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OCR Physics A


Refer to the Physics A datasheet for data, formulae and relationships information.

1
The newton is a derived unit in SI system. What is its equivalent in base units?


A
kg m s(1

B
kg m s(2

C
kg m2 s(2

D
kg m2 s(3

Your answer

2
A rugby ball is kicked at a speed of 14 m s(1 at an angle of 40º to the horizontal. Air resistance may be neglected. What is the horizontal component of the velocity of the ball at its highest point given by?

A
14 sin 40º

B
14 ( 9.81 t, where t is the time to reach the highest point

C
14 tan 40º

D
14 cos 40º
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
3
A car travelling initially at a speed of 12 m s(1 has a constant acceleration of 2.44 m s(2. What is the distance travelled from the initial point in a time of 9.4 s?

A
110 m

B
35 m

C
220 m

D
120 m
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
4
Figure 1 shows a graph plotted using the results from an experiment in which a metal wire was stretched.
[image: image3.jpg]




Figure 1

The gradient of the graph is the Young modulus of the metal.

Which row of Table 1 gives the correct labels for the axes?

	
	y
	x

	A
	extension
	force

	B
	force
	extension

	C
	strain
	stress

	D
	stress
	strain



Table 1
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
5
An artist is seated on a stool. One force that is acting on the artist is the pull of gravity which is usually called his weight. According to Newton’s third law, there must be another force which is equal and opposite to the artist’s weight.

What is the force?

A
the upward push of the stool on the artist

B
the upward force on Earth

C
the downward force on the artist

D
the downward push of the stool on Earth

Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
6
A constant force acts on a body that is initially at rest on a smooth horizontal surface. Which of the following graphs best shows how the kinetic energy, Ek, of the body changes with the work done, W, on the body?
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Figure 2

Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
7
A spring extends by 90 mm when a force of 5.0 N is applied. The limit of proportionality is not exceeded by this load. A second identical spring is joined end to end with the first spring and a force of 4 N is applied to the arrangement.

What is the total extension for the springs?

A
72 mm

B
144 mm

C
36 mm

D
180 mm

Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
8
Which one of the following graphs best shows how the displacement, x, of a damped simple harmonic oscillator varies with time, t?
[image: image9.jpg]




Figure 3
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
9
An object undergoes undamped simple harmonic motion. Which graph represents the variation of kinetic energy, Ek, with displacement, x.
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Figure 4
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
10
Table 2 shows data for two planets X and Y.
	Planet
	Radius/km
	Density/kg m(3

	X
	8 000
	7 000

	Y
	16 000
	3 500



Table 2

The gravitational field strength at the surface of planet X is 10 N kg(1.What is the gravitational field strength at the surface of planet Y?

A
2.5 N kg(1

B
10 N kg(1

C
40 N kg(1

D
60 N kg(1

Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
11
A satellite is in a circular orbit that is a height, h, above the surface of Mars. The radius of Mars is R, and its mass, M. What is the speed of the satellite?

A
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Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
12
A mixture of helium and hydrogen gases is stored in a cylinder at a constant temperature of 20 ºC.

Which of the following statements is true?

A
The average speed of the helium molecules is greater than the average speed of the hydrogen molecules.


B
The average speed of the helium molecules is the same as the average speed of the hydrogen molecules.

C
The mean kinetic energy of the helium molecules is greater than the mean kinetic energy of the hydrogen molecules.


D
The mean kinetic energy of the helium molecules is the same as the mean kinetic energy of the hydrogen molecules.

Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
13
For an ideal gas of constant mass, what is the pressure always proportional to?

A
volume and temperature


B
density and temperature


C
density and volume


D
volume only
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
14
Figure 5 shows a Hertzsprung–Russell (HR) diagram.
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Figure 5

Which of the letters A, B, C, or D indicates the region in which a white dwarf star would be shown?
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
15
The nearest star to the solar system is (-Centauri. The surface temperatures of (-Centauri and the Sun are approximately the same. The diameter of (-Centauri is 22% larger than that of the Sun.

Approximately what is the ratio of the luminosity of (-Centauri to the luminosity of the Sun?

A
2.1

B
1.7

C
1.5

D
1.2
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
16
a
Figure 6 shows an aircraft in level flight. The airflow over the wings provides a vertical lift force, L, which is shown on the diagram. Mark on Figure 6 the other major forces acting on the aircraft. Name each of the forces.
[image: image24.jpg]




Figure 6
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

b
An aircraft has a mass of 12 000 kg when fully laden. The take-off speed is 180 km h(1. The take-off speed is reached after travelling 780 m along the runway starting from rest.


i
Calculate the time taken to reach take-off speed assuming that the acceleration is constant.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
Calculate the average resultant force acting on the aircraft as it moves down the runway.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
Calculate the average power used to accelerate the aircraft on the runway.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iv
Explain why the power developed by the engines is greater than the answer to iii.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

c
When an aircraft is in flight, passengers often see the tip of the wings vibrating in a vertical direction. State and explain one property of the material used to make the wings which is essential given this vibration.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
17
a
State Hooke’s Law.

 SHAPE  \* MERGEFORMAT 



(1 mark)

b
An engineer is designing a spring balance for use in the home. He has a variety of springs available. To complete his data it is necessary to determine the force constant, k, for the springs. Describe how he might take suitable measurements and indicate how these measurements may be analysed to obtain an accurate value for k.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(5 marks)

c
A girl of mass 60 kg is taking a bungee jump from a bridge 100 m above the surface of a lake. An elastic rope of length 50 m is securely attached to her ankles. As she falls the rope becomes taut and then stretches until she is brought to rest 10 m from the water surface.
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Figure 7


i
Describe the energy changes which occur from the point of jumping until she first comes to rest.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(4 marks)


ii
State at what point in the motion does the elastic rope exert the greatest force on the girl? Explain your reasoning.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
Determine the energy stored in the rope at the point when the girl first comes to rest.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iv
Use your answer to iii to estimate the mean force acting on the girl as she is brought to rest. State any assumptions you make in determining your answer.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)
18
Figure 8 shows an experimental arrangement used to determine the speed of an air rifle pellet.
[image: image57.jpg]pellet





Figure 8

The pellet is fired parallel to the inclined track and embeds itself into a cork block mounted on a trolley. The trolley and block move along the track coming to rest after climbing a vertical height, h.

a
Explain how the speed of the trolley and block, immediately after being struck by the pellet, may be determined from the measurement of h. State any assumptions that are necessary.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(4 marks)

b
Table 3 shows data collected by a student performing the experiment.

	Mass of trolley and block
	0.64 kg

	Mass of pellet
	0.0035 kg

	Speed of trolley and block immediately after impact
	0.42 m s−1



Table 3


i
Calculate the speed of the pellet just before impact with the block.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


ii
State what is meant by an inelastic collision.

 SHAPE  \* MERGEFORMAT 



(1 mark)


iii
Use the data to show that the collision between the pellet and the block is inelastic.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
19
Liquids, such as wine, left in open bottles deteriorate by oxidation. A simple device may be used to remove some of the air from the bottle and so reduce this deterioration. The device consists of a rubber valve, A, inserted in the bottle in place of the cork. A pump is connected to the valve as shown in Figure 9.
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Figure 9

When the piston is pulled up, air from the bottle passes through the rubber valve into the pump chamber. As the piston is moved back down, the air in the chamber escapes to the atmosphere through the piston valve, B.

Table 4 gives data from one application of the device.

	Volume of air space in the bottle
	3.2 × 10(4 m³

	Minimum volume of the pump chamber
	0.0 m³

	Maximum volume of the pump chamber
	6.2 × 10(5 m³

	Initial pressure of air in bottle
	1.0 × 105 Pa



Table 4

a
Calculate the pressure in the bottle after one complete stroke of the pump assuming that the temperature remains constant.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

b
Calculate the number of molecules of air originally in the bottle at a temperature of 18 ºC.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

c
Show how an expression for the pressure of a gas may be derived by applying Newton’s laws to the gas molecules. Explain how the theory predicts the decrease in pressure when the device is used to remove air from the bottle even though the temperature remains the same.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(6 marks)
20
a
A body is moving with simple harmonic motion.


State two conditions that must be satisfied concerning the acceleration 
of the body.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

b
A simple pendulum consists of a 35 g mass tied to the end of a light string 850 mm long. The mass is drawn to one side until it is 12 mm vertically above its rest position, as shown in Figure 10.
[image: image84.jpg]




Figure 10


i
Show that the initial amplitude of the oscillations is approximately 0.14 m, and that the maximum speed of the mass during the first oscillation is about 0.5 ms−1.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


ii
Calculate the periodic time of the pendulum.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
Calculate the magnitude of the tension in the string when the mass passes through the lowest point of the first swing.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)
21
Communications satellites are usually placed in a geostationary orbit.

a
State two features of a geostationary orbit.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

b
Given that the mass of the Earth is 6.00 × 1024 kg and its mean radius is 
6.40 × 106 m:


i
Show that the radius of a geostationary orbit must be 4.23 × 107 m.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
Calculate the increase in potential energy of a satellite of mass 850 kg when it is raised from the Earth’s surface into a geostationary orbit.

 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(4 marks)

c
i
Use the following data to calculate the gravitational potential at the surface of the Moon.



Mass of Earth ( 81 × mass of Moon




Radius of Earth ( 3.7 × radius of Moon




Gravitational potential at surface of the Earth ((63 MJ kg(1
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


ii
Sketch a graph on the axes of Figure 11 to indicate how the gravitational potential varies with distance along a line outwards from the surface of the Earth to the surface of the Moon.
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Figure 11
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)
22
a
Doppler shift is commonly used in the study of distant galaxies.


Explain what is meant by the Doppler shift and describe how it is used to deduce the motion of distant galaxies.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(6 marks)

b
i
Figure 12 shows the line emission spectrum of hydrogen. The top image is from a source in the laboratory; the lower image is from light emitted by a distant galaxy.



Use these spectra to determine the velocity of the galaxy. (Note the diagrams are not drawn to scale.)
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Figure 12
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
Using a value for the Hubble constant of 2.2 × 10(18 s(1, estimate the distance of this galaxy from Earth.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
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