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Answer all questions in the spaces provided.

Total for this question: 13 marks

1 (a) State the law that governs the magnitude of the force between two point masses.

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

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

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

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

(b) The table shows how the gravitational potential varies for three points above the centre of the
Sun.

(i) Show that the data suggest that the potential is inversely proportional to the distance from
the centre of the Sun.

(2 marks)

(ii) Use the data to determine the gravitational field strength near the surface of the Sun.

(3 marks)

S05/PHB5

LEAVE 
MARGIN
BLANK

2

distance from centre of Sun/108m gravitational potential/1010J kg�1

7.0 (surface of sun) �19
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(iii) Calculate the change in gravitational potential energy needed for the Earth to escape from
the gravitational attraction of the Sun.

mass of the Earth = 6.0 × 1024kg
distance of Earth from centre of Sun = 1.5 × 1011m

(3 marks)

(iv) Calculate the kinetic energy of the Earth due to its orbital speed around the Sun and hence
find the minimum energy that would be needed for the Earth to escape from its orbit.
Assume that the Earth moves in a circular orbit.

(3 marks)
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Total for this question: 13 marks

2 (a) Eddy currents in the cores of transformers are one cause of inefficiency in transformers.

(i) Explain what is meant by an eddy current, how eddy currents are produced in transformer
cores and why they lead to inefficient operation of the transformer.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

...............................................................................................................................................
(6 marks)

(ii) Explain how the design of a transformer minimises the inefficiency due to eddy currents.

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

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

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

...............................................................................................................................................
(2 marks)
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(b) Figure 1 shows a laboratory arrangement for demonstrating the operation of a transformer.

Figure 1

The supply voltage was adjusted until the three 12 V, 36 W lamps operated normally.  The
voltmeter readings are shown on Figure 1.  The efficiency of the transformer was 100%.

Calculate:

(i) the reading of the ammeter in the secondary circuit;

(2 marks)

(ii) the reading of the ammeter in the primary circuit;

(2 marks)

(iii) the number of turns on the secondary coil of the transformer.

(1 mark)

13
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Total for this question: 10 marks

3 A student set up the apparatus shown in Figure 2 in an attempt to investigate a method of converting
energy from gravitational potential energy to energy stored in a capacitor.

Figure 2

When the magnet fell 0.15 m onto the iron-core the potential difference across the capacitor increased
from 0 to 0.30 V.

(a) The falling magnet produced a maximum potential difference of 1.1 V at the terminals of the
240 turn coil.

(i) Calculate the maximum rate of change of flux through the coil.

(2 marks)

(ii) Explain why the potential difference across the capacitor was lower than the potential
difference produced at the terminals of the coil.

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

...............................................................................................................................................
(1 mark)
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(iii) Explain why no potential difference is recorded across the capacitor when the experiment
is repeated with the poles of the magnet reversed.

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

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

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

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

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

(b) The magnet had a mass of 0.025 kg and fell 0.15 m.  The maximum potential difference recorded
across the capacitor was 0.30 V.

Calculate the efficiency of the conversion of gravitational potential energy of the magnet to
energy stored in the capacitor.  Show each stage of your calculation clearly.

gravitational field strength = 9.8 N kg�1

(5 marks)

10
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Total for this question: 13 marks

4 Americium-241 (    Am) is a common laboratory source of alpha radiation.  It decays spontaneously to
neptunium (Np) with a decay constant of 4.8 × 10�11s�1.

A school laboratory source has an activity due to the presence of americium of 3.7 × 104Bq when
purchased.

Avogadro constant = 6.0 × 1023mol�1

one year = 3.2 × 107s

(a) (i) Calculate the half-life, in years, of americium-241.

(2 marks)

(ii) Calculate the number of radioactive americium atoms in the laboratory source when it was
purchased.

(2 marks)

(iii) Calculate the activity of the americium in the laboratory source 50 years after being
purchased.

(3 marks)

(iv) Suggest why the actual activity of the sources is likely to be greater than your answer to
part (iii).

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

...............................................................................................................................................
(1 mark)
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(b) (i) Use the following data to deduce the energy released in the decay of one americium-241
nucleus.

mass of americium-241 nucleus =  4.00171 × 10�25kg
mass of an alpha particle =  0.06644 × 10�25kg
mass of neptunium nucleus =  3.93517 × 10�25kg
speed of electromagnetic radiation in free space = 3.00      × 108m s�1

(3 marks)

(ii) Explain what is meant by decays spontaneously and how consideration of the masses of
particles involved in a proposed decay helps in deciding whether the decay is possible.

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

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

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

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

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

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

...............................................................................................................................................
(2 marks)
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Total for this question: 17 marks

5 Figure 3 shows a particle P with charge +6.4 × 10�19C about to enter a region where there is a uniform
electric field of strength 2.0 × 104N C�1.  Figure 4 shows the same charged particle about to enter a
region where there is a uniform magnetic field of flux density 0.17 T directed into the paper.

Figure 3 Figure 4

(a) Sketch on Figure 3 and Figure 4 the paths taken by the particle when in each field.
(2 marks)

(b) (i) State what is meant by uniform electric field strength.

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

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

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

(ii) The separation of the plates in Figure 3 is 0.045 m.  Calculate the potential difference
between the plates.

(2 marks)

(c) (i) Calculate the magnitude of the force on the particle when it is in the electric field.

(2 marks)
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(ii) Calculate the initial velocity of the charged particle for which the magnitude of the force
on the particle is the same in each field.

(2 marks)

(d) Explain why the speed of the particle changes in one of the above situations but remains constant
in the other.

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(7 marks)
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The passage for answering Questions 6 to 11 is printed on pages 15-16.  Detach the pages and read the 
passage before answering the questions.

Total for this question: 6 marks

6 Calculate:

(a) the engine thrust produced due to the emission of the exhaust gases;

(2 marks)

(b) the total energy removed from the exhaust gases by the cooling water every second;

(2 marks)

(c) the temperature rise of the cooling water during its flow through the heat exchanger.

(2 marks)

6



Testing Aircraft Engines

Aircraft engines are subjected to rigorous testing to ensure that they perform efficiently and reliably at high
altitude.  To test the engine it is mounted in an �air-house� where air pressure, air-speed and temperature
can be adjusted to high altitude conditions.  The conditions in the air-house need to be carefully monitored.

When operating one jet engine, 270 kg of exhaust gases are emitted each second at a speed of 2000 km h�1

and the exhaust gases reach a temperature of 1800 °C.  These gases have to be cooled to 50 °C before they
go from the air-house to the next part of the test area.  For this purpose 96 km of hollow tube is used as a
huge heat exchanger through which 8.0 × 106kg of cooling water is pumped every hour.

The air pressure in the air-house can be monitored by two types of transducer.  Figure 5 shows the 
principle of a strain gauge transducer.

Strain gauges are fixed on each side of a flexible diaphragm.  Strain gauges are made of resistive material
that becomes longer and thinner when the gauges are stretched.  When the pressure increases the 
movement of the diaphragm causes the resistances of strain gauges X and Y to change.  The strain gauges
are connected in the circuit shown in Figure 6.  Any change in pressure causes the voltage between A and
B to change and the transducer is calibrated so that the air pressure can be measured.

The other type of pressure sensor is based on the resonance of a vibrating wire.  The wire is in a 
magnetic field produced by a coil, as shown in Figure 7.

Figure 7
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The wire carries an alternating current which causes the wire to undergo forced oscillations and by vary-
ing the frequency of the alternating current the resonant frequency can be measured.  When the pressure
changes the pressure sensing diaphragm moves.  This changes the resonant frequency of the wire due to a
change in tension of the wire.  The change in resonant frequency depends on the change in pressure and
the system electronics enables the new pressure to be measured.

All thermometers depend on the variation of a physical quantity with temperature.  The air-house 
temperature is monitored using either resistance thermometers that depend on the variation of the 
resistance of a platinum wire with temperature, or thermocouples.  A thermocouple produces an emf that
varies with temperature.  Typically a thermocouple has an emf of 11 mV at the triple point of water and this
emf increases at a rate of 40 µV K�1 as temperature rises.  One problem met when using any thermometer
is thermal inertia which means that a thermometer needs a finite time to react to changes in temperature.

The temperatures and pressures are monitored at different points in the air-house as are the strains 
produced on different parts of the engine.  As many as ten signals may be monitored simultaneously and
during the test run thousands of different measurements are recorded for a single engine.  This requires 
computer-controlled data gathering and handling. So that the signals can be handled by a single 
computer input port they are multiplexed after being amplified and digitised.  So that the measurements are
accurately monitored, it is important that the signal is not degraded in the cable between the test site and
the control room.

Icing experiments are also performed simulating a landing from about 5000 m in arctic conditions.  As
shown schematically in Figure 8, an uneven distribution of ice on the air-intake fan blades of a jet engine
causes an unbalanced centripetal force.  The fan blades rotate at speeds as high as 9000 revolutions per
minute so that even a small lump of ice 0.50 m from the axis of rotation can produce an unbalanced force
on the axle of the turbine in excess of 40 kN.

Figure 8

As the fan blades rotate, severe vibrations can be set up which will ultimately damage the engine. 
By performing detailed tests, operating procedures can be designed to eliminate, as far as possible, the 
problems caused by icing.

Additional data needed when answering the questions
specific heat capacity of the exhaust gases =   990 J kg�1K�1

specific heat capacity of water = 4200 J kg�1K�1
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Total for this question: 7 marks

7 (a) State and explain how you would expect the resistance of the strain gauges labelled X to change
when the pressure increases.

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

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

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

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

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

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

(b) The strain gauges in Figure 6 all have a resistance of 48 Ω when the pressure is normal
atmospheric pressure.  In one test a pressure change causes the resistance of each resistor X to
increase by 3 Ω and the resistance of each resistor Y to increase by 1 Ω.  The supply 
in Figure 6 has negligible internal resistance.

Calculate:
(i) the voltage between A and O when there is normal atmospheric pressure;

(1 mark)

(ii) the voltage between A and O when the pressure changes;

(2 marks)

(iii) the voltage between A and B when the pressure changes.

(1 mark)

7
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Total for this question: 8 marks

8 (a) Explain why the wire in Figure 7 undergoes forced oscillations when it carries an alternating
current.

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

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

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

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

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

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

(b) (i) State the condition necessary for the wire to resonate.

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

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

(ii) State the factors other than the tension in the wire that affect the resonant frequency.

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

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

(iii) State and explain how the resonant frequency of the wire changes when the pressure
increases.

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

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

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

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

8



Total for this question: 5 marks

9 (a) Calculate the emf produced when the thermocouple (lines 24 to 26) is measuring the temperature
of the exhaust gases.  Assume that the variation of emf with temperature is linear.

(3 marks)

(b) State two factors in the design of thermometers that determine their �thermal inertia� (lines 26 to
27).

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

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

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

5

TURN  OVER  FOR  THE  NEXT QUESTION
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Total for this question: 3 marks

10 Explain what is meant by

(a) multiplexed (line 32);

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

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

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

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

(b) degraded (line 33).

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

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

3

Total for this question: 5 marks

11 (a) Calculate the mass of the lump of ice 0.50 m from the axis of rotation that would produce an
unbalanced force of 40 kN when the fan blades are rotating at maximum speed (lines 37 to 39).

(3 marks)

(b) Explain how the �severe vibrations�, mentioned in line 40, occur.

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

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

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

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