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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 The high energy electron diffraction apparatus represented in Figure 1 can be used to determine
nuclear radii.  The intensity of the electron beam received by the detector is measured at various
diffraction angles, θ.

Figure 1

(a) Sketch on the axes below a graph of the results expected from such an electron diffraction
experiment.

(2 marks)
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(b) (i) Use the data in the table to plot a straight line graph that confirms the relationship 
R = r0A ��.

(ii) Estimate the value of r0 from the graph.

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

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

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

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

...............................................................................................................................................
(5 marks)

(c) Discuss the merits of using high energy electrons to determine nuclear radii rather than 
using α particles.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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element
radius of

nucleonnucleus, R
number, A10�15m

lead 6.66 208
tin 5.49 120

iron 4.35 56
silicon 3.43 28
carbon 2.66 12
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SECTION  B:   MEDICAL PHYSICS

Answer all questions.

2 A patient has a hearing test to obtain an equal loudness curve at a level above the threshold of hearing.
The curve obtained is shown in Figure 2.

Figure 2

(a) (i) Describe how such a curve is obtained.

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

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

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

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

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

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

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

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

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

(ii) On Figure 2 draw an equal loudness curve which passes through 100 dB at a frequency of
1 kHz. (5 marks)
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(b) (i) Define the threshold of hearing, I0.

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

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

(ii) A drill is heard by a passer-by.  The intensity of the sound reaching the passer-by is 
1.3 × 10–3W m–2.  Calculate the intensity level of the sound heard.

I0 = 1.0 × 10–12W m–2

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

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

...............................................................................................................................................
(4 marks)
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3 (a) State

(i) the cause of astigmatism,

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

(ii) the effect of astigmatism on vision,

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

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

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

(iii) the type of lens needed to correct astigmatism,

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

(iv) two parameters that must be determined for the correcting lens.

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

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

(b) A defective eye has an unaided near point at 0.65 m and an unaided far point at infinity.
Calculate

(i) the power of the correcting lens needed to allow the eye to see clearly an object 0.25 m
from the eye,

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

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

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

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

(ii) the furthest distance from the eye that an object can be seen clearly when the correcting
lens is used.

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

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

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

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

...............................................................................................................................................
(3 marks)
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4 (a) Sketch a graph of the ECG trace for a healthy heart.  Label each axis with appropriate units and
scales.

(4 marks)

(b) When obtaining such a trace, electrodes are attached to the patient.  State and explain two
precautions which should be taken when attaching the electrodes to ensure reception of the best
signal.

precaution 1:

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

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

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

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

precaution 2:

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

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

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

.........................................................................................................................................................
(2 marks)
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5 (i) Explain what is meant by the half-value thickness of lead for X-rays.

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

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

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

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

(ii) Calculate the linear attenuation coefficient of lead for 90 keV X-ray photons.

half value thickness of lead for 90 keV X-ray photons = 12 mm.

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

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

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

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

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

(iii) Calculate the thickness of lead needed to reduce the intensity of a beam of 90 keV X-ray
photons to 5.0 % of the intensity incident on the lead.

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

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

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

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

...............................................................................................................................................
(6 marks)
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END  OF QUESTIONS
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