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Answer all questions.

1 Figure 1 shows a railway engine which is about to couple with a stationary carriage of 
mass 4.0 × 104 kg.  When they have joined up, the engine and the carriage move at a constant
speed.

Figure 1

The engine has a mass of 6.2 × 104 kg and is moving at 0.35 m s�1 just before coupling.

(a) (i) Calculate the momentum of the engine.

(ii) Calculate the speed of the engine and carriage after coupling.

(5 marks)
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(b) Figure 2 shows the engine and carriage as they strike a buffer with an initial speed of
0.15 m s�1.  Assuming that the buffer behaves like a spring of stiffness 320 kN m�1,
calculate the maximum compression of the �spring�.

Figure 2

(4 marks)

Turn over for the next question

____
9

buffer
spring

carriageengine
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2 A strimmer is a tool for cutting long grass.  A strimmer head such as that shown in 
Figure 3(a) is driven by a motor.  This makes the plastic line rotate causing it to cut the
grass.  To simplify analysis, the strimmer line is modelled as the arrangement shown in
Figure 3(b).  In this model the effective mass of the line is considered to rotate at the end of
the line.

Figure 3(a)                                           Figure 3(b)

In one strimmer the effective mass of 0.80 g rotates in a circle of radius 0.125 m 
at 9000 revolutions per minute.

(a) Show that the angular velocity of the line is approximately 9.4 × 102 rad s�1.

(2 marks)

(b) (i) Explain how the centripetal force is applied to the effective mass.

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

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

(ii) Calculate the centripetal force acting on the effective mass.

(4 marks)

strimmer line head

plastic line
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(c) The line strikes a pebble of mass 1.2 g, making contact for a time of 0.68 ms.
This causes the pebble to fly off at a speed of 15 m s�1.

Calculate the average force applied to the pebble.

(3 marks)

Turn over for the next question 

____
9
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3 Three ice cubes each of mass 25 g are dropped into a glass containing 330 g of water at a
temperature of 22 °C.  The ice is at 0 °C and melts so that the temperature of the water
decreases. 

(a) Considering the water to be the system, explain how the first law of thermodynamics
applies to the water when the ice is dropped into it.  Make sure you explain whether the
change in each of the quantities involved is positive or negative.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(5 marks)
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(b) Calculate the final temperature of the water when all of the ice has melted.
Assume that no heat is lost to the glass or the surroundings.

specific latent heat of fusion of ice = 3.3 × 105 J kg�1 

specific heat capacity of water = 4.2 × 103 J kg�1 K�1

(4 marks)

Turn over for the next question

____
9
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4 (a) Describe an experiment which offers evidence for the kinetic theory of gases.  Explain
how the experiment supports this theory.

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

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(6 marks)
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(b) The molar mass of gaseous nitrogen is 0.028 kg mol�1.  The average kinetic energy for
nitrogen molecules in a sample is 8.6 × 10�21 J.

Boltzmann constant = 1.4 × 10�23 J K�1

Avogadro constant   = 6.0 × 1023 mol�1

(i) Calculate the temperature of the sample.

(ii) Calculate the mean square speed of the nitrogen molecules.

(5 marks)

Turn over for the next question

____
11
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5 The tuning fork shown in Figure 4 is labelled 512 Hz and has the tip of each of its two
prongs vibrating with simple harmonic motion of amplitude 0.85 mm.

Figure 4

(a) (i) Figure 4 shows the extreme positions of the prongs.  How is the distance marked
d related to the amplitude of the prongs?

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

(ii) Sketch a graph on the axes below to show how the displacement of one tip of the
tuning fork changes with time.  Mark each axis with an appropriate scale.

(4 marks)

d

displacement

time
0

0
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(b) (i) Calculate the maximum speed of the tip of a prong.

(ii) Calculate the maximum acceleration of the tip of a prong.

(4 marks)

Turn over for the next question

____
8
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6 Figure 5 is a stress-strain graph for a ductile metal.

Figure 5

(a) Identify a section of the line for which the material definitely behaves plastically.

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

(b) Identify a section of the line in which the Young modulus may be measured.

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

(c) Explain what the section of the line D-G represents.

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

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

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

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

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

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

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

G
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D
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F
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(d) Explain how you would use the graph to calculate the Young modulus of the metal.

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

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

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

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

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

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

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

Turn over for the next question

____
6



16 LEAVE
MARGIN
BLANK

M/Jan07/PHB4

7 Two capacitors A and B are separately charged to a pd of 40.0 V before being discharged
through the same resistor of value 10.0 kΩ.  The discharge curves are shown in Figure 6.

Figure 6

(a) (i) Show that the time for the pd across capacitor A to halve is always 
approximately 4.5 s.

(ii) Calculate the capacitance of A.

(iii) Calculate the total capacitance of A and B when they are connected in series.

(8 marks)

time/s

pd/V

B

A

40

35

30

25

20

15

10

5

0
0 1 2 3 4 5 6 7 8 9 10
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(b) Capacitors A, B and the power supply are connected in series.  Explain whether A or B
stores the greater energy.

(3 marks)

Turn over for the next question

____
11
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8 Figure 7 shows the pattern on the screen at the end of an electron diffraction tube.

Figure 7

(a) Explain how the pattern demonstrates that electrons have wave properties.

Two of the 5 marks in this question are available for the quality of your written
communication.

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(5 marks)
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(b) An electron microscope uses the wave behaviour of electrons to investigate the
structure of crystals.

(i) In such a microscope an electron is accelerated to 0.12 c, where c is the speed of
electromagnetic waves in a vacuum.  Calculate the de Broglie wavelength of the
electron.

speed of electromagnetic waves in a vacuum = 3.0 × 108 m s�1

Planck constant = 6.6 × 10�34 J s
electron mass at 0.12 c = 9.2 × 10�31 kg

(ii) Calculate the maximum kinetic energy of an electron in this electron microscope.

(iii) Suggest why such a microscope would be more appropriate for investigating
crystal structure than an optical microscope.

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

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

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

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

(c) State and explain the information about an electron that can be deduced from the
amplitude of its wave.

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

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

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

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

END  OF QUESTIONS
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