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1 An electric heater is to be made from nichrome wire. Nichrome has a resistivity of 
1.0 × 10–6 Ω m at the operating temperature of the heater.
The heater is to have a power dissipation of 60 W when the potential difference across its 
terminals is 12 V.

(a) For the heater operating at its designed power,

(i) calculate the current,

current =  .............................................. A [2]

(ii) show that the resistance of the nichrome wire is 2.4 Ω.

[2]

(b) Calculate the length of nichrome wire of diameter 0.80 mm required for the heater.

length =  .............................................  m [3]
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(c) A second heater, also designed to operate from a 12 V supply, is constructed using the
same nichrome wire but using half the length of that calculated in (b).
Explain quantitatively the effect of this change in length of wire on the power of the
heater.

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

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

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

 ...................................................................................................................................... [3]
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2 (a) (i) State what is meant by an electric current.

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

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

(ii) Define electric potential difference.

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

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

(b) The variation with potential difference V of the current I in a component Y and in a
resistor R are shown in Fig. 6.1.
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Fig. 6.1
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Use Fig. 6.1 to explain how it can be deduced that resistor R has a constant resistance 
of 20 Ω.

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

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

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

(c) The component Y and the resistor R in (b) are connected in parallel as shown in
Fig. 6.2.

E Y R  Ω20

Fig. 6.2

A battery of e.m.f. E and negligible internal resistance is connected across the parallel 
combination.

Use data from Fig. 6.1 to determine

(i) the current in the battery for an e.m.f. E of 6.0 V,

current =  ..............................................A [1]

(ii) the total resistance of the circuit for an e.m.f. of 8.0 V.

resistance =  ............................................. Ω [2]
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(d) The circuit of Fig. 6.2 is now re-arranged as shown in Fig. 6.3.

E

Y R

Fig. 6.3

The current in the circuit is 0.20 A.

(i) Use Fig. 6.1 to determine the e.m.f. E of the battery.

E =  ..............................................V [1] 

(ii) Calculate the total power dissipated in component Y and resistor R.

power =  .............................................W [2] 
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3 An electric heater is rated as 240 V, 1.2 kW and has constant resistance. 

(a) For the heater operating at 240 V,

(i) show that the current in the heater is 5.0 A,

(ii) calculate its resistance.

resistance = …………………………… Ω
[4]
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(b) The heater in (a) is connected to a mains supply by means of two long cables, as
illustrated in Fig. 7.1.

Fig. 7.1

The cables have a total resistance of 4.0 Ω. The voltage of the mains supply is adjusted
so that the heater operates normally at 240 V. Using your answers in (a), where
appropriate, calculate 

(i) the potential difference across the cables,

potential difference = ………………………………. V

(ii) the voltage of the mains supply,

voltage = ………………………………. V
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(iii) the power dissipated in the cables.

power dissipated = ………………………………. W
[3]

(c) Using information from (b), determine the efficiency ´ at which power is transferred from
the  supply to the heater. That is, calculate

power dissipated in heater
´ = ______________________ .

power input from supply

efficiency = …………………………………….[2]
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4 A student set up the circuit shown in Fig. 7.1.

Fig. 7.1

The resistors are of resistance 15 Ω and 45 Ω. The battery is found to provide 1.6 × 105 J of
electrical energy when a charge of 1.8 × 104 C passes through the ammeter in a time of
1.3 × 105 s.

(a) Determine

(i) the electromotive force (e.m.f.) of the battery,

e.m.f. = …………………………………….. V

(ii) the average current in the circuit.

current = …………………………………….. A
[4]

A

15 Ω 45 Ω
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(b) During the time for which the charge is moving, 1.1 × 105 J of energy is dissipated in the
45 Ω resistor.

(i) Determine the energy dissipated in the 15 Ω resistor during the same time.

energy = …………………………………. J

(ii) Suggest why the total energy provided is greater than that dissipated in the two
resistors.

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

...................................................................................................................................
[4]
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5 A uniform resistance wire AB has length 50 cm and diameter 0.36 mm. The resistivity of the metal 
of the wire is 5.1 × 10–7 Ω m.

(a) Show that the resistance of the wire AB is 2.5 Ω.

[2]

(b) The wire AB is connected in series with a power supply E and a resistor R as shown in
Fig. 5.1.

A
BM

NC D

R

2.5 

E

Fig. 5.1

The electromotive force (e.m.f.) of E is 6.0 V and its internal resistance is negligible. 
The resistance of R is 2.5 Ω. A second uniform wire CD is connected across the terminals 
of E. The wire CD has length 100 cm, diameter 0.18 mm and is made of the same metal as 
wire AB. 

Calculate

(i) the current supplied by E,

current =  ......................................................  A [4]
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(ii) the power transformed in wire AB,

power =  .....................................................  W [2]

(iii) the potential difference (p.d.) between the midpoint M of wire AB and the midpoint N of
wire CD.

p.d. =  ......................................................  V [2]
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6 (a) The current in a wire is I. Charge Q passes one point in the wire in time t. State

(i) the relation between I, Q and t,

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

(ii) which of the quantities I, Q and t are base quantities.

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

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

(b) The current in the wire is due to electrons, each with charge q, that move with speed v
along the wire.  There are n of these electrons per unit volume.
For a wire having a cross-sectional area S, the current I  is given by the equation

I  =  nSqv k,

where k is a constant.

(i) State the units of I, n, S, q and v in terms of the base units.

I  .............................................................................................................................

   n  .............................................................................................................................

S  .............................................................................................................................

  q  .............................................................................................................................

v  .............................................................................................................................
[3]

(ii) By considering the homogeneity of the equation, determine the value of k.

k  = ………………………….. [2]
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7 An electric shower unit is to be fitted in a house. The shower is rated as 10.5 kW, 230 V. The 
shower unit is connected to the 230 V mains supply by a cable of length 16 m, as shown in 
Fig. 6.1.

16 m 

shower unit 
10.5 kW 
230 V 

cable copper wire

copper wire

230 V supply 

Fig. 6.1

(a) Show that, for normal operation of the shower unit, the current is approximately 46 A.

[2]

(b) The resistance of the two wires in the cable causes the potential difference across the
shower unit to be reduced. The potential difference across the shower unit must not be
less than 225 V.
The wires in the cable are made of copper of resistivity 1.8 × 10–8 Ω m.
Assuming that the current in the wires is 46 A, calculate

(i) the maximum resistance of the cable,

resistance  =  ...............................  Ω  [3]
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(ii) the minimum area of cross-section of each wire in the cable.

area  =  ......................................  m2  [3]

(c) Connecting the shower unit to the mains supply by means of a cable having wires with
too small a cross-sectional area would significantly reduce the power output of the
shower unit.

(i) Assuming that the shower is operating at 210 V, rather than 230 V, and that its
resistance is unchanged, determine the ratio

power dissipated by shower unit at 210 V
power dissipated by shower unit at 230 V

 .

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

(ii) Suggest and explain one further disadvantage of using wires of small cross-sectional
area in the cable.

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

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

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