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INSTRUCTIONS TO CANDIDATES

Take the article away and read through it carefully.
Spend some time looking up any technical terms or
phrases you do not understand. You are NOT required
to research further the particular topic described in
part 3, although you might find it helpful to try out the
measurement ideas described in part 2.

For the examination on 9 June 2010 you will be given
a fresh copy of this article, together with a question
paper. You will not be able to take your original copy
into the examination with you.

The values of standard physical constants will be
given in the Advancing Physics Data, Formulae and
Relationships booklet. Any additional data required
are given in the appropriate question.

INFORMATION FOR CANDIDATES

Questions in Section C of paper G492 (Understanding
Processes, Experimentation and Data Handling) will
refer to this Advance Notice material and may give
additional data related to it.

Section C will be worth about 40 marks.
Sections A and B of paper G492 will be worth about

60 marks, and will examine the Understanding
Processes section of the specification.



1. UNCERTAINTY IN A CALCULATED RESULT

When thinking about the uncertainty in an
experiment, you need to consider the uncertainty

in every measurement. It is important to identify

the most uncertain measurement, because this is

the measurement which will be most worthwhile
improving. Also, this uncertainty is the one which
contributes most to the uncertainty of the final resulit.
Fig. 1 shows a chart of repeated measurements of the
breaking force of samples of the same cotton thread.
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There are no outliers in this data, and you can easily
find the mean of the 30 measurements, which is
12.0N. The spread (half the range) is 1N, so the value
is (12 £ 1) N, giving a percentage uncertainty of 8%.



Measuring the diameter of the same cotton

thread with a micrometer shows that the diameter
measurement is less variable than that of the breaking
force, so you can get a minimum estimate of the
variation in breaking stress from the variation in
breaking force.

In this case, the diameter of the thread is 0.24 mm
(2.4 x 10~*m), giving a cross-sectional area of

4.5 x 1078 m?, so the breaking stress can be easily
calculated for the maximum and minimum values
of breaking force. This allows calculation of the
mean breaking stress and also an estimate of its
uncertainty.



2. WATER ROCKETS

The use of water rockets is a popular way to study
force and motion in A-Level physics. This article
describes an experiment carried out by students with
a particular water rocket on the school playing fields.
A plastic drinks bottle is used with a toy rocket kit that
involves filling the bottle one-third to a half full with
water (Fig. 2). This is then attached to a foot pump via
a valve and tube. As air is pumped into the bottle the
internal pressure increases. When the pressure inside
the bottle exceeds the maximum capacity of the valve,
the valve and tube are forced free and the rocket takes

off.
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Due to the internal pressure, the water is forced out
in a downward direction. An equal and opposite force
is exerted on the rocket which accelerates it upwards.
The water is all released very quickly and the rocket
continues upwards until it reaches its maximum
height. From here it falls back to the ground.

The students found it very difficult to make
measurements and eventually settled on using a
digital video camera with a freeze-frame facility to
measure the height of the rocket every 0.5 seconds.

The following table contains an average of several
trials. In each case, the rocket was fired vertically into
the air.

time/s |0.00|0.50|1.00|1.50|2.00|2.50 | 3.00 | 3.50 | 4.00
h‘;'r?‘ht 0.0 |12.4/19.9 |24.2|26.4|28.1|27.9|24.4|20.0

The students carried out a second set of experiments
later the same day, using exactly the same
experimental arrangements. This time, however, there
was a horizontal wind which affected the overall

path of the water rocket. The rocket now travelled a
mean distance of 37 m away from the original launch
position, although the maximum height and time of
flight were similar to the earlier experiments.




3. ROBERT MILLIKAN AND THE PLANCK CONSTANT

Albert Einstein, in one of his great 1905 papers,
showed that the kinetic energy of electrons emitted by
the photoelectric effect is given by

%mv? = hf— ¢

where the work function ¢ is the minimum energy
needed to remove the electron from the surface of the
metal. The American physicist Robert Millikan was
not convinced by this theory, and devised an elegant
experiment to test it.

A simplified diagram of the apparatus Millikan
constructed is shown in Fig. 3 on page 8.

Pieces of the alkali metals sodium, lithium and
potassium were mounted in an evacuated glass
envelope on a support which could be rotated to
permit experiments on the three metals separately.
Light was incident on the metal being tested, causing
the metal to emit electrons which then struck an
electrode, forming part of a circuit.
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The current in this circuit was measured as a varying
voltage was applied to repel the electrons from the
electrode. When the measured current was zero,

the potential energy provided by the ‘stopping p.d.

V was equal to the kinetic energy of the emerging
photoelectrons, so that

eV = hf-g¢.

Millikan plotted working graphs for a number of
different wavelengths of light. By extrapolating back
to zero current, he found the stopping p.d. Vin each
case.



The graph of Fig. 4 shows his data for light of
wavelength 546.1 nm, which he used to find the
stopping p.d. of 0.55V.
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Fig. 4
He was then able to plot graphs of the stopping p.d.

against the frequency of the light to check Einstein’s
equation.



One difficulty that Millikan had to overcome was that
the stopping voltage as measured was not equal

to the photoelectric p.d. produced by the effect of
light striking the alkali metal. There was an extra p.d.
involved, which is the contact p.d. between the alkali
metal used and the copper conductor to which it was
attached. These contact p.d.s were initially found to
vary, but by careful preparation of the surfaces of the
alkali metals, and the use of a good vacuum, Millikan
managed to obtain constant contact p.d.s throughout
his experiments. He knew that a constant extra p.d. in
his readings would not affect his test of the equation

eV=hf-¢

nor the calculation of the Planck constant h from the
gradient of a graph of V against .

Millikan’s results were conclusive. They confirmed the
Einstein equation, and obtained the most accurate
measurements at the time of the Planck constant:
6.57 x 10~34J s, for which Millikan estimated the
uncertainty as = 0.5% However, Millikan was still not
convinced about Einstein’s theory of light particles
(photons).

END OF ARTICLE

10



BLANK PAGE

11



OCR¥

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content
that it uses in its assessment materials. OCR has attempted to identify and
contact all copyright holders whose work is used in this paper. To avoid the
issue of disclosure of answer-related information to candidates, all copyright
acknowledgements are reproduced in the OCR Copyright Acknowledgements
Booklet. This is produced for each series of examinations, is given to all
schools that receive assessment material and is freely available to download
from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any
third-party content in this assessment material, OCR will be happy to correct
its mistake at the earliest possible opportunity.

For queries or further information please contact the Copyright Team, First
Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment
is the brand name of University of Cambridge Local Examinations Syndicate
(UCLES), which is itself a department of the University of Cambridge.

12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


