. For Examiner’s Use
Centre Number Candidate Number

Surname

Other Names . "
Examiner’s Initials

Candidate Signature

Question Mark
/( General Certificate of Education 1
AQA Advanced Subsidiary Examination
June 2010 2
. TOTAL
Physics PHA3/B3/X

(Specifications A and B)

Unit 3 Investigative and Practical Skills in AS Physics
Route X Externally Marked Practical Assignment (EMPA)

Section A Task 1

For this paper you must have:
e a calculator

e a pencil

e aruler.

Instructions

e Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided. Do not write outside

the box around each page or on blank pages.

Show all your working.

e Do all rough work in this book. Cross through any work you do not want
to be marked.

e Figure 4 is printed on a perforated sheet. You may wish to detach this sheet before starting
Question 2(a).

Information

e The marks for questions are shown in brackets.
e The maximum mark for Section A Task 1 is 14.
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Section A Task 1

Follow the instructions given below.
Answer all the questions in the spaces provided.

No description of the experiment is required.

You are to use a diffraction grating to observe the diffracted images of a vertical single slit
illuminated by light from an LED.

1 The slit is in the centre of a card. A horizontal scale on the card shows the distances from
the centre of the slit.
The slit is vertically above a half-metre ruler, with the card at right angles to the ruler.

Figure 1
vertical slit at diffraction grating at
the centre of the card position y, above the ruler
—o ¥ \:I:l %
LED half-metre ruler
eye
card with millimetre scale
at position y, above the ruler

1 (@) (i) Read and record the reading, y,, on the half-metre ruler, directly below the slit, as
shown in Figure 1.

A diffraction grating has been positioned so that it is vertically above the ruler
and at right-angles to it. The grating lines are vertical, with the centre of the
grating at the same height as the centre of the slit.

Do not move the stand to which the grating has been clamped or change the
position of the grating in it.

1 (a) (i) Read and record the reading, y,, on the half-metre ruler, vertically below the face
of the grating that is closest to the slit, as shown in Figure 1.

(1 mark)
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3 Do not write
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box

1 (b) The LED will emit green or red light depending on the setting of switch S.
Set the switch to the position marked G and adjust the output voltage of the power
supply until the current in the LED is 20 mA.
View the slit through the grating with your eye close to the grating and observe the
diffracted images of the slit. You will see three images of green light, which are the
central (undeviated) image of the slit and the first-order diffracted images to the left
and right.
Ignore any yellow or orange light produced by the LED.
If you are colour-blind you should assume that the green images are those closest

to the slit.
A plan view of the apparatus when green light is emitted from the LED is shown in
Figure 2.
Figure 2
/ green image
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1 (b) (i) Make readings to determine the mean distance, x5, between the centre of the
first-order green diffracted images and the centre of the slit. You should do this
by looking at the scale on the card with one eye, whilst looking through the
grating at the slit with the other eye.

Turn over »
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1 (b) (i)

1 (¢) The angle of diffraction, 6, is given by tan 6 =

1 (© ®

1 (¢) (i)

Without changing the position of the grating or slit, set the switch S to the
position marked R and adjust the output voltage of the power supply until the
current in the LED is 20 mA. Make readings to determine the mean distance, xg,
between the centre of the first-order red diffracted images and the centre of the
slit.

(2 marks)

X
Ya—=W

Use your measurements to determine 6; and 6y, the angles of diffraction for the
first-order images for green light and red light, respectively.

(3 marks)
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1 (d) Explain how you could determine the spacing of the lines on the diffraction grating

you used. In your answer

e state what additional information you would need to determine the spacing of the
lines on the diffraction grating

e explain how you would use your measurements to calculate the spacing of the lines
on the diffraction grating

e describe one procedure or modification that would reduce the uncertainty in your
result.

(4 marks)

Turn over for the next question
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2 You are to make measurements of an optical pattern produced when two grids of parallel,

ruled lines are overlaid, as shown in Figure 3.
The alternate lighter and darker regions in the pattern are called Moiré fringes.

The perpendicular distance, D, between adjacent Moiré fringes depends on the angle, o,
between the sets of lines on the two grids and on p, the spacing between the centres of the

adjacent lines on the grid.
Figure 3
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Note that Figure 4, for use with this question, is printed on page 9.
You may wish to detach this perforated sheet before starting Question 2(a).

2 (a) (i) Make suitable measurements to determine p, the spacing of the ruled lines on the
grid shown in Figure 4.

2 (a) (ii)) Place the transparent copy over Figure 4 so that the two sets of grid lines are
parallel, then rotate the transparent copy until the grid lines on it are parallel to
the line AB on Figure 4. Make suitable measurements to determine D, the
perpendicular distance between adjacent Moiré fringes.

2 (a) (i) Evaluate g.

D _
p
(3 marks)
2 (b) Justify the number of significant figures you gave with your result for pQ
(1 mark)

END OF QUESTIONS
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A
I

|
|
|

|

|

I

|

|

|

|

|

|

|

I

I

|

|

END OF QUESTIONS
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There are no questions printed on this page
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For this paper you must have:
e a calculator
e a pencil

e aruler.

Instructions

e Use black ink or black ball-point pen.
Fill in the boxes at the top of this page.
Answer all questions.
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There are no questions printed on this page
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Section A Task 2
Follow the instructions given below.
Answer all the questions in the spaces provided.

No description of the experiment is required.

In this experiment you will investigate the bending of a plastic metre ruler under its own weight.

1 (a) You are provided with a wooden metre ruler to be used as a vertical scale.
Make the ruler vertical with the zero graduation of the ruler in contact with the floor.
Use the stand and clamp provided to secure the ruler in this position.

Use the G-clamp and blocks of wood to clamp the plastic metre ruler to the top of the
bench so that x, the length of the ruler between the vertical edge of the blocks and the

free end of the ruler is 90.0 cm, as shown in Figure 5.

Figure 5

plastic ruler
clamped between

two wooden
blocks \

vertical edge of wooden blocks

| ]‘_\‘
L/

h()

Measure and record h,, the vertical height between the top of the plastic ruler and the
floor, at the end where the ruler is clamped between the wooden blocks.

(1 mark)
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1 (b) Attach the pin to the free end of the plastic ruler, so that the tip of the pin projects
horizontally at right angles to the top surface of the ruler at the free end, as shown in
Figure 6.

Figure 6

tip of pin

pin attached to top surfaceld
at free end of the ruler

Measure and record £, the vertical height between the tip of the pin and the floor.
You should use the mirror that is provided to assist you in measuring 4.

Investigate how h varies with x for five smaller values of x.

Record all your measurements and observations below.

Note that the independent variable should be recorded in the left-hand column of your
table.

Leave space in your table for an extra column for the data you will be required to plot
on your graph (see part (c) below).

(6 marks)

1 (c) Plot,on the grid opposite, a graph of (h,—h) on the vertical axis and x on the horizontal
axis.
(8 marks)
END OF QUESTIONS
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For this paper you must have:

a calculator

a pencil

a ruler

your completed Section A Task 2 question paper/
answer booklet.

Time allowed

e 1 hour 15 minutes

Instructions

Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided. Do not write outside
the box around each page or on blank pages.

Show all your working.

e Do all rough work in this book. Cross through any work you do not want

to be marked.
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e The marks for questions are shown in brackets.
e The maximum mark for Section B is 26.
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Section B

Answer all the questions in the spaces provided.
The time allowed is 1 hour 15 minutes.

You will need to refer to the work you did in Section A Task 2 when answering these questions.

1 You are provided with a small plane mirror which you may use to assist you in answering
part (a) of this question.

1 (a) (i) Determine the gradient, G,, of your graph, at x = 750 mm
G] e ieeiccrececetnicetectasectttistetitasectsttssetitasecascasretitasne
1 (@) (i) Determine the gradient, G,, of your graph, at x = 650 mm

G2 o teeecececenctctccnsecenstcsnsesencrsrcsnsecensrsscsesesansrsssenee
(3 marks)
1 (b) Evaluate '
G,
G _
G, T
(2 marks)
1 (c¢) Explain the procedure you used to determine the gradients, G, and G,.
(1 mark)
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2 (a)

2 (b)

Describe how you ensured that the wooden metre ruler was vertical whilst you made
your measurements of /4 and hy.
You may wish to use a sketch to illustrate your answer.

Explain how you used the pin and the mirror when measuring the vertical height of the
free end of the plastic ruler above the floor.

Identify the error that the procedure you have explained is intended to overcome.

You may wish to use a sketch to illustrate your answer.

(3 marks)

Turn over »
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3 In an experiment in Section A, you saw how two grids of parallel ruled lines can be used to
produce Moiré fringe patterns, as shown in Figure 7.
Figure 7

D, the perpendicular distance
between adjacent Moiré fringes
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p, the spacing of the ruled lines on each grid

A student obtains two diffraction gratings thought to be identical with a line spacing of about
3 x 10°°m. The student finds that when these are placed together and viewed against a white

background a Moiré fringe pattern is observed when one grating is rotated slightly.
For small angles, the distance between the Moir€ interference fringes, D, is given by the

STp where a is in degrees.

>

approximate equation, D =
By assuming that p = 3.0 x 10~ ®m, the student uses this equation in a spreadsheet to find D

for values of a up to 16°.
The student’s results are shown below.

ol/° D/mm
2 0.0855
4 0.0428
6 0.0285
8 0.0214
10 0.0171
12 0.0143
14 0.0122
16 0.0107

WMP/Jun10/PHA3/B3/X



The student intends to view the Moiré fringes through a microscope to check the spreadsheet
results for D by measuring D using the microscope directly.
The vernier scale on the microscope can measure to the nearest 0.01 mm.

3 (a) Explain using suitable calculations why this microscope is not suitable to check the
results of the spreadsheet calculation.

(4 marks)
aD

3 (b) The equation for D can be rearranged to give p = 57

The student suggests that if a better microscope can be provided and a can be set to

produce values of D greater than 0.10 mm, the value of p can be found experimentally.
Discuss whether the student’s suggestion is sensible.

(2 marks)

3 (c¢) The theoretical separation of the Moiré fringes when o = 2°, shows D = 0.0859 mm.
Calculate the percentage difference between this value and the student’s spreadsheet
result for D when a = 2°.

(2 marks)

Do not write
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box
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4 In the experiment in Section A Task 1 you observed Moiré fringes using a transparent sheet
on which gridlines were printed. This question is about an experiment to measure the
stiffness of a narrow strip of the transparent sheet.

In Figure 8, which is not to scale, the strip of the transparent sheet is suspended vertically in
front of a sheet of card; the lines printed in the strip are parallel to those on the card.

A grid, of identical spacing to that on the transparent sheet, is printed on the card.

The strip is stretched and when viewed against the grid on the card, Moiré fringes are seen.

Figure 8

grid printed on to
strip of transparent ﬁ

sheet (shown in
enlarged view

below)

Moiré fringes
appear when strip
of transparent
sheet is stretched

grid printed on to
sheet of card

It can be shown that Al, the extension of the strip of transparent sheet, is given by

A:pxl
l 2d’

where

distance between centres of adjacent lines on the grid printed on the card,
the distance between the centres of adjacent dark Moiré fringes,
= length of the strip before being stretched.

Il

The stiffness, k, of the strip is given by

_F
k_Al’

where F = the force applied at each end to stretch the strip of transparent sheet.

WMP/Jun10/PHA3/B3X



4 (a) Explain how the stiffness of the strip of transparent sheet can be determined
experimentally.
You may assume that the value of p is known.
In your answer
e state what measurements should be taken, explaining how each will be made
e describe procedures to reduce uncertainty in each of these measurements
e explain how the measurements can be used to calculate the stiffness of the strip of
transparent sheet.

(6 marks)

4 (b) In Section A Task 2 you used a plastic metre ruler.
Explain why it is not sensible to measure the stiffness of the plastic ruler using the
method suggested in part (a).

(1 mark)

END OF QUESTIONS

WMP/Jun10/PHA3/B3/X

Do not write
outside the
box




There are no questions printed on this page

DO NOT WRITE ON THIS PAGE
ANSWER IN THE SPACES PROVIDED

Copyright © 2010 AQA and its licensors. All rights reserved.

WMP/Jun10/PHA3/B3/X




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




