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Q 1.  A tennis ball bounces down a flight of stairs striking each step in turn and rebounding 

to the height of the step above. The coefficient of restitution is:   

(a) 
1

2
   (b) 

1

√2
   (c) 

1

4
   (d) 1 

 

Q 2.  A ball strikes a horizontal floor at an angle  = 45°. The coefficient of restitution 

between the ball and the floor is e = 
1

2
  . The fraction of its kinetic energy lost in 

collision is : 

(a) 
5

8
   (b) 

3

8
   (c) 

3

4
   (d) 

1

4
 

 

Q 3. After perfectly inelastic collision between two identical particles moving with same 

speed in different directions, the speed of the particles become half the initial speed. 

The angle between the velocities of the two before collision is: 

(a) 60   (b) 45   (c) 120  (d) 30 

 

Q 4. A ball of mass m moving with velocity 𝒖⃗⃗ = 𝒖𝒙𝒊̂ + 𝒖𝒚𝒋̂   hits a vertical wall of infinite 

mass as shown in the figure. The ball slips up along the wall for the duration of 

collision and there is friction between the ball and the wall. Neglect the effect of 

gravity. Pick up the correct alternative. 

     
(a) The net impulse of the wall on the ball must not be along the negative x-axis for 

the duration of collision. 

(b)  The collision changes only the x- component of velocity of the ball 

(c)  The collision changes only the y- component of velocity of the ball 

(d) The impulse provided by frictional force to the ball for the duration of collision 

cannot be neglected in comparison to impulse provided by normal reaction. 

 

Q 5. A smooth hemisphere of mass m and radius R is at rest. A smooth solid sphere of 

mass 2m and radius R moving with velocity V0 between two horizontal smooth 

 

x 

y 

m 
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surfaces separated by a distance slightly greater than 2R as shown in figure. Solid 

sphere collides with the hemisphere. If coefficient of restitution is 
1

2
 ,  then  :  

   
(a) The speed of hemisphere after collision is V0 

(b) The speed of solid sphere after collision is 
𝑽𝟎

𝟐
 

(c) The loss in kinetic energy of the system is 
𝟏

𝟒
mV0

2 

(d) The final kinetic energy of hemisphere is 
𝟏

𝟒
 th of initial kinetic energy of sphere 

 

Q 6. A smooth sphere A of mass m collides elastically with an identical sphere B at rest. The 

velocity of A before collision is 8 m/s in a direction making 60º with the line joining 

the centres at the time of impact. Which of the following is/are possible: 

 (a) the sphere A comes to rest after collision 

(b) the sphere B will move with a speed of 8 m/ after collision 

(c) the directions of motion of A and B after collision are at right angles 

(d) the speed of B after collision is 4 m/s. 

 

Q 7. Two spheres A and B of masses m1 and m2 respectively collide. A is at rest initially 

and B is moving with velocity v along x-axis. After collision B has a velocity 
𝒗

𝟐
 in a 

direction perpendicular to the original direction. The mass A moves after collision in 

the direction.  

(a) same as that of B   (b) Opposite to that of B 

(c) θ = tan–1(2) to the x-axis  (d) θ = tan–1(1/2) to the x-axis 

 

Q 8.  A particle moving on a smooth horizontal surface strikes a stationary wall. The angle 

of strike is equal to the angle of rebound & is equal to 37° and the coefficient of 

restitution with wall is e =
𝟏

𝟓
 . Find the friction coefficient between wall and the 

particle in the form  
𝑿

𝟏𝟎
 and fill value of :    

    
 

//
//
//
//
//

//
//
//
//
//
//
//
//
//
//
//
//
//

37º

37º
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Q 9. Two identical uniform solid smooth spheres each of mass m each approach each other 

with constant velocities such that net momentum of system of both spheres is zero. 

The speed of each sphere before collision is u. Both the spheres then collide. The 

condition of collision is given for each situation of column-I. In each situation of 

column-II information regarding speed of sphere(s) is given after the collision is over. 

Match the condition of collision in column-I with statements in column-II.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Q 10. Two identical billiard balls are in contact on a table. A third identical ball strikes them 

symmetrically and remains at rest after impact. The coefficient of restitution is  

(a) 2/3   (b) 1/3 
(c) 1/6   (d) √(3/2) 

 

Q 11. A gardener waters the plants by a pipe of diameter 1 cm. The water comes out at the 

rate of 20 cc/s. The reactionary force exerted on the hand of the gardener is:  

(a) 2.54 × 10-5 N  

(b) 1.62× 10-3N 

(c) 5.1 × 10-3 N  

(d) zero 

 

Q 12. A particle of mass m collides with a stationary particle and continues to move at an 

angle of 45° with respect to the original direction. The second particle also recoils at an 

angle of 45° to this direction. The mass of the second particle is: (collision is elastic) 

(a) m   (b) √2 m  (c) 
𝑚

√2
   (d) 

𝑚

2
 

 

Q 13. A ball A is falling vertically downwards with velocity v1. It strikes elastically with a 

heavy wedge moving horizontally with velocity v2 as shown in figure. What must be 

the ratio 
𝑣1

𝑣2
, so that the ball bounces back in vertically upward direction relative to the 

wedge: 

    

  Column-     Column-  

(A) Collision is perfectly elastic and head on         (p)    speed of both spheres after collision is u 

(B) Collision is perfectly elastic and oblique         (q)    velocity of both spheres after  

             collision is different 

(C) Coefficient of restitution is e = 
𝟏

𝟐
 and          (r)    speed of both spheres after collision  

       collision is head on         is same but less than u. 

(D) Coefficient of restitution is e = 
𝟏

𝟐
 and        (s)    speed of one sphere may be more than u. 

      collision is oblique 
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(a) √3   (b) 
1

√3
   (c) 

1

√2
   (d) 

1

2
  

 

Q 14. A small ball falling vertically downward with constant velocity 2 m/s strikes elastically 

an heavy inclined plane moving with velocity 2 m/s as shown in figure. The velocity of 

rebound of the ball with respect to ground is: 

   
 (a) 4 m/s  (b) 2√5 m/s  (c) 2√2 m/s  (d) 2 m/s 

 

Q 15. A girl throws a ball with Initial velocity v at an Inclination of 45°. The ball strikes a 

smooth vertical wall at a horizontal distance d from the girl and after rebouncing returns 

to her hand. What is the coefficient of restitution between the wall and the ball? 

 (a) v2 – gd   (b)  
𝑔𝑑

𝑣2−𝑔𝑑
   

(c)  
𝑔𝑑

𝑣2     (d)  
𝑣2

𝑔𝑑
  

 

 COMPREHENSION 

 When the mass of a system is variable, a thrust force has to be applied on it in addition 

to all other forces acting on it. This thrust force is given by: 

  𝐹 = 𝑉⃗ 𝑟 (±
𝑑𝑚

𝑑𝑡
) 

Here 𝑉⃗ 𝑟 is the relative velocity with which the mass dm either enters or leaves the 

system. A box with a jet engine has total mass 50 kg. Gases are ejected from this 

backwards with relative velocity 20 m/s . The rate of ejection of gas is 2kg/s. Total mass 

of gas is 20 kg. Coefficient of friction between the box and road is  = 0.1. 

 

Q 16. Box will start moving after time t = ………….. seconds: 

 (a) 4    (b) 10   (c) 5    (d) 8 

 

Q 17. Maximum speed of box will be v = ……………. m/s: (Take in 
4

3
 = 0.28) 

 (a) 0.6   (b) 0.8   (c) 1.0   (d) 1.2 

 

Q 18. box will stop after time (from starting) t = ……………….. seconds: 

 (a) 12.2   (b) 6.4    (c) 10.6  (d) 5.8. 
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Answer Key 

 

Q.1 b Q.2 b Q.3 c   Q.4 a, d Q.5 a, b, c 

Q.6 c, d Q.7 d Q.8 5 Q.9 (A) p,q  (B) p,q  (C) 

q,r  (D) q,r  
Q.10 a 

Q.11 c Q.12 a Q.13 b Q.14 b Q.15 b 

Q.16 c Q.17 a Q.18 c 
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Q.1) A tennis ball bounces down a flight of stairs striking each step in turn and 
rebounding to the height of the step above. The coefficient of restitution is:

(a) 
1

2
(b) 

1

2
(c) 

1

4
(d) 1



Q.2) A ball strikes a horizontal floor at an angle  = 45°. The coefficient of 

restitution between the ball and the floor is e = 
1

2
. The fraction of its kinetic energy 

lost in collision is :

(a) 
5

8
(b) 

3

8
(c) 

3

4
(d) 

1

4



Q.3) After perfectly inelastic collision between two identical particles moving with 
same speed in different directions, the speed of the particles become half the initial 
speed. The angle between the velocities of the two before collision is:

(a) 60 (b) 45 (c) 120 (d) 30



Q.4) A ball of mass m moving with velocity 𝒖 = 𝒖𝒙 Ƹ𝒊 + 𝒖𝒚 Ƹ𝒋 hits a vertical wall of 

infinite mass as shown in the figure. The ball slips up along the wall for the duration 
of collision and there is friction between the ball and the wall. Neglect the effect of 
gravity. Pick up the correct alternative.

(a) The net impulse of the wall on the ball must not be along the negative x-axis for

the duration of collision.

(b) The collision changes only the x- component of velocity of the ball

(c) The collision changes only the y- component of velocity of the ball

(d) The impulse provided by frictional force to the ball for the duration of collision

cannot be neglected in comparison to impulse provided by normal reaction.

 

x 

y 

m 



Q.5) A smooth hemisphere of mass m and radius R is at rest. A smooth solid sphere 
of mass 2m and radius R moving with velocity V0 between two horizontal smooth 
surfaces separated by a distance slightly greater than 2R as shown in figure. Solid 

sphere collides with the hemisphere. If coefficient of restitution is 
1

2
,  then  : 

(a) The speed of hemisphere after collision is V0

(b) The speed of solid sphere after collision is
𝑽𝟎

𝟐

(c) The loss in kinetic energy of the system is
𝟏

𝟒
mV0

2

(d) The final kinetic energy of hemisphere is
𝟏

𝟒
th of initial kinetic energy of sphere



Q.6) A smooth sphere A of mass m collides elastically with an identical sphere B at 
rest. The velocity of A before collision is 8 m/s in a direction making 60º with the 
line joining the centres at the time of impact. Which of the following is/are possible:

(a) the sphere A comes to rest after collision

(b) the sphere B will move with a speed of 8 m/ after collision

(c) the directions of motion of A and B after collision are at right angles

(d) the speed of B after collision is 4 m/s.



Q.7) Two spheres A and B of masses m1 and m2 respectively collide. A is at rest 
initially and B is moving with velocity v along x-axis. After collision B has a 

velocity 
𝒗

𝟐
in a direction perpendicular to the original direction. The mass A moves 

after collision in the direction.

(a) same as that of B (b) Opposite to that of B

(c) θ = tan–1(2) to the x-axis (d) θ = tan–1(1/2) to the x-

axis



Q.8) A particle moving on a smooth horizontal surface strikes a stationary wall. The angle 
of strike is equal to the angle of rebound & is equal to 37° and the coefficient of restitution 

with wall is e =
𝟏

𝟓
. Find the friction coefficient between wall and the particle in the form  

𝑿

𝟏𝟎
and fill value of X.: 

//
//
//
//
//

//
//
//
//
//
//
//
//
//
//
//
//
//

37º

37º



Q.9) Two identical uniform solid smooth spheres each of mass m each approach each other 
with constant velocities such that net momentum of system of both spheres is zero. The 
speed of each sphere before collision is u. Both the spheres then collide. The condition of 
collision is given for each situation of column-I. In each situation of column-II information 
regarding speed of sphere(s) is given after the collision is over. Match the condition of 
collision in column-I with statements in column-II.

Column-I Column-II

(A) Collision is perfectly elastic and head on (p) speed of both spheres after collision is u

(B) Collision is perfectly elastic and oblique (q) velocity of both spheres after

collision is different

(C) Coefficient of restitution is e =
𝟏

𝟐
and (r) speed of both spheres after collision

collision is head on is same but less than u.

(D) Coefficient of restitution is e =
𝟏

𝟐
and (s) speed of one sphere may be more than u.

collision is oblique



Q.10) Two identical billiard balls are in contact on a table. A third identical ball 
strikes them symmetrically and remains at rest after impact. The coefficient of 
restitution is

(a) 2/3

(b) 1/3

(c) 1/6

(d) √(3/2)



Q.11) A gardener waters the plants by a pipe of diameter 1 cm. The water comes out 
at the rate of 20 cc/s. The reactionary force exerted on the hand of the gardener is:

(a) 2.54 × 10-5 N
(b) 1.62× 10-3N
(c) 5.1 × 10-3 N
(d) zero



Q.12) A particle of mass m collides with a stationary particle and continues to move 
at an angle of 45° with respect to the original direction. The second particle also 
recoils at an angle of 45° to this direction. The mass of the second particle is: 
(collision is elastic)

(a) m (b) 2 m (c) 
𝑚

2
(d) 

𝑚

2



Q.13) A ball A is falling vertically downwards with velocity v1. It strikes elastically 
with a heavy wedge moving horizontally with velocity v2 as shown in figure. What 

must be the ratio 
𝑣1

𝑣2
, so that the ball bounces back in vertically upward direction 

relative to the wedge:

(a) 3 (b) 
1

3
(c) 

1

2
(d) 

1

2



Q.14) A small ball falling vertically downward with constant velocity 2 m/s strikes 
elastically an heavy inclined plane moving with velocity 2 m/s as shown in figure. 
The velocity of rebound of the ball with respect to ground is:

(a) 4 m/s (b) 2 5 m/s (c) 2 2 m/s (d) 2 m/s



Q.15) A girl throws a ball with Initial velocity v at an Inclination of 45°. The ball 
strikes a smooth vertical wall at a horizontal distance d from the girl and after 
rebouncing returns to her hand. What is the coefficient of restitution between the 
wall and the ball?

(a) v2 – gd

(b)  
𝑔𝑑

𝑣2−𝑔𝑑

(c)  
𝑔𝑑

𝑣2

(d)  
𝑣2

𝑔𝑑



COMPREHENSION
When the mass of a system is variable, a thrust force has to be applied on it in addition to 

all other forces acting on it. This thrust force is given by:

Ԧ𝐹 = 𝑉𝑟 ±
𝑑𝑚

𝑑𝑡

Here 𝑉𝑟 is the relative velocity with which the mass dm either enters or leaves the system . A 
box with a jet engine has total mass 50 kg. Gases are ejected from this backwards with 

relative velocity 
20 m/s . The rate of ejection of gas is 2kg/s.

Total mass of gas is 20 kg. Coefficient of friction between the box and road is  = 0.1.



Q.16) Box will start moving after time t = ………….. seconds:

(a) 4 (b) 10 (c) 5 (d) 8



Q.17) Maximum speed of box will be v = ……………. m/s: (Take in 
4

3
= 0.28)

(a) 0.6 (b) 0.8 (c) 1.0 (d) 1.2



Q.18) box will stop after time (from starting) t = ……………….. seconds:

(a) 12.2 (b) 6.4 (c) 10.6 (d) 5.8

) 12.2 (b) 6.4 (c) 10.6 (d) 5.8
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