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Use black ink or black ball-point pen.
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Section A

Answer all question(s) in this section.

This question is about experiments to investigate the magnetic flux density around a
current-carrying conductor.

A student is provided with apparatus shown in Figure 1.
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The apparatus consists of a circular frame on which is wound a coil of wire. This
arrangement is mounted inside a rectangular frame.

The student clamps a search coil so itis co-axial with the circular coil then arranges
the apparatus so that both frames and the search coil lie in the same vertical plane.

The coil of wire is connected to a signal generator and the search coil is connected to
an oscilloscope. When a sinusoidal alternating current is passed through the coil an
alternating emfis induced in the search coil.

The induced emf displayed on the oscilloscope is shown in Figure 2.

Question 1 continues on the next page
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Figure 2
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: Determine, using Figure 2, the frequency of the current in the coil.

Time-base setting of the oscilloscopeis 0.2 ms crit.
[2 marks]

frequency = Hz

- Determine, using Figure 2, the root mean square (rms) voltage of the emf induced in
the search coil.

y-voltage gain of the oscilloscope =10 mV cm’
[2 marks]

rms voltage = \




: Figure 3 and Figure 4 showthe search coil and Byeas the peak magnetic flux density
produced by the current in the circular coil, when the apparatus is viewed from above.

Figure 3 shows the direction of ByeaxWhen the search coil is arranged as in Figure 1.

Figure 4 shows the direction of ByeacwWhen the circular frame is rotated through an
angle q.

The shaded area in these diagrams shows how the flux linked with the search coill
changes as the circular coil is rotated.
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Explain why the flux linked with the coil is directly proportional to cod.
[2 marks]
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. The student clamps the rectangular frame so that it remains in a vertical plane.
Without changing the position of the search coil she rotates the circular frame about a
vertical axis so that it is turned through an angle, as shown in Figure 5.
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She turns off the time-base on the oscilloscope so that a vertical line is displayed on
the screen. Keeping the y-voltage gainat 10 mV cm? she records the length | of the
vertical line and the angle dthrough which the circular frame has been rotated. She
measures further results for | as dis increased as shown in Table 1.

Table 1
d/degree I/cm cosd
10 6.7
34 5.6
50 4.4
60 3.4
72 2.1
81 11

Plot on Figure 6 a graph to test if these data confirmthat | is directly proportional to
cogl. Use the additional column in Table 1 to record any derived datayou use.

[4 marks]




Figure 6

: State and explain whether the graph you have drawn confirms the suggestion that | is

directly proportional to cod.

[1 mark]

Question 1 continues on the next page
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: @ When the time-base is switched off, the trace on the oscilloscope appears as shown in
Figure 7.
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Describe two adjustments the student should make to the trace to reduce the
uncertainty in I.

You should refer to specific controls on the oscilloscope. You may use Figure 7 to
illustrate your answer.
[4 marks]




The student adjusts the signal generator so that the frequency of the currentin the
' circular coil is doubled.

State and explain any changes she should make to the settings of the oscilloscope in
Question 1.6 so that she can repeatthe experiment.
[3 marks]

Question 1 continues on the next page

Turnover4




10

. The apparatus is re-arranged as in Figure 1 so that both coils lie in the same vertical
plane and are co-axial along a line PQ.

The search colil is then moved a distance x along PQ, as shown in Figure 8.
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The values of | corresponding to different values of X are recorded. A graph of these
data is shown in Figure 9.
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It is suggested that | decreases exponentially as x increases.
Explain whether Figure 9 supports this suggestion.
[2 marks]
Turn over4
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A temperature sensor is connected to a data logger to monitor howthe temperature g
of a fixed mass of recently-boiled water varies with time t, over an interval of 600 s
These data are processed to produce the graph shown in Figure 10.

Figure 10




