA is  

[Kerala PMT 2004] 

(a) 36 (b) 26  

(c) 16 (d) 6 

6. A NPN transistor conducts when    [CPMT 2003] 

(a) Both collector and emitter are positive with respect to the base  

(b) Collector is positive and emitter is negative with respect to the 

base 

(c) Collector is positive and emitter is at same potential as the 

base 

(d) Both collector and emitter are negative with respect to the base  

A C 

D 

B 

1V 2V 

100 P N 
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7. In the case of constants  and  of  a transistor  

     [CET 2003] 

(a)  =   (b)  < 1    > 1 

(c)  = 1 (d)  > 1   < 1 

8. Which of the following is true    [DPMT 2002] 

(a)  Common base transistor is commonly used because current 

gain is maximum  

(b) Common emitter is commonly used because current gain is 

maximum 

(c) Common collector is commonly used because current gain is 

maximum  

(d) Common emitter is the least used transistor  

9. If  = 0.98 and current through emitter i
e

 = 20 mA, the value of  is 

   [DPMT 2002] 

(a) 4.9 (b) 49 

(c) 96 (d) 9.6 

10. For a common base configuration of PNP transistor 98.0
E

C

l

l
 

then maximum current gain in common emitter configuration will 

be    [CBSE PMT 2002] 

(a) 12  (b) 24 

(c) 6 (d) 5  

11. In a PNP transistor working as a common-base amplifier, current 

gain is 0.96 and emitter current is 7.2 mA. The base current is [AFMC 2002; Pb. PET 2002] 

(a) 0.4 mA (b) 0.2 mA 

(c) 0.29 mA (d) 0.35 mA  

12. If 321 ,, lll  are the lengths of the emitter, base and collector of a 

transistor then   [KCET 2002] 

(a) 321 lll   (b) 123 lll   

(c) 213 lll   (d) 213 lll   

13. In an NPN transistor circuit, the collector current is 10 mA. If 90% 

of the electrons emitted reach the collector, the emitter current (i
E

) 

and base current (i
B

) are given by [KCET 2001] 

(a) i
E

 = – 1 mA, i
B

 = 9 mA  

(b) i
E

 = 9 mA, i
B

 = – 1 mA  

(c) i
E

 = 1 mA, i
B

 = 11 mA  

(d) i
E

 = 11 mA, i
B

 = 1 mA  

14. In a common emitter transistor, the current gain is 80. What is 

the change in collector current, when the change in base current 

is 250 A    [CBSE PMT 2000] 

(a) 80  250 A  (b) (250 – 80) A  

(c) (250 + 80) A  (d) 250/80 A  

15. Least doped region in a transistor   [KCET 2000] 

(a) Either emitter or collector  

(b) Base 

(c) Emitter  

(d) Collector  

16. The transistors provide good power amplification when they are 

used in    [AMU 1999] 

(a) Common collector configuration 

(b) Common emitter configuration  

(c) Common base configuration   

(d) None of these  

17. The transfer ratio of a transistor is 50. The input resistance of the 

transistor when used in the common-emitter configuration is 1 K. 

The peak value for an A.C input voltage of 0.01 V peak is   [CBSE PMT 1998] 

(a) 100 A (b) 0.01 mA  

(c) 0.25 mA (d) 500 A  

18. For a transistor the parameter  = 99. The value of the parameter  

is    [Pb CET 1998] 

(a) 0.9 (b) 0.99 

(c) 1 (d) 9  

19. A transistor is used in common emitter mode as an amplifier. Then    [IIT-JEE 1998] 

(a) The base-emitter junction is forward biased 

(b) The base-emitter junction is reverse biased  

(c) The input signal is connected in series with the voltage applied 

to the base-emitter junction  

(d) The input signal is connected in series with the voltage applied 

to bias the base collector junction 

20. In a PNP transistor the base is the N-region. Its width relative to the 

P-region is    [DCE 1997] 

(a) Smaller (b) Larger 

(c) Same  (d) Not related 

21. A common emitter amplifier is designed with NPN transistor ( = 

0.99). The input impedance is 1 K and load is 10 K. The voltage 

gain will be    [CPMT 1996] 

(a) 9.9 (b) 99 

(c) 990 (d) 9900 

22. The symbol given in figure represents  [AMU 1995, 96] 

(a) NPN transistor 

(b) PNP transistor  

(c) Forward biased PN junction diode 

(d) Reverse biased NP junction diode  

23. The most commonly used material for making transistor is  

[MNR 1995] 

(a) Copper (b) Silicon 

(c) Ebonite (d) Silver 

24. An NPN-transistor circuit is arranged as shown in figure. It is 

[BHU 1994] 
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B 
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N 
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Vout 
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 (a) A common base amplifier circuit 

 (b) A common emitter amplifier circuit  

(c) A common collector amplifier circuit 

(d) Neither of the above 

25. The part of a transistor which is heavily doped to produce a large 

number of majority carriers, is   [CBSE PMT 1993] 

(a) Base (b) Emitter 

(c) Collector (d) None of these 

26. For a transistor, the current amplification factor is 0.8. The 

transistor is connected in common emitter configuration. The 

change in the collector current when the base current changes by 6 

mA is    [Haryana CET 1991] 

(a) 6 mA (b) 4.8 mA 

(c) 24 mA (d) 8 mA  

27. In a common base amplifier circuit, calculate the change in base current 

if that in the emitter current is 2 mA and  = 0.98  

[BHU 1995] 

(a) 0.04 mA  (b) 1.96 mA  

(c) 0.98 mA  (d) 2 mA 

28. In case of NPN-transistors the collector current is always less than 
the emitter current because   [AIIMS 1983] 

(a) Collector side is reverse biased and emitter side is forward 
biased 

(b) After electrons are lost in the base and only remaining ones 
reach the collector 

(c) Collector side is forward biased and emitter side is reverse 
biased 

(d) Collector being reverse biased attracts less electrons 

29. In a transistor circuit shown here the base current is 35 A. The 

value of the resistor R
b

 is  

 

(a) 123.5 k 

(b) 257 k 

(c) 380.05 k  

(d) None of these  

30. In a transistor, a change of 8.0 mA in the emitter current produces 

a change of 7.8 mA in the collector current. What change in the 

base current is necessary to produce the same change in the 

collector current  

(a) 50 A  (b) 100 A  

(c) 150 A  (d) 200 A  

31. In a transistor configuration -parameter is  

    [Orissa PMT 2004]  

(a) 
c

b

l

l
 (b) 

b

c

l

l
 

(c) 
a

c

l

l
 (d) 

c

a

l

l
 

32. Which of these is unipolar transistor  [Pb PMT 2004] 

(a) Point contact transistor (b) Field effect transistor 

(c) PNP transistor (d) None of these 

33. For a transistor, in a common emitter arrangement, the alternating 

current gain  is given by  [DPMT 2004] 

(a) 

CVB

C

I

I

















  (b) 

CVC

B

I

I

















  

(c) 

CVE

C

I

I

















  (d) 

CVC

E

I

I

















  

34. The relation between  and  parameters of current gains for a 

transistors is given by    [Pb. PET 2000] 

(a) 








1
 (b) 









1
 

(c) 








1
 (d) 









1
 

35. When NPN transistor is used as an amplifier  [DCE 2002]  

(a) Electrons move from base to emitter  

(b) Electrons move from emitter to base  

(c) Electrons moves from base to emitter  

(d) Holes moves from base to emitter 

36. In the CB mode of a transistor, when the collector voltage is 

changed by 0.5 volt. The collector current changes by 0.05 mA. The 

output resistance will be   [Pb. PMT 2003] 

(a) 10 k (b) 20 k 

(c) 5 k (d) 2.5 k 

37. Which of the following is used to produce radio waves of constant 

amplitude     [DCE 2004] 

(a) Oscillator  (b) FET  

(c) Rectifier (d) Amplifier 

38. While a collector to emitter voltage is constant in a transistor, the 

collector current changes by 8.2 mA when the emitter current 

changes by 8.3 mA. The value of forward current ratio h
fe

 is    [KCET 2002] 

(a) 82 (b) 83 

(c) 8.2 (d) 8.3 

39. Consider an NPN transistor amplifier in common-emitter 
configuration. The current gain of the transistor is 100. If the 
collector current changes by 1 mA, what will be the change in 
emitter current     [AIIMS 2005] 

(a) 1.1 mA (b) 1.01 mA  

(c) 0.01 mA (d) 10 mA 

40. In a common base amplifier the phase difference between the input 

signal voltage and the output voltage is 

[CBSE PMT 1990; AIEEE 2005] 

(a) 0 (b) 4/  

E C 

B 

Rb RL 

9V 

+ – 
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(c) 2/  (d)   

41. In NPN transistor the collector current is 10 mA. If 90% of electrons 
emitted reach the collector, then 

[Kerala PMT 2005] 

(a) Emitter current will be 9 mA  

(b) Emitter current will be 11.1 mA  

(c) Base current will be 0.1 mA  

(d) Base current will be 0.01 mA  

42. NPN transistor are preferred to PNP transistor because they have  [J & K CET 2005] 

(a) Low cost 

(b) Low dissipation energy 

(c) Capability of handing large power  

(d) Electrons having high mobility than holes  

43. In a transistor in CE configuration, the ratio of power gain to 
voltage gain is    [J & K CET 2005] 

(a)   (b)  /  

(c)   (d)   

44. In the study of transistor as an amplifier, if ec II /  and 

,/ bc II  where bc II ,  and I
e

 are the collector, base and emitter 

currents, then  

[CBSE PMT 2000; KCET 2000; Orissa JEE 2005] 

(a) 








1
 (b) 









1
 

(c) 








1
 (d) 









1
 

 

Digital Electronics 
 

1. Given below are symbols for some logic gates  

 

 

 

 

 
 

The XOR gate and NOR gate respectively are  [AFMC 1994] 

(a) 1 and 2 (b) 2 and 3 

(c) 3 and 4 (d) 1 and 4 

2. Given below are four logic gate symbol (figure). Those for OR, NOR 
and NAND are respectively   [NSEP 1994] 

 

 

 

 

 

 

(a) 1, 4, 3 (b) 4, 1, 2 

(c) 1, 3, 4 (d) 4, 2, 1 

3. The following truth table corresponds to the logic gate 

[BHU 1994; CPMT 2000; J & K CET 2004] 

 A    0     0     1     1 

 B    0     1     0     1 

 X    0     1     1     1 

(a) NAND (b) OR 

(c) AND (d) XOR 

4. The combination of ‘NAND’ gates shown here under (figure) are 
equivalent to    [Haryana CEET 1996] 

 

 

 

 

 

 

 

 

(a) An OR gate and an AND gate respectively 

(b) An AND gate and a NOT gate respectively 

(c) An AND gate and an OR gate respectively 

(d) An OR gate and a NOT gate respectively. 

5. A truth table is given below. Which of the following has this type of 

truth table  [CBSE PMT 1996; UPSEAT 2002] 

 A   0     1     0     1 

 B   0     0     1     1 

 y   1     0     0     0 

(a) XOR gate (b) NOR gate 

(c) AND gate (d) OR gate 

6. The truth table shown in figure is for  [Pb. CET 1998] 

 A   0     0     1     1 

 B   0     1     0     1 

 Y   1     0     0     1 

(a) XOR (b) AND 

(c) XNOR (d) OR 

7. For the given combination of gates, if the logic states of inputs A, B, 
C are as follows A = B = C = 0 and A = B = 1, C = 0 then the logic 
states of output D are      [AMU 1998] 

(a) 0, 0 

(b) 0, 1   

(c) 1, 0  

(d) 1, 1 

8. Boolean algebra is essentially based on   [AIIMS 1999] 

(a) Truth (b) Logic   

(c) Symbol (d) Numbers 

9. The logic behind ‘NOR’ gate is that it gives 

[CPMT 1999, AFMC 1999] 

(a) High output when both the inputs are low 

(b) Low output when both the inputs are low 

(c) High output when both the inputs are high 

(1) (2) 

(3) (4) 

A 

B 

y A 

B 

y 

(1) (2) 

A 

B 

y A 

B 

y 

(4) (3) 

A 
B 

C 

A 

B 

C 

A 

B 

C 

D 
G2 G1 
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(d) None of these 

10. A logic gate is an electronic circuit which  [BHU 2000] 

(a) Makes logic decisions 

(b) Allows electrons flow only in one direction 

(c) Works binary algebra 

(d) Alternates between 0 and 1 values 

11. A gate has the following truth table  [CBSE PMT 2000] 

 P     1     1     0     0 

 Q     1     0     1     0 

 R     1      0     0     0 

The gate is  

(a) NOR (b) OR 

(c) NAND (d) AND 

12. How many NAND gates are used to form an AND gate 

[MP PET 2004] 

(a) 1 (b) 2 

(c) 3 (d) 4 

13. Which of the following gates will have an output of 1 

[CBSE PMT 1998] 

(a)  (b)  

 

 

(c)  (d)  

 
 

14. Which represents NAND gate     [DCE 2002] 

 

(a)  (b) 

 

(c)  (d)  

 

15. The given truth table is of   [AMU 1998; J & K CET 2002] 

A X 

0 1 

1 0 

(a) OR gate  (b)  AND gate  

(c) NOT gate  (d) None of above 

16. What will be the input of A and B for the Boolean expression 

1)()(  BABA    [TNPCEE 2002]  

(a) 0, 0 (b) 0, 1  

(c) 1, 0 (d) 1, 1 

17. If A and B are two inputs in AND gate, then AND gate has an 
output of 1 when the values of A and B are  

[TNPCEE 2002] 

(a) A = 0, B = 0 (b) A = 1, B = 1 

(c) A = 1, B = 0 (d) A = 0, B = 1 

18. The Boolean equation of NOR gate is  [Haryana CET 2002] 

(a) C = A + B (b) BAC   

(c) C = A B (d) BAC   

19. This symbol represents    [CBSE PMT 1996] 

(a) NOT gate  

(b) OR gate   

(c) AND gate  

(d) NOR gate 

20. Which logic gate is represented by following diagram  

[DCE 2001] 

(a) AND 

(b) OR 

(c) NOR 

(d) XOR 

21. Symbol                        represents  [Kerala PMT 2001] 

(a) NAND gate  (b) NOR gate 

(c) NOT gate  (d) XNOR gate  

22. To get an output 1 from the circuit shown in the figure, the input 
must be   [UPSEAT 2002] 

(a) 0,1,0  CBA  

(b) 0,0,1  CBA  

(c) 1,0,1  CBA  

(d) 0,1,1  CBA  

23. The combination of the gates shown in the figure below produces   [DCE 2002] 

 (a) NOR gate 

(b) OR gate 

(c) AND gate 

(d) XOR gate 

24. The output of a NAND gate is 0  [UPSEAT 2004] 

(a) If both inputs are 0  

(b) If one input is 0 and the other input is 1 

(c) If both inputs are 1  

(d) Either if both inputs are 1 or if one of the inputs is 1 and the 

other 0 

25. A gate in which all the inputs must be low to get a high output is 

called   [UPSEAT 2004] 

(a) A NAND gate (b) An inverter 

(c) A NOR gate (d) An AND gate 

26. Which logic gate is represented by the following combination of 

logic gates    [AIIMS 2004] 

 

 

 

 

(a) OR (b) NAND 
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(c) AND (d) NOR 

27. The output of OR gate is 1   [CBSE PMT 2004] 

(a) If both inputs are zero  

(b) If either or both inputs are 1 

(c) Only if both input are 1  

(d) If either input is zero  

28. Which gates is represented by this figure  [DCE 2003] 

(a) NAND gate 

(b) AND gate 

(c) NOT gate 

(d) OR gate 

29. Sum of the two binary numbers 2)1000010(  and 2)11011(  is     [DCE 2004] 

(a) 2)111101(  (b) 2)111111(  

(c) 2)101111(  (d) 2)111001(  

30. The truth-table given below is for which gate 

[CBSE PMT 1994, 98 2002; DPMT 2002; BCECE 2005] 

 A   0     0     1     1 

 B   0     1     0     1 

 C   1     1     1     0  

(a) XOR (b) OR 

(c) AND (d) NAND  

31. Which of the following logic gate is an universal gate 

    [AIIMS 2005] 

(a) OR (b) NOT 

(c) AND (d) NOR  
 
 

Valve Electronics (Diode and Triode) 
 

1. Thermionic emission from a heated filament varies with its 

temperature T as   

[CBSE PMT 1990; RPMT 2000; CPMT 2002] 

(a) 1T  (b) T  

(c) 2T  (d) 2/3T  

2. Number of secondary electrons emitted per number of primary 

electrons depends on   [RPET 2000] 

(a) Material of target  

(b) Frequency of primary electrons 

(c) Intensity 

(d) None of the above 

3. Due to S.C.R in vacuum tube   [RPET 2000] 

(a) pI Decrease (b) pI Increase 

(c) pV Increase (d) gV Increase 

4. In diode, when there is saturation current, the plate resistance )( pr  

is  [AIIMS 1997; Haryana PMT 2000] 

(a) Zero (b) Infinite 

(c) Some finite quantity (d) Data is insufficient 

5. The grid voltage of any triode valve is changed from –1 volt to – 3 

volt and the mutual conductance is 4103  mho. The change in 

plate circuit current will be  [MNR 1999] 

(a) 0.8 mA (b) 0.6 mA 

(c) 0.4 mA (d) 1 mA 

6. In a triode, 42;102 13   ohmgm , resistance load, 

50R  kilo ohm. The voltage amplification obtained from this 

triode will be    [MNR 1999] 

(a) 30.42 (b) 29.57 

(c) 28.18 (d) 27.15 

7. In an amplifier the load resistance LR  is equal to the plate 

resistance )( pr . The voltage amplification is equal to 

[CPMT 1995] 

(a)   (b) 2  

(c) 2/  (d) 4/  

8. For a given plate-voltage, the plate current in a triode is maximum 
when the potential of   

[IIT-JEE 1985; CPMT 1995; AFMC 1999] 

(a) The grid is positive and plate is negative 

(b) The grid is positive and plate is positive 

(c) The grid is zero and plate is positive 

(d) The grid is negative and plate is positive 

A 

B 
Y 
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9. If 5.2,7  mp gKR  millimho, then on increasing plate voltage 

by V50 , how much the grid voltage is changed so that plate 

current remains the same [RPET 1996] 

(a) – 2.86 V (b) –  4 V  

(c) + 4 V (d) + 2 V 

10. The amplification factor of a triode is 20 and trans-conductance is 3 

milli mho and load resistance  4103 , then the voltage gain is    [RPMT 1996] 

(a) 16.36 (b) 28 

(c) 78 (d) 108 

11. In a triode amplifier, 40,25  pr  kilo ohm and load resistance 

10LR  kilo ohm. If the input signal voltage is 0.5 volt, then 

output signal voltage will be  [RPMT 1995] 

(a) 1.25 volt (b) 5 volt 

(c) 2.5 volt (d) 10 volt 

12. The amplification factor of a triode is 20. If the grid potential is 

reduced by 0.2 volt then to keep the plate current constant its plate 

voltage is to be increased by  

[RPMT 1993, 95] 

(a) 10 volt (b) 4 volt 

(c) 40 volt (d) 100 volt 

13. For a triode 10pr kilo ohm and 3mg milli mho. If the load 

resistance is double of plate resistance, then the value of voltage 

gain will be    [RPMT 1994] 

(a) 10 (b) 20 

(c) 15 (d) 30 

14. The amplification produced by a triode is due to the action of     [AFMC 1994] 

(a) Filament (b) Cathode 

(c) Grid (d) Plate 

15. In an experiment, the saturation in the plate current in a diode is 

observed at 240V. But a student still wants to increase the plate 

current. It can be done, if  [MNR 1994] 

(a) The plate voltage is increased further  

(b) The plate voltage is decreased  

(c) The filament current is decreased 

(d) The filament current is increased 

16. In a triode amplifier, the value of maximum gain is equal to 

[MP PMT 1992] 

(a) Half the amplification factor  

(b) Amplification factor 

(c) Twice the amplification factor  

(d) Infinity  

17. For a given triode 20 . The load resistance is 1.5 times the 

anode resistance. The maximum gain will be   

[CPMT 1992] 

(a) 16 (b) 12 

(c) 10 (d) None of the above 

18. The voltage gain of a triode depends upon [CPMT 1992] 

(a) Filament voltage (b) Plate voltage 

(c) Plate resistance (d) Plate current 

19. In a triode valve    [MP PET 1992] 

(a) If the grid voltage is zero then plate current will be zero 

(b) If the temperature of filament is doubled, then the thermionic 

current will also be doubled 

(c) If the temperature of filament is doubled, then the thermionic 

current will nearly be four times 

(d) At a definite grid voltage the plate current varies with plate 

voltage according to Ohm’s law 

20. The amplification factor of a triode valve is 15. If the grid voltage is 

changed by 0.3 volt the change in plate voltage in order to keep the 

plate current constant (in volt) is  

[CPMT 1990] 

(a) 0.02 (b) 0.002 

(c) 4.5 (d) 5.0 

21. The slope of plate characteristic of a vacuum tube diode for certain 

operating point on the curve is 
V

mA310 . The plate resistance of 

the diode and its nature respectively 

[MP PMT 1990] 

(a) 100 kilo-ohms static (b) 1000 kilo-ohms static 

(c) 1000 kilo-ohms dynamic (d) 100 kilo-ohms dynamic 

22. A triode has a mutual conductance of mho3102   and an 

amplification factor of 50. The anode is connected through a 

resistance of 31025  ohms to a 250 volts supply. The voltage 

gain of this amplifier is   [MP PMT 1989] 

(a) 50 (b) 25 

(c) 100 (d) 12.5 

23. 151014   electrons reach the anode per second. If the power 

consumed is 448 milliwatts, then the plate (anode) voltage is    [MP PMT 1989] 

(a) 150 V (b) 200V 

(c) V44814  (d) 448/14V 

24. In the circuit of a triode valve, there is no change in the plate 

current, when the plate potential is increased from 200 volt to 220 

volt and the grid potential is decreased from – 0.5 volt to –1.3 volt. 

The amplification factor of this valve is  

[MP PMT 1989] 

(a) 15 (b) 20 

(c) 25 (d) 35 

25. If the amplification factor of a triode () is 22 and its plate 

resistance is 6600 ohm, then the mutual conductance of this valve 

is mho is    [MP PMT 1989] 

(a) 
300

1
 (b) 21025   

(c) 2105.2   (d) 21025.0   

26. For a triode, at 1gV  volt, the following observations were taken 

mAIVV pp 2,75  , mAIVV pp 4,100  . The value of 

plate resistance will be  [MP PMT 1989] 

(a) 25 k (b) 20.8 k 
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(c) 12.5 k (d) 100 k 

27. The triode constant is out of the following  [RPMT 1989] 

(a) Plate resistance (b) Amplification factor 

(c) Mutual conductance (d) All the above 

28. The unit of mutual conductance of a triode valve is  

[MP PMT 1988] 

(a) Siemen (b) Ohm 

(c) Ohm metre (d) Joule Coulomb–1  

29. With a change of load resistance of a triode, used as an amplifier, 

from 50 kilo ohms to 100 kilo ohms, its voltage amplification 

changes from 25 to 30. Plate resistance of the triode is    [MP PET 1986] 

(a) 25 k (b) 75 k 

(c) 7.5 k (d) 2.5 k 

30. Select the correct statements from the following 

[IIT-JEE 1984] 

(a) A diode can be used as a rectifier 

(b) A triode cannot be used as a rectifier 

(c) The current in a diode is always proportional to the applied 

voltage 

(d) The linear portion of the I–V characteristic of a triode is used 

for amplification without distortion 

31. The introduction of a grid in a triode valve affects plate current by    [CPMT 1975, 90] 

(a) Making the thermionic emission easier at low temperature 

(b) Releasing more electrons from the plate 

(c) By increasing plate voltage 

(d) By neutralising space charge 

32. Before the saturation state of a diode at the plate voltages of 400 V 

and 200 V respectively the currents are i
1

 and i
2

 respectively. The 

ratio i
1

/i
2

 will be  

(a) 4/2  (b) 22  

(c) 2 (d) 1/2 

33. The value of plate current in the given circuit diagram will be 

(a) 3 mA  

(b) 8 mA   

(c) 13 mA 

(d) 18 mA  

34. Coating of strontium oxide on Tungsten cathode in a valve is good 

for thermionic emission because  [RPMT 1998] 

(a) Work function decreases  

(b) Work function increases  

(c) Conductivity of cathode increases  

(d) Cathode can be heated to high temperature  

35. Correct relation for triode is    [RPMT 2000] 

(a) pm rg   (b) 
p

m

r

g
  

(c) pm rg  2   (d) None of these 

36. Following is the relation between current and charge 

LVqt
eATI

/2  then value of V
L

 will be [RPMT 2000] 

(a) 
kT

V
 (b) 

T

kV
 

(c) 
V

kT
  (d) 

k

VT
 

37. Which one is correct relation for thermionic emission  

[RPMT 2000] 

(a) kTeATJ /2/1   (b) kTeATJ /2   

(c) kTeATJ /2/3   (d) kTeATJ 2/2   

38. When plate voltage in diode valve is increased from 100 volt to 150 volt 

then plate current increases from 7.5 mA to 12 mA. The dynamic plastic 

resistance will be  [RPMT 2000] 

(a) 10 k (b) 11 k 

(c) 15 k (d) 11.1 k 

39. In a diode valve, the state of saturation can be obtained easily by   [RPET 1998; RPMT 2002] 

(a) High plate voltage and high filament current  

(b) Low filament current and high plate voltage  

(c) Low plate voltage and high cathode temperature  

(d) High filament current and high plate voltage  

40. Plate resistance of two triode valves is 2 K and 4 K, 

amplification factor of each of the valves is 40. The ratio of voltage 

amplification, when used with 4 K load resistance, will be    [RPET 1998] 

(a) 10  (b) 
3

4
 

(c) 
4

3
 (d) 

3

16
 

41. Diode is used as a/an    [AIIMS 1999] 

(a) Oscillator  (b) Amplifier  

(c) Rectifier  (d) Modulator  

42. The electrical circuits used to get smooth d.c. output from a rectifier 

circuit is called    [KCET 2000] 

(a) Filter  (b) Amplifier  

(c) Full wave rectifier  (d) Oscillator  

43. Which of the following does not vary with plate or grid voltages    [BHU (Med.) 1999] 

(a) g
m

 (b) R
p

 

(c)  (d) Each of them varies  

44. The grid in a triode valve is used   [UPSEAT 2000] 

(a) To increases the thermionic emission  

(b) To control the plate to cathode current 

(c) To reduce the inter-electrode capacity  

(d) To keep cathode at constant potential  

45. In a triode valve the amplification factor is 20 and mutual 

conductance is 10–3 mho. The plate resistance is  

[UPSEAT 2000] 

(a) 2  103  (b) 4  103   

2V 

+ – 
1.112 A 1.125 A 

+ 

RL 

IP P 
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(c) 2  104  (d) 2  104  

46. The thermionic emission of electron is due to  

[UPSEAT 2000] 

(a) Electromagnetic field  (b) Electrostatic field  

(c) High temperature  (d) Photoelectric effect  

47. The amplification factor of a triode is 50. If the grid potential is 

decreased by 0.20 V, what increase in plate potential will keep the 

plate current unchanged   [RPMT 1999] 

(a) 5 V  (b) 10 V  

(c) 0.2 V  (d) 50 V  

48. The slope of plate characteristic of a vacuum diode is 

./102 2 VmA  The plate resistance of diode will be  

[RPMT 1999] 

(a) 50  (b) 50 k  

(c) 500 k (d) 500 k 

49. The transconductance of a triode amplifier is 2.5 mili mho having 

plate resistance of 20 K, amplification 10. Find the load resistance    [RPMT 2001] 

(a) 5 k (b) 25 k 

(c) 20 k (d) 50 k  

50. The amplification factor of a triode is 18 and its plate resistance is 8 

 103. A load resistance of 104 is connected in the plate circuit. 

The voltage gain will be  

[RPMT 2002] 

(a) 30 (b) 20  

(c) 10 (d) 1 

51. The ripple factor in a half wave rectifier is  [RPMT 2002] 

(a) 1.21 (b) 0.48  

(c) 0.6  (d) None of these 

52. The correct relation for a triode is   [RPET 2000, 02] 

(a) 

.consttV
p

p
m

g

V

I
g





  (b) 

.consttV
g

p

m

p

V

I
g





  

(c) Both  (d) None of these  

53. In a diode valve the cathode temperature must be ( = work 

function)   [RPET 2002] 

(a) High and  should be high 

(b) High and  should be low  

(c) Low and  should be high  

(d) Low and  should be high  

54. The plate resistance of a triode is 2.5  104  and mutual 

conductance is 2  10–3 mho. What will be the value of amplification 

factor    [RPET 2002] 

(a) 50 (b) 1.25  107  

(c) 75 (d) 2.25  107  

55. Plate voltage of a triode is increased from 200 V to 225 V. To 

maintain the plate current, change in grid voltage from 5V to 5.75 V 
is needed. The amplification factor is  

[RPET 2002] 

(a) 40 (b) 45  

(c) 33.3  (d) 25  

56. The current in a triode at anode potential 100 V and grid potential – 
1.2 V is 7.5 mA. If grid potential is changed to – 2.2 V, the current 
becomes 5.5 mA. the value of trans conductance (g

m

) will be    [RPMT 2003] 

(a) 2 mili mho  (b) 3 mili mho 

(c) 4 mili mho (d) 0.2 mili mho 

57. Select the correct statement    [RPMT 2003] 

(a) In a full wave rectifier, two diodes work alternately  

(b) In a full wave rectifier, two diodes work simultaneously 

(c) The efficiency of full wave and half wave rectifiers is same 

(d) The full wave rectifier is bi-directional  

58. The amplification factor of a triode is 20. Its plate resistance is 10 
kilo ohms. Mutual conductance is 

[MNR 1992; Orissa JEE 2005] 

(a) 5102 mho (b) 4102 mho 

(c) 500 mho (d) 3102  mho  
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1. A silicon speciman is made into a P-type semi-conductor by 

dopping, on an average, one Indium atom per 7105 silicon atoms. 
If the number density of atoms in the silicon specimen is 

328 /atoms105 m  then the number of acceptor atoms in silicon 
per cubic centimetre will be 

       [MP PMT 1993, 2003] 

(a) 330 /105.2 cmatoms  (b) 313 /100.1 cmatoms  

(c) 315 /100.1 cmatoms  (d) 336 /105.2 cmatoms  

2. The probability of electrons to be found in the conduction band of 
an intrinsic semiconductor at a finite temperature  

[IIT-JEE 1995; DPMT 2004] 

 (a) Decreases exponentially with increasing band gap 

 (b) Increases exponentially with increasing band gap 

 (c) Decreases with increasing temperature  

 (d) Is independent of the temperature and the band gap 

3. The typical ionisation energy of a donor in silicon is  

    [IIT-JEE 1992] 

 (a) eV0.10  (b) eV0.1  

(c) eV1.0  (d) eV001.0  

4. In PN-junction diode the reverse saturation current is 510 amp 

at .27 C  The forward current for a voltage of  volt2.0  is             [MP PMT 1993] 

 (a) amp3106.2037   (b) amp31076.203   

 (c) amp310376.20   (d) amp3100376.2   

]/104.1,6.2038)62.7[exp( 23 KJK   

5. When a potential difference is applied across, the current passing 
through     [IIT-JEE 1999] 

 (a) An insulator at K0  is zero 

 (b) A semiconductor at K0  is zero  

 (c) A metal at K0  is finite 

 (d) A P-N diode at K300  is finite, if it is reverse biased 

6. A 2V battery is connected across the points A and B as shown in the 
figure given below. Assuming that the resistance of each diode is 
zero in forward bias and infinity in reverse bias, the current supplied 
by the battery when its positive terminal is connected to A is [UPSEAT 2002]  

 

(a) 0.2 A  

(b) 0.4 A 

(c) Zero 

(d) 0.1 A 

7. In the circuit, if the forward voltage drop for the diode is 0.5V, the 

current will be    [UPSEAT 2003] 

 

(a) 3.4 mA 

(b) 2 mA 

(c) 2.5 mA 

(d) 3 mA  

8. A P-type semiconductor has acceptor levels 57 meV above the 
valence band. The maximum wavelength of light required to create a 

hole is (Planck’s constant h = 34106.6  J-s)   [MP PET 1995] 

(a) 57 Å (b) Å31057   

(c) 217100 Å (d) Å331061.11   

9. Current in the circuit will be   [CBSE PMT 2001] 

(a) A
40

5
 

(b) A
50

5
 

(c) A
10

5
 

(d) A
20

5
 

10. The diode used in the circuit shown in the figure has a constant 

voltage drop of 0.5 V at all currents and a maximum power rating 
of 100 milliwatts. What should be the value of the resistor R, 
connected in series with the diode for obtaining maximum current [CBSE PMT 1997] 
 

(a) 1.5   

(b) 5  

(c) 6.67  

(d) 200  

11. For a transistor amplifier in common emitter configuration for load 

impedance of 1 k (h
fe

 = 50 and h
oe

 = 25 A/V) the current gain is     [AIEEE 2004] 

(a) – 5.2  (b) – 15.7 

(c) – 24.8 (d) – 48.78 

12. In the following common emitter configuration an NPN transistor 

with current gain  = 100 is used. The output voltage of the 
amplifier will be    [AIIMS 2003] 

 

(a) 10 mV  

(b) 0.1 V  

(c) 1.0 V  

(d) 10 V 

13. In semiconductor the concentrations of electrons and holes are 8  

1018/m3 and 5  1018/m respectively. If the mobilities of electrons and 

hole are 2.3 m2/volt-sec and 0.01 m2/volt-sec respectively, then 
semiconductor is  

(a) N-type and its resistivity is 0.34 ohm-metre  

(b) P-type and its resistivity is 0.034 ohm-metre 

(c) N-type and its resistivity is 0.034 ohm-metre 

(d) P-type and its resistivity is 3.40 ohm-metre  

1K 
10K 

Vout 
1mV 

2.2K 

0.5V 

8V 

20  

5V 20  

30  

i 

1.5 V 

R 0.5 V 

A B 

10  

10  
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14. A sinusoidal voltage of peak value 200 volt is connected to a diode 
and resistor R in the circuit shown so that half wave rectification 
occurs. If the forward resistance of the diode is negligible compared 
to R the rms voltage (in volt) across R is approximately  

 

 

 

 

 

(a) 200  (b) 100  

(c) 
2

200
 (d) 280  

15. The junction diode in the following circuit requires a minimum 
current of 1 mA to be above the knee point (0.7 V) of its I-V 
characteristic curve. The voltage across the diode is independent of 
current above the knee point. If V

B

  = 5 V, then the maximum value 
of R so that the voltage is above the knee point, will be  

 

 

 

 

 
 

(a) 4.3 k  (b) 860 k 

(c) 4.3  (d) 860  

16. In the circuit given below, V(t) is the sinusoidal voltage source, 
voltage drop V

AB

(t) across the  resistance R is  

[IIT 1993] 

 

 

 

 

 

 

(a) Is half wave rectified 

(b) Is full wave rectified  

(c) Has the same peak value in the positive and negative half cycles 

(d) Has different peak values during positive and negative half 
cycle   

17. The peak voltage in the output of a half-wave diode rectifier fed 

with a sinusoidal signal without filter is 10 V. The dc component of 

the output voltage is   [CBSE PMT 2004] 

(a) V2/10  (b) 10/ V 

(c) 10 V (d) 20/ V 

18. A transistor is used as an amplifier in CB mode with a load 

resistance of 5 k  the current gain of amplifier is 0.98 and the 

input resistance is 70 , the voltage gain and power gain 

respectively are    [Pb. PET 2003] 

(a) 70, 68.6 (b) 80, 75.6 

(c) 60, 66.6 (d) 90, 96.6 

19. The Bohr radius of the fifth electron of phosphorus (atomic number 

= 15) acting as dopant in silicon (relative dielectric constant = 12) is  

(a) 10.6 Å (b) 0.53 Å  

(c) 21.2 Å (d) None of these  

20. In the following circuits PN-junction diodes D
1

, D
2

 and D
3

 are ideal 

for the following potential of A and B, the correct increasing order 

of resistance between A and B will be  

 

 

 

 

 

 

 

 

(i) – 10 V, – 5V (ii)  – 5V, – 10 V  

(iii) – 4V, – 12V 

(a) (i) < (ii) < (iii)  (b) (iii) < (ii) < (i) 

(c) (ii) = (iii) < (i) (d) (i) = (iii) < (ii) 

21. The circuit shown in following figure contains two diode D
1

 and D
2

 

each with a forward resistance of 50 ohms and with infinite 

backward resistance. If the battery voltage is 6 V, the current 

through the 100 ohm resistance (in amperes) is  

[IIT-JEE 1997] 

 

 

 

 

 

(a) Zero  (b) 0.02 

(c) 0.03  (d) 0.036 

22. Find V
AB

    [RPMT 2000] 

(a) 10 V  

(b) 20 V  

(c) 30 V  

(d) None of these 

23. A diode is connected to 220 V (rms) ac in series with a capacitor as 

shown in figure. The voltage across the capacitor is  

(a) 220 V  

(b) 110 V  

(c) 311.1 V  

(d) V
2

220
 

24. A potential difference of 2V is applied between the opposite faces of 

a Ge crystal plate of area 1 cm2 and thickness 0.5 mm. If the 

concentration of electrons in Ge is 2  1019/m3 and mobilities of 

electrons and holes are 
sec

36.0
2

volt

m
 and 

sec
14.0

2

volt

m
 

respectively, then the current flowing through the plate will be 

C 
220 V  

ac 

30V 
10 

10 10 VAB 

R E0= 200 Volt 

R 0.7 V 

VB 

R2=150  R1=100  

D2 D1 

V(t) 

VAB R 

R D1 

D2 

D3 

R 

R 

A B 

4

R
 

4

R
 

6V 

100 

50 

150 

D2 

D1 
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(a) 0.25 A  (b) 0.45 A  

(c) 0.56 A   (d) 0.64 A  

25. The contribution in the total current flowing through a 

semiconductor due to electrons and holes are 
4

3
 and 

4

1
 

respectively. If the drift velocity of electrons is 
2

5
 times that of 

holes at this temperature, then the ratio of concentration of 

electrons and holes is 

(a) 6 : 5 (b) 5 : 6 

(c) 3 : 2  (d) 2 : 3 

26. Ge and Si diodes conduct at 0.3 V and 0.7 V respectively. In the 

following figure if Ge diode connection are reversed, the valve of V
0

 

changes by    [Based on Roorkee 2000] 

 

 

 

 

 

 
 

(a) 0.2 V  (b) 0.4 V  

(c) 0.6 V   (d) 0.8 V  

27. In the circuit shown in figure the maximum output voltage V
0

 is  

 

 

 

 

 
 

(a) 0 V  (b) 5 V  

(c) 10 V (d) V
2

5
  

28. In the following circuit find I
1

 and I
2

  

 

 (a) 0, 0 

 (b) 5 mA, 5 mA  

 (c) 5 mA, 0  

 (d) 0, 5 mA  

29. For the transistor circuit shown below, if  = 100, voltage drop 

between emitter and base is 0.7 V then value of V
CE

 will be  

 

 (a) 10 V 

 (b) 5 V  

 (c) 13 V   

 (d) 0 V  

30. In NPN transistor, 1010 electrons enters in emitter region in 10–6 sec. If 
2% electrons are lost in base region then collector current and 

current amplification factor () respectively are   

 (a) 1.57 mA, 49 (b) 1.92 mA, 70 

 (c) 2 mA, 25 (d) 2.25 mA, 100 

31. The following configuration of gate is equivalent to  

    [AMU 1999] 

(a) NAND 

(b) XOR  

(c) OR    

(d) None of these 

32. Figure gives a system of logic gates. From the study of truth table it 

can be found that to produce a high output (1) at R, we must have  

(a) X = 0, Y = 1 

(b) X = 1, Y = 1 

(c) X = 1, Y = 0 

(d) X = 0, Y = 0 

33. The combination of gates shown below produces  

(a) AND gate  

(b) XOR gate  

(c) NOR gate 

(d) NAND gate   

34. The shows two NAND gates followed by a NOR gate. The system is 

equivalent to the following logic gate  

 

(a) OR  

(b) AND  

(c) NAND  

(d) None of these 

35. The diagram of a logic circuit is given below. The output F of the 
circuit is represented by  

(a) ).( YXW   

(b) )( YXW   

(c) )( YXW   

(d) )( YXW   

36. The plate current i
p

 in a triode valve is given 
2/3)( gpp VVKi   where i

p

 is in milliampere and V
p

 and V
g

 are 

in volt. If r
p

 = 104 ohm, and ,105 3 mhogm
  then for 

mAip 8  and ,300voltVp   what is the value of K and grid 

cut off voltage    [Roorkee 1992] 

(a) – 6V, (30)3/2  (b) 2/3)30/1(,6V  

(c) + 6V, (30)3/2  (d) + 6V, (1/30)3/2 

37. The linear portions of the characteristic curves of a triode valve give 
the following readings  [Roorkee 1985] 

gV (volt) 0 – 2 – 4 – 6 

A 
B 

OR 

G1 

NAND 

G2 

G3 

AND 
Y 

C 

B 

A X 

Y 

Z 

F 

W 

X 

W 

Y 

Y 

X 
P 

O 

R 

12k 

10 V 

i1 

14k 

2k 

i2 

VCE 

5 V 

18 V 

100  

8.6 k 
C 

E 

B 

5 k Si 

Ge 

12 V 

V0 

Vi 

10 V 

0 

T 

t T/2 

D1 D2 

2k 2k 

2k 

+ – 
V0 

+ 

– 

G
3 

A
 

B
 

Y
 

G
1 

G
2 

G
4 
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)(mAIp  for 150pV  volts 15 12.5 10 7.5 

)(mAIp  for 120pV  volts 10 7.5 5 2.5 

The plate resistance is  

(a) 2000 ohms (b) 4000 ohms 

(c) 8000 ohms (d) 6000 ohms 

38. The  relation between dynamic plate resistance (r
p

) of  a vacuum 

diode and plate current in the space charge limited region, is  

(a) pp Ir   (b) 2/3
pp Ir   

(c) 
p

p
I

r
1

  (d) 
3/1)(

1

p

p
I

r   

39. The relation between I
p

 and V
p

 for a triode is  

 mAVI pp )5.7125.0(   

Keeping the grid potential constant at 1V, the value of r
p

 will be 

(a) 8 k (b) 4 k 

(c) 2 k (d) 8 k 

40. An alternating voltage of 141.4V (rms) is applied to a vacuum diode 

as shown in the figure. The maximum potential difference across the 

condenser will be  

(a) 100 V  

(b) 200 V  

(c) V2100  

(d) V2200  

41. A metallic surface with work function of 2 eV, on heating to a 

temperature of 800 K gives an emission current of 1 mA. If another 

metallic surface having the same surface area, same emission 

constant but work function 4 eV is heated to a temperature of 1600 

K, then the emission current will be 

(a) 1 mA  (b) 2 mA  

(c) 4 mA  (d) None of these  

42. A change of 0.8 mA in the anode current of a triode occurs when 

the anode potential is changed by 10 V. If  = 8 for the triode, then 

what change in the grid voltage would be required to produce a 

change of 4 mA in the anode current  

(a) 6.25 V  (b) 0.16 V  

(c) 15.2 V  (d) None of these  

43. The plate current in a triode is given by  

 mAVVI gpp
2/3)10(004.0   

where I
p

, V
p

 and V
g

 are the values of plate current, plate voltage and 

grid voltage, respectively. What are the triode parameters , r
p

 and g
m

 

for the operating point at voltVp 120  and voltVg 2  ?  

(a) 10, 16.7 k, 0.6 m mho  (b) 15, 16.7 k, 0.06 m mho 

(c) 20, 6 k, 16.7 m mho  (d) None of these  

44. A triode whose mutual conductance is 2.5 m A/volt and anode 

resistance is 20 kilo ohm, is used as an amplifier whose amplification 

is 10. The resistance connected in plate circuit will be [MP PET 1989; RPMT 1998] 

(a) 1 k (b) 5 k 

(c) 10 k (d) 20 k  

45. In the grid circuit of a triode a signal tE cos22  is applied. 

If  = 14 and r
p

 =10 k then root mean square current flowing 

through  kRL 12  will be  

(a) 1.27 mA  (b) 10 mA  

(c) 1.5 mA  (d) 12.4 mA  

46. For a triode  = 64 and g
m

 =1600  mho. It is used as an amplifier 

and an input signal of 1V (rms) is applied. The signal power in the 

load of 40 k will be  

(a) 23.5 mW  (b) 48.7 mW 

(c) 25.6 mW  (d) None of these  

47. Amplification factor of a triode is 10. When the plate potential is 200 

volt and grid potential is – 4 volt, then the plate current of 4mA is 

observed. If plate potential is changed to 160 volt and grid potential 

is kept at – 7 volt, then the plate current will be  

(a) 1.69 mA  (b) 3.95 mA  

(c) 2.87 (d) 7.02 mA  

48. On applying a potential of – 1 volt at the grid of a triode, the 

following relation between plate voltage V
p

 (volt) and plate current 

) in( mAIp  is found  

 5.7125.0  pp VI  

If on applying – 3 volt potential at grid and 300 V potential at plate, 

the plate current is found to be 5mA, then amplification factor of 

the triode is  

(a) 100  (b) 50 

(c) 30 (d) 20 

49. The slopes of anode and mutual characteristics of a triode are 0.02 

mA V–1 and 1 mA V–1 respectively. What is the amplification factor of 

the valve   [MP PMT 1990] 

(a) 5 (b) 50 

(c) 500 (d) 0.5 

50. The voltage gain of the following amplifier is  [AIIMS 2005] 

 

 

 

 

 

 

(a) 10 (b) 100 

F F 
K 

P 

141.4 

RL 

ac (rms) 

C 

– 
+ 

10k 

1k 

100k 

Vi Vo 
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(c) 1000 (d) 9.9 

 
Graphical Questions 

 

1. The temperature (T) dependence of resistivity () of a 

semiconductor is represented by   [AIIMS 2004] 

 (a)  (b)  

 

 

 

 

 (c)  (d) 

 

 

 

 

 

  

2. In a forward biased PN-junction diode, the potential barrier in the 
depletion region is of the form … [KCET 2004] 

 

 

 (a)  (b)  

  

 

 

 

 

  

 (c)  (d)  

 

 

 

3. Different voltages are applied across a P-N junction and the currents 
are measured for each value. Which of the following graphs is 
obtained between voltage and current  

[MP PET 1996; UPSEAT 2002] 

 

 (a)  (b)  

  

 

 

 

 

 

 (c)  (d)  

 

 

 

 

T 
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4. If the following input signal is sent through a PN-junction diode, 
then the output signal across R

L

 will be 

 

 

 

 

 

  

 (a)  (b)  

 

  

 (c)  (d)  

 

5. The curve between charge density and distance near P-N junction 

will be 

 

 

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

6. The resistance of a germanium junction diode whose IV   is 

shown in figure is )3.0( VVk   

 (a) 5 k 

 (b) 0.2 k 

 (c) 2.3 k 

 (d) 







k

3.2

10
 

7. In the half-wave rectifier circuit shown. Which one of the following 

wave forms is true for CDV , the output across C and D? 

 

 

 

 
 

 

 (a)  (b)  

 

 

 (c)  (d)  

 

 

8. The output in the circuit of figure is taken across a capacitor. It is as 

shown in figure 
 

 

 

 

 

 

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

9. A full wave rectifier circuit along with the input and output voltages 
is shown in the figure  

  

 

 

 

 

 

 

 

 
 

The contribution to output voltage from diode  – 2 is  

[MP PMT 2001] 

(a) A, C  (b) B, D  

(c) B, C (d) A, D 

10. A source voltage of 8V drives the diode in fig. through a current-
limiting resistor of 100 ohm. Then the magnitude of the slope load 
line on the V-I characteristics of the diode is  

(a)  0.01  

(b)  100 

(c) 0.08  

(d)  12.5 

11. The i-V characteristic of a P-N junction diode is shown below. The 

approximate dynamic resistance of the P-N junction when a forward 
bias of 2volt is applied  
 

(a)  1  

(b)  0.25   

(c)  0.5  

(d)  5  

12. The given figure shows the wave forms for two inputs A and B and 
that for the output Y of a logic circuit. The logic circuit is     [UPSEAT 2002] 

(A)  

 

 

 

(B) 
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(Y) 

 

(a) An AND gate  (b) An OR gate  

(c) A NAND gate  (d) An NOT gate 

13. In a negative logic the following wave form corresponds to the  

 

 

 

 

 

 

(a) 0000000000 (b) 0101101000 

(c) 1111111111 (d) 1010010111 

14. The variation of anode current in a triode corresponding to a change 
in grid potential at three different values of the plate potential is 
shown in the diagram. The mutual conductance of the triode is    [CPMT 1986, 88] 

 

 

 

 

 

 

  
 

 (a) 2.5 m mho (b) 5.0 m mho  

 (c) 7.5 m mho (d) 10.0 m mho 

15. The point representing the cut off grid voltage on the mutual 
characteristic of triode is 

 

 

 

 

 
 

 (a) S (b) R 

 (c) O (d) P  

16. For a thermionic emitter (metallic) if J represents the current 
density and T is its absolute temperature then the correct curve 

between 
2

log
T

J
e  and 

T

1
 is  

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 
 

17. If the thermionic current density is J and emitter temperature is T 

then the curve between 
2T

J
 and 

T

1
 will be  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 
 

18. The mutual characteristic of triode is  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

19. The value of amplification factor from the following graph will be 

 

 

 

 

 
 

 (a) 10 (b) 50 

 (c) 25 (d) 40 

20. The correct curve between voltage gain )( vA  and load resistance 

)( LR  is  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

21. The curve between the work function of a metal )( o  and its 

temperature (T) will be 

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  
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22. The plate characteristic curve of a diode in space charge limited 
region is as shown in the figure. The slope of curve at point P is 5.0 
mA/V. The static plate resistance of diode will be 

 

 

 

 

 
 

 (a) 111.1 (b) 222.2 

 (c) 333.3 (d) 444.4 

23. The ratio of thermionic currents (I/I
0

) for a metal when the 

temperature is slowly increased 0T  to T  as shown in figure. (I and 

I
0

 are currents at T and respectively). Then which one is correct?    [Orissa JEE 2002] 

 
 
 
 
 
 
 
 
 (a) A (b) B 

 (c) C (d) D 
24. The frequency response curve of RC coupled amplifier is shown in 

figure. The band width of the amplifier will be 

 

 

 

 

 

 

 (a) 23 ff   (b) 14 ff   

 (c) 
2

24 ff 
 (d) 13 ff   

25. The figure represents variation of triode parameter ( or r
p

 or g
m

) 

with the plate current. The correct variation of  and r
p

 are given, 
respectively by the curves  

 

 

 

 

 

 

 (a) A and B (b) B and C 

 (c) A and C (d) None of the above 

26. The mutual characteristic curves of a triode are as shown in figure. 
The cut off voltage for the triode is 

 

 

 

 

 
 

 (a) 0 V (b) 2 V 

 (c) – 4 V (d) 6 V 

27. For the diode, the characteristic curves are given at different 
temperature. The relation between the temperatures is  

[RPET 1990] 

  

 

 

 
 

 (a) 321 TTT   (b) 321 TTT   

 (c) 321 TTT   (d) None of the above 

28. The output current versus time curve of a rectifier is shown in the 
figure. The average value of the output current in this case is      [AIIMS 1982] 

 

 

 

 

 

(a) 0 (b) i
0

/ 

(c) 2i
0

/ (d) 0i  

29. Which of the following figures correctly shows the phase relation 
between the input signal and the output signal of triode amplifier  

 

 (a)  

 

 

 (b)  

 

 

 (c)  

 

 

 (d)  
 

30. In the figure four plate characteristics of a triode at different grid 
voltage are shown. The difference between successive grid voltage is 
1 V. Which curve will have maximum grid voltage and what is its 

value?  

 

 

 

 

 

 

 

 (a) A, V
g

 = + 4 V (b) B, V
g

 = + 4 V 

 (c) A, V
g

 = 0 (d) D, V
g

 = 0 
 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 
the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
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1. Assertion  : The logic gate NOT can be built using diode. 

Reason  :  The output voltage and the input voltage of the 

diode have 180° phase difference. 

[AIIMS 2005] 

2. Assertion  : The number of electrons in a P-type silicon 

semiconductor is less than the number of electrons 
in a pure silicon semiconductor at room 
temperature.  

Reason  : It is due to law of mass action. [AIIMS 2005]  

3. Assertion  : In a common emitter transistor amplifier the input 
current is much less than the output current.  

Reason  : The common emitter transistor amplifier has very 
high input impedance. [AIIMS 2005] 

4. Assertion  :  A transistor amplifier in common emitter 
configuration has a low input impedence.  

Reason  : The base to emitter region is forward biased.  

[AIIMS 2004]  

5. Assertion  : The resistivity of a semiconductor increases with 
temperature.  

Reason  : The atoms of a semiconductor vibrate with larger 
amplitude at higher temperature there by 
increasing it's resistivity. [AIIMS 2003] 

6. Assertion  : If the temperature of a semiconductor is increased 
then it's resistance decreases. 

Reason  : The energy gap between conduction band and 

valence band is very small  [AIIMS 1997] 

7. Assertion  :  The temperature coefficient of resistance is positive 
for metals and negative for P-type semiconductor.   

Reason  : The effective charge carriers in metals are 
negatively charged whereas in P-type semiconductor 
they are positively charged. 

    [AIIMS 1996] 

8. Assertion  :  Electron has higher mobility than hole in a 

semiconductor. 

Reason  : Mass of electron is less than the mass of hole.  

9. Assertion  :  An N-type semiconductor has a large number of 
electrons but still it is electrically neutral.  

Reason  : An N-type semiconductor is obtained by doping an 
intrinsic semiconductor with a pentavalent 
impurity.  

10. Assertion  :  The crystalline solids have a sharp melting point.  

Reason  : All the bonds between the atoms or molecules of a 

crystalline solids are equally strong, that they get 
broken at the same temperature.  

11. Assertion  :  Silicon is preferred over germanium for making 

semiconductor devices.  

Reason  : The energy gap for germanium is more than the 

energy gap of silicon.  

12. Assertion  :  We can measure the potential barrier of a PN 

junction by putting a sensitive voltmeter across its 
terminals.  

Reason  : The current through the PN junction is not same in 
forward and reversed bias.  

13. Assertion  :  Semiconductors do not Obey's Ohm's law.   

Reason  : Current is determined by the rate of flow of charge 
carriers.  



 
     1588 Electronics    

14. Assertion  :  Two P-N junction diodes placed back to back, will 
work as a NPN transistor. 

Reason  : The P-region of two PN junction diodes back to 
back will form the base of NPN transistor.  

15. Assertion  :  In transistor common emitter mode as an amplifier is 
preferred over common base mode.  

Reason  : In common emitter mode the input signal is 
connected in series with the voltage applied to the 
base emitter function.  

16. Assertion  :  The dominant mechanism for motion of charge 
carriers in forward and reverse biased silicon P-N 
junction are drift in both forward and reverse bias.   

Reason  : In reverse biasing, no current flow through the 
junction.  

17. Assertion  :  A transistor is a voltage-operating device.  

Reason  : Base current is greater than the collector current.  

18. Assertion  :  NAND or NOR gates are called digital building 
blocks.  

Reason  : The repeated use of NAND (or NOR) gates can 
produce all the basic or complicated gates.  

19. Assertion  :  At 0 K Germanium is a superconductor.   

Reason  : At 0 K Germanium offers zero resistance.  

20. Assertion  :  Base in a transistor is made very thin as compared 
to collector and emitter regions.   

Reason  : Due to thin base power gain and voltage gain is 
obtained by a transistor.  

21. Assertion  :  The current gain in common base circuit is always 
less than one.  

Reason  : At constant collector voltage the change in collector 
current is more than the change in emitter current.  

22. Assertion  : V-i characteristic of P-N junction diode is same as 
that of any other conductor.  

Reason  : P-N junction diode behave as conductor at room 
temperature.  

23. Assertion  :  Zener diode works on a principle of breakdown 
voltage.  

Reason  : Current increases suddenly after breakdown voltage.  

24. Assertion  :  NOT gate is also called inverter circuit.  

Reason  : NOT gate inverts the input order.  

25. Assertion  : In vacuum tubes (valves), vacuum is necessary for 
the movement of electrons between electrodes 
otherwise electrons collide with air particle and 
loses their energy.  

Reason  : In semiconductors devices, external heating or 
vacuum is not required.  

26. Assertion  : The following circuit represents 'OR' gate 

 

 

Reason  : For the above circuit BABAXY    

27. Assertion  : A P-N photodiode is made from a semiconductor 

for which E
g

 = 2.8 eV. This photo diode will not 

detect the wavelength of 6000 nm.  

Reason  : A PN photodiode detect wavelength  if gE
hc




. 

28. Assertion  : 29 is the equivalent decimal number of binary 

number 11101. 

Reason  : (11101)
2

 = (1  24 + 1  23 + 1  22 + 0  21 + 1  20 )
10

  

= (16 + 8 + 4 + 0 + 1)
10

 = (29)
10

  

29. Assertion  : When PN-junction is forward biased then motion of 

charge carriers at junction is due to diffusion. In 

reverse biasing. The cause of motion of charge is 

drifting. 

Reason  : In the following circuit emitter is reverse biased and 

collector is forward biased. 

 

 

 

 

 

30. Assertion  : De-morgan's theorem BABA   may be 

explained by the following circuit  

 

 

 

 

 

Reason  : In the following circuit, for output inputs ABC are 

101 

 

 

 

 

31. Assertion  :  In the following circuit the potential drop across 

the resistance is zero.  

 

 

 

 

 Reason  : The given resistance has low value.  

 
 

 

 

 

 

Solids and Crystals 
 

1 d 2 d 3 d 4 a 5 a 

6 a 7 a 8 b 9 a 10 c 

11 d 12 c 13 b 14 a 15 a 

16 a 17 d 18 b 19 c 20 c 

21 b 22 a 23 b 24 a 25 d 

26 d 27 d 28 d     

 
Semiconductors 

 

A 

B 

Y 

X 

E 

C 
B 

0 V 

+ 1 V 

– 2 V 

Y 

A 

B 

C 

A 

B 

= 

Y 
Y 

– 5V 

R = 0.1  

– 2V 
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1 c 2 b 3 d 4 b 5 b 

6 b 7 b 8 c 9 d 10 a 

11 b 12 a 13 a 14 d 15 c 

16 b 17 b 18 b 19 c 20 c 

21 d 22 b 23 ac 24 d 25 b 

26 c 27 d 28 c 29 c 30 b 

31 d 32 a 33 b 34 a 35 c 

36 d 37 c 38 b 39 d 40 a 

41 d 42 c 43 b 44 c 45 d 

46 b 47 a 48 b 49 a 50 d 

51 d 52 b 53 b 54 a 55 c 

56 d 57 b 58 d 59 a 60 a 

61 b 62 a 63 c 64 a 65 b 

66 a 67 c 68 c 69 c 70 c 

71 b 72 b 73 a 74 b 75 c 

76 b 77 c 78 a 79 d 80 a 

81 a 82 a 83 b 84 d 85 c 

86 d 87 a 88 c 89 b 90 c 

91 a 92 b 93 d 94 d 95 d 

96 d 97 d 98 a 99 b 100 a 

101 b         

 

Semiconductor Diode 
 

1 b 2 a 3 b 4 b 5 c 

6 b 7 a 8 b 9 a 10 a 

11 b 12 b 13 b 14 c 15 d 

16 c 17 c 18 bc 19 c 20 d 

21 d 22 b 23 d 24 c 25 c 

26 b 27 b 28 b 29 c 30 b 

31 b 32 c 33 d 34 c 35 d 

36 a 37 b 38 b 39 d 40 a 

41 b 42 a 43 b 44 a 45 a 

46 b 47 b 48 a 49 c 50 d 

51 d 52 a 53 c 54 c 55 b 

56 d 57 a 58 a 59 c 60 a 

61 b 62 c 63 a 64 c 65 a 

66 b 67 c 68 c 69 d 70 a 

71 c 72 a 73 d 74 d 75 c 

76 a 77 c 78 c 79 c   

 
Junction Transistor 

 

1 a 2 c 3 a 4 d 5 d 

6 b 7 d 8 b 9 b 10 b 

11 c 12 d 13 d 14 a 15 b 

16 b 17 d 18 b 19 ac 20 a 

21 c 22 a 23 b 24 b 25 b 

26 c 27 a 28 b 29 b 30 d 

31 b 32 b 33 a 34 b 35 b 

36 a 37 a 38 a 39 b 40 a 

41 b 42 d 43 d 44 b   

 
Digital Electronics 

 

1 b 2 c 3 b 4 a 5 b 

6 c 7 d 8 b 9 a 10 a 

11 d 12 b 13 c 14 a 15 c 

16 a 17 b 18 b 19 a 20 a 

21 b 22 c 23 b 24 c 25 b 

26 c 27 b 28 a 29 a 30 d 

31 d         

 

Valve Electronics 
 

1 c 2 c 3 a 4 b 5 b 

6 b 7 c 8 b 9 a 10 a 

11 c 12 b 13 b 14 c 15 d 

16 b 17 b 18 c 19 c 20 c 

21 b 22 b 23 b 24 c 25 a 

26 c 27 d 28 a 29 a 30 ad 

31 d 32 c 33 c 34 a 35 a 

36 c 37 b 38 d 39 b 40 c 

41 c 42 b 43 d 44 b 45 c 

46 c 47 b 48 b 49 a 50 c 

51 a 52 b 53 b 54 a 55 c 

56 a 57 a 58 d     

 
 

Critical Thinking Questions 
 

1 c 2 a 3 c 4 c 5 abd 

6 a 7 a 8 c 9 b 10 b 

11 d 12 c 13 a 14 b 15 a 

16 d 17 b 18 a 19 a 20 c 

21 b 22 a 23 d 24 d 25 a 

26 b 27 b 28 d 29 c 30 a 

31 b 32 c 33 d 34 b 35 c 

36 b 37 d 38 d 39 d 40 b 

41 c 42 a 43 a 44 b 45 a 

46 c 47 a 48 a 49 b 50 b 

 

Graphical Questions 
 

1 c 2 b 3 c 4 c 5 a 
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6 b 7 b 8 c 9 b 10 a 

11 b 12 a 13 d 14 a 15 d 

16 a 17 c 18 c 19 a 20 c 

21 c 22 c 23 a 24 b 25 c 

26 c 27 b 28 c 29 a 30 d 

 

Assertion and Reason 
 

1 d 2 a 3 c 4 a 5 d 

6 a 7 b 8 a 9 b 10 a 

11 c 12 e 13 e 14 d 15 b 

16 d 17 d 18 a 19 d 20 a 

21 c 22 d 23 a 24 a 25 b 

26 a 27 a 28 a 29 b 30 c 

31 b         

 

 

 
 
 
 
 

Solids and Crystals 
 

1. (d) Ionic bonds cone into being when atoms that have low 
ionization energies, and hence lose electrons rapidly, interact 
with other atoms that and to acquire excess electrons. The 
former atoms give up electrons to the latter and they there 
upon become positive and negative ions respectively.  

2. (d) For tetragonal, cubic and orthorhombic system 

.90   

3. (d) Tourmaline crystal is biaxial. 

4. (a) The temperature co-efficient of resistance of conductor is 
positive. 

5. (a) Density 
3)(aN

nA
  

where n = 2 for bcc structure , A = 39  10–3 kg, 

N = 6.02  1023,  a md )10525.4(
3

2

3

2 10  

(d = nearest neighbour distance = distance between centres of 

two neighbouring atoms 
2

a
 ) 

On putting the values we get  = 907 

6. (a) The highest energy level which an electron can occupy in the 
valence band at 0 K, is called Fermi energy level. 

7. (a) In a triclinic crystal a  b  c and       90°  

8. (b) Metallic solids are opaque because incident light is absorbed by 
the free electrons in a metal.  

9. (a) In ionic bonding electrons are transferred from one type of 
atoms to the other type creating positive and negative ions. For 
example in NaCl, Na loses one electrons and Cl gains one so 
that Na+ and Cl– ions have a stable shell structure.  

10. (c) Wood is non-crystalline.  

11. (d) Cu has fcc structure, for fcc structure co-ordination number = 

12 

12. (c) Vander Waal force is weak dipole-dipole interaction.  

13. (b)  

14. (a) The sodium chloride crystal structure has a fcc lattice with one 

chloride ion at each lattice point and one sodium ion half a 

cube length above it.  

15. (a) In NaCl crystal Na+ ion is surrounded by Cl6  ion, therefore 

coordination number of Na+ is 6. 

16. (a) Sodium has bcc structure. The distance between body centre 

and a  corner 
2

3 a
  

Å66.3
2

225.43



  

 

17. (d)  

18. (b) For the fcc structure  

2/122 )(4 aar  2a  

 
224

2 aa
r   

19. (c) Metals reflects incident light by the vibrations of free electrons 
under the influence of electric field of incident wave. The 
conductivity of metals decreases with increase of temperature 
due to increase in random motion of free electrons. The 
bonding is therefore metallic.  

20. (c)  

21. (b) The nearest distance between two atoms in a bcc lattice = 2 

(atomic radius) 
2

3

4

3
2

aa















  

22. (a) The net force on electron placed at the centre of bcc structure 
is zero. (By the principle of superposition of couloumb forces)   

23. (b) For bcc packing, distance between two nearest atoms 
















4

3
22

a
rd  

 Lattice constant Å
d

a 3.4
3

7.32

3

2



  

24. (a)  

25. (d) ra 42   År
r

a 59.354.22)2(2
2

4
  

26. (d)  

27. (d) Covalent bonding exists in semi-conductor.  

28. (d) In H
2

O covalent bonding is present. 

 

Semiconductors 
 

1. (c) In P-type semiconductors, holes are the majority charge carriers  

2. (b) Ga has a valancy of 3. 

3. (d) Ge +  
impurity 

Trivalent
               

torsemiconduc

type-P
 

4. (b) Since n
e

 > n
h

; the semiconductor is N-type. 

r 

r 

r 

r 

a 

a 

a 

a 

a 
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5. (b) Absence of one electron, creates the positive charge of 
magnitude equal to that of electronic charge.  

6. (b) Ge  + 
impurity 

tPantavalen
                

torsemiconduc

type-N
 

7. (b) Impurity increases the conductivity.  

8. (c) 
torsemiconduc

Intrinsic
               Conductivity is due to the  

 breaking of covalent bond 

torsemiconduc

Extrisnsic
               Conductivity is due to the  

breaking of covalent bond and excess of charge carriers due to 
impurity.  

9. (d) Resistance of conductors (Cu) decreases with decrease in 
temperature while that of semi-conductors (Ge) increases with 
decrease in temperature.  

10. (a) Aluminum is trivalent impurity. 

11. (b) With temperature rise conductivity of semiconductors 
increases. 

12. (a)  

13. (a) Similar to Q. 11 

14. (d) In insulators, the forbidden energy gap is largest and it is of 
the order of 6 eV.  

15. (c) N-type semiconductors are neutral because neutral atoms are 
added during doping.  

16. (b)  

17. (b) In insulators, the forbidden energy gap is very large, in case of 

semiconductor it is moderate and in conductors the energy gap 
is zero.  

18. (b) Similar to Q. 15.  

19. (c) Phosphorus is pentavalent.  

20. (c) In intrinsic semiconductors, the creation or liberation of one 
free electron by the thermal energy has created one hole. Thus 
in intrinsic semiconductors n

e

 = n
h

  

21. (d) Conductor has positive temperature coefficient of resistance 
but semiconductor has negative temperature coefficient of 
resistance. 

22. (b) Boron is trivalent.  

23. (a, c) In intrinsic semiconductors, electrons and holes both are 

charge carriers. In P-type semiconductors (Extrinsic 
semiconductors) holes are majority charge carriers.  

24. (d) 

25. (b) 

26. (c) 67.0)(  GermaniumgE eV  

27. (d) In P-type semiconductors, holes are majority charge carrier and 
electrons are minority charge carriers.  

28. (c) At zero Kelvin, there is no thermal agitation and therefore no 

electrons from valence band are able to shift to conduction 
band. 

29. (c) Antimony is a fifth group impurity and is therefore a donor of 

electrons. 

30. (b) Resistance of semiconductor 
eTemperatur

1
  

31. (d) 
S.C.

Extrinsic
                       

)(Type

)(Type

pe

ep

nnN

nnP





 

32. (a) At room temperature the number of electrons and holes are 
equal in the intrinsic semiconductor. 

33. (b) Indium is trivalent, hence on doping with it, the intrinsic 
semiconductor becomes P-type semiconductor. 

34. (a)  

 

 

 

 
 

35. (c) In semiconductors, Forbidden energy gap is of the order of 1 
eV. 

36. (d) At 0K temperature semiconductor behaves as an insulator, 
because at very low temperature electrons cannot jump from 
the valence band to conduction band.  

37. (c) Antimony is pentavalent. 

38. (b) At 0K semiconductor behaves as insulator so it's resistance is 
infinite.  

39. (d) The conduction and valence bands in the conductors merge 
into each other. 

40. (a) For N-type semiconductor, the impurity should be pentavalent.  

41. (d) When a free electron is produced, simultaneously a hole is also 
produced. 

42. (c) For P type semiconductor the doping impurity should be 
trivalent. 

43. (b) The temperature co-efficient of resistance of a semiconductor is 
always negative.  

44. (c) The resistance of semiconductor decreases with the increase in 
temperature. 

45. (d) At absolute zero temperature, semiconductor. 

46. (b) Formation of energy bands in solids are due to Pauli's exclusion 
principle.  

47. (a) In P-type semiconductors, holes are majority charge carriers. 

48. (b)  

49. (a)  Conductivity of semiconductors increases with rise in 
temperature. 

50. (d) All are trivalent in nature. 

51. (d) In N-type semiconductors, electrons are majority charge 
corners. 

52. (b) When a strong current passes through the semiconductor it 
heats up the crystal and covalent bond are broken. Hence 
because of excess number of free electrons it behaves like a 
conductor.  

53. (b) 

54. (a) Phosphorus is a pentavalent impurity so n
e

 > n
h

.  

55. (c) Phosphorus is pentavalent while Indium is trivalent. 

56. (d) Phosphorus and Arsenic both are pentavalent. 

57. (b)  

58. (d) 

59. (a) For Ge, JJeVEg
1919 1012.1106.17.07.0    

60. (a) At room temperature some covalent bond breaks and 
semiconductor behaves slightly as a conductor. 

61. (b) 

62. (a) 

V.B. 

C.B. 

Ef Energy gap (Eg) 
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63. (c) Because boron is a trivalent impurity. 

64. (a) In P-type semi conductor, holes are majority charge carriers. 

65. (b) In intrinsic semiconductors, at room temperature n
e

 = n
h

. 

66. (a) In conductors valence band and conduction band overlaps.  

67. (c)  Because As is pentavalent impurity. 

68. (c) At 0 K semiconductor behaves as an insulator. 

69. (c)  

70. (c) 

71. (b) Antimony and phosphorous both are pentavalent. 

72. (b) Gallium is trivalent impurity. 

73. (a) 

74. (b) One atom of pentavalent impurity, donates one electron. 

75. (c)  

76. (b) The charge on hole is positive.  

77. (c) Phosphorus is pentavalent impurity. 

78. (a) ehi nnn 2   en 21219 10)10(   ./10 317 mne   

79. (d) Temperature co-efficient of semiconductor is negative. 

80. (a) Copper, Aluminum, Iron are conductors, while Ge is 
semiconductor.  

81. (a) At room temperature, few bonds breaks and electron hole pair 
generates inside the semiconductor.  

82. (a) 

83. (b) With rise in temperature, conductivity of semiconductor 
increases while resistance decreases. 

84. (d) Gallium, boron and aluminum are trivalent.  

85. (c) Because with rise in temperature, resistance of semiconductor 
decreases, hence overall resistance of the circuit increases, 
which in turn increases the current in the circuit.  

86. (d) Extrinsic semiconductor (N-type or P-type) are neutral. 

87. (a) Because 
eAn

i
v

e

d
)(

  

88. (c) 

89. (b) Resistivity is the intrinsic property, it doesn't depend upon 
length and shape of the semiconductors.  

90. (c) 

91. (a) Å
E

hc
10888

106.114.1

103106.6
19

834

max 









  

92. (b) In N-type semiconductor impurity energy level lies just below 
the conduction band.  

93. (d) 

94. (d) 

95. (d) eeen     

 316

390019
/10

106.1

24.6
cm

e
n

e

e 






 

96. (d) In semiconductors, the forbidden energy gap between the 
valence band and conduction band is very small, almost equal 
to kT. Moreover, valence band is completely filled where as 
conduction band is empty.  

97. (d) In sample x no impurity level seen, so it is undoped. In sample 
y impurity energy level lies below the conduction bond so it is 
doped with fifth group impurity.  

In sample z, impurity energy level lies above the valence band 
so it is doped with third group impurity. 

98. (a) Forbidden energy gap for carbon is greater than that of silicon.  

99. (b) 

100. (a) Because electrons needed less energy to move. 

101. (b)  
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Semiconductor Diode 
 

1. (b)  

2. (a) In forward biased PN-junction, external voltage decreases the 

potential barrier, so current is maximum. While in reversed 

biased PN-junction, external voltage increases the potential 

barrier, so the current is very small. 

3. (b)  

4. (b) Filter circuits are used to get smooth dc  -filter is the best 

filter. 

5. (c) In reverse bias no current flows.  

6. (b) In reverse biasing, width of depletion layer increases. 

7. (a) Depletion layer consist of mainly stationary ions. 

8. (b) Current flow is possible and A
R

V
i 210

300

)14( 


  

9. (a)  The potential of P-side is more negative that of N-side, hence 

diode is in reverse biasing. In reverse biasing it acts as open 

circuit, hence no current flows. 

10. (a) 

11. (b) It is used to convert ac into dc (rectifier) 

 

 

 

 

 

 

12. (b)  

13. (b) Because in case (1) N is connected with N. This is not a series 

combination of transistor. 

14. (c)  

15. (d)  

16. (c) After a large reverse voltage is PN-junction diode, a huge 

current flows in the reverse direction suddenly. This is called 

Breakdown of PN-junction diode.  

17. (c) In forward biasing both positive and negative charge carriers 

move towards the junction. 

18. (b,c) 

19. (c) When polarity of the battery is reversed, the P-N junction 

becomes reverse biased so no current flows. 

20. (d) Resistance in forward biasing  10frR and resistance in 

reverse biasing  510RwR    
410

1


Rw

fr

R

R
 

21. (d)  

22. (b) In forward biasing width of depletion layer decreases. 

23. (d) 

24. (c) At junction a potential barrier/depletion layer is formed, with 

N-side at higher potential and P-side at lower potential. 

Therefore there is an electric field at the junction directed from 

the N-side to P-side  

 

 

 

 

 

 

25. (c) In N-type semiconductor majority charge carriers are electrons.  

26. (b) In forward biasing the diffusion current increases and drift 
current remains constant so not current is due to the diffusion. 

In reverse biasing diffusion becomes more difficult so net 
current (very small) is due to the drift. 

27. (b) At a particular reverse voltage in PN-junction, a huge current 
flows in reverse direction known as avalanche current. 

28. (b) Due to the large concentration of electrons in N-side and holes 
in P-side, they diffuses from their own side to other side. Hence 
depletion region produces.  

29. (c) Only in option (c), P-side is more negative as compared to N-
side. 

30. (b) Depletion layer is more in less doped side. 

31. (b) In forward biasing P-side is connected with positive terminal 
and N-side with negative terminal of the battery  

32. (c) In forward biasing of PN-junction diode, current mainly flows 
due to the diffusion of majority charge carriers.  

33. (d) 

34. (c) In forward biasing of PN junction diode width of depletion 
layer decreases. In intrinsic semiconductor fermi energy level is 
exactly in the middle of the forbidden gap 

 

 

 

 

 

35. (d) 

36. (a) At high reverse voltage, the minority charge carriers, acquires 

very high velocities. These by collision break down the covalent 

bonds, generating more carriers. This mechanism is called 

Avalanche breakdown.   

37. (b) Because P-side is more negative as compared to N-side. 

38. (b) When reverse bias is increased, the electric field at the junction 
also increases. At some stage the electric field breaks the 

covalent bond, thus the large number of charge carriers are 
generated. This is called Zener breakdown.  

39. (d) In forward biasing both V
B

 and x decreases. 

40. (a)   

41. (b) In figure 2,4 and 5. P-crystals are more positive as compared to 
N-crystals. 

42. (a) ac               Rectifier                dc  

43. (b) In this condition NP   junction is reverse biased. 

44. (a)   

45. (a) mV
d

V
E /10

105

5.0 6

7






. 

C.B. 

Ef 

V.B. 

E 
N P 

Holes 

Electrons 

N P 

+ – 
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46. (b) Across the NP   junction, a barrier potential is developed 

whose direction is from N  region to P  region. 

47. (b)  

48. (a) In forward biasing, resistance of PN  junction diode is zero, so 

whole voltage appears across the resistance. 

49. (c)  

50. (d) The electric field strength versus distance curve across the P-N 
junction is as follows 

   

  

  

 

 

51. (d)  

52. (a) It doesn't Obey's ohms law. 

53. (c) Because N-side is more positive as compared to P-side. 

54. (c) When a light (wavelength sufficient to break the covalent 
bond) falls on the junction, new hole electron pairs are created. 
No. of produced electron hole pair deponed upon no. of 
photons.  So photo emf or current proportional to intensity of 

light. 

55. (b) 

56. (d) For full wave rectifier 

L

f

R

r




1

2.81
    

 %2.81max n          (r
f

 << R
L

) 

57. (a) 

58. (a) 

59. (c) In reverse biasing negative terminal of the battery is connected 

to N-side.  

60. (a) In the given condition diode is in reverse biasing so it acts as 
open circuit. Hence potential difference between A and B is 6V  

61. (b) Zener breakdown can occur in heavily doped diodes. In lightly 
doped diodes the necessary voltage is higher, and avalanche 
multiplication is then the chief process involved.  

62. (c) 

63. (a) 

64. (c) Diode acts as open switch only when it is reverse biased  

65. (a) Because P-side is more negative than N-side. 

66. (b) In unbiased condition of PN-junction, depletion region is 
generated which stops the movement of charge carriers.  

67. (c) For a wide range of values of load resistance, the current in the 
zener diode may change but the voltage across it remains 
unaffected. Thus the output voltage across the zener diode is a 
regulated voltage.  

68. (c)  

69. (d) Arsenic has five valence electrons, so it a donor impurity. 
Hence X becomes N-type semiconductor. Indium has only three 
outer electrons, so it is an acceptor impurity. Hence Y becomes 
P-type semiconductor. Also N (i.e. X) is connected to positive 
terminal of battery and P(i.e. Y) is connected to negative 
terminal of battery so PN-junction is reverse biased.  

70. (a) 

71. (c) In photodiode, it is illuminated by light radiations, which in 
turn produces electric current. 

72. (a) 

73. (d)   

74. (d) By using mV
d

V
E /106

10

6.0 5

6



 

75. (c) The given circuit is full wave rectifier. 

76. (a) The diode is in reverse biasing so current through it is zero. 

77. (c) In full wave rectifier, the fundamental frequency in ripple is 
twice that of input frequency. 

78. (c) 

79. (c) IRVV '  

= 0.5 + 0.1  20 

= 2.5 V  

 

                            

Junction Transistor 
 

1. (a) When NPN transistor is used as an amplifier, majority charge 

carrier electrons of N-type emitter move from emitter to base and 

than base to collector.   

2. (c)  

 

 

 

3. (a) In oscillator, a portion of the output power is returned back 

(feed back) to the input in phase with the starting power. This 

process is termed as positive feedback.  

 

 

 

 

 

4. (d) The emitter base junction is forward biased while collector base 

junction is reversed biased.   

5. (d) Given ec ii 
100

80
ei

100

80
24 mAie 30  

By using cbe iii     i
b

 = 30 – 24 = 6 mA. 

6. (b)   

 

 

 

 

7. (d)  is the ratio of collector current and emitter current while  
is the ratio of collector current and base current. 

8. (b)  

9. (b) 
98.01

98.0

1 








 =49. 

10. (b) 
96.01

96.0

1 








 =24. 

P N 

Distance 

Electric field 

0.1 A 

20  

Input signal 
Output amplified signal 

Phase change 

of  

Transistor 

amplifier 

Feed back 

network 

Out put 

N N 

P Forward 
biased 

reverse 

biased 
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11. (c) 
e

c

i

i
 =0.96 and i

e

 = 7.2 mA  

  ec ii  96.0 = 0.96  7.2 = 6.91 mA 

  bce iii   7.2 = 6.91 +  i
b

  i
b

 = 0.29 mA. 

12. (d)  

13. (d) EC ii 
100

90
 10 = 0.9  i

E

 = 11mA 

Also CBE iii  .11011 mAiB   

14. (a) Current gain 
b

c

i

i




 bc ii   = 80  250 A.  

15. (b) In transistor, base is least doped.  

16. (b)   

17. (d)  = 50, R
i

 = 1000 , V
i

 = 0.01V 

  
b

c

i

i
  and A

R

V
i

i

i
b

5

3
10

10

01.0   

  Hence AAic 5001050 5   .  

18. (b) 99.0
991

99

1











 . 

19. (a,c) The circuit of a CE amplifier is as shown below.  

 

 

 

 

 

 

 

This has been shown a NPN transistor. Therefore base emitter 

are forward, biased and input signal is connected between base 

and emitter.   

20. (a) The base is always thin 

21. (c) Voltage gain =   Resistance gain  

  99
)99.01(

99.0

1











  

  Resistance gain 10
10

1010
3

3




  

   Voltage gain = 99  10 = 990.  

22. (a) The arrow head in the transistor symbol always shows the 

direction of hole flow in the emitter region.  

 

 

 

23. (b)   

24. (b) Because emitter (N) is common to both, base (P) and collector 
(N). 

25. (b) Emitter is heavily doped.  

26. (c)  = 0.8 
)8.01(

8.0


  =4 

Also 
b

c

i

i




 bc ii   = 4  6 = 24mA.  

27. (a) mAii ec 96.1298.0    

  mAiii ceb 04.096.12  . 

28. (b) beccbe iiiiii   

29. (b) 
61035

9


 bbbb RRiV =257 k. 

30. (d) bce iii   

   8 = 7.8 + bi bi =0.2mA = 200 A.  

31. (b) 
b

c

i

i
  

32. (b) FET is unipolar. 

33. (a)  

34. (b) cbe iii  1
c

b

c

e

i

i

i

i
1

11


 )1( 





 .  

35. (b) In NPN transistor when emitter-base is forward biased, 
electrons move from emitter to base.   

36. (a) Here VVc 5.0 , ci =0.05mA = 0.05  10–3A 

  Output resistance is given by 

  










4

3
10

1005.0

5.0

c

c
out

i

V
R  = 10k.  

37. (a) Oscillator can produce radio waves of constant amplitude.   

38. (a) 82
2.83.8

2.8























ceVb

c
fe

i

i
h   

39. (b) Current gain
b

c

i

i




 Aib

5
3

10
100

101 





 =0.01mA. 

  By using cbe iii  ei = 1.01 + 1 = 1.01mA. 

40. (a) In CB amplifier Input and output voltage signal are in same 
phase. 

41. (b) 

42. (d)  

43. (d) For CE configuration voltage gain iL RR /   

Power gain iL RR /2     
gain Voltage

gainPower 
 

44. (b) As we know BCE iii   

c

b

c

e

i

i

i

i
 1



1
1

1










1
. 

 

Digital Electronics 

 

1. (b) 

2. (c) 

3. (b) For ‘OR’ gate BAX    

N N 

P 

ie 
ib 

ie 

B 

C 

Output RL Ri 

Input 



 

     1596 Electronics    

i.e. 000  , 110  , 101  , 111   

4. (a)  

 

 

 

 

 

 

BABABAC  .  (De morgan’s theorem) 

Hence output C is equivalent to OR gate. 

 

 

 

ABABABABABABABC  .  

In this case output C is equivalent to AND gate. 

5. (b) In ‘NOR’ gate BAY    

 i.e. 1000  , 0101   

 0110  , 0111    

6. (c) For ‘XNOR’ gate ABBAY    

i.e. 1010.01.10.00.0   

0001.00.11.01.0   

0000.11.00.10.1   

1101.10.01.11.1     

7. (d) The output D for the given combination 

  CBACBAD  )().(  

  If 0 CBA then 111000)00( D  

  If 1 BA , 0C then 110010)11( D  

8. (b)  

9. (a) The Boolean expression for ‘NOR’ gate is BAY    

i.e. if 0 BA (Low), 1000 Y (High) 

10. (a)  

11. (d) The Boolean expression for ‘AND’ gate is QPR .  

  1.1 = 1, 1.0 = 0, 0.1 = 0, 0.0 = 0 

12. (b) Two ‘NAND’ gates are required as follows  

 

 

 

  ABABABY  .  

13. (c) For ‘NAND’ gate (option c), output 101.0   

14. (a) AND + NOT  NAND 

15. (c) For ‘NOT’ gate AX    

16. (a) The given Boolean expression can be written as 

  ).().()).(.().).(( BBABAABABABABAY   

  BABABA  .    

A B Y 

0 0 1 

1 0 0 

0 1 0 

1 1 0 
 

17. (b) For ‘AND’ gate, if output is 1 then both inputs must be 1. 

18. (b)  

19. (a)  

20. (a) The given symbol is of ‘AND’ gate.  

21. (b) It is the symbol of ‘NOR’ gate. 

22. (c) The Boolean expression for the given combination is  

output CBAY ).(   

The truth table is 

A B C Y =(A+B).C 

0 0 0 0 

1 0 0 0 

0 1 0 0 

0 0 1 0 

1 1 0 0 

0 1 1 1 

1 0 1 1 

1 1 1 1 

Hence 1A , 0B , 1C  

23. (b)  

 

 

 

 

 

 

  BABABAY  .  

  This output equation is equivalent to OR gate. 

24. (c) If inputs are A and B then output for NAND gate is ABY   

   If 1 BA , 011.1 Y  

25. (b)  

26. (c)  

 

 

 

BAY   

According to De morgan’s theorem 

BABABAY ..   

C 

A 

B 

B  

A  

A 

B 

B  

A  

Y 

A 

B 

C 

BA   

A 

B 

Y 

BA   

Y 

A 

B 
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This is the output equation of ‘AND’ gate.  

27. (b) The output of OR gate is BAY  .  

28. (a) The given symbol is of NAND gate.  

29. (a)  02020212)100010( 2345
2  

  0212 01  10)34(0200032   

  and 1212021212)11011( 01234
2   

   10)27(120816   

   Sum 10101022 )61()27()34()11011()100010(   

  Now  

2 61 Remainder  

2 30 1    LSD 

2 15 0 

2 7 1 

2 3 1 

2 1 1 

 0 1    MSD 
   

   Required sum (in binary system)  

  222 )111101()11011()100010(    

30. (d) For ‘NAND’  gate BAC .  

i.e. 100.0  , 101.0   

100.1  , 011.1    

31. (d) ‘NOR’ gates are considered as universal gates, because all the 
gates like AND, OR, NOT can be obtained by using only NOR 
gates. 

 

Valve Electronics (Diode and Triode) 
 
1. (c) According to Richardson-Dushman equation, number of 

thermions emitted per sec per unit area 
kTW

eATJ
/2 0

   
2TJ   

2. (c) Intensity  Number of electrons  

3. (a) In SCR (Space charge region) electrons collect around  the 
plate, this cloud decreases the emission of electrons from the 
cathode, hence plate current decreases.  

4. (b)  

5. (b) By using 
g

p
m

v

i
g




  

)3(1
103 4




  pi

 

 mAAip 6.0106 4    

6. (b) Voltage gain 

L

p
v

R

r
A





1


 and mp gr   

 





21000
102

42
3pr  57.29

1050

21000
1

42

3






vA  

7. (c) Voltage gain 

L

p
v

R

r
A





1


, for Lp Rr    

2


vA  

8. (b) When grid is given positive potential more electrons will cross 

the grid to reach the positive plate P. Hence current increases. 

 

 

 

 

 

9. (a) By using 
g

p

V

V




 mp gr   

gV
  50

105.2107 33 VVg 86.2 . 

10. (a) Using voltage gain 

L

p
v

R

r
A





1


 also mp gr   

  
3103

20



m

p
g

r


 

  

43 103103

20
1

20








vA =
11

180
=16.36.  

11. (c) Voltage gain 

L

p

R

rV

V





1in

out 

3

3

out

1010

1040
1

25

5.0







V

 

  VV 5.2out  . 

12. (b) 
G

p

V

V




 )2.0(20  Gp VV   = 4V. 

13. (b) Voltage gain 

L

p
V

R

r
A





1


and mp gr   

  301031010 33    

  .2030
3

2

3

2

2
1





 


p

p
v

r

r
A   

14. (c)   

15. (d) After saturation plate current can be increased by increasing 
the temperature of filament. It can be done by increasing the 
filament current.  

16. (b) The maximum voltage gain (A
v

)
max

 =  

(Which is obtained when R
L

 = ).  

17. (b) Voltage gain 

L

p
v

R

r
A





1


 

  pL rR 5.1 


5

3

5.1
1







p

p
v

r

r
A 1220

5

3
 . 

18. (c)   

19. (c)  

20. (c) 
g

p

V

V




 gp VV    =15  0.3 = 4.5 volt. 

K 

G 

P 
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21. (b) Plate resistance 





6

33
10

1010

1

slope

1
 

  = 1000 k (static).   

22. (b) Using 

L

p
v

R

r
A





1


and mp gr   

  





3

3
1025

102

50

m

p
g

r


 

  .25

1025

1025
1

50

3

3







 vA  

23. (b) V
i

P
VViP 200

106.11014

10448
1915

3











  

24. (c) 
)(

(

21

21

GG

pp

VV

VV




 .25

)3.15.0(

)220200(





   

25. (a) .
300

1

6600

22


p

mmp
r

ggr


   

26. (c) 
310)42(

10075

21

21











Pp

pp

p
II

VV
r =12.5  103 =12.5k. 

27. (d)   

28. (a)  

29. (a) Voltage amplification 

L

p
v

R

r
A





1


 

  

31050
1

25





pr


  ......(i) 

  and  

310100
1

30





pr


  ......(ii) 

  an solving equation (i) and (ii),  .25  krp   

30. (a, d)  

31. (d)  

32. (c) Before saturation region, linear region comes. In linear region 

pp Vi   

  
1

2

200

400

2

1

2

1 
p

p

V

V

i

i
.  

33. (c) i
p

 = 1.125 – 1.112 = 0.013A = 13 mA.  

34. (a)  

35. (a)  

36. (c) Comparing the given equation with standard equation  

  kTqVeATi /2  
V

kT
VL  .  

37. (b)  

38. (d) 











k

i

V
r

p

p

p 1.1110
5.4

50

10)5.712(

100150 3

3
.  

39. (b)  

40. (c) Voltage amplification 
pL

L

L

p
v

rR

R

R

r
A









1

 

  
4

3

44

42

2

1 





A

A
. 

41. (c) A diode is used as a rectifier to convert ac in to dc.   

42. (b) Fluctuating dc                                               smooth dc.  

43. (d)  

44. (b)  

45. (c) mp gr 
310

20


 pr = 2  104. 

46. (c)  

47. (b) 
g

p

V

V




  

  gp VV   =–50(–0.20) = 10V.  

48. (b) 





krp 50
10102

1

slope

1
32

. 

49. (a) Voltage amplification 
pL

Lmp

L

p
v

rR

Rgr

R

r
A










1


 

  
)1020(

105.21020
10

3

33








L

L

R

R
 kRL 5 .  

50. (c) Voltage gain 10

10

108
1

18

1
4

3











L

p
v

R

r
A


. 

51. (a) Ripple factor 
 
 

1
/

2/
1

2
0

2
0

2
















I

I

I

I
r

dc

rms =1.21. 

52. (b)  

53. (b)  

54. (a) 34 102105.2  mp gr =50. 

55. (c) 3.33
)575.5(

)200225(

constant


























pi
g

p

V

V
  

56. (a) mhom
V

I
g

pV
g

p
m 2

)2.2(2.1

)5.55.7(

constant




























 

57. (a)  

58.  (d) Using mp gr  3

3
102

1010

20 


 mg . 

 

Critical Thinking Questions 
 

1. (c) Number density of atoms in silicon specimen = 5  1028 atom/m3 

= 5  1022 atom/cm3  

  Since one atom of indium is doped in 5  107 Si atom. So 

number of indium atoms doped per cm3 of silicon. 

  ./101
105

105 315

7

22

cmatomn 



  

2. (a) The probability of electrons to be found in the conduction 

band of an intrinsic semiconductor  

Filter circuit 
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kT

EE F

e

EP
)(

1

1
)(





 ; where k = Boltzmann's constant 

Hence, at a finite temperature, the probability decreases 
exponentially with increasing band gap. 

3. (c) When donor impurity (+5 valence) added to a pure silicon (+4 

valence), the +5 valence donor atom sits in the place of + 4 
valence silicon atom. So it has a net additional + 1 electronic 
charge. The four valence electron form covalent bond and get 
fixed in the lattice. The fifth electron (with net – 1 electronic 
charge) can be approximated to revolve around + 1 additional 
charge. The situation is like the hydrogen atom for which 

energy is given by eV
n

E
2

6.13
 . For the case of hydrogen, 

the permittivity was taken as 
0

. However, if the medium has a 

permittivity 
r

, relative to 
0

, then eV
n

E
r

22

6.13


  

For Si, 
r

 = 12 and for n = 1, eVE 1.0–~  

4. (c) The forward current 

















 



 



110)1( 300104.1

2.0106.1

5/ 23

19

eeii kTeV
s  

A35 10376.20]16.2038[10    

5. (a,b,d) At 0 K, a semiconductor becomes a perfect insulator. 
Therefore at 0 K, if some potential difference is applied across 
an insulator or a semiconductor, current is zero. But a 
conductor will become a superconductor at 0 K. Therefore, 
current will be infinite. In reverse biasing at 300 K through a 

P-N junction diode, a small finite current flows due to minority 
charge carriers.  

6. (a) Since diode in upper branch is forward biased and in lower 
branch is reversed biased. So current through circuit 

drR

V
i


 ; here dr = diode resistance in forward biasing = 0 

  A
R

V
i 2.0

10

2
 . 

7. (a) The voltage drop across resistance = 8 – 0.5 = 7.5 V  

 Current mAi 4.3
102.2

5.7
3



  

8. (c) 


hc
E  

E

hc


193

834

106.11057

103106.6







 =217100Å. 

9. (b) The diode in lower branch is forward biased and diode in 
upper branch is reverse biased 

    Ai
50

5

3020

5



 . 

10. (b) The current through circuit A
V

P
i 2.0

5.0

10100 3







 

   voltage drop across resistance = 1.5 – 0.5 = 1 V    

    5
2.0

1
R . 

11. (d) In common emitter configuration current gain 

 
36 1010251

50

1 










Loe

fe

i
Rh

h
A = – 48.78. 

12. (c) Voltage gain 
 voltageInput

 voltageOutput
  

   V
out

 = V
in

  Voltage gain 

   V
out

 = V
in

  Current gain  Resistance gain   

  = V
in

    
BE

L

R

R
= .1

1

10
10010 3 V  

13. (a) 318318 /105,/108 mnmn he   

  
sec

01.0,
sec

3.2
22







volt

m

volt

m
he   

  he nn   so semiconductor is N-type  

  Also conductivity )(
)(yResistivit

1
hhee nne 


   

   ]01.01053.2108[106.1
1 181819  


 

     = 0.34 -m.  

14. (b) V
V

Vrms 100
2

200

2

0   

15. (a) At knee point voltage across the diode is 0.7V. 

Hence voltage across resistance R is 5 – 0.7 = 4.3 V.  

 using V = iR  4.3 = 1  10–3  R   R = 4.3 k. 

16. (d) In positive half cycle one diode is in forward biasing and other 

is in reverse biasing while in negative half cycle their polarity 

reverses, and direction of current is opposite through R for 

positive and negative half cycles so out put is not rectified.   

Since R
1

 and R
2

 are different hence the peaks during positive 

half and negative half of the input signal will be different.    

17. (b) In half wave rectifier 


100 
V

Vdc  

18. (a) In common base mode  = 0.98, R = 5 k, R
in 

= 70 

 voltage gain 70
70

105
98.0

3





in

v
R

R
A    

Power gain = Current gain  Voltage gain  

        = 0.98  70 = 68.6 

19. (a) 53.0
15

)5(
12

22















 orn a

Z

n
r  = 10.6 Å. 

20. (c) (i) V
A

 = –10V and V
B

 = –5V 

Diodes D
1

 and D
3

 are reveres biased and D
2

 is forward biased.  

 

 

 

 

R 

R 

R 

A B 

4

R
 4

R
 

– 10 V – 5 V 
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R
RR

RRAB
2

3

44
 . 

(ii) When V
A

 = – 5V and V
B

 = – 10V 

Diodes D
2

 is reverse biased D
1

 and D
3

 are forward biased 

 

 

 

 

 

424

RRR
RAB  =R. 

(iii) In this case equivalent resistance between A and B is also 

R.  

Hence (ii) = (iii) < (i).  

21. (b) According to the given polarity, diode D
1

 is forward biased 

while D
2

 is reverse biased. Hence current will pass through D
1

 

only. 

So current Ai 02.0
)10050150(

6



  

22. (a) Diode is in forwards biasing hence the circuit can be redrawn 

as follows 

 

 

 

 

 

VVAB 105
)510(

30



  

23. (d) The diode D will conduct for positive half cycle of a.c. supply 

because this is forward biased. For negative half cycle of a.c. 

supply, this is reverse biased and does not conduct. So out put 

would be half wave rectified and for half wave rectified out put  

 
2

200

2

2200

2

0 
V

Vrms  

24. (d) )14.036.0(106.1102)( 1919  
hene   

1)-(6.1  m  











8

25

106.1

105.0
4

3

A

l

A

l
R


  

 AA
R

V
i 64.0

25

16

8/25

2
  

25. (a) As we know current density J = nqv  

 eee qvnJ   and hhh qvnJ   

 
h

e

h

e

h

e

v

v

n

n

J

J
   

20

5

4/1

4/3


h

e

n

n
  

5

6


h

e

n

n
 

26. (b) Consider the case when Ge and Si diodes are connected as 

show in the given figure. 

Equivalent voltage drop across the combination Ge and Si 

diode = 0.3 V  

 Current mA
k

i 34.2
5

3.012





  

 Out put voltage V
0

 = Ri
 

= 5 k  2.34 mA = 11.7 V  

Now consider the case when diode connection are reversed. In 

this case voltage drop across the diode's combination = 0.7 V  

 Current mA
k

i 26.2
5

7.012





  

 VkmAiRV 3.11526.20   

Hence charge in the value of V
0

 = 11.7 –11.3 = 0.4 V  

27. (b) For the positive half cycle of input the resulting network is 

shown below  

 

 

 

 

 

 (V
0

)
max

 = .510
2

1
)(

2

1
max VVi   

28. (d) The equivalent circuit can be redrawn as follows 

 

 

 

 

 

From figure it is clear that current drawn from the battery 

mAii 5
2

10
2   and .01 i  

29. (c) mAib 5.0
6.8

7.05



   mAII bc 5.0100   

By using VRIVV LcCCCE 13100105018 3    

30. (a) mAIe 6.1
10

1
106.110

6

1910 


     









t

Q
I  

Since 2% electrons are absorbed by base, hence 98% electrons 

reaches the collector i.e.  = 0.98 

 mAmAII ec 57.1568.16.198.0   

Also current amplification factor 49
02.0

98.0

1








  

31. (b)  

R 

R 

R 

A B 

4

R
 4

R
 

– 5 V – 10 V 

Vi 

10 V 

0 
T/2 t 

D1 D2 

2k 2k 

2k 

+ – 
V0 

+ 

– 

 

2k 

+ 

– 

2k 

2k 

A 
B 

(A + B) 

G1 

G2 

G3 

Y 

BA   

A 

B 

30V 
10 

10 10 VAB 

Parallel  

 5
2

10
 

12k 

10 V 

i1 

14k 

2k 

i2 

i 
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ABBAY ).(   

The given output equation can also be written as 

)).(( BABAY   (De morgan’s theorem) 

BABABABABBABBAAA  00  

This is the expression for XOR gate.  

32. (c) 

 

 

 

 

 

 

The truth table can be written as  

X Y X
 

Y
 

YXP 
 

YXQ .

 

QPR 

 

0 1 1 0 1 1 0 

1 1 0 0 1 1 0 

1 0 0 1 0 0 1 

0 0 1 1 1 1 0 

Hence X = 1, Y = 0 gives output R =1  

33. (d)  

 

 

 

 

 

Hence option (d) is correct.  

34. (b) The truth table of the circuit is given  

A B C 
ABX   BCY   YXZ   

0 0 0 1 1 0 

1 0 0 1 1 0 

0 0 1 1 1 0 

1 0 1 1 1 0 

0 1 0 1 1 0 

1 1 0 0 1 0 

0 1 1 1 0 0 

1 1 1 0 0 1 
 

Output Z of single three input gate is that of AND gate. 
 

35. (c) Output of upper OR gate = W + X  

Output of lower OR gate = W + Y 

Net output F = (W + X) (W + Y) 

= WW + WY + XW + XY            (Since WW = W) 

= W(1 + Y) + XW + XY              (Since 1 + Y= 1) 

= W + XW + XY = W (1 + X) + XY = W + XY   

36. (b) 50 mp gr  

From 
2/3

pp KVi    
3/2

3/1

3

2

K

i
r

i

V p
p

p

p






 

 
2

3 3/13/2
p

p

m

iK

r
g


  2/13/13/2 )(

2

3
gp VVKK    

2/1)(
2

3
gp VVK   = 75 K (i

p

/K)1/3  

Because i
p

 was in mA, g
m

 is substituted as 5 m℧ 

 3/13/2755 piK 3/13/2 )8(75 K  

2/3

30

1








K  

Cut off grid voltage V
V

V
p

G 6
50

300



 

37. (d) 






















 





3
3

constant

1025.1
)4(0

10)1015(

pV
g

p
m

V

i
g  

5.7
)4(0

120150

constant


























pI
g

p

V

V
  

 6000
1025.1

5.7
3






m

p
g

r


ohms 

38. (d) The dynamic plate resistance is 
p

p
p

i

V
r




  

Now for a vacuum diode 

3/2

2/3













K

i
VKVi

p
ppp  

 













 1
3

2

3/23

2
p

p

p
i

Ki

V
 

 3/1constant)(  pp Ir   
3/1

1

p

p
I

r   

39. (d) ampVi pp
310]5.7125.0[   

Differentiating this equation w.r.t. V
p

  

310125.0 




p

p

V

i
 or 310125.0

1 
pr

  krp 8  

40. (b) VVV rmspeak 2004.14122   

41. (c) The emission current kTSeATi /2   

For the two surfaces A
1

 = A
2

, S
1

 = S
2

, T
1

 = 800 K, 

22112 //,1600 TTKT    

Therefore, 

2

1

2

1

2
















T

T

i

i
= (2)2 = 4  .44 12 mAii   

42. (a) The first data gives value of plate resistance 










 8

10

108.0

10 5

3
p

p

p
i

V
r  

Also 
g

p
m

V

i
g




  and 

p

m
r

g


  

Y 

X 
X  

R 

Y  

X 

Y 

Q 

P 

A
 

B
 

BA   

NOR
 

BA   

B  

A  

= AB
 

NOT
 

NOT
 

NOT
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 V
ri

V
pp

g 25.6
8

8/10104 53











 

43. (a) 2/3)10(004.0 gpp VVI   

 












10)10(

2

3
004.0 2/1

gp

g

p
VV

V

I
 

 10)210120(
2

3
004.0 2/1 mg  

 mhommhogm 6.0106 4    

Comparing the given equation of I
p

 with standard equation 
2/3)( gpp VVKI   we get  = 10  

Also from  = r
p

  g
m

  
3106.0

10



m

p
g

r


 

 .67.161067.16 3  krp  

44. (b) 505.220  mP gr  

From 
LP

L

Rr

R
A





 L

LL
LP R

R

A

R
Rr 5

10

50



  

   k
r

RrR
p

LpL 5
4

20

4
4  

45. (a) 
11

84

1210

1214










Lp

L

Rr

R
A


. Peak value of output signal 

VV 22
11

84
0    V

V
Vrms

11

284

2

0 
  

  r.m.s. value of current through the load 

mAA 27.1
101211

284
3





  

46. (c) 





4

6
104

101600

64

m

p
g

r


 

Voltage gain 32

1040

104
1

64

1
3

4













L

p
v

R

r
A


 

 Output signal voltage  

.)..(321320 smrVVAV iv   

Signal power in load mW
R

V

L

6.25
1040

)32(
3

22
0 


  

47. (a) mAVVki gpp
2/3)(   

 4 = k(200 – 10  4)3/2 = k  (160)3/2      ….(i) 

and 2/32/3 )90()710160(  kkip     ….(ii)  

From equation (i) and (ii) we get  

mAip 69.1
4

3
4

160

90
4

32/3


















  

48. (a) At VVVV pg 300,3   and mAIp 5  

At ,1VVg   for constant plate current i.e. mAIp 5  

From 5.7125.0  pp VI  

 5.7125.05  pV   VVp 100  

 change in plate voltage VVp 200100300   

Change in grid voltage VVg 2)3(1   

So, 100
2

200







g

p

V

V
  

49. (b) The slope of anode characteristic curve 
pr

1
   

  
A

V

mA

V

VmA
rp

3105050
/02.0

1
  

  The slope of mutual characteristic curve = g
m 

= 1  10–3 A/V.  

50101050 33  
mp gr . 

50. (b) Voltage gain 
i

f

i

o

R

R

V

V
A  100

1

100







k

k
.  

 

 

 

 

 

 

 

Graphical Questions 
 
1. (c) With rise in temperature, resistivity of semiconductors 

decreases exponentially.    

2. (b) Potential across the PN junction varies symmetrically  linear, 
having P side negative and N side positive. 

3. (c) PN junction has low resistance in one direction of potential 
difference +V, so a large current flows (forward biasing). It has 
a high resistance in the opposite potential difference direction 
–V, so a very small current flows (Reverse biasing).  

4. (c) When input voltage is – 10 V, the diode is reverse biased and 
no output is obtained. On the other hand, when input is +10V, 
the diode is forward biased and output is obtained which is 
+10V. Therefore the output is of the form as show in the 
following figure.  

 

 

 

5. (a) In the depletion layer of PN junction, stationary, positive ions 
exists in the N-side and stationary negative ions exists in the P 
side.  

 

 

 

 

 

 

6. (b) kV = knee voltage = 0.3 V 

 Resistance 











k

i

V
2.0200

10)010(

)3.03.2(
3

  

– 
+ 

Rf 

Vi 
Vo 

Ri 

– 

+ 

Barrier potential 

difference 

PN junction 

+ 10 V 

0 
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7. (b) Half wave rectifier, rectifies only the half cycle of input ac 
signal and it blocks the other half. 

8. (c) As RC time constant of the capacitor is quite large 

( secRC 1.010101010 63   ), if will not 

discharge appreciably. Hence voltage remains nearly constant. 

9. (b) In the positive half cycle of input ac signal diode D
1

 is forward 
biased and D

2

 is reverse biased so in the output voltage signal, 
A and C are due to D

1

. In negative half cycle of Input ac signal 
D

2

 conducts, hence output signals B and D are due to D
2

. 

10. (a) If i is the current in the diode and V is voltage drop across it, 
then for given figure voltage equation is 

 8100  Vi 
100

8

100

1
 Vi  08.0)01.0(  Vi  

 Thus the slope of i-V graph 01.0
1


LR

 

11. (b) The current at 2V is 400 mA and at 2.1 V it is 800 mA. The 
dynamic resistance in this region 













25.0

4

1

10)400800(

)21.2(
3i

V
R  

12. (a) From the given waveforms, the following truth table can be 
made  

Time interval Inputs Output 

 A B Y 

0  T
1 

0 0 0 

T
1

  T
2

 0 1 0 

T
2

  T
3

 1 0 0 

T
3

  T
4

 1 1 1 

 

This truth table is equivalent to ‘AND’ gate. 

13. (d) 5 volt is low signal (0) and 10 volt is high signal (1) and taking 

5 -sec as 1 unit. In a negative logic, low signal (0) gives high 

output (1) and high signal (1) gives low output (0). The output 
is therefore 1010010111. 

14. (a) mhomilli
V

i
g

g

p
m 5.2

)24(

10)1520( 3














 

15. (d) The cut off grid voltage is that negative grid bias 
corresponding to which the plate current becomes zero. At 
point P, i

p

  = 0 

16. (a) According to Richardson-Dushman equation TbeATJ /2   

Taking log of this equation 
T

b
A

T

J
ee  loglog

2
 

i.e. graph between 
2

log
T

J
e  and 

T

1
 will be a straight line 

having negative slope and positive intercept (log
e

A) on 

axis.log
2T

J
e  

17. (c) TbeATJ /2    Tbe
T

J /

2

  

i.e. 
2T

J
 will vary exponentially with 

T

1
, having negative slope. 

18. (c) This is the graph between i
p

 and V
g

 and i
p

 becomes zero at 
certain negative potential. 

19. (a) 10
2

20

)]4(6[

)6080(

const.


























 pi
g

p

V

V
  

20. (c) According to 

L

p
v

R

r
A





1

||


 

as R
L

 increases A
v

 also increases. When R
L

 becomes too high 

then A
v

 = maximum =  

Hence only option (c) is correct. 

21. (c) With rise in temperature, work function decreases (non-
linearly). 

22. (c) 





3.333
10150

50
3

p

p

p
i

V
R  

23. (a) 2Ti   

2

00















T

T

i

i
 

This is the equation of a parabola. 

24. (b) The band width is defined as the frequency band in which the 

amplifier gain remains above 707.0
2

1
  of the mid 

frequency gain (A
max

). The low frequency f
1

 at which the gain falls 

to 
2

1
 i.e. 0-.707 times it's mid frequency value is called 

lower cut off frequency and the high frequency f
4

 at which the 

gain falls to 
2

1
 i.e. 0.707 times of it's mid frequency is 

known as higher cut off frequency so band width = f
4

 – f
1

. 

25. (c) r
p

 varies with i
p

 according to relation 3/1 pp ir  i.e. when i
p

 

increases, r
p

  decreases, hence graph C represents the variation 
of r

p

.  

 doesn't depends upon i
p

, hence graph A is correct.  

26. (c) From the graph it is clear that of for ,0,4  pg iVV  so 

cut off voltage is – 4 volt. 

27. (b) As temperature increases saturation current also increases.  

28. (c) 

29. (a) Output signal voltage has phase difference of 180° with respect 
to input.  

30. (d) Grid is maintained between 0 volt to certain negative voltage. 

 

Assertion and Reason 

    
1. (d) In diode the output is in same phase with the input therefore it 

cannot be used to built NOT gate. 

2. (a) According to law of mass action, hei nnn 2 . In intrinsic 

semiconductors n
i

 = n
e

 = n
h

 and for P-type semiconductor n
e

 
would be less than n

i

, since n
h

 is necessarily more than n
i

.  

3. (c) In common emitter transistor amplifier current gain ,1  so 

output current > Input current, hence assertion is correct.  

Also, input circuit has low resistance due to forward biasing to 
emitter base junction, hence reason is false.  

4. (a) Input impedance of common emitter configuration  

constant





CEVB

BE

i

V
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where  BEV voltage across base and emitter (base emitter 

region is forward biased)  

 Bi base current which is order of few microampere.  

Thus input impedance of common emitter is low. 

5. (d) Resistivity of semiconductors decreases with temperature. The 
atoms of a semiconductor vibrate with larger amplitudes at 
higher temperatures there by increasing it's conductivity not 
resistivity. 

6. (a) In semiconductors the energy gap between conduction band 

and valence band is small ( 1 eV). Due to temperature rise, 
electron in the valence band gained thermal energy and may 
jump across the small energy gap, goes in to the conduction 
band. Thus conductivity increases and hence resistance 
decreases. 

7. (b) 

8. (a) The ratio of the velocity to the applied field is called the 
mobility. Since electron is lighter than holes, they move faster 
in applied field than holes.  

9. (b)  

 

 

 

10. (a) At a particular temperature all the bonds of crystalline solids 
breaks and show sharp melting point.  

11. (c) The energy gap for germanium is less )72.0( eV  than the 

energy gap of silicon )1.1( eV . Therefore, silicon is preferred 

over germanium for making semiconductor devices.  

12. (e) We cannot measure the potential barrier of a PN-junction by 
connecting a sensitive voltmeter across its terminals because in 
the depletion region, there are no free electrons and holes and 
in the absence of forward biasing, PN- junction offers infinite 
resistance.  

13. (e) The assertion is not true. In fact, semiconductor Obeys Ohm's 
law for low values of electric field (~ 106 V/m). Above this, the 
current becomes almost independent of electric field. 

14. (d) Two PN-junctions placed back to back cannot work as NPN 
transistor because in transistor the width and concentration of 
doping of P-semiconductor is less as compared to width doping 
of N-type semiconductor type.   

15. (b) Common emitter is prepared over common base because all 
the current, voltage and power gain of common emitter 
amplifier is much more than the gains of common base 
amplifier. 

16. (d) In PN-junction, the diffusion of majority carriers takes place 
when junction is forward biased and drifting of minority 
carriers takes place across the function, when reverse biased. 
The reverse bias opposes the majority carriers but makes the 
minority carriers to cross the PN-junction. Thus the small 

current in A flows during reverse bias.  

17. (d) A transistor is a current operating device because the action of 
transistor is controlled by the charge carriers (electrons or 
holes). Base current is very much lesser than the collector 
current.     

18. (a) These gates are called digital building blocks because using 
these gates only (either NAND or NOR) we can compile all 
other gates also (like OR, AND, NOT, XOR). 

19. (d) At 0K, Germanium offers infinite resistance, and it behaves as 
an insulator.  

20. (a) In a transistor, the base is made extremely thin to reduce the 
combinations of holes and electrons. Under this condition, most 
of the holes (or electrons) arriving from the emitter diffuses 
across the base and reach the collector. Hence, the collector 
current, is almost equal to the emitter current, the base current 
being comparatively much smaller. This is the main reason that 

power gain and voltage gain are obtained by a transistor. If the 
base region was made quite thick, then majority of carriers from 
emitter will combine with the carriers in the base and only small 
number of carriers will reach the collector, so there would be 
little collector current and the purpose of transistor would be 
defeated.  

21. (c) The current gain in common base circuit 

CVE

C

I

I

















  

The change in collector current is always less than the change 
in emitter current.   

EC II  .  Therefore, .1   

22. (d) The V-i characteristic of PN- diode depends whether the 
junction is forward biased or reverse biased. This can be 
showed by graph between voltage and current.  

 

 

 

 

 

 

 

 

23. (a) When the reverse voltage across the zener diode is equal to or 
more than the breakdown voltage, the reverse current increases 
sharply.  

24. (a)  

 
 

If  A = 0, Y = 1 and A = 1, Y = 0. 

25. (b) In vacuum tubes, vacuum is necessary and the working of 
semiconductor devices is independent of heating or vacuum. 

26. (a) 

 

 

  This is the Boolean expression for 'OR' gate. 

27. (a) For detection of a particular wavelength () by a PN photo 

diode, energy of incident light > E
g

   
gE

hc
 

For nm
E

hc
eVE

g

g 9.441
106.18.2

103106.6
,8.2

19

834











 

i.e. ,6000 nm
E

hc

g

 so diode will not detect the wavelength 

of 6000Å. 

28. (a)  

29. (b) In forward biasing of PN junction current flows due to 
diffusion of majority charge carriers. While in reverse biasing 
current flows due to drifting of minority charge carriers.  

The circuit given in the reason is a PNP transistor having 
emitter is more negative w.r.t. base so it is reverse biased and 
collector is more positive w.r.t. base so it is forward biased. 

30. (c) Assertion is true but reason is false  
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If A = 1, B = 0, C = 1 then Y = 0 

31. (b) Both assertion and reason are true but potential difference 
across the resistance is zero, because diode is in reverse biasing 
hence no current flows. 
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1. In a pure silicon (n
i

 = 1016/m3) crystal at 300 K, 1021 atoms of 
phosphorus are added per cubic meter. The new hole concentration 
will be 

 (a) 1021 per m3 (b) 1019 per m3  

 (c) 1011 per m3 (d) 105 per m3 

2. In the Boolean algebra ABA  )(  equals to  

 (a) BA   (b) A  

 (c) BA   (d) A + B  

3. In a given circuit as shown the two input waveform A and B are 
applied simultaneously. The resultant waveform Y is  

 

 

 

 

 

 

 

(a)  (b)  

 

(c)  (d)  

 

4. Two identical capacitors A and B are charged to the same potential 
V and are connected in two circuits at t = 0, as shown in figure. The 
charge on the capacitors at time t = CR are respectively  

 

 

 

 

 

 (a) VC, VC (b) VC
e

VC
,  

 (c) VC, 
e

VC
 (d) 

e

VC

e

VC
,  

5. In transistor, forward bias is always smaller than the reverse bias. 
The correct reason is  

 (a) To avoid excessive heating of transistor  

 (b) To maintain a constant base current  

 (c) To produce large voltage gain 

 (d) None of these 

6. In NPN transistor, if doping in base region is increased then 
collector current  

 (a) Increases  (b) Decreases  

 (c) Remain same  (d) None of these  

7. In the following circuit I
1

 and I
2

 are respectively  

 

 (a) 0, 0 

 (b) 5 mA, 5 mA  

 (c) 5 mA, 0  

 (d) 0, 5 mA  

8. In space charge limited region, the plate current in a diode is 10 mA 

for plate voltage 150 V. If the plate voltage is increased to 600 V, 

then the plate current will be  

 (a) 10 mA   (b) 40 mA  

 (c) 80 mA  (d) 160 mA  

9. A triode has a plate resistance of 10 k and amplification factor 24. 

If the input signal voltage is 0.4 V (r.m.s.), and the load resistance is 

10 k ohm, then, the output voltage (r.m.s.) is  

 (a) 4.8 V  (b) 9.6 V  

 (c) 12.0 V  (d) None of these  

10. Pure sodium (Na) is a good conductor of electricity because the 3s 

and 3p atomic bands overlap to form a partially filled conduction 

band. By contrast the ionic sodium chloride (NaCl) crystal is  

 (a) Insulator  (b) Conductor  

 (c) Semiconductor  (d) None of these  

11. Would there be any advantage to adding n-type or p-type impurities 

to copper 

(a) Yes (b) No 

(c) May be  (d) Information is insufficient  

12. In the following common emitter circuit if  = 100, V
CE

 = 7V, V
BE

 = 

Negligible R
C

 = 2 k then I
B

 = ? 

 

 (a) 0.01 mA  

 (b) 0.04 mA 

 (c) 0.02 mA  

 (d) 0.03 mA  

13. When a battery is connected to a P-type semiconductor with a 

metallic wire, the current in the semiconductor (predominantly), 

inside the metallic wire and that inside the battery respectively due 

to    

 (a) Holes, electrons, ions (b) Holes, ions, electrons  

 (c) Electrons, ions, holes (d) Ions, electrons, holes  

14. Is the ionisation energy of an isolated free atom different from the 

ionisation energy E
g

 for the atoms in a crystalline lattice  

(a) Yes (b) No 

(c) May be  (d) None of these 

 

12k 
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15. In the following circuit, a voltmeter V is connected across a lamp L. 

What change would occur in voltmeter reading if the resistance R is 

reduced in value  

 

 

 

 

 

 (a) Increases  (b) Decreases 

 (c) Remains same (d) None of these   

16. For given electric voltage signal dc value is    

 

 

 

 

 (a) 6.28 V  (b) 3.14 V 

 (c) 4 V  (d) 0 V 

17. When a silicon PN junction is in forward biased condition with 

series resistance, it has knee voltage of 0.6 V. Current flow in it is 5 

mA, when PN junction is connected with 2.6V battery, the value of 

series resistance is  

 (a) 100  (b) 200  

 (c) 400  (d) 500  

18. In the following circuit the equivalent resistance between A and B is  

 

 

 

 

 (a) 
3

20
 (b) 10  

 (c) 16  (d) 20  

19. In the following circuit of PN junction diodes D
1

, D
2

 and D
3

 are ideal 

then i is  

 

 

 

 

 

 

 (a) E/R (b) E/2R 

 (c) 2E/3R (d) Zero 

20. In circuit in following fig. the value of Y is  

 

 

 

 

(a) 0 

(b) 1 

(c) Fluctuates between 0 and 1 

(d) Indeterminate as the circuit can’t be realised  

21. A waveform shown when applied to the following circuit will 

produce which of the following output waveform. Assuming ideal 

diode configuration and 21 RR   

 

 

 

 

 (a)  (b)  

 

 

 

 (c)   (d)  

 

 

22. In a triode, cathode, grid and plate are at 0, – 2 and 80 V 

respectively. The electrons is emitted from the cathode with energy 

3 eV. The energy of the electron reaching the plate is  

 (a) 77 eV  (b) 85 eV 

 (c) 81 eV (d) 83 eV 

23. The energy gap of silicon is 1.5 eV. At what wavelength the silicon 

will stop to absorb the photon   

 (a) 8250 Å (b) 7250 Å 

 (c) 6875.5 Å (d) 5000 Å 
 

 

 

 
 

 

1. (c) By using mass action law hei nnn 2  

 311

21

2162

10
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)10(
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n

n
n

e

i
h   

2. (b) ABAABAABA  )()()(  

= AA + AB = A + AB = A(1 + B) = A 

3. (a) (1 = high, 0 = low) 
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Input to A is in the sequence, 1,0,1,0. 

Input to B is in the sequence, 1, 0, 0, 1.         

Sequence is inverted by NOT gate.  

Thus inputs to OR gate becomes 0, 1, 0, 1 and output of OR 
gate becomes 0, 1, 1, 1 

Since for OR gate 0 + 1 = 1. Hence choice (a) is correct.  

4. (b) Time t = CR is known as time constant. It is time in which 

charge on the capacitor decreases to 
e

1
 times of it’s initial 

charge (steady state charge). 

In figure (i) PN junction diode is in forward bias, so current 
will flow the circuit i.e., charge on the capacitor decrease and in 

time t it becomes )(
1

oQ
e

Q  ; where CVQo   

e

CV
Q   

In figure (ii) P-N junction diode is in reverse bias, so no 
current will flow through the circuit hence change on capacitor 
will not decay and it remains same i.e. CV after time t. 

5. (a) If forward bias is made large, the majority charge carriers 
would move from the emitter to the collector through the base 
with high velocity. This would give rise to excessive heat 
causing damage to transistor. 

6. (b) Number of holes in base region increases hence recombination 
of electron and hole are also increases in this region. As result 
base current increases which in turn decreases the collector 
current.  

7. (d) Equivalent circuit can be redrawn as follows  
 

 

    25
2

10
imAi   

     i
1

 = 0  
 

 

8. (c) In space charge limited region, the plate current is given by 

Child's law 2/3
pp KVi   

Thus, 8)4(
150

600 2/3

2/3
2/3

1

2

1

2 
























p

p

p

p

V

V

i

i
 

or 8
12
 pp ii = 10  8 mA = 80 mA. 

9. (a) Use sAVV 0  

Now 12
20

1024

1010

1024










kk

k
A  

Therefore, .)..(8.44.0120 smrvoltV   

10. (a) In sodium chloride the Na  and Cl  ions both have noble 

gas electron configuration corresponding to completely filled 
bands. Since the bands do not overlap, there must be a gap 

between the filled bands and the empty bands above them, so 
NaCl is an insulator. 

11. (b) Pure Cu is already an excellent conductor, since it has a 
partially filled conduction band, furthermore, Cu forms a 

metallic crystal as opposed to the covalent crystals of silicon or 
germanium, so the scheme of using an impurity to donate or 
accept an electron does not work for copper. In fact adding 

impurities to copper decreases the conductivity because an 
impurity tends to scatter electrons, impeding the flow of 
current.    

12. (b) LCCE RIVV   

 15 = 7 + I
C

  2  103  i
C

 = 4 mA  

 
B

C

i

i
   mAiB 04.0

100

4
  

13. (a) Charge carriers inside the P-type semiconductor are holes 
(mainly). Inside the conductor charge carriers are electrons and 
for cell ions are the charge carriers.  

14. (a) The ionisation energy of an isolated atom is different from it’s 
value in crystalline lattice, because in the latter case each 
bound electron is influenced by many atoms in the periodic 
crystalline lattice. 

15. (a) Here the emitter base junction of N-P-N transistor is forward 
biased with battery V

BB

 through resistance R. When the value of 
R is reduced, then the emitter current i

e

 will increase. As a 
result the collector current will also increase. (i

c

 = i
e

 – i
b

). Due to 
increase in i

c

, the potential difference across L increases and 

hence the reading of voltmeter will increases. 

16. (c) .4
14.3

28.622 0 V
V

VV acdc 





 

17. (c)   

 

          
3105

)6.06.2(



R = 400 .  

 

18. (c) According to the given figure A is at lower potential w.r.t. B. 

Hence both diodes are in reverse biasing, so equivalent, circuit 

can be redrawn as follows.  

   Equivalent resistance between A and B  

  R = 8 + 2 + 6 = 16 .  

   

 

 
 

 

19. (a) Diodes D
1

 and D
3

 are forward biased and D
2

 is reverse biased so 

the circuit can be redrawn as follows.   

  
R

E
i   

 

 

 

 

20. (a) Lower NOT gate inverts input to zero. NOT gate from NAND 

gate inverts this output to 1 upper NAND gate converts this 

input 1 and input 0 to 1.  

Thus A = 1 and B = 1 become inputs of NAND gate giving final 

output as zero. Choice A is correct.  
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21. (d) The P-N junction will conduct only when it is forward biased 

i.e. when – 5V is fed to it, so it will conduct only for 3rd 

quarter part of signal shown and when it conducts potential 

drop 5 volt will be across both the resistors, so output voltage 

across R
2

 is 2.5 V. 

 VV 5.20   

22. (d) There is a loss of kinetic energy of 2 eV from filament to grid. 

The energy of the electron after passing through the grid will 

be 3 – 2 = 1 eV 

 

 

 

 

 

The potential difference between plate and grid is 

.82)2(80 V  The electron will gain energy 82 eV from 

the grid to the plate. The energy of electron reaching the plate 

= 1 + 82 = 83 eV 

23. (a) Åm
E

hc
82501025.8

106.15.1

103106.6 7

19

834





 





  

The photon having wavelength equal to 8250Å or more than 

this will not able to overcome the energy gap of silicon.  
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 The term communication refers to the transmitting, receiving and 

processing of information by electronic means.   

Basic Communication System  

A basic communication system consists of an information source, a 

transmitter, a link and a receiver.  

 

 

 

 

(1) Information : The idea/message that is to be conveyed is 

information. The message may be individual one or a set of messages. The 

message may be a symbol, code, group of words or any pre decided unit. 

(2) Transmitter : In radio transmission, the transmitter consists of a 

transducer, modulator, amplifier and transmitting anteena.  

Transducer :  Converts sound signals into electric signal. 

Modulator :  Mixing of audio electric signal with high frequency 

radio wave.  

Amplifier : Boosting the power of modulated signal. 

Anteena :  Signal is radiated in the space with the aid of an 

anteena. 

 

 

 

 

 

 

(3) Communication channel : The function of communication channel 

is to carry the modulated signal from transmitter to receiver. The 

communication channel is also called transmission medium or link. 

The term channel refers to the frequency range allocated to a 

particular service or transmission. 

Table 28.1 : Different channels  

Type of communication Channels or links 

Radio communication  Free space 

Telephony and Telegraphy 

communication  

Transmission line 

Optical communication  Optical fibre 

 

(4) Receiver : The receiver consists of  

Pickup anteena :  To pick the signal  

Demodulator :  To separate out the audio signal from the 

modulated signal  

Amplifier :  To boost up the weak audio signal  

Transducer :  To convert back audio signal in the form of 
electrical pulses into sound waves. 

 

 

 

 

 

 

 

Types of Communication System  

Communication systems can be classified according to the nature of 
information or mode of transmission or types of transmission channel.  

(1) According to the nature of information source  

(i) Speech transmission  

(ii) Picture transmission  

(iii) Facsimile transmission (FAX) : This involves exact reproduction of 
a document or picture which are static. 

 

Fig. 28.3 : Receiver 
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(2) According to the mode of transmission  

(i) Analog communication : The communication system, which make 

use of analog signals are called analog communication system. 

Table 28.2 : Few analog communication system 

System Specification  

Telegraphy  Message in the form of codes are sent. 

Television broadcast  Both sound as well as pictures are sent. 

Telephony  It sends voice signal from one place to another by 

means of wire. 

Radar  It means radio detection and ranging. It is used for 

determining the distance and direction of objects 

using microwave. 

Teleprinting  Message can be typed and telegraphed to distant 

receivers  

 

(ii) Digital communication : In this system digital signals are used.  

Table 28.3 : Few digital communication system 

System Specification  

Facsimile transmission 

(FAX)  

This involves exact reproduction of a document or 

picture which are static  

Mobile phone Such telephones are also called cellular phones, 
because they operate within a network of radio 
cells.  

E-mail the message sent via a computer network are called 
e-mail  

Tele conferencing  It is a system in which persons sitting at coloured 
television screens. See and talk to each other via a 
computer communication network.  

Communication 
satellite  

Used to relay radio and television programmers.  

Global positioning 
system (GPS) 

It is a navigation system based on a network of 
earth orbiting satellites. The users can find their 
positions within an accuracy of 100 m by receiving.  

 

(3) According to the transmission channel  

(i) Line communication  (ii) Space communication  

(4) According to the type of modulation  

(i) Amplitude modulation (AM) 

(ii) Frequency modulation (FM) 

(iii) Phase modulation (PM) 

(iv) Pulse amplitude modulation (PAM) 

(v) Pulse time modulation (PTM)  

(vi) Pulse code modulation (PCM) 

Analog and Digital Signals  

In communication system, a signal means a time varying electrical 

signal containing informations.  

(1) Analog signals : It is a continuous wave form which changes 

smoothly over time. 

(i) Such signals can be easily generated from the source of information 

by using an appropriate transducer e.g. pressure variations in the sound 
waves can be converted into corresponding current or voltage pulses with 
the help of a microphone.  

(ii) A simple analog signal is represented by a sine wave  

 

 

 

 

 

(iii) The frequency of analog signals associated with speed or music 

varies over a range between 20 Hz to 20 KHz.  

(iv) The range over which the frequencies of a signal vary is called 

band width.  

 

 

 

 

 

 

 

(v) The term base band designates the band of frequencies 
representing the signal supplied by the source of information. 

(vi) A signal consist of two or more waves of different frequencies is 

known as a complex analog signal.  

 

 

 

 

 

 

 

 

 

(2) Digital signals : A digital signal is a discontinuous function of time. It 
has only two voltage level i.e. either low (0) or high (1). 

Either of 0 and 1 is known as bit. A group of bit is called byte. 

A byte comprising of 2 bits can give on the four code combination i.e. 
00, 01, 10 and 11.  

The number of code combination increase with number of bits in a 
byte is given by N = 2x, where x = number of bits in a byte. 

The number of binary digits (bits) per second, which describe a digital 

signal is called it's bit rate. Bit rate is expressed in bits per second (bps). 

 

 

 

 

 

Modulation  

(1) Digital and analog signals to be transmitted are usually of low 

frequency and hence cannot be transmitted as such.  

(2) These signals require some carrier to be transported. These 
carriers are known as carrier waves or high frequency signals.  

(3) The process of placement of a low frequency (LF) signal over the 
high frequency (HF) signal is known as modulation. 
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(4) Need for modulation : The sound wave (20 Hz to 20 KHz) cannot 
be transmitted directly from one place to another for the following reasons.  

(i) Height of anteena : For efficient radiation and reception , the height 
of transmitting and receiving antennas should be comparable to a quarter of 
wavelength of the frequency used. For 15 KHz it is 5000 m (too large) and 

for 1 MHz it is 75 m.  

The energy radiated from an anteena is practically zero, when the 
frequency of the signal to be transmitted is below 15 Hz.  

(ii) Detecting signals : All audible signals are in the range of 20 Hz to 
20 KHz so the signals from all sources remains heavily mixed up in air. It 
will be very difficult to differentiate or detect the broadcast signal at the 

receiving station.  

Thus modulation is necessary for a low frequency signal. When it is to 
be sent to a distant place so that the information may not die out in the 

way it self as well as for the proper identification of a signal and to keep the 
height of anteena small also 

 

 

 

 

 

 

 

 

Amplitude Modulation (AM) 

The process of changing the amplitude of a carrier wave in accordance 

with the amplitude of the audio frequency (AF) signal is known as 
amplitude modulation (AM). 

In AM frequency of the carrier wave remains unchanged. 

The amplitude of modulated wave is varied in accordance with the 

amplitude of modulating wave. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) Modulation index : The ratio of change of amplitude of carrier wave to 

the amplitude of original carrier wave is called the modulation factor or degree 
of modulation or modulation index (m

a

). 

c

m
a

E

kE
m 

vecarrier waoriginal of  Amplitude

vecarrier waof  amplitude in Change
 

where k = A factor which determines the maximum change in the 

amplitude for a given amplitude E
m

 of the modulating signal. If k = 1 then 

minmax

minmax

EE

EE

E

E
m

c

m
a




   

If a carrier wave is modulated by several sine waves the total 

modulated index m
t

 is given by ........2
3

2
2

2
1  mmmmt  

(2) Voltage equation for AM wave : Suppose voltage equations for 

carrier wave and modulating wave are  tEe ccc cos  and 

tmEtEe mcmmm  sinsin   

where e
c

 = Instantaneous voltage of carrier wave, E
c

 = Amplitude of 

carrier wave,  cc f 2  Angular velocity at carrier frequency cf , 

me  Instantaneous voltage of modulating, mE  Amplitude of 

modulating wave,  mm f 2 Angular velocity of modulating frequency 

f
m

  

Voltage equation for AM wave is  

teEtEe cmcc  sin)(sin  tteE cmmc  sin)sin(   

   t
Em

t
Em

tE mc
ca

mc
ca

cc )(cos
2

)cos(
2

sin    

The above AM wave indicated that the AM wave is equivalent to 
summation of three sinusoidal wave, one having amplitude E

c

 and the other 

two having amplitude 
2

caEm
. 

(3) Side band frequencies and band width in AM wave 

(i) Side band frequencies : The AM wave contains three frequencies 

)(, mcc fff   and ),( mc ff   cf  is called carrier frequency, )( mc ff   and 

)( mc ff   are called side band frequencies. 

:)( mc ff   Upper side band (USB) frequency 

:)( mc ff   Lower side band (LSB) frequency 

Side band frequencies are generally close to the carrier frequency. 

(ii) Band width : The two side bands lie on either side of the carrier 
frequency at equal frequency interval f

m

. 

So, band width mmcmc fffff 2)()(   
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(4) Power in AM waves : Power dissipated in any circuit 
R

V
P rms

2

 . 

Hence (i) carrier power 
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(ii) Total power of side bands 
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(iii) Total power of AM wave P
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(v) Maximum power in the AM (without distortion) will occur when 

m
a

 = 1 i.e. sbt PPP 35.1    

(vi) If I
c

 = Unmodulated current and I
t

 = total or modulated current   
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(5) Limitation of amplitude modulation  

(i) Noisy reception  (ii) Low efficiency  

(iii) Small operating range (iv) Poor audio quality  

Frequency Modulation (FM)  

The process of changing the frequency of a carrier wave in accordance 
with the audio frequency signal is known as frequency modulation 

(1) Audio quality of AM transmission is poor. There are  need to 
eliminate amplitude sensitive noise. This is possible if we eliminate 
amplitude variation. (i.e. a need to keep the amplitude of the carrier 
constant). This is precisely what we do in FM. 

(2) In FM the overall amplitude of FM wave remains constant at all 
times. 

(3) In FM, the total transmitted power remains constant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(4) Frequency deviation : The maximum change in frequency from 

mean value (
c

) is known as frequency deviation. This is also the change or 

shift either above or below the frequency 
c

 and is called as frequency 

deviation. 
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.)( minmax
m

fcc

E
kffff   

k
f

 = Constant of proportionality. It determines the maximum variation 

in frequency of the modulated wave for a given modulating signal. 

(5) Carrier swing (CS) : The total variation in frequency from the 

lowest to the highest is called the carrier swing 

i.e.   CS = 2  f 

(6) Frequency modulation index (m
f

) : The ratio of maximum 

frequency deviation to the modulating frequency is called modulation index. 
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(7) Frequency spectrum : FM side band modulated signal consist of 

infinite number of side bands whose frequencies are  

 .......)3(),2(),( mcmcmc ffffff   

The number of side bands depends on the modulation index m
f

.  

 

 

 

 

 

 

 

In FM signal, the information (audio signal) is contained in the side 

bands. Since the side bands are separated from each other by the frequency 

of modulating signal f
m

 so  

 Band width mfn 2 ; where n = number of significant side 

band pairs  

(8) Deviation ratio : The ratio of maximum permitted frequency 

deviation to the maximum permitted audio frequency is known as deviation 

ratio. Thus, deviation ratio 
max

max

)(

)(

mf

f
  

(9) Percent modulation : The ratio of actual frequency deviation to the 

maximum allowed frequency deviation is defined as percent modulation. 

Thus, percent modulation, 
max

actual

)(

)(

f

f
m




  

Table 28.4 : Range of frequency allotted for FM radio/TV broadcast 
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Type of broadcast Frequency band 

FM radio 88 to 108 MHz 

UHF TV 47 to 230 MHz 

UHF TV 470 to 960 MHz 

Pulse Modulation  

Here the carrier wave is in the form of pulses.  

(1) Pulse amplitude modulation (PAM) : The amplitude of the pulse 
varies in accordance with the modulating signal.  

(2) Pulse width modulation (PWM) : The pulse duration varies in 
accordance with the modulating signal.  

(3) Pulse position modulation (PPM) : In PPM, the position of the 

pulses of the carrier wave train is varied in accordance with the 
instantaneous value of the modulating signal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pulse Code Modulation 

The pulse amplitude, pulse width and pulse position modulations are 
not completely digital. 

A completely digital modulation is obtained by pulse code modulation 
(PCM). 

An analog signal is pulse code modulated by following three operation.  

(1) Sampling : It is the process of generating pulses of zero width and 
of amplitude equal to the instantaneous amplitude of the analog signal.  

The number of samples taken per second is called sampling rate.  

(2) Quantisation : The process of dividing the maximum amplitude of 
the analog voltage signal into a fixed number of levels is called quantisation.  

e.g. amplitude 5 V of the analog voltage signal divides into six. 
Quantisation level viz 0, 1, 2, 3, 4, 5. 

Pulses having amplitude between – 0.5 V to 0.5 V are approximated 
(quantised) to a value 0 V, amplitude between 0.5 V to 1.5 V are 
approximated to a value of 1 V and so on.  

(3) Coding : The process of digitising the quantised pulses according 
to some code is called coding.  

Table 28.5 : Coding 

Quantis-
ation level 

0 1 2 3 4 5 6 7 

Binary  

code 
000 001 010 011 100 101 110 111 

 

For example consider that voltage amplitude of an analog signal varies 

between 0 and 7 V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demodulation  

The process of extracting the audio signal from the modulated wave is 
known as demodulation or detection. 

The wireless signals consist of radio frequency (high frequency) carrier 
wave modulated by audio frequency (low frequency). The diaphragm of a 
telephone receiver or a loud speaker cannot vibrate with high frequency. So 
it is necessary to separate the audio frequencies from the radio frequency 
carrier wave. 

Simple demodulator circuit : A diode can be used to detect or 
demodulate an amplitude modulated (AM) wave. A diode basically acts as a 
rectifier i.e. it reduces the modulated carrier wave into positive envelope 
only. 

The AM wave input is shown in figure. It appears at the output of the 
diode across PQ as a rectified wave (since a diode conducts only in the 
positive half cycle). This rectified wave after passing through the RC 
network does not contain the radio frequency carrier component. Instead, it 

has only the envelope of the modulated wave.  

Original pulse positions 

(E) Pulse position modulation (PPM) 

(A) Unmodulated pulse 

(D) Pulse width modulation (PWM) 

(C) Pulse amplitude modulation  (PAM) 

(B) Modulating  signal 

Fig. 28.14 
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In the actual circuit the value of RC is chosen such that RC
fc


1

; 

where f
C

  = frequency of carrier signal.  

 

 

 

 

 

 

 

 

 

 

(A)   (B)        (C) 

 

Data Transmission and Retrieval  

The term data is applied to a representation of facts, concepts or 

instructions suitable for communication, interpretation or processing by 
human beings or by automatic means. Data in most cases consists of pulse 
type of signals.  

The pulse code modulated (PCM) signal is a series of 1's and 0's. The 

following three modulation techniques are used to transmit a PCM signal. 

(1) Amplitude shift keying (ASK) : Two different amplitudes of the 

carrier represent the two binary values of the PCM signal. This method is 
also known as on-off keying (OOK) 

1 : Presence of carrier of same constant amplitude. 

0 : Carrier of zero amplitude.  

(2) Frequency shift keying (FSK) : The binary values of the PCM signal 
are represented by two frequencies.  

1 : Increase in frequency  

0 : Frequency unaffected  

(3) Phase shift keying (PSK) : The phase of the carrier wave is changed 

in accordance with modulating data signal. 

1 : Phase changed by    

0 : Phase remains unchanged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The analog signal is sampled by the sampler. The sampled pulses are 

then quantised. The encoder codes the quantised pulses according to the 

binary codes. After modulating the PCM signal (by ASK, FSK or PSK 

method) the modulated signal is, then transmitted into free space in the 

form of bits.  

 

 

 

 

 

 

 

 

 

  

 

 

 

Modem and Fax 

 

 

 

 

 

 

(1) Modem : Modems are used to interface two digital 
sources/receivers.  

(i) Word modem has been obtained from the words modulator and 
demodulator. As the name implies both the functions (modulation) and 
demodulation) are included in a signal unit.  

(ii) Modems are placed at both ends of the communication circuit as 
shown. 
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(iii) The modem at the transmitting station changes the digital output 
from a computer (or any other business machine) to a from (analog signal) 
which can be easily sent via a communication channel (Telephone line etc.). 
While the receiving modem reverses the process.  

(iv) There are three modes of operation of a modem. 

(a) Simplex mode : In this mode data is transmitted in only one 
direction. 

(b) Half duplex : In this mode data is transmitted between the 
transmitter and the receiver in both direction, but only in one direction at a 
time.  

(c) Full duplex : In this mode, the data are transmitted between the 
transmitter and receiver in both directions at the same time.  

Table 28.6 : Modem data transmission speed 

Types Speed in bits per sec and (bps) 

Low speed modem 600 bps 

Medium speed modem 600 to 2400 bps 

High speed modem 2400 to 10,800 bps 

 

(2) Fax (Facsimile transmission) : The electronic reproduction of a 

document at a distance place is known as facsimile transmission (FAX).  

The original written document is converted into transmittable codes at 

the sending end. These codes are converted back into a copy of the original 
document at the receiving end.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The original written document is put into the machine. A scanner 

scans the whole document.  

The scanned written document is then moved on a glass plate. A beam 
of light from a given source is projected through the glass and is reflected 

from the surface of the document. 

 

 

 

 

 

 

 

The reflected light is focussed on a device known as photo detector 
which converts the optical signals (carrying the information regarding the 
patterns/writings/signatures etc.) in to electrical signals.  

These electrical signals are then modulated and transmitted on to the 
telephone lines to the receiving end. 

Space Communication  

The communication process utilising the physical space around the 

earth is termed as space 

communication. 

Electromagnetic waves which are 

used in Radio, Television and other 
communication system are radio waves 
and microwaves.  

The radio waves emitted from a 

transmitter anteena can reach the 
receiver antenna by the following mode 
of operation.  

 Ground wave propagation 

 Sky wave propagation.  

 Space wave propagation.  

(1) Ground wave propagation  

(i) In ground wave propagation, radio waves travel along the surface of 

the earth (following the curvature of earth). 

(ii) These waves induce currents in the ground as they propagate due 

to which some energy is lost.  

(iii) The decrease in the value of energy (i.e. attenuation) increases 
with the increase in the frequency of radiowave.  

(iv) As the ground wave propagates over the earth, it tilts over more 
and more due to diffraction. (This is another cause of attenuation of ground 
wave). After covering some distance, the wave just lie down which means 
it's death.  

 

 

 

 

 

 

 

(v) Ground wave propagation can be sustained only at low frequencies 

(~ 500 kHz to 1500 kHz) or for radio broadcast at long wavelengths.  

(2) Sky wave propagation  

(i) These are the waves which are reflected back to the earth by 

ionosphere. 

Ionosphere is a layer of atmosphere having charged particles, ions and 

electrons and extended above 80 km – 300 km from the earth's surface.  
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(ii) These are the radio waves of frequency range 2 MHz to 30 MHz.  

(iii) Sky waves are used for very long distance radio communication at 

medium and high frequencies (i.e. at medium waves and short waves).  

(iv) The sky waves being electromagnetic in nature, changes the 

dielectric constant and refractive index of the ionosphere. The effective 

refractive index of the ionosphere is  
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nneff


 

where n
0

 = refractive index of free space, N = electron density of 

ionosphere, 
0

 = dielectric constant of free space, e = charge on electron, m = 

mass of electron  = angular frequency of EM wave. 

(v) As we go deep into the ionosphere, N increases so n
eff

 decreases. 

The refractions or bending of the beam will continue and finally it reflects 

back.  

(vi) Critical frequency (f
c

) : It is defined as the highest frequency of 

radio wave, which gets reflected to earth by the ionosphere after having 

been sent straight to it.  

If maximum electron density of the ionosphere is N
max

 per m3, then 

2/1
max)(9 Nfc  . Above f

c

, a wave will penetrate the ionosphere and is not 

reflected by it. 

(vii) Maximum usable frequency (MUF) : It is the highest frequency of 

radio waves which when sent at some angle of incidence , towards the 

ionosphere, get reflected and return to the earth. 
cos

cfMUF   

(viii) Skip distance : It is the smallest distance from a transmitter 

along the earth's surface at which a sky wave of a fixed frequency but more 

than f
c

 is sent back to the earth. 

 

 

 

 

 

 

 

 

 

 

(ix) Fading : It is defined as the fluctuation in the strength of a signal 

at a receiver due to interference of two waves.  

Fading is more at high frequencies. It results into errors in data 

transmission and retrieval.  

Space Wave Propagation  

The space waves are the radio waves of very high frequency (30 MHz 
to 300 MHz) ultra high frequency (300 MHz to 3000 MHz) and microwave 
(more than 3000 MHz). At such high frequencies, the sky wave as well as 
ground wave propagation both fails. 

These waves can be transmitted from transmitting to receiving antenna 
either directly or after reflection from the ground or in troposphere, the wave 
propagation is called space wave propagation. 

 

 

 

 

 

 

 

The space wave propagation is also called as line of sight propagation. 

The line of sight distance is the distance between transmitting antenna and 
receiving antenna at which they can see each other. 

Space wave propagation can be utilised for transmitting high 

frequency TV and FM signals. 

(1) Television signal propagation : Frequency range for propagation is 

80 MHz to 200 MHz  

Height of transmitting antenna : 
R

d
h

2

2

  (d = distance covered by 

the signal, R = Radius of the Earth) 

Area covered : A = d2 = 2Rh  

Population cover : Population density  Area covered  

(2) Microwave communication : Microwave communication systems are 

used for long distance communication. Since at microwave frequencies, 
electromagnetic waves cannot bend across the obstacles, such as the top of 
the buildings, mountains etc., it is therefore necessary that microwave 
transmission is in line-of-sight. 

 

 

 

 

 

 

Due to curvature in the surface of earth, the range of microwave 

transmission is very small ( 50 km). The range of microwave transmission 

is also limited by the fact that signals gets weaker and weaker as it 
propagates. However, these problems are overcome by using repeaters (A 

repeater is basically an amplifier, which amplifies the attenuated signal and 
then retransmits it.) at intervals between the transmitter and the receiver. 
Due to this, the cost of transmission of signal between the two stations 
increases.  

The problems faced in a microwave communication system are solved 

to a large extent by using a geostationary satellite as a communication 
satellite.  

Satellite Communication 

(1) Satellite communication is like the line-of-sight microwave 

transmission. In this case, a beam of modulated microwave is projected 

towards the satellite. 
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(2) Satellite communication is mainly done through geostationary 

satellites (for steady reliable transmission and reception) 

(3) A geostationary satellite has the same time period of revolution of 

earth (i.e. 24 hrs.). It appears stationary w.r.t. earth. It locates at the height 

of 36000 km above the earth's surface (well above the ionosphere).  

(4) A communication satellite is a spacecraft placed in an orbit around 

the earth which carriers a transmitting and receiving equipment called radio 

transponder. It amplifies the microwave signals emitted by the transmitter 

from the surface of earth and send then to the receiving station on earth.  

(5) The transmitted signal is UP-LINKED and received by the satellite 

station which DOWN-LINKS it with the ground station through it's 

transmitter.  

The up-link and down-link frequencies are kept different (both 

frequencies being in the regions of UHF/microwave). 

(6) A single satellite cannot cover the entire surface of the earth. At 

least three geo-stationary satellites are required which are 120° apart from 

each other to have the communication link over the entire globe of earth.  

 

 

 

 

 

 

 

(7) Satellite technology is very useful in collecting information about 

various factors of the atmosphere which governs the weather and climatic 

conditions.  

The satellite communication can be used for establishing mobile 

communication with great use the communication satellites are now being 

used in Global Positioning System (GPS). The ordinary users can find their 

positions within an accuracy of 100m. 

There are two types of satellites used for long distance transmission. 

(i) Passive satellite : It act as reflector only for the signals transmitted 

from earth. Moon the natural satellite of earth is a passive satellite.  

(ii) Active satellite : It carries all the equipment used for receiving 

signals sent from the earth, processing them and then re-transmitting them 

to the earth. Now a days active satellites are in use.  

(8) The Indian communication satellites INSAT-2B and INSAT-2C are 

positioned in such away in the outer space that they are accessible from any 

place in India. 

Remote Sensing 

Remote sensing is the technique to obtain information about an object 

(in respect of it's size, colour nature, location, temperature etc.) by 

observing it from a distance and without coming to actual contact with it.  

(1) There are two types of remote sensing instruments : active and 

passive. Active instruments provide their own energy to illuminate the 

object of interest, as radar does. They send an energy pulse to the object 

and then receive and process the pulse reflected from the object. Passive 

instruments sense only radiations emitted by the object or solar radiation 

reflected from the object. 

(2) The remote sensing is done through a satellite. The satellite used 

in remote sensing should move in an orbit around the earth in such away 

that it always passes over the particular area of the earth at the same local 

time.  

The orbit of such a satellite is known as sun-synchronous orbit. A 

remote sensing orbit can be circular polar orbit or in highly inclined 

elliptical orbit.  

 

 

 

 

 

 

 

(3) A remote sensing satellite takes, photographs of a particular region 

which nearly the same illumination every time it passes through that region. 

(4) The most useful remote sensing technology is that it makes 

possible the repetitive surveys of vast areas in a very short time, even if the 

areas are inaccessible.  

(5) Space based remote sensing is a new technology. It has high 

potential for applications in nearly all aspects of resource management.  

(6) The Indian remote sensing satellites are IRS-1A, JRS-1B, and IRS-1C. 

(7) Some applications of remote sensing includes  

(i) Meteorology : (development of weather systems and weather for 
casting). 

(ii) Climatology : Monitoring climatic changes.  

(iii) Oceanography : (Sea surface temperatures, mapping of sea-ice and 

oil pollution monitoring). 

(iv) Archaeology, geological surveys.  

(v) Water resource surveys, 

(vi) Urban land use surveys.  

(vii) Agriculture and forestry and natural disaster. 

(viii) In the field of spying to detect movements of enemy army an 

their positions.  

(ix) It is used to locate the place where under ground nuclear 

explosion has carried out. 

Line Communication  
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Line communication means interconnection of two points that are at 

some distance from each other with the help of wires for exchange of 

information e.g. interconnection between a transmitter and receiver or a 

transmitter and anteena or an anteena and receiver.  

Two Wire Transmission Line 

The most commonly used two wire lines are : Parallel wire, twisted 

pair wires and co-axial cable.  

(1) Parallel wire line : In a two wire transmission line, two metallic 

wires are arranged parallel to each other inside a protective insulation 

coating.  

 

 

 

 

 

(i) The wires may be hard or flexible depending on the power to be 

handled.  

(ii) It is commonly used to connect an anteena with TV receiver.  

(iii) Such wires can suffer from interferences and losses.  

(2) Twisted pair wire : It consists of two insulated copper wires 

twisted around each other at regular intervals to minimize electrical 

interference.  

(i) Twisted pair wires are used to connect telephone systems. It works 

well up to a distance of about 10 cm. They cannot transmit signals over very 

large distances.  

 

 

 

(ii) They can be used for transmitting both, the analog and digital 

signals.  

(iii) They are easy to install and cost effective. 

(3) Coaxial wire lines : It consist of a central copper wire (which 

transmits the signals) surrounded by a PVC insulation over which a sleeve 

of copper mesh (outer conductor) is placed. The outer conductor is 

normally connected to ground and thus it provides an electrical shield to 

the signals carried by the central conductor. The outer conductor is 

externally covered with a polymer jacket for protection.   

 

 

 

 

 

 

(i) Co-axial line wires can be used for microwaves and ultra high 

frequency waves.  

(ii) The communication through co-axial lines is more efficient than 

through a twisted pair wire lines.  

(iii) Co-axial cables can be gas filled also. To reduce flash over between 

the conductor handling high power, N
2

-gas is used in the cable.  

Impedance of Line 

Each portion of the transmission line can be considered as a small 

inductor, resistor and capacitor as shown. 

 

 

 

 

 

 

(1) Such inductors, resistors and capacitors are distributed throughout 

the transmission line. 

As a result each length of transmission line has a characteristic 

impedance.  

(2) In case of co-axial cable, the dielectric can be represented by a 

shunt resistance G.  

(3) When co-axial cable is used to transmit a radio frequency signal, X
L

 

and X
C

 are large as compared to R and G respectively. Hence R and G can be 

neglected.  

 

 

 

 

 

 

(4) In co-axial cable, R is zero, so no loss of energy and hence no 

attenuation of frequency signal occurs when transmitted along it. That's 

why co-axial cables are specially used in cable TV network.  

(5) Characteristic impedance (Z
0

) : It is defined as the impedance 

measured at the input of a line of infinite length.  

For parallel line 
d

s

k
Z

2
log

276
0   

d = Diameter of each wire 

s = Separation between the two wires 

k = Dielectric constant of the insulating 

medium 

For co-axial line wire 
d

D

k
Z log

138
0   

d = Diameter of inner conductor 

D = Diameter of outer conductor 
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the usual range of characteristic impedance for parallel wire lines is 

150 to 600  and for co-axial wire it is 40  to 150 . 

(6) Velocity factor of a line (v. f.) : It is the ratio of reduction of speed 

of light in the dielectric of the cable  

Kc

v
fv

1

 vacuumin lightof  Speed

medium in lightof  Speed
..   

For a line v.f. is generally of the order of 0.6 to 0.9.  

 

Telephone Links  

(1) Telephone is the most common means of communication. Now a 
days, the telephone system is required to converse from earth to another 
heavenly bodies like moon etc.  

(2) A telephone link can be established with the help of co-axial cables, 
ground waves, sky waves, microwaves or optical fibre cables.  

(3) Simultaneous transmission of a number of messages over a single 
channel without their interfering with one another is called multiplexing. 
Two types of multiplexing techniques are in use : 

(i) Frequency division multiplexing uses analog modulation of message 
signals.  

(ii) Time division multiplexing makes use of pulse modulation of 

message signals.  

(4) Twisted pair wire lines provide a band width of 2 MHz, while co-

axial cable provides a band width of 20 MHz. For further increase in band 
width, we use 

(i) microwave link 

(ii) communication satellite link. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Optical Communication 

(1) The use of optical carrier waves for transmission of information 
from one place to another is called optical communication. 

(2) The useful optical frequency range is 10 12 Hz to 1016 Hz which is very 
high as compared to radio and microwave frequencies (106 Hz – 1011 Hz). 

(3) The information carrying capacity  bandwidth  frequency of 

carrier wave. So optical communication is better than others. (because of 
high frequency). 

(4) Basic setup of optical communication shown below  

 

 

 

 

 

 

(5) Light emitting diodes (LED) and diode lasers are preferred for 

optical source. LED's are used for small distance transmission while diode 
laser is used for very large distance transmission.  

(6) In order to transmit information signal via an optical 

communication system, it is necessary to modulate light with the 
information signal.  

(7) The optical signal reaching the receiving end has to be detected by 

a detector which converts light into electrical signals, So that the 

transmitted information may be decoded. Semiconductor based photo-

electors are used 

Optical Fibre 

The optical fibres are used to transmit light signals from one place to 
another without any practical loss in the intensity of light signal.  

(1) Design : Optical fibre is made of a thin glass core (diameter 10 to 

100 m) surrounded by a glass coating called cladding are protected by a 

jacket of plastic.  

 

 

 

 

(2) Principle : It works on the principle of total internal reflection.  

(3) Action : The refractive index of the glass used for making core (
1

 

 1.7) is a little more than the refractive index of the glass (
2

  1.5) used 

for making the cladding i.e. 
1

 > 
2

.  

The core dimension is so small ( 10 m) that the light entering will 

almost essentially be having incident angle (
i

) more than the critical angle 

(
C

) and will suffer total internal reflection at the core. Cladding boundary 

such successive total reflections at opposite boundaries will confine the light 

to the core as shown in figure.  

 

 

 

 

(4) Critical angle (
c

) : At core-cladding interface if  = 
c

 then 
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(5) Acceptance angle (
a

) : The value of maximum angle of incidence 

with the axis of fibre in air for which all the incident light is totally reflected 

is known as acceptance angle.  

 

 

 

 

 

 

If a = Acceptance angle then 
1

 = refractive index of core, 
2

 = 

refractive index of cladding.  

0

2
2

2
1

sin






a  2

2
2
1

1sin   
a    (for air 

0

 = 1) 

(6) Numerical aperture : Light gathering capability of a fibre is related 

to numerical aperture. This is defined as the sine of acceptance angle i.e. 

2
2

2
1sin   iNA  

The numerical aperture can also be given in terms of relative core-

cladding index difference (), where 
2
1

2
2

2
1

2

 
  

Thus,  21
2
2

2
1 NA  

(7) Fibre attenuation : In practice a very small part of light energy is 

lost from an optical fibre. This reduction in energy of the light is called 

attenuation and is described by 
xeII  0  

where I
0

 = Intensity of light when it enters the fibre 

I = Intensity of light at a distance x along the fibre  

 = Absorption co-efficient or attenuation co-efficient 

Also attenuation (in dB) 
0

10log10
I

I
  

(8) Types of optical fibre  

(i) Monomode optical fibre : It has a very narrow core of diameter 

about 5m or less, cladding is relatively big.  

 

 

 

 

 

(ii) Multimode optical fibre : It is again of two types  

(a) Step index multimode fibre :  

The diameter of the core is about 50 m. 

Core has constant R.I 
1

 from it's centre to boundary.  

The refractive index then changes to a lower value of 
2

, which 

remains constant through the cladding.  

 

 

 

 

 

 

Since refractive index of a material depend on the wavelength of light. 

The wavelength fellow diff. paths. 

The overall time difference between two wavelengths reaches the other 

end is of the order of 33  10–9 sec/cm length of the fibre. 

(iii) Graded index multimode fibre : Refractive index decreases 

smoothly from it's centre to the outer surface of the fibre (cladding). There 

is no notieable boundary between core and cladding.  

 

 

 

 

 

Advantages of Optical Fibres Over Wires 

(1) Lower cost in the long run. 

(2) Low loss of signal typically less than 0.3 dB/km), so repeater-less 

transmission over long distances is possible. 

(3) Large data-carrying capacity (thousands of times greater, reaching 

speeds of up to 1.6 Tb/s in field deployed systems and up to 10 Tb/s in lab 

systems). 

(4) No electromagnetic radiation; difficult to eavesdrop. 

(5) High electrical resistance, so safe to use near high-voltage 

equipment or between areas with different earth potentials. 

(6) Low weight. 

(7) Signals contain very little power. 

(8) No cross talk between cables. 

(9) No sparks (e.g. in automobile applications) 

(10) Difficult to place a tap or listening device on the line, providing 

better physical network security. 

Laser 

 

 

 

 

 

 

Laser is a process by which we get a beam which is coherent, highly 
monochromatic and almost perfectly parallel. Such a beam is also called 
laser.  

Coherent             : Because all the photons in the light beam, 
emitted by different atoms, at different 
instant are in phase. 

 a 

a 

Cladding (c) 

core (c) 

A
cc

ep
ta

n
ce

 

co
n
e  

 > c 

Fig. 28.41 

Cladding (1) 

Core () 

1
 

2 

5m 

125m 

Fig. 28.42 

Cladding (1) 

Core () 

50m 

125m 1 

2 

Fig. 28.43 

 decreases 1 

2 

Fig. 28.44 



 
     1622 Communication 

Monochromatic   : Because, the spread  in wavelength is very 
small, of the order of 10–6 nm.  

Perfectly parallel : Because, a laser beam can be sent to a far 
off place and returns back without any 
practical loss of intensity.  

d 

The term LASER stands for Light Amplification by Stimulated 

Emission Radiation. 

 

 

 

 

Concepts Related to Production of LASER   

(1) Stimulated absorption : Consider an atom which has an allowed 
state at energy E

1

 and another allowed state at a higher energy E
2

. Suppose 

the atom is in the lower energy state E
1

. If a photon of light having energy E
2

 
– E

1

 is incident on this atom, the atom may absorb the photon and jump to 
the higher energy state E

2

. This process is called stimulated absorption of 
light photon. The incident photon has stimulated the atom to absorb the 
energy.  

 

 

 

 

 

(2) Spontaneous emission : If an atom is present in the higher energy 
state, it tends to return to the lower energy state within a time of 10–8 sec by 

emitting a photon of energy h = E
2

 – E
1

. We call this process spontaneous 

emission. Spontaneous because the event was not triggered by any outside 
influence.  

 

 

 

 

 

(3) Stimulated emission : Suppose a photon of energy h = E
2

 – E
1

 

interacts with an atom that is already in the excited state E
2

.  

The incident photon may stimulate the atom to emit a photon, the 

energy, phase, and direction of travel of this second photon are exactly the 

same as those of the incident photon. That is the quantum state of the 

stimulated photon is identical to that of the incident photon. This process is 

called stimulated emission. 

If these two photons then interact with two more excited state atoms, 

two more photons are produced, and soon. Therefore, the stimulation 

process leads to photon amplification. 

 

 

 

 

 

(4) Population inversion : Usually the number of atoms in the lower 

energy state is more than the number of atoms in the excited state. To emit 

photons which are coherent (i.e. in phase), the number of atoms in the 

higher state must be greater than the number of atoms in the lower energy 

state. In other words, population of atoms in the higher energy state must 

be larger than the population of atoms in the lower energy state. The 

process of making the population of atoms in the higher energy state more 

than that of lower energy state is known as population inversion.   

The method used to invert the population of atoms is known as 
pumping. 

(5) Metastable states : A metastable state is one, which has a mean life 
time of the order of 10–3 s or more i.e. much larger than 10–8 s, the life time of 

a higher energy state. Some atomic systems, such as chromium, neon, etc 
possess metastable states. The atom of such an atomic system, when in 
higher energy state, does not come down to lower energy state directly. It 
first returns to metastable state and then after a finite lapse of time of the 
order of 10–3 s, returns to the lower energy state. Since such atom stays in 
metastable state for a sufficiently long time, the population inversion can 
sustain in such atomic system.  

A system in which population inversion is achieved is called the active 

system.  

Principle of Laser  

 

 

 

 

 

Atoms from the ground state E
1

 are 'pumped' up to an excited state E
3

. 

From E
3

 the atom decay rapidly to state of energy E
2

. For lasing (lasing 

means laser action) to occur, this state must be metastable. If conditions are 

right, state E
2

 can then become more heavily populated than state E
1

, thus 

providing the needed population inversion.  

When photon of energy 12 EEh  is incident on one of the atoms 

present in the metastable state, the atom will drop to lower energy state E
1

, 
emitting a photon of same energy as that of the incident photon, which is in 
phase with it and is emitted in the same direction. The two photons, then 
interact with two more atoms present in metastable state and so on. This 
process is called amplification of light. 

For smooth process two conditions are necessary  

(1) The metastable state should all the time have larger number of 

atoms than the number of atoms in lower energy state.  

(It is achieved by pumping) 

(2) The photons emitted due to stimulated emission should stimulate 

other atoms to multiply the photons inside the system. 

(It is achieved by two mirrors are fixed at the ends of the system 

containing lasing material. The mirrors reflect the photons back and forth 
to keep them inside the region for a long time.) 
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Helium-Neon Laser 

This laser contains a mixture of helium ( 90%) and neon ( 10%) at 

low pressure in a cylindrical tube with mirrors at each end. The energy level 

diagram in figure shows the important energy levels for the helium and 

neon atoms. A large electric field is established in the tube by electrodes 

connected to a high-voltage power supply, Electrons from ionized atoms are 

accelerated by the field and collide with atoms. 

 

 

 

 

 

 

Because of the energy-level structure for helium, collisions often excite 

helium atoms to the level labeled E
3

 in the figure. In a process called 

collision transfer, energy is transferred from excited helium atoms to neon 

atoms during collisions, thus producing a population of neon atoms in the 

E
2

 level. The transition from level E
2

 to E
1

 in neon is forbidden, but the 

transition out of the E
1

 level is allowed. This means that the population of 

atoms in the E
2

 level builds up, and that of the E
1

 level is rapidly depleted. 

 

 

 

 

 

 

 

 

 Stimulated emission from E
2

 to E
1

 predominates and laser light is 

generated.  

The mirrors at each end of the tube encourage emissions along the 

tube axis by reflecting the light back and forth inside the tube. One of the 

mirrors is slightly leaky, transmitting about 1 percent of the incident light. 

This transmitted light forms the laser beam which we find so useful. 

 

 

 

 

 

 Parallel wire lines are never used for transmission of microwaves. 

This is because at the frequency of microwaves, separation between the 

two wires approaches half a wavelength (/2). Therefore radiation loss of 

energy becomes maximum. 

 Number of channel accommodated for  

 
channel per needed  widthBand

channelof   widthTotal band
 onTransmissi    

 Bit rate = Sampling rate  no. of bits per sample. 

 Modulation factor determines the strength and quality of the 

transmitted signal. 

 A Hertz antenna is a straight conductor of length equal to half the 

wavelength of radio signals to be transmitted or received. A Marconi 

antenna is a straight conductor of length l = /4 

 In a digital signal, information is carried by the pattern of pulses 

and not by the shape of pulses.  

 Sampling converts an analog signal into digital. For example when 

an analog signal is sampled at interval of 125 -sec the number of 

samples taken per second .8000
10125

1
6






 

 AGC stands for automatic gain control. It is used in receive. 

 Sputinik-I launched by Russia in 1957 was the first active satellite.  

 First communication satellite was put in an orbit by USA in 1958. 

 The first India experimental satellite i.e. Apple was launched on 

June 19, 1981. 

 The national information cenre at Delhi has linked computers at all 

head quarters through INSAT 2B. 

 First communication satellite was put in an orbit by USA in 1958.  

 Just as 
Y

Z
 represents characteristic impedance (Z

0

) of a 

transmission line, ZY  represents propagation constant of the line.  

 Glass-core and glass cladding (often called SCS fire i.e. silica clad 

silica fibre) have the best propagation characteristics. 

 The dish type antenna's used for satellite communication are 

generally of cassegrain type  

 Ground waves propagate along the surface of the earth. These are 

vertically polarised to prevent short circuiting of the electric field at a 

distance d is given by 
d

lh
E t



120
  and signal received by an antenna 

of height h
r

 is given by V (volts) 
d

Ihh rt



120
  

 Receivers may be of two types, tuned radio frequency (TRF) 

receivers and superheterodyne receivers. Super heterodyne receivers use 

local oscillators and intermediate frequency amplifiers before the signal is 

detected. In this way the reception becomes free of signal frequency but 

depends only on intermediate frequency which is fixed.  

 A rectifier with peak detection is used in the AM wave detection 

and FM detection is achieved by an LC circuit tuned at off resonant 

frequency. 

 APDs (Avalanche photodiodes) are best suited for detection in fiber 

optic communication. 

 MASER is microwave amplification by stimulated emission of 

radiation. It is used as a microwave amplifier or oscillator. The principle 

of MASER is identical to that of LASER. Only frequency range is  1011 Hz 

in masers.  

 In frequency modulation m
f

 (frequency modulation index) is 

inversely proportional to modulating frequency f
m

. While in PM it does 

not vary with modulating frequency. Moreover, FM is more noise 

immune.  
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 AM with single side band suppressed carrier is better as it contains 

maximum modulating power.  
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1. In short wave communication waves of which of the following 
frequencies will be reflected back by the ionospheric layer, having 
electron density 1011 per m3  

[AIIMS 2003] 

(a) 2 MHz (b) 10 MHz 

(c) 12 MHz (d) 18 MHz  

2. In an amplitude modulated wave for audio frequency of 500 

cycle/second, the appropriate carrier frequency will be  

[AMU 1996] 

(a) 50 cycles/sec (b) 100 cycles/sec 

(c) 500 cycles/sec  (d) 50,000 cycles/sec  

3. AM is used for broadcasting because   

(a) It is more noise immune than other modulation systems 

(b) It requires less transmitting power compared with other 

systems 

(c) Its use avoids receiver complexity 

(d) No other modulation system can provide the necessary 

bandwidth faithful transmission 

4. Range of frequencies allotted for commercial FM radio broadcast is    [MNR 1997] 

(a) 88 to 108 MHz (b) 88 to 108 kHz 

(c) 8 to 88 MHz (d) 88 to 108 GHz  

5. The velocity factor of a transmission line x. If dielectric constant of 

the medium is 2.6, the value of x is  

[AFMC 1995] 

(a) 0.26  (b) 0.62 

(c) 2.6 (d) 6.2  

6. The process of superimposing signal frequency (i.e. audio wave) on 

the carrier wave is known as  [AIIMS 1987] 

(a) Transmission  (b) Reception  

(c) Modulation  (d) Detection  

7. Long distance short-wave radio broadcasting uses  

[AFMC 1996] 

(a) Ground wave  (b) Ionospheric wave  

(c) Direct wave  (d) Sky wave  

8. A step index fibre has a relative refractive index of 0.88%. What is 

the critical angle at the corecladding interface  

[Manipal 2003] 

(a) 60° (b) 75° 

(c) 45° (d) None of these  

9. The characteristic impedance of a coaxial cable is of the order of    [CPMT 2003] 

(a) 50  (b) 200  

(c) 270  (d) None of these  

10. In which frequency range, space waves are normally propagated    [EAMCET 2002] 

(a) HF (b) VHF  

(c) UHF  (d) SHF  

11. If 
1

 and 
2

 are the refractive indices of the materials of core and 

cladding of an optical fibre, then the loss of light due to its leakage 
can be minimised by having  [BVP 2003] 

(a) 
1

 > 
2

  (b) 
1

 < 
2

 

(c) 
1

 = 
2

 (d) None of these  

12. Through which mode of propagation, the radio waves can be sent 

from one place to another   [JIPMER 2003] 

(a) Ground wave propagation   

(b) Sky wave propagation  

(c) Space wave propagation  

(d) All of them  

13. A laser beam of pulse power 1012 watt is focussed on an object are 10–4 
cm2. The energy flux in watt/ cm2 at the point of focus is    [AFMC 2003] 

(a) 1020  (b) 1016  

(c) 108 (d) 104 

14. The carrier frequency generated by a tank circuit containing 1 nF 

capacitor and 10 H inductor is  [AFMC 2003] 

(a) 1592 Hz  (b) 1592 MHz  

(c) 1592 kHz  (d) 159.2 Hz  

15. Broadcasting antennas are generally  [AFMC 2003] 

(a) Omnidirectional type  (b) Vertical type  

(c) Horizontal type  (d) None of these  

16. For television broadcasting, the frequency employed is normally    [AMU 2002] 

(a) 30-300 MHz  (b) 30-300 GHz  

(c) 30-300 KHz  (d) 30-300 Hz  

17. The radio waves of frequency 300 MHz to 3000 MHz belong to    [AMU 2002] 

(a) High frequency band  

(b) Very high frequency band  

(c) Ultra high frequency band 

(d) Super high frequency band  

18. An antenna behaves as resonant circuit only when its length is     [MNR 2002] 

(a) 
2


 

(b) 
4


 

(c)   

(d) 
2


 or integral multiple of 

2


 

19. Maximum useable frequency (MUF) in F-region layer is x, when the 

critical frequency is 60 MHz and the angle of incidence is 70°. Then 

x is     [Himachal PMT 2003] 

(a) 150 MHz  (b) 170 MHz  

(c) 175 MHz  (d) 190 MHz  

20. The electromagnetic waves of frequency 2 MHz to 30 MHz are     [Haryana PMT 2003] 

(a) In ground wave propagation  

(b) In sky wave propagation  

(c) In microwave propagation  

(d) In satellite communication  

21. A laser is a coherent source because it contains  

[JIPMER 2003] 

(a) Many wavelengths  

(b) Uncoordinated wave of a particular wavelength  
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(c) Coordinated wave of many wavelengths  

(d) Coordinated waves of a particular wavelength  

22. The attenuation in optical fibre is mainly due to  

[AFMC 2003] 

(a) Absorption  

(b) Scattering  

(c) Neither absorption nor scattering  

(d) Both (a) and (b)  

23. The maximum distance upto which TV transmission from a TV 
tower of height h can be received is proportional to  

[AIIMS 2003] 

(a) h1/2  (b) h 

(c) h3/2  (d) h2  

24. A laser beam is used for carrying out surgery because it  

[AIIMS 2003] 

(a) Is highly monochromatic  (b) Is highly coherent  

(c) Is highly directional  (d) Can be sharply focussed  

25. Laser beams are used to measure long distances because  

[DCE 2002, 03] 

(a) They are monochromatic  

(b) They are highly polarised  

(c) They are coherent  

(d) They have high degree of parallelism  

26. An oscillator is producing FM waves of frequency 2 kHz with a 

variation of 10 kHz. What is the modulating index  

[DCE 2004] 

(a) 0.20  (b) 5.0  

(c) 0.67  (d) 1.5 

27. The maximum peak to peak voltage of an AM wire is 24 mV and the 

minimum peak to peak voltage is 8 mV. The modulation factor is  

(a) 10%  (b) 20% 

(c) 25% (d) 50%  

28. Sinusoidal carrier voltage of frequency 1.5 MHz and amplitude 50 V 

is amplitude modulated by sinusoidal voltage of frequency 10 kHz 
producing 50% modulation. The lower and upper side-band 
frequencies in kHz are  

(a) 1490, 1510  (b) 1510, 1490  

(c) 
1510

1
,

1490

1
 (d) 

1490

1
,

1510

1
 

29. What is the modulation index of an over modulated wave  

(a) 1 (b) Zero  

(c) < 1 (d) > 1 

30. Basically, the product modulator is  

(a) An amplifier  (b) A mixer  

(c) A frequency separator  (d) A phase separator 

31. If f
a

 and f
f

 represent the carrier wave frequencies for amplitude and 
frequency modulations respectively, then  

(a) fa ff   (b) fa ff   

(c) fa ff   (d) fa ff   

32. Which of the following is the disadvantage of FM over AM 

(a) Larger band width requirement  

(b) Larger noise  

(c) Higher modulation power 

(d) Low efficiency  

33. If a number of sine waves with modulation indices n
1

, n
2

, n
3

 ........ 
modulate a carrier wave, then total modulation index (n) of the 
wave is  

(a) n
1

 + n
2

 .... + 2(n
1

 + n
2

.....) 

(b) ..........321 nnn   

(c) .........2
3

2
2

2
1 nnn   

(d) None of these  

34. An AM wave has 1800 watt of total power content, For 100% 

modulation the carrier should have power content equal to  

(a) 1000 watt (b) 1200 watt 

(c) 1500 watt (d) 1600 watt 

35. The frequency of a FM transmitter without signal input is called  

(a) Lower side band frequency 

(b) Upper side band frequency  

(c) Resting frequency  

(d) None of these  

36. What type of modulation is employed in India for radio transmission  

(a) Amplitude modulation (b) Frequency modulation 

(c) Pulse modulation (d) None of these 

37. When the modulating frequency is doubled, the modulation index is 

halved and the modulating voltage remains constant, the modulation 
system is  

(a) Amplitude modulation (b) Phase modulation  

(c) Frequency modulation (d) All of the above  

38. An antenna is a device  

(a) That converts electromagnetic energy into radio frequency 
signal 

(b) That converts radio frequency signal into electromagnetic 
energy  

(c) That converts guided electromagnetic waves into free space 
electromagnetic waves and vice-versa 

(d) None of these  

39. While tuning in a certain broadcast station with a receiver, we are 
actually  

(a) Varying the local oscillator frequency 

(b) Varying the frequency of the radio signal to be picked up 

(c) Tuning the antenna 

(d) None of these  

40. Indicate which one of the following system is digital  

(a) Pulse position modulation 

(b) Pulse code modulation 
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(c) Pulse width modulation 

(d) Pulse amplitude modulation 

41. In a communication system, noise is most likely to affect the signal  

(a) At the transmitter  

(b) In the channel or in the transmission line  

(c) In the information source 

(d) At the receiver  

42. The waves used in telecommunication are  

(a) IR (b) UV 

(c) Microwave  (d) Cosmic rays 

43. In an FM system a 7 kHz signal modulates 108 MHz carrier so that 
frequency deviation is 50 kHz. The carrier swing is  

(a) 7.143 (b) 8 

(c) 0.71 (d) 350  

44. Consider telecommunication through optical fibres. Which of the 

following statements is not true  [AIEEE 2003] 

(a) Optical fibres may have homogeneous core with a suitable 

cladding 

(b) Optical fibres can be of graded refractive index 

(c) Optical fibres are subject to electromagnetic interference from 

outside 

(d) Optical fibres have extremely low transmission loss 

45. The phenomenon by which light travels in an optical fibres is     [DCE 2001] 

(a) Reflection (b) Refraction  

(c) Total internal reflection (d) Transmission 

46. Television signals on earth cannot be received at distances greater 

than 100 km from the transmission station. The reason behind this is 

that    [DCE 1995] 

(a) The receiver antenna is unable to detect the signal at a distance 

greater than 100 km 

(b) The TV programme consists of both audio and video signals 

(c) The TV signals are less powerful than radio signals  

(d) The surface of earth is curved like a sphere 

47. Advantage of optical fibre    [DCE 2005] 

(a) High bandwidth and EM interference  

(b) Low bandwidth and EM interference  

(c) High band width, low transmission capacity and no EM 

interference  

(d) High bandwidth, high data transmission capacity and no EM 
interference  

48. In frequency modulation    [Kerala PMT 2005] 

(a) The amplitude of modulated wave varies as frequency of carrier 
wave  

(b) The frequency of modulated wave varies as amplitude of 
modulating wave  

(c) The amplitude of modulated wave varies as amplitude of 

carrier wave  

(d) The frequency of modulated wave varies as frequency of 
modulating wave  

(e)  The frequency of modulated wave varies as frequency of carrier 
wave  

49. Audio signal cannot be transmitted because  

[Kerala PMT 2005] 

(a) The signal has more noise  

(b) The signal cannot be amplified for distance communication  

(c) The transmitting antenna length is very small to design 

(d) The transmitting antenna length is very large and impracticable  

(e) The signal is not a radio signal  

50. In which of the following remote sensing technique is not used    [Kerala PMT 2005]  

(a) Forest density  (b) Pollution  

(c) Wetland mapping  (d) Medical treatment 

51. For sky wave propagation of a 10 MHz signal, what should be the 
minimum electron density in ionosphere  

[AIIMS 2005] 

(a) ~ 1.2  1012 m–3  (b) ~ 106 m–3   

(c) ~ 1014 m–3  (d) ~ 1022 m–3  

52. What should be the maximum acceptance angle at the aircore 

interface of an optical fibre if n
1

 and n
2

 are the refractive indices of 
the core and the cladding, respectively  

[AIIMS 2005] 

(a) )/(sin 12
1 nn  (b) 2

2
2
1

1sin nn   

(c) 






 

1

21tan
n

n
 (d) 







 

2

11tan
n

n
 

 

 

 

 

 

1. A sky wave with a frequency 55 MHz is incident on D-region of 
earth's atmosphere at 45o. The angle of refraction is (electron density 

for D-region is 400 electron/cm3) 

[Haryana PMT 2003] 

(a) 60° (b) 45° 

(c) 30° (d) 15°  

2. In a diode AM-detector, the output circuit consist of R = 1k and C = 10 

pF. A carrier signal of 100 kHz is to be detected. Is it good  

(a) Yes   

(b) No  

(c) Information is not sufficient  

(d) None of these  

3. Consider an optical communication system operating at ~800 nm. 

Suppose, only 1% of the optical source frequency is the available 
channel bandwidth for optical communication. How many channels 
can be accommodated for transmitting audio signals requiring a 
bandwidth of 8 kHz  

(a) 4.8  108  (b) 48  

(c) 6.2  108   (d) 4.8  105  

4. A photodetector is made from a semiconductor In 
0.53

Ga 
0.47

As with E
g

 = 
0.73 eV. What is the maximum wavelength, which it can detect  

(a) 1000 nm  (b) 1703 nm  

(c) 500 nm  (d) 173 nm  
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5. A transmitter supplies 9 kW to the aerial when unmodulated. The 
power radiated when modulated to 40% is  

(a) 5 kW  (b) 9.72 kW  

(c) 10 kW  (d) 12 kW  

6. The antenna current of an AM transmitter is 8 A when only carrier 

is sent but increases to 8.96 A when the carrier is sinusoidally 
modulated. The percentage modulation is  

(a) 50%  (b) 60% 

(c) 65% (d) 71% 

7. The total power content of an AM wave is 1500 W. For 100% 

modulation, the power transmitted by the carrier is  

(a) 500 W  (b) 700 W  

(c) 750 W  (d) 1000 W  

8. The total power content of an AM wave is 900 W. For 100% 
modulation, the power transmitted by each side band is   

(a) 50 W  (b) 100 W  

(c) 150 W  (d) 200 W  

9. The modulation index of an FM carrier having a carrier swing of 200 

kHz and a modulating signal 10 kHz is  

(a) 5 (b) 10 

(c) 20 (d) 25 

10. A 500 Hz modulating voltage fed into an FM generator produces a 

frequency deviation of 2.25 kHz. If amplitude of the voltage is kept 
constant but frequency is raised to 6 kHz then the new deviation 
will be   

(a) 4.5 kHz  (b) 54 kHz  

(c) 27 kHz (d) 15 kHz  

11. The audio signal used to modulate 60 sin (2  106 t) is 

.300sin15 t The depth of modulation is   

(a) 50% (b) 40% 

(c) 25% (d) 15% 

12. The bit rate for a signal, which has a sampling rate of 8 kHz and 

where 16 quantisation levels have been used is  

(a) 32000 bits/sec (b) 16000 bits/sec 

(c) 64000 bits/sec (d) 72000 bits/sec  

13. An amplitude modulated wave is modulated to 50%. What is the 
saving in power if carrier as well as one of the side bands are 

suppressed  

(a) 70% (b) 65.4% 

(c) 94.4% (d) 25.5% 

14. In AM, the centpercent modulation is achieved when  

(a) Carrier amplitude = signal amplitude  

(b) Carrier amplitude   signal amplitude 

(c) Carrier frequency = signal frequency 

(d) Carrier frequency  signal frequency 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 
 

1. Assertion  : Diode lasers are used as optical sources in optical 

communication. 

Reason  :  Diode lasers consume less energy. 

[AIIMS 2005] 

2. Assertion  : Television signals are received through sky-wave 

propagation. 

Reason  :  The ionosphere reflects electromagnetic waves of 

frequencies greater than a certain critical frequency. 

 [AIIMS 2005] 

3. Assertion  : In high latitude one sees colourful curtains of light 

hanging down from high altitudes. 

Reason  :  The high energy charged particles from the sun are 

deflected to polar regions by the magnetic field of 

the earth. [AIIMS 2003] 

4. Assertion  : Short wave bands are used for transmission of radio 

waves to a large distance. 

Reason  :  Short waves are reflected by ionosphere  

[AIIMS 1994] 

5. Assertion  : The electrical conductivity of earth's atmosphere 

decreases with altitude.   

Reason  :  The high energy particles (i.e. -rays and cosmic 

rays) coming from outer space and entering our 

earth's atmosphere cause ionisation of the atoms of 

the gases present there and the pressure of gases 

decreases with increase in altitude. 

6. Assertion  : The electromagnetic waves of shorter wavelength 

can travel longer distances on earth's surface than 

those of longer wavelengths.  

Reason  :  Shorter the wavelength, the larger is the velocity of 

wave propagation. 

7. Assertion  : The surface wave propagation is used for medium 

wave band and for television broadcasting. 

Reason  :  The surface waves travel directly from transmitting 
antenna to receiver antenna through atmosphere.  

8. Assertion  : The television broadcasting becomes weaker with 

increasing distance.  

Reason  :  The power transmitted from TV transmitter varies 
inversely as the distance of the receiver 

9. Assertion  : Microwave propagation is better than the sky wave 
propagation. 

Reason  :  Microwaves have frequencies 100 to 300 GHz, 
which have very good directional properties. 

10. Assertion  : Satellite is an ideal platform for remote sensing. 

Reason  :  Satellite in polar orbit can provide global coverage 
or continuous coverage of the fixed area in 
geostationary configuration. 

11. Assertion  : Fax is a modulating and demodulating device. 
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Reason  :  It is necessary for exact reproduction of a 
document. 

12. Assertion  : A dish antenna is highly directional. 

Reason  :  This is because a dipole antenna is omni directional. 
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1 a 2 d 3 c 4 a 5 b 

6 c 7 c 8 d 9 c 10 c 

11 a 12 d 13 b 14 c 15 b 

16 a 17 c 18 d 19 c 20 b 

21 d 22 d 23 a 24 d 25 d 

26 b 27 d 28 a 29 d 30 b 

31 b 32 a 33 c 34 b 35 c 

36 a 37 c 38 c 39 a 40 b 

41 b 42 c 43 a 44 c 45 c 

46 d 47 d 48 b 49 d 50 d 

51 a 52 b       

 
Critical Thinking Questions 

 

1 b 2 b 3 a 4 b 5 b 

6 d 7 d 8 c 9 b 10 b 

11 c 12 a 13 c 14 a   
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Assertion and Reason 
 

1 b 2 d 3 a 4 a 5 e 

6 c 7 a 8 c 9 a 10 a 

11 e 12 b       
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1. (a) By using 2/1
max)(9 Nfc   MHzfc 2  

2. (d)  Carrier frequency > audio frequency  

3. (c) 

4. (a)  A maximum frequency deviation of 75 kHz is permitted for 

commercial FM broadcast stations in the 88 to 108 MHz VHF 

band.  

5. (b)  62.0
6.2

11
.. 

k
fv  

6. (c)  Carrier + signal  modulation. 

7. (c)  

8. (d)  Here 
100

88.0

1

21 


n

nn
  9912.0

1

2 
n

n
 

 Critical angle '2484)9912.0(sinsin 1

1

21 












 

n

n
c  

9. (c) 

10. (c) 

11. (a)  

12. (d)  Radio waves can be transmitted from one place to another as 

grand wave or sky wave or space wave propagation.  

13. (b)  The energy flux 
2

16

4

12

10
10

10

 Area

 power Pulse

cm

W



  

14. (c)  
96 101101014.32

1

2

1

 


LC
 = 1592 kHz  

15. (b)  

16. (a)  VHF (Very High Frequency) band having frequency range 30 

MHz to 300 MHz is typically used for TV and radar 

transmission.  

17. (c)  

18. (d)  

19. (c)  MHz
f

MUF c 175
70cos

60

cos






 

20. (b) 

21. (d)  

22. (d)  A very small part of light energy is lost from an optical fibre 

due to absorption or due to light leaving the fibre as a result of 

scattering of light sideways by impurities in the glass fibre.  

23. (a)  hRd 2   2/1hd   

24. (d)  Surgery needs sharply focused beam of light and laser can be 

sharply focused.  

25. (d)  Laser beams are perfectly parallel. So that they are very narrow 

and can travel a long distance without spreading. This is the 

feature of laser while they are monochromatic and coherent 

these are characteristics only. 

26. (b) The formula for modulating index is given by  

5
102

1010

frequency Modulating

 n  variatioFrequency
3

3







m

fm



 

27. (d) Here,  VmV 12
2

24
max   and mVV 2

2

8
min   

Now, %505.0
2

1

16

8

412

412

minmax

minmax 










VV

VV
m  

28. (a)  Here, ,15005.1 kHzMHzfc  kHzfm 10  

 Low side band frequency  

kHzkHzkHzff mc 1490101500   

Upper side band frequency  

kHzkHzkHzff mc 1510101500   

29. (d)  When m
a

 > 1 then carrier is said to be over modulated. 

30. (b)  It mix weak signals with carrier signals.  

31. (b) 

32. (a)  Frequency modulation requires much wider channel (7 to 15 

times) as compared to AM. 

33. (c)  

34. (b) ;
2

1
2














 a

ct

m
PP  Here m

a

 = 1 

 















2

)1(
11800

2

cP   WPc 1200  

35. (c) 

36. (a)  

37. (c) 

38. (c) An antenna is a metallic structure used to radiate or receive 

EM waves.  

39. (a) 

40. (b) Pulse code modulation is a digital system.   

41. (b) 

42. (c) In telecommunication, microwaves are used.  
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43. (a) Carrier swing 143.7
7

50

frequency Modulating

deviation Frequency
  

44. (c) Optical fibres are not subjected to electromagnetic interference 

from outside.  

45. (c) In optical fibre, light travels inside it, due to total internal 

reflection. 

46. (d)  

47. (d)  Few advantages of optical fibres are that the number of signals 

carried by optical fibres is much more than that carried by the 

Cu wire or radio waves. Optical fibres are practically free from 

electromagnetic interference and problem of cross talks 

whereas ordinary cables and microwave links suffer a lot from 

it.  

48. (b)  The process of changing the frequency of a carrier wave 

(modulated wave) in accordance with the audio frequency 

signal (modulating wave) is known as frequency modulation 

(FM). 

49. (d)  Following are the problems which are faced while transmitting 

audio signals directly.  

(i) These signals are relatively of short range.  

(ii) If every body started transmitting these low frequency 

signals directly, mutual interference will render all of them 
ineffective.  

(iii) Size of antenna required for their efficient radiation would 
be larger i.e. about 75 km.  

50. (d)  Remote sensing is the technique to collect information about 

an object in respect of its size, colour, nature, location, 

temperature etc. without physically touching it. There are some 

areas or location which are inaccessible. So to explore these 

areas or locations, a technique known as remote sensing is 

used. Remote sensing is done through a satellite. 

51. (a)  The critical frequency of a sky wave for reflection from a layer 

of atmosphere is given by 2/1
max)(9 Nfc   

 2/1
max

6 )(91010 N  

  312

2
6

max 102.1–~
9

1010 












 
 mN   

52. (b) Core of acceptance angle 2
2

2
1

1sin nn    

 

Critical Thinking Questions 
 

1. (b)  1
)1055(

)10400(5.80
11

5.80
1

26

6

20 
















N
nneff  

Also 
r

i
neff

sin

sin
   ir sinsin     45ir  

2. (b) For demodulation RC
fc


1

 

s
fc

5

3
10

10100

11 


  

sRC 123 101010  = 10–8 s  

We see that 
cf

1
 here is not less than RC as required by the 

above condition. Hence, this is not good.  

3. (a) Optical source frequency 


c
f   

= 3  108/(800  10–9) = 3.8  1014 Hz  

Bandwidth of channel (1% of above) = 3.8  1012 Hz  

Number of channels =(Total bandwidth of channel)/ 

(Bandwidth needed per channel) 

(a) Number of channels for audio signal  

)108/()108.3( 312   ~ 4.8  108  

4. (b) Limiting value of h  is E
g

, such that gE
hc

h 


  

or 
gE

hc


J

mssJ
19

1834

106.173.0

103-1063.6







  

= 1703 nm  

5. (b) 


























2

)4.0(
19

2
1

22m
PP ct  











2

16.0
19     ( m = 40% = 0.4) 

= 9 (1.08) = 9.72 kW  

6. (d)  We know that 
2

1
22

m

I

I

c

t 












 

Here, AIt 96.8  and AIc 8  

 
2

1
8

96.8 22
m









 or 

2
1254.1

2m
  

or 254.0
2

2


m

 or 508.02 m  

or m = 0.71 = 71% 

7. (d) 
2

1
2m

P

P

c

t   or 











22

2

m
PP tc  

 











12

2
1500cP     m = 100% = 1 

= 1000 W  

8. (c) W
m

PP tc 600
12

2
900

2

2
2






















  

Now, WP
m

P cLSB 150600
4

1

4

2

  

9. (b) CS = 2   f   or   f = CS/2 

 kHzf 100
2

200
  

Now 10
10

100





m

f
f

f
m  
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10. (b) 5.4
500

2250


m

f
f

m


 

 New deviation .5465.42)(2 kHzfm mf   

11. (c) %25100
60

15


c

m
a

E

E
m  

12. (a) If n is the number of bits per sample, then number of 
quantisation level = 2n  

Since the number of quantisation level is 16 

 2n = 16  n = 4 

 bit rate = sampling rate  no. of bits per sample 

= 8000  4 = 32,000 bits/sec. 

13. (c) cc
a

csb PP
m

PP 0625.0
4

)5.0(

2

22









  

Also cc
a

c PP
m

PP 125.1
2

)5.0(
1

2
1

22






























  

 % saving %.4.94100
125.1

)0625.0125.1(





c

cc

P

PP
 

14. (a)  When signal amplitude is equal to the carrier amplitude, the 

amplitude of carrier wave varies between 2A and zero. 

 

 

 
 

%100100
2

carriernormal of  Amplitude

carrierof  charge Amplitude
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ma  

 

Assertion and Reason 
    

1. (b) In optical communication, diode laser is used to generate 
analog signals or digital pulses for transmission or digital 
pulses for transmission trough optical fibres. The advantage of 
diode lasers are their small size and low power input.  

2. (d) TV signals (frequency greater than 30 MHz) cannot be 
propagated through sky wave propagation. 

Above critical frequency, an electromagnetic wave penetratates 
the ionosphere and is not reflected by it.  

3. (a) Microwave communication is preferred over optical 

communication because microwaves provide large number of 
channels and wider band width compared to optical signals as 
information carrying capacity is directly proportional to band 
width. So, wider the band width, greater the information 
carrying capacity. 

4. (a) Having the range of wavelength from 30 km to 30 cm are 
known as short wave. These waves are used for radio 
transmission and for general communication purpose to a 
longer distance from ionosphere. Ionosphere is the outermost 
region of atmosphere extending from height of 80 km to 400 

km approximately, above the surface of earth. Therefore, both 
the assertion and reason are true and reason is the correct 
explanation of assertion. 

5. (e) The electrical conductivity of earth's atmosphere increases with 

height so assertion is false. 

When high energy particles enters in earth's atmosphere. They 
ionises the gases present in atmosphere. Also as we go up, the 
air thins out gradually and air pressure decreases.  

6. (c) The electromagnetic waves of shorter wavelength do not suffer 
much diffraction from the obstacles of earth's atmosphere so 
they can travel long distance.  

Also, shorter the wavelength, shorter is the velocity of wave 
propagation.  

7. (a) Both assertion and reason are true and reason is the correct 

explanation of assertion. (For more detail, refer theory). 

8. (c) As the distance increases, TV signals becomes weaker. So 

assertion is true. The power transmitted from TV transmitter is 
inversely proportional to the square of the distance of the 
receiver. That's why reason is false.  

9. (a)  Microwaves have got good directional properties. Due to it, the 

microwaves can be directed as beam signals in a particular 
direction, much better than radio waves, because microwaves 
do not bend around the corners of any obstacle coming in their 
way.  

10. (a) The remote sensing is done through a satellite. A remote 
sensing satellite files in a polar orbit at an altitude of 918 km, 
around the earth, in such away that it passes over a given 
location on the earth at the same local time. 

11. (e) The electronic reproduction of a document at a distance plane 
is known as FAX modulation and demodulation is done by 
modem.  

12. (b) A dish antenna is a directional antenna because it can transmit 
or sec. 

A 
A 

A 
+ 
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1. A ground receiver station is receiving a signal at (i) 5 MHz and 

transmitted from a ground transmitter at a height of 300 m, located 

at a distance of 100 km from the receiver station. The signal is 

coming via. Radius of earth = 6.4  106 m. N
max

 of isosphere = 1012 m3     

(a) Space wave  (b) Sky wave propagation  

(c) Satellite transponder  (d) All of these  

2. In the given detector circuit, the suitable value of carrier frequency 

is  

 

 

 

 

(a) << 109 Hz  (b) << 105 Hz  

(c) >> 109 Hz  (d) None of these  

3. The impedance of coaxial cable, when its inductance is 0.40 H and 

capacitance is 1  10–11 F, can be  

(a) 2  102  (b) 100  

(c) 3  103  (d) 3  10– 2  

4. A wave is represented as  

 )1250sin610sin(10 8 tte   

then the modulating index is  

(a) 10  (b) 1250 

(c) 108  (d) 6 

5. An optical fibre communication system works on a wavelength of 1.3 

m. The number of subscribers it can feed if a channel requires 20 

kHz are  

(a) 2.3  1010  (b) 1.15  1010  

(c) 1  105 (d) None of these  

6. In an FM system a 7 kHz signal modulates 108 MHz carrier so that 

frequency deviation is 50 kHz. The carrier swing is   

(a) 7.143 (b) 8 

(c) 0.71 (d) 350 

7. In a radio receiver, the short wave and medium wave stations are 

tuned by using the same capacitor but coils of different inductance 

L
s

 and L
m

 respectively then    

(a) L
s

 > L
m

 (b) L
s

 < L
m

  

(c) L
s

 = L
m

 (d) None of these 

8. The electron density of E, F
1

, F
2

 layers of ionosphere is 2  1011, 5  1011 

and 8  1011 m–3 respectively. What is the ratio of critical frequency 

for reflection of radiowaves  

(a) 2 : 4 : 3 (b) 4 : 3 : 2 

(c) 2 : 3 : 4 (d) 3 : 2 : 4 

9. A carrier is simultaneously modulated by two sine waves with 

modulation indices of 0.4 and 0.3. The resultant modulation index 

will be  

(a) 1.0  (b) 0.7  

(c) 0.5 (d) 0.35 

10. Mean optical power launched into an 8 km fibre is 120 W and 

mean output power is 4 W, then the overall attenuation is (Given 

log 30 = 1.477) 

(a) 14.77 dB   (b) 16.77 dB  

(c) 3.01 dB (d) None of these  

11. A antenna current of an AM broadcast transmitter modulated by 

50% is 11 A. The carrier current is  

(a) 10.35 A   (b) 9.25 A  

(c) 10 A  (d) 5.5 A  

12. Because of tilting which waves finally disappear  

(a) Microwaves  (b) Surface waves 

(c) Sky waves  (d) Space waves 

13. A transmitter transmits a power of 10 kW when modulation is 50%. 

Power of carrier wave is  

(a) 5 kW   (b) 8.89 kW 

(c) 14 kW  (d) 5.7 kW  

14. A telephone link operating at a central frequency of 10 GHz is 

established. If 1% of this is available then how many telephone 

channel can be simultaneously given when each telephone covering a 

band width of 5 kHz  

(a) 2  104  (b) 2  106  

(c) 5 104  (d) 5 106  

 

 

 

 
 

 

 

(SET -28) 

AM 

Input 

C 
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1. (b) Maximum distance covered by space wave communication 

kmRh 622   

Critical frequency = MHzNfc 9–~)(9 2/1
max  

5 MHz < f
c

, sky wave propagation (ionospheric propagation) 

2. (a) Using RC
fcarrier


1

 

We get time constant, sRC 912 10101000    

Now Hz
T

9

9
10

10

11



  

Thus the value of carrier frequency should be much less than 

,109 Hz  say 100 kHz.  

3. (a) Using 
C

L
Z   we get 







2

11

6

102
10

1040.0
Z  

4. (d) Comparing with standard equation. 

5. (b) Optical source frequency 

Hz
c

f 14

6

8

103.2
103.1

103








 

 Number of channels or subscribers 
3

14

1020

103.2




  

= 1.15  1010 

6. (a)  Carrier swing 143.7
7

50

frequency Modulating

deviation Frequency
  

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

7. (b)  As 



c

   
m

m

c


   and 

s

s

c


   

 sm     sm    

Also 
CLm

m



2

1
  and 

CLs

s



2

1
  

 
m

s

s

m

L

L





  L

s

 < L
m

. 

8. (c) 2/1)(Nfc   
21

)(:)(:)( FcFcEc fff  

2/1112/1112/111 )108(:)105(:)102(   = 2 : 3 : 4 

9. (c) 5.0)09.0()16.0(2
2

2
1  mmm  

10. (a) Attenuation 30log10
4

120
log10   

.77.144771.110 dB  

11. (a) A
m

I
I

a

rms
Carrier 35.10

2

)5.0(
1

11

2
1

22








  

12. (b)  

13. (b) kW
m

P
P

a

c 89.8
125.1

10000

2

)5.0(
1

10000

2
1

22


































  

14. (a) 1% of 10 GHz = Hz89 10
100

1
1010   

Number of channels 4

3

8

102
105

10
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 1636 Ray Optics  

Real and Virtual Images  

If light rays, after reflection or refraction, actually meets at a point 
then real image is formed and if they appears to meet virtual image is 
formed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Reflection of Light  

When a ray of light after incidenting on a boundary separating two 

media comes back into the same media, then this phenomenon, is called 
reflection of light. 

 

 

 

 

 

(1) i = r  

(2) After reflection, velocity, wave length and frequency of light 
remains same but intensity decreases. 

(3) There is a phase change of  if reflection takes place from denser 
medium. 

Reflection From a Plane Surface (Plane Mirror) 

The image formed by a plane mirror is virtual, erect, laterally inverted, 

equal in size that of the object and at a distance equal to the distance of the 

object in front of the mirror.  

 

 

 

 

(1) Deviation () : Deviation produced by a plane mirror and by two 

inclined plane mirrors. 

 

 

 

 

 

 

(2) Images by two inclined plane mirrors : When two plane mirrors 

are inclined to each other at an angle , then number of images (n) formed 
of an object which is kept between them.  

(i)  













 1

360



o

n ; If 


o360
even integer 

(ii) If 


o360
 odd integer then there are two possibilities 

     

 

                   

 

 

                                                                                                                                                                                   

(Real image) 
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O (Real object) 
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Reflected ray 

Normal 

i r 

Incident ray 

Fig. 29.1 

Fig. 29.3 

 = (180 – 2i) 
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(A) Single Reflection 

 = (360 – 2) 

 

 

(B) Double Reflection 

(Virtual 

image) 

Real image 

/2 

/2 
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Object 

(A) Object is placed 

symmetrically 
(B) Object is placed 

asymmetrically 

Fig. 29.4 

Fig. 29.2 
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 1

360


n   



360
n  

 

(3) Other important informations  

(i) When the object moves with speed u towards (or away) from the 

plane mirror then image also moves towards (or away) with speed u. But 

relative speed of image w.r.t. object is 2u.  

(ii) When mirror moves towards the stationary object with speed u, 

the image will move with speed 2u in same direction as that of mirror.  

 

 

 

 

 

 

(iii) A man of height h requires a mirror of length at least equal to 

h/2, to see his own complete image. 

(iv) To see complete wall behind himself a person requires a plane 

mirror of at least one third the height of wall. It should be noted that 

person is standing in the middle of the room. 

 

 

   

 

 

 

 

Curved Mirror 

It is a part of a transparent hollow sphere whose one surface is 

polished. 

 

 

 

 

 

 

Concave mirror converges the light rays and used as a shaving mirror, 
In search light, in cinema projector, in telescope, by E.N.T. specialists etc. 

Convex mirror diverges the light rays and used in road lamps, side 
mirror in vehicles etc. 

(1) Terminology   

(i) Pole (P) : Mid point of the mirror 

(ii) Centre of curvature (C) : Centre of the sphere of which the mirror 
is a part. 

(iii) Radius of curvature (R): Distance between pole and centre of 

curvature.   (R
concave

 = –ve ,   R
convex

 = +ve ,  R
plane

 = ) 

(iv) Principle axis : A line passing through P and C.  

(v) Focus (F) : An image point on principle axis for an object at  . 

(vi) Focal length (f) : Distance between P and F.  

(vii) Relation between f and R  : 
2

R
f   

(f
concave

 = –ve , f
convex

 = + ve , f
plane

 =  ) 

(viii) Power  : The converging or diverging ability of mirror 

(ix) Aperture : Effective diameter of light reflecting area. Intensity of 

image  Area  (Aperture)2  

(x) Focal plane : A plane passing from focus and perpendicular to 
principle axis. 

(2) Sign conventions : 

 

 

 

 

 

 

(i) All distances are measured from the pole. 

(ii) Distances measured in the direction of incident rays are taken as 

positive while in the direction opposite of incident rays are taken negative. 

(iii) Distances above the principle axis are taken positive and below the 

principle axis are taken negative. 

Table 29.1 : Useful sign 

Concave mirror 

Convex 

mirror 
Real image (u ≥ f) Virtual image (u< f) 

Distance of object u     – 

Distance of image v     – 

Focal length f      – 

Height of object O   + 

Height of image I      – 

Radius of curvature R    – 

Magnification  m   – 

u    – 

v    + 

f     – 

O  + 

I    + 

R   – 

m  + 

u     – 

v    + 

f      + 

O    + 

I      + 

R     + 

m    + 

 

Image Formation by Curved Mirrors  

 
 
 
 
 
 
 
 
 

Concave mirror : Image formed by concave mirror may be real or 
virtual, may be inverted or erect, may be smaller, larger or equal in size of 
object. 

(1) When object is placed at infinite (i.e. u = ) 
 
Image  

 At F  

 Real  

 Inverted  

 Very small in size 

Fig. 29.5 
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 Magnification m << – 1 
 
(2) When object is placed between infinite and centre of curvature (i.e. 

u > 2f) 
 
Image  
 Between F and C 
 Real  
 Inverted  
 Small in size 
 m < – 1 
 
(3) When object is placed at centre of curvature (i.e. u = 2f) 
 
Image  
 At C  
 Real  
 Inverted  
 Equal in size 
 m = – 1 
 
(4) When object is placed between centre of curvature and focus (i.e. f 

< u < 2f) 
 

Image  

 Between 2f and  

 Real  

 Inverted  

 Large in size 

 m > – 1 

 
(5) When object is placed at focus (i.e. u = f) 
 
Image  

 At  

 Real  

 Inverted  

 Very large in size 

 m >> – 1 

(6) When object is placed between focus and pole (i.e. u < f) 
 
Image  
 Behind the mirror 

 Virtual  

 Erect 

 Large in size 

 m > + 1 

 
 
Convex mirror : Image formed by convex mirror is always virtual, erect 

and smaller in size. 

(1) When object is placed at infinite (i.e. u = ) 
 
Image  
 At F  

 Virtual 

 Erect 

 Very small in size 

 Magnification m << + 1 

 
(2) When object is placed any where on the principal axis 
 
Image  
 Between P and F  

 Virtual 

 Erect 

 Small in size 

 Magnification m < + 1 

 

Mirror Formula and Magnification  

For a spherical mirror if u = Distance of object from pole, v = distance 

of image from pole, f = Focal length, R = Radius of curvature, O = Size of 

object, I = size of image 

(1) Mirror formula : 
uvf

111
   

(2) Lateral magnification : When an object is placed perpendicular to 

the principle axis, then linear magnification is called lateral or transverse 

magnification.  

 
f

vf

uf

f

u

v

O

I
m





  

(* Always use sign convention while solving the problems) 

Axial magnification : When object lies along the principle axis then its 

axial magnification 
)(

)(

12

12

uu

vv

O

I
m




  

If object is small; 

2











u

v

du

dv
m  
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Areal magnification : If a 2D-object is placed with it's plane 

perpendicular to principle axis. It's Areal magnification  
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Refraction of Light 

The bending of the ray of light passing from one medium to the other 

medium is called refraction. 

 

 

 

 

 

 

 

(1) The refraction of light takes place on going from one medium to 

another because the speed of light is different in the two media.  

(2) Greater the difference in the speeds of light in the two media, 

greater will be the amount of refraction. 

(3) A medium in which the speed of light is more is known as 

optically rarer medium and a medium is which the speed of light is less, is 

known as optically denser medium.  

(4) When a ray of light goes from a rarer medium to a denser 

medium, it bends towards the normal. 

 

 

 

 

 

 

(5) When a ray of light goes from a denser medium to a rarer 

medium, it bends away from the normal. 

 

 

 

 

 

 

(6) Snell’s law : The ratio of sine of the angle of incidence to the angle 

of refraction (r) is a constant called refractive index  

i.e. 
r

i

 sin

 sin
 (a constant). For two media, Snell's law can be 

written as 
r

i

sin

sin

1

2
21 




  

  ri sinsin 21    i.e.  sin  constant 

Also in vector form : )nr(ni ˆˆˆˆ    

Refractive Index 

(1) Refractive index of a medium is that characteristic which decides 
speed of light in it.  

(2) It is a scalar, unit less and dimensionless quantity. 

(3) Absolute refractive index : When light travels from vacuum to any 
transparent medium then refractive index of medium w.r.t. vacuum is called 

it’s absolute refractive index i.e. 
v

c
mediumvacuum   

Absolute refractive indices for glass, water and diamond are 

respectively 4.2
5

12
 and33.1

3

4
,5.1

2

3
D   wg  

(4) Relative refractive index : When light travels from medium (1) to 
medium (2) then refractive index of medium (2) w.r.t. medium (1) is called 

it’s relative refractive index i.e. 
2

1

1

2
21

v

v





  (where v

1

 and v
2

 are the 

speed of light in medium 1 and 2 respectively). 

(5) When we say refractive index we mean absolute refractive index. 

(6) The minimum value of absolute refractive index is 1. For air it is 

very near to 1. ( 003.1~ )  

(7) Cauchy’s equation : ......
42





CB
A     

 violetRed(   so )violetRed    

(8) If a light ray travels from medium (1) to medium (2), then  

 
2

1

2

1

1

2
21

v

v









  

(9) Dependence of Refractive index 

(i) Nature of the media of incidence and refraction. 

(ii) Colour of light or wavelength of light. 

(iii) Temperature of the media : Refractive index decreases with the 

increase in temperature. 

Table 29.2 : Indices of refraction for various substances, Measured with 

light of vacuum wavelength 
0

 = 589 nm 

Substance  Refractive 

index 

Substance  Refractive 

index 

Solids at 20°C  Liquids at 20°C  

Diamond (C) 2.419 Benzene 1.501 

Fluorite (CaF2) 1.434 Carbon disulfide 1.628 

Flused quartz (SiO2) 1.458 Carbon tetrachloride 1.461 

Glass, crown 1.52 Ethyl alcohol 1.361 

Glass, flint  1.66 Glycerine  1.473 

Ice (H2O) (at 0oC) 1.309 Water 1.333 

Polystyrene  1.49 Gases at 0°C,  

1 atm 

 

Sodium chloride 1.544 Air 1.000293 

Zircon 1.923 Carbon dioxide  1.00045 

 

(10) Reversibility of light and refraction through several media  

 

 

 

 
 

        (A) 
12

21

1


    (B) 
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Real and Apparent Depth 

If object and observer are situated in different medium then due to 

refraction, object appears to be displaced from it’s real position.  

(1) When object is in denser medium and observer is in rarer medium 

 

 

 

 

 

 

(i) 
h

h




depth Apparent

depthReal 
  

(ii) Real depth > Apparent depth  

(iii) Shift hhhd 












1
1' . For water 

43

4 h
d  ;  

 For glass 
32

3 h
d   

(iv) Lateral magnification : consider an object of height x placed 

vertically in a medium 
1

 such that the lower end (B) is a distance h from 

the interface and the upper end (A) at a distance (h – x) from the interface. 

 

 

 

 

 

Distance of image of B (i.e. B') from the interface = h
1

2




 

Distance of image of A (i.e. A') from the interface )(
1

2 xh 



 

Therefore, length of the image x
1

2




 

or, the lateral magnification of the object 
1

2




m



1
  

(v) If a beaker contains various immiscible liquids as shown then 

Apparent depth of bottom ....
3

3

2

2

1

1 


ddd
 


combination

 = 

....

.....

2

2

1

1

21

. 






dd

dd

d

d

App

AC  

(In case of two liquids if 21 dd   than 
21

212







 ) 

(2) Object is in rarer medium and observer is in denser medium 

 

 

 

 

 

(i)  
h

h'

  

(ii) Real depth < Apparent depth. 

(iii) hd )1(    

(iv) Shift for water 
3

h
dw  ;  Shift for glass 

2

h
dg   

Refraction Through a Glass Slab 

(1) Lateral shift : The refracting surfaces of a glass slab are parallel to 

each other. When a light ray passes through a glass slab it is refracted twice 

at the two parallel faces and finally emerges out parallel to it's incident 

direction i.e. the ray undergoes no deviation  = 0. The angle of emergence 

(e) is equal to the angle of incidence (i) 

 

 

 

 

 

The Lateral shift of the ray is the perpendicular distance between the 

incident and the emergent ray, and it is given by  

MN = t sec r sin (i – r) 

(2) Normal shift : If a glass slab is placed in the path of a converging or 
diverging beam of light then point of convergence or point of divergence 
appears to be shifted as shown 

Normal shift  

txOO 












1
1'  

 

 

 

(3) Optical path : It is defined as distance travelled by light in vacuum 
in the same time in which it travels a given path length in a medium. 

Time taken by light ray to pass through the medium 
c

x
 ; where x 

= geometrical path and x = optical path  

 

 

 

 

 

Total Internal Reflection (TIR) 
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When a ray of light goes from denser to rarer medium it bends away 
from the normal and as the angle of incidence in denser medium increases, 
the angle of refraction in rarer medium also increases and at a certain angle, 
angle of refraction becomes 90o, this angle of incidence is called critical 
angle (C). 

When Angle of incidence exceeds the critical angle than light ray 
comes back in to the same medium after reflection from interface. This 
phenomenon is called Total internal reflection (TIR). 

 

 

 

 

 

 

(1) C
C

cosec
sin

1
  where DenserRarer   

(2) Conditions for TIR  

(i) The ray must travel from denser medium to rarer medium. 

(ii) The angle of incidence i must be greater than critical angle C  

(3) Dependence of critical angle  

(i) Colour of light (or wavelength of light) : Critical angle depends 

upon wavelength as Csin
1



  

(a) VRVR CC    

(b) Sin C 
R

D

R

D

D

R

DR v

v












1
 (for two media) 

(ii) Nature of the pair of media : Greater the refractive index lesser 
will be the critical angle.  

(a) For (glass- air) pair oC 42glass      

(b) For (water-air) pair oC 49water   

(c) For (diamond-air) pair  oC 24amond di   

(iii) Temperature : With temperature rise refractive index of the 

material decreases therefore critical angle increases. 

Common Examples of TIR 

(1) Looming : An optical illusion in cold countries 

(2) Mirage : An optical illusion in deserts 

 

 

 

 

 

 

 

 

(3) Brilliance of diamond : Due to repeated internal reflections 
diamond sparkles.  

(4) Optical fibre : Optical fibres consist of many long high quality 
composite glass/quartz fibres. Each fibre consists of a core and cladding. 

(i) The refractive index of the material of the core (
1

) is higher than 

that of the cladding (
2

).  

(ii) When the light is incident on one end of the fibre at a small angle, 

the light passes inside, undergoes repeated total internal reflections along 
the fibre and finally comes out. The angle of incidence is always larger than 
the critical angle of the core material with respect to its cladding. 

(iii) Even if the fibre is bent, the light can easily travel through along 
the fibre 

(iv) A bundle of optical fibres can be used as a 'light pipe' in medical 
and optical examination. It can also be used for optical signal transmission. 
Optical fibres have also been used for transmitting and receiving electrical 
signals which are converted to light by suitable transducers.  

 

 

 

 

(5) Field of vision of fish (or swimmer) : A fish (diver) inside the 
water can see the whole world through a cone with. 

 

 

 

 

 

 

 
 

(a) Apex angle oC 982   

(b) Radius of base  
1

tan
2 




h
Chr ; for water

7

3h
r    

(c) Area of base A
)1( 2

2






h
; for water 2

7

9
ha


  

(6) Porro prism : A right angled isosceles prism, which is used in 

periscopes or binoculars. It is used to deviate light rays through o90 and 

o180 and also to erect the image. 

  

 

 

 

 

 

 

 

 

 

Refraction From Spherical Surface 

 

 

 

 

r 

i C 

90° 

 >C 
 

O 

Fig. 29.28 

Fig. 29.29 

45o 

45o 

45o 90o 

45o 

45o 45o 

45o 

90o 

45o 45o 

90o 

A 

B 
A 

B 

Fig. 29.32 

O P I 

1 
2 2 1 

O P I 

Fig. 29.33 

Fig. 29.30 

2 

1 

Fig. 29.31 

C 

C 
h 

r 

C 

 >C 



 

 1642 Ray Optics 

(1) Refraction formula : 
uvR

1212 



 

Where 1 Refractive index of the medium from which light rays are 

coming (from object). 

2 Refractive index of the medium in which light rays are entering. 

u = Distance of object, v = Distance of image, R = Radius of curvature 

(2) Lateral magnification : The lateral magnification m is the ratio of 

the image height to the object height  

or 




































u

v

h

h
m i

2

1

0 


 

 

 

 

 

Lens 

(1) Lens is a transparent medium bounded by two refracting surfaces, 

such that at least one surface is curved. Curved surface can be spherical, 

cylindrical etc.  

(2) Lenses are of two basic types convex which are thicker in the 

middle than at the edges and concave for which the reverse holds.  

 

 

 

      Biconvex    Plano convex  Concavo convex  

 

 

 

 Biconcave   Plano concave Convexo concave 

 

(3) As there are two spherical surfaces, there are two centres of 
curvature C

1

 and C
2

 and correspondingly two radii of curvature R
1

 and R
2

  

(4) The line joining C
1

 and C
2

 is called the principal axis of the lens. 
The centre of the thin lens which is on the principal axis, is called the 
optical centre.   

(5) A ray passing through optical centre proceeds undeviated through 

the lens. 

 
 
 
 
 
 
 

 

 

 

 

 

 

(6) Principal focus : We define two principal focus for the lens. We are 

mainly concerned with the second principal focus (F). Thus wherever we 

write the focus, it means the second principal focus. 

First principal focus : An object point for which image is formed at 

infinity.  

 

 

 

 

 

Second principal focus : An image point for an object at infinity.  

 

 

 

 

 

Focal Length, Power and Aperture of Lens  

(1) Focal length (f) : Distance of second principle focus from optical 

centre is called focal length 

 convexf positive,  concavef negative, planef  

(2) Aperture : Effective diameter of light transmitting area is called 

aperture. 2(Aperture) imageof  Intensity   

(3) Power of lens (P) : Means the ability of a lens to deviate the path 

of the rays passing through it. If the lens converges the rays parallel to the 

principal axis its power is positive and if it diverges the rays it is negative.  

Power of lens
)(

100

)(

1

cmfmf
P  ;  Unit of power is Diopter (D) 

positive,convex P negative,concave P zeroplane P .  

Rules of Image Formation by Lens 

Convex lens : The image formed by convex lens depends on the 

position of object.  

(1) When object is placed at infinite (i.e. u = ) 
 

Image  

 At F  

 Real  

 Inverted  

 Very small in size 

 Magnification m << – 1 

(2) When object is placed between infinite and 2F (i.e. u > 2f) 
 

Image  

 Between F and 2F  

 Real  

 Inverted  

 Very small in size 

 Magnification m < – 1 

(3) When object is placed at 2F (i.e. u = 2f ) 

 

Image  

 At 2F  

P 

C 
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2 
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 Real  

 Inverted  

 Equal in size 

 Magnification m = – 1 

 

(4)  When object is placed between F and 2F (i.e. f < u < 2f ) 

 

Image  

 Beyond 2F 

 Real  

 Inverted  

 Large in size 

 Magnification m > – 1 

 

(5)  When object is placed at F (i.e. u = f ) 
 

Image  

 At  

 Real  

 Inverted  

 Very large in size 

 Magnification m >> – 1 

 

(6)  When object is placed between F and optical center  

(i.e. u < f ) 
 

Image  

 Same side as  

that of object 

 Virtual  

 Erect   

 large in size 

 Magnification m > 1 

 

Concave lens : The image formed by a concave lens is always virtual, 

erect and diminished (like a convex mirror)  

(1) When object is placed at   

 

Image  

 At F 

 Virtual  

 Erect  

 Point size 

 Magnification m << + 1 

(2) When object is placed any where on the principal axis 

 
Image  

 Between optical centre and focus 

 Virtual  

 Erect  

 Smaller in size 

 Magnification m < + 1 

 

 

Lens Maker's Formula and Lens Formula 

(1) Lens maker's formula : If R
1

 and R
2

 are the radii of curvature of first 

and second refracting surfaces of a thin lens of focal length f and refractive 

index  (w.r.t. surrounding medium) then the relation between f, , R
1

 and 

R
2

 is known as lens maker’s formula. 
















21

11
)1(

1

RRf
  

Table 29.3 : Focal length of different lenses 

Lens  Focal length  For   = 1.5  

Biconvex lens 

RR 1  

RR 2  

 

)1(2 




R
f  Rf   

Plano-convex lens 

1R  

RR 2  

 

)1( 




R
f  Rf 2  

Biconcave 

RR 1  

RR 2  

)1(2 




R
f  Rf   

Plano-concave 

1R  

RR 2  

 

)1( 






R
f  Rf 2  

 

(2) Lens formula : The expression which shows the relation between u, 

v and f is called lens formula. 

 
uvf

111
   

Magnification 

The ratio of the size of the image to the size of object is called 

magnification. 

(1) Transverse magnification : 
f

vf

uf

f

u

v

O

I
m





   (use 

sign convention while solving the problem) 

(2) Longitudinal magnification : 
12

12

uu

vv

O

I
m




 . For very small 

object 

222








 






















f

vf

uf

f

u

v

du

dv
m  

(3) Areal magnification : 

2

2













uf

f
m

A

A
m
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i
s ,     

(A
i

 = Area of image,  A
o

 = Area of object) 
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(4) Relation between object and image speed : If an object moves with 

constant speed )( oV towards a convex lens from infinity to focus, the image 

will move slower in the beginning and then faster. Also oi V
uf

f
V .

2











  

Newton's Formula 

If the distance of object (x
1

) and image (x
2

) are not measured from 

optical centre, but from first and second principal foci then Newton's 

formula states  21
2 xxf   

 

 

 

 

 

Lens Immersed in a Liquid 

If a lens (made of glass) of refractive index 
g

 is immersed in a liquid 

of refractive index 
l

, then its focal length in liquid, f
l

 is given by 

 














21

11
)1(

1

RRf
gl

l

   ......(i) 

If af  is the focal length of lens in air, then  

 














21

11
)1(

1

RRf
ga

a

   ......(ii)  

  
)1(

)1(






gl

ga

a

l

μ

μ

f

f
 

(1) If ,lg    then lf  and af  are of same sign and al ff  . 

That is the nature of lens remains unchanged, but it’s focal length 
increases and hence power of lens decreases.  

(2) If ,lg    then lf . It means lens behaves as a plane glass 

plate and becomes invisible in the medium.  

 

 

 

 

(3) If ,lg    then lf  and af  have opposite signs and the nature 

of lens changes i.e. a convex lens diverges the light rays and concave lens 
converges the light rays.  

 

 

 

 

 

Displacement Method 

By this method focal length of convex lens is determined. 

Consider an object and a screen placed at a distance D (> 4f) apart. 
Let a lens of focal length f be placed between the object and the screen. 

 

 

 

 

 
 

(1) For two different positions of lens two images ) and ( 21 II of an 

object are formed at the screen.  

(2) Focal length of the lens 
21

22

4 mm

x

D

xD
f





   

where 
O

I
m 1

1  ; 
O

I
m 2

2   and .121 mm  

(3) Size of object 21 . IIO   

Cutting of Lens  

(1) A symmetric lens is cut along optical axis in two equal parts. 

Intensity of image formed by each part will be same as that of complete 
lens. Focal length is double the original for each part.  

(2) A symmetric lens is cut along principle axis in two equal parts. 
Intensity of image formed by each part will be less compared as that of 

complete lens.(aperture of each part is 
2

1
 times that of complete lens). 

Focal length remains same for each part.  

 

 

 

 

 

 

 

 

 

 

 

Combination of Lens 

(1) For a system of lenses, the net power, net focal length and 

magnification are given as follows : 

 ..........321 PPPP  ,      ...........
1111

321


fffF

,  

 ............321  mmmm  

(2) In case when two thin lens are in contact : Combination will 

behave as a lens, which have more power or lesser focal length. 

 
21

111

ffF
   

21

21

ff

ff
F


      and   21 PPP   

(3) If two lens of equal focal length but of opposite nature are in 

contact then combination will behave as a plane glass plate and 

ncombinatioF  

(4) When two lenses are placed co-axially at a distance d from each 

other then equivalent focal length (F). 
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2121

111

ff

d

ffF
  and 2121 PdPPPP   

(5) Combination of parts of a lens : 

 

 

 

 

 

 

 

 

 

 

Silvering of Lens 

On silvering the surface of the lens it behaves as a mirror. The focal 

length of the silvered lens is 
ml ffF

121
   

where lf  focal length of lens from which refraction takes place 

(twice) 

mf  focal length of mirror from which reflection takes place. 

(1) Plano convex is silvered   

 

 

 

 

 
 

,
2

R
fm 

)1( 




R
fl  so 

2

R
F   

 

 

 

 

 
 

,mf
)1( 




R
fl  so 

)1(2 




R
F  

(ii) Double convex lens is silvered  

  

 

 

 

 

 

Since 
2

,
)1(2

R
f

R
f ml 





 so 

)12(2 




R
F  

Defects in Lens 

(1) Chromatic aberration : Image of a white object is coloured and 

blurred because  (hence f) of lens is different for different colours. This 
defect is called chromatic aberration. 

 

 

 

 

 

 

  RV    so VR ff   

Mathematically chromatic aberration = yVR fff ω  

 = Dispersive power of lens.  

f
y

 = Focal length for mean colour VR ff  

Removal : To remove this defect i.e. for Achromatism we use two or 
more lenses in contact in place of single lens. 

Mathematically condition of Achromatism is :    0
2

2

1

1 
ff


 or 

1221 ff    

(2) Spherical aberration : Inability of a lens to form the point image of 
a point object on the axis is called Spherical aberration. 

In this defect all the rays passing through a lens are not focussed at a 
single point and the image of a point object on the axis is blurred. 

 

 

 

 

 

 

 

 

Removal : A simple method to reduce spherical aberration is to use a 
stop before and infront of the lens. (but this method reduces the intensity 
of the image as most of the light is cut off). Also by using plano-convex 
lens, using two lenses separated by distance d = F – F ', using crossed lens. 

(3) Coma : When the point object is placed away from the principle 
axis and the image is received on a screen perpendicular to the axis, the 
shape of the image is like a comet. This defect is called Coma. 

It refers to spreading of a point object in a plane  to principle axis. 

 

 

 

 

 

Removal : It can be reduced by properly designing radii of curvature of 
the lens surfaces. It can also be reduced by appropriate stops placed at 
appropriate distances from the lens. 

(4) Curvature : For a point object placed off the axis, the image is 
spread both along and perpendicular to the principal axis. The best image 
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is, in general, obtained not on a plane but on a curved surface. This defect 
is known as Curvature. 

Removal : Astigmatism or the curvature may be reduced by using 
proper stops placed at proper locations along the axis. 

(5) Distortion : When extended objects are imaged, different portions 

of the object are in general at different distances from the axis. The 

magnification is not the same for all portions of the extended object. As a 

result a line object is not imaged into a line but into a curve. 

 

 

 

 

 

(6) Astigmatism : The spreading of image (of a point object placed 

away from the principal axis) along the principal axis is called Astigmatism. 

Prism 

Prism is a transparent medium bounded by refracting surfaces, such 

that the incident surface (on which light ray is incidenting) and emergent 

surface (from which light rays emerges) are plane and non parallel. 

(1) Refraction through a prism   

 

 

 

 

 

 

21 rrA   and  Aei  

For surface 
1sin

sin

r

i
AC  ; For surface AB 

e

r

sin

sin1 2


 

(2) Deviation through a prism : For thin prism A)1(   . Also 

deviation is different for different colour light e.g. VR    so VR   .  

CrownFlint    so CF    

(i) Maximum deviation : Condition of maximum deviation is 

oi 90  ,1 Cr  CAr 2  

and from Snell’s law on emergent 

surface  
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1
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(ii) Minimum deviation : It is observed if ei   and 

rrr  21 , deviation produced is minimum.  

 

 

 

 

 

(a) Refracted ray inside the prism is parallel to the base of the prism 
for equilateral and isosceles prisms.    

(b)  
2

A
r    and 

2

mA
i


  

(c)  
2/sin

sin

A

i
  or 

2/sin

2
sin

A

A m





   (Prism formula).  

(3) Condition of no emergence : For no emergence of light, TIR must 

takes place at the second surface  

For TIR at second surface r
2

 > C  

So A > r
1

 + C  (From A = r
1

 + r
2

)  

As maximum value of Cr 1  

So, .2CA   for any angle of 

incidence.  

If light ray incident normally on first surface i.e.  i = 0° it means r
1

 

= 0°. So in this case condition of no emergence from second surface is A > 

C.  

 CA sinsin    


1
sin A   Acosec  

Dispersion Through a Prism 

The splitting of white light into it’s constituent colours is called 

dispersion of light. 

 

 

 

 

 

 

(1) Angular dispersion ( )  : Angular separation between extreme 

colours i.e. A)( RVRV μμδδθ  . It depends upon  and A. 

 

 

 

 

 

 
 

(2) Dispersive power () :  
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 It depends only upon the material of the prism i.e.  and it doesn't 

depends upon angle of prism A 
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(3) Combination of prisms : Two prisms (made of crown and flint 

material) are combined to get either dispersion only or deviation only. 

(i) Dispersion without deviation (chromatic combination) 
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(ii) Deviation without dispersion (Achromatic combination) 
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Scattering of Light 

Molecules of a medium after absorbing incoming light radiations, 

emits them in all direction. This phenomenon is called Scattering. 

(1) According to scientist Rayleigh : Intensity of scattered light 
4

1


  

(2) Some phenomenon based on scattering : (i) Sky looks blue due to 

scattering. 

(ii) At the time of sunrise or sunset sun looks reddish.  

(iii) Danger signals are made of red colour.  

(3) Elastic scattering : When the wavelength of radiation remains 
unchanged, the scattering is called elastic. 

(4) Inelastic scattering (Raman’s effect) : Under specific condition, 
light can also suffer inelastic scattering from molecules in which it’s 
wavelength changes.  

Rainbow 

Rainbow is formed due to the dispersion of light suffering refraction 

and TIR in the droplets present in the atmosphere. Observer should stand 

with its back towards sun to observe rainbow.  

 

 

 

 

 

 

 

 

 

(1) Primary rainbow : (i) Two refraction and one TIR. (ii) Innermost 

arc is violet and outermost is red. (iii) Subtends an angle of o42 at the eye 

of the observer. (iv) More bright 

(2) Secondary rainbow : (i) Two refraction and two TIR. (ii) Innermost 

arc is red and outermost is violet. (iii) It subtends an angle of o5.52 at the 

eye. (iv) Comparatively less bright. 

Colours of Objects 

Colour is defined as the sensation received by the eye (rod cells of the 

eye) due to light coming from an object. 

(1) Colours of opaque object : The colours of opaque bodies are due to 

selective reflection. e.g.  

(i) A rose appears red in white light because it reflects red colour and 

absorbs all remaining colours.  

(ii) When yellow light falls on a bunch of flowers, then yellow and 

white flowers looks yellow. Other flowers looks black.  

(2) Colours of transparent object : The colours of transperent bodies 

are due to selective transmission.. 

(i) A red glass appears red because it absorbs all colours, except red 

which it transmits. 

(ii) When we look on objects through a green glass or green filter then 

green and white objects will appear green while other black. 

(3) Colour of the sky : Light of shorter wavelength is scattered much 

more than the light of longer wavelength. Since blue colour has relatively 

shorter wavelength, it predominates the sky and hence sky appears bluish.  

(4) Colour of clouds : Large particles like water droplets and dust do 

not have this selective scattering power. They scatter all wavelengths 

alomost equally. Hence clouds appear to the white.  

(5) Colour triangle for spectral colours : Red, Green and blue are 

primary colours. 

 

 

 

 

 

 

 

(i) Complementary colours : Green and Magenta, Blue and Yellow, Red 

and Cyan. 

(ii) Combination : Green + Red + Blue = White, Blue + Yellow = White, 

Red + Cyan = White, Green + Magenta = White 

(6) Colour triangle for pigment and dyes : Red, Yellow and Blue are 

the primary colours.  

 

 

 

 

 

 

 

 
 

(i) Complementary colours : Yellow and Mauve, Red and Green, Blue 
and Orange.  
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(ii) Combination : Yellow + Red + Blue = Black, Blue + Orange = Black, 

Red + Green = Black, Yellow + Mauve = Black 

Spectrum 

The ordered arrangements of radiations according to wavelengths or 

frequencies is called Spectrum. Spectrum can be divided in two parts 

Emission spectrum and Absorption spectrum. 

(1) Emission spectrum : When light emitted by a self luminous object 

is dispersed by a prism to get the spectrum, the spectrum is called emission 

spectra. 

Continuous emission spectrum 

(i) It consists of continuously varying wavelengths in a definite 

wavelength range. 

(ii) It is produced by solids, liquids and highly compressed gases 

heated to high temperature. 

(iii) e.g. Light from the sun, filament of incandescent bulb, candle 

flame etc. 

 

 

 
 

Line emission spectrum 

(i) It consist of distinct bright lines. 

(ii) It is produced by an excited source in atomic state. 

(iii) e.g. Spectrum of excited helium, mercury vapours, sodium vapours 

or atomic hydrogen. 

 

 

 

 

Band emission spectrum 

(i) It consist of district bright bands. 

(ii) It is produced by an excited source in molecular state. 

(iii) e.g. Spectra of molecular ,2H  CO, 3NH  etc. 

 

 

 

 

(2) Absorption spectrum : When white light passes through a semi-

transparent solid, or liquid or gas, it’s spectrum contains certain dark lines 

or bands, such spectrum is called absorption spectrum (of the substance 

through which light is passed). 

(i) Substances in atomic state produces line absorption spectra. 

Polyatomic substances such as ,2H 2CO  and 4KMnO produces band 

absorption spectrum. 

(ii) Absorption spectra of sodium vapour have two (yellow lines) 

wavelengths )5890(1 ÅD  and )5896(2 ÅD  

(3) Fraunhoffer’s lines : The central part (photosphere) of the sun is 

very hot and emits all possible wavelengths of the visible light. However, the 

outer part (chromosphere) consists of vapours of different elements. When 

the light emitted from the photosphere passes through the chromosphere, 

certain wavelengths are absorbed. Hence, in the spectrum of sunlight a large 

number of dark lines are seen called Fraunhoffer lines. 

 

 

 

 

 

 

(i) The prominent lines in the yellow part of the visible spectrum were 

labelled as D-lines, those in blue part as F-lines and in red part as C-line. 

(ii) From the study of Fraunhoffer’s lines the presence of various 

elements in the sun’s atmosphere can be identified e.g. abundance of 

hydrogen and helium. 

(iii) In the event of a solar eclipse, dark lines become bright. This is 

because of the reason that the presence of an opaque obstacle in between 

sun and earth cuts the light off from the central region (photo-sphere), 

while light from corner portion (cromosphere) is still being received. The 

bright lines appear exactly at the places where dark lines were present.  

(4) Spectrometer : A spectrometer is used for obtaining pure 

spectrum of a source in laboratory and calculation of  of material of prism 

and  of a transparent liquid. 

It consists of three parts : Collimator which provides a parallel beam 

of light; Prism Table for holding the prism and Telescope for observing the 

spectrum and making measurements on it. 

The telescope is first set for parallel rays and then collimator is set for 

parallel rays. When prism is set in minimum deviation position, the 

spectrum seen is pure spectrum. Angle of prism (A) and angle of minimum 

deviation )( m  are measured and  of material of prism is calculated using 

prism formula. For  of a transparent liquid, we take a hollow prism with 

thin glass sides. Fill it with the liquid and measure )( m  and A of liquid 

prism.  of liquid is calculated using prism formula. 

(5) Direct vision spectroscope : It is an instrument used to observe 

pure spectrum. It produces dispersion without deviation with the help of n 

crown prisms and )1( n  flint prisms alternately arranged in a tabular 

structure. 

For no deviation ')1'()1()1( AnAn   . 

Human Eye 

 

 

 

 

 

 

 

 

(1) Eye lens : Over all behaves as a convex lens of 437.1  

Photosphere 

Sun's atmosphere 

Cromosphere 
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(2) Retina : Real and inverted image of an object, obtained at retina, brain 

sense it erect. 

(3) Yellow spot : It is the most sensitive part, the image formed at 

yellow spot is brightest. 

(4) Blind spot : Optic nerves goes to brain through blind spot. It is not 

sensitive for light. 

(5) Ciliary muscles : Eye lens is fixed between these muscles. It’s both 

radius of curvature can be changed by applying pressure on it through 

ciliary muscles. 

(6) Power of accomodation : The ability of eye to see near objects as 

well as far objects is called power of accomodation. 

(7) Range of vision : For healthy eye it is 25 cm (near point) to  (far 

point). 

A normal eye can see the objects clearly, only if they are at a distance 

greater than 25 cm. This distance is called Least distance of distinct vision 

and is represented by D. 

(8) Persistence of vision : Is 1/10 sec. i.e. if time interval between two 

consecutive light pulses is lesser than 0.1 sec., eye cannot distinguish them 

separately. 

(9) Binocular vision : The seeing with two eyes is called binocular 

vision. 

(10) Resolving limit : The minimum angular separation between two 

objects, so that they are just resolved is called resolving limit. For eye it is 
o











60

1
1 ' . 

Defects in Eye 

(1) Myopia (short sightness) : A short-sighted eye can see only nearer 

objects. Distant objects are not seen clearly. 

(i) In this defect image is formed before the retina and Far point 

comes closer. 

 

 

  

 

 

 

(ii) In this defect focal length or radii of curvature of lens reduced or 

power of lens increases or distance between eye lens and retina increases. 

(iii) This defect can be removed by using a concave lens of suitable 

focal length. 

(iv) If defected far point is at a distance d from eye then  

Focal length of used lens f = – d = – (defected far point) 

(v) A person can see upto distance  x, wants to see distance  y 

(y > x) so 
yx

xy
f


  or power of the lens 

xy

yx
P


  

(2) Hypermetropia (long sightness) : A long-sighted eye can see distant 

objects clearly but nearer object are not clearly visible.  

(i) Image formed behind the retina and near point moves away 

 

 

 

 

 

 

 

(ii) In this defect focal length or radii of curvature of lens increases or 

power of lens decreases or distance between eye lens and retina decreases. 

(iii) This defect can be removed by using a convex lens. 

(iv) If a person cannot see before distance  d  but wants to see the 

object placed at distance D from eye so 
Dd

dD
f


  and power of the lens 

dD

Dd
P


  

(3) Presbyopia : In this defect both near and far objects are not clearly 

visible. It is an old age disease and it is due to the loosing power of 

accommodation. It can be removed by using bifocal lens. 

(4) Astigmatism : In this defect eye cannot see horizontal and vertical 

lines clearly, simultaneously. It is due to imperfect spherical nature of eye 

lens. This defect can be removed by using cylindrical lens (Torric lenses). 

Lens Camera 

(1) In lens camera a converging lens of adjustable aperture is used.  

(2) Distance of film from lens is also adjustable. 

(3) In photographing an object, the image is first focused on the film 

by adjusting the distance between lens and film. It is called focusing. After 

focusing, aperture is set to a specific value and then film is exposed to light 

for a given time through shutter.  

(4) f-number : The ratio of focal length to the aperture of lens is 

called f-number of the camera.  

2, 2.8, 4, 5.6, 8, 11, 22, 32 are the f-numbers marked on aperture.  

f-number 
Aperture

lengthFocal 
   Aperture  

number-

1

f
 

(5) Time of exposure : It is the time for which the shutter opens and 

light enters the camera to expose film.  

(i) If intensity of light is kept fixed then for proper exposure 

Time of exposure (t) 
2(Aperture)

1
  

(ii) If aperture is kept fixed then for proper exposure  

Time of exposure (t) 
2)]([Intensity

1

I
  

 constanttI   2211 tItI   

(iii) Smaller the f-number larger will be the aperture and lesser will be 

the time of exposure and faster will be the camera.  

(6) Depth of focus : It refers to the range of distance over which the 

object may lie so as to form a good quality image. Large f-number increase 

the depth of focus. 

Microscope 

It is an optical instrument used to see very small objects. It’s 

magnifying power is given by  

Fig. 29.79 
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)(  visiondistinctof  distance least at  placedis object  whenangleVisual 

)(instrument  withangleVisual 




m  

(1) Simple microscope  

(i) It is a single convex lens of lesser focal length.  

(ii) Also called magnifying glass or reading lens. 

(iii) Magnification’s, when final image is formed at D and  (i.e. Dm  

and m )      

max

1 









f

D
mD  and 

min











f

D
m  

(iv) If lens is kept at a distance a from the eye then 
f

aD
m D


 1  

and 
f

aD
m


  

 

 

 

 

 

 

 

 

(2) Compound microscope 

 

 

 

 

 

 

 

 

(i) Consist of two converging lenses called objective and eye lens. 

(ii) objectivelens eye ff  and objectivelens eye )diameter(diameter)(   

(iii) Intermediate image is real and enlarged.  

(iv) Final image is magnified, virtual and inverted. 

(v) ou Distance of object from objective (o), ov Distance of image 

)( BA   formed by objective from objective, eu  Distance of BA   from eye 

lens, v
e

 = Distance of final image from eye lens, f
o

 = Focal length of objective, f
e

 = 

Focal length of eye lens. 

(vi) Final image is formed at D : Magnification 














eo

o
D

f

D

u

v
m 1  

and length of the microscope tube (distance between two lenses) is 

eoD uvL  . 

Generally object is placed very near to the principal focus of the 

objective hence .~
oo fu   The eye piece is also of small focal length and the 

image formed by the objective is also very near to the eye piece.  

So ,~
Do Lv   the length of the tube.  

Hence, we can write 

















eo

D
f

D

f

L
m 1  

(vii) Final image is formed at  : Magnification  

 
ef

D

u

v
m .

0

0 and length of tube efvL  0  

 In terms of length 
eo

eo

ff

DffL
m

)( 
 

  

(viii) For large magnification of the compound microscope, both of  

and ef  should be small. 

(ix) If the length of the tube of microscope increases, then its 

magnifying power increases.  

(x) The magnifying power of the compound microscope may be 

expressed as eo mmM  ; where  m
o

 is the magnification of the objective 

and m
e

 is magnifying power of eye piece. 

Astronomical Telescope (Refracting Type) 

By astronomical telescope heavenly bodies are seen. 

 

 

 

 

 

 

 

 
 

(1) eyelensobjective ff  and lens eyeobjective dd  . 

(2) Intermediate image is real, inverted and small. 

(3) Final image is virtual, inverted and small. 

(4) Magnification :  









D

f

f

f
m e

e

D 10  and 
e

o

f

f
m   

(5) Length : eD ufL  0  and effL  0  

Terrestrial Telescope  

It is used to see far off object on the earth.  

 

 

 

 

 

 

 

(1) It consists of three converging lens : objective, eye lens and erecting 

lens. 
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(2) It’s final image is virtual, erect and smaller. 

(3) Magnification : 









D

f

f

f
m e

e

D 10  and 
ef

f
m 0  

(4) Length : eD uffL  40  and efffL  40  

Galilean Telescope 

It is also type of terrestrial telescope but of much smaller field of view.  

 

 

 

 

 

 

 

(1) Objective is a converging lens while eye lens is diverging lens. 

(2) Magnification : 
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(3) Length : eD ufL  0  and effL  0  

Reflecting Telescope  

Reflecting telescopes are based upon the same principle except that 

the formation of images takes place by reflection instead of by refraction.  

 

 

 

 

 

 

 

 

 

If f
o

 is focal length of the concave spherical mirror used as objective 

and f
e

, the focal length of the eye-piece, the magnifying power of the 

reflecting telescope is given by 
e

o

f

f
m   

Further, if D is diameter of the objective and d, the diameter of the 

pupil of the eye, then brightness ratio () is given by 
2

2

d

D
  

Resolving Limit and Resolving Power 

(1) Microscope : In reference to a microscope, the minimum distance 

between two lines at which they are just distinct is called Resolving limit 

(RL) and it’s reciprocal is called Resolving power (RP) 

 

 

 

 

 




sin2
.. LR  and 



 sin2
..PR



1
.. PR  

 = Wavelength of light used to illuminate the object,  

 = Refractive index of the medium between object and objective,  

 = Half angle of the cone of light from the point object,  sin = 

Numerical aperture. 

(2) Telescope : Smallest angular separations (d) between two distant 
objects, whose images are separated in the telescope is called resolving limit. 

So resolving limit 
a

d



22.1

  

and  resolving power 
 22.1

1
)(

a

d
RP



1
.. PR  where a = 

aperture of objective. 

Binocular  

If two telescopes are mounted parallel to each other so that an object 

can be seen by both the eyes simultaneously, the arrangement is called 

'binocular'. In a binocular, the length of each tube is reduced by using a set 

of totally reflecting prisms which provide intense, erect image free from 

lateral inversion. Through a binocular we get two images of the same object 

from different angles at same time. Their superposition gives the perception 

of depth along with length and breadth, i.e., binocular vision gives proper 

three-dimensional (3D) image.  

 

 

 

 

 
 
 

Photometry 

The branch of optics that deals with the study and measurement of 

the light energy is called photometry. 

(1) Radiant flux (R) : The total energy radiated by a source per second 

is called radiant flux. It’s S.I. unit is Watt (W). 

(2) Luminous flux () : The total light energy emitted by a source per 

second is called luminous flux. It represents the total brightness producing 

capacity of the source. It’s S.I. unit is Lumen (lm).  

(3) Luminous efficiency () : The Ratio of luminous flux and radiant 

flux is called luminous efficiency i.e. 
R


  . 

 Table 29.4 : Luminous flux and efficiency 

Light source Flux (lumen) Efficiency (lumen/watt) 

40 W tungsten bulb 

60 W tungsten bulb 

500 W tungsten bulb 

30 W fluorescent tube 

465 

835 

9950 

1500 

12 

14 

20 

50 

 

(4) Luminous Intensity (L) : In a given direction it is defined as 
luminous flux per unit solid angle i.e.  

)(candela
steradian

lumenunit S.I.

 angle solidsec

energy Light
CdL  
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The luminous intensity of a point source is given by : 




4
L  

)(4 L   

(5) Illuminance or intensity of illumination (I) : The luminous flux 

incident per unit area of a surface is called illuminance.  
A

I


 . It's S.I. 

unit is 
2

Lumen

m
 or Lux (lx) and it's C.G.S. unit  is Phot.   

2

4 Lumen1
Lux10Phot1

cm
  

(i) Intensity of illumination at a distance r from a point source is  

22

1

4 r
I

r
I 




. 

(ii) Intensity of illumination at a distance r from a line source is 

r
I

rl
I

1

2





 

(iii) In case of a parallel beam of light 0rI  . 

(iv) The illuminance represents the luminous flux incident on unit area 

of the surface, while luminance represents the luminous flux reflected from 

a unit area of the surface.  

(6) Relation Between Luminous Intensity (L) and Illuminance (I) : If S 

is a unidirectional point source of light of luminous intensity L and there is 

a surface at a distance r from source, on which light is falling normally.  

(i) Illuminance of surface is given 

by : 
2r

L
I   

(ii) For a given source L = constant 

so 
2

1

r
I   ; This is called. Inverse 

square law of illuminance.  

(7)  Lambert’s Cosine Law of Illuminance : In the above discussion if 

surface is so oriented that light from the source falls, on it obliquely and the 

central ray of light makes an angle   with the normal to the surface, then 

   

(i) Illuminance of the surface 
2

cos

r

L
I


  

 

 

 

 
 

(ii) For a given light source and point of illumination (i.e. L and r = 

constant) cosI  this is called Lambert’s cosine law of illuminance. 

)0at( o

2max  oI
r

L
I  

(iii) For a given source and plane of illuminance (i.e. L and h = 

constant)  
 

r

h
cos  so 3

2
cos

h

L
I    

or 
3r

Lh
I   i.e. 3cosI  or 

3

1

r
I    

(8) Photometer and Principle of Photometry : A photometer is a device 
used to compare the illuminance of two sources. 

 

 

 

 

 

Two sources of luminous intensity 1L , and 2L are placed at distances 

1r  and 2r  from the screen so that their flux are perpendicular to the 

screen. The distance 1r  and 2r  are adjusted till 21 II  . So 


2
2

2

2
1

1

r

L

r

L
2

2

1

2

1
















r

r

L

L
 ; This is called principle of photometry. 

 

 

 

 
 

 After reflection velocity, wavelength and frequency of light remains 
same but intensity decreases. 

 If light ray incident normally on a surface, after reflection it 
retraces the path. 

 

 

 

 

 If two plane mirrors are inclined to each other at 90 o, the emergent 
ray is anti-parallel to incident ray, if it suffers one reflection from each. 
Whatever be the angle to incidence.   

 

 
 

 We observe number of images in a thick plane mirror, out of them 
only second is brightest. 

 

 

 

 

 

 
 

 To find the location of an object from an inclined plane mirror, you 
have to see the perpendicular distance of the object from the mirror. 

 

 

 

 

 

 Images formed by mirrors do not show chromatic aberration. 

 In concave mirror, minimum distance between a real object and it's 
real image is zero. (i.e. when u = v = 2f) 

 If a spherical mirror produces an image ‘m’ times the size of the 
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object (m = magnification) then u, v and f are given by the followings   

u
m

m
ffmvf

m

m
u 


















 


1
and)1(,

1
    

 Focal length of a mirror is independent of material of mirror and 
medium in which it is placed and wavelength of incident light 

 Divergence or Convergence power of a mirror does not change 
with the change in medium. 

 If an object is moving at a speed v
o

 towards a spherical mirror 
along it’s axis then speed of image away from mirror is 

  oi v
fu

f
v .

2











  

 When object is moved from focus to infinity at constant speed, the 
image will move faster in the beginning till object moves from f to 2f, 
and slower later on, towards the mirror. 

 As every part of mirror forms a complete image, if a part of the 
mirror is obstructed, full image will be formed but intensity will be 
reduced. 

 

 

 

 

 
 

 In case of refraction of light frequency (and hence colour) and 
phase do not change (while wavelength and velocity will change). 

 In the refraction intensity of incident light decreases as it goes from 
one medium to another medium.  

 A transparent solid is invisible in a liquid of same refractive index 
(Because of No refraction). 

 When a glass slab is kept over various coloured letters and seen 

from the top, the violet colour letters appears closer (Because Rv    

so RV    and from 
'h

h
  if  increases  then h' decreases  i.e. 

Letter appears to be closer) 

 Minimum distance between an object and it’s real image formed by 
a convex lens is 4f. 

 Component lenses of an achromatic doublet cemented by canada 
blasam because it is transparent and has a refractive index almost equal 
to the refractive index of the glass. 

 Parabolic mirrors are free from spherical aberration. 

 If a sphere of radius R made of material of refractive index 2 is 

placed in a medium of refractive index 1 , then if the object is placed at 

a distance R













 12

1




 from the pole, the real image formed is 

equidistant from the sphere 
 

 

 

 

 

 

 

 The lens doublets used in telescope are achromatic for blue and red 
colours, while these used in camera are achromatic for violet and green 
colours. The reason for this is that our eye is most sensitive between 
blue and red colours, while the photographic plates are most sensitive 
between violet and green colours. 

 Composite lens : If a lens is made of several materials then  

        Number of images formed = Number of materials used 

        Here no. of images = 5 

 

 

 

 

 For the condition of grazing emergence through a prism. Minimum 

angle of incidence 





  
AAimin cossin1sin

21  . 

 If a substance emits spectral lines at high temperature then it 
absorbs the same lines at low temperature. This is Kirchoff’s law. 

 When a ray of white light passes through a glass prism red light is 
deviated less than blue light. 

 For a hollow prism A  0 but   = 0 

 

 

 

 
 

 If an opaque coloured object or crystal is crushed to fine powder it 
will appear white (in sun light) as it will lose it's property of selective 
reflection. 

 Our eye is most sensitive to that part of the spectrum which lies 
between the F line (sky green) and the C-line (red) of hydrogen, and the 
mean refractive index of this part is nearly equal to the refractive index 
for the D line (yellow) of sodium. Hence for the dispersive power, the 

following formula is internationally accepted 
1




D

CF




  

 Sometimes a part of prism is given and we keep on thinking 
whether how should we proceed ? To solve such problems first complete 
the prism then solve as the problems of prism are solved 

 

 

 

 

 

 

 

 When we look distant objects, the eye is relaxed and it's focal 
length is largest. 

 Minimum separation (d) between objects, so they can just resolved 

by a telescope is : 
..PR

r
d   

Where r = distance of objects from telescope. 

 As magnifying power astronomical telescope is negative, the image 
seen in astronomical telescope is truly inverted, i.e., left is turned right with 
upside down simultaneously. However, as most of the astronomical objects 
are symmetrical this inversion does not affect the observations. 

 If objective and eye lens of a telescope are interchanged, it will not 
behave as a microscope but object appears very small. 

 In a telescope, if field and eye lenses are interchanged magnification 
will change from (f

o 

/ f
e

) to (f
e

 / f
o

), i.e., it will change from m to (1/m), i.e., 
will become (1/m2) times of its initial value. 

 As magnification produced by telescope for normal setting is (f
o

 / f
e

), 
so to have large magnification, f

o

 must be as large as practically possible 
and f

e

 small. This is why in a telescope, objective is of large focal length 
while eye piece of small.  

 In a telescope, aperture of the field lens is made as large as 
practically possible to increase its resolving power as resolving power of 

a telescope  (D/)*. Large aperture of objective also helps in improving 
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the brightness of image by gathering more light from distant object. 
However, it increases aberrations particularly spherical. 

 For a telescope with increase in length of the tube, magnification 
decreases. 

 In case of a telescope if object and final image are at infinity then :  

d

D

f

f
m

e

o   

 

 

 

 

 If we are given four convex lenses having focal lengths 

4321 ffff  .  For making a good telescope and microscope. We 

choose the following lenses respectively.    

    Telescope  )(),( 41 efof  Microscope )(),( 34 efof  

 If a parrot is sitting on the objective of a large telescope and we 

look towards (or take a photograph)of distant astronomical object (say 

moon) through it, the parrot will not be seen but the intensity of the 

image will be slightly reduced as the parrot will act as obstruction to 

light and will reduce the aperture of the objective. 

 The luminous flux of a source of (1/685) watt emitting 

monochromatic light of wavelength 5500 Å is called 1 lumen. 

 While solving the problems of photometry keep in mind. 

 R    L  (As  = R = 4L) 

         
2

1

2

1

2

1

L

L

R

R





 

 

 

 
 
 
 
 

Plane Mirror 
 

1. Two vertical plane mirrors are inclined at an angle of 60  with 

each other. A ray of light travelling horizontally is reflected first 

from one mirror and then from the other. The resultant deviation is 

 (a) 60  (b) 120  

 (c) 180  (d) 240  

2. A plane mirror reflects a pencil of light to form a real image. Then 

the pencil of light incident on the mirror is  

   [MP PMT 1997; DCE 2001, 03] 

 (a) Parallel (b) Convergent 

 (c) Divergent (d) None of the above 

3. What should be the angle between two plane mirrors so that 

whatever be the angle of incidence, the incident ray and the 

reflected ray from the two mirrors be parallel to each other 

  [KCET 1994; SCRA 1994] 

 (a) 60  (b) 90  

 (c) 120  (d) 175  

4. A plane mirror reflecting a ray of incident light is rotated through 

an angle   about an axis through the point of incidence in the 

plane of the mirror perpendicular to the plane of incidence, then  [NCERT 1978; CPMT 1991] 

(a) The reflected ray does not rotate 

(b) The reflected ray rotates through an angle   

(c) The reflected ray rotates through an angle 2  

(d) The incident ray is fixed 

5. A plane mirror is approaching you at a speed of seccm /10 You 

can see your image in it. At what speed will your image approach 

you    [CPMT 1974] 

(a) seccm /10  (b) seccm /5  

(c) seccm /20  (d) seccm /15  

6. A light bulb is placed between two plane mirrors inclined at an 

angle of .60  The number of images formed are   [NCERT 1980; CPMT 1996, 97; 

SCRA 1994; AIIMS 1997; RPMT 1999; AIEEE 2002;  

Orissa JEE 2003; MP PMT 2004; MP PET 2004] 

(a) 6 (b) 2 

(c) 5 (d) 4 

7. It is desired to photograph the image of an object placed at a 

distance of m3  from the plane mirror. The camera which is at a 

distance of m5.4  from the mirror should be focussed for a 
distance of    [NCERT 1971] 

(a) m3  (b) m5.4  

(c) m6  (d) m5.7  

8. A thick plane mirror shows a number of images of the filament of 
an electric bulb. Of these, the brightest image is the     [RPMT 2003] 

(a) First (b) Second 

(c) Fourth (d) Last 

9. A man is cm180  tall and his eyes are cm10  below the top of his 
head. In order to see his entire height right from toe to head, he 

uses a plane mirror kept at a distance of m1  from him. The 
minimum length of the plane mirror required is 

[MP PMT 1993; DPMT 2001] 

(a) cm180  (b) cm90  

(c) cm85  (d) cm170  

10. A person is in a room whose ceiling and two adjacent walls are 
mirrors. How many images are formed  [AFMC 2002] 

(a) 5 (b) 6 

(c) 7 (d) 8 

11. When a plane mirror is placed horizontally on a level ground at a 

distance of m60  from the foot of a tower, the top of the tower and 

its image in the mirror subtend an angle of 90  at the eye. The 
height of the tower will be  [CPMT 1984] 

(a) m30  (b) m60  

(c) m90  (d) m120  

12. A ray of light incidents on a plane mirror at an angle of .30  The 

deviation produced in the ray is 

(a) 30  (b) 60  

(c) 90  (d) 120  

d 

fo fe 

D 
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13. A ray of light is incidenting normally on a plane mirror. The angle of 

reflection will be    [MP PET 2000] 

 (a) 0  (b) 90   

 (c) Will not be reflected (d) None of the above 

14. When light wave suffers reflection at the interface from air to glass, 

the change in phase of the reflected wave is equal to 

[CPMT 1991; J & KCET 2004] 

 (a) 0  (b) 
2


 

 (c)   (d) 2  

15. A ray is reflected in turn by three plain mirrors mutually at right 

angles to each other. The angle between the incident and the 

reflected rays is    [Roorkee 1995] 

 (a) 90  (b) 60  

 (c) 180  (d) None of these 

16. Two plane mirrors are at right angles to each other. A man stands 

between them and combs his hair with his right hand. In how many 

of the images will he be seen using his right hand [MP PMT 1995; UPSEAT 2001] 

 (a) None  (b) 1 

 (c) 2 (d) 3 

17. When a plane mirror is rotated through an angle  then the 

reflected ray turns through the angle 2  then the size of the image 

 (a) Is doubled (b) Is halved 

 (c) Remains the same (d) Becomes infinite 

18. A plane mirror produces a magnification of  

[MP PET/PMT 1997] 

 (a) 1  (b) 1  

 (c) Zero (d) Between 0 and   

19. A plane mirror makes an angle of 30  with horizontal. If a vertical 

ray strikes the mirror, find the angle between mirror and reflected 
ray    [RPET 1997] 

 (a) 30  (b) 45  

 (c) 60  (d) 90  

20. A watch shows time as 25:3  when seen through a mirror, time 

appeared will be  [RPMT 1997; JIPMER 2001, 02] 

 (a) 35:8  (b) 35:9  

 (c) 35:7  (d) 25:8  

21. If an observer is walking away from the plane mirror with 

./6 secm  Then the velocity of the image with respect to observer 

will be      [RPMT 1999] 

(a) secm /6  (b) secm /6  

(c) secm /12  (d) secm /3  

22. A man runs towards mirror at a speed of ./15 sm What is the 

speed of his image    [CBSE PMT 2000] 

(a) 7.5 m/s  (b) 15 m/s  

(c) 30 m/s (d) 45 m/s  

23. A small object is placed 10 cm infront of a plane mirror. If you stand 
behind the object 30 cm from the mirror and look at its image, the 
distance focused for your eye will be  

 [KCET (Engg.) 2001] 

(a) 60 cm  (b) 20 cm 

(c) 40 cm (d) 80 cm 

24. An object is at a distance of 0.5 m in front of a plane mirror. 
Distance between the object and image is   [CPMT 2002] 

(a) 0.5 m  (b) 1 m 

(c) 0.25 m (d) 1.5 m 

25. A man runs towards a mirror at a speed 15 m/s  The speed of the 
image relative to the man is   [Kerala PET 2002] 

(a) 15 1ms  (b) 30 1ms  

(c) 35 1ms  (d) 20 1ms  

26. The light reflected by a plane mirror may form a real image 

[KCET (Engg. & Med.) 2002] 

(a) If the rays incident on the mirror are diverging 

(b) If the rays incident on the mirror are converging 

(c) If the object is placed very close to the mirror  

(d) Under no circumstances  

27. Two plane mirrors are inclined at an angle of 072 . The number of 

images of a point object placed between them will be [KCET (Engg. & Med.)1999; BCECE 2003] 

(a) 2  (b) 3 

(c) 4 (d) 5 

28. To get three images of a single object, one should have two plane 
mirrors at an angle of    [AIEEE 2003] 

(a) 30°   (b) 60° 

(c) 90° (d) 150° 

29. A man of length h requires a mirror, to see his own complete image 

of length at least equal to  [MP PET 2003] 

(a) 
4

h
  (b) 

3

h
 

(c) 
2

h
 (d) h 

30. Two plane mirrors are at 45  to each other. If an object is placed 

between them, then the number of images will be  

[MP PMT 2003] 

(a) 5 (b) 9 

(c) 7 (d) 8 

31. A man having height 6 m. He observes image of 2 m height erect, 

then mirror used is    [BCECE 2004] 

 (a) Concave  (b) Convex 

 (c) Plane (d) None of these  

32. A light beam is being reflected by using two mirrors, as in a 

periscope used in submarines. If one of the mirrors rotates by an 

angle , the reflected light will deviate from its original path by the 

angle    [UPSEAT 2004]  

 (a) 2  (b) o0  
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 (c)   (d) 4  

33. Focal length of a plane mirror is   [RPMT 2000] 

 (a) Zero  (b) Infinite 

 (c) Very less (d) Indefinite 

34. A ray of light is incident at 50° on the middle of one of the two 

mirrors arranged at an angle of 60° between them. The ray then 

touches the second mirror, get reflected back to the first mirror, 

making an angle of incidence of  [MP PET 2005] 

 (a) 50°  (b) 60° 

 (c) 70° (d) 80° 

Spherical Mirror 

1. A convex mirror of focal length f forms an image which is 
n

1
 times 

the object. The distance of the object from the mirror is 

 (a) fn )1(   (b) f
n

n







 1
 

 (c) f
n

n







 1
 (d) fn )1(   

2. A diminished virtual image can be formed only in  

[MP PMT 2002] 

(a) Plane mirror (b) A concave mirror 

 (c) A convex mirror (d) Concave-parabolic mirror 

3. Which of the following could not produce a virtual image  

 (a) Plane mirror 

 (b) Convex mirror 

 (c) Concave mirror 

 (d) All the above can produce a virtual image 

4. An object cm5  tall is placed m1  from a concave spherical mirror 

which has a radius of curvature of cm20  The size of the image is   [MP PET 1993] 

 (a) cm11.0  (b) cm50.0  

 (c) cm55.0  (d) cm60.0  

5. The focal length of a concave mirror is .50cm  Where an object be 

placed so that its image is two times and inverted 

 (a) 75 cm (b) 72 cm 

 (c) 63 cm (d) 50 cm 

6. An object of size cm5.7  is placed in front of a convex mirror of 

radius of curvature cm25  at a distance of .40cm The size of the 

image should be 

 (a) cm3.2  (b) cm78.1  

 (c) cm1  (d) cm8.0  

7. The field of view is maximum for 

 (a) Plane mirror (b) Concave mirror 

 (c) Convex mirror (d) Cylindrical mirror 

8. The focal length of a concave mirror is f and the distance from the 

object to the principle focus is x. The ratio of the size of the image 

to the size of the object is  

[Kerala PET 2005] 

 (a) 
f

xf 
 (b) 

x

f
 

 (c) 
x

f
 (d) 

2

2

x

f
 

9. Image formed by a convex mirror is [MP PET 1993] 

 (a) Virtual (b) Real 

 (c) Enlarged (d) Inverted 

10. In a concave mirror experiment, an object is placed at a distance 1x  

from the focus and the image is formed at a distance 2x  from the 

focus. The focal length of the mirror would be   [MP PET 1997] 

 (a) 21 xx  (b) 21 xx  

 (c) 
2

21 xx 
 (d) 

2

1

x

x
 

11. A convex mirror is used to form the image of an object. Then which 

of the following statements is wrong  

[CPMT 1973] 

 (a) The image lies between the pole and the focus 

 (b) The image is diminished in size 

 (c) The image is erect 

 (d) The image is real 

12. Given a point source of light, which of the following can produce a 

parallel beam of light  [CPMT 1974; KCET 2005] 

 (a) Convex mirror 

 (b) Concave mirror 

 (c) Concave lens 

 (d) Two plane mirrors inclined at an angle of 90  

13. The image formed by a convex mirror of focal length cm30  is a 

quarter of the size of the object. The distance of the object from the 

mirror is 

 (a) cm30  (b) cm90  

 (c) cm120  (d) cm60  

14. A boy stands straight infront of a mirror at a distance of cm30  

away from it. He sees his erect image whose height is th
5

1
of his 

real height. The mirror he is using is 

[MP PMT 1993] 

 (a) Plane mirror (b) Convex mirror 

 (c) Concave mirror (d) Plano-convex mirror 

15. A person sees his virtual image by holding a mirror very close to the 

face. When he moves the mirror away from his face, the image 
becomes inverted. What type of mirror he is using  

 (a) Plane mirror (b) Convex mirror 

 (c) Concave mirror (d) None of these 

16. Which one of the following statements is true  

 (a) An object situated at the principle focus of a concave lens will 
have its image formed at infinity 

 (b) Concave mirror can give diminished virtual image 

 (c) Given a point source of light, a convex mirror can produce a 

parallel beam of light 
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 (d) The virtual image formed in a plane mirror can be 
photographed 

17. The relation between the linear magnification ,m  the object 

distance u  and the focal length f  is 

 (a) 
f

uf
m


  (b) 

uf

f
m


  

 (c) 
f

uf
m


  (d) 

uf

f
m


  

18. While using an electric bulb, the reflection for street lighting should 
be from  

 (a) Concave mirror (b) Convex mirror 

 (c) Cylindrical mirror (d) Parabolic mirror 

19. A concave mirror is used to focus the image of a flower on a nearby 

well cm120  from the flower. If a lateral magnification of 16  is 
desired, the distance of the flower from the mirror should be   [MP PET 1986] 

 (a) cm8  (b) cm12  

 (c) cm80  (d) cm120  

20. A virtual image larger than the object can be obtained by 

[MP PMT 1986] 

 (a) Concave mirror (b) Convex mirror 

 (c) Plane mirror (d) Concave lens 

21. An object is placed cm40  from a concave mirror of focal length 

.20cm  The image formed is  

[MP PET 1986; MP PMT/PET 1998] 

 (a) Real, inverted and same in size 

 (b) Real, inverted and smaller 

 (c) Virtual, erect and larger 

 (d) Virtual, erect and smaller 

22. A virtual image three times the size of the object is obtained with a 

concave mirror of radius of curvature .36cm The distance of the 

object from the mirror is  [MP PET 1986] 

 (a) cm5  (b) cm12  

 (c) cm10  (d) cm20  

23. Radius of curvature of concave mirror is cm40  and the size of 

image is twice as that of object, then the object distance is 

[AFMC 1995] 

 (a) cm60  (b) cm20  

 (c) cm40  (d) cm30  

24. All of the following statements are correct except  

[Manipal MEE 1995] 

 (a) The magnification produced by a convex mirror is always less 
than one 

 (b) A virtual, erect, same-sized image can be obtained using a 
plane mirror 

 (c) A virtual, erect, magnified image can be formed using a 
concave mirror 

 (d) A real, inverted, same-sized image can be formed using a 
convex mirror 

25. If an object is placed cm10  infront of a concave mirror of focal 

length ,20cm  the image will be   [MP PMT 1995] 

 (a) Diminished, upright, virtual 

 (b) Enlarged, upright, virtual 

 (c) Diminished, inverted, real  

 (d) Enlarged, upright, real 

26. Which of the following form(s) a virtual and erect image for all 

positions of the object   [IIT-JEE 1996] 

 (a) Convex lens (b) Concave lens 

 (c) Convex mirror (d) Concave mirror 

27. A convex mirror has a focal length .f  A real object is placed at a 

distance f  in front of it from the pole produces an image at   [AFMC 2005] 

 (a) Infinity (b) f  

 (c) 2/f  (d) f2  

28. An object cm1  tall is placed cm4  infront of a mirror. In order to 

produce an upright image of cm3  height one needs a    [SCRA 1994] 

 (a) Convex mirror of radius of curvature cm12  

 (b) Concave mirror of radius of curvature cm12  

(c) Concave mirror of radius of curvature cm4  

 (d) Plane mirror of height cm12  

29. Match List I with List II and select the correct answer using the 

codes given below the lists :   [SCRA 1998] 

List I 

(Position of the object) 

List II 

(Magnification) 

(I) An object is placed at focus 
before a convex mirror 

(A) Magnification is    

(II) An object is placed at 
centre of curvature before a 
concave mirror 

(B) Magnification is 5.0  

(III) An object is placed at 
focus before a concave mirror 

(C) Magnification is 1  

(IV) An object is placed at 
centre of curvature before a 
convex mirror 

(D) Magnification is – 1 

 (E) Magnification is 33.0  

 Codes : 

 (a) I-B, II-D, III-A, IV-E (b) I-A, II-D, III-C, IV-B 

 (c) I-C, II-B, III-A, IV-E (d) I-B, II-E, III-D, IV-C 

30. A concave mirror gives an image three times as large as the object 

placed at a distance of cm20  from it. For the image to be real, the 

focal length should be 

[SCRA 1998; JIPMER 2000] 

 (a) cm10  (b) cm15  

 (c) cm20  (d) cm30  

31. The minimum distance between the object and its real image for 
concave mirror is    [RPMT 1999] 

(a) f (b) 2f 
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(c) 4f (d) Zero 

32. An object is placed at cm20  from a convex mirror of focal length 

.10 cm  The image formed by the mirror is  

[JIPMER 1999] 

(a) Real and at cm20  from the mirror 

(b) Virtual and at cm20  from the mirror 

(c) Virtual and at cm3/20  from the mirror 

(d) Real and at cm3/20  from the mirror 

33. A point object is placed at a distance of cm10  and its real image is 

formed at a distance of cm20  from a concave mirror. If the object 

is moved by cm1.0  towards the mirror, the image will shift by 

about   [MP PMT 2000] 

(a) cm4.0  away from the mirror 

(b) cm4.0 towards the mirror  

(c) cm8.0  away from the mirror  

(d) cm8.0  towards the mirror 

34. Under which of the following conditions will a convex mirror of 
focal length f produce an image that is erect, diminished and virtual   [AMU (Engg.) 2001] 

(a) Only when 2f  > u > f  (b) Only when u = f  

(c) Only when u < f  (d) Always 

35. The focal length of a convex mirror is 20 cm its radius of curvature 
will be    [MP PMT 2001] 

(a) 10 cm (b) 20 cm 

(c) 30 cm (d) 40 cm 

36. A concave mirror of focal length 15 cm forms an image having twice 

the linear dimensions of the object. The position of the object when 
the image is virtual will be 

(a) 22.5 cm  (b) 7.5 cm 

(c) 30 cm (d) 45 cm 

37. A point object is placed at a distance of 30 cm from a convex mirror 
of focal length 30cm. The image will form at 

[JIPMER 2002] 

(a) Infinity  

(b) Focus 

(c) Pole  

(d) 15 cm behind the mirror 

38. An object 2.5 cm high is placed at a distance of 10 cm   from a 
concave mirror of radius of curvature 30 cm  The size of the image 
is     [BVP 2003] 

(a) 9.2 cm (b) 10.5 cm 

(c) 5.6 cm (d) 7.5 cm 

39. For a real object, which of the following can produced a real image   [Orissa JEE 2003] 

(a) Plane mirror  (b) Concave lens 

(c) Convex mirror (d) Concave mirror 

40. An  object of length 6 cm is placed on the principle axis of a 
concave mirror of focal length f at a distance of 4f. The length of 
the image will be    [MP PET 2003] 

(a) 2 cm  (b) 12 cm 

(c) 4 cm (d) 1.2 cm  

41. Convergence of concave mirror can be decreased by dipping in    [AFMC 2003] 

(a) Water  (b) Oil 

(c) Both (d) None of these  

42. What will be the height of image when an object of 2 mm is placed 
on the axis of a convex mirror at a distance 20 cm of radius of 
curvature 40 cm    [Orissa PMT 2004] 

 (a) 20 mm (b) 10 mm  

 (c) 6 mm (d) 1 mm 

43. Image formed by a concave mirror of focal length 6 cm, is 3 times 
of the object, then the distance of object from mirror is  

 [RPMT 2000] 

 (a) – 4 cm (b) 8 cm 

 (c) 6 cm (d) 12 cm  

44. A concave mirror of focal length f (in air) is immersed in water 

( 3/4 ). The focal length of the mirror in water will be     [MNR 1998] 

 (a) f  (b) 
3

4
f  

 (c) f
4

3
 (d) 

3

7
f  

 
Refraction of Light at Plane Surfaces 

 

1. To an observer on the earth the stars appear to twinkle. This can be 

ascribed to 

[CPMT 1972, 74; AFMC 1995] 

 (a) The fact that stars do not emit light continuously 

 (b) Frequent absorption of star light by their own atmosphere 

 (c) Frequent absorption of star light by the earth's atmosphere 

 (d) The refractive index fluctuations in the earth's atmosphere 

2. The ratio of the refractive index of red light to blue light in air is   [CPMT 1978] 

 (a) Less than unity 

 (b) Equal to unity 

 (c) Greater than unity 

 (d) Less as well as greater than unity depending upon the 
experimental arrangement 

3. The refractive index of a piece of transparent quartz is the greatest 
for   [MP PET 1985, 94] 

 (a) Red light (b) Violet light 

 (c) Green light (d) Yellow light 

4. The refractive index of a certain glass is 1.5 for light whose 
wavelength in vacuum is 6000 Å. The wavelength of this light when 

it passes through glass is 

[NCERT 1979; CBSE PMT 1993;  

MP PET 1985, 89] 

 (a) 4000 Å  (b) 6000 Å  

 (c) 9000 Å  (d) 15000 Å   

5. When light travels from one medium to the other of which the 
refractive index is different, then which of the following will change  

[MP PMT 1986; AMU 2001; BVP 2003] 

 (a) Frequency, wavelength and velocity 

 (b) Frequency and wavelength 

 (c) Frequency and velocity 
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 (d) Wavelength and velocity 

6. A light wave has a frequency of 14104  Hz and a wavelength of 
7105   meters in a medium. The refractive index of the medium 

is   [MP PMT 1989] 

 (a) 1.5 (b) 1.33 

 (c) 1.0 (d) 0.66 

7. How much water should be filled in a container 21 cm in height, so 
that it appears half filled when viewed from the top of the container  

(given that 3/4a )  

[MP PMT 1989] 

 (a) 8.0 cm (b) 10.5 cm 

 (c) 12.0 cm (d) None of the above 

8. Light of different colours propagates through air 

 (a) With the velocity of air  

 (b) With different velocities 

 (c) With the velocity of sound 

 (d) Having the equal velocities 

9. Monochromatic light is refracted from air into the glass of refractive 

index  . The ratio of the wavelength of incident and refracted 

waves is 

[JIPMER 2000; MP PMT 1996, 2003] 

 (a) 1 :   (b) 1 : 2  

 (c)   : 1  (d) 1 : 1 

10. A monochromatic beam of light passes from a denser medium into a 
rarer medium. As a result [CPMT 1972] 

 (a) Its velocity increases (b) Its velocity decreases 

 (c) Its frequency decreases (d) Its wavelength decreases 

11. Refractive index for a material for infrared light is 

[CPMT 1984] 

 (a) Equal to that of ultraviolet light 

 (b) Less than for ultraviolet light 

 (c) Equal to that for red colour of light 

 (d) Greater than that for ultraviolet light 

12. The index of refraction of diamond is 2.0, velocity of light in 

diamond in cm/second is approximately 

[CPMT 1975; MNR 1987; UPSEAT 2000] 

 (a) 10106  (b) 10100.3   

 (c) 10102  (d) 10105.1   

13. A beam of light propagating in medium A with index of refraction n 

(A) passes across an interface into medium B with index of 

refraction n(B). The angle of incidence is greater than the angle of 

refraction; v(A) and v(B) denotes the speed of light in A and B. Then 

which of the following is true  

 (a) v(A) > v(B)  and n(A) > n(B) 

 (b) v(A) > v(B)  and  n(A) < n(B) 

 (c) v(A) < v(B)  and  n(A) > n(B) 

 (d) v(A) < v(B)  and  n(A) < n(B) 

14. A rectangular tank of depth 8 meter is full of water ( 3/4 ), 

the bottom is seen at the depth [MP PMT 1987] 

 (a) 6 m (b) 8/3 m 

 (c) 8 cm (d) 10 cm  

15. A vessel of depth 2d cm is half filled with a liquid of refractive index 

1  and the upper half with a liquid of refractive index 2 . The 

apparent depth of the vessel seen perpendicularly is   [SCRA 1994] 

 (a) 













 21

21




d  (b) 















21

11


d  

 (c) 














21

11
2


d  (d) 














21

1
2


d  

16. A beam of light is converging towards a point I  on a screen. A 

plane glass plate whose thickness in the direction of the beam = t , 
refractive index =  , is introduced in the path of the beam. The 

convergence point is shifted by 

[MNR 1987] 

 (a) 












1
1t  away  (b) 













1
1t  away 

 (c) 












1
1t  nearer (d) 













1
1t  nearer 

17. Light travels through a glass plate of thickness t and having 
refractive index n. If c is the velocity of light in vacuum, the time 
taken by the light to travel this thickness of glass is  

[NCERT 1976; MP PET 1994; CBSE PMT 1996; 

KCET 1994; MP PMT 1999, 2001] 

 (a) 
nc

t
 (b) tnc  

 (c) 
c

nt
 (d) 

n

tc
 

18. When a light wave goes from air into water,  the quality that 
remains unchanged is its 

[AMU 1995; MNR 1985, 95; KCET 1993; CPMT 1990, 97; MP PET 1991, 2000, 

02; UPSEAT 1999, 2000;  

AFMC 1993, 98, 2003; RPET 1996, 2000, 03;  

RPMT 1999, 2000; DCE 2001; BHU 2001] 

 (a) Speed (b) Amplitude 

 (c) Frequency (d) Wavelength 

19. Light takes 8 min 20 sec to reach from sun on the earth. If the 

whole atmosphere is filled with water, the light will take the time    

( 3/4wa ) 

 (a) 8 min 20 sec (b) 8 min 

 (c) 6 min 11 sec (d) 11 min 6 sec 

20. The length of the optical path of two media in contact of length 1d  

and 2d  of refractive indices 1  and 2  respectively, is 

 (a) 2211 dd    (b) 1221 dd    

 (c) 
21

21



dd
 (d) 

21

21



dd 
 

21. Immiscible transparent liquids A, B, C, D and E are placed in a 

rectangular container of glass with the liquids making layers 
according to their densities. The refractive index of the liquids are 
shown in the adjoining diagram. The container is illuminated from 
the side and a small piece of glass having refractive index 1.61 is 
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gently dropped into the liquid layer. The glass piece as it descends 
downwards will not be visible in   [CPMT 1986] 

 (a) Liquid A and B only   

 (b) Liquid C only  

 (c) Liquid D and E only  

 (d) Liquid A, B, D and E 

22. The refractive indices of glass and water w.r.t. air are 3/2 and 4/3 

respectively. The refractive index of glass w.r.t. water will be  

[MNR 1990; JIPMER 1997, 2000; MP PET 2000] 

 (a) 8/9 (b) 9/8 

 (c) 7/6 (d) None of these 

23. If ji  represents refractive index when a light ray goes from 

medium i to medium j, then the product 342312    is equal 

to   [CBSE PMT 1990] 

 (a) 13  (b) 23  

 (c) 
41

1


 (d) 24   

24. The wavelength of light diminishes   times ( 33.1  for water) 

in a medium. A diver from inside water looks at an object whose 

natural colour is green. He sees the object as  

[CPMT 1990; MNR 1998] 

 (a) Green (b) Blue 

 (c) Yellow (d) Red 

25. Ray optics fails when  

 (a) The size of the obstacle is 5 cm 

 (b) The size of the obstacle is 3 cm 

 (c) The size of the obstacle is less than the wavelength of light 

 (d) (a) and (b) both 

26. When light travels from air to water and from water to glass, again 

from glass to 2CO  gas and finally through air. The relation 

between their refractive indices will be given by 

 (a) 1 agasgasglglwwa nnnn  

 (b) 1 aglglgasglwwa nnnn  

 (c) 1 gasglglwwa nnn  

 (d) There is no such relation  

27. For a colour of light the wavelength for air is 6000 Å and in water 
the wavelength is 4500 Å. Then the speed of light in water will be  

 (a) sm /10.5 14  (b) 81025.2  m/s  

 (c) 8100.4  m/s  (d) Zero 

28. A ray of light travelling inside a rectangular glass block of refractive 

index 2  is incident on the glass–air surface at an angle of 

incidence of 45°. The refractive index of air is 1. Under these 

conditions the ray  [CPMT 1972] 

 (a) Will emerge into the air without any deviation 

 (b) Will be reflected back into the glass 

 (c) Will be absorbed 

 (d) Will emerge into the air with an angle of refraction equal to 

90°  

29. If 0  and 0  are respectively, the electric permittivity and the 

magnetic permeability of free space,   and   the corresponding 

quantities in a medium, the refractive index of the medium is 

                   [IIT-JEE 1982; MP PET 1995; CBSE PMT 1997] 

 (a) 
00


 (b) 

00


 

 (c) 


 00  (d) 
0

0




 

30. A beam of monochromatic blue light of wavelength 4200Å in air 

travels in water ( 3/4 ). Its wavelength in water will be   [MNR 1991; UPSEAT 2000] 

 (a) 2800 Å  (b) 5600 Å  

 (c) 3150 Å (d) 4000 Å  

31. If 
0

  be the relative permeability and 0K  the dielectric constant 

of a medium, its refractive index is given by 

[MNR 1995] 

 (a)  
00

1

K
 (b) 

00

1

K
 

 (c) 00K  (d) 00K  

32. If the speed of light in vacuum is C  sec,/m  then the velocity of 

light in a medium of refractive index 1.5 

[NCERT 1977; MP PMT 1984; CPMT 2002] 

 (a) Is 1.5   C (b) Is C  

 (c) Is 
5.1

C
 (d) Can have any velocity 

33. In the adjoining diagram, a wavefront AB, moving in air is incident 
on a plane glass surface XY. Its position CD after refraction through 
a glass slab is shown also along with the normals drawn at A and D. 

The refractive index of glass with respect to air ( 1 ) will be 

equal to  

[CPMT 1988; DPMT 1999] 

(a) 
'sin

sin




 

(b) 
'sin

sin




 

 (c) 




sin

'sin
 

 (d) 
CD

AB
 

34. When light enters from air to water, then its  

[MP PMT 1994; MP PET 1996] 

A 

B 

C 

D 

E 

1.51 

1.53 

1.61 

1.52 

1.65 

X  
  

B 

A 

C 

D 
Y 
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 (a) Frequency increases and speed decreases 

 (b) Frequency is same but the wavelength is smaller in water than 

in air 

 (c) Frequency is same but the wavelength in water is greater than 

in air 

 (d) Frequency decreases and wavelength is smaller in water than in 

air 

35. On a glass plate a light wave is incident at an angle of 60°. If the 

reflected and the refracted waves are mutually perpendicular, the 
refractive index of material is 

[MP PMT 1994; Haryana CEE 1996;  

KCET 1994; 2000] 

 (a) 
2

3
 (b) 3  

 (c) 
2

3
 (d) 

3

1
 

36. Refractive index of glass is 
2

3
 and refractive index of water is 

3

4
. If 

the speed of light in glass is 81000.2   m/s, the speed in water 

will be   [MP PMT 1994; RPMT 1997] 

 (a) 81067.2   m/s  (b) 81025.2   m/s  

 (c) 81078.1   m/s  (d) 81050.1   m/s  

37. Monochromatic light of frequency 14105 Hz travelling in vacuum 

enters a medium of refractive index 1.5. Its wavelength in the 
medium is 

[MP PET/ PMT 1995; Pb. PET 2003] 

 (a) 4000 Å (b) 5000 Å 

 (c) 6000 Å (d) 5500 Å 

38. Light of wavelength is 7200 Å in air. It  has a wavelength in glass 

( 5.1 ) equal to        [DCE 1999] 

 (a) 7200 Å (b) 4800 Å  

 (c) 10800 Å  (d) 7201.5 Å 

39. Which of the following is not a correct statement  

  [MP PET 1997] 

 (a) The wavelength of red light is greater than the wavelength of 
green light 

 (b) The wavelength of blue light is smaller than the wavelength of 
orange light 

 (c) The frequency of green light is greater than the frequency of 
blue light 

 (d) The frequency of violet light is greater than the frequency of 
blue light 

40. Which of the following is a correct relation  [MP PET 1997] 

 (a)  rwara   (b) awwrra    

 (c) 0 arra   (d) warwra  /  

41. The time taken by sunlight to cross a 5 mm thick glass plate 

2/3(  ) is [MP PMT/PET 1998; BHU 2005] 

 (a) 0.25 10–10 s  (b) 710167.0  s  

 (c) 10105.2  s  (d) 10100.1  s  

42. The distance travelled by light in glass (refractive index =1.5)  in a 
nanosecond will be   [MP PET 1999] 

 (a) 45 cm (b) 40 cm 

 (c) 30 cm (d) 20 cm 

43. When light is refracted from air into glass  

[IIT 1980; CBSE PMT 1992; MP PET 1999;  

MP PMT 1999; RPMT 1997, 2000, 03; MH CET 2004] 

 (a) Its wavelength and frequency both increase 

 (b) Its wavelength increases but frequency remains unchanged  

 (c) Its wavelength decreases but frequency remains unchanged 

 (d) Its wavelength and frequency both decrease 

44. A mark at the bottom of a liquid appears to rise by 0.1 m. The depth 

of the liquid is 1 m. The refractive index of the liquid is   [CPMT 1999] 

 (a) 1.33 (b) 
10

9
 

 (c) 
9

10
 (b) 1.5 

45. A man standing in a swimming pool looks at a stone lying at the 

bottom. The depth of the swimming pool is h. At what distance 

from the surface of water is the image of the stone formed  (Line of 

vision is normal; Refractive index of water is n)    [KCET 1994] 

 (a) h / n (b) n / h  

 (c) h (d) hn  

46. On heating a liquid, the refractive index generally 

[KCET 1994] 

 (a) Decreases  

 (b) Increases or decreases depending on the rate of heating 

 (c) Does not change 

 (d) Increases 

47. If  î  denotes a unit vector along incident light ray, r̂  a unit vector 

along refracted ray into a medium of refractive index    and n̂  

unit vector normal to boundary of medium directed towards 
incident medium, then law of refraction is 

[EAMCET (Engg.) 1995] 

 (a) )ˆ.(̂ˆ.ˆ nrni   (b) )ˆˆ(ˆˆ rnni    

 (c) )ˆ(̂ˆˆ nrni    (d) nrni ˆˆ)ˆ(̂   

48. The bottom of a container filled with liquid appear slightly raised 
because of   [RPMT 1997] 

 (a) Refraction (b) Interference 

 (c) Diffraction (d) Reflection 

49. The speed of light in air is sm /103 8 . What will be its speed in 

diamond whose refractive index is 2.4 

[KCET 1993] 

 (a) 8103  sm /  (b) 332 sm /  

 (c) 81025.1   m/s (d) 8102.7   sm /  

50. Time taken by the sunlight to pass through a window of thickness 4 

mm whose refractive index is 1.5 is 

     [CBSE PMT 1993] 
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 (a) 8102   sec (b) 8102  sec 

 (c) 11102   sec (d) 11102  sec 

51. Ray optics is valid, when characteristic  dimensions are 

[CBSE PMT 1994; CPMT 2001] 

(a) Of the same order as the wavelength of light 

 (b) Much smaller than the wavelength of light 

 (c) Of the order of one millimetre 

 (d) Much larger than the wavelength of light 

52. The refractive index of water is 1.33. What will be the speed of light 

in water [CBSE PMT 1996; KCET 1998] 

 (a) 8103  sm /  (b) 81025.2   sm /  

 (c) 8104   sm /  (d) 81033.1   m/s 

53. The time required to pass the light through a glass slab of 2 mm 

thick is ( 5.1glass )  [AFMC 1997; MH CET 2002, 04] 

 (a) s510  (b) 1110 s  

 (c) 910 s (d) 1310 s  

54. The refractive index of water with respect to air is 4 / 3 and the 

refractive index of glass with respect to air is 3/2. The refractive 
index of water with respect to glass is 

[BHU 1997; JIPMER 2000] 

 (a) 
8

9
 (b) 

9

8
 

 (c) 
2

1
  (d) 2 

55. Electromagnetic radiation of frequency n, wavelength  , travelling 
with velocity v in air, enters a glass slab of refractive index  . The 

frequency, wavelength and velocity of light in the glass slab will be 
respectively 

[CBSE PMT 1997] 

 (a) 






vn
,,  (b) 



 v
n ,,  

 (c) 



v

,,n  (d) ,


n
v,




 

56. What is the time taken (in seconds) to cross a glass of thickness 4 

mm and  = 3 by light  [BHU 1998;  

Pb. PMT 1999, 2001; MH CET 2000; MP PET 2001] 

 (a) 11104   (b) 11102   

 (c) 111016   (d) 10108   

57. A plane glass slab is kept over various coloured letters, the letter 
which appears least raised is  

[J & K CET 2004; BHU 1998, 05] 

 (a) Blue (b) Violet 

 (c) Green (d) Red 

58. A ray of light is incident on the surface of separation of a medium 
at an angle 45° and is refracted in the medium at an angle 30°. 
What will be the velocity of light in the medium[AFMC 1998; MH CET (Med.) 1999] 

 (a) 81096.1   m/s  (b) 81012.2   sm /  

 (c) 81018.3  sm /  (d) 81833.3  sm /  

59. Absolute refractive indices of glass and water are 
2

3
 and 

3

4
.  The 

ratio of velocity of light in glass and water will be 

[UPSEAT 1999] 

(a) 4 : 3  (b) 8 : 7 

(c) 8 : 9 (d) 3 : 4 

60. The ratio of thickness of plates of two transparent mediums A and B 

is 6 : 4.  If light takes equal time in passing through them, then 

refractive index of B with respect to A will be 

[UPSEAT 1999]   

(a) 1.4  (b) 1.5 

(c) 1.75 (d) 1.33 

61. The refractive index of water and glass with respect to air is 1.3 and 

1.5 respectively.  Then the refractive index of glass with respect to 
water is     [MH CET (Med.) 1999] 

(a) 
5.1

6.2
  (b) 

6.2

5.1
 

(c) 
5.1

3.1
 (d) 

3.1

5.1
 

62. A tank is filled with benzene to a height of 120 mm. The apparent 
depth of a needle lying at a bottom of the tank is measured by a 

microscope to be 80 mm.  The refractive index of benzene is   [Pb. PMT 1999] 

(a) 1.5  (b) 2.5 

(c) 3.5 (d) 4.5 

63. Each quarter of a vessel of depth H is filled with liquids of the 

refractive indices n
1

, n
2

, n
3 

and n
4

 from the bottom respectively.  The 
apparent depth of the vessel when looked normally is   [AMU (Engg.) 2000] 

(a) 
4

)( 4321 nnnnH 
  (b) 

4

1111

4321















nnnn
H

 

(c) 
H

nnnn

4

)( 4321 
 (d) 

2

1111

4321















nnnn
H

 

64. A ray of light passes through four transparent media with refractive 

indices 4321 and ,.   as shown in the figure.  The surfaces of 

all media are parallel.  If the emergent ray CD is parallel to the 
incident ray AB, we must have 

[IIT-JEE (Screening) 2001] 

(a) 21    

(b) 32    

(c) 43    

(d) 14    

65. The reason of seeing the Sun a little before the sunrise is 

[MP PMT 2001; Orissa JEE 2003] 

A 

B C 

1 2 3 4 

D 



 

  Ray Optics 1665 
 

(a) Reflection of the light  (b) Refraction of the light 

(c) Scattering of the light (d) Dispersion of the light 

66. An under water swimmer is at a depth of 12 m below the surface of 
water.  A bird is at a height of 18 m from the surface of water, 
directly above his eyes.  For the swimmer the bird appears to be at a 
distance from the surface of water equal to (Refractive Index of 
water is 4/3) 

  [KCET (Engg.) 2001] 

(a) 24 m  (b) 12 m 

(c) 18 m (d) 9 m  

67. The optical path of a monochromatic light is same if it goes through 

4.0 cm of glass or 4.5 cm of water.  If the refractive index of glass is 
1.53, the refractive index of the water is 

[UPSEAT 2002] 

(a) 1.30  (b) 1.36 

(c) 1.42 (d) 1.46 

68. Which of the following statement is true [Orissa JEE 2002] 

(a) Velocity of light is constant in all media   

(b) Velocity of light in vacuum is maximum 

(c) Velocity of light is same in all reference frames 

(d) Laws of nature have identical form in all reference frames 

69. A ray of light is incident on a transparent glass slab of refractive 
index 1.62.  The reflected and the refracted rays are mutually 
perpendicular. The angle of incidence is 

 [MP PET 2002] 

(a) 58.3o  (b) 50o  

(c) 35o (d) 30o

 

70. A microscope is focussed on a coin lying at the bottom of a beaker. 
The microscope is now raised up by 1 cm. To what depth should the 
water be poured into the beaker so that coin is again in focus ? 

(Refractive index of water is 
3

4
)  

[BHU 2003] 

(a) 1 cm (b) 
3

4
 cm  

 (c) 3 cm (d) 4 cm  

71. Velocity of light in glass whose refractive index with respect to air is 

1.5 is 2  108 m/s and in certain liquid the velocity of light found to 

be 2.5  108 m/s. The refractive index of the liquid with respect to air 

is [CPMT 1978; MP PET/PMT 1988] 

 (a) 0.64 (b) 0.80 

 (c) 1.20 (d) 1.44 

72. Stars are twinkling due to    [CPMT 1997] 

 (a) Diffraction (b) Reflection 

 (c) Refraction (d) Scattering 

73. A thin oil layer floats on water. A ray of light making an angle of 
incidence of 40° shines on oil layer. The angle of refraction of light 

ray in water  is ( 33.1,45.1  wateroil  ) 

     [MP PMT 1993] 

 (a) 36 .1° (b) 44.5° 

 (c) 26. 8° (d) 28.9°  

74. An object is immersed in a fluid. In order that the object becomes 
invisible, it should    [AIIMS 2004] 

 (a) Behave as a perfect reflector 

 (b) Absorb all light falling on it 

 (c) Have refractive index one 

 (d) Have refractive index exactly matching with that of the 
surrounding fluid 

75. When light travels from glass to air, the incident angle is 1  and 

the refracted angle is 2 . The true relation is   

[Orissa PMT 2004] 

 (a) 21    (b) 21    

 (c) 21    (d) Not predictable  

76. Velocity of light in a medium is ./105.1 8 sm  Its refractive index 
will be    [Pb. PET 2000] 

 (a) 8 (b) 6 

 (c) 4 (d) 2 

77. The frequency of a light ray is .106 14 Hz Its frequency when it 

propagates in a medium of refractive index 1.5, will be    

[MP PMT 2000; DPMT 2003; Pb PMT 2003; MH CET 2004] 

 (a) Hz141067.1   (b) Hz141010.9   

 (c) Hz14106   (d) Hz14104   

78. The refractive indices of water and glass with respect to air are 1.2 

and 1.5 respectively. The refractive index of glass with respect to 
water is    [Pb. PET 2002] 

 (a) 0.6 (b) 0.8 

 (c) 1.25 (d) 1.75 

79. The wavelength of sodium light in air is 5890 Å. The velocity of 

light in air is .103 18  ms  The wavelength of light in a glass of 

refractive index 1.6 would be close to  

 [DCE 2003] 

 (a) 5890 Å (b) 3681 Å 

 (c) 9424 Å (d) 15078 Å 

80. The mean distance of sun from the earth is Km8105.1   (nearly). 
The time taken by the light to reach earth from the sun is    [Pb. PET 2003] 

 (a) 0.12 min (b) 8.33 min 

 (c) 12.5 min (d) 6.25 min 

81. Refractive index of air is 1.0003. The correct thickness of air column 
which will have one more wavelength of yellow light (6000 Å) than 
in the same thickness in vacuum is   

[RPMT 1995] 

 (a) 2 mm (b) 2 cm 

 (c) 2 m (d) 2 km 

82. The wavelength of light in air and some other medium are 

respectively a  and .m  The refractive index of medium is  

[RPMT 2003] 

 (a) ma  /  (b) am  /  

 (c) ma    (d) None of these 

83. An astronaut in a spaceship see the outer space as     

 [CPMT 1990, MP PMT 1991; JIPMER 1997] 

 (a) White (b) Black 
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 (c) Blue (d) Red 

84. Speed of light is maximum in  

[CPMT 1990; MP PMT 1994; AFMC 1996] 

 (a) Water (b) Air 

 (c) Glass (d) Diamond 

85. Which one of the following statements is correct 

[KCET 1994] 

 (a) In vacuum, the speed of light depends upon frequency 

 (b) In vacuum, the speed of light does not depend upon frequency 

 (c) In vacuum, the speed of light is independent of frequency and 
wavelength 

 (d) In vacuum, the speed of light depends upon wavelength 

86. If the wavelength of light in vacuum be , the wavelength in a 
medium of refractive index n will be   

[UPSEAT 2001; MP PET 2001] 

(a) n  (b) 
n


 

 (c) 
2n


 (d) n2 

87. In vacuum the speed of light depends upon  [MP PMT 2001] 

(a) Frequency  

(b) Wave length  

(c) Velocity of the source of light 

 (d) None of these 

88. A transparent cube of 15 cm edge contains a small air bubble. Its 
apparent depth when viewed through one face is 6 cm and when 
viewed through the opposite face is 4 cm. Then the refractive index 
of the material of the cube is  

[CPMT 2004; MP PMT 2005] 

 (a) 2.0 (b) 2.5   

 (c) 1.6 (d) 1.5  

89. A glass slab of thickness 3 cm and refractive index 3/2 is placed on 
ink mark on a piece of paper. For a person looking at the mark at a 
distance 5.0 cm above it, the distance of the mark will appear to be [Kerala PMT 2005] 

(a) 3.0 cm  (b) 4.0 cm  

 (c) 4.5 cm  (d) 5.0 cm 

90. A fish at a depth of 12 cm in water is viewed by an observer on the 
bank of a lake. To what height the image of the fish is raised.    [MP PET  2005] 

(a) 9 cm (b) 12 cm  

 (c) 3.8 cm  (d) 3 cm 

 
Total Internal Reflection  

 

1. A  cut diamond sparkles because of its 

[NCERT 1974; RPET 1996; AFMC 2005] 

 (a) Hardness  

 (b) High refractive index 

 (c) Emission of light by the diamond 

 (d) Absorption of light by the diamond 

2. A diver in a swimming pool wants to signal his distress to a person 
lying on the edge of the pool by flashing his water proof flash light    [NCERT 1972] 

 (a) He must direct the beam vertically upwards 

 (b) He has to direct the beam horizontally 

 (c) He has to direct the beam at an angle to the vertical which is 
slightly less than the critical angle of incidence for total internal 
reflection 

 (d) He has to direct the beam at an angle to the vertical which is 
slightly more than the critical angle of incidence for the total 
internal reflection 

3. Finger prints on a piece of paper may be detected by sprinkling 

fluorescent powder on the paper and then looking it into   [MP PET/PMT 1988] 

 (a) Mercury light (b) Sunlight 

 (c) Infrared light (d) Ultraviolet light 

4. Critical angle of light passing from glass to air is minimum for    [NCERT 1975; RPMT 1999; MP PMT 2002] 

 (a) Red (b) Green 

 (c) Yellow (d) Violet 

5. The wavelength  of light in two liquids ‘x' and ‘y' is 3500 Å and 
7000 Å, then the critical angle of x  relative to y will be 

 (a) 60° (b) 45° 

 (c) 30° (d) 15° 

6. A fish is a little away below the surface of a lake. If the critical angle 
is 49°, then the fish could see things above the water surface within 

an angular range of o  where 

[MP PMT 1986] 

(a) o49  

(b) o90  

 (c) o98  

 (d) 
2

1
24

o

  

7. If the critical angle for total internal reflection from a medium to 
vacuum is 30°, the velocity of light in the medium is   [CPMT 1972; MH CET 2000;  

KCET 2000; BCECE 2003; RPMT 2003] 

 (a) 8103  m/s  (b) 8105.1   m/s 

 (c) 8106  m/s  (d) 8103  m/s  

8. A ray of light is incident at an angle i from denser to rare medium. 
The reflected and the refracted rays are mutually perpendicular. The 
angle of reflection and the angle of refraction are respectively r and 
r’, then the critical angle will be        [IIT-JEE 1983; MP PET 1995;  

CBSE PMT 1996; MP PMT 1985, 99; Pb. PET 2002] 

 (a) )(sinsin 1 r  

 (b) )'(tansin 1 r  

 (c) )(tansin 1 i  

 (d) )(sintan 1 i  
r1 

r i 

Air 

 
Water 
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9. For total internal reflection to take place, the angle of incidence i 
and the refractive index   of the medium must satisfy the 

inequality   [MP PET 1994] 

 (a) 
isin

1
 (b) 

isin

1
 

 (c) isin   (d) isin  

10. Total internal reflection of light is possible when light enters from  [CPMT 1973; MP PMT 1994] 

 (a) Air to glass (b) Vacuum to air 

 (c) Air to water (d) Water to air 

11. Total internal reflection of a ray of light is possible when the ( ci = 

critical angle, i angle of incidence) 

[NCERT 1977; MP PMT 1994] 

 (a) Ray goes from denser medium to rarer medium and cii   

 (b) Ray goes from denser medium to rarer medium and cii   

 (c) Ray goes from rarer medium to denser medium and cii   

 (d) Ray goes from rarer medium to denser medium and cii   

12. A diver at a depth of 12m in water ( )3/4 sees the sky in a 

cone of semi-vertical angle 

[KCET 1999; Pb. PMT 2002; MP PMT 1995, 2003] 

 (a) )3/4(sin 1  (b) )3/4(tan 1  

 (c) )4/3(sin 1  (d) 90° 

13. Critical angle is that angle of incidence in the denser medium for 

which the angle of refraction in rarer medium is 

[MP PMT 1996] 

 (a) 0° (b) 57° 

 (c) 90° (d) 180° 

14. The critical angle for diamond (refractive index = 2) is 

[MP PET 2003] 

 (a) About 20° (b) 60° 

 (c) 45° (d) 30° 

15. The reason for shining of air bubble in water is 

[MP PET 1997; KCET 1999] 

 (a) Diffraction of light  

 (b) Dispersion of light 

 (c) Scattering of light  

 (d) Total internal reflection of light 

16. With respect to air critical angle in a medium for light of red colour 

][ 1  is . Other facts remaining same, critical angle for light of 

yellow colour 2[ ]  will be  [MP PET 1999] 

 (a)   (b) More than   

 (c) Less than   (d) 
2

1




 

17. 'Mirage' is a phenomenon due to 

[AIIMS 1998; MP PET 2002; AFMC 2003] 

 (a) Reflection of light 

 (b) Refraction of light 

 (c) Total internal reflection of light 

 (d) Diffraction of light 

18. A ray of light travelling in a transparent medium falls on a surface 

separating the medium from air at an angle of incidence of 45°. The 
ray undergoes total internal reflection. If n is the refractive index of 
the medium with respect to air, select the possible value (s) of n 
from the following 

[IIT-JEE 1998] 

 (a) 1.3 (b) 1.4 

 (c) 1.5 (d) 1.6 

19. When a ray of light emerges from a block of glass, the critical angle 
is   [KCET 1994] 

 (a) Equal to the angle of reflection 

 (b) The angle between the refracted ray and the normal 

 (c) The angle of incidence for which the refracted ray travels along 
the glass-air boundary 

 (d) The angle of incidence 

20. The phenomenon utilised in an optical fibre is 

[KCET 1994; AMU 1995; 

CBSE PMT 2001; DCE 1999, 2000, 01, 02; AIEEE 2002] 

 (a) Refraction (b) Interference 

 (c) Polarization (d) Total internal reflection 

21. The refractive index of water is 4 / 3 and that of glass is 5/3.  What 
will be the critical angle for the ray of light entering water from the 
glass   [RPMT 1996] 

 (a) 
5

4
sin 1  (b) 

4

5
sin 1  

 (c) 1sin

2

1
 (d) 

1

2
sin 1  

22. Total internal reflection is possible when light rays travel 

[RPMT 1999] 

(a) Air to water  (b) Air to glass  

(c) Glass to water (d) Water to glass 

23. The velocity of light in a medium is half its velocity in air.  If ray of 
light emerges from such a medium into air, the angle of incidence, 
at which it will be totally internally reflected,   is 

[Roorkee 1999] 

(a) 15o  (b 30 o 

(c) 45 o (d) 60 o  

24. A ray of light propagates from glass (refractive index = 3/2) to water 
(refractive index = 4/3).  The value of the critical angle [JIPMER 1999; UPSEAT 2001; MP PMT 2000, 03] 

(a) sin–1(1/2)  (b) 















9

8
sin 1

 

(c) )9/8(sin 1  (d) )7/5(sin 1  

25. Relation between critical angles of water and glass is 

[CBSE PMT 2000; Pb. PET 2000; CPMT 2001] 

(a) C
w

 > C
g

  (b) C
w

 < C
g

 

(c) C
w

 = C
g

 (d) C
w

 = C
g

 = 0 

26. If critical angle for a material to air is 30o, the refractive index of the 

material will be   [MP PET 2001] 

(a) 1.0  (b) 1.5 

(c) 2.0 (d) 2.5 

27. The refractive index of water is 1.33. The direction in which a man under 
water should look to see the setting sun is 
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[MP PET 1991; Kerala PET 2002; Pb. PET 2003] 

(a) 49o to the horizontal (b) 90o with the vertical 

(c) 49o to the vertical (d) Along the horizontal 

28. Optical fibres are related with   [AFMC 2002] 

(a) Communication  (b) Light 

(c) Computer (d) None of these 

29. Brilliance of diamond is due to  

[AIIMS 2002; MP PMT 2003] 

(a) Shape  (b) Cutting 

(c) Reflection (d) Total internal reflection 

30. A light ray from air is incident (as shown in figure) at one end of a 

glass fiber (refractive index  = 1.5) making an incidence angle of 60o 

on the lateral surface, so that it undergoes a total internal reflection.  
How much time would it take to traverse the straight fiber of length 
1 km   

[Orissa JEE 2002] 

(a) 3.33  sec  

(b) 6.67  sec 

(c) 5.77  sec 

(d) 3.85  sec 

31. Light wave enters from medium 1 to medium 2.  Its velocity in 2 nd 
medium is double from 1st.  For total internal reflection the angle of 

incidence must be greater than [CPMT 2002] 

(a) 30o  (b) 60 o 

(c) 45 o (d) 90 o 

32. Consider telecommunication through optical fibres.  Which of the 
following statements is not true   

    [AIEEE 2003] 

(a) Optical fibres may have homogeneous core with a suitable 

cladding  

(b) Optical fibres can be of graded refractive index 

(c) Optical fibres are subject to electromagnetic interference from 
outside  

 (d) Optical fibres have extremely low transmission loss 

33. The critical angle for a medium is o60 . The refractive index of the 

medium is    [MP PMT 2004] 

 (a) 
3

2
 (b) 

3

2
 

 (c) 3  (d) 
2

3
 

34. Glass has refractive index  with respect to air and the critical angle 

for a ray of light going from glass to air is . If a ray of light is 

incident from air on the glass with angle of incidence , the 

corresponding angle of refraction is  

[MP PMT 2004] 

 (a) 

















1
sin 1  (b) o90  

 (c) 















2

1 1
sin


 (d) 













1
sin 1  

35. White light is incident on the interface of glass and air as shown in 
the figure. If green light is just totally internally reflected then the 
emerging ray in air contains   

 [IIT-JEE (Screening) 2004] 

 (a) Yellow, orange, red   

 (b) Violet, indigo, blue 

 (c) All colours  

 (d) All colours except green  

36. Material A has critical angle ,Ai  and material B has critical angle 

).( ABB iii   Then which of the following is true  

(i) Light can be totally internally reflected when it passes from B 
to A  

 (ii) Light can be totally internally reflected when it passes from A 
to B  

 (iii) Critical angle for total internal reflection is AB ii   

 (iv) Critical angle between A and B is 













B

A

i

i

sin

sin
sin 1  

[UPSEAT 2004] 

 (a) (i) and (iii) (b) (i) and (iv) 

 (c) (ii) and (iii)  (d) (ii) and (iv)  

37. In the figure shown, for an angle of incidence ,45 o  at the top 

surface, what is the minimum refractive index needed for total 
internal reflection at vertical face  [DCE 2002] 

 (a) 
2

12 
 

 (b 
2

3
 

 (c) 
2

1
 

 (d) 12   

38. Critical angle for light going from medium (i) to (ii) is . The speed 

of light in medium (i) is v then speed in medium (ii) is 

 [DCE 2002] 

 (a) )cos1( v  (b sin/v  

 (c) cos/v  (d) )sin1( v  

39. If light travels a distance x in 1t sec in air and 10 x distance in 

2t sec in a medium, the critical angle of the medium will be     [MH CET 2003] 

 (a) 













2

11tan
t

t
 (b) 














2

11sin
t

t
 

 (c) 













2

11 10
sin

t

t
 (d) 














2

11 10
tan

t

t
 

40. The critical angle of a medium with respect to air is o45 . The 
refractive index of medium is   [MH CET 2003] 

 (a) 1.41 (b) 1.2 

 (c) 1.5 (d) 2 

41. An endoscope is employed by a physician to view the internal parts 
of a body organ. It is based on the principle of 

 [AIIMS 2004] 

 (a) Refraction  (b) Reflection  

 (c) Total internal reflection  (d) Dispersion  

Glass 

Air 

White 

Green 

45° 
Air 

 

60o 

Air 

Air 

Glass 
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42. A normally incident ray reflected at an angle of o90 . The value of 

critical angle is    [RPMT 1996] 

 (a) o45  (b o90  

 (c) o65  (d) o2.43  

43. The phenomena of total internal reflection is seen when angle of 
incidence is    [RPMT 2001] 

 (a) o90  (b Greater than critical angle 

 (c) Equal to critical angle  (d) o0  

44. A fish looking up through the water sees the outside world 

contained in a circular horizon. If the refractive index of water is 
3

4
 

and the fish is 12 cm below the surface, the radius of this circle in 
cm is   

[NCERT 1980; KCET 2002; AIEEE 2005; CPMT 2005] 

 (a) 536  (b) 54  

 (c) 736  (d) 7/36  

45. A point source of light is placed 4 m below the surface of water of 

refractive index 5 / 3. The minimum diameter of a disc which should 
be placed over the source on the surface of water to cut–off all light 
coming out of water is 

[CBSE PMT 1994; JIPMER 2001, 02] 

 (a) 2 m (b 6 m 

 (c) 4 m (d) 3 m 

46. A fist looking from within water sees the outside world through a 

circular horizon. If the fish 7 cm below the surface of water, what 

will be the radius of the circular horizon    [Kerala PMT 2005] 

(a) 3.0 cm (b) 4.0 cm 

 (c) 4.5 cm (d)  5.0 cm 

 

Refraction at Curved Surface  
 

1. The radius of curvature for a convex lens is 40 cm, for each surface. 

Its refractive index is 1.5. The focal length will be 

[MP PMT 1989] 

 (a) 40 cm (b) 20 cm 

 (c) 80 cm (d) 30 cm 

2. A convex lens of focal length f  is placed somewhere in between an 

object and a screen. The distance between the object and the screen 

is x . If the numerical value of the magnification produced by the 

lens is ,m , then the focal length of the lens is  

 (a) 
2)1( m

mx
 (b) 

2)1( m

mx
 

 (c) x
m

m 2)1( 
 (d) x

m

m 2)1( 
 

3. A thin lens focal length 1f  and its aperture has diameter d. It forms 

an image of intensity I. Now the central part of the aperture upto 

diameter 
2

d
 is blocked by an opaque paper. The focal length and 

image intensity will change to  

[CPMT 1989; MP PET 1997; KCET 1998] 

 (a) 
2

f
 and 

2

I
 (b) f   and 

4

I
 

 (c) 
4

3 f
 and 

2

I
 (d) f   and 

4

3 I
 

4. A lens of power + 2 diopters is placed in contact with a lens of 

power – 1 diopter. The combination will behave like 

 (a) A convergent lens of focal length 50 cm 

 (b) A divergent lens of focal length 100 cm 

 (c) A convergent lens of focal length 100 cm 

 (d) A convergent lens of focal length 200 cm 

5. A convex lens of focal length 40 cm is in contact with a concave lens 

of focal length 25 cm. The power of combination is   

[IIT-JEE 1982; AFMC 1997; CBSE PMT 2000; RPMT 2003] 

 (a) – 1.5 D  (b) – 6.5 D 

 (c) + 6.5 D (d) + 6.67 D  

6. Two lenses are placed in contact with each other and the focal 

length of combination is 80 cm. If the focal length of one is 20 cm, 
then the power of the other will be  

[NCERT 1981] 

 (a) 1.66 D (b) 4.00 D 

 (c) –1.00 D (d) – 3.75 D 

7. Two similar plano-convex lenses are combined together in three 

different ways as shown in the adjoining figure. The ratio of the 

focal lengths in three cases will be 

 

 

 

 

 (a) 2 : 2 : 1 (b 1 : 1 : 1  

 (c) 1 : 2 : 2 (d) 2 : 1 : 1  

8. Two lenses of power +12 and – 2 diopters are placed in contact. 

What will the focal length of combination 

[MP PET 1990; MNR 1987; 

MH CET (Med.) 2001; UPSEAT 2000; Pb. PMT 2003] 

 (a) 10 cm (b) 12.5 cm 

 (c) 16.6 cm (d) 8.33 cm  

9. A concave and convex lens have the same focal length of 20 cm and 

are put into contact to form a lens combination. The combination is 

used to view an object of 5 cm length kept at 20 cm from the lens 

combination. As compared to the object, the image will be    [CPMT 1986; RPMT 1997] 

 (a) Magnified and inverted  

 (b) Reduced and erect  

 (c) Of the same size as the object and erect 

 (d) Of the same size as the object but inverted  

10. If in a plano-convex lens, the radius of curvature of the convex surface is 

10 cm and the focal length of the lens is 30 cm, then the refractive index 

of the material of lens will be  
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[CPMT 1986; MNR 1988; MP PMT 2002; UPSEAT 2000] 

 (a) 1.5 (b) 1.66 

 (c) 1.33 (d) 3 

11. The slit of a collimator is illuminated by a source as shown in the 

adjoining figures. The distance between the slit S and the collimating 

lens L is equal to the focal length of the lens. The correct direction 

of the emergent beam will be as shown in figure    [CPMT 1986] 

 

 

  

 

 

 (a) 1 (b) 3 

 (c) 2 (d) None of the figures 

12. A converging lens is used to form an image on a screen. When 

upper half of the lens is covered by an opaque screen   

[IIT-JEE 1986; SCRA 1994;  

MP PET 1996; MP PMT 2004; BHU 1998, 05] 

 (a) Half the image will disappear 

 (b) Complete image will be formed of same intensity 

 (c) Half image will be formed of same intensity 

 (d) Complete image will be formed of decreased intensity 

13. A thin convex lens of focal length 10 cm is placed in contact with a 
concave lens of same material and of same focal length. The focal 
length of combination will be  

 [CPMT 1972; 1988] 

 (a) Zero (b) Infinity 

 (c) 10 cm (d) 20 cm  

14. A convex lens of focal length 84 cm is in contact with a concave lens 
of focal length 12 cm. The power of combination (in diopters) is   [MP PET 1991] 

 (a) 25/24 (b) 25/18 

 (c) – 50/7 (d) + 50/7 

15. A convex lens makes a real image 4 cm long on a screen. When the 
lens is shifted to a new position without disturbing the object, we 
again get a real image on the screen which is 16 cm tall. The length 
of the object must be  [MP PET 1991] 

 (a) 1/4 cm (b) 8 cm 

 (c) 12 cm (d) 20 cm 

16. A glass convex lens )5.1( g  has a focal length of cm8  when 

placed in air. What would be the focal length of the lens when it is 

immersed in water ( 33.1w )  

      [BHU 1994; MP PMT 1996] 

 (a) 2 m (b) 4 cm 

 (c) 16 cm (d) 32 cm 

17. The ray diagram could be correct   [CPMT 1988] 

  (a) If gnnn  21   

 (b) If 21 nn   and gnn 1  

 (c) If  21 nn   and gnn 1   

 (d) Under no circumstances  

18. A thin convex lens of refractive index 1.5 has a focal length of 15 cm 
in air. When the lens is placed in liquid of refractive index 4/3 , its 
focal length will be 

                                     [CPMT 1974, 77; MP PMT 1992] 

 (a) 15 cm (b) 10 cm 

 (c) 30 cm (d) 60 cm 

19. A glass lens is placed in a medium in which it is found to behave 
like a glass plate. Refractive index of the medium will be   [CPMT 1981, 84, 85] 

 (a) Greater than the refractive index of glass 

 (b) Smaller than the refractive index of glass 

 (c) Equal to refractive index of glass 

 (d) No case will be possible from above   

20. If 1I  and 2I  be the size of the images respectively for the two 

positions of lens in the displacement method, then the size of the 
object is given by    [CPMT 1988] 

 (a) 21 / II  (b) 21 II   

 (c) 21 II   (d) 21 / II  

21. A convex lens of crown glass ( n =1.525) will behave as a divergent 
lens if immersed in   [CPMT 1984] 

 (a) Water (n =1.33) 

 (b) In a medium of n = 1.525 

 (c) Carbon disulphide n =1.66 

 (d) It cannot act as a divergent lens 

22. A divergent lens will produce   [CPMT 1984] 

 (a) Always a virtual image  

 (b) Always real image 

 (c) Sometimes real and sometimes virtual 

 (d) None of the above  

23. The minimum distance between an object and its real image formed 
by a convex lens is   [CPMT 1973; JIPMER 1997] 

 (a) 1.5 f  (b) 2 f  

 (c) 2.5 f  (d) 4 f  

24. An object is placed at a distance of 20 cm from a convex lens of 
focal length 10 cm. The image is formed on the other side of the lens 
at a distance   [CPMT 1971; RPET 2003] 

 (a) 20 cm (b) 10 cm 

 (c) 40 cm (d) 30 cm 

25. Two thin lenses, one of focal length + 60 cm and the other of focal 
length – 20 cm are put in contact. The combined focal length is [CPMT 1973, 89; BVP 2003] 

 (a) + 15 cm (b) – 15 cm 

 (c) + 30 cm (d) –30 cm 

26. A double convex lens of focal length 20 cm is made of glass of 
refractive index 3 / 2. When placed completely in water 

)3/4( wa , its focal length will be 

[CBSE PMT 1990; MP PMT/PET 1998] 

 (a) 80 cm (b) 15 cm 

 (c) 17.7 cm (d) 22.5 cm 

27. Two thin lenses of focal lengths 20 cm and 25 cm are placed in 
contact convex. The effective power of the combination is  

[CBSE PMT 1990; RPMT 2001] 

 (a) 45 dioptres (b) 9 dioptres 

 (c) 1/9 dioptre (d) 6 dioptres 

28. An object is placed at a distance of 2/f  from a convex lens. The 

image will be   [CPMT 1974, 89] 

 (a) At one of the foci, virtual and double its size 

Lens 

n2
 

ng n1 

S L 

1 

S L 

2 

S L 

3 
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 (b) At 3f / 2, real and inverted 

 (c) At 2f, virtual and erect  

 (d) None of these 

29. A double convex thin lens made of glass (refractive index    = 1.5) 

has both radii of curvature of magnitude 20 cm. Incident light rays 
parallel to the axis of the lens will converge at a distance L such that 

[MNR 1991; MP PET 1996; UPSEAT 2000; Pb PET 2004] 

 (a) L = 20 cm (b)  L = 10 cm 

 (c) L = 40 cm (d) L = 20 / 3 cm 

30. A lens behaves as a converging lens in air and a diverging lens in 
water. The refractive index of the material is 

[CPMT 1991; NCERT 1979; BHU 2005] 

 (a) Equal to unity (b) Equal to 1.33 

 (c) Between unity and 1.33 (d) Greater than 1.33 

31. A biconvex lens forms a real image of an object placed perpendicular 
to its principal axis. Suppose the radii of curvature of the lens tend 
to infinity. Then the image would 

[MP PET 1994] 

 (a) Disappear 

 (b) Remain as real image still 

 (c) Be virtual and of the same size as the object 

 (d) Suffer from aberrations  

32. The radius of curvature of convex surface of a thin plano-convex 
lens is 15 cm and refractive index of its material is 1.6. The power of 
the lens will be  [MP PMT 1994] 

 (a) D1  (b) D2  

 (c) D3  (d) D4  

33. Focal length of a convex lens will be maximum for 

[MP PMT 1994] 

 (a) Blue light (b) Yellow light 

 (c) Green light (d) Red light 

34. A lens is placed between a source of light and a wall. It forms 

images of area 1A  and 2A  on the wall for its two different 

positions. The area of the source or light is  

[CBSE PMT 1995] 

 (a) 
2

21 AA 
 (b) 

1

21

11












AA
 

 (c) 21AA  (d) 

2

21

2 











  AA
 

35. Two lenses of power 6D and – 2D are combined to form a single 
lens. The focal length of this lens will be  

     [MP PET 2003] 

 (a) 
2

3
 m (b 

4

1
m  

 (c) 4 m (d)  
8

1
m  

36. A combination of two thin lenses with focal lengths 1f  and 2f  

respectively forms an image of distant object at distance 60 cm 
when lenses are in contact. The position of this image shifts by 30 
cm towards the combination when two lenses are separated by 10 

cm. The corresponding values of 1f  and 2f  are   [AIIMS 1995] 

 (a) 30  ,cm 60 cm  (b) 20 cm , 30 cm  

 (c) 15 ,cm  20 cm  (d) 12  ,cm  15 cm  

37. An achromatic combination of lenses is formed by joining 

[BHU 1995; Pb. PMT 2000, 04] 

 (a) 2 convex lenses  

 (b) 2 concave lenses 

 (c) 1 convex lens and 1 concave lens 

 (d) Convex lens and plane mirror 

38. A plano convex lens )20( cmf  is silvered at plane surface. Now f 

will be          [BHU 1995; DPMT 2001; MP PMT 2005] 

 (a) 20 cm (b) 40 cm 

 (c) 30 cm (d) 10 cm 

39. If the central portion of a convex lens is wrapped in black paper as 
shown in the figure  

[Manipal MEE 1995; KCET 2001] 

  

  

 

 
 

 (a) No image will be formed by the remaining portion of the lens 

 (b) The full image will be formed but it will be less bright 

 (c) The central portion of the image will be missing 

 (d) There will be two images each produced by one of the exposed 
portions of the lens 

40. A diminished image of an object is to be obtained on a screen 1.0 m 
from it. This can be achieved by appropriately placing   [IIT JEE 1995] 

 (a) A convex mirror of suitable focal length 

 (b) A concave mirror of suitable focal length 

 (c) A concave lens of suitable focal length 

 (d) A convex lens of suitable focal length less than 0.25 m 

41. The focal length of convex lens is 30 cm and the size of image is 
quarter of the object, then the object distance is 

[AFMC 1995] 

 (a) 150 cm (b) 60 cm 

 (c) 30 cm (d) 40 cm 

42. A convex lens forms a real image of a point object placed on its 
principal axis. If the upper half of the lens is painted black, the 
image will    [MP PET 1995] 

 (a) Be shifted downwards (b) Be shifted upwards 

 (c) Not be shifted (d) Shift on the principal axis 

43. In the figure, an air lens of radii of curvature    10 cm ( 1R  = 2R  = 

10 cm) is cut in a cylinder of glass )5.1(  . The focal length and 

the nature of the lens is 

[MP PET 1995; Pb. PET 2000] 

 

 

 

 

 

 (a) 15 cm, concave 

(b) 15 cm, convex 

 (c)  , neither concave nor convex 

 (d) 0, concave 

44. A lens (focal length 50 cm) forms the image of a distant object 

which subtends an angle of 1 milliradian at the lens. What is the size 
of the image   [MP PMT 1995] 

 (a) 5 mm (b) 1 mm 

 (c) 0.5 mm (d) 0.1 mm 

45. A convex lens of focal length 12 cm is made of glass of 
2

3
 . 

What will be its focal length when immersed in liquid of 
4

5
    [MP PMT 1995, 2003] 

 (a) 6 cm (b) 12 cm 

Glass Air 



 

  Ray Optics 1673 
 

 (c) 24 cm (d) 30 cm 

46. Two thin lenses of focal lengths 1f  and 2f  are in contact and 

coaxial. The combination is equivalent to a single lens of power [MP PET 1996, 98;  

MP PMT 1998; DCE 2000; UP SEAT 2005] 

 (a) 21 ff   (b) 
21

21

ff

ff


 

 (c) )(
2

1
21 ff   (d) 

21

21

ff

ff 
 

47. A plano convex lens is made of glass of refractive index 1.5. The 
radius of curvature of its convex surface is R. Its focal length is   [RPET 2003] 

 (a) R/ 2 (b) R 

 (c) 2R (d) 1.5 R 

48. Two lenses have focal lengths 1f  and 2f  and their dispersive 

powers are 1  and 2  respectively. They will together form an 

achromatic combination if 

 (a) 2211 ff    (b) 01221  ff   

 (c) 2211 ff    (d) 2211 ff    

49. The dispersive powers of glasses of lenses used in an achromatic 

pair are in the ratio 5 : 3. If the focal length of the concave lens is 15 
cm, then the nature and focal length of the other lens would be   [MP PET 1997] 

 (a) Convex, 9 cm (b) Concave, 9 cm 

 (c) Convex, 25 cm (d) Concave,  25 cm 

50. A thin double convex lens has radii of curvature each of magnitude 
40 cm and is made of glass with refractive index 1.65. Its focal 
length is nearly    [MP PMT 1997] 

 (a) 20 cm (b) 31 cm 

 (c) 35 cm (d) 50 cm 

51. The plane surface of a plano-convex lens of focal length f is silvered. 
It will behave as       [MP PMT/PET 1998] 

 (a) Plane mirror 

 (b) Convex mirror of focal length 2 f  

 (c) Concave mirror of focal length 2/f  

 (d) None of the above 

52. An equiconvex lens of glass of focal length 0.1 metre is cut along a 

plane perpendicular to principle axis into two equal parts. The ratio 
of focal length of new lenses formed is  

[MP PET 1999; DPMT 2000] 

 (a) 1 : 1 (b) 1 : 2 

 (c) 2 :  1 (d) 2 :
2

1
 

53. A lens of refractive index n  is put in a liquid of refractive index 'n  

of focal length of lens in air is f , its focal length in liquid will be   [MP PET 1999] 

 (a) 
nn

nfn






'

)1('
 (b) 

)1('

)'(






nn

nnf
 

 (c) 
)'(

)1('

nnf

nn




  (d) 

'

'

nn

nfn


 

54. An object of height 1.5 cm is placed on the axis of a convex lens of 
focal length 25 cm. A real image is formed at a distance of 75 cm 
from the lens. The size of the image will be    [MP PET 1999] 

 (a) 4.5 cm (b) 3.0 cm 

 (c) 0.75 cm (d) 0.5 cm 

55. A symmetric double convex lens is cut in two equal parts by a plane 

perpendicular to the principal axis. If the power of the original lens 
was 4 D, the power of a cut lens will be  

[MP PMT 1999] 

 (a) 2 D (b) 3 D 

 (c) 4 D (d) 5 D 

56. A plane convex lens is made of refractive index 1.6. The radius of 
curvature of the curved surface is 60 cm. The focal length of the 
lens is   [CBSE PMT 1999;  

Pb. PMT 1999; BHU 2001; Very Similar to BHU 2003] 

 (a) 50 cm (b) 100 cm 

 (c) 200 cm (d) 400 cm 

57. A concave lens of glass, refractive index 1.5, has both surfaces of 

same radius of curvature R. On immersion in a medium of refractive 
index 1.75, it will behave as a 

[IIT-JEE 1999] 

 (a) Convergent lens of focal length 3.5 R 

 (b) Convergent lens of focal length 3.0 R 

 (c) Divergent lens of focal length 3.5 R 

 (d) Divergent lens of focal length 3.0 R 

58. A convex lens of focal length 0.5 m and concave lens of focal length 
1 m are combined. The power of the resulting lens will be  [CPMT 1999; JIPMER 2000] 

 (a) 1 D (b) – 1 D 

 (c) 0.5 D (d)  – 0.5 D 

59. A double convex lens is made of glass of refractive index 1.5. If its 

focal length is 30 cm, then radius of curvature of each of its curved 
surface is   [Bihar CEET 1995] 

 (a) 10 cm (b) 15 cm 

 (c) 18 cm (d) None of these 

60. A thin lens made of glass of refractive index 1.5 has a front surface + 

11 D power and back surface – 6 D. If this lens is submerged in a 
liquid of refractive index 1.6, the resulting power of the lens is   [SCRA 1994] 

 (a) – 0.5 D (b) + 0.5 D  

 (c) – 0.625 D (d) + 0.625 D 

61. An object is placed first at infinity and then at 20 cm from the 

object side focal plane of the convex lens. The two images thus 
formed are 5 cm apart. The focal length of the lens is   [SCRA 1994] 

 (a) 5 cm (b 10 cm 

 (c) 15 cm (d) 20 cm 

62. The distance between an object and the screen is 100 cm. A lens 
produces an image on the screen when placed at either of the 
positions 40 cm apart. The power of the lens is 

[SCRA 1994] 

 (a)   3 dioptres (b)   5 dioptres 

 (c)   7 diopters (d)   9 diopters 

63. The image distance of an object placed 10 cm in front of a thin lens 
of focal length + 5 cm is   [SCRA 1994] 

 (a) 6.5 cm (b) 8.0 cm 

 (c) 9.5 cm (d) 10.0 cm 

64. A achromatic combination is made with a lens of focal length f  and 

dispersive power   with a lens having dispersive power of 2 . 

The focal length of second will be 

[RPET 1997] 

 (a) 2 f  (b) 2/f  

 (c) 2/f  (d) – 2 f  
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65. A biconvex lens with equal radii curvature has refractive index 1.6 
and focal length 10 cm. Its radius of curvature will be     [MP PET 2003] 

 (a) 20 cm (b) 16 cm 

 (c) 10 cm (d) 12 cm 

66. A convex lens   [RPMT 1997] 

 (a) Converges light rays 

 (b) Diverges light rays 

 (c) Form real images always 

 (d) Always forms virtual images 

67. The focal length of a combination of lenses formed with lenses 
having powers of + 2.50 D and – 3.75 D will be 

[RPMT 1997] 

 (a) – 20 cm (b) – 40 cm 

 (c) – 60 cm (d) – 80 cm 

68. Focal length of a converging lens in air is R. If it is dipped in water 

of refractive index 1.33, then its focal length will be around 
(Refractive index of lens material is 1.5) 

[RPMT 1997; EAMCET (Med.) 1995] 

 (a) R (b) 2R 

 (c) 4R (d) R / 2 

69. Focal length of a convex lens of refractive index 1.5 is 2 cm. Focal 
length of lens when immersed in a liquid of refractive index of 1.25 
will be   [CBSE PMT 1993] 

 (a) 10 cm (b) 2.5 cm 

 (c) 5 cm (d) 7.5 cm 

70. The focal length of a convex lens  depends upon 

[AFMC 1994] 

 (a) Frequency of the light ray 

 (b) Wavelength of the light ray 

 (c) Both (a) and (b) 

 (d) None of these 

71. If a convex lens of focal  length 80 cm and a concave lens of focal 
length 50 cm are combined together, what will be their resulting 
power [CBSE PMT 1996; AFMC 2002] 

 (a) + 6.5D (b) – 6.5 D 

 (c) + 7.5 D (d) – 0.75 D  

72. vf and rf  are the focal lengths of a convex lens for violet and red 

light respectively and vF  and rF are the focal lengths of a concave 

lens for violet and red light respectively, then    [CBSE PMT 1996] 

 (a) rv ff   and rv FF   (b Rv ff   and rv FF   

 (c) rc ff   and rv FF   (d) rv ff   and rv FF   

73. If a lens is cut into two pieces perpendicular to the principal axis 
and only one part is used, the intensity of the image 

[CPMT 1996] 

 (a) Remains same (b) 
2

1
 times 

 (c) 2 times (d) Infinite 

74. A convex lens of focal length f  produces an image 
n

1
 times than 

that of the size of the object. The distance of the object from the 
lens is  [BHU 1997; JIPMER 2001, 02] 

 (a) nf  (b) 
n

f
 

 (c) fn )1(   (d) fn )1(   

75. Two thin lenses whose powers are +2D and –4D respectively combine, 

then the power of combination is 

[AFMC 1998; CPMT 1996; Very Similar to BHU 2004] 

 (a) – 2D (b) + 2D 

 (c) – 4D (d) + 4D 

76. A substance is behaving as convex lens in air and concave in water, 

then its refractive index is  [BHU 1998] 

 (a) Smaller than air  

 (b) Greater than both air and water 

 (c) Greater than air but less than water 

 (d) Almost equal to water 

77. A concave lens of focal length 20 cm placed in contact with a plane 

mirror acts as a   [SCRA 1998] 

 (a) Convex mirror of focal length 10 cm 

 (b) Concave mirror of focal length 40 cm 

 (c) Concave mirror of focal length 60 cm 

 (d) Concave mirror of focal length 10 cm 

78. A convex lens is used to form real image of an object on a screen. It 

is observed that even when the positions of the object and that 

screen are fixed there are two positions of the lens to form real 

images.  If the heights of the images are 4 cm and 9 cm respectively, 

the height of the object is 

[AMU (Med.) 1999] 

(a) 2.25 cm (b 6.00 cm 

(c) 6.50 cm (d) 36.00 cm  

79. A convex lens of power + 6D is placed in contact with a concave 
lens of power – 4D.  What is the nature and focal length of the 
combination   [AMU (Engg.) 1999] 

(a) Concave, 25 cm  (b) Convex, 50 cm 

(c) Concave, 20 cm (d) Convex, 100 cm 

80. A double convex lens of glass of  = 1.5 has radius of curvature of 

each of its surface is 0.2 m.  The power of the lens is   [JIPMER 1999]  

(a) + 10 dioptres  (b) – 10 dioptres 

(c) – 5 dioptres (d)  +5 dioptres
 

81. A lens of focal power 0.5 D is   [JIPMER 1999] 

(a) A convex lens of focal length 0.5 m  

(b) A concave lens of focal length 0.5 m 

(c) A convex lens of focal length 2 m 

(d) A concave lens of focal length 2 m 

82. A lens which has focal length of 4 cm and refractive index of 1.4 is 

immersed in a liquid of refractive index 1.6, then the focal length will 
be   [RPMT 1999]   

(a) – 12.8 cm  (b) 32 cm 

(c) 12.8 cm (d) – 32 cm 



 

  Ray Optics 1675 
 

83. A convex lens has 9 cm focal length and a concave lens has – 18 cm 
focal length.  The focal length of the combination in contact will be   [RPMT 1999]  

(a) 9 cm  (b) – 18 cm 

(c) – 9 cm (d) 18 cm 

84. A double convex thin lens made of glass of refractive index 1.6 has 

radii of curvature 15 cm each.  The focal length of this lens when 

immersed in a liquid of refractive index 1.63 is   [UPSEAT 2000; Pb. PET 2004]  

(a) – 407 cm (b) 250 cm 

(c) 125 cm (d) 25 cm  

85. A lens of power + 2 diopters is placed in contact with a lens of 

power – 1 diopoter.  The combination will behave like 

[UPSEAT 2000] 

(a) A divergent lens of focal length 50 cm 

(b) A convergent lens of focal length 50 cm 

(c) A convergent lens of focal length 100 cm 

(d) A divergent lens of focal length 100 cm 

86. Chromatic aberration of lens can be corrected by 

 [AFMC 2000] 

(a) Reducing its aperature   

(b) Proper polishing of its two surfaces 

(c) Suitably combining it with another lens 

(d) Providing different suitable curvature to its two surfaces 

87. The relation between n
1

 and n
2

, if behaviour of light rays is as shown 

in figure is     [KCET 2000] 

(a) 21 nn    

(b 12 nn   

(c) 21 nn   

(d) 21 nn   

88. A candle placed 25 cm from a lens, forms an image on a screen 
placed 75 cm on the other end of the lens.  The focal length and 
type of the lens should be  [KCET 2000] 

(a) + 18.75 cm and convex lens 

  (b) – 18.75 cm and concave lens 

(c) + 20.25 cm and convex lens 

(d) – 20.25 cm and concave lens 

89. We combined a convex lens of focal length f
1

 and concave lens of 
focal lengths f

2

 and their combined focal length was F.  The 
combination of these lenses will behave like a concave lens, if    [KCET 2000] 

(a) f
1

 > f
2

 (b) f
1

 < f
2

 

(c) f
1

 = f
2

 (d) f
1

   f
2

 

90. In a plano-convex lens the radius of curvature of the convex lens is 
10 cm.  If the plane side is polished, then the focal length will be 
(Refractive index = 1.5)  

[CBSE PMT 2000; BHU 2004] 

(a) 10.5 cm  (b 10 cm 

(c) 5.5 cm (d) 5 cm 

91. The focal length of a convex lens is 10 cm and its refractive index is 
1.5.  If the radius of curvature of one surface is 7.5 cm, the radius of 
curvature of the second surface will be 

[MP PMT 2000] 

(a) 7.5 cm  (b) 15.0 cm 

(c) 75 cm (d) 5.0 cm 

92. A convex lens has a focal length f.  It is cut into two parts along the 
dotted line as shown in the figure.  The focal length of each part will 
be   [MP PET 2000] 

(a) 
2

f
  

(b) f 

(c) f
2

3
 

(d) 2f 

93. An object has image thrice of its original size when kept at 8 cm 

and 16 cm from a convex lens.  Focal length of the lens is   [UPSEAT 2001] 

(a) 8 cm  

(b) 16 cm 

(c) Between 8 cm and 16 cm  

(d) Less than 8 cm 

94. The combination of a convex lens (f = 18 cm) and a thin concave 
lens (f = 9 cm) is   [AMU (Engg.) 2001] 

(a) A concave lens (f = 18 cm)   

(b) A convex lens (f = 18 cm) 

(c) A convex lens (f = 6 cm)  

(d) A concave lens (f = 6 cm) 

95. A convex lens forms a real image of an object for its two different 
positions on a screen. If height of the image in both the cases be 8 
cm and 2 cm, then height of the object is 

[KCET 2000, 01] 

(a) 16 cm (b) 8 cm 

(c) 4 cm (d) 2 cm 

96. A convex lens of focal length 25 cm and a concave lens of focal 
length 10 cm are joined together.  The power of the combination will 
be   [MP PMT 2001] 

(a) – 16 D  (b) + 16 D 

(c) – 6 D (d) + 6 D 

97. The unit of focal power of a lens is  [KCET  2001] 

(a) Watt  (b) Horse power 

(c) Dioptre (d) Lux 

98. A thin lens made of glass of refractive index  = 1.5 has a focal 

length equal to 12 cm in air.  It is now immersed in water 











3

4
 .  Its new focal length is  [UPSEAT 2002] 

(a) 48 cm  (b) 36 cm 

(c) 24 cm (d) 12 cm 

99. Figure given below shows a beam of light converging at point P.  
When a convex lens of focal length 16 cm is introduced in the path 
of the beam at a place O shown by dotted line such that OP 
becomes the axis of the lens, the beam converges at a distance x 
from the lens.  The value x will be equal to    [AMU (Med.) 2002] 

(a) 12 cm  

(b) 24 cm 

(c) 36 cm 

(d) 48 cm  

100. If two + 5 D lenses are mounted at some distance apart, the 

equivalent power will always be negative  if the distance is 

n1 n2 

Lens 

O 
P 

12cm 
cm cm 
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[UPSEAT 2002] 

(a) Greater than 40 cm  (b) Equal to 40 cm 

(c) Equal to 10 cm  (d) Less than 10 cm 

101. A convex lens produces a real image m times the size of the object.  

What will be the distance of the object from the lens 

[JIPMER 2002] 

(a) f
m

m







  1
  (b) (m –1)f 

(c) f
m

m







 1
 (d) 

f

m 1
 

102. A convex lens is made up of three different materials as shown in 
the figure.  For a point object placed on its axis, the number of 
images formed are [KCET 2002] 

(a) 1  

(b) 5 

(c) 4 

(d) 3 

103. An object is placed 12 cm to the left of a converging lens of focal 

length 8 cm. Another converging lens of 6 cm focal length is placed 

at a distance of 30 cm to the right of the first lens.  The second lens 

will produce [KCET 2002] 

(a) No image  (b) A virtual enlarged image 

(c) A real enlarged image (d) A real smaller image 

104. If convex lens of focal length 80cm and a concave lens of focal 

length 50 cm are combined together, what will be their resulting 

power    [AFMC 2002] 

(a) + 6.5 D  (b) – 6.5 D 

(c) + 7.5 D (d) – 0.75 D 

105. A point object O is placed in front of a glass rod having spherical 

end of radius of curvature 30 cm.  The image would be formed at    [Orissa JEE 2002] 

(a) 30 cm left  

(b) Infinity 

(c) 1 cm to the right 

(d) 18 cm to the left 

106. The focal length of lens of refractive index 1.5 in air is 30 cm.  When 

it is immersed in a liquid of refractive index 
3

4
, then its focal 

length in liquid will be   [BHU 2002] 

(a) 30 cm  (b) 60 cm 

(c) 120 cm (d) 240 cm 

107. Two thin lenses of focal lengths f
1

 and f
2 

are in contact.  The focal 

length of this combination is   [MP PET 2002] 

(a) 
21

21

ff

ff


  (b) 

21

21

ff

ff


 

(c) 
21

212

ff

ff


 (d) 

21

212

ff

ff


 

108. A convex lens is dipped in a liquid whose refractive index is equal to 
the refractive index of the lens.  Then its focal length will   [CBSE PMT 2003] 

(a) Become infinite  

(b) Become small, but non–zero 

(c) Remain unchanged  

(d) Become zero 

109. An equiconvex lens is cut into two halves along (i) XOX and (ii) 

YOY as shown in the figure.  Let f, f , f  be the focal lengths of 

the complete lens, of each half in case (i), and of each half in case 
(ii), respectively   

 

 

 

 

 

 
 

Choose the correct statement from the following  

 [CBSE PMT 2003] 

(a) ffff  ,2   (b) ffff  ,  

(c) ffff 2,2   (d) ffff 2,   

110. The sun makes 0.5o angle on earth surface.  Its image is made by 
convex lens of 50 cm focal length.  The diameter of the image will 
be   [CPMT 2003] 

(a) 5 mm (b) 4.36 mm 

(c) 7 mm (d) None of these 

111. The chromatic Aberration in lenses becomes due to 

[CPMT 2003] 

(a) Disimilarity of main axis of rays  

(b) Disimilarity of radii of curvature 

(c) Variation of focal length of lenses with wavelength 

(d) None of these 

112. If aperture of lens is halved then image will be  [AFMC 2003] 

(a) No effect on size   

(b) Intensity of image decreases 

(c) Both (a) and (b)  

(d) None of these 

113. When the convergent nature of a convex lens will be less as 
compared with air   [AFMC 2003] 

(a) In water  (b) In oil 

(c) In both (a) and (b) (d) None of these 

114. An achromatic combination of lenses produces 

[KCET 1993; JIPMER 1997] 

 (a) Coloured images  

 (b) Highly enlarged image 

 (c) Images in black and white  

(d) Images unaffected by variation of refractive index with 
wavelength 

115. In a parallel beam of white light is incident on a converging lens, the 
colour which is brought to focus nearest to the lens is    [JIPMER 1999] 

(a) Violet  (b) Red 

(c) The mean colour (d) All the colours together 

O 
X X  

Y 

Y  

30 cm 
15 cm 

O Glass Air 
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116. A magnifying glass is to be used at the fixed object distance of 1 
inch. If it is to produce an erect image magnified 5 times its focal 
length should be   [MP PMT 1990] 

(a) 0.2 inch (b) 0.8 inch    

(c) 1.25 inch (d) 5 inch 

117. A film projector magnifies a 100 cm2 film strip on a screen. If the 
linear magnification is 4, the area of magnified film on the screen is   [NCERT 1980;  

CPMT 1977, 91; MP PET 1985, 89; RPMT 2001; BCEC 2005] 

(a) 1600 cm2 (b)  400 cm2   

(c) 800 cm2 (d)  200 cm2  

118. An object placed 10 cm in front of a lens has an image 20 cm behind 

the lens. What is the power of the lens (in dioptres)  

[MP PMT 1995] 

(a) 1.5 (b) 3.0 

(c) – 15.0 (d) + 15.0 

119. A beam of parallel rays is brought to a focus by a plano-convex lens. 

A thin concave lens of the same focal length is joined to the first 
lens. The effect of this is  [KCET 2004] 

 (a) The focal point shifts away from the lens by a small distance 

 (b) The focus remains undisturbed 

 (c) The focus shifts to infinity  

  (d) The focal point shifts towards the lens by a small distance 

120. A thin plano-convex lens acts like a concave mirror of focal length 

0.2 m when silvered from its plane surface. The refractive index of 
the material of the lens is 1.5. The radius of curvature of the convex 
surface of the lens will be  

[KCET 2004] 

 (a) 0.4 m (b 0.2 m 

 (c) 0.1 m (d) 0.75 m 

121. A point object is placed at the center of a glass sphere of radius 6 

cm and refractive index 1.5. The distance of the virtual image from 
the surface of the sphere is  

 [IIT-JEE (Screening) 2004] 

 (a) 2 cm (b) 4 cm 

 (c) 6 cm (d) 12 cm  

122. In order to obtain a real image of magnification 2  using a 

converging lens of focal length 20 cm, where should an object be 
placed    [AFMC 2004] 

 (a) 50 cm (b) 30 cm 

 (c) – 50 cm (d) – 30 cm  

123. A plano-convex lens of refractive index 1.5 and radius of curvature 

30 cm is silvered at the curved surface. Now this lens has been used 
to form the image of an object. At what distance from this lens an 
object be placed in order to have a real image of the size of the 
object   [AIEEE 2004] 

 (a) 20 cm (b) 30 cm 

 (c) 60 cm  (d) 80 cm 

124. A double convex lens )10( 21 cmRR  )5.1(   having focal 

length equal to the focal length of a concave mirror. The radius of 
curvature of the concave mirror is  

    [Orssia PMT 2004]  

 (a) 10 cm (b 20 cm 

 (c) 40 cm (d) 15 cm 

125. At what distance from a convex lens of focal length 30 cm, an object 
should be placed so that the size of the image be 1/2 of the object    [J&K CET 2004] 

 (a) 30 cm (b) 60 cm 

 (c) 15 cm (d) 90 cm 

126. A plano-convex lens is made of refractive index of 1.6. The radius of 

curvature of the curved surface is 60 cm. The focal length of the 
lens is    [Pb. PET 2000] 

 (a) 400 cm (b) 200 cm 

 (c) 100 cm (d) 50 cm 

127. The radius of the convex surface of plano-convex lens is 20 cm and 
the refractive index of the material of the lens is 1.5. The focal length 
of the lens is    [CPMT 2004] 

 (a) 30 cm (b) 50 cm 

 (c) 20 cm (d) 40 cm 

128. A combination of two thin convex lenses of focal length 0.3 m and 
0.1 m will have minimum spherical and chromatic aberrations if the 
distance between them is  [UPSEE 2004] 

 (a) 0.1 m (b 0.2 m 

 (c) 0.3 m (d) 0.4 m 

129. A bi-convex lens made of glass (refractive index 1.5) is put in a liquid 
of refractive index 1.7. Its focal length will   

[UPSEAT 2004] 

 (a) Decrease and change sign 

 (b Increase and change sign  

 (c) Decrease and remain of the same sign  

 (d) Increase and remain of the same sign  

130. Spherical aberration in a lens    [UPSEAT 2004] 

 (a) Is minimum when most of the deviation is at the first surface 

 (b) Is minimum when most of the deviation is at the second 
surface  

 (c) Is minimum when the total deviation is equally distributed over 
the two surface  

 (d) Does not depend on the above consideration 

131. The focal lengths of convex lens for red and blue light are 100 cm 
and 96.8 cm respectively. The dispersive power of material of lens is 
   [Pb. PET 2003] 

 (a) 0.325  (b 0.0325 

 (c) 0.98 (d) 0.968 

132. The power of an achromatic convergent lens of two lenses is + 2D. 

The power of convex lens is + 5D. The ratio of dispersive power of 
convex and concave lens will be   

[Pb. PET 2003] 

 (a) 5 : 3 (b 3 : 5 

 (c) 2 : 5 (d) 5 : 2 

133. The focal lengths for violet, green and red light rays are GV ff , and 

Rf  respectively. Which of the following is the true relationship [BHU 2004; CBSE PMT 1997] 

 (a) VGR fff   (b RGV fff   

 (c) VRG fff   (d) RVG fff   

134. Two lenses of power + 12 and – 2 diopters are placed in contact. The 
combined focal length of the combination will be     [Pb. PET 2004] 
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 (a) 8.33 cm (b) 1.66 cm 

 (c) 12.5 cm (d) 10 cm 

135. When light rays from the sun fall on a convex lens along a direction 

parallel to its axis    [MP PMT 2004] 

 (a) Focal length for all colours is the same 

 (b Focal length for violet colour is the shortest  

 (c) Focal length for yellow colour is the longest  

 (d) Focal length for red colour is the shortest  

136. A convex lens is in contact with concave lens. The magnitude of the 

ratio of their focal length is 2/3. Their equivalent focal length is 30 

cm. What are their individual focal lengths     [IIT-JEE (Screening) 2005] 

 (a) – 75, 50 (b) – 10, 15 

 (c) 75, 50 (d) – 15, 10 

137. A thin glass (refractive index 1.5) lens has optical power of D5  in 

air. It's optical power in a liquid medium with refractive index 1.6 
will be    [AIEEE 2005] 

 (a) 25 D (b) – 25 D 

 (c) 1 D (d) None of these  

138. The plane faces of two identical plano-convex lenses each having 
focal length of 40 cm are pressed against each other to form a usual 
convex lens. The distance from this lens, at which an object must be 
placed to obtain a real, inverted image with magnification one is  

 [NCERT 1980; CPMT 1981; MP PMT 1999; UPSEAT 1999] 

 (a) 80 cm (b 40 cm 

 (c) 20 cm (d) 162 cm  

139. If two lenses of +5 diopters are mounted at some distance apart, the 
equivalent power will always be negative if the distance is   [BCECE 2005] 

(a) Greater than 40 cm (b) Equal to 40 cm  

 (c) Equal to 10 cm (d) Less than 10 cm 

140. A concave lens and a convex lens have same focal length of 20 cm 
and both put in contact this combination is used to view an object 5 
cm long kept at 20 cm from the lens combination. As compared to 
object the image will be   

[CPMT 2005]  

 (a) Magnified and inverted   

 (b Reduced and erect     

 (c) Of the same size and erect    

 (d) Of the same size and inverted 

141. The focal length of the field lens (which is an achromatic 
combination of two lenses) of telescope is 90 cm. The dispersive 
powers of the two lenses in the combination are 0.024 and 0.036. 

The focal lengths of two lenses are   

[CPMT 2005]  

 (a) 30 cm and 60 cm (b 30 cm and – 45 cm     

 (c) 45 cm and 90 cm   (d) 15 cm and 45 cm 

142. A combination of two thin lenses of the same material with focal 

lengths 1f  and 2f , arranged on a common axis minimizes 

chromatic aberration, if the distance between them is   [EAMCET 2005]  

 (a) 
4

)( 21 ff 
 (b) 

2

)( 21 ff 
     

 (c) )( 21 ff    (d) )(2 21 ff    

143. If the focal length of a double convex lens for red light is ,Rf  its 

focal length for the violet light is  [EAMCET 2005]  

 (a) Rf  (b) Greater than Rf      

 (c) Less than Rf   (d) Rf2   

144. A thin equiconvex lens is made of glass of refractive index 1.5 and its 
focal length is 0.2 m, if it acts as a concave lens of 0.5 m focal 
length when dipped in a liquid, the refractive index of the liquid is   [EAMCET 2005]  

 (a) 
8

17
 (b) 

8

15
     

 (c) 
8

13
  (d) 

8

9
 

145. The dispersive power of the material of lens of focal length 20 cm is 

0.08. The longitudinal chromatic aberration of the lens is    [EAMCET 2005]  

 (a) 0.08 cm (b) 0.08/20 cm     

 (c) 1.6 cm (d) 0.16 cm 
 

Prism Theory & Dispersion of Light 
 

1. Which source is associated with a line emission spectrum  

[MP PET/PMT 1988; CBSE PMT 1993] 

(a) Electric fire (b) Neon street sign 

(c) Red traffic light (d) Sun 

2. Formula for dispersive power is (where symbols have their usual 
meanings)   [MP PMT/PET 1988] 

or 

If the refractive indices of crown glass for red, yellow and violet 

colours are respectively yr  ,  and v , then the dispersive power 

of this glass would be [MP PMT 1996] 

 (a) 
1



r

yv




 (b) 

1



y

rv




 

 (c) 
ry

yv








 (d) 1



y

rv




 

3. The critical angle between an equilateral prism and air is 45°. If the 
incident ray is perpendicular to the refracting surface, then   [MP PMT 1986] 

(a) After deviation it will emerge from the second refracting 
surface 

 (b) It is totally reflected on the second surface and emerges out 
perpendicularly from third surface in air 

(c) It is totally reflected from the second and third refracting 
surfaces and finally emerges out from the first surface 

 (d) It is totally reflected from all the three sides of prism and never 
emerges out 

4. When white light passes through a glass prism, one gets spectrum 
on the other side of the prism. In the emergent beam, the ray which 
is deviating least is or  

 Deviation by a prism is lowest for  [MP PMT 1997] 

 (a) Violet ray (b) Green ray 

 (c) Red ray (d) Yellow ray 

5. We use flint glass prism to disperse polychromatic light because 
light of different colours 

[MP PET 1993] 

 (a) Travel with same speed 

 (b) Travel with same speed but deviate differently due to the shape 
of the prism 

 (c) Have different anisotropic properties while travelling through 
the prism 

 (d) Travel with different speeds 
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6. A prism )5.1(   has the refracting angle of 30°. The deviation of 

a monochromatic ray incident normally on its one surface will be 
(sin 48° 36’ = 0.75) 

[MP PMT/PET 1988] 

 (a) 18° 36’ (b) 20° 30’ 

 (c) 18° (d) 22°1’ 

7. Fraunhofer lines are obtained in 

[CPMT 1973; MP PMT 1989; MP PMT 2004] 

 (a) Solar spectrum  

 (b) The spectrum obtained from neon lamp 

 (c) Spectrum from a discharge tube 

 (d) None of the above 

8. When light rays are incident on a prism at an angle of 45°, the 
minimum deviation is obtained. If refractive index of the material of 

prism is 2 , then the angle of prism will be 

[MP PMT 1986] 

 (a) 30° (b) 40°  

 (c) 50° (d) 60°  

9. A spectrum is formed by a prism of dispersive power '' . If the 

angle of deviation is '' , then the angular dispersion is  

[MP PMT 1989] 

 (a)  /  (b)  /  

 (c) 1/  (d)   

10. Light from sodium lamp is passed through cold sodium vapours, the 
spectrum of transmitted light consists of 

[MP PET 1989; RPMT 2001] 

 (a) A line at 5890 Å  (b) A line at 5896 Å 

 (c) Sodium doublet lines (d) No spectral features 

11. Angle of minimum deviation for a prism of refractive index 1.5 is 
equal to the angle of prism. The angle of prism is (cos 41° = 0.75)    [MP PET/PMT 1988] 

 (a) 62° (b) 41° 

 (c) 82° (d) 31° 

12. In the formation of primary rainbow, the sunlight rays emerge at 
minimum deviation from rain-drop after 

[MP PET 1989] 

 (a) One internal reflection and one refraction 

 (b) One internal reflection and two refractions 

 (c) Two internal reflections and one refraction 

 (d) Two internal reflections and two refractions 

13. Dispersive power depends upon  [RPMT 1997] 

 (a) The shape of prism (b) Material of prism 

 (c) Angle of prism (d) Height of the prism 

14. When white light passes through the achromatic combination of 

prisms, then what is observed  

[MP PMT 1989] 

 (a) Only deviation (b) Only dispersion 

 (c) Deviation and dispersion (d) None of the above 

15. The dispersion for a medium of wavelength  is D, then the 

dispersion for the wavelength 2 will be 

[MP PET 1989] 

 (a) D/8 (b) D/4 

 (c) D/2 (d) D 

16. The refractive index of a prism for a monochromatic wave is 2  
and its refracting angle is 60°. For minimum deviation, the angle of 
incidence will be 

[MNR 1998; MP PMT 1989, 92, 2002; CPMT 1993, 2004] 

 (a) 30° (b) 45° 

 (c) 60° (d) 75° 

17. The ratio of angle of minimum deviation of a prism in air and when 

dipped in  water will be ( 2/3ga  and 3/4wa ) 

 (a) 1/8 (b) 1/2 

 (c) 3/4 (d) 1/4 

18. The respective angles of the flint and crown glass prisms are A’ and 

A. They are to be used for dispersion without deviation, then the 

ratio of their angles A' /A will be 

[MP PMT 1989] 

 (a) 
)1'(

)1(






y

y




 (b) 

)1(

)1'(





y

y




 

 (c) )1'( y  (d) )1( y  

19. The number of wavelengths in the visible spectrum 

[MP PMT 1989] 

 (a) 4000 (b) 6000 

 (c) 2000 (d) Infinite 

20. The black lines in the solar spectrum during solar eclipse can be 

explained by   [MP PMT 1989] 

 (a) Planck's law (b) Kirchoff's law 

 (c) Boltzmann's law (d) Solar disturbances 

21. The dispersive power is maximum for the material 

 (a) Flint glass (b) Crown glass 

 (c) Mixture of both (d) None of the above 

22. A light ray is incident by grazing one of the face of a prism and 

after refraction ray does not emerge out, what should be the angle 

of prism while critical angle is C 

 (a) Equal to 2C (b) Less than 2C 

 (c) More than 2C (d) None of the above 

23. A parallel beam of monochromatic light is incident at one surface of 

a equilateral prism. Angle of incidence is 55° and angle of emergence 

is 46°. The angle of minimum deviation will be   [DPMT 1999] 

 (a) Less than 41° (b) Equal to 41° 

 (c) More than 41° (d) None of the above  

24. The spectrum of light emitted by a glowing solid is 

 (a) Continuous spectrum (b) Line spectrum 

 (c) Band spectrum (d) Absorption spectrum 

25. Light rays from a source are incident on a glass prism of index of 

refraction   and angle of prism  . At near normal incidence, the 

angle of deviation of the emerging rays is 

[MP PMT 1993] 

 (a)  )2(   (b)  )1(   

 (c)  )1(   (d)  )2(   
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26. Which of the following element was discovered by study of 

Fraunhofer lines 

 (a) Hydrogen (b) Oxygen 

 (c) Helium (d) Ozone 

27. By placing the prism in minimum deviation position, images of the 

spectrum 

 (a) Becomes inverted (b) Becomes broader 

 (c) Becomes distinct (d) Becomes intensive 

28. Our eye is most sensitive for which of the following wavelength 

 (a) 4500 Å 

 (b) 5500 Å  

 (c) 6500 Å  

 (d) Equally sensitive for all wave lengths of visible spectrum 

29. Three prisms of crown glass, each have angle of prism 9° and two 

prisms of flint glass are used to make direct vision spectroscope. 

What will be the angle of flint glass prisms if   for flint is 1.60 and 

  for crown glass is 1.53  

 (a) 11.9° (b) 16.0° 

 (c) 15.3° (d) 9.11° 

30. If the refractive indices of crown glass for red, yellow and violet 

colours are 1.5140, 1.5170 and 1.5318 respectively and for flint glass 

these are 1.6434, 1.6499 and 1.6852 respectively, then the dispersive 

powers for crown and flint glass are respectively      [MP PET/PMT 1988] 

 (a) 0.034 and 0.064 (b) 0.064 and 0.034 

 (c) 1.00 and 0.064 (d) 0.034 and 1.0 

31. The minimum temperature of a body at which it emits light is 

 (a) 1200°C  (b) 1000°C 

 (c) 500°C (d) 200°C 

32. Band spectrum is obtained when the source emitting light is in the 

form of    or  

 Band spectrum is characteristic of 

[CPMT 1988; MP PET 1994; DCE 2004; MP PET 2005] 

 (a) Atoms (b Molecules 

 (c) Plasma (d) None of the above 

33. Flint glass prism is joined by a crown glass prism to produce 

dispersion without deviation. The refractive indices of these for 

mean rays are 1.602 and 1.500 respectively. Angle of prism of flint 

prism is 10°, then the angle of prism for crown prism will be   [DPMT 2001] 

 (a) 12°2.4' (b) 12°4’ 

 (c) 1.24° (d) 12° 

34. The angle of minimum deviation for a prism is 40° and the angle of 

the prism is 60°. The angle of incidence in this position will be  

[EAMCET (Engg.) 1995; MH CET 1999; CPMT 2000] 

 (a) 30° (b) 60° 

 (c) 50° (d) 100° 

35. In the position of minimum deviation when a ray of yellow light 

passes through the prism, then its angle of incidence is  

[MP PMT 1989; RPMT 1997] 

 (a) Less than the emergent angle 

 (b) Greater than the emergent angle 

 (c) Sum of angle of incidence and emergent angle is 90° 

 (d) Equal to the emergent angle 

36. A circular disc of which 2/3 part is coated with yellow and 1/3 part is 

with blue. It is rotated about its central axis with high velocity, then 

it will be seen as 

 (a) Green (b) Brown 

 (c) White (d) Violet 

37. The fine powder of a coloured glass is seen as 

 (a) Coloured (b) White 

 (c) That of the glass colour (d) Black 

38. When a white light passes through a hollow prism, then 

[MP PMT 1987] 

 (a) There is no dispersion and no deviation 

 (b) Dispersion but no deviation 

 (c) Deviation but no dispersion 

 (d) There is dispersion and deviation both 

39. The light ray is incidence at angle of 60° on a prism of angle 45°. 

When the light ray falls on the other surface at 90°, the refractive 

index of the material of prism    and the angle of deviation   are 

given by   [DPMT 2001] 

 (a) o30,2    (b) o15,5.1    

 (c) o30,
2

3
   (d) o15,

2

3
   

40. In dispersion without deviation 

 (a) The emergent rays of all the colours are parallel to the incident 

ray 

 (b) Yellow coloured ray is parallel to the incident ray 

 (c) Only red coloured ray is parallel to the incident ray 

 (d) All the rays are parallel, but not parallel to the incident ray 

41. Deviation of 5° is observed from a prism whose angle is small and 

whose refractive index is 1.5. The angle of prism is   [MP PET 1990; Similar to Pb. PMT 2003] 

 (a) 7.5° (b) 10° 

 (c) 5° (d) 3.3° 

42. The refractive indices of violet and red light are 1.54 and 1.52 

respectively. If the angle of prism is 10°, then the angular dispersion 

is   [MP PMT 1990] 

 (a) 0.02 (b) 0.2 

 (c) 3.06 (d) 30.6 

43. The angle of minimum deviation measured with a prism is 30° and 
the angle of prism is 60°. The refractive index of prism material is   [MP PET 1990, 92] 

 (a) 2  (b) 2 

 (c) 3/2 (d) 4/3 
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44. If the refractive indices of a prism for red, yellow and violet colours 

be 1.61, 1.63 and 1.65 respectively, then the dispersive power of the 
prism will be 

 [MP PET 1991; DPMT 1999] 

 (a) 
161.1

62.165.1




 (b) 

165.1

61.162.1




 

 (c) 
163.1

61.165.1




 (d) 

161.1

63.165.1




 

45. The minimum deviation produced by a hollow prism filled with a 
certain liquid is found to be 30°. The light ray is also found to be 
refracted at angle of 30°. The refractive index of the liquid is   [MP PET 1991] 

 (a) 2  (b) 3  

 (c) 
2

3
 (d) 

2

3
 

46. Minimum deviation is observed with a prism having angle of prism 

A, angle of deviation  , angle of incidence i and angle of emergence 
e. We then have generally 

[MP PET 1991] 

 (a) i > e (b) i < e 

 (c) i = e (d) i = e =   

47. A thin prism P
1

 with angle 4° and made from glass of refractive 
index 1.54 is combined with another thin prism P

2

 made from glass 
of refractive index 1.72 to produce dispersion without deviation. The 
angle of prism P

2

 is     

[MP PMT 1991, 92; IIT-JEE 1990; MP PET 1995, 99;  

UPSEAT 2001; RPMT 2004] 

 (a) 2.6° (b) 3° 

 (c) 4° (d) 5.33° 

48. An achromatic prism is made by combining two prisms 

)515.1,523.1(1  rvP   and )650.1,666.1(2  rvP  ; 

where   represents the refractive index. If the angle of the prism 

1P  is 10°,  then the angle of the prism P
2

 will be 

[MP PMT 1991] 

 (a) 5° (b) 7.8° 

 (c) 10.6° (d) 20° 

49. Angle of a prism is 30° and its refractive index is 2  and one of 

the surface is silvered. At what angle of incidence, a ray should be 

incident on one surface so that after reflection from the silvered 
surface, it retraces its path 

[MP PMT 1991; UPSEAT 2001; CBSE PMT 2004] 

 (a) 30° (b) 60° 

 (c) 45° (d) 5.1sin 1  

50. For a material, the refractive indices for red, violet and yellow colour 
light are respectively 1.52, 1.64 and 1.60. The dispersive power of the 
material is  [MP PMT 1991] 

 (a) 2 (b) 0.45 

 (c) 0.2 (d) 0.045 

51. Band spectrum is produced by   [CPMT 1978] 

 (a) H (b) He 

 (c) H
2

  (d) Na 

52. The band spectra (characteristic of molecular species) is due to 

emission of radiation   [CPMT 1982, 90]  

 (a) Gaseous state (b) Liquid state 

 (c) Solid state (d) All of three states 

53. Line spectrum was first of all theoretically explained by 

 (a) Swan (b) Fraunhofer 

 (c) Kirchoff (d) Bohr 

54. The spectrum of iodine gas under white light will be  

 (a) Only violet 

 (b) Bright lines 

 (c) Only red lines 

 (d) Some black bands in continuous spectrum 

55. Continuous spectrum is not due to  

 (a) Hydrogen flame (b) Electric bulb 

 (c) Kerosene oil lamp flame (d) Candle flame 

56. Fraunhofer lines are produced by 

 (a) The element present in the photosphere of sun  

 (b) The elements present in the chromosphere of the sun 

 (c) The vapour of the element present in the chromosphere of the 

sun 

 (d) The carbon dioxide present in the atmosphere 

57. A medium is said to be dispersive, if  [MP PMT 1990] 

 (a) Light of different wavelengths propagate at different speeds 

 (b) Light of different wavelengths propagate at same speed but has 

different frequencies 

 (c) Light is gradually bent rather than sharply refracted at an 

interface between the medium and air 

 (d) Light is never totally internally reflected  

58. A ray of light is incident at an angle of 60° on one face of a prism of 

angle 30°. The ray emerging out of the prism makes an angle of 30° 

with the incident ray. The emergent ray is  

[EAMCET 1990; MP PMT 1990] 

 (a) Normal to the face through which it emerges 

 (b) Inclined at 30° to the face through which it emerges 

 (c) Inclined at 60° to the face through which it emerges 

 (d) None of these 

59. In a thin prism of glass (refractive index 1.5),  which of the following 

relations between the angle of minimum deviations m  and angle 

of refraction r  will be correct  

[MP PMT 1990] 

 (a) rm   (b) rm 5.1  

 (c) rm 2  (d) 
2

r
m   

60. The figures represent three cases of a ray passing through a prism 
of angle A. The case corresponding to minimum deviation is   [CPMT 1989] 

 

 

(1) (2) (3) 
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 (a) 1 (b) 2 

 (c) 3 (d) None of these  

61. Dispersion can take place for   [MP PET 1992] 

 (a) Transverse waves only but not for longitudinal waves 

 (b) Longitudinal waves only but not for transverse waves 

 (c) Both transverse and longitudinal waves  

 (d) Neither transverse nor longitudinal waves  

62. Emission spectrum of 2CO  gas   [MP PET 1992] 

 (a) Is a line spectrum  

 (b Is a band spectrum 

 (c) Is a continuous spectrum  

 (d) Does not fall in the visible region 

63. A ray of light passes through an equilateral glass prism in such a 
manner that the angle of incidence is equal to the angle of 
emergence and each of these angles is equal to 3/4 of the angle of 
the prism. The angle of deviation is 

         [MNR 1988; MP PMT 1999; Roorkee 2000; UPSEAT 2000; MP PET 2005] 

 (a) 45° (b) 39° 

 (c) 20° (d) 30° 

64. The true statement is  

 (a) The order of colours in the primary and the secondary 
rainbows is the same 

 (b) The intensity of colours in the primary and the secondary 
rainbows is the same 

 (c) The intensity of light in the primary rainbow is greater and the 
order of colours is the same than the secondary rainbow 

 (d) The intensity of light for different colours in primary rainbow 
is greater and the order of colours is reverse than the 
secondary rainbow 

65. What will be the colour of sky as seen from the earth, if there were 
no atmosphere    [MP PMT 1992] 

 (a) Black (b) Blue 

 (c) Orange (d) Red 

66. When light emitted by a white hot solid is passed through a sodium 
flame, the spectrum of the emergent light will show  

[MP PMT 1992] 

 (a) The 1D  and 2D  bright yellow lines of sodium 

 (b) Two dark lines in the yellow region 

 (c) All colours from violet to red  

 (d) No colours at all   

67. A prism ABC of angle 30° has its face AC silvered. A ray of light 
incident at an angle of 45° at the face AB retraces its path after 
refraction at face AB and reflection at face AC. The refractive index 
of the material of the prism is  

[MP PMT 1992; EAMCET 2001] 

(a) 1.5 

(b) 
2

3
 

 (c) 2  

 (d) 
3

4
 

68. A light ray is incident upon a prism in minimum deviation position 

and suffers a deviation of 34°.  If the shaded half of the prism is 
knocked off, the ray will [MP PMT 1992] 

 (a) Suffer a deviation of 34°  

 (b) Suffer a deviation of 68°  

 (c) Suffer a deviation of 17°  

 (d) Not come out of the prism 

69. A ray of monochromatic light is incident on one refracting face of a 

prism of angle 75°. It passes through the prism and is incident on 

the other face at the critical angle. If the refractive index of the 

material of the prism is 2 , the angle of incidence on the first face 

of the prism is 

    [EAMCET 1983] 

 (a) 30° (b) 45° 

 (c) 60° (d) 0° 

70. Three glass prisms A, B and C of same refractive index are placed in 
contact with each other as shown in figure, with no air gap between 
the prisms. Monochromatic ray of light OP passes through the 
prism assembly and emerges as QR. The conditions of minimum 
deviation is satisfied in the prisms 

[CPMT 1988] 

(a) A and C  

 (b) B and C 

 (c) A and B  

(d) In all prisms A, B and C 

71. The refractive index of a material of a prism of angles 45°– 45° – 
90° is 1.5. The path of the ray of light incident normally on the 
hypotenuse side is shown in 

     [EAMCET 1985] 

  

 (a)   (b)  

  

 

 

 (c)  (d) 

 

 

 

72. At the time of total solar eclipse, the spectrum of solar radiation 
would be   [MP PMT 1990; RPMT 2004] 

 (a) A large number of dark Fraunhofer lines 

 (b) A less number of dark Fraunhofer lines 

 (c) No lines at all 

 (d) All Fraunhofer lines changed into brilliant colours 

O 
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73. Angle of deviation ( ) by a prism (refractive index =   and 

supposing the angle of prism A to be small) can be given by   [MP PMT 1994] 

 (a) A)1(    (b) A)1(    

 (c) 

2
sin

2
sin

A

A 





  (d) A
1

1








  

74. Angle of prism is A and its one surface is silvered. Light rays falling 
at an angle of incidence 2A on first surface return back through the 
same path after suffering reflection at second silvered surface. 

Refractive index of the material of prism is   [AIIMS 1995] 

 (a) 2 sin A (b) 2 cos A 

 (c) Acos
2

1
 (d) Atan  

75. A ray of light incident normally on an isosceles right angled prism 
travels as shown in the figure. The least value of the refractive index 
of the prism must be 

[Manipal MEE 1995; BHU 2003] 

 (a) 2  

 (b) 3  

 (c) 1.5 

 (d) 2.0 

76. When seen in green light, the saffron and green portions of our 
National Flag will appear to be  [Manipal MEE 1995] 

 (a) Black  

 (b) Black and green respectively 

 (c) Green 

 (d) Green and yellow respectively 

77. At sun rise or sunset, the sun looks more red than at mid-day 

because  [AFMC 1995; Similar to DCE 2003] 

 (a) The sun is hottest at these times 

 (b) Of the scattering of light 

 (c) Of the effects of refraction 

 (d) Of the effects of diffraction 

78. Line spectrum contains information about   [MP PET 1995] 

 (a) The atoms of the prism 

 (b) The atoms of the source 

 (c) The molecules of the source 

 (d) The atoms as well as molecules of the source 

79. Missing lines in a continuous spectrum reveal  

[MP PET 1995] 

 (a) Defects of the observing instrument 

 (b) Absence of some elements in the light source 

 (c) Presence in the light source of hot vapours of some elements 

 (d) Presence of cool vapours of some elements around the light 
source 

80. A source emits light of wavelength 4700Å, 5400 Å and 6500 Å. The 

light passes through red glass before being tested by a spectrometer. 
Which wavelength is seen in the spectrum  

[MP PMT 1995] 

 (a) 6500 Å (b) 5400 Å 

 (c) 4700 Å (d) All the above 

81. A ray passes through a prism of angle 60° in minimum deviation 

position and suffers a deviation of 30°. What is the angle of 
incidence on the prism 

[MP PMT 1995; Pb. PMT 2001; RPMT 2003] 

 (a) 30° (b) 45° 

 (c) 60° (d) 90° 

82. When light of wavelength   is incident on an equilateral prism 

kept in its minimum deviation position, it is found that the angle of 

deviation equals the angle of the prism itself. The refractive index of 

the material of the prism for the wavelength   is, then    [Haryana CEE 1996] 

 (a) 3  (b) 
2

3
 

 (c) 2 (d) 2  

83. Which of the following diagrams, shows correctly the dispersion of 

white light by a prism 

[NSEP 1994; MP PET 1996] 

  

 (a)  (b)  

  

 

 

 (c)  (d) 

 

 

84. A neon sign does not produce 

[MP PET 1996; UPSEAT 2004] 

 (a) Line spectrum 

(b) An emission spectrum 

 (c) An absorption spectrum 

(d) Photons 

85. The refractive index of flint glass for blue F line is 1.6333 and red C 
line is 1.6161. If the refractive index for yellow D line is 1.622, the 
dispersive power of the glass is  

 (a) 0.0276 (b) 0.276 

 (c) 2.76 (d) 0.106 

86. A triangular prism of glass is shown in the figure. A ray incident 

normally to one face is totally reflected, if o45 . The index of 

refraction of glass is   [AIEEE 2004] 

(a) Less than 1.41 

(b) Equal to 1.41 

 (c) Greater than 1.41 

 (d) None of the above 

87. The wavelength of emission line spectrum and absorption line 
spectrum of a substance are related as 

 (a) Absorption has larger value 

 (b) Absorption has smaller value 

V 

R 

V 

R 

V 

R 
R 

V 

 

45o 

B C 

A 

90° 
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 (c) They are equal 

 (d) No relation 

88. White light is passed through a prism whose angle is 5°. If the 

refractive indices for rays of red and blue colour are respectively 
1.64 and 1.66, the angle of deviation between the two colours will be   [MP PET 1997] 

 (a) 0.1 degree (b) 0.2 degree 

 (c) 0.3 degree (d) 0.4 degree 

89. From which source a continuous emission spectrum and a line 
absorption spectrum are simultaneously obtained 

[MP PMT 1997] 

 (a) Bunsen burner flame  

 (b) The sun 

 (c) Tube light  

 (d) Hot filament of an electric bulb 

90. A thin prism 1P  with angle 6° and made from glass of refractive 

index 1.54 is combined with another thin prism P
2

 of refractive index 
1.72 to produce dispersion without deviation. The angle of prism  

2P  will be  [MP PMT 1999] 

 (a) 5° 24’ (b) 4° 30’ 

 (c) 6° (d) 8° 

91. If the refractive index of a material of equilateral prism is 3 , then 

angle of minimum deviation of the prism is   

[CBSE PMT 1999; Pb. PMT 2004; MH CET 2004] 

 (a) 30° (b) 45° 

 (c) 60° (d) 75° 

92. The splitting of white light into several colours on passing through a 
glass prism is due to    [CPMT 1999] 

 (a) Refraction (b) Reflection 

 (c) Interference (d) Diffraction 

93. A white screen illuminated by green and red light appears to be           [KCET 1994; RPMT 1997] 

 (a) Green (b) Red 

 (c) Yellow (d) White 

94. Dark lines on solar spectrum are due to  

[EAMCET (Engg.) 1995] 

 (a) Lack of certain elements 

 (b) Black body radiation 

 (c) Absorption of certain wavelengths by outer layers 

 (d) Scattering 

95. Line spectra are due to  [EAMCET (Med.) 1995] 

 (a) Hot solids  

 (b) Atoms in gaseous state 

 (c) Molecules in gaseous state  

 (d) Liquid at low temperature 

96. The path of a refracted ray of light in a prism is parallel to the base 

of the prism only when the  [SCRA 1994] 

 (a) Light is of a particular wavelength 

 (b) Ray is incident normally at one face 

 (c) Ray undergoes minimum deviation 

 (d) Prism is made of a particular type of glass 

97. For a medium, refractive indices for violet, red and yellow are 1.62, 
1.52 and 1.55 respectively, then dispersive power of medium will be    
   [RPET 1997] 

 (a) 0.65 (b) 0.22 

 (c) 0.18 (d) 0.02  

98. Two lenses having 3:2: 21 ff  has combination to make no 

dispersion. Find the ratio of dispersive power of glasses used   [RPMT 1997] 

 (a) 2 :  3 (b) 3 : 2 

 (c) 4 : 9 (d) 9 : 4 

99. If refractive index of red, violet and yellow lights are 1.42, 1.62 and 
1.50 respectively for a medium. Its dispersive power will be   [RPMT 1997] 

 (a) 0.4 (b) 0.3 

 (c) 0.2 (d) 0.1 

100. A ray is incident at an angle of incidence i on one surface of a prism 

of small angle A and emerges normally from the opposite surface. If 
the refractive index of the material of the prism is  , the angle of 

incidence i is nearly equal to 

[CBSE PMT 1992] 

 (a) A /   (b) 2/A  

 (c) A  (d) 2/A  

101. Fraunhofer spectrum is a   [KCET 1993, 94; RPET 1997;  

MP PET 1997, 2001; JIPMER 2000; AIIMS 2001] 

 (a) Line absorption spectrum  

 (b) Band absorption spectrum 

 (c) Line emission spectrum 

 (d) Band emission spectrum 

102. The angle of a prism is 60° and its refractive index is 2 . The 

angle of minimum deviation suffered by a ray of light in passing 
through it is   [MP PET 2003] 

 (a) About 20° (b) 30° 

 (c) 60° (d) 45° 

103. Colour of the sky is blue due to 

[CPMT 1996, 99; AFMC 1993; AIIMS 1999; 

 AIEEE 2002; BCECE 2003; BHU 2004] 

 (a) Scattering of light (b) Total internal reflection 

 (c) Total emission (d) None of the above 

104. Which of the following spectrum have all the frequencies from high 

to low frequency range  [CPMT 1996] 

 (a) Band spectrum (b) Continuous spectrum 

 (c) Line spectrum (d) Discontinuous spectrum 

105. Stars are not visible in the day time because  

[JIPMER 1997] 

 (a) Stars hide behind the sun 

 (b) Stars do not reflect sun rays during day 

 (c) Stars vanish during the day 

 (d) Atmosphere scatters sunlight into a blanket of extreme 

brightness through which faint stars cannot be visible 

106. Which of the following colours suffers maximum deviation in a 

prism  [KCET 1998; DPMT 2000] 
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 (a) Yellow (b) Blue 

 (c) Green (d) Orange 

107. If a thin prism of glass is dipped into water then minimum deviation 

(with respect to air) of light produced by prism will be left  
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108. The refractive indices for the light of violet and red colours of any 
material are 1.66 and 1.64 respectively.  If the angle of prism made 
of this material is 10o, then angular dispersion will  be   [UPSEAT 1999] 

(a) 0.20o  (b) 0.10o 

(c) 0.40o (d) 1o  

109. The refractive index of the material of the prism for violet colour is 

1.69 and that for red is 1.65.  If the refractive index for mean colour 
is 1.66, the dispersive power of the material of the prism    [JIPMER 1999] 

(a) 0.66  (b) 0.06 

(c) 0.65 (d) 0.69 

110. The deviation caused in red, yellow and violet colours for crown 

glass prism are 2.84o, 3.28o and 3.72o respectively.  The dispersive 
power of prism material is  

[KCET (Engg.) 1999] 

(a) 0.268  (b) 0.368 

(c) 0.468 (d) 0.568 

111. Dispersion of light is due to   [DCE 1999] 

(a) Wavelength (b) Intensity of light 

(c) Density of medium (d) None of these 

112. A prism of refracting angle 60o is made with a material of refractive 

index .  For a certain wavelength of light, the angle of minimum 

deviation is 30o. For this, wavelength the value of refractive index of 
the material is  

[CPMT 1999, MH CET 2000] 

(a) 1.231  (b) 1.820 

(c) 1.503 (d) 1.414 

113. Which of the prism is used to see infrared spectrum of light 

[RPMT 2000] 

(a) Rock Salt  (b) Nicol 

(c) Flint (d) Crown 

114. When white light enters a prism, it gets split into its constituent 
colours.  This is due to  [DCE 2000] 

(a) High density of prism material  

 (b) Because  is different for different  

(c) Diffraction of light  

(d) Velocity changes for different frequencies 

115. The dispersive powers of crown and flint glasses are 0.02 and 0.04 
respectively.  In an achromatic combination of lenses the focal length 
of flint glass lens is 40 cm.  The focal length of crown glass lens will 
be  [DCE 2000] 

(a) – 20 cm  (b) + 20 cm 

(c) – 10 cm (d) + 10 cm 

116. When a ray of light is incident normally on one refracting surface of 
an equilateral prism (Refractive index of the material of the prism = 
1.5          [EAMCET (Med.) 2000] 

(a) Emerging ray is deviated by 30o  

(b) Emerging ray is deviated by 45o  

(c) Emerging ray just grazes the second refracting surface  

(d) The ray undergoes total internal reflection at the second 
refracting surface 

117. Consider the following two statements A and B and identify the 
correct choice in the given answers                       

    [EAMCET (Engg.) 2000] 

A : Line spectra is due to atoms in gaseous state 

B :  Band spectra is due to molecules 

(a) Both A and B are false 

  (b) A is true and B is false 

(c) A is false and B is true  

(d) Both A and B are true 

118. Under minimum deviation condition in a prism, if a ray is incident 

at an angle 30o, the angle between the emergent ray and the second 

refracting surface of the prism is 

[EAMCET (Engg.) 2000] 

(a) 0o  (b) 30 o 

 (c) 45 o (d) 60 o 

119. The angle of prism is 5o and its refractive indices for red and violet 

colours are 1.5 and 1.6 respectively.  The angular dispersion 

produced by the prism is [MP PMT 2000] 

(a) 7.75o  (b) 5 o 

(c) 0.5 o (d) 0.17 o 

120. If the refractive angles of two prisms made of crown glass are 10 o 

and 20o respectively, then  the ratio of their colour deviation powers 

will be  

[KCET 1999; AFMC 2001] 

(a) 1 : 1  (b) 2 : 1 

(c) 4 : 1 (d) 1 : 2 

121. The nature of sun’s spectrum is 

[MP PET 2000; MP PMT 2001] 

(a) Continuous spectrum with absorption lines  

(b) Line spectrum 

(c) The spectrum of the helium atom 

(d) Band spectrum 

122. A ray of light is incident normally on one of the face of a prism of 

angle 30o and refractive index 2 .  The angle of deviation will be        

        [KCET 2001] 

(a) 26o  (b) 0 o 

(c) 23 o (d) 15 o  

123. For a prism of refractive index 1.732, the angle of minimum 

deviation is equal to the angle of the prism.  The angle of the prism 

is   [CBSE PMT 2001] 

(a) 80o  (b) 70o  
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(c) 60o  (d) 50o  

124. The spectrum obtained from an electric lamp or red hot heater is   [BHU 2001; Pb. PET 2003] 

(a) Line spectrum  (b) Band spectrum 

(c) Absorption spectrum (d) Continuous spectrum 

125. When a glass prism of refracting angle 60o is immersed in a liquid its 

angle of minimum deviation is 30o. The critical angle of glass with respect 

to the liquid medium is [EAMCET 2001] 

(a) 42o  (b) 45 o 

(c) 50 o (d) 52 o 

126. Three prisms 1, 2 and 3 have the prism angle A = 60o, but their 

refractive indices are respectively 1.4, 1.5 and 1.6.  If 
1

, 
2

, 
3

 be their 

respective angles of deviation then 

[MP PMT 2001] 

(a) 
3

 > 
2 

> 
1

 (b) 
1

 > 
2

 > 
3

 

(c) 
1

 = 
2

 = 
3

 (d) 
2

 > 
1

 > 
3

 

127. Which one of the following alternative is FALSE for a prism placed 

in a position of minimum deviation  [MP PET 2001] 

(a) i
1 

= i
2

  (b) r
1

 = r
2

  

(c) i
1

 = r
1

 (d) All of these 

128. In the visible region the dispersive powers and the mean angular 

deviations for crown and flint glass prisms are ,  and d, d 

respectively. The condition for getting deviation without dispersion 

when the two prisms are combined is 

[EAMCET 2001] 

(a) 0 dd   (b) 0 dd   

(c) 0 dd   (d) 0)()( 22  dd   

129. A ray of light passes through the equilateral prism such that angle 

of incidence is equal to the angle of emergence if the angle of 

incidence is 45o.  The angle of deviation will be 

[Pb. PMT 2002] 

(a) 15o  (b) 75 o 

(c) 60 o (d) 30 o 

130. The solar spectrum during a complete solar eclipse is 

[Kerala PET 2002] 

(a) Continuous  (b) Emission line 

(c) Dark line (d) Dark band 

131. Why sun has elliptical shape on the time when rising and sun 

setting ? It is due to    [AFMC 2002] 

(a) Refraction  (b) Reflection 

(c) Scattering (d) Dispersion 

132. In the formation of a rainbow light from the sun on water droplets 
undergoes    [CBSE PMT 2000;  

Orissa JEE 2002; MP PET 2003; KCET 2004] 

(a) Dispersion only  

(b) Only total internal reflection 

(c) Dispersion and total internal reflection  

(d) None of these 

133. The Cauchy’s dispersion formula is [AIIMS 2002] 

(a) 42    CBAn   (b) 42   CBAn  

(c) 42  CBAn    (d) 42  CBAn   

134. A prism of refractive index  and angle A is placed in the minimum 

deviation position.  If the angle of minimum deviation is A, then the 

value of A in terms of  is 

 [EAMCET 2003] 

(a)  








2
sin 1 

 (b) 
2

1
sin 1  

 

(c) 








2
cos2 1 

 (d) 








2
cos 1 

  

135. A given ray of light suffers minimum deviation in an equilateral 

prism P. Additional prisms Q and R of identical shape and material 

are now added to P as shown in the figure.  The ray will suffer  

[IIT-JEE (Screening) 2001; KCET 2003] 

(a) Greater deviation  

(b) Same deviation 

(c) No deviation 

(d) Total internal reflection 

136. In the given figure, what is the angle of prism 

[Orissa JEE 2003] 

(a) A  

(b) B 

(c) C 

(d) D 

137. A prism of refractive index 2  has a refracting angle of 60o.  At 

what angle a ray must be incident on it so that it suffers a minimum 

deviation  [BHU 2003; MP PMT 2005] 

(a) 45o (b) 60o 

 (c) 90o (d) 180o  

138. A convex lens, a glass slab, a glass prism and a solid sphere all are 

made of the same glass, the dispersive power will be  

[CPMT 1986] 

 (a) In the glass slab and prism  

 (b) In the lens and solid sphere 

 (c) Only in prism  

 (d) In all the four 

139. A parallel beam of white light falls on a convex lens. Images of blue, 

yellow and red light are formed on other side of the lens at a 

distance of 0.20 m, 0.205 m and 0.214 m respectively. The dispersive 

power of the material of the lens will be   [MP PMT 1991] 

 (a) 619/1000 (b) 9/200 

 (c) 14/205 (d) 5/214 

Q 

P R 

C 

B A 
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140. The refractive index of the material of the prism for violet colour is 
1.69 and that for red is 1.65.  If the refractive index for mean colour 
is 1.66, the dispersive power of the material of the prism    [JIPMER 1999] 

(a) 0.66 (b 0.06 

(c) 0.65 (d) 0.69 

141. If the angle of prism is o60  and the angle of minimum deviation is 
o40 , the angle of refraction will be  

 [MP PMT 2004] 

 (a) o30  (b) o60  

 (c) o100  (d) o120  

142. The refractive index of a particular material is 1.67 for blue light, 
1.65 for yellow light and 1.63 for red light. The dispersive power of 

the material is ......... [KCET 2004] 

 (a) 0.0615 (b) 0.024 

 (c) 0.031 (d) 1.60 

143. A ray of light is incident on an equilateral glass prism placed on a 
horizontal table. For minimum deviation which of the following is 
true  [IIT-JEE (Screening) 2004] 

 (a) PQ is horizontal   

 (b) QR is horizontal  

 (c) RS is horizontal   

 (d) Either PQ or RS is horizontal  

144. A beam of light composed of red and green ray is incident obliquely 
at a point on the face of rectangular glass slab. When coming out on 
the opposite parallel face, the red and green ray emerge from    [CBSE PMT 2004] 

 (a) Two points propagating in two different directions 

 (b) Two points propagating in two parallel directions  

 (c) One point propagating in two different directions 

 (d) One point propagating in the same directions  

145. White light is passed through a prism ........... colour shows minimum 

deviation    [Orissa PMT 2004] 

 (a) Red (b) Violet 

 (c) Yellow  (d) Green 

146. A ray of monochromatic light suffers minimum deviation of o38  

while passing through a prism of refracting angle o60 . Refractive 
index of the prism material is  [Pb. PET 2001] 

 (a) 1.5  (b) 1.3 

 (c) 0.8 (d) 2.4 

147. A ray incident a o15  on one refracting surface of a prism of angle 
o60 , suffers a deviation of o55 . What is the angle of emergence    [DCE 2002] 

 (a) o95  (b) o45  

 (c) o30  (d) None of these  

P 

Q 
R 

S 
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148. The spectrum obtained from a sodium vapour lamp is an example of 
   [MH CET 2003] 

 (a) Absorption spectrum (b) Emission spectrum 

 (c) Continuous spectrum  (d) Band spectrum  

149. The sky would appear red instead of blue if  [DCE 2004] 

 (a) Atmospheric particles scatter blue light more than red light  

 (b) Atmospheric particles scatter all colours equally  

 (c) Atmospheric particles scatter red light more than the blue light  

(d) The sun was much hotter 

150. Sir C.V. Raman was awarded Nobel Prize for his work connected 
with which of the following phenomenon of radiation   [CPMT 1983; AFMC 2005] 

 (a) Scattering (b) Diffraction  

 (c) Interference (d) Polarisation  

151. In absorption spectrum of Na the missing wavelength (s) are 

 [BCECE 2005] 

(a) 589 nm (b) 589.6 nm  

 (c) Both (d) None of these 
 

Human Eye and Lens Camera 
 

1. A far sighted man who has lost his spectacles, reads a book by 
looking through a small hole (3-4 mm) in a sheet of paper. The 
reason will be   [CPMT 1977] 

(a) Because the hole produces an image of the letters at a longer 
distance   

(b) Because in doing so, the focal length of the eye lens is 
effectively increased   

(c)  Because in doing so, the focal length of the eye lens is 
effectively decreased 

(d) None of these 

2. For a normal eye, the least distance of distinct vision is    

[CPMT 1984] 

(a) 0.25 m (b)   0.50 m   

(c) 25 m   (d)   Infinite   

3. For the myopic eye, the defect is cured by    

[CPMT 1990; KCET (Engg.) 2000] 

(a) Convex lens  (b) Concave lens   

(c) Cylindrical lens  (d) Toric lens   

4. Lens used to remove long sightedness (hypermetropia) is  

or 

A person suffering from hypermetropia requires which type of 
spectacle lenses   [MP PMT 1995] 

(a) Concave lens   (b)   Plano-concave lens   

(c) Convexo-concave lens  (d)   Convex lens   

5. Substance on the choroid is    

(a) Japan black   (b)   Nigrim pigment   

(c) Carbon black   (d)   Platinum black 

6. Astigmatism (for a human eye) can be removed by using 

[CPMT 1972; MP PET/PMT 1988; CBSE PMT 1990] 

(a) Concave lens  (b) Convex lens   

(c) Cylindrical lens (d)   Prismatic lens   

7. Circular part in the centre of retina is called    

[MP PET/PMT 1988] 

(a)  Blind spot   (b)   Yellow spot   

(c) Red spot   (d)   None of the above   

8. Image formed on the retina is    

(a) Real and inverted   (b)   Virtual and erect   

(c) Real and erect   (d)   Virtual and inverted 

9. If there had been one eye of the man, then   

(a) Image of the object would have been inverted 

(b) Visible region would have decreased   

(c) Image would have not been seen three dimensional   

(d) (b) and (c) both   

10. A person cannot see distinctly at the distance less than one metre. 
Calculate the power of the lens that he should use to read a book at 
a distance of 25 cm  

[CPMT 1977; MP PET 1985, 88; MP PMT 1990] 

(a) + 3.0 D (b)   + 0.125 D 

(c) – 3.0  D  (d)   + 4.0 D 

11. How should people wearing spectacles work with a microscope  

(a) They cannot use the microscope at all   

(b) They should keep on wearing their spectacles 

(c) They should take off spectacles   

(d) (b) and (c) is both way   

12. A man who cannot see clearly beyond 5 m wants to see stars clearly. 

He should use a lens of focal length  

[MP PET/PMT 1988; Pb. PET 2003] 

(a) – 100 m (b)   + 5 m 

(c) – 5 m (d) Very large   

13. A man can see only between 75 cm and 200 cm. The power of lens 

to correct the near point will be 

(a) + 8/3 D (b)   + 3 D 

(c) – 3 D (d)   – 8/3 D 

14. Image is formed for the short sighted person at 

[AFMC 1988] 

(a) Retina   (b)   Before retina   

(c) Behind the retina   (d)   Image is not formed at all   

15. A man can see the objects upto a distance of one metre from his 
eyes. For correcting his eye sight so that he can see an object at 
infinity, he requires a lens whose power is   

or 

A man can see upto 100 cm of the distant object. The power of the 
lens required to see far objects will be    

[MP PMT 1993, 2003] 

(a) + 0.5 D (b)   + 1.0 D    

(c) + 2.0 D (d)   – 1.0 D   

16. A man can see the object between 15 cm and 30 cm. He uses the 
lens to see the far objects. Then due to the lens used, the near point 
will be at     

(a)  
3

10
cm    (b)   30 cm    

(c) 15 cm    (d) 
3

100
cm    

17. The far point of a myopia eye is at 40 cm. For removing this defect, 

the power of lens required will be    [MP PMT 1987] 

(a) 40 D (b) – 4  D 

(c)  – 2.5 D  (d)   0.25 D 

18. A man suffering from myopia can read a book placed at 10 cm 

distance. For reading the book at a distance of 60 cm with relaxed 
vision, focal length of the lens required will be    

[MP PMT 1989] 

(a) 45 cm    (b) – 20 cm    
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(c) – 12 cm    (d) 30 cm    

19. If the distance of the far point for a myopia patient is doubled, the 

focal length of the lens required to cure it will become    [MP PET 1989] 

(a) Half    

(b) Double    

(c) The same but a convex lens    

(d) The same but a concave lens    

20. A presbyopic patient has near point as 30 cm and far point as 40 

cm. The dioptric power for the corrective lens for seeing distant 
objects is    

(a) 40 D  (b)   4 D    

(c)   – 2.5 D  (d)   0.25 D    

21. An imaginary line joining the optical centre of the eye lens and the 

yellow point is called as    

(a) Principal axis   (b)   Vision axis   

(c) Neutral axis   (d)   Optical axis   

22. The light when enters the human eye experiences most of the 

refraction while passing through 

(a) Cornea    (b)   Aqueous humour    

(c) Vitrous humour    (d)   Crystalline lens    

23. The impact of an image on the retina remains for 

(a) 0.1 sec  (b)   0.5 sec    

(c) 10 sec  (d)   15 sec   

24. A person is suffering from myopic defect. He is able to see clear 
objects placed at 15 cm. What type and of what focal length of lens 

he should use to see clearly the object placed 60 cm away   [MP PMT 1991] 

(a) Concave lens of 20 cm focal length    

(b) Convex lens of 20 cm focal length    

(c) Concave lens of 12 cm focal length    

(d) Convex lens of 12 cm focal length   

25. The sensation of vision in the retina is carried to the brain by 

(a) Ciliary muscles (b)  Blind spot   

(c) Cylindrical lens (d)  Optic nerve    

26. When the power of eye lens increases, the defect of vision is 

produced. The defect is known as    

(a) Shortsightedness   (b)   Longsightedness   

(c) Colourblindness   (d)   None of the above   

27. A man is suffering from colour blindness for green colour. To 

remove this defect, he should use goggles of    

(a) Green colour glasses   (b) Red colour glasses   

(c) Smoky colour glasses    (d) None of the above    

28. In human eye the focussing is done by   [CPMT 1983] 

(a)  To and fro movement of eye lens   

(b) To and fro movement of the retina    

(c) Change in the convexity of the lens surface   

(d) Change in the refractive index of the eye fluids 

29. A short sighted person can see distinctly only those objects which lie 
between 10 cm and 100 cm from him. The power of the spectacle 

lens required to see a distant object is   

[MP PET 1992] 

(a) + 0.5 D (b)  – 1.0 D  

(c)  – 10 D (d)  + 4.0 D  

30. A person can see clearly only upto a distance of 25 cm. He wants to 
read a book placed at a distance of 50 cm. What kind of lens does 
he require for his spectacles and what must be its power     [MP PMT 1992] 

(a)  Concave, – 1.0 D  (b)  Convex,  + 1.5 D  

(c)  Concave, – 2.0 D  (d)  Convex, + 2.0 D 

31. The human eye has a lens which has a   [MP PET 1994] 

(a) Soft portion at its centre 

(b) Hard surface 

(c) Varying refractive index 

(d) Constant refractive index 

32. A man with defective eyes cannot see distinctly object at the 
distance more than 60 cm from his eyes. The power of the lens to 
be used will be   [MP PMT 1994] 

(a) + 60 D (b) – 60 D 

(c) – 1.66 D (d) D
66.1

1
 

33. A person's near point is 50 cm and his far point is 3 m. Power of 
the lenses he requires for  

(i)  reading and  

(ii)  for seeing distant stars are  [MP PMT 1994] 

(a) – 2 D and 0.33 D (b) 2 D and – 0.33 D 

(c) – 2 D and 3 D (d) 2 D and – 3 D 

34. A person wears glasses of power – 2.5 D. The defect of the eye and 

the far point of the person without the glasses are respectively   [MP PET 1995] 

(a) Farsightedness, 40 cm (b) Nearsightedness, 40 cm 

(c) Astigmatism, 40 cm (d) Nearsightedness, 250 cm 

35. Myopia is due to   [AFMC 1996] 

(a) Elongation of eye ball 

(b) Irregular change in focal length 

(c) Shortening of eye ball 

(d) Older age 

36. A person is suffering from the defect astigmatism. Its main reason is   [MP PMT 1997] 

(a) Distance of the eye lens from retina is increased 

(b) Distance of the eye lens from retina is decreased 

(c) The cornea is not spherical 

(d) Power of accommodation of the eye is decreased 

37. A person cannot see objects clearly beyond 2.0 m. The power of lens 
required to correct his vision will be  

[MP PMT/PET 1998; JIPMER 2000;  

KCET 2000; Pb. PET 2001] 

(a) + 2.0 D (b) – 1.0 D 

(c) + 1.0 D (d) – 0.5 D 

38. The resolving limit of healthy eye is about 

[MP PET 1999; RPMT 1999; AIIMS 2001] 

(a) 1  or 












60

1
 (b) 1   

(c) o1  (d) "
60

1
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39. When objects at different distances are seen by the eye, which of the 
following remains constant  [MP PMT 1999] 

(a) The focal length of the eye lens 

(b) The object distance from the eye lens 

(c) The radii of curvature of the eye lens 

(d) The image distance from the eye lens 

40. A person wears glasses of power – 2.0 D. The defect of the eye and 
the far point of the person without the glasses will be    [MP PMT 1999] 

(a) Nearsighted, 50 cm (b) Farsighted, 50 cm 

(c) Nearsighted, 250 cm (d) Astigmatism, 50 cm 

41. An eye specialist prescribes spectacles having a combination of 
convex lens of focal length 40 cm in contact with a concave lens of 

focal length 25 cm. The power of this lens combination in diopters 
is 

[IIT 1997 Cancelled; DPMT 2000] 

(a) + 1.5 (b) – 1.5 

(c) + 6.67 (d) – 6.67 

42. Match the List I with the List II from the combinations shown   [ISM Dhanbad 1994] 

(I) Presbiopia (A) Sphero-cylindrical lens 

(II) Hypermetropia (B) Convex lens of proper 
power may be used close 
to the eye  

(III) Astigmatism (C) Concave lens of suitable 
focal length  

(IV)  Myopia (D) Bifocal lens of suitable focal 
length  

 

(a) I-A; II-C; III-B; IV-D (b) I-B; II-D; III-C; IV-A 

(c) I-D; II-B; III-A; IV-C (d) I-D; II-A; III-C; IV-B 

43. Near and far points of a human eye are 

[EAMCET (Med.) 1995; MP PET 2001; BCECE 2004] 

(a) 0 and 25 cm (b) 0 and  

(c) 25 cm and 100 cm (d) 25 cm and  

44. Two parallel pillars are 11 km away from an observer. The minimum 

distance between the pillars so that they can be seen separately will 

be  [RPET 1997; RPMT 2000] 

(a) 3.2 m (b) 20.8 m 

(c) 91.5 m (d) 183 m 

45. Retina of eye acts like ........ of camera [AFMC 2003] 

(a) Shutter (b) Film 

(c) Lens (d) None of these 

46. The hyper-metropia is a   [CBSE PMT 2000] 

(a) Short-side defect (b) Long- side defect 

(c) Bad vision due to old age (d) None of these 

47. Amount of light entering into the camera depends upon 

[DCE 2000] 

(a) Focal length of the objective lens 

(b) Product of focal length and diameter of the objective lens 

(c) Distance of the object from camera 

(d) Aperture setting of the camera 

48. A man cannot see clearly the objects beyond a distance of 20 cm 
from his eyes. To see distant objects clearly he must use which kind 
of lenses and of what focal length  

 [MP PMT 2000] 

(a) 100 cm convex (b) 100 cm concave 

(c) 20 cm convex (d) 20 cm concave 

49. A person uses spectacles of power +2D. He is suffering from  

[MP PET 2000] 

(a) Short sightedness or myopia 

(b) Long sightedness or hypermetropia 

(c) Presbyopia  

(d) Astigmatism 

50. To remove myopia (short sightedness) a lens of power 0.66 D is 

required. The distant point of the eye is approximately 

[MP PMT 2001] 

(a) 100 cm (b) 150 cm 

(c) 50 cm (d) 25 cm 

51. A person suffering from 'presbyopia' (myopia and hyper metropia 
both defects) should use   [MP PET 2001] 

(a) A concave lens 

(b) A convex lens 

(c) A bifocal lens whose lower portion is convex 

(d) A bifocal lens whose upper portion is convex 

52. A person who can see things most clearly at a distance of 10 cm. 

Requires spectacles to enable to him to see clearly things at a 
distance of 30 cm. What should be the focal length of the spectacles  

[BHU 2003; CPMT 2004; PM PMT 2005] 

(a) 15 cm (Concave) (b) 15 cm (Convex) 

(c) 10 cm (d) 0 

53. Far points of myopic eye is 250 cm, then the focal length of the lens 
to be used will be   [DPMT 2002] 

(a) – 250 cm (b) – 250/9 cm 

(c) + 250 cm (d) + 250/9 cm 

54. A man can see clearly up to 3 metres. Prescribe a lens for his 
spectacles so that he can see clearly up to 12 metres  

[DPMT 2002] 

(a) – 3/4 D (b) 3 D  

(c) – 1/4 D (d) – 4 D 

55. A satisfactory photographic print is obtained when the exposure 
time is 10 sec at a distance of 2 m from a 60 cd lamp. The time of 
exposure required for the same quality print at a distance of 4 m 
from a 120 cd lamp is  

 [Kerala PMT 2002] 

(a) 5 sec (b) 10 sec 

(c) 15 sec (d) 20 sec 

56. A person can not see the objects clearly placed at a distance more 
than 40 cm. He is advised to use a lens of power 

[DCE 2002; MP PMT 2002, 03] 

(a) – 2.5 D (b) + 2.5 D 

(c) – 6.25 D (d) + 1.5 D 

57. A person uses a lens of power + 3D to normalise vision. Near point 

of hypermetropic eye is  [CPMT 2002] 

(a) 1 m (b) 1.66 m 

(c) 2 m (d) 0.66 m 
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58. A defective eye cannot see close objects clearly because their image 
is formed    [MP PET 2003] 

(a) On the eye lens 

(b) Between eye lens and retina 

(c) On the retina 

(d) Beyond retina 

59. Image formed on retina of eye is proportional to  

[RPMT 2001] 

 (a) Size of object  (b) Area of object 

 (c) 
imageofSize

objectofSize
  (d) 

objectofsize

imageofsize
 

60. A student can distinctly see the object upto a distance 15 cm. He 
wants to see the black board at a distance of 3 m. Focal length and 
power of lens used respectively will be   

[Pb. PMT 2003] 

 (a) Dcm 3.3,8.4   (b) Dcm 3.4,8.5   

 (c) Dcm 3.6,5.7   (d) Dcm 3.6,8.15   

61. A camera objective has an aperture diameter d. If the aperture is 

reduced to diameter ,2/d  the exposure time under identical 

conditions of light should be made   

[Kerala PMT 2004] 

 (a) 2 fold  (b) 2 fold  

 (c) 22 fold  (d) 4 fold 

62. The light gathering power of a camera lens depends on  

[DCE 2003] 

 (a) Its diameter only  

 (b) Ratio of focal length and diameter  

 (c) Product of focal length and diameter  

 (d) Wavelength of light used  

63. The exposure time of a camera lens at the 
8.2

f
 setting is 

200

1
 

second. The correct time of exposure at 
6.5

f
 is  

 [DCE 2003] 

 (a) 0.4 sec (b) 0.02 sec 

 (c) 0.002 sec (d) 0.04 sec  

64. Ability of the eye to see objects at all distances is called 

[AFMC 2005] 

 (a) Binocular vision (b) Myopia 

 (c) Hypermetropia (d) Accommodation 

65.       [KCET 2005] 

 1.    

 

 
 2.   

 

 
3.  

 

 

4. 

 
 

Identify the wrong description of the above figures  

(a) 1 represents far-sightedness  

(b) 2 correction for short sightedness 

(c) 3 represents far sightedness  

 (d) 4 correction for far-sightedness 
 

Microscope and Telescope  
 

1. The focal lengths of the objective and eye-lens of a microscope are 1 
cm and 5 cm respectively. If the magnifying power for the relaxed 
eye is 45, then the length  of the tube is    [CPMT 1979] 

(a)  30 cm  (b)  25 cm  

(c)  15 cm  (d)  12 cm  

2. In a compound microscope magnification will be large, if the focal 
length of the eye piece is     [CPMT 1984] 

(a) Large  (b) Smaller   

(c) Equal to that of objective (d) Less than that of objective 

3. The focal length of the objective lens of a compound microscope is  [CPMT 1985; MNR 1986; MP PET 1997] 

(a) Equal to the focal length of its eye piece   

(b) Less than the focal length of eye piece   

(c) Greater than the focal length of eye piece   

(d) Any of the above three   

4. Microscope is an optical instrument which   

(a) Enlarges the object   

(b) Increases the visual angle formed by the object at the eye   

(c) Decreases the visual angle formed by the object at the eye  

(d)  Brings the object nearer   

5. Magnifying power of a simple microscope is (when final image is 
formed at D = 25 cm from eye)  

[MP PET 1996; BVP 2003] 

(a) 
f

D
   (b)   

f

D
1    

(c) 
D

f
1  (d) 

f

D
1    

6. If in compound microscope m
1

 and m
2

 be the linear magnification of 
the objective lens and eye lens respectively, then magnifying power 
of the compound microscope will be  

[CPMT 1985; KCET 1994] 

 (a) 21 mm   (b)  21 mm     

(c) 2/)( 21 mm    (d)   21 mm     

7. For which of the following colour, the magnifying power of a 

microscope will be maximum   

(a) White colour   (b)   Red colour   

(c) Violet colour   (d)   Yellow colour   

8. The length of the compound microscope is 14 cm. The magnifying 
power for relaxed eye is 25. If the focal length of eye lens is 5 cm, 

then the object distance for objective lens will be      [Pb. PMT 2002] 

(a) 1.8 cm   (b)   1.5 cm   

(c) 2.1 cm   (d)   2.4 cm   

9. If the focal length of objective and eye lens are 1.2 cm and 3 cm 
respectively and the object is put 1.25 cm away from the objective 
lens and the final image is formed at infinity. The magnifying power 
of the microscope is   

(a)  150   (b)   200   

(c) 250   (d)   400   

10. The focal length of objective and eye lens of a microscope are 4 cm 
and 8 cm respectively. If the least distance of distinct vision is 24 cm 
and object distance is 4.5 cm from the objective lens, then the 
magnifying power of the microscope will be 

F 
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(a) 18  (b) 32   

(c) 64   (d) 20    

11. When the length of a microscope tube increases, its magnifying 
power      [MNR 1986] 

(a) Decreases (b) Increases    

(c) Does not change (d) May decrease or increase   

12. In a compound microscope, if the objective produces an image I
o  

and 
the eye piece produces an image I

e

, then   

[MP PET 1990] 

(a) I
o

 is virtual but I
e

 is real    

(b) I
o

 is real but I
e

 is virtual   

(c) I
o

 and I
e

 are both real    

 (d) I
o

 and I
e

 are both virtual   

13. The magnifying power of a simple microscope can be increased, if 
we use eye-piece of  [MP PMT 1986] 

(a) Higher focal length  (b) Smaller focal length  

(c) Higher diameter  (d) Smaller diameter    

14. An electron microscope is superior to an optical microscope in      [CPMT 1984] 

(a) Having better resolving power    

(b) Being easy to handle    

(c) Low cost    

(d) Quickness of observation   

15. The magnifying power of a microscope with an objective of 5 mm 

focal length is 400. The length of its tube is 20 cm. Then the focal 
length of the eye-piece is    [MP PMT 1991] 

(a) 200 cm (b) 160 cm    

(c) 2.5 cm  (d)  0.1 cm    

16. The maximum magnification that can be obtained with a convex lens 
of focal length 2.5 cm is (the least distance of distinct vision is 25 
cm)   [MP PET 2003] 

(a) 10 (b) 0.1 

(c) 62.5 (d) 11 

17. When the object is self-luminous, the resolving power of a 

microscope is given by the expression 

(a) 




22.1

sin2
 (b)   



 sin
 

(c) 




22.1

cos2
 (d)   



2
 

18. The power of two convex lenses A and B are 8 diopters and 4 
diopters respectively. If they are to be used as a simple microscope, 
the magnification of    

(a) B will be greater than A    

(b) A will be greater than B   

(c) The information is incomplete   

(d) None of the above   

19. Finger prints are observed by the use of    

(a) Telescope   (b)  Microscope   

(c) Gallilean telescope   (d)   Concave lens   

20. To produce magnified erect image of a far object, we will be 

required along with a convex lens, is  [MNR 1983] 

(a) Another convex lens (b)   Concave lens    

(c) A plane mirror   (d)   A concave mirror   

21. In order to increase the magnifying power of a compound 

microscope  [JIPMER 1986; MP PMT 1997] 

 (a) The focal lengths of the objective and the eye piece should be 
small 

(b) Objective should have small focal length and the eye piece large 

(c) Both should have large focal lengths 

(d) The objective should have large focal length and eye piece 
should have small 

22. If the focal length of the objective lens is increased then  

[MP PMT 1994] 

(a) Magnifying power of microscope will increase but that of 

telescope will decrease 

(b) Magnifying power of microscope and telescope both will 
increase 

(c) Magnifying power of microscope and telescope both will 
decrease 

(d) Magnifying power of microscope will decrease but that of 
telescope will increase 

23. The magnification produced by the objective lens and the eye lens of 

a compound microscope are 25 and 6 respectively. The magnifying 
power of this microscope is  

[Manipal MEE 1995; DPMT 2002] 

(a) 19 (b) 31 

(c) 150 (d) 150  

24. The focal lengths of the objective and the eye-piece of a compound 

microscope are 2.0 cm and 3.0 cm respectively. The distance 
between the objective and the eye-piece is 15.0 cm. The final image 
formed by the eye-piece is at infinity. The two lenses are thin. The 
distances in cm of the object and the image produced by the 
objective measured from the objective lens are respectively [IIT 1995] 

(a) 2.4 and 12.0 (b) 2.4 and 15.0 

(c) 2.3 and 12.0 (d) 2.3 and 3.0 

25. Resolving power of a microscope depends upon  

[MP PET 1995] 

(a) The focal length and aperture of the eye lens 

(b) The focal lengths of the objective and the eye lens 

(c) The apertures of the objective and the eye lens 

(d) The wavelength of light illuminating the object 

26. The objective lens of a compound microscope produces 

magnification of 10. In order to get an overall magnification of 100 
when image is formed at 25 cm from the eye, the focal length of the 
eye lens should be  

(a) 4 cm (b) 10 cm 

(c) 
9

25
cm (d) 9 cm 

27. A person using a lens as a simple microscope sees an   [AIIMS 1998] 

(a) Inverted virtual image 

(b) Inverted real magnified image 

(c) Upright virtual image 

(d) Upright real magnified image 

28. Least distance of distinct vision is 25 cm. Magnifying power of 
simple microscope of focal length 5 cm is  

[EAMCET (Engg.) 1995; Pb. PMT 1999] 

(a) 1 / 5 (b) 5 

(c) 1 / 6 (d) 6 

29. The objective of a compound microscope is essentially 
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[SCRA 1998] 

(a) A concave lens of small focal length and small aperture 

(b) Convex lens of small focal length and large aperture 

(c) Convex lens of large focal length and large aperture 

(d) Convex lens of small focal length and small aperture 

30. Resolving power of a microscope depends upon 

[DCE 1999] 

(a) Wavelength of light used, directly 

(b) Wavelength of light used, inversely 

(c) Frequency of light used  

(d) Focal length of objective 

31. In a compound microscope cross-wires are fixed at the point 

[EAMCET (Engg.) 2000] 

(a) Where the image is formed by the objective  

(b) Where the image is formed by the eye-piece 

(c) Where the focal point of the objective lies 

(d) Where the focal point of the eye-piece lies 

32. In a compound microscope, the focal lengths of two lenses are 1.5 
cm and 6.25 cm an object is placed at 2 cm form objective and the 
final image is formed at 25 cm from eye lens. The distance between 
the two lenses is   

[EAMCET (Med.) 2000] 

(a) 6.00 cm (b) 7.75 cm 

(c) 9.25 cm (d) 11.00 cm 

33. The length of the tube of a microscope is 10 cm. The focal lengths of 
the objective and eye lenses are 0.5 cm and 1.0 cm. The magnifying 
power of the microscope is about   

[MP PMT 2000] 

(a) 5 (b) 23 

(c) 166 (d) 500 

34. In a compound microscope, the intermediate image is  

[IIT-JEE (Screening) 2000; MP PET 2005] 

(a) Virtual, erect and magnified  

(b) Real, erect and magnified  

(c) Real, inverted and magnified  

(d) Virtual, erect and reduced 

35. The magnifying power of a compound microscope increases when   [MP PET 2000] 

(a) The focal length of objective lens is increased and that of eye 
lens is decreased 

(b) The focal length of eye lens is increased and that of objective 
lens is decreased 

(c) Focal lengths of both objective and eye-piece are increased  

(d) Focal lengths of both objective and eye-piece are decreased 

36. If the red light is replaced by blue light illuminating the object in a 
microscope the resolving power of the microscope    [DCE 2001] 

(a) Decreases  (b) Increases 

(c) Gets halved  (d) Remains unchanged 

37. The magnifying power of a simple microscope is 6. The focal length 
of its lens in metres will be, if least distance of distinct vision is 
25 cm    [MP PMT 2001] 

(a) 0.05 (b) 0.06 

(c) 0.25 (d) 0.12 

38. Two points separated by a distance of 0.1 mm can just be resolved 
in a microscope when a light of wavelength 6000 Å is used. If the 
light of wavelength 4800Å is used  this limit of resolution becomes    [UPSEAT 2002] 

(a) 0.08 mm (b) 0.10 mm 

(c) 0.12 mm (d) 0.06 mm  

39. A compound microscope has two lenses. The magnifying power of 
one is 5 and the combined magnifying power is 100. The magnifying 
power of the other lens is   

[Kerala PMT 2002] 

(a) 10 (b) 20 

(c) 50 (d) 25 

40. The angular magnification of a simple microscope can be increased 

by increasing     [Orissa JEE 2002] 

(a) Focal length of lens (b) Size of object 

(c) Aperture of lens (d) Power of lens 

41. Wavelength of light used in an optical instrument are 40001  Å 

and 50002  Å, then ratio of their respective resolving power 

(corresponding to 1 and )2 is  

[AIEEE 2002] 

(a) 16 : 25 (b) 9 : 1 

(c) 4 : 5 (d) 5 : 4 

42. The separation between two microscopic particles is measured AP  

and BP  by two different lights of wavelength 2000 Å and 3000 Å 

respectively, then  [AIEEE 2002] 

(a) BA PP   (b) BA PP   

(c) BA PP 2/3  (d) BA PP   

43. The image formed by an objective of a compound microscope is   [AIEEE 2003] 

(a) Virtual and enlarged (b) Virtual and diminished  

(c) Real and diminished  (d) Real and enlarged 

44. An achromatic telescope objective is to be made by combining the 
lenses of flint and crown glasses. This proper choice is    [CPMT 1977] 

(a) Convergent of crown and divergent of flint   

(b) Divergent of crown and convergent of flint   

(c)  Both divergent   

(d) Both convergent    

45. If F
o 

and F
e

 are the focal length of the objective and eye-piece 
respectively of a telescope, then its magnifying power will be [CPMT 1977, 82, 97, 99, 2003; 

 SCRA 1994; KCET 1999; Pb. PMT 2000; BHU 2001;  

DCE 2002; RPMT 2003; BCECE 2003, 04] 

(a) eo FF   (b)   eo FF     

(c)  eo FF /  (d)   )(
2

1
eo FF     

46. The magnifying power of a telescope can be increased by    

[CPMT 1979] 

(a) Increasing focal length of the system   

(b) Fitting eye piece of high power   

(c)  Fitting eye piece of low power   

(d) Increasing the distance of objects   
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47. A simple telescope, consisting of an objective of focal length 60 cm 
and a single eye lens of focal length 5 cm is focussed on a distant 
object is such a way that parallel rays comes out from the eye lens. 
If the object subtends an angle 2o at the objective, the angular width 
of the image   

[CPMT 1979; NCERT 1980;  

MP PET 1992; JIPMER 1997; UPSEAT 2001] 

(a) 10o (b) 24o  

(c) 50o (d) 1/6o   

48. The diameter of the objective of the telescope is 0.1 metre and 

wavelength of light is 6000 Å. Its resolving power would be 
approximately   [MP PET 1997] 

(a)  rad61032.7     (b)   rad61036.1     

(c) rad51032.7     (d)   rad51036.1     

49. A photograph of the moon was taken with telescope. Later on, it 

was found that a housefly was sitting on the objective lens of the 
telescope. In photograph    

[NCERT 1970; MP PET 1999] 

(a)  The image of housefly will be reduced   

(b) There is a reduction in the intensity of the image   

(c) There is an increase in the intensity of the image 

(d) The image of the housefly will be enlarged   

50. For a telescope to have large resolving power the 

[CPMT 1980, 81, 85; MP PET 1994; 

 DCE 2001; AFMC 2005] 

(a) Focal length of its objective should be large   

(b) Focal length of its eye piece should be large  

(c) Focal length of its eye piece should be small 

(d) Aperture of its objective should be large   

51. An observer looks at a tree of height 15 m with a telescope of 
magnifying power 10. To him, the tree appears   

[CPMT 1975] 

(a) 10 times taller   (b)   15 times taller   

(c) 10 times nearer   (d)   15 times nearer   

52. The focal length of objective and eye lens of a astronomical telescope 

are respectively 2 m and 5 cm. Final image is formed at (i) least 
distance of distinct vision (ii) infinity. The magnifying power in both 
cases will be  [MP PMT/PET 1988] 

 (a) – 48, – 40 (b)  – 40, – 48  

(c)  – 40, 48 (d) – 48, 40   

53. For observing a cricket match, a binocular is preferred to a 

terrestrial telescope because    

(a) The binocular gives the proper three dimensional view   

(b) The binocular has shorter length   

(c) The telescope does not give erect image   

(d) Telescope have chromatic aberrations   

54. To increase the magnifying power of telescope  (f
o

 = focal length of 
the objective and f

e

 = focal length of the eye lens) 

[MP PET/PMT 1988; MP PMT 1992, 94] 

(a) f
o

 should be large and f
e

 should be small    

(b) f
o

 should be small and f
e

 should be large    

(c) f
o

 and f
e

 both should be large    

(d) f
o

 and f
e

 both should be small 

55. Relative difference of focal lengths of objective and eye lens in the 

microscope and telescope is given as      

[MH CET 2001] 

(a) It is equal in both    (b) It is more in telescope    

(c) It is more in microscope   (d) It may be more in any one 

56. If the telescope is reversed i.e. seen from the objective side   

(a) Object will appear very small    

(b) Object will appear very large    

(c) There will be no effect on the image formed by the telescope    

(d) Image will be slightly greater than the earlier one  

57. The focal length of the objective of a terrestrial telescope is 80 cm 
and it is adjusted for parallel rays, then its magnifying power is 20. 
If the focal length of erecting lens is 20 cm, then full length of 
telescope will be    

(a) 84 cm    (b)   100 cm    

(c) 124 cm    (d)   164 cm    

58. An astronomical telescope has an angular magnification of 
magnitude 5 for distant objects. The separation between the 
objective and the eye piece is 36 cm and the final image is formed 
at infinity. The focal length f

o

 of the objective and the focal length f
e

 
of the eye piece are 

[IIT 1989; MP PET 1995; JIPMER 2000] 

(a) f
o 

= 45 cm and f
e

 = – 9 cm    

(b) f
o

 = 7.2 cm and f
e

 = 5 cm    

(c) f
o

 = 50 cm and f
e

 = 10 cm    

(d) f
o

 = 30 cm and f
e

 = 6 cm   

59. In an astronomical telescope, the focal lengths of two lenses are 180 
cm and 6 cm respectively. In normal adjustment, the magnifying 
power will be     [MP PET 1990] 

(a) 1080   (b)   200    

(c) 30    (d)   186   

60. The magnifying power of an astronomical telescope for relaxed 
vision is 16. On adjusting, the distance between the objective and eye 
lens is 34 cm. Then the focal length of objective and eye lens will be 

respectively     [MP PMT 1989] 

(a) 17 cm, 17 cm  (b) 20 cm, 14 cm    

(c)  32 cm, 2 cm  (d) 30 cm, 4 cm    

61. In Gallilean telescope, if the powers of an objective and eye lens are 
respectively +1.25 D and – 20 D, then for relaxed vision, the length 

and magnification will be   

(a) 21.25 cm and 16  (b) 75 cm and 20    

(c) 75 cm and 16  (d) 8.5 cm and 21.25    

62. The aperture of a telescope is made large, because 

[DPMT 1999] 

(a) To increase the intensity of image    

(b) To decrease the intensity of image    

(c) To have greater magnification    

(d) To have lesser resolution    

63. In Gallilean telescope, the final image formed is 

(a) Real, erect and enlarged    

(b) Virtual, erect and enlarged    

(c) Real, inverted and enlarged    

(d) Virtual, inverted and enlarged    

64. The magnifying power of a telescope is 9. When it is adjusted for 
parallel rays, the distance between the objective and the eye-piece is 
found to be 20 cm. The focal length of the two lenses are    [MP PMT 1986] 

(a) 18 cm, 2 cm  (b) 11 cm, 9 cm  
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(c) 10 cm, 10 cm  (d) 15 cm, 5 cm  

65. The focal length of the objective and eye piece of a telescope are 

respectively 60 cm and 10 cm. The magnitude of the magnifying 
power when the image is formed at infinity is     [MP PET 1991] 

(a) 50   (b) 6    

(c) 70  (d) 5   

66. The magnifying power of an astronomical telescope is 8 and the 
distance between the two lenses is 54 cm. The focal length of eye 
lens and objective lens will be respectively 

[MP PMT 1991; CPMT 1991; Pb. PMT 2001] 

(a) 6 cm and 48 cm  (b) 48 cm and 6 cm    

(c) 8 cm and 64 cm  (d) 64 cm and 8 cm    

67. An opera glass (Gallilean telescope) measures 9 cm from the 
objective to the eyepiece. The focal length of the objective is 15 cm. 
Its magnifying power is  [DPMT 1988] 

(a) 2.5  (b) 2/5   

(c) 5/3  (d)   0.4   

68. When a telescope is adjusted for parallel light, the distance of the 

objective from the eye piece is found to be 80 cm. The magnifying 
power of the telescope is 19. The focal lengths of the lenses are     

[MP PMT 1992; Very similar to DPMT 2004] 

(a) 61 cm, 19 cm (b)   40 cm, 40 cm  

(c) 76 cm,  4 cm (d)   50 cm, 30 cm  

69. A reflecting telescope utilizes    [CPMT 1983] 

(a) A concave mirror  (b)   A convex mirror    

(c) A prism   (d)   A plano-convex lens 

70. The aperture of the objective lens of a telescope is made large so as 

to  [AIEEE 2003; KCET 2003] 

(a) Increase the magnifying power of the telescope 

(b) Increase the resolving power of the telescope 

(c) Make image aberration less 

(d) Focus on distant objects 

71. On which of the following does the magnifying power of a telescope 
depends     [MP PET 1992] 

(a) The focal length of the objective only    

(b) The diameter of aperture of the objective only 

(c) The focal length of the objective and that of the eye piece  

(d) The diameter of aperture of the objective and that of the eye 

piece   

72. Large aperture of telescope are used for    

[CPMT 1981; MP PMT 1995; AFMC 2000] 

(a) Large image  (b) Greater resolution    

(c) Reducing lens aberration (d) Ease of manufacture 

73. Two convex lenses of focal lengths 0.3 m and 0.05 m are used to 

make a telescope. The distance kept between the two is   [MNR 1994] 

(a) 0.35 m (b) 0.25 m 

(c) 0.175 m (d) 0.15 m 

74. The diameter of the objective lens of a telescope is 5.0 m and 
wavelength of light is 6000 Å. The limit of resolution of this 
telescope will be   [MP PMT 1994] 

(a) 0.03 sec (b) 3.03 sec 

(c) 0.06 sec (d) 0.15 sec  

75. All of the following statements are correct except 

[Manipal MEE 1995] 

(a) The total length of an astronomical telescope is the sum of the 
focal lengths of its two lenses 

(b) The image formed by the astronomical telescope is always erect 
because the effect of the combination of the two lenses is 
divergent 

(c) The magnification of an astronomical telescope can be increased 
by decreasing the focal length of the eye-piece 

(d) The magnifying power of the refracting type of astronomical 

telescope is the ratio of the focal length of the objective to that 
of the eye-piece  

76. A terrestrial telescope is made by introducing an erecting lens of 
focal length f between the objective and eye piece lenses of an 
astronomical telescope. This causes the length of the telescope tube 
to increase by an amount equal to 

[KCEE 1996] 

(a) f (b) 2f 

(c) 3f (d) 4f 

77. The length of an astronomical telescope for normal vision (relaxed 

eye) (f
o

 = focal length of objective lens and f
e

  = focal length of eye 

lens) is 

[EAMCET (Med.) 1995; CPMT 1999; BVP 2003] 

(a) eo ff   (b) 
e

o

f

f
 

(c) eo ff   (d) eo ff   

78. A Gallilean telescope has objective and eye-piece of focal lengths 200 
cm and 2 cm respectively. The magnifying power of the telescope 
for normal vision is  

 [MP PMT 1996] 

(a) 90 (b) 100 

(c) 108 (d) 198 

79. In an astronomical telescope, the focal length of the objective lens is 
100 cm and of eye-piece is 2 cm. The magnifying power of the 
telescope for the normal eye is 

[MP PET 1997] 

(a) 50 (b) 10 

(c) 100 (d) 
50

1
 

80. When diameter of the aperture of the objective of an astronomical 
telescope is increased, its [MP PMT 1997] 

 (a) Magnifying power is increased and resolving power is 
decreased 

(b) Magnifying power and resolving power both are increased 

(c) Magnifying power remains the same but resolving power is 
increased 

(d) Magnifying power and resolving power both are decreased 

81. The focal lengths of the objective and eye lenses of a telescope are 
respectively 200 cm and 5 cm. The maximum magnifying power of 
the telescope will be  

[MP PMT/PET 1998; JIPMER 2001, 02] 

(a) – 40 (b) – 48 

(c) – 60 (d) – 100 

82. The minimum magnifying power of a telescope is M, If the focal 

length of its eye lens is halved, the magnifying power will become   [MP PMT/PET 1998] 

(a) M / 2 (b) 2 M 

(c) 3 M (d) 4 M 
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83. The astronomical telescope consists of objective and eye-piece. The 
focal length of the objective is 

[AIIMS 1998; BHU 2000] 

(a) Equal to that of the eye-piece 

(b) Greater than that of the eye-piece 

(c) Shorter than that of the eye-piece 

(d) Five times shorter than that of the eye-piece 

84. Four convergent lenses have focal lengths 100 cm, 10 cm, 4 cm and 
0.3 cm. For a telescope with maximum possible magnification, we 
choose the lenses of focal length 

[KCET 1994] 

(a) 100 cm, 0.3 cm (b) 10 cm, 0.3 cm 

(c) 10 cm, 4 cm (d) 100 cm, 4 cm 

85. The focal length of objective and eye-piece of a telescope are 100 cm 
and 5 cm respectively. Final image is formed at least distance of 
distinct vision. The magnification of telescope is   [RPET 1997] 

(a) 20 (b) 24 

(c) 30 (d) 36 

86. A planet is observed by an astronomical refracting telescope having 

an objective of focal length 16 m and an eye-piece of focal length 2 

cm  [IIT-JEE 1992; Roorkee 2000] 

(a) The distance between the objective and the eye-piece is 16.02 m 

(b) The angular magnification of the planet is 800 

(c) The image of the planet is inverted 

(d) The objective is larger than the eye-piece 

87. If tube length of astronomical telescope is 105 cm and magnifying 
power is 20 for normal setting, calculate the focal length of objective   [AFMC 1994] 

(a) 100 cm (b) 10 cm 

(c) 20 cm (d) 25 cm 

88. The length of a telescope is 36 cm. The focal lengths of its lenses 

can be   [Bihar MEE 1995] 

(a) 30 cm, 6 cm (b) – 30 cm, – 6 cm 

(c) 30 cm, – 6 cm (d) – 30 cm, 6 cm 

89. An astronomical telescope of ten-fold angular magnification has a 

length of 44 cm. The focal length of the objective is 

[CBSE PMT 1997] 

(a) 4 cm (b) 40 cm 

(c) 44 cm (d) 440 cm 

90. If both the object and image are at infinite distances form a 
refracting telescope its magnifying power will be equal to  

[AMU (Engg.) 1999] 

(a) The sum of the focal lengths of the objective and the eyepiece 

(b) The difference of the focal lengths of the two lenses 

(c) The ratio of the focal length of the objective and eyepiece 

(d) The ratio of the focal length of the eyepiece and objective 

91. The number of lenses in a terrestrial telescope is  

 [KCET 1999; MH CET 2003] 

(a) Two (b) Three 

(c) Four (d) Six 

92. The focal lengths of the lenses of an astronomical telescope are 50 
cm and 5 cm. The length of the telescope when the image is formed 

at the least distance of distinct vision is 

[EAMCET (Engg.) 2000] 

(a) cm45  (b) cm55  

(c) cm
6

275
 (d) cm

6

325
 

93. The focal lengths of the objective and eye-piece of a telescope are 

respectively 100 cm and 2 cm. The moon subtends an angle of 
o5.0 at the eye. If it is looked through the telescope, the angle 

subtended by the moon's image will be   [MP PMT 2000; DCE 2003] 

(a) o100  (b) o50  

(c) o25  (d) o10  

94. The diameter of the objective of a telescope is a,  its magnifying 

power is m and wavelength of light is . The resolving power of the 

telescope is  [MP PMT 2000] 

(a) a/)22.1(   (b) /)22.1( a  

(c) )22.1/( am  (d) )22.1/( a  

95. The sun's diameter is m9104.1   and its distance from the earth 

is .1011 m  The diameter of its image, formed by a convex lens of 

focal length m2 will be  [MP PET 2000] 

(a) 0.7 cm (b) 1.4 cm 

(c) 2.8 cm  (d) Zero (i.e. point image) 

96. In a terrestrial telescope, the focal length of objective is 90 cm, of 

inverting lens is cm5 and of eye lens is .6 cm If the final image is at 

30 cm, then the magnification will be  

[DPMT 2001] 

(a) 21 (b) 12 

(c) 18 (d) 15 

97. The resolving power of a telescope depends on  

 [MP PET 2000, 01; DCE 2003] 

(a) Focal length of eye lens 

(b) Focal length of objective lens 

(c) Length of the telescope  

(d) Diameter of the objective lens 

98. Four lenses of focal length + 15 cm, + 20cm,    + 150cm and + 250 
cm are available for making an astronomical telescope. To produce 

the largest magnification, the focal length of the eye-piece should be 

 [CPMT 2001; AIIMS 2001] 

(a) + 15 cm (b) + 20 cm  

(c) +150 cm (d) + 250 cm 

99. In an astronomical telescope, the focal length of objective lens and 
eye-piece are 150 cm and 6 cm respectively. In case when final image 
is formed at least distance of distinct vision. the magnifying power is 
 [KCET 2001] 

(a) 20 (b) 30 

(c) 60 (d) 15 

100. In a laboratory four convex lenses 321 ,, LLL  and 4L  of focal 

lengths 2, 4, 6 and 8 cm respectively are available. Two of these 
lenses form a telescope of length 10 cm and magnifying power 4. 
The objective and eye lenses are  

[MP PMT 2001] 

(a) 32 , LL  (b) 41 , LL  

(c) 23 , LL  (d) 14 , LL  

101. A telescope has an objective of focal length 50 cm and an eye piece 
of focal length 5 cm. The least distance of distinct vision is 25 cm. 
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The telescope is focussed for distinct vision on a scale 200 cm away. 
The separation between the objective and the eye-piece is    [Kerala PET 2002] 

(a) 75 cm  (b) 60 cm  

(c) 71 cm  (d) 74 cm  

102. The resolving power of a telescope whose lens has a diameter of 1.22 
m for a wavelength of 5000 Å is 

[Kerala PMT 2002] 

(a) 5102  (b) 6102  

(c) 2102  (d) 4102  

103. To increase both the resolving power and magnifying power of a 

telescope   [Kerala PET 2002;  KCET  2002] 

(a) Both the focal length and aperture of the objective has to be 
increased 

(b) The focal length of the objective has to be increased 

 (c) The aperture of the objective has to be increased  

(d) The wavelength of light has to be decreased 

104. A Galileo telescope has an objective of focal length cm100  and 

magnifying power 50. The distance between the two lenses in 
normal adjustment will be 

[BHU 2002; Pb. PET 2002] 

(a) 96 cm (b) 98 cm  

(c) 102 cm (d) 104 cm 

105. An astronomical telescope has a magnifying power 10. The focal 
length of eyepiece is 20 cm. The focal length of objective is [MP PMT 2002, 03; Pb. PET 2004] 

(a) 2 cm (b) 200 cm 

(c) cm
2

1
 (d) cm

200

1
 

106. A telescope of diameter 2m uses light of wavelength 5000 Å for 
viewing stars. The minimum angular separation between two stars 

whose image is just resolved by this telescope is  

[MP PET 2003] 

(a) 4104  rad (b) 61025.0  rad 

(c) 61031.0  rad (d) 3100.5  rad 

107. A simple magnifying lens is used in such a way that an image is 

formed at 25 cm away from the eye. In order to have 10 times 
magnification, the focal length of the lens should be   [MP PET 1990] 

 (a) 5 cm (b) 2 cm 

 (c) 25 mm (d) 0.1 mm  

108. In a simple microscope, if the final image is located at infinity then 
its magnifying power is  [MP PMT 2004]   

 (a) 
f

25
 (b) 

26

D
 

 (c) 
25

f
 (d) 

1D

f
 

109. In a compound microscope the objective of of  and eyepiece of ef  

are placed at distance L such that L equals  

    [Kerala PMT 2004] 

 (a) eo ff   

 (b) eo ff   

 (c) Much greater than of  or ef  

 (d) Much less than of  or ef  

 (e)  Need not depend either value of focal lengths  

110. For a compound microscope, the focal lengths of object lens and eye 

lens are of and ef  respectively, then magnification will be done by 

microscope when   [RPMT 2001] 

 (a) eo ff   (b) eo ff   

 (c) eo ff   (d) None of these  

111. The angular resolution of a 10 cm diameter telescope at a 
wavelength of 5000 Å is of the order [CBSE PMT 2005] 

 (a) rad610  (b) rad210   

 (c) rad410   (d) rad610   

112. The resolving power of an astronomical telescope is 0.2 seconds. If 

the central half portion of the objective lens is covered, the resolving 
power will be  [MP PMT 2004] 

 (a) 0.1 sec (b) 0.2 sec 

 (c) 1.0 sec (d) 0.6 sec 

113. An astronomical telescope has objective and eye-piece lens of powers 
0.5 D and 20 D respectively, its magnifying power will be    [Pb. PET 2002] 

 (a) 8 (b) 20 

 (c) 30 (d) 40 

114. Which of the following is not correct regarding the radio telescope    [BHU 2004] 

 (a) It can not work at night  

 (b) It can detect a very faint radio signal  

 (c) It can be operated even in cloudy weather  

 (d) It is much cheaper than optical telescope  

115. The diameter of objective of a telescope is 1m. Its resolving limit for 
the light of wave length 4538 Å, will be  

[Pb. PET 2003] 

 (a) rad71054.5   (b) rad41054.2   

 (c) rad71054.6   (d) None of these 

116. A telescope has an objective lens of focal length 200 cm and an eye 
piece with focal length 2 cm. If this telescope is used to see a 50 
meter  tall building at a distance of 2 km, what is the height of the 
image of the building formed by the objective lens     [AIIMS 2005] 

 (a) 5 cm  (b) 10 cm  

 (c) 1 cm  (d) 2 cm  

117. Magnification of a compound microscope is 30. Focal length of eye-

piece is 5 cm and the image is formed at a distance of distinct vision 
of 25 cm. The magnification of the objective lens is   [DPMT 2005] 

 (a) 6 (b) 5 
(c) 7.5 (d) 10 

118. At Kavalur in India, the astronomers using a telescope whose 
objective had a diameter of one meter started using a telescope of 
diameter 2.54 m. This resulted in [KCET 2005] 
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(a) The increase in the resolving power by 2.54 times for the same 

 

(b) The increase in the limiting angle by 2.54 times for the same  

(c) Decrease in resolving power 

(d) No effect on the limiting angle 

119. A Galileo telescope has an objective of focal length 100 cm and 

magnifying power 50. The distance between the two lenses in 
normal adjustment will be [BCECE 2005] 

(a) 98 cm (b) 100 cm  

 (c) 150 cm (d) 200 cm 

120. A compound microscope has an eye piece of focal length 10 cm and 
an objective of focal length 4 cm. Calculate the magnification, if an 
object is kept at a distance of 5 cm from the objective so that final 
image is formed at the least distance vision (20 cm)     [UP SEAT 2005]  

 (a) 12 (b) 11   

 (c) 10  (d) 13 

 

Photometry 

 

1. If luminous efficiency of a lamp is 2 lumen/watt and its luminous 
intensity is 42 candela, then power of the lamp is 

 [AFMC 1998] 

(a) 62 W (b) 76 W  

(c) 138 W (d) 264 W 

2. An electric bulb illuminates a plane surface. The intensity of 

illumination on the surface at a point 2m away from the bulb is 
4105   phot (lumen/cm2). The line joining the bulb to the point 

makes an angle of 60o with the normal to the surface. The intensity 
of the bulb in candela is   

[IIT-JEE 1980; CPMT 1991] 

(a) 340  (b) 40 

(c) 20 (d) 41040   

3. In a movie hall, the distance between the projector and the screen is 

increased by 1% illumination on the screen is 

    [CPMT 1990] 

(a) Increased by 1% (b) Decreased by 1%  

(c) Increased by 2% (d) Decreased by 2% 

4. Correct exposure for a photographic print is 10 seconds at a distance 
of one metre from a point source of 20 candela. For an equal 
fogging of the print placed at a distance of 2 m from a 16 candela 
source, the necessary time for exposure is 

(a) 100 sec (b) 25 sec 

(c) 50 sec (d) 75 sec 

5. A bulb of 100 watt is hanging at a height of one meter above the 

centre of a circular table of diameter 4 m. If the intensity at a point 

on its rim is 0I , then the intensity at the centre of the table will be  

   [CPMT 1996] 

(a) 0I  (b) 052 I  

(c) 02I  (d) 055 I  

6. A movie projector forms an image 3.5m long of an object 35 mm. 
Supposing there is negligible absorption of light by aperture then 
illuminance on slide and screen will be in the ratio of     [CPMT 1982] 

(a) 100 : 1 (b) 104 : 1 

(c) 1 : 100 (d) 1 : 104 

7. A 60 watt bulb is hung over the center of a table 4 m  4 m at a 

height of 3 m. The ratio of the intensities of illumination at a point 
on the centre of the edge and on the corner of the table is     [CPMT 1976, 84] 

(a) 2/3)13/17(  (b) 2 / 1 

 (c) 17 / 13 (d)  5 / 4 

8. "Lux" is a unit of    [Kerala PMT 2001] 

(a) Luminous intensity of a source 

(b) Illuminance on a surface  

(c) Transmission coefficient of a surface 

(d) Luminous efficiency of source of light   

9. Total flux produced by a source of 1 cd is  [CPMT 2001] 

(a) 
4

1
 (b) 8  

(c) 4  (d) 
8

1
  

10. If the luminous intensity of a 100 W unidirectional bulb is 100 
candela, then total luminous flux emitted from the bulb is     [AIIMS 1998] 

(a) 861 lumen  (b) 986 lumen 

(c) 1256 lumen (d) 1561 lumen  

11. The maximum illumination on a screen at a distance of 2 m from a 
lamp is 25 lux. The value of total luminous flux emitted by the lamp 
is     [JIMPER 1997] 

(a) 1256 lumen (b) 1600 lumen 

(c) 100 candela  (d) 400 lumen  

12. A small lamp is hung at a height of 8 feet above the centre of a 
round table of diameter 16 feet. The ratio of intensities of 
illumination at the centre and at points on the circumference of the 
table will be    [CPMT 1984, 1996] 

(a) 1 : 1 (b) 2 : 1 

(c) 1:22  (d) 3 : 2 

13. Lux is equal to    [CPMT 1993] 

(a) 1 lumen/m2  (b) 1 lumen/cm2  

(c) 1 candela/m2 (d) 1 candela/cm2  

14. Five lumen/watt is the luminous efficiency of a lamp and its 
luminous intensity is 35 candela. The power of the lamp is  

[CPMT 1992] 

(a) 80 W (b) 176 W 

(c) 88 W (d) 36 W  

15. A lamp rated at 100 cd hangs over the middle of a round table with 
diameter 3 m at a height of 2 m. It is replaced by a lamp of 25 cd 
and the distance to the table is changed so that the illumination at 
the centre of the table remains as before. The illumination at edge of 

the table becomes X times the original. Then X is      [CPMT 1989] 

(a) 
3

1
 (b) 

27

16
 

(c) 
4

1
 (d) 

9

1
 

16. The distance between a point source of light and a screen which is 
60 cm is increased to 180 cm. The intensity on the screen as 
compared with the original intensity will be 

[CPMT 1888] 
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(a) (1 / 9) times  (b) (1 / 3) times  

(c) 3 times  (d) 9 times   

17. A source of light emits a continuous stream of light energy which 
falls on a given area. Luminous intensity is defined as  

[CPMT 1986] 

(a) Luminous energy emitted by the source per second 

(b) Luminous flux emitted by source per unit solid angle  

(c) Luminous flux falling per unit area of a given surface   

(d) Luminous flux coming per unit area of an illuminated surface    

18. Venus looks brighter than other stars because  [MNR 1985] 

(a) It has higher density than other stars 

(b) It is closer to the earth than other stars  

(c) It has no atmosphere  

(d) Atomic fission takes place on its surface   

19. To prepare a print the time taken is 5 sec due to lamp of 60 watt at 
0.25 m distance. If the distance is increased to 40 cm then what is 
the time taken to prepare the similar print  

[CPMT 1982] 

(a) 3.1 sec (b) 1 sec  

(c) 12.8 sec (d) 16 sec  

20. A lamp is hanging 1 m above the centre of a circular table of 

diameter 1m. The ratio of illuminaces at the centre and the edge is    [NCERT 1982] 

(a) 
2

1
 (b) 

2

3

4

5








 

(c) 
3

4
 (d) 

5

4
 

21. Two stars situated at distances of 1 and 10 light years respectively 
from the earth appear to possess the same brightness. The ratio of 
their real brightness is 

[NCERT 1981] 

(a) 1  : 10 (b) 10  : 1 

(c) 1  : 100 (d) 100 : 1 

22. The intensity of direct sunlight on a surface normal to the rays is 

0I . What is the intensity of direct sunlight on a surface, whose 

normal makes an angle of 60o with the rays of the sun    [CPMT 1981] 

(a) 0I  (b) 














2

3
0I  

(c) 
2

0I  (d) 02I   

23. Inverse square law for illuminance is valid for  [CPMT 1978] 

(a) Isotropic point source  (b) Cylindrical source  

(c) Search light  (d) All types of sources   

24. 1% of light of a source with luminous intensity 50 candela is incident 

on a circular surface of radius 10 cm. The average illuminance of 
surface is    

(a) 100 lux (b) 200 lux  

(c) 300 lux (d) 400 lux  

25. Two light sources with equal luminous intensity are lying at a 

distance of 1.2 m from each other. Where should a screen be placed 
between them such that illuminance on one of its faces is four times 
that on another face   

(a) 0.2 m (b) 0.4 m 

(c) 0.8 m (d) 1.6 m  

26. Two lamps of luminous intensity of 8 Cd and 32 Cd respectively are 

lying at a distance of 1.2 m from each other. Where should a screen 
be placed between two lamps such that its two faces are equally 
illuminated due to two sources 

(a) 10 cm from 8 Cd lamp (b) 10 cm from 32Cd lamp 

(c) 40 cm from 8 Cd lamp (d) 40 cm from 32 Cd lamp  

27. A lamp is hanging along the axis of a circular table of radius r. At 
what height should the lamp be placed above the table, so that the 

illuminance at the edge of the table is 
8

1
 of that at its center     [MP PET 2005] 

(a) 
2

r
 (b) 

2

r
 

(c) 
3

r
 (d) 

3

r
  

28. A point source of 100 candela is held 5m above a sheet of blotting 
paper which reflects 75% of light incident upon it. The illuminance 
of blotting paper is  

(a) 4 phot (b) 4 lux  

(c) 3 phot (d) 3 lux  

29. A lamp is hanging at a height 40 cm from the centre of a table. If 

its height is increased by 10 cm the illuminance on the table will 
decrease by   

(a) 10 % (b) 20% 

(c) 27% (d) 36%  

30. Which has more luminous efficiency  

(a) A 40 W bulb  (b) A 40 W fluorescent tube 

(c) Both have same  (d) Cannot say   

31. An electric lamp is fixed at the ceiling of a circular tunnel as shown 
is figure. What is the ratio the intensities of light at base A and a 
point B on the wall 

(a) 1 : 2 

(b) 3:2  

(c) 1:3  

(d) 2:1  

32. When sunlight falls normally on earth, a luminous flux of 
25 /1057.1 mlumen  is produced on earth. The distance of 

earth from sun is Km8105.1  . The luminous intensity of sun in 

candela will be   

(a) 271053.3   (b) 251053.3   

(c) 291053.3   (d) 211053.3    

33. In the above problem, the luminous flux emitted by sun will be  

(a) lm251043.4   (b) lm261043.4   

(c) lm271043.4   (d) lm281043.4    

O 
B 

A 

S 
Lamp 

Tunnel 
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34. A screen receives 3 watt of radiant flux of wavelength 6000 Å. One 

lumen is equivalent to watt3105.1   of monochromatic light of 

wavelength 5550 Å. If relative luminosity for 6000 Å is 0.685 while 
that for 5550 Å is 1.00, then the luminous flux of the source is    

(a) lm3104   (b) lm3103  

(c) lm3102  (d) lm31037.1    

35. A point source of 3000 lumen is located at the centre of a cube of 
side length 2m. The flux through one side is   

(a) 500 lumen  (b) 600 lumen  

(c) 750 lumen (d) 1500 lumen  

36. Light from a point source falls on a small area placed perpendicular 

to the incident light. If the area is rotated about the incident light by 
an angle of 60o, by what fraction will the illuminance change      

(a) It will be doubled  (b) It will be halved  

(c) It will not change (d) It will become one-fourth 
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37. A point source of light moves in a straight line parallel to a plane 

table. Consider a small portion of the table directly below the line of 

movement of the source. The illuminance at this portion varies with 

its distance r from the source as   

(a) 
r

E
1

  (b) 
2

1

r
E   

(c) 
3

1

r
E   (d) 

4

1

r
E    

38. Figure shows a glowing mercury tube. The illuminances at point A, 

B and C are related as  

(a) B > C > A  

(b) A > C > B 

(c) B = C > A 

(d) B = C < A  

39. The relative luminosity of wavelength 600 nm is 0.6. Find the 

radiant flux of 600 nm needed to produce the same brightness 
sensation as produced by 120 W of radiant flux at 555 nm 

(a) 50W (b) 72W  

(c) W2)6.0(120  (d) 200W  

40. Find the luminous intensity of the sun if it produces the same 
illuminance on the earth as produced by a bulb of 10000 candela  at 
a distance 0.3 m. The distance between the sun and the earth is 

m11105.1      

(a) cd221025  (b) cd181025  

(c) cd261025  (d) cd361025  

41. A lamp is hanging at a height of 4m above a table. The lamp is 
lowered by 1m. The percentage increase in illuminace will be   

(a) 40 %  (b) 64% 

(c) 78% (d) 92% 

 

 

 

 

 

 

1. A point source of light B is placed at a distance L in front of the 
centre of a mirror of width d hung vertically on a wall. A man walks 
in front of the mirror along a line parallel to the mirror at a 
distance 2L from it as shown. The greatest distance over which he 
can see the image of the light source in the mirror is    [IIT-JEE (Screening) 2000] 

 

(a) d/2  

(b) d 

(c) 2d  

(d) 3d  

2. Two plane mirrors. A and B are aligned parallel to each other, as 

shown in the figure. A light ray is incident at an angle of 30  at a 

point just inside one end of A. The plane of incidence coincides with 
the plane of the figure. The maximum number of times the ray 
undergoes reflections (including the first one) before it emerges out 
is     

[IIT-JEE (Screening) 2002] 

(a) 28 

(b) 30 

(c) 32 

(d) 34 

3. A concave mirror of focal length cm100  is used to obtain the 

image of the sun which subtends an angle of .30  The diameter of 
the image of the sun will be 

 (a) cm74.1  (b) cm87.0  

 (c) cm435.0  (d) cm100  

4. A square of side cm3  is placed at a distance of cm25  from a 

concave mirror of focal length .10cm  The centre of the square is at 
the axis of the mirror and the plane is normal to the axis. The area 
enclosed by the image of the square is 

 (a) 24cm  (b) 26cm  

 (c) 216cm  (d) 236cm  

5. A short linear object of length l  lies along the axis of a concave 
mirror of focal length f at a distance u  from the pole of the mirror. 

The size of the image is approximately equal to [IIT-JEE 1988; BHU 2003; CPMT 2004] 

 (a) 

2/1








 

f

fu
l  (b) 

2








 

f

fu
l  

 (c) 

2/1










 fu

f
l  (d) 

2










 fu

f
l  

6. A thin rod of length 3/f  lies along the axis of a concave mirror of 

focal length .f  One end of its magnified image touches an end of 

the rod. The length of the image is 

[MP PET 1995] 

(a) f  (b) f
2

1
 

(c) f2  (d) f
4

1
 

7. A ray of light falls on the surface of a spherical glass paper weight 
making an angle   with the normal and is refracted in the medium 

at an angle  . The angle of deviation of the emergent ray from the 

direction of the incident ray 

[NCERT 1982] 

 (a) )(    (b) )(2    

 (c) 2/)(    (d) )(    

8. Light enters at an angle of incidence in a transparent rod of 

refractive index n. For what value of the refractive index of the 

material of the rod the light once entered into it will not leave it 

through its lateral face whatsoever be the value of angle of incidence   

   [CBSE PMT 1998] 

 (a) 2n  (b) 1n  

 (c) 1.1n  (d) 3.1n  

9. A glass hemisphere of radius 0.04 m and R.I. of the material 1.6 is 

placed centrally over a cross mark on a paper (i) with the flat face; 

(ii) with the curved face in contact with the paper. In each case the 

B 

m32  

30o 

A 

0.2m 

B d 

A L 

2L 

C A 
B 
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cross mark is viewed directly from above. The position of the images 

will be 

[ISM Dhanbad 1994] 

(a) (i) 0.04 m from the flat face; (ii) 0.025 m from the flat face 

(b) (i) At the same position of the cross mark; (ii) 0.025 m below 

the flat face 

 (c) (i) 0.025 m from the flat face; (ii) 0.04 m from the flat face 

 (d) For both (i) and (ii) 0.025 m from the highest point of the 

hemisphere 

10. One face of a rectangular glass plate 6 cm thick is silvered.  An 

object held 8 cm in front of the first face, forms an image 12 cm 

behind the silvered face. The refractive index of the glass is   [CPMT 1999] 

(a) 0.4  (b) 0.8 

(c) 1.2 (d) 1.6 

11. A rectangular glass slab ABCD, of refractive index n
1

, is immersed in 

water of refractive index n
2

 (n
1

>n
2

).  A ray of light in incident at the 

surface AB of the slab as shown. The maximum value of the angle of 

incidence 
max

, such that the ray comes out only from the other 

surface CD is given by 

[IIT-JEE (Screening) 2000]  

 

 

 

 

 

(a) 
























 

1

21

2

11 sincossin
n

n

n

n
(b) 

























 

2

1
1

1 1
sincossin

n
n  

(c) 













2

11sin
n

n
 (d) 














1

21sin
n

n
 

12. A diverging beam of light from a point source S having divergence 

angle , falls symmetrically on a glass slab as shown.  The angles of 

incidence of the two extreme rays are equal.  If the thickness of the 

glass slab is t and the refractive index n, then the divergence angle 

of the emergent beam is  

[IIT-JEE (Screening) 2000] 

(a) Zero  

(b)  

(c) )/1(sin 1 n  

(d) )/1(sin2 1 n
 

13. A concave mirror is placed at the bottom of an empty tank with face 

upwards and axis vertical.  When sunlight falls normally on the mirror, 

it is focussed at distance of 32 cm from the mirror.  If the tank filled 

with water 









3

4
  upto a height of 20 cm, then the sunlight will 

now get focussed at 

[UPSEAT 2002] 

(a) 16 cm above water level  

(b) 9 cm above water level 

(c) 24 cm below water level  

(d) 9 cm below water level 

14. An air bubble in sphere having 4 cm diameter appears 1 cm from 

surface nearest to eye when looked along diameter. If 
a


g

 = 1.5, the 

distance of bubble from refracting surface is 

[CPMT 2002] 

(a) 1.2 cm  (b) 3.2 cm 

(c) 2.8 cm (d) 1.6 cm 

15. An observer can see through a pin–hole the top end of a thin rod of 

height h, placed as shown in the figure.  The beaker height is 3h and 

its radius h.  When the beaker is filled with a liquid up to a height 

2h, he can see the lower end of the rod.  Then the refractive index 

of the liquid is  

  [IIT-JEE (Screening) 2002] 

 

 

 

 

 

 

 

 

(a) 5/2  (b) )2/5(  

(c) )2/3(  (d) 3/2 

16. A ray of light is incident at the glass–water interface at an angle i, it 
emerges finally parallel to the surface of water, then the value of 

g  would be   [IIT-JEE (Screening) 2003] 

 

(a) (4/3) sin i  

(b) 1/sin i  

(c) 4/3 

(d) 1 

17. A glass prism ( = 1.5) is dipped in water ( = 4/3) as shown in 

figure. A light ray is incident normally on the surface AB. It reaches 

the surface BC after totally reflected, if  

[IIT JEE 1981; MP PMT 1997] 

(a) sin    8/9 

(b) 2/3 < sin < 8/9 

(c) sin      2/3 

(d) It is not possible 

18. A convex lens A of focal length 20 cm and a concave lens B of focal 

length 5 cm  are kept along the same axis with the distance d 

between them. If a parallel beam of light falling on  A leaves B as a 

parallel beam, then distance d in cm will be   [MNR 1990; IIT-JEE 1985] 

(a) 25 (b) 15 

B A 
 

C 

A D 

C B 

n1 n2 max 
2h 

h 

3h 

r 

r 

i 
Glass 

Water w = 4/3 

i i 

S 

 

n t 
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(c) 30 (d) 50 

19. Diameter of a plano–convex lens is 6 cm and thickness at the centre 

is 3 mm. If the speed of light in the material of the lens is 2   108 

m/sec, the focal length of the lens is 

[CPMT 1989] 

(a) 15 cm (b) 20 cm  

(c) 30 cm (d) 10 cm 

20. A point object O is placed on the principal axis of a convex lens of 

focal length 20 cm at a distance of 40 cm to the left of it. The 

diameter of the lens is 10 cm. If the eye is placed 60 cm to the right 

of the lens at a distance h below the principal axis, then the 

maximum value of h to see the image will be   [MP PMT 1999] 

(a) 0 (b) 5 cm 

(c) 2.5 cm (d) 10 cm 

21. A luminous object is placed at a distance of 30 cm from the convex 

lens of focal length 20 cm. On the other side of the lens, at what 

distance from the lens a convex mirror of radius of curvature 10 cm 

be placed in order to have an upright image of the object coincident 

with it 

[CBSE PMT 1998; JIPMER 2001, 02] 

(a) 12 cm (b) 30 cm 

(c) 50 cm (d) 60 cm 

22. Shown in the figure here is a convergent lens placed inside a cell 

filled with a liquid. The lens has focal length + 20 cm when in air 

and its material has refractive index 1.50. If the liquid has refractive 

index 1.60, the focal length of the system is     [NSEP 1994; DPMT 2000] 

 (a) + 80 cm 

 (b) – 80 cm 

(c) – 24 cm 

(d) –100 cm 

23. A hollow double concave lens is made of very thin transparent 

material.  It can be filled with air or either of two liquids L
1

 and L
2

 

having refractive indices n
1

 and n
2 

respectively (n
2

>n
1

>1).  The lens will 

diverge a parallel beam of light if it is filled with  [IIT-JEE (Screening) 2000] 

(a) Air and placed in air 

  (b) Air and immersed in L
1

 

(c) L
1

 and immersed in L
2

  

(d) L
2

 and immersed in L
1

 

24. The object distance u, the image distance v and the magnification m 

in a lens follow certain linear relations.  These are   [Roorkee 2000] 

(a)  
vu

1
  versus

1
 (b) m versus u 

(c) u versus v (d) m versus v 

25. Which one of the following spherical lenses does not exhibit 

dispersion?  The radii of curvature of the surfaces of the lenses are 

as given in the diagrams 

[IIT-JEE (Screening) 2002] 

 

 

(a)    (b) 

 

 

 

(c)   (d) 

 
 

 

26. The size of the image of an object, which is at infinity, as formed by 

a convex lens of focal length 30cm is 2 cm.  If a concave lens of 
focal length 20 cm is placed between the convex lens and the image 
at a distance of 26 cm from the convex lens, calculate the new size 
of the image 

[IIT-JEE (Screening) 2003] 

(a) 1.25 cm  (b) 2.5 cm  

(c) 1.05 cm (d) 2 cm 

27. An achromatic prism is made by crown glass prism )19( o
cA   

and flint glass prism )6( o
FA  . If 5.1v

C  and 66.1v
F , 

then resultant deviation for red coloured ray will be  

(a) 1.04° (b) 5° 

(c) 0.96° (d) 13.5° 

28. The refracting angle of prism is A and refractive index of material of 

prism is 
2

cot
A

. The angle of minimum deviation is    [CPMT 1992] 

(a) 180°– 3A (b) 180° + 2A 

(c) 90° –A (d) 180° – 2A 

29. An isosceles prism of angle 120° has a refractive index of 1.44. Two 
parallel monochromatic rays enter the prism parallel to each other 
in air as shown. The rays emerging from the opposite faces   [IIT-JEE 1995] 

 

 

 

 

 

 (a) Are parallel to each other  

 (b) Are diverging 

 (c) Make an angle )72.0(sin2 1  with each other 

(d) Make an angle }30)72.0({sin2 1 o  with each other 

30. A ray of light is incident on the hypotenuse of a right-angled prism 

after travelling parallel to the base inside the prism.  If  is the 

refractive index of the material of the prism, the maximum value of 
the base angle for which light is totally reflected from the 
hypotenuse is  [EAMCET 2003] 

(a) 












1
sin 1   (b) 













1
tan 1  

(c) 








 



 1
sin 1  (d) 













1
cos 1

 

31. The refractive index of the material of the prism and liquid are 1.56 

and 1.32 respectively.  What will be the value of  for the following 

refraction   [BHU 2003; CPMT 2004] R1 R2 

R1  R2 

R R R  

R  

Liquid 

Lens 

120° 
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(a) 
11

13
sin    

(b) 
13

11
sin   

(c) 
2

3
sin   

(d) 
2

1
sin   

32. A spherical surface of radius of curvature R separates air (refractive 

index 1.0) from glass (refractive index 1.5). The centre of curvature is 

in the glass. A point object P placed in air is found to have a real 

image Q in the glass. The line PQ cuts the surface at a point O, and 

PO = OQ. The distance PO is equal to   [IIT JEE 1998; DPMT 2000] 

 (a) 5 R (b) 3 R 

 (c) 2 R (d) 1.5 R  

33. A plano-convex lens when silvered in the plane side behaves like a 

concave mirror of focal length 30cm. However, when silvered on the 

convex side it behaves like a concave mirror of focal length 10 cm. 

Then the refractive index of its material will be  [BHU 1997; UPSEAT 1995] 

 (a) 3.0 (b) 2.0 

 (c) 2.5 (d) 1.5 

34. A ray of light travels from an optically denser to rarer medium.  The 

critical angle for the two media is C.  The maximum possible 

deviation of the ray will be   

 [KCET (Engg./Med.) 2002] 

(a) 







 C

2


  (b) 2C 

(c) C2  (d) C  

35. An astronaut is looking  down on earth's surface from a space 

shuttle at an altitude of .400 km  Assuming that the astronaut's 

pupil diameter is mm5  and the wavelength of visible light is 

.500 nm  The astronaut will be able to resolve linear object of the 

size of about   [AIIMS 2003] 

(a) 0.5 m (b) m5  

(c) 50 m (d) 500 m 

36. The average distance between the earth and moon is  

4106.38  km. The minimum separation between the two points 

on the surface of the moon that can be resolved by a telescope 

whose objective lens has a diameter of 5 m with Å6000  is     [MP PMT 1993] 

(a) 5.65 m   (b)   28.25 m   

(c) 11.30 m   (d)   56.51 m 

37. The distance of the moon from earth is .108.3 5 km  The eye is 

most sensitive to light of wavelength 5500 Å. The separation of two 

points on the moon that can be resolved by a 500 cm telescope will 

be    [AMU (Med.) 2002] 

(a) 51 m (b) 60 m 

(c) 70 m (d) All the above 

38. A small source of light is to be suspended directly above the centre of 
a circular table of radius R. What should be the height of the light 
source above the table so that the intensity of light is maximum at the 
edges of the table compared to any other height of the source 

(a) 
2

R
 (b) 

2

R
 

(c) R (d) R2  

39. A light source is located at 1P  as shown in the figure. All sides of 

the polygon are equal. The intensity of illumination at 2P  is 0I . 

What will be the intensity of illumination at 3P    

(a) 0
8

33
I  

(b) 
8

0I  

(c) 0
8

3
I  

(d) 0
8

3
I  

40. A container is filled with water ( = 1.33) upto a height of 33.25 cm. 

A concave mirror is placed 15 cm above the water level and the 
image of an object placed at the bottom is formed 25 cm below the 

water level. The focal length of the mirror is   [IIT-JEE (Screening) 2005] 

 
 

(a) 10 

(b) 15  

(c) 20  

(d) 25 

41. A point object is moving on the principal axis of a concave mirror of 

focal length cm24  towards the mirror. When it is at a distance of 

cm60  from the mirror, its velocity is ./9 seccm  What is the 

velocity of the image at that instant 

[MP PMT 1997] 

 (a) seccm /5  towards the mirror 

 (b) seccm /4  towards the mirror 

 (c) seccm /4  away from the mirror 

 (d) sec/9cm  away from the mirror 

42. A concave mirror is placed on a horizontal table with its axis 

directed vertically upwards. Let O be the pole of the mirror and C  

its centre of curvature. A point object is placed at .C  It has a real 

image, also located at .C  If the mirror is now filled with water, the 

image will be  [IIT-JEE 1998] 

 (a) Real, and will remain at C 

 (b) Real, and located at a point between C and   

 (c) Virtual and located at a point between C and O 

 (d) Real, and located at a point between C and O  

25 cm 

15 cm 

33.25 cm =1.33 

A 

 

P1 

P2 P3 
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43. The diameter of moon is 3105.3  km and its distance from the 

earth is 5108.3  km. If it is seen through a telescope whose focal 

length for objective and eye lens are 4 m and 10 cm respectively, 

then the angle subtended by the moon on the eye will be 

approximately    

[NCERT 1982; CPMT 1991] 

(a)  15o  (b)   20o    

(c) 30o  (d)   35o  

44. The focal length of an objective of a telescope is 3 metre and 

diameter 15 cm. Assuming for a normal eye, the diameter of the 

pupil is 3 mm for its complete use, the focal length of eye piece 

must be      [MP PET 1989] 

(a) 6 cm  (b) 6.3 cm    

(c) 20 cm   (d)  60 cm  

45. We wish to see inside an atom. Assuming the atom to have a 

diameter of 100 pm, this means that one must be able to resolved a 

width of say 10 p.m. If an electron microscope is used, the minimum 

electron energy required is about  

 [AIIMS 2004] 

 (a) 1.5 KeV (b) 15 KeV 

 (c) 150 KeV (d) 1.5 KeV 

46. A telescope has an objective lens of 10 cm diameter and is situated 

at a distance of one kilometre from two objects. The minimum 

distance between these two objects, which can be resolved by the 

telescope, when the mean wavelength of light is 5000 Å, is of the 

order of   [CBSE PMT 2004] 

 (a) 0.5 m (b) 5 m  

 (c) 5 mm (d) 5 cm  

47. Two point white dots are 1mm apart on a black paper. They are 

viewed by eye of pupil diameter 3 mm. Approximately, what is the 

maximum distance at which dots can be resolved by the eye ? [Take 

wavelength of light = 500 nm]   

[AIEEE 2005] 

 (a) 6 m  

 (b) 3 m 

 (c) 5 m  

 (d) 1 m 

48. A convex lens of focal length 30 cm and a concave lens of 10 cm 

focal length are placed so as to have the same axis. If a parallel beam 

of light falling on convex lens leaves concave lens as a parallel beam, 

then the distance between two lenses will be 

 (a) 40 cm (b) 30 cm 

 (c) 20 cm (d) 10 cm  

49. A small plane mirror placed at the centre of a spherical screen of 

radius R. A beam of light is falling on the mirror. If the mirror 

makes n revolution. per second, the speed of light on the screen 

after reflection from the mirror will be 

(a) 4nR (b) 2nR  

(c) 
2

nR
 (d) 

4

nR
 

50. A room (cubical) is made of mirrors. An insect is moving along the 

diagonal on the floor such that the velocity of image of insect on 

two adjacent wall mirrors is 10 cms–1. The velocity of image of insect 

in ceiling mirror is  

(a) 10 cms–1  (b) 20 cms–1  

(c) 
2

10
 cms–1 (d) 210  cms–1  

51. Figure shows a cubical room ABCD with the wall CD as a plane 

mirror. Each side of the room is 3m. We place a camera at the 

midpoint of the wall AB. At what distance should the camera be 

focussed to photograph an object placed at A  

(a) 1.5 m 

(b) 3 m 

(c) 6 m 

(d) More than 6 m 

52. If an object moves towards a plane mirror with a speed v at an 

angle   to the perpendicular to the plane of the mirror, find the 

relative velocity between the object and the image    

 

(a) v 

(b) 2v 

(c) cos2v  

(d) sin2v  

53. A plane mirror is placed at the bottom of the tank containing a 

liquid of refractive index  . P is a small object at a height h above 

the mirror. An observer O-vertically above P outside the liquid see P 

and its image in the mirror. The apparent distance between these 

two will be   

(a) h2  

(b) 


h2
 

(c) 
1

2



h
 

(d) 












1
1h  

54. One side of a glass slab is silvered as shown. A ray of light is 

incident on the other side at angle of incidence oi 45 . Refractive 
index of glass is given as 1.5. The deviation of the ray of light from 
its initial path when it comes out of the slab is   

(a) 90o  

(b) 180o  

(c) 120o  

(d) 45o  

A B 

C D 

3m 

O I 
y 

vO 

 

vI 

 

  

x 

O 

P 
h  

d 

x 

45o 

 = 1.5 
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55. Consider the situation shown in figure. Water 









3

4
w  is filled 

in a breaker upto a height of 10 cm. A plane mirror fixed at a height 
of 5 cm from the surface of water. Distance of image from the 
mirror after reflection from it of an object O at the bottom of the 
beaker is  

(a) 15 cm  

(b) 12.5 cm  

(c) 7.5 cm  

(d) 10 cm  

56. A person runs with a speed u towards a bicycle moving away from 
him with speed v. The person approaches his image in the mirror 
fixed at the rear of bicycle with a speed of  

(a)  u – v (b) u – 2v 

(c)  2u – v (d) 2(u – v) 

57. Two transparent slabs have the same thickness as shown. One is 

made of material A of refractive index 1.5. The other is made of two 

materials B and C with thickness in the ratio 1 : 2. The refractive 

index of C is 1.6. If a monochromatic parallel beam passing through 

the slabs has the same number of waves inside both, the refractive 

index of B is  

 

 

 

 

 

 

(a) 1.1 (b) 1.2 

(c) 1.3 (d) 1.4 

58. An object is placed infront of a convex mirror at a distance of 50 

cm. A plane mirror is introduced covering the lower half of the 

convex mirror. If the distance between the object and plane mirror 

is 30 cm, it is found that there is no parallax between the images 

formed by two mirrors. Radius of curvature of mirror will be  

(a) 12.5 cm (b) 25 cm 

(c) cm
3

50
 (d) cm18  

59. A cube of side 2 m is placed in front of a concave mirror focal 

length 1m with its face P at a distance of 3 m and face Q at a 

distance of 5 m from the mirror. The distance between the images 

of face P and Q and height of images of P and Q are   

(a) 1 m, 0.5 m, 0.25 m 

(b) 0.5 m, 1 m, 0.25 m 

(c) 0.5 m, 0.25 m, 1m 

(d) 0.25 m, 1m, 0.5 m 

60. A small piece of wire bent into an L shape with upright and 

horizontal portions of equal lengths, is placed with the horizontal 

portion along the axis of the concave mirror whose radius of 

curvature is 10 cm. If the bend is 20 cm from the pole of the mirror, 

then the ratio of the lengths of the images of the upright and 

horizontal portions of the wire is   

(a) 1 : 2 (b) 3 : 1 

(c) 1 : 3 (d) 2 : 1 

61. The image of point P when viewed from top of the slabs will be 

(a) 2.0 cm above P  

(b) 1.5 cm above P 

(c) 2.0 cm below P  

(d) 1 cm above P  

62. A fish rising vertically up towards the surface of water with speed 3 

ms–1 observes a bird diving vertically down towards it with speed 9 

ms–1. The actual velocity of bird is  

(a) 4.5 ms–1  

(b) 5. ms–1  

(c) 3.0 ms–1  

(d) 3.4 ms–1  

63. A beaker containing liquid is placed on a table, underneath a 

microscope which can be moved along a vertical scale. The 

microscope is focussed, through the liquid onto a mark on the table 

when the reading on the scale is a. It is next focussed on the upper 

surface of the liquid and the reading is b. More liquid is added and 

the observations are repeated, the corresponding readings are c and 

d. The refractive index of the liquid is  

(a) 
abcd

bd




 (b) 

abcd

db




 

(c) 
bd

abcd




 (d) 

dcba

bd




 

64. Two point light sources are 24 cm apart. Where should a convex 

lens of focal length 9 cm be put in between them from one source 

so that the images of both the sources are formed at the same place 

(a) 6 cm (b) 9 cm 

(c) 12 cm (d) 15 cm  

65. There  is an equiconvex glass lens with radius of each face as R and 

2/3ga   and 3/4wa  . If there is water in object space 

and air in image space, then the focal length is 

(a) 2R (b) R  

(c) 3 R/2  (d) 2R  

66. A prism having an apex angle 4o and refraction index 1.5 is located in 

front of a vertical plane mirror as shown in figure. Through what 

total angle is the ray deviated after reflection from the mirror  

(a) 176o  

(b) 4o  

(c) 178o  

(d) 2o   

67. An optical fibre consists of core of 
1

 surrounded by a cladding of 
2

 

< 
1

. A beam of light enters from air at an angle  with axis of fibre. 

The highest  for which ray can be travelled through fibre is  

5 cm 

10 cm 

O 4

10
cm 

O' 

4° 
90° 

A 

t t/3 2t/3 

C B 

2m 

2m 

P 

Q 3m 

=1.5 

=1.5 

1.5 cm 

2 cm 
P 

1.5 cm 1.5 cm 

y 

y' 
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(a) 2
1

2
2

1cos    

(b) 2
2

2
1

1sin    

(c) 2
2

2
1

1tan    

(d) 2
2

2
1

1sec    

68. A rod of glass ( = 1.5) and of square cross section is bent into the 

shape shown in the figure. A parallel beam of light falls on the plane 

flat surface A as shown in the figure. If d is the width of a side and 

R is the radius of circular arc then for what maximum value of 
R

d
 

light entering the glass slab through surface A emerges from the 

glass through B  

 

(a) 1.5 

(b) 0.5 

(c) 1.3 

(d) None of these 

69. The slab of a material of refractive index 2 shown in figure has 

curved surface APB of radius of curvature 10 cm and a plane surface 

CD. On the left of APB is air and on the right of CD is water with 

refractive indices as given in figure. An object O is placed at a 

distance of 15 cm from pole P as shown. The distance of the final 

image of O from P, as viewed from the left is    

 

(a) 20 cm  

(b) 30 cm 

(c) 40 cm  

(d) 50 cm  

70. A double convex lens, lens made of a material of refractive index 

1 , is placed inside two liquids or refractive indices 2  and 3 , 

as shown. 312   . A wide, parallel beam of light is incident 

on the lens from the left. The lens will give rise to   

(a) A single convergent 

beam 

(b) Two different 

convergent beams 

(c) Two different 

divergent beams 

(d) A convergent and a divergent beam 

71. The distance between a convex lens and a plane mirror is 10 cm. The 

parallel rays incident on the convex lens after reflection from the 

mirror form image at the optical centre of the lens. Focal length of 

lens will be 

(a) 10 cm 

(b) 20 cm 

(c) 30 cm 

(d) Cannot be determined 

72. A compound microscope is used to enlarge an object kept at a 

distance 0.03m from it’s objective which consists of several convex 

lenses in contact and has focal length 0.02m. If a lens of focal length 

0.1m is removed from the objective, then by what distance the eye-

piece of the microscope must be moved to refocus the image 

(a) 2.5 cm (b) 6 cm  

(c) 15 cm (d) 9 cm 

73. If the focal length of the objective lens and the eye lens are 4 mm 

and 25 mm respectively in a compound microscope. The length of 

the tube is 16 cm. Find its magnifying power for relaxed eye 

position    

(a) 32.75   (b)   327.5   

(c) 0.3275   (d)   None of the above 

74. Three right angled prisms of refractive indices 21, nn  and 3n  are 

fixed together using an optical glue as shown in figure. If a ray 
passes through the prisms without suffering any deviation, then 

 

 

 

 

(a) 321 nnn   (b) 321 nnn   

(c) 3211 nnn   (d) 2
3

2
1

2
21 nnn   

75. In a compound microscope, the focal length of the objective and the 
eye lens are 2.5 cm and 5 cm respectively. An object is placed at 
3.75 cm before the objective and image is formed at the least 
distance of distinct vision, then the distance between two lenses will 
be (i.e. length of the microscopic tube)    

(a) 11.67 cm   (b)   12.67 cm   

(c) 13.00 cm   (d)   12.00 cm  

76. In a grease spot photometer light from a lamp with dirty chimney is 

exactly balanced by a point source distance 10 cm from the grease 
spot. On clearing the chimney, the point source is moved 2 cm to 
obtain balance again. The percentage of light absorbed by dirty 
chimney is nearly   

(a) 56% (b) 44% 

(c) 36% (d) 64% 

77. The separation between the screen and a plane mirror is 2r. An 
isotropic point source of light is placed exactly midway between the 

mirror and the screen. Assume that mirror reflects 100% of incident 
light. Then the ratio of illuminances on the screen with and without 
the mirror is  

(a) 10 : 1 (b) 2 : 1 

(c) 10 : 9 (d) 9 : 1  

78. The separation between the screen and a concave mirror is 2r. An 

isotropic point source of light is placed exactly midway between the 

mirror and the point source. Mirror has a radius of curvature r and 

reflects 100% of the incident light. Then the ratio of illuminances on 

the screen with and without the mirror is  

(a) 10 : 1 (b) 2 : 1 

(c) 10 : 9 (d) 9 : 1 

79. The apparent depth of water in cylindrical water tank of diameter 

2R cm is reducing at the rate of x cm/minute when water is being 

B 

A 

d 

R 

n2 

n1 n3 

2 

1 

2 

3 3 

O 

P O C ' 

C A 

D B 

 s= 2.0 

15 cm 

20 cm 

3

4


w


 

2 

1  
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drained out at a constant rate. The amount of water drained in c.c. 

per minute is (n
1

 = refractive index of air, n
2

 = refractive index of 

water)  [AIIMS 2005] 

 (a) x  R2 n
1

/n
2

  (b) x  R2 n
2

/n
1

  

(c) 2  R n
1

/n
2

  (d)  R2 x  
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1. In an experiment of find the focal length of a concave mirror a 

graph is drawn between the magnitudes of u and v.  The graph 
looks like   [AIIMS 2003] 

 

(a)  (b)   

 

 

 

 

(c)  (d)  

 

 

 

2. As the position of an object (u) reflected from a concave mirror is 
varied, the position of the image (v) also varies. By letting the u 
changes from 0 to   the graph between v versus u will be   
 

(a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

3. When light is incident on a medium at angle i and refracted into a 
second medium at an angle r, the graph of sin i vs sinr is as shown 
in the graph. From this, one can conclude that  

 

 

 

 

 
 

(a) Velocity of light in the second medium is 1.73 times the velocity 
of light in the I medium 

(b) Velocity of light in the I medium is 1.73 times the velocity in 
the II medium 

(c) The critical angle for the two media is given by 

   sin 
3

1
ci  

(d) sin 
2

1
ci  

4. The graph between the lateral magnification (m) produced by a lens 
and the distance of the image (v) is given by  

[MP PMT 1994] 

 

(a)  (b)  

 

 

 

 

(c)  (d)  

 

 

5. The graph shows variation of v with change in u for a mirror. Points 
plotted above the point P on the curve are for values of v   [CPMT 1987] 

(a) Smaller then f  

(b) Smaller then 2f  

(c) Larger then 2f  

(d) Larger than f  

6. The graph shows how the magnification m produced by a convex 

thin lens varies with image distance v. What was the focal length of 

the used    [DPMT 1995] 

(a) 
c

b
 

(b) 
ca

b
 

(c) 
a

bc
 

(d) 
b

c
 

7. Which of the following graphs shows appropriate variation of 

refractive index  with wavelength   

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

8. For a concave mirror, if real image is formed the graph between 
u

1
 

and 
v

1
 is of the form 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

9. The graph between u and v for a convex mirror is  

 

 (a)  (b)  

v 

u 

v 

u 

v 

u 

v 

u 

30o 

sin i 

sin r 

v 

m 

0 
v 

m 

0 

v 

m 

0 
v 

m 

0 

P 

45° 

v 

u 

b 

a c 

m 

v 

 

 

 

 

 

 

 

 

1/v 

1/u 

1/v 

1/u 

1/v 

1/u 

1/v 

1/u 

f f 

u 

v 

f f 

u 

v 

f f 

u 

v 

f f 

u 

v 

v 

u 

v 

u 

v 

u 

v 

u 
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 (c)  (d)  

 

 

 

10. For a convex lens, if real image is formed the graph between (u + v) 

and u or v is as follows  

 

 (a)  (b)  

 

 

 

 

 

 (c)  (d)  

 

 

 

11. Which of the following graphs is the magnification of a real image 

against the distance from the focus of a concave mirror 

 

 (a)  (b) 

 

 

 

 

 (c)  (d)  

 

 

 

12. A graph is plotted between angle of deviation () and angle of 

incidence (i) for a prism. The nearly correct graph is  

 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

 

 

13. If x is the distance of an object from the focus of a concave mirror 
and y is the distance of image from the focus, then which of the 
following graphs is correct between x and y  

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

  

 

14. For a small angled prism, angle of prism A, the angle of minimum 

deviation () varies with the refractive index of the prism as shown 

in the graph 

(a) Point P corresponds to  = 1 

(b) Slope of the line PQ = A/2 

(c) Slope = A  

(d) None of the above statements is true  

15. The graph between sine of angle of refraction (sin r) in medium 2 

and sine of angle  of incidence (sin i) in medium 1 indicates that  

(tan 36°  
4

3
) 

(a) Total internal reflection can take place  

(b) Total internal reflection 

cannot take place 

(c) Any of (a) and (b) 

(d) Data is incomplete 

16. A medium shows relation 

between i and r as shown. If speed of light in the medium is nc then 
value of n is  

(a)  1.5 

(b) 2 

(c) 2–1  

(d) 3–1/2  

17. For a concave mirror, if virtual image is formed, the graph between 

m and u is of the form  

 

(a)  (b)  

 

 

 

(c)  (d)  

 

 

 

u+v 

u or v 2f 

4f 

u+v 

u or v 2f 

4f 

u or v 2f 

4f 

u+v 

u or v 

u+v 

x 

y 

Distance 

m 

x 

y 

Distance 

m 

x 

y 

Distance 

m 

x 

y 

Distance 

m 

x 

y 

 

O 
i 

x 

y 

 

O 
i 

x 

y 

 

O 
i x 

y 

 

O 
i 

x 

y 

x 

y 

x 

y 

x 

y 

m 

u 

m 

u f 

1 

m 

u 

1 

m 

u 

 

O 
 

Q 

P 

sin r 

sin i 

30° 

O 2/10 

sin r 

sin i 
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18. A ray of light travels from a medium of refractive index  to air. Its 

angle of incidence in the medium is i, measured from the normal to 

the boundary, and its angle of deviation is .  is plotted against i 
which of the following best represents the resulting curve  

 

 (a)  (b)  

 

 

 

 (c)  (d)  

 

 

 

19. The distance v of the real image formed by a convex lens is 

measured for various object distance u. A graph is plotted between v 
and u, which one of the following graphs is correct     [BVP 2003] 

 (a)  (b)  

 

 

 

 

 (c)  (d)  

 

 

20. For a convex lens the distance of the object is taken on X-axis and 

the distance of the image is taken on Y-axis, the nature of the graph 

so obtained is   [BVP 2003] 

 (a) Straight line (b) Circle 

 (c) Parabola (d) Hyperbola 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  :  A red object appears dark in the yellow light  

 Reason  : A red colour is scattered less  [AIIMS 2004] 

2. Assertion  :  The stars twinkle while the planets do not. 

Reason  : The stars are much bigger in size than the planets.[AIIMS 2003] 

3. Assertion  :  Owls can move freely during night.  

 Reason  : They have large number of rods on their retina.[AIIMS 2003] 

4. Assertion  :  The air bubble shines in water.  

 Reason  : Air bubble in water shines due to refraction of light 

 [AIIMS 2002] 

5. Assertion  :  In a movie, ordinarily 24 frames are projected per 

second from one end to the other of the complete 

film.  

 Reason  : The image formed on retina of eye is sustained 

upto 1/10 second after the removal of stimulus. [AIIMS 2001] 

6. Assertion  :  Blue colour of sky appears due to scattering of blue 

colour. 

 Reason  : Blue colour has shortest wave length in visible 

spectrum. [AIIMS 2001] 

7. Assertion  :  The refractive index of diamond is 6  and that of 

liquid is 3 . If the light travels from diamond to 

the liquid, it will totally reflected when the angle of 

incidence is 30o.  

 Reason  : ,
sin

1

C
  where  is the refractive index of 

diamond with respect to liquid.   [AIIMS 2000] 

8. Assertion  :  The setting sun appears to be red. 

 Reason  : Scattering of light is directly proportional to the 
wavelength.  [AIIMS 2000] 

9. Assertion  :  A double convex lens ( = 1.5) has focal length 10 cm. 

When the lens is immersed in water ( = 4/3) its 

focal length becomes 40 cm.  

 Reason  : 

















21

111

RRf m

ml




  [AIIMS 1999] 

10. Assertion  :  Different colours travel with different speed in 
vacuum.  

 Reason  : Wavelength of light depends on refractive index of 

medium. [AIIMS 1998] 

11. Assertion  :  The colour of the green flower seen through red 
glass appears to be dark. 

 Reason  : Red glass transmits only red light. 

[AIIMS 1997] 

12. Assertion  :  The focal length of the mirror is f and distance of 

the object from the focus is u, the magnification of 
the mirror is f / u. 

 Reason  : Magnification 
objectof  Size

imageof  Size
  [AIIMS 1994] 

13. Assertion  :  If a plane glass slab is placed on the letters of 
different colours all the letters appear to be raised 
up to the same height.  

 Reason  : Different colours have different wavelengths. 

14. Assertion  :  The fluorescent tube is considered better than an 

electric bulb. 

 Reason  : Efficiency of fluorescent tube is more than the 
efficiency of electric bulb.  

15. Assertion  :  The polar caps of earth are cold in comparison to 
equatorial plane.  

 Reason  : The radiation absorbed by polar caps is less than 

the radiation absorbed by equatorial plane.  

16. Assertion  :  The illumination of earth's surface from sun is more 
at noon than in the morning.  

/2 

2 

1 

 

O 
i i 

/2 

2 

1 

 

O 

 

/2 

2 

1 

O 
i 

/2 

2 

1 

 

O 
i 

v 

u 

v 

u 

v 

u 

v 

u 
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 Reason  : Luminance of a surface refers to brightness of the 
surface.  

17. Assertion  :  When an object is placed between two plane 

parallel mirrors, then all the images found are of 
equal intensity.  

 Reason  : In case of plane parallel mirrors, only two images 

are possible.  

18. Assertion  :  The mirrors used in search lights are parabolic and 
not concave spherical. 

 Reason  : In a concave spherical mirror the image formed is 
always virtual. 

19. Assertion  :  The size of the mirror affect the nature of the 

image. 

 Reason  : Small mirrors always forms a virtual image.  

20. Assertion  :  Just before setting, the sun may appear to be 
elliptical. This happens due to refraction. 

 Reason  : Refraction of light ray through the atmosphere may 

cause different magnification in mutually 
perpendicular directions.  

21. Assertion  :  Critical angle of light passing from glass to air is 

minimum for violet colour. 

 Reason  : The wavelength of blue light is greater than the 

light of other colours.  

22. Assertion  :  We cannot produce a real image by plane or convex 
mirrors under any circumstances.  

 Reason  : The focal length of a convex mirror is always taken 
as positive.  

23. Assertion  :  A piece of red glass is heated till it glows in dark. 
The colour of glowing glass would be orange.  

 Reason  : Red and orange is complementary colours.  

24. Assertion  :  Within a glass slab, a double convex air bubble is 
formed. This air bubble behaves like a converging 
lens.  

 Reason  : Refractive index of air is more than the refractive 
index of glass. 

25. Assertion  :  The images formed by total internal reflections are 
much brighter than those formed by mirrors or 
lenses.  

 Reason  : There is no loss of intensity in total internal 
reflection. 

26. Assertion  :  The focal length of lens does not change when red 

light is replaced by blue light.  

 Reason  : The focal length of lens does not depends on colour 

of light used.  

27. Assertion  :  There is no dispersion of light refracted through a 
rectangular glass slab.  

 Reason  : Dispersion of light is the phenomenon of splitting 
of a beam of white light into its constituent colours.  

28. Assertion  :  All the materials always have the same colour, 
whether viewed by reflected light or through 
transmitted light. 

 Reason  : The colour of material does not depend on nature 
of light. 

29. Assertion  :  A beam of white light gives a spectrum on passing 
through a hollow prism.  

 Reason  : Speed of light outside the prism is different from 
the speed of light inside the prism.  

30. Assertion  :  By increasing the diameter of the objective of 
telescope, we can increase its range. 

 Reason  : The range of a telescope tells us how far away a 
star of some standard brightness can be spotted by 
telescope. 

31. Assertion  :  For the sensitivity of a camera, its aperture should 
be reduced.  

 Reason  : Smaller the aperture, image focussing is also sharp. 

32. Assertion  :  If objective and eye lenses of a microscope are 

interchanged then it can work as telescope. 

 Reason  : The objective of telescope has small focal length. 

33. Assertion  :  The illuminance of an image produced by a convex 

lens is greater in the middle and less towards the 
edges.  

 Reason  : The middle part of image is formed by undeflected 

rays while outer part by inclined rays. 

34. Assertion  :  Although the surfaces of a goggle lens are curved, it 

does not have any power. 

 Reason  : In case of goggles, both the curved surfaces have 

equal radii of curvature.  

35. Assertion  :  The resolving power of an electron microscope is 

higher than that of an optical microscope.  

 Reason  : The wavelength of electron is more than the 

wavelength of visible light. 

36. Assertion  :  If the angles of the base of the prism are equal, 

then in the position of minimum deviation, the 
refracted ray will pass parallel to the base of prism.  

 Reason  : In the case of minimum deviation, the angle of 

incidence is equal to the angle of emergence.  

37. Assertion  :  Dispersion of light occurs because velocity of light 

in a material depends upon its colour. 

 Reason  : The dispersive power depends only upon the 

material of the prism, not upon the refracting angle 
of the prism.  

38. Assertion  :  An empty test tube dipped into water in a beaker 

appears silver, when viewed from a suitable 
direction. 

 Reason  : Due to refraction of light, the substance in water 

appears silvery. 

39. Assertion  :  Spherical aberration occur in lenses of larger 

aperture. 

 Reason  : The two rays, paraxial and marginal rays focus at 

different points.  

40. Assertion  :  It is impossible to photograph a virtual image. 

 Reason  : The rays which appear diverging from a virtual 
image fall on the camera and a real image is 
captured. 

41. Assertion  :  The speed of light in a rarer medium is greater 
than that in a denser medium   

 Reason  : One light year equals to 9.5 × 1012 km  

   [AIIMS 1999] 

42. Assertion  :  The frequencies of incident, reflected and refracted 

beam of monochromatic light incident from one 
medium to another are same 
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 Reason  : The incident, reflected and refracted rays are 
coplanar  [EAMCET (Engg.) 2000] 

43. Assertion  :  The refractive index of a prism depends only on the 
kind of glass of which it is made of and the colour 
of light 

 Reason  : The refractive index of a prism depends upon the 
refracting angle of the prism and the angle of 
minimum deviation [AIIMS 2000] 

44. Assertion  :  The resolving power of a telescope is more if the 
diameter of the objective lens is more. 

 Reason  : Objective lens of large diameter collects more light.[AIIMS 2005] 

45. Assertion  :  By roughening the surface of a glass sheet its 
transparency can be reduced. 

 Reason  : Glass sheet with rough surface absorbs more light.[AIIMS 2005] 

46. Assertion  :  Diamond glitters brilliantly. 

 Reason  : Diamond does not absorb sunlight. 

 [AIIMS 2005] 

47. Assertion  :  The cloud in sky generally appear to be whitish. 

 Reason  : Diffraction due to cloud is efficient in equal 
measure at all wavelengths. [AIIMS 2005] 

 
 

 

 

 

 
Plane Mirror 

 

1 d 2 b 3 b 4 c,d 5 c 

6 c 7 d 8 b 9 b 10 c 

11 b 12 d 13 a 14 c 15 c 

16 b 17 c 18 b 19 c 20 a 

21 c 22 b 23 c 24 b 25 b 

26 b 27 c 28 c 29 c 30 c 

31 b 32 a 33 b 34 c   

 

Spherical Mirror 
 

1 a 2 c 3 d 4 c 5 a 

6 b 7 c 8 b 9 a 10 b 

11 d 12 b 13 b 14 b 15 c 

16 d 17 b 18 b 19 a 20 a 

21 a 22 b 23 d 24 d 25 b 

26 bc 27 c 28 b 29 a 30 b 

31 d 32 c 33 a 34 d 35 d 

36 b 37 d 38 d 39 d 40 a 

41 d 42 d 43 a 44 a   

 

Refraction of Light at Plane Surfaces 

 

1 d 2 a 3 b 4 a 5 d 

6 a 7 c 8 d 9 c 10 a 

11 b 12 d 13 b 14 a 15 b 

16 a 17 c 18 c 19 d 20 a 

21 b 22 b 23 c 24 a 25 c 

26 a 27 b 28 d 29 a 30 c 

31 c 32 c 33 b 34 b 35 b 

36 b 37 a 38 b 39 c 40 d 

41 a 42 d 43 c 44 c 45 a 

46 a 47 c 48 a 49 c 50 c 

51 d 52 b 53 b 54 b 55 b 

56 a 57 d 58 b 59 c 60 b 

61 d 62 a 63 b 64 d 65 b 

66 a 67 b 68 b 69 a 70 d 

71 c 72 c 73 d 74 d 75 b 

76 d 77 c 78 c 79 b 80 b 

81 a 82 a 83 b 84 b 85 c 

86 b 87 d 88 d 89 b 90 d 

 

Total Internal Reflection 
 

1 b 2 c 3 d 4 d 5 c 

6 c 7 b 8 c 9 a 10 d 

11 b 12 c 13 c 14 d 15 d 

16 c 17 c 18 cd 19 c 20 d 

21 a 22 c 23 b 24 c 25 a 

26 c 27 c 28 a 29 d 30 d 

31 a 32 c 33 a 34 c 35 a 

36 d 37 b 38 b 39 c 40 a 

41 c 42 b 43 b 44 d 45 B 

46 a         

 

Refraction at Curved Surface 
 

1 a 2 a 3 d 4 c 5 a 

6 d 7 b 8 a 9 c 10 c 

11 c 12 d 13 b 14 c 15 b 

16 d 17 c 18 d 19 c 20 c 

21 c 22 a 23 d 24 a 25 d 

26 a 27 b 28 a 29 a 30 c 

31 c 32 d 33 d 34 c 35 b 

36 b 37 c 38 d 39 b 40 d 

41 a 42 c 43 a 44 c 45 d 

46 d 47 c 48 b 49 a 50 b 

51 c 52 a 53 a 54 b 55 a 
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56 b 57 a 58 a 59 d 60 c 

61 b 62 b 63 d 64 d 65 d 

66 a 67 d 68 c 69 c 70 b 

71 d 72 b 73 a 74 c 75 a 

76 c 77 a 78 b 79 b 80 d 

81 c 82 a 83 d 84 a 85 c 

86 c 87 b 88 a 89 a 90 b 

91 b 92 d 93 c 94 a 95 c 

96 c 97 c 98 a 99 d 100 a 

101 a 102 d 103 c 104 d 105 a 

106 c 107 b 108 a 109 d 110 b 

111 c 112 c 113 c 114 d 115 a 

116 c 117 a 118 d 119 c 120 b 

121 c 122 d 123 a 124 b 125 d 

126 c 127 d 128 b 129 b 130 c 

131 b 132 b 133 b 134 d 135 b 

136 d 137 d 138 b 139 a 140 c 

141 b 142 b 143 c 144 b 145 c 

 

Prism Theory & Dispersion of Light 
 

1 b 2 b 3 b 4 c 5 c 

6 a 7 a 8 d 9 d 10 d 

11 c 12 b 13 b 14 a 15 a 

16 b 17 d 18 a 19 d 20 b 

21 a 22 c 23 a 24 a 25 b 

26 c 27 c 28 b 29 a 30 a 

31 c 32 b 33 a 34 c 35 d 

36 a 37 b 38 a 39 d 40 b 

41 b 42 b 43 a 44 c 45 a 

46 c 47 b 48 a 49 c 50 c 

51 c 52 a 53 d 54 d 55 a 

56 c 57 a 58 a 59 a 60 c 

61 c 62 b 63 d 64 d 65 a 

66 b 67 c 68 c 69 b 70 c 

71 a 72 d 73 a 74 b 75 a 

76 b 77 b 78 b 79 d 80 a 

81 b 82 a 83 b 84 c 85 a 

86 c 87 c 88 a 89 b 90 b 

91 c 92 a 93 c 94 c 95 b 

96 c 97 c 98 a 99 a 100 c 

101 a 102 b 103 a 104 b 105 d 

106 b 107 b 108 a 109 b 110 a 

111 a 112 d 113 a 114 b 115 a 

116 d 117 d 118 d 119 c 120 d 

121 a 122 d 123 c 124 d 125 b 

126 a 127 c 128 c 129 d 130 a 

131 a 132 c 133 a 134 c 135 b 

136 c 137 a 138 d 139 c 140 b 

141 a 142 a 143 b 144 b 145 a 

146 a 147 d 148 b 149 c 150 a 

151 c         
 

 

Human Eye and Lens Camera 
 

1 c 2 a 3 b 4 d 5 b 

6 c 7 b 8 a 9 d 10 a 

11 c 12 c 13 a 14 b 15 d 

16 b 17 c 18 c 19 b 20 c 

21 b 22 a 23 a 24 a 25 d 

26 a 27 d 28 c 29 b 30 c 

31 c 32 c 33 b 34 b 35 a 

36 c 37 d 38 a 39 d 40 a 

41 b 42 c 43 d 44 a 45 b 

46 b 47 d 48 d 49 b 50 b 

51 c 52 a 53 a 54 c 55 d 

56 a 57 a 58 d 59 a 60 d 

61 d 62 a 63 b 64 d 65 a 

 

Microscope and Telescope 
 

1 c 2 b 3 b 4 b 5 b 

6 d 7 c 8 a 9 b 10 b 

11 a 12 b 13 b 14 a 15 c 

16 d 17 a 18 b 19 b 20 b 

21 a 22 d 23 c 24 a 25 d 

26 c 27 c 28 d 29 d 30 b 

31 a 32 d 33 d 34 c 35 d 

36 b 37 a 38 a 39 b 40 d 

41 d 42 b 43 d 44 a 45 c 

46 b 47 b 48 d 49 b 50 d 

51 c 52 a 53 a 54 a 55 b 

56 a 57 d 58 d 59 c 60 c 

61 c 62 a 63 b 64 a 65 b 

66 a 67 a 68 c 69 a 70 b 

71 c 72 b 73 a 74 a 75 b 

76 d 77 c 78 b 79 a 80 c 

81 b 82 b 83 b 84 a 85 b 

86 abcd 87 a 88 a 89 b 90 c 

91 b 92 d 93 c 94 d 95 c 

96 c 97 d 98 a 99 b 100 d 

101 c 102 b 103 a 104 b 105 b 

106 c 107 c 108 a 109 c 110 c 

111 d 112 a 113 d 114 a 115 a 
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116 a 117 b 118 a 119 a 120 a 

 

Photometry 
 

1 d 2 b 3 d 4 c 5 d 

6 b 7 a 8 b 9 c 10 c 

11 a 12 c 13 c 14 c 15 a 

16 a 17 b 18 b 19 c 20 b 

21 c 22 c 23 a 24 b 25 bc 

26 c 27 d 28 b 29 d 30 b 

31 d 32 a 33 d 34 d 35 a 

36 c 37 c 38 d 39 d 40 c 

41 c         

 

Critical Thinking Questions 
 

1 d 2 b 3 b 4 a 5 d 

6 b 7 b 8 a 9 b 10 c 

11 a 12 b 13 b 14 a 15 b 

16 b 17 a 18 b 19 c 20 c 

21 c 22 d 23 d 24 ad 25 c 

26 b 27 d 28 d 29 d 30 d 

31 b 32 a 33 d 34 c 35 c 

36 d 37 a 38 b 39 a 40 c 

41 c 42 d 43 b 44 a 45 b 

46 c 47 c 48 c 49 a 50 d 

51 d 52 c 53 b 54 a 55 b 

56 d 57 c 58 b 59 d 60 b 

61 d 62 a 63 a 64 a 65 c 

66 c 67 b 68 b 69 b 70 d 

71 b 72 d 73 b 74 d 75 a 

76 c 77 c 78 b 79 b   

 
 

Graphical Questions 
 

1 c 2 a 3 bc 4 c 5 c 

6 d 7 a 8 a 9 a 10 a 

11 d 12 a 13 b 14 ac 15 b 

16 d 17 b 18 a 19 d 20 d 

 

Assertion and Reason 
 

1 b 2 b 3 c 4 c 5 c 

6 a 7 e 8 c 9 a 10 e 

11 a 12 a 13 e 14 a 15 c 

16 b 17 d 18 c 19 d 20 a 

21 c 22 e 23 d 24 d 25 a 

26 d 27 b 28 d 29 d 30 b 

31 c 32 d 33 a 34 a 35 c 

36 a 37 b 38 c 39 a 40 e 

41 b 42 b 43 c 44 a 45 c 

46 b 47 c       

 
 
 
 
 
 

Plane Mirror 
 

1.  (d) o240)602360()2360(    

2. (b) When converging beam incident on plane mirror, real image is 

formed as shown  

 

 

 

 

 

 

 

3. (b) Incident ray and finally reflected ray are parallel to each other 

means o180  

 

 

 

 

 

From  2360  2360180  o90  

4. (c, d) By keeping the incident ray is fixed, if plane mirror rotates 

through an angle  reflected ray rotates through an angle 2. 

 

 

 

 
 

5. (c) Suppose at any instant, plane mirror lies at a distance x from 
object. Image will be formed behind the mirror at the same 
distance x.  

 

 

 

 

 When the mirror shifts towards the object by distance ‘y’ the 

image shifts yyxyx 2)(   

 So speed of image = 2  speed of mirror  

  

 

 
 

 

x x 

O I 

I2 I1 O 

x 

y 
1 2 

x 

(x – y) (x – y) 

(x + y) 

P 

O 

Q 

Plane mirror 

Real image O 

I Virtual  

object 
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6. (c) Number of images 51
60

360
1

360





















 

7. (d) F
o

 using distance of image = 4.5 m + 3 m = 7.5 m.  

 

 

 

 

8. (b) Several images will be formed but second image will be 
brightest 

  

 

 

 

 

 

9. (b) According to the following ray diagram length of mirror 

cm90)17010(
2

1
  

 

 

 

 

10. (c) The walls will act as two mirrors inclined to each other at 

90 and so will form 







1

90

360
4 – 1 i.e. 3 images of the 

person. Now these images with person will act as objects for 

the ceiling mirror and so ceiling mirror will form 4 images 

further. Therefore total number of images formed 

7133   

  Note : He can see. 6 images of himself.  

11. (b) 
60

45tan
h

  mh 60  

  

 

 

 

 

 

 

12. (d)  12060180  

13. (a)  0ri  

14. (c) When light is reflected from denser medium, a phase difference 

of  always occurs. 

15. (c) Ray after reflection from three mutually perpendicular mirrors 
becomes anti-parallel.     

16. (b) In two images man will see himself using left hand.   

17. (c) In plane mirror, size of the image is independent of the angle 
of incidence. 

18. (b) Size of image formed by a plane mirror is same as that of the 

object. Hence its magnification will be .1  

19. (c)  

 

 

 

 
 

20. (a) Subtract the given time from 
.min.

60:11
hr

  

21. (c) Relative velocity of image ... trw  object 

 sec/12)6(6 m  

  

 

 

 

22. (b)  

23. (c) See following ray diagram 

  

 

 

 

 

 The distance focussed for eye cm401030   

24. (b) Distance between object and image m15.05.0   

  

 

 

25. (b) Relative velocity of image ... trw  man 

 sm /30)15(15   

  

 

  

 

26. (b)  

 

 

 

 

 

 
 

27. (c) 41
72

360
1

360


















 nn


 

28. (c) 







 1

360


n 








 901

360
3 


 

29. (c)  

30. (c) 71
45

360
n  

31. (b) Diminished, erect image is formed by convex mirror.  

32. (a) When a mirror is rotated by an angle , the reflected ray 

deviate from its original path by angle 2 . 

6m/sec 6m/sec 

I O 

Image Man 

15m/s 15m/s 

45o 

45o 

Image 

Tower 

h 

60 m 

Image Object 

0.5m 0.5m 

10 cm 
H 

E 

F 

18
0
 c

m
 

180/2 cm 1m 

60° 

30° 30° 

Incident ray 

Reflected ray 

Surface 
30° 

Image Object 

10cm 

30 cm 

10cm 

100% 90% 

90% 

10% 

10% 

10% 

10% 

80% 

9% 

First image 

Second brightest 
image 

 

Third image 

Incident light 

I O 

4.5 m 

3m 3m 

I 

Real image 

Virtual object  

O 
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33. (b) 
2

R
f  , and R  for plane mirror.  

34. (c) Let required angle be   

 

 

 

 

 
 

From geometry of figure 

In  ABC;  = 180° – (60° + 40°) = 80°  

   = 90° – 80° = 10° 

In  ABD; A = 60°, B = ( + 2)  

= (80 + 2  10) = 100° and D = (90° – ) 

 A + B + D =180°  60° + 100° + (90° – ) = 180°   
= 70° 

 

Spherical Mirror 
 

1. (a) 
n

u
v

u

v

n
m 

1
 

By using mirror formula 
u

n

uf

111




  fnu )1(    

2. (c) 

3. (d)  

4. (c) cmI
I

uf

f

O

I
55.0

)100(10

10

5)(











  

5. (a) For real image m = – 2,  so by using 
uf

f
m


   

 cmu
u

75
50

50
2 




  

6. (b) By using 
uf

f

O

I




 cmI
I

78.1

)40(
2

25

)2/25(

)5.7(













  

7. (c)   

8. (b) ;
uf

f

O

I


  where u = f + x   

x

f

O

I
  

9. (a) Image formed by convex mirror is virtual for real object placed 
anywhere.  

10. (b) Given )( 1xfu   and )( 2xfv   

 The focal length 
)()(

))((

21

21

xfxf

xfxf

vu

uv
f







  

 On solving, we get 21
2 xxf   or 21 xxf   

11. (d) The image formed by a convex mirror is always virtual. 

12. (b) Object should be placed on focus of concave mirror.  

 

 

 

 

 

13. (b) cmu
uuf

f
m 90

)30(

)30(

4

1

)(

















  

14. (b) Size is .
5

1
 It can’t be plane and concave mirror, because both 

conditions are not satisfied in plane or concave mirror. Convex 
mirror can meet all the requirements. 

15. (c) Plane mirror and convex mirror always forms erect images. 
Image formed by concave mirror may be erect or inverted 
depending on position of object.  

16. (d) Virtual image is seen on the photograph. 

17. (b) 
u

v
m   also 

uvf

111
   1

v

u

f

u
  

 
f

u

v

u
 1

uf

f

u

v





  so 

uf

f
m


 . 

18. (b) To make the light diverging as much as possible. 

19. (a) Let distance .u  Now 16
u

v
 and 120 uv  

 cmuu
u

u
81201516

120



 . 

20. (a) Virtual image formed is larger in size in case of concave mirror.  

21. (a) Real, inverted and same in size because object is at the centre 
of curvature of the mirror. 

22. (b) Image is virtual so m = + 3. and cm
R

f 18
2
  

 So from 
uuf

f
m









)18(

)18(
3 .12 cmu   

23. (d) ,20
2

cm
R

f   2m  For real image; ,2m  

By using 
uf

f
m


 ,   cmu

u
30

20

20
2 




  

For virtual image; 2m  

So, cmu
u

10
20

20
2 




   

24. (d) Convex mirror always forms, virtual, erect and smaller image. 
25. (b) When object is placed. Between focus and pole, image formed 

is erect, virtual and enlarged. 
26. (b, c) Convex mirror and concave lens form virtual image for all 

positions of object.  

27. (c) Here focal length f  and fu   

On putting these values in 
vuf

111
  

 
2

111 f
v

vff
  

28. (b) Erect and enlarged image can produced by concave mirror. 

 cmf
f

f

uf

f

O

I
6

)4(1

3











   

 cmfR 122   

29. (a)  

30. (b) 
uf

f
m




)20(
3




f

f
cmf 15  

31. (d) When object is kept at centre of curvature. It’s real image is 
also formed at centre of curvature. 

32. (c) ,20 cmu   cmf 10  also 
uvf

111
  

  ;
3

20

)20(

11

10

1
cmv

v






 virtual image. 

Point image 

60° 

50° 

40° 

 

 

(90°–) 
 

A 

B 

C D 
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33. (a) Mirror formula  

 .
3

20

)10(

1

20

11111
cmf

fuvf






  If object 

moves towards the mirror by cm1.0  then. 

 .9.9)1.010( cmu   Hence again from mirror formula 

cmv
v

4.20
9.9

11

3/20

1









 i.e. image shifts 

away from the mirror by .4.0 cm  

34. (d) Image formed by convex mirror is always. Erect diminished and 
virtual. 

35. (d) cmR
R

f 40
2

  

36. (b) ,15 cmf   2m  (Positive because image is virtual)  

 uv
u

v
m 2 . By using mirror formula  

 cmu
uu

5.7
1

)2(

1

15

1






 

37. (d) ,30 cmu   ,30 cmf   by using mirror formula 

 
)30(

11

30

1111







vuvf
 

 ,15 cmv   behind the mirror 

 

 

 

 

 

 

  

       

38. (d) cmfcmR 1530   

 ,5.2 cmO   cmu 10  

 By mirror formula .30
)10(

11

15

1
cmv

v






 

 Also 
)10(

30

)5.2( 





I

u

v

O

I
.5.7 cmI   

39. (d)  

40. (a) 
uf

f

O

I




)4(6 ff

fI







 .2 cmI   

41. (d) Convergence (or power) is independent of medium for mirror.  

42. (d) 
2

1

2020

20

2








I

uf

f

O

I
 mmI 1  

43. (a) m =  3 and f = – 6 cm  

Now 
uuf

f
m









6

6
3  

For real image 
u




6

6
3    cmu 8  

For virtual image 
u




6

6
3   cmu 4  

44. (a)  Focal length of the mirror remains unchanged. 

 

Refraction of Light at Plane Surfaces 

 

1. (d)  

2. (a) redblue    

3. (b) vr 


  ,
1

 

4. (a) Åair
medium 4000

5.1

6000





  

5. (d) Velocity and wavelength change but frequency remains same.  

6. (a) 5.1
105104

103
714

8










c

v

c
 

7. (c) To see the container half-filled from top, water should be filled 
up to height x  so that bottom of the container should appear 
to be raised upto height (21–x). 

  As shown in figure apparent depth )21(' xh   

  Real depth xh   

  

 

 

 

 

 
 

  12
213

4

'



 x

x

x

h

h
 cm  

8. (d) In vacuum, the speed of light is independent of wave length. 
Thus vacuum (or air) is a non dispersive medium in which all 
colours travel with the same speed.   

9. (c) 
1

1

1

2

2

1 










   

10. (a) denserrarer,
1




v  

11. (b) 



1

  

12. (d) scmsm
c

v /105.1/105.1
2

103 108
8







 

13. (b)   i >  r,  it means light ray is going from rarer medium 
(A) to denser medium. 

So )()( BvAv   and )()( BnAn   

14. (a) mh
h

h
6

3/4

8



  

15. (b) 














212

2

1

1 11


d

dd
h  

16. (a) Normal  

 shift tx 












1
1  

 and shift takes place in 
direction of ray.  

 

17. (c)

 
c

nt

xc

t


/speed

distance
time  

I O 

30cm 
15cm 

(21 – x ) 

x 

Bottom Raised bottom 

(21 – x ) 

21 cm 

 

t 

I ' I 

x 
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18. (c) Let   and  represents frequency and wavelength of light in 
medium respectively.  

 so 





 




ccv

/

/
 

19. (d) 11
9

1
11

9

4

3

25
 w

a

w

w

a t
t

t

c

c
 min 6 sec 

20. (a) Optical path = t  

  In medium (1), optical path = 11d  

  In medium (2), optical path = 22d  

  Total path = 2211 dd    

21. (b) Refractive index of liquid C is same as that of glass piece. So it 
will not be visible in liquid C.  

22. (b) 
3

4
,

2

3
 waga   

  
8

9

3/4

2/3


wa

ga
gw




  

23. (c) 
41

14

4

1

4

3

3

2

2

1
342312

1



















   

24. (a) Colour of light is determined by its frequency and as frequency 
does not change, colour will also not change and will remains 
green.  

25. (c) Ray optics fails if the size of the object is of the order of the 
wavelength. 

26. (a) agasgasglglwwa nnnn  1
gas

a

gl

gas

w

gl

a

w

n

n

n

n

n

n

n

n
 

27. (b) 
2

1

2

1




 

v

v
v  

  88
2

1

1
2 1025.2

6000

4500
103  



v
v m/s  

28. (d) Since 2ga , so 
2

1

sin

sin


r

i
ag  

  orr 901sin   

29. (a) 
oo

oo

v

c








 

/1

/1
 

30. (c) 



1

    3150
42003/4

1
 x

x
Å 

31. (c) Kr



 

00

 

32. (c) 
5.1

C
C

C

C
m

m

  

33. (b) In the case of refraction if CD is the refracted wave front and v
1

 
and v

2

 are the speed of light in the two media, then in the time 
the wavelets from B reaches C, the wavelet from A will reach 
D, such that  

 

 

 

 

 

 

 

 

 
ga v

AD

v

BC
t 

g

a

v

v

AD

BC
     .....(i) 

 But in ,ACB  sinACBC    .....(ii) 

 while in ,ACD   sinACAD   .....(iii) 

 From equations (i), (ii) and (iii)    







sin

sin

g

a

v

v
 

 Also 












sin

sin1

a

g

g

a

v

v

v 







sin

sin
g  

34. (b)  

35. (b) From figure  

 ,60oi 
or 30  

 so 3
30sin

60sin
  

36. (b) 
81023/4

2/31


 w

g

w

w

g v

v

v

v 


  

 smvw /1025.2 8  

37. (a) Å
ca

m 4000
5.1105

103
14

8










  

38. (b) Åair
glass 4800

5.1

7200





  

39. (c)  

40. (d) wa

a

w

wr

ar

rw

ra 













/

/
 

41. (a) s
c

x
t 10

8

3

1025.0
103

105
2

3













 

42. (d) Distance = 9
8

10
5.1

103 


 t
c

tv


 

 = 0.2 m = 20 cm.  

43. (c) 


1
f . As gb     gb ff   

44. (c) Real depth = 1 m  

  Apparent depth = 9.01.01  m  

 Refractive index  = 
9

10

9.0

1

depth Apparent

depthReal 
  

45. (a) 
h

h


   

n

h
h   

46. (a) Refractive index
re)(Temperatu

1
  

47. (c) Snell’s law in vector form is )ˆ(̂ˆˆ nrni    

48. (a)  

49. (c) sm
c

v /1025.1
4.2

103 8
8







 

50. (c) Velocity of light in the window  

 = 1
8

5.1

103 
ms

18102  ms  

 

  

B 

A 

D 

C  
 

  

  

60o 

90o 

60o 

30o 
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 Hence t  = ss 11

8

3

102
102

104 






 

51. (d) Ray optics is valid when size of the objects is much larger than 
the order of wavelength of light. 

52. (b) 8
8

1025.2
33.1

103







c
v m/s 

53. (b) 11

8

3

10
103

1025.1 








c

x
t


sec 

54. (b) 
9

8

2/3

3/4


g

w
wg




  

55. (b) Frequency does not change with medium but wavelength and 
velocity decrease with the increase in refractive index. 

56. (a) 11

8

3

104
103

1043 








c

x
t


sec  

57. (d) 



1




 h
h

h
    

 

 

 

 

 

 

 

 

 VR    so VR hh   

 i.e. Red colour letter appears least raised.  

58. (b) 
o

o

r

i

v

c

30sin

45sin

sin

sin
  

   8
8

1012.2
2

103



v sm /  

59. (c) 


1
v

9

8

2/3

3/4

1

2

2

1 
g

w

w

g

v

v

v

v








 

60. (b) Time taken by light to travel distance x through a medium of 
refractive index   is 

 5.1
2

3

4

6
 BA

B

A

A

B

x

x

c

x
t 




 

61. (d) 
3.1

5.1


wa

ga
gw




  

62. (a) 5.1
80

120

depth apparent

depthReal 
  

63. (b) Apparent depth of bottom 

  = 
4321

4/4/4/4/



HHHH
  

 














4321

1111

4 

H
 

64. (d) For successive refraction through different media 

 sin constant. Here as   is same in the two extreme 

media, 41   . 

65. (b)  

 

 

 

 

 

 
 

66. (a) cmhh
h

h
2418

3

4
'

'
   

67. (b) Optical path x constant i.e. 2211 xx    

   36.15.4453.1 22    

68. (b) Velocity of light is maximum in vacuum.  

69. (a) itan   i =   3.5862.1tantan 11   

70. (d) Suppose water is poured up to the height h, 

 So 1
1

1 












h  cmh 4   

71. (c) 2.1
105.2

102

5.1

1
8

8





 l

l

l

g

g

l

v

v

v







  

72. (c) Stars twinkle due to variation in R.I. of atmosphere.  

73. (d) Refraction at air-oil point 
1sin

sin

r

i
oil   

   443.0
45.1

40sin
sin 1 r  

  Refraction at oil-water point 
r

r
wateroil

sin

sin 1  

   
rsin

443.0

45.1

33.1
  or rsin

33.1

45.1443.0 
 or 9.28  

74. (d) Objects are invisible in liquid of R.I. equal to that of object.  

75. (b) When light ray travels from denser to rarer, it deviates away 
from the normal. 

76. (d) 
v

c


8

8

105.1

103




 = 2. 

77. (c) Frequency remain unchanged.  

78. (c) 
wa

ga

gw



  25.1

4

5

2.1

5.1
 . 

79. (b) 
g

a
g




  Å3681

6.1

5890
 . 

80. (b) 
v

s
t  sec500

103

10105.1
8

38





 = 8.33 min. 

81. (a) For vacuum ont    .....(i) 

For air ant )1(    .....(ii)  

From equation (i) and (ii)  

10003.1

106

1

7














t  















a

o




  

m3102   = 2mm. 

82. (a) 
m

a
m

n

n

v

c




 

m

a




  

83. (b) As no scattering of light occurs. Space appears black.   

84. (b) 


1
v ,  is smaller for air than water, glass and diamond.   

85. (c) In vacuum speed of light is constant and it is equal to 3  108  

m/sec 
Horizon 

Actual position of the 
sun 

(Just below horizon) 

Atmospheric 
refraction  

As seen from 
the earth 

B 

The sun appears  above 

the horizon 

A 
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86. (b) 



 vacuum

medium   

87. (d) In vacuum speed of light is constant and is equal to 

./103 8 sm  

88. (d) When viewed from face (1) 
 

 
 

 
 
 

v

x

v

u


6

x
              .....(i)  

Now when viewed from face (2)  

4

1515 x

v

x 



               .....(ii)  

From equation (i) and (ii) 
4

615 



 5.1  . 

89. (b) The apparent depth of ink mark  

  


depthreal
 cm2

2/3

3
  

  Thus person views mark at a distance cm422  . 

90. (d) Apparent rise 














wa

d


1
1 










4

3
112 = 3 cm.  

 

Total Internal Reflection  
 

1. (b) Due to high refractive index its critical angle is very small so 
that most of the light incident on the diamond is total 
internally reflected repeatedly and diamond sparkles.   

2. (c) When incident angle is greater than critical angle, then total 
internal reflection takes place and will come back in same 
medium.  

3. (d) 

4. (d) 
ga

ga C
C 


1

sin
sin

1
  

 As   for violet colour is maximum, so sin C is minimum and 

hence critical angle C  is minimum for voilet colour.   
5. (c) The critical angle C is given by 

  
2

1

7000

3500
sin

2

1

1

2 




n

n
C    oC 30  

6. (c) From figure given in question .982  c  

7. (b) 2
30sin

1

sin

1


C
  

 smv /105.1
2

103 8
8




  

8. (c) 
Ci

r

r

i
DRRD

sin

1

sin

sin

sin

sin






   

 
i

i

r

i

r

i
C

cos

sin

cos

sin

)90sin(

sin
sin 


   (as i = r) 

 )(tansintansin 1 iCiC   

9. (a) For total internal reflection i > C  

 .
sin

11
sinsinsin 




i
iCi           

10. (d) For total internal reflection light must travel from denser 
medium to rarer medium. 

11. (b)  

12. (c) Semi vertical angle 


















 

4

3
sin

1
sin 11


C   

13. (c)  

14. (d) oC
C

30
2

1
sin

sin

1 1 







    

15. (d)  

16. (c) Critical angle = 












1
sin 1  

  













 

1

1
sin 1


  and 














 

2

1
sin' 1


  

 Since 
12    , hence  '  

17. (c)  

18. (c, d) For TIR i > C 

 sin i > sin C  
n

1
45sin   2n   n > 1.4  

19. (c)  

20. (d)  

21. (a) 
CC w

g

gw
sin

1

3/4

3/5

sin

1





  

 







 

5

4
sin

5

4
sin 1CC  

22. (c) Total internal reflection occurs when light ray travels from 
denser medium to rarer medium. 

23. (b) 2
2/


c

c

v

c
  also for total internal reflection 

 


1
sinsinsin  icici  

 Hence 









 



1
sin 1i  or oi 30  

24. (c) 





































 

9

8
sinsin

1
sin 111

g

w

gw

C





 

25. (a) gw     gw cc  . 

26. (c) 2
30sin

1

sin

1


C
  

27. (c) Ray from setting sum will be refracted at angle equal to critical 
angle.  

28. (a) Optical fibres are used to send signals from one place to 
another.   

29. (d)  
30. (d) When total internal reflection just takes place from lateral 

surface Ci   i.e. Co 60  

 
3

21
sin60sin  


Co  

Time taken by light to traverse some distance in a medium 

85.3
103

10
3

2

8

3







c

x
t


 sec. 

31. (a) )(2
2

1
21

2

1

2

1

1

2 









v

v
 

Face 1 

6 cm 4 cm 

15 cm 

Face 2 
Air 

bubble 
x 
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 For total internal reflection 
2

1
12

sin

1




 

C
 

 oC
CC

30
sin

1
2

sin

1
   

 So, for total (Internal reflection angle of incidence must be 
greater than 30°. 

32. (c)  

33. (a) 
oC 60sin

1

sin

1


3

2
  

34. (c) 



sin

1
ga




sin

1
                     .....(i)  

Now from Snell's law  
r

i

sin

sin


rsin

sin
  



sin
sin  r                      .....(ii)  

From equation (i) and (ii)  

2

1
sin


r














 

2

1 1
sin


r  

35. (a) 









 



1
sin 1C  and 




1
  

Yellow, orange and red have higher wavelength than green, so 

 will be less for these rays, consequently critical angle for 
these rays will be high, hence if green is just totally internally 
reflected then yellow, orange and red rays will emerge out. 

36. (d) We know 









 



1
sin 1C  

Given critical angle AB ii   

So AB   i.e. B is rarer and A is denser.  

Hence light can be totally internally reflected when it passes 
from A to B 

 Now critical angle for A to B  

 












 

AB

ABC


1
sin 1  BA

1sin  

 







 

A

B



1sin 







 

B

A

i

i

sin

sin
sin 1  

37. (b) At point A, by Snell’s law  

 
rsin

45sin


2

1
sin


 r          .....(i)  

 At point B, for total internal reflection 


1
sin 1 i   

 From figure, ri  901  

 


1
)90sin(  r  

 


1
cos  r          .....(ii)  

 Now rr 2sin1cos 
22

1
1


  

 
2

2

2

12



 
          .....(iii) 

 From equation (ii) and (iii)   
2

2

2

121








  

 Squaring both side and then solving we get 
2

3
  

38. (b) 



sin

1
12 





sin

1

2

1 
sin

1

1

2 
v

v

sin

12 
v

v
 

 
sin

2

v
v   

39. (c) From the formula 
21

1
sin


C 12sin  C  

 
1

2

2

1

v

v

u

u


1

2

/

/10
sin

tx

tx
C   

 
2

110
sin

t

t
C  













 

2

11 10
sin

t

t
C  

40. (a) 


1
45sin o

41.12    

41. (c) 

42. (b) Critical angle C is equal to incident angle if ray reflected 

normally oC 90  

43. (b) 

44. (d) 
7

36

7

123

7

3





h
r . 

45. (b)  Here 
5

31
sin 


i  and hence 

44

3
tan

r
i   

This gives mr 3 , hence diameter = m6  

46. (a) Radius of horizon circle 
7

3h
 cm3

7

73
 . 

 

Refraction at Curved Surface  
 

1. (a) By formula 














21

11
)1(

1

RRf
  

  = 
40

1

20

1
5.0

40

1

40

1
)15.1( 








  

  40f cm  

2. (a) 
m

x
uxuvm

u

v




 1
 and  

 
2)1(

111




m

mx
f

uvf
. 

3. (d) 
4

34
2

2
22

1

2

1

22 


















r

r
r

A

A

I

I
AI






 

  12
4

3
II   and focal length remains unchanged. 

45° 

A 

 

90° 

B 

i1 

r 

Air 
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4. (c) 100
100

1

100100

111 21

21

 f
PP

fff
cm  

  A convergent lens of focal length 100 cm. 

5. (a) Focal length of the combination can be calculated as  

 
21

111

ffF


)25(

1

)40(

11







F
 cmF

3

200
  

 D
F

P 5.1
3/200

100100



  

6. (d) 
21

111

ffF


2

1

20

1

80

1

f
  cmf

3

80
2   

 Power of second lens  

  D
f

P 75.3
3/80

100100

2

2 


  

7. (b) In each case two plane-convex lens are placed close to each 

other, and 
21

111

ffF
 .  

8. (a) Power of the combination 21 PPP   D10212   

  Focal length of the combination 

  cm
P

F 10
10

100100
  

9. (c) Resultant focal length =  

  It behaves as a plane slab of glass. 

10. (c) 
)1( 




R
f

)1(

10
30





33.1  . 

11. (c) In case of convex lens if rays are coming from the focus, then 
the emergent rays after refraction are parallel to principal axis.  

12. (d) Because to form the complete image only two rays are to be 
passed through the lens and moreover, since the total amount 
of light released by the object is not passing through the lens, 
therefore image is faint (intensity is decreased). 

13. (b) 













1010

100

)10(10

)10(10

21

21

ff

ff
f   

14. (c) Focal length of the combination  

 
21

111

ffF


)12(

1

)84(

1





 cmF 14  

 D
F

P
7

50

14

100100



  

15. (b) cmIIO 816421   

16. (d) 
)1(

)1(






gl

ga

a

l

f

f


















1
33.1

5.1

)15.1(

a

w

f

f
cmfw 32  

17. (c) If gl nn   then the lens will be in more denser medium. 

Hence its nature will change and the convex lens will behave 
like a concave lens. 

18. (d) 
)1(

)1(






gl

ga

a

l

f

f


















1
3/4

5.1

)15.1(

15

lf
cmfl 60  

19. (c) 
)1(

)1(






gl

ga

a

l

f

f




  lf  if 1gl   gala   . 

20. (c) 
u

v

O

I
1  and 21

22 IIO
v

u

O

I
  

21. (c) A lens shows opposite behaviour if lensmedium    

22. (a) A concave lens always forms virtual image for real objects.                         

23. (d) 

 

  

 

 

24. (a) 
uvf

111
  (Given 20u cm, 10f cm, ?v ) 

  cmv
v

20
)20(

11

10

1



  

25. (d) 30
)20(

1

60

1111

21




 F
ffF

 

26. (a) airwater 4 ff  , air lens is made up of glass.  

27. (b) 
25

1

20

1111

21


ffF


9

100
F

9

1
cm metre  

  DDP 9
9/1

1
  

28. (a) 
uvf

111
  (Given 

2

f
u


 ) 

    
ffvfvf

211

2/

111









  

    
fv

11 
  and 2

2/


f

f

u

v
m  

 So virtual at the focus and of double size. 

29. (a) 














21

11
)1(

1

RRf
  

  Given cmRcmR 20,20 21  , 5.1  

  20f cm . Parallel rays converge at focus. So L=f. 

30. (c) waterlensair    i.e., 33.11  lens  

31. (c) 














21

11
)1(

1

RRf
  

  For biconvex lens 12 RR      









Rf

2
)1(

1
  

  Given R   f , so no focus at real distance. 

32. (d) cm
R

f 25
)16.1(

15

)1(









 

 D
f

P 4
25

100100
  

33. (d) 
)1(

1





f  and 




1
 . Hence f  and vr    

34. (c) 
O

A
m 1

1  and 
O

A
m 2

2       
2

21
21

O

AA
mm   

 Also it can be proved that 121 mm  

O 

2f 

I 

2f 

4f 
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 So 21 AAO   

35. (b) Combined power DPPP 42621  . So focal length 

of combination m
P

F
4

11
  

36. (b) 
21

11

60

1

ff
  …(i) 

  and 
2121

1011

30

1

ffff
  …(ii) 

  On solving (i) and (ii)  60021 ff  and 1021  ff  

 Hence 201 f cm  and 302 f cm  

37. (c) For an achromatic combination 0
2

2

1

1 
ff


 

 i.e. 1 convex lens and 1 concave lens. 

38. (d) 
ml ffF

121
  10

1

20

21



 F

F
cm  

39. (b) Since aperture of lens reduces so brightness will reduce but 
their will be no effect on size of image.  

40. (d) Convex mirror and concave lens do not form real image. For 
concave mirror uv  , so image will be enlarged, hence only 
convex lens can be used for the purpose. 

41. (a) 
uf

f
m




u


30

30

4

1
cmu 150  

42. (c) Covering a portion of lens does not effect position and size of 

image.   

43. (a)   































10

2
1

3

211
1

1

21 RRf
ag  

  cmf 15 , so behaves as concave lens. 

44. (c) Size of image = f = )101(5.0 3 = 0.5 mm  

 

 

 

 

45. (d) 





)1(

)1(

gl

ga

a

l

f

f




 

2

5

1
4/5

2/3

1
2

3























 

  30
2

512

2

5












 al ff cm  

46. (d) 
21

211

ff

ff

F
P


  

47. (c) R
RR

f 2
)15.1()1(









 

48. (b) For achromatic combination, 0
2

2

1

1 
f

w

f

w
 

  01221  fwfw  

49. (a) 9
)15(

3

5
2

22

1

2

1 


 f
ff

f




cm  

50. (b) 31
)165.1(2

40

)1(2






 f

R
f


cm 

51. (c) Focal length of effective lens 

 
2

12121 l

lml

f
F

fffF



  

52. (a)  

 

 

 

 

 

 Ratio of focal length of new plano convex lenses is 1 : 1 

53. (a) 




















 


21

11

1

11

RR

n

f
 and 





















 


21

11

'

'

'

1

RRn

nn

f
 

   
'

'

1

1'

nn

nn

f

f





   

nn

nfn
f






'

)1('
'  

54. (b) 
f

vf

O

I 
 2

25

)7525(

5.1








I
cmI 3  

55. (a) ,21 PPP   if PPP  21   .22/ DPP   

56. (b) .100
)16.1(

60

)1(
cm

R
f 








 

57. (a) 

1
75.1

5.1

15.1

1

1











gl

ga

a

l

f

f




= 5.3

25.0

50.075.1



  

  Rfff lal 5.35.3     ( f
a

 = R) 

 Hence on immersing the lens in the liquid, it behaves as a 
converging lens of focal length 3.5 R. 

58. (a) 21 PPP  D
ff

1
)1(

1

)5.0(

111

21




  

59. (d) 30
)15.1(2

30
)1(2







 R
RR

f


cm  

60. (c) Total power DPPP 561121   

  Also 
)1(

)1(

)1(

)1(











gl

ga

l

a

gl

ga

a

l

P

P

f

f








 

  DP
P

l

l

625.0
)16.1/5.1(

)15.1(5





  

61. (b) For first case : vf
vf





111

 

  For second case cmf
fff

10
)20(

1

)5(

11






   

  Alternative sol. – 21
2 xxf    .10cmf   

62. (b) 
D

xD
f

4

22 
  (Focal length by displacement method) 

 cmf 21
404

)40()100( 22





  

 D
f

P 5
21

100100
  

Object 

Image 

 
 

f 

Principle  

axis 

f 
2f 2f 

 

2f 2f 
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63. (d) 
uvf

111
  10

)10(

11

5

1






v

v
cm  

64. (d) ffff 2''/2/    

65. (d) 12
)16.1(2

10
)1(2







 R
RR

f


cm  

66. (a)  

67. (d) DPPP 25.175.350.221   

 So 80
25.1

100
f cm  

68. (c)  
1

1






gl

ga

a

l

f

f




  Rfl 4  

69. (c) 5

1
25.1

5.1

15.1

2
1

1

1

1















 l

l

la

ga

ga

gl

ga

a

l f
f

f

f










cm 

70. (b) 
1

1





f  and 




1
  

71. (d) D
ffF

P 75.0
)5.0(

1

)8.0(

1111

21







  

72. (b) According to lens makers formula  

 )1(
111

)1(
1

21














 

fRRf
 

 Since violetRed    rv ff  and rv FF   

 Always keep in mind that whenever you are asked to compare 
(greater than or less than) u, v or f you must not apply sign 
conventions for comparison.  

73. (a) Since light transmitting area is same, there is no effect on 
intensity.   

74. (c) 
)(

1

)( uf

f

nuf

f
m





 fnu )1(   

75. (a) .24221 DDDPPP   

76. (c)  

77. (a) 
mffF

121
 . Here mf , hence cm

f
F 10

2
  

78. (b) cmOIIO 69421   

79. (b) .24621 DPPPP   So focal length 

 
2

100
f  = + 50 cm; convex lens 

80. (d) 
)1(2 




R
f D

R
P 5

2.0

)15.1(2)1(2









 

81. (c) mf
f

P 2
5.0

11
  

82. (a) cmf
f

f

f
l

l

gl

ga

a

l 8.12

1
6.1

4.1

)14.1(

41

1





























 

83. (d) cmF
FffF

18
)18(

11111

21




  

84. (a) 
)1(

)1(






gl

ga

a

l

f

f




; 5.12

)16.1(2

15

)1(2








g

a

R
f


 

  5.407

1
63.1

6.1

)16.1(

5.12













 l

l f
f

cm  

85. (c) ,1)1(221 DPPPP   

 cm
P

f 100
1

100100






  

86. (c)   

87. (b) Nature of lens changes, if lensmediume    

88. (a) cmvcmu 75,25   

  75.18
25

1

75

11






 f

f
cm ; convex lens. 

89. (a) ,
12

21

ff

ff
F


  F will be negative if 21 ff   

90. (b) cm
R

f 10
)15.1(2

10

)1(2









 

91. (b) 














21

11
)1(

1

RRf
  

   

















 2

1

5.7

1
)15.1(

10

1

R
cmR 152   

92. (d) 
)1(2 




R
f , 

)1( 




R
f   ff 2  

93. (c) m =  3, using 
uf

f
m


  

For virtual image 
8

3



f

f
  .....(i) 

For real image 
16

3



f

f
   .....(ii) 

Solving (i) and (ii) we get cmf 12  

94. (a) 18
)9(

1

18

11






 F

F
cm (i.e. concave lens) 

95. (c) cmIIO 42821   

96. (c) D
ff

P 6
)10(

100

)25(

100100100

21







  

97. (c)   

98. (a) .481244 cmff aw   

99. (d) By using lens formula 

 
48

34

16

1

12

11

)12(

11

16

1 





 vv
 48v cm  

  
  

  
 

 
 

100. (a) dPPdPPPP 25102121   

   For P  to be negative 1025 d  

   md 4.0  or 40d cm  

101. (a) f
m

m
u

uf

f
m

uf

f
m 







 








1
 

102. (d) Number of images = (Number of materials) 

u = 12 cm 

 v 

Virtual 
object 

Real 

Image 

 P 
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103. (c) For lens (1) 
)12(

11

)8(

1111







vuvf
 

 24 v cm  i.e. Image '' BA  is obtained 6 cm before the 

lens 2 or at the focus of lens 2. Hence final image formed by 
lens 2 will be real enlarged and it is obtained at  . 

  

 

 

 

 

 

 

104. (d) 
50

1

80

11111

21 





FffF
 

   DPF
4

3

3

400 
  

105. (a) By using formula 
Ruv

1212  
  

  cmv
v

30
30

)15.1(

)15(

15.1








 . 

 Negative sign shows that, image is obtained on the same side of 
object i.e. towards left. 

106. (c) By using 3044
)1(

)1(





 aw

gl

ga

a

l ff
f

f




=120 cm. 

107. (b)  

108. (a)  

109. (d)  

 

  

 

 

110. (b) Diameter of image 500
180

5.0 










d = 4.36 mm  

  

  

 

 

 

111. (c) 
1

1





f  and .

1


   

112. (c) Since intensity  (Aperature)2, so intensity of image will 
decrease but no change in the size occurs.  

113. (c) In liquids converging ability (power) of convex lens decreases. 

114. (d) Since ,
1



f  so voilet colour is focused nearer to the 

lens. 

115. (a) Focal length for voilet is minimum.  

116. (c) 55  v
u

v
m  inch (Given u = 1 inch) 

 Using sign convention inchvinchu 5,1   

 inchf
uvf

25.1
1

1

5

1111






  

117. (a) 4Lm  

 2
1 )(mm A  so that 2

0 160016 cmAA   

118. (d) cmvcmu 20,10   

 cmf
uvf 3

20

20

3

10

1

20

1111









  

 Now D
f

P 15
3/20

100100
  

119. (c) 
21

111

ffF
  

120. (b) 
)1(2 




R
f )1(2  fR )15.1(2.02  =0.2m. 

121. (c) Using refraction formula  
uvR

11 2121 
 

 

 in given case, medium (1) is glass and (2) is air  

 So 
uvR

agag 11


 
 

6

1

5.1

1

6

1
5.1

1









v

 

 
6

5.11

6

5.11







v 4

11

6

5.0


v
 

 
6

1

12

2

4

1

12

11


v
 v = 6 cm. 

122. (d) For real image 2m  

 
fu

f
m




20

20
2







ufu

f
 u = – 30 cm. 

123. (a) Focal length of the system (concave mirror)  

 
2

R
F 

5.12

30


 =10 cm  

In order to have a real image of the same size of the 
object, object must be placed at centre of curvature u = 
(2f). 

124. (b) 














21

11
)1(

1

RRf
  

= 
10

1

10

1

10

1
)15.1( 








   f = 10 cm  

 Radius of curvature of concave mirror = 2f = 20 cm. 

125. (d) 
2

1
m  

 
fu

f
m




30

30

2

1




u
cmu 90  

126. (c) 














21

11
)1(

1

RRf
  

 











1

60

1
)16.1(

1

f 100

1
 cmf 100  

127. (d) 











1

20

1
)15.1(

1

F
cmF 40 . 

128. (b) For minimum spherical and chromatic aberration distance 

between lenses.  

30 cm 

6 cm 
u1=12 cm 

24 cm 

B 

A 

f1 = 8 cm 

B 

A 

f1 =6 cm 

1 2 

f 

2f 2f 

f 

f 

d 

50cm 

 
    

 = 0.5° 
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 21 ffd  1.03.0  m2.0 . 

129. (b) 
)7.15.1(

7.1)15.1(

1

1











gl

ga

a

l

f

f




 

 
2.0

85.0


 lf aa ff 25.4 . 

130. (c) 

131. (b) 

RV

VR

y

VR

ff

ff

f

ff 



  

Putting value of Vf  and Rf  we get 0325.0 . 

132. (b)  DPP 221   and ,51 DP   so DP 32   

For achromatic combination  
















1

2

2

1

p

p





5

3

5

3








 
  

133. (b) 
1

1





f  and 




1
  

134. (d) 21 PPP  D10212   

Now m
P

F
10

11
 cm10 . 

135. (b) Focal length for voilet colour is minimum  

136. (d) 
3

2

2

1 
f

f
  .....(i) 

30

111

21


ff

  .....(ii) 

Solving equation (i) and (ii)  

cmf 152    (Concave) 

cmf 101   (Convex) 

137. (d) 
)1(

)1(






gl

ga

a

l

f

f




  

 8
1.0

6.15.0

1
6.1

5.1

15.1

1

1

















gl

ga

a

l

f

f




  

 
8

5

8
 a

l

P
P  

138. (b) To obtain, an inverted and equal size image, object must be 
paced at a distance of 2f from lens, i.e. 40 cm in this case.   

 

 
 
 

 
 
 

139. (a) Using 2121 PPdPPP   

 for equivalent power to be negative  

 2121 PPPPd    1025 d  

  md
25

10
   

25

10010
d   .40cmd   

140. (c) Combination of lenses will act as a simple glass plate.  

141. (b) For achromatic combination 
2

3

024.0

036.0

1

2

2

1 




f

f
  

 and 
90

111

21


ff

 

 solving above equations be get cmfcmf 45,30 21   

142. (b)  

143. (c) 
1

1





f  and 




1
 . 

144. (b) 
1

1






gl

ga

a

l

f

f




  

1

15.1

2.0

5.0








gl 
  2.01 gl   

  
5

4
8.0 gl    

5

4


la

ga




  

5

45.1


la 
 

  
8

15
la  . 

145. (c) Longitudinal chromatic aberration  

           = 2008.0 f cm6.1 .  

  

Prism Theory & Dispersion of Light 

 
1. (b) Neon street sign emits light of specific wavelengths. 

2. (b)  
3. (b)  
 

 
 
 

 

4. (c) )1(   R  is least so R  is least.  

5. (c)  

6. (a) For surface 


 30sinsin
sin

30sin1



e

e
AC  

   75.0
2

1
5.1sin e  

  e = 6348)75.0(sin 1  o  

 From figure oe 30  

 oo 306348  = 6318 o  

7. (a) The black lines in solar spectrum are called Fraunhoffer lines. 

8. (d) ,

2
sin

2
sin









A

mA

 But om i
A

45
2


 

 

 So o
o

A
A

A
60

2
sin

2

1
2

)2/sin(

45sin
  

9. (d) We know that 







mean

rv  

   Angular dispersion = meanrv    

10. (d) According to Kirchhoff’s law, a substance in unexcited state will 
absorb these wavelength which it emits in de-excitation.  

11. (c) By prism formula 

2
sin

2
cos

2
sin2

2
sin

2
sin

A

AA

A

AA

n 



  

90o 

60o 

60o 60o 

f = 40 cm 
f = 40 cm 

 

F = 20 cm 

90° 90° 

30° 

A 

e 

 
30° 

C B 
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  onA
41cos75.0

2

5.1

22
cos    oA 82  

12. (b)  

13. (b)  depend only on nature of material.  

14. (a) Because achromatic combination has same   for all 

wavelengths. 

15. (a)  
2


b

a     (Cauchy's equation)   

and dispersion 




d

d
D     

3

3 2
)2(




b
bD    

 
3

1


D   

8

1

2'

'
3




























D

D
  

8
'

D
D   

16. (b) 
2/sin

sin

A

i












2

60
sin

sin
2

i
 

 isin30sin2  oi 45  

17. (d) 
)1(

)1(






ga

gw

a

w









4

1

1
2

3

1
8

9























  

18. (a) Since 






















1

1
0)1()1(

'

'

y

y

yy
A

A
AA




  

19. (d)  

20. (b) 

21. (a) 

22. (c) From ray diagram  

  CA  for TIR at AC  

C so CA 2  

 

 

 

 

23. (a) By the hypothesis, we know that 

   oooAii 60465521  o41  

 But , m so o
m 41   

24. (a)  

25. (b)  AAm .)1(  angle of prism. 

26. (c)  

27. (c)  

28. (b)  

29. (a) Total deviation = 0 

 221154321 )1()1( AA    

 0)1()1()1( 554433  AAA   

  9)153.1(3)16.1(2 2  A  

 
oA 9.11

2.1

953.0
32 







 
   

30. (a) The dispersive power for crown glass 
1




y

rv

n

nn
  

 = 034.0
5170.0

0178.0

)15170.1(

5140.15318.1





 

 and for flint glass 064.0
)16499.1(

6434.16852.1





  

31. (c)  

32. (b)  

33. (a) For dispersion without deviation 



















 1

1

y

y

A

A




 

 
500.0

602.0

)1500.1(

)1602.1(

10







A
  '4.212A  

34. (c) 
2

mA
i


 =50° 

35. (d) In minimum deviation position ei   

36. (a) 
)(Secondary(Primary)(Primary)

GreenBlueYellow   

37. (b) All colours are reflected. 

38. (a) Effectively there is no deviation or dispersion. 

 

 

 

 

 

39. (d) From figure it is clear that 02  re  

From 21 rrA   

oAr 451   

2

3

45sin

60sin

sin

sin

1


r

i
  

Also from  Aei  45060 o15   

40. (b) Deviation is zero only for a particular colour, it is generally 
taken to be yellow.  

41. (b) oAAA 10)15.1()1(5     

42. (b) 2.01002.0)(  Arv   

43. (a) 2
30sin

45sin

)2/sin(

2
sin










 


o

o
m

A

A 

  

44. (c) 
163.1

61.165.1

1 









Y

RV




  

45. (a) For minimum angle of deviation for a prism 

 rA 2 ,    oA 60  

 Now 2
1

2

2

1

30sin

45sin

2

60
sin

2

3060
sin






o

o

  

46. (c) In minimum deviation condition ,ei   21 rr   

47. (b) For dispersion without deviation 
A

A


= 

)1(

)1(








 

90°  

A 

A 

B C 

C 

60o r1 
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54.0

72.0

)154.1(

)172.1(4







FA
 or o

FA 3
72.0

54.04



  

48. (a) oo
rvrv AAA 50)()(    

49. (c) 0 rA or 30  

From Snell’s law at surface AB  

r

i

sin

sin
        

o

o
i

i
45

30sin

sin
2    

50. (c) 2.0
6.0

12.0

16.1

52.164.1





  

51. (c) Because band spectrum can be found in case of molecules 
(generally gas). 

52. (a) Solids and liquids give continuous and line spectra. Only gases 
are known to give band spectra. 

53. (d)  

54. (d)  

55. (a) Hydrogen is molecular, therefore it gives band spectrum but 
not continuous spectrum. 

56. (c)  

57. (a) Dispersion take place because the refractive index of medium 
for different colour is different, for example, red light bends 
less than violet, refractive index of the material of the prism for 

red light is less than that for violet light. Equivalently, we can 
say that red light travels faster than violet light in a glass 
prism.  

58. (a) We know that iAeAei    

 = oooo 0603030   

  Emergent ray will be perpendicular to the face. 

 Therefore it will make an angle of 90° with the face through 

which it emerges. 

59. (a) rrrrm  25.02)15.1()2()1(  

60. (c)   

61. (c) 

62. (b) 

63. (d) Given oAei 4560
4

3

4

3
  

 In the position of minimum deviation 

 mAi 2  or o
m Ai 3060902   

64. (d)   

65. (a) Sky appears white due to scattering. In absence of atmosphere 

no scattering will occur.   

66. (b)  

67. (c)  300 rrA  

 2
30sin

45sin

sin

sin







r

i
  

 

 

 

 

68. (c) By formula AnAn )1(34)1(   and in the second 

position 
2

)1(
A

n   

  

2
)1(

)1(34

A
n

An







 or o17

2

34
  

69. (b) From figure  

 









 



1
sin 1

11 rcrA  

 









 



1
sin75 1

1r  

 o304575   

 From Snell’s law At B  

 
1sin

sin

r

i


o

i

30sin

sin
2  oi 45  

70. (c) In both A and B, the refracted ray is parallel to the base of 
prism.  

71. (a) According to given conditions TIR must take place at both the 

surfaces AB and AC. Hence only option (a) is correct. 

72. (d)  

73. (a) 

74. (b) 0 rA  and 
r

i

sin

sin
  

A

A

sin

2sin
   

         A
A

AA
cos2

sin

cossin2
  

 

75. (a) From figure it is clear that TIR takes place at  surface AC  

 and BC   

 i.e. Co45  

 Co sin45sin   

 


1

2

1
 2   

 Hence 2least     

76. (b)  

77. (b) According to Rayleigh’s law of scattering, intensity scattered is 
inversely proportional to the forth power of wavelength. So red 
is least scattered and sun appears Red.  

78. (b)  

79. (d)  

80. (a) Only red colour will be seen in spectrum.  

81. (b) 
2

mA
i


 


 45

2

3060
 

82. (a) 

2
sin

2
sin

A

A m 






 





  3

2

60
sin

2

6060
sin










 








 

  

90° C 

A 

A 

B C 

r1 
i 

45o 

45o 

45o 90o 

A 

C B 

i r 

A 

B C 

45° r 

A 

B C 

2A r 

A 

B C 
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83. (b) Because in dispersion of white light, the rays of different 
colours are not parallel to each other. Also deviation takes place 
in same direction.  

84. (c)  

85. (a) 
)1622.1(

)6161.16333.1(

)1( 









D

CF




 = 0.0276 

86. (c) For total internal reflection C  

   



1

sinsinsin  C  

 or 2
45sin

1

sin

1
 




o
 41.1  

87. (c)  

88. (a) oo
rv A 1.0502.0)(    

89. (b)  

90. (b) 
)172.1(

)154.1(

6)1(

)1(

' 












 A

A

A

y

y




 

 A' 0345.4  oo  

91. (c) 

2
sin

2
sin

A

A m 






 





   

2

60
sin

2

60
sin

3









 



m

 


2

3
= 










2
30sin m o

m 60   

92. (a) Dispersion is caused due to refraction as  depends on . 

93. (c) From colour triangle 

94. (c) Due to the absorption of certain wavelengths by the elements 

in outer layers of sun. 

95. (b)  

96. (c)  

97. (c) 18.0
155.1

52.162.1

1












y

Rv




  

98. (a) 
3

2

2

1

2

1 
f

f




. 

99. (a) 4.0
15.1

42.162.1

1












Y

RV




  

100. (c) Since the ray emerges normally, therefore 0e . 

 According to relation eiA  , we get  Ai . 

 Hence by A)1(   , we get Ai  . 

101. (a) The atoms in the chromosphere absorb certain wavelengths of 
light coming from the photosphere. This gives rise to 
absorption lines. 

102. (b) 

















 



2
sin

2
sin

A

A m



















 



2

60
sin

2

60
sin

2

m

  

 om 45sin
2

60
sin30sin2 







 



 

 o
m

m 30
2

60
sin 







 
 


 

103. (a) Intensity of scattered light 
4

1


I ,  since 

blue

 is least that's 

why sky looks blue. 

104. (b) In continuos spectrum all wavelength are present. 

105. (d)  

106. (b) Deviation is greater for lower wavelengths. 

107. (b) 
)1(

)1(






gw

ga

w

a








4

1
3/4

2/3

1
2

3
























4

a
w


   

108. (a) Arv )(  
oo 2.010)64.166.1(   

109. (b) 
)1(

)(






y

Rv




 06.0

)166.1(

)65.169.1(





  

110. (a) 
Y

RV







 268.0

28.3

84.272.3



  

111. (a)  

112. (d) 

















 



2
sin

2
sin

A

A m



2

60
sin

2

3060
sin










 

 =
o

o

30sin

45sin
=1.414 

113. (a) Rock salt prism is used to see infrared radiations. 

114. (b) For different colours  changes so deviation of different colour 

is also different. 

115. (a) By using 0
2

2

1

1 
ff


0

40

04.002.0

1


f

 

 cmf 201   

116. (d) Critical angle for the material of prism 

oC 42sin
1

sin 11 









 



 since angle of incidence at 

surface )60( oAB  is 

greater then the critical 

angle )42( o  so total 

internal reflection takes 
place. 

117. (d) Line and band spectrum are also known as atomic and 
molecular spectra respectively. 

118. (d) In minimum deviation ,30oei   so angle between 

emergent ray and second refracting surface is 
ooo 603090   

119. (c)  ARv )(   o5.05)5.16.1(   

120. (d) 
2

1

2

1

A

A





 

121. (a) Sunlight consists of all the wavelength with some black lines. 

122. (d) 2,30  oA . As we know 

 21 rrA  = 220 rAr  .  

 Applying Snell’s law for the surface AC  

r2 e 

C B 

A 

i = 0 

r1 = 0 

 

i =60o 

60o 

A 

C B 
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1
= 

e

A

e

r

sin

sin

sin

sin 2   

 
o

o

e
e

45
sin

30sin

2

1
  

  1530452
oore   

123. (c) 

2
sin

sin

2
sin

2
sin

2
sin

2
sin

A

A

A

AA

A

A m













  

 = 
2

cos2

2
sin

2
cos

2
sin2

A

A

AA

  

 So, 
2

cos
2

3

2
cos23

AA
  60A  

124. (d) Light from lamp or electric heater gives continuos spectrum. 

125. (b) o
m

oA 30,60   so 

















 



2
sin

2
sin

A

A m

  

 2
30sin

45sin

2

60
sin

2

3060
sin














 








 

  

 Also oCC
C

45
1

sin
sin

1 1 









 


  

126. (a) )1(    

127. (c) In minimum deviation position 21 ii   and 21 rr  . 

128. (c) 0 net 0 dd   

( = Angular dispersion = y. )   

129. (d) oo eiA 45,60   By  Aei  

  o30604545    

130. (a) At the time of solar eclipse light received from chromosphere. 
The bright lines appear exactly at the places where dark lines 
were there. Hence at the time of solar eclipse continuos 
spectrum is obtained. 

131. (a) In the morning or evening, the sun is at the horizon and 
refractive index in the atmosphere of the earth decreases with 
height. Due to this, the light reaching the earth's atmosphere, 
bends unequally, and the image of the sun get's distorted and it 
appears elliptical and larger.  

132. (c) In Rainbow formation dispersion and TIR both takes place.  

133. (a)  

134. (c) Given ,Am   as 

















 



2
sin

2
sin

A

A m

  

  

























 

 

2
cos2

2
cos2

2
sin

2
sin

1 
 A

A

A

AA

 

135. (b) As the prisms Q and R are of the same material and have 
identical shape they combine to form a slab with parallel faces. 
Such a slab does not cause any deviation. 

136. (c) Angle of prism is the angle between incident and emergent 

surfaces. 

137. (a) 

2
sin

sin

A

i












2

60
sin

sin
2

i oi 45  

138. (d) Convex lens, glass slab, prism and glass sphere they all disperse 
the light. 

139. (c) For a lens yvr fff   

 
205.0

200.0214.0 





y

vr

f

ff
 = 

205

14
. 

140. (b) 06.0
)166.1(

)65.169.1(

)1(

)(












y

Rv




  

141. (a) In minimum deviation condition oA
r 30

2

60

2
  

142. (a) 
1




y

rv






165.1

63.167.1




 = 0.615. 

143. (b) In minimum deviation position refracted ray inside the prism is 
parallel to the base of the prism. 

144. (b) Angle of refraction will be different, due to which red and 
green emerge from different points and will be parallel.  

145. (a) Deviation 



1

  

146. (a) 

2
sin

2
sin

A

A m







2

60
sin

2

3860
sin



  

o

o

30sin

49sin
 5.1

5.0

7547.0
 . 

147. (d) Using Aii  21 601555 2  i
oi 1002   

148. (b) Sodium light gives emission spectrum having two yellow lines.  

149. (c) Colour of the sky is highly scattered light (colour). 

150. (a)  

151. (c) 
 

Human Eye and Lens Camera 

 

1. (c) Man is suffering from hypermetropia. The hole works like a 

convex lens. 

2. (a)  

3. (b) In myopia, ,u   dv distance of far point 

 By ,
111

uvf
  we get df   

 Since f is negative, hence the lens used is concave. 

4. (d) Hypermetropia is removed by convex lens. 

  

 

 

 

 

Retina 

Convex lens 

I O 
Near 

point 
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5. (b)  

6. (c) Cylindrical lens are used for removing astigmatism. 

7. (b) 

8. (a) Image formed at retina is real and inverted. 

9. (d) Visible region decreases, so the depth of image will not be seen. 

10. (a) D
uvf

P 3
100

3

25

1

100

1111
  

11. (c) If eye is kept at a distance d, then ,
)(

0 eff

dDL
MP


  MP 

decreases.   

12. (c) For lens u = want’s to see =  

v = can see = – 5 m 

  From 
uvf

111








1

5

11

f
.5 mf   

13. (a) For improving near point, convex lens is required and for this 

convex lens 

 ,25 cmu   cmv 75  

 cmf
f 2

75

25

1

75

11






  

 So power D
f

P
3

8

2/75

100100
  

14. (b) In short sightedness, the focal length of eye lens decreases, so 
image is formed before retina. 

15. (d) The image of object at infinity should be formed at 100 cm 
from the eye 

 
100

1

100

111





f
 

 So the power 1
100

100



 D 

 (Distance is given in cm but 
f

P
1

  in metres) 

16. (b) For improving far point, concave lens is required and for this 

concave lens cmvu 30,   

 So cmf
f

30
1

30

11






  

 for near point cmu
u

30
1

15

1

30

1






 

17. (c) For myopic eye f = – (defected far point)  

 cmf 40    DP 5.2
40

100



  

18. (c) For lens u = want’s to see cm60  

v = can see cm10  

uvf

111


)60(

1

10

11







f
cmf 12  

19. (b) Focal length = – (Detected far point)  

20. (c) In this case, for seeing distant objects the far point is 40 cm. 
Hence the required focal length is 

 df  (distance of far point) = – 40 cm  

 Power Dcm
f

P 5.2
40

100100



  

21. (b)  

22. (a) 

23. (a)  

24. (a) For viewing far objects, concave lenses are used and for 

concave lens  

u = wants to see cm60 ; v = can see cm15  

so from 
uvf

111
 cmf 20 . 

25. (d)  

26. (a) In short sightedness, the focal length of eye lens decreases and 

so the power of eye lens increases. 

27. (d) Colour blindness is a genetic disease and still cannot be cured. 

28. (c) Convexity to lens changes by the pressure applied by ciliary 

muscles.  

29. (b) mcmdf 1100   

 D
f

P 1
1

11



  

30. (c) For correcting myopia, concave lens is used and for lens.  

u = wants to see cm50  

v = can see cm25  

 From 
uvf

111


)50(

1

25

11







f
cmf 50  

 So power D
f

P 2
50

100100



  

31. (c)  

32. (c) cmdf 60  

 D
f

P 66.1
6

10

60

100100
  

33. (b) For correcting the near point, required focal length  

 cmf 50
)2550(

2550





  

 So power DP 2
50

100
  

 For correcting the far point, required focal length  

 mf 3point)far(defected   

 DDP 33.0
3

1
  

34. (b) Negative power is given, so defect of eye is nearsigntedness  

Also defected far point cm
p

f 40
)5.2(

1001



  

35. (a) In myopia, eye ball may be elongated so, light rays focussed 

before the retina.  

36. (c)  

37. (d) 
2

1

point)far(defected

11





f
P D5.0  

38. (a) Resolving limit of eye is one minute (1'). 

39. (d) Because for healthy eye image is always formed at retina.  

40. (a) The defect is myopia (nearsightness)  

As we know for myopic person f = – (defected far point) 

 Defected far point = – f = – m
P

5.0
)2(

11



  

= 50 cm  
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41. (b) Power of convex lens DP 5.2
40

100
1   

 Power of concave lens DP 4
25

100
2   

 Now DDDPPP 5.145.221   

42. (c)  

43. (d)  

44. (a) As limit of resolution of eye is 

o










60

1
, the pillars will be seen 

distinctly if 

o











60

1
  

 i.e., 
18060

1 










x

d
 

 
18060 




x
d


 

 
18060

101114.3 3




 d md 2.3  

45. (b)  

46. (b)  

47. (d)  

48. (d) f = – (defected far point) = – 20 cm 

49. (b) Power of the lens given positive so defect is hypermetropia. 

50. (b) Far point of the eye = focal length of the lens 

 cm
P

151
66.0

100100
  

51. (c) A bifocal lens consist of both convex or concave lenses with 
lower part is convex. 

52. (a) For lens u = wants to see = – 30 cm 

and v = can see = – 10 cm  

uvf

111


)30(

1

10

1





 cmf 15  

53. (a) Focal length = – (far point) 

54. (c) For lens u = wants to see = – 12 cm 

v = can see = – 3 m  

uvf
P

111
 DP

4

1

)12(

1

3

1






  

55. (d) 2
2
221

2
11 tDItDI   

 Here D is constant and 
2r

L
I   

 So 22
2

2
12

1

1 t
r

L
t

r

L
 sect 20

)4(

120
10

)2(

60
22

  

56. (a) cmf 40  and DP 5.2
40

100



  

57. (a) Focal length of the lens cmf
3

100
  

 By lens formula 
uvf

111
  

 mcmv
v

1100
25

11

3/100

1






  

58. (d) This is the defect of hypermetropia. 

59. (a) For large objects, large image is formed on retina.   

60. (d) ,15cmv   ,300cmu   

From lens formula 
uvf

111
  

300

19

300

1

15

11 








f
cmf 8.15

19

300



  

and power cm
f

P
100


300

19100 
 = – 6.33 D. 

61. (d) Time of exposure 
2)Aperture(

1
  

62. (a) Light gathering power  Area of lens aperture or d2  

63. (b) Time of exposure 2)number.(f  4
8.2

6.5
2

1

2 









t

t
 

 
50

1

200

1
44 12  tt sec = 0.02 sec.  

64. (d)      

65. (a)  
 

Microscope and Telescope  
 

 

1. (c) By using 
eo

eo

ff

DffL
m

).( 
 

  

 cmL
L

15
51

25)51(
45 




 

 . 

2. (b) For a compound microscope 
eo ff

m
1

  

3. (b) For a compound microscope pieceeyeobjective ff   

4. (b) In microscope final image formed is enlarged which in turn 
increases the visual angle. 

5. (b)  

6. (d) Magnification of a compound microscope is given by 

eo

o

u

D

u

v
m    eo mmm || . 

7. (c) Magnifying power of a microscope 
f

m
1

  

 Since redvioletredviolet ; mmff   

8. (a) eo fvL  514  ov cmvo 9  

 Magnifying power of microscope for relaxed eye 

 
eo

o

f

D

u

v
m .  or 

5

25
.

9
25

ou
  or cmuo 8.1

5

9
  

9. (b) 
eo

o

f

D

u

v
m   

From 
ooo uvf

111
  

)25.1(

11

)2.1(

1







ov
cmvo 30  

 

d 

x 
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 200
3

25

25.1

30
 m  

10. (b) For objective lens 
ooo uvf

111
  

 
)5.4(

11

)4(

1







ov
cmvo 36  

 32
8

24
1

5.4

36
1 
























eo

o
D

f

D

u

v
m  

11. (a) For a microscope 
eo

o

u

D

u

v
m   and eo uvL   

 For a given microscope, with increase in L, u
e

 will increase and 
hence magnifying power (m) will decrease.  

12. (b) In compound microscope objective forms real image while eye 
piece forms virtual image. 

13. (b) 
f

D
m  1  

 Smaller the focal length, higher the magnifying power. 

14. (a) In electron microscope, electron beam )1( Å  is used so it’s 

R.P. is approx. 5000 times more than that of ordinary 

microscope )5000( Å . 

15. (c) If nothing is said then it is considered that final image is 

formed at infinite and 
eeo

eo

ff

LD

ff

DffL
m

0

~
.)( 

 
  

 .5.2
5.0

2520
400 cmf

f
e

e





  

16. (d) 11
5.2

25
11max 

f

D
m . 

17. (a)  

18. (b) DP
f

D
m  11  (m increases with P) 

19. (b)  

20. (b) Like Gallilean telescope. 

21. (a) 
eo ff

m
1

  

22. (d) A microscope consists of lens of small focal lengths. A telescope 
consists of objective lens of large focal length. 

23. (c) 150625  eo mmm  

24. (a) When final image is formed at infinity,  

length of the tube eo fv   

315  ov cmvo 12  

For objective lens 
ooo uvf

111
  

ou

1

)12(

1

)2(

1






 cmuo 4.2  

25. (d) R.P. of microscope 


 sin2
  

26. (c) eo mmm  














e

o
f

D
mm 1  

 














ef

25
110100 cmfe

9

25
  

27. (c) A simple microscope is just a convex lens with object lying 
between optical centre and focus of the lens. 

28. (d) In general, the simple microscope is used with image at D, 
hence 

 6
5

25
11 

f

D
m  

29. (d)  

30. (b) Resolving power of microscope 


1
  

31. (a) Cross wire arrangement is used to make measurements.    

32. (d) 
Df

Df

fu

fu
uvL

e

e

oo

oo
eo







)(
 

 cmL 11
)2525.6(

2525.6

)5.12(

5.12










  

33. (d) 
eo ff

LD
m~ 500

15.0

2510





m . 

34. (c) Intermediate image means the image formed by objective, 
which is real, inverted and enlarged. 

35. (d) 
eo ff

m
1

  

36. (b) R.P. RedBlueRedBlue .).(.).(so;
1

PRPR  


 

37. (a) mcmf
ff

D
m 05.05

25
161   

38. (a) Resolving limit 

 
4800

60001.0

22

1

2

1 
xx

x
x




 mmx 08.02   

39. (b) 205100  eeeo mmmmm  

40. (d) P
f

m 
1

 

41. (d) R.P. 
4

5

.).(

.).(1

1

2

2

1 




 PR

PR
 

42. (b) Resolving limit (minimum separation)   

 BA

B

A PP
P

P


3000

2000
 

43. (d) Similar to Q.No. 34 

44. (a) For achromatic telescope objective lens, convergent of crown 
and divergent of flint is the best combination because 

flintcrown    

45. (c)  

46. (b) Magnifying power of telescope is ,
e

o

f

f
 so as 

ef

1
 increases, 

magnifying power increases. 

47. (b) Since 
e

o

f

f
m   

 Also 
objectthebysubtendedAngle

imagethebysubtendedAngle
m  
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e

o

f

f o

e

o

f

f
24

5

260









  

48. (d) Resolving power 
1010600022.1

1.0

22.1 




d
 

 radian51036.1   

49. (b) Because size of the aperture decreases. 

50. (d) Resolving power  aperture. 

51. (c) Telescope is used to see the distant objects. More magnifying 
power means more nearer image. 

52. (a) When the final image is at the least distance of distinct vision, 
then 

 48
55

6200

25

5
1

5

200
1 
























D

f

f

f
m e

e

o  

 When the final image is at infinity, then 

 40
5

200





e

o

f

f
m  

53. (a) In terrestrial telescope erecting lens absorbs a part of light, so 
less constant image. But binocular lens gives the proper three 
dimensional image. 

54. (a) By formula 
e

o

f

f
m   

55. (b) In telescope eo ff   as compared to microscope. 

56. (a) Because magnification in this case becomes reciprocal of initial 
magnification. 

57. (d) 420
80

 e

ee

o f
ff

f
m cm  

 Hence length of terrestrial telescope 

 fff eo 4 cm164204480   

58. (d) In this case 5
e

o

f

f
m   .... (i) 

 and length of telescope 36 eo ff  .... (ii) 

 Solving (i) and (ii), we get f
e

 = 6 cm, .30 cmfo   

59. (c) 30
6

180


e

o

f

f
m  

60. (c) Same as Q. No. 58. 

61. (c) mfo 8.0
25.1

1
  and mfe 05.0

20

1



  

 cmmffL eo 7575.005.08.0||||||   

and 16
05.0

8.0
|| 

e

o

f

f
m  

62. (a) For greater aperture of lens, light passing through lens is more 
and so intensity of image increases. 

63. (b)  

64. (a) Same as Q. No. 58. 

65. (b) 6
10

60


e

o

f

f
m .  

66. (a) 54 eo ff  and eo

e

o ffm
f

f
88   

 6
9

54
548  eee fff  

 48688  eo ff   

67. (a) cmff eo 9  and 69159  oe ff cm  

  5.2
6

15


e

o

f

f
m  

68. (c) 80 eo ff  and  19
e

o

f

f
  f

o

 = 76 and f
e

 = 4 cm.  

69. (a)  

70. (b) 


D
PR ..  

71. (c) 









D

f

f

f
m e

e

o 1  

72. (b) Resolving power  Aperture  

73. (a) If final image is formed at infinity, then the distance between 

the two lenses of telescope is equal to length of tube 

mff eo 35.005.03.0   

74. (a) Limit of resolution 


 18022.1


a
 (in degree) 

 sec

o

03.0
180

5

)106000(22.1 10























 

75. (b) Final image formed by astronomical telescope is inverted not 

erect. 

76. (d)  

77. (c)  

78. (b) For normal vision (relaxed eye), the image is formed at infinity. 

Hence the magnifying power of Gallilean telescope 

100
2

200


e

o

f

f
. 

79. (a) .50
2

100


e

o

f

f
m  

80. (c)  

81. (b) Magnifying power of astronomical telescope 

 48
25

5
1

5

200
1 



















D

f

f

f
m e

e

o . 

82. (b) 
ef

m
1

  

83. (b) eff 0  for telescope.  

84. (a) 
ef

f
m 0 .  

85. (b) 24
25

5
1

5

100
1 



















D

f

f

f
m e

e

o  

86. (a, b, c, d) 

87. (a) 20
e

o

f

f
m  and 105 eo ffL cmfo 100  

88. (a) Total length eo ffL   and both lenses are convex.  

89. (b) 44 eo ffL  and 10
e

o

f

f
m  
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 This gives cmfo 40  

90. (c) In case of a telescope if object and final image are at infinity 

then 
e

o

f

f
m   

91. (b) Three lenses are  objective, eye piece and erecting lens.  

92. (d) Length of the telescope when final image is formed at least 
distance of distinct vision is 

 
Df

Df
fufL

e

e
oeo


 cm

6

325

255

255
50 




  

93. (c) o

o
e

o

f

f
25

2

100

5.0
 






 

94. (d)  

95. (c) cmBA
BAAB

8.2
10

104.12

210 11

9

11






  

 

 

 

 

 

 

96. (c) 18
30

6
1

6

90
1 

















 mm

D

f

f

f
m e

e

o  

97. (d) Resolving power of telescope 
22.1

d
  

98. (a) For largest magnification focal length of eye lens should be 
least. 

99. (b) 30
25

6
1

6

150
1 



















D

f

f

f
m e

e

o . 

100. (d) To make telescope of higher magnifying power, of  should be 

large and ef  should be least.  

101. (c) ,50 cmfo  ,5 cmfe  cmD 25  and .200 cmuo   

 Separation between the objective and the eye lens is 

 
)()( Df

Df

fu

fu
L

e

e

oo

oo





 cm71

)255(

255

)50200(

50200










  

102. (b) Resolving power 6

10
102

10500022.1

22.1

22.1







d
 

103. (a)  

104. (b) By using cmf
f

f
m e

e

o 2
50

100
  

 Also cmffL eo 982100   

105. (b) cmf
f

f

f
m o

o

e

o 200
20

10   

106. (c) Minimum angular separation 
dPR




22.1

..

1
  

 rad6
10

103.0
2

10500022.1 





  

107. (c) m = 
ef

D
1   

ef

25
110    mmfe 25–~

9

25
  

108. (a) 
F

D
 or 

F

25
 

109. (c) euvL  0  and ,00 fv   ee fu ~   

110. (c) Magnification will be done by compound microscope only when  

eo ff   

111. (d) Angular resolution 
a

d



22.1

  

  
2

10

1010

1010500022.1







 rad6101.6  . 

112. (a) Resolving power 
22.1

a
   

113. (d) 40
5.0

20


o

e

e

o

P

P

f

f
M . 

114. (a) Radio, waves can pass through dust, clouds, fog, etc, in a radio, 

telescope. It can detect very faint radio signal due to enormous 
size of its reflector. So it can be used at night and even in 
cloudy weather.  

115. (a) Resolving limit  

 
1

10453822.122.1 10


a
d


 rad71054.5  . 

116. (a) Magnification of objective lens 
0

0

0

0

u

f

u

v

O

I
m   

 
3

2

102

10200

50 




I
   I = 5  10–2 m = 5 cm.  

117. (b) 




























e

o

eo

o

f

D
m

f

D

u

v
m 11  

   6
5

25
130 0 








 mmo   5om . 

118. (a)  

119. (a) 
e

o

f

f
m    50

100


ef
  cmfe 2  

  Normal distance .982100 cmff eo   

120. (a) For objective lens 
ooo uvf

111
  

   
ooo ufv

111


20

1

5

1

4

1



  cmvo 20  

  Now 














eo

o

f

D

u

v
M 1  










10

20
1

5

20
 .12  

 

Photometry 

 

1. (d) Luminous flux L4 5284214.34  Lumen 

Power of lamp 
efficiencyLuminous

fluxLuminous
 W264

2

528
  

Image 

1011 m 

F 

A 

B 

B 

A 

 

 

2 m 
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2. (b) 
2

cos

r

L
I


   

cos

2rI
L


  

Candela40
60cos

210105 244









 

3. (d) 
2r

L
I   

r

dr

I

dI 2
  ( L = constant)  

  100
2

100 



r

dr

I

dI
 %212   

4. (c) For equal fogging 1122 tItI    

12
1

1
22

2

2 t
r

L
t

r

L
 10

1

20

4

16
2  t  

 .sec502  t   

5. (d) The illuminance at B    

21

L
IB          .......(i) 

and illuminance at point C  

5

1

)5()5(

cos

22


LL
IC


 

55

L
IC        ...... (ii)  

From equation (i) and (ii)   055 IIB   

6. (b) 
2

1

r
I    so, 

 
2

2

slide) on objectof  Length(

screen) on imageof  Length(

screen on eIlluminanc

 slide on eIlluminanc
   

 1:10
35

5.3 4

2















mm

m
 

7. (a) The illuminance at A is  

2/312 )13(

3

13

3

13
cos

)13(

LLL
IA    

The illuminance at B is  

22
cos

)17(


L
IB  

2/3)17(

3

17

3

17

LL
  

  

2/3

13

17










B

A

I

I
 

8. (b)  

9. (c) Luminous intensity 




4
L 




4

4
1  . 

10. (c) L 4 10014.34  = 1256 lumen.  

11. (a) 
2r

L
I  2.rIL  100222 2   

 Now 10014.344  L = 1256 lumen.  

12. (c) Illuminance at A,  

 
2h

L
IA   

 Illuminance at B,   

 cos

)( 222 rh

L
IB



  

 
2/322 )( hr

Lh


  

 

2/3

2

2

1















h

r

I

I

B

A 1:222
8

8
1 2/3

2/3

2

2















  

13. (c) 
2r

L
I   

14. (c) Efficiency of light source  

 
p


   ..... (i) 

 and 




4
L  ..... (ii)  

 From equation (i) and (ii)  

 W
L

p 88
5

3544










.  

15. (a) Case I 

 cdIA 25
2

100
2

   

 and cos
)5.2(

100
2

BI  

 
5.2

2

5.2

100
2


3)5.2(

200
  

 Case II,  

 
2/3)25.3(

25
'  BB IXI   

 so 
2/3

3

)25.3(

)5.2(

200

25'


B

B

I

I
 

 3/1 X  

16. (a) 
2

1

r
I 

2
2

2
1

1

2

r

r

I

I


9

1

180

60
2

2

  

17. (b) 

18. (b) 
2

1

r
I   

19. (c) To develop a print a fix amount of energy is required. Total 

light energy incident on photo print  

 tA
r

L
tAI

2
 222

2

2
112

1

1 tA
r

L
tA

r

L
  

 
2
2

2

2
1

1

r

t

r

t
   ( 21 LL   and 21 AA  ) 

60o 

2 m 
Screen 

Normal 

m5   

A Lamp 

1 m 

B 

 

2 m C 

A 

B 2  2 m 

3m 

m17  

m13  

1 


2

 

2m 

25.3  
 ' 

A B 

1m 

25 cd 

m5.2  
 

A B 

2m 

100 cd 

1.5m 

22 rh   
 

A r B 

h 
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 12
1

2
2

2 .t
r

r
t  52

25.0

40.0









 = 12.8 sec. 

20. (b) 
3

2/322

edge

centre )(

h

hr

I

I 


3

2/3

1

4

1
1 












2/3

4

5








  

21. (c) 
2r

L
I 

2
2

2

2
1

1

r

L

r

L
   (I is same) 

 100:1
10

1
2

2
2

2
1

2

1 









r

r

L

L
. 

22. (c)  cosoII 
o

oI 60cos
2

oI  

23. (a)  

24. (b)  2004  L lumen.  

 so 
22 )1.0(

2

100

200

100





rA
I




= 200 lux.  

25. (b,c) According to the problem 

 
22 )2.1(

4
x

I

x

I BA


   

 
22 )2.1(

41

xx 
  

 
xx 


2.1

21
mx 4.0  and mx 8.02.1  . 

26. (c) 
2
2

2
1

2

1

2 r

r

L

L

r

L
I    

 or 
22 )120(

328

xx 
  

 Solving it we get cmx 40 .  

27. (d) 
3

2/322

edge

center )(

h

hr

I

I 
  

 
3

2/322 )(
8

h

hr 
 2/122 )(2 hrh   

 2224 hrh  223 rh   
3

r
h   

28. (b) 
22 5

100


r

L
I =4 Lux.  

29. (d) 
16002

1

1

L

r

L
I   and 

2500
2

L
I   

  % decease in illuminance 

 100
1

21 



I

II
100

2500

1600
1 








 36100

2500

900
     

30. (b) 

31. (d) 
2)2( r

L
IA   and 

 
cos

2
2

r

L
IB   

 
2

.
2 2

r

r

r

L


222 r

L
  

 
2

1

4

22


B

A

I

I
 

32. (a) 
2r

L
I 

2115 )105.1(1057.1  L  271053.3  Cd 

33. (d) 271053.314.344  L .1043.4 28 lumen  

34. (d) 685.0
105.1

3
3






 lumen31037.1   

35. (a) .500
6

3000
surface lumen  

36. (c) Rotation of area about incident light doesn’t change the 
inclination of the light ray on the area.   

37. (c) 
3r

Lh
I   

38. (d) By the symmetry of the rays and location of the points.  

39. (d) If  is the luminous efficiency of the bulb then.  

 luminous flux by 120 watt at 555 nm 120  

 Let bulb of P watt at 600 nm produces the same luminous flux 

as by 120 watt at 555 nm then 

 6.0120  P  .200
6.0

120
wattP    

40. (c) Illuminance produce by the sun 
211 )105.1( 


L

   

 Illuminance produce by the bulb 
2)3.0(

10000
  

 According to problem  
2211 )3.0(

10000

)105.1(




L
 

 
2

422

109

101025.2



 L Cd261025  

41. (c) 
162

1

1

L

r

L
I   and 

92
2

2

L

r

L
I   

% increase in illuminance 

10012 



I

II
1001

9

16
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Critical Thinking Questions 
 

1. (d) According to the following ray diagram  dABHI   

 and 
2

d
CDDS   

 

 

 

1.2 m 

x (1.2–x) 

A P B 

120 cm 

x (120–x) 

8 Cd P 32 Cd 

F 

A 

B 

S 

E 

C 

L 

d 

D 

2L 

G 

H 

I 

J 

O 
B 

A 

S 
Lamp 

Tunnel 
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 ADAH 2 d
d

CDGH 
2

2
2  

 Similarly dIJ  so IJHIGHGJ  dddd 3  

2. (b) From the following ray diagram  

 

 

 

 

 
 

 
3

2.0
30tan2.0 d   30

3/2.0

32


d

l
 

 Therefore maximum number of reflections are 30.  

3. (b) The angle subtended by the image of the sun at the mirror 

rad

o

3602

1
03











  

 
 
 

 
 
 
 

 If x  be the diameter of the image of the sun, then 

 
360360

2
.

2

1

100Radius

Arc 


x
cmx 87.0

360

100



 

4. (a) 
3

2

15

10

1025

10








fu

f

O

I
m  

 oi AmA
A

A
m  2

o

i2 22

2

4)3(
3

2
cm








  

5. (d) From mirror formula  
uvf

111
                  .....(i) 

 Differentiating equation (i), we obtain 

 du
u

dv
v 22

11
0   du

u

v
dv

2









        .....(ii) 

 Also from equation (i) 
fu

f

u

v


                 .....(iii) 

 From equation (ii) and (iii) we get l
fu

f
dv .

2











  

 Therefore size of image is .

2

l
fu

f










  

B 

ml 32  

30o 

A 

0.2m 30o 

d 

 

100 cm 

x 
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6. (b) If end A of rod acts an object for mirror then it's image will be 
A'  and if     

 
3

5

3
2

ff
fu   so by using 

uvf

111
   

 

 

 

 

 

 

3

5

111

fvf 



  fv

2

5
  

  Length of image 
2

2
2

5 f
ff   

7. (b) From the following ray diagram it is clear that  

  )()(   )(2    

 

 

 

 

 

 

8. (a) From the following figure  

 

 

 

 

  r + i = 900  i = 900 – r 

For ray not to emerge from curved surface i > C  

 sin i > sin C  sin (90o – r) > sin C  cos r > sin C  

 
n

r
1

sin1 2                                   









n

C
1

sin  

 
22

2 1sin
1

nn



 )sin1(

1
1 2

2


n
  

 22 sin1n   2n                     {sin i  1} 

  Least value 2   

9. (b) Case (i) When flat face is in contact with paper.  

 

 

 

 

 

Ruv

1212  
  where     

2 = R. I. of medium in which light rays are going = 1 

1 = R. I. of medium from which light rays are coming = 1.6  

 u = distance of object from curved surface = – 0.04 m  

 R = – 0.04 m. 

mv
v

04.0
)04.0(

6.11

)04.0(

6.11








  

i.e. the image will be formed at the same position of cross.  

Case (ii) When curved face is in contact with paper  

 

 

 

 

)(depthApparent

)(depthReal

h

h


   

h


04.0
6.1 mh 025.0        (Below the flat face) 

10. (c) Let x be the apparent position of the silvered surface. 

 

 

 

 

 

 

 

 

 According to property of plane mirror 

 x + 8 = 12 + 6 – x   x = 5 cm 

 Also
x

t
  2.1

5

6
  

11. (a) Ray comes out from CD, means rays after refraction from AB 
get, total internally reflected at AD  

 

 

 

 

 

 







 

1

2

11
max

1

max

2

1 sinsin
sin

sin
r

n

n

rn

n



             …(i) 

 Also Crrrr o  909090 2121  

  


























 

1

21
1

12

1
1 sin90

1
sin90

n

n
rr


  ...(ii) 

 Hence from equation (i) and (ii)  

 




















 

1

21

2

11
max sin90sinsin

n

n

n

n
  

          = 
























 

1

21

2

11 sincossin
n

n

n

n
 

Object Image 

x 

8 cm 12 cm 

12 +(6–x) 

t = 6 cm 

A D 

C B 

n1 n2 max 

r1 
r2 

0.04 m 

0.04 m 

C A' 
F 

A 

2f 

f / 3 

v 

u = 2f – (f/3) 

 
 – 

 

 

A 

O 

B  –  

r r 

  

 

i 
r 

n 
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12. (b) Since rays after passing through the glass slab just suffer lateral 
displacement hence we have angle between the emergent rays 

as . 

 

 

 

 

 

13. (b) Sun is at infinity i.e. u  so from mirror formula we have 

32
)(

1

32

11






 f

f
cm . 

 When water is filled in the tank upto a height of 20 cm, the 
image formed by the mirror will act as virtual object for water 

surface. Which will form it’s image at I  such that 

a

w






height Apperant

heightActual 
 i.e. 

1

3/4


BI

BO
 

   
4

3
 BOBI = 

4

3
12 9 cm . 

  

 

 

 

 

 

14. (a) v = 1 cm, R = 2 cm  

By using  

Ruv

1212  
  

2

5.115.1

1

1






 u
  

cmu 2.1  

15. (b) The line of sight of the observer remains constant, making an 
angle of 45° with the normal. 

 
22 )2(

sin
hh

h


 =

5

1
 

 



sin

45sin o

  

 









2

5

5/1

2/1
  

16. (b) For glass-water interface 
r

i
wg

sin

sin
  …(i) 

 For water-air interface 
oaw

r

90sin

sin
  …(ii) 

   i
r

r

i
oawwg sin

90sin

sin

sin

sin
   

   
i

i g

w

a

g

w

sin

1
sin  








 

17. (a) For TIR at AC  

 C  

 Csinsin    

 
gw 


1

sin   

 
g

w




  sin

9

8
sin    

18. (b) From figure it is clear that separation between lenses  

 cmd 15520   

  

 

 

 

 

 
 

19. (c) According to lens formula 









21

11
)1(

1

RRf
  

 The lens is plano-convex i.e.,  RR 1  and 2R  

 Hence 
1

11









 R
f

Rf
 

 Speed of light in medium of lens 8102v  sm /  

   5.1
2

3

102

103
8

8







v

c
  

 

 

 

 

 

 

 

  If r is the radius and y is the thickness of lens (at the centre), 
the radius of curvature R of its curved surface in accordance 
with the figure is given by 

 02)( 22222  RyyryRrR  

 Neglecting ;2y  we get 15
3.02

)2/6(

2

22





y

r
R  cm  

 Hence 30
15.1

15



f cm  

20. (c) In the following ray diagram ,' s  ABC and CDE are 

symmetric 

 

 

 

 

 

 So, 
BC

AB

CD

DE
 5.2

2040

5
 h

h
cm  

21. (c) For lens cmfcmu 20,30  , hence by using 

uvf

111
  cmv

v
60

30

11

20

1






 

F 
F 

I 

B 

20 cm 

12 cm 

O 

h 

3h 

h 

h 

45o 

 2h 

h 

B A 
 

C 

 

d 5 cm 

20 cm 

A 

R r 

B 
O 

(R–y) y 

C 

1=1.5 

2=1 

C 

v 

R  

u 

C D 

h 

20 cm 
40 cm 40 cm 

60 cm 

B 

A 

O 

E 

 

 

i i 

i i 
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 The final image will coincide the object, if light ray falls 
normally on convex mirror as shown. From figure it is seen 
clear that separation between lens and mirror is 60 – 10 = 50 
cm. 

  

 

 

 

 
 

22. (d) 
321

1111

fffF
  

   

 

 

 

 

 
100

3

20

6.0

20

11
)16.1(

1

1














f
 …(i) 

 
20

1

20

1

20

1
)15.1(

1

2













f
 …(ii) 

 
100

31

20

1
)16.1(

1

3
















f
 …(iii) 

   100
100

3

20

1

100

31
 F

F
cm  

23. (d) 




























211

2 11
1

1

RRn

n

f
 where 2n  and 1n  are the 

refractive indices of the material of the lens and of the 
surroundings respectively. For a double concave lens, 

 














21

11

RR
 is always negative.  

 

 

 

 

 Hence f  is negative only when 12 nn   

24. (a, d) For a lens 
uvf

111


fuv

111
                    .....(i) 

 Also  
f

v

f

vf
m 


 1 1

1









 v

f
m          ....(ii) 

 On comparing equations (i) and (ii) with .cmxy   

 It is clear that relationship between 
v

1
 vs 

u

1
 and m vs v is 

linear.  

25. (c) The dispersion produced by a spherical surface depends on it’s 

radius of curvature. Hence, a lens will not exhibit dispersion 
only if it’s two surfaces have equal radii, with one being convex 
and the other concave. 

26. (b) Convex lens will form image 1I  at it’s focus which acts like a 

virtual object for concave lens. 

 

 

 

 

 

 

Hence for concave lens cmu 4 , 20f .cm  So by lens 

formula cmv
v

5
4

11

20

1



 i.e. distance of final 

image )( 2I  from concave lens cmv 5  by using 

cmI
I

O

I

u

v
5.2)(

24

5
2   

27. (d) For achromatic combination FC    

 FrvCrv AA ])[(])[(    

  FvCvFrCr AAAA ][][][][    

   5.3866.16195.1   

 Resultant FrCr AAl ])1[(])1[(    

   )(][][ FCFrCr AAAA   = o5.13)619(5.38   

28. (d) By using 

2
sin

2
sin

A

A m





 

2
sin

2
sin

2
cot

A

A

A
m

  

 

2
sin

2
sin

2
sin

2
cos

A

A

A

A m

  

  






 











2
sin

2
90sin mAA 

Am 2180   

29. (d) At point A. 
44.1

1

sin

30sin


r

o

 

 

 

 

 

 

 

 rBADr o   180also)72.0(sin 1  

 In rectangle ABCD,  A +  B +  C +  D = 360° 

  360)180(60)180( rr  

 ]30)72.0([sin2 1 o   

30. (d) If  = maximum value of base angle for which light is totally 

reflected form hypotenuse.  

 

 

 

30 cm 

4 cm 26 cm 

I1 I2 

(90-) 

(90-) 

90°  

n1 n1 n2 

 

F 

+ + 

f1 f2 f3 

I O 

30 cm 
60 cm 

10 cm 

30° 

r 

60°  120° 

D 

C 

A 

B  
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 )90(  = C = minimum value of angle of incidence at 

hypotenuse for total internal reflection 

 



1

sin)90sin(  C



1

cos  









 




1
cos 1  

31. (b) For total internal reflection from surface BC  

 CC sinsin    

 















gl


1
sin  

   














Prism

Liquid
sin




   

 
13

11
sin

56.1

32.1
sin 








   

32. (a) 
ROPOQRuv 













)15.1(

)(

15.11212 
 

 On putting ROPOPOQ 5,   

33. (d) Here 
mffF

121
  

 Plano-convex lens silvered on plane side has mf . 

  cmf
ffF

60
2

30

1121



  

 Plano-convex lens silvered on convex side has 
2

R
fm   

  cmR
RRfF

30
2

60

2

10

1221
  

 Now using 









Rf

1
)1(

1
 , we get 5.1  

34. (c) When the ray passes into the rarer medium, the deviation is 

0  . This can have a maximum value of 







C

2


 for 

C  and 
2


  . 

 When total internal reflection occurs, the deviation is 

2 , the minimum value of   being .C The maximum 

value of C2 . 

 

 

 

 

 

35. (c) 
d

r
x

dr

x  22.122.1
  

 m50
105

104001050022.1
3

39











 

36. (d) Resolving power 
5

10600022.122.1 10


a


 

Also resolving power 
7106.38 


d

D

d
 

 
7

7

106.385

10622.1







 d
 

  mmd 51.56
5

106.3810622.1 77







 

37. (a) As limit of resolution  

 
Power(RP)Resolving

1
 ;  and if x is the distance 

between points on the surface of moon which is at a distance r 
from the telescope.  

 
r

x
  

 So 



22.1/

..
1

d

r

RP

r
xei

r

x

RP


d

r
x

22.1
  

 m51
10500

)108.3(10550022.1
2

810











 

38. (b) 
2/32222edge

)()(

cos

rh

Lh

rh

L
I








   

 For maximum extensity  0
dh

dI
 

 Applying this condition have get 
2

r
h   

39. (a) From the geometry of the figure   

 oapp 60sin221     

 so, 
2
21

2
pp

L
IP   

 
2)60sin2( oa

L


23a

L
  

 and o
P

aPP

L
I 30cos

)( 22
21

3 
  

 =
2

3

])60sin2[( 22 aa

L
o  28

3

a

L
  

 0
8

33

8

33
23

III PP   

 All options are wrong. 

40. (c) Distance of object from mirror  

= 15+ 3
4

25.33
 = 39.93 cm 

Distance of image from mirror =15 + 3
4

25
 =33.75  

For mirror, 
fuv

111
  

  
f

1

93.39

1

75.33

1



 f  –18.3 cm.  

41. (c) oi v
uf

f
v .

2











 9

)60(24

24
2













 = 4 cm/sec. 

 

 Rarer 

Denser 

 

 

 

P1 

P2 P3 

a 

a 

60° 
30° 

  
B A 

C 
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42. (d) From the following figures it is clear that real image (I) will be 
formed between C and O  

 

 

 

 

 

 

 
 

43. (b) 40
10

400


e

o

f

f
m  

Angle subtented by moon on the objective of telescope 

rad2

3

3

10
8.3

5.3

108.3

105.3 



  

Also 



m Angular size of final image  

 m 210
8.3

5.3
40   = 0.36 rad  

o21
180

3.0 


 

44. (a) Full use of resolving power means whole aperture of objective 
in use. And for relaxed vision.  

 

 

 

 
 

 

d

D

f

f

e

o  cmf
f

e

e

6
3.0

15300
  

45. (b) Wave length of the electron wave be m121010  , 

Using 
mE

h

2


m

h
E

22

2





 

Joule
31212

234

101.92)1010(

)1063.6(







  

eV
1931212

234

106.1101.92)1010(

)1063.6(







  

= 15.1 KeV. 

46. (c) 
ad

x 


22.1
    

a

d
x




22.1
 

2

310

1010

1010500022.1







 = 6.1 mm  

i.e. order will be 5 mm. 

47. (c) 




22.1

22.1 ax
d

d

x

a




9

33

1050022.1

103101







 = 5m 

48. (c) Let distance between lenses be x . As per the given condition, 
combination behaves as a plane glass plate, having focal length 
 . 

So by using 
2121

111

ff

x

ffF
  

  20
)10)(30(10

1

30

11












x

x
cm  

49. (a) When plane mirror rotates through an angle , the reflected 

ray rotates through an angle 2. So spot on the screen will 

make 2n revolution per second. 

50. (d)  1045cos   210  cms–1  

In the ceiling mirror the original velocity will be seen. 

 
 
 
 
 
 
 
 

51. (d) According to the following figure distance of image I from 

camera m18.6)5.1()6( 22     

 

 

 

 

 

 

 

 
 

52. (c) From figure it is clear that relative velocity between object and 

it's image = 2v cos  

 

 

 

 

53. (b) Image formation by a mirror (either plane or spherical) does 
not depend on the medium.  

The image of P will be formed at a distance h below the 
mirror. If d = depth of liquid in the tank.  

Apparent depth of 


hd
xP


 1  

Apparent depth of the image of 


hd
xP


 2  

 Apparent distance between P and it's image 



h
xx

2
12   

54. (a) From the figure it is clear that the angle between incident ray 
and the emergent ray is 90o.  

 

 

 

 

 

 

 

10 cms–1 

10
 c

m
s–

1  

45° 

O I v cos  

v v 

  

v cos  

d 

fo fe 

D 

O 

C 

Initially 

O 

C Object 

I 

Finally 

3m 

A 

C 

3m 

O 1.5m 

I 

 

d 

x 

Incident ray 

45o 

Emergent 

ray 45o 

 

45o 45o 

r r 
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55. (b) From figure it is clear that object appears to be raised by 

 cmcm 5.2
4

10
 

Hence distance between mirror and cmO 5.125.75'   

 

 

 

 

 

So final image will be formed at 12.5 cm behind the plane 
mirror. 

56. (d)  Velocity of approach of man towards the bicycle = (u – v)  

Hence velocity of approach of image towards man is 2(u – v). 

57. (c)  For A  

Total number of waves = 


t)5.1(
                        ....(i) 

 

















wavelength

length thoptical pa

of waves 

numberTotal 
 

For B and C  

Total number of waves = 






















3

2
)6.1(

3

tt
nB

   ....(ii) 

Equating (i) and (ii)    3.1Bn  

58. (b) Since there is no parallex, it means that both images (By plane 
mirror and convex mirror) coinciding each other. 

 

 

 

 

 

 

According to property of plane mirror it will form image at a 
distance of 30 cm behind it. Hence for convex mirror u = – 50 
cm,         v = + 10 cm 

By using 
uvf

111
      

50

4

50

1

10

11








f
 

    cmf
2

25
            .252 cmfR   

59. (d) For surface P, 
3

2

3

1
1

111

1


ufv

 mv
2

3
1   

 For surface Q, 
5

4

5

1
1

111

2


ufv

 mv
4

5
2   

  mvv 25.021   

 Magnification of 
2

1

3

2/31 
u

v
P  

  Height of mP 12
2

1
  

 Magnification of 
4

1

5

4/52 
u

v
Q  

  Height of mQ 5.02
4

1
  

60. (b) Focal length of mirror cm
R

f 5
2

10

2
  

 

 

 

 

 

 

 

For part PQ : transverse magnification 

length of image L
1

 = 0L
uf

f










  

= 
3)20(5

5 0
0

L
L















 

For part QR : longitudinal magnification  

 Length of image 0

2

2 L
uf

f
L 










  

 = 
9)20(5

5 0
0

2
L

L 











  

1

3

2

1 
L

L
 

61. (d)  The two slabs will shift the image a distance 

   cmtd 15.1
5.1

1
12

1
12 






















 

Therefore, final image will be 1 cm above point P. 

62. (a) Here optical distance between fish and the bird is  

 yys  '  

 Differentiating w.r.t  t we get 
dt

dy

dt

dy

dt

ds 


'
 

  
dt

dy

3

4
39    sec/5.4 m

dt

dy
  

63. (a) The real depth   ( apparent depth) 

  In first case, the real depth )(1 abh    

Similarly in the second case, the real depth )(2 cdh    

Since ,12 hh   the difference of real depths 

)(12 abcdhh    

Since the liquid is added in second case, )(12 bdhh   

)(

)(

abcd

bd




   

64. (a) The given condition will be satisfied only if one source (S
1

) 
placed on one side such that u < f  (i.e. it lies under the focus). 
The other source (S

2

) is placed on the other side of the lens 
such that u > f (i.e. it lies beyond the focus).  

If 1S  is the object for lens then 
xyf 





111

 


fxy

111
                 .....(i) 

If 2S is the object for lens then  

5 cm 

10 cm 

O 4

10
cm 

O' 

P 

Q 10m R 

C 

20 m 

A 

Object 

50 cm 

30 cm 20 cm 

10 cm 
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)24(

111

xyf 



 

)24(

111

xfy 
     .....(ii) 

 

 

 

 

 

 From equation (i) and (ii) 

)24(

1111

xffx 
 

9

22

)24(

11





fxx
 

 0108242  xx . After solving the equation 

cmx 18 , 6 cm. 

65. (c) Consider the refraction of the first surface i.e. refraction from 
rarer medium to denser medium 

 
1

2112

vuR








 Rv

vR
92

3

3

4

3

4

2

3

1

1
























 

 Now consider the 

refraction at the second 
surface of the lens i.e. 
refraction from denser 
medium to rarer medium 

 

 Rv
vRR















2

31

9

2

3

2

3
1

2

2

 

  The image will be formed at a distance of R
2

3
. This is equal 

to the focal length of the lens. 

66. (c) oo
ism A 24)15.1()1(Pr    

   MirrorismTotal   Pr  

  ooiA 178)22180(2)2180()1(    

67. (b) Here the requirement is that ci   

1

2sinsinsin



 ici                  …..(i) 

From Snell’s law 
rsin

sin
1


                   ….(ii)  

Also in OBA  

  oir 90  )90( ir   

  Hence from equation (ii) 

  )90sin(sin 1 i   

  
1

sin
cos




 i  

  ii 2cos1sin 

2

1

sin
1 


















           ….(iii) 

  From equation (i) and (iii) 
1

2

2

1

sin
1






















   

  )(sin 2
2

2
1

2      2
2

2
1sin    

 2
2

2
1

1
max sin     

68. (b) Consider the figure if smallest  

angle of incidence  is greater than critical angle then all light 

will emerge out of B 

 






1

sin
1

sin 1 









   

from figure 
dR

R


sin  

 












 R

d

dR

R
1

1
 

 5.01
max











R

d

R

d
  

69. (b) In case of refraction from a curved surface, we have  

 
Ruv

1212  
 

10

)21(

)15(

21









v
v =– 30 cm. 

 

 

 

 

 

i.e. the curved surface will form virtual image I at distance of 

30 cm from P. Since the image is virtual there will be no 
refraction at the plane surface CD (as the rays are not actually 
passing through the boundary), the distance of final image I 
from P will remain 30 cm. 

70. (d) As ,12    the upper half of the lens will become diverging. 

As ,31    the lower half of the lens will become converging 

71. (b)   

 

 

 

 

From the figure, 

Using property of plane mirror 

Image distance = Object distance 

              f – 10 = 10 cmf  20  

72. (d) If initially the objective (focal length F
o

) forms the image at 

distance v
o

 then cm
fu

fu
v

oo

oo
o 6

23

23








  

I1 

I2 

S1 S2 

x (24 – x) 
24 cm 

y 

I1 I 

Water Air 

O 

r 

 
A 

i 

B 
10cm (f–10)cm 

f 

Imaging 

object 

O 

 

R 
d 

(R+d) 

A 

B 

 = 1 
P O 

C ' 

C A 

D B 
15 cm 

20 cm 

=4/3 

I 

=2 

10 cm 
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Now as in case of lenses in contact  

oo FffffF 


11
.....

1111

1321

 












.....
111

 where
32o ffF

 

So if one of the lens is removed, the focal length of the 
remaining lens system  

10

1

2

1111

10


 fFFo

  cmFo 5.2  

This lens will form the image of same object at a distance ov  such 

that cm
Fu

Fu
v

oo

oo
o 15

)5.23(

5.23










  

 So to refocus the image, eye-piece must be moved by the same 

distance through which the image formed by the objective has 
shifted i.e. 15 – 6 = 9 cm. 

73. (b) By using 
eo

eo

ff

DffL
m

)( 
 

  

  
5.24.0

25)5.24.016(




 = 327.5 

 

74. (d) 

 

 

 

 

 

At B  

11 sinsin rni    1
22

1
2 sinsin rni                        .... (i) 

At C  

2211 sin)90sin( rnrn   1
22

12
22

2 cossin rnrn  ....(ii) 

At D  

3322 sin)90sin( rnrn   3
22

32
22

2 sincos rnrn   ....(iii) 

At E  

)190sin()1()90sin( 33  rn  3
22

3
2 coscos rni   ....(iv) 

Adding (i), (ii), (iii) and (iv) we get 2
3

2
1

2
21 nnn   

75. (a) eoD uvL   and for objective lens 
ooo uvf

111
  

Putting the values with proper sign convention.  

)75.3(

11

5.2

1




 ov
cmvo 5.7  

For eye lens 
eee uvf

111
   

eu

1

)25(

1

5

1






 cmue 16.4  

cmue 16.4  

Hence cmLD 67.1116.45.7   

76. (c) The actual luminous intensity of the lamp is 1I  whereas the 

intensity is 


1I in the dirty state.  

 

 

 

 

 

 

 

 

 

I position, 

2

2

1

10











x

I

I
 

II position, 

2

2

1

8










x

I

I
  64.0

1

1 




I

I
 

11 64.0 II 


 . Thus, % of light absorbed = 36%. 

77. (c) The illuminance on the screen without mirror is 
21

r

L
I   

 

 

 

 

 

The illuminance on the screen with mirror is  

2222
9

10

)3( r

L

r

L

r

L
I    

9:10
9

10

1

2 
I

I
 

78. (b) Illuminance on the screen without mirror is 
21

r

L
I   

 

 

 

 

 

Illuminance on the screen with mirror  

2222

2

r

L

r

L

r

L
I    1:2

1

2 
I

I
 

79. (b) Apparent depth 
liquidair

h
h


'  

 
dt

dh

dt

dh

wawa 

11'
 

dt

dh
x

wa

1
  x

dt

dh
wa  

Now volume of water hRV 2  

 
dt

dV
 

dt

dh
R2  xR wa .2  

            xRwa
2  xR

a

w 2



 xR

n

n 2

1

2 












  

 

Graphical Questions 
 

1. (c) As ,fu   v ;    ,u  fv    

Lamp 

8 cm 

Mirror 

Screen 

r r r 

Image 

x 

I2 

8 cm 

Clean chimney 
Grease spot 

I1 

x 

I2 

10 cm 

Dirty chimney Grease spot 

I1 

r1  
n1 

A 

i 

B 

P 

R S T 

n2 

n3 

 r2 r3  

Q 

E 
F 

90° 

 = 90 – r1  = 90 – r2  = 90 – r3 

C 

D 

r r 

Image 

Lamp 

Screen 
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2. (a) At u = f, v =   

At u = 0, v = 0 (i.e. object and image both lies at pole) 

Satisfying these two conditions, only option (a) is correct. 

3. (b, c) From graph 
21

1

sin

sin
30tan




i

ro   

    321     73.1
2

1

1

2 
v

v




  21 73.1 vv   

  Also from   
Csin

1
     

DenserRarer

C


1
sin    

   
3

11
sin

21




C . 

4. (c) For a lens 
f

vf
m


   1

1









 v

f
m  

Comparing this equation with cmxy   (equation of 

straight line) 

 

 

 

 

 

 

5. (c) At P, u = v which happened only when u = 2f  

At another point Q on the graph (above P)  

v > 2f  

 

 

 

 

 

6. (d) For a lens 1
1




 v
ff

vf
m  

Comparing it with y = mx + c  

Slope 
f

m
1

  

From graph, slope of the line 
c

b
  

Hence 
c

b

f


1
  

b

c
f ||  

7. (a) 
2


B

A   

8. (a) Since 
uvf

111
   

fuv

111
  

Putting the sign convention properly  

)(

1

)(

1

)(

1

fuv 








  

fuv

111
  

Comparing this equation with y = mx + c  

Slope = m = tan = – 1   = 135° or – 45° and intercept 

f
C

1
  

 

 

 

 

 

 

9. (a) As u goes from 0 to – , v goes from + 0 to + f  

10. (a) For convex lens (for real image) fvu 4  

For u = 2f, v is also equal to 2f  

Hence u + v = 4f  

11. (d) For concave mirror 
uf

f
m


    

For real image m 
)( fu

f




x

f
  

)focus from objectof  (Distance

f
  

x
m

1
 . 

12. (a) For a prism, as the angle of incidence increases, the angle of 

deviation first decreases, goes to a minimum value and then 
increases.  

13. (b) From Newton's formula 2fxy  . This is the equation of a 

rectangular hyperbola. 

14. (a, c) At P,  = 0 )1(  A   .1  

Also AAA mm   )1(  

Comparing it with y = mx + c  

Slope of the line = m = A  

15. (b) From graph, slope 
i

r

sin

sin

10

2
tan 











 

Also 
3

4

10

2
tan

1

sin

sin

1

2
21 
















r

i
 12    

It means that medium 2 is denser medium. So total internal 

reflection cannot occur. 

16. (d) From graph it is clear that 
i

ro

sin

sin
30tan   

 


1

sin

sin

3

1


i

r
  3  

Also nc
c

v 


  2/1)3(
3

11 


n  

17. (b) In concave mirror, if virtual images are formed, u can have 

values zero and f  

At u = 0,  1



f

f

uf

f
m  

At u = f,   






)( ff

f

uf

f
m  

18. (a) The ray of light is refracted at the plane surface. However, 

since the ray is travelling from a denser to a rarer medium, for 

f

1
slopetan   

 

u 

v 

C=+1 

u 

v 

2f 

2f 

P 

Q 

– 45° 

1/u 

1/v 

f
C

1
  

 135° 
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an angle of incidence (i) greater then the critical angle (c) the 
ray will be totally internally reflected.    

For i < c; deviation  = r – i with 

r

i

sin

sin1



 

Hence   ii   sinsin 1   

This is a non-linear relation. The 

maximum value of  is c
2

1


 ; where i = c and 

csin

1
  

For i > c, deviation   =  – 2i  

 decreases linearly with i  


2

 =  – 2 c = 2
1

  

19. (d) For a lens 
uvf

111
  

If u =  , v = f  and if u = f, v =   

20. (d) 

 

Assertion and Reason 

 

1. (b)  

2. (b) The stars twinkle while the planets do not. It is due to variation 

in density of atmospheric layer. As the stars are very far and 
giving light continuously to us. So, the light coming from stars 
is found to change their intensity continuously. Hence they are 
seen twinkling. Also stars are much bigger in size than planets 
but it has nothing to deal with twinkling phenomenon. 

3. (c) Owls can move freely during night, because they have large 
number of cones on their retina which help them to see in 
night.  

4. (c) Shining of air bubble in water is on account of total internal 

reflection. 

5. (c) After the removal of stimulus the image formed on retina is 

sustained up to 1/6 second. 

6. (a) Because of smallest wavelength of blue colour it is scattered to 

large extent than other colours, so the sky appears blue.  

7. (e) For total internal reflection the angle of incidence should be 

greater than the critical angle. As critical angle is approximately 
35°. Therefore, total internal reflection is not possible. So, 
assertion is not true but reason is true.  

8. (c) The sun and its surroundings appears red during sunset or 

sunrise because of scattering of light. The amount of scattered 
light is inversely proportional to the fourth power of 

wavelength of light i.e. 
4

1


I  

9. (a) Focal length of lens immersed in water is four times the focal 
length of lens in air. It means  

cmff aw 401044   

10. (e) The velocity of light of different colours (all wavelengths) is 

same in vacuum and 



1

 . 

11. (a) The red glass absorbs the radiations emitted by green flowers; 

so flower appears black.  

12. (a) Magnification produced by mirror 
x

f

uf

f

O

I
m 


  

x is distance from focus.  

13. (e) Apparent shift for different coloured letter is 












1
1hd  

 VR    so VR    

Hence VR dd   i.e. red coloured letter raised least. 

14. (a) The efficiency of fluorescent tube is about 50 lumen/watt, 

whereas efficiency of electric bulb is about 12 lumen/watt. Thus 

for same amount of electric energy consumed, the tube gives 

nearly 4 times more light than the filament bulb.  

15. (c) Polar caps receives almost the same amount of radiation as the 

equatorial plane. For the polar caps angle between sun rays and 

normal (to polar caps) tends to 90°. As per Lambert's cosine 

law, ,cosE  therefore E is zero. For the equatorial plane, 

  = 0°, therefore E is maximum. Hence polar caps of earth are 

so cold. (where E is radiation received). 

16. (b) At noon, rays of sun light fall normally on earth. Therefore  = 

0°. According to Lambert's cosine law, ,cosE  when  = 

0°, cos   = cos 0° = 1 = max. Therefore, E is maximum.  

17. (d) When an object is placed between two plane parallel mirrors, 

then infinite number of images are formed. Images are formed 

due to multiple reflections. At each reflection, a part of light 

energy is absorbed. Therefore, distant images get fainter.  

18. (c) In search lights, we need an intense parallel beam of light. If a 

source is placed at the focus of a concave spherical mirror, only 

paraxial rays are rendered parallel. Due to large aperture of 

mirror, marginal rays give a divergent beam. 

But in case of parabolic mirror, when source is at the focus, 

beam of light produced over the entire cross-section of the 

mirror is a parallel beam.  

19. (d) The size of the mirror does not affect the nature of the image 

except that a bigger mirror forms a brighter image. 

20. (a) When the sun is close to setting, refraction will effect the top 

part of the sun differently from the bottom half. The top half 

will radiate its image truly, while the bottom portion will send 

an apparent image. Since the bottom portion of sun is being 

seen through thicker, more dense atmosphere. The bottom 

image is being bent intensely and gives the impression of being 

squashed or "flattened" or elliptical shape. 

21. (c) 
C

11



 . V  is least so C

V

 is also least. Also the greatest 

wavelength is for red colour.  

22. (e) We can produce a real image by plane or convex mirror. 

 

r  

i 

i 

 

i 

O I 

(Real image) 
(Real 

image) 
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Focal length of convex mirror is taken positive. 

23. (d) The colour of glowing red glass in dark will be green as red 

and green are complimentary colours.  

24. (d) The air bubble would behave as a diverging lens, because 

refractive index of air is less than refractive index of glass. 

However, the geometrical shape of the air bubble shall 

resemble a double convex lens.  

 

 

 

 

 

25. (a) In total internal reflection, 100% of incident light is reflected 

back into the same medium, and there is no loss of intensity, 

while in reflection from mirrors and refraction from lenses, 

there is always some loss of intensity. Therefore images formed 

by total internal reflection are much brighter than those 

formed by mirrors or lenses.  

26. (d) Focal length of the lens depends upon it's refractive index as 

)1(
1

 
f

. Since rb    so rb ff   

Therefore, the focal length of a lens decreases when red light is 

replaced by blue light.  

27. (b) After refraction at two parallel faces of a glass slab, a ray of 

light emerges in a direction parallel to the direction of 

incidence of white light on the slab. As rays of all colours 

emerge in the same direction (of incidence of white light), 

hence there is no dispersion, but only lateral displacement.  

28. (d) It is not necessary for a material to have same colour in 

reflected and transmitted light. A material may reflect one 

colour strongly and transmit some other colour. For example, 

some lubricating oils reflect green colour and transmit red. 

Therefore, in reflected light, they will appear green and in 

transmitted light, they will appear red. 

29. (d) Dispersion of light cannot occur on passing through air 

contained in a hollow prism. Dispersion take place because the 

refractive index of medium for different colour is different. 

Therefore when white light travels from air to air, refractive 

index remains same and no dispersion occurs.  

30. (b) The light gathering power (or brightness) of a telescope  

(diameter)2. So by increasing the objective diameter even far off 

stars may produce images of optimum brightness.  

31. (c) Very large apertures gives blurred images because of 

aberrations. By reducing the aperture the clear image is 

obtained and thus the sensitivity of camera increases.  

Also the focussing of object at different distance is achieved by 

slightly altering the separation of the lens from the film. 

32. (d) We cannot interchange the objective and eye lens of a 

microscope to make a telescope. The reason is that the focal 

length of lenses in microscope are very small, of the order of 

mm or a few cm and the difference (f
o

 – f
e

) is very small, while 

the telescope objective have a very large focal length as 

compared to eye lens of microscope.  

33. (a) Image formed by convex lens 

 

 

 

34. (a) The focal length of a lens is given by 














21

11
)1(

1

RRf
  

For, goggle, R
1

 = R
2

           

 0
11

)1(
1

21
















RRf
 . Therefore, 0

1


f
P  

35. (c) The wavelength of wave associated with electrons (de Broglie 

waves) is less than that of visible light. We know that resolving 

power is inversely proportional to wavelength of wave used in 

microscope. Therefore the resolving power of an electron 

microscope is higher than that of an optical microscope. 

36. (a) In case of minimum deviation of a prism ei   so 

21 rr   

 

 

37. (b) The velocity of light in a material medium depends upon it's 

colour (wavelength). If a ray of white light incident on a prism, 

then on emerging, the different colours are deviated through 

different angles.  

Also dispersive power 
)1(

)(






Y

RV




  

i.e.  depends upon only .  

38. (c) The ray of light incident on the water air interface suffers total 

internal reflections, in that case the angle of incidence is 

greater than the critical angle. Therefore, if the tube is viewed 

from suitable direction (so that the angle of incidence is 

greater than the critical angle), the rays of light incident on the 

tube undergoes total internal reflection. As a result, the test 

tube appears as highly polished i.e. silvery.  

39. (a) In wide beam of light, the light rays of light which travel close 

to the principal axis are called paraxial rays, while the rays 

which travel quite away from the principal axis is called 

marginal rays. In case of lens having large aperture, the 

behaviour of the paraxial and marginal rays are markedly 

different from each other. The two types of rays come to focus 

at different points on the principal axis of the lens, thus the 

spherical aberration occur. However in case of a lens with small 

aperture, the two types of rays come to focus quite close to 

each other.  

40. (e)  

41. (b)  

Focus 

Source at 

infinity 

r r 
i i 

Air 
Glass Glass 
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42. (b)  

43. (c) 

44. (a) Resolving power 
22.1

a
 . 

45. (c) When glass 

surface is made 

rough then the 

light falling on it 

is scattered in 

different 

direction due to which its transparency decreases. 

46. (b) Diamond glitters brilliantly because light enters in diamond 

suffers total internal reflection. All the light entering in it 

comes out of diamond after number of reflections and no light 

is absorb by it. 

47. (c) The clouds consist of dust particles and water droplets. Their 

size is very large as compared to the wavelength of the incident 

light from the sun. So there is very little scattering of light. 

Hence the light which we receive through the clouds has all the 

colours of light. As a result of this, we receive almost white 

light. Therefore, the cloud are generally white.  

Smooth surface Rough surface 
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1. In an astronomical telescope in normal adjustment, a straight black 

line of length L is drawn on the objective lens. The eyepiece forms a 

real image of this line. The length of this image is l. The 

magnification of the telescope is  

(a) 
l

L
 (b) 1

l

L
 

(c) 1
l

L
 (d) 

lL

lL




 

2. Three lenses L
1

, L
2

, L
3

 are placed co-axially as shown in figure. Focal 

length's of lenses are given 30 cm, 10 cm and 5 cm respectively. If a 

parallel beam of light falling on lens L
1

, emerging L
3

 as a convergent 

beam such that it converges at the focus of L
3

. Distance between L
1

 

and L
2

 will be  

(a) 40 cm  

(b) 30 cm  

(c) 20 cm  

(d) 10 cm  

3. An object is placed at a point distant x from the focus of a convex 

lens and its image is formed at I as shown in the figure. The 

distances x, x' satisfy the relation   

(a) f
xx




2

'
 

(b) 'xxf   

(c) fxx 2'  

(d) fxx 2'  

4. The diameter of the eye-ball of a normal eye is about 2.5 cm. The 

power of the eye lens varies from 

(a) 2 D to 10 D (b) 40 D to 32 D  

(c) 9 D to 8 D (d) 44 D to 40 D 

5. In a thin spherical fish bowl of radius 10 cm filled with water of 

refractive index 4/3 there is a small fish at a distance of 4 cm from 

the centre C as shown in figure. Where will the image of fish 

appears, if seen from E  

(a) 5.2 cm  

(b) 7.2 cm  

(c) 4.2 cm 

(d) 3.2 cm  

6. A small fish 0.4 m below the surface of a lake, is viewed through a 

simple converging lens of focal length 3 m. The lens is kept at 0.2 m 

above the water surface such that fish lies on the optical axis of the 

lens. The image of the fish seen by observer will be at 











3

4
water  

 

 

 

 

 

 

 

 

(a) A distance of 0.2 m from the water surface 

(b) A distance of 0.6 m from the water surface 

(c) A distance of 0.3 m from the water surface 

(d) The same location of fish  

7. A water drop in air refractes the light ray as  

 

 (a)   (b)  

 

 

 

 (c)   (d)  

 

 

 

8. Which of the following ray diagram show physically possible 

refraction  

 

 

 

 

 

 

(a) (i) (b) (ii) 

(c) (iii) (d) None of these 

9. Following figure shows the multiple reflections of a light ray along a 

glass corridor where the walls are either parallel or perpendicular to 

one another. If the angle of incidence at point P is 30°, what are the 

angles of reflection of the light ray at points Q, R, S and T 

respectively  

 (a) 30°, 30°, 30°, 30° 

 (b) 30°, 60°, 30°, 60° 

 

L1 L2 L3 

d 

O F F ' 
x ' 

I 

x 

n=1.4 

n=1.6 

(i) 

n=1.6 

n=1.8 

(ii) 

n=1.6 
n=1.5 

(iii) 

No light 

C E 

4 cm 

0.2m 

0.4m 

Q 

T 

R 

P S 
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 (c) 30°, 60°, 60°, 30° 

 (d) 60°, 60°, 60°, 60° 

10. When the rectangular metal tank is filled to the top with an 

unknown liquid, as observer with eyes level with the top of the tank 

can just see the corner E; a ray that refracts towards the observer at 

the top surface of the liquid is shown. The refractive index of the 

liquid will be  

(a) 1.2  

(b) 1.4 

(c) 1.6 

 (d) 1.9 

11. A concave mirror and a converging lens (glass with  = 1.5) both 

have a focal length of 3 cm when in air. When they are in water 

,
3

4








  their new focal lengths are  

(a) f
Lens

 = 12 cm, f
Mirror

 = 3cm  

(b) f
Lens

 = 3 cm, f
Mirror

 = 12cm  

(c) f
Lens

 = 3 cm, f
Mirror

 = 3cm  

(d) f
Lens

 = 12 cm, f
Mirror

 = 12cm  

12. A ray of light strikes a plane mirror M at an angle of 45° as shown 

in the figure. After reflection, the ray passes through a prism of 

refractive index 1.5 whose apex angle is 4°. The total angle through 

which the ray is deviated is  

(a) 90°  

(b) 91°  

(c) 92° 

(d) 93° 

13. A slab of glass, of thickness 6 cm and refractive index 1.5, is placed 
in front of a concave mirror, the faces of the slab being 
perpendicular to the principal axis of the mirror. If the radius of 
curvature of the mirror is 40 cm and the reflected image coincides 
with the object, then the distance of the object from the mirror is  

 (a) 30 cm  (b) 22 cm  

 (c) 42 cm  (d) 28 cm 

14. A point source of light S is placed at the bottom of a vessel 

containing a liquid of refractive index 5/3. A person is viewing the 
source from above the surface. There is an opaque disc D of radius 1 
cm floating on the surface of the liquid. The centre of the disc lies 
vertically above the source S. The liquid from the vessel is gradually 
drained out through a tap. The maximum height of the liquid for 
which the source cannot be seen at all from above is  

(a) 1.50 cm  

(b) 1.64 cm  

(c) 1.33 cm  

(d) 1.86 cm  

15. A point object is placed mid-way between two plane mirrors 

distance 'a' apart. The plane mirror forms an infinite number of 

images due to multiple reflection. The distance between the nth 
order image formed in the two mirrors is    

(a) na (b) 2na 

(c) na/2 (d) n2 a  

16. A convergent beam of light is incident on a convex mirror so as to 

converge to a distance 12 cm from the pole of the mirror. An 
inverted image of the same size is formed coincident with the virtual 
object. What is the focal length of the mirror  

(a) 24 cm  (b) 12 cm  

(c) 6 cm  (d) 3 cm 

17. PQR is a right angled prism with other angles as 60o and 30o. 

Refractive index of prism is 1.5. PQ has a thin layer of liquid. Light 

falls normally on the face PR. For total internal reflection, maximum 

refractive index of liquid is                       

(a) 1.4 

(b) 1.3 

(c) 1.2 

(d) 1.6 

18. When a ray is refracted from one medium to another, the 
wavelength changes from 6000 Å to 4000 Å. The critical angle for 
the interface will be  

(a) 








3

2
cos 1  (b) 














3

2
sin 1   

(c) 








3

2
sin 1  (d) 














3

2
cos 1  

19. Two thin lenses, when in contact, produce a combination of power + 
10 D. When they are 0.25 m apart, the power reduces to + 6D. The 
focal lengths of the lenses (in m) are  

(a) 0.125 and 0.5  (b) 0.125 and 0.125 

(c) 0.5 and 0.75 (d) 0.125 and 0.75 

20. The plane faces of two identical plano convex lenses, each with focal 

length f are pressed against each other using an optical glue to form 

a usual convex lens. The distance from the optical centre at which 

an object must be placed to obtain the image same as the size of 

object is  

(a) 
4

f
 (b) 

2

f
  

(c) f  (d) 2 f  

21. A parallel beam of light emerges from the opposite surface of the 

sphere when a point source of light lies at the surface of the sphere. 

The refractive index of the sphere is  

(a) 
2

3
 (b) 

3

5
  

(c) 2 (d) 
2

5
 

22. A ray of light makes an angle of 10o with the horizontal above it and 

strikes a plane mirror which is inclined at an angle  to the 

horizontal. The angle  for which the reflected ray becomes vertical 

is  

3cm 

4cm 
E 

 

4° 

45° 

D 

S 

3

5
  

R 

P Q 
60° 30° 
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(a) 40° (b) 50° 

(c) 80° (d) 100°  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

23. A thin rod of cm5  length is kept along the axis of a concave mirror 

of cm10  focal length such that its image is real and magnified and 

one end touches the rod. Its magnification will be 

 (a) 1 (b) 2 

 (c) 3 (d) 4 

24. A telescope using light having wavelength 5000 Å and using lenses 

of focal 2.5 and 30 cm. If the diameter of the aperture of the 

objective is 10 cm, then the resolving limit and magnifying power of 

the telescope is respectively 

(a) rad6101.6   and 12 

(b) rad6100.5  and 12 

(c) rad6101.6  and 2103.8   

(d) rad6100.5  and 2103.8   

25. A lens when placed on a plane mirror then object needle and its 

image coincide at 15 cm. The focal length of the lens is  

 (a) 15 cm 

 (b) 30 cm 

 (c) 20 cm 

(d)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1. (a) Here we treat the line on the objective as the object and the 
eyepiece as the lens.  

Hence )( eo ffu  and eff   

Now 
eeo fffv

1

)(

11



  

Solving we get 
o

eeo

f

fff
v

)( 
  

Magnification 
L

l

f

f

u

v

o

e 
size Object

size Image
 

 Magnification of telescope in normal adjustment  

l

L

f

f

e

o    

2. (c) According to the problem, combination of 1L  and 2L  act a 

simple glass plate. Hence according to formula 

2121

111

ff

d

ffF
  

 
21212121

11
0

11

ff

d

ffff

d

ff
  

(SET -29) 
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103010

1

30

1




d

10301030

20









d
 

  cmd  20  

3. (d) From the figure for real image formation  

x + x' + 2f  4f  x + x'  2f. 

4. (d) An eye sees distant objects with full relaxation  

 So 
f

11

105.2

1
2





 

 or D
f

P 40
1025

11
2






 

  An eye sees an object at 25 cm with strain  

  So 
f

1

1025

1

105.2

1
22





 
  

  or D
f

P 44440
1

  

5. (a) By using 
Ruv

1212  
   

  where    ,
3

4
1     ,12     ,6 cmu    v = ? 

  On putting values cmv 2.5  

6. (d) Apparent distance of fish from lens 


h
u  2.0  

 m5.0
3/4

4.0
2.0   

From 
uvf

111


)5.0(

11

)3(

1







v
mv 6.0  

 The image of the fish is still where the fish is 0.4 m below the 
water surface. 

7. (b) A water drop in air behaves as converging lens.  

 

 

 

 

8. (a) When light ray goes from denser to rarer medium (i.e. more  

to less ) it deviates away from the normal while if light ray 

goes from rarer to denser medium (i.e. less  more ) it bend 
towards the normal.  

This property is satisfying by the ray diagram (i) only. 

9. (c)  

 

 

 

 

 

10. (a) Light ray is going from liquid (Denser) to air (Rarer) and angle 

of refraction is o90 , so angle of incidence must be equal to 

critical angle  

from figure  

5

4
sin C   

Also 2.1
4

5

sin

1


C
  

11. (a) Focal length of lens will increase by four times (i.e. 12 cm) 

while focal length of mirror will not affected by medium.  

12. (c) prismmirrornet    

 Ai )1()2180(    

 o924)15.1()452180(   

13. (c) tx 












1
1  

 6
5.1

1
1 








    

 = 2 cm.  

Distance of object from mirror = 42 cm. 

14. (c) Suppose the maximum height of the liquid is h for which the 

source is not visible.  

Hence radius of the disc  

12 





h
r  

 cmh
h

33.1

1
3

5

1
2












  

15. (b) 

  

 

 

 

 From above figure it can be proved that separation between 

nth order image formed in the two mirrors = 2na 

16. (c) Here object and image are at the same position so this position 
must be centre of 
curvature 

   R = 12 cm    

 
2

R
f   

   

17. (b) For TIR at PQ ; C  

 From geometry of figure 60  i.e. C60  

Csin60sin   

 ismLiquid
ism

Liquid

Pr
Pr 2

3

2

3





  

3.15.1
2

3
 LiquidLiquid  . 3cm 

4cm 
E 

5 cm C 

90° 

O C 

40 cm 
x 

60° 
60° 

60° 
30° 

30° 

30° 
30° 60° 

30° 
30° 

Q 

R 

S 

T 

P 

I1' a/2 a/2 
a 

M ' M I order 
 image 

II order 

 image 
III order 

 image 

III order 

 image 
II order 

 image 

I order 

 image 

I1 I2 I3 I2' I3' a/2 
3a/2 

a/2 
3a/2 

5a/2 5a/2 

O 

S 

h 

C 
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18. (c) 
Csin

1
21 

Csin

1

2

1

1

2 







 

 
Csin

1

4000

6000
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19. (a) When lenses are in contact  
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 When they are distance d apart  
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 From equation (i) and (ii)    
16

1
21 ff             ..... (iii) 

 From equation (i) and (iii) 
8

5
21  ff             ..... (iv)  

 Also 21
2
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2

21 4)()( ffffff   

Hence 
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 ff  

          
8

3
21  ff             ..... (v)  

 On solving (iv) and (v)  mf 5.01   and mf 125.02   

20. (c) Two plano-convex lens of focal length f, when combined will 

give rise to a convex lens of focal length 2/f .  

The image will be of same size if object is placed at 2f i.e. at a 
distance f from optical centre. 

21. (c) Considering pole at P, we have  
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22. (a) From figure 

 9010   
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23.  (b)   

 

 

 

 

 

End A of the rod acts as an object for mirror and A' will be its 
image so u = 2f – l = 20 – 5 = 15 cm  
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24. (a) 12
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 Resolving limit 
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25. (a) When the object is placed at focus the rays are parallel. The 
mirror placed normal sends them 
back. Hence image is formed at 
the object itself as illustrated in 
figure. 
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Newton's Corpuscular Theory  

(1) Newton thought that light is made up of tiny, light and elastic 

particles called corpuscles which are emitted by a luminous body. 

(2) The corpuscles travel with speed equal to the speed of light in all 

directions in straight lines.  

(3) The corpuscles carry energy with them. When they strike retina of 

the eye, they produce sensation of vision. 

(4) The corpuscles of different colour are of different sizes (red 

corpuscles larger than blue corpuscles). 

(5) The corpuscular theory explains that light carry energy and 

momentum, light travels in a straight line, Propagation of light in 

vacuum, Laws of reflection and refraction  

(6) The corpuscular theory fails to explain interference, 

diffraction and polarization.  

(7) A major prediction of the corpuscular theory is that the speed of 

light in a denser medium is more than the speed of light in a rarer medium. 

The truth is that the speed of the light is smaller in a denser medium. 

Therefore, the Newton's corpuscular theory is wrong. 

Huygen's Wave Theory  

(1) Wave theory of light was given by Christian Huygen. According to 

this, a luminous body is a source of disturbance in a hypothetical medium 

ether. This medium pervades all space. 

(2) It is assumed to be transparent and having zero inertia. The 

disturbance from the source is propagated in the form of waves through the 

space. 

(3) The waves carry energy and momentum. Huygen assumed that the 

waves were longitudinal. Further when polarization was discovered, then to 

explain it, light waves were, assumed to be transverse in nature by Fresnel.  

(4) This theory explains successfully, the phenomenon of interference 

and diffraction apart from other properties of light. 

(5) The Huygen's theory fails to explain photo-electric effect, 

Compton's effect etc.  

(6) The wave theory introduces the concept of wavefront.  

Wavefront 

(1) Suggested by Huygens  

(2) The locus of all particles in a medium, vibrating in the same phase 

is called Wave Front (WF) 

(3) The direction of propagation of light (ray of light) is perpendicular 

to the WF.  

(4) Every point on the given wave front acts as a source of new 

disturbance called secondary wavelets which travel in all directions with the 

velocity of light in the medium. 

(5) A surface touching these secondary wavelets tangentially in the 

forward direction at any instant gives the new wave front at that instant. 

This is called secondary wave front 

 

 

 

 

 

 

 

Table 30.1 : Different types of wavefront 

Type of wavefront Intensity  Amplitude 
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Reflection and Refraction of Wavefront 
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Super Position of Waves 

When two or more than two waves superimpose over each other at a 

common particle of the medium then the resultant displacement (y) of the 

particle is equal to the vector sum of the displacements (y
1

 and y
2

) produced 

by individual waves. i.e. 
21 yyy    

 

 

 

 

 

Important Terms 

(1) Phase : The argument of sine or cosine in the expression for 

displacement of a wave is defined as the phase. For displacement y = a sin  

t ; term  t = phase or instantaneous phase. 

(2) Phase difference () : The difference between the phases of two 

waves at a point is called phase difference i.e. if tay sin11   and 

)(sin22   tay  so phase difference =   

(3) Path difference () : The difference in path length’s of two waves 

meeting at a point is called path difference between the waves at that point. 

Also 





2
  

(4) Time difference (T.D.) : Time difference between the waves 

meeting at a point is 



2

T
T.D.  

Resultant Amplitude and Intensity 

Let us consider two waves that have the same frequency but have a 

certain fixed (constant) phase difference between them. Their super position 

shown below  

 

 

 

 

 

 

Let the two waves are  

tay sin11   and )(sin22   tay  

where 21 ,aa  Individual amplitudes,  

 = Phase difference between the waves at an instant when they are 

meeting a point.  

(1) Resultant amplitude : The resultant wave can be written as y = A 

sin ( t + )  

where A = resultant amplitude φaaaa cos2 21
2
2

2
1   

(2) Resultant intensity : As we know intensity  (Amplitude)2 

 2
22

2
11 , kaIkaI   and 2kAI   (k is a proportionality 

constant). Resultant intensity  cos2 2121 IIIII   

For two identical source 021 III   cos2 0000 IIIII   

2
cos4 2

0


I   [1 + cos 

2
cos2 2  ] 

Coherence  

The phase relationship between two light waves can very from time to 

time and from point to point in space. The property of definite phase 
relationship is called coherence.  

(1) Temporal coherence : In a light source a light wave (photon) is 

produced when an excited atom goes to the ground state and emits light.  

(i) The duration of this transition is about 10–9 to 10–10 sec.  Thus the 

emitted wave remains sinusoidal for this much time. This time is known as 

coherence time (
c

). 

(ii) Definite phase relationship is maintained for a length ccL   

called coherence length. For neon  = 6328 Å, 
c

  10–10 sec and L = 0.03 m. 

For cadmium  = 6438 Å, 
c

 = 10–9 sec and L = 0.3 m  

For Laser 
c

 = 10–5 sec and L = 3 km   
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(iii) The spectral lines width  is related to coherence length L and 

coherence time 
c

.    
cc




2

  or 
L

2
    

(2) Spatial coherence : Two points in space are said to be spatially 
coherence if the waves reaching there maintains a constant phase difference  

 

 

 

 

 

 

Points P and Q are at the same distance from S, they will always be 

having the same phase. Points P and 'P  will be spatially  coherent if the 

distance between P and 'P  is much less than the coherence length i.e. 

ccPP '  

(3) Methods of obtaining coherent sources : Two coherent sources are 
produced from a single source of light by two methods (i) By division of 

wavefront and (ii) By division of amplitude  

(i) Division of wave front : The wave front emitted by a narrow source 
is divided in two parts by reflection, refraction or diffraction.  

The coherent sources so obtained are imaginary. There produced in 
Fresnel's biprism, Llyod's mirror Youngs' double slit etc. 

 

 

 

 

 

 

 

(ii) Division of amplitude : In this arrangement light wave is partly 

reflected (50%) and partly transmitted (50%) to produced two light rays. 

The amplitude of wave emitted by an extend source of light is divided in 

two parts by partial reflection and partial refraction. 

The coherent sources obtained are real and are obtained in Newton's 

rings, Michelson's interferrometer, colours in thin films. 

 

 

 

 

 

 

 

Interference of Light 

When two waves of exactly same frequency (coming from two 

coherent sources) travels in a medium, in 

the same direction simultaneously then due 

to their superposition, at some points 

intensity of light is maximum while at some 

other points intensity is minimum. This 

phenomenon is called Interference of light. It is of following two types 

(1) Constructive interference : When the waves meets a point with 

same phase, constructive interference is obtained at that point (i.e. 

maximum light) 

(i) Phase difference between the waves at the point of observation 

 no 2or0  

(ii) Path difference between the waves at the point of observation 

n (i.e. even multiple of /2) 

(iii) Resultant amplitude at the point of observation will be maximum  

A
max

 = a
1

 + a
2

  

If   0max021 2aAaaa 
 

(iv) Resultant intensity at the point of observation will be maximum   

2121max 2 IIIII    221 II   

If 0max021 4 IIIII   

(2) Destructive interference : When the wave meets a point with 
opposite phase, destructive interference is obtained at that point (i.e. 
minimum light) 

(i) Phase difference ;)12(or180   no n = 1, 2, ..... 

or   ;)12( n .....2,1,0n  

(ii) Path difference 
2

)12(


 n  (i.e. odd multiple of /2) 

(iii) Resultant amplitude at the point of observation will be minimum  

21min aaA   

If   0min21  Aaa  

(iv) Resultant intensity at the point of observation will be minimum 

2121min 2 IIIII   221 II   

If  0min021  IIII  

(3) Super position of waves of random phase difference : When two 

waves (or more waves) having random phase difference between them 

super impose, then no interference pattern is produced. Then the resultant 

intensity is just the sum of the two intensities.  21 III    

Young's Double Slit Experiment (YDSE) 

Monochromatic light (single wavelength) falls on two narrow slits S
1

 

and S
2

 which are very close together acts as two coherent sources, when 

waves coming from two coherent sources ),( 21 SS  superimposes on each 

other, an interference pattern is obtained on the screen. In YDSE alternate 

bright and dark bands obtained on the screen. These bands are called 

Fringes. 
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(1) Central fringe is always bright, because at central position 

o0 or 0  

(2) The fringe pattern obtained due to a slit is more bright than that 

due to a point. 

(3) If the slit widths are unequal, the minima will not be complete 

dark. For very large width uniform  illumination occurs. 

(4) If one slit is illuminated with red light and the other slit is 

illuminated with blue light, no interference pattern is observed on the 

screen. 

(5) If the two coherent sources consist of object and it’s reflected 

image, the central fringe is dark instead of bright one. 

 

Useful Results 

(1) Path difference : Path difference between the interfering waves 

meeting at a point P on the screen  is given by  

fi  ; where  i initial path difference between the waves 

before the slits and  f path difference between the waves after emerging 

from the slits. In this case 0i  (Commonly used condition). So 

sind
D

xd
f   

 

 

 

 

 

 

 

 

where x is the position of point P from central maxima.  

For maxima at P :   n ;  where n = 0,  1,  2, ….. 

and For minima at P : 
2

)12( 


n
;  where n =  1,   2,  …... 

(2) Location of fringe : Position of nth bright fringe from central 

maxima     nβ
d

Dn
xn 


; ....2,1,0n  

Position of nth dark fringe from central maxima  

  
2

)12(

2

)12( βn

d

λDn
xn





 ; ....3,2,1n  

(3) Fringe width () :  The separation between any two consecutive 

bright or dark fringes is called fringe width. In YDSE all fringes are of equal 

width. Fringe width 
d

Dλ
β  .  

 

 

 

 

 

 

 

and angular fringe width 
D

β

d

λ
θ   

(4) In YDSE, if n
1

 fringes are visible in a field of view with light of 

wavelength 1 , while n
1

 with light of wavelength 2  in the same field, then 

2211 nn   . 

(5) Separation )( x  between fringes   

(i) Between nth bright and mth bright fringes )( mn   

       )( mnx   

(ii) Between nth bright and mth dark fringe 

(a) If mn   then 









2

1
mnx  

(b) If mn   then 









2

1
nmx  

(6) Identification of central bright fringe : To identify central bright 
fringe, monochromatic light is replaced by white light. Due to overlapping 
central maxima will be white with red edges. On the other side of it we 
shall get a few coloured band and then uniform illumination. 

If the whole YDSE set up is taken in another medium then  changes 

so  changes 

e.g. in water a

w

a
w

w

a
w 











4

3
   

Condition for Observing Interference  

(1) The initial phase difference between the interfering waves must 

remain constant. Otherwise the interference will not be sustained.   

(2) The frequency and wavelengths of two waves should be equal. If 

not the phase difference will not remain constant and so the interference 
will not be sustained.  

(3) The light must be monochromatic. This eliminates overlapping of 

patterns as each wavelength corresponds to one interference pattern.  

(4) The amplitudes of the waves must be equal. This improves 

contrast with 0max 4 II   and .0min I  

(5) The sources must be close to each other. Otherwise due to small 

fringe width 









d

1
  the eye can not resolve fringes resulting in uniform 

illumination.  

Shifting of Fringe Pattern in YDSE  
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If a transparent thin film of mica or glass is put in the path of one of 

the waves, then the whole fringe pattern gets shifted towards the slit in 

front of which glass plate is placed.  

 

 

 

 

 

 

 

 

(1) tt
d

D
)1()1(shift Fringe  




  

(2) Additional path difference t)1(    

(3) If shift is equivalent to n fringes then 


 t
n

)1( 
  or 

)1( 




n
t  

(4) Shift is independent of the order of fringe (i.e. shift of zero order 
maxima = shift of nth order maxima. 

(5) Shift is independent of wavelength. 

Fringe Visibility (V)  

With the help of visibility, knowledge about coherence, fringe contrast 

an interference pattern is obtained. 

)(
2

21

21

minmax

minmax

II

II

II

II
V







  If 0min I , 1V  (maximum) i.e., 

fringe visibility will be best. 

Also if 1,0max  VI  and If 0,minmax  VII  

Missing Wavelength in Front of One Slit in YDSE  

Suppose P is a point of observation infront of slit S
1

 as shown  

Missing wavelength at P     

D1)n(2

d 2


  

By putting ....3,2,1n  

Missing wavelengths are 

....
5

,
3

,
222

D

d

D

d

D

d
  

Interference in Thin 

Films 

Interference effects are commonly observed in thin films when their 

thickness is comparable to wavelength of incident light (If it is too thin as 

compared to wavelength of light it appears dark and if it is too thick, this 

will result in uniform illumination 

of film). Thin layer of oil on water 

surface and soap bubbles shows 

various colours in white light due 

to interference of waves reflected 

from the two surfaces of the film. 

In thin films interference takes place between the waves reflected from 

it’s two surfaces and waves refracted through it. 

 

 

 

 

 

 

 

(1) Interference in reflected light : Condition of constructive 
interference (maximum intensity)  

2
)12(cos2


  nrt . 

For normal incidence r = 0 so 
2

)12(2  nt  

Condition of destructive interference (minimum intensity)  

2
)2(cos2


 nrt  . For normal incidence  nt 2  

(2) Interference in refracted light : Condition of constructive 
interference (maximum intensity)  

2
)2(cos2


 nrt  . For normal incidence  nt 2  

Condition of destructive interference (minimum intensity)  

2
)12(cos2


  nrt  

For normal incidence 
2

)12(2


  nt  

Lloyd's Mirror 

A plane glass plate (acting as a mirror) is illuminated at almost 

grazing incidence by a light from a slit S
1

. A virtual image S
2

 of S
1

 is formed 

closed to S
1

 by reflection and these two act as coherent sources. The 

expression giving the fringe width is the same as for the double slit, but the 

fringe system differs in one important respect. 

 

 

 

 

 

 

The path difference S
2

P – S
1

P is a whole number of wavelengths, the 

fringe at P is dark not bright. This is due to 180o phase change which occurs 

when light is reflected from a denser medium. At grazing incidence a fringe 

is formed at O, where the geometrical path difference between the direct 

and reflected waves is zero and it follows that it will be dark rather than 

bright.  

Thus, whenever there exists a phase difference of a  between the two 

interfering beams of light, conditions of maximas and minimas are 

interchanged, i.e., nx  (for minimum intensity)  

and  2/)12(  nx   (for maximum intensity) 
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(1) It is an optical device of producing interference of light Fresnel's 

biprism is made by joining base to base two thin prism of very small angle  

(2) Acute angle of prism is about 1/2o and obtuse angle of prism is 
about 179o.  

(3) When a monochromatic light source is kept in front of biprism 

two coherent virtual source S
1

 and S
2

 are produced.  

(4) Interference fringes are found on the screen placed behind the 

biprism interference fringes are formed in the limited region which can be 

observed with the help eye piece.  

(5) Fringe width is measured by a micrometer attached to the eye 

piece. Fringes are of equal width and its value is 
d

D
    

 

 

 

 

 

 

 

 

 

(6) Let the separation between S
1

 and S
2

 be d and the distance of slits 
and the screen from the biprism be a and b respectively i.e. D = (a + b). If 

angle of prism is  and refractive index is  then  )1(2  ad  

   
)(

])1(2[

ba

a







        






)1(2

)(






a

ba
 

(7) If a convex lens is mounted between the biprism and eye piece. 

There will be two positions of lens when the sharp images of coherent 
sources will be observed in the eyepiece. The separation of the images in 

the two positions are measured. Let these be d
1

 and d
2 

then 21ddd       

 
)(

21

ba

dd

D

d





 . 

Newton's Rings  

(1) If we place a plano-convex lens on a plane glass surface, a thin film 

of air is formed between the curved surface of the lens and plane glass 

plate.  

(2) If we allow monochomatic light to fall normally on the surface of 

lens, then circular interference fringes of radius r can be seen in the 

reflected light. This circular fringes are called Newton rings. 

 

 

 

 

 

 

(3) The central fringe is a dark spot then there are alternate bright 
and dark fringes (Ring shape). 

(4) Radius of nth dark ring Rrm –~  

n = 0, 1, 2, .....,   R = Radius of convex surface 

(5) Radius of nth bright ring Rnrn 









2

1
 

(6) If a liquid of ref index  is introduced between the lens and glass 

plate, the radii of dark ring would be 


Rn
rn   

(7) Newton's ring arrangement is used of determining the wavelength 

of monochromatic light. For this the diameter of nth dark ring (D
n

) and (n + 

p)th dark ring (D
n + p

) are measured then  

RpnD pn )(42
)(   and RnDn 42       

pR

DD npn

4

22 



  

Doppler's Effect of Light 

The phenomenon of apparent change in frequency (or wavelength) of 

the light due to relative motion between the source of light and the 

observer is called Doppler’s effect. 

If   actual frequency, ' Apparent frequency, v = speed of 

source w.r.t stationary observer, c = speed of light 

(1) Source of light moves towards the stationary observer : When a 

light source is moving towards an observer with a relative velocity v then 

the  apparent frequency (') is greater than the actual frequency () of 

light. Thus apparent wavelength (') is lesser the actual wavelength (). 

)/1(

)/1(
'

cv

cv




  and 

)/1(

)/1(
'

cv

cv




   

For v << c :  

(i) Apparent frequency 









c

v
1  and 

(ii) Apparent wavelength 









c

v
1  

(iii) Doppler’s shift : Apparent wavelength < actual wavelength, 

So spectrum of the radiation from the source of light shifts towards 
the violet end of spectrum. This is called violet shift 

Doppler’s shift 
c

v
. Δ  

(iv) The fraction decrease in wavelength 
c

v








 

(2) Source of light moves away from the stationary observer : In this 

case ' <   and ' >   

)/1(

)/1(
'

cv

cv




  and 

)/1(

)/1(
'

cv

cv




   

For v << c :  

(i) Apparent frequency  
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v
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(ii) Apparent wavelength 









c

v
1  

(iii) Doppler’s shift : Apparent wavelength > actual wavelength,  

So spectrum of the radiation from the source of light shifts towards 
the red end of spectrum. This is called red shift 

Doppler’s shift 
c

v
. Δ  

(iv) The fractional increase in wavelength 
c

v








. 

(3) Doppler broadening : For a gas in a discharge tube, atoms are 

moving randomly in all directions. When spectrum of light emitted from 

these atoms is analyzed, then due to Doppler effect (because some atoms 

are moving towards detector, some atoms are moving away from detector), 

the frequency of a spectral line is not observed as having one value, but is 

spread over a range  


c

v
 ,   

c

v
  

This broadens the spectral line by an amount (2). It is called 

Doppler broadening. The Doppler broadening is proportional to v, which in 

turn is proportional to ,T  where T is the temperature in Kelvin.  

(4) Radar : Radar is a system for locating distant object by means of 

reflected radio waves, usually of microwave frequencies. Radar is used for 

navigation and guidance of aircraft, ships etc.,.  

Radar employs the Doppler effect to distinguish between stationary 

and moving targets. The change in frequency between transmitted and 

received waves is measured. If v is the velocity of the approaching target, 

then the change in frequency is  


c

v2
 . (The factor of 2 arises due to refection of waves). For a 

receding target 
c

v2
 . (The minus sign indicates decrease in 

frequency).  

(5) Applications of Doppler effect  

(i) Determination of speed of moving bodies (aeroplane, submarine 

etc) in RADAR and SONAR. 

(ii) Determination of the velocities of stars and galaxies by spectral 

shift. 

(iii) Determination of rotational motion of sun. 

(iv) Explanation of width of spectral lines. 

(v) Tracking of satellites. 

(vi) In medical sciences in echo cardiogram, sonography etc. 

Diffraction of Light 

The phenomenon of diffraction was first discovered by Girmaldi. It’s 

experimental study was done by Newton's and young. The theoretical 

explanation was first given by Fresnel’s. 

(1) The phenomenon of bending of light around the corners of an 

obstacle/aperture of the size of the wave length of light is called diffraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) The phenomenon resulting from the superposition of secondary 

wavelets originating from different parts of the same wave front is define as 

diffraction of light. 

(3) Diffraction is the characteristic of all types of waves. 

(4) Greater the wave length of wave higher will be it’s degree of 

diffraction.  

Types of Diffraction  

(1) Fresnel diffraction : If either source or screen or both are at finite 

distance from the diffracting device (obstacle or aperture), the diffraction is 

called Fresnel type. 

Common examples : Diffraction at a straight edge, narrow wire or 

small opaque disc etc. 

 

 

 

 

 

 

(2) Fraunhofer diffraction : In this case both source and screen are 

effectively at infinite distance from the diffracting device. 

Common examples : Diffraction at single slit, double slit and 

diffraction grating. 

 

 

 

 

 

 

Diffraction at Single Slit (Fraunhoffer Diffraction) 

Suppose a plane wave front is incident on a slit AB (of width b). Each 

and every part of the expose part of the plane wave front (i.e. every part of 

the slit) acts as a source of secondary wavelets spreading in all directions. 

The diffraction is obtained on a screen placed at a large distance. (In 

practice, this condition is achieved by placing the screen at the focal plane 

of a converging lens placed just after the slit). 

(B) Size of the slit is comparable to wavelength 

b 
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(1) The diffraction pattern consists of a central bright fringe (central 
maxima) surrounded by dark and bright lines (called secondary minima and 
maxima). 

(2) At point O on the screen, the central maxima is obtained. The 
wavelets originating from points A and B meets in the same phase at this 
point, hence at O, intensity is maximum. 

(3) Secondary minima : For obtaining nth secondary minima at P on the 

screen, path difference between the diffracted waves  nb  sin  

(i) Angular position of nth secondary minima 
b

n
 sin  

(ii) Distance of nth secondary minima from central maxima 

 
b

fn

b

Dn
Dxn


  . ; where D = Distance between slit and 

screen. f  D = Focal length of converging lens. 

(4) Secondary maxima : For nth secondary maxima at P on the screen. 

Path difference 
2

)12(sin


  nb ; where n = 1, 2, 3 ..... 

(i) Angular position of nth secondary maxima  

 
b

n

2

)12(
sin





  

(ii) Distance of nth secondary maxima from central maxima 

 
b

fn

b

Dn
Dxn

2

)12(

2

)12(
.








   

(5) Central maxima : The central maxima lies between the first minima 

on both sides. 

 

 

 

 

 

 

 

 

(i) The Angular width d central maxima = 
b




2
2   

(ii) Linear width of central maxima 
b

f
fDx




2
222   

(6) Intensity distribution : If the intensity of the central maxima is I
0

 

then the intensity of the first and second secondary maxima are found to be 

22

0I  and 
61

0I . Thus diffraction fringes are of unequal width and unequal 

intensities. 

 

 

 

 

 

 

 

 

 

(i) The mathematical expression for in intensity distribution on the 

screen is given by  

I = 

2
sin













oI   where  is just a convenient connection between the 

angle  that locates a point on the viewing screening and light intensity I. 

 = Phase difference between the top and bottom ray from the slit 

width b. 

Also 



 sin

2

1 b
  

(ii) As the slit width increases (relative to wavelength) the width of the 

control diffraction maxima decreases; that is, the light undergoes less flaring 

by the slit. The secondary maxima also decreases in width (and becomes 

weaker). 

(iii) If b , the secondary maxima due to the slit disappear; we 

then no longer have single slit diffraction. 

(iv) When the slit width is reduced by a factor of 2, the amplitude of 

the wave at the centre of the screen is reduced by a factor of 2, so the 

intensity at the centre is reduced by a factor of 4. 

 

 

 

 

  

 

 

Diffraction Gratings  

One of the most useful tools in the study of light and of objects that 

emit and absorbs light is the diffraction grating.  

(1) this device consists parallel slits of equal width and equal spacing 

called rulings, perhaps as many as several thousand per mm.  

(2) The separation (d) between rulings is called grating spacing. (If N-

rulings occupy a total width , then 
N

d


 ) 

(3) For light ray emerging from each slit at an angle , there is a path 

difference d sin, between each ray the one directly above. The d is called 

the grating element  

d = a + e 

where a = width of the slit 

 e = opaque part  
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(4) The condition for formation of bright fringe is d sin = n, where 

n = 0, 1, 2, .... is called the order of diffraction. 

Fresnel’s Half Period Zone (HPZ) 

According to Fresnel’s the entire wave front can be divided into a large 

number of parts of zones which are known as Fresnel’s half period zones 

(HPZ’s). 

The resultant effect at any point on screen is due to the combined 

effect of all the secondary waves from the various zones. 

 

 

 

 

 

 

 

 

 

Suppose ABCD is a plane wave front. We desire to find it’s effect at 

point P consider a sphere of radius 









2


d  with centre at P, then this 

sphere will cut the wave front in a circle (circle 1). This circular zone is 
called Fresnel’s first (I) HPZ.  

A sphere of radius 









2
2


b  with centre at P will cut the wave front 

in circle 2, the annular region between circle 2 and circle 1 is called second 

(II) HPZ. 

The peripheral area enclosed between the nth circle and th)1( n circle 

is defined as nth HPZ. 

(1) Radius of HPZ : For nth HPZ, it is given by  

   nn rndr  

 

 

 

 

 

 

 

(2) Area of HPZ : Area of nth HPZ is given by 

A
n

 = Area of nth circle – Area of th)1( n  circle  

   =  drr nn   )( 2
1

2  

(3) Mean distance of the observation point P from n th HPZ : 

4

)12(

2

1 



  n

b
rr

d nn
n  

(4) Phase difference between the HPZ : phase difference between the 

wavelets originating from two consecutive HPZ’s and reaching the point P is  (or 

path difference is ,
2


 time difference is 

2

T
). 

The phase difference between any two even or old number HPZ is 2. 

(5) Amplitude of HPZ : The amplitude of light at point P due to nth 

HPZ is )cos1( n

n

n
n

d

A
R  ; where A

n

 = Area of nth HPZ, d
n

 = Mean 

distance of nth HPZ  

)cos1( n = Obliquity factor. 

On increasing the value of n, the value of R
n

 gradually goes on 

decreasing i.e. nn RRRRRR  14321 ............  

(6) Resultant Amplitude : The wavelets from two consecutive HPZ’s 

meets in opposite phase at P.  

Hence Resultant amplitude at P  

nRRRRRR -1n
4321 )1.........(   

When n , then ,01  nn RR therefore 
2

1R
R   

i.e. For large number of HPZ, the amplitude of light at point P due to 

whole wave front is half the amplitude due to first HPZ. 

The ratio of amplitudes due to consecutive HPZ’s is constant and is 

less than 1 

k
R

R

R

R

R

R

R

R

R

R

n

n 
 1

2

2

3

3

4

4

5

1

........     (where k < 1) 

(7) Resultant Intensity : Intensity  (amplitude)2 

For ,n  
44

1
2
1 IR

I     

i.e. the resultant intensity due to whole wave front is th
4

1
 the 

intensity due to first HPZ. 

Diffraction Due to a Circular Disc 

When a disc is placed in the path of a light beam, then diffraction 

pattern is formed on the screen. 

 

 

 

 

 

 

 

 

(1) At the centre of the circular shadow of disc, there occurs a bright 

spot. This spot is called Fresnel’s spot or Poisson’s spot. 

(2) The intensity of bright spot decreases, when the size of the disc is 
increased or when the screen is moved towards the disc. 

(3) Circular alternate bright and dark fringes are formed around the 
bright spot with fringe width in decreasing order. 

P d 
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rn 
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(4) Let r be the radius of the disc, d is the distance between screen 

and the disc and   is the wavelength of light used.  

If n HPZ are covered by disc then 



d

r
nrnd

2
2   

(5) If the disc obstruct only first HPZ, the resultant amplitude at the 

central point 
2

......... 2
32

R
RRR  . 

So intensity is 
4

2
2kR

which is slightly less than the intensity 
4

2
1Rk

 

due to whole wave front, when no obstacle is placed. 

(6) The intensity at bright spot is given by 

2

1

2 







 nR

kI  

where n = Number of obstructed HPZ’s 

Diffraction Due to a Circular Aperture 

When a circular aperture is placed in the path of a light beam, then 

following diffraction pattern is formed on the screen. 

 

 

 

 

 

 

 

(1) If only one HPZ is allowed by the aperture then the resultant 

amplitude at P would be 1R which is twice the value of amplitude for the 

unobstructed wave front. The intensity would there fore be 4I
o

, where I
0

 
represents the intensity at point P, due to unobstructed wave front. 

(2) If the first two HPZ’s are permitted by aperture than the resultant 

intensity at the centre point P will be very small (as )021  RR . In this 

case the diffraction pattern consist of a bright circle of light with a dark 

spot. 

(3) In general if number of HPZ’s (n) passing through aperture is odd, 

then the central point will be bright and if n is even, central point will be 

dark. 

 

 

 

 

 

 

(4) The central bright disc is known as Airy’s disc. 

(5) In the non axial region bright and dark diffraction rings are 

obtained. The intensity of bright diffraction rings gradually goes on 

decreasing whereas that of dark diffraction goes on increasing. 

(6) The first dark ring obtained around the central bright disc is 

known as Airy’s ring. 

Zone Plate 

It is a diffracting device used to experimentally demonstrate the 

diffraction effect. 

(1) It is formed on a glass plate by drawing a number of concentric 

circles on it whose radii are in the ratio of  

nrei .............3:2:1  

For some specific distance from this plate the circles coincides with 

the HPZ’s of the Fresnel’s theory. (Alternate zones are made opaque). 

(2) Positive zone plate : When odd zones are kept transparent to the 
light and even zones are made opaque, then it is called positive zone plate. 

The resultant amplitude due to this zone 
plate in 

2
.......... 1

531

R
RRRR   

Thus, intensity of light tremendously 
increases. 

(3) Negative zone plate : when even zones 
are kept transparent to light and odd zones are 
made opaque, then it is called negative zone 
plate. 

The resultant amplitude due to this zone 
plate is 

2
.......... 1

642

R
RRRR   

(4) Zone plate behaves like a convex lens. 
For a plane wave front the image of source is 
formed at distance d i.e. d is equal to the principle focal length or first focal 

length 


2

1

r
df   

(5) Multiple focii of zone plate are given by 
)12(

2




p

r
fp  where p 

= 1, 2, 3,......... represents the order of focii 

(6) If the radius of nth circle on zone plate is nr  then in terms of nr . 

Principal focal length 
n

r
f n

2

1   

Other focal length 
np

r
f n
p

)12(

2


  

(7) If a is the distance of the source 

from the zone plate then the distance b 

of the point where maximum intensity is 

observes is given by 
2

11

nr

n

ba


  

Polarisation of Light 

Light propagates as transverse EM waves. The magnitude of electric field 

is much larger as compared to magnitude of magnetic field. We generally 

prefer to describe light as electric field oscillations. 

(1) Unpolarised light : In ordinary light (light from sun, bulb etc.) the 

electric field vectors are distributed in all directions in a light is called 

unpolarised light. The oscillation of propagation of light wave. This resolved 

into horizontal and vertical component. 
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(2) Polarised light : The phenomenon of limiting the vibrating of 
electric field vector in one direction in a plane perpendicular to the 
direction of propagation of light wave is called polarization of light. 

(i) The plane in which oscillation occurs in the polarised light is called 
plane of oscillation. 

(ii) The plane perpendicular to the plane of oscillation is called plane 
of polarisation. 

(iii) Light can be polarised by transmitting through certain crystals 

such as tourmaline or polaroids. 

(3) Polaroids : It is a device used to produce the plane polarised light. 

It is based on the principle of selective absorption and is more effective than 
the tourmaline crystal.   or 

It is a thin film of ultramicroscopic crystals of quinine idosulphate 

with their optic axis parallel to each other. 

 

 

 

 

 

 

 

(i) Polaroids allow the light oscillations parallel to the transmission axis 

pass through them. 

(ii) The crystal or polaroid on which unpolarised light is incident is 

called polariser. Crystal or polaroid on which polarised light is incident is 

called analyser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(4) Malus law : This law states that the intensity of the polarised light 

transmitted through the analyser varies as the square of the cosine of the 

angle between the plane of transmission of the analyser and the plane of the 

polariser. 

 

 

 

 

 

 

 

 

(i) 2
0 cosII   and 22

0
2 cosAA    cos0AA   

If o0 , 0II  , 0AA  , If o90 , 0I , 0A  

(ii) If iI  Intensity of unpolarised light. 

So 
2

0
iII   i.e. if an unpolarised light is converted into plane 

polarised light (say by passing it through a Polaroid or a Nicol-prism), its 

intensity becomes half.  and  2cos
2

iII    

Methods of Producing Polarised Light 

(1) Polarisation by reflection : Brewster discovered that when a beam 

of unpolarised light is reflected from a transparent medium (refractive index 

=), the reflected light is completely plane polarised at a certain angle of 

incidence (called the angle of polarisation p ). 

 

 

 

 

 

 

 

From fig. it is clear that 
P

 + 
r

 = 90o  

Also p tan  Brewster’s law 

(i) For i < 
P

 or i > 
P

  

Both reflected and refracted rays becomes partially polarised 

(ii) For glass ,57 o
P   for water o

P 53  

(2) By Dichroism : Some crystals such as tourmaline and sheets of 

iodosulphate of quinine have the property of strongly absorbing the light 

with vibrations perpendicular to a specific direction (called transmission 

axis) transmitting the light with vibrations parallel to it. This selective 

absorption of light is called dichroism.  

(3) By double refraction : In certain crystals, like calcite, quartz and 

tourmaline etc, incident unpolarized  light splits up into two light beams of 

equal intensities with 

perpendicular 

polarization. 

(i) One of the ray 

is ordinary ray (O-ray) 

(A) Transmission axes of the polariser and analyser are parallel to each other, so 

whole of the polarised light passes through analyser 
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(B) Transmission axis of the analyser is perpendicular to the polariser, hence no 
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it obey's the Snell's law. Another ray's extra ordinary ray (E-ray) it doesn't 

obey's the Snell's law. 

(ii) Along a particular direction (fixed in the crystal, the two velocities 

(velocity of O-ray v
o

 and velocity of E-ray v
e

) are equal; this direction is 

known as the optic axis of the crystal (crystal's known as uniaxial crystal). 

Optic axis is a direction and not any line in crystal. 

(iii) In the direction, perpendicular to the optic axis for negative 

crystal (calcite) v
e

 > v
o

 and 
e

 < 
o

. 

For positive crystal v
e 

 < v
o

,   
e

 > 
o

.   

(4) Nicol prism : Nicol prism is made up of calcite crystal and in it E-

ray is isolated from O-ray 

through total internal 

reflection of O-ray at 

canada balsam layer and 

then absorbing it at the 

blackened surface as 

shown in fig.  

The refractive index 

for the O-ray is more that 

for the E-ray. The 

refractive index of Canada balsam lies between the refractive indices of 

calcite for the O-ray and E-ray 

(5) By Scattering : It is found that scattered light in directions 

perpendicular to the direction of incident light is completely plane polarised 

while transmitted light is unpolarised. Light in all other directions is 

partially polarised. 

(6) Optical activity and specific rotation : When plane polarised light 

passes through certain substances, the plane of polarisation of the light is 

rotated about the direction of propagation of light through a certain angle. 

This phenomenon is called optical activity or optical rotation and the 

substances optically active.  

 

 

 

 

 

 

 

If the optically active substance rotates the plane of polarisation 
clockwise (looking against the direction of light), it is said to be dextro-
rotatory or right-handed. However, if the substance rotates the plane of 
polarisation anti-clockwise, it is called laevo-rotatory or left-handed. 

The optical activity of a substance is related to the asymmetry of the 
molecule or crystal as a whole, e.g., a solution of cane-sugar is dextro-
rotatory due to asymmetrical molecular structure while crystals of quartz 
are dextro or laevo-rotatory due to structural asymmetry which vanishes 
when quartz is fused.  

Optical activity of a substance is measured with help of polarimeter in 
terms of 'specific rotation' which is defined as the rotation produced by a 
solution of length 10 cm (1 dm) and of unit concentration (i.e. 1 g/cc) for a 

given wavelength of light at a given temperature. i.e.  
CLCto 




 ][    

where  is the rotation in length L at concentration C.  

(7) Applications and uses of polarisation 

(i) By determining the polarising angle and using Brewster's law, i.e.  

= tan
P

, refractive index of dark transparent substance can be determined. 

(ii) It is used to reduce glare. 

(iii) In calculators and watches, numbers and letters are formed by 
liquid crystals through polarisation of light called liquid crystal display 
(LCD). 

(iv) In CD player polarised laser beam acts as needle for producing 
sound from compact disc which is an encoded digital format. 

(v) It has also been used in recording and reproducing three-
dimensional pictures. 

(vi) Polarisation of scattered sunlight is used for navigation in solar-
compass in polar regions. 

(vii) Polarised light is used in optical stress analysis known as 
'photoelasticity'.  

(viii) Polarisation is also used to study asymmetries in molecules and 
crystals through the phenomenon of 'optical activity'. 

(ix) A polarised light is used to study surface of nucleic acids (DNA, 
RNA) 

Electromagnetic Waves 

A changing electric field produces a changing magnetic field and vice 
versa which gives rise to a transverse wave known as electromagnetic wave. 
The time varying electric and magnetic field are mutually perpendicular to 
each other and also perpendicular to the direction of propagation of this 
wave. 

The electric vector is responsible for the optical effects of an EM wave 

and is called the light vector. 

 

 

 

 

 

 

(1) E  and B  always oscillates in phase. 

(2) E  and B  are such that BE  is always in the direction of 

propagation of wave. 

 

 

 

 

 

 

(3) The EM wave propagating in the positive x-direction may be 

represented by 

 E = E
y

 = E
0

 sin (kx – t) 

 B = B
z

 = B
0

 sin (kx – t) 

where E (or E
y

), B (or B
z

) are the instantaneous values of the fields, E
0

, 

B
0

 are amplitude of the fields and K = angular wave number
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 . 
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(1) Ampere’s Circuital law : According to this law the line integral of 

magnetic field along any closed path or circuit is 0  times the total 

current threading the closed circuit i.e., idlB 0. 


  

(2) Inconsistency of Ampere’s law : Maxwell explained that Ampere's law 

is valid only for steady current or when the electric field does not change 

with time. To see this inconsistency consider a parallel plate capacitor being 

charged by a battery. During the charging time varying current flows 

through connecting wires.  

 

 

 

 

 

 

 

Applying Ampere's law for loop l
1

 and l
2

  idlB
l

0.
1




  

But 0.
2




 dlB
l

 (Since no current flows through the region 

between the plates). But practically it is observed that there is a magnetic 
field between the plates. Hence Ampere's law fails  

i.e.  idlB
l

0.
1




 . 

(3) Modified Ampere’s Circuital law or Ampere- Maxwell’s Circuital 

law : Maxwell assumed that some sort of current must be flowing between 
the capacitor plates during charging process. He named it displacement 
current. Hence modified law is as follows  

 )(. 0 dc iidlB 


  or  )(. 00
dt

d
idlB E
c


 



    

where ci  conduction current = current due to flow of charges in a 

conductor and 

  di  Displacement current = 
dt

d E 0  = current due to the 

changing electric field between the plates of the capacitor 

(4) Maxwell’s equations  

(i)  
0

.


q
dsE

s




   (Gauss’s law in electrostatics) 

(ii)  0. 


 dsB
s

   (Gauss's law in magnetism) 

(iii)  
dt

d
dlB B


.   (Faraday’s law of EMI) 

(iv) 
dt

d
idlB E

oco


 



(  (Maxwell- Ampere's Circuital law) 

History of EM Waves 

(1) Maxwell : Was the first to predict the EM wave.  

(2) Hertz : Produced and detected electromagnetic waves 
experimentally at wavelengths of 6 m.  

(3) J.C. Bose : Produced EM waves of wavelength ranging from 5mm 
to 25 mm. 

(4) Marconi : Successfully  transmitted the EM waves up to a few 
kilometer. Marconi discovered that if one of the spark gap terminals is 
connected to an antenna and the other terminal is Earthed, the 
electromagnetic waves radiated could go upto several kilometers. 

Experimental Setup for Producing EM Waves 

Hertz experiment based on the fact that a oscillating charge is 
accelerating continuously, it will radiate electromagnetic waves continuously. 
In the following figure 

(1) The metallic plates (P
1

 and P
2

) acts as a capacitor. 

(2) The wires connecting spheres S
1

 and S
2

 to the plates provide a low 

inductance. 

 

 

 

 

 

 

 

(3) When a high voltage is applied across metallic plates these plates 
get discharged by sparking across the narrow gap. The spark will give rise 

to oscillations which in turn send out electromagnetic waves. Frequency of 

these wave is given by  
LC


2

1
  

The succession of sparks send out a train of such waves which are 

received by the receiver. 

Source, Production and Nature of EM Waves  

(1) A charge oscillating harmonically is a source of EM waves of same 

frequency. 

(2) A simple LC oscillator and energy source can produce waves of 

desired frequency 














LC


2

1
.   

 

  

 

 

 

 

 

(3) The EM Waves are transverse in nature. They do not require any 

material medium for their propagation. 

Properties of EM Waves  

(1) Speed : In free space it's speed   
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In medium 


1
v ; where 0  Absolute permeability, 

0

 = 

Absolute permittivity. 

(2) Energy : The energy in an EM waves is divided equally between the 
electric and magnetic fields. 

Energy density of electric field 2
0

2

1
Eue  , Energy density of 

magnetic field 
0

2

2

1



B
uB   

The total energy per unit volume is me uuu 
0

2
2

0
2

1

2

1




B
E  . 

Also  2
00

2

1
Euav 

0

2
0

2

B
  

(3) Intensity (I) : The energy crossing per unit area per unit time, 

perpendicular to the direction of propagation of EM wave is called intensity.  

i.e. 
 Time area Surface

Volumedensity energyTotal 

Time area Surface

energy EMTotal 







I  

 ..
2

1

2

1
2

0

2
02

00
m

W att
c

B
cEcuI av


   

 (4) Momentum : EM waves also carries momentum, if a portion of 

EM wave of energy u propagating with speed c, then linear momentum 

)( Speed

)( Energy

c

u
  

If wave incident on a completely absorbing surface then momentum 

delivered 
c

u
p  . If wave incident on a totally reflecting surface then 

momentum delivered 
c

u
p

2
 . 

(5) Poynting vector ).(S


 : In EM waves, the rate of flow of energy 

crossing a unit area is described by the Poynting vector.  

(i) It's unit is 2/ mWatt  and )()(
1

0
2 BEcBES

o

 



. 

(ii) Because in EM waves E  and B  are perpendicular to each other, 

the magnitude of S  is 
C

EEB
BES o
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00

90sin
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|| 


. 

(iii) The direction of S  does not oscillate but it's magnitude varies 

between zero and a maximum 
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BE
S  each quarter of a period. 

(iv) Average value of poynting vector is given by  
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The direction of the poynting vector S  at any point gives the wave's 

direction of travel and direction of energy transport the point.  

(6) Radiation pressure : Is the momentum imparted per second pre 

unit area. On which the light falls.  

For a perfectly reflecting surface 
c

S
Pr

2
 ; S = Poynting vector; c = 

Speed of light  

For a perfectly absorbing surface .
c

S
Pa   

(7) Wave impedance (Z) : The medium offers hindrance to the 

propagation of wave. Such hindrance is called wave impedance and it is 

given by 
0

0













r

rZ   

For vacuum or free space .6.376
0

0 



Z  

EM Spectrum 

The whole orderly range of frequencies/wavelengths of the EM waves 

is known as the EM spectrum.  

 

 

 

 

 

 

 

 

 

Table 30.2 : Uses of EM spectrum 

Radiation Uses 

-rays Gives informations on nuclear structure, 

medical treatment etc. 

X-rays Medical diagnosis and treatment study of 

crystal structure, industrial radiograph. 

UV- rays Preserve food, sterilizing the surgical 

instruments, detecting the invisible writings, 

finger prints etc. 

Visible light To see objects 

Infrared rays To treat, muscular strain for taking 

photography during the fog, haze etc. 

Micro wave and radio wave In radar and telecommunication. 

 

Earth's Atmosphere 

The gaseous envelope surrounding the earth is called it's atmosphere. 

The atmosphere contains 78% ,2N  21% 2O , and traces of other gases 

(like helium, krypton, 2CO  etc.) 

(1) Division of earth's atmosphere : Earth atmosphere has been divided 

into regions as shown. 

(i) Troposphere : In this region, the temperature decreases with height 

from 290 K to 220 K.  

(ii) Stratosphere : The temperature of stratosphere varies from 220 K 

to 200 K.   

(iii) Mesosphere : In this region, the temperature falls to 180 K.  

Fig. 30.48 
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(iv) Ionosphere : Ionosphere is partly composed of charged particles, 

ions and electrons, while the rest of the atmosphere contains neutral 

molecules.  

(v) Ozone layer absorbs most of the ultraviolet rays emitted by the 

sun. 

(vi) Kennelly heaviside layer lies at about 110km from the earth's 

surface. In this layer concentration of electron is very high. 

(vii) The ionosphere plays a vital role in the radio communication. 

 

 

 

 

 

 

 

 

 

 

 

(2) Green house effect : The warming of earth's atmosphere due to the 

infrared radiations reflected by low lying clouds and carbon dioxide in the 

atmosphere of earth is called green house effect. 

 

 

 

 

 

 

 

 

 

(3) Role of earth's atmosphere in propagation of radio waves 

(i) Radio waves classification  

(a) Very low frequency (VLF)   10 KHz to 30 KHz  

(b) Low frequency (LF)   30 KHz to 300 KHz 

(c) Medium frequency (MF) or medium wave (MW)   300 KHz to 

3000 KHz 

(d) High frequency (HF) or short wave (SW)   3 MHz to 30 MHz 

(e) Very high frequency (VHF)   30 MHz to 300 MHz 

(f) Ultra high frequency (UHF)   300 MHz to 3000 MHz 

(g) Super high frequency or micro waves   3000 MHz to 300, 000 

MHz 

(ii) Amplitude modulated transmission : Radio waves having frequency 

less than or equal to 30 MHz form an amplitude modulation band (or AM 

band). The signals can be transmitted from one place to another place on 

earth's surface in two ways  

(a) Ground wave propagation : The radio waves following the surface 

of the earth are called ground waves. 

(b) Sky wave propagation : The amplitude modulated radio waves 

which are reflected back by the ionosphere are called sky waves. 

(iii) Frequency modulated (FM) transmission : Radio waves having 

frequencies between 80 MHz and 200 MHz form a frequency modulated 

bond. T.V. signals  are normally frequency modulated. 

(4) T.V. Signals  

(i) T.V. signals are normally frequency modulated. So T.V. signals can 

be transmitted by using tall antennas. 

(ii) Distance  covered by the T.V. signals hRd 2  

(h = Height of the antenna, R = Radius of earth) 

(iii) Area covered hRdA  22   

(iv) Population covered = Area  Population density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In interference redistribution of energy takes place in the form of 

maxima and minima. 

 Average intensity : 2
2

2
121

minmax

2
aaII

II
Iav 


  

 Ratio of maximum and minimum intensities : 

2

21

21

2

21

21

min

max

1/

1/







































II

II

II

II

I

I

2

21

21

2

21

21

1/

1/





































aa

aa

aa

aa
 also 



























1

1

min

max

min

max

2

1

2

1

I

I

I

I

a

a

I

I
 

 If two waves having equal intensity (I
1

 = I
2

 = I
0

) meets at two 

locations P and Q with path difference 
1

 and 
2

 respectively then the 
ratio of resultant intensity at point P and Q will be 

Fig. 30.50 
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 The angular thickness of fringe width is defined as 
dD


  ,  

which is independent of the screen distance D. 

 Central maxima means the maxima formed with zero optical path 
difference. It may be formed anywhere on the screen. 

 All the wavelengths produce their central maxima at the same 
position. 

 The wave with smaller wavelength from its maxima before the wave 
with longer wavelength. 

 The first maxima of violet colour is closest and that for the red 
colour is farthest. 

 Fringes with blue light are thicker than those for red light. 

 In an interference pattern, whatever energy disappears at the 
minimum, appears at the maximum. 

 In YDSE, the nth maxima always comes before the nth minima. 

 In YDSE, the ratio 
min

max

I

I
 is maximum when both the sources have 

same intensity. 

 For two interfering waves if initial phase difference between them 

is 
0

 and phase difference due to path difference between them is '. 
Then total phase difference will be  

 



 

2
' 0  . 

 Sometimes maximm number of maximas or minimas are asked in 
the question which can be obtained on the screen. For this we use the 

fact that value of sin  (or cos ) can't be greater than 1. For example in 
the first case when the slits are vertical 

 
d

n
 sin       (for maximum intensity) 

 sin   ≯1    
d

n
≯ 1        or     n ≯



d
 

Suppose in some question d/ comes out say 4.6, then total number of 
maximuas on the screen will be 9. Corresponding to 

3,2,1,0 n  and  4. 

 Shape of wave front 

If rays are parallel, wave front is plane. If rays are converging wave front 
is spherical of decreasing radius. If rays are diverging wave front is 
spherical of increasing radius. 

 

 

 

 
 

 Most efficient antennas are those which have a size comparable to 

the wavelength of the of electromagnetic wave they emit or receive. 

 A substance (like calcite quartz) which exhibits different properties 
in different direction is called an anisotopic substance. 

 

Wave front 
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Wave Nature and Interference of Light 

 

1. By corpuscular theory of light, the phenomenon which can be 
explained is 

 (a) Refraction (b) Interference 

 (c) Diffraction (d) Polarisation 

2. According to corpuscular theory of light, the different colours of 
light are due to 

 (a) Different electromagnetic waves 

 (b) Different force of attraction among the corpuscles 

 (c) Different size of the corpuscles 

 (d) None of the above 

3. Huygen's conception of secondary waves  [CPMT 1975] 

 (a) Allow us to find the focal length of a thick lens 

 (b) Is a geometrical method to find a wavefront 

 (c) Is used to determine the velocity of light 

 (d) Is used to explain polarisation 

4. The idea of the quantum nature of light has emerged in an attempt 
to explain   [CPMT 1990] 

 (a) Interference 

 (b) Diffraction 

 (c) Radiation spectrum of a black body 

 (d) Polarisation 

5. Two coherent sources of light can be obtained by 

[MH CET 2001] 

 (a) Two different lamps  

 (b) Two different lamps but of the same power 

 (c) Two different lamps of same power and having the same 
colour 

 (d) None of the above 

6. By Huygen's wave theory of light, we cannot explain the 
phenomenon of 

[CPMT 1989; AFMC 1993, 99; MP PET 1995, 2003;  

RPMT 2003; BCECE 2003; Pb PMT 2004] 

 (a) Interference (b) Diffraction 

 (c) Photoelectric effect (d) Polarisation 

7. The phenomenon of interference is shown by 

[MNR 1994; MP PMT 1997; AIIMS 1999, 2000;  

JIPMER 2000; UPSEAT 1994, 2000] 

 (a) Longitudinal mechanical waves only 

 (b) Transverse mechanical waves only 

 (c) Electromagnetic waves only 

 (d) All the above types of waves 

8. Two coherent monochromatic light beams of intensities I  and 4I are 

superposed. The maximum and minimum possible intensities in the 

resulting beam are 

[IIT-JEE 1988; RPMT 1995; AIIMS 1997; MP PMT 1997; 

MP PET 1999; BHU 2002; KCET 2000, 05] 

 (a) 5I and I (b) 5I and 3I 

 (c) 9I and I (d) 9I and 3I 

9. Light appears to travel in straight lines since  [RPMT 1997; 

CPMT 1987, 89, 90, 2001; AIIMS 1998, 2002; 

KCET 2002; BHU 2002; DCE 2003] 

 (a) It is not absorbed by the atmosphere 

 (b) It is reflected by the atmosphere 

 (c) Its wavelength is very small 

 (d) Its velocity is very large 

10. The idea of secondary wavelets for the propagation of a wave was 

first given by    [Orissa PMT 2004] 

 (a) Newton (b) Huygen  

 (c) Maxwell (d) Fresnel 

11. By a monochromatic wave, we mean [AFMC 1995] 

 (a) A single ray 

 (b) A single ray of a single colour  

 (c) Wave having a single wavelength 

 (d) Many rays of a single colour 

12.  The similarity between the sound waves and light waves is 

[KCET 1994] 

 (a) Both are electromagnetic waves 

 (b) Both are longitudinal waves 

(c) Both have the same speed in a medium 

 (d) They can produce interference 

13. The ratio of intensities of two waves is 9 : 1. They are producing 

interference. The ratio of maximum and minimum intensities will be   [MNR 1987 

MP PET 1999; AMU (Engg.) 1999; AIIMS 2000] 

 (a) 10 : 8 (b) 9 : 1 

 (c) 4 : 1 (d) 2 : 1 

14. A wave can transmit ...... from one place to another  

[CPMT 1984] 

 (a) Energy (b) Amplitude 

 (c) Wavelength (d) Matter 

15. If the ratio of intensities of two waves is 1 : 25, then the ratio of 

their amplitudes will be   [CPMT 1984] 

 (a) 1 : 25 (b) 5 : 1  

 (c) 26 : 24 (d) 1 : 5 

16. Two identical light sources S
1

 and S
2

 emit light of same wavelength . 

These light rays will exhibit interference if 

[MP PMT 1993] 

 (a) Their phase differences remain constant 

 (b) Their phases are distributed randomly 

 (c) Their light intensities remain constant 

 (d) Their light intensities change randomly 

17. Wave nature of light follows because [MP PMT 1993] 

 (a) Light rays travel in a straight line 

 (b) Light exhibits the phenomena of reflection and refraction 

 (c) Light exhibits the phenomenon of interference 
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(d) Light causes the phenomenon of photoelectric effect 

18. If L is the coherence length and c the velocity of light, the coherent 
time is   [MP PMT 1996]  

 (a) cL (b) 
c

L
 

 (c) 
L

c
 (d) 

Lc

1
 

19. If the amplitude ratio of two sources producing interference is 3 : 5, 
the ratio of intensities at maxima and minima is 

[MP PMT 1996] 

 (a) 25 : 16 (b) 5 : 3 

 (c) 16 : 1 (d) 25 : 9 

20. Colours of thin films result from   

[CPMT 1972, 83, 96; RPMT 1997; DCE 2002; AIIMS 2005] 

or 

On a rainy day, a small oil film on water show brilliant colours. This 
is due to    [MP PET 2004] 

 (a) Dispersion of light (b) Interference of light 

 (c) Absorption of light (d) Scattering of light 

21. For constructive interference to take place between two 

monochromatic light waves of wavelength , the path difference 

should be [MNR 1992; UPSEAT 2001] 

 (a) 
4

)12(


n  (b) 
2

)12(


n  

 (c) n  (d)  
2

)12(


n  

22. Two sources of waves are called coherent if 

[NCERT 1984; MNR 1995; RPMT 1996, 97; 

 CPMT 1997; UPSEAT 1995, 2000; Orissa JEE 2002;  RPET 2003; MP PMT 
1996, 2004] 

 (a) Both have the same amplitude of vibrations 

 (b) Both produce waves of the same wavelength 

 (c) Both produce waves of the same wavelength having constant 
phase difference 

 (d) Both produce waves having the same velocity 

23. Soap bubble appears coloured due to the phenomenon of  

[AFMC 1995, 97; RPET 1997; 

CBSE PMT 1999; Pb PET 2001] 

 (a) Interference (b) Diffraction 

 (c) Dispersion (d) Reflection 

24. Which of the following statements indicates that light waves are 

transverse [MP PMT 1995; AFMC 1996] 

 (a) Light waves can travel in vacuum 

 (b) Light waves show interference  

 (c) Light waves can be polarized 

 (d) Light waves can be diffracted 

25. If two light waves having same frequency have intensity ratio 4 : 1 

and they interfere, the ratio of maximum to minimum intensity in 

the pattern will be  

 [BHU 1995; MP PMT 1995; DPMT 1999; CPMT 2003] 

 (a) 9 : 1 (b) 3 : 1 

 (c) 25 : 9 (d) 16 : 25 

26. Evidence for the wave nature of light cannot be obtained from    [MP PET 1996] 

 (a) Reflection  (b) Doppler effect 

 (c) Interference (d) Diffraction 

27. Two light sources are said to be coherent if they are obtained from    [MP PET 1996] 

 (a) Two independent point sources emitting light of the same 

wavelength 

(b) A single point source 

 (c) A wide source 

(d) Two ordinary bulbs emitting light of different wavelengths 

28. Wavelength of light of frequency 100Hz  [CBSE PMT 1999] 

 (a) m6102  (b) m6103   

 (c) m6104   (d) m6105   

29. Two waves having intensity in the ratio 25 : 4 produce interference. 

The ratio of the maximum to the minimum intensity is   [CPMT 1999] 

 (a) 5 : 2 (b) 7 : 3 

 (c) 49 : 9 (d) 9 : 49 

30. Wavefront means   [RPMT 1997, 98] 

 (a) All particles in it have same phase 

 (b) All particles have opposite phase of vibrations 

 (c) Few particles are in same phase, rest are in opposite phase 

 (d) None of these 

31. Wavefront of a wave has direction with wave motion 

[RPMT 1997] 

 (a) Parallel (b) Perpendicular 

 (c) Opposite (d) At an angle of  

32. Which one of the following phenomena is not explained by Huygen's 

construction of wavefront [CBSE PMT 1992] 

 (a) Refraction (b) Reflection 

 (c) Diffraction (d) Origin of spectra 

33. Interference was observed in interference chamber when air was 

present, now the chamber is evacuated and if the same light is used, 

a careful observer will see  

[CBSE PMT 1993; DPMT 2000; BHU 2002] 

 (a) No interference  

 (b) Interference with bright bands 

 (c) Interference with dark bands  

 (d) Interference in which width of the fringe will be slightly 

increased 

34. The ratio of intensities of two waves are given by 4 : 1. The ratio of 
the amplitudes of the two waves is  

[CBSE PMT 1993] 

 (a) 2 : 1 (b) 1 : 2  

 (c) 4 : 1 (d) 1 : 4 

35. For the sustained interference of light, the necessary condition is 

that the two sources should  

[DPMT 1996; RPMT 1998, 2003] 

 (a) Have constant phase difference 
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 (b) Be narrow 

 (c) Be close to each other 

 (d) Of same amplitude 

36. If the ratio of amplitude of two waves is 4 : 3, then the ratio of 
maximum and minimum intensity is [AFMC 1997] 

 (a) 16  : 18 (b) 18 : 16 

 (c) 49 : 1 (d) 94 : 1 

37. Which of the following is conserved when light waves interfere   [MNR 1998] 

 (a) Intensity (b) Energy 

 (c) Amplitude (d) Momentum 

38. Intensity of light depends upon    [RPMT 1999] 

(a) Velocity (b) Wavelength 

 (c) Amplitude  (d) Frequency 

39. Ray diverging from a point source from a wave front that is   

[RPET 2000] 

(a) Cylindrical  (b) Spherical  

 (c) Plane  (d) Cubical 

40. Ratio of amplitude of interfering waves is 3 : 4. Now ratio of their 
intensities will be    [RPET 2000] 

(a) 
9

16
 (b) 49 : 1 

 (c) 
16

9
 (d) None of these 

41. Two coherent sources have intensity in the ratio of 
1

100
. Ratio of 

(intensity) max/(intensity) min is [RPET 2000] 

(a) 
100

1
 (b) 

10

1
 

 (c) 
1

10
 (d) 

2

3
 

42. If two waves represented by ty sin41   and 











3
sin32


ty  interfere at a point, the amplitude of the 

resulting wave will be about    [MP PMT 2000] 

(a) 7 (b) 6 

(c) 5 (d) 3.5 

43. The two waves represented by y
1

 = a sin(t) and )cos(2 tby   

have a phase difference of [MP PMT 2000] 

(a) 0 (b) 
2


  

 (c)   (d) 
4


 

44. In a wave, the path difference corresponding to a phase difference of 

 is    [MP PET 2000] 

(a) 




2
 (b) 




 

(c) 




2
 (d) 




 

45. Two coherent sources of intensities, I
1

 and I
2

 produce an interference 
pattern. The maximum intensity in the interference pattern will be[UPSEAT 2001; MP PET 2001] 

(a) I
1

 + I
2

  (b) 2
2

2
1 II    

 (c) (I
1

 + I
2

)2  (d) 2
21 )( II   

46. Newton postulated his corpuscular theory on the basis of  

[UPSEAT 2001; KCET 2001] 

(a) Newton’s rings  

(b) Colours of thin films 

(c) Rectilinear propagation of light  

 (d) Dispersion of white light 

47. The dual nature of light is exhibited by  

[KCET 1999; AIIMS 2001; BHU 2001;  

MH CET 2003; BCECE 2004] 

(a) Photoelectric effect 

(b) Refraction and interference  

(c) Diffraction and reflection 

(d) Diffraction and photoelectric effect  

48. Two beams of light having intensities I and 4I interfere to produce a 

fringe pattern on a screen. The phase difference between the beams 

is 
2


 at point A and  at point B. Then the difference between the 

resultant intensities at A and B is  

[IIT JEE (Screening) 2001] 

(a) 2I (b) 4I 

 (c) 5I  (d) 7I 

49. Coherent sources are those sources for which [RPET 2001] 

(a) Phase difference remain constant   

(b) Frequency remains constant  

(c) Both phase difference and frequency remains constant 

 (d) None of these 

50. Wave nature of light is verified by  [RPET 2001] 

(a) Interference  (b) Photoelectric effect 

(c) Reflection  (d) Refraction  

51. Two waves are represented by the equations tay sin1   and 

.cos2 tay   The first wave  [MP PMT 2001] 

(a) Leads the second by   

(b) Lags the second by   

(c) Leads the second by 
2


 

 (d) Lags the second by 
2


 

52. Light waves producing interference have their amplitudes in the 

ratio 3 : 2. The intensity ratio of maximum and minimum of 

interference fringes is  [EAMCET 2001] 

(a) 36 : 1 (b) 9 : 4 

(c) 25 : 1 (d) 6 : 4 

53. Laser beams are used to measure long distance because  

[DCE 2001] 

(a) They are monochromatic  

(b) They are highly polarised  

(c) They are coherent  
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 (d) They have high degree of parallelism 

54. Two coherent sources of different intensities send waves which 

interfere. The ratio of maximum intensity to the minimum intensity 

is 25. The intensities of the sources are in the ratio    [UPSEAT 2002] 

(a) 25 : 1 (b) 5 : 1 

 (c) 9 : 4 (d) 25 : 16 

55. The frequency of light ray having the wavelength 3000 Å is  

[DPMT 2002] 

(a) 9  1013 cycles/sec (b) 1015 cycles/sec   

 (c) 90 cycles/sec  (d) 3000 cycles/sec 

56. Two waves have their amplitudes in the ratio 1 : 9. The maximum 
and minimum intensities when they interfere are in the ratio    [KCET 2002] 

(a) 
16

25
 (b) 

26

16
 

 (c) 
9

1
 (d) 

1

9
 

57. Huygen’s principle of secondary wavelets may be used to   

[KCET 2002] 

(a) Find the velocity of light in vacuum  

(b) Explain the particle behaviour of light  

(c) Find the new position of the wavefront 

 (d) Explain photoelectric effect 

58. What is the path difference of destructive interference   

[AIIMS 2002] 

(a) n  (b) )1( n   

 (c) 
2

)1( n
 (d) 

2

)12( n
 

59. If an interference pattern have maximum and minimum intensities 
in 36 : 1 ratio then what will be the ratio of amplitudes    [AFMC 2002] 

(a) 5 : 7 (b) 7 : 4 

 (c) 4 : 7 (d) 7 : 5 

60. Intensities of the two waves of light are I and 4I. The maximum 

intensity of the resultant wave after superposition is      [MP PET 2002] 

(a) 5 I (b) 9 I  

 (c) 16 I  (d) 25 I 

61. As a result of interference of two coherent sources of light, energy is 
  [MP PMT 2002; KCET 2003] 

(a) Increased  

(b) Redistributed and the distribution does not vary with time  

(c) Decreased  

 (c) Redistributed and the distribution changes with time 

62. To demonstrate the phenomenon of interference, we require two sources 
which emit radiation   [AIEEE 2003] 

(a) Of the same frequency and having a define phase relationship  

(b) Of nearly the same frequency  

(c) Of the same frequency  

 (d) Of different wavelengths 

63. When a beam of light is used to determine the position of an object, 

the maximum accuracy is achieved if the light is   

[AIIMS 2003] 

(a) Polarised (b) Of longer wavelength 

(c) Of shorter wavelength  (d) Of high intensity 

64. If the distance between a point source and screen is doubled, then 

intensity of light on the screen will become 

[RPET 1997; RPMT 1999] 

 (a) Four times (b) Double 

 (c) Half (d) One-fourth 

65. Huygen wave theory allows us to know   [AFMC 2004] 

 (a) The wavelength of the wave 

  (b) The velocity of the wave  

 (c) The amplitude of the wave 

 (d) The propagation of wave fronts 

66. The wave theory of light was given by  

[J & K CET 2004; KCET 2005] 

 (a) Maxwell  (b) Planck 

 (c) Huygen (d)  Young 

67. The phase difference between incident wave and reflected wave is 

180° when light ray   [RPMT 1998, 2001] 

 (a) Enters into glass from air  

  (b) Enters into air from glass 

 (c) Enters into glass from diamond 

 (d)  Enters into water from glass  

68. Which of the following phenomena can explain quantum nature of 

light   [RPMT 2001] 

 (a) Photoelectric effect  (b) Interference 

 (c) Diffraction  (d)  Polarisation 

69. Which of the following is not a property of light  

[AFMC 2005] 

 (a) It requires a material medium for propagation  

 (b) It can travel through vacuum  

 (c) It involves transportation of energy   

 (d) It has finite speed 

70. What causes changes in the colours of the soap or oil films 
for the given beam of light  [AFMC 2005] 

 (a) Angle of incidence  (b) Angle of reflection  

 (c) Thickness of film (d) None of these 

71. Select the right option in the following [KCET 2005] 

(a) Christian Huygens a contemporary of Newton established the 
wave theory of light by assuming that light waves were 

transverse 

(b) Maxwell provided the compelling theoretical evidence that light 
is transverse wave 

(c) Thomas Young experimentally proved the wave behaviour of 
light and Huygens assumption  

(d) All the statements give above, correctly answers the question 
‚what is light‛ 

72. Two waves of intensity I undergo Interference. The maximum 
intensity obtained is  [BHU 2005] 

(a) I / 2 (b) I  

(c) 2I (d) 4I 
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Young’s Double Slit Experiment 

 

1. Young's experiment establishes that 

[CPMT 1972; MP PET 1994, 98; MP PMT 1998] 

 (a) Light consists of waves  

 (b) Light consists of particles 

 (c) Light consists of neither particles nor waves 

 (d) Light consists of both particles and waves 

2. In the interference pattern, energy is  

(a) Created at the position of maxima 

(b) Destroyed at the position of minima 

(c) Conserved but is redistributed 

(d) None of the above  

3. Monochromatic green light of wavelength m7105  illuminates a 

pair of slits 1 mm apart. The separation of bright lines on the 
interference pattern formed on a screen 2 m away is  [CPMT 1971; DPMT 1999] 

 (a) 0.25 mm (b) 0.1 mm 

 (c) 1.0 mm (d) 0.01 mm 

4. In Young's double slit experiment, if the slit widths are in the ratio 1 
: 9, then the ratio of the intensity at minima to that at maxima will 

be   [MP PET 1987]  

 (a) 1 (b) 1/9 

 (c) 1/4 (d) 1/3 

5. In Young's double slit interference experiment, the slit separation is 

made 3 fold. The fringe width becomes 

[CPMT 1982, 89] 

 (a) 1/3 times  (b) 1/9 times  

 (c) 3 times  (d) 9 times 

6. In a certain double slit experimental arrangement interference 

fringes of width 1.0 mm each are observed when light of wavelength 

5000 Å is used. Keeping the set up unaltered, if the source is 

replaced by another source of wavelength 6000 Å, the fringe width 

will be [CPMT 1988] 

 (a) 0.5 mm (b) 1.0 mm 

 (c) 1.2 mm (d) 1.5 mm 

7. Two coherent light sources S
1

 and S
2

 (= 6000 Å) are 1mm apart 

from each other. The screen is placed at a distance of 25 cm from 

the sources. The width of the fringes on the screen should be   [CPMT 1990] 

 (a) 0.015 cm (b) 0.025 cm 

 (c) 0.010 cm (d) 0.030 cm 

8. The figure shows a double slit experiment P and Q are the slits. The 

path lengths PX and QX are n   and )2( n  respectively, where 

n is a whole number and  is the wavelength. Taking the central 

fringe as zero, what is formed at X  

 

  (a) First bright 

 (b) First dark 

 (c) Second bright 

 (d) Second dark 

9. In Young's double slit experiment, if one of the slit is closed fully, 

then in the interference pattern 

 (a) A bright slit will be observed, no interference pattern will exist 

 (b) The bright fringes will become more bright 

(c) The bright fringes will become fainter 

(d) None of the above 

10. In Young's double slit experiment, a glass plate is placed before a slit 

which absorbs half the intensity of light. Under this case 

 (a) The brightness of fringes decreases 

 (b) The fringe width decreases 

 (c) No fringes will be observed 

 (d) The bright fringes become fainter and the dark fringes have 
finite light intensity 

11. In Young's experiment, the distance between the slits is reduced to 
half and the distance between the slit and screen is doubled, then 

the fringe width 

[IIT 1981; MP PMT 1994; RPMT 1997; KCET 2000;  

 CPMT 2003; AMU (Engg.) 2000; DPMT 2003; 

UPSEAT 2000, 04; Kerala PMT 2004] 

 (a) Will not change (b) Will become half 

 (c) Will be doubled (d) Will become four times 

12. The maximum intensity of fringes in Young's experiment is I. If one 
of the slit is closed, then the intensity at that place becomes I

o

. 
Which of the following relation is true ?   

[NCERT 1982; MP PMT 1994, 99; BHU 1998; 

RPMT 1996; RPET 1999; AMU (Engg.) 1999] 

(a) I = I
o

  

(b) I = 2I
o

 

(c) I = 4I
o  

 (d) There is no relation between I and I
o 

13. In the Young's double slit experiment, the ratio of intensities of 

bright and dark fringes is 9. This means that  [IIT 1982] 

 (a) The intensities of individual sources are 5 and 4 units 
respectively 

 (b) The intensities of individual sources are 4 and 1 units 

respectively 

 (c) The ratio of their amplitudes is 3 

 (d) The ratio of their amplitudes is 2 

14. An oil flowing on water seems coloured due to interference. For 
observing this effect, the approximate thickness of the oil film 
should be  

[DPET 1987; JIPMER 1997; RPMT 2002, 04] 

 (a) 100 Å (b) 10000 Å 

 (c) 1 mm (d) 1 cm  

15. The Young's experiment is performed with the lights of blue ( = 

4360 Å) and green colour ( = 5460 Å), If the distance of the 4th 

fringe from the centre is x, then [CPMT 1987] 

 (a) x (Blue) = x (Green) (b) x (Blue)> x (Green) 

 (c) x (Blue) < x (Green) (d) 
4360

5460

)(

)(


Greenx

Bluex
 

16. In the Young's double slit experiment, the spacing between two slits 
is 0.1 mm. If the screen is kept at a distance of 1.0 m from the slits 
and the wavelength of light is 5000 Å, then the fringe width is [MP PMT 1993; RPET 1996] 

 (a) 1.0 cm (b) 1.5 cm 

 (c) 0.5 cm (d) 2.0 cm 

17. In Young's double slit experiment, if L is the distance between the 

slits and the screen upon which interference pattern is observed, x is 

n 

(n+2) 
P 

Q 

X 
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the average distance between the adjacent fringes and d being the 
slit separation. The wavelength of light is given by   [MP PET 1993] 

 (a) 
L

xd
 (b) 

d

xL
 

 (c) 
x

Ld
 (d) 

Ldx

1
 

18. In a Young's double slit experiment, the central point on the screen 
is   [MP PMT 1996] 

 (a) Bright (b) Dark 

 (c) First bright and then dark (d) First dark and then bright 

19. In a Young's double slit experiment, the fringe width is found to be 
0.4 mm. If the whole apparatus is immersed in water of refractive 

index 4/3 without disturbing the geometrical arrangement, the new 
fringe width will be 

 [CBSE PMT 1990] 

 (a) 0.30 mm (b) 0.40 mm 

 (c) 0.53 mm (d) 450 micron 

20. Young's experiment is performed in air and then performed in 
water, the fringe width  [CPMT 1990; MP PMT 1994;  

RPMT 1997; Kerala PMT 2004] 

 (a) Will remain same (b) Will decrease 

 (c) Will increase (d) Will be infinite 

21. In double slits experiment, for light of which colour the fringe width 
will be minimum    [MP PMT 1994] 

 (a) Violet (b) Red 

 (c) Green (d) Yellow 

22. In Young's experiment, light of wavelength 4000 Å is used to 

produce bright fringes of width 0.6 mm, at a distance of 2 meters. If 

the whole apparatus is dipped in a liquid of refractive index 1.5, then 

fringe width will be [MP PMT 1994] 

 (a) 0.2 mm (b) 0.3 mm 

 (c) 0.4 mm (d) 1.2 mm  

23. In Young's double slit experiment, the phase difference between the 

light waves reaching third bright fringe from the central fringe will 

be ( =6000 Å )  [MP PMT 1994] 

 (a) Zero (b) 2  

 (c) 4  (d) 6  

24. In Young's double slit experiment, if the widths of the slits are in the 

ratio 4 : 9, the ratio of the intensity at maxima to the intensity at 

minima will be   [Manipal MEE 1995] 

 (a) 169 : 25 (b) 81 : 16 

 (c) 25 : 1 (d) 9 : 4 

25. In Young's double slit experiment when wavelength used is 6000 Å 

and the screen is 40 cm from the slits, the fringes are 0.012 cm 

wide. What is the distance between the slits  

[MP PMT 1995; Pb PET 2002] 

 (a) 0.024 cm (b) 2.4 cm 

 (c) 0.24 cm (d) 0.2 cm 

26. In two separate set - ups of the Young's double slit experiment, 

fringes of equal width are observed when lights of wavelengths in 

the ratio 1 : 2 are used. If the ratio of the slit separation in the two 

cases is 2 : 1, the ratio of the distances between the plane of the slits 

and the screen in the two set - ups is   [KCET 1996] 

 (a) 4 : 1 (b) 1 : 1 

 (c) 1 : 4 (d) 2 : 1 

27. In an interference experiment, the spacing between successive 

maxima or minima is   [MP PET 1996] 

 (a)  
D

d
 (b)  

d

D
 

 (c)  


dD
 (d)  

D

d

4


 

 (Where the symbols have their usual meanings) 

28. If yellow light in the Young's double slit experiment is replaced by 

red light, the fringe width will [MP PMT 1996] 

 (a) Decrease 

 (b) Remain unaffected 

 (c) Increase  

 (d) First increase and then decrease 

29. In Young's double slit experiment, the fringe width is m4101  if 

the distance between the slit and screen is doubled and the distance 
between the two slit is reduced to half and wavelength is changed 

from m7104.6   to m7100.4  , the value of new fringe width 
will be 

(a) m41015.0   (b) m4100.2   

 (c) m41025.1   (d) m4105.2   

30. In Young's experiment, one slit is covered with a blue filter and the 

other (slit) with a yellow filter. Then the interference pattern   [MP PET 1997] 

 (a) Will be blue (b) Will be yellow 

 (c) Will be green (d) Will not be formed 

31. Two sources give interference pattern which is observed on a screen, 

D distance apart from the sources. The fringe width is 2w. If the 

distance D is now doubled, the fringe width will   [MP PET 1997] 

 (a) Become w/2 (b) Remain the same 

 (c) Become w (d) Become 4w 

32. In double slit experiment, the angular width of the fringes is 0.20 o 

for the sodium light ( =5890 Å). In order to increase the angular 

width of the fringes by 10%, the necessary change in the wavelength 

is   [MP PMT 1997] 

 (a) Increase of 589 Å (b) Decrease of 589 Å 

 (c) Increase of 6479 Å (d) Zero 

33. In a biprism experiment, by using light of wavelength 5000 Å, 5 mm 

wide fringes are obtained on a screen 1.0 m away from the coherent 

sources. The separation between the two coherent sources is     [MP PMT/PET 1998] 

 (a) 1.0 mm (b) 0.1 mm 

 (c) 0.05 mm (d) 0.01 mm 

34. The slits in a Young's double slit experiment have equal widths and 

the source is placed symmetrically relative to the slits. The intensity 
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at the central fringes is I
0

. If one of the slits is closed, the intensity at 

this point will be 

 [MP PMT 1999; Orissa JEE 2004; Kerala PET 2005] 

 (a) I
0

 (b) I
0 

/ 4 

 (c) I
0 

/ 2 (d) 4I
0

  

35. A thin mica sheet of thickness m6102  and refractive index 

)5.1(   is introduced in the path of the first wave. The 

wavelength of the wave used is 5000 Å. The central bright 

maximum will shift   [CPMT 1999] 

 (a) 2 fringes upward (b) 2 fringes downward 

 (c) 10 fringes upward (d) None of these 

36. In a Young's double slit experiment, the fringe width will remain 

same, if (D = distance between screen and plane of slits, d = 

separation between two slits and  =  wavelength of light used)   [Bihar MEE 1995] 

 (a) Both  and D are doubled 

 (b) Both d and D are doubled 

 (c) D is doubled but d is halved 

 (d)  is doubled but d is halved 

37. In Young's double slit experiment, the slits are 0.5 mm apart and 

interference pattern is observed on a screen placed at a distance of 
1.0 m from the plane containing the slits. If wavelength of the 
incident light is 6000 Å, then the separation between the third 
bright fringe and the central maxima is   [AMU 1995] 

 (a) 4.0 mm (b) 3.5 mm  

 (c) 3.0 mm (d) 2.5 mm 

38. In Young's double slit experiment, 62 fringes are seen in visible 
region for sodium light of wavelength 5893 Å. If violet light of 
wavelength 4358 Å is used in place of sodium light, then number of 
fringes seen will be [RPET 1997] 

 (a) 54 (b) 64 

 (c) 74 (d) 84 

39. In Young's double slit experiment, angular width of fringes is 0.20o 
for sodium light of wavelength 5890 Å. If complete system is dipped 
in water, then angular width of fringes becomes   [RPET 1997] 

 (a) 0.11o (b) 0.15o 

 (c) 0.22o (d) 0.30o 

40. In Young's double slit experiment, the distance between the slits is 1 
mm and that between slit and screen is 1 meter and 10th fringe is 5 
mm away from the central bright fringe, then wavelength of light 
used will be   [RPMT 1997] 

 (a) 5000 Å (b) 6000 Å 

 (c) 7000 Å (d) 8000 Å 

41. In Young's double slit experiment, carried out with light of 

wavelength  = 5000 Å, the distance between the slits is 0.2 mm 

and the screen is at 200 cm from the slits. The central maximum is 
at x =0. The third maximum (taking the central maximum as zeroth 

maximum) will be at x equal to  

 [CBSE PMT 1992; MH CET 2002] 

 (a) 1.67 cm (b) 1.5 cm 

 (c) 0.5 cm (d) 5.0 cm 

42. In a Young's experiment, two coherent sources are placed 0.90 mm 
apart and the fringes are observed one metre away. If it produces 

the second dark fringe at a distance of 1 mm from the central fringe, 
the wavelength of monochromatic light used would be 

[CBSE PMT 1992; KCET 2004] 

 (a) cm41060   (b) cm41010   

 (c) cm51010   (d) cm5106   

43. In Young's double slit experiment, the distance between the two 

slits is 0.1 mm and the wavelength of light used is m7104  . If 
the width of the fringe on the screen is 4 mm, the distance 
between screen and slit is  

[Bihar CMEET 1995] 

 (a) 0.1 mm (b) 1 cm 

 (c) 0.1 cm (d) 1 m  

44. In Young's double slit experiment, the distance between sources is 1 

mm and distance between the screen and source is 1 m. If the fringe 

width on the screen is 0.06 cm, then  =    [CPMT 1996] 

 (a) 6000 Å (b) 4000 Å 

 (c) 1200 Å (d) 2400 Å 

45. In Young's double slit experiment, a mica slit of thickness t and 

refractive index  is introduced in the ray from the first source S
1

. 

By how much distance the fringes pattern will be displaced [RPMT 1996, 97; JIPMER 2000; RPMT 2003] 

 (a) t
D

d
)1(   (b) t

d

D
)1(   

 (c) 
D

d

)1( 
 (d) )1( 

d

D
 

46. In Young's double slit experiment using sodium light ( = 5898 Å), 

92 fringes are seen. If given colour ( = 5461 Å) is used, how many 

fringes will be seen 

[CPMT 1989; RPET 1996; JIPMER 2001, 02] 

 (a) 62 (b) 67 

 (c) 85 (d) 99 

47. If a torch is used in place of monochromatic light in Young’s 

experiment what will happens 

[MH CET 1999; KCET 1999] 

(a) Fringe will appear for a moment then it will disappear  

(b) Fringes will occur as from monochromatic light 

(c) Only bright fringes will appear  

 (d) No fringes will appear 

48. When a thin metal plate is placed in the path of one of the 

interfering beams of light    [KCET 1999] 

(a) Fringe width increases     (b) Fringes disappear  

(c) Fringes become brighter  (d) Fringes becomes blurred 

49. In Young’s experiment, the distance between slits is 0.28 mm and distance 

between slits and screen is 1.4 m. Distance between central bright 

fringe and third bright fringe is 0.9 cm. What is the wavelength of 

used light   [KCET 1999] 

(a) 5000 Å  (b) 6000 Å 

 (c) 7000 Å (d) 9000 Å 
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50. Two parallel slits 0.6 mm apart are illuminated by light source of 
wavelength 6000 Å. The distance between two consecutive dark 
fringes on a screen 1 m away from the slits is     [JIPMER 1999] 

(a) 1 mm  (b) 0.01 mm   

 (c) 0.1 m  (d) 10 m 

51. In young’s double slit experiment with a source of light of 
wavelength 6320Å, the first maxima will occur when   

[Roorkee 1999] 

(a) Path difference is 9480 Å 

(b) Phase difference is 2 radian 

(c) Path difference is 6320 Å  

(d) Phase difference is  radian 

52. If a transparent medium of refractive index  = 1.5 and thickness t = 

2.5  10–5 m is inserted in front of one of the slits of Young’s Double 
Slit experiment, how much will be the shift in the interference 
pattern? The distance between the slits is 0.5 mm and that between 
slits and screen is 100 cm     [AIIMS 1999] 

(a) 5 cm  (b) 2.5 cm  

 (c) 0.25 cm  (d) 0.1 cm 

53. In Young’s experiment, monochromatic light is used to illuminate 
the two slits A and B. Interference fringes are observed on a screen 
placed in front of the slits. Now if a thin glass plate is placed 
normally in the path of the beam coming from the slit 

[UPSEAT 1993, 2000; AIIMS 1999, 2004] 

(a) The fringes will disappear 

(b) The fringe width will 
increase  

(c) The fringe width will 
increase  

 (d) There will be no change in 
the fringe width but the 
pattern shifts 

54. The fringe width in Young’s 
double slit experiment increases when    [MP PMT 2000] 

(a) Wavelength increases 

(b) Distance between the slits increases  

(c) Distance between the source and screen decreases  

 (d) The width of the slits increases 

55. In a double slit experiment, instead of taking slits of equal widths, 
one slit is made twice as wide as the other. Then in the interference 
pattern  [IIT-JEE (Screening) 2000] 

(a) The intensities of both the maxima and the minima increase   

(b) The intensity of maxima increases and the minima has zero 
intensity  

(c) The intensity of maxima decreases and that of the minima 
increases 

 (d) The intensity of maxima decreases and the minima has zero 
intensity 

56. Two slits, 4 mm apart, are illuminated by light of wavelength 6000 
Å. What will be the fringe width on a screen placed 2m from the 
slits    [MP PET 2000] 

(a) 0.12 mm  (b) 0.3 mm 

(c) 3.0 mm  (d) 4.0 mm  

57. In the Young’s double slit experiment, for which colour the fringe 
width is least  [UPSEAT 2001, MP PET 2001] 

(a) Red  (b) Green 

 (c) Blue  (d) Yellow 

58. In a Young’s double slit experiment, the separation of the two slits is 
doubled. To keep the same spacing of fringes, the distance D of the 
screen from the slits should be made  

[MNR 1998; AMU (Engg.) 2001] 

(a) 
2

D
 (b) 

2

D
  

(c) 2D  (d) 4D 

59. Young’s double slit experiment is performed with light of wavelength 
550 nm. The separation between the slits is 1.10 mm and screen is 
placed at distance of 1 m. What is the distance between the 
consecutive bright or dark fringes  

[Pb. PMT 2000] 

(a) 1.5 mm  (b) 1.0 mm  

(c) 0.5 mm  (d) None of these 

60. In Young’s experiment, the ratio of maximum to minimum 
intensities of the fringe system is 4 : 1. The amplitudes of the 
coherent sources are in the ratio   

[RPMT 1996; MP PET 2000; RPET 2001; MP PMT 2001] 

(a) 4 : 1 (b) 3 : 1  

 (c) 2 : 1 (d) 1 : 1 

61. An interference pattern was made by using red light. If the red light 
changes with blue light, the fringes will become  

[BHU 2001] 

(a) Wider (b) Narrower  

 (c) Fainter  (d) Brighter 

62.  If a white light is used in Young’s double slit experiments then a 

very large number of coloured fringes can be seen  

[KCET 2001] 

(a) With first order violet fringes being closer to the central white 
fringes 

(b) First order red fringes being closer to the central white fringes  

(c) With a central white fringe 

(d) With a central black fringe 

63. In a Young’s double slit experiment, 12 fringes are observed to be 

formed in a certain segment of the screen when light of wavelength 
600 nm is used. If the wavelength of light is changed to 400 nm, 
number of fringes observed in the same segment of the screen is given 
by  [IIT-JEE (Screening) 2001] 

(a) 12 (b) 18 

 (c) 24 (d) 30 

64. In the Young’s double slit experiment with sodium light. The slits 
are 0.589 m a part. The angular separation of the third maximum 

from  the central maximum will be (given  = 589 mm)   [Pb. PMT 2002] 

(a) )1033.0(sin 81   (b) )1033.0(sin 61    

 (c) )103(sin 81    (d) )103(sin 61    

65. In Young’s double slit experiment, the distance between the two slits 
is made half, then the fringe width will become 

[RPMT 1999; BHU 2002] 

(a) Half  (b) Double  

(c) One fourth (d) Unchanged 

66. In Young’s double slit experiment, the central bright fringe can be 
identified     [KCET 2002] 

 (a) By using white light instead of monochromatic light 

(b) As it is narrower than other bright fringes  

(c) As it is wider than other bright fringes  

A 

B 

C 
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 (d) As it has a greater intensity than the other bright fringes 

67. In Young’s double slit experiment, the wavelength of the light used 
is doubled and distance between two slits is half of initial distance, 
the resultant fringe width becomes   

[AIEEE 2002] 

(a) 2 times  (b) 3 times  

 (c) 4 times  (d) 1/2 times 

68. In a Young’s double slit experiment, the source illuminating the slits 
is changed from blue to violet. The width of the fringes    [KCET 2002] 

(a) Increases  (b) Decreases  

 (c) Becomes unequal  (d) Remains constant 

69. In Young’s double slit experiment, the intensity of light coming from 
the first slit is double the intensity from the second slit. The ratio of 
the maximum intensity to the minimum intensity on the interference 
fringe pattern observed is    [KCET 2002] 

(a) 34 (b) 40 

(c) 25 (d) 38 

70. If the sodium light in Young’s double slit experiment is replaced by 
red light, the fringe width will  [MP PMT 2002] 

(a) Decrease 

(b) Increase   

(c) Remain unaffected  

 (d) First increase, then decrease 

71. In Young’s double slit experiment the wavelength of light was 
changed from 7000 Å to 3500 Å. While doubling the separation 
between the slits which of the following is not true for this 
experiment     [Orissa JEE 2002] 

(a) The width of the fringes changes 

(b) The colour of bright fringes changes  

(c) The separation between successive bright fringes changes  

 (d) The separation between successive dark fringes remains 
unchanged 

72. When a thin transparent plate of thickness t and refractive index  

is placed in the path of one of the two interfering waves of light, 

then the path difference changes by  

 [MP PMT 2002] 

(a) ( + 1)t  (b) ( – 1)t  

 (c) 
t

)1( 
 (d) 

t

)1( 
 

73. In Young’s double-slit experiment, an interference pattern is 

obtained on a screen by a light of wavelength 6000 Å, coming from 

the coherent sources S
1

 and S
2

. At certain point P on the screen third 

dark fringe is formed. Then the path difference S
1

P – S
2

P in microns 

is  [EAMCET 2003] 

(a) 0.75  (b) 1.5 

 (c) 3.0 (d) 4.5 

74. In a Young’s double slit experiment, the slit separation is 1 mm and 

the screen is 1 m from the slit. For a monochromatic light of 

wavelength 500 nm, the distance of 3rd minima from the central 

maxima is  [Orissa JEE 2003] 

(a) 0.50 mm  (b) 1.25 mm  

 (c) 1.50 mm  (d) 1.75 mm 

75. In Young’s double-slit experiment the fringe width is . If entire 

arrangement is placed in a liquid of refractive index n, the fringe 

width becomes    [KCET 2003] 

(a) 
1n


 (b) n  

(c) 
n


 (d) 

1n


 

76. In an interference experiment, third bright fringe is obtained at a 

point on the screen with a light of 700 nm. What should be the 

wavelength of the light source in order to obtain 5th bright fringe at 

the same point   [KCET 2003] 

(a) 500 nm  (b) 630 nm   

 (c) 750 nm  (d) 420 nm 

77. If the separation between slits in Young’s double slit experiment is 

reduced to ,
3

1
rd  the fringe width becomes n times. The value of n 

is    [MP PET 2003] 

(a) 3 (b) 
3

1
  

 (c) 9 (d) 
9

1
 

78. A double slit experiment is performed with light of wavelength 500 

nm. A thin film of thickness 2 m and refractive index 1.5 is 

introduced in the path of the upper beam. The location of the 

central maximum will 

  [AIIMS 2003] 

(a) Remain unshifted  

(b) Shift downward by nearly two fringes  

(c) Shift upward by nearly two fringes  

 (d) Shift downward by 10 fringes 

79. The two slits at a distance of 1 mm are illuminated by the light of 

wavelength m7105.6  . The interference fringes  are observed on 

a screen placed at a distance of 1m. The distance between third dark 

fringe and fifth bright fringe will be    [NCERT 1982; MP PET 1995; BVP 2003] 

 (a) 0.65 mm (b) 1.63 mm 

 (c) 3.25 mm (d) 4.88 mm  

80. In a Young’s double-slit experiment the fringe width is 0.2 mm. If 

the wavelength of light used is increased by 10% and the separation 

between the slits is also increased by 10%, the fringe width will be    [MP PMT 2004] 

 (a) 0.20 mm  (b) 0.401 mm 

 (c) 0.242 mm (d)  0.165 mm  

81. Two coherent sources of intensity ratio 1 : 4 produce an interference 

pattern. The fringe visibility will be   

[J & K CET 2004] 

 (a) 1  (b) 0.8 

 (c) 0.4 (d)  0.6 

82. In Young’s double slit experiment the amplitudes of two sources are 

3a and a respectively. The ratio of intensities of bright and dark 

fringes will be   [J & K CET 2004] 

 (a) 3 : 1  (b) 4 : 1 

 (c) 2 : 1 (d)  9 : 1 

83. In Young’s double slit experiment, distance between two sources is 

0.1 mm. The distance of screen from the sources is 20 cm. 

Wavelength of light used is 5460 Å. Then angular position of the 

first dark fringe is    [DCE 2002] 

 (a) 0.08°  (b) 0.16° 
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 (c) 0.20° (d) 0.313°   

84. In a Young’s double slit experiment, the slit separation is 0.2 cm, the 

distance between the screen and slit is 1m. Wavelength of the light 

used is 5000 Å. The distance between two consecutive dark fringes 

(in mm) is 

[DCE 2004] 

 (a) 0.25  (b) 0.26 

 (c) 0.27 (d)  0.28 

85. A light of wavelength 5890 Å falls normally on a thin air film. The 

minimum thickness of the film such that the film appears dark in 
reflected light    [Pb. PMT 2003] 

 (a) m710945.2    (b) m710945.3   

 (c) m71095.4   (d)  m710945.1   

86. In Young’s double slit experiment, a minimum is obtained when the 
phase difference of super imposing waves is  

 [MH CET 2004] 

 (a) Zero  (b) )12( n  

 (c) n  (d)  )1( n  

87. In Fresnel’s biprism )5.1(   experiment the distance between 

source and biprism is 0.3 m  and that between biprism and screen is 
0.7m and angle of prism is 1°. The fringe width with light of 
wavelength 6000 Å will be   

[RPMT 2002] 

 (a)  3 cm  (b) 0.011 cm  

 (c) 2 cm (d)  4 cm 

88. In Young double slit experiment, when two light waves form third 
minimum, they have    [RPMT 2003] 

 (a) Phase difference of 3   (b) Phase difference of 
2

5
 

 (c) Path difference of 3  (d) Path difference of 
2

5
  

89. In Fresnel’s biprism experiment, on increasing the prism angle, 

fringe width will    [RPMT 2003] 

 (a) Increase  

 (b) Decrease  

 (c) Remain unchanged  

 (d)  Depend on the position of object 

90. If prism angle ,54.1,1   distance between screen and 

prism ,7.0)( mb   distance between prism and source 

nmma  180,3.0   then in Fresnal biprism find the value of 

  (fringe width)    [RPMT 2002] 

 (a) m410   (b) mm310  

 (c) m410  (d)  m310  

91. If Fresnel’s biprism experiment as held in water inspite of air, then 

what will be the effect on fringe width  [RPMT 1997, 98] 

 (a) Decrease  (b) Increase 

 (c) No effect (d) None of these  

92. What is the effect on Fresnel’s biprism experiment when the use of 

white light is made   [RPMT 1998] 

 (a) Fringe are affected 

  (b) Diffraction pattern is spread more  

 (c) Central fringe is white and all are coloured  

 (d) None of these  

93. What happens to the fringe pattern when the Young’s double slit 

experiment is performed in water instead or air then fringe width    [AFMC 2005] 

 (a) Shrinks  (b) Disappear 

 (c) Unchanged  (d) Enlarged 

94. In Young’s doubled slit experiment, the separation between the slit 

and the screen increases. The fringe width 

[BCECE 2005] 

(a) Increases (b) Decreases 
(c) Remains unchanged (d) None of these 

95. In Young’s double slit experiment, the aperture screen distance is 

2m. The fringe width is 1 mm. Light of 600 nm is used. If a thin 

plate of glass ( = 1.5) of thickness 0.06 mm is placed over one of 

the slits, then there will be a lateral displacement of the fringes by   [BCECE 2005] 

(a) 0 cm (b) 5 cm  

(c) 10 cm (d) 15 cm  

96. In which of the following is the interference due to the division of 

wave front    [UPSEAT 2005]  

(a) Young's double slit experiment 

(b) Fresnel's biprism experiment 

(c) Lloyd's mirror experiment  

(d) Demonstration colours of thin film 

97. Two slits are separated by a distance of 0.5 mm and illuminated 

with light of 6000 Å. If the screen is placed 2.5 m from the 

slits. The distance of the third bright image from the centre will be    [CPMT 2005] 

(a) 1.5 mm (b) 3 mm 

(c) 6 mm (d) 9 mm 

 

Doppler’s Effect of Light 
 

1. The observed wavelength of light coming from a distant galaxy is 

found to be increased by 0.5% as compared with that coming from 

a terrestrial source. The galaxy is 

[MP PMT 1993, 2003] 

 (a) Stationary with respect to the earth 

 (b) Approaching the earth with velocity of light 

 (c) Receding from the earth with the velocity of light 

 (d) Receding from the earth with a velocity equal to 

sm /105.1 6  

2. A star producing light of wavelength 6000 Å moves away from the 

earth with a  speed of 5 km/sec. Due to Doppler effect the shift in 

wavelength will be sec)/103( 8 mc   

[MP PMT 1990] 

 (a) 0.1 Å (b) 0.05 Å  

 (c) 0.2 Å (d) 1 Å 
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3. If the shift of wavelength of light emitted by a star is towards violet, 

then this shows that star is 

[RPET 1996; RPMT 1999] 

 (a) Stationary  

 (b) Moving towards earth 

 (c) Moving away from earth  

 (d) Information is incomplete 

4. Assuming that universe is expanding, if the spectrum of light coming 

from a star which is going away from earth is tested, then in the 

wavelength of light 

 (a) There will be no change  

(b) The spectrum will move to infrared region 

(c) The spectrum will seems to shift to ultraviolet side 

 (d) None of the above 

5. Doppler's effect in sound in addition to relative velocity between 

source and observer, also depends while source and observer or both 

are moving. Doppler effect in light depend only on the relative 

velocity of source and observer. The reason of this is   [MP PET/PMT 1988] 

 (a) Einstein mass - energy relation 

 (b) Einstein theory of relativity 

 (c) Photoelectric effect 

 (d) None of these 

6. A rocket is moving away from the earth at a speed of 

sm /106 7 . The rocket has blue light in it. What will be the 

wavelength of light recorded by an observer on the earth 

(wavelength of blue light = 4600 Å)  

 (a) 4600 Å (b) 5520 Å 

 (c) 3680 Å (d) 3920 Å 

7. A spectral line  = 5000 Å in the light coming from a distant star is 

observed as a 5200 Å. What will be recession velocity of the star  

 (a) sec/1015.1 7 cm  (b) sec/1015.1 7 m  

 (c) sec/1015.1 7 km  (d) 1.15 km/sec 

8. The apparent wavelength of the light from a star moving away from 

the earth is 0.01% more than its real wavelength. Then the velocity 

of star is   [CPMT 1979] 

 (a) 60 km/sec (b) 15 km/sec 

 (c) 150 km/sec (d) 30 km/sec 

9. A star emits light of 5500 Å wavelength. Its appears blue to an 

observer on the earth, it means  [DPMT 2002] 

 (a) Star is going away from the earth 

 (b) Star is stationary 

 (c) Star is coming towards earth 

 (d) None of the above 

10. The velocity of light emitted by a source S observed by an observer 

O, who is at rest with respect to S is c. If the observer moves 

towards S with velocity v, the velocity of light as observed will be    [NCERT 1980] 

 (a) c + v (b) vc   

 (c) c (d) 
2

2

1
c

v
  

11. In the context of Doppler effect in light, the term ‘red shift’ signifies    [MP PET 1994] 

 (a) Decrease in frequency 

(b) Increase in frequency  

 (c) Decrease in intensity 

 (d) Increase in intensity 

12. The sun is rotating about its own axis. The spectral lines emitted 

from the two ends of its equator, for an observer on the earth, will 

show   [MP PMT 1994] 

 (a) Shift towards red end 

 (b) Shift towards violet end 

 (c) Shift towards red end by one line and towards violet end by 

other 

 (d) No shift 

13. A star is moving away from the earth with a velocity of 100 km/s. If 

the velocity of light is sm /103 8  then the shift of its spectral 

line of wavelength 5700 Å due to Doppler's effect will be   [MP PMT 1994] 

 (a) 0.63 Å (b) 1.90 Å 

 (c) 3.80 Å (d) 5.70 Å 

14. If a source of light is moving away from a stationary observer, then 

the frequency of light wave appears to change because of   [AFMC 1995] 

 (a) Doppler's effect  

 (b) Interference 

 (c) Diffraction  

 (d) None of these 

15.  A star emitting radiation at a wavelength of 5000 Å is approaching 

earth with a velocity of sm /105.1 6 . The change in wavelength 

of the radiation as received on the earth, is   [CBSE PMT 1995] 

 (a) 25 Å (b) Zero 

 (c) 100 Å (d) 2.5 Å 

16. A star emitting light of wavelength 5896 Å is moving away from the 

earth with a speed of 3600 km / sec. The wavelength of light 

observed on earth will 

[MP PET 1995, 2002] 

 (a) Decrease by 5825.25 Å 

 (b) Increase by 5966.75 Å 

 (c) Decrease by 70.75 Å 

 (d) Increase by 70.75 Å 

 ( sec/103 8 mc  is the speed of light) 

17. A star moves away from earth at speed 0.8 c while emitting light of 

frequency Hz14106  . What frequency will be observed on the 

earth (in units of 1014 Hz) (c = speed of light)   [MP PMT 1995] 

 (a) 0.24 (b) 1.2 

 (c) 30 (d) 3.3 

18. A light source approaches the observer with velocity 0.8 c. The 

doppler shift for the light of wavelength  5500 Å is  

[MP PET 1996] 
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 (a) 4400 Å (b) 1833 Å 

(c) 3167 Å (d) 7333 Å 

19. Light  coming from a star is observed to have a wavelength of 3737 

Å, while its real wavelength is 3700 Å. The speed of the star relative 

to the earth is [Speed of light sm /103 8 ] 

[MP PET 1997] 

 (a) sm /103 5  (b) sm /103 6  

 (c) sm /107.3 7  (d) sm /107.3 6  

20. In the spectrum of light of a luminous heavenly body the wavelength 

of a spectral line is measured to be 4747 Å while actual wavelength 

of the line is 4700 Å. The relative velocity of the heavenly body with 

respect to earth will be (velocity of light is sm /103 8 )    [MP PMT/PET 1998] 

 (a) sm /103 5 moving  towards the earth 

 (b) sm /103 5 moving away from the earth  

 (c) sm /103 6 moving towards the earth 

 (d) sm /103 6 moving away from the earth 

21. The wavelength of light observed on the earth, from a moving star is 

found to decrease by 0.05%. Relative to the earth the star is    [MP PMT/PET 1998] 

 (a) Moving away with a velocity of sm /105.1 5  

 (b) Coming closer with a velocity of sm /105.1 5  

 (c) Moving away with a velocity of sm /105.1 4  

 (d) Coming closer with a velocity of sm /105.1 4  

22. A star is going away from the earth. An observer on the earth will 

see the wavelength of light coming from the star  

[MP PMT 1999] 

 (a) Decreased 

 (b) Increased 

 (c) Neither decreased nor increased 

 (d) Decreased or increased depending upon the velocity of the star 

23. A star is moving towards the earth with  a speed of 6105.4  m/s. 

If the true wavelength of a certain line in the spectrum received 

from the star is 5890 Å, its apparent wavelength will be about 

]/103[ 8 smc   [MP PMT 1999] 

 (a) 5890 Å (b) 5978 Å 

 (c) 5802 Å (d) 5896 Å 

24. Due to Doppler's effect, the shift in wavelength observed is 0.1 Å for 

a star producing wavelength 6000 Å. Velocity of recession of the 

star will be 

(a) 2.5 km/s (d) 10 km/s 

 (c) 5 km/s (d) 20 km/s 

25. A rocket is going away from the earth at a speed of 10 6 m/s If the 

wavelength of the light wave emitted by it be 5700 Å, what will be 

its Doppler's shift    [RPMT 1996] 

 (a) 200 Å (b) 19 Å 

 (c) 20 Å (d) 0.2 Å 

26. A rocket is going away from the earth at a speed 0.2c, where c = 

speed of light. It emits a signal of frequency Hz7104  . What will 

be the frequency observed by an observer on the earth   [RPMT 1996] 

 (a) Hz6104   (b) Hz7102.3   

 (c) Hz6103   (d) Hz7105   

27. If a star is moving towards the earth, then the lines are shifted 

towards    [AIIMS 1997] 

 (a) Red (b) Infrared 

 (c) Blue (d) Green 

28. When the wavelength of light coming from a distant star is 

measured it is found shifted towards red. Then the conclusion is    [JIPMER 1999] 

(a) The star is approaching the observer 

(b) The star recedes away from earth 

(c) There is gravitational effect on the light  

 (d) The star remains stationary 

29. A heavenly body is receding from earth such that the fractional 

change in  is 1, then its velocity is  [DCE 2000] 

(a) C  (b) 
5

3C
  

(c) 
5

C
 (d) 

5

2C
 

30. The 6563 Å line emitted by hydrogen atom in a star is found to be 

red shifted by 5 Å. The speed with which the star is receding from 

the earth is    [Pb. PMT 2002] 

(a) 17.29  109 m/s  (b) 4.29  107 m/s   

 (c) 3.39  105 m/s  (d) 2.29  105 m/s 

31. Three observers A, B and C measure the speed of light coming from 

a source to be Av , Bv  and Cv . The observer A moves towards the 

source, the observer C moves away from the source with the same 

speed. The observer B stays stationary. the surrounding space is 

vacuum every where. Then    [KCET 2002]  

(a) CBA vvv   (b) CBA vvv   

(c) CBA vvv   (d) CBA vvv   

32. Light from the constellation Virgo is observed to increase in 

wavelength by 0.4%. With respect to Earth the constellation is     [MP PET 2003] 

(a) Moving away with velocity 1.2  106 m/s  

(b) Coming closer with velocity 1.2  106 m/s   

(c) Moving away with velocity 4  106 m/s  

 (d) Coming closer with velocity 4  106 m/s  

33. It is believed that the universe is expanding and hence the distant 

stars are receding from us. Light from such a star will show   [CPMT 2005] 

(a) Shift in frequency towards longer wavelengths 

(b) Shift in frequency towards shorter wavelength 

(c) No shift in frequency but a decrease in intensity  

(d) A shift in frequency sometimes towards longer and sometimes 
towards shorter wavelengths 
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Diffraction of Light  
 

1. A slit of width a is illuminated by white light. For red light ( = 

6500 Å), the first minima is obtained at o30 . Then the value 

of a will be   [MP PMT 1987; CPMT 2002] 

(a) 3250 Å (b) mm4105.6   

(c) 1.24 microns (d) cm4106.2   

2. The light of wavelength 6328 Å is incident on a slit of width 0.2 

mm perpendicularly, the angular width of central maxima will be [MP PMT 1987; Pb. PMT 2002] 

 (a) o36.0  (b) o18.0  

 (c) o72.0  (d) o09.0  

3. The bending of beam of light around corners of obstacles is called   [NCERT 1990; AFMC 1995; RPET 1997;  

RPMT 1997; CPMT 1999; JIPMER 2000] 

 (a) Reflection (b) Diffraction 

 (c) Refraction (d) Interference  

4. The penetration of light into the region of geometrical shadow is 

called   [CPMT 1999; JIPMER 2000] 

 (a) Polarisation (b) Interference 

 (c) Diffraction (d) Refraction 

5. A slit of size 0.15 cm is placed at 2.1 m from a screen. On 

illuminated it by a light of wavelength 5  10–5 cm. The width of 

central maxima will be  [RPMT 1999] 

(a) 70 mm  (b) 0.14 mm 

 (c) 1.4 mm (d) 0.14 cm 

6. A diffraction is obtained by using a beam of red light. What will 
happen if the red light is replaced by the blue light  

[KCET 2000; BHU 2001] 

(a) Bands will narrower and crowd full together 

(b) Bands become broader and further apart  

(c) No change will take place  

 (d) Bands disappear 

7. What will be the angle of diffracting for the first minimum 
due to Fraunhoffer diffraction with sources of light of wave 
length 550 nm and slit of width 0.55 mm    [Pb. PMT 2001] 

(a) 0.001 rad (b) 0.01 rad  

 (c) 1 rad (d) 0.1 rad 

8. Angular  width () of central maximum of a diffraction pattern on a 
single slit does not depend upon 

[DCE 2000; 01] 

(a) Distance between slit and source  

(b) Wavelength of light used  

(c) Width of the slit 

(d) Frequency of light used 

9. A single slit of width 0.20 mm is illuminated with light of 

wavelength 500 nm. The observing screen is placed 80 cm from the 

slit. The width of the central bright fringe will be   

[AMU (Med.) 2002] 

(a) 1 mm  (b) 2 mm   

 (c) 4 mm  (d) 5 mm  

10. Yellow light is used in single slit diffraction experiment with slit 

width 0.6 mm. If yellow light is replaced by X-rays then the pattern 

will reveal  

[IIT-JEE  (Screening) 1999; MP PMT 2002; KCET 2003] 

(a) That the central maxima is narrower  

(b) No diffraction pattern 

(c) More number of fringes  

 (d) Less number of fringes 

11. Which statement is correct for a zone plate and a lens  

[RPMT 2002] 

(a) Zone plate has multi focii whereas lens has one  

(b) Zone plate has one focus whereas lens has multiple focii 

(c) Both are correct 

(d) Zone plate has one focus whereas a lens has infinite 

12. In Fresnel diffraction, if the distance between the disc and the screen 
is decreased, the intensity of central bright spot will    [RPMT 2002] 

(a) Increase (b) Decrease 

(c) Remain constant (d) None of these 

13. A plane wavefront )106( 7 m  falls on a slit mm4.0  wide. 

A convex lens of focal length m8.0  placed behind the slit focusses 

the light on a screen. What is the linear diameter of second 
maximum    [RPMT 2001] 

(a) mm6  (b) mm12  

(c) mm3  (d) mm9  

14. A zone plate of focal length ,60 cm  behaves as a convex lens, If 

wavelength of incident light is ,6000 Å  then radius of first half 

period zone will be   [RPMT 2001] 

(a) .1036 8 m  (b) .106 8 m  

(c) .106 8 m  (d) .106 4 m  

15. Radius of central zone of circular zone plate is .3.2 mm  

Wavelength of incident light is .5893 Å  Source is at a distance of 

.6 m  Then the distance of first image will be 

[RPMT 2001] 

(a) m9  (b) m12  

(c) m24  (d) m36  

16. Red light is generally used to observe diffraction pattern from 
single slit. If blue light is used instead of red light, then diffraction 
pattern 

[RPMT 2001; BCECE 2005; CPMT 2005] 

(a) Will be more clear (b) Will contract 

(c) Will expanded (d) Will not be visualized 

17. In the experiment of diffraction at a single slit, if the slit width is 
decreased, the width of the central maximum  

[KCET 2001] 

(a) Increases in both Fresnel and Fraunhofer diffraction 

(b) Decreases both in Fresnal and Fraunhofer diffraction  

(c) Increases in Fresnel diffraction but decreases in Fraunhofer 
diffraction 

(d) Decreases in Fresnel diffraction but increases is Fraunofer 
diffraction. 

18. Conditions of diffraction is   [RPET 2001] 

(a) 1


a
 (b) 1



a
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(c) 1


a
 (d) None of these 

19. Light of wavelength nm3.589  is incident normally on the slit of 

width .1.0 mm  What will be the angular width of the central 

diffraction maximum at a distance of m1  from the slit      [BHU (Med.) 1999] 

(a) 68.0  (b) 02.1  

(c) 34.0  (d) None of these 

20. The phenomenon of diffraction of light was discovered by 

[KCET 2000] 

(a) Hygens (b) Newton 

(c) Fresnel (d) Grimaldi 

21. The radius r  of half period zone is proportional to 

[RPMT 1998, 2002] 

(a) n  (b) 
n

1
 

(c) 2n  (d) 
n

1
 

22. In a diffraction pattern by a wire, on increasing diameter of wire, 
fringe width   [RPMT 1998] 

(a) Decreases 

(b) Increases 

(c) Remains unchanged 

(d) Increasing or decreasing will depend on wavelength 

23. What will be the angular width of central maxima in Fraunhoffer 

diffraction when light of wavelength Å6000  is used and slit width 

is .1012 5 cm  [RPMT 2004] 

(a) 2 rad (b) 3 rad 

(c) 1 rad (d) 8 rad  

24. When a compact disc is illuminated by a source of white light. 
Coloured 'lanes' are observed. This is due to  

[DCE 2003; AIIMS 2004] 

(a) Dispersion  (b) Diffraction 

(c) Interference   (d) Refraction  

25. The diffraction effect can be observed in  [J & K CET 2004] 

(a) Only sound waves  

(b) Only light waves  

(c) Only ultrasonic waves   

(d) Sound as well as light waves  

26. If we observe the single slit Fraunhofer diffraction with wavelength 

 and slit width e, the width of the central maxima is 2. On 

decreasing the slit width for the same   

[UPSEAT 2004] 

(a)  increases  

(b)  remains unchanged   

(c)  decreases  

(d)  increases or decreases depending on the intensity of light 

27. When light is incident on a diffraction grating the zero order 
principal maximum will be    [KCET 2004] 

(a) One of the component  colours  

(b) Absent  

(c) Spectrum of the colours   

(d) White  

28. A beam of light of wavelength 600 nm from a distant source falls on 
a single slit 1 mm wide and the resulting diffraction pattern is 
observed on a screen 2 m away. The distance between the first dark 
fringes on either side of the central bright fringe is [IIT-JEE 1994; KCET 2004] 

(a) 1.2 mm (b) 1.2 cm  

(c) 2.4 cm (d) 2.4 mm  

29. In order to see diffraction the thickness of the film is 

[J&K CEE 2001] 

(a) 100 Å (b) 10,000 Å 

(c) 1 mm (d) 1 cm 

30. Diffraction effects are easier to notice in the case of sound waves 
than in the case of light waves because 

[RPET 1978; KCET 1994, 2000] 

(a) Sound waves are longitudinal  

(b) Sound is perceived by the ear  

(c) Sound waves are mechanical waves 

(d) Sound waves are of longer wavelength  

31. Direction of the first secondary maximum in the Fraunhofer 
diffraction pattern at a single slit is given by (a is the width of the 
slit)    [KCET 1999] 

(a) 
2

sin


 a  (b) 
2

3
cos


 a  

(c)  sina  (d) 
2

3
sin


 a   

32. A parallel monochromatic beam of light is incident normally on a 

narrow slit. A diffraction pattern is formed on a screen placed 
perpendicular to the direction of incident beam. At the first 
maximum of the diffraction pattern the phase difference between 
the rays coming from the edges of the slit is       [IIT–JEE 1995, 98] 

(a) 0 (b) 
2


 

(c)   (d) 2  

33. Diffraction and interference of light suggest 

[CPMT 1995; RPMT 1998] 

(a) Nature of light is electro-magnetic  

(b) Wave nature  

(c) Nature is quantum  

(d) Nature of light is transverse  

34. A light wave is incident normally over a slit of width 

cm51024  . The angular position of second dark fringe from the 

central maxima is 30o. What is the wavelength of light       [RPET 1995] 

(a) 6000 Å (b) 5000 Å 

(c) 3000 Å (d) 1500 Å 

35. A parallel beam of monochromatic light of wavelength 5000 Å is 

incident normally on a single narrow slit of width 0.001 mm. The 

light is focused by a convex lens on a screen placed on the focal 

plane. The first minimum will be formed for the angle of diffraction 

equal to   [CBSE PMT 1993] 

(a) 0o (b) 15o  

(c) 30o (d) 60o  
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36. The condition for observing Fraunhofer diffraction from a single slit 

is that the light wavefront incident on the slit should be    [MP PMT 1987] 

(a) Spherical  (b) Cylindrical  

(c) Plane  (d) Elliptical 

37. To observe diffraction the size of an obstacle  [CPMT 1982] 

(a) Should be of the same order as wavelength  

(b) Should be much larger than the wavelength  

(c) Have no relation to wavelength  

(d) Should be exactly 
2


 

38. In the far field diffraction pattern of a single slit under 

polychromatic illumination, the first minimum with the wavelength 

1  is found to be coincident with the third maximum at 2 . So 

(a) 21 3.03    (b) 213    

(c) 21 5.3    (d) 21 33.0    

39. Light of wavelength  = 5000 Å falls normally on a narrow slit. A 

screen placed at a distance of 1 m from the slit and perpendicular to 

the direction of light. The first minima of the diffraction pattern is 

situated at 5 mm from the centre of central maximum. The width of 

the slit is  

(a) 0.1 mm  (b) 1.0 mm 

(c) 0.5 mm  (d) 0.2 mm 

40. The width of the nth HPZ will be  

(a) nb  (b) ]1[  nnb  

(c) )1(  nn  (d) 
]1[  nn

b
 

41. A single slit of width a is illuminated by violet light of wavelength 

400 nm and the width of the diffraction pattern is measured as y. 

When half of the slit width is covered and illuminated by yellow 

light of wavelength 600 nm, the width of the diffraction pattern is    [KCET 2005] 

(a) The pattern vanishes and the width is zero 

(b) y / 3 

(c) 3y 

(d) None of these  
 

Polarization of Light 
 

1. A polariser is used to   [CPMT 1999] 

 (a) Reduce intensity of light  

 (b) Produce polarised light 

 (c) Increase intensity of light 

 (d) Produce unpolarised light 

2. Light waves can be polarised as they are 

[CBSE PMT 1993; KCET 1994; 

AFMC 1997; J & K CET 2002; CPMT 2005] 

 (a) Transverse (b) Of high frequency 

 (c) Longitudinal (d) Reflected 

3. Through which character we can distinguish the light waves from 
sound waves  [CBSE PMT 1990; RPET 2000, 02] 

(a) Interference  (b) Refraction 

(c) Polarisation  (d) Reflection 

4. The angle of polarisation for any medium is 60o, what will be critical 
angle for this   [UPSEAT 1999] 

(a) 3sin 1   (b) 3tan 1  

(c) 3cos 1  (d) 
3

1
sin 1  

5. The angle of incidence at which reflected light is totally polarized for 
reflection from air to glass (refraction index n) is   [AIEEE 2004; UPSEAT 2005] 

(a) )(sin 1 n  (b) 








n

1
sin 1  

(c) 








n

1
tan 1  (d) )(tan 1 n  

6. Which of following  can not be polarised  [Kerala PMT 2001] 

(a) Radio waves  (b) Ultraviolet rays  

(c) Infrared rays  (d)  Ultrasonic waves 

7. A polaroid is placed at 45o to an incoming light of intensity 0I . Now 

the intensity of light passing through polaroid after polarisation 
would be      [CPMT 1995] 

(a) 0I  (b) 2/0I  

(c) 4/0I  (d) Zero 

8. Plane polarised light is passed through a polaroid. On viewing 
through the polaroid we find that when the polariod is given one 
complete rotation about the direction of the light, one of the 
following is observed    [MNR 1993] 

(a) The intensity of light gradually decreases to zero and remains 
at zero  

(b) The intensity of light gradually increases to a maximum and 
remains at maximum   

(c) There is no change in intensity  

(d) The intensity of light is twice maximum and twice zero 

9. Out of the following statements which is not correct  

[CPMT 1991] 

(a) When unpolarised light passes through a Nicol's prism, the 
emergent light is elliptically polarised  

(b) Nicol's prism works on the principle of double refraction and 
total internal reflection   

(c) Nicol's prism can be used to produce and analyse polarised 
light   

(d) Calcite and Quartz are both doubly refracting crystals 

10. A ray of light is incident on the surface of a glass plate at an angle 

of incidence equal to Brewster's angle  . If   represents the 

refractive index of glass with respect to air, then the angle between 

reflected and refracted rays is   

[CPMT 1989] 

(a) 90  (b) )cos(sin 1   

(c) 90o  (d) )/(sinsin90 1 o  

11. Figure represents a glass plate placed vertically on a horizontal table 

with a beam of unpolarised light falling on its surface at the 

polarising angle of 57o with the normal. The electric vector in the 

reflected light on screen S will vibrate with respect to the plane of 

incidence in a    
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[CPMT 1988] 

 

 

 

 

 

 (a) Vertical plane  

(b) Horizontal plane   

(c) Plane making an angle of 45o with the vertical  

(d) Plane making an angle of 57o with the horizontal  

12. A beam of light AO is incident on a glass slab )54.1(   in a 

direction as shown in figure. The reflected ray OB is passed through 

a Nicol prism on viewing through a Nicole prism, we find on 

rotating the prism that      [CPMT 1986] 

 

 

 

 

 

 

(a) The intensity is reduced down to zero and remains zero   

(b) The intensity reduces down some what and rises again   

(c) There is no change in intensity  

(d) The intensity gradually reduces to zero and then again 

increases  

13. Polarised glass is used in sun glasses because  [CPMT 1981] 

(a) It reduces the light intensity to half an account of polarisation  

(b) It is fashionable  

(c) It has good colour  

(d) It is cheaper 

14. In the propagation of electromagnetic waves the angle between the 

direction of propagation and plane of polarisation is    [CPMT 1978] 

(a) 0o (b) 45o  

(c) 90o (d) 180o 

15. The transverse nature of light is shown by [CPMT 1972, 74, 78; 

RPMT 1999; AFMC 2001; AIEEE 2002; 

MP PET 2004; MP PMT 2000, 04; UPSEAT 2005] 

(a) Interference of light  (b) Refraction of light  

(c) Polarisation of light  (d) Dispersion of light  

16. A calcite crystal is placed over a dot on a piece of paper and rotated, 
on seeing through the calcite one will be see  

[CPMT 1971] 

(a) One dot 

(b) Two stationary dots 

(c) Two rotating dots  

(d) One dot rotating about the other 

17. A light has amplitude A and angle between analyser and polariser is 
60°. Light is reflected by analyser has amplitude  

    [UPSEAT 2001] 

(a) 2A  (b) 2/A  

(c) 2/3 A  (d) 2/A  

18. When light is incident on a doubly refracting crystal, two refracted 
rays-ordinary ray (O-ray) and extra ordinary ray (E-ray) are 
produced. Then   [KCET 2001] 

(a) Both O-ray and E-ray are polarised perpendicular to the plane 
of incidence 

(b) Both O-ray and E-ray are polarised in the plane of incidence 

(c) E-ray is polarised perpendicular to the plane of incidence and 
O-ray in the plane of incidence 

(d) E-ray is polarised in the plane of incidence and O-ray 
perpendicular to the plane of incidence 

19. Light passes successively through two polarimeters tubes each of 
length 0.29m. The first tube contains dextro rotatory solution of 
concentration 60kgm–3 and specific rotation 0.01rad m2kg–1. The second 
tube contains laevo rotatory solution of concentration 30kg/m3 and 
specific rotation 0.02 radm2kg–1. The net rotation produced is[KCET 2002] 

(a) 15° (b) 0° 

(c) 20° (d) 10°  

20. oV and EV represent the velocities, o and E the refractive indices 

of ordinary and extraordinary rays for a doubly refracting crystal. 
Then   [KCET 2002] 

(a) EoEo VV   , if the crystal is calcite 

(b) EoEo VV   , if the crystal is quartz 

(c) EoEo VV   , if the crystal is calcite 

(d) EoEo VV   , if the crystal is quartz  

21. Polarising angle for water is 53°4'. If light is incident at this angle on 

the surface of water and reflected, the angle of refraction is    [TNPCEE 2002] 

(a) 53°4' (b) 126°56' 

(c) 36°56' (d) 30°4' 

22. When a plane polarised light is passed through an analyser and 

analyser is rotated through 90º, the intensity of the emerging light   [TNPCEE 2002] 

(a) Varies between a maximum and minimum 

(b) Becomes zero 

(c) Does not vary 

(d) Varies between a maximum and zero  

23. Consider the following statements A to B  and identify the correct 
answer 

A. Polarised light can be used to study the helical surface of 
nucleic acids. 

B. Optics axis is a direction and not any particular line in the 
crystal [EAMCET (Med.) 2003] 

(a) A and B are correct  

(b) A and B are wrong 

(c) A is correct but B is wrong  

(d) A is wrong but B is correct 

24. Two Nicols are oriented with their principal planes making an angle 
of 60°. The percentage of incident unpolarized light which passes 
through the system is   

(a) 50% (b) 100% 

(c) 12.5% (d) 37.5% 

25. Unpolarized light falls on two polarizing sheets placed one on top of 
the other. What must be the angle between the characteristic 

57° 57° 
S 

A N 
B 

33° 33° 

O 
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directions of the sheets if the intensity of the final transmitted light 
is one-third the maximum intensity of the first transmitted beam  

(a) 75°  (b) 55° 

(c) 35° (d) 15° 

26. Unpolarized light of intensity 32Wm–2 passes through three polarizers 
such that transmission axes of the first and second polarizer makes 
and angle 30° with each other and the transmission axis of the last 
polarizer is crossed with that of the first. The intensity of final 
emerging light will be 

(a) 32 Wm–2  (b) 3 Wm–2  

(c) 8 Wm–2 (d) 4 Wm–2  

27. In the visible region of the spectrum the rotation of the place of 

polarization is given by 
2


b

a  . The optical rotation produced 

by a particular material is found to be 30° per mm at 5000 Å 

and 50° per mm at Å4000 . The value of constant a will be     

(a) 
9

50
 per mm (b) 

9

50
 per mm 

(c) 
50

9
 per mm (d) 

50

9
 per mm  

28. When an unpolarized light of intensity 0I  is incident on a 

polarizing sheet, the intensity of the light which does not get 

transmitted is    [AIEEE 2005] 

(a) Zero (b) 0I  

(c) 0
2

1
I  (c) 0

4

1
I  

29. Refractive index of material is equal to tangent of polarising angle. It 

is called    [AFMC 2005] 

(a) Brewster’s law  (b) Lambert’s law 

(c) Malus’s law  (d) Bragg’s law 

30. In case of linearly polarized light, the magnitude of the electric field 

vector:    [AIIMS 2005] 

(a) Does not change with time  

(b) Varies periodically with time 

(c) Increases and decreases linearly with time 

(d) Is parallel to the direction of propagation 

31. When unpolarised light beam is incident from air onto glass (n = 1.5) 

at the polarising angle   [KCET 2005] 

(a) Reflected beam is polarised 100 percent 

(b) Reflected and refracted beams are partially polarised 

(c) The reason for (a) is that almost all the light is reflected  

(d) All of the above 

32. An optically active compound   [DCE 2005] 

(a) Rotates the plane polarised light  

(b) Changing the direction of polarised light  

(c) Do not allow plane polarised light to pass through 

(d) None of the above 

33. When the angle of incidence on a material is 60°, the reflected light 

is completely polarized. The velocity of the refracted ray inside the 

material is (in ms–1)  

[Kerala PMT 2005] 

(a) 8103   (b) 810
2

3













 

(c) 8103   (d) 8105.0   

34. Two polaroids are placed in the path of unpolarized beam of 

intensity 0I  such that no light is emitted from the second polaroid. 

If a third polaroid whose polarization axis makes an angle  with the 

polarization axis of first polaroid, is placed between these polaroids 
then the intensity of light emerging from the last polaroid will be [UPSEAT 2005] 

(a) 2sin
8

20 






 I
 (b) 2sin

4

20 






 I
 

(c) 40 cos
2







 I
 (d) 4

0 cosI  

35. For the study of the helical structure of nucleic acids, the property 
of electromagnetic radiation generally used is 

    [EAMCET 2005]  

(a) Reflection (b) Interference 

(c) Diffraction (d) Polarization 
 

EM Waves 
 

1. Which of the following statement is wrong  [NCERT 1976] 

 (a) Infrared photon has more energy than the photon of visible 
light 

 (b) Photographic plates are sensitive to ultraviolet  rays 

 (c) Photographic plates can be made sensitive to infrared rays 

 (d) Infrared rays are invisible but can cast shadows like visible light 
rays 

2. Pick out the longest wavelength from the following types of 

radiations   [CBSE PMT 1990] 

(a) Blue light (b) -rays 

(c) X-rays (d) Red light 

3. Wave which cannot travel in vacuum is  [MP PMT 1994] 

(a) X-rays (b) Infrasonic 

(c) Ultraviolet (d) Radiowaves 

4. Light is an electromagnetic wave. Its speed in vacuum is given by 

the expression 

  [CBSE PMT 1993; MP PMT 1994; RPMT 1999;  

MP PET 2001; Kerala PET 2001; AIIMS 2002] 

(a) oo  (b) 
o

o




 

(c) 
o

o




 (d) 

oo

1
 

5. The range of wavelength of the visible light is  

[MP PMT 2000; MP PET 2002] 

(a) 10 Å to 100 Å (b) 4,000 Å to 8,000 Å 

(c) 8,000 Å to 10,000 Å (d) 10,000 Å to 15,000 Å 

6. Which radiation in sunlight, causes heating effect 

   [AFMC 2001] 

(a) Ultraviolet  (b) Infrared 

(c) Visible light (d) All of these 

7. Which of the following represents an infrared wavelength 
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[CPMT 1975; MP PET/PMT 1988] 

(a) 410  cm (b) 510  cm 

(c) 610 cm (d) 710 cm 

8. The wavelength of light visible to eye is of the order of 

[CPMT 1982, 84] 

(a) m210   (b) 1010  m 

(c) 1 m (d) 7106  m  

9. The speed of electromagnetic wave in vacuum depends upon the 
source of radiation   [Kerala PMT 2004] 

(a) Increases as we move from -rays to radio waves 

(b) Decreases as we move from -rays to radio waves 

(c) Is same for all of them  

(d) None of these 

10. Which of the following radiations has the least wavelength 

[AIEEE 2003] 

(a)  -rays (b) -rays 

(c) -rays (d) X-rays 

11. The maximum distance upto which TV transmission from a TV 
tower of height h can be received is proportional to 

[AIIMS 2003] 

(a) 2/1h  (b) h 

(c) h (d) 2h  

12. Which of the following are not electromagnetic waves 

[AIEEE 2002; CBSE PMT 2003] 

(a) Cosmic rays (b) Gamma rays 

(c) -rays (d) X-rays 

13. Ozone is found in   [DPMT 2002] 

(a) Stratosphere (b) Ionosphere 

(c) Mesosphere (d) Troposphere 

14. The electromagnetic waves travel with a velocity 

[J & K CET 2002] 

(a) Equal to velocity of sound 

(b) Equal to velocity of light 

(c) Less than velocity of light 

(d) None of these 

15. The ozone layer absorbs   [Kerala PET 2002] 

(a) Infrared radiations (b) Ultraviolet radiations 

(c) X-rays (d) -rays  

16. Electromagnetic radiation of highest frequency is 

[Kerala PMT 2002] 

(a) Infrared radiations (b) Visible radiation 

(c) Radio waves (d) -rays 

17. Which of the following shows green house effect 

[CBSE PMT 2002] 

(a) Ultraviolet rays (b) Infrared rays 

(c) X-rays (d) None of these 

18. Which of the following waves have the maximum wavelength   [AFMC 2002] 

(a) X-rays (b) I.R. rays 

(c) UV rays (d) Radio waves 

19. Electromagnetic waves are transverse in nature is evident by 

[AIEEE 2002] 

(a) Polarization (b) Interference 

(c) Reflection (d) Diffraction 

20. If E  and B  are the electric and magnetic field vectors of E.M. 
waves then the direction of propagation of E.M. wave is along 
the direction of  

[CBSE PMT 1992, 2002; DCE 2002, 05] 

(a) E  (b) B  

(c) BE  (d) None of these 

21. Biological importance of Ozone layer is [CBSE PMT 2001] 

(a) It stops ultraviolet rays 

(b) Ozone rays reduce green house effect 

(c) Ozone layer reflects radio waves 

(d) Ozone layer controls 22 / HO  radio in atmosphere 

22. What is ozone hole   [AFMC 2001] 

(a) Hole in the ozone layer  

(b) Formation of ozone layer 

(c) Thinning of ozone layer in troposphere 

(d) Reduction in ozone thickness in stratosphere 

23. Which rays are not the portion of electromagnetic spectrum  

[Haryana CEET 2000] 

(a) X-rays (b) Microwaves 

(c) -rays (d) Radio waves 

24. Radio wave diffract around building although light waves do not. 

The reason is that radio waves [AMU 2000] 

(a) Travel with speed larger than c 

(b) Have much larger wavelength than light 

(c) Carry news 

(d) Are not electromagnetic waves 

25. The frequencies of X-rays, -rays and ultraviolet rays are respectively 

a, b and c. Then    [CBSE PMT 2000] 

(a) a < b, b > c (b) a > b, b > c 

(c) a > b, b < c (d) a < b, b < c 

26. Radio waves and visible light in vacuum have [KCET 2000] 

(a) Same velocity but different wavelength 

(b) Continuous emission spectrum 

(c) Band absorption spectrum  

(d) Line emission spectrum 

27. Energy stored in electromagnetic oscillations is in the form of  

[Haryana CEET 2000; AFMC 1994] 

(a) Electrical energy (b) Magnetic energy 

(c) Both (a) and (b) (d) None of these 

28. Heat radiations propagate with the speed of [AMU 2000] 

(a) -rays (b) -rays 

(c) Light waves (d) Sound waves 
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29. If a source is transmitting electromagnetic wave of frequency 
6102.8  Hz, then wavelength of the electromagnetic waves 

transmitted from the source will be  [DPMT 1999] 

(a) 36.6 m (b) 40.5 m 

(c) 42.3 m (d) 50.9 m 

30. In an apparatus, the electric field was found to oscillate with an 
amplitude of 18 V/m. The magnitude of the oscillating magnetic field 
will be   [Pb. PMT 1999] 

(a) 6104  T (b) 8106  T 

(c) 9109  T (d) 111011  T 

31. According to Maxwell’s hypothesis, a changing electric field gives rise 
to   [AIIMS 1998] 

(a) An e.m.f. (b) Electric current 

(c) Magnetic field (d) Pressure radiant 

32. In an electromagnetic wave, the electric and magnetising fields are 
1100 mV  and 1265.0 mA . The maximum energy flow is    [Pb. PMT 1997, 98] 

(a) 2/5.26 mW  (b) 2/5.36 mW  

(c) 2/7.46 mW  (d) 2/765 mW  

33. The 21 cm radio wave emitted by hydrogen in interstellar space is 

due to the interaction called the hyperfine interaction is atomic 
hydrogen. the energy of the emitted wave is nearly   [CBSE PMT 1998] 

(a) 1710 Joule (b) 1 Joule 

(c) 8107  Joule (d) 2410 Joule 

34. TV waves have a wavelength range of 1-10 meter. Their frequency 

range in MHz is   [KCET 1998] 

(a) 30-300 (b) 3-30 

(c) 300-3000 (d) 3-3000 

35. Maxwell’s equations describe the fundamental laws of 

[CPMT 1996] 

(a) Electricity only (b) Magnetism only 

(c) Mechanics only (d) Both (a) and (b) 

36. The oscillating electric and magnetic vectors of an electromagnetic 

wave are oriented along [CBSE PMT 1994] 

(a) The same direction but differ in phase by 90° 

(b) The same direction and are in phase 

(c) Mutually perpendicular directions and are in phase 

(d) Mutually perpendicular directions and differ in phase by 90° 

37. In which one of the following regions of the electromagnetic 
spectrum will the vibrational motion of molecules give rise to 

absorption    [SCRA 1994] 

(a) Ultraviolet (b) Microwaves 

(c) Infrared (d) Radio waves 

38. An electromagnetic wave travels along z-axis. Which of the following 

pairs of space and time varying fields would generate such a wave   [CBSE PMT 1994] 

(a) yx BE ,  (b) xy BE ,  

(c) xz BE ,  (d) zy BE ,  

39. Which of the following rays has the maximum frequency 

[CBSE PMT 1994] 

(a) Gamma rays (b) Blue light 

(c) Infrared rays (d) Ultraviolet rays 

40. A signal emitted by an antenna from a certain point can be received 

at another point of the surface in the form of 

[CPMT 1993] 

(a) Sky wave (b) Ground wave 

(c) Sea wave (d) Both (a) and (b) 

41. Approximate height of ozone layer above the ground is 

[CBSE PMT 1991] 

(a) 60 to 70 km (b) 59 km to 80 km 

(c) 70 km to 100 km (d) 100 km to 200 km 

42. The electromagnetic waves do not transport [Pb. PET 1991] 

(a) Energy (b) Charge 

(c) Momentum (d) Information 

43. A plane electromagnetic wave is incident on a material surface. If the 

wave delivers momentum p and energy E, then  

(a) p = 0, E = 0 (b) p  0, E  0 

(c) p  0, E = 0 (d) p = 0, E  0 

44. An electromagnetic wave, going through vacuum is described by 

)sin(0 tkxEE  . Which of the following is independent of 

wavelength 

(a) k (b)  

(c) k/ (d) k  

45. An electromagnetic wave going through vacuum is described by 

)sin(0 tkxEE  ; )sin(0 tkxBB  . Which of the 

following equation is true 

(a) 00 BkE   (b) kBE 00   

(c) kBE 00  (d) None of these 

46. An LC resonant circuit contains a 400 pF capacitor and a 100 H 

inductor. It is set into oscillation coupled to an antenna. The 

wavelength of the radiated electromagnetic waves is 

(a) 377 mm (b) 377 metre 

(c) 377 cm (d) 3.77 cm 

47. A radio receiver antenna that is 2 m long is oriented along the 
direction of the electromagnetic wave and receives a signal of 

intensity 216 /105 mW . The maximum instantaneous potential 
difference across the two ends of the antenna is 

(a) 1.23 V (b) 1.23 mV 

(c) 1.23 V (d) 12.3 mV 

48. Television signals broadcast from the moon can be received on the 

earth while the TV broadcast from Delhi cannot be received at 

places about 100 km distant from Delhi. This is because 

(a) There is no atmosphere around the moon 

(b) Of strong gravity effect on TV signals 

(c) TV signals travel straight and cannot follow the curvature of 

the earth 
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(d) There is atmosphere around the earth 

49. A TV tower has a height of 100 m. The average population density 

around the tower is 1000 per km2. The radius of the earth is 

6104.6  m. the population covered by the tower is 

(a) 6102  (b) 6103  

(c) 6104   (d) 6106  

50. The wavelength 21 cm emitted by atomic hydrogen in interstellar 

space belongs to 

(a) Radio waves (b) Infrared waves 

(c) Microwaves (d) -rays 

51. Which scientist experimentally proved the existence of 
electromagnetic waves     [AFMC 2004] 

(a) Sir J.C. Bose (b) Maxwell 

(c) Marconi (d) Hertz 

52. An electromagnetic wave of frequency MHz0.3  passes from 

vacuum into a dielectric medium with permitivity 0.4 . Then    [AIEEE 2004] 

(a) Wavelength is doubled and the frequency remains unchanged 

(b) Wavelength is doubled and frequency becomes half 

(c) Wavelength is halved and frequency remains unchanged 

(d) Wavelength and frequency both remain unchanged 

53. Frequency of a wave is .106 15 Hz  The wave is 

    [Orissa PMT 2004] 

(a) Radiowave (b) Microwave 

(c) X-ray (d) None of these 

54. The region of the atmosphere above troposphere is known as      [BCECE 2004] 

(a) Lithosphere (b) Uppersphere 

(c) Ionosphere (d) Stratosphere 

55. Which of the following electromagnetic waves have minimum 
frequency     [Pb PET 2000] 

(a) Microwaves (b) Audible waves 

(c) Ultrasonic waves (d) Radiowaves 

56. Which one of the following have minimum wavelength   

    [Pb PET 2001] 

(a) Ultraviolet rays (b) Cosmic rays 

(c) X-rays  (d)  rays 

57. Radiations of intensity 2/5.0 mW  are striking a metal plate. The 

pressure on the plate is   [DCE 2004] 

(a) 28 /10166.0 mN  (b) 28 /10332.0 mN  

(c) 28 /10111.0 mN  (d) 28 /10083.0 mN  

58. Electromagnetic waves travel in a medium which has relative 
permeability 1.3 and relative permittivity 2.14. Then the speed of the 
electromagnetic wave in the medium will be      [MH CET 2003] 

(a) sm /106.13 6  (b) sm /108.1 2  

(c) sm /106.3 8  (d) sm /108.1 8  

59. The intensity of gamma radiation from a given source is I. On 

passing through  36 mm of lead, it is reduced to 
8

I
. The thickness 

of lead which will reduce the intensity to 
2

I
 will be 

[AIEEE 2005] 

(a) 18 mm (b) 12 mm 

(c) 6 mm (d) 9 mm  

60. If rv  ,  and m  represent the wavelength of visible light x-rays 

and microwaves respectively, then   [CBSE PMT 2005] 

(a) vxm    (b) ymv    

(c) vvm    (d) mxv    

61. For skywave propagation of a 10 MHz signal, what should be the 
minimum electron density in ionosphere  

[AFMC 2005] 

(a) 312102.1~  m  (b) 3610~ m  

(c) 31410~ m  (d) 32210~ m  

62. The pressure exerted by an electromagnetic wave of intensity I 
(watts/m2) on a nonreflecting surface is [c is the velocity of light]    [AFMC 2005] 

(a) Ic  (b) 2Ic  

(c) cI /  (d) 2/ cI  

63. Infrared radiation was discovered in 1800 by 

    [KCET 2005] 

(a) William Wollaston (b) William Herschel 

(c) Wilhelm Roentgen (d) Thomas Young 

64. Which of the following is electromagnetic wave  

[BCECE 2005] 

(a) X-rays and light waves 

(b) Cosmic rays and sound waves 

(c) Beta rays and sound waves  

(d) Alpha rays and sound waves 

65. Which one of the following is not electromagnetic in nature 

    [Kerala PMT 2005] 

(a) X-rays  (b) Gamma rays 

(c) Cathode rays  (d) Infrared rays 

66. Light wave is travelling along y-direction. If the corresponding E


 

vector at any time is along the x-axis, the direction of B


 vector at 

that time is along [UPSEAT 2005]  

 

(a) y-axis 

(b) x-axis 

(c) + z-axis 

(d) – z axis 

67. If c is the speed of electromagnetic waves in vacuum, its speed in a 

medium of dielectric constant K and relative permeability r  is   [Kerala PET 2005] 

(a) 
K

v

r

1
  (b) Kcv r  

(c) 
K

c
v

r
  (d) 

C

K
v

r
  

 

 

 

 

 

x 

y 
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1. A ray of light of intensity I is incident on a parallel glass-slab at a 

point A as shown in fig. It undergoes partial reflection and 

refraction. At each reflection 25% of incident energy is reflected. The 

rays AB and A'B' undergo interference. The ratio minmax / II  is    [IIT 1990] 

 

 

 

 

 

 

(a) 4 : 1 (b) 8 : 1 

(c) 7 : 1 (d) 49 : 1 

2. A thin slice is cut out of a glass cylinder along a plane parallel to its 

axis. The slice is placed on a flat glass plate as shown. The observed 

interference fringes from this combination shall be     [IIT-JEE (Screening)1999] 

  (a) Straight 

 (b) Circular 

 (c) Equally spaced 

 (d) Having fringe spacing which increases as we go outwards 

3. In the adjacent diagram, CP represents a wavefront and AO & BP, 

the corresponding two rays. Find the condition on  for constructive 

interference at P between the ray BP and reflected ray OP   [IIT-JEE (Screening) 2003] 

 

(a) cos = 3/2d  

(b) cos = /4d  

(c) sec – cos = /d 

(d) sec – cos = 4/d  

4. In Young's double slit experiment, if monochromatic light is replaced 
by white light   

[AIIMS 2001; Kerala PET 2000; KCET 2004] 

 (a) All bright fringes become white 

 (b) All bright fringes have colours between violet and red 

 (c) Only the central fringe is white, all other fringes are coloured 

 (d) No fringes are observed 

5. In Young's double slit experiment, if the two slits are illuminated 
with separate sources, no interference pattern is observed because 

 (a) There will be no constant phase difference between the two 

waves 

 (b) The wavelengths are not equal 

 (c) The amplitudes are not equal 

 (d) None of the above 

6. In Young's double slit experiment, white light is used. The separation 
between the slits is b. The screen is at a distance d (d>> b) from the 
slits. Some wavelengths are missing exactly in front of one slit. These 
wavelengths are 

[IIT 1984; AIIMS 1995] 

 (a) 
d

b 2

  (b) 
d

b 22
  

 (c) 
d

b

3

2

  (d) 
d

b

3

2 2

  

7. In a Young's double  slit experiment the source S and the two slits A 
and B are vertical with slit A above slit B. The fringes are observed 
on a vertical screen K. The optical path length from S to B is 
increased very slightly (by introducing a transparent material of 
higher refractive index) and the optical path length from S to A is 

not changed, as a result the fringe system on K moves   [NCERT 1984] 

 (a) Vertically downwards slightly 

 (b) Vertically upwards slightly 

 (c) Horizontally, slightly to the left 

 (d) Horizontally, slightly to the right 

8. In an interference arrangement similar to Young's double slit 

experiment, the slits S
1

 and S
2

 are illuminated with coherent 

microwave sources each of frequency 106 Hz. The sources are 

synchronized to have zero phase difference. The slits are separated 

by distance d = 150 m. The intensity I )( is measured as a function 

of , where  is defined as shown. If I
0

 is maximum intensity, then 

)(I  for o900  is given by    [IIT 1995] 

 (a)  0)( II  for o0   

(b) 2/)( 0II  for o30  

(c) 4/)( 0II  for o90  

(d) )(I  is constant for all values of   

9. In the Young's double slit experiment, if the phase difference 

between the two waves interfering at a point is , the intensity at 
that point can be expressed by the expression 

[MP PET 1998; MP PMT 2003] 

 (a) 222 cosBAI   (b) cos
B

A
I   

 (c) 
2

cos


BAI   (d) cosBAI   

Where A and B depend upon the amplitudes of the two waves. 

10. Figure here shows P and Q as two equally intense coherent sources 
emitting radiations of wavelength 20 m. The separation PQ is 5.0 m 
and phase of P is ahead of the phase of Q by 90o. A, B and C are 
three distant points of observation equidistant from the mid-point of 
PQ. The intensity of radiations at A, B, C will bear the ratio 

[NSEP 1994] 

(a) 0 : 1 : 4  

(b) 4 : 1 : 0 

(c) 0 : 1 : 2 

(d) 2 : 1 : 0 

11. In Young's double slit experiment, the intensity on the screen at a 

point where path difference is  is K. What will be the intensity at 

the point where path difference is 4/  

[RPET 1996] 

 (a) 
4

K
 (b) 

2

K
 

(c) K (d) Zero 

I 

A 

B B  

A  

C 

d/2 

d/2 
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S2 

C 

P Q 

A 

B 

C 
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12. When one of the slits of Young’s experiment is covered with a 
transparent sheet of thickness 4.8 mm, the central fringe shifts to a 
position originally occupied by the 30 th bright fringe. What should be 
the thickness  of the sheet if the central fringe has to shift to the 
position occupied by 20th bright fringe    [KCET 2002] 

(a) 3.8 mm  (b) 1.6 mm  

(c) 7.6 mm  (d) 3.2 mm  

13. In the ideal double-slit experiment, when a glass-plate (refractive 

index 1.5) of thickness t is introduced in the path of one of the 

interfering beams (wavelength ), the intensity at the position where 

the central maximum occurred previously remains unchanged. The 

minimum thickness of the glass-plate is   [IIT-JEE (Screening) 2002] 

(a) 2 (b) 
3

2
 

(c) 
3


 (d)   

14. The time period of rotation of the sun is 25 days and its radius is 

m8107  . The Doppler shift for the light of wavelength 6000 Å 

emitted from the surface of the sun will be    [MP PMT 1994] 

(a) 0.04 Å (b) 0.40 Å 

(c) 4.00 Å (d) 40.0 Å 

15. In hydrogen spectrum the wavelength of H  line is 656 nm 

whereas in the spectrum of a distant galaxy, H  line wavelength is 

706 nm. Estimated speed of the galaxy with respect to earth is[IIT-JEE 1999; UPSEAT 2003] 

(a) sm /102 8  (b) sm /102 7  

(c) sm /102 6  (d) sm /102 5  

16. A rocket is going towards moon with a speed v. The astronaut in the 

rocket sends signals of frequency   towards the moon and receives 

them back on reflection from the moon. What will be the frequency 

of the signal received by the astronaut (Take v<<c)    [RPMT 1996; DPMT 2000] 

(a) 
vc

c


 (b) 

vc

c

2
 

(c) 
c

v2
 (d) 

v

c2
 

17. The periodic time of rotation of a certain star is 22 days and its 

radius is 7  108 metres. If the wavelength of light emitted by its 

surface be 4320 Å, the Doppler shift will be (1 day = 86400 sec)   [MP PET 2001] 

(a) 0.033 Å (b) 0.33 Å 

 (c) 3.3 Å (d) 33 Å 

18. In a two slit experiment with monochromatic light fringes are 

obtained on a screen placed at some distance from the sits. If the 

screen is moved by m2105   towards the slits, the change in 

fringe width is m5103  . If separation between the slits is 

m310 , the wavelength of light used is 

[Roorkee 1992] 

 (a) 6000 Å (b) 5000 Å 

 (c) 3000 Å (d) 4500 Å  

19. In the figure is shown Young’s double slit experiment. Q is the 

position of the first bright fringe on the right side of O. P is the 11th 

fringe on the other side, as measured from Q. If the wavelength of 

the light used is m10106000  , then BS1  will be equal to    [CPMT 1986, 92] 

 (a) m6106   

 (b) m6106.6   

 (c) m710138.3   

 (d) m710144.3   

20. In Young’s double slit experiment, the two slits act as coherent 

sources of equal amplitude A and wavelength . In another 

experiment with the same set up the two slits are of equal 

amplitude A and wavelength  but are incoherent. The ratio of the 

intensity of light at the mid-point of the screen in the first case to 

that in the second case is 

[IIT-JEE 1986; RPMT 2002] 

 (a) 1 : 2 (b) 2 : 1 

 (c) 4 : 1 (d) 1 : 1 

21. Four light waves are represented by  

(i) y = a
1

 sin t  (ii) )sin(2   tay  

(iii) tay 2sin1      (iv) )(2sin2   tay  

Interference fringes may be observed due to superposition of  

(a) (i) and (ii)   (b) (i) and (iii) 

(c) (ii) and (iv)  (d) (iii) and (iv)  

22. In Young's double slit experiment the y-coordinates of central 

maxima and 10th maxima are 2 cm and 5 cm respectively. When the 

YDSE apparatus is immersed in a liquid of refractive index 1.5 the 

corresponding y-coordinates will be  

(a) 2 cm, 7.5 cm  

(b) 3 cm, 6 cm  

(c) 2 cm, 4 cm  

(d) 4/3 cm, 10/3 cm  

23. The maximum intensity in Young's double slit experiment is I
0

. Distance 

between the slits is d = 5 , where  is the wavelength of 

monochromatic light used in the experiment. What will be the intensity 

of light in front of one of the slits on a screen at a distance dD 10  

(a) 
2

0I  (b) 0
4

3
I  

(c) I
0

  (d) 
4

0I  

24. A monochromatic beam of light falls on YDSE apparatus at some 

angle (say ) as shown in figure. A thin sheet of glass is inserted in 

front of the lower slit S
2

. The central bright fringe (path difference = 

0) will be obtained  

 

(a) At O  

(b) Above O  

(c) Below O  

S1 

S2 

O 

Q 

P 
Slit 

B 

S2 

S1 

O  
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(d) Anywhere depending on angle , thickness of plate t and 

refractive index of glass  

25. In Young's double slit experiment how many maximas can be 
obtained on a screen (including the central maximum) on both sides 

of the central fringe if Å2000  and Åd 7000  

(a) 12 (b) 7 

(c) 18 (d) 4 

26. In a Young's double slit experiment, the slits are 2 mm apart and are 

illuminated with a mixture of two wavelength nm7500   and 

nm900 . The minimum distance from the common central 

bright fringe on a screen 2m  from the slits where a bright fringe 

from one interference pattern coincides with a bright fringe from 

the other is 

(a) 1.5 mm (b) 3 mm 

(c) 4.5 mm (d) 6 mm 

27. A flake of glass (refractive index 1.5) is placed over one of the 

openings of a double slit apparatus. The interference pattern 

displaces itself through seven successive maxima towards the side 

where the flake is placed. if wavelength of the diffracted light is 

nm600 , then the thickness of the flake is 

(a) 2100 nm (b) 4200 nm 

(c) 8400 nm (d) None of these 

28. Two ideal slits S
1

 and S
2

 are at a distance d apart, and illuminated by 

light of wavelength  passing through an ideal source slit S placed 

on the line through S
2

 as shown. The distance between the planes of 

slits and the source slit is D. A screen is held at a distance D from 

the plane of the slits. The minimum value of d for which there is 

darkness at O is  

(a) 
2

3 D
 

(b) D  

(c) 
2

D
 

(d) D3  

29. In a double slit arrangement fringes are produced using light of 

wavelength 4800 Å. One slit is covered by a thin plate of glass of 

refractive index 1.4 and the other with another glass plate of same 

thickness but of refractive index 1.7. By doing so the central bright 

shifts to original fifth bright fringe from centre. Thickness of glass 

plate is 

 (a) 8 m (b) 6 m 

 (c) 4 m (d) 10 m 

30. Two point sources X and Y emit waves of same frequency and speed 

but Y lags in phase behind X by 2l radian. If there is a maximum in 

direction D the distance XO using n as an integer is given by 

 (a) )(
2

ln 


 

 (b) )( ln   

 (c) )(
2

ln 


 

 (d) )( ln   

31. A beam with wavelength  falls on a stack of partially reflecting 

planes with separation d. The angle  that the beam should make 

with the planes so that the beams reflected from successive planes 

may interfere constructively is (where n =1, 2, ……) 

 (a) 








d

n1sin  

 (b) 








d

n1tan  

 (c) 








d

n

2
sin 1 

 

 (d) 








d

n

2
cos 1 

 

32. Two coherent sources separated by distance d are radiating in phase 

having wavelength . A detector moves in a big circle around the  
two sources in the plane of the two sources. The angular position of 
n = 4 interference maxima is given as  

 (a) 
d

n1sin  

 (b) 
d

4
cos 1  

 (c) 
4

tan 1 d  

 (d) 
d4

cos 1   

33. Two coherent sources S
1

 and S
2

 are separated by a distance four 

times the wavelength  of the source. The sources lie along y axis 
whereas a detector moves along + x axis. Leaving the origin and far 
off points the number of points where maxima are observed is  

 (a) 2 (b) 3 

 (c) 4 (d) 5 

34. A circular disc is placed in front of a narrow source. When the point 

of observation is at a distance of 1 meter from the disc, then the disc 

covers first HPZ. The intensity at this point is I
0

. The intensity at a 

point distance 25 cm from the disc will be  

 (a) 01 531.0 II   (b) 01 053.0 II   

 (c) 01 53II   (d) 01 03.5 II   

35. A wavefront presents one, two and three HPZ at points A, B and C 

respectively. If the ratio of consecutive amplitudes of HPZ is 4 : 3, 

then the ratio of resultant intensities at these point will be  

 (a) 169 : 16  : 256 (b) 256 : 16 : 169 

 (c) 256 : 16 : 196 (d) 256 : 196 : 16 

36. A circular disc is placed in front of a narrow source. When the point 

of observation is 2 m from the disc, then it covers first HPZ. The 

intensity at this point is I. When the point of observation is 25 cm 

from the disc then intensity will be  

 (a) I
R

R
2

2

6














 (b) I

R

R
2

2

7














 

 (c) I
R

R
2

2

8














 (d) I

R

R
2

2

9














 

S2 

S1 

S O 

D D 

O 

X 

Y 

D 

  

d 

d 

S1 S2 
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37. In a single slit diffraction of light of wavelength  by a slit of width 

e, the size of the central maximum on a screen at a distance b is  

 (a) eb 2  (b) 
e

b2
 

 (c) e
e

b


2
 (d) e

e

b


2
 

38. Angular width of central maxima in the Fraunhoffer diffraction 

pattern of a slit is measured. The slit is illuminated by light of 

wavelength 6000 Å. When the slit is illuminated by light of another 

wavelength, the angular width decreases by 30%. The wavelength of 

this light will be  

 (a) 6000 Å (b) 4200 Å 

 (c) 3000 Å (d) 1800 Å  

39. In a single slit diffraction experiment first minimum for red light 

(660 nm) coincides with first maximum of some other wavelength 

'. The value of ' is  

 (a) 4400 Å (b) 6600 Å 

 (c) 2000 Å (d) 3500 Å  

40. The ratio of intensities of consecutive maxima in the diffraction 

pattern due to a single slit is  

 (a) 1 : 4 : 9 (b) 1 : 2 : 3 

 (c) 
22 25

4
:

9

4
:1


 (d) 

22

9
:

1
:1


 

41. Light is incident normally on a diffraction grating through which the 
first order diffraction is seen at 32o. The second order diffraction will 
be seen at  

 (a) 48o  

 (b) 64o  

 (c) 80o  

 (d) There is no second order diffraction in this case 

42. White light may be considered to be a mixture of waves with  
ranging between 3900 Å and 7800 Å. An oil film of thickness 10,000 

Å is examined normally by reflected light. If  = 1.4, then the film 
appears bright for  

 (a) 4308 Å, 5091 Å, 6222 Å 

 (b) 4000 Å, 5091 Å, 5600 Å 

 (c) 4667 Å, 6222 Å, 7000 Å 

 (d) 4000 Å, 4667 Å, 5600 Å, 7000Å 

43. Among the two interfering monochromatic sources A and B; A is 
ahead of B in phase by 66°. If the observation be taken from point 

P, such that PB – PA = /4. Then the phase difference between the 
waves from A and B reaching P is  

 (a) 156° (b) 140° 

 (c) 136° (d) 126°  

44. The ratio of the intensity at the centre of a bright fringe to the 
intensity at a point one-quarter of the distance between two fringe 
from the centre is  

 (a) 2 (b) 1/2 

 (c) 4 (d) 16 

45. A parallel plate capacitor of plate separation 2 mm is connected in 
an electric circuit having source voltage 400 V. if the plate area is 

60 cm2, then the value of displacement current for sec10 6  will be 

(a) 1.062 amp (b) 210062.1  amp 

(c) 310062.1  amp (d) 410062.1  amp 

46. A long straight wire of resistance R, radius a and length l carries a 
constant current I. The Poynting vector for the wire will be 

(a) 
al

IR

2
 (b) 

al

IR2

 

(c) 
al

RI2

 (d) 
al

RI

2

2

 

47. In an electromagnetic wave, the amplitude of electric field is 1 V/m. 

the frequency of wave is Hz14105 . The wave is propagating 

along z-axis. The average energy density of electric field, in Joule/m3, 
will be 

(a) 11101.1   (b) 12102.2   

(c) 13103.3   (d) 14104.4   

48. A laser beam can be focussed on an area equal to the square of its 
wavelength A He-Ne laser radiates energy at the rate of 1mW and its 
wavelength is 632.8 nm. The intensity of focussed beam will be 

(a) 213 /105.1 mW  (b) 29 /105.2 mW  

(c) 217 /105.3 mW  (d) None of these 

49. A lamp emits monochromatic green light uniformly in all directions. 
The lamp is 3% efficient in converting electrical power to 
electromagnetic waves and consumes 100W of power. The amplitude 

of the electric field associated with the electromagnetic radiation at a 
distance of 10m from the lamp will be  

(a) 1.34 V/m (b) 2.68 V/m 

(c) 5.36 V/m (d) 9.37 V/m 

50. A point source of electromagnetic radiation has an average power 
output of 800 W. The maximum value of electric field at a distance 
4.0 m from the source is 

(a) 64.7 V/m (b) 57.8 V/m 

(c) 56.72 V/m (d) 54.77 V/m 

51. A wave is propagating in a medium of electric dielectric constant 2 

and relative magnetic permeability 50. The wave impedance of such 
a medium is 

(a) 5  (b) 376.6  

(c) 1883  (d) 3776  

52. A plane electromagnetic wave of wave intensity 6 W/m2 strikes a 
small mirror area 40 cm2, held perpendicular to the approaching 
wave. The momentum transferred by the wave to the mirror each 
second will be   

(a) 27 /104.6 smkg    (b) 28 /108.4 smkg    

(c) 29 /102.3 smkg    (d) 210 /106.1 smkg    

53. Specific rotation of sugar solution is 0.01 SI units. 200 3kgm of 

impure sugar solution is taken in a polarimeter tube of length 0.25m 
and an optical rotation of 0.4rad is observed. The percentage of 
purity of sugar is the sample is  

[KCET 2004] 

(a) 80% (b) 89% 

(c) 11% (d) 20% 

54. A 20 cm length of a certain solution causes right-handed rotation of 

38°. A 30cm length of another solution causes left-handed rotation 
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of 24°. The optical rotation caused by 30cm length of a mixture of 

the above solutions in the volume ratio 1 : 2 is   [KCET 2001] 

(a) Left handed rotation of 14° 

(b) Right handed rotation of 14° 

(c) Left handed rotation of 3° 

(d) Right handed rotation of 3° 

55. A beam of natural light falls on a system of 6 polaroids, which are 

arranged in succession such that each polaroid is turned through 

30° with respect to the preceding one. The  percentage of incident 

intensity that passes through the system will be 

(a) 100% (b) 50% 

(c) 30% (d) 12% 

56. A beam of plane polarized light falls normally on a polarizer of cross 

sectional area 24103 m . Flux of energy of incident ray in 10–3 W. 
The polarizer rotates with an angular frequency of 31.4 rad/sec. The 
energy of light passing through the polarizer per revolution will be  

(a) 10–4 Joule (b) 10–3 Joule 

(c) 10–2 Joule (d) 10–1 Joule 

57. In a YDSE bi-chromatic light of wavelengths 400 nm and 560 nm 
are used. The distance between the slits is 0.1 mm and the distance 
between the plane of the slits and the screen is 1m. The minimum 
distance between two successive regions of complete darkness is  

[IIT JEE (Screening) 2004] 

 (a) 4 mm  (b) 5.6 mm 

 (c) 14 mm (d) 28 mm  

58. The maximum number of possible interference maxima for slit-

separation equal to twice the wavelength in Young’s double-slit 
experiment is   [AIEEE 2004] 

 (a) Infinite (b) Five 

 (c) Three (d) Zero 

59. The k line of singly ionised calcium has a wavelength of 393.3 nm as 

measured on earth. In the spectrum of one of the observed galaxies, 
this spectral line is located at 401.8 nm. The speed with which the 
galaxy is moving away from us, will be   [Pb. PET 2003] 

 (a) 6480 km/s (b) 3240 km/s 

 (c) 4240 km/sec (d)  None of these 

60. A Young's double slit experiment uses a monochromatic source. The 
shape of the interference fringes formed on a screen is    [AIEEE 2005] 

 (a) Straight line (b) Parabola 

 (c) Hyperbola (d) Circle 

61. If 0I  is the intensity of the principal maximum in the single slit 

diffraction pattern, then what will be its intensity when the slit 
width is doubled    [AIEEE 2005] 

 (a) 0I  (b) 
2

0  

 (c) 02I  (d) 04 I  

62. In Young's double slit experiment intensity at a point is (1/4) of the 
maximum intensity. Angular position of this point is   

[IIT-JEE (Screening) 2005] 

 (a)  sin-1(/d) (b) sin-1(/2d) 

 (c) sin-1(/3d) (d) sin-1(/4d) 

63. A beam of electron is used in an YDSE experiment. The slit width is 
d. When the velocity of electron is increased, then  

[IIT-JEE (Screening) 2005] 

 (a)  No interference is observed  

 (b) Fringe width increases  

 (c)  Fringe width decreases  

 (d) Fringe width remains same 
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Read the assertion and reason carefully to mark the correct 

option out of the options given below: 

(a) If both assertion and reason are true and the reason is 

the correct explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the 

correct explanation of the assertion. 

(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false.  

(e) If assertion is false but reason is true. 

1. Assertion  :  When a light wave travels from a rarer to a 

denser medium, it loses speed. The 

reduction in speed imply a reduction in 

energy carried by the light wave. 

 Reason  : The energy of a wave is proportional to 

velocity of wave. 

2. Assertion  :  A narrow pulse of light is sent through a 

medium. The pulse will  retain its shape as 

it travels through the medium. 

 Reason  : A narrow pulse is made of harmonic waves 

with a large range of wavelengths. 

3. Assertion  :  No interference pattern is detected when 

two coherent sources are infinitely close to 

each other. 

 Reason  : The fringe width is inversely proportional to 

the distance between the two slits. 

4. Assertion  :  Newton’s rings are formed in the reflected 

system. When the space between the lens 

and the glass plate is filled with a liquid of 

refractive index greater than that of glass, 

the central spot of the pattern is dark. 

 Reason  : The reflection is Newton’s ring cases will be 

from a denser to a rarer medium and the 

two interfering rays are reflected under 

similar conditions.  [AIIMS 1998] 

5. Assertion  :  The film which appears bright in reflected 

system will appear dark in the transmitted 

light and vice-versa.  

 Reason  : The conditions for film to appear bright or 

dark in reflected light are just reverse to 

those in the transmitted light. 

6. Assertion  :  For best contrast between maxima and 

minima in the interference pattern of 

Young’s double slit experiment, the 

intensity of light emerging out of the two 

slits should be equal. 

 Reason  : The intensity of interference pattern is 

proportional to square of amplitude. 

7. Assertion  :  In Young’s double slit experiment, the 

fringes become indistinct if one of the slits 

is covered with cellophane paper. 

 Reason  : The cellophane paper decrease the 

wavelength of light. 

8. Assertion  :  The unpolarised light and polarised light 

can be distinguished from each other by 

using polaroid. 

 Reason  : A polaroid is capable of producing plane 

polarised beams of light. 

9. Assertion  :  Nicol prism is used to produce and analyse 

plane polarised light. 

 Reason  : Nicol prism reduces the intensity of light to 

zero. 

10. Assertion  :  In everyday life the Doppler’s effect is 

observed readily for sound waves than light 

waves. 
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 Reason  : Velocity of light is greater than that of 

sound. 

     [AIIMS 1995] 

11. Assertion  :  In Young’s experiment, the fringe width for 

dark fringes is different from that for white 

fringes. 

 Reason  : In Young’s double slit experiment the 

fringes are performed with a source of white 

light, then only black and bright fringes are 

observed. [AIIMS 2001] 

12. Assertion  :  Coloured spectrum is seen when we look 

through a muslin cloth. 

 Reason  : It is due to the diffraction of white light on 

passing through fine slits.  [AIIMS 2002] 

13. Assertion  :  When a tiny circular obstacle is placed in 

the path of light from some distance, a 

bright spot is seen at the centre of shadow 

of the obstacle. 

 Reason  : Destructive interference occurs at the 

centre of the shadow.  [AIIMS 2002] 

14. Assertion  :  Thin films such as soap bubble or a thin 

layer of  oil on water show beautiful colours 

when illuminated by white light. 

 Reason  : It happens due to the interference of light 

reflected from the upper surface of the thin 

film.  [AIIMS 2002]  

15. Assertion  :  Microwave communication is preferred over 

optical communication. 

 Reason  : Microwaves provide large number of 

channels and band width compared to 

optical signals.  [AIIMS 2003] 

16. Assertion  :  Corpuscular theory fails in explaining the 

velocities of light in air and water. 

 Reason  : According to corpuscular theory, light 

should travel faster in denser medium than, 

in rarer medium.  [AIIMS 1998] 

17. Assertion  : Interference pattern is made by using blue 

light instead of red light, the fringes 

becomes narrower. 

 Reason  :  In Young’s double slit experiment, fringe 

width is given by relation 
d

D
B


 . 

[AIIMS 1999] 

18. Assertion  : The cloud in sky generally appear to be 

whitish. 

 Reason  :  Diffraction due to clouds is efficient in equal 

measure at all wavelengths. [AIIMS 2005] 

19. Assertion  :  Television signals are received through 

sky-wave propagation. 

 Reason  : The ionosphere reflects electromagnetic 

waves of frequencies greater than a certain 

critical frequency.  [AIIMS 2005]  

20. Assertion  : It is necessary to use satellites for long 

distance T.V. transmission.   

Reason  : The television signals are low frequency 

signals.  

21. Assertion  : The electrical conductivity of earth’s 

atmosphere decrease with altitude.  

Reason  : The high energy particles (i.e. -rays and 

cosmic rays) coming from outer space and 

entering our earth’s atmosphere causes 

ionisation of the atoms of the gases present 

there and the pressure of gases decreases 

with increase in altitude.   

22. Assertion  : Only microwaves are used in radar.  
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Reason  : Because microwaves have very small 

wavelength.   

23. Assertion  : In Hertz experiment, the electric vector of 

radiation produced by the source gap is 

parallel to the gap.  

Reason  : Production of sparks between the detector 

gap is maximum when it is placed 

perpendicular to the source gap.   

24. Assertion  : For cooking in a microwave oven, food is 

always kept in metal containers.  

Reason  : The energy of microwave is easily 

transferred to the food in metal container.  

25. Assertion  : X-ray astronomy is possible only from 

satellites orbiting the earth.  

Reason  : Efficiency of X-rays telescope is large as 

compared to any other telescope.  

26. Assertion  : Short wave bands are used for 

transmission of ratio waves to a large 

distance  

Reason  : Short waves are reflected by ionosphere   

[AIIMS 1994] 

27. Assertion  : Ultraviolet radiation are of higher frequency 

waves are dangerous to human being.  

Reason  : Ultraviolet radiation are absorbed by the 

atmosphere  [AIIMS 1995] 

28. Assertion  : Environmental damage has increased the 

amount of ozone in the atmosphere.  

Reason  : Increase of ozone increases the amount of 

ultraviolet radiation on earth.  [AIIMS 1996] 

29. Assertion  : Radio waves can be polarised. 

Reason  : Sound waves in air are longitudinal in 

nature.  

[AIIMS 1998] 

30. Assertion  : The earth without atmosphere would be 

inhospitably cold.   

Reason  : All heat would escape in the absence of 

atmosphere.    [AIIMS 2002] 

 

 

 

 

 

 
 

Wave Nature and Interference of Light 
 

 

1 a 2 c 3 b 4 c 5 d 

6 c 7 d 8 c 9 c 10 b 

11 a 12 d 13 c 14 a 15 d 

16 a 17 c 18 b 19 c 20 b 

21 c 22 c 23 a 24 c 25 a 

26 a 27 b 28 b 29 c 30 a 

31 b 32 d 33 d 34 a 35 a 

36 c 37 b 38 c 39 b 40 c 

41 d 42 b 43 b 44 c 45 d 

46 c 47 d 48 b 49 c 50 a 

51 d 52 c 53 d 54 c 55 b 

56 a 57 c 58 d 59 d 60 b 

61 b 62 a 63 c 64 d 65 d 

66 c 67 a 68 a 69 a 70 c 

71 b 72 d       

 

 

Young's Double Slit Experiment 
 

1 a 2 c 3 c 4 c 5 a 

6 c 7 a 8 c 9 a 10 d 

11 d 12 c 13 bd 14 b 15 c 

16 c 17 a 18 a 19 a 20 b 

21 a 22 c 23 d 24 c 25 d 

26 a 27 b 28 c 29 d 30 d 

31 d 32 a 33 b 34 b 35 a 

36 b 37 b 38 d 39 b 40 a 

41 b 42 d 43 d 44 a 45 b 

46 d 47 d 48 b 49 b 50 a 

51 bc 52 b 53 d 54 a 55 a 
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56 b 57 c 58 c 59 c 60 b 

61 b 62 c 63 b 64 d 65 b 

66 a 67 c 68 b 69 a 70 b 

71 d 72 b 73 b 74 b 75 c 

76 d 77 a 78 c 79 b 80 a 

81 b 82 b 83 d 84 a 85 a 

86 b 87 b 88 d 89 b 90 a 

91 a 92 c 93 a 94 a 95 b 

96 b 97 d       

 

Doppler's Effect of Light 
 

1 d 2 a 3 b 4 b 5 b 

6 b 7 b 8 d 9 c 10 c 

11 a 12 c 13 b 14 a 15 a 

16 d 17 b 18 c 19 b 20 d 

21 b 22 b 23 c 24 c 25 b 

26 b 27 c 28 b 29 a 30 d 

31 c 32 a 33 a     

 

Diffraction of Light 

 

1 c 2 a 3 b 4 c 5 c 

6 a 7 a 8 a 9 c 10 b 

11 a 12 b 13 a 14 d 15 a 

16 b 17 a 18 a 19 a 20 d 

21 a 22 a 23 c 24 b 25 d 

26 a 27 d 28 d 29 b 30 d 

31 d 32 d 33 b 34 a 35 c 

36 c 37 a 38 c 39 a 40 b 

41 c         

 

 

Polarisation of Light 

 

1 b 2 a 3 c 4 d 5 d 

6 d 7 b 8 d 9 a 10 c 

11 a 12 d 13 a 14 a 15 c 

16 d 17 d 18 d 19 b 20 c 

21 c 22 d 23 a 24 c 25 b 

26 b 27 b 28 c 29 a 30 b 

31 a 32 a 33 c 34 a 35 d 

 

EM Waves 

 

1 a 2 d 3 b 4 d 5 b 

6 b 7 a 8 d 9 c 10 a 

11 a 12 c 13 a 14 b 15 b 

16 d 17 b 18 d 19 a 20 c 

21 a 22 d 23 c 24 b 25 a 

26 a 27 c 28 c 29 a 30 b 

31 c 32 a 33 d 34 a 35 d 

36 c 37 b 38 a 39 a 40 d 

41 a 42 b 43 b 44 c 45 a 

46 b 47 a 48 c 49 c 50 a 

51 c 52 c 53 d 54 d 55 b 

56 b 57 a 58 d 59 b 60 c 

61 a 62 c 63 b 64 a 65 c 

66 d 67 c       

 

Critical Thinking Questions 

 

1 d 2 a 3 b 4 c 5 a 

6 ac 7 a 8 ab 9 d 10 d 

11 b 12 d 13 a 14 a 15 b 

16 b 17 a 18 a 19 a 20 b 

21 ad 22 c 23 a 24 d 25 b 

26 c 27 c 28 c 29 a 30 b 

31 c 32 b 33 b 34 a 35 b 

36 d 37 c 38 b 39 a 40 c 

41 d 42 a 43 a 44 a 45 b 

46 d 47 b 48 b 49 a 50 d 

51 c 52 d 53 a 54 d 55 d 

56 a 57 d 58 b 59 a 60 c 

61 d 62 c 63 b     

 

Assertion and Reason 

 

1 d 2 e 3 b 4 a 5 a 

6 b 7 c 8 a 9 c 10 b 

11 d 12 a 13 c 14 c 15 a 

16 a 17 a 18 c 19 d 20 c 

21 e 22 a 23 c 24 d 25 c 

26 b 27 b 28 d 29 b 30 a 
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Wave Nature and Interference of Light 
 

1. (a) Corpuscular theory explains refraction of light. 

2. (c) According to Corpuscular theory different colour of light are 
due to different size of Corpuscules. 

3. (b)  

4. (c) According to Plank’s hypothesis, black bodies emits radiations 
in the form of photons. 

5. (d) The coherent source cannot be obtained from two different 

light sources. 

6. (c) Huygen's wave theory fails to explain the particle nature of 

light (i.e. photoelectric effect) 

7. (d) Interference is shown by transverse as well as mechanical 
waves. 

8. (c) IIIIII 9)4()( 22
21max   

IIIIII  22
21min )4()(  

9. (c)  

10. (b) The idea of secondary wavelets is given by Huygen. 

11. (c) Monochromatic wave means of single wavelength not the single 
colour.  

12. (d) Sound wave and light waves both shows interference. 

13. (c) 
1

4

1
1

9

1
1

9

1

1

2

2

1

2

1

min

max 





















































I

I

I

I

I

I
 

14. (a) A wave can transmit energy from one place to another. 

15. (d) 
5

1

25

1
;

25

1

2

1

2
2

2
1

2

1 
a

a

a

a

I

I
 

16. (a) For interference phase difference must be constant. 

17. (c) Interference is explained by wave nature of light. 

18. (b) Coherent time 
c

L


lightofVelocity

lengthCoherence
 

19. (c) 
5

3

2

1 
a

a
 

 
1

16

)53(

)53(

)(

)(
2

2

2
21

2
21

min

max 










aa

aa

I

I
 

20. (b) Colour’s of thin film are due to interference of light. 

21. (c) For constructive interference path difference is even multiple of 

2


.  

22. (c) Two coherent source must have a constant phase difference 
otherwise they can not produce interference. 

23. (a) Phenomenon of interference of light takes place. 

24. (c) Transverse waves can be polarised. 

25. (a) 
1

9

1
1

4

1
1

4

1

1

22

2

1

2

1

min

max 





















































I

I

I

I

I

I
 

26. (a) Reflection phenomenon is shown by both particle and wave 
nature of light.  

27. (b) When two sources are obtained from a single source, the 
wavefront is divided into two parts. These two wavefronts acts 
as if they emanated from two sources having a fixed phase 
relationship.  

28. (b) m
c 6

8

103
100

103






  

29. (c) 
9

49

1
4

25

1
4

25

1

1

22

2

1

2

1

min

max 





















































I

I

I

I

I

I
 

30. (a) Wavefront is the locus of all the particles which vibrates in the 

same phase. 

31. (b) Direction of wave is perpendicular to the wavefront. 

32. (d) Origin of spectra is not explained by Huygen's theory. 

33. (d) The refractive index of air is slightly more than 1. When 
chamber is evacuated, refractive index decreases and hence the 
wavelength increases and fringe width also increases. 

34. (a) 2aI    
1

2

1

4
2/1

2

1 









a

a
 

35. (a) The essential condition for sustained interference is constancy 
of phase difference. 

36. (c) 
1

49

1
3

4

1
3

4

1

1
22

2

1

2

1

min

max 

















































a

a

a

a

I

I
 

37. (b) Energy is conserved in the interference of light. 

38. (c) 2aI   

39. (b)  

 

 

 

 

 
 

40. (c) 2aI   

2

2

1

2

1
















a

a

I

I

16

9

4

3
2









  

41. (d) 
1

100

2

1 
I

I
 

Spherical 

wave front 

Point 

source 

S 
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Now 
2

3

81

121

1100

1100

1

1 2

2

2

1

2

1

min

max 













































I

I

I

I

I

I
 

42. (b) 3,4,3/ 21  aa  

So, 6cos.2 21
2
2

2
1  AaaaaA   

43. (b) ,sin1 tay  and 









2
sincos2


 tbtby  

So phase difference 2/   

44. (c) For 2 phase difference  Path difference is   

 For  phase difference  Path difference is 





2
 

45. (d) Resultant intensity cos2 2121 IIIIIR   

For maximum ,RI  o0   

  2212121 2 IIIIIIIR   

46. (c) Newton first law of motion states that every particle travels in 
a straight line with a constant velocity unless disturbed by an 
external force. So the corpuscles travels in straight lines.  

47. (d) Diffraction shows the wave nature of light and photoelectric 
effect shows particle nature of light. 

48. (b) At point A, resultant intensity 

 ;521 IIIIA  and at point B 

 IIIIIIIB 45cos2 2121    

 IIB 9  so .4 III AB   

49. (c)  

50. (a) Photoelectric effect varifies particle nature of light. Reflection 

and refraction varifies both particle nature and wave nature of 
light. 

51. (d) 









2
sincos,sin 21


 tataytay  

52. (c) 
1

25

1

1

2

2

1

2

1

min

max 

























a

a

a

a

I

I
 

53. (d) Laser beams are perfectly parallel. So that they are very narrow 

and can travel a long distance without spreading. This is the 
feature of laser while they are monochromatic and coherent 
these are characteristics only. 

54. (c) 
4

9

1

1

2

1

2

2

1

2

1

min

max 


























I

I

I

I

I

I

I

I
 

55. (b) 15

10

8

10
103000

103










c
cycles/sec 

56. (a) .
16

25

4

5

1
9

1

1
9

1

1

1 2

22

2

1

2

1

min

max 

























































a

a

a

a

I

I
 

57. (c)  

58. (d) For destructive interference path difference is odd multiple of 

.
2


 

59. (d) 6

1

1

21

21

2

2

1

2

1

min

max 




























aa

aa

a

a

a

a

I

I
 

5:7
1

2 
a

a
 

60. (b) 2121max 2 IIIII   

So, IIIIII 94.24max   

61. (b) In interference energy is redistribution. 

62. (a) For interference frequency must be same and phase difference 
must be constant. 

63. (c) When a beam of light is used to determine the position of an 
object, the maximum accuracy is achieved if the light is of 
shorter wavelength, because  

Wavelength

1
 Accuracy  

64. (d) Intensity 
2(Distance)

1
  

65. (d) Huygen’s theory explains propagation of wavefront. 

66. (c) Wave theory of light is given by Huygen. 

67. (a) When light reflect from denser surface phase change of   
occurs.  

68. (a) Photoelectric effect explain the quantum nature of light while 
interference, diffraction and polarization explain the wave 
nature of light.  

69. (a) Light is electromagnetic in nature it does not require any 
material medium for its propagation.  

70. (c) For viewing interference in oil films or soap bubble, thickness 
of film is of the order of wavelength of light. 

71. (b)  

72. (d) For maximum intensity  0  

 cos2 2121 IIIII  IIIII 40cos2   

 
 

Young's Double Slit Experiment 
 

1. (a)  

2. (c) In interference of light the energy is transferred from the 
region of destructive interference to the region of constructive 
interference. The average energy being always equal to the sum 
of the energies of the interfering waves. Thus the phenomenon 
of interference is in complete agreement with the law of 
conservation of energy. 
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3. (c) mmmm
d

D
0.110

10

2105 3

3

7




 




 . 

4. (c) Slit width ratio = 1 : 9 

 Since slit width ratio is the ratio of intensity and 
intensity (amplitude)2 

 9:1: 21  II  

 3:1:9:1: 21
2
2

2
1  aaaa  

 
4

1
)(,)(

max

min2
21min

2
21max 

I

I
aaIaaI  

5. (a) 
d

1
  If d becomes thrice, then   become becomes 

3

1
 

times.   

6. (c) 
2

1

2

1








 or 

6000

50000.1

2




or mm2.1
5000

6000
2  . 

7. (a) 
3

210

10

1025106000


 
  

 cmm 015.01015.010150000 39   . 

8. (c) For brightness, path difference  2 n  

 So second is bright. 

9. (a) If one of slit is closed then interference fringes are not formed 
on the screen but a fringe pattern is observed due to 
diffraction from slit.  

10. (d)  

11. (d) 
d

D
  If D becomes twice and d becomes half so   

becomes four times.  

12. (c) Suppose slit width’s are equal, so they produces waves of equal 

intensity say .I  Resultant intensity at any point 

2cos4 IIR
  where   is the phase difference between 

the waves at the point of observation.  

For maximum intensity IIIo  40 max  …(i) 

If one of slit is closed, Resultant intensity at the same point will 

be I only i.e. OII   …(ii)  

Comparing equation (i) and (ii) we get  

OII 4    

13. (b, d)  399
21

21

2

21

21

min

max 























aa

aa

aa

aa

I

I
 

 .2
13

13

2

1

2

1







a

a

a

a
 Therefore 1:4: 21 II  

14. (b)  

15. (c) Distance of nth bright fringe 


 nn yei
d

Dn
y ..  

 
5460

4360

)Green(

(Blue)

2

1

2

1 
x

x

x

x

n

n




 

 x (Green) > x (Blue). 

16. (c) cmmm
d

D
5.0105

101.0

1105000 3

3

10





 




 . 

17. (a) We know that fringe width 
d

D
   

 
L

xd

d

L
x  


 

18. (a) In the normal adjustment of young’s, double slit experiment, 
path difference between the waves at central location is always 
zero, so maxima is obtained at central position.   

19. (a) 


  B
d

D
;  

 mm3.0'
3/4

4.0'
 




. 

20. (b) 



1

,   

21. (a)  v , minimum. 

22. (c) mm4.0
5.1

6.0air
medium 




 . 

23. (d)  6322,3  nn  

24. (c) Slit width ratio ;9:4 hence 9:4: 21 II  

 
3

2

9

4

2

1

2
2

2
1 

a

a

a

a
 

 
1

25

)(

)(
2

21

2
21

min

max 





aa

aa

I

I
 

25. (d) 
d

D
 



D
d  .2.0

10012.0

)1040(106000
2

210

cm









 

26. (a) As 










































1

2

2

1

2

1

2

1

d

d

D

D

d

D








  

 
1

4

2

1

2

1
1

2

1

2

1 






























D

D

D

D
 

27. (b)  

28. (c) Fringe width 


 
d

D
)(  

 As ,yellowred   hence fringe width will increase. 

29. (d) 
d

D
 

211

122

1

2

dD

dD








 m4

2 105.2   . 

30. (d) For interference,   of both the waves must be same.  

31. (d) D  

32. (a) 


 ;
d

 can be increased by increasing , so here  has to 

be increased by 10% 

i.e., % Increase Å5895890
100

10
  

33. (b) mmm
D

d 1.010
105

1051 4

3

7





 








. 

34. (b) If intensity of each wave is I, then initially at central position 

.4 IIo  when one of the slit is covered then intensity at 

central position will be I only i.e., 
4

oI . 

35. (a) Shift 






2102)5.1(

)105000(
)1( 6

10



 


t  

 i.e., 2 fringes upwards. 
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36. (b) 
d

D
   

37. (b) Separation thn bright fringe and central maxima is 

d

Dn
x n


  

So, .5.3
105.0

11060003
3

10

3 mmx 









  

38. (d) 2211  nn  4358589362 2  n .842  n  

39. (b) Angular fringe width 


 
d

 

w

a
w




   

So 
w

air




 w   15.0

3

4

20.0
 

40. (a) By using 
d

Dn
xn


  

m7

3

3 105
)101(

110
)105( 



 



 


Å5000  

41. (b) Distance of third maxima from central maxima is 

3

210

102.0

)10200(10500033









d

D
x


 .5.1 cm  

42. (d) Distance of thn  dark fringe from central fringe 

d

Dn
xn

2

)12( 
  

d

D

d

D
x

2

3

2

)122(
2





  

cm5

3

3 106
109.02

13
101 



 



 


 

43. (d) mD
D

d

D
1

101.0

104
)104(

3

7
3 











  

44. (a) 
3

2

101

1
)1006.0(













d

D
 Å6000   

45. (b)  

46. (d) )( 2211  nn   99
5461

5898

92
1

1

1

2

2

1  n
n

n

n




  

47. (d) If we use torch light in place of monochromatic light then 
overlapping of fringe pattern take place. Hence no fringe will 
appear. 

48. (b)  

49. (b) Position of 3rd bright fringe 
d

D
x

3
3   

 Å
D

dx
6000

4.13

)1028.0()109.0(

3

32
3 








  

50. (a) Distance between two consecutive  

Dark fringes 
3

10

106.0

1106000









d

D
 

.1101 3 mmm    

51. (b, c) For maxima, path difference n  

So for n =1, Å6320   

52. (b) Shift in the fringe pattern 
d

Dt
x

.)1( 



 

.5.2
105.0

10100105.2)15.1(
3

25

cm









 

53. (d) In the presence of thin glass plate, the fringe pattern shifts, but 
no change in fringe width. 

54. (a) 


 
d

D
 

55. (a) In interference between waves of equal amplitudes a, the 
minimum intensity is zero and the maximum intensity is 
proportional to 4a2. For waves of unequal amplitudes a and A(A 
>a), the minimum intensity is non zero and the maximum 
intensity is proportional to (a + A)2, which is greater than 4a2. 

56. (b) mmm
d

D
3.0103

104

2106000 4

3

10










  

57. (c)    

58. (c) 
d

D
   

59. (c) Distance between consecutive bright fringes or dark 

fringes   

mm
d

D
5.060500

101.1

110550 6

3

9





 




  

60. (b) 
1

3

1

4

1

1

2

1

2

2

1

2

2

1

min

max 
































a

a

a

a

a

a

I

I
 

61. (b) 


 
d

D
 

62. (c)  

63. (b) 18
400

600
12

2

122211 



 1nnnn  

64. (d) Using relation, 
d

n
nd


  sinsin  

For n = 3, 
589.0

1058933
sin

9


d


  

                         6103  or )103(sin 61    

65. (b) 
d

1
  

66. (a) When white light is used, central fringe will be white with red 

edges, and on either side of it, we shall get few coloured bands 

and then uniform illumination. 

67. (c) 
d


   

68. (b)    

69. (a) ;34
12

12

1

1 2

2

2

1

2

1

min

max 













































I

I

I

I

I

I
 (given I

1

 = 2I
2

) 

70. (b) B  
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71. (d) 
d


   

72. (b)  

73. (b) For dark fringe at P  

 2/)12(21  nPSPS  

 Here n =3 and  = 6000 

 So, micronÅ 5.115000
2

6000
5

2

5



 

74. (b) Distance of nth minima from central bright fringe 

d

Dn
xn

2

)12( 
  

For n=3 i.e. 3rd minima 

3

9

3
1012

110500)132(







x  

.25.11025.1
2

105005 3
6

mmm 


 


 

75. (c) 
d

D
  and 




1
  

76. (d) nmnn 42057003 222211    

77. (a) 
d


   as 

3

d
d   so  3  3 n  

78. (c) If shift is equal to n fringes width, then 

210
500

1

10500

102)15.1()1( 3

9

6
















 t
n  

Since a thin film is introduced in upper beam. So shift will be 
upward. 

79. (b) Distance between thn  Bright fringe and thm  dark fringe 

)( mn   

3

7

101

1105.6

2

1
35

2

1
























 mnx  

= mm63.1  

80. (a) 
d

D
  ; If   and d both increase by 10%, there will be no 

change in fringe width )( . 

81. (b) kI
I

I
 1

2

1

4

1
 and kI 42   

  Fringe visibility 8.0
)4(

42

)(

2

21

21










kk

kk

II

II
V   

82. (b) 
1

4

3

3
22

21

21

min

max 































aa

aa

aa

aa

I

I
 

83. (d) Angular position of first dark fringe 

 





180

101.0

105460
3

10











d
 (in degree) 

 = 0.313° 

84. (a) Distance between two consecutive dark fringes  
d

D
   

25.0
102.0

1105000
2

10











mm. 

85. (a) If thin film appears dark  

  2t cos r = n for normal incidence or 0  

   2  t = n  




2

n
t   

  




2
min t = 

12

105890 10



 

m710945.2  .   

86. (b) In case of destructive interference (minima) phase difference is 
odd multiple of  .  

87. (b) 





)1(2

)(






a

ba
 

where a = distance between source and biprism = 0.3 m 

b = distance between biprism and screen = 0.7 m. 

 = Angle of prism = 1°,  = 1.5,  = 6000  10–10 m  

Hence, 

)
180

1()15.1(3.02

106)7.03.0( 7











o

 

= 1.14  10–4 m = 0.0114 cm.   

88. (d) For minima, path difference 
2

)12(


 n  

For third minima 
2

5

2
)132(3


n  

89. (b) Fringe width 
)( Angle prism

1
)(


   

90. (a) By using 





















180
1)154.1(3.02

10180)7.03.0(

)1(2

)( 9










a

ba
 

= m410  

91. (a)  aw    so aw    

92. (c) With white light, the rays reaching the centre has zero path 

difference. So we get white fringe at the centre and coloured 
near the central fringe. 

93. (a) 
w

air
water




   

94. (a) 
d

D
   

95. (b) Lateral displacement of fringes = t)1( 



 

3

9

3

1006.0)15.1(
10600

101 









 m

20

1
 .5 cm  

96. (b) 

97. (d) Distance of the nth bright fringe from the centre
d

Dn
xn


  

 .9109
105.0

5.21060003 3

3

10

3 mmmx 



 





 

 

Doppler's Effect of Light 
 

1. (d) ,
c

v







Now 

100

5.0

100

5.0








  

 smcv /105.1103
100

5.0

100

5.0 68   
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 Increase in  indicates that the star is receding. 

2. (a) Doppler’s shift is given by 

 Å
c

v
1.0

103

60005000
8








  

3. (b) Shifting towards ultraviolet region shows that Apparent 
wavelength decreased. Therefore the source is moving towards 
the earth. 

4. (b) Due to expansion of universe, the star will go away from the 
earth thereby increasing the observed wavelength. Therefore 
the spectrum will shift to the infrared region. 

5. (b) With reference to this theory the velocity of the observer is 
neglected w.r.t. the light velocity. 

6. (b) 2.0
103

106
8

7









c

v




 

 Å552046002.12.1'2.0'    

7. (b) Å20050005200   

Now 
5000

200103

''

8 













 c
v

c

v
 

 sec/1015.1sec/102.1 77 mm   

8. (d) 
100

01.0
)'( 


c

cc
v

c

v








 

 sec/30/103 4 kmsm   

9. (c) Blue radiations have the wavelength around 4600
o

A . It shows 
that apparent wavelength is smaller than the real wavelength. It 
means that the star is proceeding towards earth.  

10. (c) 

11. (a)  

12. (c)  

13. (b) Å
c

v
90.1

103

10100
5700

8

3





   

14. (a) According to Doppler’s effect, wherever there is a relative 
motion between source and observer, the frequency observed is 
different from that given out by source. 

15. (a) Å
c

v
255000

103

105.1
.

8

6





   

16. (d) 



c

 Å75.705896
103

103600
8

3





  

 So the increased wavelength of light is observed. 

17. (b) Observed frequency 









c

v
1'   

 Hz
c

c 1414 102.1
8.0

1106' 







  

18. (c) According to Doppler's principle 
cv

cv

/1

/1
'




  for v = c 

 3.1833
8.01

)8.01(
5500' 




  

 Shift = 5500 – 1833.3 = 3167 Å 

19. (b) 
c

v
   

 smv
v

/103
103

3700)37003737( 6

8



  

20. (d) 
4700

10347. 8










c
v

c

v
s

s  

sm /103 6 away from earth 

21. (b) 
8103100

05.0




 v

c

v




  v = 1.5  105 m/s  

(Since wavelength is decreasing, so star coming closer) 

22. (b)  

23. (c) 




























8

6

103

105.4
158901'

c

v
  5802Å 

24. (c) skmskmcv
c

v
/5/103

6000

1.0 5 












 

25. (b) 
c

v







  Å19

103

105700
3

6





  

26. (b) Hz
c

c

c

v 77 102.3
2.0

11041' 
















  

27. (c) When the source and observer approach each other, apparent 
frequency increases and hence wavelength decreases. 

28. (b)  

29. (a) cv
c

v

c

v



1




 

30. (d) cv
c

v
.







 


 58 1029.2)103(
6563

5
 m/sec 

31. (c) 

32. (a) Using cv
c

v







 



 

68 102.1103004.0  v m/sec 

33. (a) 

 

Diffraction of Light  

1.  (c) For first minima 
a


   or  




a  

 


6106500 8 




a  (As 30o = 
6


radian) 

 24.11024.1 4   cm microns  

2. (a) The angular half width of the central maxima is given by 

a


 sin

3

10

102.0

106328







 rad 










3

10

102.0

80106328
degree = 0.18o  

 Total width of central maxima o36.02    

3. (b) 

4. (c) It is caused due to turning of light around corners. 

5. (c) Width of central maxima 
d

D2
  

 mmm 4.1104.1
1015.0

1051.22 3

2

7
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6. (a) Band width  ,  

 
blue

 < 
red

, hence for blue light the diffraction bands becomes 
narrower and crowded together. 

7. (a) Using ,sin  nd  for n =1 

 rad
d

001.010
1055.0

10550
sin 3

3

9





 




  

8. (a) For single slit diffraction pattern  sind  ( d slit width) 

Angular width = 







 

d


 1sin22  

It is independent of D i.e. distance between screen and slit 

9. (c) Width of central bright fringe.  

 
3

29

1020.0

10801050022









d

D
.4104 3 mmm    

10. (b) Diffraction is obtained when the slit width is of the order of 

wavelength of EM waves (or light). Here wavelength of X-rays 

(1-100 Å) is very-very lesser than slit width (0.6 mm). Therefore 

no diffraction pattern will be observed. 

11. (a)  Multiple focii of zone plate given by 
)12(

2




p

r
f n
p , where 

......3,2,1p  

12. (b)  dnA   


A
nd  = constant 

d
n

1
  n(  

number of blocked )HPZ  on decreasing ,d  n  increases, 

hence intensity decreases. 

13. (a) For secondary maxima 
2

5
sin


 d  

2

5

)(
.


 




fD

x
dd  

mmm
d

f
x 6106

104

108.055
2 3

4

7





 




 

14. (d)  By using 
)12(

2




p

r
fp  

For first HPZ  101060006.0  pfr  

.106 4 m  

15. (a)  .9
105893

)103.2(
10

232

1 m
r

f 










 

16. (b) RedBlue   . Therefore fringe pattern will contract because 

fringe width   

17. (a) 

18. (a)  For diffraction size of the obstacle must be of the order of 

wavelength of wave ..ei  a   

19. (a) Angular width of central maxima 

d

2
 rad

3

9

101.0

103.5892







   68.0

180
0117.0


 

20. (d) 

21. (a) nrndr nn    

22. (a) 
d

D.
   w here D = distance of screen from wire, d = 

diameter of wire 

23. (c)  Angular width .1
101012

10600022
25

10

rad
d










 

24. (b) 
25. (d) 

26. (a) 
d




2
2   (where d = slit width) 

As d decreases,  increases.  

27. (d) 
28. (d)  Distance between the first dark fringes on either side of central 

maxima = width of central maxima    = 
d

D2
= 

3

9

101

2106002







 = 2.4 mm.  

29. (b)  Thickness of the film must be of the order of wavelength of 
light falling on film (i.e. visible light) 

30. (d)  

31. (d)  For nth secondary maxima path difference  

2
)12(sin


  nd  
2

3
sin


 a   

32. (d)  The phase difference )(  between the wavelets from the top 

edge and the bottom edge of the slit is )sin(
2





 d  

where d is the slit width. The first minima of the diffraction 

pattern occurs at 
d


 sin  so 






 2

2











d
d   

33. (b) 

34. (a)  For second dark fringe  2sin d  

   230sin101024 25  
 

   Åm 6000106 7    

35. (c)  For the first minima  sind  

  
d


sin

o30
10001.0

105000
sin

3

10
1 























  

36. (c)  

37. (a) 

38. (c) Position of first minima = position of third maxima i.e., 

 
21

21 5.3
2

1321










d

D

d

D
 

39. (a) Position of nth minima 
d

Dn
xn


  

  
d

11050001
105

10
3 



  

  mmmd 1.010 4   . 

40. (b) Width of nth HPZ   1 nnn rrB  

nbrn  ,  bnrn )1(1   

])1([)1(  nnbbnnbBn   

41. (c) In single slit experiment, 

Width of central maxima (y) = dD /2  

  yy
d

d

d

dy

y
3'

4002/

600

'

''





. 

 
Polarisation of Light 

 



 
     1816 Wave Optics   

1. (b) Polariser produced prolarised light. 

2. (a) Only transverse waves can be polarised. 

3. (c) Polarisation is not shown by sound waves. 

4. (d) By using 360tantan   p ,  

also 





















 

3

1
sin

1
sin 11 CC


 

5. (d)  = tan
P

  
P

 = tan–1 n  

6. (d) Ultrasonic waves are longitudinal waves.  

7. (b) 2
0 cosII  = I

0

 cos2 45 
2

0I  

8. (d)  

9. (a) It magnitude of light vector varies periodically during it's 
rotation, the tip of vector traces an ellipse and light is said to 

be elliptically polarised. This is not in nicol prism.  

10. (c) At polarizing angle, the reflected and refracted rays are 
mutually perpendicular to each other.  

11. (a) When unpolarised light is made incident at polarising angle, the 
reflected light is plane polarised in a direction perpendicular to 
the plane of incidence.   

Therefore E  in reflected light will vibrate in vertical plane 

with respect to plane of incidence.  

12. (d) In the arrangement shown, the unpolarised light is incident at 
polarising angle of 90° – 33° = 57°. The reflected light is thus 

plane polarised light. When plane polarised light is passed 

through Nicol prism (a polariser or analyser), the intensity 

gradually reduces to zero and finally increases. 

13. (a)  

14. (a) A plane which contains E  and the propagation direction is 
called the plane of polarization. 

15. (c)  

16. (d) Light suffers double refraction through calcite.  

17. (d) The amplitude will be 2/60cos AA o   

18. (d)  

19. (b) Rotation produced  = Slc  

Net rotation produced 
r

 = 
1

 – 
2

 = l (S
1

c
1

 – S
2

c
2

)  

= 0.29  [0.01  60 – 0.02  30] = 0 

20. (c) In double refraction light rays always splits into two rays (O-

ray & E-ray). O-ray has same velocity in all direction but E-ray 

has different velocity in different direction. 

For calcite 
e

 < 
0

  v
e

 > v
0

  

For quartz 
e

 > 
0

  v
0

 > v
e

  

21. (c)  90rP  or r = 90o – 
P

 = 90° – 53°4' = 36°56'.  

22. (d) 

23. (a) 

24. (c) Intensity of polarized light from first polarizer 50
2

100
  

5.12
4

50
60cos50 2 I  

25. (b) 
6

cos
2

' 2 II
I     or 

3

1
cos     = 55º 

26. (b) Angle between P
1

 and P
2

 = 30° (given) 

Angle between P
2

 and P
3

 =  = 90° – 30° = 60°  

 

 

 

 

 

 

 

 

The intensity of light transmitted by P
1

 is 

2

0
1 16

2

32

2 m

WI
I   

According to Malus law the intensity of light transmitted by P
2

 

is 
2

2

2
12 12

2

3
1630cos

m

W
II 














  

Similarly intensity of light transmitted by P
3 

is 

2

2

22
23 3

2

1
1260cos12cos

m

W
II 








   

27. (b) 
2


b

a   

2)5000(
30

b
a   and 

2)4000(
50

b
a   

Solving for a, we get mmpera
9

50
  

28. (c) If an unpolarised light is converted into plane polarised light by 
passing through a polaroid, it's intensity becomes half. 

29. (a)  

30. (b) The magnitude of electric field vector varies periodically with 
time because it is the form of electromagnetic wave. 

31. (a) According to Brewster’s law, when a beam of ordinary light (i.e. 
unpolarised) is reflected from a transparent medium (like 
glass), the reflected light is completely plane polarised at 
certain angle of incidence called the angle of polarisation. 

32. (a) When the plane-polarised light passes through certain 
substance, the plane of polarisation of the light is rotated about 
the direction of propagation of light through a certain angle. 

33. (c) From Brewster's law pitan  360tan 
v

c
 

 8
8

103
3

103

3





c
v m/sec. 

34. (a) No light is emitted from the second polaroid, so 1P  and 2P  

are perpendicular to each other 

  

 

 

 

 

 90°– 

P3 

P2 P1 

20
32

m

W
I   

P1 P2 P3 
 

30° 

I1 I2 
I3 
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 Let the initial intensity of light is 0I . So Intensity of light after 

transmission from first polaroid = 
2

0I . 

 Intensity of light emitted from 3P   20
1 cos

2

I
I   

 Intensity of light transmitted from last polaroid i.e. from 

)90(cos2
12  oIP =  220 sin.cos

2

I
 

      
8

0I
2)cossin2(  = 2sin

8

20I . 

35. (d) 
 

EM Waves 
 

1. (a)  

2. (d)    rayXBluedRe  

3. (b)  Infrasonic waves are mechanical waves. 

4. (d) 
2

2
12

0
7

0

-
1085.8,104

C

mN    

 so .103
1 8

00
sec

meter
c 


 

5. (b) Wavelength of visible spectrum is 3900 Å – 7800 Å. 

6. (b) Infrared causes heating effect. 

7. (a)  

8. (d) 

9. (c)  Speed of EM waves in vacuum = 

00

1


=constant  

10. (a)  .raysraysraysxrays      

11. (a)  Distance covered by T.V. signals = hR2  

  maximum distance  h1/2  

12. (c)  -rays are beams of fast electrons. 

13. (a) 

14. (b)  Velocity of EM waves = sm/103
1 8

00




=velocity of light 

15. (b)  Ozone layer absorbs most of the UV rays emitted by sun. 

16. (d)  wavesRadioInfraredradiation visible  rays  

17. (b) Infrared radiations reflected by low lying clouds and keeps the 
earth warm.  

18. (d) raysXRaysJraysUVRadiowaves     

19. (a)  Polarization is shown by only transverse waves. 

20. (c) EM waves travels with perpendicular to E and B. Which are 

also perpendicular to each other BEv


  

21. (a)  

22. (d) Ozone hole is depletion of ozone layer in stratosphere because 
of gases like CFC’S etc. 

23. (c)   

24. (b)  

25. (a) raysUVraysXrays     

26. (a) In vacuum velocity of all EM waves are same but their 
wavelengths are different.  

27. (c)    

28. (c)  

29. (a) m
c

5.36
102.8

103
6

8








  

30. (b)  T
c

E
B

B

E
c 8

8
106

103

18 


 . 

31. (c)  According to the Maxwell’s EM theory, the EM waves 
propagation contains electric and magnetic field vibration in 
mutually perpendicular direction. Thus the changing of electric 
field give rise to magnetic field.    

32. (a)  Here ,/1000 mVE  ./265.00 mAB   

  Maximum rate of energy flow S = 00 BE   

 = 
2

5.26265.100
m

W
    

33. (d)  
2

834

1021

103106.6











hc
E = J2424 101094.0    

34. (a) 
1

108

1


 v

C
v


 = MHzHz 300103 8   

 and 
10

103 8

2


v = MHzHz 30103 7   

35. (d)   

36. (c) E


 and B


 are mutually perpendicular to each other and are in 
phase i.e. they become zero and minimum at the same place 
and at the same time. 

37. (b) Molecular spectra due to vibrational motion lie in the 
microwave region of EM-spectrum. Due to Kirchhoff’s law in 
spectroscopy the same will be absorbed. 

38. (a) xE  and yB  would generate a plane EM wave travelling in z-

direction. E


, B


 and k


 form a right handed system k


 is 

along z-axis. As kji ˆˆˆ   

  kCjBiE yx
ˆˆˆ   i.e. E is along x-axis and B is along y-axis. 

39. (a)  rays Infraredlight Bluerays-   UVrays  

40. (d) Ground wave and sky wave both are amplitude modulated 
wave and the amplitude modulated signal is transmitted by a 

transmitting antenna and received by the receiving antenna at a 
distance place. 

41. (a)   

42. (b)  EM waves transport energy, momentum and information but 
not charge. EM waves are uncharged 

43. (b) EM waves carry momentum and hence can exert pressure on 

surfaces. They also transfer energy to the surface so 0p  

and 0E .  

44. (c) The angular wave number ;
2




k  where  is the wave 

length. The angular frequency is .2w  

The ratio 
c

k 11

2

/2







= constant 

45. (a)  .
0

0 C
B

E
  also 



2
k  and  2  

  These relation gives 00 BKE   

46. (b)  
LC


2

1
  and 




C
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47. (a) 2
00

2

1
CEI   

 
m

V

C

I
E 6

16

0

0 1061.0
85.8

10522 








 

Also 
d

V
E 0

0    VdEV 23.121061.0 6
00    

48. (c)  

49. (c) Population covered = 2hR  Population density 

= 2  100  6.4  106  
23)10(

1000
= 4  106  

50. (a) 

51. (c) 

52. (c) Refractive index 
00


  

Here  is not specified so we can consider  = 
0

  

then refractive index 2
0





 

Speed and wavelength of wave becomes half and frequency 
remain unchanged. 

53. (d)  

54. (d) 

55. (b)  

56. (b) 

57. (a)  Intensity or power per unit area of the radiations fvP   

28

8
/10166.0

103

5.0
mN

v

P
f 


  

58. (d) secm
c

v

rr

/108.1
14.23.1

103 8
8








 

59. (b) xeII '   
'

log
1

I

I
x e


  (where I = original intensity, I' 

= changed intensity) 

8/
log

1
36

I

I
e


  = 2log

3
e


    ....(i) 

2/
log

1

I

I
x e


  2log

1
e


        .....(ii) 

 From equation (i) and (ii),  mmx 12 . 

60. (c) xvm    

61. (a) If maximum electron density of the ionosphere is N
max

 per m3 

then the critical frequency f
c

 is given by .)(9 2/1
maxNfc   

 2/16 )(9101 N   N = 1.2  1012 m–3  

62. (c) 

63. (b) 

64. (a) 

65. (c) 

66. (d) Direction of wave propagation is given by BE . 

67. (c) Speed of light of vacuum 
00

1


c  and in another medium 



1
v  

 K
v

c
r






00

  
K

c
v

r
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Critical Thinking Questions 

 

1. (d) From figure 
4

1

I
I   and 

64

9
2

I
I     

16

9

1

2 
I

I
 

 

 

 

 

 

 

 

By using 
1

49

1
16

9

1
16

9

1

1

1

2

1

2

min

max 





















































I

I

I

I

I

I
 

2. (a) The cylindrical surface touches the glass plate along a line 
parallel to axis of cylinder. The thickness of wedge shaped film 
increases on both sides of this line. Locus of equal path 
difference are the lines running parallel to the axis of the 
cylinder. Hence straight fringes are obtained. 

3. (b) PR = d   PO = d sec  and CO = PO cos 2 

 2cossecd  is 

 

 

 

 

 

 

 
 

Path difference between the two rays  

 = CO + PO = (d sec + d sec cos 2) 

Phase difference between the two rays is  

 =  (One is reflected, while another is direct)  

Therefore condition for constructive interference should be 

......
2

3
,

2


  

or  
2

)2cos1(sec


 d  

or 
2

)cos2(
cos

2 





d
  

d4
cos


   

4. (c) In young’s double slit experiment, if white light is used in place 

of monochromatic light, then the central fringe is white and 
some coloured fringes around the central fringe are formed.  

 

 

 

 

 

 

 

 

 

 

Since violetred   etc., the bright fringe of violet colour 

forms first and that of the red forms later.  

It may be noted that, the inner edge of the dark fringe is red, 

while the outer edge is violet. Similarly, the inner edge of the 
bright fringe is violet and the outer edge is red. 

5. (a) In conventional light source, light comes from a large number 

of independent atoms, each atom emitting light for about 10 –9 
sec i.e. light emitted by an atom is essentially a pulse lasting for 
only 10–9 sec. Light coming out from two slits will have a fixed 
phase relationship only for 10-9 sec. Hence any interference 
pattern formed on the screen would last only for 10–9 sec, and 
then the pattern will change. The human eye can notice 
intensity changes which last at least for a tenth of a second and 
hence we will not be able to see any interference pattern. In 
stead due to rapid changes in the pattern, we will only observe 
a uniform intensity over the screen.  

6. (a,c)  Path difference between the rays reaching infront of slit S
1

 is. 

 ddbPSPS  2/122
21 )(  

 For distructive interference at P  

 
2

)12(
21




n
PSPS  

 i.e., 
2

)12(
)( 2/122 


n

ddb   

 
2

)12(
1

2/1

2

2 

















n
d

d

b
d  

 
2

)12(
......

2
1

2

2 

















n
d

d

b
d  

 (Binomial Expansion)  

 
dn

bn

d

b

)12(2

)12(

2

2





 


 

 For 
d

b

d

b
n

3
,..,..........2,1

22

   

7. (a) 

8. (a,b) For microwave m
f

c
300

10

103
6

8




  

 

 

 

 

 

 

 As sindx   

I I /4 

3I /4 3I /16 

3I /64 

9I /64 

A 

B B  

A  

b 

S1 

S2 
d 

P 

S1 

S2 

d 
  

D 

x 

Y 

P 

Central white 

Red 
Violet 

Dark 

Bright 

O 

S1 

S2 

S 

White light 

C 

R 

 

P 

B 

A 

 

O 
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 Phase difference 





2
 (Path difference) 

 






sin)sin150(

300

2
)sin(

2
 d  

 cos2 2121 IIIIIR   

 Here 21 II  and  sin  

 









2

sin
cos4)]sincos(1[2 2

11


 IIIR  

 I
R

 will be maximum when 1
2

sin
cos2 







 
 

 oR III  1max 4)(  

Hence 









2

sin
cos2 

oII  

 If ,0 then oo III  cos  

 If ,30  then 2/)4/(cos2
oo III    

 If ,90o then 0)2/(cos2  oII  

9. (d) cos2 21
2
2

2
1 aaaaI   

Put Aaa  2
2

2
1 and cos;21 BAIBaa   

10. (d) Since P is ahead of Q by 90o and path difference between P and 

Q is .4/ Therefore at A, phase difference is zero, so intensity 

is 4I. At C it is zero and at B, the phase difference is 90o, so 

intensity is 2I. 

11. (b) By using phase difference )(
2





  

For path difference , phase difference  21  and for path 

difference /4, phase difference 
2

 = /2. 

Also by using 
2

cos4 2
0


II     

)2/(cos

)2/(cos

2
2

1
2

2

1






I

I
  

  
2/1

1

2

2/
cos

)2/2(cos

2

2

2

















I

K
  .

2
2

K
I   

12. (d) If shift is equivalent to n fringes then  

t
n

n
t

n

n

t

t
tn

t
n 




1

2
2

1

2

1

2)1(




 

.2.38.4
30

20
2 mmt   

13. (a) According to given condition  

 nt  )1( for minimum t, n =1 

So,   min)1( t  







2

15.11
min 





t  

14. (a) 
c

v
  and rv   

smcv /103,
36002425

2
107 88 





 

Å04.0   

15. (b) 7
8

10
656

1500

656

)656706(103










c
v  

sm /102 7  

16. (b) In this case, we can assume as if both the source and the 
observer are moving towards each other with speed v. Hence 


vc

vc

vc

vc

uc

uc

s

o
















)(
'  


vcvc

vc

vc

vcvc

2)(

))((
22

22

2 







  

Since v<<c, therefore 
vc

c

vcc

c

22
'

2

2





  

17. (a) 
c

v
.  where 










T
rrv




2
 

 Å033.0
8640022103

14.321074320
8

8





   

18. (a) 
d

D
      D  

 
2

1

2

1

D

D





  

2

21

2

21

D

DD 







 

2

2

2

2

dDD







 

Åm 600010610
105

103 73

2

5

2 



 





  

19. (a) P is the position of 11th bright fringe from Q. From central 
position O, P will be the position of 10th bright fringe.  

Path difference between the waves reaching at P = S
1

B =10  = 

10  6000  10–10 = 6  10–6m. 

20. (b) Resultant intensity cos2 2121 IIIII   

At central position with coherent source (and 021 III     

04 IIcon   ... (i)  

In case of incoherent at a given point,  varies randomly with 

time so (cos )
av

 = 0 

 021 2IIII cohIn   ... (ii) 

Hence 
1

2


Incoh

coh

I

I
. 

21. (a, d) These waves are of same frequencies and they are coherent  

22. (c) Fringe width   . Therefore,  and hence  decreases 1.5 

times when immersed in liquid. The distance between central 
maxima and 10th maxima is 3 cm in vacuum. When immersed in 
liquid it will reduce to 2 cm. Position of central maxima will 
not change while 10th maxima will be obtained at y = 4cm.  
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23. (a) Suppose P is a point infront of one slit at which intensity is to be 

calculated from figure it is clear that 
2

d
x  . Path difference 

between the waves reaching at P  

 
d

d
d

D

xd

10

2









   
420

5

20




d
 

Hence corresponding 
phase difference 

24

2 




   

Resultant intensity at P 

2
cos2

max


II 

24
cos 02

0

I
I 











 

24. (d) If ,)1(sin td    central fringe is obtained at O  

  If ,)1(sin td    central fringe is obtained above O and  

If ,)1(sin td    central fringe is obtained below O. 

25. (b)  For maximum intensity on the screen 

5.37000

)2000(
sinsin

nn

d

n
nd 


  

Since maximum value of sin  is 1 

So ,3,2,1,0n  only. Thus only seven maximas can be 

obtained on both sides of the screen. 

26. (c)  From the given data, note that the fringe width (
1

) for 

nm9001   is greater than fringe width (
2

) for 

.7502 nm  This means that at though the central maxima 

of the two coincide, but first maximum for nm9001   will 

be further away from the first maxima for ,7502 nm  and 

so on. A stage may come when this mismatch equals 
2

, then 

again maxima of ,9001 nm  will coincide with a maxima of 

,7502 nm  let this correspond to nth order fringe for 
1

. 

Then it will correspond to thn )1(   order fringe for 
2

. 

Therefore 
d

Dn

d

Dn 21 )1(  
  

510750)1(10900 99   nnn  

Minimum distance from 

Central maxima 
3

9
1

102

2109005









d

Dn
 

mmm 5.41045 4     

27. (c) Shift t)1(  



 

)1(

7
)1(7












 tt .8400

)15.1(

6007
nm




  

28. (c) Path difference between the waves reaching 

at ,P 21   

where 1  Initial path difference  

2 Path difference between the waves after emerging from 

slits. 

DdDSSSS  22
211  

and DdDOSOS  22
212  



























 D

D

d
DDdD )

2
(2)(2

2
22

1

22   

        
D

d 2

        (From Binomial expansion) 

For obtaining dark at O,   must be equals to 
2

)12(


n   i.e. 

2

)12(

2
)12(

2 Dn
dn

D

d  
  

For minimum distance 1n  so 
2

D
d


  

29. (a)  Shift tx )1(  



 

 

 

 

 

 

 

 

Shift due to one plate )1( 11  



x  

Shift due to another path tx )1( 22  



 

Net shift txxx )( 1212 



        …..(i) 

Also it is given that 5x                         …..(ii) 

Hence t)(5 21 



   

)4.17.1(

1048005

)(

5 10

12 












t .8108 6 mm    

30. (b)  For maxima lXOn 



 2)(

2
2   

or )(2)(
2

lnXO  



   or )()( lnXO    

31. (c)  Path difference sin2d  

 For constructive interference  

 nd sin2  

 

 

 

S1 

S2 

d 

Screen 
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S1 

S2 
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Screen 
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Screen 
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O S 
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d

n

2
sin 1 

  

32. (b)  Here path difference at a point P  on the circle is given by 

cosdx            ….. (i) 

For maxima at P  

nx                  ….. (ii) 

From equation (i) and (ii) 


















 

dd

n
dn




4
coscoscos 11  

33. (b)  From ,21 DSS  

2
2

2
21

2
1 )()()( DSSSDS   

2
2

2
21

2
1 )()()( DSSSPDPS   

 

 

 

 

 

 

Here PS 1  is the path difference n  for maximum 

intensity.  

222 )()4()( nn xxn    

or 




n

n
x n

2

16 222 
  

Then 



5.7

2

16 22
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x  





3

4

416 22
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x  






6

7

6

916 22

3 


x  

04 x . 

Number of points for maxima becomes 3.  

34. (a) 
4

2
22

0

R
RI   

 Number of HPZ covered by the disc at cmb 25  

2211 bnbn   

4
25.0

11

2

11
2 




b

bn
n  

Hence the intensity at this point is 

2

2

2
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3

3

4

4

5

2

52

22

R

































R

R

R

R

R

R

R
RI  

or 6]9.0[1   

01 531.0 II   

Hence the correct answer will be (a). 

35. (b)  2
1RIA   
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3
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1

2
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1

2

1
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2
21

R
R

R

R
RRRIB 
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R
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36. (d) 
4

2
2R

I  given 2211 bnbn     252001 2  n  

 HPZn 82   
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37. (c)  The direction in which the first minima occurs is   (say). 

Then  sine  or  e  or, 
e


    sin(   

when   small) 

 

 

 

 

 

Width of the central maximum e
e

beb 


 .22  

38. (b)  Angular width  



d

2
 

Å4200
6000

100

70 2

22

1

2

1  













 

39. (a) In a single slit diffraction experiment, position of minima is 

given by  nd sin  

So for first minima of red  









d

R 1sin  

and as first maxima is midway between first and second 

minima, for wavelength  , 

d S1 S2 
 

P 

b 

 
e 

P 

S1 

S2 

xn 
4 

xn 

y 

x D 
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its position will be  

d
d

2

3
sin

2

2
sin











  

According to given condition   sinsin  

R
3

2
  so nm4406600

3

2
 Å4400  

40. (c)  ,
sin

2

0 












II  where 

2


   

For thn  secondary maxima  
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sin

n
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n
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n
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II  

So 02020210
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::: IIIIII
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41. (d)  For a grating  nde n  sin)(  

where  )( de  grating element  

)(
sin

de

n
n





  

For ,1n  


 32sin
)(

sin 1
de


  

This is more than 0.5. Now 2sin  will be more than ,5.02  

which is not possible. 

42. (a)  The film appears bright when the path difference 

)cos2( rt  is equal to odd multiple of 
2


 

i.e. 2/)12(cos2   nrt      where .....3,2,1n  

)12(

cos4




n

rt
  

Å
nn )12(

56000

)12(

0cos10000,104.14 10











 

Å56000   ,18666 Å  ,8000 Å  ,6222 Å  ,5091 Å  

,4308 Å  .3733 Å  

The wavelength which are not within specified range are to be 

refracted. 

43. (a)  Total phase difference  

= Initial phase difference + Phase difference due to path  

x





360
66

4

360
66







  1569066  

44. (a)  
2

cos4 2
0


II   

At central position 01 4 II       ……(i) 

Since the phase difference between two successive fringes is 

,2  the phase difference between two points separated by a 

distance equal to one quarter of the distance between the two, 

successive fringes is equal to 
24

1
)2(


 








  radian 

0
2

02 2
2

2cos4 III 























         ……(ii) 

Using (i) and (ii),  2
2

4

0

0

2

1 
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I

I
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45. (b) ..000
t

A

d

V

t

EA

dt

d
I E
D 








 


   

amp2

63

412

10602.1
1010

10604001085.8 









  

46. (d) Electric field 
l

iR

l

V
E   (R = Resistance of wire) 

Magnetic field at the surface of wire 
a

i
B





2

0  (a = radius of 

wire)  

Hence poynting vector, directed radially inward is given by 

al

Ri

a

i

l

iREB
S





 22
.

2
0

00

  

47. (b) Average energy density of electric field is given by  

2
00

2

0
0

2
0

4

1

22

1

2

1
E

E
Eue  













  

./102.2)1(1085.8
4

1 312212 mJ   

48. (b)  Area through which the energy of beam passes  

2137 104)10328.6( m   

 29

13

3

/105.2
104

10
mW

A

P
I 








 

49. (a) 
2

2
00

42

1

R

P
cESav


   

 
CR

P
E

0
20

2 
  

         
812 1031085.810014.32

3





 

          = 1.34 V/m  

50. (d) Intensity of EM wave is given by  

cEcv
R

P
I av  2

002 2

1
.

4



 



 
     1824 Wave Optics   

 
cR

P
E

0
20

2 
  

         
8122 1031085.8)4(14.32

800





 

          = 54.77 
m

V
 

51. (c) Wave impedance 
0

0










r

rZ  

 18836.376
2

50
 

52. (d) Momentum transferred in one second  

8

4

103

10406222








c

AS

c

U
p av  

10106.1   kg-m/s2.  

53. (a) Specific rotation  

3/160
25.001.0

4.0
)( mkg

l
c

cl








  

Now percentage purity of sugar solution  

%80100
200

160
  

54. (d) As   l  

Volume ratio 1 : 2 in a tube of length 30 cm  means 10 cm 

length of first solution and 20 cm length of second solution . 

Rotation produced by 10 cm length of first solution 




 1910
20

38
1  

Rotation produced by 20cm length of second solution  




 1620
30

24
2  

 Total rotation produced = 19° – 16° = 3° 

55. (d) If I is the final intensity and I
0

 is the initial intensity then  

520 )30(cos
2


I

I   or 12.0
2

3

2

1
10

0

















I

I
 

56. (a) Using Matus law, 2
0 cosII   

As here polariser is rotating i.e. all the values of  are possible.  

 








2

0

2
0

2

0
cos

2

1

2

1
dIdIIav  

On integration we get 
2

0IIav   

where 
24

3

0
3

10

103

10

 Time Area

Energy

m

Watt

A

p
I 











 

 W attIav
3

5

3

10

2

1
   

and Time period secT
5

1

4.31

14.322








 

 Energy of light passing through the polariser per revolution 

TIav  Area
5

1
103

3

5 4   .10 4 J   

57. (d) Let nth minima of 400 nm coincides with mth minima of 560 

nm then  

560)12(400)12(  mn    
15

21

10

14

5

7

12

12






m

n
 

i.e.  4th minima of 400 nm coincides with 3rd minima of 560 

nm. 

The location of this minima is  

mm14
1.02

)10400)(1000(7 6









 

Next, 11th minima of 400 nm will coincide with 8th minima of 

560 nm 

Location of this minima is  

mm42
1.02

)10400)(1000(21 6









 

 Required distance = 28 mm 

58. (b) For maxima  nd  sin  

  nsin2  
2

sin
n

  

since value of sin   can not be greater 1. 

 n = 0, 1, 2 

Therefore only five maximas can be obtained on both side of 

the screen.  

59. (a)  
c

v







 

81033.393

)3.3938.401(




 v
 

 v = 6.48 106 m/s = 6480 km/sec. 

60. (c) The interference fringes for two slits are hyperbolic. 

61. (d) If you divide the original slit into N strips and represents the 

light from each strip, when it reaches the screen, by a phasor, 

then at the central maximum in the diffraction pattern you add 

N phasors, all in the same direction and each with the same 

amplitude. The intensity is therefore N2. If you double the slit 

width, you need 2N phasors, if they are each to have the 

amplitude of the each to have the amplitude of the phasors you 

used for the narrow slit. The intensity at the central maximum 

is proportional to (2N)2 and is, therefore, four times the 

intensity for the narrow slit.  

62. (c) 04 II   cos2(/2)    = 2/3  

 x  (2/) = 2/3= /3  
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sin  = x/d   sin  = /3d 

63. (b) Momentum of the electron will increase. So the wavelength ( 

= h/p)of electrons will decrease and fringe width decreases as 

  

 

Assertion and Reason 
 

1. (d) When a light wave travel from a rarer to a denser medium it 
loses speed, but energy carried by the wave does not depend 
on its speed. Instead, it depends on the amplitude of wave. 

2. (e) A narrow pulse is made of harmonic waves with a large range 
of wavelength. As speed of propagation is different for different 
wavelengths, the pulse cannot retain its shape while travelling 
through the medium. 

3. (b) When d is negligibly small, fringe width   which is 

proportional to d/1  may become too large. Even a single 
fringe may occupy the whole screen. Hence the pattern cannot 
be detected. 

4. (a) The central spot of Newton’s rings is dark when the medium 
between plano convex lens and plane glass is rarer than the 
medium of lens and glass. The central spot is dark because the 
phase change of   is introduced between the rays reflected 
from surfaces of denser to rarer and rarer to denser media.  

5. (a) For reflected system of the film, the maxima or constructive 

interference is 
2

)12(
cos2




n
rµt  while the maxima for 

transmitted system of film is given by equation 

nrµt cos2  

where t is thickness of the film and r is angle of reflection. 

From these two equations we can see that condition for 
maxima in reflected system and transmitted system are just 
opposite. 

6. (b) When intensity of light emerging from two slits is equal, the 
intensity at minima, 

  ,0
2

min  ba III  or absolute dark. 

It provides a better contrast.  

7. (c) When one of slits is covered with cellophane paper, the 

intensity of light emerging from the slit is decreased (because 
this medium is translucent). Now the two interfering beam 
have different intensities or amplitudes. Hence intensity at 
minima will not be zero and fringes will become indistinct. 

8. (a) When a polaroid is rotated in the path of unpolarised light, the 
intensity of light transmitted from polaroid remains 
undiminished (because unpolarised light contains waves 
vibrating in all possible planes with equal probability). 
However, when the polaroid is rotated in path of plane 
polarised light, its intensity will vary from maximum (when the 
vibrations of the plane polarised light are parallel to the axis of 
the polaroid) to minimum (when the direction of the vibrations 
becomes perpendicular to the axis of the crystal). Thus using 
polaroid we can easily verify that whether the light is polarised 
or not. 

9. (c) The nicol prism is made of calcite crystal. When light is passed 
through calcite crystal, it breaks up into two rays (i) the 
ordinary ray which has its electric vector perpendicular to the 
principal section of the crystal and (ii) the extra ordinary ray 
which has its electric vector parallel to the principal section. 
The nicol prism is made in such a way that it eliminates one of 
the two rays by total internal reflection, thus produces plane 

polarised light. It is generally found that the ordinary ray is 
eliminated and only the extra ordinary ray is transmitted 
through the prism. The nicol prism consists of two calcite 
crystal cut at – 68° with its principal axis joined by a glue 
called Canada balsam. 

 

  

 

 

 

 

 

10. (b) Doppler’s effect is observed readily in sound wave due to larger 
wavelengths. The same is not the case with light due to shorter 
wavelength in every day life. 

11. (d) In Young’s experiments fringe width for dark and white fringes 
are same while in Young’s double slit experiment when a white 
light as a source is used, the central fringe is white around 
which few coloured fringes are observed on either side.  

12. (a) It is quite clear that the coloured spectrum is seen due to 
diffraction of white light on passing through fine slits made by 
fine threads in the muslin cloth. 

13. (c) As the waves diffracted from the edges of circular obstacle, 
placed in the path of light interfere constructively at the centre 
of the shadow resulting in the formation of a bright spot. 

14. (c) The beautiful colours are seen on account of interference of 
light reflected from the upper and the lower surfaces of the 
thin films. 

15. (a) Microwave communication is preferred over optical 
communication because microwaves provide large number of 
channels and wider band width compared to optical signals as 
information carrying capacity is directly proportional to band 
width. So, wider the band width, greater the information 
carrying capacity.   

16. (a)  

17. (a) 
d

D
   

18. (c)  The clouds consists of dust particles and water droplets. Their 
size is very large as compared to the wavelength of the incident 
light from the sun. So there is very little scattering of light. 
Hence the light which we receive through the clouds has all the 
colours of light. As a result of this, we receive almost white 
light. Therefore, the cloud are generally white. 

19. (d) In sky wave propagation, the radio waves having frequency 
range 2 MHz to 30 MHz are reflected back by the ionosphere. 
Radio waves having frequency nearly greater than 30 MHz 
penetrates the inosphere and is not reflected back by the 
ionosphere. The TV signal having frequency greater than 30 
MHz therefore cannot be propagated through sky wave 
propagation. 

In case of sky wave propagation, critical frequency is defined as 
the highest frequency is returned to the earth by the 
considered layer of the ionosphere after having sent straight to 
it. Above this frequency, a wave will penetrate the inosphere 
and is not reflected by it. 

20. (c) The television signals being of high frequency are not reflected 
by the ionosphere. So the T.V. signals are broadcasted by tall 

antenna to get large coverage, but for transmission over large 
distance satellites are needed. That is way, satellites are used 
for long distance T.V. transmission.  

21. (e) We know, with increase in altitude, the atmospheric pressure 

decreases. The high energy particles (i.e. -rays and cosmic 

rays) coming from outer space and entering out earth’s 

E-ray 

O-ray Unpolarized 

light 

Blackened surface 

Canada balsam layer 

Polarised light 
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atmosphere cause ionisation of the atoms of the gases present 
there. The ionising power of these radiation decreases rapidly 
as they approach to earth, due to increase in number of 
collisions with the gas atoms. It is due to this reason the 
electrical conductivity of earth’s atmosphere increase with 

altitude.  

22. (a) In a radar, a beam signal is needed in particular direction 

which is possible if wavelength of wave is very small. Since the 
wavelength of microwaves is a few millimeter, hence they are 
used in radar.  

23. (c) Hertz experimentally observed that the production of spark 

between the detector gap is maximum when it is placed parallel 
to source gap. This means that the electric vector of radiation 
produced by the source gap is parallel to the two gaps i.e., in 
the direction perpendicular to the direction of propagation of 

the radiation.   

24. (d) The atoms of the metallic container are set into forced 

vibrations by the microwaves. Hence, energy of the microwaves 
is not efficiently transferred to the metallic container. Hence 
food in metallic containers cannot be cooked in microwave 
oven. Normally in microwave oven the energy of waves is 
transferred to the kinetic energy of the molecules. This raises 
the temperature of any food.     

25. (c) The earth’s atmosphere is transparent to visible light and radio 
waves, but absorbs X-rays. Therefore X-rays telescope cannot be 

used on earth surface.  

26. (b) Short wave (wavelength 30 km to 30 cm). These waves are 

used for radio transmission and for general communication 
purpose to a longer distance from ionosphere.  

27. (b) The wavelength of these waves ranges between 4000 Å to 100 

Å that is smaller wavelength and higher frequency. They are 
absorbed by atmosphere and convert oxygen into ozone. They 
cause skin diseases and they are harmful to eye and cause 
permanent blindness.  

28. (d) Ozone layer in the stratosphere helps in protecting life of 

organism from ultraviolet radiation on earth. Ozone layer is 
depleted due to of several factors like use of chlorofluoro 
carbon (CFC) which is the cause of environmental damages.  

29. (b) Radio waves can be polarised becomes they are transverse in 

nature. Sound waves in air are longitudinal in nature.  

30. (a) In the absence of atmosphere, all the heat will escape from 
earth’s surface which will make earth in hospitably cold. 
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1.  Following figure shows sources 1S  and 2S  that emits light of 

wavelength   in all directions. The sources are exactly in phase and 

are separated by a distance equal to .5.1  If we start at the 

indicated start point and travel along path 1 and 2, the interference 
produce a maxima all along  
   

 

 

 

 

(a) Path 1  (b) Path 2 

(c) Any path (d) None of these  

2. In a Young’s double slit experimental arrangement shown here, if a 

mica sheet of thickness t and refractive index   is placed in front 

of the slit ,1S  then the path difference )( 21 PSPS   

(a) Decreases by t)1(   

(b) Increases by t)1(   

(c) Does not change  

(d) Increases by t   

3. In the set up shown in Fig the two slits, 1S and 2S  are not 

equidistant from the slit S. The central fringe at O is then  
 
 
 
 

(a) Always bright  

(b) Always dark  

(c) Either dark or bright depending on the position of S 

(d) Neither dark nor bright. 

4. The intensity ratio of two coherent sources of light is p. They are 

interfering in some region and produce interference pattern. Then 

the fringe visibility is  

(a) 
p

p

2

1 
 (b) 

p

p

1

2
 

(c) 
p

p

1
 (d) 

p

p

1

2
 

5. Three waves of equal frequency having amplitudes ,10 m  ,4 m  

m7  arrive at a given point with successive phase difference of 

,
2


 the amplitude of the resulting wave in m  is given by  

(a) 4 (b) 5  

(c) 6 (d) 7 

6. Four different independent waves are represented by  

(i)  tay sin11   (ii) tay 2sin22   

(iii)  tay cos33   (iv) 









3
sin44


tay  

With which two waves interference is possible 

(a) In (i) and (iii)  (b) In (i) and (iv)  

(c) In (iii) and (iv)  (d) Insufficient data to predict.  

7. A beam of light consisting of two wavelengths 650 nm and 520 nm 
is used to illuminate the slit of a Young’s double slit experiment. 
Then the order of the bright fringe of the longer wavelength that 
coincide with a bright fringe of the shorter wavelength at the least 
distance from the central maximum is   

(a) 1 (b) 2 

(c) 3 (d) 4  

8. Two identical radiators have a separation of 4/d where   is 
the wavelength of the waves emitted by either source. The initial 

phase difference between the sources is .4/  Then the intensity 

on the screen at a distant point situated at an angle  30  from 

the radiators is (here oI  is intensity at that point due to one 

radiator alone)  

 (a) oI   (b) oI2  

 (c) oI3   (d) oI4  

9. In Young’s double slit experiment, the th8  maximum with 

wavelength 1  is at a distance 1d  from the central maximum and 

the th6  maximum with a wavelength 2  is at a distance .2d  

Then )/( 21 dd  is equal to   

(a) 













1

2

3

4




 (b) 














2

1

3

4




 

(c) 













1

2

4

3




 (d) 














2

1

4

3




 

10. Light of wavelength nm500 is used to form interference pattern in 

Young’s double slit experiment. A uniform glass plate of refractive 

index 1.5 and thickness mm1.0  is introduced in the path of one of 

the interfering beams. The number of fringes which will shift the 
cross wire due to this is  

 (a) 100 (b) 200 

 (c) 300 (d) 400 

11. The two coherent sources of equal intensity produce maximum 
intensity of 100 units at a point. If the intensity of one of the sources 

is reduced by %36  by reducing its width then the intensity of light 
at the same point will be 

(a)  90 (b) 89 

(c)  67 (d) 81 

12. The path difference between two interfering waves of equal 

intensities at a point on the screen is .
4


 The ratio of intensity at 

this point and that at the central fringe will be  

(a) 1 : 1 (b) 1 : 2 

S2 

S1 

Slit 

Screen 

P 

S2 

S1 

O S 

S1 S2 

1 

2 

Start 

Start 

d/2 

d 
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(c) 2 : 1 (d) 1 : 4 

13. In a Young’s double slit experiment, oI  is the intensity at the 

central maximum and   is the fringe width. The intensity at a 

point P distant x from the centre will be  

(a) 


x
Io cos  (b) 



x
Io

2cos4  

(c) 


x
Io

2cos  (d) 


xIo 2cos
4

 

14. In a Fresnel’s diffraction arrangement, the screen is at a distance of 
2 meter from a circular aperture. It is found that for light of 

wavelengths 1  and ,2  the radius of th4  zone for 1  coincides 

with the radius of 5th zone for .2  Then the ratio 21 :   is  

(a) 5/4  (b)  4/5  

(c) 4/5  (d) 5/4  

15. If n represents the order of a half period zone, the area of this zone 

is approximately proportional to mn  where m is equal to   

 (a) Zero  (b) Half  

 (c) One   (d) Two  

16. A screen is placed cm50  from a single slit, which is illuminated 

with Å6000  light. If distance between the first and third minima 

in the diffraction pattern is ,3 mm  the width of the slit is  

(a) mm1.0  (b) mm2.0  

(c) mm3.0  (d) mm4.0   

17. In Young’s double slit experiment, the fringes are displaced by a 
distance x when a glass plate of one refractive index 1.5 is introduced 
in the path of one of the beams. When this plate in replaced by 
another plate of the same thickness, the shift of fringes is 

.)2/3( x The refractive index of the second plate is  

(a) 1.75  (b) 1.50 

(c) 1.25 (d) 1.00 

18. Two waves of equal amplitude and frequency interfere each other. 
The ratio of intensity when the two waves arrive in phase to that 

when they arrive 90  out of phase is 

(a) 1 : 1 (b) 2  : 1 

(c) 2 : 1 (d) 4 : 1 

19. In Young’s double slit experiment, we get 60 fringes in the field of 

view of monochromatic light of wavelength Å4000 . If we use 

monochromatic light of wavelength ,6000Å  then the number of 

fringes obtained in the same field of view is    

 (a) 60  (b) 90 

 (c) 40  (d) 1.5 

20. A parallel plate capacitor with plate are A and seperation between 

the plates d, is charged by a constant current i, consider a plane 

surface of area A/2 parallel to the plates and drawn symmetrically 

between the plates, the displacement current through this area, will 

be.  

 (a) i (b) 
2

i
 

 (c) 
4

i
 (d) None of these 

21. The figure here gives the electric field of an EM wave at a certain 

point and a certain instant. The wave is transporting energy in the 

negative z direction. What is the direction of the magnetic field of 

the wave at that point and instant 

(a) Towards + X direction  

(b) Towards – X direction  

(c) Towards + Z direction  

(d) Towards – Z direction 

22. The figure shows four pairs of polarizing sheets, seen face-on. Each 

pair is mounted in the path of initially unpolarized light. The 

polarizing direction of each sheet (indicated by the dashed line) is 

referenced to either a horizontal x-axis or a vertical y axis. Rank the 

pair according to the fraction of the initial intensity that they pass, 

greatest first  

 

 

 

 

 

 

 (a) (i) > (ii) > (iii) > (iv)   (b) (i) > (iv) > (ii) > (iii) 

 (c) (i) > (iii) > (ii) > (iv)   (d) (iv) > (iii) > (ii) > (i)  

23. An astronaut floating freely in space decides to use his flash light as 

a rocket. He shines a 10 watt light beam in a fixed direction so that 

he acquires momentum in the opposite direction. If his mass is 80 

kg, how long must he need to reach a velocity of  1 ms–1  

(a) 9 sec  (b) 2.4  103 sec  

(c) 2.4  106 sec  (d) 2.4  109 sec 

 

 

 

 
 

 

1. (a) At any point along the path 1, path difference between the 
waves is 0.  

Hence maxima is obtained all along the path 1.  

At any point along the path 2, path difference is 1.5  which is 

odd multiple of ,
2


 so minima is obtained all along the path 

2.  

2. (b)  Path difference at P PStPS 21 ))1((    

X 

Y 

Z 

E 
 

(SET -30) 

60o 

60o 60o 60o 

30o 

30o 

30o 

30o 

(i) (ii) (iii) (iv) 
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tPSPS )1()( 21    

 

 

 

 

 

 

3. (c) If path difference  = (SS
1

 + S
1

O) – (SS
2

 + S
2

O) = n n = 0, 1, 2, 

3, .... the central fringe at O is a bright fringe and if the path 

difference 









2

1
n , n = 1, 2, 3, ..... the central bright 

fringe will be a dark fringe.   

4. (b) 
)(

2
 Visibility

21

21

minmax

minmax

II

II

II

II
V
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5. (b) The amplitudes of the waves are  

a
1

 = 10 m, a
2

 = 4 m and a
3

 = 7m  

and the phase difference between 1st and 2nd wave is 
2


 and that 

between 2nd and 3rd wave is .
2


 Therefore, phase difference 

between 1st and 3rd is . Combining 1st with 3rd, their resultant 

amplitude is given by  

cos2 31
2
3

2
1

2
1 aaaaA   

or 14049100cos7102710 22
1  A  

m39   in the direction of first.  

Now combining this with 2nd wave we have, the resultant 
amplitude  

2
cos2 21

2
2

2
1

2 
aAaAA   

or mA o 516990cos43243 22   

6. (d) Since the sources are independent, interference will not occur 
unless they are coherent (such as laser beams etc). So, 
insufficient data to predict. 

7. (d) 21 )1(   nn  

 
d

Dn

d

Dn 


  1919 10520)1(10650
 

 n = 4 

8. (b) The intensity at a point on screen is given by  

)2/(cos4 2
0 II   

where  is the phase difference. In this problem  arises (i) 

due to initial phase difference of /4 and (ii) due to path 

difference for the observation point situated at .30o  Thus  

244
)30(sin

4
.

2

4
)sin(

2

4











  d  

Thus 
42


  and 0

2
0 2)4/(cos4 III    

9. (b) Position of nth maxima from central maxima is given by 

d

Dn
xn


  

 nxn    
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10. (a) The number of fringes shifting is decided by the extra path 
difference produced by introducing the glass plate. The extra 

path difference is ( – 1) t = n 

or 93 10500101.0)15.1(   n  

 n = 100  

11. (d) Intensity of each source unitI 25
4

100
0   

If the intensity of one of the source is reduced by 36% then 

unitI 251   and )(16
100

36
25252 unitI   

Hence resultant intensity at the same point will be 

unitIIIII 811625216252 2121   

12. (b) By using 
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13. (c) Path difference at point 
D

xd
P   

Phase difference at point 






 x

D

xd
P

22
  

10 4 II  , intensity at point P 

















 x
I

x
IIII

2
cos12

2
cos2 1111  

  


x
I 2
0 cos  

14. (c) It is given that 14 4 br   and 25 5 br   

are equal. Therefore 21 54  bb   

or 21 54  bb   

or .
4

5

2

1 



 

15. (a) Area of half period zone is independent of order of zone. 
Therefore, m is equal to zero in nm.  

16. (b) Position of nth minima 
d

Dn
yn


  

S2 

S1 
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17. (b)  Fringe shift is given by 


 t
x

)1( 
  

For first plate, 


 t
x

)1( 1   

For second plate 
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18. (c) Resultant intensity )2/(cos4 2
0 II   
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19. (c) 2211  nn    6000400060 2  n   n
2

 = 40  

20. (b) Suppose the charge on the capacitor at time t is Q, the electric 

field between the plates of the capacitor is .
0 A

Q
E


  The 

flux through the area considered is 
00 22

.



QA

A

Q
E   

 The displacement current  

.
22

1

0

00

i

dt

dQ

dt

d
i E
d 



















  

21. (a) The direction of EM wave is given by the direction of .BE  

22. (b) Final intensity of light is given by Brewster's law 

;cos2
0 II   where  = Angle between transmission axes of 

polariser and analyser.  

(i)               (ii)      (iii)          (iv)  

 

 

 

 

 

 

Hence decreasing order of intensity is (i) > (iv) > (ii) > (iii) 

23. (d) Let it take t sec for astronaut to acquire a velocity of 1 ms– 1. 

Then energy of photons = 10 t  

Momentum 
C

t10
 = 80  1 

sect 9
8

104.2
10

103180
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Universe is the limitless expanse of space around us consisting of solar 
system. star, galaxies etc. 

Solar System  

 

 

 

 

 

 

Solar system is a family of nine planets, satellites, asteroids, comets, 
meteors, meteroites and dust particles orbiting around the Sun.  

(1) Planets : Nine planets revolving around the sun in elliptical orbits. In 
order of increasing distance from Sun, these are Mercury, Venus, Earth, Mars, 

Jupiter, Saturn, Uranus, Neptune and Pluto. 

(i) The gravitational pull of the Sun on the planets control their 

motion. 

(ii) There are other heavenly bodies (about 32) which revolve around 
the planets called satellites (or moons) of the planets.  

(iii) A planet does not emit light of its own.  

(iv) A planet do not twinkle at night.  

(v) The planets are very small in size as compared to stars or Sun. 

(vi) The relative positions of planets keep on changing day by day. 

(vii) Most of the planets move around the sun from west to east.  

(viii) The planets are made of rocks and metals.  

(ix) The temperature of planet depends upon its distance from sun. 

(2) Asteroids : The small pieces of planet revolving around the sun 
between orbits of Mars and Jupiter are called Asteroids. 

(i) Astronomers have identified about 2000 asteroids ranging from the 
largest 770 km diameter to bodies 1.5 km in diameter.

Table 31.1 : Some information about planets 

Planet  Radius 

R  103 km  

Mean distance from sun 

 106 km  

Mass as compared to 
earth  

Time of revolution 
around the sun 

Time taken to complete one rotation 
around its own axis  

Number of 
satellites 

Mercury 2.4 57.9 0.055 88 days 59 days — 

Venus 6.1 108.2 0.815 225 days 243 days — 

Earth  6.3 149.6 1 1 Year 23 hrs. 56 min. 1 

Mars 3.4 227.9 0.108 1.9 Year 24 hrs. 27 min 2 

Jupiter 71.4 778.3 317.9 11.8 Year 9 hrs. 50 min 14 

Saturn 60.0 1427 95.2 29.5 Year 10 hrs. 14 min 10 + Ring 

Uranus 23.4 2870 14.6 85 Year 10 hrs. 49 min 5 + Ring 

Neptune 22.3 4594 17.2 165 Year 15 hrs. 2 

Pluto 3.2 5900 0.002 248 Year 6.39 days — 

 

(ii) The largest asteroids are called Ceres.  

(iii) The largest asteroid complete one revolution around the sun in 
4.6 years.  

(3) Comets : These are composed of rock like materials surrounded by 
large masses of easily vaporisable substances like, ice, water, ammonia and 
methane.  

(i) They revolve around the Sun in highly elliptical orbits.  
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(ii) Their time period of revolution around the Sun is very large.  

(iii) Comets appear to be having a bright head and a long tail while 
passing close to the Sun and when away from sun generally they show no 
tail.  

(iv) The tail of comet is formed when the comet is passing close to the 
Sun and the heat of Sun exerts a pressure on the material which gets 
evaporated due to heat of Sun.  

(v) Hally comet was seen in early 1986 and is expected to be seen 
again in 2062.  

(4) Meteors and meteorites : Meteors are the smaller pieces of stones 
and metals which may be produced due to the breaking up of comets while 
approaching the Sun. When they reach earth's atmosphere due to friction 
they start buring. They are also called shooting stars.  

Sometimes, the large pieces of stones (acting as meteors) do not burn 
completely and reach the surface of the earth as stony, iron balls resulting 
in crators on the earth surface. These are called meteorites.  

Measurement of Size of Planet  

We can measure the size of a planet by measuring the angle 

subtended by its diameter AB at a 

point on the earth. This angle is 

called angular diameter of planet. If 

d denotes diameter of planet and D 

its distance from the earth  

 
D

d
–~  

or    Dd –~  

Measurement of 

Distance of Planet From 

the Earth  

(1) Parallax method : The planet O is observed from two points P
1

 and 

P
2

 on the surface of the earth. The distance between these two points, P
1

P
2

 = 

b, is called basis. The angle 

subtended by planet at these two 

points is called parallax angle or 

parallactic angle  

From figure 
D

b
–~   

or  


b
D –~  

(2) Copernicus method : The 

inferior planets (Mercury and 

Venus) have nearly circular orbits. 

Angle between directions of observation from earth to sun and earth to 

planet is called planet's elongation.  

esr The distance of earth from Sun, psr The distance of planet 

from Sun and per  The distance of planet from Earth 

The psr  and esr  are fixed distances as 

orbits have been assumed to be circular. 

During orbital motion of the planet the 

distance per  changes. Planet's elongation is 

maximum when earth and sun subtend an angle 90° at the planet. From 

figure,  

 
AU

r

ES

PS ps

1
sin    

  where 1 AU = 1.496  1011 m  

Thus psrsin , similarly 
AU

r

ES

PE pe

1
cos   cosper  

(3) Kepler's law : According to Kepler's law the square of time period 

of planet around sun is proportional to cube of semi-major axis of the orbit 

of planet around sun i.e. constant
2

3


T

a
, if 1a  and 2a  are semi-major 

axes of planets 1 and 2 and T
1

 and T
2

 their respective periods of revolution, 
then  

 
2

2

3
2

2
1

3
1

T

a

T

a
      or    1

3/2

1

2
2 a

T

T
a 













  

For circular orbits a
1

 and a
2

 represent the radii of orbits.  

(4)  Spectroscopic method : In this method, photograph of two 

different planets P
1

 and P
2

 are taken on similar photographic plates from one 

place of the earth. Let I
1

 and I
2

 be the intensities of the images of these two 

planets. If R
1

 and R
2

 be the distances of these planets from the earth then 

2
1

2
2

2

1

R

R

I

I
  ( intensity at a point is inversely proportional to the square of 

the distance) 

Stars 

 

 

 

 

 

 

A firey massive luminous heavenly body is called a star.  

(1) Some features  

(i) Stars twinkle at night.  

(ii) Stars are countless in number ; about 1022 in a universe.  

(iii) Stars are very big in size but they appear small because they are 

very far off.  

(iv) The relative positions of stars do not change day by day. 

(v) Stars appear to be moving from west to east.  

(vi) The temperature of stars is very high. 

(vii) The Sun is the nearest star to the earth. Its light reaches the 

earth in 8.3 minutes.  

(viii) After Sun the next nearest star to earth is Alpha centuri. Its 

distance is 4.3 light year from earth. 

(ix) Other bright stars in the sky are known as Spica (Chitra), 

Arcturus (Swati), Polaris (Dhruva), Sirius (Vydha), Canopus (Agasti) etc. 

(x) The temperature of a star is estimated from the colour of its light 

received on earth. The blue coloured star is at higher temperature than red 

coloured star.  
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(2) Constellation : Many of the stars appear to be bunched together in 

groups. These groups are called constellations.  

(i) The Great-bear (Saptarishi), Taurus (Vrishabha) Aries (Mesha) etc. 

are the other constellations near the north and south celestial poles.  

(ii) According to modern astronomy there are 88 constellations in the 

sky.  

(3) Brightness of star : Brightness of stars is represented through 

system of magnitudes. Magnitude of star is the measure of its brightness 

when observed from earth.  

(i) Hipporacus, a Greek astronomer divided the stars (visible with 

naked eye) into six magnitude classes. Brightness goes on decreasing as the 

magnitude increases. A first magnitude star is about 100 times as bright as a 

sixth magnitude star. Decrease in magnitude number by one increases 

brightness by ratio .5119.2100 5/1   In general  

m

mn

n
)512.2(

class magnitude )( instar of  s brightnesThe

class magnitude  instar of  s brightnesThe
th

th




 

(ii) If two stars have magnitudes m
1

 and m
2

 (m
2

 > m
1

) and brightness l
1

 

and l
2

(l
2

 < l
1

), then 
5/)(

2

1 12100
mm

l

l 
  

Taking logarithm to base 10 of both sides, we get  

    
1

2
12 log5.2)(

l

l
mm   

(iii) For a star of zero magnitude m
1

 = 0, l
1

 = l
0

, m
2

 = m and l
2

 = l. 

 
l

l
m 0log5.2  

(iv) The star vega is of zero magnitude and of brightness 

./1052.2 28
0 mWl   

(v) A star having negative magnitude is brighter; e.g., a star having 

magnitude – 5 will be 100 times more bright than a star of zero magnitude. 

(4) Absolute luminosity : The total energy radiated into space per 

second from the surface of a star is called absolute luminosity of the star. 

The absolute luminosity of the Sun is ./109.3 26 secJ  

(5) Birth of a star : Star dust and gases present in interstellar space 

come closer together with a gravitational force in the form of a cloud.  

(i) When the cloud is quite big, due to compression cloud heats up 
and starts radiating  

(ii) At this temperature, fusion of hydrogen atom into helium atom 
takes place and a star is said to have come into existence. 

(iii) This process result in the release of energy, which keeps the star 
shining for millions of years.  

(6) Death of a star : When large number of hydrogen atoms of a star 

are converted into He, the core of star begins to contract and other layers 

begin to expand. At this stage star appears red, the stage is called Red 

Giant. 

(i) Now a violet explosion occurs in star. This is called nova or super 

nova explosion. 

(ii) Due to explosion, the outer layers are thrown back into interstellar 

leaving behind the core of the star. This is known as death of the star. 

The core of the star may further end up into one of the following 

three dead bodies (stellar dead materials) : 

(a) White dwarf             (b) Neutron star     (c) Black hole 

(a) White dwarf : When the original mass of the star is less than 2M
s

 

(M
s

 being solar mass), the core of the star tends to die as White dwarf. It 

was theoretically discovered by S. Chandrasekhar in1930 and is known as 

Chandrasekhar limit. As the core keeps on emitting heat and light for 

millions of year, it colour changes from white to yellow, then to red finally it 

becomes black. Now this becomes invisible for ever.  

(c) Neutron star : When the original mass of the star is lies between 

2M
s

 and 5 M
s'

 the core of the star tends to finish up as neutron star. In such 

a case, when super nova explosion occurs, the core of the star is 

compressed and electrons and protons combine to form neutrons. Due to 

this reason, this is called as neutron star. It is found to have a radius of 

about 10 km. 

(7) Black hole : When the original mass of the star is more than 5M
s

, 

then on supernova explosion, the core continues suffering compression 

indefinitely due to recoil. This gives rise to a black hole. The mass of the 

black hole is greater than the mass of the Sun but its size is very small. Due 

to this fact, the gravitational pull of black hole is very strong. This is the 

reason that the photon of radiation emitted by it cannot escape from its 

surface. On the other hand, a photon approaching a black hole is swallowed 

by it. Hence it is called a black hole.  

The black hole is said to have been formed if the star of mass M has 

contracted within a radius r which is given by 
2

2

c

GM
r   

Sun 

The Sun called the centre of the solar system, is a star nearest to the 

earth.  

(1) Properties of the Sun  

(i) It's average distance from earth is 1.49  108 km = 1 AU  

(ii) It's mass is 1.99  1030 kg  

(iii) It's mean diameter is 1.392  106 km  

(iv) The density of the Sun varies from 10–4 kg/m3 at the surface to 104 

kg/m3 at the centre. It's mean density is 1410 kg m–3. 

(v) The pressure at the centre of the Sun is about 2  106 N/m2. 

(vi) Light takes 8 minute to reach earth from the Sun. 

(vii) 70% of Sun's mass is H
2

, 28% He and 2% Lithium or Uranium.  

(viii) The Sun is also called Yellow Dwarf.  

(2) Structure of Sun : The Sun structure consist of four parts : 

Photosphere (P), Reversing layer (R), Chromosphere (CH) and Corona (C). 

 

 

 

 

 

 

(3) Solar activity : The surface feature of the Sun are called Solar 

activity. This can be classified as follows  

(i) Sun spots : These are dark spots on the surface of sun associated 

with strong magnetic fields. The sun spots move across Sun slowly, so there 

numbers vary over a cycle of 11 year called Sun spot cycle. After every eleven 

year activity of sun spots tends to be maximum. Movements of sun spots 

P 
R CH C 

Fig. 31.4 
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have revealed the time period of rotation of sun on its own axis as about 25 

days.  

(ii) Faculae : These are bright patches near Sun spots. 

(iii) Granules : Small granules form a covering over photosphere. 

(iv) Flares : Sudden increase in magnetic activity is called flare. During 

these flares Sun emits streams of protons, -particles and electrons.  

(v) Spicules : Bright spikes emerging from chromosphere are termed 

spicules. Spicules are source of large number of charged particles into the 

corona.  

(vi) Prominences : Surface of photosphere is covered by rising clouds 

called prominences.  

(vii) Filaments : These are thin markings on the photosphere. 

(4) Solar constant (S) : Energy falling in one second on the unit area 

of the earth's surface held normal to Sun's rays is called solar constant. It is 

given by 23

2

24

/10388.1 mW
r

RT
S 


 

where  = Stefan's constant  

             = 5.68  10–8 S.I. unit  

T = Surface temperature of Sun  

R = Radius of Sun  

r = Radius of Earth's orbit  

 

(5) Solar Luminosity (L
s

) : It is defined as the amount of energy 

emitted by the Sun per second in all directions. 

 WSrLs
262 109.3)4(    

(6) Temperature of Sun (T) : The surface temperature of the Sun is 

given by 

4/12/1





















S

R

r
T  

(7) Mass of the Sun (M) : Let M be the mass of sun and m be the 

mass of a planet moving around it, then as gravitational force of attraction 

between them supplies the necessary centripetal force 

r

mv

r

GMm
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r
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2

324

GT

r
  

where G = 6.67  10–11 Nm2 kg–2 and r is distance between the sun and 
planet. T period of revolution of planet around the sun. 

If we consider the planet and its satellite, mass of the planet can 

similarly be found 

Stellar Radii, Mass and Spectra 

(1) Stellar radii : The total energy radiated by the star per second is 

given by  4TE   Surface area of the star  

  24 4 RTE     Radius of star 2

2/1

4
)( T

E
R 











 

Usually, the radius of star is expressed in terms of solar radius 

).1095.6( 8 mRs   Thus star radius 
8

22/1

1095.64 










TE


 solar 

radius.  

 The radii of most of the stars lie in the range 0.02 to 220 solar 
radii.  

(2) Stellar masses : Let M
1

 and M
2

 be the masses of two stars revolving 

about their common centre of mass in circular orbits of radii r
1

 and r
2

 

respectively such that .21 rrr   Now  

2

32

21

4

T

r

G
MM 


  ......(i)  

where T is common period of revolution.  

If a planet of mass M
1

 moves round the Sun of mass M
S

 , then the mass 

M
1

 can be neglected in comparison with M
S

 because .1MMS   Then 

equation (i) can be written as  

2

324

T

r

G
MS 


  .....(ii) 

As M
S

 is constant, it implies that 
2

3

T

r
= constant 

which is Kepler's third law. 

In binary system, r = 1 AU, T = 1 year and 121  MM  solar mass. 

Hence equation (i) gives 24G  

  
2

3

21
T

r
MM    ..... (iii)  

Equation (iii) can be used to find the masses of two stars in binary 

system. 

(3) Spectra of stars : The different stars are of different colours and 

the spectrum of a star is related to its colour, There are seven classes of 

stellar spectra denoted by letters O, B, A, F, G, K and M. Our sun belongs to 

G class star.  

Table 31.2 : Spectrum of stars 

Spectra 

type 

Colour Surface temp 

(K) 

Description of absorption 

spectra 

O Dark blue  3  104  

to 4  104  

Ionized helium lines 

B Blue  1.s5  104  

to 2.3  104  

Lines of neutral helium 

A White 9.5  103  

to 1.1  104  

Lines of H2  

F Green 6.5  103  

to 7.5  103  

Lines of H2 and ionised metals  

G Yellow  5800  Lines of ionised Ca, Fe, C  

K Orange  4500 Bands due to hydrocarbons  

M Red  3500 Bands of Titanium oxide 

 

These relationship between the colour of a star and its temperature is 

expressed by Wien's displacement law. According to this law 

r 
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T
m

1
   or  bTm    or 

m

b
T


 ; where b = 2.89  10–3 mK.  

So those stars which appear blue (minimum wavelength) such as class 

O and B, are very hot and which appear red (maximum wavelength) such as 

class M are less hot. 

Galaxies 

 

 

 

 

 

 

 

A large group of stars is called Galaxy. Millions of galaxies are therein 

the sky. Each galaxy contains about 1011 stars.  

The Sun and the planets of the solar system belong to the galaxy, 
called Milky way (Akash Ganga).  

(1) Types of galaxies : There are two types of galaxies  

(i) Normal galaxies, and (ii) Radio-galaxies.  

(i) Normal galaxies : Besides milky way, there are billions of other 

galaxies in the universe. All these galaxies are called normal galaxies. There 
are three types of normal galaxies. (a) Elliptical galaxies (18%), (ii) Spiral 
galaxies (80%), and (iii) Irregular galaxies (2%). 

(a) Elliptical galaxies : The galaxies which look like the flat elliptical 

discs are called elliptical galaxies. These generally consist of red giants, white 

dwarfs etc. i.e., those stars which are nearing their ends.  

(b) Spiral galaxies : The galaxies have lens-shaped central portion 

surrounded by a flat disc. It has two spiral arms which spiral around the 

central portion.  

Example : Milky way and Andromeda.  

(c) Irregular galaxies : These have no specific form of their own. 
Irregular galaxies are youngest normal galaxies and are middle aged and 
elliptical galaxies are quite old galaxies.  

(2) Radio galaxies : The galaxies which emit electromagnetic radiations in 

the radio frequency are called radio galaxies. These have been classified as (i) 

Ordinary radio galaxies (ii) Quasars. 

(i) Ordinary radio galaxies : A normal optical galaxy (O) which has two 

strong radio sources (R
1

 and R
2

) occurring symmetrically on either side of it, 

is called an ordinary radio galaxy. It appears like two ears on the two sides 

of the face of a person. The radio power output lies in the range 10 30 to 1038 

watt.  

(ii) Quasars : Quasars are quasi-stellar radio sources. They are star like 

in structure and they emit powerful radio waves. They have a radio output 
of 1037 to 1038 watt. Quasars are farthest objects known. They are millions of 
light years away from Earth. These seem to be lying at the limit of the 
universe. They are moving away from Earth with a velocity of about 0.9 
times the velocity of light. Their size is much smaller. It is of the order of 
light days. They form very dense galaxies. The density is also very large and 
their gravitational field is also very high. The cause of tremendous energy of 
the quasars is unknown. About 150 quasars have been detected so far.  

(3) Milky way (Akash Ganga) : It is the name of the galaxy to which 
our earth belongs. The milky way is the glowing belt of the sky formed by 
the combined light of a very large number of stars. It is called milky way or 

Akash Ganga because the light from the various stars together gives the 
impression of a stream of milk flowing across the sky.  

Milky way is a spiral galaxy. Its mass is 150 solar masses  

(i.e. 3  1041 kg).  

 

 

 

 

 

 

 

Milky way contains 150 billions sun like stars. 

Milky way contains clouds of dust and gases.  

Pulsars 

As the age of a star increases, its hydrogen content goes on decreasing. 
Ultimately, the star explodes as a supernova, in the universe. After explosion 
of a supernova, a variable star is born. It is not an ordinary star. It is the 

remaining part of a supernova. The variable star is called a pulsar. A pulsar 
emits electromagnetic waves in pulses and not continuously. The pulses are 
of very short duration (0.033 s to 0.088 s). The pulses  may lie either in 
visible region or in radio region. About 50 pulsars have been detected, two 
in visible region and others in radio region. It is expected that there are 
about 100 pulsars in the universe. 

Evolution of the Universe 

Important theories about the origin and evolution of universe are as 

follows. 

(1) Big Bang theory : The whole of the matter of the universe was 
concentrated in a very dense and hot fire ball about 20 billion years ago. An 

explosion occurred. The matter was broken into pieces in the form of stars 
and galaxies. The faster moving galaxies have gone farther than the slower 
ones. A galaxy situated at 20 billion light years is the boundary of the 
universe.  

(2) Expanding universe theory : All the galaxies would continue to 

move away from the Earth and we will have an empty universe because on 
account of continuous expansion of the universe, more and more galaxies 
will go beyond the boundary of the universe and will be lost.  

The motions of galaxies relative to the earth can be measured by 

observing the shifts in the wavelengths of their spectra. For distant galaxies 
these shifts are always toward longer wavelength, so they appear to be 
receding from us and from each other. Astronomers first assumed that 

these were Doppler shifts and used a relation between the wavelength 
0

 of 

light measured now from a source receding at speed v and the wavelength 


s

 measured in the rest frame of the source when it was emitted.  

 
vc

vc
S




 0  

For v << c,  Red shift (or Doppler's shift)   
c

v
S   

(3) Pulsating universe theory : As the galaxies move away, the 
expansion of the galaxies would be stopped by the gravitational pull. The 
galaxies would come so close that again a new explosion would take place. 
The same sequence will be repeated. Thus, we have alternate expansion and 
contraction of the universe giving rise to a pulsating universe. This takes 
place after every 80 billion years. 
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(4) Steady state theory : As the farthest galaxies speed away from each 
other, new galaxies are born to take their places. The total number of 
galaxies in the universe remains constant.  

It is certain that : (i) The age of the universe is about 20 to 30 billion 
years. (ii) The most distant galaxy is situated at a distance of two billion 
light years away from the Earth. (iii) This galaxy is receding away from the 
Earth with a velocity 0.3 times that of light. (iv) The universe will live for 
about 100 million years more. Thus, the universe is quite young at present.  

Hubble's law 

 

 

 

 

 

 

 

(1) The speed of recession v of a galaxy is proportional to it's distance 

r from us i.e. v  r  v = Hr this relation is called Hubble's law. 

(2) Here H = An experimental quantity, called Hubble’s constant. It's 

value is 19.3 mm/sec for each light year.  

(3) Determining H has been a key goal of the Hubble’s space 
telescope. 

(4) The quantity 
H

1
 has the dimensions of time.  

(5) This time is called Hubble's times, which is an estimate of the 

order of magnitude of time that has elapsed since the Big Bange, and thus 
of the age of universe.  

 

 

 

 

 

 

 

 

 

 

 

 

 The name black hole is given because it's gravity is so high that it 
prevents even light to radiate into space. 

 Visible light is restricted from entering a telescope by dust particles 
in universe. Therefore range of a telescope is limited. Observation made in 
visible range are referred to as optical astronomy. Whereas observations 
made in radio range is called Radio-Astronomy. 

 Albedo : The presence of atmosphere, clouds, etc. is acknowledged 

by a parameter known as albedo. It is the ratio of energy reflected by a 
planet to that incident on it. Clouds being good reflectors of light, they 
considerably increase the reflecting power of the planet and hence it's 
albedo is large. Venus has an albedo of 85% (highest). 

 Mercury, Pluto and Venus do not have any satellites.  

 On a clear night 5000 stars can be observed with naked eye. 

 Closet star is alpha centuri (after the Sun) which is 4.3 light years 
away. 

 Astronomy is branch of science which deals with the study of 
universe. 

 Study of heavenly bodies is based upon visible light ( ranging 

from 4000 Å to 8000 Å) and radio waves ( ranging from 1 mm to 20 
m). 

 Hipparchus, a Greek astronomer, divided naked eye stars into six 
magnitude classes, on the basis of their brightness. The brightest stars 
were placed in the first magnitude class. Faintest visible stars were put 
in the sixth magnitude class.  

 A comet does not have any tail when it is far from the Sun. 

 Mercury  

      (i) Smallest planet          (ii) Closest to the Sun 

      (iii) Fastest         (iv) No atmosphere.  

 Cygnus is a group of five stars. Which forms a cross like a swan. 

 The clouds of dusty gas are called nebulae.  
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1. A study of binary stars is most helpful in  [CBSE PMT 1993] 

(a) Finding their distances 

(b) Finding their temperature  

(c) Finding their masses 

(d) Verifying Newton's force law of gravitation  

2. A group of bright and faint stars is called  [AFMC 1994] 

(a) Galaxy (b) Comet 

(c) Black hole (d) Constellation 

3. According to modern astronomers into how many constellations, the 
whole sky is divided  [BHU 1994] 

(a) 1011  (b) 88  

(c) 880  (d) 5000  

4. Which of the following theories is the most satisfactory about the 

origin of the universe     [CBSE PMT 1994] 

(a) Big Bang theory  (b) Pulsating theory  

(c) Steady state theory  (d)  None of these  

5. Which of the planet is brightest   [BHU 1999] 

(a) Mercury  (b) Venus 

(c) Mars (d) Jupiter 

6. A star which appears blue will be   [CPMT 1998] 

(a) As hot as the sun (b) Cooler than the sun 

(c) Very cold indeed (d) Much hotter than the sun 

7. Hubble showed that the universe as a whole is expanding and the 

distant stars are receding from us. The spectral line from a star, 
when compared with the corresponding line from an source will 
then show   [Haryana CEE 1996] 

Fig. 31.7 
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(a) A shift in frequency towards the red end 

(b) A shift in frequency towards the violet end 

(c) No shift in frequency at all  

(d) A shift in frequency towards the violet end as well as a 
decrease in intensity  

8. The solar constant on the surface of the earth is S. What will be its 
value on the surface of another planet which is about 5.3 A.U. away 
from sun    [AMU 1996, 97] 

(a) 
3.5

S
 (b) 

2)3.5(

S
 

(c) 5.3 S  (d) (5.3)2 S 

9. CO
2

 gas is found in which of the following pairs of the planet    [AFMC 1994] 

(a) Earth and Mercury (b) Mercury and Saturn 

(c) Venus and Saturn (d) Venus and Mars  

10. The wavelength of maximum energy, released during an atomic 

explosion, was 2.93  10–10 m. Given that the Wien's constant is 2.93 

 10–3 m K, the maximum temperature attained must be of the order 

of   [Haryana CEE 1996] 

(a) 10–7 K  (b) 107 K 

(c) 10–13 K  (d) 5.86  107 K  

11. Black hole is a   [BHU 1995; MH CET 2003] 

(a) Hole in the ozone layer of atmosphere  

(b) Hole in earth's centre 

(c) Highly dense matter available in the atmosphere  

(d) Hole in troposphere   
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12. A planet of mass M has a satellite of mass m, revolving around the 
planet in a circular orbit of radius r and time period T. The mass 

(M) of the planet is  [AMU 2000] 

(a) 
2

324

GT

r
 (b) 

3

224

GT

r
 

(c) 
3

2

4 r

GT


 (d) 

2

3

4 T

Gr


 

13. The age of universe is believed to be  [NTSE 1995] 

(a) 1 billion years (b) 10 billion years 

(c) 10-20 billion years (d) 1000 billion years  

14. A planet which is born sister of earth is  [AFMC 2000] 

(a) Mercury (b) Venus  

(c) Mars  (d) Jupiter  

15. Source of Sun's energy is    [CBSE PMT 1992; 

KCET 1994; AFMC 1998; BHU 2000; DCE 2001] 

(a) Burning of hydrogen  

(b) Fission reactions involving hydrogen  

(c) Fusion reactions involving hydrogen 

(d) Some other source  

16. Asteroids are    [DPMT 2000] 

(a) Small planets  

(b) Shooting stars  

(c) Found in a belt between Earth ad Venus  

(d) None of these  

17. Sun radiates continuously and maintains its brightness because  [MP PMT 1990; JIPMER 1997] 

(a) Helium is converted into iron in its core  

(b) Of fusion of hydrogen nuclei into helium  

(c) Fusion of helium in hydrogen 

(d) Burning of carbon, in its core  

18. Venus appears brighter than other stars because  

[MP PMT 1990] 

(a) It is heavier than other planets  

(b) Its density is more than other planets  

(c) It is nearer to earth in comparison to other planets  

(d) Nuclear fusion takes place at its surface  

19. There is no atmosphere on moon because  [MP PMT 1990] 

(a) There is no vegetation 

(b) The escape velocity at its surface is very low  

(c) Diffusion constant of gases is high  

(d) There is vacuum in space 

20. Which of the following planets have rings around it  

[MP PMT 1991] 

(a) Uranus  (b) Mars  

(c) Jupiter (d) Saturn 

21. Milky way is  [MP PMT 1991; Kerala PMT 2001] 

(a) A planet of our system 

(b) A sun  

(c) One of the solar system 

(d) One of the enormous galaxies of universe  

22. Hubble's law states that the velocity with which the 'milky way' is 
moving away from the earth is proportional to  

[MP PMT 1991; Kerala PMT 2004] 

(a) Square of the distance of the milky way from the earth 

(b) Distance of milky way from the earth  

(c) Mass of the milky way  

(d) Product of the mass of the milky way and its distance from the 
earth 

23. The hottest planet of solar system is  [CBSE PMT 1992] 

(a) Mars (b) Mercury  

(c) Venus  (d) Pluto  

24. Towards the centre of sun    [MP PMT 1992] 

(a) Density decreases  

(b) Pressure decreases  

(c) Temperature decreases  

(d) Density and pressure increases  

25. Period of revolution increases in the order of  

[MP PMT 1992] 

(a) Saturn, Uranus, Venus  (b) Mars, Saturn, Pluto 

(c) Mercury, Neptune, Mars (d) Mars, Jupiter, Venus 

26. The length of Milky way is    [MP PMT 1992] 

(a) 100,000 light years  (b) 10,000 light years  

(c) 1000 light years (d) 100 light years  

27. Which of the nine planets is nearest to sun  

[CBSE PMT 1992] 

(a) Venus (b) Mercury  

(c) Mars (d) Jupiter  

28. An extremely hot star would appear to be  [AMU 1996, 97] 

(a) Red  (b) Blue 

(c) Yellow  (d) Orange  

29. The sun emits a light with maximum wavelength 510 mm while 
another star X emits a light with maximum wavelength of 350 nm. 
What is the ratio of surface temperature of sun and the star X    [AIIMS 2000] 

(a) 2.1  (b) 0.68  

(c) 0.46  (d) 1.45 

30. A double star is a system of two stars rotating about their centre of 
mass only under their mutual gravitational attraction. Let the star 
have mass m and 2m and their separation be l. Their time period of 
rotation about their centre of mass will be proportional to [JIPMER 2000] 

(a) 3/2l  (b) l  

(c) 2/1m  (d) 2/1m  

31. Hubble's law is related with  [AIIMS 2002; Pb. PET 2002] 

(a) Comet  (b) Speed of galaxy  

(c) Black hole (d) Planetary motion  

32. 'Albedo' is  [Pb. PET 2001; BHU 2001; 

Kerala PET 2002; AFMC 2002] 

(a) Reflecting power of a heavenly body 

(b) Transmitive power of a heavenly body  

(c) Absorptive power of a heavenly body  

(d) Refracting power of a heavenly body  

33. According to the pulsating theory the expansion and contraction of 
the universe repeats after every   

[TNPCEE 2002] 
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(a) 11 years  (b) 8 billion years  

(c) 8 million years  (d) 80 billion years  

34. Meteors are    [TNPCEE 2002] 

(a) Small stars  

(b) Burnt pieces of comets that fall on earth  

(c) Comets without tails  

(d) None of these  

35. Which of the following helps us in the determination of the 
temperature of sun    [CBSE PMT 2001] 

(a) Kirchhoff's law  (b) Maxwell Boltzmann law 

(c) Planck's law  (d) Stefan's law  

36. How does the red shift confirms that the universe is expanding   [Pb. PMT 1997; AIIMS 2001] 

(a) Due to Wien's law  (b) Due to Stefan's law 

(c) Due to Kirchhoff's law (d) Due to Doppler's effect  

37. Two stars P and Q are observed at night. Star P appears reddish 

while, star Q is white. From this we conclude  

[Roorkee 1992] 

(a) Temperature of Q is higher than that of P  

(b) Temperature of Q is lower than that of P  

(c) Star Q is at the same distance at that of star P  

(d) Star P is farther than star Q  

38. Albedo is maximum for     [Pb. PET 2000] 

(a) Pluto  (b) Venus 

(c) Earth  (d) Mercury  

39. When original mass of star is greater than 5 M (M = mass of the 
sun). The death of this star will give rise to  

[Pb. PET 2000] 

(a) White dwarf  (b) Black hole 

(c) Quasars  (d) Nebula  

40. The tail of the comet is due to   [Pb. PET 2002] 

(a) Vaporisation of water on the comet  

(b) Sublimation of vapour in the comet  

(c) Cooling of water in the comet 

(d) Vaporisation of heat in the comet  

41. In our solar system, there is one sun and  [BHU 2004] 

(a) Seven planets 

(b) Nine planets  

(c) Eleven planets  

(d) Indefinite number of planets  

42. Which one of the following planet has the longest day  

[AFMC 2003] 

(a) Venus  (b) Mars 

(c) Mercury (d) Earth  

43. Which one of the following is known as Saptarishi  

[AFMC 2003] 

(a) Orion  (b) Ursa major  

(c) Ursa minor  (d) Scorpion  

44. Smaller pieces of heavy stones and metals which on entering earth's 
atmosphere burns out are  [AFMC 2003] 

(a) Comets  (b) Meteorites  

(c) Asteroids  (d) All of these  

45. In determining the temperature of a distant star, one makes use of    [DCE 2003] 

(a) Kirchhoff's law (b) Stefan's law 

(c) Wien's displacement law (d) None of these  

46. The motion of planets in the solar system is an example of 
conservation of     [DCE 2001, 03] 

(a) Mass (b) Momentum  

(c) Angular momentum  (d) Kinetic energy  

47. Mass of earth has been determined through  

[Kerala (Engg.) 2002] 

(a) Use of Kepler's T2/R constancy law 

(b) Sampling the density of earth's crust and using R  

(c) Cavendish's determination of G and using R and 'g' at the 
surface 

(d) Use of periods of satellites at different heights above earth's 
surface  

48. The galaxies are moving away from each other. It is explained by      [DCE 2001] 

(a) White dwarf star (b) Red shift 

(c) Neutron star (d) None of these 

49. Speed of recession of galaxy is proportional to it's distance 

[DCE 1999]  

(a) Directly  (b) Inversely  

(c) Exponentially  (d) None of these  

50. Great bear is a    [DCE 1998] 

(a) Star  (b) Galaxy 

(c) Constellation  (d) Planet 

51. Surface temperature of the sun is of the order of  [DCE 1996] 

(a) 5000 K  (b) 7000 K  

(c) 6000 K  (d) 12000 K  

52. The colour of a star is an indication of its [BCECE 2005] 

(a) Weight (b) Distance 

(c) Surface temperature (d) Size 

53. Which of the following is coldest planet [BCECE 2005] 

(a) Mercury (b) Pluto 

(c) Earth (d) Venus 

54. According to Hubble's law, the redshift )(Z of a receding galaxy and 

its distance r from earth are related as 

[AIIMS 2005] 

(a) rZ   (b) rZ /1  

(c) 2/1 rZ   (d) 2/3rZ   

55. The condition for a uniform spherical mass m of radius r to be a 
black hole is [G = gravitational constant and g = acceleration due 
to gravity]   [AIIMS 2005] 

(a) crGm 2/1)/2(  (b) crGm 2/1)/2(  

(c) crGm 2/1)/2(  (d) crgm 2/1)/(  

56. Fraunhofer lines of the solar system is an example of  

[AIIMS 2001] 

(a) Emission spectrum 

(b) Emission band spectrum 

(c) Continuous emission spectrum 

(d) Line absorption spectrum 

57. The difference in the lengths of a mean solar day and a sidereal day 
is about    [AIIMS 2003] 

(a) 1 min (b) 4 min 
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(c) 15 min (d) 56 min 

 
 
 
 
 
 

1. A bright star is indicated to have a brightness magnitude of – 5 
compared to a star of brightness zero magnitude. It means that this 
star compared to the reference star of zero brightness is   [Kerala PMT 2003] 

(a) 100 times less bright (b) 5 times more bright 

(c) 5 times less bright (d) 100 times more bright 

2. The sun revolves around the galaxy with a speed of 250 km/sec and 

it's radius is 3  104 light year. The mass of the milky way is    [BHU 1993] 

(a) 3  1040 kg (b) 3  1041 kg 

(c) 5  1040 kg (d) 6  1041 kg  

3. There are certain types of stars called visible stars which undergo 

periodic change in their light output. If such a star quadruple it's 
light output, how much does it's magnitude change 

(a) – 1.25 (b) – 1.5 

(c) – 1.75 (d) – 2 

4. A particular emission line, detected in the light from a galaxy, has a 

wavelength  1.1 , where   is the proper wavelength of the 
line. The galaxy distance from us 

(a) ly9106.1   (b) ly91097.0   

(c) ly9104.2   (d) ly111062.1   

5. Assuming that the dimmest visible star to the naked eye has a 
magnitude of about 6. Brightness of planet Venus (magnitude = – 4) 

w.r.t. this star is 

(a) 10,000 times brighter (b) 2000 times brighter 

 (c) 15000 times brighter (d) 4000 times brighter 

6. A galaxy is observed to be moving with a velocity of 8600 km-sec–1. If 

it is at a distance of 430 million light year from us, Hubble constant 
and corresponding age of the universe are respectively  

(a) year
ly

kms 10
1

5 1049.1,102 


   

(b) year
ly

kms 3
1

6 1058.1,102 


  

(c) year
ly

kms 10
1

6 1049.1,10 


 

(d) None of these  

7. Consider a binary star system consisting of two stars of masses 1M  

and 2M  separated by a distance of 30 AU with a period of 

revolution equal to 30 years. If one of the two stars is 5 times 
farther from the centre of mass than the other. The masses of the 
two stars in terms of solar masses are 

(a) 5, 15 (b) 25, 5 

(c) 25, 10 (d) 7, 25 

8. A planet of mass m moves in an ellipse around the sun of mass 

SM  so that its maximum and minimum distances are 1r  and 2r  

respectively. The angular momentum of the planet relative to the 

centre of the sun is  

(a) 
)(

2

21

1
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 (b) 
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(c) 
)( 21

21
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 (d) 
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2

2121 rrrr
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9. The percentage of Sun's total energy which reaches the earth's 

surface is   

(a) 10–7 %  (b) 10–6 % 

(c) 10–3 % (d) 10–2 %  

10. Suppose a planet goes around Sun with a linear speed twice as fast 
that of earth. What will be it's orbit size as compared to that of 
earth ? (Radius of earth = R)  

(a) R / 4 (b) R / 2 

(c) R (d) 2R 

 
 
 
 
 
 

Read the assertion and reason carefully to mark the correct option out of 

the options given below: 

(a) If both assertion and reason are true and the reason is the correct 
explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct 
explanation of the assertion. 

(c) If assertion is true but reason is false. 
(d) If the assertion and reason both are false.  
(e) If assertion is false but reason is true. 

1. Assertion  : The stars twinkle while the planets do not. 

Reason  :  The stars are much bigger in size than the planets.[AIIMS 2003] 

2. Assertion  :   A pulsor is a source of radio waves which change in 
terms of intensity at regular interval of time 

Reason  : A pulsor is a rotating neutron star 

[AIIMS 1998, 2002] 

3. Assertion : The comet do not obey Kepler's laws of planetary 

motion 

Reason  :  The comet do not have elliptical orbit 

[AIIMS 1995] 

4. Assertion  : A star which appears blue will be much hotter than 
the sun 

Reason  : It is based on Wien's law 

5. Assertion  : There is no atmosphere on moon 

Reason  : Escape velocity at the surface of moon is low. 

6. Assertion  : Red shift confirms that the universe is expanding 

Reason  :  Wavelength of red light is maximum in the visible 
region 

7. Assertion  :  Sun is at the galactic centre C of the milky way 

Reason  :  All planets of solar system revolve around the sun. 

8. Assertion  :  Moon is seen as it partly reflects the sun light 

falling on it 

Reason  :  Moon is a satellite of earth. It does not emit light of 

its own  

9. Assertion :  The value of Hubble's constant is 16 km/s 
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Reason  :  Hubble's constant means that a galaxy at 1 million 
light years away is receding at the rate of 16 km/s. 
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1 d 2 d 3 b 4 a 5 b 

6 d 7 a 8 b 9 d 10 b 

11 c 12 a 13 c 14 b 15 c 

16 a 17 b 18 c 19 b 20 d 

21 d 22 b 23 b 24 d 25 b 

26 a 27 b 28 b 29 b 30 d 

31 b 32 a 33 d 34 b 35 d 

36 d 37 a 38 b 39 b 40 a 

41 b 42 a 43 b 44 b 45 c 

46 c 47 c 48 b 49 a 50 c 

51 c 52 c 53 b 54 a 55 c 
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1. (d) A study of binary star is most helpful in verifying Newton's law 
of gravitation. 

2. (d) A group of bright and faint stars is called a constellation  

3. (b) The sky is divided into 88 constellations.  

4. (a) Big Bang theory is the most satisfactory theory about the origin 
of universe.  

5. (b) Venus is the brightest planet. 

6. (d) A star which appears blue will be much hotter than the sun.  

7. (a) When distant stars are receding from us, spectral line from the 
star, when compared to with the corresponding line from 
source will show red shift i.e. a shift in frequency towards the 
red end.  

8. (b) Solar constant is the energy crossing per unit area per sec at 
earth's distance, area being normal to the sun's rays. Also 
energy falling is inversely proportional to the square of distance 
from the source.  
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9. (d) Venus and Mars have both CO
2

 present. 

10. (b) bTm    310 1093.21093.2   T  T = 107 K  

11. (c) Black hole is highly dense malter in the atmosphere which has 
very large value of gravitational pull, so that nothing escapes 
from it. 

12. (a) 
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13. (c) The age of universe is believed to be 10-20 billion years. 

14. (b) Planet Venus is called Earth's sister. 

15. (c) Source of Sun's energy is fusion reactions involving hydrogen. 

16. (a) Asteroids are a group of rock pieces moving around the Sun in 
between Mars and Jupiter. They are believed to be the remains 
of a large planet which exploded due to gravitative attraction of 
Sun and that planet, may be called small planets.  

17. (b) The energy of the sun is due to fusion of hydrogen nuclei into 
helium.  

18. (c) Venus appears brighter as it is nearest to the earth and the 
light of sun reflected form sun reaches earth with greater 
intensity.  

19. (b)  

20. (d) Saturn only has ring around it.  

21. (d) Milky way is one of the enormous galaxies of the universe. 

22. (b) According to Hubble's law, v  r.  

23. (b) The hottest planet of solar system is one which is nearest to 
sun and has no atmosphere.  

24. (d) As we move towards the centre of the sun, the density and 
pressure increases.  

25. (b) As 32 rT   and distance of planet from sun in increasing 
order is for Mars, Saturn and Pluto. 

26. (a) Length of milky way is 105 light years.  

27. (b) Mercury is the nearest planet to sun. 

28. (b) According to Wien's law, .
1

T
m   It means higher the 

temperature of a star, the lower is the wavelength of maximum 
intensity radiation emitted from star which tells the colour of 
star.  

29. (b) As ;
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30. (d) 
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31. (b) Speed of galaxy is proportional to it's distance from us i.e.  
.rU   This is Hubble's law  

32. (a) Reflecting power of a heavenly body is called albedo.  

33. (d) 

34. (b) Meteors are burnt piece of comet. When they reach earth's 
atmosphere, they start burning due to friction. 

35. (d) According to Stefan's law 4TE   
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36. (d) If the light received from galaxies indicates a shift towards the 
red end of spectrum of light, it means that the galaxies should 
be receding away (Doppler's effect). Therefore we conclude 
that the universe is expanding. 

37. (a) The star which appears red is at less temperature, than the star 
which appears white. Therefore, temperature of Q is higher 
than that of P.  

38. (b) The albedo (reflection power) is maximum for Venus, because 
it reflects 85% of incident light. It's value of albedo is 0.85. 

39. (b) It is well known that if the mass of the star is more than that 
of mass of Sun, it explodes after it's red giant stage and dies 
out giving rise to supernova and a black hole. 

40. (a) If a comet approaches the sun, the substances like water etc. on 
the comet, get vaporised due to the heat of Sun, and radiation 
pressure forces of these vapours move away from the Sun. 
Hence, it forms the tail of the comet.  

41. (b) 

42. (a) Venus has the longest day. 

43. (b) Ursa major is known as saptarishi. 

44. (b) 

45. (c) The temperature of stars can be determined by Wiens 

displacement law which is constant.. Tm  

46. (c) The motion of planets in the solar system is based on the 
conservation of angular momentum.  

47. (c)  
48. (b) 

49. (a) Hubble's law state that. Speed of recession (v)  distance (r). 
50. (c) Great bear is a constellation, which is a group of some stars.  

51. (c) Surface temperature of Sun is about 6000 K.  

52. (c) By using constantTm  

53. (b) Because pluto is farthest from Sun.  

54. (a) Hubble’s law is a statement of a direct correlation between the 
distance (r) to a galaxy and its recessional velocity as 

determined by the red shift (Z). It is stated as HrZ  . 

55. (c) The criterion for a star to be black hole is 
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56. (d) Fraunhofer lines are produced by the absorption of rays of the 
Sun in the atmosphere. When white light from photosphere 
passes through chromosphere, the vapours and gases present in 
it absorbs certain wavelengths and produces dark lines 
(Fraunhofer lines). 

57. (b)  The difference in the length of mean solar day and a sidereal 
day is about 4 min.  

 

Critical Thinking Questions 
 

1. (d) Given that magnitude for brightest star = – 5  

and magnitude of given star = 0 
Now m

2

 – m
1

 = 0 – (– 5) = 5 
The brightness ratio is given by  

100100100 5/5/)(

2

1 12 
 smm

l

l
 

So bright star is 100 time bright that the dim star. 

2. (b) The mass of galaxy is given by 
G

rv
M

2

  

where v = 250 km/sec = 250  103 
sec

m
 

r = 3  104 ly = 3  104  9.46  1012 km  3  1020 m  
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m  3  1041 kg. 

3. (b) 4log5.2log5.24
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     = 5.16021.05.2  . 

4. (a) From Hubble’s law v = Hr where H = Hubble’s constant = 19.3 
mm/sec-ly and r = Distance of Galaxy from us. 

According to Doppler’s effect speed of Galaxy 
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5. (a) Here, for Venus 41 m , for star 62 m  using 
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6. (a) 
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Age of the universe, 
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Taking r = 430  106 ly = 430  106  9.46  1012 km 
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7. (b) 
2

32

21 .
4

T

r

G
MM


  

  If T is measured in years, r in A.U. and masses in Solar masses 

then 24G . 
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  After solving (i) and (ii) we get 251 M  and 52 M  

8. (b) From conservation of energy  
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9. (a) If S is the total energy emitted by Sun per second and r is the 
distance of earth from Sun; then energy reaching earth of 

radius R per second
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Percentage of energy reaching earth 
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10. (a) From  Kepler's law 
2/3RT   and also 
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Assertion and Reason 
   

1. (b) Stars twinkles due to variation in density of atmospheric layer. 
Also stars are much bigger in size than planets but it has 
nothing to deal with twinkling phenomenon. 

2. (b) Pulsar is a source of radio waves which emits pulses of radio 
waves at short and regular time of intervals. 

Pulsar is formed, due to super nova explosion, when super nova 
explosion occurs, the core of the star is compressed and 
electrons and protons combine to form a neutron. Due to this 
region pulsar is called neutron star.  

3. (b) Comets do not revolve around the sun in fixed elliptical orbit 
like other planets and don't obey Kepler's law for planetary 
motion.  

4. (a) According to Wien's law,  bTm constant. As m  for the 

star is blue, which is less than m  for sun, which is yellow, 

therefore temp. T of star will be much higher than the 
temperature of the sun.   

5. (a) At the surface of moon v
rms

 > v
escape

 hence molecules escape out 
before reaching their rms velocity that's why there is no 
atmosphere present.  

6. (b) Red shift means that wavelength of light received from stars is 
increasing i.e., apparent frequency is decreasing. Therefore, the 
stars/galaxies must be receding away. Hence the universe is 
expanding.  Reason is also true, but it does not explain the 
assertion appropriately. 

7. (e) The reason is true, but the assertion is false. Infect, distance of 

sun of our solar system from galactic centre is 4103  light 
years. 

8. (a) Both the assertion and reason are true and reason is a correct 
explanation of the assertion.  

9. (e) The assertion is not true. Infect, the value of Hubble's constant 
is 16 km per sec per million light years. 
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1. “The universe is expanding” means 

 (a) Size of the hole in Ozon layer is increasing 

 (b) Universe is expanding into something  

 (c) Infinite universe is becoming more infinite 

 (d) None of these 

2. The galaxy in which we live is 

(a) Spiral galaxy (b) Radio galaxy 

(c) Irregular galaxy (d) None of these 

3. The distance of Venus from the sun is 0.72 AU. the orbital period of 

the Venus is  

(a) 200 days (b) 320 days 

(c) 225 days (d) 325 days 

4. Suppose the sun was located at the position occupied by the nearest 

star, say, alphacenturi 4 light years away. By what factor the solar 

radiation received per sec per unit area decrease 

 (a) 6105.1   (b) 8105.1   

 (c) 9105.1   (d) 11105.1   

5. If a galaxy is at a distance 430 million light years from us, determine 

Hubble's constant. Its speed being 161048.6  ms  

(a) 16 kms–1 per million light year 

(b) 15 kms–1 per million light year 

(c) 14 kms–1 per million light year 

(d) None of these 

6. The magnitude of two stars A and B are 2.5 and –5 respectively. 

The brightness ratio of 
A

B
 is 

(a) 7.5 (b) 102 

(c) 103 (d) 107.5  

7. A body at 1500 K emits maximum energy at a wavelength 20,000 Å. 

If the Sun emits maximum energy at wavelength 5500 Å, then the 

temperature of Sun is  

(a) 5454 (b) 4454 

(c) 4550 (d) 5400 

8. The hottest type of stars are called 

(a) A type  (b) B type  

(c) O type  (d) M type  

9. Venus appears brighter than other stars because 

 (a) It is heavier than other planets 

 (b) Its density is more than other planets 

 (c) It is nearer to earth in comparison to other planets 

(d) Nuclear fusion takes place at its surface 

10. The death of a star results is in a neutron star if the original mass of 

star in terms of mass of Sun (M) is  

(a) Less than 2M  

(b) Between 2M and 4M  

(c) Greater than 5 M 

(d) Exactly equal to M  

11. The tail of a comet points  

(a) Towards the Sun  

(b) Away from the Sun 

(c) In arbitrary  

(d) Away from the earth 

12. The angle of maximum elongation for Venus is 47°. The distance of 

Venus from earth in A.U. is  

(a) 0.68 A.U. (b) 0.86 A.U. 

(c) 1 A.U. (d) 0.73 A.U. 

13. The number of stars in our solar system is  

(a) 9 (b) 5 

(c) 1 (d) More than 9 

14. If angular diameter of Sun is about 30 and it's distance from earth 

is 1.5  1011 m, then solar diameter is  

(a) 1.1  107 m 

(b) 1.5  108 m 

(c) 1.4  109 m 

(d) 1.9  1011 m 
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1. (c)  

2. (a) The galaxy in which we live is spiral galaxy. Our galaxy Milky 

way is a spiral galaxy.  

3. (c) 
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  = 0.62 year or 225 days. 

4. (d) 
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where r
1

 = Distance of Sun from earth = 1.5  1011 m = 1 AU, r
2

 = 

4 ly = 4  9.46  1015 m  

5. (b) 
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H = 107.15 kms per million light year 
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7. (a) According to Wien's displacement law Tm constant 
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8. (c) O type stars are hottest.  

 

 

 

 

 

 

 

 

 

 

 

9. (c) Venus appears brighter than other stars because it is nearest to 

earth than other stars.  

10. (b) 

11. (b) Tail of comet points away from the sun. 

12. (a) The angle formed at earth between earth planet and earth sun 

direction is called planet's elongation represented by  , when 

planet appears farthest from the Sun, the angle subtended by 

the Sun and earth at the planet is 90 . 

From the geometry of figure 

 47coscos 
sE

PE

r

r
 

 47cossEP rr  

AUAU 68.01)47(cos   

Choice (a) is correct 

707.0
2

1
45[cos  . As angle increases its cosine 

decreases 47cos  can not be 0.86, 0.73 or 1] 

13. (c) The number of stars in our solar system in one (our Sun). 

14. (c) We know that 
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