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1 Theory

1.1 Diffraction

Figure1 shows diffraction of a wave througha narrow aperture.The degreeof
spreadingin theoutgoingwavefrontsis largewhentheaperturesizeis comparable
to or smallerthanthewavelength,andis smallwhentheopeningis muchbigger
thanthewavelength.Theshapeof thewavefrontsmaybederivedusingHuygens
principle;eachpoint in awavefrontis treatedasthesourceof sphericalwave-lets
whosesuperpositiongeneratesthenext wavefront.

1.2 Single Slit Diffraction

Considerthesituationshown in Figure2. Theintensitypatternseenontheprojec-
tion screenis thesumof thecontributionsfrom eachpoint in thewavefrontin the
slit. Thesecontributionswill differ in phaseat thescreenbecausethewave-lets
travel differentdistancesto reacha commonpoint on the screen.Considerfirst
a point in the slit a distancex from the midpoint of the slit. Assumingthat the
distanceD to theprojectionscreenis muchgreaterthantheslit width a, theextra
distanceis approximatelyequalto���������
	���


Let ��� equaltheamplitudeof wavefrontin theslit. If this is constantover the
entirewidth of theslit, thenasmallsectionof width dx will contributeanamount�������� to the total. Thewave-letoriginatinga x will beout of phasewith theone
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Figure1: Dif fractionthroughanarrow aperture
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Figure2: Pathdifference
���

for asingleslit
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from themidpointby aphaseangle������ "!$#% . Hencethiswave-let’scontribution
is ���'& ��(*)+�-, �� �/.�02143% 56
Theamplitudeof thewave at any point on theprojectionscreenis thenfoundby
integratingthis expressionover thewholeslit. If wedefineanew variable7 �98 6 �:	��;
<
this expressionwill simplify to

�=�>��� �
	�� 77 (1)

Theintensityof thelight is proportionalto thesquareof theamplitude.A plot of
the intensitypatternis shown in Figure. Note that they-axisscalingis logarith-
mic. Thezerosin theintensitypatternoccurat the locationsfor which

�:	�� 7 �@?
(otherthan

7 �A? ). This in turn requiresthat

8 6 �
	��;
< ��B 8DC BE�GF+H'I�HKJML"L*LON
andhence 6 �:	P�;
 ��B < (2)

Sincethe intensityis proportionalto thesquareof theamplitude,Eq. 1 tells
usthat Q � Q � �:	P� � 77 � (3)

1.3 Diffraction by a Double-slit

Thedouble-slitdiffractionpatternmaybethoughtof astheresultof two single-slit
patternsthatare superimposedsothatthey nearlycoincide.To computethesum,
notethatthelight from oneslit lagstheotherin phaseasaresultof thedifference
in pathlengthsbetweenthem(seeFigure4). Theextra distanceis

��� �R& �
	��;

whered is theslit separation.Thephaseanglebetweenthetwo is

�S� I 8 & �:	P�;
<
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Figure3: Intensityvs. angleplot for asingleslit

Theoverall amplitudeis foundby multiplying theamplitudeof the laggingcon-
tributorby

(*)T� � andaddingit to thefirst

��� ��� �:	�� 77 U FWV (X)+� U I 8 & �:	��Y
< Z[Z
Theconditionfor amaximumisI 8 & �
	��;
< ��I]\ 8 C \^�GF+H'I/HKJML"L"LON (4)

while theconditionfor aminimumisI 8 & �:	P�M
< � C I_\�VAF`N 8 C \^�RFTH'I�HKJML"L"LON (5)

Theintensityis againproportionalto thesquareof theamplitude.Q � Q � U �:	�� 77aZ � U FWV (X)+� U I 8 & �:	��Y
< ZbZ � (6)

Thetypical form of a double-slitintensitypatternis shown in Figure4.
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Figure4: Pathdifferencein termsof theangle



Figure5: Intensitygraphfor adoubleslit
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Figure6: Pathlengthsfor adjacentslits in agrating

1.4 Diffraction Grating

Thediffractiongratingpatterncanbeunderstoodusingtheabove resultsfor the
doubleslit. A typicalgratinghashundredsof smallopeningsthroughwhich light
is passed.Dif fractioncauseslight from differentopeningsto overlapin theregion
behindthegrating.Sincelight from differentopeningstravelsdifferentdistances,
the wave-letswill have differentrelative phaseswhenthey arrive at a particular
location. Thepathlengthsfor eacharerelated;if adjacentslits have a difference���

, thenext onewill differ from thefirst by I ��� , andsoon(seeFigure6). If the
adjacentslits areseparatedby a, the intensityat a particularpoint will have the
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form ��� ��� �
	�� 7c 7 defhg � (X)+� U I]\ 8 & �:	P�;
< Z
Thesumin thisexpressionwill in mostcasesessentiallyaveragesthecosinefunc-
tion over severalarguments.For mostviewing angles



, this will resultin virtu-

ally completecancellation,sotheregionappearsdark. If, however,



satisfiesthe
conditionthatthedistancestraveledby light from adjacentslits differ by a whole
numberof wavelength,constructive interferencewill occur. The


jilk
that satisfy

this conditionarethesameasthosethatproduceconstructive interferencefor the
doubleslit.

2 Experimental Procedure

2.1 Introduction

Datacollectionfor this experimentwill beperformedusingtheDataStudiosoft-
warepackage.Theprogramreceivesdatafrom theScienceWorkshopInterface.
This unit monitorsthesensorsfor light andangularmotionandreportstheir val-
ues,alongwith thecollectiontime. By default, theDataStudiosoftwarereports
thevaluesasa graphof sensorreadingvs time; however, it canalsoplot angular
positionvs light intensity, which is theform wewill usein this experiment.For a
detailedinformationon how to useDataStudio,referto its on-linehelp.

2.2 Double-slit

In this part,you will usethe interferencepatternof double-slitsto determinethe
wavelengthof a diode laser. You will alsoplot graphsof intensityvs. angular
positionandcomparethemwith thepredictionsof Eq. 6.

1. Begin by selectingoneof the doubleslits on the PascoMultiple Slit Ac-
cessory. Align theequipmentsothatacleardiffractionpatternis projected.
BesurethattheLinearMotion Translatoris positionedperpendicularto the
axisof theopticalbench.

2. Positionthedetectorunit at onestopandstartDataStudio.Selectthe“Cre-
ateExperiment”option. Threewindows will appear, labeled“Data”, “Dis-
play”, and“ExperimentSetup”.Connecttherotarymotionsensorandlight
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probeto theScienceWorkshopInterfacein theExperimentSetupwindow.1

Double-clickontheRotaryMotion SensorandselectthePositionMeasure-
mentoption. Be surethat thecalibrationoption is setto “Rack” Startdata
collectionandslowly sweepthelight probeover to theotherstop.Now ter-
minatedatacollection.Yourdatafileswill appearin theDatawindow. One
will containthepositionof the light probevs. time, theotherwill contain
theintensityreadsvs. time. Displaytheintensityvs. timedataby dragging
thatdatasetto the “Graph” option in the Display window. To changethe
graphto Intensityvs. position,dragyour positiondatato thex-axisof this
graph.Be surethatenoughpointsareincludedto accuratelyrepresentthe
intensitypattern.If not,discardyourdatasetsandrepeattheprocesswith a
slowersweeprateor with anincreasedsamplingrate.

3. Onceyouhaveobtainedagooddataset,export it asatext file. Youcanthen
import it into Mathcadfor furtherprocessing.First,determinethepositions
of eachof theconstructiveanddestructiveinterferencepointsin thepattern.
Calculatethevalueof theangle



for eachusingtherelationmKn ��
 � op

where o is thedistanceof a point from thecenterof thediffractionpattern
(centraldiffractionpeak),and

p
is theprojectiondistancegivenin Figure2.

UseEqs.4 and5 to calculatethewavelengthof thelaserfrom thisdataand
theslit separation& . Averageyourresultsfor thewavelengthanddetermine
thestandarderror.

4. Selecta differentdouble-slitandrepeatsteps1 through3. Be sureto usea
differentslit width 6 aswell asadifferentseparation& .

5. Finally, checkthe agreementbetweenyour dataand the intensitypattern
predictedby Eq. 6. To do this, graphthedatasetandthefunction in same
plot.2 Scalethe function graphso that

Q � is equalto the highestintensity
valuerecordedin yourdataset.

1This is a “drag anddrop” operation.Consultthe on-line help for DataStudiofor additional
details.

2For clarity, createseparateplotsfor eachpairof slits.

9



2.3 Single-slit

1. Remove theDoubleSlit Accessoryfrom thebenchandreplaceit with the
variablesingle-slitapparatus.Set the slit width so that a cleardiffraction
patternis obtained.3 UseDataStudioto obtaina setof intensitymeasure-
mentsvs. positionin thesamefashionasyou did for thedouble-slit.Save
thedataasa text file andimport it into Mathcad.

2. Calculatea valuefor the slit width usingEq. 2. Averageyour resultsto
obtainabestvalue.

3. Usingthedataobtainedin thepreviousstep,constructagraphthatcompares
theactualintensitypatternto thepredictionsof Eq. 3.

4. Repeatfor secondslit width.

2.4 Questions

1. For the doubleslit, how doesthe distancebetweenmaximachangeasthe
slit separationdecreases?

2. Is the width of the diffraction patternfor a double-slitaffectedby the slit
width? If so,how doesit change?

3. For thesingleslit, how doesthedistancebetweenminimachangeastheslit
width increases?

3Both thecentralpeakandat leastonepair of sidepeaksshouldbeclearlyvisible.
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