The Principle of Linear Superposition

(" | 1 — Conditions for Interfer encel

Whentwo or morelight waves meetat a given point, their electric elds
combine(interfer €) accordingo thelaws of linearsuperposition:

Thewavescanaddtogethereitherconstructely or destructvely.

In constructive interference the amplitudeof the resultantwave is
greaterthanthatof theindividual waves.

In destructive interference the amplitudeof the resultantwave is
lessthanthatof theindividual waves.
Interferencesffectsbetweertwo or morelight sourcesareobsenable,

1. if thesourcesrecoherent, ie they mustmaintaina constanphase
with respecto eachother and

2. if thesourcegproducedight of identicalwavelengths.

If a singlewavelengthsourceis usedto illuminate a screenwith two
smallslits, thelight emeging from thetwo slitsis coherent.
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| 2 —Young's Double-Slit Experiment I

Interferencen light wavesfrom two sourcesvas rst demonstrateth
1801by ThomasYoung:

Bright fringe

Thelight from thetwo slits producenascreen
Screen avisible patternof a seriesof brightand
darkparallelbandscalledfringes.

Central or
zeroth fringe

o uI[[[ﬂ

Single slit

(single wavelength)

Light source ’

The bright (dark) bandsaredueto constructve (destructve) interfer
ence.
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Quantitatve description:
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(a)

A wave from thelower slit travelsfartherthana wave from the upper

slit by anamount | = dsin , whered is the separatiorof the two
slits. Thisequationassumeshatthedistanceof the screerto theslits,
L,isL d.
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Constructiveinterfer enceoccurs,f the pathdifferences anintegral
multiple of the wavelength:

| I=dsin=m| (1)

withm = 0; 1; 2;:::.. miscalledtheorder number of thefringe.
Thecentralfringeis calledthe zeroth-ordemaximum

Whenthe pathdifferenceis an odd multiple of = 2, the two waves
arriving atthescreerare180 outof phasé destructveinterference.
The conditionfor destructive interfer enceis:

|=dsin = m+

(2)

NI =

withm=0; 1, 2;::.
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The distancebetweenthe bright fringes on a screenmeasuredrom
thezerothordermaximum,y, is givenby (forL  d ):
- y
sin tan L
andthereforethe positionof the bright fringeson the screens given
by
L
y = m (3)
Similarly, the positionof thedarkfringesis
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|3— Interfer encein Thin Filmsl

Interferenceeffectsare commonlyobsered in thin Ims (e.g.,soap
bubbles oil onwater). Thevariedcolorsobseredwith ordinarywhite

light resultfrom theinterferenceof wavesre ected from the opposite
surfacesof the Im.

Considera Im of uniformthicknesg andindex of refractionn:

Incident
light

ngie = 1.00
Ngasoline = 1.40
Nyater = 1.33
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1. An electromagnetievave traveling from a mediumwith index of re-
fractionn, toward onewith index of refractionn, undegoesa 180
phasechangeuponre ectionif n, > nj.

2. Thereis no phasechangdaf n, > n,.

3. Thewavelengthof light, , in a mediumwith index of refractionn
IS

_  vacuum
n

where yacuum IS thewavelengthin vacuum.

A 180 phaseshiftis equvalentto a pathdifferenceof =2 between
ray 1 andray 2.

Ray 2 travelsanextra distanceof 2t beforeit recombinesvith ray 1.
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In generakhe conditionfor constructve interferencehenis
2t= m+ - ; (m=0;1,2;::2)
or
1
2nt = m+§ vacuum . (m=20;1;2;::7)
Theconditionfor destructve interferencas
2nt = M vacuum ; (m=0,12::)

Theseequationsareonly correct,if the mediumabore andbelow the

Im is the same. If the mediumbelon the Im hasa higherindex
of refractionthanthe Im, thereis a 180 phaseshift for bothrays,
and the conditionsfor constructve and destructve interferenceare
reversed.
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4 |4—The Michelson Interferometerl

The Michelsoninterferometeis a device thatsplitsa light beaminto
two partsandthenrecombineshemto form aninterferencepattern.

It is usedto make accuratdengthmeasurements.

Theinterferencepatternfor the two raysis determinedoy the differ-
encein their pathlengths,D D =m or(m+ 1=2) .
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(" | 5 — Diffraction |

Suppose light beamis incidenton a narrav slit. If thelight traveled
in straightlines after passinghroughtheslit, only theregion directly
oppositeto the slit would beilluminated.

Instead,Huygens' principle requiresthat the wave spreadsout. In
otherwords, the light deviatesfrom a straightline pathand entersa
region thatwould otherwisebe shadaved.

Thedivergenceof light from its initial line of travel is calleddiffrac-
tion.

In generatiffractionoccursvhenwavespasshroughsmallopenings,
by sharpedgesetc,i.e. whenlight getsbendaroundobstacles.

So-calledFraunhofer diffraction occurswhentheraysreachingthe
observingscreerareapproximatelyparallel. This canbe achieved by
placingthe screenfar from the slit, or by usinga cornverging lensto
focustherays. Otherwiseit is calledFresneldiffraction .
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| 6 — Single-slit Diffraction I

So far we have assumedhat slits are point sourcesof light. What
happensvhenthe nite width of aslit is takeninto account?

Huygens'principleimpliesthateachportionof theslit actsasa source
of waves

Hence light from oneportion of the slit caninterferewith light from
anotheiportion! diffractionoccurs.

Quantitatve analysis: Consideran incidentwave front and identify
severalpointsthataresourcedor alight wavelet. All wavesoriginat-
ing attheslit arein phase.
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Focusonwave 1 andwave 3. Thedifferencan theirpathasW=2sin ,
whereW is thewidth of theslit. If this pathdifferenceequals= 2, the
two waves canceleachother ie destructe interferenceoccurs. The
conditionfor destructe interferencas

w . .

— sin = ) sin =

2 2 W
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If wedividetheslit into 4 partsinsteadof two, we nd thatdestructve

interferencalsooccursfor sin = 2.

Thegenerakonditionfor destructive interfer enceis

sin = m W (5)

withm= 1, 2, 3;::..

Generalntensitydistribution alongthe screen:

Midpoint
of central
bright fringe

Light
intensity
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( | [ — Resolutionof Single-Slitand Cir cular Apertur esI

Theability of anopticalsystem(e.g.,microscopetelescopejo distin-
guishbetweenclosely spacedbjectsis limited becausef the wave
natureof light.

Without diffraction,onewould obsenre two distinctbright spots.

Becausef diffraction,eachsourceappearssa bright centralregion
ank edby wealer darkandbrightrings.
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If the two sourcesare separatedo that their centralmaximado not
overlap,theirimagescanbedistinguishedandaresaidto be resohed
Otherwisetheimagesarenotresolhed.

Criterionto decidewhethertwo imagesareresohed (Rayleigh's cri-
terion): Whenthe centralmaximumof oneimagefalls on the rst
minimumof the 2ndimage,theimagesaresaidto bejustresoled.

From Rayleighs criterion one can determinethe minimum angular
separation, , Subtendedy the sourceat the openingso thatthe
imageswill be just resohed. The location of the rst minimum in

a circular openingdiffraction patterndepend®n the diameterof the

opening,D:
sin = 1:.22—
D
In mostsituations, D andthereforesin . Thus,
1:.22— in radians
5 [ |
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The minimum separationy, betweentwo objectsthatcanjust be re-
solvedwhenviewedthrougha defractingopeningis

y=1L with in radians

whereL is thedistancebetweerthe objectsandthe opening.

The minimum angularseparation, , Subtendedy the sourceat
a slit is determinedby the rst minimum in a single slit diffraction
pattern:
sin = — —
wW ) W

whereW is thewidth of theslit.
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