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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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SECTION  A:  NUCLEAR INSTABILITY

Answer all parts of this question.

1 Figure 1 shows a grid of neutron number against proton number.  A nucleus      is marked.

Figure 1

(a) Draw arrows on Figure 1, each starting on     and ending on a daughter nucleus after the
following transitions:

(i) β� emission (label this arrow A)
neutron emission (label this arrow B)
electron capture (label this arrow C).

(ii) Give the equation for electron capture by the nucleus      .

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

N + 2

N

N � 2
Z �  2 Z

A XZ

proton number
Z + 2

neutron number

A XZ

A XZ

A XZ
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(b) When     Mg decays to     Al by β� decay, the daughter nucleus is produced in one of two possible
excited states.  These two states are shown in Figure 2 together with their corresponding
energies.

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted β� particle can
have.

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

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

(ii) The excited aluminium nuclei emit γ photons.  Calculate each of the three possible γ 
photon energies in J.

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

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

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

(iii) Calculate the frequency of the most energetic γ photon emitted.

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

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

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

27
12  

27
12 Mg

1.63

1.33

0.00 (ground state)
27
13 A1

27
13

E/10�13J
4.18
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(c) (i) State and explain two precautions that should be taken when working with a sample of 
Mg in a school laboratory.

You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

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

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

(ii) Discuss which of the two types of radiation, β� or γ, emitted from a sample of     Mg would
be the more hazardous.

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

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

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

10

TURN  OVER  FOR  THE  NEXT QUESTION
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SECTION B:  MEDICAL PHYSICS

Answer all questions.

2 (a) The diagram represents a simplified version of a normal eye, with no sight defects, looking at a
distant point object.

Complete the paths of the two rays.

(2 marks)

(b) Describe the distribution of receptors over the retina.

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

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

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

.........................................................................................................................................................
(2 marks)
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(c) (i) State the purpose of the iris.

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

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

(ii) Describe how this purpose is achieved when the eye is exposed to bright light.

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

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

(d) (i) State what is meant by accommodation.

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

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

(ii) Describe how accommodation is achieved.

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

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

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

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

8

TURN  OVER  FOR  THE  NEXT QUESTION
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3 The graph shows the variation of membrane potential difference with time of a nerve fibre, known as
an action potential.

(a) Complete the graph by adding suitable axes, units and scales. (3 marks)

(b) Describe the processes involved in the production of such an action potential when a nerve is
stimulated.

You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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4 The diagram shows a vertical section through a human ear.

(a) Name and state the functions of the parts labelled A, B and C in the diagram.

A name ......................................................................................................................................

function..................................................................................................................................

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

B name ......................................................................................................................................

function..................................................................................................................................

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

C name ......................................................................................................................................

function..................................................................................................................................

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

(b) An ear has a threshold of hearing at a particular frequency at an intensity level of 42 dB.
Calculate the intensity of sound incident on the ear.

I0 = 1.0 × 10�12 W m�2

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

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

.........................................................................................................................................................
(2 marks)
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5 Diagnostic X-rays are produced using a rotating anode X-ray tube.  

(a) (i) State two methods which can be used to increase the intensity of the X-ray beam produced
by the tube.

method 1 ................................................................................................................................

method 2 ................................................................................................................................

(ii) For each method of increasing intensity, state the effect on the maximum X-ray photon
energy.

method 1 ................................................................................................................................

method 2 ................................................................................................................................
(3 marks)

(b) Before taking an X-ray photograph, the X-ray beam emerging from the tube is passed through
an aluminium filter.  State and explain the reason for filtering the X-rays.

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

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

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

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

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

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

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

6
QUALITY OF WRITTEN COMMUNICATION (2 marks)

2

END  OF QUESTIONS
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