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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 15 minutes

Instructions
! Use blue or black ink or ball-point pen. 
! Fill in the boxes at the top of this page. 
! Answer all questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked. 

Information
! The maximum mark for this paper is 40. 
! Mark allocations are shown in brackets. 
! The paper carries 10% of the total marks for Physics Advanced.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this

perforated sheet at the start of the examination.  
! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
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 of this question

1 (a) The lead nuclide Pb is unstable and decays in three stages through α and β emissions to a
different lead nuclide Pb.  The position of these lead nuclides on a grid of neutron number, N,
against proton number, Z, is shown below.

On the grid draw three arrows to represent one possible decay route.
Label each arrow with the decay taking place. (3 marks)

(b) The copper nuclide    Cu may decay by positron emission or by electron capture to form a
nickel (Ni) nuclide.
Complete the two equations that represent these two possible modes of decay.

positron emission

electron capture
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(c) The nucleus of an atom may be investigated by scattering experiments in which radiation or
particles bombard the nucleus.

Name one type of radiation or particle that may be used in this investigation and describe the
main physical principle of the scattering process.

State the information which can be obtained from the results of this scattering.

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 convex lens is placed 0.25 m from an object.  The focused image produced is virtual and is 0.60 m
from the lens.

(a) Calculate

(i) the power of the lens,

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

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

(ii) the magnification produced.

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

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

(b) Draw a ray diagram to show the formation of the image produced by this lens.  The diagram does
not have to be to scale, but relevant distances must be marked.

(3 marks)

(c) (i) What defect of vision is this lens used to correct?

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

(ii) A person has an unaided near point at 0.60 m and an unaided far point at infinity.
Calculate the range of vision of the person when using this lens.

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

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

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

...............................................................................................................................................
(4 marks)
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3 A ship sounds its foghorn.  A person on a cliff hears the sound which has an intensity of 0.13 mW m�2.
The sound suffered attenuation in travelling between the ship and the person.

(a) (i) Define intensity.

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

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

(ii) State what is meant by attenuation and what causes it.

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

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

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

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

(b) Calculate the intensity level of the sound heard by the person described above.

threshold of hearing I0 = 1.0 × 10�12W m�2

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

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

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

.........................................................................................................................................................
(2 marks)
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4 (a) Describe the response of the heart to the action potential originating at the sino-atrial node.

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

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

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

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

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

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

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

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

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

(b) The cell membrane action potential changes with time as shown.

The change in action potential results from ion movement in the same way as does the change
of action potential across a nerve membrane.  AB is a region of depolarisation.  CD is a region
of repolarisation.

(i) Describe the ion movement which produces depolarisation.

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

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

(ii) Describe the ion movement which produces repolarisation.

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

...............................................................................................................................................
(3 marks)
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5 (a) When an X-ray image is obtained of certain organs, image contrast enhancement is necessary.
Explain why image contrast enhancement is needed and describe how this might be achieved.

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

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

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

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

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

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

(b) A monochromatic X-ray beam of intensity 3.2 × 10�2W m�2 is incident on an aluminium sheet.
Calculate the thickness of aluminium required to reduce the intensity of the X-ray beam to 
1.2 × 10�2 W m�2.

mass attenuation coefficient of aluminium, µm = 0.012 m2 kg�1

density of aluminium, ρ = 2700 kg m�3

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

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

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

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

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

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