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For this paper you must have:
! a pencil and a ruler
! a calculator
! a data sheet 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)
____
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SECTION  B:  TURNING  POINTS  IN  PHYSICS

Answer all questions.

 2 Figure 1 shows a charged oil droplet between two oppositely-charged horizontal parallel 
plates X and Y which are 6.0 mm apart.

Figure 1

 2 (a) When the potential difference between the two plates is zero, the droplet falls vertically 
at a steady speed of 7.8 × 10�5m s�1.

    density of oil droplet = 960 kg m�3

    viscosity of air = 1.8 × 10�5 N s m�2

 2 (a) (i) Explain why the droplet falls at a steady speed.
     

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

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

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

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

  2 (a) (ii) Show that the radius of the droplet is 8.2 × 10�7m.
     

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

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

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

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

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

 ...................................................................................................................................
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 2 (a) (iii) Show that the mass of the droplet is 2.2 × 10�15  kg.
     

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

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

 ...................................................................................................................................
(6 marks)

 2 (b) The potential difference between X and Y is adjusted until the droplet becomes 
stationary.

 2 (b) (i) Explain why the droplet becomes stationary.
     

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

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

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

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

 2 (b) (ii) The droplet is stationary when the potential difference is 410 V.  Show that the 
charge of the droplet is 3.2 × 10�19 C .

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

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

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

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

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

 2 (b) (iii) Discuss the significance of this result and the results of similar tests on other 
charged droplets.

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

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

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

(5 marks)
____
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 3 Figure 2 shows the path followed by a light ray incident on a glass block in air.

Figure 2

 3 (a) Use Newton�s theory of light to explain the refraction of the light ray on entering the 
glass block.

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

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

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

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

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

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

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

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

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

(4 marks)
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 3 (b) Huygens put forward an alternative theory of light.  Compare the explanations of 
refraction suggested by Newton and by Huygens.

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

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

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

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

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

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

(2 marks)
____

6
 4 A particle has a rest mass of 1.9 × 10�28 kg.

  Calculate

 4 (i) the speed of the particle at which its mass would be 9.5 × 10�28 kg,
   

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

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

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

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

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

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

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

 4 (ii) the kinetic energy, in J, of the particle at this speed.
    

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

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

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

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

 .............................................................................................................................................
(6 marks)
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 5 In a transmission electron microscope operating at a pd of 15 kV, the beam of electrons is 
scattered after passing through a thin sample.  The electrons are then focused by magnetic 
lenses onto a fluorescent screen to form an image on the screen of the sample.

 5 (a) Calculate the de Broglie wavelength of a 15 keV electron.
    

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

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

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

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

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

 5 (b) State and explain one effect on the image of increasing the operating voltage of the 
microscope.

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

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

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

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

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

(2 marks)
____

5
Quality of Written Communication (2 marks)

____
2

END  OF  QUESTIONS
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