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Subject-specific Instructions

In numerical problems, the marks for the intermediate steps shown in the mark scheme are for the
benefit of candidates who do not obtain the final correct answer. A correct answer and unit, if obtained
from a valid starting-point, gets full credit, even if all the intermediate steps are not shown. It is not
necessary to quote correct units for intermediate numerical quantities.

Note that this “correct answer” rule does not apply for formal proofs and derivations, which must be valid
in all stages to obtain full credit.

Do not reward wrong physics. No credit is given for consistent substitution of numerical data, or
subsequent arithmetic, in a physically incorrect equation. However, answers to subsequent stages

of questions that are consistent with an earlier incorrect numerical answer, and are based on physically
correct equation, must gain full credit. Designate this by writing ECF (Error Carried Forward) by your text
marks.

The normal penalty for an arithmetical and/or unit error is to lose the mark(s) for the answer/unit line.

Substitution errors lose both the substitution and answer marks, but 10" errors (e.g. writing 550 nm as
550 x 10~%m) count only as arithmetical slips and lose the answer mark.
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1 (a) (i) a periodic disturbance (1] AVAILABLE
MARKS

(ii) EM/Transverse oscillations perpendicular to direction of travel [1]
Longitudinal oscillations are parallel M1 2

(b) (i) microwave, visible, X-ray ([1] each) [3]
(if) choose 3.2 cm [1],

f=c/Aand subs [1], 9.4 x 10° Hz [1 [3]
ecf within part for 560 pm gives S.E. 5.4 x 10" Hz [1]

(c) (i) oscillations/vibrations are confined to one plane 1
(ii) Rotation of polaroid (in front of source) 1
to show extinction M1 2

(d) EM waves travel at the speed of light (others much slower)
or EM travel through vacuum (others require a medium)
or EM variation in E and B fields (others particle oscillation) [1 13
2 (a) (i) axeslabelled siniand sin r[1], straight line through origin drawn [1] [2]
(if) gradient of line if sini vs sinr, (grad)‘1 if sinrvssini [1
(b) (i) sinC=(1.37)"[1], C = 46.9° [1] [2]

(ii) angle of incidence i = 45° or i < C therefore no TIR [1]
angle of refraction in air r > i in glass therefore not 1 [1]

ray 2 chosen [1] [3] 8
ecf (i)
3 (a) the point to which rays parallel to principal axis converge 1
after passing through the lens 1 [2]
(b) (i) two rays correctly drawn from image [1], [1]
object located and labelled [1], arrows [1] [4]
(ii) (object moved further from lens [1]), further than 2f [2] [2]
(c) (i) subs 1/300 = 1/240 + 1/v into formula [1]
calculates v = 1200 mm [1] [2]
(ii) m=v/u=1200/240=5 ecf from (c)(i) Eqn or subs [
image h =30 x5=150 mm ecfform 11 [2
(iii) Virtual, magnified, erect ([1] each) [2]

([-1] for each mistake to [0])

(iv) power = 3.33 [1] dioptres or m™" [1] [2] 16
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(b)

(c)

(d)

(b)

(c)
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sketch to show resonance tube in water container [1]
and loudspeaker with sig. gen. or tuning fork (just above open end) [1]

beginning at lowest level/shortest tube [1], (slowly) raise inner tube [1]
or
beginning at low frequency [1], slowly increase frequency of signal [1]

until (considerable) increase in loudness is detected [1]

(read frequency and) length of air column [1], calculate v =4 f | [1]
Repeat for various f values and average for V [1]

Second mode of vibration method is acceptable

Graphical analysis is acceptable

superposition [1]
source and reflected waves in tube [1]
driving frequency = natural frequency [1]

(i) min of curve at 1072 and just above 103 [1]
(gentle slope to left of min) up to almost 10" + f~ 10 Hz [1]
(steeper slope to the right) up to almost 10~ + f ~ 10* Hz [1]

(ii) very large range of frequencies to cover
(i) correct subs shown in equation

(i) 5% of 0.1 Wm™=5x 103 W m™[1], subs to give 97 dB [1]
reduction of 13 dB [1] ecf defender dB
S.E. 0.2 dB [2]

reflection of ultrasound from tissue boundaries (internal) [1]
output is spikes/peaks on a time-based display [1]

from which distances/depths are calculated [1]

1-15 MHz [1]

Quality of written communication

2 marks

The candidate expresses ideas clearly and fluently, through well linked
sentences and paragraphs. Arguments are generally relevant and well
structured. There are few errors of grammar, punctuation and spelling.

1 mark

The candidate expresses ideas clearly, if not always fluently. Arguments
may sometimes stray from the point. There are some errors in grammar,
punctuation and spelling, but not such as to suggest a weakness in these
areas.

0 marks

The candidate expresses ideas satisfactorily, but without precision.
Arguments may be of doubtful relevance or obscurely presented. Errors in
grammar, punctuation and spelling are sufficiently intrusive to disrupt the
understanding of the passage.

[2]

[3]

[3]

[3]

[3]
(1]
(1]

[3]

[4]

(2]

AVAILABLE
MARKS

11

14




6 (a)

(b)

(c)
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(i)

(ii)

(i)
(ii)

(i)
(ii)

photons of specific wavelength are emitted [1]
which are the result of electron transitions [1]
between discrete/allowed energy levels within the atom [1] [3]

E = hc/A [1], correct subs to give 3.03 x 107'° J [1]
J — eV conversion for 1.89 eV [1] [3]

photoelectric effect [

There was an error in this question. In the question, the word

‘longer’ was replaced by ‘lower’ meaning that candidates were not
able to answer the question. Therefore this question was disregarded.
Question 6 was marked out of 10 marks instead of 13 marks. The
candidate’s mark out of 10 was then multiplied by 1.3 to bring the
question total back to 13.

wavelength associated with a moving mass/particle [1]

correct subs into eqgn. [1]
v=592x10°ms ' [1] 2]

Total

AVAILABLE
MARKS

13

75





<<
  /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


