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In addition to this paper you will require:
! a calculator;
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! 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.
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marked. 
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! 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) In the circuit in Figure 1, the battery, of emf 15 V and negligible internal resistance, is connected
in series with two lamps and a resistor.  The three components each have a resistance of 12 Ω.

Figure 1

(i) What is the voltage across each lamp?

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

(ii) Calculate the current through the lamps.

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

...............................................................................................................................................
(3 marks)
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(b) The two lamps are now disconnected and reconnected in parallel as shown in Figure 2.

Figure 2

(i) Show that the current supplied by the battery is 0.83 A.

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

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

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

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

(ii) Hence show that the current in each lamp is the same as the current in the lamps in the
circuit in Figure 1.

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

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

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

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

(c) How does the brightness of the lamps in the circuit in Figure 1 compare with the brightness of
the lamps in the circuit in Figure 2?

Explain your answer.

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

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

.........................................................................................................................................................
(2 marks)
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2 The graph shows the I - V characteristics for two conductors, the tungsten filament of a lamp and a
length of constantan wire.

(a) State, with a reason, which conductor obeys Ohm�s law across the full voltage range.

conductor: .......................................................................................................................................

reason: .............................................................................................................................................
(2 marks)

(b) (i) Calculate the resistance of the tungsten filament when V = 1 V and V = 10 V.

V = 1 V: .................................................................................................................................

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

V = 10 V: ...............................................................................................................................

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

(ii) Explain why the values of resistance, calculated in part (b)(i), differ from each other.

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

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

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

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

...............................................................................................................................................
(4 marks)
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(c) Use the graph to determine the resistivity of constantan, given that the wire is 0.80 m long with
a uniform cross-sectional area of 6.8 × 10�8m2.

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

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

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

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

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

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

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

(d) A student is required to obtain the I � V characteristic for a filament lamp using a datalogger, so
that the data can be fed into a computer to give a visual display of the characteristic.

Draw a labelled circuit diagram for such an experiment.
(An account of the experiment is not required).

TURN  OVER  FOR  THE  NEXT QUESTION

(3 marks)
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3 An oscilloscope is connected to a sinusoidal ac source as shown in Figure 3.  
The frequency and the voltage output of the ac source can be varied.

Figure 3

At a certain frequency the ac signal has an rms output of 7.1 V.  Figure 4 shows the trace obtained on
the screen of the oscilloscope when one horizontal division corresponded to a time of 5.0 ms.

Figure 4
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(a) Calculate, for the signal shown in Figure 4,

(i) the peak voltage,

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

(ii) the frequency.

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

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

(b) The voltage output and frequency of the signal are now changed so that the peak voltage is 80 V
and the frequency is 200 Hz.

State which two controls on the oscilloscope have to be altered so that four full cycles again
appear on the screen but the peak to peak distance occupies the full screen.

Determine the values at which these two controls have to be set.

control 1:..........................................................................................................................................

value of the setting: .........................................................................................................................

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

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

control 2:..........................................................................................................................................

value of the setting: .........................................................................................................................

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

.........................................................................................................................................................
(5 marks)
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TURN  OVER  FOR  THE  NEXT QUESTION
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4 In the circuit shown the battery has emf ∈ and internal resistance r.

(a) (i) State what is meant by the emf of a battery.

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

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

(ii) When the switch S is open, the voltmeter, which has infinite resistance, reads 8.0 V.  When
the switch is closed, the voltmeter reads 6.0 V.
Determine the current in the circuit when the switch is closed.

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

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

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

(iii) Show that r = 0.80 Ω.

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

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

(b) The switch S remains closed.  Calculate

(i) the power dissipated in the 2.4 Ω resistor,

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

(ii) the total power dissipated in the circuit,

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

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

(iii) the energy wasted in the battery in 2 minutes.

...............................................................................................................................................
(4 marks)
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5 (a) When a tensile stress is applied to a wire, a tensile strain is produced in the wire.  State the
meaning of

tensile stress, ...................................................................................................................................

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

tensile strain.  ..................................................................................................................................

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

(b) A long thin metallic wire is suspended from a fixed support and hangs vertically.  Weights are
added to increase the load on the free end of the wire until the wire breaks.  The graph below
shows how the tensile strain in the wire increases as the tensile stress increases.

With reference to the graph, describe the behaviour of the wire as the load on the free end is
increased.  To assist with your answer refer to the point A, and regions B and C.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(5 marks)
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TURN  OVER  FOR  THE  NEXT QUESTION
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6 (a) Define the density of a material.

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

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

(b) Brass, an alloy of copper and zinc, consists of 70% by volume of copper and 30% by volume
of zinc.

density of copper = 8.9 × 103kg m�3

density of zinc = 7.1 × 103kg m�3

(i) Determine the mass of copper and the mass of zinc required to make a rod of brass of
volume 0.80 × 10�3m3.

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

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

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

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

(ii) Calculate the density of brass.

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

...............................................................................................................................................
(4 marks)
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END  OF QUESTIONS
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QUALITY OF WRITTEN COMMUNICATION (2 marks)
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