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! Answer all questions in the spaces provided.
! Do all rough work in this book.  Cross through any work you do not want

marked. 
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! Formulae Sheets are provided on page 3 and 4.  Detach this perforated page

at the start of the examination.
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! The maximum mark for this paper is 75. 
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! Marks are awarded for units in addition to correct numerical answers, and for

the use of appropriate numbers of significant figures.
! You are expected to use a calculator where appropriate.
! You will be assessed on your ability to use an appropriate form and style of

writing, to organise relevant information clearly and coherently, and to use
specialist vocabulary where appropriate.  

! The degree of legibility of your handwriting and the level of accuracy of your
spelling, punctuation and grammar will also be taken into account.
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Answer all questions in the spaces provided.

Total for this question:  13 marks

1 A girl sits at rest on a garden swing.  The swing consists of a wooden seat of mass 1.2 kg supported by
two ropes.  The mass of the girl is 16.8 kg. The mass of the ropes should be ignored throughout this
question.

Figure 1

(a) A boy grips the seat and gives a firm push with both hands so that the girl swings upwards as
shown in Figure 1.  The swing just reaches a vertical height of 0.50 m above its rest position.

(i) Show that the maximum gain in gravitational potential energy of the girl and the swing is
about 88 J.

acceleration due to gravity = 9.8 m s�2

(3 marks)

(ii) The work done against resistive forces as the swing moves upwards is 20 J.
Calculate the work done on the swing by the boy during the push.

(1 mark)
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(iii) As he pushed, the boy�s hands were in contact with the seat of the swing for a distance of
0.40 m.  Calculate the average force applied to the swing.

(2 marks)

(b) Calculate the speed of the girl as she passes back through the lowest point of her ride for the first
time.  Assume that the work done against resistive forces is the same in both directions.

(4 marks)

(c) The girl is not pushed again.  On the axes in Figure 2, sketch a graph to show how the kinetic
energy of the girl varies with time over two complete cycles of the motion.  Start your graph from
the time when she is 0.50 m above the rest position.  You are not required to mark a scale on
either axis.

(3 marks)

Figure 2
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Total for this question: 16 marks

2 The International Space Station (ISS) moves in a circular orbit around the Earth at a speed of
7.68 km s�1 and at a height of 380 km above the Earth�s surface.

(a) Calculate the centripetal acceleration of the ISS, given that the radius of the Earth is 6380 km.

(3 marks)

(b) Explain why a scientist working on board the ISS experiences �apparent weightlessness�.

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

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

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

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

This state of apparent weightlessness makes the space station an ideal laboratory for experiments in
�zero gravity� conditions.  Examples are the study of lattice vibrations in solids and Brownian Motion
in fluids.

(c) Figure 3 shows a mass-spring system which, in zero gravity, provides a good model of forces
acting on an atom in a solid lattice.

Figure 3

When the mass is displaced and released it oscillates as shown.  The motion is very similar to
the motion in one dimension of an atom in a crystalline solid.  The springs behave like the bonds
between adjacent atoms.

(i) The mass in the model system is 2.0 kg and it oscillates with a period of 1.2 s.  Show that
the stiffness of the spring system is about 55 N m�1.

(2 marks)
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(ii) The bonds between the atoms in a particular solid have the same stiffness as the model
system and the mass of the oscillating atom is 4.7 × 10�26kg.  Calculate the frequency of
oscillation of the atom.

(2 marks)

(d) What is Brownian Motion and what evidence does it provide in support of the molecular model
and the kinetic theory?

Two of the 7 marks for this question are available for the quality of your written communication.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(7 marks)
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Total for this question: 9 marks

3 The graph in Figure 4 shows the best fit line for the results of an experiment in which the volume of a
fixed mass of gas was measured over a temperature range from 20 °C to 100 °C.  The pressure of the
gas remained constant throughout the experiment.

Figure 4

(a) Use the graph in Figure 4 to calculate a value for the absolute zero of temperature in °C.
Show clearly your method of working.

(4 marks)
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(b) Use data from the graph in Figure 4 to calculate the mass of gas used in the experiment.
You may assume that the gas behaved like an ideal gas throughout the experiment.

gas pressure throughout the experiment = 1.0 × 105Pa
molar gas constant = 8.3 J mol�1K�1

molar mass of the gas used = 0.044 kg mol�1

(5 marks)
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Total for this question: 9 marks

4 Figure 5 is a graph of tension against extension for a copper wire stretched by a steadily increasing
force.

Figure 5

(a) Use the graph in Figure 5 to estimate the total work done by the force on the wire when the
extension reached 3.0 mm.  Explain your working.

(4 marks)

��

�
� �	� 
�	� 
�	�

��

��

��

��

tension/N

extension/mm



(b) The copper used to make the wire has a Young Modulus of 1.2 × 1011Pa.  Calculate the 
cross-sectional area of the wire when the extension was 1.2 mm.  The original length of the wire
was 3.0 m.

(3 marks)

(c) (i) On Figure 5, sketch a graph for a wire made of the same copper which is longer than the
original one but has the same thickness.  Label this L. (1 mark)

(ii) On Figure 5, sketch a graph for a wire made of the same copper which is thicker than the
original one but has the same length.  Label this T. (1 mark)
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Total for this question: 12 marks

5 In the circuit shown in Figure 6 both capacitors are initially uncharged and both switches are open.
The values of R, C2 and the emf of the battery are given in Figure 6.

Figure 6

(a) When S1 is closed, while S2 remains open, a charge flows until the voltmeter reading is 2.47 V.

(i) Calculate the charge stored by C2.

(2 marks)

(ii) What is the charge stored by C1?

(1 mark)
(iii) Calculate the potential difference across C1.

(1 mark)
(iv) Calculate the capacitance of C1.

(1 mark)
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(b) S1 is now opened again and S2 is then closed so that C2 discharges through R.

(i) Calculate the time constant for this discharge.

(1 mark)

(ii) On the axes given in Figure 7, sketch a graph of the potential difference, V, across C2
against time, t, for this discharge.  Mark scales on both axes.

Figure 7

(3 marks)

(c) Calculate the total energy stored by C1 and C2 when connected as shown in Figure 8.

Figure 8

(3 marks)
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Total for this question: 8 marks

6 Figure 9 represents three of the visible lines in the emission spectrum of hydrogen, together with the
wavelengths of these lines.

Figure 9

(a) Show that the photon energy for the 486 nm line is about 4 × 10�19J.

Planck constant = 6.63 × 10�34J s
speed of light in a vacuum = 3.00 × 108m s�1

(3 marks)

Figure 10 represents some of the allowed energy levels within the hydrogen atom.  The energy
for each is given in the diagram.

Figure 10
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(b) Without calculation, describe how the energy levels shown in Figure 10 can be used to explain
the emission spectrum of hydrogen.

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

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

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

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

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

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

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

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

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

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

(c) Draw an arrow on Figure 10 to show which transition within the hydrogen atom leads to the
486 nm spectral line shown in Figure 9.

(2 marks)
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Total for this question: 8 marks

7 The first Law of Thermodynamics is about the relationship between heat, work and internal energy.
Explain how the First Law of Thermodynamics applies to a hot lump of metal when it is dropped into
a bucket of cold water.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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