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  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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Answer all questions in the spaces provided.

 1 The fluorine isotope 
 

18F
  

9
   

can be produced in the process represented by

X  + 
 

  1p
  

1
           

18F
  

9
    

+     1n
  

0
   

  
  in which nucleus X combines with a fast moving proton to form the nucleus 18F

  
9
   

 with the 
ejection of a neutron.

 (a) (i) Determine the number of protons and neutrons in nucleus X.
   
   .............. protons
 
   ............... neutrons

 (ii) Only one isotope of X produces this reaction.
  Explain what is meant by isotope.

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

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

 (b) (i) Determine the charge
mass  

ratio for the 
 

18F
  

9
    

nucleus, in C kg�1.

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

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

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

 (ii) Show that the charge
mass  

ratio for the
 

18F
  

9
   

nucleus is larger than that of 

  nucleus X.

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

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

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

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

____
6
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 2 When a metal plate is illuminated with electromagnetic radiation of wavelength 1.5 × 10�7 m, 
the maximum kinetic energy of the emitted photoelectrons is 1.2 × 10�19 J.

 (a) State what is meant by the work function of the metal.
   

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

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

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

 (b) (i) Show that the work function of the metal is 1.2 × 10�18 J.

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

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

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

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

 (ii) Calculate the threshold frequency for the metal.

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

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

   ...................................................................................................................................
(4 marks)
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 (c) The wavelength of the incident electromagnetic radiation remains at 1.50 ×10�7 m but 
its intensity is doubled.

  State and explain what changes occur, if any, to the maximum kinetic energy of each 
photoelectron and to the number emitted per second.

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

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

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

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

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

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

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

(4 marks)
____
10

Turn over for the next question
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 3 (a) A muon can decay via the weak interaction

μ�            e�  +  X  +  νµ

 (i) Name a mediating particle of the weak interaction.

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

 (ii) Identify particle X.
 
   ...................................................................................................................................

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

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

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

 (b) An electron-neutrino may interact with a neutron as represented in the following 
equation.

νe
  +   n              e�  +  p

  Draw a Feynman diagram to represent this interaction.

(3 marks)
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 (c) In a head-on collision between a proton and an antiproton the following reaction was 
observed.

p  +  p           4π+ + 4π�

 (i) What name is given to the type of process in which a particle and its antiparticle 
interact?

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

 (ii) Immediately following the process named in part (c)(i), what was formed before 
the 4π+ and 4π� were created?

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

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

 (d) Determine the quark structure of an antiproton, p.
   

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

 .............................................................................................................................................
(1 mark)

____
10

Turn over for the next question
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 4 Figure 1 shows a glass optical fibre bent through 90° and surrounded by air.  Three light 
rays PQR, initially travelling parallel to the axis of the fibre, are incident normally on the flat 
end of the fibre.  They then strike the internal surface of the fibre at the glass-air boundary.  
Ray Q is incident at the critical angle.

Figure 1

 (a) (i) Explain what is meant by critical angle.

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

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

 (ii) Calculate the critical angle for a boundary between the glass and air.
     refractive index of the glass = 1.54

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

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

 (b) Draw, using a ruler, on Figure 1 the path taken by rays P, Q and R on striking the 
internal surface.

 (3 marks)

+

P

Q

R

glass
air

centre of
curvature
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 (c) (i) Describe what would happen to ray Q if the glass shown in Figure 1 had been 
surrounded during manufacture with a glass cladding of lower refractive index.

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

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

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

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

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

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

 (ii) State one reason why a glass cladding is normally used.

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

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

 (iii) Calculate the critical angle for a boundary between the glass core and the glass 
cladding.

   refractive index of the glass used for the cladding = 1.46

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

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

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

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

____
13

Turn over for the next question



 5 The diagram shows five electron energy levels of an isolated atom.
  The ground state and the ionisation level are included.

energy/10�18 J

ionisation level  0.0

level D
level C
level B

ground state A

�1.9
�2.1
�2.4

� 4.6

 (a) (i) Explain what is meant by ionisation.

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

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

 (ii) Ionisation may be caused by electron impact.
  Explain how else might an atom be ionised.

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

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

 (iii) Calculate the ground state energy in eV.

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

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

   ...................................................................................................................................
 (3 marks)
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 (b) (i) An electron with kinetic energy 2.6 × 10�18 J collides inelastically with an electron 
in the ground state.

   State which energy levels may be occupied following this collision.

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

 (ii) A photon of energy 2.6 × 10�18 J is incident on an electron in the ground state.  
State and explain what would happen.

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

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

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

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

 (c) After a separate excitation process, level D is occupied.
  Calculate the longest possible wavelength of electromagnetic radiation emitted as the 

atom de-excites.
   

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

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

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

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

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

____
9

Quality of Written Communication (2 marks)
____

2
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