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SECTION I   

1. Read the passage and then answer the questions at the end.

The homopolar generator

In principle a homopolar generator consists of a conducting disc spinning about an axis in a magnetic field parallel to this axis. When the spinning disc is stopped suddenly, all its kinetic energy can be used to generate large current surges.

In order to spin the disc up to speed, a d.c. power supply is connected as shown in Figure 1. The magnetic force on the current crossing from the axle to the rim of the conducting disc provides the necessary accelerating force. As the conducting disc speeds up, however, there is an increasing voltage generated between the terminals T1 and T2. When the power supply is disconnected this voltage can be used to drive a current through a resistor connected between them as shown in Figure 2.
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The size of the voltage V generated can be calculated from the 

relationship V = π ( rd2 - ra2 ) f B  where rd and ra are the radii of 

the disc and axle, f is the frequency of rotation of the disc and B 

is the magnetic flux density assumed to be uniform over the 

surface of the disc.
The main purpose of homopolar generators is as research tools 

to produce huge surges of current when their terminals are 

suddenly short-circuited. Apart from increasing the magnetic 

field, higher generated voltages can be obtained by increasing 

the speed of rotation or the diameter of the disc. The speed 

cannot be increased indefinitely as the speed of the edge of 

the disc is limited to a maximum of about 200 m s-1 by the 

mechanical properties of the material, usually steel, from which it is made.
One large homopolar generator in Australia, which is designed to produce huge current surges, measures 3.6 m in diameter, rotates at 15 Hz and is so massive that the kinetic energy it stores at this speed is 580 MJ. When it is short-circuited, the current surges are used to produce short-lived, but extremely high, magnetic fields in order to study the properties of matter under extreme conditions. Such fields, it is proposed, could be used in an electromagnetic gun to project a small mass at speeds of over 7 km s-1. This speed is of the order of the speed of satellites in low orbit and hence the projected masses could be used to study the problems encountered by missiles re-entering the atmosphere.
[The passage is adapted from The homopolar generator by G Newstead in Physics and the engineer. Penguin 1973.] 
(a) What is meant by the term 'short-circuited' used in the passage (paragraph 4)? (2)
(b) (i) Is the output of a homopolar generator a.c. or d.c.? 

(ii) List the quantities on which the voltage generated by a homopolar generator depends. 

(iii) Give two uses which are suggested for the huge surges of current produced by a homopolar generator.  (6)
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(c) The graph shows a current surge from a short-circuited homopolar generator.
(i) Estimate the charge flowing during this surge.Show each stage of your calculation.
(ii) Calculate the maximum power dissipated when the terminals T1 and T2 of the 

generator, which has an 'internal' resistance 0.12 mΩ (1.2 x l0-4 Ω), are connected 

together through a negligible external resistance. (7)
(d) Show that the equation V = π ( rd2 - ra2 ) f B  is homogeneous with respect to units. (4)
(e) Figure 1 shows how the disc of a homopolar generator is spun up to speed.
(i) State the main energy change involved.  

(ii) What force speeds up the rotation of the disc? 

(iii) Show that the speed of the edge of the disc described in the last paragraph is less than the 
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maximum safe speed. (5)
(f) In the circuit diagram below, the e.m.f of the d.c. power supply used to speed up the disc is ε 

and the opposing voltage generated by the rotating disc is V. The total resistance of the circuit 

is R. Write down an equation from which the current I in the circuit can be calculated and 

explain why I decreases as the speed of the disc increases. (3) 

(g) (i) Show that the speed v of a satellite in a circular orbit at a height h above the Earth's surface is 
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given by
                          

      where mE is the mass of the Earth and rE is its radius.
(ii) If mE = 6.0 x 1024 kg and rE = 6.4 x 106 m, for what value of h is the orbital speed equal to 7 km s-1? (4)
TOTAL FOR SECTION I: 31 MARKS
SECTION II

(Answer ALL questions)
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2. (a) The simplified diagram shows the 'dees' of a cyclotron connected to a 

high frequency alternating supply. The dashed line shows the path of an 

accelerated proton. In the shaded region a uniform magnetic field B of flux 

density 0.80 T acts upwards out of the paper.   

(i) Explain why the magnetic field must be upwards out of the paper when 

accelerating protons.

(ii) By considering a proton of mass m and charge e (1.6 x 10-19 C) moving in a 
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circle of radius r in the cyclotron, show that the time t taken to complete one semicircle 

is given by:

(5)

(iii) Describe how the energy of the proton is increased in a cyclotron. Give one reason 

why the energy cannot be increased indefinitely. You may be awarded a mark for the 

clarity of your answer. (4)
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(iv) Show that the gain in energy of a proton accelerated through a potential difference of

12kVisabout 2 x 10-15 J.

(v) The kinetic energy of a proton circling at a radius r can be expressed as:

Calculate the radius of the circle in which a proton will be moving after being accelerated 

850 times across a potential difference of 12 kV. (4) 
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(b) The diagram shows a pendulum bob of mass m which has been set moving in a horizontal 

circle at a speed v, together with a free-body force diagram for the bob. 

The time t taken by the pendulum bob to complete half a circle can be deduced as 
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follows: 

(i) State how Newton's laws of motion are applied in this deduction.
(ii) What assumption is needed in order to show that the expression for t deduced above is independent of the radius of the circle in which the pendulum bob is moving?
(iii) Suggest how you might use an arrangement like this as an analogy to demonstrate how protons are accelerated in a cyclotron. (5)
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(Total 18 marks)
3. In 1908 Rutherford and Royds, working at Manchester University, used the apparatus shown 

to study the nature of α-particles.
Radon gas, 22286Rn, which decays by α-emission to an isotope of polonium, Po, is placed at 

atmospheric pressure in a capsule C made from very thin glass. Any α-particles passing 

through the glass from C become helium atoms in the evacuated tube A.
(a) (i) Write a nuclear equation for this a decay.
(ii) What must happen to an α-particle in order for it to become a helium atom? (4)
(b) Even after several days, the helium gas that accumulates in tube A is only at a very low pressure p. 

By raising the level of the mercury, this gas is compressed into the narrow tube B.
(i) Take measurements from the diagram and use them to show that the ratio of the volumes of the 

tubes A and B is about 150.
(ii) If the pressure of the helium when compressed into tube B is 20 Pa, calculate a value for p.
(iii) Explain why the capsule C must have very thin walls. (6)
Q3 continues on the next page.

(c) When a potential difference is applied across the electrodes P and Q, the helium atoms in tube
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B are excited and the resulting spectrum for helium can be studied.

(i) Outline how you could study the spectrum of helium in the laboratory. 

What would you observe in your experiment?

(n) Explain, in terms of the frequencies of the emitted photons, why the spectrum of a gaseous 

element is unique to that element.

(iii) Discuss briefly whether the presence of mercury vapour in tube B would have been 

confusing in this experiment. (6)

(Total 16 marks)

4. (a) (i) A body can be said to be moving with simple harmonic motion when  a = - ( 2 π f )2 x
State what a, f and x represent in this equation and explain the significance of the minus sign. (4)

(ii) Calculate the maximum speed of an electron which is oscillating with simple harmonic 

motion in a mains wire at 50 Hz with an amplitude of 8.0 μm. (3)
(b) The diagram below shows a weighted test tube of cross-sectional area A and mass m 
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which is oscillating vertically in water.
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The frequency f of the oscillations, which can be considered to be independent of their amplitude, is given by:                                                                       
where ρ is the density of the water and g is the acceleration of free fall.
(i) Show that this equation is homogeneous with respect to units. (2) 
(ii) The graph below shows how the vertical displacement y of the test tube varies with time t. 
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This shows that the oscillations of the test tube are damped. The damping is thought to be exponential.
By taking measurements from the graph, discuss whether the damping is exponential in this case. (3)
(iii) Sketch a rough graph to show how the kinetic energy of the test tube varies from t = 0 to t =0.5 s,  i.e. during its first oscillation. Add a scale to the time axis. (3)
(Total 15 marks)
TOTAL FOR SECTION II: 49 MARKS
TOTAL FOR PAPER: 80 MARKS
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