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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 the question.

1 (a) A radioactive source gives an initial count rate of 110 counts per second.  After 10 minutes the
count rate is 84 counts per second.

background radiation = 3 counts per second

(i) Give three origins of the radiation that contributes to this background radiation.

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

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

3 .............................................................................................................................................

(ii) Calculate the decay constant of the radioactive source in s�1.

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

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

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

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

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

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

(iii) Calculate the number of radioactive nuclei in the initial sample assuming that the detector
counts all the radiation emitted from the source.

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

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

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

...............................................................................................................................................
(7 marks)
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(b) Discuss the dangers of exposing the human body to a source of α radiation.  In particular
compare the dangers when the α source is held outside, but in contact with the body, with those
when the source is placed inside the body.

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

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

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

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

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

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

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

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

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

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

Answer all questions.

2 Hertz discovered how to produce and detect radio waves.  He measured the wavelength of radio waves
produced at a constant frequency using the arrangement shown in Figure 1.

Figure 1

(i) Explain why the strength of the detector signal varied repeatedly between a minimum and a
maximum as the detector was moved slowly away from the transmitter along the dotted line.

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

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

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

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

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

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

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

(ii) Hertz found that a minimum was detected each time the detector was moved a further 1.5 m
away from the transmitter.
Calculate the frequency of the radio waves.

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

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

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

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

5

0204/PHA8W

LEAVE 
MARGIN
BLANK

8

transmitter detector
reflector

D



3 (i) Calculate the kinetic energy, in J, of a proton accelerated in a straight line from rest through a
potential difference of 1.1 × 109V.

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

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

(ii) Show that the mass of a proton at this energy is 2.2 m0, where m0 is the proton rest mass.

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

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

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

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

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

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

(iii) Hence calculate the speed of a proton of mass 2.2 m0.

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

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

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

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

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

.........................................................................................................................................................
(7 marks)
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4 A potential difference was applied between two electrodes in a glass tube containing air, as shown in
Figure 2.  The pressure of the air in the tube was gradually reduced until a glow of light was observed
between the electrodes.

Figure 2

(i) Explain why light was emitted.

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

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

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

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

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

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

(ii) State why the glow was not observed until the pressure of the air in the tube was low enough.

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

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

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

4
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5 In an experiment to measure the charge on a charged oil droplet, a droplet was observed between two
horizontal metal plates, as shown in Figure 3, spaced 6.0 mm apart.

Figure 3

(a) The oil droplet was held stationary when a negative potential of 320 V was applied to the top
plate, keeping the lower plate at zero potential.

(i) State the sign of the charge on the droplet.

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

(ii) With reference to the forces acting on the droplet explain why it was stationary.

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

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

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

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

(b) The potential difference between the plates was then switched off and the droplet fell at constant
speed through a vertical distance of 1.20 mm in 13.8 s.

(i) Calculate its speed of descent.

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

...............................................................................................................................................
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(ii) By considering the forces on the spherical droplet of radius r as it falls at constant 
speed v, show that 

where η is the viscosity of the air between the plates and ρ is the density of the oil.
Ignore buoyancy effects.

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

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

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

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

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

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

(iii) Calculate the radius of the droplet and hence show that its mass is 2.6 × 10�15kg.

viscosity of the air = 1.8 × 10�5N s m�2

density of the oil = 960 kg m�3

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

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

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

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

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

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

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

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

v =
2ρ gr2   

,

9η
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(iv) Calculate the charge carried by this droplet.

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

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

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

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

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

...............................................................................................................................................
(10 marks)
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