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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) Give the number of protons, neutrons and electrons in an atom of the isotope Fe.

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

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

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

(b) Calculate the ratio for the nucleus of a Fe atom.

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

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

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

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

(c) Determine the values of a and b in the decay represented by the equation

X   Fe  +  e+ +   νe.

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

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

a = ..............................

b = ..............................
(2 marks)

____
7

55
26

a
b

55
26

charge
mass

55
26
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2 The Ω� particle is a baryon with strangeness �3.  It rapidly decays in stages to a baryon and
several pions.

(a) State the general quark structure of a baryon.

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

(b) State what class of particle a pion is.  Give its general quark structure. 

class .....................................................................................................................................

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

(c) State what pion is identical to its antiparticle.

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

(d) State what baryon the Ω� particle finally decays into.

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

(e) State why the weak interaction must be involved at some stage in the decay of the 
Ω� particle.

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

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

Turn over for the next question

____
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3 (a) Describe and explain the principal features of the spectrum from excited gas atoms.

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

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

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

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

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

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

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

(b) The energy levels of atomic hydrogen, in J, are given by the equation

En =  � ,

where n is a whole number corresponding to the energy level.  Therefore the ground
state, level 1, has energy E1 = �22 × 10�19 J and level 2 has energy

E2 =  � = �5.5 × 10�19 J.

A photon is emitted from atomic hydrogen as the atom undergoes a transition from
level 4 to level 2.

Calculate

(i) the energy of the emitted photon,

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

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

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

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

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

22 × 10�19

22

22 × 10�19

n2
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(ii) the frequency of the photon.

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

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

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

(c) How many different wavelengths of electromagnetic radiation can be emitted after
atomic hydrogen is excited to level 4?

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

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

Turn over for the next question

____
8
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4 Figure 1 shows the apparatus in which α particles are directed at a metal foil in order to
investigate the structure of the atom.

Figure 1

(a) (i) Give two reasons why the metal foil should be thin.

1 .................................................................................................................................

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

2 .................................................................................................................................

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

(ii) Explain why the incident beam of α particles should be narrow.

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

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

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

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

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

evacuated chamber

metal foil

α particle detector
α particle source

collimator
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(b) Describe and explain one feature of the distribution of the scattered α particles that
suggests the nucleus contains most of the mass of an atom.

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

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

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

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

(c) Figure 2 shows three α particles with the same constant velocity incident on an atom
in the metal foil.  They all approach the nucleus close enough to be deflected by at
least 10°.

Figure 2

Draw on Figure 2 the paths followed by the three α particles whose initial directions
are shown by the arrows. (3 marks)

Turn over for the next question

____
8

α particles

nucleus of metal atom
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5 (a) Explain the term work function.

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

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

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

(b) When a clean lithium surface is illuminated with ultraviolet radiation of photon 
energy 7.9 × 10�19 J, photoelectrons of energies up to 4.2 × 10�19 J are emitted.

Calculate

(i) the wavelength of the ultraviolet radiation,

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

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

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

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

(ii) the work function of lithium, in J,

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

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

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

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

(iii) the work function of lithium, in eV.

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

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

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

....................................................................................................................................
(6 marks)
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(c) Describe and explain the effect of increasing the intensity of the incident ultraviolet
radiation on the emitted photoelectrons.

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

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

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

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

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

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

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

Turn over for the next question

____
11
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6 (a) Explain the term critical angle when applied to a transparent material in air.

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

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

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

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

(b) Dense glass in the shape of a prism, ABC, is surrounded by air as shown in Figure 3.
A ray of light enters one side normally.

refractive index of the glass = 1.60

Figure 3

(i) Calculate the critical angle for this dense glass�air boundary.

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

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

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

(ii) Complete the path of the ray on Figure 3 showing it emerging into the air.  Mark
all relevant angles at the point of incidence on side AB.
No calculations are expected.

AC

B

dense
glassair

30°

60°
ray of light
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(iii) A second prism made from a different type of glass is fixed to the original as
shown in Figure 4.  The ray of light now passes parallel to the boundary with the
second prism.

Figure 4

Calculate the refractive index of the glass from which the second prism is made.

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
2

____
8

dense 
glassair

ray of light
60°

60°

30°

30°
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