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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 both questions.

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

1 Plane water waves are produced using a ripple tank.  The waves flow around an upright cylindrical
object of diameter, d, to produce the diffraction pattern shown in the plan view below.

Although a shadow is produced in the region behind the object, the diffraction produces a �healing� of
the waves and after a distance, L, the waves join up again.  If the wavelength, λ, of the water waves is
reduced, L is found to increase.

A student investigates the healing effect produced when a metal wire is illuminated by visible light.  A
screen placed several metres behind the wire enables the diffraction pattern produced by the wire to be
observed.  The centre of this diffraction pattern is bright.  If the screen is placed a few centimetres
behind the wire the centre of the diffraction pattern is now dark.  The student correctly assumes that the
screen now lies in the shadow of the wire so the point where the light waves heal up lies somewhere
between the two screen positions.

It is suggested that the healing distance, L, is related to the diameter of the wire, D, by a power law of
the form L ∝ Dn, where n is an integer.
Design an experiment to discover the value of the integer, n.

You should assume that the normal laboratory apparatus used in schools and colleges is available to
you.  You may wish to draw a diagram to illustrate your answer.

You should also include the following in your answer:

! The quantities you intend to measure and how you will measure them.
! How you propose to use your measurements to obtain reliable results for the value of n.
! The factors you will need to control and how you will do this.
! How you could overcome any difficulties in obtaining reliable results.

Write your answers to Question 1 on pages 6 and 7 of this booklet. (8 marks)
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2 You are required to investigate how a voltmeter reading varies with time as a charged capacitor in a
concealed circuit is discharged.

No description of the experiment is required.

(a) Connect the positive lead of the voltmeter to terminal Y and the negative lead to terminal Z.
Switch S should be closed.
Charge the capacitor by connecting the flying lead to terminal C.
The required arrangement is shown in Figure 1.

Figure 1

Read and record the voltmeter reading V0.

V0 = .................................................................

(b) Connect the flying lead to terminal D and at the same time start the stopwatch.
Read the voltmeter readings, V1, at regular intervals until the reading has fallen to approximately
10% of V0.
In order to gather additional data, the procedure may be repeated by first charging the capacitor
as in part (a) of the question.
Record your measurements for V1 in the space provided on page 10.
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(c) Connect the positive lead of the voltmeter to terminal X and the negative lead to terminal Y.
Switch S should be open.
Charge the capacitor by connecting the flying lead to terminal C.
The required arrangement is shown in Figure 2.

Figure 2

Connect the flying lead to terminal D and read the voltmeter readings, V2, at regular intervals for
a similar period to that in part (b).
Record your measurements for V2 alongside V1 on page 10.
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Measurements and observations.

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

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

..................................................................................................................................................................................
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..................................................................................................................................................................................
(7 marks)

(d) Using the grid on page 11 of this booklet, plot, on a single set of axes, graphs to show the
variation of V1 and V2 over the period that measurements were taken.

(6 marks)

(e) (i) Read and record from your graph, the voltmeter reading, Vs, when V1 = V2.

Vs = ..........................................................................

(ii) Evaluate .

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

V0

Vs

V0

Vs
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(f) (i) For the circuit in part (b) of the question, the time constant, τ b is the time for the voltmeter
reading to fall to 37% of V0.  For the circuit in part (c) of the question, the time constant
τ c is the time for the voltmeter reading to rise to 63% of V0.

Make suitable measurements from your graph to determine the ratio .

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

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

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

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

= .................................................................

(ii) Figure 3 on page 13 shows three circuits each containing identical components.
Deduce which of these circuits could represent the one you were provided with.
Note that the time constant, τ , of a circuit is directly proportional to the circuit resistance.

You should show suitable calculations and reasoning to support your answer.
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Figure 3

22

END  OF QUESTIONS
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