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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.
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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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! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this

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.

S05/PA01

Total
(Column 1)
Total 
(Column 2)

TOTAL

Examiner�s Initials

Leave blankSurname Other Names

Centre Number Candidate Number

Candidate Signature

PA01



S05/PA01

2

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.

1 (a) What are isotopes?

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

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

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

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

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

(b) One of the isotopes of nitrogen may be represented by N.

(i) State the number of each type of particle in its nucleus.

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

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

(ii) Determine the ratio ,  in C kg�1, of its nucleus.

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

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

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

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

(c) (i) What is the charge, in C, of an atom of N from which a single electron has been
removed?

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

(ii) What name is used to describe an atom from which an electron has been removed?

...............................................................................................................................................
(2 marks)
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2 Some energy levels of an atom of a gas are shown in Figure 1.

level energy/10�18J

D

C

B

A

Figure 1

When a current is passed through the gas at low pressure, a line spectrum is produced.  Two of these
lines, which correspond to transitions from levels B and C respectively to the ground state, are shown
in Figure 2.

Figure 2
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(a) Describe what happens to an electron in an atom in the ground state in order for the atom to emit
light of wavelength 4.0 × 10�7m.

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

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

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

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

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

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

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

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

(b) Determine the energy, in J, of

(i) the photons responsible for each of the two lines shown in Figure 2,

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

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

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

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

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

(ii) levels B and C in Figure 1.

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

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

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

energy of level B =................................................................................................................

energy of level C =................................................................................................................
(5 marks)
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3 The equation represents the collision of a neutral kaon with a proton, resulting in the production of a
neutron and a positive pion.

K°  +  p           n  +  π+

(a) Show that this collision obeys three conservation laws in addition to energy and momentum.

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

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

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

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

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

(b) The neutral kaon has a strangeness of +1.
Write down the quark structure of the following particles.

K° ..............................................

π+ ...............................................

p ................................................

(4 marks)
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4 The diagram shows a cube of glass.  A ray of light, incident at the centre of a face of the cube, at an
angle of incidence θ, goes on to meet another face at an angle of incidence of 50°, as shown 
in Figure 3.

critical angle at the glass-air boundary = 45°

Figure 3

(a) Draw on the diagram the continuation of the path of the ray, showing it passing through the glass
and out into the air. (3 marks)

(b) Show that the refractive index of the glass is 1.41.

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

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

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

(c) Calculate the angle of incidence, θ.

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

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

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

.........................................................................................................................................................
(3 marks)
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5 (a) Explain what is meant by the term work function of a metal.

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

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

(b) In an experiment on the photoelectric effect, the maximum kinetic energy of the emitted
photoelectrons is measured over a range of incident light frequencies.  The results obtained are
shown in Figure 4.

Figure 4

(i) A metal of work function φ is illuminated with light of frequency f.  Write down the
equation giving the maximum kinetic energy, EK, of the photoelectrons emitted in terms
of φ and f.

EK  =

(ii) Use the data in Figure 4 to determine the work function of the metal.

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

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

...............................................................................................................................................
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(iii) Determine the maximum kinetic energy of the photoelectrons when the frequency of the
incident radiation is 2.5 × 1015Hz.

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

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

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

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

(c) The experiment is repeated but with the light incident on a metal of lower work function.
Draw a new line on Figure 4 that results from this change. (2 marks)
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6 (a) (i) Complete the equation that represents the collision between a proton and an antineutrino.

νe +  p  

(ii) What fundamental force is responsible for the interaction shown in part (i)?

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

(iii) Name an exchange particle that could be involved in this interaction.

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

(b) Describe what happens in pair production and give one example of this process.

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

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

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

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

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

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

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

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