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! Fill in the boxes at the top of this page. 
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marked. 
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! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on
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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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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 the question.

1 (a) Sketch, using the axes provided, a graph of neutron number, N, against proton number, Z, for
stable nuclei over the range Z = 0 to Z = 80.  Show suitable numerical values on the N axis.

(2 marks)

(b) On the graph indicate, for each of the following, a possible position of a nuclide that may 
decay by 

(i) α emission, labelling the position with W,

(ii) β � emission, labelling the position with X,

(iii) β+ emission, labelling the position with Y.
(3 marks)
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(c) The isotope     Rn decays sequentially by emitting α particles and β � particles, eventually 
forming the isotope      Pb.  Four α particles are emitted in the sequence.

Calculate the number of β � particles in the sequence. 

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

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

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

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

(d) A particular nuclide is described as proton-rich.  Discuss two ways in which the nuclide may
decay. 

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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SECTION  B:  MEDICAL PHYSICS

Answer all questions.

2 (a) A detailed, coloured object is illuminated by white light.  Compare what is seen under high
intensity light with that seen under low intensity light by an observer with normal eyesight.  

Your explanation should refer to rods and cones.

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

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

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

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

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

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

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

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

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

(b) A person suffering from a defect of vision has an unaided far point of 2.0 m.

(i) Name this defect of vision. ...................................................................................................

(ii) Calculate the power of the correcting lens needed to allow the person to see distant objects
clearly.

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

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

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

(iii) The person has an unaided near point at 0.22 m.  Calculate the aided near point of the
person when using the correcting lens.

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

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

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

...............................................................................................................................................
(4 marks)
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3 Figure 1 shows a transducer used in an ultrasound A scan.

Figure 1

(a) Describe how pulses of ultrasound are produced by the transducer.

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

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

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

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

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

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

(b) In an ultrasound A scan

(i) explain how the received signals are detected,

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

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

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

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

(ii) state why it is essential to use short pulses of ultrasound.

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

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

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

...............................................................................................................................................
(3 marks)
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4 (a) State the frequency of sound at which the normal ear is most sensitive.

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

(b) State the main features of hearing loss in terms of frequency response for

(i) age related hearing loss,

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

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

(ii) noise related hearing loss.

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

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

(c) At the site of a machine in a factory, a sound meter was used to measure the sound level.  The
relative intensity level with the machine operating was 86 dB.  The sound intensity reaching the
meter when the machine was not operating was 7.0 × 10�5Wm�2.

(i) Show that with the machine operating, the sound intensity reaching the meter was about 
4 × 10�4Wm�2.

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

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

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

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

(ii) Calculate the relative intensity level due to the machine alone.

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

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

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

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

...............................................................................................................................................
(4 marks)
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Figure 2

(a) An X-ray tube operates with a pd across the tube of 80 kV.  Figure 2 shows the X-ray spectrum
emitted.  Explain why the spectrum has spikes at specific photon energies.

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

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

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

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

(b) The pd across the tube is increased to 90kV.  Sketch on Figure 2 the X-ray spectrum produced
at this new pd.

(3 marks)

(c) At the working pd of 80 kV, the anode current was 120 mA.  The X-ray tube has an efficiency of
0.70 %.  Calculate the rate of production of heat at the anode.

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

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

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

.........................................................................................................................................................
(3 marks)
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QUALITY OF WRITTEN COMMUNICATION (2 marks)

� �� �� �� �� ���
�

photon energy/keV

intensity/
arbitrary units
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