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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 questions in the spaces provided. 
! Show all your working.
! Do all rough work in this book.  Cross through any work you do not

want marked.

Information
! The maximum mark for this paper is 30. 
! 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. 
! You are expected to use a calculator where appropriate. 
! You are advised to spend no more than 30 minutes on Question 1. 
! You are provided with an A3 sheet, INSERT TO PHA3/P/TN, which

will be required for Question 2.
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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.

You are advised to spend no more than 30 minutes on Question 1.

1 Two physics students are shown an experiment in which a table tennis ball, suspended by a
thread from a point S, is positioned under a vertical stream of water falling into a sink.
When S is moved horizontally the ball remains under the stream.  The sideways force
pushing the ball towards the stream arises because the water flowing around the surface of
the ball is accelerated.

As S is moved further in the same direction, the inclination of the thread to the vertical, α,
and the horizontal displacement of the water stream at the sink, w, both increase, as shown in
Figure 1.

Figure 1
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The students each use a computer to model the situation and to predict how w depends on α.
Both models show that for the water streams that can be produced in their laboratory, the
largest value of α will be no greater than 15°.  
Student A�s model shows w increasing at a decreasing rate as α is increased.
Student B�s model shows w increasing at an increasing rate as α is increased.
These predictions are shown in Figure 2.

Figure 2

Design an experiment that the students could perform to discover if the predictions made by
either of their computer models are accurate.

You should assume that the normal laboratory apparatus used in schools and colleges is
available to the students.

! Identify the quantities you intend to measure and explain how you will measure them.
You may wish to use the space below to draw a diagram to illustrate this part of your
answer.

! Explain how you propose to use your measurements to determine whether either
computer model correctly shows how w depends on α.

! List any factors you will need to control and explain how you will do this.
! Identify any difficulties you might encounter in obtaining reliable results and explain

how these could be overcome.

Write your answer to Question 1 on pages 8 and 9 of this booklet. (8 marks)

student A�s model

student B�s model

w

0
0 α /°15
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2 For Question 2, there is an A3 sheet, (INSERT TO PHA3/P/TN), provided.  This sheet will
not be sent to the examiner but should be left with the paper at the end of the examination.  If
you require a further copy of this sheet, ask the supervisor.

You are to investigate the deviation of a light ray passing through a semicircular transparent
block.

(a) You are provided with a large sheet of paper showing a diagram of a circle.
A diameter of the circle has been marked on the diagram.

(i) Measure and record below the diameter, D, of this circle.

D = ...............................................

(ii) With the point marked TOP furthest from you, measure and record the
perpendicular distance, x, between the point P on the circle and the marked
diameter, as shown in Figure 3.

Figure 3

x = ...............................................
(2 marks)

TOP

P

x
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(b) Position the semicircular block as shown in Figure 4 so that the centre of the flat edge
of the block is perpendicular to the marked diameter.  Adjust the position of the block
until the centre of the flat edge of the block is at the centre of the circle.

Figure 4

Position the ray box so that a ray of light passes through point P and is then incident on
the centre of the flat edge of the block.
Mark on the diagram the path of the ray emerging from the curved edge of the block.
Extend this line to reach the circle.
Measure and record the perpendicular distance, y, between the point where the
emergent ray reaches the circle and the marked diameter.

y = ................................................

Rotate the block to the position shown in Figure 5.  Note that the centre of the flat
edge of the block should still be perpendicular to the marked diameter and the centre of
the flat edge of the block should remain at the centre of the circle.

Figure 5

TOP light ray incident
on centre of flat
edge of block

semicircular block perpendicular
to marked diameter with centre
of flat edge at centre of circle

TOP
light ray incident in same
direction as in Figure 4
but now incident on
curved edge of block

semicircular block perpendicular
to marked diameter with centre
of flat edge at centre of circle
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Mark on the diagram the path of the ray emerging from the flat edge of the block.
Extend this line to reach the circle.
Measure and record the perpendicular distance, z, between the point where the
emergent ray reaches the circle and the marked diameter.

z = ...............................................

Replace the block as in Figure 4 and reposition the ray box so that the ray of light now
enters the circle between point P and the point marked TOP on the marked diameter.
Ensure that the ray is once again incident on the centre of the flat edge of the block.
Repeating the procedure as before, measure and record additional values of y
corresponding to five smaller values of x.
Reposition the block as in Figure 5 and repeat the procedure to measure and record
values of z corresponding to the same five smaller values of x.
You may ask the supervisor for additional sheets of paper, if required.

Record all your measurements and observations below.

(6 marks)

(c) Using the grid on page 13, plot a graph with z on the vertical axis and y on the
horizontal axis. (5 marks)

(d) Measure and record the gradient, G, of your graph.

G = ............................................... (3 marks)
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(e) (i) Explain the procedure you used to position the semicircular block as in Figure 4.

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

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

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

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

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

(ii) A student, performing the experiment, attempts to arrange the block as shown in
Figure 4, so that light passes in through the flat edge and traces the paths of the
incident and emergent rays to and from the block.  When the block is removed,
the student draws a line (shown dotted in Figure 6) to join the incident and
emergent rays.

Figure 6

Assuming that the block was of constant radius, state and explain the mistake the
student has made.

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

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

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

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

....................................................................................................................................
(6 marks)

END  OF QUESTIONS

TOP
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emergent ray
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