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assessed in these answers.
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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 in the spaces provided.

1 A radioactive isotope of carbon is represented by C.

(a) Using the same notation, give the isotope of carbon that has two fewer neutrons.

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

(b) Calculate the charge on the ion formed when two electrons are removed from an atom
of C.

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

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

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

(c) Calculate the value of for the nucleus of an atom of C.

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

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

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

Turn over for the next question

14
6

charge
mass

14
6

14
6
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2 (a) One quantity in the photoelectric equation is a characteristic property of the metal that
emits photoelectrons.  Name and define this quantity.

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

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

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

(b) A metal is illuminated with monochromatic light.  Explain why the kinetic energy of
the photoelectrons emitted has a range of values up to a certain maximum.

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

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

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

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

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

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

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

.............................................................................................................................................
(3 marks)
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(c) A gold surface is illuminated with monochromatic ultraviolet light of frequency 
1.8 × 1015 Hz.  The maximum kinetic energy of the emitted photoelectrons is 
4.2 × 10�19 J.
Calculate, for gold,

(i) the work function, in J,

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

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

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

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

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

(ii) the threshold frequency.

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

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

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

Turn over for the next question

____
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3 (a) (i) Give an example of an exchange particle other than a W+ or W� particle, and state
the fundamental force involved when it is produced.

exchange particle ......................................................................................................

fundamental force .....................................................................................................

(ii) State what roles exchange particles can play in an interaction.

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

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

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

(b) From the following list of particles,

p       νe e+          µ� π0

identify all the examples of 

(i) hadrons, .....................................................................................................................

(ii) leptons, ......................................................................................................................

(iii) antiparticles, ..............................................................................................................

(iv) charged particles. ......................................................................................................
(4 marks)

n

____
8
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4 (i) A negative muon, µ�, is 207 times more massive than an electron.
Calculate the de Broglie wavelength of a negative muon travelling at 3.0 × 106 m s�1.

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

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

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

(ii) Using values from the data sheet calculate the ratio 
where π0 is a neutral pion.

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

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

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

(iii) Calculate the speed necessary for a π0 to have the same de Broglie wavelength as that
of the µ� in part (i).

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

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

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

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

rest mass of π0

rest mass of µ�

____
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5 Figure 1 shows a ray of light passing from air into glass at the top face of glass block 1 and
emerging along the bottom face of glass block 2.

refractive index of the glass in block 1 = 1.45

Figure 1

38.7°

51.3° A

θ3

θ2 = 15.5°

θ1
incident rayair

glass block 2 glass block 1

emergent ray air
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(a) Calculate

(i) the incident angle θ1,

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

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

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

(ii) the refractive index of the glass in block 2,

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

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

(iii) the angle θ3 by considering the refraction at point A.

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

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

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

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

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

(b) In which of the two blocks of glass will the speed of light be greater?

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

Explain your reasoning.

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

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

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

(c) Using a ruler, draw the path of a ray partially reflected at A on Figure 1.  Continue the
ray to show it emerging into the air.  No calculations are expected.

(2 marks)
____
11
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6 Some of the energy levels of an atom are shown below.  The atom may be ionised by
electron impact.

energy/10�17 J

(a) (i) State what is meant by the ionisation of an atom.

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

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

(ii) Calculate the minimum kinetic energy, in eV, of an incident electron that could
ionise the atom from its ground state.

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

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

0.00 ionisation level

�1.97 level E
�2.20 level D
�2.32 level C
�2.43 level B

�4.11 level A (ground state)
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(b) You may be awarded marks for the quality of written communication in your answer to
parts (b)(i) and (b)(ii).

The atom in the ground state is given 5.00 × 10�17 J of energy by electron impact.

(i) State what happens to this energy.

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

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

(ii) Describe and explain what could happen subsequently to the electrons in the
higher energy levels.

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

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

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

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

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

(c) Identify two transitions between energy levels that would give off electromagnetic
radiation of the same frequency.

__________ to __________

and

__________ to __________

(2 marks)

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
8

____
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