Answer SIX questionsfrom section A and THREE questionsfrom section B.

Thenumbersn squarédracletsin theright-handmawgin indicatethe provisionalallocationof
maximummarkspersub-sectiorof a question.

SECTIONA [Part marks]

1. Write down the secondorderpartial differentialequationdescribingthe propagatiorof
awave in onedimensionwith speed:. [2]

A disturbancey, (z,t) = A cos(kxz—wt) is superposednanothedisturbancey(z,t) =
Acos(k'z — w't). Derive anexpressiorfor theresultantandsketchit. [5]

Youmayfind it usefulto notethatcos(a) + cos(b) = 2 cos(3(a + b)) cos(5(a — b)).

2. Statethechange®f phasewvhichoccurwhenlight is reflecteda)in air from anair-glass
interface,(b) in glassfrom a glass-aitinterface. [2]

Two flat glasssheetdouchat one edgeandare separatedby a hair 100 mm from that
edgeto form awedge-shapedir gap. Whenilluminatedwith light with awavelengthof
600 nm straightdark fringesareobsenredin reflectionwith a spacingof 2 mm. Sketch
this arrangemenshawing typical rays,andcalculatethe thicknessof the hair. (5]

3. Write down anexpressiorfor the speedf longitudinalwavesin asolid rod of densityp
andYoungsmodulusY'. [2]

A metalbar1l m longwith Y = 150 x 10° N m~2 anddensity6000 kg m~ is sus-
pendedhorizontallyby a threadat eachendandlongitudinalelasticwavesare excited
in it. Sketchthevariationof (a) stressand(b) particlevelocity alongthe barwhenit is
vibratingatits lowestnaturalfrequeng, andcalculatethatfrequeng. [5]

4. Show thatthefrequeny f’ measuredby anobsenerwhois approachingataspeed,,
a stationarysourcewhich emitssoundat a constanfrequeny f is

f,:f(1+1)0/v),

wherev is thevelocity of sound.Statethefull expressiordescribinghe situationwhen
the sourcemovestowardsthe obserer at a speedvs and the obsener approacheshe

sourceataspeedy,. [5]
A stationarysirenemitsa steadynoteof 1500Hz. Whatfrequeng will be heardby a
driver approachinghesirenat33 m s~! if thespeedf soundin airis 330 m s~1? [2]
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. A thin corverging lenscouldbe usedto focusthe Suns rayson asheebf papermwith the
paperheld 50 mm from the lens. Sketcha diagramshaving how the samelensmay be
usedto form animageof a candleflameon a sheef paper Will theimageof theflame
beuprightor inverted?

Whereshouldthe lensbeplacedif the paperis 200mm from the candle?

. Coherentlight of wavelength\ shinesthroughtwo narrov parallelslits in a screen.
Calculatethe differencein pathlengthsfrom the two slits to a distantpoint atanangle
# away from the normalto the screen.Henceshaw thatbright fringeswill be obsered
with aspacing\D/d onascreeratadistanceD.

In anexperimenttwo slits 0.1 mm apartwereusedto form aninterferencepatternon a
screeratarangeof 1 m. Thebrightfringeswerefoundto be 6 mmapart.Whatwasthe
wavelengthof thelight?

. Draw andannotatea diagramof a Michelsoninterferometerincludinga compensating
plate,shawving clearlytheray pathsfrom the sourceto the detector.

A Michelsoninterferometeis setup to give straightfringeswith monochromatidight
from a cadmiumsource.The mirror at the endof onearmis moveduntil 1000fringes
have passedIf thedistancemovedby themirror is 0.32mm, whatis the wavelengthof
thelight?

. Explainthedifferencebetweerphase vel ocity andgroup velocity.

Shaw thatthegroupvelocity v, maybewrittenin termsof the phasevelocity v, andthe
wavevectork as

dv,

dk’

The approximatelispersiorrelationfor waveson athin elasticplateis w = Ak? where
A is aconstantFind therelationshipbetweerthe phasevelocity andthe groupvelocity
for thesewaves.

Vg = Up + k
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SECTIONB

9. Derive the equationof motion for compressionalvavesin a fluid of normaldensityp
andadiabaticbulk modulusB, andhenceshaw thatthe speedof soundin the fluid is

v=/B/p. (6]

Explainwhatis meantby the specificacousticimpedanceZ of a fluid, andderive an
expressiorfor this quantityin termsof B andp. (4]

Theenepgy densityin acompressionvave with displacemenamplitudes andfrequeny
w is 3 pw?a?, andtheamplitudereflectedvhenawave of unit amplitudeis incidentnor-
mally in mediuml characterise8y p,, B; andZ; onaninterfacewith medium2 char
acteriseddy po, By andZs is (Z; — Zs) / (Z1 + Z,). Usethe principle of conseration
of enegy to deducehe magnitudeof theamplitudetransmissiorcoeficientin termsof
VAl anng. [5]

For a gas, the adiabaticbulk modulusB = ~P, where P is the ambientpressure.
Calculatethe speedof soundin air (p = 1.28 kg m™3, v = 7/5) andin Helium

(p = 0.18 kg m 3, v = 5/3) at atmospherigressurg0.1 MPa). How doesthe dif-
ferenceexplain the fact that divers breathinga mixture containinghelium speakin a
higherpitchedvoice? (5]



10. Draw adiagramof a Fabry-Perotnterferometerillustratingthe mainfactorswhich con-
trol its resolvingpower.

A Fabry-Perotetalonis formedfrom part-silveredglassplatesa distanced apart. It is
illuminatedat normalincidencewith a parallelbeamof light of wavelength\. Shaw, by
consideringlight reflectedandtransmittedat the inner surfacesof the etalon,how the

amplitudeof the light transmittedmay be expressedn the form of a geometricseries.

Shaw thatthesumof theinfinite seriesmaybewrittenin theform

1

B = E0T1 — ReAndi/X

makingclearthesignificanceof 7" and R.
Henceshow thattheintensityof light transmittednaybewritten as

T \? 1
I:I()( ) ) ,
1—R/ 1+ Fsin*(2nd/\)

giving anexpressiorfor F'.

Calculatetheratio of themaximumto minimumtransmittedntensitywhen £ is (a) 0.5
(b) 500.
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11. Explainwhatis meantby coherence of a wave pattern distinguishingoetweenongitu-
dinal andtrans\ersecoherence. [3]

Shaw that the total electricfield in the Fraunhoferdiffraction patternproducedfrom
monochromatidight with wavelength\ by a gratingwith N narraw slits at uniform
spacingd is givenby
1— eZiny
whereFE is thefield dueto oneslit and [5]
md sin(6)
Y=

Henceshow thattheintensitypatternmaybewritten as

1(0) = 1(0) [jxlrns(li\g))] -

(3]

Sketchthe resultingpattern,andindicatehow it would be modifiedif the slits in the
gratinghave finite width. (5]

A grating ruled with 600 lines/mmis illuminated with light of wavelength600 nm.
How mary ordersof diffractionwill be visible? Calculatethe angularpositionsof the
principalmaximain thediffractionpattern. [4]



12. Explain,with theaid of diagramswhataremeantby the principal points, principal foci
andnodal points of athick lenssystem. [6]

A compoundnicroscopenasan objective with afocal lengthof 5 mm andaneyepiece
with a focal lengthof 20 mm. Draw a ray diagramof the instrumentsetup with the
final imageatinfinity. If the distancebetweenthelensess 220 mm, how far from the
objectve mustthe objectbe placedin thisarrangement? (8]

Whatis the magnifyingpower of the microscopenvhensetup asdescribed?Youmay  [6]
take thenearpointdistancego be250mm.
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13. Describethe differencebetweenthe conditionsunderwhich Fraunhoferand Fresnel

diffractionmaybeobsened. Derive anexpressiorfor theminimumdistanceD atwhich
ascreemmustbeplacedfrom aslit of width w in orderto obsene Fraunhofediffraction
with light of wavelength).

Shaw thattheintensitydistributionin the Fraunhofepatternof a slit of width w illumi-
natedwith light of wavelength) is

where

Hencederie the Rayleighcriterion that two slit sourcesyiewed throughan aperture
of width w, areresohableif their angularseparations greaterthan\/w. How is this

resultmodifiedin the caseof pointsourcesanda circularaperture Estimatetheangular
separatiorf two starsthatcouldjustberesolhedatanultraviolet wavelengthof 120nm

by the HubbleSpaceTelescopewhich hasanobjectve mirror of radius2.4m.
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