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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.







Answer all questions in the spaces provided.

1 A battery of emf 24 V and negligible internal resistance is connected to a resistor network as shown in
the circuit diagram in Figure 1.

Figure 1

(a) Show that the resistance of the single equivalent resistor that could replace the four resistors
between the points A and B is 50 Ω.

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

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

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

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

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

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

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

(b) If R1 is 50 Ω, calculate

(i) the current in R1,

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

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

(ii) the current in the 60 Ω resistor.

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

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

...............................................................................................................................................
(4 marks)
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2 (a) In the circuit shown in Figure 2, the battery has an emf of 12 V and negligible internal resistance.

PQ is a potential divider, S being the position of the sliding contact.  In the position shown, the
resistance between P and S is 180 Ω and the resistance between S and Q is 60 Ω.

Figure 2

(i) Calculate the current, I, in the circuit, assuming that there is no current through the
voltmeter V.

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

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

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

(ii) What property of the voltmeter allows us to assume that no current flows through it?

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

(iii) What is the reading on the voltmeter?

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

...............................................................................................................................................
(4 marks)
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(b) The circuit in Figure 2 is modified as shown in Figure 3, by exchanging the voltmeter for a 
load R, whose resistance is about the same as the resistance of section SQ of the potential divider.

Figure 3

Explain, without calculation, why the current through the battery increases in value from that
in part (a).

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

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

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

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

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

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

.........................................................................................................................................................
(2 marks)
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3 (a) The circuit shown in Figure 4 may be used to determine the internal resistance of a battery.  An
oscilloscope is connected across the battery as shown.  Figure 5 represents the screen of the
oscilloscope.

The time base of the oscilloscope is switched off throughout the experiment.
Initially the switches S1 and S2 are both open.  Under these conditions the spot on the
oscilloscope screen is at A.

(i) Switch S1 is now closed, with S2 remaining open.  The spot moves to B.
State what the deflection AB represents.

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

(ii) Switch S1 is kept closed and S2 is also closed.  The spot moves to C.
State what the deflection AC represents.

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

(iii) The vertical sensitivity of the oscilloscope is 0.50 V div�1.  Calculate the current through
the 14 Ω resistor with both switches closed.

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

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

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

(iv) Hence, calculate the internal resistance of the battery.

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

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

...............................................................................................................................................
(6 marks)
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(b) The oscilloscope is now connected to an alternating voltage source of rms value 3.5 V.

(i) Calculate the peak value of the alternating voltage.

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

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

(ii) Draw on Figure 6 what you would expect to see on the oscilloscope screen, if the time
base is still switched off and the voltage sensitivity is altered to 2.0 V div�1.

Figure 6
(3 marks)
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4 (a) A metal wire of length 1.4 m has a uniform cross-sectional area = 7.8 × 10�7m2.  Calculate the
resistance, R, of the wire.
resistivity of the metal = 1.7 × 10�8Ω m

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

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

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

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

(b) The wire is now stretched to twice its original length by a process that keeps its volume constant.
If the resistivity of the metal of the wire remains constant, show that the resistance increases 
to 4R.

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

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

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

.........................................................................................................................................................
(2 marks)
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5 (a) On the axes in Figure 7 draw I � V characteristics for two components, A and B, both of which
obey Ohm�s law.  Component B has a lower resistance than component A.
Label your characteristics clearly as A and B.

Figure 7
(2 marks)

(b) On the axes in Figure 8 draw the I � V characteristic for a silicon semiconductor diode, giving
any relevant voltage values.

Figure 8
(3 marks)
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(c) Figure 9 shows the I � V characteristic of a filament lamp.  Explain the shape of this
characteristic.

Figure 9

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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6 A material in the form of a wire, 3.0 m long and cross-sectional area = 2.8 × 10�7m2 is suspended from
a support so that it hangs vertically.  Different masses may be suspended from its lower end.  The table
shows the extension of the wire when it is subjected to an increasing load and then a decreasing load.

(a) Plot, on the grid opposite, a graph of load (on y axis) against extension (on x axis) both for
increasing and decreasing loads.

(4 marks)

(b) Explain what the shape of the graph tells us about the behaviour of the material in the wire.

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

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

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

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

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

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

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

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

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

(c) Using the graph, determine a value of the Young modulus for the material of the wire.

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

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

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

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

(d) State how the graph can be used to estimate the energy stored during the loading process.

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

.........................................................................................................................................................
(1 mark)
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extension / mm 0 2.2 4.6 6.4 7.4 8.2 9.6 13.0 10.2 8.0 4.8 3.2
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