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! 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 The equation shows a carbon-carbon fusion reaction.

C   +   C             X   +    He

(a) Determine the number of protons and the number of neutrons in the nuclide X.

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

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

number of protons ...............................

number of neutrons .............................
(2 marks)

(b) Two C nuclei may also undergo a fusion reaction that produces other isotopes of X
and He.

State what is meant by the term isotopes.

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

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

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

(c) Calculate the ratio for the helium nucleus He.

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

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

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

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

Turn over for the next question

____
7

3
2

charge
mass

12
6

3
2
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b
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6

12
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2 (a) State what is meant by the duality of electrons.  Give one example of each type of
behaviour.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

(b) (i) Calculate the speed of an electron which has a de Broglie wavelength of
1.3 × 10�10 m.

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

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

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

(ii) A particle when travelling at the speed calculated in (b)(i) has a de Broglie
wavelength of 8.6 × 10�14 m.
Calculate the mass of the particle.

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

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

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

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

____
7
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3 (a) The decay shown in the equation

p          +   e+    +

cannot occur because it violates two conservation laws.

(i) State the two conservation laws that are violated.

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

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

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

(ii) Give the correct equation for positron emission.

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

(b) Draw a Feynman diagram in terms of quarks, to represent positron emission.

(3 marks)

Turn over for the next question

____
6

νen
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4 (a) (i) In relation to the photoelectric effect explain the meaning of the term threshold
frequency.

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

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

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

(ii) Sketch on the axes a graph of the maximum kinetic energy of photoelectrons
against the frequency of the incident electromagnetic radiation.  Label the
position of the threshold frequency, fo.
Values are not required on the axes.

(4 marks)

(b) The table gives the work function of some metals.

maximum
kinetic energy

frequency00

metal work function/10�19 J

caesium 3.0

lithium 3.7

beryllium 6.2

mercury 7.2

tungsten 7.4
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(i) Calculate the threshold frequency for caesium.

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

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

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

(ii) A caesium surface is illuminated with electromagnetic radiation of wavelength 
3.0 × 10�7 m.  Determine the maximum kinetic energy of the ejected
photoelectrons.

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

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

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

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

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

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

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

(iii) State which metals listed in the table will not emit photoelectrons when
illuminated with electromagnetic radiation of wavelength 3.0 × 10�7 m.

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

....................................................................................................................................
(7 marks)

Turn over for the next question

____
11
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5 The diagram represents energy levels of the hydrogen atom.

energy level energy / eV

6 �0.37
5 �0.54
4 �0.85

3 �1.5

2 �3.4

1 �13.6

(a) (i) State a similarity in the physical processes of excitation and ionisation.

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

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

(ii) State how these two processes differ from each other.

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

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

(b) (i) One of the emitted spectral lines of hydrogen has a frequency of 4.6 × 1014 Hz.
Calculate the energy, in eV, of a photon of this frequency.

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

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

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

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

(ii) On the diagram draw an arrow to indicate the transition responsible for this
spectral line. (3 marks)

(ground state)
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(c) An electron in the ground state of a hydrogen atom is struck by a photon.  State and
explain what happens to the electron, and what happens to the photon, when the energy
of the photon is (i) 10 eV and (ii) 20 eV.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

(i) Photon energy is 10 eV.

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

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

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

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

(ii) Photon energy is 20 eV.

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

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

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

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

Turn over for the next question

____
9
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6 Figure 1 shows a pool of water of depth 1.0 m which has a lamp set into the bottom corner
as shown.  The angle θc marked on the diagram is the critical angle for a water-air boundary.

refractive index of water = 1.33

Figure 1

(a) Calculate

(i) the speed of light in water,

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

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

(ii) the critical angle θc.

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

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

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

(b) On Figure 1 draw the continuation of the paths taken by the three rays shown.   No
further calculations are required. (3 marks)

air

water

lamp

θc
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(c) A layer of oil is poured over the surface of the water.  Without calculation explain how
the critical angle for the water-oil boundary differs from the critical angle, θc , for the
water-air boundary.

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
2

____
8
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