
ADVANCED SUBSIDIARY (AS)
General Certifi cate of Education

2022

Physics
Assessment Unit AS 2
assessing
Module 2: Waves, Photons 
and Astronomy

[SPH21]
MONDAY 6 JUNE, MORNING

Time
1 hour 45 minutes, plus your additional time allowance.

Instructions to Candidates
Write your Centre Number and Candidate Number in the 
spaces provided at the top of this page.
You must answer the questions in the spaces provided. 
Do not write on blank pages. 
Complete in black ink only. 
Answer all eleven questions.

Information for Candidates
The total mark for this paper is 100.
Figures in brackets printed at the end of each question indicate 
the marks awarded to each question.
Your attention is drawn to the Data and Formulae Sheet which 
is inside this question paper.
You may use an electronic calculator.

13119.02 MV18

MV18

Centre Number

Candidate Number



13119.02 MV18 2 

1 (a) A surface water wave is classified as a transverse wave. 
Explain what is meant by a transverse wave.     

  [2 marks]

 (b) Transverse waves can be polarised. Explain what is 
meant by a polarised wave.     [1 mark]

 (c) A surface water wave of wavelength 2.24 m is moving 
at a speed of 56.0  m s−1. The amplitude of the wave is 
15.0 cm.

  (i) Calculate the frequency of the wave.     [3 marks]

   Frequency =                        Hz 
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  (ii) On Fig. 1.1, sketch a graph showing two full cycles 
of the wave.     [5 marks]

   Include values on both axes. Show any working out 
clearly.

   Fig. 1.1

0
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2 The spiral galaxy NGC 2403 is estimated to be at a 
distance of 8 million light years from the Earth. One light 
year is the distance travelled by light in one year.

 (a) Show that the NGC 2403 galaxy is approximately 
  7.6 × 1022  m from the Earth.     [3 marks]

 (b) (i) Calculate the recession speed of the NGC 2403 
galaxy.     [2 marks]

   Recession speed =                        m s−1 
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  (ii) Calculate the redshift parameter z for the NGC 2403 
galaxy.     [2 marks]

   z = 

 (c) One of the lines of the emission spectrum of hydrogen 
has wavelength 656 nm.

  (i) Calculate the wavelength redshift  of this spectral 
line when emitted from the NGC 2403 galaxy and 
observed on Earth.     [2 marks]

   ∆λ =                                  nm 
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  (ii) How does your answer to (c)(i) compare to the ∆λ 
value for the 656 nm spectral line emitted from a 
galaxy 1000 times more distant than the 
NGC 2403 galaxy?     [1 mark]
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3 Sodium metal has a work function of 2.00 eV.

 (a) Explain what is meant by the ‘work function’ of sodium.
[2 marks]

 (b) Calculate the threshold frequency of sodium.
  [3 marks]

  Frequency =                               Hz 
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 (c) (i) Use Einstein’s photoelectric equation to calculate 
the maximum velocity of electrons emitted from the 
surface of sodium when it is illuminated by light of 
wavelength 330 nm.     [6 marks]

   Maximum velocity =                        m s−1 

  (ii) The intensity of the incident light of wavelength 
330 nm is increased. 
What effect, if any, will this have on the maximum 
velocity of the emitted electrons?     [1 mark]
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  (iii) State what would be observed if light of frequency 
4.55 × 1014  Hz and of the original intensity is 
incident on the surface of sodium.     [2 marks]
Explain your reasoning.
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4 Fig. 4.1 shows the emission line spectrum for excited 
hydrogen gas. Explain how the spectrum is produced 
in terms of energy levels within the atom of hydrogen. 
Numerical values are not required in your answer.

 [5 marks]

 Fig. 4.1
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5 (a) A converging lens is used to produce a real, magnified 
image of an object.
Draw a ray diagram on Fig. 5.1 to locate the position 
of the object O when the focused image I is formed as 
shown. The points labelled F are the principal foci of the 
lens.     [4 marks]

  Fig. 5.1

  

F F
I

converging lens
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 (b) A projector is used to produce a real, magnified image 
of a square microscope slide on a screen placed at a 
distance of 3.5 m from the lens. The length of one side 
of the slide is 4.0 cm and the focused image on the 
screen is a square of side 88 cm.

  Calculate the focal length of the lens being used in the 
projector.     [4 marks]

  Focal length =                                m 
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6 Lasers produce light which is monochromatic and coherent. 
In relation to laser action, explain the terms below.

 (a) Metastable state     [2 marks]

 (b) Population inversion     [2 marks]

 (c) Coherent light     [1 mark]

 (d) Monochromatic light     [1 mark]
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7 An electron diffraction tube, as shown in Fig. 7.1, is used to 
demonstrate the waveparticle duality of electrons.

 Fig. 7.1

 

– +

filament A

low voltage
supply

B
electron beam

evacuated
glass tube

high voltage
supply, V

 

 (a) (i) Name the piece of apparatus labelled A.
   [1 mark]

  (ii) Name the piece of apparatus labelled B and 
describe what is observed at B.     [3 marks]
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  (iii) Explain how the diffraction apparatus in Fig. 7.1 
demonstrates both the wave nature and the particle 
nature of electrons.     [2 marks]

 (b) (i) In an electron diffraction tube, a high voltage supply 
accelerates the electrons to a velocity of 

   1.39×107 m s−1.
   Determine the de Broglie wavelength of these 

electrons.     [4 marks]

   Wavelength =                                   m 
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  (ii) What region of the electromagnetic spectrum would 
a photon of the wavelength calculated in (b)(i) 
belong to?     [1 mark]
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8 A diffraction grating may be used to experimentally 
determine the wavelength of visible laser light, using the 
arrangement shown in Fig. 8.1.

 Fig. 8.1

 

laser
grating

screen

 The diffraction equation is given by Equation 8.1.

 d sin θ = n λ   Equation 8.1

 (a) Define the terms used in Equation 8.1.     [3 marks]

  n:  

  d:  

  θ:  
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 (b) In one such experiment, the laser emits light of 
wavelength  660×10−9 m, the grating has 200 lines per 
mm and a sheet of white paper of width 296 mm is being 
used as the screen. Use the diffraction grating formula 
to calculate a minimum grating to screen distance in 
order for both the first order fringes to be observed on 
the edges of the paper.     [6 marks]

Minimum distance from grating to screen =                           m
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9 A child wears spectacle lenses of focal length +0.56 m in 
order to correct the near point to a normal distance of 25 cm 
from their eye.

 (a) (i) What defect of vision is being corrected by a lens of 
focal length +0.56 m?     [1 mark]

  (ii) What could cause the defect you have named in (i)? 
[1 mark] 

  (iii) What is meant by the near point?     [1 mark]
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 (b) With the correcting lens in place, complete a ray 
diagram on Fig. 9.1 to illustrate the path of two rays 
from an object placed 25 cm from the eye of the child. 
Draw the correct shape of the correcting lens on the 
dotted line shown and two rays passing through the 
correcting lens and the eye lens to the retina.     

  [4 marks]

  Fig. 9.1

 eye lens

retina

object

position of
the lens
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10 (a) State the principle of superposition.     [2 marks]

 (b) Interference effects can be demonstrated using sound 
waves.

  Fig. 10.1
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generator speakers
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Y

 

  Two loudspeakers connected to the same signal 
generator are placed 0.80 m apart as in Fig. 10.1. 
Students walking along the line XY at a distance of 
1.12 m from the speakers can hear variations in the 
loudness of the sound.
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  Student A reports hearing loud sounds at 42 cm intervals 
and Student B at 44 cm intervals. Both agree that the 
loudest sound can be heard at point O, equidistant from 
both speakers.

  (i) Explain why a loud sound is heard at point O.
   [2 marks]

  (ii) By averaging the results of the two students, 
estimate the frequency of the sound being 
generated. The speed of sound in air is 334 m s−1. 
Give your answer to two significant figures.     

   [6 marks]

   Frequency =                           Hz 
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11 Diamond has a refractive index of 2.42.

 (a) Show that the critical angle for diamond is 24°.     
  [2 marks]

 

 (b) Pieces of diamond are cut so as to ‘sparkle’. This is 
partly due to the phenomenon of total internal reflection 
of light within the stone. A ray of white light incident at 
90° to the surface of a cut diamond is shown in Fig. 11.1.

  Fig. 11.1
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  (i) Explain why the ray has taken the path shown after 
striking boundary AB.     [2 marks]

  (ii) Continue the path of the ray on Fig. 11 .1 to show the 
path it follows before and just after striking boundary 
BC. Draw the normal line and include a value for the 
angle of incidence at the boundary BC.     [3 marks]
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  (iii) Diamonds which are ‘shallow cut’, such as the one 
in Fig. 11.2, would not sparkle in the same manner. 
Explain why this is the case. You may illustrate 
your answer by continuing the path of the ray after 
striking boundary EF on Fig. 11.2.     [2 marks]

   Fig. 11.2

   

140°

E F
 20°

This is the end of the question paper





Permission to reproduce all copyright material has been applied for.
In some cases, efforts to contact copyright holders may have been unsuccessful and CCEA
will be happy to rectify any omissions of acknowledgement in future if notifi ed.

For Examiner’s
use only

Question
Number Marks

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11

Total
Marks

Examiner Number

13119.02 MV18



<<
  /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 0.0000
  /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 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 300
  /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 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


