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June 2006

2 Three smooth spheres 4, B and C of equal radii and masses m, m and 2m respectively lie at
rest on a smooth horizontal table. The centres of the spheres lie in a straight line with B
between 4 and C. The coefficient of restitution between any two spheres is e.

The sphere A4 is projected directly towards B with speed u and collides with B .

(a) Find, in terms of u and e, the speed of B immediately after the impact between

A and B. (5 marks)
(b) The sphere B subsequently collides with C. The speed of C immediately after this
collision is %u. Find the value of e. (7 marks)

June 2007

4 Two small smooth spheres, A and B, of equal radii have masses 0.3 kg and 0.2 kg
respectively. They are moving on a smooth horizontal surface directly towards each other
with speeds 3ms~! and 2ms~! respectively when they collide. The coefficient of restitution

between 4 and B is 0.8.
(a) Find the speeds of 4 and B immediately after the collision. (6 marks)

(b) Subsequently, B collides with a fixed smooth vertical wall which is at right angles to
the path of the sphere. The coefficient of restitution between B and the wall is 0.7.

Show that B will collide again with 4. (3 marks)

June 2009

6 A smooth sphere A4 of mass m is moving with speed 5« in a straight line on a smooth
horizontal table. The sphere 4 collides directly with a smooth sphere B of mass 7m, having
the same radius as 4 and moving with speed u in the same direction as 4. The coefficient of

restitution between 4 and B is e.
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(a) Show that the speed of B after the collision is g(e +3). (5 marks)
(b) Given that the direction of motion of A4 is reversed by the collision, show that e > %
(4 marks)

(c) Subsequently, B hits a wall fixed at right angles to the direction of motion of 4 and B.
The coefficient of restitution between B and the wall is % Given that after B rebounds
from the wall both spheres move in the same direction and collide again, show also

that e < % (4 marks)




June 2010

3 Three smooth spheres, 4, B and C, of equal radii have masses 1kg, 3kg and xkg
respectively. The spheres lie at rest in a straight line on a smooth horizontal surface
with B between 4 and C. The sphere 4 is projected with speed 3u directly towards
B and collides with it.
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The coefficient of restitution between each pair of spheres is %
(a) Show that A is brought to rest by the impact and find the speed of B immediately
after the collision in terms of u. (6 marks)
(b) Subsequently, B collides with C.
. : ... 4u
Show that the speed of C immediately after the collision is T1e
X
Find the speed of B immediately after the collision in terms of « and x. (6 marks)
(c) Show that B will collide with 4 again if x > 9. (2 marks)
(d) Given that x = 5, find the magnitude of the impulse exerted on C by B in terms
of u. (2 marks)
June 2011

5 A ball is dropped from a height of 2.5 m above a horizontal floor. The ball bounces

repeatedly on the floor.
(a) Find the speed of the ball when it first hits the floor. (2 marks)
(b) The coefficient of restitution between the ball and the floor is e.
(i) Show that the time taken between the first contact of the ball with the floor and the
second contact of the ball with the floor is Te seconds. (3 marks)
(i) Find, in terms of e, the time taken between the second contact and the third contact
of the ball with the floor. (1 mark)
(c) Find, in terms of e, the total vertical distance travelled by the ball from when it is
dropped until its third contact with the floor. (5 marks)
(d) State a modelling assumption for answering this question, other than the ball being a

particle. (1 mark)




June 2012

1

(@)
(b)

An ice-hockey player has mass 60kg. He slides in a straight line at a constant speed
of 5ms~! on the horizontal smooth surface of an ice rink towards the vertical
perimeter wall of the rink, as shown in the diagram.

Player 5ms

Wall

The player collides directly with the wall, and remains in contact with the wall for
0.5 seconds.

At time ¢ seconds after coming into contact with the wall, the force exerted by the
wall on the player is 4 x 10%¢2 (1 — 2¢) newtons, where 0 <t < 0.5.

Find the magnitude of the impulse exerted by the wall on the player. (4 marks)

The player rebounds from the wall. Find the player’s speed immediately after the
collision. (3 marks)

June 2013

4

(a)

(b)

(c)

A smooth sphere 4, of mass m, is moving with speed 4« in a straight line on a
smooth horizontal table. A smooth sphere B, of mass 3m, has the same radius as 4
and is moving on the table with speed 2u in the same direction as A.
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The sphere A4 collides directly with sphere B. The coefficient of restitution between
A and B is e.

Find, in terms of u and e, the speeds of 4 and B immediately after the collision.

(6 marks)

Show that the speed of B after the collision cannot be greater than 3u. (2 marks)

Given that e = %, find, in terms of m and u, the magnitude of the impulse exerted on
B in the collision. (3 marks)




