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Section B
Answer all the questions in the spaces provided.
Time allowed 1 hour 15 minutes.
You will need to refer to the work you did in Section A Task 2 when answering these questions.

Do not write
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1 (a) (i) Determine the gradient, G, of your graph (Figure 11).

1 (b) In part (a)(i) of Section A Task 2 you measured ¢, the emf of the power supply.
It can be shown that

£-I 4,

V. R

where V and R are as defined in Section A Task 2, and r is the internal resistance of
the power supply.

State and explain how your graph can be used to determine r.
[3 marks]
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1 (c) (i)

1 (c) (ii)

What assumption is being made about the voltmeter when it is used to measure ¢?

In part (a)(ii) of Section A Task 2 you measured V,, the voltmeter reading when
resistor X was in parallel with the 68 Q resistor and switch S was closed.
Explain why V is less than e¢.

1 (c) (iii) Evaluate ﬂ
€= Vx [4 marks]
GV, _
P

Turn over for the next question

Turn over p
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2 A student performs a different experiment to investigate how the pd across a power
supply changes as the resistance of the external circuit is varied.

The internal resistance, r, of the power supply is unknown.
The student begins by measuring the emf of the power supply and then connects an
increasing number of 22 Q resistors across the supply, measuring the pd as each

resistor is added.

This procedure is illustrated in Figure 12.

measuring the emf

-
unknown internal |
resistance, r

measuring the pd
with one 22 Q
resistor connected

measuring the pd
with two 22 Q
resistors connected

L— -4

Figure 12

22Q

22Q 22Q

The student continues with this procedure until twenty resistors have been connected

to the circuit.

Some of the student’s results, showing how V, the pd across the power supply,
depends on n, the number of 22 Q resistors connected to the circuit, are shown below.

n VIV n VIV
0 1.56 4 0.92
1 1.33 7 0.71
2 1.16 12 0.51

WMP/Jun14/PHA3/B3/X

Do not write
outside the
box



2 (a)

Plot these data on Figure 13 below then use your graph to predict V,(, the pd across

the power supply when n = 20.

Figure 13

1.8

1.6

1.4

1.2

VIV 1.0

0.8

0.6

0.4

0.2

12

14

16

18

20

[2 marks]
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2 (b) The student uses a computer spreadsheet to analyse how P, the power dissipated in
the external resistance, produced by the 22 Q resistors, depends on n.
Figure 14 shows P for values of n between 4.0 and 8.0.

Figure 14

164

162

160

P/ mW

158 f -

156

154
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

The student finds that P has a maximum value when the external resistance is equal
to the internal resistance of the power supply.
Use Figure 14 to determine the internal resistance of the power supply in the
student’s analysis.

[3 marks]
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3 A student devises an ohm-meter based on an analogue milliammeter.
The student’s circuit is shown in Figure 15.

Figure 15

analogue milliammeter

o X

- dofoc™ ™

a1

o T

®

The principle of the student’'s ohm-meter is that the meter reading decreases when
any resistor is connected between X and Y.
The amount by which the reading decreases depends on the resistance between

Xand Y.

The procedure for using the circuit is as follows:

Step 1 The variable resistor is set to maximum resistance. Switch S is then closed
and the meter indicates a small current, as shown in Figure 16a.

Step 2 The resistance of the variable resistor is reduced until the meter shows the
full-scale reading, as shown in Figure 16b.

Step 3 A resistor is connected between X and Y and switch S is opened. The
reading on the meter falls to a value less than full-scale, as is shown in

Figure 16c.

Figure 16a

Figure 16b

Figure 16¢

Q/\\

S

0/\\

e

Q/\\

S)
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3 (a) (i) Having carried out steps 1 and 2, explain what the student should do next to calibrate
the scale on the meter to read resistance.

[3 marks]

3 (a) (ii) The emf of the battery decreases over time.
State what effect, if any, this change will make to the resistance readings made in
Figure 16b and in Figure 16¢c when the procedure is correctly followed.

[2 marks]
L o 1 L= 1 P
FIQUIE M1BC ...ttt ettt e e e e e e et e e e e e e e e
3 (b) Commercially produced analogue ohm-meters have scales similar to that shown in

Figure 17.

Figure 17

50
500 © 400 2
2000 | % 70

curving strip

® of mirror
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3 (b) (i) State a difficulty you might experience in reading this type of scale and explain why

this difficulty arises.
[2 marks]

3 (b) (ii) Figure 17 shows that the meter has a curving strip of mirror mounted behind the

needle, close to the scale.
State and explain how this mirror can be used to reduce random error in reading the

meter.
[2 marks]

3 (b) (iii) State and explain how the uncertainty in the measurements made on this scale

depends on the resistance of the resistor connected to the meter.
[1 mark]

END OF QUESTIONS

Do not write
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