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paper.

� This sheet may be useful for answering some of the questions in the 
examination.
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Answer all questions in the spaces provided.

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

........................................ protons

........................................ neutrons

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

(b) The    C atom loses two electrons.
For the ion formed;

(i) calculate its charge in C,

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

(ii) state the number of nucleons it contains,

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

(iii) calculate the ratio             in C kg�1.

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

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

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

...............................................................................................................................................
(4 marks)
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2 In an experiment to investigate the structure of the atom, α particles are directed normally at a thin
metal foil which causes them to be scattered.  

(a) (i) In which direction will the number of α particles per second be a maximum? 

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

(ii) State what this result suggests about the structure of the atoms in the metal.  

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

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

(b) A small number of  α particles are scattered through 180°.

Explain what this suggests about the structure of the atoms in the metal.

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

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

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

.........................................................................................................................................................
(2 marks)
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(c) The figure shows the path of an α particle passing near a nucleus. 

(i) Name the force that is responsible for the deflection of the α particle.

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

(ii) Draw an arrow on the diagram in the direction of the force on the α particle in the position
where the force is a maximum. 

(iii) The nucleus is replaced with one which has a larger mass number and a smaller proton
number. 

Draw on the diagram the path of an α particle that starts with the same velocity and
position as that of the α particle drawn. (4 marks)
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3 Electrons travelling at a speed of 5.00 × 105 m s-1 exhibit wave properties.

(a) What phenomenon can be used to demonstrate the wave properties of electrons?  
Details of any apparatus used are not required. 

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

(b) Calculate the wavelength of these electrons. 

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

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

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

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

(c) Calculate the speed of muons with the same wavelength as these electrons.  
Mass of muon = 207 × mass of electron

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

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

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

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

(d) Both electrons and muons were accelerated from rest by the same potential difference. Explain
why they have different wavelengths.

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

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

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

.........................................................................................................................................................
(2 marks)
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4 (a) A neutrino may interact with a neutron in the following way

νe + n ⇒ p + e �.

(i) Name the fundamental force responsible for this interaction.

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

(ii) Complete the Feynman diagram for this interaction and label all the particles involved. 

(3 marks)

(b) The neutral kaon, which is a meson of strangeness +1, may decay in the following way

K° ⇒ π+ + π�.   

(i) Apart from conservation of energy and momentum, state two other conservation laws
obeyed by this decay and one conservation law which is not obeyed. 

............................................................................................ conservation law is obeyed

............................................................................................ conservation law is obeyed

............................................................................................ conservation law is not obeyed

(ii) Deduce the quark composition of all the particles involved in the K° decay. 

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

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

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

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

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

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

π� .................................................................. (6 marks)
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5 The diagram shows four energy levels of an atom not drawn to scale.  

energy/10�19J
level D                                                 0.0 (ionised state)

level C �2.3
level B �2.5

level A �4.6 (ground state)

(a) (i) Explain how this atom emits a line spectrum following excitation.  

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

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

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

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

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

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

(ii) The longest wavelength of emitted radiation is produced by a transition between which
two levels? 

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

(iii) Draw on the diagram two vertical arrows between levels to indicate two different
transitions that result in emitted radiation of the same frequency. (4 marks)
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(b) In its ground state the atom absorbs 2.3 × 10�19J of energy from a collision with an electron.

(i) Calculate all the possible frequencies of radiation that the atom may subsequently emit. 

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

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

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

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

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

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

(ii) How much energy, in eV, would be required to ionise the atom in its ground state? 

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

...............................................................................................................................................
(5 marks)
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6 (a) (i) Explain the meaning of the term work function of a metal. 

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

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

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

(ii) State what you would need to change in an experiment to investigate the effect of the work
function on the photoelectric effect.  

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

(b) Experiments based on the photoelectric effect support the particle theory of light.  State one
conclusion drawn from these experiments and explain how it supports the particle theory.   

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

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

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

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

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

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

.........................................................................................................................................................
(2 marks)
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(c) Monochromatic light of wavelength 4.80 × 10�7m falls onto a metal surface which has a work
function of 1.20 × 10�19J.  

Calculate

(i) the energy, in J, of a single photon of this light,

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

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

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

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

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

(ii) the maximum kinetic energy, in J, of an electron emitted from the surface.

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

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

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

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

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

10

TURN  OVER  FOR  THE  NEXT QUESTION

0103/PA01

LEAVE 
MARGIN
BLANK

Turn over��

13



7 The diagram shows a ray of light passing from air into a glass prism at an angle of incidence θi.  The
light emerges from face BC as shown.  
refractive index of the glass = 1.55

(a) (i) Mark the critical angle along the path of the ray with the symbol θc.

(ii) Calculate the critical angle, θc.

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

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

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

...............................................................................................................................................
(3 marks)
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(b) For the ray shown calculate the angle of incidence, θi.

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

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

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

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

(c) Without further calculations draw the path of another ray of light incident at the same point on
the prism but with a smaller angle of incidence.
The path should show the ray emerging from the prism into the air. (3 marks)

8

QUALITY OF WRITTEN COMMUNICATION (2 marks)

END  OF QUESTIONS
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