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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) A stable atom contains 28 nucleons.  

Write down a possible number of protons, neutrons and electrons contained in the atom.

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

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

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

(b) An unstable isotope of uranium may split into a caesium nucleus, a rubidium nucleus and four

neutrons in the following process. 

U ⇒ Cs + Rb + 4 n

(i) Explain what is meant by isotopes.

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

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

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

(ii) How many neutrons are there in the    Cs nucleus?

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

(iii) Calculate the ratio
charge

, in C kg–1, for the    U nucleus.
mass

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

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

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

(iv) Determine the value of X for the rubidium nucleus.

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

X = ....................................

(6 marks)
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2 (a) (i) Underline the particles in the following list that may be affected by the weak interaction.

positron neutron photon neutrino positive pion

(ii) Underline the particles in the following list that may be affected by the electromagnetic

force.

electron antineutrino proton neutral pion negative muon

(4 marks)

(b) A positive muon may decay in the following way,

µ+ ⇒ e+ + νe + νµ.

(i) Exchange each particle for its corresponding antiparticle and complete the equation to

show how a negative muon may decay.

µ– ⇒

(ii) Give one difference and one similarity between a negative muon and an electron.

difference ...............................................................................................................................

similarity................................................................................................................................

(3 marks)

(c) Complete the Feynman diagram, which represents electron capture, by labelling all the particles

involved.  

(3 marks)
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3 A fluorescent light tube contains mercury vapour at low pressure.  The tube is coated on the inside, and

contains two electrodes. 

(a) Explain why the mercury vapour is at a low pressure.

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

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

(1 mark)

(b) Explain the purpose of the coating on the inside of the tube. 

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

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

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

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

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

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

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

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

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

(3 marks)
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4 The graph shows how the maximum kinetic energy, Ek, of electrons emitted from the surface of 

metal A, varies with the frequency, f, of the incident electromagnetic radiation.

(a) Explain the meaning of the term threshold frequency.

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

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

(2 marks)

(b) Calculate the work function of metal A,

(i) in J,

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

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

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

(ii) in eV.

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

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

(3 marks)
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(c) Metal A is exchanged for metal B.  The work function of metal B is half that of metal A.

Add a line to the graph opposite to show how the maximum kinetic energy of electrons emitted

from metal B varies with frequency. (2 marks)

(d) At a fixed frequency of the incident radiation, the emitted electrons are collected and a current

is recorded. 

State and explain a change that may be made to increase this current.

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

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

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

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

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

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

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

(3 marks)
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5 The diagram below shows a liquid droplet placed on a cube of glass.  A ray of light from air, incident

normally on to the droplet, continues in a straight line and is refracted at the liquid to glass boundary

as shown.  

refractive index of the glass = 1.45
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(a) Calculate the speed of light

(i) in the glass,

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

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

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

(ii) in the liquid droplet.

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

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

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

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

(3 marks)

(b) Calculate the refractive index of the liquid.

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

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

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

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

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

(2 marks)

(c) On the diagram opposite, complete the path of the ray showing it emerge from the glass cube

into the air. 

No further calculations are required. (2 marks)
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6 The diagram shows some of the energy levels of the mercury atom.

energy/10–19J
0.00 ionisation level  

–1.92 level D

–2.56 level C

–5.92 level B

–8.80 level A

(a) When electrons collide with mercury atoms, the atoms may be excited or may be ionised.

Explain what is meant by

(i) excitation,

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

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

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

(ii) ionisation.

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

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

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

(2 marks)

(b) Determine the lowest frequency of emitted radiation with reference to the energy levels in the

diagram.

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

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

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

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

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

(2 marks)
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7 (a) Electrons behave in two distinct ways.  This is referred to as the duality of electrons.

(i) State what is meant by the duality of electrons.

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

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

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

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

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

(3 marks)

(b) Calculate the speed of electrons that have a de Broglie wavelength of 1.70 × 10–10m.

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

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

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

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

(2 marks)
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