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Answer both questions.

You are advised to spend no more than 30 minutes on Question 1.

1 A student discovers a novel way of measuring the force that acts between two cylindrical bar
magnets.
Two such magnets, A and B, are placed on a smooth, flat glass plate with the poles aligned so
that the magnets repel one another.  Magnet A is glued in place.  A wedge is then introduced
under one edge of the glass plate so that the plate is inclined at an angle, θ, to the desk.
Magnet B, which is free to roll, comes to rest in the position shown by the views given in
Figure 1.

Figure 1

The student sketches a force diagram, shown in Figure 2, for the forces acting on magnet B. 
These are 

W, the weight of the rolling magnet, 
N, the contact force normal to the glass plate and 
R, the repulsive force due to the fixed magnet, acting parallel to the glass plate.

Realising that these forces are in equilibrium, the student plans to use this diagram to
determine the magnitude of R.

Figure 2
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It is suggested that R might vary as , where d is the separation of the magnets, as shown 
in Figure 3.

Figure 3

Design an experiment that enables the student to determine whether R varies as .

You should assume that the normal laboratory apparatus used in schools and colleges is
available.  You may wish to draw a diagram to illustrate your answer.

In your answer you should:

! Identify the quantities you intend to measure and explain how you will measure 
them.

! Explain how you propose to use your measurements to determine if R varies as .
You may wish to draw a diagram to illustrate this part of your answer.

! List any factor(s) you will need to control and explain how you will do this.
! Identify any difficulties you might encounter in obtaining reliable results and explain

how these could be overcome.

Write your answers to Question 1 on pages 8 and 9 of this booklet.
(8 marks)
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2 You are to investigate the rotational oscillations of a mass suspended from a wire, as the
length, h, of the wire is varied.
The arrangement of the apparatus is shown in front view and side view in Figure 4.

Figure 4

(a) Use the micrometer screw gauge to determine the mean diameter, d, of the wire.

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

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

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

d =.......................................
(1 mark)
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(b) Template A is a piece of card that is trapped between the mass hanger and slotted
masses.  Template B is another piece of card that can be placed on the floor below the
suspended mass.  Printed on both templates are check marks that you should use when
measuring the period of rotational oscillations of the suspended mass.  Rotate 
template A on its own until the check-mark is pointing away from the edge of the
bench.  Position template B so that it is directly below the suspended mass and the
check-mark is aligned with that on template A, as shown in Figure 5. 

Figure 5

Keeping the wire vertical, rotate the stem of the mass hanger so that the suspended
mass turns through approximately a quarter of a full rotation, i.e. 90°, as shown in
Figure 6.

Figure 6

Release the stem of the mass hanger so that the suspended mass performs rotational
oscillations.
Make suitable measurements to determine the period, T, of the rotational oscillations
and the length of wire, h, as defined in Figure 4.

Repeat the procedure to find values of T for four smaller values of h.
Record all the measurements you make on the following page.

Turn over !!
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Measurements and observations.

(4 marks)

(c) Using the grid on page 13, plot a graph with log10 (h/m) on the vertical axis and 
log10 (T/s) on the horizontal axis.
Tabulate below the data you will plot on your graph.

(8 marks)

(d) Measure and record the gradient, G, of your graph.

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

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

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

G = .........................................
(3 marks)
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(e) Theory shows that for a given length of wire, T ∝ .

Suppose the experiment is repeated using a wire of the same material but half the
diameter.  If the values of h used were the same as in the original experiment, state,
without explanation, what effect this change would have on

(i) the values of T,

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

(ii) the result for G.

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

(f) It is suggested that, in common with other examples of oscillating systems you may
have studied, the amplitude of the rotational oscillation decays exponentially as the
energy of the system decreases due to damping.
Outline how you would verify whether this suggestion is correct. 
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END  OF QUESTIONS
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