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1. A uniform cube of side a and mass m rests on a rough horizontal

table. A horizontal force F is applied normal to one of the faces at a

point that is directly above the centre of the face, at a height 3a/4

above the base. The minimum value of F which the cube begins to tip

about the edge is ....(Assume that the cube does not slide).

Watch Video Solution

https://doubtnut.app.link/lkek2J5wfhb
https://doubtnut.app.link/MVcbJvrhfnb
https://doubtnut.app.link/MVcbJvrhfnb
https://dl.doubtnut.com/l/_bepaWAMwy3E2
https://dl.doubtnut.com/l/_FAoM6r2Ahme8


2. A smooth uniform rod of length L and mass M has two identical

beads of negligible size each of mass m which can slide freely along

the rod. Initially the two beada are at the centre of the rod and the

system is rotating with an angular velocity  about an axis

perpenducular to the rod and passing through the midpoint of the

rod. There are no external forces. When the beads reach the ends of

the rod, the angular velocity of the system is ...... 

Watch Video Solution

ω0

https://dl.doubtnut.com/l/_FAoM6r2Ahme8


3. A cylinder of mass M and radius R is resting on a horizontal paltform

(which is parallel to the x-y plane) with its exis �xed along the y-axis

and free to rotate about its axis. The platform is given a motion in the

x-direction given by  There is no slipping between the

cylinder and platform. The maximum torque acitng on the cylinder

during its motion is ..................

Watch Video Solution

x = A cos(ωt).

4. A stone of mass m tied to the end of a string, is whirled around in a

horizontal circle. (Neglect the force due to gravity). The length of the

string is reduced gradually keeping the angular momentum of the

stone about the centre of the circle constant. Then, the tension in the

string is given by  where A is a constant, r is the

instantaneous radius fo the circle and n=....

Watch Video Solution

T = Ar2

https://dl.doubtnut.com/l/_bk5cb75oE9Ol
https://dl.doubtnut.com/l/_NAA3eO6tVizd
https://dl.doubtnut.com/l/_8iNfMnI1F25x


5. A rod of weight  is supported by two parallel knife edges  and 

and is in equilibrium in a horizontal position. The knives are at a

distance  from each other. The centre of mass of the rod is at a

distance  from .

Watch Video Solution

w A B

d

x A

6. A symmetric lamina of mass M consists of a square shape with a

semicircular section over of the edge of the square as shown in �g. p-

10. The side of the square is 2a. The moment of inertia of the lamina

about an axis through its centre of mass and perpendicular to the

https://dl.doubtnut.com/l/_8iNfMnI1F25x
https://dl.doubtnut.com/l/_fUygNwVZzuil


plane is . The moment of inertia of the lamina is ......  

Watch Video Solution

1.6Ma2

7. A triangular plate of uniform thickness and density is made to rotate

about an axis perpendicular to the plane of the paper and (a) passing

through A,(b) passing through B, by the application of the same force,

F, at C (midpoint of AB) as shown in the �gure. The angular

https://dl.doubtnut.com/l/_fUygNwVZzuil
https://dl.doubtnut.com/l/_6Zk3LAGha2AT


acceleration in both the cases will be the same. 

Watch Video Solution

8. A thin uniform circular disc of mass M and radius R is rotating in a

horizontal plane about an axis passing through its centre and

perpendicular to its plane with an angular velocity  another disc of

the same dimensions but of mass M/4 is placed gently on the �rst disc

coaxially. The angular velocity of the system now is 

Watch Video Solution

ω.

2ω/√5.

https://dl.doubtnut.com/l/_6Zk3LAGha2AT
https://dl.doubtnut.com/l/_FV301MnSLc5J
https://dl.doubtnut.com/l/_8SeJsRTZiU7w


9. A ring of mass 0.3 kg and radius 0.1 m and a solid cylinder of mass

0.4 kg and of the same radius are given the same kinetic energy and

released simultaneously on a �at horizontal towards a wall which is at

the same distance from the ring and the cylinder. The rolling friction in

both cases is negligible. The cylinder will reach the wall �rst.

Watch Video Solution

10. Two particles of mass 1 kg and 3 kg move towards each other under

their mutual force of attraction. No other force acts on them. When

the relative velocity of approach of the two particles is 2m//s, their

centre of mass has a velocity of 0.5 m/s. When the relative velocity of

approach becomes 3 m/s. When the relative velocity of approach

becomes 3m/s, the velocity of the centre of mass is 0.75 m/s.

Watch Video Solution

https://dl.doubtnut.com/l/_8SeJsRTZiU7w
https://dl.doubtnut.com/l/_G7EN6c3wyp5d


11. 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

wheel now rotates with an angular velocity.

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

ω

ωM

(M + m)

ω(M − 2m)

(M + 2m)

ωM

(M + 2m)

ω(M + 2m)

M

12. Two point masses of 0.3 kg and 0.7kg are �xed at the ends of a rod

of length 1.4 m and of negligible mass. The rod is set rotating about

an axis perpendicular to its length with a uniform angular speed. The

https://dl.doubtnut.com/l/_EdeajAcQ5UbT
https://dl.doubtnut.com/l/_LmRgYxVQCNsj


point on the rod through which the axis should pass in order that the

work required for rotation of the rod is minimum, is located at a

distance of

A. 0,42 m from mass of 0.3 kg

B. 0.70 m form mass of 0.7 kg

C. 0.98 m form mass of 0.3 kg

D. 0.98 m from mass of 0.7 kg

Answer: C

Watch Video Solution

13. A smooth sphere A is moving on a frictionless horizontal plane with

angular speed  and centre of mass velocity . It collides elastically

and head on with an identical sphere B at rest. Neglect friction

everywhere. After the collision, their angular speeds are 

respectively. Then

ω υ

ωA and ωB

https://dl.doubtnut.com/l/_LmRgYxVQCNsj
https://dl.doubtnut.com/l/_hqn8qyCYgJD8


A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

ωA < ωB

ωA = ωB

ωA = ω

ωB = ω

14. A cubical block of side a is moving with velocity V on a horizontal

smooth plane as shown in Figure. It hits a ridge at point O. The

https://dl.doubtnut.com/l/_hqn8qyCYgJD8
https://dl.doubtnut.com/l/_cqmXJc7MZBtz


angular speed fo the block after it hits O is 

A. 3V/(4a)

B. 3V/(2a)

C. `sqrt(3V) // (sqrt(2a))

D. zero

Answer: A

Watch Video Solution

https://dl.doubtnut.com/l/_cqmXJc7MZBtz


15. 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 coe�cient of

friction between the rod and the bead is , and gravity is neglected,

then the time after which the bead starts slipping is

A. 

B. `mu//sqrtalpha

C. 

D. in�nitesimal

α.

μ

√μ/α

1

√μα

https://dl.doubtnut.com/l/_HVCYUiZt7NVR


Answer: A

Watch Video Solution

16. A cubical block of side L rests on a rough horizonta surface with

coe�cient of friction . A horizontal force F is applied on the block as

shown. If the coe�cient of friction is su�ciently high so that the block

does not slide before toppling, the minimum force required to topple

the block is 

A. in�nitesimal

μ

https://dl.doubtnut.com/l/_HVCYUiZt7NVR
https://dl.doubtnut.com/l/_MNLhh8O3iHPv


B. mg/4

C. mg/2

D. 

Answer: C

Watch Video Solution

mg(1 − μ)

17. A thin wire of length L and uniform linear mass density  is bent

into a circular loop with centre at O as shown. The moment of inertia

of the loop about the axis XX is 

` 

ρ

https://dl.doubtnut.com/l/_MNLhh8O3iHPv
https://dl.doubtnut.com/l/_8BDwKAaviQm6


A. 

B. 

C. `(5rhoL̂ 3)/(16pi^2)

D. 

Answer: D

Watch Video Solution

ρL3

8π2

ρL3 )

16π2

3ρL3

8π2

18. An equailaral triangle ABC formed from a uniform wire has two

small identical beads initially located at A. The triangle is set rotating

about the vertical axis AO. Then the beads are released from rest

simultaneously and allowed to slide down, one along AB and the other

along AC as shown. Neglectig frictional e�ects, the equatities that are

https://dl.doubtnut.com/l/_8BDwKAaviQm6
https://dl.doubtnut.com/l/_I1eHvBg0zpBg


conserved as the beads slids down, are 

A. angular velocity and total energy (kinetic and potential)

B. Total angular momentum and total energy

C. angular velocity and moment of inertia about the axis of

rotaiton

D. total angular momentum and momento f inertia about the axis

of rotation

Answer: B

Watch Video Solution

https://dl.doubtnut.com/l/_I1eHvBg0zpBg


19. One quarter sector is cut from a uniform circular disc of radius R.

This sector has mass M. it is made to rotate about a line perpendicular

to its plane and passing through the center of the original disc. Its

moment of inertia about the axis of rotation is 

A. 

B. 

C. 

D. 

Answer: A

MR21

2

MR21

4

MR21

8

√2MR2

https://dl.doubtnut.com/l/_I1eHvBg0zpBg
https://dl.doubtnut.com/l/_TXuHSHkeYHg2


Watch Video Solution

20. A cylinder rolls up an inclined plane, reaches some height, and then

rolls down (without slipping throughout these motions). The

directions of the frictional force acting on the cylinder are.

A. up the incline while ascending and down the incline descending

B. up the incline while ascending as well as descending

C. down the incline while ascending and up the incline while

descending

D. down the incline while ascending as well as descending.

Answer: B

Watch Video Solution

https://dl.doubtnut.com/l/_TXuHSHkeYHg2
https://dl.doubtnut.com/l/_KX5CGTOGrTzH


21. A circular plarform is free to rotate in a horizontal plane about a

vertical axis passing through its centre. A tortoise is sitting at the

edge of the platform. Now, the platform is given an angular velocity 

. When the tortoise move along a chord of the platform with a

constant velocity (with respect to the platform), the angular velocity of

the platform  will vary with time t as

A. 

B. 

C. 

D. 

ω0

ω(t)

https://dl.doubtnut.com/l/_ocnKNCzoTGyJ


Answer: B

Watch Video Solution

22. Consider a body, shown in �gure, consisting of two identical balls,

each of mass M connected by a light rigid rod. If an impulse J = MV is

imparted to the body at one of its ends what would be it angular

velocity? 

A. 

B. 

V

L

2
V

L

https://dl.doubtnut.com/l/_ocnKNCzoTGyJ
https://dl.doubtnut.com/l/_44kSIKUkcGYZ


C. 

D. 

Answer: A

Watch Video Solution

L
V

3

L
V

4

23. A particle undergoes uniform circular motion. About which point

on the plane of the circle, will the angular momentum of the particle

remain conserved?

A. centre of the circle

B. on the circumference of the circle.

C. inside the circle

D. outside the circle.

Answer: A

Watch Video Solution

https://dl.doubtnut.com/l/_44kSIKUkcGYZ
https://dl.doubtnut.com/l/_9f5X6CDD6bYP


24. A horizontal circular plate is rotating about a vertical exis passing

through its centre with an angular velocity . A man sitting at the

centre having two blocks in his hands stretches out his hands so that

the moment of inertia of the system doubles. if the kinetic energy oif

the system is K initially, its �nal kinetic energy will be

A. 

B. 

C. K

D. 

Answer: B

Watch Video Solution

ω0

2K

K

2

K

4

https://dl.doubtnut.com/l/_9f5X6CDD6bYP
https://dl.doubtnut.com/l/_Ex4U5ubK52x8


25. A disc is rolling without slipping with angular velocity . P and Q

are two points equidistant from the centre C. the order of magnitude

fo velocity is 

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

ω

vQ > vC > vP

vP > vC > vQ

vP = vC, vQ =
vC

2

vP < vC > vQ

https://dl.doubtnut.com/l/_JMCJjk6GM2CX


26. A block of mass m is at rest under the action of force F against a

wall as shown in �gure. Which of the following statement is incorrect? 

A. f = mg[f friction force]

B. F = N [N normal force]

C. F will not produce torque

D. N will not produce torque

Answer: D

Watch Video Solution

https://dl.doubtnut.com/l/_JMCJjk6GM2CX
https://dl.doubtnut.com/l/_l4Ok1NnH7blX


27. A thin disc of mass 9M and radius R from which a disc of radius R/3

is cut shown in �gure. Then moment of inertia of the remaining disc

about O, perpendicular to the plane of disc is - 

A. 

B. 

C. 

D. 

4MR2

MR240

9

10MR2

MR237

9

https://dl.doubtnut.com/l/_l4Ok1NnH7blX
https://dl.doubtnut.com/l/_R5DuCOdGQgQT


Answer: A

Watch Video Solution

28. A particle is con�ned to rotate in a circular path decreasing linear

speed, then which of the following is correct?

A. (angular momentum) is conserved about the centre

B. only direction of angular momentum  is conserved

C. it spirals towards the centre

D. its acceleration is towards the centre.

Answer: B

Watch Video Solution

→
L

→
L

https://dl.doubtnut.com/l/_R5DuCOdGQgQT
https://dl.doubtnut.com/l/_BSJ2D7wJlM2T


29. A solid sphere of mass M and radius R having moment of inertia I

about its diameter is recast into a solid disc abut an axis passing the

edge and perpendicular to the plane remains l. Then R and r are

related as

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

r = R
√2

15

r = R
2

√15

r = R
2

15

r = R
√2

15

30. A small object of uniform density rolls up a curved surface with an

initial velocity v. it reaches up to a maximum height of `(3v^2)/(4g) 

https://dl.doubtnut.com/l/_6yZBVp8oVRMB
https://dl.doubtnut.com/l/_jYpvQzdotoVF


  

with respect to the initial position. The object is

A. ring

B. solid

C. hollow sphere

D. disc

Answer: D

Watch Video Solution

https://dl.doubtnut.com/l/_jYpvQzdotoVF


31. A bob of mas  is suspended by a massless string of length . The

horizontal velocity  at position  is just su�cient to make it reach

the point . The angle  at which the speed of the bob is half of that

at , satis�es. 

.

A. 

B. 

C. 

M L

v A

B θ

A

θ =
π

4

< θ <
π

4

π

2

< θ <
π

2
3π

4

https://dl.doubtnut.com/l/_DxBSHeJC0yih


D. 

Answer: D

Watch Video Solution

< θ < π
3π

4

32. Look at the drawing given in the �gure which has been drawn with

ink of uniform line-thickness. The mass of ink used to draw each of the

two inner circles, and each of the two line segments is m. The mass of

the ink used to draw the outer circle is 6 m. The coordinates of the

centres of the di�erent parts are: outer cicle (0,0), left circle (-a, a),

right inner circle (a,a), vertical line (0,0) and horizontal line (0 ,-a). The

https://dl.doubtnut.com/l/_DxBSHeJC0yih
https://dl.doubtnut.com/l/_Qo4X0TUdpni7


y-coordinate of the centre of mass of the ink in this drawing is 

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

a

10

a

8

a

12

a

3

https://dl.doubtnut.com/l/_Qo4X0TUdpni7


33. A small mass m is attached to a massless string whose other end is

�xed at P as shown in the �gure. The mass is undergoing circular

motion in the x-y plane with centre at O and constant angular speed .

If the angular momentum of the system. calculated about O and P are

denoted. by  respectively, then.  

A.  and  do not vary with time.

B.  varies with time while  remains constant

C.  remains constant while  varies with time

D.  and  both vary with time

ω

vacLO and vacP

→
L O

→
L P

→
L O

→
L P

→
L O

→
L P

→
L O

→
L P

https://dl.doubtnut.com/l/_K1kLQJuFV4Uq


Answer: C

Watch Video Solution

34. A thin uniform rod, pivoted at O, is rotating in the horizontal plane

with constatn angular speed , as shown in the �gure. At time t = 0, a

small insect starts from O and moves with constant sped v, with

respect to the rod towards the other end. It reaches the end of the

rod at t =T and stops. The angular speed of the system remains 

throughout. The magnitude of the torque  about O, as a

function of time is best represented by which plot? 

ω

ω

(∣
∣
→
π ∣

∣)

https://dl.doubtnut.com/l/_K1kLQJuFV4Uq
https://dl.doubtnut.com/l/_ripNjcojqk8x


A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

35. A uniform wooden stick of mass 1.6 kg and length l rests in an

inclined mannar on a smooth, vertical wall of height  such that

a small portion of the stick extends beyond the wall. The reaction force

h( < l)

https://dl.doubtnut.com/l/_ripNjcojqk8x
https://dl.doubtnut.com/l/_GMPLEzcUYwUm


of th wall on the stick is perpendicular to the stick. The stick makes an

angle of  with the wall and the bottom of the stick is on a rough

�oor. The reaction of the wall on the stick is equal in magnitude to the

reaction of the �oor on the stick. The ratio h/l and the friectional force

f at the bottom of the stick are 

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

30∘

(g = 10ms2)

= , f = N
h

l

√3

16

16√3

3

= , f = N
h

l

3

16

16√3

3

= , N
h

l

3√3

16

f(8√3)

3

= , N
h

l

3√3

16

f(16√3)

3

36. Two particles  and  initially at rest, move towards each other,

under mutual force of attraction. At an instance when the speed of 

A B

A

https://dl.doubtnut.com/l/_GMPLEzcUYwUm
https://dl.doubtnut.com/l/_Ojj929nu7EB8


is  and speed of  is , the speed of centre of mass ( ) is

A. 3V

B. V

C. 1.5 V

D. zero

Answer: D

Watch Video Solution

v B 2v CM

37. A mass M moving with a constant velocity parlale to the X-axis. Its

angular momentum with respect to the origin

A. is zero

B. remains constant

C. goes on increasing

D. goes on decreasing

https://dl.doubtnut.com/l/_Ojj929nu7EB8
https://dl.doubtnut.com/l/_pCyJSFtPdkzo


Answer: B

Watch Video Solution

38. When a bicycle is motion the force of friction exerted by the

ground on the two wheels is such that is acts .

A. in the backward directon 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 the front and the rear wheels.

D. in the forward direction on both the front the rear wheels.

Answer: A::C

Watch Video Solution

https://dl.doubtnut.com/l/_pCyJSFtPdkzo
https://dl.doubtnut.com/l/_GzsDmePwErRo
https://dl.doubtnut.com/l/_FONfaPHINXDo


39. A particle of mass m is projected with a velocity v making an angle

of  with the horizontal. The magnitude of the angular momentum

of the projectile abut the point of projection when the particle is at its

maximum height h is.

A. zero

B. 

C. 

D. 

Answer: B::D

Watch Video Solution

45∘

(mv)
3

4√2g

(mv)3

√2g

m√2gh3

40. A uniform bar of length 6a and mass 8m lies on a smooth

horizontal table. Two point masses m and 2m moving in the same

horizontal plane with speed 2v and v, respectively, strike the bar [as

https://dl.doubtnut.com/l/_FONfaPHINXDo
https://dl.doubtnut.com/l/_NdVRysmWGLNy


shown in the �g.] and stick to the bar after collision. Denoting angular

velocity (about the centre of mass), total energy and centre of mass

velocity by , E and  respecitvely, we have after collison  

A. 

B. 

C. 

D. 

Answer: A::C::D

Watch Video Solution

ω vc

vc = 0

ω =
3v

5a

omeag =
v

5a

E =
3mv2

5

https://dl.doubtnut.com/l/_NdVRysmWGLNy


41. The moment of inertia of a thin square plate ABCD, �g, of uniform

thickness about an axis passing through the centre O and

perpendicular to the plane of the plate is 

where  are respectively the moments of intertial about

axis 1,2,3 and 4 which are in the plane of the plate.

A. 

B. 

C. 

D. 

l1, l2, l3 and l4

l1 + l2

l3 + l4

l1 + l3

l1 + l2 + l3 + l4

https://dl.doubtnut.com/l/_K5jMknFx6I02


Answer: A::B::C

Watch Video Solution

42. A tube of length L is �lled 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

. Determine the force exerted by the liquid at the other end.

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

ω

Mω2L

2

Mω2L

Mω2L

4

Mω2L2

2

https://dl.doubtnut.com/l/_K5jMknFx6I02
https://dl.doubtnut.com/l/_4GzPJDVvjdLj
https://dl.doubtnut.com/l/_LsWCm2i8hfwq


43. A car is moving in a circular horizonta track of radius 10m with a

constant speed of 10 m/s. A pendulum bob is suspended from the roof

of the cat by a light rigid rod of length 1.00m. The angle made by the

rod with track is

A. zero

B. 

C. 

D. 

Answer: C

Watch Video Solution

30∘

45∘

60∘

44. Let  be the moment of interia of a uniform square plate about an

axis  that passses through its centre and is parallel to two its

sides.  is a line in the plane of the plate that passes through the

I

AB

CD

https://dl.doubtnut.com/l/_LsWCm2i8hfwq
https://dl.doubtnut.com/l/_WBcMHpGbbPQ1


centre of the plate and makes an angle  with . The moment of

inertia of the plate about the axis  is then equal to-

A. I

B. 

C. 

D. 

Answer: A

Watch Video Solution

θ AB

CD

I sin2 θ

I cos2 θ

I cos2( )
θ

2

45. The torque  on a body about a given point is found to be equal to

A x L, where A is constant vector and L is the angular momentum of

the body that point. From this, it follows that

A.  is perpendicular to L at all instants of time.

τ

dL

dt

https://dl.doubtnut.com/l/_WBcMHpGbbPQ1
https://dl.doubtnut.com/l/_Hkwa7ctdIroJ


B. the component of L in the direction of A does not change with

time.

C. the magnitude of L does not change with time.

D. L does not change with time

Answer: A::B::C

Watch Video Solution

46. A solid cylinder is rolling down a rough inclined plane of inclination

. Then

A. The friction force is dissipative

B. The friction force is necessarily changing

C. The friction force will aid rotation but hinder translation

D. The friction force is reduced if  is reduced

θ

θ

https://dl.doubtnut.com/l/_Hkwa7ctdIroJ
https://dl.doubtnut.com/l/_JC8OIqWkl87W


Answer: C::D

Watch Video Solution

47. If the resultant of all the external forces acting on a system of

particles is zero. Then from an inertial frame, one can surely say that

A. linearmomentum of the system does not change in time

B. kinetic energy of the system does not change in time

C. angular momentum of the system does not chagne in time

D. potential energy of the system does not change in time

Answer: A

Watch Video Solution

https://dl.doubtnut.com/l/_JC8OIqWkl87W
https://dl.doubtnut.com/l/_4jJQJZs1mH3t


48. A sphere is rolling without slipping on a �xed horizontal plane

surface. In the �gure, A is the point of contact, B is the centre of the

sphere and C is its topmost point. Then 

A. 

B. 

C. 

D. 

Answer: B::C

Watch Video Solution

vacVC − vacVA = 2(vacVB − vacC)

vacVC − vacVB = vacB − vacA

|vacVC − vacA| = 2|vacVB − vacC|

|vacVC − vacVA| = 4|vacVB|

https://dl.doubtnut.com/l/_sh1ZtQIz0JFK


49. Two solid spheres A and B of equal volumes but of di�erent

densities  are connected by a string. They are fully

immersed in a �uid of density . They get arranged into an

equilibrium state as shown in the �gure with a tension in the string.

The arrangement is possible only if 

A. 

B. 

C. 

D. 

dA and dB

dF

dA < dF

dB > dF

dA > dF

dA + dB = 2dF

https://dl.doubtnut.com/l/_sh1ZtQIz0JFK
https://dl.doubtnut.com/l/_ziD6ADBZ90N2


Answer: A::B::D

Watch Video Solution

50. A thin ring of mass 2kg and radius 0.5 m is rolling without slipping

on a horizontal plane with velocity 1m/s. A small ball of mass 0.1kg,

moving with velocity 20 m/s in the opposite direction hits the ring at a

height of 0.75m and goes vertically up with velocity 10m/s.

Immediately after the collision 

A. the ring has pure roation about its stationary CM.

https://dl.doubtnut.com/l/_ziD6ADBZ90N2
https://dl.doubtnut.com/l/_YD78Dmf40Htn


B. the ring comes to a complete stop.

C. friction between the ring and the

D. there is no friction between the ring and the ground.

Answer: C

Watch Video Solution

51. The �gure shows a system consisting of (i) a ring the outer radius

3R rolling clockwise without slipping on a horizontal surface with

angular speed  and (ii) an inner disc of radius 2R rotating anti

clockwise with angular speed  The ring and disc are separated.

The point P on the inner disc is at a distance R from the origin, where

OP makes an angle of  with the horizontal. Then with respect to

the horizontal surface,

A. the point O has linear velocity 

B. the point P has linear velocity 

ω

ω/2.

30∘

3Rωî

Rωî + Rωk̂.
11

4

√3

4

https://dl.doubtnut.com/l/_YD78Dmf40Htn
https://dl.doubtnut.com/l/_LS7dwZWk5g2Y


C. the point P has linear velocity 

D. the point P has linear velocity 

Answer: A::B

Watch Video Solution

Rωî − Rωk̂
13

4

√3

4

((3 − )Rωî + Rωk̂.
√3

4

1

4

52. Two solid cylinders P and Q of same mass and same radius start

rolling down a �xed inclined plane from the same height at the same

time. Cylinder P has most of its mass concentrated near its surface,

while Q has most its mass concentrated near the axis. Which

statement(s) is (are) correct?

A. Both cylinders P and Q reach the ground at the same time.

B. Cylinders P has larger linear acceleration than cylinder Q.

C. Both cylinders reach the ground with same translational kinetic

energy.

https://dl.doubtnut.com/l/_LS7dwZWk5g2Y
https://dl.doubtnut.com/l/_691H1oAewn7O


D. Cylinder Q reaches the ground with larger angular speed.

Answer: D

Watch Video Solution

53. In the �gure, a ladder of mass m is shown leaning against a wall. It

is in static equilibrium making an angle  with the horizontal �oor. The

coe�cient of friction between the wall and the ladder is  and that

between the �oor and the ladder is  the normal reaction of the

wall on the ladder is  and that of the �oor is  if the ladder is

about to slip. than 

θ

μ1

μ2.

N1 N2.

https://dl.doubtnut.com/l/_691H1oAewn7O
https://dl.doubtnut.com/l/_BSXmsuluYxlY


A. 

B. 

C. 

D. 

Answer: C::D

Watch Video Solution

μ1 = 0, μ2 ≠ and N2 tan θ =
mg

2

μ1 ≠ 0, μ2 = 0 and N1 tan θ =
mg

2

μ1 ≠ 0, μ2 ≠ 0 and N2 =
mg

1 + μ1μ2

μ1 = 0, μ2 ≠ 0 and N1 tan θ =
mg

2

54. A ring of mass M and radius R is rotating with angular speed 

about a �xed vertical axis passing through its centre O with two point

masses each of mass  at rest at O. These masses can move radially

outwards along two massless rods �xed on the ring as shown in the

�gure. At some instant the angular speed of the system is  and one

fo the masses is at a distance of  from O. At this instant the

ω

M

8

ω
8

9

R
3

5

https://dl.doubtnut.com/l/_BSXmsuluYxlY
https://dl.doubtnut.com/l/_O76k0ubpHBHt


distance of the other mass from O is 

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

R
2

3

R
1

3

R
3

5

R
4
5

https://dl.doubtnut.com/l/_O76k0ubpHBHt


55. Two thin circular discs of mass m and 4m, having radii of a and 2a,

respectively, are rigidly �xed by a massless, rigid rod of length

 through their centres. This assembly is laid on a �rm and

�at surface, and set rolling without slipping on the surface so that the

angular speed about the axis of the rod is  The angular momentum

of the entire assembly about the point 'O' is  (see the �gure). Which

of the following statement (s) is (are) true? 

A. The centre of mass of the assembly rotates about the z-axis with

an angular speed of 

l = √24a

ω.

→
L

ω/5

https://dl.doubtnut.com/l/_46ylinGk3jDW


B. The magnitude of angular momentum of center of mass of the

assembly about the point O is 

C. The magnitude of angular momentum of the assembly about its

center of mass is 

D. the magnitude of the z-componet of 

Answer: A::C

Watch Video Solution

81ma2ω

17ma2ω/2

vacLis55ma2ω.

56. The position vector  of the z-component of  is .

Following equation 

  

where  and m = 0.1kg. At t=1s, which of

the following statement (s) is (are) true about the particle?

A. The velocity  is given by 

vacr
→
L 55ma2ω

vacr(t) = αt3 î + β2 ĵ,

α = 10/3ms− 3, β = 5ms− 2

vacv vacv = (10 î + 10ĵ)ms− 1

https://dl.doubtnut.com/l/_46ylinGk3jDW
https://dl.doubtnut.com/l/_IuMdDsBihDII


B. The angular momentum  with respect to the origin is given

by 

C. The force  is given by `vacF = (hati+2hatj)N

D. The torque  with respect to the origin is given by 

Answer: A::B

Watch Video Solution

vacL

vacL = − 5/3)k̂Nms.

vacF

vacτ

vacτ = − (20/3)k̂Nm

57. A 40 kg mass, hanging at the end fo a rope of length l, oscillates in

a vertical plane with an angular amplitude  What is the tension in

the rope when it makes en angle  with the vertical ? If the breaking

strength of the rope is 80kg, what is the maximum amplitude with

which the mass can oscillate without the rope breaking?

Watch Video Solution

θ0.

θ

https://dl.doubtnut.com/l/_IuMdDsBihDII
https://dl.doubtnut.com/l/_v1OA1nCkQeLT
https://dl.doubtnut.com/l/_VADL1oDSTjoU


58. A large mass M and a small mass m hang at two ends of a string

that passes over a smooth tube as shown in the �gure. The mass m

moves around a circular path which lies in a horizontal plane. The

length of string from the mass m to the top of the tube is l and  is

the 'angle' this length makes with the vertical. What should be the

frequency of rotation of mass m, so that the mass M remains

stationary? 

Watch Video Solution

θ

https://dl.doubtnut.com/l/_VADL1oDSTjoU


59. A circular plate of unifrom thickness has a diameter of . A

circular portion of diameter  is removed from the edge of the

plate as shown in Fig. Find the position of centre of mass of the

remaining portion. 

Watch Video Solution

56cm

42cm

https://dl.doubtnut.com/l/_cZ0nQT87iabU


60. A block of mass M with a semicircualr of radius R, rests on a

horizontal frictionless surface. A uniform cylinder of radius r and mass

m is released from rest the top point A The cylinder slips on the

semicircular frictionless track. How far has the block moved when the

cylinder reaches the bottom (point B) of the track ? How fast is the

block moving when the cylinder reaches the bottom of the track? 

Watch Video Solution

61. A particle is projected at time t=0 from a point P on the ground

with a speed  at an angle of  to the horizontal. Find thev0, 45∘

https://dl.doubtnut.com/l/_nEPWn265mdzM
https://dl.doubtnut.com/l/_JJoXbQsdAwr9


magnitude and direction of the angular momentum of the particle

about P at tiem 

Watch Video Solution

t = v0 /g

62. A small sphere rolls down without slipping from the top of a track

in a vertical plane. The track has an elevated section and a horizontal

part, The horizontal part, is 1.0 metre above the ground lenvel and the

top of the track is 2.4 meters above the ground. Find the distance on

the ground with respect to the point B (which is vertically below the

end of the track as shown i �g.) where the sphere lands. During its

�ight as a projectlie, does the sphere continue to rotate about its

https://dl.doubtnut.com/l/_JJoXbQsdAwr9
https://dl.doubtnut.com/l/_Xyc5pz90tf9H


centre of mass? Explain. 

Watch Video Solution

63. A thin uniform bar lies on a frictionless horizonta surface and is

free to move in any way on th surface. Its mass is 0.16 kg and length

meters. Two particless, each of mass 0.08 kg, are moving on the

same surface and towards the bar in a direction perpendicular to the

bar, one with a velocity of 10 m/s, and other with 6m/s as shown in �g.

The �rst particle strikes the bar at point A and the other at point B.

Points A and B are at a distane of 0.5m from the centre of the bar. The

particles strike the bar at the same instant of time and stick to the bar

√3

https://dl.doubtnut.com/l/_Xyc5pz90tf9H
https://dl.doubtnut.com/l/_Q66YnR0J1Pdc


on collision. Calculate the loss of the kinetic energy of the system in

the above collision process. 

Watch Video Solution

64. A homogeneous rod AB of length L = 1.8 m and mass M is pivoted

at the center O in such a way that it can rotate it can rotate freely

position. An insect S of the same mass M falls vertically with speed V

on the point C, midway between the points O and B. Immediately after

falling, the insect moves towards the end B such that the rod rotates

with a constant angular velocity omega. 

(a) Determine the angular velocity  in terms of V and L. ω

https://dl.doubtnut.com/l/_Q66YnR0J1Pdc
https://dl.doubtnut.com/l/_uQS5p4cCGG31


(b) If the insect reaches the end B when the rod has turned through

an angle of , determine V.  

Watch Video Solution

90∘

65. A uniform thin rod of mass m and length L is standing vertically

along the y-axis on a smooth horizontal surface, with its lower end at

the origin (0,0). A slight disturbane at t = 0 causes the lower end t slip

on the smooth surface along the positive x-axis, and the rod starts

falling. 

(i) What is the path followed by the centr of mass of the rod during its

fall? 

https://dl.doubtnut.com/l/_uQS5p4cCGG31
https://dl.doubtnut.com/l/_rgnR2MLWQVdh


(ii) Find the equaiton to the trajectory of a point on the rod shape of

the path of this point?

Watch Video Solution

66. A block X of mass 0.5 kg is held by a long massless string on a

frictionless inclined plane of inclination  to the horizontal. The

string is wound on a uniform solid cylindrical drum Y of mass 2kg and

of radius 0.2 and of radius 0.2 m as shown in Fingure. The drum is

given an initial angular velocity such that the block X starts moving up

the plane. 

(i) Find the tension in the string during the motion. 

(ii) At a certain instant of time the magnitude of the angular velocity

of Y s  calculate the distance travelled by X from that instant

30∘

10rads− 1

https://dl.doubtnut.com/l/_rgnR2MLWQVdh
https://dl.doubtnut.com/l/_KbAUE67TPZGE


of time until it comes to rest 

Watch Video Solution

67. Two uniform thin rods A and B of length 0.6 m each and of masses

0.01 kg and 0.02kg respectively are rigidly joined end to end. The

combination is pivoted at the lighter end, P as shown in �g. Such that

it can freely rotate about point P in a vertical plane. A small object of

mass 0.05kg, moving horizontally, hits the lower end of the

combination and sticks to it what should be the velocity of the object

https://dl.doubtnut.com/l/_KbAUE67TPZGE
https://dl.doubtnut.com/l/_xgyS0tAMJZ52


so that the system could just be reised to the horizontal position. 

Watch Video Solution

68. A rectangular rigid �xed block has a long horizontal edge. A solid

homogeneous cylinder of radus R is placed horizontally at rest its

length parallel to the edge such that the exis of the cylinder and the

endg of the block are in the same vertical plane as shown in the �gure

below. Ther is su�cinet friction present at the edge s that a very small

displacement causes the cylinder to roll o� the edge without slipping.

Determine: 

https://dl.doubtnut.com/l/_xgyS0tAMJZ52
https://dl.doubtnut.com/l/_oxdK8BA8MKri


  

(a) the angle  through which the cylinder rotates before it leaves

contact with the edge, 

(b) the speed of the centre of mass of the cylinder before leaving

contact with the edge, and 

(c) the ratio of the translational to rotational kinetic energy of the

cylinder when its centre of mass is in horizontal line with the edge.

Watch Video Solution

θc

69. A small sphere of radius R is held against the inner surface of a

larger sphere of radius 6R. The masses of large and small spheres are

4M and M, respectively , this arrangement is placed on a horizontal

https://dl.doubtnut.com/l/_oxdK8BA8MKri
https://dl.doubtnut.com/l/_dTpB4oiWwe98


table. There is no friction between any surfaces of contact. The small

sphere is now released. Find the coordinates of the centre of the

larger sphere when the smaller sphere reaches the other extreme

position. 

Watch Video Solution

70. Two thin circular disks of mass 2kg and radius 10 cm each are

joined by a rigid massless rod of length 20 cm. the axis of the rod is

along the perpendicular to the planes of the disk through their

centres. This object is kept on a truck in such a way that the axis of the

object is horizontal and perpendicular to the direction of the motion

https://dl.doubtnut.com/l/_dTpB4oiWwe98
https://dl.doubtnut.com/l/_hNFFGSCDhUP2


of the truck. Its friction with the �oor of the truck is large enough so

that the object can roll on the truck without slipping. Take x axis as the

direction of motion of the truck and z-axis as the vertically upwards

direction. if the truck has an acceleration of  Calculate:  

(i) The force fo friction on each disk, 

(ii) The magnitude and the direction of the frictional torque acting on

each disk about the centre of mass O of the object. Express the torque

in the vector form in terms of unit vectors  in the x,y, and z

directions. 

Watch Video Solution

9m/s2

î, ĵ and k̂

https://dl.doubtnut.com/l/_hNFFGSCDhUP2


71. A wedge of mass m and triangular cross- section (AB = BC = CA = 2R)

is moving with a constant velocity I towards a sphere of radius R

�xed on a smooth horizontal table as shown in �gure. The wadge

makes an elastic collision with the �xed sphere and returns along the

same path without any rotaion. Neglect all friction and suppose that

the wedge remains in contact with the sphere for a very shot time.

 during which the sphere exerts a constant force F on the wedge.  

  

(a) Find the force F and also the normal force N exerted by the table

on the wedge during the time   

(b) Ler h denote the perpendicular distance between the centre of

mass of the wedge and the line of action of F. Find the magnitude of

−vˆ

Δt,

Δt.

https://dl.doubtnut.com/l/_Sbg76xkfAxTV


the torque due to the normal force N about the centre of the wedge,

during the interval 

Watch Video Solution

Δt.

72. A uniform circula disc has radius R and mass m. A particle also of

mass m, is �xed at a point A on the edge of the disc as shown in �gure.

The disc can rotate freely about a �xed horizontal chord PQ that is at a

distance R/4 from the centre C of the disc. The line AC is perpendicular

to PQ. Initially, the disc is held vertical with the point A at its highes

position.

Watch Video Solution

https://dl.doubtnut.com/l/_Sbg76xkfAxTV
https://dl.doubtnut.com/l/_957mHXhDp9qV


Watch Video Solution

73. A man pushes a cylinder of mass  with the help of a plank of

mass  as shown in �gure. There in no slipping at any contact. The

horizontal component of the force applied by the man is F. 

(a) the acceleration fo the plank and the center of mass of the cylinder,

and 

  

(b) the magnitudes and direction of frictional force at contact points.

Watch Video Solution

m1

m2

https://dl.doubtnut.com/l/_957mHXhDp9qV
https://dl.doubtnut.com/l/_phORy0LdEekr


74. Two heavy metallic plates are joined together at  to each other.

A laminar sheet of mass 30kg is hinged at the line AB joining the two

heavy metallic plates. The hinges are frictionless. The moment of

inertia of the laminar sheet about an axis parallel to AB and passing

through its center of mass is 1.2 kg  Two rubber obstacles P and Q

are �xed, one on each metallic plate at a distance 0.5m from the line

AB. This distance is chosen so that the reaction due to the hinges on

the laminar sheet is zero during the impact. Initially the laminar sheet

hits one of the obstacles with an angular velocity 1 rad/s and turns

back. If the impulse on the sheet due to each obstacle is 6 N-s, 

(a) Find the location of the center of mass of the laminar sheet from

AB. 

(b) At what angular velocity does the laminar sheet come back after

the �rst impact? 

90∘

m2.

https://dl.doubtnut.com/l/_QKUgXiOrBuAF


(c) After how many impacts, does the laminar sheet come to rest? 

Watch Video Solution

75. Three particles A, B and C each of mass m, are connected to each

other by three massless rigid rods to form a rigid, equilateral

triangular body of side l. This body is placed on a horizonta

frictionsess table (x-y plane) and is hinged to it at the point A so that

it can move without friction about the vertical axis through A . the

body is set into rotational motion on the table about A with a

constant angular velocity . ω

https://dl.doubtnut.com/l/_QKUgXiOrBuAF
https://dl.doubtnut.com/l/_HkmdtQ3MQdAW


  

(a) Find the magnitude of the horizontal force exerted by the hinge on

the body. 

(b) At time T, when the side BC is parallel to the x-axis, a force F is

applied on B along BC (as shown). Obtain the x-component and the y-

component of the force exerted by the hinge on the body, immediately

after time T.

Watch Video Solution

76. A wooden log of mass M and length L is hinged by a frictionless

nail at O.A bullet of mass m strikes with velocity v and sticks to it. Find

https://dl.doubtnut.com/l/_HkmdtQ3MQdAW
https://dl.doubtnut.com/l/_eNVdcm4z2Awg


angular velocity of the system immediately after the collision aboutO. 

Watch Video Solution

77. A cylinder of mass m and radius R rolls down an inclined plane of

inclination . Calculate the linear acceleration of the axis of cylinder.

Watch Video Solution

θ

78. Two identical ladders, each of mass M and length L are resting on

the rough horizontal surface as shown in the �gure. A block of mass m

https://dl.doubtnut.com/l/_eNVdcm4z2Awg
https://dl.doubtnut.com/l/_D9gxscFjhEsU
https://dl.doubtnut.com/l/_yE7OKFViYxyZ


hangs from P. if the system is in equilibrium, �nd the magnitude and

the direction of frictional force at A and B. 

Watch Video Solution

79. A rectangular plate of mass M and dimension  is held in

horizontal position by striking n small balls (each of mass m) per unit

area per second. The balls are striking in the shaded half region of the

plate. The collision of the balls with the plate is elastic. What is v?

a × b

https://dl.doubtnut.com/l/_yE7OKFViYxyZ
https://dl.doubtnut.com/l/_TL2uEkS8qcbX


Watch Video Solution

(Givenn = 100, M = 3kg, m = 0.01kg, b = 2m, a = 1m, g = 10 ).
m

s2

80. Two discs A and B are mounted coaxiallay on a vertical axle. The

discs have moments of inertia I and 2 I respectively about the common

axis. Disc A is imparted an initial angular velocity  using the entire

potential energy of a spring compressed by a distance  Disc B is

imparted an angular velocity  by a spring having the same spring

constant and compressed by a distance  Both the discs rotate in the

clockwise direction.

The ratio  is

2ω

x1

ω

x2

x1 /x2

https://dl.doubtnut.com/l/_TL2uEkS8qcbX
https://dl.doubtnut.com/l/_Cs83x8XrCeQ1


A. 2

B. 

C. 

D. 

Answer: C

Watch Video Solution

1

2

√2

1

√2

81. Two discs A and B are mounted coaxiallay on a vertical axle. The

discs have moments of inertia I and 2 I respectively about the common

axis. Disc A is imparted an initial angular velocity  using the entire

potential energy of a spring compressed by a distance  Disc B is

imparted an angular velocity  by a spring having the same spring

constant and compressed by a distance  Both the discs rotate in the

clockwise direction. 

When disc B is brought in contact with disc A, they acquire a common

2ω

x1

ω

x2

https://dl.doubtnut.com/l/_Cs83x8XrCeQ1
https://dl.doubtnut.com/l/_W3kePRrn59L2


angular velocity in time t. The average frictional torque on one disc by

the other during this period is

A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

2Iω
3t

9Iω
2t

9Iω
4t

3Iω
2t

82. Two discs A and B are mounted coaxiallay on a vertical axle. The

discs have moments of inertia I and 2 I respectively about the common

axis. Disc A is imparted an initial angular velocity  using the entire

potential energy of a spring compressed by a distance  Disc B is

imparted an angular velocity  by a spring having the same spring

constant and compressed by a distance  Both the discs rotate in the

2ω

x1

ω

x2

https://dl.doubtnut.com/l/_W3kePRrn59L2
https://dl.doubtnut.com/l/_ytz90u0V2067


clockwise direction. 

The loss of kinetic energy in the above process is

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

Iω2

2

Iω2

3

Iω2

4

Iω2

6

83. A uniform thin cylindrical disk of mass M and radius R is attaached

to two identical massless springs of spring constatn k which are �xed

to the wall as shown in the �gure. The springs are attached to the axle

of the disk symmetrically on either side at a distance d from its centre.

The axle is massless and both the springs and the axle are in

horizontal plane. the unstretched length of each spring is L. The disk is

https://dl.doubtnut.com/l/_ytz90u0V2067
https://dl.doubtnut.com/l/_4EYl9U7hdZfT


initially at its equilibrium position with its centre of mass (CM) at a

distance L from the wall. The disk rolls without slipping with velocity

 The coe�cinet of friction is   

  

The net external force acting on the disk when its centre of mass is at

displacement x with respect to its equilibrium position is.

A. 

B. 

C. 

D. 

Answer: D

→
V 0 = vacV0 î. μ.

= − kx

−2kx

−2kx/s

−4kx/3

https://dl.doubtnut.com/l/_4EYl9U7hdZfT


Watch Video Solution

84. A uniform thin cylindrical disk of mass M and radius R is attaached

to two identical massless springs of spring constatn k which are �xed

to the wall as shown in the �gure. The springs are attached to the axle

of the disk symmetrically on either side at a distance d from its centre.

The axle is massless and both the springs and the axle are in

horizontal plane. the unstretched length of each spring is L. The disk is

initially at its equilibrium position with its centre of mass (CM) at a

distance L from the wall. The disk rolls without slipping with velocity

 The coe�cinet of friction is   

  

→
V 0 = vacV0 î. μ.

https://dl.doubtnut.com/l/_4EYl9U7hdZfT
https://dl.doubtnut.com/l/_DK7jWS0TR9Kn


The centre of mass of the disk undergoes simple harmonic motion

with angular frequency  equal to -

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

ω

sqer( )
k

M

√
2

M

√
2k

3M

√
4k

3M

85. A uniform thin cylindrical disk of mass M and radius R is attaached

to two identical massless springs of spring constatn k which are �xed

to the wall as shown in the �gure. The springs are attached to the axle

of the disk symmetrically on either side at a distance d from its centre.

The axle is massless and both the springs and the axle are in

horizontal plane. the unstretched length of each spring is L. The disk is

https://dl.doubtnut.com/l/_DK7jWS0TR9Kn
https://dl.doubtnut.com/l/_Bx8K3rXAMKgs


initially at its equilibrium position with its centre of mass (CM) at a

distance L from the wall. The disk rolls without slipping with velocity

 The coe�cinet of friction is   

  

The maximum value of  for whic the disk will roll without slipping is-

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

→
V 0 = vacV0 î. μ.

V0

μg√
M

k

μg√
M

2k

μg√
3M

k

μg√
5M

2k

https://dl.doubtnut.com/l/_Bx8K3rXAMKgs


86. The general motion of a rigid body can be considered to be a

combination of (i) a motion of its centre of mass about an axis, and (ii)

its motion about an instantaneous exis passing through the centre of

mass. These axes need not be stationary. Consider, for example, a thin

uniform disc welded (rigidly �xed) horizontally at its rim to a massless,

stick as shown in the �gure. When the disc-stick system is rotated

about the origin on a horizontal frictionless plane with angular speed

 the motion at any instant can be taken as a combination of (i) a

rotation of the disc through an instantaneous vertical axis passing

through its centre of mass (as is seen from the changed orientation of

points P and Q). Both these motions have the same angular speed  in

this case 

 

Now consider two similar system as shown in the �gure: Case (a) the

disc with its face vertical and parallel to x-z plane, Case (b) the disc

with its face making an angle of  with x-y plane and its horizontal

diameter parallel to x-axis. In both the cases, the disc is welded at

ω

ω

45∘

https://dl.doubtnut.com/l/_Bx8K3rXAMKgs
https://dl.doubtnut.com/l/_VVjp9tuQlp4z


point P, and the systems are rotated with constant angular speed 

about the z-axis.  

.` 

Which of the following statements about the instantaneous axis

(passing through the centre of mass) is correct?

A. It is vertical for both thecases (a) and (b)

B. It is vertical for case (a), and it at  to the x-z plane and lies in

the plane of the disc for case (b).

C. It is vertical for case (a), and is  to the x-z plane and is normal

to the plane of the disc for case (b)

D. It is vertical for case (a), and is  to the x-z plane and is normal

to the plane of the disc for case (b).

Answer: A

Watch Video Solution

ω

45∘

45∘

45∘

https://dl.doubtnut.com/l/_VVjp9tuQlp4z
https://dl.doubtnut.com/l/_sUuxFj985DUU


87. The general motion of a rigid body can be considered to be a

combination of (i) a motion of its centre of mass about an axis, and (ii)

its motion about an instantaneous exis passing through the centre of

mass. These axes need not be stationary. Consider, for example, a thin

uniform disc welded (rigidly �xed) horizontally at its rim to a massless,

stick as shown in the �gure. When the disc-stick system is rotated

about the origin on a horizontal frictionless plane with angular speed

 the motion at any instant can be taken as a combination of (i) a

rotation of the disc through an instantaneous vertical axis passing

through its centre of mass (as is seen from the changed orientation of

points P and Q). Both these motions have the same angular speed  in

this case 

  

ω

ω

https://dl.doubtnut.com/l/_sUuxFj985DUU


Now consider two similar system as shown in the �gure: Case (a) the

disc with its face vertical and parallel to x-z plane, Case (b) the disc

with its face making an angle of  with x-y plane and its horizontal

diameter parallel to x-axis. In both the cases, the disc is welded at

point P, and the systems are rotated with constant angular speed 

about the z-axis. 

  

Which of the following statements regarding the angular speed about

the instantaneous axis (passing through the centre of mass) is

correct?

A. it is  for both the cases

B. it is  for cases (a), and  for case (b)

45∘

ω

√2ω

ω ω/√2

https://dl.doubtnut.com/l/_sUuxFj985DUU


C. it is  for case (a), and  for case (b)

D. it is  for both the cases.

Answer: B

Watch Video Solution

ω √2ω

ω

88. Satement-1: if there is no external torque on a body about its

centre of mass, then the velocity of the center of mass remains

constant. 

Statement-2: The linear momentum of an isolated system remains

constant.

A. Statement-1 is true Statement -2 is True, Statement-2 is a correct

explanation for Statement -1

B. Statement -1 is True, Statement -2 is True, Statement-2 is NOT a

correct explanation for Statement -1

https://dl.doubtnut.com/l/_sUuxFj985DUU
https://dl.doubtnut.com/l/_0bpF7xlIx1SH


C. Statement-1 is True, Statement-2 is False

D. Statement -1 is False, Statement-2 is True

Answer: D

Watch Video Solution

89. Satement-1: two cylinder one hollow (metal) and the other side

(wood) with the same mass and identical dimensions are

simultaneously allowed to roll wihtout slipping down an inclined plane

from the same height. The hollow cylinder will reach the bottom of the

inclined plane �rst. 

Statement-2: By the principle of conservation of energy, the total

kinetic energies of both the cylinder are identical when they reach the

bottom of the incline.

A. Statement-1 is true Statement -2 is true, statement-2 is a correct

explanation for statement-1

https://dl.doubtnut.com/l/_0bpF7xlIx1SH
https://dl.doubtnut.com/l/_xyoIKvSHAvEc


B. Statement -1 is true, Statement -2 is true, Statement-2 is not a

correct explanation for statement -1

C. Statement-1 is True, Statement-2 is False

D. Statement -1 is False, Statement-2 is True

Answer:

Watch Video Solution

90. A binary star consists of two stars  and B 

 where  is the mass of the sun, they are separted by

distane d and are rotating about their center of mass, which is

stationary. The ratio of the total angular momentum of the binary to

the angular momentum of star B about the centre of mass is

Watch Video Solution

A(mass2.2Ms)

(mass11Ms) Ms

https://dl.doubtnut.com/l/_xyoIKvSHAvEc
https://dl.doubtnut.com/l/_v2BbN8SjAhPZ


91. A boy is pushing a ring of mass 2kg and radius 0.5 m with a stick as

shown in �gure. The stick applies a force of 2N on the ring and rolls it

without slipping with an acceleration of  The coe�cient of

friction between the ground and the ring is large enough that rolling

always occurs and the coe�cient of friction between the stick and the

ring of (P/10). The value of P is 

Watch Video Solution

0.3 .
m

s2

92. Four solid spheres each of diameter cm and mass 0.5 kg are

placed with their centers at the corners of a square of side 4cm. The

sqart5

https://dl.doubtnut.com/l/_1bP6XcI9ORL7
https://dl.doubtnut.com/l/_nw3NSz6WOs5X


moment is  , then N is .

Watch Video Solution

N × 10− 4kg − m2

93. A lamina is made by removing a small disc of diameter 2R from a

bigger disc of uniform mass density and radius 2R, as shown in the

�gure. The moment of inertia of this lamina about axes passing

though O and P is  respectively. Both these axes are

perpendiucalr to the plane of the lamina. The ratio  ot the nearest

integer is 

Watch Video Solution

IO and IP

IP

IO

https://dl.doubtnut.com/l/_nw3NSz6WOs5X
https://dl.doubtnut.com/l/_TLVvQkcamKIR


94. A uniform circular disc of mass 50kg and radius 0.4 m is rotating

with an angular velocity of  about its own axis, which is

vertical. Two uniform circular rings, each of mass 6.25 kg and radius 0.2

m, are gently placed symmetrically on the disc in such a manner that

they are touching each other along the axis of the disc and are

horizontal. Assume that the friction is large enough such that the

rings are at rest relative to the disc and the system rotates about the

original axis. The new angular velocity  of the system is

Watch Video Solution

10rads− 1

( ∈ reds− 1)

95. A horizontal circular platform of radius 0.5 m and mass axis. Two

massless spring toy-guns, each carrying a steel ball of mass 0.05 kg are

attached to the platform at a distance 0.25m from the centre on its

either sides along its diameter (see �gure). Each gun simultaneously

�res the balls horizontally and perpendicular to the diameter in

opposite directions. After leaving the platform, the balls have

https://dl.doubtnut.com/l/_w2ymFueYNs2W
https://dl.doubtnut.com/l/_8lD71J4wPMaQ


horizontal speed of  with respect to the ground. The rotational

speed of the platform in  after the balls leace the platform is 

Watch Video Solution

9ms− 1

rads− 1

96. A uniform circular disc of mass 1.5 kg and raius 0.5 m is initially ar

rest on a horiozntal frictonless surface. Three forces of equal

matgnitude F = 0.5 N are applied simultaneously along the three sides

of an equilateral triangle XYZ with its vertices on the perimeter of the

disc (see �gure). One second after applying the forces the angular

https://dl.doubtnut.com/l/_8lD71J4wPMaQ
https://dl.doubtnut.com/l/_4sggsR5JXGub


speed of the disc in  is 

Watch Video Solution

rads− 1

97. Two identical uniform discs roll without slipping on tow di�erent

sufaces AB and CD (see �gure) starting at A and C with linear speeds

 respectively, and always remain in contact with the surfaces.

If they reach B and D with the same linear speed

  

v1 and v2

v1 = 3m/sthenv2 ∈ m/sis(g = 10m/s2)

https://dl.doubtnut.com/l/_4sggsR5JXGub
https://dl.doubtnut.com/l/_aFCcjkTdy8ZY


 

Watch Video Solution

98. The densitis of two solid spheres A and B of the same radii R very

with radial distance raspA(r) = k( ) and pB(r) = k( ,
r

R

r

(R)5

https://dl.doubtnut.com/l/_aFCcjkTdy8ZY
https://dl.doubtnut.com/l/_JG2YZ5UWDs78


respectively, where k is a constant . The moments of inertia of the

inividual spheres about axes passing throgh their centres are

 respectively. if  the value of n is

Watch Video Solution

IA and IB = ,
IB

IA

n

10

99. Initial angular velocity of a circualr disc of mass M is  The tow

sphere of mass ma re attached gently to diametrically opposite points

ont eh edge of the disc. What is the �nal angular velocity on the disc?

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

ω1.

( )ω1
M + m

M

( )ω1
M + m

M

( )ω1
M

M + 4m

( )ω1
M

M + 2m

https://dl.doubtnut.com/l/_JG2YZ5UWDs78
https://dl.doubtnut.com/l/_1B1bgxWR1CNi


100. The minimum velocity (in ms^(-1))` with which a car driver must

traverse a �at curve of radius 150m and coe�cient of friction 0.6 to

avoid skidding is

A. 60

B. 30

C. 15

D. 25

Answer: B

Watch Video Solution

101. A cylinder of height 20m is completely �lled with water. The

velocity of e�ux of water  through a small hole on the side

wall of the cylinder near its bottom is

A. 10

( ∈ ms− 1)

https://dl.doubtnut.com/l/_DY0OZsvYpDRw
https://dl.doubtnut.com/l/_DOZgGQeH1Ow9


B. 20

C. 25.5

D. 5

Answer: B

Watch Video Solution

102. Two identical particles move towards each other with velocity 2v

and v respectively. The velocity of centre of mass is

A. 

B. 

C. 

D. zero.

Answer: C

W t h Vid S l ti

v

v

3

v

2

https://dl.doubtnut.com/l/_DOZgGQeH1Ow9
https://dl.doubtnut.com/l/_pLrTBDof8kRl


Watch Video Solution

103. 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 accelerraton down the plane is for (no rolling)

A. solid sphere

B. hollow sphere

C. ring

D. all same.

Answer: D

Watch Video Solution

104. Moment of inertia of a circular wire of mass M and radius R about

its diameter is

https://dl.doubtnut.com/l/_pLrTBDof8kRl
https://dl.doubtnut.com/l/_PDz06GXVcd8M
https://dl.doubtnut.com/l/_BsalydzCJA2d


A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

M
R2

2

MR2

2MR2

M
R2

4

105. A particle of mass m moves along line PC with velocity v as shown.

What is the angular momentum of the particle about P? 

https://dl.doubtnut.com/l/_BsalydzCJA2d
https://dl.doubtnut.com/l/_hr0gvpcctpOc


A. mvL

B. mvI

C. mvr

D. zero

Answer: D

Watch Video Solution

106. 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 . Then the relation between the moment of inerita 

and  is

A. 

B. 

C. 

t

4
IX

IY

IY = 32IX

IY = 16lX

IY = iX

https://dl.doubtnut.com/l/_hr0gvpcctpOc
https://dl.doubtnut.com/l/_tphq7JDqURLJ


D. 

Answer: D

Watch Video Solution

IY = 64IX

107. A particle performing uniform circular motion has angular

frequency is doubled & its kinetic energy halved, then the new angular

momentum is

A. 

B. 2L

C. 4L

D. 

Answer: A

Watch Video Solution

L

4

L

2

https://dl.doubtnut.com/l/_tphq7JDqURLJ
https://dl.doubtnut.com/l/_If3ScmZmsNAA


108. Let  be the force acitng on a paritcle having positon vector 

 be the torque of this force about the origin. Then

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

→
F

→
r and

→
T

vacr. vacT = 0 and vacF . vacT ≠ 0

vacr. vacT ≠ 0 and vacF . vacT = 0

vacr. vacT ≠ 0 and vacF . vacT ≠ 0

vacr. vacT = 0 and vacF . vacT = 0

109. A solid sphere is rotating in free space. If the radius of the sphere

is increased keeping mass same which one of the following wil not be

a�ected?

A. angular velocity

https://dl.doubtnut.com/l/_05jTLYAFqy5e
https://dl.doubtnut.com/l/_gwemYxqjioHt


B. Angular momentum

C. Moment of inertia

D. Rotational kinetic energy

Answer: B

Watch Video Solution

110. One solid sphere A and another hollow spher B are of same mass

and same outer radii. Their moment of inertia aobut their diameters

are respectively  such that  

where  are their densities,

A. 

B. 

C. 

D. 

IA and IB

dA and dB

IA < IB

IA > IB

IA = IB

=
IA

IB

dA

dB

https://dl.doubtnut.com/l/_gwemYxqjioHt
https://dl.doubtnut.com/l/_gwX1zhj3NBqE


Answer: A

Watch Video Solution

111. A body A of mass M while falling wertically downwards under

gravity brakes into two parts, a body B of mass  M and a body C of

mass  M. The center of mass of bodies B and C taken together shifts

compared to that of body A towards

A. does not shift

B. depends on height of breaking

C. body B

D. body C

Answer: A

Watch Video Solution

1

3
2

3

https://dl.doubtnut.com/l/_gwX1zhj3NBqE
https://dl.doubtnut.com/l/_qnNwbMQLsnbZ
https://dl.doubtnut.com/l/_zjc6mokTd4IK


112. The moment of inertia of a uniform semicircular disc of mass disc

through the centre is

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

Mr22

5

Mr21

4

Mr21

2

Mr2

113. A 'T' shaped object with dimensions shown in the �gure, is lying on

a smooth �oor. A froce  is applied at the point P parallel to AB,

such that the object has only the translational motion without

' vacF '

https://dl.doubtnut.com/l/_zjc6mokTd4IK
https://dl.doubtnut.com/l/_PlGNuE5QbZ65


rotaion. Find the location of P with respect C. 

A. 

B. 

C. l

D. 

Answer: D

Watch Video Solution

l
3

2

l
2

3

l
4
3

https://dl.doubtnut.com/l/_PlGNuE5QbZ65


114. Consider a two particle system with particles having masses

 if the �rst particle is pushed towards the centre of mass

through a distance d, by what distance should the second particle is

moved, so as to keep the center of mass at the same positon?

A. 

B. 

C. 

D. d

Answer: C

Watch Video Solution

m1 and m2

d
m2

m1

d
m1

m1 + m2

d
m1

m2

115. Four point masses, each of value m, are placed at the corners of a

squre ABCD of side l. The moment of inertia of the is system about an

axis passing through A and parallel to BD is

https://dl.doubtnut.com/l/_TT7XOq1n1ziO
https://dl.doubtnut.com/l/_vcHrYLPKwrmX


A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

2ml2

√3ml2

3ml2

ml2

116. A force of  actgs on O, the origin of the coodinate system.

The torque about the point (1,-1) is 

−Fk̂

https://dl.doubtnut.com/l/_vcHrYLPKwrmX
https://dl.doubtnut.com/l/_c1BLghWN7l2c


A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

F( î − ĵ)

−F( î + ĵ)

F( î + ĵ)

−F( î − ĵ)

117. 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

wheel now rotates with an angular velocity 

A. 

B. 

C. 

ω

ω =

(ω
m + 2M

m

(ω
m − 2M
m + 2m

ωm

m + M

https://dl.doubtnut.com/l/_c1BLghWN7l2c
https://dl.doubtnut.com/l/_kS2ZVnQ70lSZ


D. 

Answer: D

Watch Video Solution

ωm

m + 2M

118. A circular disc of radius R is removed from a bigger circular disc of

radius 2R such that the cirucmferences of the discs coincide. The

centre of mass of the new disc is  from the center of the bigger

disc. The value of  is

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

α

R

α

1

4

1

3

1

2

1

6

https://dl.doubtnut.com/l/_kS2ZVnQ70lSZ
https://dl.doubtnut.com/l/_xbZWDLlgLmoh


119. A round unifrom body of radius R, mass M and moment of inertia I

rolls down (without slipping) an inclined plane making an angle theta

with the horizontal. Then its acceleration

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

g sin θ

1 − M
R2

I

g sin θ

1 + I ∣ MR2

g sin θ

1 + MR2 ∣ I

g sin θ

1 − I ∣ MR2

120. Angular momentum of the particle rotating with a central force is

constant due to

https://dl.doubtnut.com/l/_xbZWDLlgLmoh
https://dl.doubtnut.com/l/_TA3TF0O1jVGK
https://dl.doubtnut.com/l/_Jgfq22sfFifK


A. constant torque

B. constatn force

C. constant linear momentum

D. zero torque

Answer: D

Watch Video Solution

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

https://dl.doubtnut.com/l/_Jgfq22sfFifK
https://dl.doubtnut.com/l/_ATlN7BUYne9D


A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

IAC = √2IEF

√2IAC = IEF

IAD = 3IEF

IAC = IEF

122. 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 

where n can be zero or any positive number. If the position  of

the centre of mass of the rod is plotted against n, which of the

following graphs best approximates the dependence of  on n?

A. 

k( )
nx

L

XCM

XCM

https://dl.doubtnut.com/l/_ATlN7BUYne9D
https://dl.doubtnut.com/l/_Qxar2agVacRj


B. 

C. 

D. 

Answer: A

Watch Video Solution

123. Consider a uniform square plate of side 'a' and mass 'm' The

moment of inertia of heis plate about an axis perpendiucalar to its

plane and passing through one of its corners is

A. 

B. 

(5)(6)ma2

ma21

2

https://dl.doubtnut.com/l/_Qxar2agVacRj
https://dl.doubtnut.com/l/_DKue5MwCliVY


C. 

D. 

Answer: D

Watch Video Solution

ma27
12

ma22

3

124. 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 cenre of mass rises to a maximum height of :

A. 

B. 

C. 

D. 

Answer: C

Watch Video Solution

ω

1lω
6g

1l2ω2

g

1l2ω2

6g

1l2ω2 )

3g

https://dl.doubtnut.com/l/_DKue5MwCliVY
https://dl.doubtnut.com/l/_beUKEI32Gcd9


125. A mas m hangs with help of a string wraped around a pulley on a

frictionless bearling. 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. g

B. 

C. 

D. 

Answer: B

Watch Video Solution

g
2

3

g
g

3

g
3

2

126. A thin horizontal circular disc is roating about a vertical axis

passing through its centre. An insect is at rest at a point near the rim

https://dl.doubtnut.com/l/_beUKEI32Gcd9
https://dl.doubtnut.com/l/_bDJGW754GQ77
https://dl.doubtnut.com/l/_ZyXpyX3wyq9y


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. continuously decreases

B. comtinuously increases

C. �rst increases and then decreases

D. remains unchanged

Answer: C

Watch Video Solution

127. A pulley os radius 2m is rotated about its axis by a force

 newton (where t is measured in seconds) applied

tangentially. If the moment of inertia of the pulley about its axis of

rotation is  the number of rotaitons made by the pulley before

its direction of motion is reversed, is:

F = (20t − 5t2)

10kgm2

https://dl.doubtnut.com/l/_ZyXpyX3wyq9y
https://dl.doubtnut.com/l/_fr0d3PhUnWI9


A. more than 3 but less than 6

B. more than 6 but less than 9

C. more than 9

D. less than 3

Answer: A

Watch Video Solution

128. A hoop of radius r and mass m rotating with an angular velocity

 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 ot slip?

A. 

B. 

C. 

ω0

rω0

4

rω0

3

rω0

2

https://dl.doubtnut.com/l/_fr0d3PhUnWI9
https://dl.doubtnut.com/l/_JtEH9oNPTjaX


D. 

Answer: C

Watch Video Solution

rω0

129. A bob of mass m attached to an inextensible string of length I is

suspended from a vertical support. The bob rotates in a horizontal

circle with an angular speed  red/s about the vertical. About the

point of suspension:

A. angular momentum is conserved.

B. angular momentum changes in magnitude but not is direction.

C. angular momentum changes in direction but not in magnitude.

D. angular momentum changes both in direction and magnitude.

Answer: C

Watch Video Solution

ω

https://dl.doubtnut.com/l/_JtEH9oNPTjaX
https://dl.doubtnut.com/l/_rkJZhMwflAX7


130. Distance of the centre of mass of a solid uniform cone from its

vertex is  . If the radius of its base is R and its height is h then  is

equal to:

A. 

B. 

C. 

D. 

Answer: D

Watch Video Solution

z0 z0

5h
8

3h2

8R

h2

4R

3h
4

131. From a solid sphere of 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 perpendiular to one of its faces is:

https://dl.doubtnut.com/l/_rkJZhMwflAX7
https://dl.doubtnut.com/l/_bb22r2l7A1K3
https://dl.doubtnut.com/l/_1PPcOfLPUQ1q


A. 

B. 

C. 

D. 

Answer: A

Watch Video Solution

(4MR)
2

9√3π

(4MR)2

3√3π

(MR)
2

32√2π

(MR)2

16√2π

132. A roller is made by joining together two cones at their vertices O,

ti is kept on two rails AB and CD, which are placed asymmetrically with

its axis perpendiuclar to CD and its center O at the centre of line

joining AB and Cd 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,

https://dl.doubtnut.com/l/_1PPcOfLPUQ1q
https://dl.doubtnut.com/l/_bO5d5s3J1yxC


Mcqs With One Correct Answer

the roller wil tand to: 

A. go straight

B. tum left and right alternately.

C. trun left.

D. turn right.

Answer: C

Watch Video Solution

https://dl.doubtnut.com/l/_bO5d5s3J1yxC


1. A disc of mass M and radius R is rolling with angular speed  on a

horizontal plane as shown in �gure. The magnitude of angular

momentum of the disc about the origin O is 

A. 

B. 

C. 

D. 

Answer: C

View Text Solution

ω

(1/2)MR2ω

MR2ω

(3/2)MR2ω

2MR2ω

https://dl.doubtnut.com/l/_8conX8RYH8TD

