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Question 1   (**) 

A smooth sphere is moving with speed u
1ms−  on a smooth horizontal plane when it 

strikes at right angles a fixed smooth vertical wall. The sphere is modelled as a 

particle. The coefficient of restitution between the sphere and the wall is 1
3

. 

Find the fraction of the kinetic energy is lost by the sphere, as a result of the impact 

with the wall. 

8
9

 

 

 

Question 2   (**+) 

A smooth sphere is moving with speed u
1ms−  on a smooth horizontal plane when it 

strikes at right angles a fixed smooth vertical wall. 

One quarter of the kinetic energy is lost by the sphere, as a result of the impact with 

the wall. The sphere is modelled as a particle. 

Find the coefficient of restitution between the sphere and the wall. 

3
2

e =  
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Question 3    (***) 

A smooth sphere A  of mass 3 kg  is moving with speed 4 1ms−  on a smooth 

horizontal plane when it collides directly with a smooth sphere B  of mass 5 kg  

moving with speed 2 1ms− , in the opposite direction as B . The two spheres are 

modelled as particles and the coefficient of restitution between them is 5
6

.   

a) Calculate the speed of  A  and the speed of  B  after the collision. 

After the collision between A  and B , sphere B  collides directly with a smooth 

vertical wall. The coefficient of restitution between B  and the wall is 1
5

.   

b) Find the magnitude of the impulse exerted by the wall onto B . 

123 ms
8AV

−
= , 117 ms

8BV
−

= , 12.75 NsI =  
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Question 4   (***) 

Two smooth spheres P  and  Q  of respective masses 3m  and 4m  are moving 

towards each other, both with speed u , when they collide directly. As a result of the 

collision the direction of the motion of Q  is reversed and its speed is halved. 

The spheres are modelled as particles moving on a smooth horizontal plane. 

a) Find the coefficient of restitution between the two spheres. 

Consequently, sphere Q  collides directly with a third sphere R  of mass 6m  which is 

initially at rest. The collision between Q  and R  is perfectly elastic. 

Sphere R  is also modelled as a particle. 

b) Show that after the collision between Q  and R , they will be no more 

collisions between  P  and  Q . 

3
4

e =  
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Question 5   (***) 

A smooth sphere P  of mass m  is moving with speed u  on a smooth horizontal plane 

when it collides directly with a smooth sphere Q  of mass 4m  which is initially at rest. 

The spheres are modelled as particles and the coefficient of restitution between the 

two spheres is e .   

The magnitude of the impulse of P  on Q  is 22
15

mu . 

a) Find the value of e . 

It is now given that 2m = kg  and 30u =
1ms− . 

b) Show that the kinetic energy loss due to the collision is 220 J . 

5
6

e =  
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Question 6   (***+) 

A smooth sphere A  of mass 3m  is moving with speed 5u  on a smooth horizontal 

plane. It collides directly with a smooth sphere B  of mass m  moving with speed 3u  

in the opposite direction as A . The spheres are modelled as particles and the 

coefficient of restitution between A  and B  is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after the collision. 

b) Show that A  cannot possibly reverse direction as a result of the collision. 

c) Given further that the total kinetic energy of the two spheres after the collision 

is 239
2

mu , show clearly that 1
4

e =  

( )3 2AV u e= − , ( )3 1 2BV u e= +  
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Question 7   (***+) 

A smooth sphere P  of mass m  is moving with speed 4u  on a smooth horizontal 

plane. It collides directly with a smooth sphere Q  of mass 2m  moving with speed u  

in the opposite direction as P . The spheres are modelled as particles and the 

coefficient of restitution between two spheres is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after their collision. 

The total kinetic energy of the two spheres after the collision is 2
mu . 

b) Find the value of e  and hence show that P  is at rest after the collision. 

( )2 1 5
3PV u e= − , ( )1 5 2

3QV u e= + , 1
5

e =  
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Question 8   (***+) 

A smooth sphere P  of mass m  is moving with constant speed on a smooth horizontal 

plane when it collides directly with a smooth sphere Q  of mass km , where k  is a 

positive constant, which is initially at rest. After the collision both spheres are moving 

in the same direction as the original direction of P  with speeds u  and 4u . 

The spheres are modelled as particles and the coefficient of restitution between the 

two spheres is e .   

a) Show clearly that 
3

4 1k
e

= − . 

b) Hence, find the range of the possible values of k . 

c) Given further that 2k =  … 

i. … calculate the value of e  

ii.  … find the kinetic energy loss of the system, due to the collision. 

1
2

k ≥ , 1
3

e = , 2loss 24mu=  
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Question 9   (***+) 

A smooth sphere A  of mass m  is moving with constant speed on a smooth horizontal 

plane when it collides directly with a smooth sphere B  of mass 3m , which is initially 

at rest. After the collision A  reverses direction and is speed is v . 

The two spheres are modelled as particles and the coefficient of restitution between 

the two spheres is 3
4

.   

a) Determine, in terms of v , the speed A  before the collision and the speed of B  

after the collision. 

Consequently, B  collides directly with a third sphere C  of mass km , where k  is a 

positive constant. It is further given that C  was initially at rest and the coefficient of 

restitution between B  and C  is 6
7

. 

b) By modelling C  as a smooth particle, find the value of  k , given that B  is 

brought to rest after the collision. 

16
5AV v= , 7

5BV v= , 7
2

k =  
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Question 10   (***+) 

A smooth sphere A  of mass 5m  is moving with speed 4u  on a smooth horizontal 

plane when it collides directly with a smooth sphere B  of mass 3m  moving with 

speed u , in the same direction as A . The two spheres are modelled as particles and 

the coefficient of restitution between them is e .   

After the collision the speed of B  is 21
2

eu . 

a) Show clearly that 1
3

e = . 

b) Find in terms of m  and u  the kinetic energy lost, as a result of the collision. 

215kinetic energy lost
2

mu=  
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Question 11   (***+) 

A smooth sphere A  of mass 2 kg  is moving with speed 12 1ms−  on a smooth 

horizontal plane when it collides directly with a smooth sphere B  of mass m kg , 

which is initially at rest. After the collision A  reverses direction and is speed is v . 

The two spheres are modelled as particles and the coefficient of restitution between 

the two spheres is e .   

a) Given that the speed of B  after the collision is 2v , show clearly that 

12v
m

v

+
= . 

After the collision, 11
16

 of the initial kinetic energy is conserved. 

b) Calculate ... 

i. … the value of v . 

ii. … the value of e . 

3v = , 0.75e =  
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Question 12     (***+)     

A particle A , of mass 0.2 kg , is travelling in a straight line on a smooth horizontal 

surface, when it collides with a particle B , of mass 1.5 kg , which is moving on the 

same surface and in the same direction as A  . 

The respective speeds of A  and B  just before the collision are 15 1ms−  and 4 1ms− . 

The coefficient of restitution between the two particles, e , is such so that the two 

particles move in the same direction after the collision. 

Show that 6
11

e < . 

FM1-N , proof  
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Question 13     (****)     

Three small smooth spheres A , B  and C , are resting on a straight line, and in that 

order, on a horizontal surface.   

The respective masses of  A , B  and C ,  are m , 3m  and 7m . 

A  is project towards B   with speed u  and a direct collision takes place. 

 The coefficient of restitution between A  and B  is 0.5 . 

 The coefficient of restitution between B  and C  is e . 

If there is a second collision between A  and B , find the range of possible values of e . 

FM1-M , 19 1
21

e< ≤  

 

 

 

 

 

 

 

 



Created by T. Madas 
 

Created by T. Madas 
 

Question 14   (****) 

A smooth sphere P  of mass 2m  is moving with speed u  on a smooth horizontal 

plane when it collides directly with a smooth sphere Q  of mass 3m  which is initially 

at rest. The spheres are modelled as particles and the coefficient of restitution between 

the two spheres is 1
4

.   

a) Find, in terms of u , the speeds of P  and  Q  after the collision. 

Consequently, sphere Q  strikes at right angles a fixed smooth vertical wall, and 

rebounds at right angles. The coefficient of restitution between Q  and the wall is e . 

After a second collision between the spheres,  P  is brought to rest. 

b) Show clearly that 1
6

e = . 

1
4PV u= , 1

2QV u=  
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Question 15   (****) 

Two smooth spheres A  and B , of respective masses 4m  and m , are moving in a 

straight line and in the same direction towards a smooth vertical wall. The speeds of 

A  and B  are u  and 5u  respectively. Sphere B  hits the wall at right angles and 

rebounds so that it subsequently collides with A . Immediately after this collision the 

speed of A  is U  and the speed of B  is V , with the direction of motion of each 

sphere reversed. 

The spheres are modelled as particles and the coefficient of restitution between B  and 

the wall is 0.8 . 

a) Show clearly that 4V U= . 

The total kinetic energy of the two spheres immediately after their collision is 1
4

 of 

the total kinetic energy of the two spheres immediately before their collision. 

b) Calculate the coefficient of restitution between the two spheres. 

1
2

e =  
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Question 16   (****) 

Two smooth spheres A  and B , of respective masses 2m  and m , are moving with 

constants speeds on a smooth horizontal plane, when they collide directly. 

The respective speeds of A  and B  after the collision are 2v  and 11v . Before the 

collision the spheres were moving in opposite directions and after the collision both 

spheres are moving in the original direction of motion of A . 

The two spheres are modelled as particles and the coefficient of restitution between 

them is e .   

a) Find, in terms of e  and v , the speeds of the two spheres before their collision. 

The total kinetic energy lost as a result of the collision is 221mv . 

b) Find the value of e . 

( )35AU v e= + , ( )6 5BU v e= − , 3
4

e =  
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Question 17   (****) 

A smooth sphere A  of mass m  is moving with speed 4u  on a smooth horizontal 

plane. It collides directly with a smooth sphere B  of mass 6m  moving with speed u  

in the same direction as A . As a result of the impact the direction of motion of A  is 

reversed. The spheres are modelled as particles. 

The coefficient of restitution between the two spheres is e .   

a) Show that after the collision the speed of B  is ( )1 10 3
7

u e+ , and find a similar 

expression for the speed of A . 

b) Deduce that 5
9

e > . 

After the collision, B  strikes at right angles a fixed smooth vertical wall, and 

rebounds also at right angles to the wall. The coefficient of restitution between B  and 

the wall is 1
2

. 

c) Given that A  and B  collide again show further that 10
11

e < . 

( )2 9 5
7

u e −  
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Question 18   (****) 

A smooth sphere A  of mass m  is moving with speed u  on a smooth horizontal plane 

when it collides directly with a smooth sphere B  of mass 3m  which is at rest.  

The two spheres are modelled as particles and the coefficient of restitution between 

them is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after their collision. 

b) Given that the direction of A  is unchanged after the collision find the range of 

the possible values of e . 

c) Given instead that 1
2

e = , show that 9
16

 of the kinetic energy is lost as a result 

of the collision. 

( )1 1 3
4AV u e= − , ( )1 1

4BV u e= + , 10
3

e≤ <  
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Question 19   (****) 

A smooth sphere P  of mass 4m  is moving with speed 2u  on a smooth horizontal 

plane. It collides directly with a smooth sphere Q  of mass m  moving with speed 5u  

in the opposite direction as P . The spheres are modelled as particles and the 

coefficient of restitution between P  and Q  is e .   

a) Show that the speed of Q  after the collision is ( )1 3 28
5

u e+ . 

As a result of the impact the direction of motion of P  is reversed after the collision. 

b) Find the range of the possible values of e . 

The magnitude of the impulse of Q  on P  is 10mu . 

c) Determine the value of e . 

3 1
7

e< ≤ , 11
14

e =  
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Question 20   (****) 

A smooth sphere A  of mass m  is moving with speed 2u  on a smooth horizontal 

plane when it collides directly with a smooth sphere B  of mass 4m  which is at rest. 

As a result of the collision the direction of motion of A  is reversed. The two spheres 

are modelled as particles and the coefficient of restitution between them is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after their collision. 

After the collision, B  strikes at right angles a fixed smooth vertical wall, and 

rebounds at right angles. The coefficient of restitution between B  and the wall is 5
6

. 

b) Given that A  and B  collide again show that 

1 11
4 19

e< < . 

( )2 4 1
5AV u e= − , ( )2 1

5BV u e= +  
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Question 21   (****) 

A smooth sphere A  of mass 3m  is moving with speed 3u  on a smooth horizontal 

plane. It collides directly with a smooth sphere B  of mass 4m  moving with speed u  

in the same direction as A . The spheres are modelled as particles and the coefficient 

of restitution between A  and B  is 1
2

.   

a) Find, in terms of u , the speeds of the two spheres after their collision. 

After the collision between A  and B  , B  collides directly with a third sphere C  of 

mass 2m  which was at rest on the same smooth horizontal plane as A  and B .  

The sphere C  is also modelled as a particle and the coefficient of restitution between 

B  and C  is e .  

b) Given that there are no more collisions between the three spheres find the 

range of possible values of e . 

9
7AV u= , 16

7BV u= , 50
16

e≤ ≤  
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Question 22   (****) 

Three smooth spheres P , Q  and R  have respective masses 2m , m  and km , where 

k  is a positive constant. The spheres lie at rest in a straight line, in that order, on a 

smooth horizontal plane. The spheres are modelled as particles. The coefficient of 

restitution between any pair of spheres is 1
2

.   

P  is then projected towards Q  with speed u  so that the spheres collide directly.  

a) Find, in terms of u ,  the speed of P  and the speed of Q  after the collision. 

Consequently there is a collision between Q  and R  . 

b) Given that there is a third collision between  P  and Q , show that 1
2

k > . 

1
2PV u= , QV u=  
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Question 23   (****) 

A smooth sphere P  of mass m  is moving with speed u  on a smooth horizontal plane. 

It collides directly with a smooth sphere Q  of mass 4m  which is initially at rest. The 

spheres are modelled as particles and the coefficient of restitution between P  and Q  

is e , where 1
4

e > . 

a) Show that the speed of P  after the collision is ( )1 4 1
5

u e −  and find a similar 

expression for the speed of Q . 

Three smooth spheres A , B  and C  lie in a straight line in that order on the same 

smooth horizontal plane. The masses of A  and C  are 4m each, while the mass of  B  

is m . The three spheres are modelled as particles and the coefficient of restitution 

between any of these spheres is 0.75 . 

The spheres are initially at rest when B  is projected towards C  with speed u . 

b) Show that after B  and C  collide, there will be another collision between A  

and B , and no more collisions between the spheres thereafter. 

FM1-O , ( )1 1
5Qv u e= +  
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Question 24   (****) 

A smooth sphere P  of mass m  is moving with speed u  on a smooth horizontal plane 

when it collides directly with a smooth sphere Q  of mass 3m , which is initially at 

rest. The spheres are modelled as particles and the coefficient of restitution between 

the two spheres is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after their collision. 

It is now given that P  reverses direction as a result of the collision. 

b) State the range of the possible values of e . 

After the collision, Q  strikes at right angles a fixed smooth vertical wall, and 

rebounds at right angles. 

The coefficient of restitution between the Q  and the wall is 2e .  

c) Show that there will always be another collision between P  and Q . 

FM1-R , ( )1 1 3
4PV u e= − , ( )1 1

4QV u e= + , 1 1
3

e< ≤  
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Question 25   (****) 

A smooth sphere A  of mass m  is moving with speed u  on a smooth horizontal plane 

when it collides directly with a smooth sphere B  of mass 3m  which is initially at rest. 

The direction of motion of A  is reversed as a result of the collision. 

The spheres are modelled as particles and the coefficient of restitution between the 

two spheres is e .   

a) Find, in terms of e  and u , the speeds of the two spheres after their collision. 

b) Find the range of the possible values of the speed of B . 

Consequently sphere B  strikes at right angles a fixed smooth vertical wall, and 

rebounds at right angles. The coefficient of restitution between B  and the wall is 1
4

.  

c) Given there is another collision between the spheres show clearly that 

51
3 11

e< < . 

FM1-Q , ( )1 3 1
4AV u e= − , ( )1 1

4BV u e= + , 1 1
3 2Bu V u< <  
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Question 26   (****) 

A particle, of mass m , lies on a smooth horizontal surface. 

Initially the particle is at rest at a point O , which lies midway between a pair of fixed, 

smooth, parallel vertical walls, which are 2L  apart. At time 0t =  the particle is 

projected from O  with speed u  in a direction perpendicular to the walls. 

The coefficient of restitution between the particle and each wall is e .  

a) Find, in terms of m , u  and e , the magnitude of the impulse on the particle 

due to the first impact with the wall. 

The particle returns to O , having bounced off each wall once, at time t T= . 

b) Show clearly that  

2
1

1
L

T
u e

 
= + 

 
. 

( )1I mu e= +  
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Question 27   (****) 

Two particles, A  and B , of respective masses m  and km , where k  is a positive 

constant, lie on a smooth horizontal surface. Initially the particles are at rest at some 

point on the surface between a pair of fixed, smooth, parallel vertical walls. 

A  and B  are simultaneously projected, with respective speeds u  and 2u , away from 

each other in directions perpendicular to the walls. After rebounding from the walls, 

A  and B  collide directly with each other. 

The coefficient of restitution between all collisions in this question is taken to be e .  

Given further that the direction of motion of A  is not reversed after colliding with B , 

show that  

1 2

3

k
e

k

−
< . 

FM1-P , proof  
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Question 28   (****+) 

A smooth sphere A  of mass 3m  is moving with speed 4u  on a smooth horizontal 

plane when it collides directly with a smooth sphere B  of mass 2m  which is moving 

with speed u   in the same direction as A . The direction of motion of A  is not 

reversed as a result of the collision. 

The spheres are modelled as particles and the coefficient of restitution between the 

two spheres is e .   

a) Show that the speed of B  after the collision is ( )1 14 9
5

u e+ . 

b) Given that the speed of A  after the collision is 2u  show that 2
3

e = . 

Consequently sphere B  strikes at right angles a fixed smooth vertical wall, and 

rebounds at right angles. The coefficient of restitution between B  and the wall is 1
4

. 

The initial collision between A  and B  takes place at the point P , which is at a 

distance d  from the wall. A second collision between A  and B  takes place at the 

point Q . 

c) Find, in terms of d , the distance of Q  from the wall. 

1
6

d  

 

 



Created by T. Madas 
 

Created by T. Madas 
 

Question 29   (****+) 

A small bouncy ball is held at a height of 1.225 m  above a smooth horizontal surface. 

The ball is released from rest and impacts the horizontal surface with speed V 1ms− . 

a) Determine the value of  V . 

The coefficient of restitution the ball and surface is e . 

b) Show that the time between the second impact and the third impact of the ball 

and the surface is 2
e . 

The bouncy ball takes 7.5 s  from the instant it was first released until the instant it 

comes to rest. 

c) Find the value of e . 

14.9 msV
−

= , 7
8

e =  
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Question 30   (****+) 

A smooth sphere A  of mass m  is moving with speed u  on a smooth horizontal 

surface when it collides directly with a smooth sphere B  of mass 2m  which is at rest. 

The spheres are modelled as particles and the coefficient of restitution between the 

two spheres is e .   

The total amount of kinetic energy after the collision is 211
64

mu  

Determine the value of e . 

1
8

e =  

 

 

 

 

 

 

 

 

 

 

 


