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Section A

The maximum mark for this section is 40.
You are advised to spend approximately 55 minutes on this section.

1 (a) The radius of a nucleus may be determined by electron diffraction. In an
electron diffraction experiment a beam of electrons is fired at oxygen-16 nuclei. Each
electron has an energy of 5.94 x 10~ J.

energy
speed of light

The approximation, momentum = can be used for electrons at this

energy.

1 (a) (i) Show that the de Broglie wavelength 4 of each electron in the beam is about
33x10 5 m.
[2 marks]

1 (a) (ii) Figure 1 shows how the relative intensity of the scattered electrons varies with angle
due to diffraction by the oxygen-16 nuclei. The angle is measured from the original
direction of the beam.

Figure 1
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The angle 6 of the first minimum in the electron-diffraction pattern is given by

0614
nuclear radius

sin 6 =

Calculate the radius of an oxygen-16 nucleus using information from Figure 1.

[1 mark]
radius = m
1 (b) Rutherford used the scattering of a particles to provide evidence for the structure of the

atom.
1 (b) (i) Sketch a labelled diagram showing the experimental arrangement of the apparatus used

by Rutherford.
[2 marks]

Question 1 continues on the next page

Turn over p»
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1 (b) (ii) State and explain the results of the scattering experiment.
Your answer should include the following:

o the main observations
o the significance of each observation
e how the observations placed an upper limit on the nuclear radius.

The quality of your written communication will be assessed in your answer.
[6 marks]

0 4
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Turn over for the next question —
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2 (a)

2 (b)

2 (b) (i)

The exposure of the general public to background radiation has changed substantially
over the past 100 years.
State one source of radiation that has contributed to this change.

[1 mark]

A student measures background radiation using a detector and determines that
background radiation has a mean count-rate of 40 counts per minute. She then places
a vy ray source 0.15 m from the detector as shown in Figure 2.

Figure 2
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With this separation the average count per minute was 2050.

The student then moves the detector further from the vy ray source and records the
count-rate again.

Calculate the average count-rate she would expect to record when the source is placed

0.90 m from the detector.
[3 marks]

count-rate = min~’
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2 (b) (ii)) The average count per minute of 2050 was determined from a measurement over a
period of 5 minutes. Explain why the student might choose to record for longer than
5 minutes when the separation is 0.90 m.
[1 mark]
2 (b) (iii) When the detector was moved to 0.90 m the count-rate was lower than that calculated in
part (b)(i). Itis suggested that the source may also emit [3 particles.
Explain how this can be checked.
[2 marks]
7
Turn over for the next question
Turn over »
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3 Figure 3 shows how the binding energy per nucleon varies with nucleon number.
Figure 3
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3 (a) (i) Fission and fusion are two nuclear processes in which energy can be released.
Explain why nuclei that undergo fission are restricted to a different part of the graph

than those that undergo fusion.
[2 marks]

WMP/Jun16/PHYAS5/1
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3 (a) (ii) Explain, with reference to Figure 3, why the energy released per nucleon from fusion is
greater than that from fission.
[2 marks]
3 (b) (i) Calculate the mass difference, in kg, of the 1680 nucleus.
mass of 1%0 nucleus = 15991 u
[2 marks]
mass difference = kg
3 (b) (ii) Using your answer to part (b)(i), calculate the binding energy, in MeV, of an
oxygen 1%0 nucleus.
[1 mark]
binding energy = MeV

Turn over p»
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3 (b) (iii) Explain how the binding energy of an oxygen 1680 nucleus can be calculated with
information obtained from Figure 3.
[1 mark]

Turn to page 12 for the next question
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4 (a) ‘The pressure of an ideal gas is inversely proportional to its volume’, is an incomplete
statement of Boyle’s law.

State two conditions necessary to complete the statement.
[2 marks]

4 (b) A volume of 0.0016 m3 of air at a pressure of 1.0 x 10° Pa and a temperature of 290 K
is trapped in a cylinder. Under these conditions the volume of air occupied by 1.0 mol is
0.024 m3. The air in the cylinder is heated and at the same time compressed slowly by a
piston. The initial condition and final condition of the trapped air are shown in Figure 4.

Figure 4

air at 290 K trapped air volume 0.0016 m?
and 1.0 x 10° Pa

\ piston
i

heater

initial condition

airat 350 K
and 4.4 x 105 Pa

\
\

N

final condition

In the following calculations treat air as an ideal gas having a molar mass of
0.029 kg mol~!.

4 (b) (i) Calculate the final volume of the air trapped in the cylinder.
[2 marks]

volume of air = m
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4 (b) (ii) Calculate the number of moles of air in the cylinder.

[1 mark]
number of moles =
4 (b) (iii) Calculate the initial density of air trapped in the cylinder.

[2 marks]
density = kg m™>

4 (c) State and explain what happens to the speed of molecules in a gas as the temperature

increases.

[2 marks]

Turn over p»
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5 (a) Which statement explains why energy is needed to melt ice at 0 °C to water at 0 °C?
Place a tick (v) in the right-hand column to show the correct answer.

[1 mark]

v if correct

It provides the water with energy for its molecules to move faster.

It breaks all the intermolecular bonds.

It allows the molecules to vibrate with more kinetic energy.

It breaks some intermolecular bonds.

5 (b) Figure 5 shows an experiment to measure the specific heat capacity of ice.
Figure 5
thermometer

stirrer
0.047 kg of /
ice at —25 °C
is added to
beaker

N e
T
water
Ve
-« beaker

A student adds ice at a temperature of —25 °C to water. The water is stirred
continuously. Ice is added slowly until all the ice has melted and the temperature of the
water decreases to 0 °C. The mass of ice added during the experiment is 0.047 kg.

5 (b) (i) Calculate the energy required to melt the ice at a temperature of 0 °C.

The specific latent heat of fusion of water is 3.3 x 107 J kg~!.

energy =

[1 mark]

1 4

WMP/Jun16/PHYAS5/1

Do not write
outside the
box



Do not write
1 5 outside the
box

5 (b) (ii) The water loses 1.8 x 10* J of energy to the ice during the experiment.
Calculate the energy given to the ice to raise its temperature to 0 °C. Assume that no
energy is transferred to or from the surroundings and beaker.

[1 mark]
energy = J
5 (b) (iii) Calculate the specific heat capacity of the ice.
State an appropriate unit for your answer.
[2 marks]

specific heat capacity = unit =

END OF QUESTIONS
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