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Answer all questions.

1 (a) On the axes below draw the I � V characteristic for a silicon semiconductor diode in
both forward bias and reverse bias.  Indicate any relevant voltage values on the axis.

(4 marks)

(b) Figure 1 shows the I � V characteristic for a filament lamp.  Explain the shape of the
characteristic.

Figure 1

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

.............................................................................................................................................
(4 marks) ____
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2 In the circuit shown in Figure 2, the battery, of negligible internal resistance, has an emf 
of 30 V.  The pd across the lamp is 6.0 V and its resistance is 12 Ω.

Figure 2

(a) Show that the total resistance of the circuit is 20 Ω.

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

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

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

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

(b) Calculate

(i) the current supplied by the battery,

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

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

(ii) the pd between the points A and B,

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

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

(iii) the current in the lamp.

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

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

30 V

12 Ω
18 Ω

15 Ω

10 Ω BA
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(c) (i) What is the power of the lamp, in W?

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

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

(ii) What percentage of the power supplied by the battery is dissipated in the lamp?

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

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

Turn over for the next question

____
10
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3 The battery of an electric car consists of 30 cells, connected in series, to supply current to the
motor, as shown in Figure 3.

Figure 3

(a) Assume that the internal resistance of each cell is negligible and that the pd across each
cell is 6.0 V.

(i) State the pd across the motor.

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

(ii) The battery provides 7.2 kW to the motor when the car is running.  Calculate the
current in the circuit.

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

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

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

(iii) The battery can deliver this current for two hours.  Calculate how much charge
the battery delivers in this time.

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

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

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

(iv) Calculate the energy delivered to the motor in the two hour period.

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

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

....................................................................................................................................
(7 marks)

M
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(b) In practice, each cell has a small but finite internal resistance.  Explain, without
calculation, the effect of this resistance on

! the current in the circuit, and 

! the time for which the battery can deliver the current in part (a)(ii).

You may assume that the motor behaves as a constant resistance.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

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

Turn over for the next question

____
10
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4 The circuit in Figure 4 shows a sinusoidal ac source connected to two resistors, R1 and R2,
which form a potential divider.  Oscilloscope 1 is connected across the source and
oscilloscope 2 is connected across R2.

Figure 4

(a) Figure 5 shows the trace obtained on the screen of oscilloscope 1.  The time base of
the oscilloscope is set at 10 ms per division and the voltage sensitivity at 
15 V per division.

Figure 5

For the ac source, calculate

(i) the frequency,

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

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

(ii) the rms voltage.

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

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

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

R1

R2 oscilloscope 2
oscilloscope 1
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(b) The resistors have the following values: R1 = 450 Ω and R2 = 90 Ω.
Calculate

(i) the rms current in the circuit,

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

(ii) the rms voltage across R2.

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

(c) Oscilloscope 2 is used to check the calculated value of the voltage across R2 .  The
screen of oscilloscope 2 is identical to that of oscilloscope 1 and both are set to the same
time base.  Oscilloscope 2 has the following range for voltage sensitivity: 1 V per div.,
5 V per div., 10 V per div. and 15 V per div.
State which voltage sensitivity would give the most suitable trace.  Explain the reasons
for your choice.

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

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

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

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

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

Turn over for the next question

____
9
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5 (a) (i) Describe the behaviour of a wire that obeys Hooke�s law.

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

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

(ii) Explain what is meant by the elastic limit of the wire.

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

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

(iii) Define the Young modulus of a material and state the unit in which it is
measured.

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

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

(b) A student is required to carry out an experiment and draw a suitable graph in order to
obtain a value for the Young modulus of a material in the form of a wire.
A long, uniform wire is suspended vertically and a weight, sufficient to make the wire
taut, is fixed to the free end.  The student increases the load gradually by adding known
weights.  As each weight is added, the extension of the wire is measured accurately.

(i) What other quantities must be measured before the value of the Young modulus
can be obtained?

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

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

(ii) Explain how the student may obtain a value of the Young modulus.

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

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

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

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

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

....................................................................................................................................
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(iii) How would a value for the elastic energy stored in the wire be found from the
results?

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

....................................................................................................................................
(6 marks)

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
11

____
2
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