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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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SECTION  A:  NUCLEAR INSTABILITY

Answer all parts of this question.

1 Figure 1 shows a grid of neutron number against proton number.  A nucleus      is marked.

Figure 1

(a) Draw arrows on Figure 1, each starting on  X  and ending on a daughter nucleus after the
following transitions:

(i) β� emission (label this arrow A)
neutron emission (label this arrow B)
electron capture (label this arrow C).

(ii) Give the equation for electron capture by the nucleus   X.

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

N + 2

N

N � 2
Z �  2 Z

A XZ

A XZ

A XZ

A XZ

proton number
Z + 2

neutron number
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(b) When     Mg decays to     Al by β� decay, the daughter nucleus is produced in one of two possible
excited states.  These two states are shown in Figure 2 together with their corresponding
energies.

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted β� particle can
have.

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

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

(ii) The excited aluminium nuclei emit γ photons.  Calculate each of the three possible γ 
photon energies in J.

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

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

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

(iii) Calculate the frequency of the most energetic γ photon emitted.

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

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

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

27
12  

27
12

27
13

Mg E/10�13J
4.18

1.63

1.33

0.00 (ground state)
27
13 A1



(c) (i) State and explain two precautions that should be taken when working with a sample of 
Mg in a school laboratory.

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

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

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

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

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

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

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

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

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

(ii) Discuss which of the two types of radiation, β� or γ, emitted from a sample of     Mg would
be the more hazardous.

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

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

...............................................................................................................................................
(3 marks)
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SECTION  B:  TURNING POINTS  IN  PHYSICS

Answer all questions.

2 In an experiment to measure the charge of an oil droplet, a positively charged oil droplet was held
stationary by means of a uniform electric field of strength 4.9 × 105V m�1.

(a) (i) What was the direction of the electric field?

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

(ii) Show that the specific charge of the oil droplet was 2.0 × 10�5C kg�1.

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

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

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

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

(b) When the electric field was switched off the oil droplet fell and quickly reached constant speed.
Explain why the oil droplet reached constant speed.

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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3 The Michelson-Morley experiment represented in the diagram was designed to find out if the speed of
light depended on its direction relative to the Earth�s motion through space.  Interference fringes were
seen by the observer.

(a) (i) Explain why interference fringes were seen.

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

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

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

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

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

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

(ii) The interference fringe pattern did not shift when the apparatus was rotated by 90 °.
Explain the significance of this null observation.

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

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

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

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

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

...............................................................................................................................................
(5 marks)
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(b) Einstein postulated that the speed of light in free space is invariant.  Explain what is meant by
this postulate.

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

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

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

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

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

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

7

4 (a) Describe one piece of evidence that shows that matter has

(i) a wave-like nature,

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

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

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

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

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

(ii) a particle-like nature.

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

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

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

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

...............................................................................................................................................
(3 marks)
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(b) For a proton of kinetic energy 5.0 MeV,

(i) show that its speed is 3.1 × 107m s�1,

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

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

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

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

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

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

(ii) calculate its de Broglie wavelength.

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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5 A narrow beam of electrons at a speed of 3.2 × 107m s�1 travels along a circular path in a uniform
magnetic field of flux density, B, as shown in the diagram.

(a) Explain why the path of the beam in the field is circular.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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(b) (i) Show that the speed, v, of the electrons in the field is given by 

v =        ,

where r is the radius of the circular path of the beam in the field.

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

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

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

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

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

(ii) When the flux density was 7.3 mT, the radius of the circular path of the beam in the field
was 25 mm.  Use the data to calculate the specific charge of the electron.

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

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

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

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

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

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

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

8

QUALITY OF WRITTEN COMMUNICATION    (2 marks)

2

END  OF QUESTIONS
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