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For this paper you must have:
! a pencil and a ruler
! a calculator
! a data sheet loose insert.

Time allowed: 1 hour 15 minutes

Instructions
! Use black ink or black ball-point pen.
! Fill in the boxes at the top of this page.
! Answer all questions.
! Answer the questions in the spaces provided.  Answers written in 

margins or on blank pages will not be marked.
! Show all your working.
! Do all rough work in this book.  Cross through any work you do not 

want to be marked.

Information
! The maximum mark for this paper is 40.  This includes up to 2 marks 

for the Quality of Written Communication.
! The marks for questions are shown in brackets.
! A Data Sheet is provided as a loose insert to this question paper.
! You are expected to use a calculator where appropriate.
! Questions 1(c) and 3(a) should be answered in continuous prose.  

In these questions you will be marked on your ability to use good 
English, to organise information clearly and to use specialist 
vocabulary where appropriate.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

 1 (a) An isotope of technetium 99Tcm,43  which is in a metastable state, decays emitting only γ 
rays.  When the isotope is placed 20 cm from a γ ray detector the count rate is 
25 counts per second.  The background count rate is 120 counts per minute.

   Calculate the count rate, in counts per second, when the detector is placed 30 cm from 
the isotope.

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

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

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

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

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

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

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

(3 marks)

 1 (b) (i) Calculate the approximate radius of a nucleus of 99Tcm,43  given that the nuclear 
radius of  28Si14

 
is

 
3.7 × 10�15 m.

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

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

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

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

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

 1 (b) (ii) State one method by which the nuclear radius of  28Si14 could be determined 
experimentally.

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

(4 marks)
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 1 (c) Explain why sources of β radiation often also produce γ rays of discrete frequencies.

   You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer to part (c).

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

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

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

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

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

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

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

(3 marks)
____
10

Turn over for the next question
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SECTION  B:  ASTROPHYSICS

Answer all questions.

 2 (a) Draw a ray diagram to show how a converging lens forms a diminished image of a real 
object.  Label the principal foci, the object and the image on your diagram.

(2 marks)

 2 (b) A converging lens of power 12.5 D is used to produce an image of a real object placed 
0.35 m from the lens.

 2 (b) (i) Calculate the image distance.
     

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

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

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

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

 2 (b) (ii) State three properties of the image.
     

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

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

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

____
6
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 3 (a) Explain what is meant by the terms Rayleigh criterion and Airy disc.

   You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer.

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

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

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

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

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

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

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

(3 marks)

 3 (b) The Very Large Telescope (VLT) in the Atacama Desert in Chile is a combination of 
four Cassegrain telescopes each of diameter 8.2 m.  It is used to detect electromagnetic 
radiation of wavelengths in the range 200 nm to 20 µm.

 3 (b) (i) Show that the combination has a similar light-collecting power to that of a single 
16 m diameter telescope.

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

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

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

 3 (b) (ii) The VLT is capable of an angular resolution similar to that of a 100 m diameter 
telescope.  Calculate the maximum angular resolution of the VLT.

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

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

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

 3 (b) (iii) The Atacama Desert is possibly the driest place on Earth.  What part of the 
electromagnetic spectrum is significantly absorbed by water vapour?

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

(4 marks)
____

7
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 4 (a) Sketch a Hertzsprung�Russell (H�R) diagram on the axes below.  Label the position of 

the main sequence, dwarf and giant stars.  Complete the spectral class axis by labelling 
the spectral classes.

 absolute 
 magnitude

(3 marks)

 
 4 (b) Beta Hydri is a star with the same black body temperature as the Sun, but is 

approximately 3.5 times brighter.

 4 (b) (i) Label with the letter X the position of Beta Hydri on the H�R diagram.

 4 (b) (ii) State and explain which star is larger, the Sun or Beta Hydri.
     

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

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

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

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

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

____
6
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 5 IZW 1 is an active galaxy, which means it contains a supermassive black hole which 
produces a quasar as it consumes its host galaxy.

 5 (a) Explain what is meant by

 5 (a) (i) a quasar,
     

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

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

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

 5 (a) (ii) a black hole.
     

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

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

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

 5 (b) Analysis of radio waves from the galaxy IZW 1, suggest it is 800 million light years 
from Earth.

 5 (b) (i) Calculate the recessional speed of the galaxy.
     

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

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

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

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

 5 (b) (ii) The source of the radio waves is carbon monoxide molecules in the gas clouds 
of the galaxy.  When measured from a lab-based source these waves have a 
frequency of 108 GHz.  What is the frequency of the waves detected from the 
galaxy?

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

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

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

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

(4 marks)
Question 5 continues on the next page
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 5 (c) The black hole at the centre of IZW 1 could have a mass 100 million times greater than 

the Sun.  Calculate the radius of the event horizon of a black hole of this mass.
    

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

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

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

____
9

Quality of Written Communication (2 marks)
____

2

END  OF  QUESTIONS
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