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INSTRUCTIONS TO CANDIDATES

Answer all questions in this paper. Rough work and calculations
must also be done in this paper. Except where instructed, do
not describe the apparatus or experimental procedures.

The supervisor will tell you the order in which you are to answer
the questions. Not more than 30 minutes are to be spent in
answering each question. You may be told to start with the
experimental tests in Section A, or with the single question in
Section B.

Section A consists of two experimental tests. A 28-minute

period is allocated for you to use the apparatus. Two minutes

is allocated to the supervisor to prepare the station for the

next candidate. At the end of the 30-minute period you will be
instructed to move to the area set aside for your next question.
Section B consists of one question in which you will be tested

on aspects of planning and design. Timings may be longer if you
have additional time allowance.

INFORMATION FOR CANDIDATES

The total mark for this paper is 60.

All questions carry 20 marks each.

You are provided with two inserts, Fig. 1.3 and Fig. 2.2.
Figures in brackets printed at the end of each question indicate
the marks awarded to each part question.

You may use an electronic calculator.
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Section A

1 In this experiment you will use both a converging lens and a
diverging lens to focus images of an object onto a screen in
order to determine the focal length of the diverging lens.

The aims of this experiment are:

(a)

to verify that the focal length of the converging lens
is 0.2m;

to obtain focused images of the object and take
measurements from an optical bench arrangement;
to use the results to plot a linear graph; and

to use the graph to determine the focal length of the
diverging lens.

You are provided with an illuminated object, a
converging lens in a holder, a screen and a metre rule,
arranged as shown in Fig. 1.1. The illuminated object
consists of two crossed lines with a flat circular ring.
The lines are to assist focusing.

Fig. 1.1

illuminated object converging lens screen

O
/4 a [ b > I

metre rule
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(i) For the three object distances, a, given in Table 1.1,
adjust the position of the screen to obtain a sharply
focused image. Measure the corresponding image
distance, b, for each a value. Record your values in

Table 1.1. [3]

Table 1.1

alcm b/cm
35
40
45

(if) Calculate a reliable value for the focal length, f;, of
the converging lens by using Equation 1.1 and the
data from Table 1.1. [2]

Equation 1.1

11,1
ﬁ_a+b

Focal length = cm

(ifi) Explain whether or not your calculated focal length
verifies that the focal length of the converging lens

is 0.2m. [1]
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(b) A diverging lens is introduced. Alter the optical
bench arrangement of Fig. 1.1 so that you have the
arrangement shown in Fig. 1.2. The converging lens
must be placed 50.0cm from the illuminated object
and not moved from this position.

Fig. 1.2
lamp - diverging
converging
house lens lens screen
I [T 1 ]
«50.0cm-»<« c >4 d >

metre rule

With the converging lens 50.0 cm from the
illuminated object, re-position the metre rule so that
the zero position corresponds to the converging lens
position. Place the diverging lens at each distance c,
listed in Table 1.2. Distance, c is the distance between
the converging and diverging lenses. Adjust the position
of the screen until a clearly focused image is obtained.
Now record the distance d, the distance between the
screen and the diverging lens. [3]
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Table 1.2

Distance c/cm Distance d/cm

d+c—33”

26
25
24
23
22

(c) The relationship between the distances ¢ and d is given
by Equation 1.2.

Equation 1.2

d+c-33

C=f2 +33

where f5 is the focal length of the diverging lens.

(i) In the space below, use Equation 1.2 to show what
the gradient and y-intercept will be if ¢ is plotted on

d+c—33

the y-axis and is plotted on the x-axis.

Gradient =

Intercept = [2]
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(if) Complete Table 1.2 by calculating the values for

d+c—-33
d

Insert values that are correct to two significant
figures. [2]

(iti)On the graph grid of Fig. 1.3 (supplied as an Insert),
choose a suitable scale for the horizontal axis, plot
the points and draw the best-fit line. [4]

(d) Use your graph to determine the value for the focal
length, f,, of the diverging lens. [3]
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2 In this experiment you will use a stopwatch to measure the
time taken for the voltage across a capacitor to decay in
order to determine the capacitance of the capacitor.

The aims of this experiment are:

to determine the resistance of a resistor;

to record the capacitor voltage as it discharges;

to use the results to plot a linear graph; and

to use the graph to determine the capacitance of the
capacitor.

(a) You are provided with a mounted resistor, a voltmeter,
a microammeter, a power supply unit and some
connecting wires. For three different settings on the
power supply unit determine a reliable value for the
resistance of the mounted resistor using the
ammeter-voltmeter method. Tabulate your results in the
space below. [3]

Average resistance = Q
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(b) An identical resistor to that used in (a) has been placed
in series with a capacitor in the circuit provided. The
arrangement is shown in Fig. 2.1. The switch will allow
the capacitor to be charged from the power supply unit
when in position C and discharged through the resistor
when in position D.

Fig. 2.1

©g°

power |© 1
supply |o S— @) R

Set the switch to the charge position C for a few
seconds. Then set the switch to the discharge position
D and at the same time begin timing. You are to take a
series of discharge voltage V, readings at 10 second
intervals for 90 seconds. Record your results in

Table 2.1. [2]
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Table 2.1

t/s V,/V
0

10
20
30
40
50
60
70
80
90

(c) (i) In order to obtain a linear graph it is necessary to
obtain the natural logarithm (In) of the discharge
voltage, V4. In the right hand column of Table 2.1,
insert the title for the column and the corresponding
natural logarithm values. [2]

(if) On the grid of Fig. 2.2 (supplied as an Insert) you

will plot the natural logarithm of the discharge
voltage on the y-axis and time on the x-axis. [9]
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(d) (i) The mathematical relationship for this experiment is
given by Equation 2.1.

Equation 2.1
Vyq = Ve~ /CR

Explain how the gradient of the graph you have

drawn equals - 1 [2]

CR

(if) Use your results to determine a value for C, the
capacitance of the capacitor.
N.B. R is the value obtained in (a). [3]

Capacitance = F
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(ifi)Use the graph to obtain a value for V), the initial
voltage. [3]
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Section B

3 In this exercise you are to plan and analyse two distinct
methods for determining the mass per unit length u of a
string. Equation 3.1 defines mass per unit length, u.

Equation 3.1
_m
=7

where m is the mass and [ the length.

Method 1: Direct measurement

(a) Direct measurements of the string provide the following
data:
The total length of the string is 92.4cm and it has a
mass of 5.83¢.

(i) The length was measured using a metre rule. State

the absolute uncertainty in this measurement and
explain how you arrived at your answer. [2]

Absolute uncertainty =

8193.03 MV18 1 4



Five balances are available for measuring the mass.
Table 3.1 provides information about the balances.

Table 3.1
Balance| Range Precision Anal.og.;ue
or Digital
A 0g=-100g |*1g Analogue |Spring balance
B 0g=-20g +0.1g Analogue |Spring balance
. Top-pan
- 4
C 0g=—4100g |*0.1g Digital balance
. Top-pan
- +
D 0g=-2000g |+0.01¢ Digital balance
. Top-pan
- +
E 0g=210g ([*0.1mg Digital balance

(ii) On which balance was the measurement of mass
made? Explain your answer. [2]

8193.03 MV18 15 [Tu rn over



(iii)Calculate the mass per unit length, p, in kgm=1 quoting
your answer to the correct number of significant figures,
and state the percentage uncertainty in your value. [4]

b= kg m~"

Uncertainty = %
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Method 2: Indirect measurement using standing waves

(b) The velocity, v, of a transverse wave along a stretched
string is given by Equation 3.2

Equation 3.2
= /T
-]

where T is the tension in the string and p is the mass
per unit length.

One end of the string is attached to a vibrator and the
other end is attached to a slotted mass hanger. The
vibrator oscillates producing transverse waves in the
string, with a frequency given by the signal generator

to which it is connected. The string is looped over a
pulley and the slotted masses hang freely, as shown in
Fig. 3.1. At certain frequencies of vibration resonance is
established and standing waves are set up on the string.

Fig. 3.1

N

y 7

@ string

oAl Joo N
\\7 \ table
\ pulley

vibrator slotted
masses

signal generator

s
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(i) Explain how a value for the tension is determined in
the arrangement shown in Fig. 3.1. [2]

When the first position of resonance (the fundamental)
of the standing wave exists on the string, the velocity

of the transverse wave can be determined using
Equation 3.3.

Equation 3.3

v = 2fl

where fis the frequency of the wave and [ is the length
of the vibrating string.

(if) Using standing wave theory for the first position of
resonance, derive Equation 3.3. [2]

(iti)On Fig. 3.1, clearly identify the length, /, that should
be measured. [1]
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(iv) Describe how you would use the apparatus in
Fig. 3.1 to obtain the wave velocity for a particular
string tension. [2]

(v) The frequency value from the signal generator dial
lacks precision. An alternative method by which
the frequency could be determined is the use of a
cathode ray oscilloscope (CRO). Explain how the
CRO is used to determine frequency. [2]
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(vi)Assume five pairs of values of wave velocity and the
corresponding string tension are available. Describe
how you would analyse these results graphically to
obtain a value for the mass per unit length. [3]

THIS IS THE END OF THE QUESTION PAPER
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Insert: Fig 1.3 to be used with Question 1.

N
(QV

26
25
2

wo/o
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Insert: Fig 2.2 to be used with Question 2.

8193.05 MV 18




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


