
A rocket is stationary on the launchpad. At time t = 0, the rocket engines are switched on and 

exhaust gases are ejected from the nozzles of the engines. The rocket accelerates upwards.

Fig. 1.1 shows how the acceleration of the rocket varies between time t = 0 and time t = tf.

acceleration

0 t
f

0

time t

Fig. 1.1

 (a) Define acceleration.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (b) On Fig. 1.2, sketch a graph to show how the speed of the rocket varies between time t = 0 

and time t = tf.

0 t
f

0

time t

speed

Fig. 1.2

[3]
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 (c) Some time later, the rocket is far from the Earth. The effect of the Earth’s gravity on the 

motion of the rocket is insignificant. As the rocket accelerates, its momentum increases.

(i) State the principle of the conservation of momentum.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

 (ii) Explain how the principle of the conservation of momentum applies to the accelerating 

rocket and the exhaust gases.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

[Total: 8]
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Fig. 2.1 shows a model fire engine. Its brakes are applied.

FIRE

model fire engine
containing water tank

jet of water

Fig. 2.1

0.80 kg of water is emitted in the jet every 6.0 s at a velocity of 0.72 m / s relative to the model.

 (a) Calculate the change in momentum of the water that is ejected in 6.0 s.

momentum =  ........................................................  [2]

 (b) Calculate the magnitude of the force acting on the model because of the jet of water.

force =  ........................................................  [2]

 (c) The brakes of the model are released.

State and explain the direction of the acceleration of the model.

Statement  .................................................................................................................................

Explanation  ...............................................................................................................................

 ...................................................................................................................................................

[2]

 (d) In (c) the model contains a water tank, which is initially full.

State and explain any change in the magnitude of the initial acceleration if the brakes are first 

released when the tank is nearly empty.

Statement  .................................................................................................................................

Explanation  ...............................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

[3]

[Total: 9]
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 (a) State what is meant by the principle of conservation of energy.

 ...................................................................................................................................................

 ...............................................................................................................................................[1]

 (b) Fig. 3.1 shows a girl throwing a heavy ball.

ball

Fig. 3.1

(i) State the energy changes that take place from when the girl begins to exert a force on 
the ball until the ball hits the ground and stops moving.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

 (ii) The mass of the ball is 4.0 kg. The girl exerts a force on the ball for 0.60 s. The speed of 
the ball increases from 0 m / s to 12 m / s before it leaves the girl’s hand.

 Calculate:

1. the momentum of the ball on leaving the girl’s hand

momentum =  ...........................................................[2]

2. the average resultant force exerted on the ball.

average resultant force =  ...........................................................[2]

[Total: 7]
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 (a) The velocity of an object of mass m increases from u to v.

State, in terms of m, u and v, the change of momentum of the object.

 ...............................................................................................................................................[1]

 (b) In a game of tennis, a player hits a stationary ball with his racquet.

(i) The racquet is in contact with the ball for 6.0 ms. The average force on the ball during 
this time is 400 N.

 Calculate the impulse on the tennis ball.

impulse =  ...........................................................[2]

 (ii) The mass of the ball is 0.056 kg.

 Calculate the speed with which the ball leaves the racquet.

speed =  ...........................................................[2]

 (iii) State the energy transfer that takes place:

1. as the ball changes shape during the contact between the racquet and the ball

 ...........................................................................................................................................

 ...........................................................................................................................................

2. as the ball leaves the racquet.

 ...........................................................................................................................................

 ...........................................................................................................................................
[2]

[Total: 7]
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(a) Complete Fig. 2.1 by writing in the right-hand column the name of the quantity given by the 
product in the left-hand column.

product quantity

mass × acceleration

force × time

[2]
Fig. 2.1

(b) Fig. 2.2 shows a man hitting a ball with a golf club.

golf club ball

Fig. 2.2

The ball has a mass of 0.046 kg. The golf club is in contact with the ball for 5.0 × 10–4 s and 
the ball leaves the golf club at a speed of 65 m / s.

(i) Calculate:

1. the momentum of the ball as it leaves the golf club

momentum =  ...........................................................[2]

2. the average resultant force acting on the ball while it is in contact with the golf club.

average force =  ...........................................................[2]

 (ii) While the golf club is in contact with the ball, the ball becomes compressed and changes 
shape.

 State the type of energy stored in the ball during its contact with the golf club.

 .......................................................................................................................................[1]

[Total: 7]

5

www.smartexamresources.com 10

www.sm
art

ex
am

res
ou

rce
s.c

om



MARKING SCHEME:

www.smartexamresources.com 11

www.sm
art

ex
am

res
ou

rce
s.c

om


	1.4-Momentum-Set-2-ms
	1.4-Momentum-Set-2-ms-1
	1.4-Momentum-Set-2-ms-2
	1.4-Momentum-Set-2-ms-3
	1.4-Momentum-Set-2-ms-4



