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1 A battery of electromotive force (e.m.f.) 12 V and internal resistance r is connected in series to two
resistors, each of constant resistance X, as shown in Fig. 5.1. 
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Fig. 5.1

The current Ι1 supplied by the battery is 1.2 A.

The same battery is now connected to the same two resistors in parallel, as shown in Fig. 5.2. 
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Fig. 5.2

The current Ι2 supplied by the battery is 3.0 A.

(a) (i) Show that the combined resistance of the two resistors, each of resistance X, is four
times greater in Fig. 5.1 than in Fig. 5.2.

[2]

(ii) Explain why Ι2 is not four times greater than Ι1.

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

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

 .......................................................................................................................................[2]
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(iii) Using Kirchhoff’s second law, state equations, in terms of e.m.f., current, X and r, for

 1. the circuit of Fig. 5.1,

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

 2. the circuit of Fig. 5.2.

 ...........................................................................................................................................
[2]

(iv) Use the equations in (iii) to calculate the resistance X.

X =  .......................................................Ω [1]

(b) Calculate the ratio

power transformed in one resistor of resistance X in Fig. 5.1

power transformed in one resistor of resistance X in Fig. 5.2
.

ratio =  ...........................................................[2]

(c) The resistors in Fig. 5.1 and Fig. 5.2 are replaced by identical 12 V filament lamps.

Explain why the resistance of each lamp, when connected in series, is not the same as the
resistance of each lamp when connected in parallel.

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

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

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

 ...............................................................................................................................................[2]
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2 Two resistors A and B have resistances R1 and R2 respectively. The resistors are connected
in series with a battery, as shown in Fig. 6.1.
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Fig. 6.1

The battery has electromotive force (e.m.f.) E and zero internal resistance.

(a) State the energy transformation that occurs in

(i) the battery,

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

 .............................................................................................................................  [1]

(ii) the resistors.

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

 .............................................................................................................................  [1]

(b) The current in the circuit is Ι.

State the rate of energy transformation in

(i) the battery,

 .............................................................................................................................  [1]

(ii) the resistor A.

 .............................................................................................................................  [1]
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(c) The resistors are made from metal wires. Data for the resistors are given in Fig. 6.2.

resistor A B

resistivity of metal ρ ρ / 2

length of wire l l

diameter of wire d 2d

Fig. 6.2

Use information from Fig. 6.2 to determine the ratio

power dissipated in A
power dissipated in B

 .

ratio =  ..................................................  [3]

(d) The resistors A
 
and B are connected in parallel across the same battery of e.m.f. E.

Determine the ratio

power dissipated in A
power dissipated in B

 .

ratio =  ..................................................  [2]
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3 (a) Define electrical resistance.

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

 .....................................................................................................................................  [1]

(b) A circuit is set up to measure the resistance R of a metal wire. The potential difference
(p.d.) V across the wire and the current І in the wire are to be measured.

(i) Draw a circuit diagram of the apparatus that could be used to make these
measurements.

[3]

(ii) Readings for p.d. V and the corresponding current І are obtained. These are shown
in Fig. 2.1.
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Fig. 2.1
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Explain how Fig. 2.1 indicates that the readings are subject to

1. a systematic uncertainty,

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

 .............................................................................................................................  [1]

 2. random uncertainties.

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

 .............................................................................................................................  [1]

(iii) Use data from Fig. 2.1 to determine R. Explain your working.

 =  .............................................R  Ω  [3]

(c) In another experiment, a value of R is determined from the following data:

Current І = 0.64 ± 0.01 A and p.d. V = 6.8 ± 0.1 V.

Calculate the value of R, together with its uncertainty. Give your answer to an appropriate
number of significant figures.

=  .....................  ± ....................R  Ω  [3]
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4 Measurements made for a sample of metal wire are shown in Fig. 1.1.

quantity measurement uncertainty

length 1750 mm ± 3 mm 

diameter 0.38 mm ± 0.01 mm

resistance 7.5 Ω ± 0.2 Ω

Fig. 1.1

(a) State the appropriate instruments used to make each of these measurements.

(i) length

 .............................................................................................................................  [1]

(ii) diameter

 .............................................................................................................................  [1]

(iii) resistance

 .............................................................................................................................  [1]

(b) (i) Show that the resistivity of the metal is calculated to be 4.86 × 10–7 Ω m.

 [2]

(ii) Calculate the uncertainty in the resistivity.

uncertainty = ±  .......................................... Ω m [4]
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(c) Use the answers in (b) to express the resistivity with its uncertainty to the appropriate
number of significant figures.

resistivity = .......................................... ±  .......................................... Ω m [1]
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