Answer SIX questionsfrom section A and THREE questionsfrom section B.

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

SECTIONA [Part marks]

1. Calculatehedisturbance(z, t) resultingfrom thesuperpositiomf two wavesy, (z, t) =
Asin(kix — wit) andys(z,t) = Asin(kex — wot). Sketchtheresultingdisturbanceand
theintensityasfunctionsof timeatz = 0. [5]

Explainhow your diagramsxplain thephenomenomwnf beats. [2]
Youmayfind it usefulto notethatsin(a) + sin(b) = 2sin(3(a + b)) cos(3(a — b)).

2. Define the visibility of an interferencepattern. The two aperturesn a Youngs slits
experimentpassdifferentamplitudes4 and B. Shaw thatthe visibility of the resulting
fringe patternmaybewritten as [4]

[ _ _24/B
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Whatwill thevisibility beif theintensity passedy oneof theslitsis 4 timesthatpassed
by the other? [3]

3. Statethechange®sf phasavhichoccurwhenlightis reflecteda)in air from anair-water
interface,(b) in waterfrom awaterair interface. [2]

White light is incidentnormally on a soapfilm with arefractveindex of 4/3. If thefilm
is 0.75um thick, for whatwavelengthsn air will maximabe seenn theintensityof the
reflectedight? Take thevisible rangeasbeingfrom 400to 700nm. (5]

4. Write down anexpressiorfor thespeedf soundn airin termsof its equilibriumdensity
po andadiabatidoulk modulusB,. Explainwhy it is appropriatéo usetheadiabatidoulk
modulusratherthantheisothermabulk modulus. [3]

Sketchthe variationof displacemenalonga tube, closedat both ends,in which air is
vibratingatits fundamentafrequeng. Calculatethe fundamentafrequeny if thetube
is 1 m long andthe speedf soundin air is 330 m s~*. [4]
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5. Shaw thatthefrequeng f' measuredy anobsererwho is approachingata speedy,,
a stationarysourcewhich emitssoundat a constanfrequeng f is

f,:f(1+Uo/U),

whereuv is thevelocity of sound.Statethefull expressiordescribingthe situationwhen
the sourcemovestowardsthe obserer at a speedv, and the obserer approacheshe
sourceataspeedy,. [5]

A police caremitsa soundsignalof 500Hz. A stationaryobsener measureshe fre-
gueny as525Hz while the caris approachingWhatis the obsened frequeng when
thecarrecedestthesamespeed? [2]

6. Draw aray diagramshaving theformationof a magnifiedimagein a concae spherical
mirror. (3l

A shaving or make-upmirror of thistypehasaradiusof curvatureof 30 cm. Whatis the
magnificationof theimagewhenthefaceis 10 cm from the centreof the mirror? (4]

7. Explain,with theaid of adiagram Rayleighs criterionfor theresolutionof two diffrac-
tion patterns. [3]

Two slit sourcesyiewedthroughanapertureof width w, areresohableif theirangular
separations greaterthan\/w. How is this resultmodifiedin the caseof point sources
anda circularaperturedf anEarthobsenation satelliteorbits at analtitudeof 500 km
andits camerahasan apertureof diameterl cm, whatis the smallestseparatiorof two
objectsonthe Earths surfacethatcouldberesohedat a wavelengthof 500nm? [4]

8. Explainthedifferencebetweerphase velocity andgroup velocity. [2]

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

dv,

dk (2]
The phasevelocity v, of light in glassvarieswith wavelength\ asv, = A+ BA?, where

A and B areconstantsShav thatthe sumof the groupvelocity andthe phasevelocity

is constanin theglass. [3]

Vg =Vp + k
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9.

10.

SECTIONB

Derive from first principlesthe equationof motionfor longitudinalwavesin a uniform
rod of densityp andYoungs modulusY’, andhenceshawv thatthe speedf soundin the

rodisv = 1/Y/p.

Two semi-infiniterods with equalcross-sectionare joined togetherend-to-end. The
rod on the left hasdensityp andYoungs modulusY’, thaton theright is characterised
by p' andY’. Statethe boundaryconditionswhich hold at the interface,andderive the
amplitudesof wavestransmittecandreflectedattheinterfacewhenawaveis incidentin
therod ontheleft.

Derive anexpressiorfor thekineticenegy densityin arod carryingalongitudinalwave
of amplitudeA andangularfrequeng w. Henceshaw thatthe kinetic enegy density
averagedover aperiodmaybewrittenas

1 2 A2

(T) = - pw”A*.

4
Whatis the averagekinetic enegy densityof a 1 kHz wave with amplitude10=8 m in a
metalbarwith density8000 kg m=3?

Draw a diagramof a Michelsoninterferometer:includea compensatinglate and ex-
plainits importance.

If the amplitudesof the signalstravelling alongthe two pathsare equal,showv thatthe
resultingintensitydistribution of theinterferencdringesmaybewritten as

I1(0) = I(0)sin? (%ﬂd cos(@)) :

Explainthesignificanceof all the quantitiesn this expression.

Explain how the interferometermay be set up to obsere either circular or straight
fringes.

The interferometeis setup to shav straightfringesusinglight of wavelength500 nm
with anevacuatedylinder of length50 mmin onearm. Gasis slowly letinto thecylin-
der, andthe fringe patternshifts by 50 fringes. Calculatethe refractve index of the
gas.
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11.

12.

Explainwhatis meantby coherence of a wave pattern distinguishingoetweenongitu-
dinalandtrans\ersecoherence.

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

Henceshow thattheintensitypatternmaybewritten as

1(6) = 1(0) [zsxlrns(li\g))] | '

Usethis formulato shav thattheintensitypatternin Young's experimenthasa cos?(7y)
form, andsketchtheintensitypatterndor this caseandfor agratingwith 10 slits. Com-
menton thedifferences.

A gratingruledwith 800lines/mmis illuminatedwith light of wavelength500nm. How
mary ordersof diffractionwill bevisible? Calculatethe angulamositionsof the princi-
pal maximain the diffractionpattern.

Explain,with theaid of diagramswhataremeantby the principal points, principal foci
andnodal points of athick lenssystem.
Sketcharay diagramillustratingtheformationof animageby atelephotdens.

A telephotdensis madewith a diverging lensof focal length100 mm placedbetween
aconverging lensof focal length50 mm andthefilm. Thetwo lensesare20 mm apatrt.
If anobjectis placed500 mm in front of the converging lenshow far mustthe film be
behindthediverginglens?

Whatis theratio of thefinal imagesizeto theobjectsizein thisarrangement?
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13. Describethe differencebetweenthe conditionsunderwhich Fraunhoferand Fresnel
diffractionmaybeobsenred. Shav thatthe minimumdistanceD atwhichascreemmust
be placedfrom aslit of width w in orderto obsenre Fraunhofediffractionwith light of
wavelength) is givenby D = w?/\. [6]

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

where [9]

Describein outline the factorswhich would leadto the selectionof the optimal size of
holefor apinholecamera. [5]
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