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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. 
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! The paper carries 10% of the total marks for Physics Advanced.
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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, A

10�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  ASTROPHYSICS

Answer all questions

2 (a) Draw a ray diagram for an astronomical refracting telescope in normal adjustment.  Your
diagram should show the paths of three non-axial rays through both lenses.  Label the principal
foci of the two lenses.

(3 marks)

(b) Figure 2 shows an astronomical telescope made from two cardboard tubes of slightly different
diameter, two convex lenses of focal lengths 0.10 m and 0.50 m respectively and some modelling
clay.

Figure 2

W05/PHA5W

LEAVE 
MARGIN
BLANK

8

modelling clay

lens lens

cardboard tubes



(i) Calculate the distance between the two lenses when the telescope is in normal adjustment.

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

(ii) The Moon is 380 000 km from the Earth and has a diameter of 3 500 km.  Calculate the
angle subtended by the image of the full Moon when viewed through the telescope.

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

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

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

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

(iii) The telescope suffers from chromatic aberration.  Describe how this affects the appearance
of the image.

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

...............................................................................................................................................
(4 marks)
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3 Figure 3 shows the black body radiation curves for three stars, labelled P, Q and R.

Figure 3

(a) (i) State and explain, without calculation, which one of the three stars is the hottest.

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

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

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

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

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

(ii) Calculate the black body temperature of the hottest star.

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

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

...............................................................................................................................................
(3 marks)
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(b) More detailed analysis of the hottest star�s spectrum revealed the presence of Hydrogen Balmer
absorption lines.

(i) For which two spectral classes are these lines the prominent feature?

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

(ii) Describe how these absorption lines are produced in the spectrum of a star.

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

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

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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4 HT Cas is an eclipsing binary system in the constellation Cassiopeia.  Figure 4 shows the variation in
apparent magnitude (light curve) of the system over a period of time.

apparent magnitude

Figure 4

(a) Explain how the motion of the two stars produces the light curve in Figure 4.  Refer to regions
A and B in your answer.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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(b) Analysis of the spectra produced by the system shows that one of the stars is moving with an
orbital speed of 400 km s�1.

(i) The wavelength of a hydrogen line in the spectrum of this star has an average value 
of 656.28 nm.  Calculate the maximum and minimum values of the wavelength of this line
due to the star�s orbital motion.

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

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

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

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

(ii) Use Figure 4 to obtain a value of the period of the binary system, and calculate the radius
of the orbit of this star.

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

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

...............................................................................................................................................
(6 marks)
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5 (a) (i) State what is meant by the event horizon of a black hole.

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

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

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

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

(ii) Write down the equation for the radius of the event horizon of a black hole, and define
each term in the equation.

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

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

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

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

(b) Calculate the mass of a black hole with a Schwarzchild radius equal to the radius of the Earth.

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

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

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

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

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