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Section B

The maximum mark for this section is 35 marks. You are advised to spend approximately
50 minutes on this section.

1 A narrow beam of electrons is produced in a vacuum tube using an electron gun, part of
which is shown in Figure 1.

Figure 1

1 (a) (i) State and explain the effect on the beam of electrons of increasing the filament current.

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

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

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

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

1 (a) (ii) State and explain the effect on the beam of electrons of increasing the anode potential.

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

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

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

..............................................................................................................................................
(2 marks)
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1 (b) The beam of electrons is directed at right angles into a uniform magnetic field as shown
in Figure 2.

Figure 2

1 (b) (i) Explain why the electrons move in a circular path at a constant speed in the magnetic
field.

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

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

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

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

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

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

Question 1 continues on the next page
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1 (b) (ii) When the speed of the electrons in the beam is 7.4 × 106 m s–1 and the magnetic flux
density is 0.60 mT, the radius of curvature of the beam is 68 mm.

Use these data to calculate the specific charge of the electron, stating an appropriate
unit.  Give your answer to an appropriate number of significant figures.

answer = ......................................
(4 marks)

1 (b) (iii) Discuss the historical relevance of the value of the specific charge of the electron
compared with the specific charge of the H+ ion.

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

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

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

..............................................................................................................................................
(2 marks)
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2 When light of wavelength 590 nm is directed at an uncharged surface of a certain
metal X, electrons are emitted from the metal surface causing a photoelectric current.

2 (a) When the metal surface is charged positively, the photoelectric current decreases and
becomes zero when the potential of the surface is + 0.35 V.

2 (a) (i) Calculate the maximum kinetic energy of a photoelectron emitted from the surface
when the metal surface is uncharged.

answer = ...................................... J
(2 marks)

2 (a) (ii) Calculate the work function of the metal surface, in J.

answer = ...................................... J
(3 marks)
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2 (b) When the experiment was repeated using a different metal, Y, illuminated by light of the
same wavelength, there was no photoelectric emission when the metal surface was
uncharged.

2 (b) (i) Explain this observation.

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

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

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

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

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

2 (b) (ii) How did this observation contribute to the failure of the wave theory of light?

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

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

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

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

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

..............................................................................................................................................
(2 marks)
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3 Figure 3 shows the probe of a scanning tunnelling microscope (STM) above a metal
surface.

Figure 3

3 (a) Explain why electrons can cross the gap between the tip of the probe and the surface,
provided

• the gap is sufficiently narrow
• a potential difference is applied between the tip and the surface.

The quality of your written communication will be assessed in this question.

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

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

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

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

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

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

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

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

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

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

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

..............................................................................................................................................
(6 marks)
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3 (b) The probe is moved horizontally in a straight line across the surface.  As it moves, the
current due to the transfer of electrons between the surface and the probe decreases then
returns to its initial value at the end of the line, as shown in Figure 4.

Figure 4

Explain why the current changes in this way.

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

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

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

..............................................................................................................................................
(2 marks)
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4 (a) One of the two postulates of Einstein’s theory of special relativity is that the speed of
light in free space, c, is invariant.

Explain what is meant by this statement.

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

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

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

4 (b) A beam of identical particles moving at a speed of 0.98c is directed along a straight line
between two detectors 25 m apart.

Figure 5

The particles are unstable and the intensity of the beam at the second detector is a
quarter of the intensity at the first detector.

Calculate the half-life of the particles in their rest frame.

answer = ...................................... s
(4 marks)

END  OF  QUESTIONS
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