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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this 
question paper.

! This sheet may be useful for answering some of the questions in 
the examination.

! You may wish to detach this sheet before you begin work.
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Answer all questions in the spaces provided.

1 (a) Water flowing through a solar heating panel, as in Figure 1, is heated from 15 °C 
to 45 °C when the flow rate is 3.2 × 10�6 m3 s�1.  Show that the water gains energy at a
rate of 400 J s�1.

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

density of water = 1000 kg m�3

Figure 1

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

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

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

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

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

solar panel
sunlight

hot water out

cold water in
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(b) A solar cell produces electrical power when sunlight is incident on it.  The data sheet
on a panel of solar cells states that the panel is capable of delivering a current of
100 mA at a potential difference of 6.0 V.

(i) With the aid of a circuit diagram, describe how you could check these data by
making appropriate measurements.

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

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

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

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

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

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

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

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

(ii) The solar cell panel described in part (b)(i) is 150 mm long and 100 mm wide.
The solar heating panel in part (a) is 1.60 m long and 1.25 m wide.

Calculate the ratio .

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

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

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

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

____
10

output power per unit area of the solar heating panel
output power per unit area of the solar cell panel
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2 (a) (i) State three assumptions concerning the motion of the molecules in an ideal gas.

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

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

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

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

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

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

(ii) For an ideal gas at a temperature of 300 K, show that the mean kinetic energy of
a molecule is 6.2 × 10�21 J.

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

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

....................................................................................................................................
(4 marks)
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(b) (i) When no current passes along a metal wire, conduction electrons move about in
the wire like molecules in an ideal gas.

Calculate the speed of an electron which has 6.2 × 10�21 J of kinetic energy.

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

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

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

(ii) Describe the motion of conduction electrons in a wire when a pd is applied across
the ends of the wire.

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

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

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

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

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

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

Turn over for the next question

____
8
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3 A narrow beam of white light is incident normally on a diffraction grating.  Different colour
filters are placed in the path of the beam, one at a time, as shown in Figure 2.

Figure 2

(a) (i) With a red filter, which transmits light of wavelength 630 nm, the angle of
diffraction of the second order beam is 49.1°.  Show that the grating spacing is 
1.67 × 10�6 m.

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

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

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

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

(ii) When the red filter is replaced by a blue filter, the angle of diffraction of the
second order beam is 33.5°.  Calculate the wavelength of light transmitted by the
blue filter.

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

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

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

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

narrow beam
of white light

position of
colour filter

diffraction
grating

diffracted
orders of
light
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(b) A semi-circular glass block is placed with its flat side in contact with the diffraction
grating, as shown in Figure 3.  The glass block is positioned so that the centre of its
flat side is in the path of the incident beam.

Figure 3

(i) When the red filter is used in this arrangement, the angle θ of the second order
diffracted beam is 29.8°.  Calculate the refractive index of the glass block for
red light.

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

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

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

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

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

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

(ii) Describe how the arrangement could be used to determine the ratio

.

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

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

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

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

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

____
7

speed of red light in the glass block
speed of blue light in the glass block

θ
narrow beam 
of white light

filter

semi-circular
glass block

diffraction
grating
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4 (a) (i) Show that the gravitational field strength of the Earth at height h above the
surface is given by

g = gs ( )2,

where gs is the gravitational field strength at the surface and R is the radius of the
Earth.

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

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

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

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

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

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

(ii) Calculate the gravitational field strength of the Earth at a height of 200 km above
its surface.

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

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

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

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

(b) An astronaut floats in a spacecraft which is in a circular orbit around the Earth.
Discuss whether or not the astronaut is weightless in this situation.

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

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

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

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

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

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

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

____
8

R
R + h
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5 (a) The low-speed wind turbine in Figure 4 is used to generate electricity.  The turbine is
designed so that it faces the wind.  Because the rotor blades are set at an angle to the
plane in which they rotate, they deflect the wind.

Figure 4

Explain why the rotor blades are forced to rotate when subjected to the wind.

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

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

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

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

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

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

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

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

Question 5 continues on the next page
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(b) The table shows how the output power, P, from a wind turbine varies with the speed, v,
of the wind.

The variation of output power with wind speed is 

P = k v n,

where k and n are constants.

(i) Complete the table.
(ii) Plot a graph of ln (P / W) against ln (v / m s�1).

(iii) Show that your graph confirms the above equation.

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

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

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

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

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

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

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

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

....................................................................................................................................
(11 marks)

Question 5 continues on page 16

wind speed
v //  m s�1

output power
P /W ln (v //  m s�1) ln (P / W)

1.5 20

2.0 50

2.7 120

3.5 260

4.2 440

4.9 710

5.5 990
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(c) The initial kinetic energy per second of the air that passes through the wind turbine is

given by ρ A v3, where ρ is the density of air and A is the area swept out by the rotor

blades in each rotation.

The data in part (b) is for a wind turbine with a rotor of diameter 6.4 m.  Calculate the
efficiency of the turbine at a wind speed of 2.0 m s�1.

density of air = 1.2 kg m�3

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

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

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

____
16

1
2
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Turn over for the next question
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6 A �bus bar� is a metal bar which can be used to conduct a large electric current.  In a test, two
bus bars, X and Y, of length 0.83 m are clamped at either end parallel to each other, as shown
in Figure 5.

Figure 5

(a) When a constant current of 12 kA is carried by each bus bar, they exert a force of 180 N
on each other.  This force is due to the magnetic field created by the current carried by
each bus bar.

(i) Calculate the magnetic flux density due to the current in one bus bar at the
position of the other bus bar.

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

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

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

(ii) The magnetic flux density at any given distance from a straight conductor is
proportional to the current through the conductor.  Calculate the force on each
bus bar if X carried a current of 6 kA and Y carried a current of 12 kA in the same
direction.

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

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

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

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

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

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

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

clamps

0.83 m

clamps

12 kA

12 kA

base board

X

Y
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(b) When the same alternating current is passed through the two bus bars, both vibrate
strongly.  

(i) Explain why the bars vibrate.

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

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

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

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

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

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

(ii) State one way the amplitude of the vibrations could be reduced without reducing
the current.

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

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

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

Turn over for the next question

____
10
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7 The fluorine isotope F is a positron emitter which decays to form a stable isotope of 
oxygen.

(a) (i) Complete the equation below for the decay of F

(ii) Complete the Feynman diagram in Figure 6 to represent the decay.

Figure 6

(5 marks)

(b) The F isotope is used to obtain medical images in a PET (positron emission
tomography) scanner.  A solution containing the isotope is injected into the 
patient.  When a F nucleus in the body decays, the positron emitted travels no further
than a millimetre before it loses its kinetic energy and is annihilated by an electron.  As
a result, two γ photons of the same energy are emitted in opposite directions.

A ring of detectors surrounding the patient is used to detect the photons.

(i) Show that the energy of each photon is 0.51 MeV.

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

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

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

e+ + e� 2γ

18
9 

18
9 

........
O +

........
e + ................ ........

18
9 

18
9 

u quark

F18
9 



Turn over!!

21 LEAVE
MARGIN
BLANK

M/Jun07/PA10

(ii) A detector P was triggered by a γ photon from such an annihilation event at R, as
shown in Figure 7.  A second detector Q at a distance of 1400 mm from P was
triggered 0.40 ns later by the other photon from this event.

Figure 7

Calculate the distance PR.

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

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

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

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

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

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

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

Turn over for the next question

____
9

1400 mm

annihilation
event at R

P Q
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8 The pile-driver crane in Figure 8 is used on a construction site to drive a steel girder
vertically into the ground.  The hammer of the pile-driver is raised and dropped repeatedly
onto the upper end of the girder.

Figure 8

(a) The hammer is a steel cylinder of length 1.50 m and diameter 0.60 m.

(i) Calculate the mass of the cylinder.

density of steel = 7800 kg m�3

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

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

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

(ii) The hammer is released from a height of 0.80 m above the top end of the girder.
Calculate the velocity of the hammer just before it hits the girder.

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

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

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

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

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

....................................................................................................................................
(4 marks)
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(b) (i) The girder has a mass of 1600 kg.  Calculate its velocity immediately after the
impact, assuming the hammer does not rebound after the impact.

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

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

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

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

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

(ii) The impact causes the girder to penetrate 25 mm into the ground.  Estimate the
average force of friction on the girder during this movement.

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

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
2

____
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