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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. 

Information
! The maximum mark for this paper is 50. 
! Mark allocations are shown in brackets. 
! The paper carries 30% of the total marks for Physics Advanced Subsidiary

and carries 15% of the total marks for Physics Advanced.
! 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.
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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

1 (a) (i) Determine the charge, in C, of a    U nucleus.

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

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

(ii) A positive ion with a     U nucleus has a charge of 4.80 × 10-19C.
Determine how many electrons are in this ion. 

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

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

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

(b) A U nucleus may decay by emitting two β− particles to form a plutonium nucleus   Pu. 
State what X and Y represent and give the numerical value of each. 

X .....................................................................................................................................................

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

Y ......................................................................................................................................................

.........................................................................................................................................................
(4 marks)
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TURN  OVER  FOR  THE  NEXT QUESTION
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2 In a radioactive decay of a nucleus, a β+ particle is emitted followed by a γ photon of wavelength 
8.30 × 10-13m.

(a) (i) State the rest mass, in kg, of the β+ particle.

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

(ii) Calculate the energy of the γ photon.

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

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

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

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

(iii) Determine the energy of the γ photon in MeV. 

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

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

(b) Name the fundamental interaction or force responsible for β+ decay.

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

(c) β+ decay may be represented by the Feynman diagram. 

Name the particles represented by A, B and C.

A

B

C
(3 marks)
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3 Some subatomic particles are classified as hadrons.

(a) What distinguishes a hadron from other subatomic particles?

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

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

(b) Hadrons fall into two subgroups. 
Name each subgroup and describe the general structure of each.

subgroup 1 ......................................................................................................................................

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

subgroup 2 ......................................................................................................................................

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

(c) The following equation represents an event in which a positive muon collides with a neutron to
produce a proton and an antineutrino.

Show that this equation obeys the conservation laws of charge, lepton number and baryon
number.

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

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

.........................................................................................................................................................
(3 marks)
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n  +  µ+ ⇒ p  +  νµ.



4 The diagram shows a cross-sectional view of the base of a glass tank containing water.  A point
monochromatic light source is in contact with the base and ray, R1, from the source has been drawn up
to the point where it emerges along the surface of the water. 

(a) (i) Which angle, A to F, is a critical angle? 

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

(ii) Explain how the path of R1 demonstrates that the refractive index of glass is greater than
the refractive index of water.

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

...............................................................................................................................................
(2 marks)
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(b) Using the following information
A = 47.1°
B = 42.9°
C = E = 41.2°
D = F = 48.8°

calculate

(i) the refractive index of water,

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

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

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

(ii) the ratio,                                  .
. 

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

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

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

(c) Ray R2 emerges from the source a few degrees away from ray R1 as shown.
Draw on the diagram opposite the continuation of ray R2.
Where possible show the ray being refracted. (2 marks)
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TURN  OVER  FOR  THE  NEXT QUESTION
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5 (a) Explain what happens to electrons in hydrogen atoms when a spectrum, such as that represented
below, is produced.

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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(b) A fluorescent tube is normally coated on the inside with a powder.  The tube is then filled with
mercury vapour at low pressure.  When the tube is switched on, the mercury vapour emits
ultraviolet electromagnetic radiation.

Explain how this ultraviolet radiation causes the powder to emit electromagnetic radiation as
well.  State the difference between the radiations emitted by the mercury vapour and the powder.

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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6 A proton and an electron have the same velocity.  The de Boglie wavelength of the electron 
is 3.2 × 10�8m.

(a) Calculate,

(i) the velocity of the electron,

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

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

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

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

(ii) the de Broglie wavelength of the proton.

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

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

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

(b) (i) State what kind of experiment would confirm that electrons have a wave-like nature.
Experimental details are not required.

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

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

(ii) State why it is easier to demonstrate the wave properties of electrons than to demonstrate
wave properties of protons. 

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

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

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

6

QUALITY OF WRITTEN COMMUNICATION    (2  marks)

2

END  OF QUESTIONS
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