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Answer all questions.

1 (a) (i) Calculate the electrostatic force of repulsion between two protons at a separation
of 1.5 × 10�15 m.

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

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

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

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

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

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

(ii) The strong nuclear force has a range of about  3 × 10�15 m. Explain, in terms of
the electrostatic force and the strong nuclear force, why two protons must be
separated by less than this distance in order to fuse together. 

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

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

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

(b) Discuss the role of the electrostatic force, the gravitational force and the strong nuclear
force in maintaining the equilibrium separation of the neutrons in a neutron star.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

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

____
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2 The circuit shown in Figure 1 was used to investigate the efficiency of an electric motor.
The motor was used to raise an object of weight 2.6 N from the ground at constant speed. 

Figure 1

The following measurements were made:
current = 1.3 A
pd across the motor  = 5.8 V
height gain of object      = 1.8 m
time taken to raise object through 1.8 m = 6.2 s

(a) (i) Use these measurements to calculate the percentage efficiency of the motor when
raising the object.  

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

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

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

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

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

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

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

(ii) State two reasons why the motor is not 100% efficient. 

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

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

....................................................................................................................................
(5 marks)

A

V

M
motor
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(b) When a heavier object was used, the motor failed to turn.  Consider the forces and their
turning effects on the motor coil and hence explain why the motor was unable to turn
in this situation. 

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

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

.............................................................................................................................................
(4 marks)

Turn over for the next question

____
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3 When the pump of a central heating system reaches a certain speed after being switched on, a
straight section of a pipe vibrates strongly.  

(a) (i) Explain why the pipe vibrates strongly at a certain pump speed.

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

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

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

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

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

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

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

(ii) State and explain one way to reduce these vibrations of the pipe. 

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

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

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

....................................................................................................................................
(5 marks)
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(b) Figure 2 shows two gear wheels X and Y in a pump.  An electric motor drives gear
wheel X which is in contact with the smaller gear wheel Y which in turn drives the
rotor of the pump.  

Figure 2

(i) Explain why Y rotates faster than X.

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

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

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

(ii) The teeth of the two gear wheels exert equal and opposite forces on each other
when they are rotating.  Explain why the torque exerted by Y on X is less than
the torque exerted by X on Y.

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

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

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

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

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

....................................................................................................................................
(4 marks)

Turn over for the next question

____
9
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4 A torch bulb produces a flash of light when a 270 µF capacitor is discharged across it. 

Figure 3

(a) The capacitor is charged to a pd of 3.0 V from the battery, as shown in Figure 3.  

Calculate

(i) the energy stored in the capacitor, 

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

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

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

(ii) the work done by the battery. 

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

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

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

(b) The capacitor is discharged by moving switch S in Figure 3 from A to B.  The
discharge circuit has a total resistance of 1.5 Ω.

(i) Show that almost all of the energy stored in the capacitor is released when the
capacitor pd has decreased from 3.0 V to 0.3 V. 

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

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

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

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

torch bulb270 µF
3.0 V

A B

S
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(ii) Emission of light from the torch bulb ceases when the pd falls below 2.0 V.
Calculate the duration of the light flash.

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

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

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

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

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

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

(iii) Assuming that the torch bulb produces photons of average wavelength 500 nm,
estimate the number of photons released during the light flash. 

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

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

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

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

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

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

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

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

Turn over for the next question

____
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5 A hot-wire anemometer is a device used to measure the air-flow speed.  The device consists
of a thin platinum wire in series with an ammeter and a 3.0 V battery of negligible internal
resistance, as shown in Figure 4. 

Figure 4

(a) The wire is heated by the current passing through it.  The flow of air over the surface
of the wire reduces the temperature of the wire.  Explain why the current increases
when the air speed is increased. 

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

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

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

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

(b) The table shows how the current I through the wire varies with the speed v of the air
flow.

(i) Complete the table and plot a graph of ln I against ln v.  

v/ mm s�1 I / A ln (v / mm s�1) ln (I / A)

2.00 0.357

4.00 0.448

6.00 0.508

8.00 0.556

10.0 0.602

3.0 V

A

air flow

platinum wire
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(ii) Explain why your graph shows that the current I varies with speed ν according to   

I =  kν n,

where k and n are constants. 

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

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

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

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

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

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

(iii) Use your graph to determine the values of k and n.

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

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

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

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

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

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

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

....................................................................................................................................
(12 marks)

(c) Discuss how the sensitivity of the instrument varies with air-flow speed. 

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

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

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

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

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

____
16



Turn over !!

15 LEAVE
MARGIN
BLANK

M/Jun06/PA10

6 (a) (i) State the quark composition of a π+ meson.  

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

(ii) The equation below represents the production of a π+ meson when two protons
collide. 

p       +       p       p       +       π+ +       X 

Identify particle X and state its quark composition. 

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

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

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

(b) π+ mesons at rest decay into µ+ mesons which are always emitted at a certain speed. 

(i) Explain, in terms of momentum, why another particle Y must be emitted when a
π+ meson at rest decays into a µ+ meson.

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

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

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

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

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

(ii) The equation below represents the decay of a π+ meson into a µ+ meson and
another particle Y.  

π+ µ+ +     Y

Identify particle Y and state one of its properties.

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

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

....................................................................................................................................
(4 marks)

____
7
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7 In a geothermal power station, water is pumped through pipes into an underground region of
hot rocks.  The thermal energy of the rocks heats the water and turns it to steam at high
pressure.  The steam then drives a turbine at the surface to produce electricity. 

(a) Water at 21° C is pumped into the hot rocks and steam at 100 °C is produced at a rate of 
190 kg s�1.

(i) Show that the energy per second transferred from the hot rocks to the power
station in this process is at least 500 MW. 

specific heat capacity of water =  4200 J kg�1 K�1

specific latent heat of steam =   2.3 × 106 J kg�1

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

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

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

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

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

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

(ii) The hot rocks are estimated to have a volume of  4.0 × 106 m3.  Estimate the fall
of temperature of these rocks in one day if thermal energy is removed from them
at the rate calculated in part (i) without any thermal energy gain from deeper
underground. 

specific heat capacity of the rocks  =  850 J kg�1 K�1

density of the rocks =  3200 kg m�3

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

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

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

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

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

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

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

....................................................................................................................................
(7 marks)
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(b) Geothermal energy originates as energy released in the radioactive decay of the 
uranium isotope U deep inside the Earth.  Each nucleus that decays releases 4.2 MeV.
Calculate the mass of    U that would release energy at a rate of 500 MW.

half-life of    U       = 4.5 × 109 years
molar mass of    U  = 0.238 kg mol�1

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(5 marks)

Turn over for the next question
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8 An aerial system consists of a horizontal copper wire of length 38 m supported between two
masts, as shown in Figure 5.  The wire transmits electromagnetic waves when an alternating
potential is applied to it at one end.

Figure 5

(a) The wavelength of the radiation transmitted from the wire is twice the length of the
copper wire.  Calculate the frequency of the transmitted radiation.  

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

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

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

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

(b) The ends of the copper wire are fixed to masts of height 12.0 m.  The masts are held in
a vertical position by cables, labelled P and Q, as shown in Figure 5.  

(i) P has a length of 14.0 m and the tension in it is 110 N.  Calculate the tension in
the copper wire. 

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

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

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

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

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

mastmast

QP

38 m of copper wire

12.0 m
14.0 m
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(ii) The copper wire has a diameter of 4.0 mm.  Calculate the stress in the copper
wire. 

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

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

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

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

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

(iii) Discuss whether the wire is in danger of breaking if it is stretched further due to
movement of the top of the masts in strong winds. 

breaking stress of copper = 3.0 × 108 Pa

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

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

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

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

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

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

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

....................................................................................................................................
(7 marks)

Quality of Written Communication  (2 marks)

END  OF QUESTIONS

____
8

____
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