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Answer all questions in the spaces provided.

Total for this question:  15 marks

1 Faraday’s law of electromagnetic induction predicts that the induced emf, E, in a coil is given 

by E = .

(a) (i) What quantity does the symbol φ represent?

...............................................................................................................................................
(1 mark)

(ii) State the SI unit for φ .

...............................................................................................................................................
(1 mark)

(b) In Figure 1 the magnet forms the bob of a simple pendulum.  The magnet oscillates with a small
amplitude along the axis of a 240 turn coil that has a cross-sectional area of 2.5 × 10–4m2.
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Figure 2 shows how the magnetic flux density, B, through the coil varies with time, t, for one complete
oscillation of the magnet.  The magnetic flux density through the coil can be assumed to be uniform.

(i) Calculate the maximum emf induced in the coil.

(3 marks)

(ii) Sketch on Figure 3 a graph to show how the induced emf in the coil varies during the
same time interval. (2 marks)

(iii) Explain how the pendulum may be modified to double the frequency of oscillation of the
magnet.

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

...............................................................................................................................................
(2 marks)

(iv) The frequency of oscillation of the magnet is increased without changing the amplitude.
Explain why this increases the maximum induced emf.

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

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

...............................................................................................................................................
(2 marks)

(v) State two other ways of increasing the maximum induced emf.

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

...............................................................................................................................................
(2 marks)

(vi) Explain how the output from the coil would have to be processed in order to store the
information in a computer memory.

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

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

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

...............................................................................................................................................
(2 marks)
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Total for this question:  11 marks

2 (a) State the factors that affect the gravitational field strength at the surface of a planet.  

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

.........................................................................................................................................................
(2 marks)

(b) Figure 4 shows the variation, called an anomaly, of gravitational field strength at the Earth’s
surface in a region where there is a large spherical granite rock buried in the Earth’s crust.

Figure 4

0203/PHB5

LEAVE 
MARGIN
BLANK

6

�

����

����

����

���� ���� ���� ��	� ���� ���� ���� ���� ��	�

� ���� ���� ���� ��	� ���� ���� ���� ���� ��	�


��
���
����

�����
��
�����
�������
����������

�����
������������

���������������

gravitational
field strength

normal
gravitational
field strength
9.81 N kg–1

A B



The density of the granite rock is 3700 kg m–3 and the mean density of the surrounding material is
2200 kg m–3.

(i) Show that the difference between the mass of the granite rock and the mass of an
equivalent volume of the surrounding material is 5.0 × 1010kg.

(4 marks)

(ii) The universal gravitational constant G = 6.7 × 10–11N m2kg–2.  Calculate the difference
between the gravitational field strength at B and that at point A on the Earth’s surface that
is a long way from the granite rock.  

(4 marks)

(iii) Add to Figure 4 a graph to show how the variation in gravitational field strength would
change if the granite rock were buried deeper in the Earth’s crust.  (1 mark)

11

TURN  OVER  FOR  THE  NEXT QUESTION
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Total for this question:  16 marks

3 Figure 5 shows some of the equipotential lines that are associated with a point negative charge Q.  
The potential of each line is shown on the diagram which is full size.

Figure 5

(a) (i) Explain why the potentials have a negative sign.

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

...............................................................................................................................................
(2 marks)

(ii) Draw on the diagram three electric field lines.  Use arrows to show the direction of the
field. (2 marks)

(b) (i) Use data from Figure 5 to show that the charge Q is about – 4.5 × 10–11C.

permittivity of free space εo = 8.9 × 10–12F m–1

(2 marks)
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(ii) Calculate the electric field strength at B.

(2 marks)

(c) (i) Calculate the energy, in J, transferred when an electron moves from A to B in the field.

charge on an electron = –1.6 × 10–19C

(2 marks)

(ii) State and explain
why the kinetic energy of the electron increases as it moves from A to B,
how the de Broglie wavelength of the electron changes as it moves from A to B.  

Two of the 6 marks for this question are available for the quality of your written
communication.

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

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

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

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

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

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

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

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

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

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

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

...............................................................................................................................................
(6 marks)
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Total for this question:  10 marks

4 Figure 6 shows a diagram of a mass spectrometer.  

Figure 6

(a) The magnetic field strength in the velocity selector is 0.14 T and the electric field strength is 
20 000 V m–1.

(i) Define the unit for magnetic flux density, the tesla.

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

...............................................................................................................................................
(2 marks)

(ii) Show that the velocity selected is independent of the charge on an ion.

(2 marks)

(iii) Show that the velocity selected is about 140 km s–1.

(1 mark)
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(b) A sample of nickel is analysed in the spectrometer.  The two most abundant isotopes of nickel
are    Ni and Ni.  Each ion carries a single charge of +1.6 × 10–19C.  

mass of a proton or neutron = 1.7 × 10–27kg

The Ni ion strikes the photographic plate 0.28 m from the point P at which the ion beam enters
the ion separator.

Calculate:

(i) the magnetic flux density of the field in the ion separator;

(3 marks)

(ii) the separation of the positions where the two isotopes hit the photographic plate.

(2 marks)

10

TURN  OVER  FOR  THE  NEXT QUESTION
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Total for this question:  13 marks

5 A physicist wants to design an experiment in which two free protons collide to produce two 
delta-plus (∆+) particles.  This is an allowed reaction and is fully represented by the equation

p+ + p+ → ∆+ + ∆+

Two options are available that are shown as A and B in Figure 7.  

A

accelerated proton stationary proton

B

accelerated proton accelerated proton

Figure 7

In A an accelerated proton collides with a stationary proton and in B two accelerated protons, each with
the same energy, collide head on.

the charge on a proton = +1.6 × 10–19C
the rest mass of a proton = 1.7 × 10–27kg
the permittivity of free space εo = 8.9 × 10–12F m–1

(a) State the baryon number of a ∆+ particle.

.........................................................................................................................................................
(1 mark)

(b) The radius of a proton is 1.5 × 10–15m.

(i) Calculate the minimum total kinetic energy that the accelerated protons need so that they
will touch each other.  

(3 marks)
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(ii) State what happens in situation A when the energy is less than your answer to part(i).

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

...............................................................................................................................................
(1 mark)

(iii) State and explain what happens in situation B when the energy is less than your answer to
part(i).

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

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

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

...............................................................................................................................................
(3 marks)

(iv) Explain why the protons can undergo fusion if this energy is exceeded.

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

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

...............................................................................................................................................
(2 marks)

(c) Calculate the minimum total kinetic energy, in J, of the protons that will allow the two protons
to collide and produce the two ∆+ particles.  

speed of electromagnetic radiation in free space  =  3.0 × 108m s–1

rest mass of a ∆+ particle =  2.2 × 10–27kg

(3 marks)

13
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The passage printed on pages 15 and 16 is for answering Questions 6 - 9.
Detach these pages and read the passage before answering Questions 6 - 9.

Travelling in space

To make space travel more economical new methods of powering spacecraft are needed.  
Until now the methods have all been based on the burning of high energy fuel in rockets.  In these
engines the expanding gases produced by igniting the fuel are ejected from the rocket so that by the 
principle of conservation of momentum the rocket moves in the opposite direction.

Rocket fuel contains 80 MJ of energy per kilogram so if all the energy in the fuel could be used 
just to lift a payload from the Earth’s surface each kilogram of fuel could provide more than 
enough energy to allow a 1 kg payload to escape from the Earth.  However, using this method of
propulsion the spacecraft has to carry the fuel it needs for the later parts of the journey.  The ratio of
payload to the mass of the rocket is therefore very low.  Propulsion methods to reduce the mass of
fuel that has to be carried are being considered.  

Magnetic levitation
One proposal is to use electrical energy to accelerate the spacecraft on a track that uses magnetic
levitation (lift).  Magnetic levitation would make the spacecraft float above the track so that friction
would be negligible.  In a practical system using this method the spacecraft would be accelerated to
the speed of sound, 340 m s–1, before the rockets are fired.  To achieve this the spacecraft would have
to be designed to withstand very large ‘g’ forces.  

Figure 8 shows the principle of magnetic levitation using a superconducting magnet and a conducting
sheet track.   

Figure 8

As the superconducting magnet moves, eddy currents are induced in the track which provide the lift 
for as long as the magnet is moving.  The system is very stable because if the gap between the 
magnet and track decreases, the induced current increases producing more lift to maintain the
original gap.  This method of reducing frictional forces has problems that have to be overcome in
practical systems.  Although there is no power loss in the magnet, power is lost due to the electrical
resistance in the track.  There is also a magnetic drag force due to induced currents and a drag force
due to air resistance acting on the spacecraft.  
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Lightcraft
Another method suggests making a lightcraft which is powered by a pulsed infrared laser beam 
from a laser that is mounted on the Earth.  The principle of this spacecraft is shown in Figure 9.

Figure 9

Air from the front of the craft is directed to the ‘engine’ which is essentially a cylindrical vessel
fitted with an exhaust nozzle.  The energy in the laser beam is reflected on to the air in the ‘engine’
which is rapidly heated to a temperature of about 40 000 K.  This causes the air to expand
explosively and the air that is propelled backwards provides the thrust.  Further thrust is provided by
the gases that move  forward, the reflecting surface acting like a sail.  

Model ‘lightcraft’ of mass 50 g and diameter 15 cm have been propelled to heights of 30 m using a 
carbon dioxide laser (wavelength = 1060 nm) of mean power 10 kW pulsing 28 times a second.
Designers are now working on a 1 MW laser which it is hoped will put a 1 kg micro-satellite into
orbit.  The laser will be used to propel the lightcraft vertically to five times the speed of sound
during the first 30 km of the flight.  The spacecraft will then use about 1 kg of hydrogen for
propellant as air becomes scarce so that the initial mass of the lightcraft will be about 2 kg.  Laser
beams spread out, a typical angular divergence being  0.080°.  Most of the energy in the laser beam
falls within this angle and to make full use of the beam a large diameter reflecting surface is needed.

When answering questions on this passage you will need the following data:

universal gravitational constant, G = 6.7 × 10–11N m2kg–2

mass of the Earth = 6.0 × 1024kg
radius of the Earth = 6.4 × 106m
Planck constant, h = 6.6 × 10–34J s
speed of light in free space, c = 3.0 × 108m s–1

speed of sound in air = 340 m s–1

acceleration of free fall, g = 9.8 m s–2
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The passage for answering Questions 6-9 is printed on pages 15-16.
Detach these pages and read the passage before answering the questions.

Total for this question:  7 marks

6 (a) Show that the statement in lines 5–7 is true.

(3 marks)

(b) Explain why, since the spacecraft uses the principle of conservation of momentum, the energy in
the fuel cannot all be transferred to kinetic energy of the spacecraft.

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

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

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

.........................................................................................................................................................
(2 marks)

(c) Designers are looking for more economical methods to power spacecraft.  Explain why existing
methods are uneconomical.  

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

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

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

.........................................................................................................................................................
(2 marks)

7
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Total for this question:  10 marks

7 (a) Explain why there is no power loss in the superconducting magnet used in the magnetic
levitation system.

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

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

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

.........................................................................................................................................................
(2 marks)

(b) Magnetic drag forces and power loss due to induced currents are problems that occur in the
magnetic levitation system (lines 21-24).  Use the laws of electromagnetic induction to explain
how these problems occur.  For one of these problems, explain how the effect will change as the
spacecraft accelerates.

Two of the 8 marks for this question are available for the quality of your written communication.  

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

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(8 marks)

10
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Total for this question:  4 marks

8 (a) (i) Use the information in lines 32-33 to determine the energy in a single pulse from the laser
used when launching the experimental lightcraft.

(1 mark)

(ii) Calculate the number of photons in one pulse of this laser beam.

(3 marks)

4

Total for this question:  14 marks

9 The following questions are about different aspects of the practical lightcraft (lines 34-35).

(a) (i) Calculate the average acceleration that is expected during the first 30 km of flight for the
practical lightcraft.

(2 marks)

(ii) Show that the time taken to cover the first 30 km of flight is about 35 s.

(2 marks)

(b) (i) Calculate the total energy gained by the lightcraft during the first 30 km of flight.

(3 marks)
QUESTION  9  CONTINUES  ON  THE  NEXT PAGE
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(ii) Calculate the expected efficiency of this method of propulsion.

(2 marks)

(c) Assume that the design of the craft is such that it is to collect all the energy in the laser beam at
a height of 30 km.  Calculate the diameter of the reflecting surface that is needed in the practical
lightcraft.

(1 mark)

(d) (i) Assume that, when using the lightcraft, the air is at 300 K and a pressure of 1.0 × 105Pa
and that the heating takes place at constant volume.  Estimate the pressure of the air after
heating by the laser.

(2 marks)

(ii) Explain in terms of the way the system operates why it is necessary to switch to hydrogen
propulsion after 30 km.

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

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

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

...............................................................................................................................................
(2 marks)

14
END  OF QUESTIONS
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