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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour  

Instructions
! Use blue or black ink or ball-point pen. 
! Fill in the boxes at the top of this page. 
! Answer all questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked. 

Information
! The maximum mark for this paper is 50. 
! Mark allocations are shown in brackets. 
! The paper carries 25% of the total marks for Physics Advanced Subsidiary

and carries 12 ½% of the total marks for Physics Advanced.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this

perforated sheet at the start of the examination.  
! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate.  The degree of legibility of your handwriting and the level
of accuracy of your spelling, punctuation and grammar will also be taken into
account.
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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 in the spaces provided.

1 A battery is connected across a uniform conductor.  The current in the conductor is 40 mA. 

(i) Calculate the total charge that flows past a point in the conductor in 3 minutes.

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

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

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

(ii) Using data from the Data Sheet calculate the number of electron charge carriers passing
the same point in the conductor in this time.

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

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

(iii) If 8.6 J of energy are transferred to the conductor in this time, calculate the potential
difference across the conductor.

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

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

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

(iv) Calculate the resistance of the conductor.

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

...............................................................................................................................................
(6 marks)
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2 (a) Figure 1 shows two possible arrangements of connecting three resistors, each resistor having a
resistance of 40 Ω.

Figure 1

Calculate the equivalent resistance in each case.

(i) ...............................................................................................................................................

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

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

(ii) ...............................................................................................................................................

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

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

(b) The designer of a heating element for the rear window of a car decides to connect six separate
heating elements together as shown in Figure 2.  Each element has a resistance of 6.0 Ω and the
unit is connected to a 12 V dc supply having zero internal resistance.

Figure 2
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(i) Calculate the current in each single element.

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

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

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

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

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

(ii) With the aid of a similar calculation give a reason why the heater would not be as
effective if all six were connected in series.

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

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

...............................................................................................................................................
(5 marks)
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3 In the circuit shown, a battery of emf ∈ and internal resistance r is connected to a variable 
resistor R.  The current I and the voltage V are read by the ammeter and voltmeter respectively.

(a) The emf is related to V, I and r by the equation

∈ = V + Ir.

Rearrange the equation to give V in terms of ∈, Ι and r.

.........................................................................................................................................................
(1 mark)

(b) In an experiment, the value of R is altered so that a series of values of V and the corresponding
values of I are obtained.  Using the axes, sketch the graph you would expect to obtain as R is
changed.

(2 marks)

(c) State how the values of ∈ and r may be obtained from the graph.

∈.......................................................................................................................................................

r ........................................................................................................................................................
(2 marks)
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4 (a) Give an expression for the resistivity of a material in the form of a uniform wire.  Define all the
symbols used.

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

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

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

(b) A thin film of carbon may be used in some electronic systems.  Typical dimensions of such a film
are shown in Figure 3.

Figure 3

(i) Calculate the resistance of the carbon film to a current I passing through it as shown in
Figure 3.

resistivity of carbon = 4.0 × 10�5Ω m

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

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

(ii) Without recalculating the resistance of the carbon film, explain how you would expect the
resistance to change if the current flowed as in Figure 4.  You should consider the
numerical ratio or factor by which each dimension affecting the resistance has changed.

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

Figure 4

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

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

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

...............................................................................................................................................
(4 marks)
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8.0 × 10�3m

30 × 10�3m

2.0 × 10�6m
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5 The circuit in Figure 5 has a thermistor connected in series to a 200 Ω resistor and a 12 V battery of
negligible internal resistance.  Figure 6 shows how the resistance, Rth, of the thermistor varies with
temperature.

(a) (i) Calculate the current in the circuit when the temperature is 25 °C.

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

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

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

(ii) Calculate the potential difference across the thermistor at 25 °C.

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

...............................................................................................................................................
(3 marks)
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Figure 6

Figure 5

temperature/°C

Rth/Ω

thermistor

200 Ω

12 V



(b) Without further calculation, explain how you would expect the potential difference across the
thermistor to change as the temperature increases from 25 °C.

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

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

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

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

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

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

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

(c) The circuit in Figure 5 is modified by removing the 200 Ω resistance to give the circuit in 
Figure 7.

Figure 7

The temperature of the thermistor is increased at a steady rate from 25 °C to 45 °C in 10 minutes.

(i) Calculate the power dissipated in the thermistor at

25 °C ..........................................................................................................................................

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

45 °C ..........................................................................................................................................

(ii) Use the mean value of the powers determined in part (c)(i) to calculate the energy supplied
by the battery during the period in which the temperature of the thermistor increases.

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

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

(iii) State why the energy value, determined in part (c)(ii) is not an accurate value.

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

...............................................................................................................................................
(6 marks)
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6 (a) State Hooke�s law for a material in the form of a wire.

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

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

(b) A rigid bar AB of negligible mass, is suspended horizontally from two long, vertical wires as
shown in the diagram.  One wire is made of steel and the other of brass.  The wires are fixed at
their upper end to a rigid horizontal surface.  Each wire is 2.5 m long but they have different
cross-sectional areas.

When a mass of 16 kg is suspended from the centre of AB, the bar remains horizontal. 

the Young modulus for steel  = 2.0 × 1011Pa
the Young modulus for brass = 1.0 × 1011Pa

(i) What is the tension in each wire?

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

(ii) If the cross-sectional area of the steel wire is 2.8 × 10�7m2, calculate the extension of the
steel wire.

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

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

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

(iii) Calculate the cross-sectional area of the brass wire.

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

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

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

(iv) Calculate the energy stored in the steel wire.

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

...............................................................................................................................................
(7 marks)
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(c) The brass wire is replaced by a steel wire of the same dimensions as the brass wire.  The same
mass is suspended from the midpoint of AB.

(i) Which end of the bar is lower?

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

(ii) Calculate the vertical distance between the ends of the bar.

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

...............................................................................................................................................
(2 marks)
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QUALITY OF WRITTEN COMMUNICATION  (2 marks)
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