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For this paper you must have:
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! a pencil and a ruler
! a data sheet insert. 
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Instructions
! Use black ink or black ball-point pen.
! Fill in the boxes at the top of this page.
! Answer all questions.
! You must answer questions in the spaces provided.  Answers written 

in margins or on blank pages will not be marked.
! Show all your working.
! Do all rough work in this book.  Cross through any work you do not 

want to be marked.

Information
! The maximum mark for this paper is 40.  This includes up to two 

marks for the Quality of Written Communication.
! The marks for questions are shown in brackets.
! A Data Sheet is provided as a loose insert to this question paper.
! You are expected to use a calculator where appropriate.
! Questions 1(c) and 3(b)(i)  should be answered in continuous 

prose.  In these questions you will be marked on your ability to use 
good English, to organise information clearly and to use specialist 
vocabulary where appropriate.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

 1 (a) An isotope of technetium 99Tcm,43
 which is in a metastable state, decays emitting only γ 

rays.  When the isotope is placed 20 cm from a γ ray detector the count rate is 
25 counts per second.  The background count rate is 120 counts per minute.

   Calculate the count rate, in counts per second, when the detector is placed 30 cm from 
the isotope.

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

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

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

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

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

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

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

(3 marks)

 1 (b) (i) Calculate the approximate radius of a nucleus of 99Tcm,43  given that the nuclear 
radius of  28Si14

 
is

 
3.7 × 10�15 m.

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

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

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

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

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

 1 (b) (ii) State one method by which the nuclear radius of  28Si14 could be determined 
experimentally.

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

(4 marks)
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 1 (c) Explain why sources of β radiation often also produce γ rays of discrete frequencies.

   You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer to part (c).

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

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

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

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

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

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

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

(3 marks)
____
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Turn over for the next question
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SECTION B:  MEDICAL  PHYSICS

Answer all questions

 2 The fovea in the human eye consists only of cones which have an average diameter 
  of 1.5 μm.

 2 (a) On the axes sketch and clearly label three curves to show how the response of each 
of the three types of cone in the fovea varies with the wavelength of light.

  

        
300

0
400 500 600 700 wavelength/nm

relative
light

absorption

  (3 marks)

 2 (b) An eye looks directly at two point sources of light which are 8 mm apart and 40 m 
distant from the eye.  The fovea is 19 mm behind the eye lens at the centre of the retina.

 2 (b) (i) Calculate the separation of the two images at the fovea.

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

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

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

   ...................................................................................................................................
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 2 (b) (ii) State, with a reason, whether the eye would be able to resolve the two images 
formed at the fovea.

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

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

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

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

____
7

Turn over for the next question
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 3 (a) The threshold of hearing is 1.0 × 10�12 W m�2.  Explain what is meant by the threshold 
of hearing.

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

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

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

 3 (b) The graph shows an equal loudness curve for a person with good hearing.
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 3 (b) (i) Explain how such a curve might be obtained.
  You may be awarded additional marks to those shown in brackets for the quality 

of written communication in your answer.

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

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

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

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

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

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

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

(06)
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 3 (b) (ii) The ear drum of the person being tested has a cross-sectional area of 12 mm2.  
Calculate the power incident on the eardrum at a frequency of 100 Hz for the 
equal loudness curve shown.

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

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

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

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

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

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

____
8
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 4 (a) Figure 1 shows a cross-section through an ultrasound generator.

 

 4 (a) Explain the purpose of the backing material.

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

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

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

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

 4 (b) State the main difference between the probe used in an A-scan and that used in a 
B-scan.

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

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

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

(08)
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 4 (c) Figure 2 shows the display on an oscilloscope screen of an A-scan to find the size of 
an organ.

Figure 2

strength of
signal generated pulse

spinal column echo

time/ms0 0.1 0.2 0.3

  speed of sound in the organ = 1200 m s�1

 4 (c) (i) Calculate the diameter of the organ.

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

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

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

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

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

 4  (c) (ii) State two processes which reduce the strength of the reflected signal received by 
the probe.

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

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

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

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

____
7  

(09)
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 5 (a) A rotating anode X-ray tube is operated at a peak voltage of 90 kV and an electron 
beam current of 48 mA.

 5 (a) (i) Calculate the number of electrons reaching the anode each second.

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

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

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

 5 (a) (ii) Calculate the maximum photon energy, in J, of the X-rays produced.

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

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

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

 5 (b) State and explain two ways to reduce the radiation energy absorbed by the patient 
when obtaining an X-ray photographic image of good quality.

 First way  ............................................................................................................................

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

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

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

 Second way  ........................................................................................................................

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

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

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

____
6

____
2

END  OF  QUESTIONS
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