
The Principle of Linear Superposition

1 – Conditions for Interfer ence

Whentwo or morelight wavesmeetat a givenpoint, their electric�elds
combine(interfere) accordingto thelaws of linearsuperposition:

� Thewavescanaddtogethereitherconstructively or destructively.

� In constructive interference, the amplitudeof the resultantwave is
greaterthanthatof theindividualwaves.

� In destructive interference, the amplitudeof the resultantwave is
lessthanthatof theindividualwaves.

� Interferenceeffectsbetweentwo or morelight sourcesareobservable,

1. if thesourcesarecoherent, ie they mustmaintainaconstantphase
with respectto eachother, and

2. if thesourcesproducelight of identicalwavelengths.

� If a singlewavelengthsourceis usedto illuminatea screenwith two
smallslits, thelight emerging from thetwo slits is coherent.
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2 – Young's Double-Slit Experiment

� Interferencein light wavesfrom two sourceswas�rst demonstratedin
1801by ThomasYoung:

Thelight from thetwo slitsproducesona screen
a visiblepatternof aseriesof brightand
darkparallelbandscalledfringes.

� Thebright (dark)bandsaredueto constructive (destructive) interfer-
ence.
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� Quantitative description:

A wave from thelower slit travelsfartherthana wave from theupper
slit by anamount� l = dsin � , whered is theseparationof the two
slits. Thisequationassumesthatthedistanceof thescreento theslits,
L , is L � d.
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� Constructive interferenceoccurs,if thepathdifferenceis anintegral
multipleof thewavelength:

� l = dsin � = m� (1)

with m = 0; � 1; � 2; : : :. m is calledtheorder number of thefringe.
Thecentralfringe is calledthezeroth-ordermaximum.

� Whenthe pathdifferenceis an odd multiple of �= 2, the two waves
arriving atthescreenare180� outof phase! destructiveinterference.
Theconditionfor destructive interferenceis:

� l = dsin � =
�

m +
1
2

�
� (2)

with m = 0; � 1; � 2; : : :.
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� The distancebetweenthe bright fringeson a screenmeasuredfrom
thezerothordermaximum,y, is givenby (for L � d � � ):

sin � � tan � �
y
L

andthereforethepositionof thebright fringeson thescreenis given
by

y ���������
	 =
�L
d

m (3)

Similarly, thepositionof thedarkfringesis

y �
�

��� =
�L
d

�
m +

1
2

�
(4)
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3 – Interfer encein Thin Films

� Interferenceeffectsarecommonlyobserved in thin �lms (e.g.,soap
bubbles,oil onwater).Thevariedcolorsobservedwith ordinarywhite
light resultfrom theinterferenceof wavesre�ectedfrom theopposite
surfacesof the�lm.

� Considera �lm of uniform thicknesst andindex of refractionn:
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1. An electromagneticwave traveling from a mediumwith index of re-
fractionn1 towardonewith index of refractionn2 undergoesa 180�

phasechangeuponre�ection if n2 > n1.

2. Thereis nophasechangeif n1 > n2.

3. Thewavelengthof light, � � , in a mediumwith index of refractionn
is

� � =
� vacuum

n

where� vacuum is thewavelengthin vacuum.

� A 180� phaseshift is equivalentto a pathdifferenceof � � =2 between
ray1 andray2.

� Ray2 travelsanextra distanceof 2t beforeit recombineswith ray1.
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� In generaltheconditionfor constructive interferencethenis

2t =
�

m +
1
2

�
� � ; (m = 0; 1; 2; : : :)

or

2nt =
�

m +
1
2

�
� vacuum ; (m = 0; 1; 2; : : :)

� Theconditionfor destructive interferenceis

2nt = m� vacuum ; (m = 0; 1; 2; : : :)

� Theseequationsareonly correct,if themediumabove andbelow the
�lm is the same. If the mediumbelow the �lm hasa higher index
of refractionthanthe �lm, thereis a 180� phaseshift for both rays,
and the conditionsfor constructive and destructive interferenceare
reversed.
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4 – The Michelson Interfer ometer

� TheMichelsoninterferometeris a device thatsplitsa light beaminto
two partsandthenrecombinesthemto form aninterferencepattern.

� It is usedto make accuratelengthmeasurements.

� The interferencepatternfor the two raysis determinedby thediffer-
encein their pathlengths,D � � D � = m� or (m + 1=2)� .
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5 – Diffraction

� Supposea light beamis incidenton a narrow slit. If thelight traveled
in straightlinesafterpassingthroughtheslit, only theregion directly
oppositeto theslit would beilluminated.

� Instead,Huygens'principle requiresthat the wave spreadsout. In
otherwords,the light deviatesfrom a straightline pathandentersa
region thatwould otherwisebeshadowed.

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

� In generaldiffractionoccurswhenwavespassthroughsmallopenings,
by sharpedgesetc,i.e. whenlight getsbendaroundobstacles.

� So-calledFraunhofer diffraction occurswhentheraysreachingthe
observingscreenareapproximatelyparallel.This canbeachievedby
placingthe screenfar from the slit, or by usinga converging lensto
focustherays.Otherwiseit is calledFresneldiffraction .
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6 – Single-slitDiffraction

� So far we have assumedthat slits are point sourcesof light. What
happenswhenthe�nite width of a slit is takeninto account?

� Huygens'principleimpliesthateachportionof theslit actsasasource
of waves.

� Hence,light from oneportionof theslit caninterferewith light from
anotherportion! diffractionoccurs.

� Quantitative analysis:Consideran incidentwave front and identify
severalpointsthataresourcesfor a light wavelet. All wavesoriginat-
ing at theslit arein phase.
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� Focusonwave1andwave3. Thedifferencein theirpathsisW=2sin � ,
whereW is thewidth of theslit. If thispathdifferenceequals�= 2, the
two wavescanceleachother, ie destructive interferenceoccurs.The
conditionfor destructive interferenceis

W
2

sin � =
�
2

) sin � =
�
W
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� If wedividetheslit into 4 partsinsteadof two, we�nd thatdestructive
interferencealsooccursfor sin � = 2 �

� .
Thegeneralconditionfor destructive interferenceis

sin � = m
�
W

(5)

with m = � 1; � 2; � 3; : : :.

� Generalintensitydistributionalongthescreen:
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7 – Resolutionof Single-Slit and Cir cular Apertur es

� Theability of anopticalsystem(e.g.,microscope,telescope)to distin-
guishbetweencloselyspacedobjectsis limited becauseof the wave
natureof light.

� Withoutdiffraction,onewouldobserve two distinctbright spots.

� Becauseof diffraction,eachsourceappearsasa bright centralregion
�ankedby weaker darkandbright rings.
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� If the two sourcesareseparatedso that their centralmaximado not
overlap,their imagescanbedistinguishedandaresaidto beresolved.
Otherwisetheimagesarenot resolved.

� Criterionto decidewhethertwo imagesareresolved(Rayleigh's cri-
terion): When the centralmaximumof one imagefalls on the �rst
minimumof the2ndimage,theimagesaresaidto bejust resolved.

� From Rayleigh's criterion one can determinethe minimum angular
separation,� �

�

� , subtendedby the sourceat the openingso that the
imageswill be just resolved. The location of the �rst minimum in
a circularopeningdiffractionpatterndependson the diameterof the
opening,D :

sin � = 1:22
�
D

In mostsituations,� � D andthereforesin � � � . Thus,

� �

�

� � 1:22
�
D

; � �

�

� in radians
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� Theminimumseparation,y, betweentwo objectsthatcanjust bere-
solvedwhenviewedthroughadefractingopeningis

y = L� �

�

� with � �

�

� in radians

whereL is thedistancebetweentheobjectsandtheopening.

� The minimum angularseparation,� �

�

� , subtendedby the sourceat
a slit is determinedby the �rst minimum in a singleslit diffraction
pattern:

sin � =
�
W

) � �

�

� �
�
W

whereW is thewidth of theslit.
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