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1 (d)

Let 𝑎 be acceleration of fall of the thread, then net force acting downwards, balances the 

force due to tension (𝑇) in the thread.

        𝑚g - 𝑇 = 𝑚𝑎⇒       𝑚g - 𝑚𝑎 = 𝑇                                      …(i)

Also torque (also known as moment or couple acts on the system).𝜏 = force × perpendicular distance axis of rotation 

                𝜏 = 𝑇 × 𝑅
From Eq. (i),

               𝜏 = 𝑚(g - 𝑎) × 𝑅                          …(ii)

Let 𝐼 is moment of inertia of reel and 𝛼 the angular acceleration, then torque is 

               𝜏 = 𝐼𝛼                                                  …(iii)

where, 𝐼 =
1

2
𝑀𝑅2, 𝛼 =

𝑎𝑅∴           𝜏 =
1

2
𝑀𝑅2 ×

𝑎𝑅 =
𝑀𝑅𝑎

2
                         …(iv)

Equating Eqs. (ii) and (iv), we get

             𝜏 = 𝑚(g - 𝑎)𝑅 =
𝑚𝑅𝑎

2⇒     g - 𝑎 =
𝑎
2⇒              𝑎 =

2

3
 g

2 (c)

Force of attraction between two stars𝐹 =
𝐺𝑚1𝑚2

(𝑟1 + 𝑟2)2

a

T
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Acceleration =
𝐹𝑚1

=
𝐺𝑚2

(𝑟1 + 𝑟2)2

3 (c)

Here, 𝑚1 = 𝑚2 = 0.1 kg 𝑟1 = 𝑟2 = 10 cm = 0.1 m𝐼 = 𝐼1 + 𝐼2 = 𝑚1𝑟2
1 +

1

2
𝑚2𝑟2

2 =
3

2
𝑚1𝑟2

1

=
3

2
× 0.1(0.1)2 = 1.5 × 10-3 kg m2

4 (a)

For solid sphere,  
𝐾2𝑅2 =

2

5

For disc and solid cylinder,  
𝐾2𝑅2 =

1

2

As 
𝐾2𝑅2 for solid sphere is smallest, it takes minimum time to reach the bottom of the incline

5 (a) 𝐼 =
1

2
𝑀𝑅2 =

1

2
× (𝜋𝑅2𝑡 × 𝜌) × 𝑅2⇒𝐼 ∝ 𝑅4   (As 𝑡 and 𝜌 are same) ∴ 𝐼1𝐼2

= (𝑅1𝑅2
)

4

= (0.2

0.6)
4

=
1

81

6 (c)𝑚1𝑟1 = 𝑚2𝑟2𝑟1𝑟2
=
𝑚2𝑚1

   ∴ 𝑟 ∝ 1𝑚
7 (d)

According to law of conservation of angular momentum, if there is no torque on the 

system, then the angular momentum remains constant.

8 (b)

Let the mass of an element of length 𝑑𝑥 of rod located at a distance 𝑥 away from left end is 𝑀𝐿  𝑑𝑥. The 𝑥-coordinate of the centre of mass is given by

                     𝑋CM =
1𝑀 ∫ 𝑥 𝑑𝑚

                   =
1𝑀 ∫𝐿

0
𝑥(𝑀𝐿 𝑑𝑥)

                   =
1𝐿[𝑥2

2
]
𝐿
0

=
𝐿
2

9 (c)

As Fext = 0, hence momentum remains conserved and final momentum = initial momentum 

=  𝑚𝑣
10 (a)

The moment of inertia of this annular disc about the axis perpendicular to its plane will be 
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1

2
𝑀(𝑅2 + 𝑟2).

11 (b)

Since, rod is bent at the middle, so each part of it will have same length (𝐿
2
) and mass (𝑀

2
) as 

shown.

Moment of inertia of each part through its one end

                  =
1

3
(𝑀

2
)(𝐿

2
)2

Hence, net moment of inertia through its middle point 𝑂 is

              𝐼 =
1

3
(𝑀

2
)(𝐿

2
)2

+
1

3
(𝑀

2
)(𝐿

2
)2

                 =
1

3
[𝑀𝐿2

8
+

𝑀𝐿2

8
] =

𝑀𝐿2

12

12 (c)𝐾 =
𝐿2

2𝐼 =
𝐾1𝐾2

=
𝐿2

1𝐿2
2

⇒𝐾1𝐾2
= (100

110)
2

=
100

121⇒ 100𝐾2
=

100

121
⇒𝐾2 = 121 = 100 + 21

Increase in kinetic energy = 21%

13 (c) 𝐼𝑆𝑝h𝑒𝑟𝑒 < 𝐼𝐷𝑖𝑠𝑐 < 𝐼𝑆h𝑒𝑙𝑙 < 𝐼𝑅𝑖𝑛𝑔
We know that body possessing minimum moment of inertia will reach the bottom first and 

the body possessing maximum moment of inertia will reach the bottom at last

14 (a)

Let a plane be inclined at an angle θ and a cylinder rolls down then the acceleration of the 

cylinder of mass 𝑚, radius 𝑅, and 𝐼𝐼 as moment of inertia is given by

                      𝑎 =
g sinθ

(1 +
𝐼𝑚𝑅2

)

Moment of inertia (𝐼) of a cylinder =
𝑚𝑅2

2∴                    𝑎 =

g sinθ
( 𝑚𝑅2

1 +
2𝑚𝑅2

) =
2

3
gsin 30°⇒                  𝑎 =

g

3

15 (a)

The rotational kinetic energy of the disc is

60o

O
| |L/2

|

L/
2

|

M
/2

M/2
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                    𝐾rot =
1

2
𝐼𝜔2 =

1

2
(1

2
𝑀𝑅2)𝜔2 =

1

4
𝑀𝑅2𝜔2

The translational kinetic energy is

                     𝐾trans =
1

2
𝑀𝑣2

CM

where 𝑣CM is the linear velocity of its centre of mass.

Now, 𝑣CM = 𝑅𝜔
Therefore,     𝐾trans =

1

2
𝑀𝑅2𝜔2

Thus,   𝐾total =
1

4
𝑀𝑅2𝜔2 +

1

2
𝑀𝑅2𝜔2 =

3

4
 𝑀𝑅2𝜔2∴       

𝐾rot𝐾total
=

1

4
𝑀𝑅2𝜔2

3

4
 𝑀𝑅2𝜔2 =

1

3

16 (c) 𝐿 = 𝐼𝜔
17 (c)

Since force is not acting on centre of mass, it will produced torque hence linear and angular 

acceleration both will change

18 (a)𝑚gh =
1

2
𝐼ω2 +

1

2
𝑚𝑣2

=
1

2(2

5
𝑚𝑟2)ω2 +

1

2
𝑚𝑣2 =

7

10
𝑚𝑣2

∴  𝑣 =
10

7
 gh

19 (c)

For the rolling a solid cylinder acceleration 𝑎 =
g

3
sinθ

∴  The condition for the cylinder to remain in equilibrium

                   𝑀𝑎 ≤ μ 𝑠𝑅⇒        
1

2
𝑀gsinθ ≤𝑀g cosθ.μs

or              𝜇𝑠≥ 1

3
tanθ

or           tanθ ≤ 3 μ𝑠
20 (d)

Since, no external force is present on the system so, conservation principle of momentum 

is applicable∴ p𝑖 = p𝑓 = p1 + p2∴  p1 = ― p2        ( ∵ p𝑖 = 0)∴   |p1| = | - p2|

M a

R

mg

mg cos

sR
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∴   p1 = p2

From this point of view, it is clear that momenta of both particles are equal in magnitude 

but opposite in direction

Also, friction is absent. So total mechanical energy of system remains conserved
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ANSWER-KEY

Q. 1 2 3 4 5 6 7 8 9 10

A. D C C A A C D B C A

Q. 11 12 13 14 15 16 17 18 19 20

A. B C C A A C C A C D
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