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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.
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Answer all questions.

1 (a) A set of decorative lights consists of a string of lamps.  Each lamp is rated at 5.0 V, 0.40 W and
is connected in series to a 230 V supply.
Calculate

(i) the number of lamps in the set, so that each lamp operates at the correct rating, 

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

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

(ii) the current in the circuit,

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

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

(iii) the resistance of each lamp,

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

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

(iv) the total electrical energy transferred by the set of lights in 2 hours.

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

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

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

(b) When assembled at the factory, one set of lights inadvertently contains 10 lamps too many.  All
are connected in series.  Assume that the resistance of each lamp is the same as that calculated 
in part (a) (iii).

(i) Calculate the current in this set of lights when connected to a 230 V supply.

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

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

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

(ii) How would the brightness of each lamp in this set compare with the brightness of each
lamp in the correct set?

...............................................................................................................................................
(3 marks)
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2 (a) A student is given three resistors of resistance 3.0 Ω, 4.0 Ω and 6.0 Ω respectively.

(i) Draw the arrangement, using all three resistors, which will give the largest resistance.

(ii) Calculate the resistance of the arrangement you have drawn.

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

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

(iii) Draw the arrangement, using all three resistors, which will give the smallest resistance.

(iv) Calculate the resistance of the arrangement you have drawn.

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

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

...............................................................................................................................................
(5 marks)
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(b) The three resistors are now connected to a battery of emf 12 V and negligible internal resistance,
as shown in Figure 1.

Figure 1

(i) Calculate the total resistance in the circuit.

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

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

(ii) Calculate the voltage across the 6.0 Ω resistor.

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

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

...............................................................................................................................................
(4 marks)
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3 (a) In the circuit shown in Figure 2, the battery has an emf of 6.0 V.  With the switch closed and the
lamp lit, the reading on the voltmeter is 5.4 V.

Figure 2

Explain without calculation, why the voltmeter reading is less than the emf of the battery.

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

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

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

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

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

(b) A torch is powered by two identical cells each having an emf of 1.5 V and an internal 
resistance r.  The cells are connected in series.  The torch bulb is rated at 1.6 W and the voltage
across it is 2.5V.

(i) Draw the circuit described.

(ii) Calculate the internal resistance of each cell.

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

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

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

...............................................................................................................................................
(5 marks)
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(c) In the circuit in Figure 3 the cell has emf ∈ and internal resistance r. The voltage V across the
cell is read on the voltmeter which has infinite resistance, and the current I through the variable
resistor R is read on the ammeter.

Figure 3

By altering the value of the variable resistor R, a set of values of V and I is obtained.  These
values, when plotted, give the graph shown in Figure 4.

Figure 4

Show how the values of ∈ and r may be obtained from this graph.  Explain your method.

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

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

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

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

.........................................................................................................................................................
(3 marks)
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4 The graph shows how the current through a thermistor varies with the potential difference across it.

(a) Draw the circuit of an experimental arrangement which could be used to collect the data
necessary to produce this graph.  On your circuit diagram label clearly a component which would
enable the current to be changed continuously across the range.

(4 marks)
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(b) (i) Using information obtained from the graph, calculate the resistances of the thermistor
when the current is 0.10 mA and also when the current is 0.60 mA.

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

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

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

(ii) Using the results of part (b) (i) deduce how the resistance of the thermistor changes as its
temperature increases.

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

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

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

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

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

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

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

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

...............................................................................................................................................
(5 marks)
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5 (a) State Hooke�s law for a material in the form of a wire and state the conditions under which this
law applies.

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

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

(b) A length of steel wire and a length of brass wire are joined together.  This combination is
suspended from a fixed support and a force of 80 N is applied at the bottom end, as shown 
in Figure 5.

Figure 5

Each wire has a cross-sectional area of 2.4 × 10�6m2.

length of the steel wire = 0.80 m
length of the brass wire = 1.40 m
the Young modulus for steel = 2.0 × 1011Pa
the Young modulus for brass = 1.0 × 1011Pa

(i) Calculate the total extension produced when the force of 80 N is applied.

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

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

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

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

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

...............................................................................................................................................
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(ii) Show that the mass of the combination wire = 4.4 × 10�2kg.

density of steel = 7.9 × 103kg m�3

density of brass = 8.5 × 103kg m�3

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

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

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

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

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

(c) A single brass wire has the same mass and the same cross-sectional area as the combination wire
described in part (b).  Calculate its length.

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

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

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

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

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