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

want to be marked.

Information
! The maximum mark for this paper is 50.  
! Two of these marks will be awarded for using good English,

organising information clearly and using specialist vocabulary where
appropriate.

! The marks for questions are shown in brackets.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach

this perforated sheet at the start of the examination.
! Questions 1(b) and 6(a)(i) should be answered in continuous prose.  In

these questions you will be marked on your ability to use good
English, to organise information clearly and to use specialist
vocabulary where appropriate.
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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) Figure 1 shows the I-V characteristic for a component A which obeys Ohm�s law.
Component B also obeys Ohm�s law, but has a greater resistance than component A.
Draw the I-V characteristic for component B on the same axes, explaining your reasoning.

Figure 1

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

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

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

V

I
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(b) Figure 2 shows the I-V characteristic for a filament lamp.  Explain the shape of this
characteristic.

Figure 2

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

.............................................................................................................................................
(4 marks)

Turn over for the next question
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2 In the circuit shown in Figure 3, the battery, of negligible internal resistance, has an emf 
of 12 V.

Figure 3

(a) Show that the total resistance of the circuit is 30 Ω.

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

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

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

(b) (i) Calculate the current supplied by the battery.

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

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

(ii) State why this current is divided equally between two arms (AC and BD) of the
resistor network in Figure 3.

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

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

12 V

A B

DC

X

40 Ω30 Ω

30 Ω

Y

20 Ω
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(c) Calculate the potential difference

(i) between X and C,

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

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

(ii) between Y and D.

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

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

(d) A high resistance voltmeter is connected between the points X and Y.  What is the
reading on the voltmeter?

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

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

Turn over for the next question
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3 A battery of emf 4.0 V is connected to a lamp and a high resistance voltmeter as shown 
in Figure 4.

Figure 4

(a) (i) When the switch S is closed, the lamp lights and the reading on the voltmeter 
is 3.8 V.  Explain why this reading is less than the emf of the battery.

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

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

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

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

(ii) With the switch closed the lamp is operating at its rated power of 1.6 W.
Calculate the internal resistance, r, of the battery.

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

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

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

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

....................................................................................................................................
(4 marks)

S
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(b) The lamp is replaced by an ammeter and a variable resistor R, as shown in Figure 5.

Figure 5

Describe an experiment, using the circuit in Figure 5, which would enable the emf and
the internal resistance of the battery to be determined by a graphical method.

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

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

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

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

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

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

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

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

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

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

Turn over for the next question

____
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4 A heating element consists of two strips of resistive material, joined by pieces of copper of
negligible resistance, as shown in Figure 6.

Figure 6

(a) The resistance of each strip of resistive material is 12 Ω.  The element is connected to a
battery of emf 12 V and negligible internal resistance.
Show that heat is generated in the element at a rate of 24 W.

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

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

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

(b) The heating system of the rear window of a car consists of two of the elements
described in Figure 6.  The two elements can be connected in parallel or in series, as
shown in Figure 7 and Figure 8 respectively.

copper

copper
resistive material

resistive material

Figure 7

Figure 8

12 V

12 V
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Determine, by calculation, which configuration of the two elements would have the
greater heating effect.

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

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

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

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

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

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

.............................................................................................................................................
(4 marks)

(c) If each of the strips of resistive material in the element is 2.5 mm wide and 1.2 mm
thick, determine the length of each strip.

resistivity of the material = 4.3 × 10�5 Ω m

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

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

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

Turn over for the next question
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5 A signal generator supplying a sinusoidal alternating voltage is connected to a resistor and an
oscilloscope as shown in Figure 9.  The frequency and output voltage of the signal generator
may be varied.

Figure 9

(a) At a certain frequency the trace shown in Figure 10 is obtained on the screen of the
oscilloscope when the time base is set to 2.5 ms div�1 and the voltage sensitivity 
to 5.0 V div�1.

Figure 10

Calculate, for the source,

(i) the rms output voltage,

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

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

(ii) the frequency.

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

....................................................................................................................................
(4 marks)
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(b) The frequency is changed to 2500 Hz and the voltage output is changed so that the 
rms voltage is 42.4 V.  The time base and the voltage sensitivity of the oscilloscope are
altered until the trace seen is that shown in Figure 11.

Figure 11

Determine

(i) the new time base setting,

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

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

(ii) the new voltage sensitivity setting.

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

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

Turn over for the next question

____
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6 (a) (i) Describe an experiment a student would carry out to determine the Young
modulus of the material of a long uniform wire of known cross-sectional area.
You may draw a diagram of the apparatus, if necessary.

You may be awarded additional marks to those shown in brackets for the quality
of written communication in your answer.

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

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

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

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

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

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

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

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

(ii) Explain how the value of the Young modulus could be determined from the
measurements made using a suitable graph.

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

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

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

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

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

....................................................................................................................................
(8 marks) 
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(b) A uniform heavy metal bar is suspended by two vertical wires, supported at their upper
ends from a horizontal surface, as shown in Figure 12.  One of the wires is brass and
the other steel.  Each wire has the same original length and both extend by the same
amount, thus making the metal bar horizontal.

Figure 12

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

(i) Explain why the brass wire has the greater cross-sectional area.

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

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

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

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

(ii) The unstretched length of each wire is 2.5 m and the extension produced is 
4.8 × 10�3 m.  If the cross-sectional area of the steel wire is 1.6 × 10�7 m2,
calculate the tension in the steel wire.

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

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

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

....................................................................................................................................
(4 marks)

Quality of Written Communication (2 marks)
____

2

____
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