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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 

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. 
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perforated 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
relevant 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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Answer all questions in the spaces provided.

1 (a) Give the number of nucleons and the number of electrons in an atom of Na.

nucleons...............................................

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

(b) The isotope Na is a positron emitter.  In positron emission an up quark undergoes the
following change,

u ! d +  β+ +  νe.

Show that charge, lepton number and baryon number are conserved in this decay.

charge ..............................................................................................................................................

lepton number ................................................................................................................................

baryon number ................................................................................................................................
(3 marks)

(c) Describe what happens when a positron collides with an electron.

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

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

........................................................................................................................................................
(2 marks)
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2 (a) Quarks may be combined together in a number of ways to form sub-groups of hadrons.  
Name two of these sub-groups and for each, state its quark composition.

sub-group 1 ......................................................................................................................................

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

sub-group 2 ......................................................................................................................................

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

(b) A free neutron is an unstable particle.

(i) Complete the following to give an equation that represents the decay of a neutron.

n !

(ii) Describe the change that occurs to the quark structure when a neutron decays.

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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3 The diagram shows a ray of monochromatic light, in the plane of the paper, incident on the end face of
an optical fibre.

(a) (i) Draw on the diagram the complete path followed by the incident ray, showing it entering
into the fibre and emerging from the fibre at the far end.

(ii) State any changes that occur in the speed of the ray as it follows this path from the source.
Calculations are not required.

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

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

(b) (i) Calculate the critical angle for the optical fibre at the air boundary.

refractive index of the optical fibre glass = 1.57

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

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

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

(ii) The optical fibre is now surrounded by cladding of refractive index 1.47.  
Calculate the critical angle at the core-cladding boundary.

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

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

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

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

(iii) State one advantage of cladding an optical fibre.

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

...............................................................................................................................................
(6 marks)
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4 In the apparatus shown, monochromatic ultraviolet radiation is incident on the surface of metal X.
Photoelectrons are emitted from X and are collected at electrode Y.

(a) Calculate the work function of X, given that each photon in the incident radiation has 
3.2 × 10�19J of energy.  
The maximum kinetic energy possessed by a single photoelectron is 2.1 × 10�19J.

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

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

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

(b) The source of the incident radiation is replaced with a new source.  The wavelength of the
radiation from the new source is half the wavelength of the original radiation.

Calculate the maximum kinetic energy of the emitted photoelectrons.

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

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

.........................................................................................................................................................
(3 marks)
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5 The diagram shows some energy levels, in eV, of an atom.

energy/eV level

�0.1 n = 4

�3.1 n = 3

�12.4 n = 2

�18.6 n = 1 (ground state)

Photons of specific wavelengths are emitted from these atoms when they are excited by collisions with
electrons.

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

(a) Explain

(i) what is meant by the process of excitation,

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

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

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

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

(ii) why the emitted photons have specific wavelengths.

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

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

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

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

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



(b) One of the emitted photons has an energy of 9.92 × 10�19J.

(i) Calculate the wavelength of this photon.

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

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

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

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

(ii) Determine which transition is responsible for this emitted photon.

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

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

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

(iii) Draw an arrow on the energy level diagram on page 10 to show the transition responsible
for the emission of a photon with the shortest wavelength.

(7 marks)
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6 Electromagnetic waves and electrons have properties of both particles and waves.
Explain what evidence there is to support this statement.
Experimental details are not required.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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