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 Answer all questions in the spaces provided.

 1 The equation represents an event in which, following a neutron impact, a
 

233U 
 
92

 
nucleus is split 

into two nuclei and two neutrons.

   
233U
 
92  +  1n

  
0

   
 1 (a) How many protons, neutrons and electrons are there in an atom of  95Rb37 ?

  ................ protons
  
  ................ neutrons

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

 1 (b) Determine for a nucleus of X

 1 (b) (i) the mass number, A,

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

 1 (b) (ii) the atomic number, Z.

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

 1 (c) Calculate the charge
mass

 ratio of a 95Rb37 nucleus, in C kg�1.

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

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

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

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

(2 marks)
____

5

2

(02)

X + 95Rb37 +   1n
  

0

   
+   1n

  
0
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 2 Monoenergetic α particles, directed normally in a parallel beam at a thin metal foil in a 
vacuum, are scattered at various angles.

  You may be awarded additional marks to those shown in brackets for the quality of written 
communication in your answer to parts a, b and c of this question.  

 2 (a) (i)  Explain why the incident α particles should be in a narrow beam.

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

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

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

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

 2 (a) (ii) The metal foil should be very thin to prevent too many α particles from being 
absorbed.

    State another reason for using a very thin metal foil.

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

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

 2 (b) Describe the angular distribution of the scattered α particles coming from the foil.
  
  State the scattering angles at which the number of α particles will be a maximum and a 

minimum.
   

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

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

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

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

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

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

Question 2 continues on the next page
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 2 (c) State and explain two deductions made from the scattering distribution about the 
structure of the atoms in the foil.

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

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

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

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

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

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

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

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

(4 marks)

 2 (d) On Figure 1 complete the paths taken by the parallel monoenergetic α particles which 
all come close enough to the nucleus to be deflected.

Figure 1

   
 

 monoenergetic
  α particles

(3 marks)
____
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(04)

nucleus
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  3 A      meson decays into two " mesons in the following event.  

 K°  
  
  The  K° has strangeness �1.

 3 (a) Determine the quark structure of these three mesons.

   K°.............................

   "�  ..............................

   "+ ..............................
(3 marks)

 3 (b) Complete the following table with ticks and crosses.

baryon lepton hadron charged
K° ×
 "�

! 

 (2 marks)

 3 (c) (i) By which fundamental interaction does the  K° decay?

    ...................................................................................................................................
  
 3 (c) (ii) Give a reason for your answer.

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

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

____
7

Turn over for the next question

5

(05)

Areas outside 
the box will 

not be scanned 
for marking

Turn over!

 "�  + "+

K°  



6 Areas outside 
the box will 

not be scanned 
for marking

(06)
M/Jun08/PA01

 4 The tube in a fluorescent lamp contains mercury vapour at low pressure.  When connected to 
a suitable power supply the lamp emits light.

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

 
 4  (i) Describe what happens in the fluorescent tube to excite the mercury atoms.

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

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

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

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

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

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

 4  (ii) What is emitted from the mercury atoms when they de-excite?

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

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

 4  (iii) Describe the purpose of the coating on the inside surface of the fluorescent tube.

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

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

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

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

   ...................................................................................................................................
(7 marks)

____
7
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  5 Figure 2 shows a 45° right angled glass prism in air, coated on one side with a film of 
transparent gel.  A ray of light strikes the prism, at an angle of incidence of 45°, and 
continues through the glass to strike the glass-gel interface at the critical angle.

Figure 2

 5 (a) Calculate the refractive index of

 5 (a) (i) the glass,

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

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

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

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

 5 (a) (ii) the gel.

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

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

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

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

Question 5 continues on the next page
  

air

air
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ray of light 45° 29°
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 5 (b) On Figure 3 draw, using a ruler, the path of the ray of light with the gel removed.  
Mark the values of all relevant angles.

Figure 3

 

(4 marks)

 5 (c) A ray of light passes through a straight, 5.00 m long, optical fibre of refractive index 
1.59.  Calculate the time taken for a ray of light to travel along the axis of the fibre.

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

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

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

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

(2 marks)
____
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 6 (a) (i) State what is meant by the dual nature of electrons.
 
    ...................................................................................................................................

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

 6 (a) (ii) Give one example of each type of behaviour of electrons.
 
    ...................................................................................................................................

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

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

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

 6 (b) (i) Calculate the speed of an electron whose de Broglie wavelength is 1.50 × 10�6 m.

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

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

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

 6 (b) (ii) Calculate the momentum of a proton that would have the same de Broglie 
wavelength as the electron in part (b)(i).

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

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

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

 

Question 6 continues on the next page
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  6 (b) (iii) Explain why electrons in part (b)(i) cannot be diffracted significantly by a crystal 
in which the atomic spacing is 1.0 × 10�10 m.

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

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

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

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

____
7

____
2Quality of Written Communication    (2 marks)
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