
Answer SIX questions from section A and THREE questions from section B.

Thenumbersin squarebracketsin theright-handmargin indicatetheprovisionalallocationof
maximummarkspersub-sectionof aquestion.

SECTIONA [Part marks]

1. Write down thesecondorderpartialdifferentialequationdescribingthepropagationof
a wave in onedimensionwith speed� . [2]

A disturbance�������	��

����������������������

� is superposedonanotherdisturbance� �!���	��

������"���!����#$�%�&��#$

� . Deriveanexpressionfor theresultant,andsketchit. [5]

Youmayfind it usefulto notethat �"������'��)(*�����!��+����-,.������� �� ��'/(*+��
�0�"���1� �� �2'3�4+���� .
2. Statethechangesof phasewhichoccurwhenlight is reflected(a) in air from anair-glass

interface,(b) in glassfrom aglass-airinterface. [2]

Two flat glasssheetstouchat oneedgeandareseparatedby a hair 100 mm from that
edge,to form awedge-shapedair gap.Whenilluminatedwith light with awavelengthof
600nm straightdarkfringesareobservedin reflectionwith a spacingof 2 mm. Sketch
thisarrangement,showing typical rays,andcalculatethethicknessof thehair. [5]

3. Write down anexpressionfor thespeedof longitudinalwavesin asolidrodof density5
andYoung’smodulus6 . [2]

A metalbar 738 long with 69�:7!; <>=?7�<A@CBD8FE � anddensity G�<A<�<IHKJF8FE�L is sus-
pendedhorizontallyby a threadat eachendandlongitudinalelasticwavesareexcited
in it. Sketchthevariationof (a) stressand(b) particlevelocity alongthebarwhenit is
vibratingat its lowestnaturalfrequency, andcalculatethatfrequency. [5]

4. Show thatthefrequency MN# measuredby anobserverwho is approaching,at a speedO!P ,
a stationarysourcewhichemitssoundataconstantfrequency M isM # �-M.�Q7�(ROSP�T O��U�
whereO is thevelocityof sound.Statethefull expressiondescribingthesituationwhen
the sourcemovestowardsthe observer at a speedO!V and the observer approachesthe
sourceataspeedO!P . [5]

A stationarysirenemitsa steadynoteof 1500Hz. What frequency will beheardby a
driverapproachingthesirenat W�WX8Y�UE � if thespeedof soundin air is W�W�<Z8D�UE � ? [2]
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5. A thin converging lenscouldbeusedto focustheSun’s raysonasheetof paperwith the
paperheld50 mm from thelens.Sketcha diagramshowing how thesamelensmaybe
usedto form animageof acandleflameonasheetof paper. Will theimageof theflame
beuprightor inverted? [4]

Whereshouldthelensbeplacedif thepaperis 200mmfrom thecandle? [3]

6. Coherentlight of wavelength [ shinesthroughtwo narrow parallel slits in a screen.
Calculatethedifferencein pathlengthsfrom thetwo slits to a distantpoint at anangle\

away from thenormalto thescreen.Henceshow thatbright fringeswill beobserved
with a spacing[^]FTA_ onascreenatadistance] . [5]

In anexperiment,two slits 0.1mm apartwereusedto form aninterferencepatternona
screenata rangeof 1 m. Thebright fringeswerefoundto be6 mmapart.Whatwasthe
wavelengthof thelight? [2]

7. Draw andannotatea diagramof a Michelsoninterferometer, includinga compensating
plate,showing clearlytheraypathsfrom thesourceto thedetector. [5]

A Michelsoninterferometeris setup to give straightfringeswith monochromaticlight
from a cadmiumsource.Themirror at theendof onearmis moveduntil 1000fringes
have passed.If thedistancemovedby themirror is 0.32mm,whatis thewavelengthof
thelight? [2]

8. Explainthedifferencebetweenphase velocity andgroup velocity. [2]

Show thatthegroupvelocity O!` maybewritten in termsof thephasevelocity OSa andthe
wavevector � as OS`b�cO!ad(e� f O!af �hg
The approximatedispersionrelationfor wavesona thin elasticplateis �4�c�/� � where

[3]

� is a constant.Find therelationshipbetweenthephasevelocityandthegroupvelocity
for thesewaves. [2]
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SECTIONB

9. Derive the equationof motion for compressionalwavesin a fluid of normaldensity 5
andadiabaticbulk modulus i , andhenceshow that the speedof soundin the fluid isOj�Dk ilT 5 . [6]

Explain what is meantby the specificacousticimpedancem of a fluid, andderive an
expressionfor thisquantityin termsof i and 5 . [4]

Theenergy densityin acompressionwavewith displacementamplitude' andfrequency� is �� 5A� � ' � , andtheamplitudereflectedwhena waveof unit amplitudeis incidentnor-
mally in medium1 characterisedby 50� , in� and mo� on aninterfacewith medium2 char-
acterisedby 5p� , iC� and mq� is �rms�t�*mq�U�uTv�2mo�w(emq��� . Usetheprincipleof conservation
of energy to deducethemagnitudeof theamplitudetransmissioncoefficient in termsofmo� and m�� . [5]

For a gas, the adiabaticbulk modulus i � xzyb� where y is the ambientpressure.
Calculatethe speedof soundin air ( 5{� 7 g ,A|�HKJ}8FE�L , x~� ��T�; ) and in Helium
( 5R�~< g 7�|jHKJ�8FE�L , x���;�T W ) at atmosphericpressure( < g 7��>��� ). How doesthe dif-
ferenceexplain the fact that diversbreathinga mixture containinghelium speakin a
higher-pitchedvoice? [5]
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10. Draw adiagramof aFabry-Perotinterferometer, illustratingthemainfactorswhichcon-
trol its resolvingpower. [6]

A Fabry-Perotetalonis formedfrom part-silveredglassplatesa distance_ apart. It is
illuminatedatnormalincidencewith aparallelbeamof light of wavelength[ . Show, by
consideringlight reflectedandtransmittedat the inner surfacesof the etalon,how the
amplitudeof the light transmittedmay beexpressedin the form of a geometricseries.
Show thatthesumof theinfinite seriesmaybewritten in theform� � �v��� 77v�4�/�"���1������� �
makingclearthesignificanceof

�
and � . [5]

Henceshow thattheintensityof light transmittedmaybewrittenas� � ���Z� �7v�R�%� � 77s(*�&�
��� � ��,S�	_�T�[N� �
giving anexpressionfor � . [5]

Calculatetheratioof themaximumto minimumtransmittedintensitywhen � is (a)0.5
(b) 500. [4]
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11. Explainwhat is meantby coherence of a wave pattern,distinguishingbetweenlongitu-
dinalandtransversecoherence. [3]

Show that the total electric field in the Fraunhoferdiffraction patternproducedfrom
monochromaticlight with wavelength [ by a gratingwith � narrow slits at uniform
spacing_ is givenby � � � � 7v�R� � ���) 7v�4� � �$  �
where

� � is thefield dueto oneslit and [5]

x¡� �)_d���¢�)� \ �[ g
Henceshow thattheintensitypatternmaybewrittenas� � \ ��� � �2<p�X£ ���¢�	���hxw��¤�
���w��x¥�1¦ � g [3]

Sketch the resultingpattern,and indicatehow it would be modifiedif the slits in the
gratinghavefinite width. [5]

A grating ruled with 600 lines/mmis illuminated with light of wavelength600 nm.
How many ordersof diffractionwill bevisible? Calculatetheangularpositionsof the
principalmaximain thediffractionpattern. [4]
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12. Explain,with theaidof diagrams,whataremeantby theprincipal points, principal foci
andnodal points of a thick lenssystem. [6]

A compoundmicroscopehasanobjectivewith a focal lengthof 5 mm andaneyepiece
with a focal lengthof 20 mm. Draw a ray diagramof the instrumentsetup with the
final imageat infinity. If thedistancebetweenthe lensesis 220mm, how far from the
objectivemusttheobjectbeplacedin thisarrangement? [8]

What is the magnifyingpower of themicroscopewhensetup asdescribed?You may [6]

take thenearpointdistanceto be250mm.
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13. Describethe differencebetweenthe conditionsunderwhich Fraunhoferand Fresnel
diffractionmaybeobserved.Deriveanexpressionfor theminimumdistance] atwhich
ascreenmustbeplacedfrom aslit of width § in orderto observeFraunhoferdiffraction
with light of wavelength[ . [6]

Show thattheintensitydistribution in theFraunhoferpatternof aslit of width § illumi-
natedwith light of wavelength[ is� � \ ��� � �2<p�X£ �
���	��¨��¨ ¦ � �
where [7]¨©� �)§[ �
���	� \ � g
Hencederive the Rayleighcriterion that two slit sources,viewed throughan aperture
of width § , areresolvableif their angularseparationis greaterthan [NT § . How is this
resultmodifiedin thecaseof pointsourcesandacircularaperture?Estimatetheangular
separationof two starsthatcouldjustberesolvedatanultraviolet wavelengthof 120nm
by theHubbleSpaceTelescope,whichhasanobjectivemirror of radius2.4m. [7]
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