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1 Two particles 1P  and 2P  have masses 2m and 5m respectively. The particles are at rest on a 

smooth horizontal plane. Particle 1P   is given a horizontal impulse, of magnitude I, in the 

direction 1 2PP . Particle 1P   then collides directly with 2P . Immediately after this collision, 

1P   is at rest and 2P  has speed v. The coefficient of restitution between the particles is e. 

(a) Find I in terms of m and v. 

(2) 

(b) Show that e = 0.4 

(1) 

(c) Find, in terms of m and v, the total kinetic energy lost in the collision between 1P  and 2P  

(2) 

(Total for Question 1 is 5 marks) 

___________________________________________________________________________ 

 

 

 

2 A cyclist and his bicycle have a combined mass of 75kg. 

 The cyclist is moving along a straight horizontal road. 

In all circumstances, when the speed of the cyclist is v m s–1, the combined resistance to the 

motion of the cyclist and his bicycle is modelled as a force of magnitude ( )2 2k v v+ N, where 

k is a constant. 

 

The maximum power that can be developed by the cyclist is 240 W. 

 

At the instant when the speed of the cyclist is 4 m s–1 and he is working at his maximum 

power, his acceleration is 
2

3
m s–2 

(a) Find the acceleration of the cyclist at the instant when his speed is 6 m s–1 

and he is working at his maximum power. 

(7) 

 

The maximum speed of the cyclist when he is working at his maximum power is V m s–1 

 

(b) Find, to 3 significant figures, the value of V 

(4) 

(Total for Question 2 is 11 marks) 

___________________________________________________________________________ 
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3 Two particles A and B are at rest on a smooth horizontal plane. 

 

Particle A has mass km and particle B has mass 2m, where k is a positive constant. 

Particle A is projected with speed u along the plane towards B and they collide directly. 

The coefficient of restitution between A and B is  
1

3
 

(a) Find the range of values of k for which the direction of travel of A is reversed 

after the collision. 

(8) 

 

The magnitude of the impulse on A in the collision between A and B is 
10

9

kmu
 

(b) Find the value of k. 

(4) 

(Total for Question 3 is 12 marks) 

___________________________________________________________________________ 

 

 

4 A small ball bearing, of mass m, is thrown vertically upwards with speed 4u gx=  from a 

 point O on a smooth horizontal floor, towards a smooth horizontal ceiling that is a vertical 

 distance x above O. 

The coefficient of restitution between the ball and the ceiling is 
1

4
 

 

In a model of the motion of the ball bearing, it is assumed that the ball bearing, as it moves up 

or down, is subject to air resistance of constant magnitude 
1

4
mg. 

Using this model, 

(a) use the work-energy principle to find, in terms of g and x, the speed of the ball bearing 

immediately before it strikes the ceiling, 

(5) 

(b) show that the speed of the ball bearing, immediately before it strikes the floor at O for 

the first time, is  
5 6

8

gx
 

(5) 

 

The ball bearing rebounds vertically upwards from the floor. 

 

(c) Show that the ball bearing does not reach the ceiling again. 

(2) 

(Total for Question 4 is 12 marks) 

___________________________________________________________________________ 
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