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OCR Physics A



1 a
State Newton’s second law.
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(1 mark)

b
Show that F  m a is a special case of Newton’s second law.





(2 marks)


c
A jet engine is tested on a test bed. Air is blown into the engine at a speed of 90 m s–1. The amount of air taken in by the engine is measured over a time interval of 30 s and found to be 690 kg. During this time, 720 kg of exhaust gases are ejected from the engine at 520 m s–1. 


Use Newton’s second law to determine the thrust generated by the engine.




thrust  
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d
An aircraft of mass 3.0 ( 106 kg is fitted with two of the jet engines tested in part c. The engines are operated to produce the thrust calculated in part c. 


Determine the value of:

ratio  
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2 Some students wish to test the statement that momentum is conserved in inelastic collisions. They plan to make one glider of fixed mass, M, move along a linear air track until it collides and sticks to a second stationary glider of variable mass, m. Figure 2 shows part of the equipment they will use. The gliders are fitted with sticky-tac so that after the collision they stick together and move as one.
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Figure 2

a Describe the measurements the students will need to take to determine if momentum is conserved.


[image: image7]

[image: image8]

[image: image9]

[image: image10]
(3 marks)
b Describe the equipment that the students should use to take each of the measurements in part a.
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(3 marks)
c Discuss how you would decide whether the law of conservation of momentum holds for each collision.


[image: image15]

[image: image16]

[image: image17]
(2 marks)
3 a
State the principle of conservation of linear momentum.
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(1 mark)

b
A model railway truck, A, of mass 30 g travelling at 10 cm s–1 collides with another truck, B, of mass 20 g moving in the opposite direction with a speed of 8 cm s–1. The two trucks couple together after the collision, as shown in Figure 3.
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Figure 3



i
Calculate the trucks’ combined velocity.





velocity  
[image: image21] m s–1 (2 marks)


ii
Show that the collision of the trucks is inelastic.





(2 marks)

4 a
Collisions between objects can be described as being either elastic or inelastic.
Complete the table by writing True or False against each statement.

	Statement 
	True/False

	Total kinetic energy in an inelastic collision is conserved.
	

	Magnitude of the impulse on each object in an inelastic collision is the same.
	

	Total momentum for the objects in an elastic collision is conserved.
	

	Total energy in an inelastic collision is conserved.
	






(2 marks)


b
Figure 4 shows the graph of force, F, acting on a trolley of mass 400 g against time, t.
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Figure 4
i  Describe how the velocity of the trolley varies between t  0 ms and 
t  5 ms.
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(2 marks)
ii Use Figure 4 to calculate the impulse acting on the trolley between 0 and 9 ms.




impulse  
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iii
Calculate the increase in velocity of the trolley caused by the impulse.




Δ velocity  
[image: image27] m s–1 (1 mark)

5 Figure 5 shows the apparatus used to determine the velocity of a pellet fired from a pistol. The pellet is fired parallel to the air track and embeds itself in a block mounted on a stationary glider. The glider and block then move through 
a distance, D, along the track before stopping and returning.
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Figure 5
a Explain how the speed of the glider and block, immediately after being struck by the pellet, may be determined from the measurement of D.
You may assume that frictional forces are negligible.
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(3 marks)
b The following data is collected from the experiment:
mass of glider and block  0.30 kg
mass of pellet  0.0025 kg
angle between air track and horizontal level, θ  10°
distance travelled along track, D  0.28 m

Calculate:
iii the speed of the trolley and block immediately after impact




speed  
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ii
the speed of the pellet just before impact.




speed  
[image: image33] m s–1 (2 marks)

c i
State what is meant by an inelastic collision.
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(1 mark)


ii
Use the data from part b to show that the collision between the pellet and block is inelastic.





(2 marks)
6  a
Explain how an elastic collision is different from an inelastic collision.
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(1 mark)

b
Describe and explain what happens when a glider, A, moves along a linear air track and collides elastically with a stationary glider, B, of equal mass.
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(3 marks)

c
A stationary uranium nucleus of relative atomic mass 238 decays into a thorium nucleus of relative atomic mass 234 by emitting an alpha particle, as shown in Figure 6.
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Figure 6



The relative atomic mass of the alpha particle is 4 and it has a speed of 1.2 ( 107 m s–1. 
Calculate:
iv the speed with which the thorium nucleus recoils





speed  
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v the value of the ratio 
[image: image44.emf]


 



KE of thorium nucleus
KE of alpha particle










 

KE of thorium nucleus

KE of alpha particle






(2 marks)
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