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Take g = 9.8 m s–2, unless otherwise specified.

1 A rocket is launched from rest at ground level and moves vertically upwards.
 It rises 96 m in the first 4 seconds of its motion.
 Model the rocket as a particle moving with constant acceleration.

 (i) Show that the acceleration of the rocket is 12 m s–2 [2]
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 The rocket burns out when it has reached a height of 96 m.
 It can now be modelled as a particle moving vertically under gravity.

 (ii) Find the maximum height above the ground reached by the rocket. [5]
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 (iii) Find the total time taken for the rocket to reach its maximum height from the  
moment it is launched. [3]
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2 A particle P of mass 8 kg is being held in equilibrium on an inclined plane by a force 
of magnitude 55 N. 
The plane is smooth and inclined at an angle of 30° to the horizontal. 
The 55 N force acts at an angle θ to the plane.

 (i) Complete the diagram below to show the external forces acting on P. [2]

55
P

θ

30°

 (ii) Find θ and the magnitude of the normal reaction between the particle and  
the plane. [6]
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3 A small bead, B, of mass 0.3 kg is threaded onto a fixed, rough, horizontal rod.
 The bead is pulled along the rod by a light inextensible string which makes an angle 

of 40° with the horizontal.
 The tension in the string is T newtons.
 The coefficient of friction between the bead and the rod is μ.
 The string and rod are in the same vertical plane.

 (i) Complete the diagram below to show the external forces acting on the bead. [2]

40°

T

B

 When T = 1.2 N, the bead moves along the rod at a constant speed.

 (ii) Find μ. [7]
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4 Fig. 1 below shows a breakdown truck of mass 1700 kg towing a car of mass 800 kg 
along a straight horizontal road.

Fig. 1

 The vehicles are joined by a light rigid horizontal tow bar.
 The truck and the car experience constant resistances to motion of magnitude 700 N 

and 300 N respectively.
 The truck’s engine produces a constant horizontal force of magnitude 2000 N.
 Model the car and the truck as particles.

 (i) Draw a diagram showing the external forces acting on the truck and on the car. [3]

 (ii) Find the common acceleration of the car and the truck and the tension in the  
tow bar. [5]
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 When the speed of the car is 8 m s –1, the tow bar breaks.
 Assume the resistance to the motion of the car remains as before.

 (iii) Find the distance moved by the car from the moment the tow bar breaks until the 
car comes to rest. [4]
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5 Fig. 2 below shows two particles P and Q moving on a smooth horizontal plane.

2u

P

3u

Q

Fig. 2

 The mass of P is 2m kg and the mass of Q is m kg.
 The particles are moving along the same line but in opposite directions.
 Immediately before they collide the speed of P is 2u m s–1 and the speed of Q  

is 3u m s–1

 When the particles collide the magnitude of the impulse received by each particle  
is 3.5 m u N s.

 (i) Find, in terms of u, the speed of P immediately after the collision. [4]
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 (ii) Find, in terms of u, the speed of Q immediately after the collision. [2]
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6 In this question take g = 10 m s–2

 Fig. 3 below shows a plank AB suspended by two vertical ropes attached to the plank 
at the points P and Q.

0.4 0.4
BA

P Q
3.2

Fig. 3

 The plank has length 3.2 m and mass 40 kg.
 The distances AP = BQ = 0.4 m.
 To paint a wall, Peter, of mass 60 kg, stands on the plank at a point C between  

P and Q. 
 PC = x metres.
 The plank rests in equilibrium.
 Model the plank as a uniform rod and Peter as a particle.

 (i) State one modelling assumption you will make about the ropes. [1]
 
 

 (ii) Draw a diagram showing the external forces acting on the plank. [2]
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 (iii) Find, in terms of x, expressions for the tensions in the two ropes. [7]
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 (iv) As Peter moves from P to Q, find the range of values of the tension in the rope  
at Q. [3]
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7 At time t = 0 seconds, a particle P is at rest at a fixed point O.
 P starts to move in a straight line and after t seconds its velocity v m s–1 is given by

   5t 0 G H I J t < 1

 v =  t + 4
t2

 1 G H I J t G H I J 3

  
{

 3 4
9  t > 3

 (i) Find the least speed of P in the interval 1 G H I J t G H I J 3 [6]
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 (ii) On the axes below sketch the velocity–time graph to show the motion of P in the 
interval 0 G H I J t G H I J 6 [3]

 (iii) Find the distance travelled by P in the interval 0 G H I J t G H I J 6 [8]
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