
28 JEE MAIN CHAPTERWISE SOLUTIONS

1. Seven identical circular planar disks, each of mass M and
radius R are welded symmetrically as shown. The moment
of inertia of the arrangement about the axis normal to the
plane and passing through the point P is

(a)
219

2
MR  (b)

255

2
MR

(c)
273

2
MR  (d)

2181

2
MR

(2018)

2. From a uniform circular disc of radius R and mass 9M, a

small disc of radius 
3

R
 is removed as shown in the figure.

The moment of inertia of the remaining disc about an axis
perpendicular to the plane of the disc and passing through
centre of disc is
(a) 4MR2

(b) 240

9
MR

(c) 10MR2

(d)
237

9
MR (2018)

3. A force of 40 N acts on a point B at the end of an L-shaped
object, as shown in the figure. The angle  that will produce
maximum moment of the force about point A is given by

(a)
1

tan
2

 

(b) tan = 4

(c) tan = 2

(d)
1

tan
4

 

(Online 2018)

4. A uniform rod AB is suspended from a point X, at a variable
distance x from A, as shown. To make the rod horizontal,
a mass m is suspended from its end A. A set of (m, x)
values is recorded. The appropriate variables that give a
straight line, when plotted, are

(a) 2

1
,m

x
(b) m, x2 (c) m, x (d)

1
,m

x
(Online 2018)

5. A disc rotates about its axis of symmetry in a horizontal
plane at a steady rate of 3.5 revolutions per second. A
coin placed at a distance of 1.25 cm from the axis of rotation
remains at rest on the disc. The coefficient of friction between
the coin and the disc is  (g = 10 m/s2)
(a) 0.7 (b) 0.5 (c) 0.3 (d) 0.6

(Online 2018)

6. A thin rod MN, free to rotate in the vertical plane about
the fixed end N, is held horizontal. When the end M is
released the speed of this end, when the rod makes an
angle  with the horizontal, will be proportional to (see figure)
(a) cos
(b) sin
(c) cos
(d) sin (Online 2018)

7. A thin uniform bar of length L and mass 8 m lies on a
smooth horizontal table. Two point masses m and 2m are
moving in the same horizontal plane from opposite sides
of the bar with speeds 2v and v respectively. The masses

stick to the bar after collision at a distance and
3 6

L L

respectively from the centre of the bar. If the bar starts
rotating about its center of mass as a result of collision,
the angular speed of the bar will be

(a)
6

5

v

L

(b)
6

v

L

(c)
5

v

L
(d)

3

5

v

L
(Online 2018)

8. A thin circular disk is in the xy plane as shown in the
figure. The ratio of its moment of inertia about z and z axes
will be
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(a) 1 : 4 (b) 1 : 3
(c) 1 : 2 (d) 1 : 5 (Online 2018)

9. The moment of inertia of a uniform cylinder of length l
and radius R about its perpendicular bisector is I. What is
the ratio l/R such that the moment of inertia is minimum ?

(a)
3

2
(b)

3

2
(c) 1 (d)

3

2
(2017)

10. A slender uniform rod of mass M and length l is pivoted
at one end so that it can rotate in a vertical plane (see
figure). There is negligible friction at the pivot. The free
end is held vertically above the pivot and then released.
The angular acceleration of the rod when it makes an
angle  with the vertical is

(a)
3

sin
2

g

l


(b)
2

sin
3

g

l


(c)
3

cos
2

g

l
 (d)

2
cos

3

g

l
 (2017)

11. Moment of inertia of an equilateral triangular lamina ABC,
about the axis passing through its centre O and perpendicular
to its plane is I0 as shown in the figure. A cavity DEF is
cut out from the lamina, where D, E, F are the mid points
of the sides. Moment of inertia of the remaining part of
lamina about the same axis is

(a) 07

8

I
(b) 031

32

I

(c) 03

4

I
(d) 015

16

I

(Online 2017)

12. A uniform disc of radius R and mass M is free to rotate
only about its axis. A string is wrapped over its rim and
a body of mass m is tied to the free end of the string as
shown in the figure. The body is released from rest. Then
the acceleration of the body is

(a)
2

2

mg

m M

(b)
2

2

Mg

m M

(c)
2

2

Mg

M m

(d)
2

2

mg

M m (Online 2017)

13. In a physical balance working on the principle of moments,
when 5 mg weight is placed on the left pan, the beam
becomes horizontal. Both the empty pans of the balance
are of equal mass. Which of the following statements is
correct?
(a) Left arm is shorter than the right arm
(b) Left arm is longer than the right arm
(c) Every object that is weighed using this balance appears

lighter than its actual weight

(d) Both the arms are of same length (Online 2017)

14. A circular hole of radius 
4

R
 is made in a thin uniform disc

having mass M and radius R, as shown in figure. The
moment of inertia of the remaining portion of the disc
about an axis passing through the point O and
perpendicular to the plane of the disc is

(a)
2219

256

MR

(b)
2197

256

MR

(c)
219

512

MR
(d)

2237

512

MR

(Online 2017)

15. A particle of mass m is moving along the side of a square
of side ‘a’, with a uniform speed v in the x-y plane as
shown in the figure.

Which of the following statements is false for the angular
momentum 


L  about the origin?

(a)    ^

2

 mv
L Rk  when the particle is moving from A to B.

(b)  
    

^

2

 R
L mv a k  when the particle is moving from

C to D.

(c)
    

^

2

 R
L mv a k  when the particle is moving from

B to C.

(d)   ^

2

 mv
L Rk  when the particle is moving from D to A.

(2016)

16. A roller is made by joining together two cones at their
vertices O. It is kept on two rails AB and CD which are
placed asymmetrically (see figure), with its axis
perpendicular to CD and its centre O at the centre of line
joining AB and CD (see figure). It is given a light push
so that it starts rolling with its centre O moving parallel
to CD in the direction shown. As it moves, the roller will
tend to



(a) turn left

(b) turn right

(c) go straight

(d) turn left and right alternately
(2016)

17. A cubical block of side 30 cm is moving with velocity
2 m s–1 on a smooth horizontal surface. The surface has
a bump at a point O as shown in figure. The angular
velocity (in rad/s) of the block immediately after it hits
the bump, is

(a) 13.3 (b) 5.0 (c) 9.4 (d) 6.7
(Online 2016)

18. Concrete mixture is made by mixing cement, stone and
sand in a rotating cylindrical drum. If the drum rotates
too fast, the ingredients remain stuck to the wall of the
drum and proper mixing of ingredients does not take place.
The maximum rotational speed of the drum in revolutions
per minute (rpm) to ensure proper mixing is close to
(Take the radius of the drum to be 1.25 m and its axle to
be horizontal)
(a) 27.0 (b) 0.4 (c) 1.3 (d) 8.0

(Online 2016)

19. In the figure shown ABC is a uniform wire. If centre of mass

of wire lies vertically below point A, then
BC
AB is close to

(a) 1.85 A

B C
60°

(b) 1.5
(c) 1.37

(d) 3 (Online 2016)

20. Distance of the centre of mass of a solid uniform cone
from its vertex is z0. If the radius of its base is R and its
height is h then z0 is equal to

(a)
5

8

h
(b)

23

8

h

R
(c)

2

4

h

R
(d)

3

4

h

(2015)

21. From a solid sphere of mass M and radius R a cube of
maximum possible volume is cut. Moment of inertia of
cube about an axis passing through its centre and
perpendicular to one of its faces is

(a)


24

9 3

MR
(b)



24

3 3

MR
(c)



2

32 2

MR
(d)



2

16 2

MR

(2015)

22. A uniform solid cylindrical roller of mass m is being pulled
on a horizontal surface with force F parallel to the surface
and applied at its centre. If the acceleration of the cylinder
is a and it is rolling without slipping then the value of
F is

(a) ma (b) 2ma (c)
3

2
ma (d)

5

3
ma

(Online 2015)

23. Consider a thin uniform square sheet made of a rigid
material. If its side is a, mass m and moment of inertia I
about one of its diagonals, then

(a) 
2

12

ma
I (b)  

2 2

24 12

ma ma
I

(c) 
2

12

ma
I (d) 

2

24

ma
I (Online 2015)

24. A uniform thin rod AB of length L has linear mass density

  ( ) ,
bx

x a
L

 where x is measured from A. If the CM of

the rod lies at a distance of 
 
  
7

12
L  from A, then a and

b are related as
(a) a = b (b) a = 2b
(c) 2a = b (d) 3a = 2b (Online 2015)

25. A particle of mass 2 kg is on a smooth horizontal table
and moves in a circular path of radius 0.6 m. The height
of the table from the ground is 0.8 m. If the angular speed
of the particle is 12 rad s–1, the magnitude of its angular
momentum about a point on the ground right under the
centre of the circle is
(a) 8.64 kg m2 s–1 (b) 11.52 kg m2 s–1

(c) 14.4 kg m2 s–1 (d) 20.16 kg m2 s–1

(Online 2015)
26. A bob of mass m attached to an inextensible string of

length l is suspended from a vertical support. The bob
rotates in a horizontal circle with an angular speed
 rad s–1 about the vertical. About the point of suspension
(a) angular momentum changes both in direction and

magnitude.
(b) angular momentum is conserved.
(c) angular momentum changes in magnitude but not in

direction.
(d) angular momentum changes in direction but not in

magnitude.   (2014)
27. A mass m is supported by a massless

string wound around a uniform
hollow cylinder of mass m and radius   

R
m

m

R. If the string does not slip on the
cylinder, with what acceleration will
the mass fall on release?

(a) g (b)
2
3
g

(c)
2
g

(d)
5
6
g

(2014)

28. A hoop of radius r and mass m rotating with an angular
velocity 0 is placed on a rough horizontal surface. The
initial velocity of the centre of the hoop is zero. What will
be the velocity of the centre of the hoop when it ceases
to slip?

(a) r0 (b) 0

4
r 0 (c) 0

3
r 0 (d) 0

2
r 0

(2013)



29. A pulley of radius 2 m is rotated about its axis by a force
F = (20t – 5t2) newton (where t is measured in seconds)
applied tangentially. If the moment of inertia of the pulley
about its axis of rotation is 10 kg m2, the number of rotations
made by the pulley before its direction of motion if reversed,
is
(a) less than 3
(b) more than 3 but less than 6
(c) more than 6 but less than 9
(d) more than 9 (2011)

30. A mass m hangs with the help of a string wrapped around
a pulley on a frictionless bearing. The pulley has mass m
and radius R. Assuming pulley to be a perfect uniform
circular disc, the acceleration of the mass m, if the string
does not slip on the pulley, is

(a)
3
2

g (b) g (c)
2
3

g (d)
3
g

(2011)

31. A thin horizontal circular disc is rotating about a vertical
axis passing through its centre. An insect is at rest at a
point near the rim of the disc. The insect now moves along
a diameter of the disc to reach its other end. During the
journey of the insect, the angular speed of the disc
(a) remains unchanged
(b) continuously decreases
(c) continuously increases
(d) first increases and then decreases (2011)

32. A thin uniform rod of length l and mass m is swinging
freely about a horizontal axis passing through its end. Its
maximum angular speed is . Its centre of mass rises to a
maximum height of

(a)
2 21

3
l

g

2 2

(b)
1
6

l
g

l
(c)

2 21
2

l
g

2 2

(d)
2 21

6
l

g

2 2

(2009)

33. A thin rod of length L is lying along the x-axis with its ends
at x = 0 and x = L. Its linear density (mass/length) varies
with x as k(x/L)n where n can be zero or any positive
number. If the position xCM of the centre of mass of the rod
is plotted against n, which of the following graphs best
approximates the dependence of xCM on n?

(a)

xCM

O
n

L
L
2 (b)

O

L

L
2

xCM

n

(c)

O

xCM

L
2

n
(d)

O

L

xCM

L
2

n

(2008)

34. Consider a uniform square plate of side a and mass m. The
moment of inertia of this plate about an axis perpendicular
to its plane and passing through one of its corners is

(a)
22

 
3

ma (b)
25

 
6

ma (c)
21

 
12

ma (d)
27

 
12

ma

(2008)

35. For the given uniform square lamina ABCD, whose centre
is O,

(a) 2AC EFI I
D

A
E

B

F
C

O(b) 2 AC EFI I

(c) 3AD EFI I
(d) IAC = IEF (2007)

36. Angular momentum of the particle rotating with a central
force is constant due to
(a) constant torque (b) constant force
(c) constant linear momentum
(d) zero torque (2007)

37. A round uniform body of radius R, mass M and moment of
inertia I rolls down (without slipping) an inclined plane
making an angle  with the horizontal. Then its acceleration
is

(a) 2

sin

1 /

g

MR I




(b) 2

sin

1 /

g

I MR




(c) 2

sin

1 /

g

MR I




(d) 2

sin

1 /

g

I MR




(2007)

38. A circular disc of radius R is removed from a bigger circular
disc of radius 2R such that the circumferences  of the discs
coincide. The centre of mass of the new disc is /R from
the centre of the bigger disc. The value of  is
(a) 1/4 (b) 1/3 (c) 1/2 (d) 1/6.

(2007)

39. Four point masses, each of value m, are placed at the corners
of a square ABCD of side l. The moment of inertia of this
system about an axis through A and parallel to BD is

(a) ml 2 (b) 2ml2 (c) 3 ml 2 (d) 3ml2.
(2006)

40. A thin circular ring of mass m and radius R is rotating about
its axis with a constant angular velocity . Two objects
each of mass M are attached gently to the opposite ends
of a diameter of the ring. The ring now rotates with an
angular velocity  =

(a) ( 2 )
m

m M

 (b)

( 2 )m M
m

 

(c)
( 2 )

( 2 )
m M

m M
 

 (d) ( )
m

m M

 (2006)

41. A force of ˆFk  acts on O, the origin of the coordinate

system. The torque about the point (1, –1) is

(a) ˆ ˆ( )F i j 

(b) ˆ ˆ( )F i j

z

x

yO(c) ˆ ˆ( )F i j 

(d) ˆ ˆ( )F i j .
(2006)



42. Consider a two particle system with particles having masses
m1 and m2. If the first particle is pushed towards the centre
of mass through a distance d, by what distance should the
second particle be moved, so as to keep the centre of mass
at the same position?

(a) d (b)
2

1

m
d

m (c)
1

1 2

m
d

m m (d)
1

2

m
d

m .

(2006)

43. A T shaped object with dimensions shown in the figure, is
lying on a smooth floor. A force F


 is applied at the point

P parallel to AB, such that the object has only the
translational motion without rotation. Find the location of
P with respect to C.

(a)
4
3

l

(b) l

l

2l

A B

P

C

F
(c)

3
4

l

(d)
3
2

l

(2005)

44. A body A of mass M while falling vertically downwards

under gravity breaks into two parts; a body B of mass
1

3
M

and body C of mass 
2

3
M . The center of mass of bodies

B and C taken together shifts compared to that of body A
towards

(a) body C (b) body B
(c) depends on height of breaking
(d) does not shift (2005)

45. The moment of inertia of a uniform semicircular disc of
mass M and radius r about a line perpendicular to the plane
of the disc through the center is

(a) Mr2 (b)
21

2
Mr (c)

21

4
Mr (d)

22

5
Mr

(2005)

46. One solid sphere A and another hollow sphere B are of
same mass and same outer radii. Their moment of inertia
about their diameters are respectively IA and IB such that
(a) IA = IB (b) IA > IB

(c) IA < IB (d) IA/IB = dA/dB

where dA and dB are their densities. (2004)

47. A solid sphere is rotating in free space. If the radius of the
sphere is increased keeping mass same which one of the
following will not be affected?
(a) Moment of inertia (b) Angular momentum
(c) Angular velocity (d) Rotational kinetic energy.

(2004)

48. Let F


 be the force acting on a particle having position
vector r

  and T


 be the torque of this force about the
origin. Then
(a) 0 and 0r T F T   

   (b) 0 and 0r T F T   
  

(c) 0 and 0r T F T   
   (d) 0 and  0r T F T   

  

(2003)
49. A particle performing uniform circular motion has angular

momentum L. If its angular frequency is doubled and its
kinetic energy halved, then the new angular momentum is
(a) L /4 (b) 2L (c) 4L (d) L /2.

(2003)

50. A circular disc X of radius R is made from an iron plate of
thickness t, and another disc Y of radius 4R is made from
an iron plate of thickness t/4. Then the relation between
the moment of inertia IX and IY is
(a) IY = 32IX (b) IY = 16IX
(c) IY = IX (d) IY = 64IX. (2003)

51. A particle of mass m moves along line PC with velocity v as
shown. What is the angular momentum of the particle about
P?

L

r

C

P

O
l

(a) mvL (b) mvl (c) mvr (d) zero.
(2002)

52. Moment of inertia of a circular wire of mass M and radius
R about its diameter is
(a) MR2/2 (b) MR2

(c) 2MR2 (d) MR2/4. (2002)

53. A solid sphere, a hollow sphere and a ring are released
from top of an inclined plane (frictionless) so that they
slide down the plane. Then maximum acceleration down
the plane is for (no rolling)
(a) solid sphere (b) hollow sphere
(c) ring (d) all same. (2002)

54. Initial angular velocity of a circular disc of mass M is 1.
Then two small spheres of mass m are attached gently to
two diametrically opposite points on the edge of the disc.
What is the final angular velocity of the disc?

(a)   1
M m

M
  (b)   1

M m
m
 

(c)   14
M

M m


 (d)   12
M

M m


 . (2002)

55. Two identical particles move towards each other with
velocity 2v and v respectively. The velocity of centre of
mass is
(a) v (b) v/3 (c) v/2 (d) zero.

(2002)
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1. (d) : Moment of inertia of one of the
outer disc about an axis passing through
point O and perpendicular to the plane

2 2 2
1

1 9
(2 )

2 2
I MR M R MR  

Moment of inertia of the system about point O,

2
1

1
6

2OI MR I  2 21 9
6

2 2
MR MR   255

2
MR

Required moment of inertia of the system about point P,

IP  IO  7M(3R)2 2 2 255 181
63

2 2
MR MR MR  

2. (a) : Mass per unit area of disc 2

9
=

M

R

 Mass of removed portion
2

2

9
=

3

M R
M

R

     
Let moment of inertia of removed portion  I1

2 2 2

1
2

 +
2 3 3 2

M R R MR
I M

           
Let I2  Moment of inertia of the whole disc

29

2

MR


Moment of inertia of remaining disc, I  I2  I1

2 2 2
29 8

or  4
2 2 2

MR MR MR
I MR   

3. (a) : Moment of force will
be maximum when line of action
of force is perpendicular to line
AB.

2 1
tan

4 2
  

4. (d) :

Balancing torque about point of suspension X,

2

l
mgx Mg x

       
2

l
mx M Mx    

1

2

l
m M M

x
    

This is equation of straight line with variables m and 1/x.

5. (d) : As coin is at rest on rotating disc, centripetal force
is provided by the friction force between the coin and disc.

f = m2R
2 2

2 (2 )
or or

r r
mg m r

g g

 
     

2 2 24 (3.5) 1.25 10

10

  
  = 604 × 10–3  0.6

6. (d) : Using energy conservation principle,
loss in potential energy = gain in kinetic energy

2
21

sin
2 3

ml
mgl      6gl sin  = v2

6 sinv gl    or sinv  

7. (a) : Using law of conservation
of angular momentum, Li = Lf

(2 ) 2 ( )
3 6

L L
m v m v I    

2 2
21

(8 ) 2
12 3 6

L L
mvL m L m m

                

2 1 1 5

3 9 18 6
v L L

        
  or 

6

5

v

L
 

8. (b) : Moment of inertia about z-axis,
2

2z
mR

I 
Moment of inertia about z-axis,

Iz = Iz + mR2 23

2
mR   Iz : Iz = 1 : 3

9. (a) : Moment of inertia of a uniform cylinder of length l
and radius R about its perpendicular bisector is given by

2
21

12 4

mR
I ml  2 21

or
4 3

m
I l R

     ... (i)

Also, m = V = R2l 2or
m

R
l




Substitute R2 in eqn. (i), we get 
2

4 3

m l m
I

l

 
   

For moment of inertia to be maximum or minimum,

2

2
0 0

4 3

dI m l m

dl l

      
2 2

2

2 3
Using

3 2

l R l R m

l R l l

 
      
10. (a) : The torque of the weight Mg of the rod about the
pivot O is given by

sin
2

l
Mg

         …(i)

(Mg cos is passing through the
pivot O. Hence, its contribution
to the torque will be zero.)
Also,

 = I …(ii)

sin
2

l
I Mg

         (Using (i) and (ii))



Now, moment of inertia of the rod about the pivot O is

21

3
I Ml  

21
sin

3 2

l
Ml Mg

      
3

sin
2

g

l
   

11. (d) : Given AB = BC = AC = l
Moment of inertia of a triangular lamina ABC,
I0 = kml2

 DE = EF = DF =
1

2
AB = 

1

2
l

Moment of inertia of DEF,
2

2 0

4 2 16 16DEF
m l k I

I k ml
      

Moment of inertia of the remaining part,

Iremain = I0 – IDEF 0 0
0

15

16 16

I I
I  

A
B

C

D

EF
O

12. (a) : From figure, we conclude
mg – T = ma ...(i)
Moment of inertia of a uniform disc,

I = 
2

2

MR
 and an acceleration is,

a = R

Wall
M

R
a

T

m

 RT = I 

 RT = 
2

2

MR a

R
   T

2

Ma

Putting this value in equation (i),

mg –
2

Ma
 = ma or mg = a

2

M
m
     

2

2

mg
a

M m



13. (a)

14. (d) : Moment of inertia of the disc about the given axis,
2

2D
MR

I 

Mass of removed portion
2

2 4 16

M R M

R

      
Moment of inertia of removed portion about the given axis
(Using parallel axes theorem)

2 2 21 9 19

2 16 16 16 16 512R
M R M R MR

I    

Required moment of inertia,
2

2 21 19 237

2 512 512D R
MR

I I I MR MR    

15. (b, d) : Here v = speed of the particle
a = side of square

AE = R sin 45 
2

R

OE = R cos 45 
2

R

We know,

   sin
  L r p rp n

  ( sin )

L r p r p

When the particle is moving along AB,

    ( )( )( )
2

 mv
L AE p k Rk

When the particle is moving along BC,

      
( )( )( )

2

 R
L OF p k mv a k

When the particle is moving along CD,

      
( )( )( )

2

 R
L DE p k mv a k

When the particle is moving along DA,

 
  ( )( )( )

2

 mv
L OE p k Rk

Hence, options (b) and (d) are incorrect.
16. (a)

17. (b) : Since no external torque acts on the system, therefore
total angular momentum of the system about point O remains
constant.

Before hitting, 
2i
a

L mv

After hitting , Lf = I     or
2 2
a mva

mv I
I

Here I = moment of inertia of cube about its edge

 
     

 

22 2 2 22 2
6 2 6 2 3
a a ma ma ma

m m

 
     


1

2
3 3 3 2 5 rad s

4 4 0.32 2
mva v

ama

18. (a)  : Radius of the drum, R = 1.25 m

For just one complete rotation, speed of the drum at top position,

v Rg
Angular velocity of the drum,   

gv
R R

  


110 60 10rad s rpm
1 25 2 1 25. .

= 27 rpm

19. (c) : Let AB = p
BC = q

A

B C

p

q
60° = linear mass density

of the rod
According to question, centre of mass of the rod lies vertically
below point A.             
   

 

60
2 260

( ) ( ) cos
cos

( )CM

q pq p
X p

p q


 



2 2

2 4
2 ( )

q p
p

p q
   

2
2 2

2
pp pq q

          

22

2
1 11 0
2 2

q q q q
p p pp

          


2 11 1 4 1 1 32
2 1 2

( ) ( ) ( )q
p

 Possible value of 
  1 3 1 366 1 37
2

. .
q
p



20. (d) : Let  be the density of solid cone.
Consider a disc of radius r, thickness dy
at a distance of y from its vertex. Then
mass of this disc is

dm = r2 dy
r


h

y

R

dy

 

  

 

 

 

2

0 0
cm

2

0 0

h h

h h

y dm r y dy

y

dm r dy
...(i)

From figure,    tan or
r R Ry

r
y h h

...(ii)

Putting eqn. (ii) in (i), we get

   
       
 
 
  

 

 

42
3 3

2 4
0 0 0

cm 32 32 2
2

0 0 0

4
3 3

4 4

3

hh h

h h h

yR
y dy y dy

h h h
y

hR yy dy y dy
h

 Distance of the centre of mass of a solid uniform cone

from its vertex,  0 cm
3

.
4

h
z y

21. (a) : A cube of maximum possible volume is cut from a

solid sphere of radius R, it implies that the diagonal of the

cube is equal to the diameter of sphere, . ., 3 2i e a R

 2
or

3

R
a

Density of solid sphere,     34

3

M M

V
R

 Mass of cube, M = V = a3   (  = )

      

3

3

2 2

4 3 3
3

M R M

R

Moment of inertia of the cube about an axis passing through
its center and perpendicular to one of its faces is

       

22 21 2 2 4

6 6 3 3 9 3

M a M R MR
I

22. (c) : Equation of motion for solid cylinder,

F – f = ma …(i)   and   fR = I

For pure rolling a = R  fR =
2

.
2

mR a
R

f = 2
ma

…(ii)

From eqns. (i) and (ii), we get 
2
ma

F ma 

 F =
3
2
ma

23. (c) : For a thin uniform square sheet,

I1 = I2 = I = 
2

12
ma

24. (c) : Consider a small segment dx
of the rod at a distance x from A.

Mass of this small segment,

dm =  dx =
   

bx
a dx

L
Then CM of the rod AB is given by











0
CM

0

( )
L

L

dx x

x

dx

         
 

      





2
2 2

0

0

7 2 3
12

2

L

L

bx aL bLax dx
L

L
bLbx aLa dx

L


  



7 2 3 2
12

2

a b

b a
b

a

25. (c) : Here, m = 2 kg,
 = 12 rad s–1

  2 2(0.8) (0.6) 1mr

Angular momentum of

the particle about point O,

L = mvr sin 90°

= m × (0.6 )r

= 2 × 0.6 ×12 × 1 = 14.4 kg m2 s–1.

26. (d) : (mg) = mg × lsin


l l

mg



Direction of torque by weight is parallel
to the plane of rotation of the particle.
As   is perpendicular to the angular
momentum of the bob so the magnitude
of angular momentum remains same but
direction changes.

27. (c) :  Here, string is not slipping over pulley.
a = R                             ...(i)
Applying Newton’s second law on
hanging block
mg – T = ma                    ...(ii)

R


T

T
a

mg

m

Torque on cylinder due to tension
in string about the fixed point
T × R = I
T × R = mR2 2( for hollow cylinder)I mR
 T = mR
 T = ma  [Using eqn. (i)] ...(iii)



From eqns (ii) and (iii)

mg = 2ma 
2
g

a 

28. (d) :
v0 = 0 v

According to law of conservation at point of contact,

mr20 = mvr + mr2= mvr + mr2 v
r

mr20 = mvr + mvr

mr20 = 2mvr   or v 0

2
r 0

2
r

29. (b) : Torque exerted on pulley  = FR

or FR
I I

FR
I II I



Here, F = (20t – 5t2),  R = 2 m, I = 10 kg m2

2(20 5 ) 2
10

t t2(20 5 ) 22(20 5 ) 22(20 5 ) 2t t(20 5 ) 2(20 5 ) 2

 = (4t – t2)    2or (4 )d t t dt
dt

or (4 )or (4 )dor (4 )dor (4 )2or (4 )t t dt2t t dt2or (4 )t t dtor (4 )2or (4 )2t t dt2or (4 )2or (4 )

d = (4t – t2)dt

On integrating, 
3

22 .
3
tt

3
22 .2 .22 .2

3
2 .

3
2 .t2 .t2 .2 .t2 .  At t = 6 s,  = 0

3
22

3
d tt
dt
d t3

22
3

d t2d t22d t2d ttd ttd t
dt

2d t2d t2  or 
3

22
3
td t dt

3
2

3
td t dtd t dtd t dtd t dt2d t dt22d t dt2
3

d t dt
3
td t dtt

On integration, 
3 42 .

3 12
t t3 42
3 12
t t3 4t t3 4

 At, t = 6 s,   = 36 rad

2n = 36      
36 6
2

n 36 6
2

6

30. (c) : The free body diagram of

pulley and mass
mg – T = ma

m

T

mg

mg

a

R

mg T
a

m
mg Tmg T

a
m

...(i)

As per question, pulley to be consider
as a circular disc.
 Angular acceleration of disc

II ...(ii)

Here,  = T × R

and 21
2

I mR1
2

I mRI mR1I mR1
2

I mR
2

(For circular disc)

2
mRT

2
mRT (Using (ii))

Therefore, 2
mRmg

a
m

2
mRmg

 (Using (i))

2
ma ama mg

R2
ma ama ama mg

R


2
3
g

a
2
3
g

a

31. (d)
32. (d) : The uniform rod of length l and mass m is swinging
about an axis passing through the end.

When the centre of mass is raised through h, the
increase in potential energy is mgh. This is equal

to the kinetic energy 21 .
2

I1
2

2.I

2
21

2 3
lmgh m

2
21

2 32 3
lmgh mmgh mmgh m1mgh m1

2 3
mgh m

2 32 3
mgh m

2 3

2 2

.
6

lh
g

2 22 2

6
lh

2 2

h



2h

33. (b) : 0
C.M.

0

L
n

n

L
n

n

k x dx x
L

x
k x dx
L

k nx dxnx dxn x
L

xx dx xx dx x
0

L

L

nx dxnx dxn

k
nLnLnL

n
k
LnLn x dx

1
2

0
C.M. 1

0

( 1)
2

L
n

n

L n
n

x dx
nLx

n L
x dx

x dx
2

1
( 1)0

C.M.
( 1)n

L n
( 1)n( 1)LnLn

x L nnL nL nLL n

2 ( 1)
2L n2L n2

( 1)
L n2L n2

nx dxnx dxn 1x dx1x dx1

nx dxnx dxn
C.M

( 1)
( 2)
L n

x
n
 


The variation of the centre of mass with x is given by

2 2
( 2)1 ( 1)

( 2) ( 2)

n ndx LL
dn n n

      
   

If the rod has the same density as at x = 0 i.e., n = 0, therefore
uniform, the centre of mass would have been at L/2. As the
density increases with length, the centre of mass shifts towards
the right. Therefore it can only be (b).

34. (a) : For a rectangular sheet moment of inertia passing
through O, perpendicular to the plate is

2 2

0 12
a bI m

2 2a b2 2a b2 22 2a b2 2a b2 2
I m

12
a ba b

a

b O

for square plate it is 
2

.
6

ma

2 2 2
2.

4 4 22
a a a ar r    

A B

CD

a/2

a/2
r

  I about B parallel to the axis through O is
2 2 2

2 4
6 2 6o

ma ma maI md
2 2 2

2 42 2 242 2 2

6 2 6
ma ma ma4ma ma ma4I md  or 22

3
I ma2

3
I maI ma2I ma2

3
I ma

3

35. (d) : By perpendicular axes theorem,

2 22 2 2( ) 2
12 12 12EF

M a aa b aI M M
  

2 2 2(2 ) (2 )
.

12 12 3z
M a M a MaI

(2 ) (2 )
12 12 3

M a M a(2 ) (2 )M a M a(2 ) (2 ) Ma

By perpendicular axes theorem,

2

2 6
z

AC BD z AC
I MaI I I I
2 6
z

AC BD z AC
IzIz MaI I I IAC BD z ACI I I IAC BD z AC

By the same theorem 
2

2 6
z

EF
I MaI    IAC = IEF.

36. (d) : Central forces passes through axis of rotation so torque
is zero.
If no external torque is acting on a particle, the angular momentum
of a particle is constant.



37. (b) : Acceleration of a uniform body of radius R and mass
M and moment of inertia I rolls down (without slipping) an
inclined plane making an angle  with the horizontal is given by

2

sin

1

g
a

I
MR

 with the horizontal is given by
g

I
MR

.

38. (*) :(M + m) = M =  (2R)2
where  = mass per unit area
m = R2, M = 3R2 R

O m
2R

M
O x

2 23 0R x R R
M

       

Because for the full disc, the centre of mass is at the centre O.

 3
Rx   = R    

1| |
3
1| |

3
1

The centre of mass is at R/3 to the left on the diameter of the
original disc.
The question should be at a distance R and not
/R.
* None of the option is correct.

39. (d) : cos45
2
lAO  

1
22
lAO  

or
2
lAO 

45°

O

A

 D C

B

axis

l / 2

l

2

l

I = ID + IB + IC

 or
222 2

2 2
ml lI m

    
 

2 22 4
2 2
ml mlI     or

2
26 3 .

2
mlI ml 

40. (a) : Angular momentum is conserved  L1 = L2

 mR2  = (mR2 + 2 MR2)  = R2 (m + 2M) 

or .
2

m
m M

 


41. (d) : Torque r F  
 

ˆ ˆ ˆ, –F Fk r i j  
 

ˆˆ ˆ

1 1 0

0 0

i j k

r F

F


1 1 0r F


r F

r F

F

ˆ ˆ ˆ ˆ– ( ) ( ).iF j F F i j   

42. (d) : Let m2 be moved by x so as to keep the centre of
mass at the same position  m1d + m2 (–x) = 0

or m1d = m2x or 1

2
.

m
x d

m


43. (a) : It is a case of translation motion without rotation.
The force should act at the centre of mass

cm
( 2 ) (2 ) 4 .

2 3
  

 


m l m l lY
m m

44. (d) : The centre of mass of bodies B and C taken together
does not shift as no external force is applied horizontally.

45. (b) :
2(Mass of semicircular disc)

2
r

I


 or
2

.
2

MrI 

46. (c) : For solid sphere, 22
5AI MR

For hollow sphere, 
22

3BI MR


2

2
2 3 3

5 52
A

B

I MR
I MR

    or IA < IB.

47. (b) : Free space implies that no external torque is operating
on the sphere. Internal changes are responsible for increase
in radius of sphere. Here the law of conservation of angular
momentum applies to the system.

48. (d) : T r F 
   ( ) 0r T r r F    

   

Also ( ) 0F T F r F    
   

.

49. (a) : Angular momentum L = I

Rotational kinetic energy 21( )
2

K I 

 2
2 2 2L I KL

K I
  

 


or
1 1 2

2 2 1
2 2 4

L K
L K


    

    1
2 4 4

L LL  

50. (d) : Mass of disc 
2( )X R t    where  = density


2 22 4( )

2 2 2X
R t RMR R tI
     

Similarly, 
2 2

2(Mass)(4 ) (4 )
16

2 2 4Y
R R tI R


  

or IY = 32R4t 
4

4
1 1

2 6432
X

Y

I R t
I R t

   
 

 IY = 64 IX

51. (d) : The particle moves with linear velocity v along line
PC. The line of motion is through P.
Hence angular momentum is zero.

52. (a) : A circular wire behaves like a ring

M.I. about its diameter 
2

.
2

MR

53. (d) : The bodies slide along inclined plane. They do not
roll. Acceleration for each body down the plane = gsin. It
is the same for each body.

54. (c) : Angular momentum of the system is conserved

 2 2 2
1

1 12
2 2

MR mR MR   

or M1 = (4m + M)  or 1 .
4

M
M m


 



55. (c) :
1 1 2 2

1 2
c

m v m v
v

m m



  or 

(2 ) ( )
.

2c
m v m v vv

m m
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