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Time allowed: 1 hour 30 minutes

Instructions
! Use blue or black ink or ball-point pen. 
! Answer all questions.  
! Formulae Sheets are provided on pages 3 and 4.  Detach this perforated

page at the start of the examination.
! There are two questions in this paper.  

45 minutes are allowed for Question 1 and 45 minutes for Question 2.
! 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 39.
! Four 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.
! Questions 1(e) and 2(e) should be answered in continuous prose.  In these questions you may

be marked on your ability to use good English, to organise information clearly and to use
specialist vocabulary where appropriate.

Advice
! Before commencing the first part of any question, read the question through completely.
! Ensure that all measurements taken, including repeated readings, gradients, derived quantities,

etc., are recorded to an appropriate number of significant figures with due regard to the
accuracy of measurement.

! If an experiment does not operate correctly, you should request assistance from the Supervisor.
The Supervisor will give the minimum help necessary to make the experiment operate and will
report the action taken to the Examiner.  If the fault is due to your inability to make the
experiment operate, a deduction of marks will be made, but it will be possible for you to
complete the remainder of the question and gain marks for the later parts of that question.  
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Answer all questions in the spaces provided.

1 Read this question carefully before you begin.  Ask your supervisor to provide the hot
water for the experiment only when you are ready to take readings.

This question is about the way in which a hot body can be cooled by melting ice.

You will be provided with about 0.04 kg of water at a temperature of about 70 °C in a boiling
tube mounted in a beaker containing an ice-water mixture at 0 °C.

When you are ready to begin, ask your supervisor for your hot water.

Figure 1 shows how the arrangement should look whilst you take readings.

Figure 1

(a) Start the stopclock and take readings of the temperature every 15 s for 2 minutes.
You are not required to repeat the readings.

(1 mark)

Time/s Temperature/°C

thermometer

boiling tube
containing hot
water

beaker containing
ice-water mixture

retort stand
and clamps
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(b) It is suggested that under certain conditions the temperature of the water falls
exponentially with time.

(i) Describe a technique that can be used to test this suggestion.

(ii) Use the proposed technique to test whether your data obey the suggestion that the
temperature falls exponentially with time.

(iii) State your conclusion clearly.

(4 marks)

(c) You were provided with 40 ± 5 g of hot water.  Assume that all the energy required to
melt the ice in the beaker was supplied by the cooling water in the boiling tube.

Calculate the mass of ice that melted during your experiment from the moment you
began timing until you took the last reading.  Set out the steps in your calculation
clearly.

specific heat capacity of water =  (4.2 ± 0.1) × 103 J kg�1 K�1

specific latent heat of melting of ice =  (3.4 ± 0.1) × 105 J kg�1

(3 marks)
Question 1 continues on the next page
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(d) (i) Estimate the absolute uncertainty in one of your temperature readings.

(ii) Estimate the absolute uncertainty in the temperature difference between the first
and last readings from your table in part (a).

(iii) Estimate the percentage uncertainty in your answer to part (c).

(4 marks)
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(e) Suggest changes to this experiment that will allow the estimate of the mass of ice
melted by the hot water to be improved.  In your answer, you should consider changes
to the apparatus, the experimental method and the analysis.

Two of the 8 marks are available for the quality of your written communication.
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(8 marks)

Turn over for the next question
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2 Figure 2 shows a diagram of the circuit that has been set up for you.  The connection
between the voltmeter and the wire AC is made using a lead terminating in a crocodile clip.

Figure 2

Switch on the circuit.

(a) (i) Take and record readings that will enable you to sketch a graph of the potential
difference VAB against x where VAB is the potential difference between points A
and B and x is the length of wire between A and B.

Switch off the circuit when you have finished making measurements.

(ii) Without plotting points, sketch a graph to show the relationship between VAB and x.

(5 marks)

A
B C

V

x
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(b) Your wire has a uniform cross-sectional area of 1.7 × 10�7 m2 and a resistivity of 
4.5 × 10�7 Ω m.

Calculate the resistance of 0.010 m of the wire.

(2 marks)

(c) You are now to consider what would happen if the uniform wire in part (a) were to be
replaced with a tapered wire of circular cross-section as shown in Figure 3.

Figure 3

(i) Draw another line on your sketch in part (a) (ii) to show the new relationship you
would expect between VAB and x.  Label this line clearly TAPER.  You should
assume in your answer that the power supply has no internal resistance.

(ii) Explain why this second line has the shape you have drawn.

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

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

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

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

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

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

Question 2 continues on the next page
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(d) Now remove the voltmeter from the circuit by disconnecting the lead at A.

You have also been supplied with a 1.5 V cell and a light bulb that have already been
connected together.  Do not attempt to separate the cell and bulb.  Connect the free lead
attached to the cell to point A.  Figure 4 shows the circuit diagram for the final
arrangement.

Figure 4

Switch the circuit on before you begin to take readings.

Make a connection to the wire with the crocodile clip near the middle of the wire (the
exact position does not matter).  The bulb should not light at this position.

(i) Reduce x in steps of about 0.05 m until the bulb just begins to glow.

Record the value of x between 0 and 0.5 m at which the bulb just begins to glow.

(ii) Return the clip to the middle of the wire and this time increase x in steps of
about 0.05 m until the bulb just begins to glow.

Record the value of x between 0.5 m and 1.0 m at which the bulb just begins to
glow.

(1 mark)

x
A

B C
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Switch the circuit off.

(e) Explain why the bulb does not light when the connection is made in the centre of the
wire.  Go on to explain the behaviour of the circuit as the connection is moved from
one end of the wire to the other.

Two of the 7 marks are available for the quality of your written communication.
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