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Answer all the questions.

1 A boy drags a sledge in a straight line along horizontal ground by means of a rope attached to the sledge. 
The rope makes an angle of 25° with the horizontal and the tension in the rope, T N, is constant. The work 
done by the tension in moving the sledge 75 m is 4000 J. Calculate the value of T. [3]

2 A golfer hits a ball from a point O on horizontal ground with a velocity of 55 m s–1 at an angle of 20° above 
the horizontal. The ball first hits the ground at a point A and the time of flight is t seconds. Assuming that 
there is no air resistance, calculate

 (i) the value of t and the distance OA, [4]

 (ii) the speed and direction of motion of the ball 2.6 s after the golfer hits the ball. [5]
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 A uniform rod AB of mass m and length 6a rests in a vertical plane with A on rough horizontal ground. 
A particle of mass km, where k is a constant, is attached to the rod at B. The rod makes an angle of 60° with 
the horizontal and is supported by a small smooth peg P. The distance AP is 4a (see diagram).

 (i) Calculate, in terms of m, g and k, the magnitude of the force exerted by the peg on the rod. [4]

 The coefficient of friction between the rod and the ground is 33
1 .

 (ii) Find the greatest value of k for which the rod remains in equilibrium. [5]
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4 A car of mass 1200 kg travels up a line of greatest slope of a straight road inclined at 4° to the horizontal. 
The power of the car’s engine is constant and equal to 23 kW and the resistance to the motion of the car is 
constant and equal to 800 N. The car passes through a point A on the road with speed 8 m s–1.

 (i) Find

  (a) the acceleration of the car at A,

  (b) the greatest steady speed at which the car can travel up the hill. [5]

 The car later passes through a point B on the same road where AB = 109 m and the car takes 10.1 s to travel 
from A to B.

 (ii) Calculate the speed of the car at B. [7]

5

4 m

5 m

0.4 kg
P

O

Fig. 1

 A particle P of mass 0.4 kg is moving on the smooth inner surface of a fixed hollow hemisphere which has 
centre O and radius 5 m. P moves with constant angular speed in a horizontal circle at a vertical distance of 
4 m below the level of O (see Fig. 1).

 (i) Find, in terms of g, the magnitude of the force exerted by the hemisphere on P. [3]

 (ii) Show that the time taken, in seconds, for P to complete one revolution of its circular path is given
  by 

g
4r . [4]
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Fig. 2

 One end of a light string is now attached to P. The other end of the string is attached to the lowest point B of 
the hemisphere. P moves in the same horizontal circle as before (see Fig. 2).

 (iii) Given that the tension in the string is 40 N, calculate the new speed of P. [6]
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 A uniform lamina ABCDE consists of a rectangle ABDE and a semicircle BCD joined along the common 
edge BD. AB = DE = 10 cm and AE = BD = 2r cm (see diagram).

 (i) Show that the distance of the centre of mass of the lamina from AE is

    
r

r r
3 40

4 30 6002

r

r

+

+ +
^ h  cm. [5]

 The lamina is freely suspended from B and hangs in equilibrium. The angle between AB and the downward
 vertical at B is i, where tan 4

1i = .

 (ii) Show that r satisfies the equation

    r r3 1 120 150 02r+ + - =^ h ,

  and hence find r. [5]

7 Two small spheres A and B, of masses 4 kg and 2 kg respectively, are moving in opposite directions along the 
same straight line towards each other on a smooth horizontal surface. A has speed 1 m s–1 and B has speed 
3 m s–1 before they collide. The coefficient of restitution between A and B is e. The directions of motion of 
both A and B are reversed as a result of the collision.

 (i) Find, in terms of e, the speed of each sphere after the collision and hence show that e 8
12 . [7]

 The total loss in kinetic energy due to the collision is 2.5 J.

 (ii) Show that e 8
7= . [4]

 A third small sphere C of mass 3 kg is moving in the same straight line as A and B. After the collision 
between A and B, sphere B subsequently collides with C. The coefficient of restitution between B and C is f, 
and immediately before this collision C is moving with speed 3 m s–1 in the opposite direction to B.

 (iii) The direction of motion of C is unchanged by the collision between B and C, and subsequently B 
collides with A again. Find the set of possible values of f. [5]
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