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1 Theory

1.1 Diffraction

Figure 1 shows diffraction of a wave througha narrov aperture. The degreeof
spreadingn theoutgoingwavefrontsis largewhentheaperturesizeis comparable
to or smallerthanthe wavelength,andis smallwhenthe openingis muchbigger
thanthewavelength.The shapeof thewavefrontsmaybederivedusingHuygens
principle; eachpointin awavefrontis treatedasthe sourceof sphericalwave-lets
whosesuperpositiorgenerateshe next wavefront.

1.2 Single Slit Diffraction

Considetthesituationshavnin Figure2. Theintensitypatternseerontheprojec-
tion screens the sumof the contributionsfrom eachpointin thewavefrontin the
slit. Thesecontritutionswill differ in phaseat the screenbecausehe wave-lets
travel differentdistancedo reacha commonpoint on the screen.Considerfirst
a pointin the slit a distancex from the midpoint of the slit. Assumingthatthe
distanceD to the projectionscreens muchgreaterthanthe slit width a, the extra
distancdas approximatelyequalto

AL ~ zsina

Let A, equalthe amplitudeof wavefrontin theslit. If thisis constanbverthe
entirewidth of theslit, thena smallsectionof width dx will contributeanamount
% to thetotal. The wave-letoriginatinga x will be out of phasewith the one



Figurel: Diffractionthroughanarron aperture
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Figure2: PathdifferenceA L for asingleslit
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from themidpointby a phaseangle¢ = %. Hencethis wave-let’s contribution
is
Apdz cos (Lwiina)
a
The amplitudeof the wave at ary point on the projectionscreens thenfound by
integratingthis expressiorover thewholeslit. If we definea new variable

ma sin o
0 =
A
this expressiorwill simplify to
A=A S“; b (1)

Theintensityof thelight is proportionalto the squareof the amplitude.A plot of
theintensity patternis shavn in Figure. Notethatthey-axis scalingis logarith-
mic. The zerosin theintensity patternoccurat the locationsfor whichsinf = 0
(otherthanf = 0). Thisin turnrequiresthat

Tasin

A

=mn (m=1,2,3..))
andhence
asina = mA (2)

Sincethe intensityis proportionalto the squareof the amplitude,Eq. 1 tells
usthat

I sin? 6
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1.3 Diffraction by a Double-dlit

Thedouble-slitdiffractionpatterrmaybethoughtof astheresultof two single-slit
patternghatare superimposedothatthey nearlycoincide.To computethesum,
notethatthelight from oneslit lagsthe otherin phaseasaresultof thedifference
in pathlengthsbetweenthem(seeFigure4). The extra distancas AL = dsin «
whered is theslit separationThe phaseanglebetweerthetwo is

B 27d sin o
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Figure3: Intensityvs. angleplot for a singleslit
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The overall amplitudeis found by multiplying the amplitudeof the laggingcon-
tributor by cos ¢ andaddingit to thefirst

A Aosglné? (1 +cos (27rd;1na>>

Theconditionfor amaximumis

2md sin «
A

while the conditionfor aminimumis

=2nmw (n:1,2,3...) (4)

27md sin «
A

Theintensityis againproportionalto the squareof theamplitude.

. 2 . 2
I—1, <s11019> (1 + cos (27rd§1na>> ©)

Thetypical form of a double-slitintensitypatternis shavn in Figure4.

=@2n+1)r (n=1,23..) (5)
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Figure4: Pathdifferencein termsof theanglea
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Figure5: Intensitygraphfor adoubleslit
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Figure6: Pathlengthsfor adjacenslitsin agrating
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1.4 Diffraction Grating

The diffraction grating patterncanbe understoodisingthe above resultsfor the
doubleslit. A typical gratinghashundredf smallopeningghroughwhich light
is passedDiffractioncausedight from differentopeninggo overlapin theregion
behindthegrating. Sincelight from differentopeningdravelsdifferentdistances,
the wave-letswill have differentrelative phasesvhenthey arrive at a particular
location. The pathlengthsfor eacharerelated;if adjacenslits have a difference
AL, thenext onewill differfromthefirstby 2A L, andsoon (seeFigure6). If the
adjacentlits are separatedby a, the intensityat a particularpoint will have the



form

Ao Ay sin 6 i cos <2n7rd)\sina>

Thesumin thisexpressiorwill in mostcasegssentiallyaverageshecosinefunc-
tion over severalamguments.For mostviewing anglesa, thiswill resultin virtu-
ally completecancellationsotheregion appearslark. If, however, « satisfieghe
conditionthatthe distancedraveledby light from adjacenslits differ by awhole
numberof wavelength,constructve interferencewill occur The o's that satisfy
this conditionarethe sameasthosethatproduceconstructve interferencedor the
doublesilit.

2 Experimental Procedure

2.1 Introduction

Datacollectionfor this experimentwill be performedusingthe DataStudiosoft-

warepackage.The programrecevesdatafrom the ScienceWorkshoplinterface.
This unit monitorsthe sensordgor light andangularmotionandreportstheir val-

ues,alongwith the collectiontime. By default, the DataStudicsoftwarereports
thevaluesasa graphof sensorreadingvs time; however, it canalsoplot angular
positionvs light intensity whichis the form we will usein this experiment.For a

detailedinformationon how to useDataStudioreferto its on-line help.

2.2 Double-dit

In this part,you will usetheinterferencepatternof double-slitsto determinethe
wavelengthof a diodelaser You will alsoplot graphsof intensityvs. angular
positionandcomparehemwith the predictionsof Eq. 6.

1. Begin by selectingone of the doubleslits on the PascoMultiple Slit Ac-
cessoryAlign theequipmensothata cleardiffractionpatternis projected.
Be surethattheLinearMotion Translatoiis positionedperpendiculato the
axisof theopticalbench.

2. Positionthedetectomunit at onestopandstartDataStudio Selectthe“Cre-
ateExperiment’option. Threewindows will appearlabeled‘Data”, “Dis-
play”, and“ExperimentSetup”. Connectherotary motionsensomndlight



probeto the ScienceNorkshoplinterfacein the ExperimentSetupwindow.!

Double-clickonthe RotaryMotion SensomndselecthePositionMeasure-
mentoption. Be surethatthe calibrationoptionis setto “Rack” Startdata
collectionandslowly sweepthelight probeoverto theotherstop.Now ter-

minatedatacollection. Your datafiles will appeatn the Datawindow. One
will containthe positionof the light probevs. time, the otherwill contain
theintensityreadsvs. time. Displaytheintensityvs. time databy dragging
thatdatasetto the “Graph” optionin the Display window. To changethe
graphto Intensityvs. position,dragyour positiondatato the x-axis of this
graph. Be surethatenoughpointsareincludedto accuratelyrepresenthe
intensitypattern.If not, discardyour datasetsandrepeathe processwith a
slower sweeprateor with anincreasegamplingrate.

3. Onceyouhave obtainedagooddataset,exportit asatext file. Youcanthen
importit into Mathcadfor furtherprocessingFirst,determinehe positions
of eachof theconstructve anddestructve interferencegpointsin the pattern.
Calculatethevalueof theanglea for eachusingtherelation

Y
tana = D
wherey is the distanceof a point from the centerof the diffraction pattern
(centraldiffractionpeak),andD is theprojectiondistancegivenin Figure2.
UseEgs.4 and5 to calculatethe wavelengthof thelaserfrom this dataand
theslit separationi. Averageyourresultsfor thewavelengthanddetermine
thestandarcerror.

4. Selectadifferentdouble-slitandrepeatstepsl through3. Be sureto usea
differentslit width ¢ aswell asa differentseparation.

5. Finally, checkthe agreemenbetweenyour dataand the intensity pattern
predictedby Eq. 6. To do this, graphthe datasetandthefunctionin same
plot?2 Scalethe function graphsothat I, is equalto the highestintensity
valuerecordedn your dataset.

1This is a “drag and drop” operation. Consultthe on-line help for DataStudidfor additional
details.
2For clarity, createseparatelotsfor eachpair of slits.



2.3

1.

Single-dlit

Remae the Double Slit Accessoryfrom the benchandreplaceit with the
variablesingle-slitapparatus.Setthe slit width so that a clear diffraction
patternis obtained® Use DataStudiato obtaina setof intensity measure-
mentsvs. positionin the samefashionasyou did for the double-slit. Save
thedataasatext file andimportit into Mathcad.

. Calculatea valuefor the slit width usingEqg. 2. Averageyour resultsto

obtaina bestvalue.

. Usingthedataobtainedn thepreviousstep,constructagraphthatcompares

theactualintensitypatternto the predictionsof Eqg. 3.

. Repeafor secondslit width.

Questions

. For the doubleslit, how doesthe distancebetweenmaximachangeasthe

slit separatiordecreases?

. Is the width of the diffraction patternfor a double-slitaffectedby the slit

width? If so,how doesit change?

. Forthesingleslit, how doesthedistanceébetweerminimachangeastheslit

width increases?

3Boththe centralpeakandat leastonepair of sidepeaksshouldbeclearlyvisible.
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