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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 per-

forated 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 rele-
vant 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

(4 marks)
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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)

10

TURN  OVER  FOR  THE  NEXT QUESTION



SECTION B  ASTROPHYSICS

Answer all questions

2 Whilst performing experiments on lenses, a student makes a simple projector using a light source, a
converging lens, an object and screen as shown in Figure 1.

(i) A magnified focused image is produced on the screen.  State two other properties of this
image.

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

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

(ii) In the space below, draw a ray diagram to show how the lens forms this image.  Mark the
positions of the object, image and a principal focus of the lens. 

(iii) A focused image is formed on the screen when the lens is placed 0.17 m from the object
and 1.62 m from the screen.  Calculate the power of the converging lens.

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

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

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

...............................................................................................................................................
(6 marks)
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3 (a) Explain what is meant by light year and parsec.

(i) light year

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

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

(ii) parsec

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

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

(b) 95 Herculis is approximately 450 light years from the Earth.  It is a binary system consisting of
two stars each of apparent magnitude 5.1.  One star belongs to spectral class A and the other to
spectral class G.  

(i) Calculate the absolute magnitude of either of the stars of 95 Herculis.

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

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

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

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

(ii) To which spectral class does the hotter star belong?  Justify your answer.

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

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

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

(iii) To which spectral class does the smaller star belong?  Justify your answer.

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

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

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

(c) The two stars of 95 Herculis are separated by an angle of 1.8 × 10�3 degrees.  Calculate the
minimum diameter of an aperture which would just allow these stars to be resolved.  
wavelength of the light = 5.0 × 10−7m

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

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

.........................................................................................................................................................
(2 mark)
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4 The Earth�s atmosphere absorbs electromagnetic radiation of certain wavelengths.  Detectors on the
surface of the Earth are largely restricted to the visible and radio regions.

(a) (i) On the axes below, draw the black body radiation curve for the Sun.

(ii) Mark on the wavelength axis the region affected by the atmosphere�s absorption of 
ultra violet radiation.

(iii) What is responsible for this absorption?

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

(iv) What effect can this absorption have on the measured temperature of a star?  Explain your
answer.  

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

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

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

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

...............................................................................................................................................
(4 marks)
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(b) The atmosphere has little effect on radio waves between 30 MHz and 300 GHz.  This radio
window was first exploited in 1946 when a short pulse of radio waves of wavelength 2.7 m was
transmitted from the Earth and reflected back by the Moon.

(i) Show that the frequency of the transmitted waves falls within the radio window.

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

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

(ii) The experimenters had to take into account the relative movement of the Earth and Moon
when tuning the receiver.  The maximum difference between the frequency of the detected
and transmitted waves was 300 Hz.  

What is the name of this effect?

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

(iii) Calculate the relative velocity of the Earth and Moon when the frequency of the received
signal was 300 Hz greater than the transmitted frequency. 

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

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

...............................................................................................................................................
(5 marks)
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4 Describe the main features of the Big Bang theory and the evidence that supports it.
You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

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

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

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

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

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

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

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

....................................................................................................................................................................
(4 marks)
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QUALITY OF WRITTEN COMMUNICATION (2 marks)
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