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

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.
! 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 39.
! Mark allocations are shown in brackets.
! You are expected to use a calculator where appropriate.
! 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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Answer all questions in the spaces provided.

Total for this question: 20 marks

1 You are first going to determine a value for the specific heat capacity of sand.  You will go on to plan
an improved experiment.

You have been provided with the apparatus shown in Figure 1.

Figure 1

The polystyrene or plastic cup contains (0.120 ± 0.001) kg of dry sand.

(a) (i) In this part make all temperature measurements to the nearest 0.5 °C.  Clean and/or dry the
thermometer between measurements using the paper towels provided.

Record the initial temperature, θS, of the sand and the initial temperature, θW, of the ice
and water mixture.

Measure 60 cm3 of water taking care not to transfer any ice to the measuring cylinder.

Add the water to the sand and stir the mixture.

Record the lowest temperature, θF, reached by the mixture of water and sand.

You are not required to repeat this procedure.

(2 marks)

thermometer ice and water mixture
at temperature θW

measuring cylinder

polystyrene
or plastic cup

sand at 
temperature θS
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(ii) The specific heat capacity of the sand is given by the equation

McW (θF � θW)  =  mc (θS � θF)

where  M is the mass of the water added to the sand, (0.060 ± 0.001) kg
m is the mass of the sand,  (0.120 ± 0.001) kg
cW is the specific heat capacity of water, (4200 ± 20) J kg�1K�1

c is the specific heat capacity of sand.

Calculate a value for c.

(3 marks)

(b) (i) Calculate the absolute uncertainty in (θF � θW) and (θS � θF).

(1 mark)

(ii) Calculate the percentage uncertainty in your value for c.

(3 marks)

(c) For the water, state and explain whether ∆U, W and Q increase, decrease or remain unchanged
during the process in part (a)(i), when the water is added to the sand.  
∆U, W and Q are the usual symbols used in the first law of thermodynamics.

∆U ....................................................................................................................................................

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

W ....................................................................................................................................................

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

Q.......................................................................................................................................................

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

QUESTION  1  CONTINUES  ON  THE  NEXT PAGE
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(d) Consider the reasons why the design of the apparatus and/or the procedure used in the
experiment makes your value for c inaccurate.  Describe how you would change the apparatus
or procedure to determine a more reliable value for c.  Your answer should include reasons for
the changes you suggest.

Two of the 8 marks in this question are available for the quality of your written communication.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(8 marks)
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Total for this question: 19 marks

2 Figure 2 shows a simplified view of an arrangement that can be used to investigate the variation of the
electrostatic force, F, between two similarly charged spheres A and B with r, the separation of their
centres.

You have been provided with the arrangement shown in Figure 3.  This can be used to investigate
magnetic forces in a similar way to that used in Figure 2.

(a) (i) When magnet P is not present Q hangs at rest approximately vertically.  Align the left
hand line on the card with the bottom edge of the plastic ruler with P removed.

Position the magnet P as shown in Figure 3 and adjust its position so that the bottom edge
of the plastic ruler is aligned with the right hand line on the card.

Determine the separation of the centres of the two N pole faces of the magnets.

(1 mark)

(ii) State and explain how the displacement of Q from its original position varies with the
separation of the two N pole faces.  You are not required to do any quantitative analysis
in this part.

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

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

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

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

Figure 2 Figure 3

wooden block

pivot

pivot

hook

plastic ruler

magnets

mass to support
magnet P

card
N

d

r

clamped
glass rod

polystyrene spheres coated 
with conducting paint

1 m of thin nylon thread

F

60mm

N

PBA Q
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(b) When a horizontal force, F, is applied to B, it is displaced a distance d as shown in Figure 2.

(i) Show, on Figure 2, the other forces acting on B when it is at rest in the position shown.
(2 marks)

(ii) Use the principle of moments to show that d is proportional to F for small displacements. 

(2 marks)

(c) A student used the apparatus shown in Figure 2 and measured four corresponding values of r
and d.  The table below shows the measurements that were made.

It is suggested that, for the arrangement in Figure 2, the relationship between the horizontal
electrostatic force, F, and separation, r, is

F ∝  1
r 2

Without drawing a graph use the measurements in the table to test whether they support this
relationship.  Show your method and state your conclusions clearly.

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

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

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

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

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

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

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

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

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

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

QUESTION  2  CONTINUES  ON  THE  NEXT PAGE

r/mm d/mm

15 65

23 27

31 15

40 9
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(d) In practice the electrostatic data was obtained remotely using photography.  A more detailed view
of the apparatus is shown in Figure 4.

Figure 4

Compare the arrangement in Figure 4 with that shown in Figure 3 which you used in your
answer to part (a)(i).  Explain why it was necessary for the experimenter to make the
measurements remotely.  Go on to explain the reasons for other differences in the design of the
apparatus between the two experiments.

Two of the 7 marks in this question are for the quality of your written communication.

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(7 marks)
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END  OF QUESTIONS

pivot

1 m of thin nylon suspension

glass rod

ruler

light polystyrene spheres coated with
conducting paint arranged at least
10 cm above the bench surface

camera

supporting 
retort stands
and clamps
not shown
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