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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 parts of the question.

1 (a) A radioactive source gives an initial count rate of 110 counts per second.  After 10 minutes the
count rate is 84 counts per second.

background radiation = 3 counts per second

(i) Give three origins of the radiation that contributes to this background radiation.

1 .............................................................................................................................................

2 .............................................................................................................................................

3 .............................................................................................................................................

(ii) Calculate the decay constant of the radioactive source in s�1.

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

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

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

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

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

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

(iii) Calculate the number of radioactive nuclei in the initial sample assuming that the detector
counts all the radiation emitted from the source.

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

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

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

...............................................................................................................................................
(7 marks)
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(b) Discuss the dangers of exposing the human body to a source of α radiation.  In particular
compare the dangers when the α source is held outside, but in contact with the body, with those
when the source is placed inside the body.

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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TURN  OVER  FOR  THE  NEXT QUESTION
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SECTION B:  ASTROPHYSICS

Answer all questions.

2 In an experiment to find the focal length of a convex lens, light from a distant, bright, white light source
is focused onto a screen.

(i) A focused image is formed on the screen when the distance between the lens and screen
is 0.10 m.  Calculate the power of the lens.

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

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

(ii) This image has a purple edge.  What is the name of the effect producing this?

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

(iii) Complete Figure 1 to draw a labelled ray diagram to show how this effect occurs.

Figure 1
(4 marks)

4

white light
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3 (a) Draw a ray diagram to show the path of two rays, parallel to the axis, through a Cassegrain
telescope, as far as the eyepiece.

(2 marks)

(b) The UKIRT is a Cassegrain telescope capable of detecting both infrared and visible radiation.  
It has an objective diameter of 3.8 m.

(i) Calculate the resolving power of this telescope for infrared light of wavelength 2.0 µm.

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

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

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

(ii) Explain why the resolving power of this telescope is better in the visible region than in the
infrared region.

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

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

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

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

(c) To reduce atmospheric absorption problems, the telescope was built at the top of Mount Mauna
Kea in Hawaii.

(i) What, in the atmosphere, is responsible for absorbing infrared radiation?

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

(ii) The spectrum of light from a star can be used to determine its temperature.  Explain why
this absorption can lead to errors in the value.

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

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

...............................................................................................................................................
(3 marks) 9
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4 (a) (i) On the axes below draw the Hertzsprung-Russell (H-R) diagram labelling the main
sequence stars, dwarf stars and giant stars.  Complete the horizontal axis by labelling the
spectral classes.

(ii) On the H-R diagram, mark with an X the current position of the Sun and draw a line to
represent the evolution of the Sun, from its formation to its eventual state as a white dwarf.

(4 marks)
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(b) Matar is a star in the same spectral class as the Sun.

(i) State two properties common to Matar and the Sun.

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

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

(ii) The distance to Matar is 330 light years.  What is this distance in parsec?

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

(iii) The apparent magnitude of Matar is 2.9.  Calculate its absolute magnitude.

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

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

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

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

(iv) Which is the larger star, Matar or the Sun?  Explain your answer.

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

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

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

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

...............................................................................................................................................
(6 marks)
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5 (a) Describe the main features of black holes and quasars.

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

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

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

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

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

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

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

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

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

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

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

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

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

(b) There is some evidence to suggest that there is a black hole of 3 × 109 solar masses at the centre
of the galaxy M87.  Calculate the radius of the event horizon for this black hole.

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

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

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

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

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

.........................................................................................................................................................
(2 marks)
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END  OF QUESTIONS
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QUALITY OF WRITTEN COMMUNICATION
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