8pt Answer SIX questions from section A and THREE questions from
section B.

Thenumbersn squarédracletsin theright-handmawmgin indicatethe provisionalallocationof
maximummarkspersub-sectiorof aquestion.

speedof lightc =3 x 10 ms™!

SECTIONA [Part marks]

1. Theexcesspressuren aplanesoundwave in air hastheform
p(z,t) = 2cos(0.1rx — 337t) sin(1.7wrx — 5617t),

wherez is measured metresandt in secondsShaow thatthis soundmaybedescribed
as a superpositiorof two sinusoidalwaves, and calculatethe frequencief thetwo  [4]
wavesandthe speedf soundin air. [3]

2. A uniform film of oil of refractve index n,; = 1.44 andh = 0.27 pm thick covers
a puddleof water (refractve index nya.er = 1.33). Draw a diagramillustrating the
occurrenceof interferencdn reflectedlight obsered from almostvertically above the  [3]
puddle. What is the changeof phaseof the light on reflectionin air from the upper
surfaceof theoil? Explainwhy constructve interferencewill beobseredfor light with  [1]
wavelength) in air which satisfies

\ = 4ngih
2p+1

wherep is apositiveinteger. Estimatethewavelengthof light in thevisiblerange(wave-  [2]
lengths0.4to 0.7um) for which the obseredintensitywill beamaximum. [1]

3. Write down anexpressiorfor thevelocity of soundin agasin termsof its adiabatidoulk  [1]
modulusB, anddensityp. Explainwhy it is usuallyappropriateo usethe adiabatic
bulk modulusin this context. The specificacoustidmpedanceof agasis Z = /B,p, [2]
andthe amplitudetransmissiorcoeficient for soundfrom a gaswith specificacoustic
impedanceZ; to onewith specificacoustiompedance?, ist = 27,/ (Z, + Z,) . Dis-
cussthelimiting caseof very large Z,. Calculatethefractionof theamplitudeof sound  [2]
which will betransmittedrom air to helium,both at normaltemperature@ndpressure,
giventhattherespectie densitiesare1.18and0.18kg m 3. Theadiabatidulk modulus  [2]
of a perfectgasat pressurey is yp. For air v, theratio of the specificheatsat constant
pressurandat constantolume,is equalto 7/5: for heliumit is 5/3.
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4. Theformularelatingthefocal lengthof abicorvex lensin air to theradii of cunatureof
the surfacesof thelensandtherefractive index of thelensis

1 1 1

f (n 1) (7’1 7"2) '
Explainthesignificanceof thetermsin this formula,anddefinethesigncorventionthat  [2]
hasbeenused.
A lensfor amicrowave systenis madeby embeddingnetalspheresn expandegolystyrene
to giveamaterialwith arefractveindex of 12. If asymmetricabicorvex lensmadefrom
this materialis usedto producea parallelbeamfrom a sourceplacedon theaxisof the  [3]

lensandtwo metresfrom it, whatis theradiusof curvatureof thetwo surfaces?Sketch  [2]
aray diagramof the systemshawing clearlytherefractionat eachsurfaceof thelens.

5. Two narrov parallel slits a distanced apartare illuminated by a slit parallelto and
equidistantfrom themwith light of wavelength\ in air, and the transmittedlight is
obsered on a screenperpendiculato the line joining the first slit to a point midway
betweerthetwo slits anda distanceD away (D >> d) from thatmidpoint. Whatis the

separatiorof successie brightbandsonthescreen? [5]
How will theresultbeaffectedif the spacebetweertheslitsandthescreens filled with
amediumof refractveindex n? [2]

6. Explain,with theaid of adiagram Rayleighs criterionfor the resolutionof theimages
of two identicalslit sourcesunderFraunhoferconditions.Statethe correspondingon-  [3]
dition for theresolutionof two point sourcesmagedwith acircularlens. [1]
A hobbyistsreflectingtelescopéiasa primary mirror 200mmin diameter Whatis the
smallestangularseparatiorof two starsthat canbe resohed usinglight with a wave-
lengthof 500nm? [3]

7. Explainwhatis meantby the termsphase velocity andgroup velocity. Shaw thatthe  [2]
phasevelocity v, andgroupvelocity v, arerelatedoy

dv

wherek is thewave- vectotr [3]

Thephasevelocity v, of light in glassmaybewrittenasv, = A+ (B/k?*), whereA and

B areconstantsShaw thatthegroupvelocityis v, = A — (B/k?). [2]
8. Draw adiagramof a Michelsoninterferometerandlabelits mainfeatures.Underwhat

conditionswill circularfringesbeobsenedwith theapparatugou have dravn? [4]

Explainwhy acompensatagplateis necessaryf aMichelsoninterferometers to beused

with non-monochromatitight. [3]
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9.

10.

11.

SECTIONB

Describehe mainfeaturef a Fabry-Perotnterferometerllustratingyouranswemwith
adiagramof the systemanda sketchof the obseredinterferenceattern.Derive anex-
pressionfor the half-width of the interferencemaxima. Why is it possibleto obtaina
stableinterferencepatternwith illumination from anextendedsource?

Explain qualitatvely how dielectriccoatingsmay be usedto improve the performance
of aFabry-Peroetalon.

Explain with the aid of a diagramwhatis meantby the termsfocal points, principal
points andnodal points for athick lenssystem.

Two thin lenseswith focal lengthsf; and f, aremountedcoaxiallya distanced apartin
air. Shav thatthefocallength f of theresultingsystemis givenby

1 1 1 d

IR TR TR

The eyepieceof an optical instrumentis formed from two corverging lenses40 mm
apart,with focal lengths60 mm and30 mm, the latter beingcloserto the eye. Find the
focallengthof theeyepieceandthepositionsof theprincipalpointsandthefocal points.

StateHuygenss principlein the propagatiorof light, explain underwhat conditionsit
leadsto Fraunhofers expressiorfor diffraction,andwrite down thatexpression.

A diffractiongratingcomprisesV identicalparallelslits in anopaquescreen.The slits
areof nggligible width, andtheircentresareh apart.Shawv thatin the Fraunhoferegime
theintensitydistribution functionasa functionof anglef for light of wavelength\ is

sin]\/"y>2

1(0) = 1(0) <N sin y

wherey = (wh/\) sin 6.
If theslits aretakento have widthsb, this expressioris modifiedto

- (57) (32’

wheref = (7b/\) sin 6.
Sketchgraphsshaving how the diffraction patternis affectedby a) the numberof slits,
eachof whichis very narrav b) thewidth of theslits, whenthe numberof slitsis large.
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12.

13.

Shawv thatthe speedyp, of trans\ersewaveson a string of lineardensityp heldundera
tensionT is givenby v? = T'/p.

Suchastringhasits ends,adistancel. apart,heldrigidly. Shav thatthestringwill only
vibrate freely at certainfrequenciesand derive an expressionfor thesenormalmode
frequenciesn termsof L, T andp.

Derive anexpressiorfor thetotal kineticenegy of thestringin thelowestnormalmode,
andusethe factsthatthe maximumpotentialenegy in the modeis equalto the maxi-
mum kinetic enegy in the mode,andthatthe total enegy in the modeis independent
of time, to shaow thatif theamplitudeof thevibrationis A thetotal enegy in thelowest
modeis 72 A%T/(4L).

A stringwith alineardensityof 2.5 ¢ m~! is underatensionof 5 N with its endsfixed.
If it is oscillatingin its fundamentamodeat a frequeng of 400 Hz with anamplitude
of 10 mm, how muchvibrationalenepy is storedin thestring?

Shaw thatin the nonrelatvistic regime the Dopplerformularelatingthe frequeng fous
detectedby anobserer moving in free spaceat velocity v, avay from a sourcewhich
is emittingradiationat a constanfrequeng f while it is moving with velocity v, away
from the obsenrerthrougha mediumin whichthewave speeds ¢’ is givenby

faw = (552)E

d+v/ ¢

A soundingrocket with a stable10 MHz radiotransmitteiis sentinto theionosphere
(wherethe refractive index may be lessthanunity). The rocket is moving vertically
upwardsat 600 m s—!, andthe frequeng of the signal detectedat the groundstation
directly below it is measuredby beatingit with anotherstable10 MHz signal. The beat
frequeny is 10Hz. Whatis therefractveindex atafrequeng of 10 MHz of themedium
in whichtherocketis moving?

Therelatwistic resultfor the obseredfrequeny f’ whenasourceemittinga frequeny
f andanobsenermove apartat arelative velocity v in freespaces

N
r=7 c+v

Shawv thatthenonrelatvistic resultagreeswith thisto first orderin v/c, andestimatehe
fractionalerrorin therefractve index computedabore asa resultof usingthe nonrela-
tivistic formula.
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