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F:GUnE26.26. Subdivision ofd〡 ffracti n9apertureinto

Ⅳequ早〡parts,eac● ofWidthΔx㏑ thedraw〡 n9,Ⅳ =5

apertureupiη tUⅣ parts,eachUfwidthΔ x WeInay
theItsuperpUsethewavosl一 hatUriginateflUimeachUf
thesesUurcoS,aSsigningtUeachUfthesecUntrib.tiUns

aph鉻eangleψ thhtcUrrespUndstUthephaseapprU一
priatetUthecentdroΓ eachUΓ theiVintcrvals Fihally,

Weshall letⅣ becUllleinnnitewhileΔ x.pprUaches
zcrUin suchawaythattheprU。 uct

Ⅳ Δx=′ (2662)

、
內/hiChrepreSents the╮ vidthUftheslit,remainscUn＿
Stant TheSituatiUn is illustratedinFig 2626fUrthe

caseWhereⅣ =5;in thisc4s「,thepUintsA,B,C,D,
andEareregardedaspUint sUurcesthatcUntril9ute
Hu∥呂enS Wavelets fUrrning plane wavef1.Unts that

travelin thedirectiUn specinedbythe.ngleθ  It is

apparent thatthoremustbeaphasedi田 erenceΔψ
betweeneachoftheraysAA’′

,BB′
′
,CC//,DD/′ ,and

EE〃 duetUthesu● ce§ siv●lygrcaterpath。 istances

BB∴ CC‵ I)DtandEE‘ thateachraymustcUver6
Thenelds prUducedatPbyeac.l1Ufthe,ecUn一

°It is impoltant to note中 atacdordi且 gtoFcrma:s prind9e,the
distandes′

〃
P,B〃P.σ〃

＿p,D〞 P,多ndE〃 ParetraVcrSedi9lr方 ε,a匆θ

ri,1lcbyall therays,eventhoughthelcnsh.tppens tobethere t.here

is.tl,e犯 ble.nodlfrercn叩 II9tlieefEecIveop位 c山 p波hSbejⅣ ecn

｛hoscpointseventhoughalens is interposddtofUcusthelight The

pathdifItrencesβ B‵   EE/are,thereΓ ore,thconIyones︳ hatneed
bediscusscd

26.6S〡 ng｜ 針S︳︳tFraunh● ferD︳ ffract° n

t⋯butiUnsareharmUnicallyvaryingquantitiesUfthe

samef1.equdncyeachUf、 vhichhasadifferent phase.

Wehave蓋 lfeadyshU、vn in sectiUn94thatthelnag-

nitudeandphaseUfthosulnUfharmUllicallyvarying
quantitiessuchasthiscanbeUbtainedbyregardi.g
each Ufthe individual quanti!ies as avθ εtUrv/hUse

lengthrepresentStheamplitudeand、 vhUsedifectiUn

represents!hephaseUftheindiyidualquant.ty Their

VεεtUr∫ l〞”thenrepresentSthcreSultUfsuperpUsing
all theindivIdu㏕ h缸mUⅡ CaⅡyv缸”ngcUmponents,
丘sampl丘udegivingtheampl丘 udeUfthe㏄ sultant su-

perpUsitiUhandits phaSeanglegiyingtheapprUpriate

phase We have fUund theSe ruleS fUr stl° erpUSing

SilnusUidallyvaryiIngquantitiesuseftlIindisctlssingthe

vUltages and currents in ac circuits, and they are

equallyusefulin t● epresent situationTherosuItUr
superpUsingthenveamplitu。 esdiscussedinFig2626
is illustratedinFig 2627a HadwechUsentUSub-
dividetheapertureInUrennelyintUlllanylliUfecon:

Stitutent paft§ , the diagral1, 
、
vUuld be as shUwn in

╓jGlJRE2ε .27.  Supe「 poSit〡 °nofharmonica∥ yˇarying

fie｜ dSatthescreenvsin9the｜ awSofvectoradditi° n

(a)f° r●V=5and(b)f。 rm。 remir)uteSubdiViS︳ on,

co rreSpondingtoa〡 argeVa｜ ueof戶V

(b｝

一
B

ψ=Δψ+Δψ+Δψ十Δψ

ψ=(Al-1｝ Δψ生〃(Δψ｝

869
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F︳GUnE26.28. Lirn｜ tingcaSeofinfinitesimal

SubdiViSion,inWhichtheΔ Ξ vectUrSdeScribeacircu︳ ar

arc

Fig.26.27b.It isevident thatasthenumberUfsub-
divisiUns iVincreasesWithUut liIllit,thecUnstitueht

vectUrsⅥλllde§cribethearcUfa‘ ;rε Jε,sinceacircle

is thecurvewhUSedirectiUnchangeSataunifUfmrate

as yUutraverSe itS afc7 FrUln Fig. 26挖孔 it is alsU

apparent thatthetUt寧 phasediffer。 nceψ givenby
(26.61)willbeψ =(Ⅳ -1)Δψ.Butin thelimitwhere
thenumberδ fsubdivisiUnsⅣ becUmeSinnnitelyl各 rge

andtheph去sedif●㏄nceΔψbetweena由 acentSub-

d加k㏑ns㏑且血te蕊maI9smalI,t㏑ smayju就 aSWell

bew㎡ tten

ψ=Ⅳ Δψ                 (笛 63)

SuppUsenUwthatwedenUtetheInagnitudeUf
theelectricneldarisingfr。 meachUftheSubdivisiUns

ΔE.It isevidcnt,then,frUInFig 26.27bthatin the

liΠlitUflargeiV,theafcIengthUfthecircularsegment

AZwillapprUach公 fΔE.Atthesametillle,theVectUr

AZ,i爸presentingtheresultant Ufall the individual

VectUfS∠ iE,vλ ll reprcsent theelectricneldUftheIight

wavereachingPinamplitudeandphase ThetUtal
phaSedifferenceψ UfEq.φ6.6.1)is representedbythe

directiUnUftheIastΔEvectUr;WhUSeheadrestsUn

Z.Inthel丘 nΠ,this iSthedirectiUnUfthe翃 θε99ttU

thecirculararcatZ.TheIilnitingsituatiUn,therefUre,

isaSrepfeSentedinFig.26.28.Inth已 tdiagranl,it is

apparent thattheanglesψ andγ arerelatedby

’In othefword忘 ,youcandriveacararoundaperfectlycifcular
trackwith° uttouchingthesteeringwheelonceyouhaveit properly

aimedThis isclearlythesituation illustratedbythevectoidiagrams

inFig.2627

8了

。

ψ+免 =18UU
(2664)

SinceUS上 QandUS2QafebUthrighttIan目 es,this

meanSthatthevertexanglesS⊥ UQandS2UQare
bUthequaltUψ /2,巨 s nlustfated.

斑a瑙七;:持足魂差琤為常
㎡afarccUnne曲 g

Rψ =Ⅳ ΔE                 (2665)
A〝U,f1.Umelementaη thgUnUmetrY,thehalf-length

UfthevedtUfEPthatrepfesentStheamplitudeUfthe
resultantwaveatthepUintPUntheScreen is

ExpresSiηgtheradiusRin te甲 ms ofψ and
(26.65),th6canbewfitten

(2666)

ΔEby

‵EP=Ⅳ Δ主塑里型in(ψ/2) (2667)
ψ/2

NU市;asthenumberUfpartsⅣ intUwh梵htheaperture

is subdividedincreases,it isevident thattheStrength

ΔEassUciated〝八theachUftheInmustdecreaSeprU一
pUrtiUhally.Thkmeans thatΔ Eis inverselyprU-

pUrtionaltUⅣ,UrthatthequantΠ yΛrΔEremains

εUK∫翃Kt aS Λ「is Varied. Ifwe denUte thiS cUnstant

quantity,whichultihatelygUverns thetUtal intcn,ity

Ufthe obseⅣ cd diffraction patterIl, as EU, (26.6.7)

takeSthefUrm

為
二

2
一0,

=
“

為
二

2
nR=

易
丁

(2668｝

Inth珀 cquatiUn,thequant丘9EPrefers tUt● eampli-

tude Ufa harmUnically varying electricneld at thc

pUintP. Thet虹 heVariatiUnUfthisfieldcanbpex-
pressedbyincUrpUrat㏑ gafaaUrcUs(ωt+δ)Un」he

right心 ide Ufthe equatiUn. Since the 9K比 K∫ 好V ∫ iS

prUpUrtiUnaltUthetiIn● averagcUfthe∫η磁arε Ufthe

amplitude,itcanbefcpresentedaS

Ep=EU主
馬半芸

盟

。=,U(主弓學芸生)2 (2669)

窺 糪 鵟 ξ:毲錢 特 鬼乳 隙 曫 篇 ㄝ
The trigUnUmetricfunctiUns thatappear in(26.6:8)

and (2a6.9) abUve are plUtted in Fig∴  26.29. Tho
angleψ represen於 thetUta)d㎡ ferencein phasefUr

lightarrivingatPbetweenwaves startingattheupper

andlUwerendsUfthesh色 Sl andS2,inFig.26.25.
This phase differencemaybeexpresSedin termSUf
the §litwidth 既 thcwavelehgth λ, ●ndthe angle θ

〔ntefinsUfwhiththeIUcaⅡ UnUfpUintPcanbe

Arc︳ ength〃 (Δε｝
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-1Uπ

(a｝

吵帶

F︳ GURΞ 26.29.  P｜°t°f(a)thef｜ e｜damp｜ itudeand(b)theI｜ ght intenSityatthescreen,

asafunction oftheVariab｜ eψ =｛ 2πd/λ )s〡 nθ ,f°rthecaseUfsing｜ e-S〡 it「 raunhofer

d︳ ffra。 ti。 n

expressedlbyφ 6.6.l).8Sinceψ ㏑creas㏄ astheangt1l缸

displacement θ UfpUint P frUm the centef Ufthe

screen increases,therewillbeapatternUfintensΠ v

maximaandIninknaUnthescreen,whUse1UcatiUns
cUrrespUndtUthcmax丘 naandΠliniInaUfthefunc-

㎡Un sin2(ψ /2)/(ψ /2)2,as plUttedinFig.26.29b.Th兞
patterhhaSanumberδ fhnpUrtantahdratherunuFual

fcatureswh沁 hw° sha)lnUwe文 arnineindet齒 l

Fist,frUIllFig.2629b,lt iseasytUseethatthe

ma如 mum好 比enSiㄅ UccurSatψ =U,cUIespUn由 ngtU

θ=UfrUIIl(26.6.1).Atth6pUint,whichisatthe
center Ufthe Screen, directly‘ UppUsite the Sli色  the

i,tensityis∫ U,sincethel上 nitingvalueUfthefunctiUn

sin(ψ/2)/(ψ /2)isun丘 yasψ apprUacheSZcrU.Asthe

angleθ incrcases,ψ becUmeslargeralSU,andγ hen

sinθ ≡λ/〞, ψattains thevalue2冗 radians,andthe

intensity as given by (26.69) is zerU. IJnder the§ e

cUnd北 iUns,thephasedifrerencebet、 veenSi五ndS2in
Figure26之 5is36U°  ThephasediIrerencebetWeenS1

8Inthisdiscussion,it isassumedfUrconveniencethatthesilt● ídth

〞isconsiderablyIargerthanthowavelen呂 th,s° thatthequantity

2冗〃λ i忘 qultealargenumber.Thlscondlti° nneedn。taIways

besatis£ ed,oΓ course 
、
Veshall seelaterWhat llappensundor those

circumstanceS

andUk,thefcfUrejuSthalfth怎 valueUf18U° Light

entefingtheslitatS上 anda6●vingatPnUw9Ktε夕 rε∫

〞ε∫tr仍ε6加↙VWithlightehtcr㏑ gthesliatUand

報
y扭

乳妹千:i:::I鬼;嚅r早留
φ
驟 營:早

(:

戰驛 鑆雖 腳 斃
辯討熙女粽:e點 經轟古≒群工∴:t鼆
UntheScreen iszerU.

Ifthe angle θ is increased further. the inter-

fcrenceUflightenteringvariUuSpartsUftheslit is nU

無踏霾趙i鈉揮裝鑣
:午玊全化丟蓓古ξiI:ξ多i::茫:t:滼援::涐報#盓

8了︴
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cUrreSpUnding,reSpectiveIy,tU

ψ=2π ,4冗 ,‘冗,8π ,‥

Uf

中θ=台學,手午‥
fUrtheintensityrniniIna,and,apprUxiInately,

Ur

血θ=劈,券 筭劈⋯

fUfthemaxiIlla

UneUfthelnUreunexpectedfeatureSUfdifrrac一

tiUn can be exhibited by calcuIating the angle θ仰
betweenthe用 thminilnumUΓ intensityandthecenter

Ufthepattern FrUm(2661U),this is

sinθ〞≡ (26612)

InthisexpresSiUn,theslitwidth〞 is in thedenUllli＿

natUrTherefUre,whenthesIit isvefywide,θ ⅢwilIbe
andxtremclysmallangle,andthediffractiUnpattern

willUccupyUnIyaγ erynarrUwregiUnnearthecenter
UΓ thescreenatU/inF㎏ .26之5 Undersuchcircum＿
StanceS,theintensityrllinirnaandmaxilI,amaybesU
clUselyspacedthattheyarenUtreadilyUbserved,直nd
theUnlylightthat ise.silyseen is thelargecentraI

maximumatθ =U,as illustraiedinFig263UaThe
pattefn then loUks very much Iike the geUmetric

shadUwimageUftheslit,sincethereisalUtUfIight
hittingthescreenat θ=Uandvery littleanywhere
el馬e ThiSresult is nUtuoeXpectedandcertainlynUt
veryeXcltlng

-s

ButnUW,SuppUSewemaketheslitwidtht
smallerandsmalIer.ThenaccUrdingtU(26612),the
angleθ,,lwillbecUmeincreasingly!arσ εr,thedifrrac＿

tiUnpatternSpre廚dingUuttUUc°upyanappreciable
areaUfthescreen,asshUwnat(b)inFig.26.3UUnder
thesecUnditiUns,theintensitymaxilnaandlninilna

are rather easily UbServed, althUugh the pattern is

muchlessbrightbecausethereis nUM/less tUtalenefgy

cUlningthrUughtheslitandit is spreadUveralargef
paftUfthescrcen

Finally,if〞 becUmesless than所玩,沕λ/〞 Will

exceedunity,andtherev八llbeno!ealvalueUΓ θ咖fUr

whichEq(2661勾 k支斑iSnedThe翩 thminimum
thcndisappears,leavingUnIyapattern in、 vhichthere

areI99——生 IniniInabetweenthecenterUfthepattern
andtheedgeUΓ thescreen.AstheslitbecUmesnar-
rUWerStill,thepattern spreadsUutmUreandmUre
and successiVe lninillia disappcar f1.Uln the screen

until, nnally, when 〞 becUmes smaⅡ er than 玩, the
nrstJllinilljunlvanishesalsU Then,UnIyasmal)part

Ufthepattern nearthecentral rnaxirnumUfintensity

remains,but it is spreadUutallUverthescreen,frUm

θ=一 9U. tU θ=+9U., as shUwn in Fig.26.3Uc
UltiInately,、vhentheslit、vidthisvefymuchless than

thev/avelength,Unlyasmall regiUn in theneighbUr-

hUUdUfthecentralmaxiillulllflIls thev/hUlescreen,

、
vhich is then practicalIy unifUfillly, thUugh very

dilllly, illulnin飩 ed YUu v/ill recall, that when we

studied dUuble一 sIit interference in sectiUn 26.3, we

aSsullledthateachUΓ UurtwUSlitSwasveryharrUw
incUmparisUnwiththelightwavelength ThereasUn
fUrthatassumptiUn is nU、 v understandable,sinceif

thatcUnditiUn is nUtsatiSned,theintensityvariatiUns

Unthescreen、Vill result nUtUnlyfrUm interference

betweenthetwUsIitsbutalsUfrUmthe′ 莐〞aε tㄉ刀Uf

ligllt passingthrUugheachUfthem

This curiUus effect, in whicll the diFI.actiUn

pattern spreadsUuttUUcoupyan increa∫ inglylarge

area Un the screen as the slit width is reduced, is

-s
一

s

(2661U)

(26611｝

一—㏕｝╖

F︳GURE26.3U.  SucceSS｜ voStages in theappearan° eoftheSing｜ e一 s∥ t「 ravnhofer
diffraction patternasthes｜ itw｜ dth︳ SdecreasedNotethataSthbs｜ itb各 comes
harrUwer,thepatternbecUmeswider

8了2



chaiactefisticUfdi仟 ractiUn ingenera1.ItUccurs nUt

UlllyfUrhghtdiff1.actedbya㏕ Π btltalsUfUfhght
dif1.act琶 dbyanapertureUfanyShapeUrfUr lightdi仁
f1.actedbyanUpaqueUb§ taclefatherthananaperture

ItidthiseffectthateVentuallyiustratosUuratt● mpts
tUilllⅣ U代 tlleSharpneSSδ ffLlzzyplnhUleima函sby

makingth● pinhUlesizesmallerandsmaller

IncUncludingthedisc.ussiUnUfthediff1.actiUn

Uflightbyasingleslit,it isapprUpriat。 tUexanline

thedifferencebet、veenthis situatiUnalldthedUuble-

slit interferencephenU印enadiscussedin sectiUn263

incUnneφiUnwithYUung’ sexperiInent.InthefUrmer

case,weWerecUncernedwiththe9〞 trε b伯 rt刀 Cε Ufl㎏ht

cUming frUm rⅥ 9U ∫εpa〞 atε εUilε rεηt ∫U)frε θ∫. :Γ heSe

SUufces、 VererequiredtUbesUsmall thatthc,dif打 ac一

tiUn efrects arising frUm light elllitted by diΠ ℃rent

partsUfeachSUurcewUuldnUtbeUbservablo.Inthe
presentcase,Unlya∫●llσ Iε slit sUurceis invUlved,but

its dilllensiUnS are Such that light cUllling thrUugh

di描erent partS UΓ theslit may interferedi田 erentlyat

eachpUint Un thescreen In bUth c苗 ses aserid忘 Uf

alternⅢingmaximaandm㎡imaUf!㎏llt intensi竹 ‘
Ubserved InthecaseUfdUubleslit interFerence,hUW-

eV。r,themaximaalIhaveeSscntiaIlythesaη einten-

sity,、vhilefUrSingle-shtdifrlactiUn,theihtensityUΓ

themaxⅡnai㎡lUfrrapidlyasthedistancefrUn〕 the

central maXiJljum increases, as illustrated in Fig

26.29b AlsU,fUrdUuble-slit interference,thespacing

UftheFringesiSdeterrllinddbythedistancebet面 een

thetwUslit sUurces,、 Vhilein thecaseUfdifrractiUn,

thedistancebetwecnthestriatiδ ns isdeterIllinedby

tlIev丙 dthUΓ thesingleslit sUurce ItiSimpUrtant tU

rememberthatalthUughdifflactiUni§ aphenUmenUn
thataiises f1.UIll interfefence, it is91UtsynUnymUus

withinterference DiπraaiUnUflight6theinterfer一

enceUΓ lightraysthatUriginatefrUmdiΠbfcnt parts

UfanapertureUrthatcUmefrUmdiΠ brent lUcatiUns

in theneighbUfhUUdofanUpaqueUbstacle Itcan,
therefUre,beregardedasaSpecialcaseUftllernUre
generalphenUmenUnUfinteffefence.       ﹉

巨XAMP└ 匚2661
ArraunhU跆rdifrlactiUnpattein isUbServedusing

li色lltUfwavelength56UUA.Itheslltwidthis25×
1U4cm,nndthean」 ㏄ fUrwlllchma如 muman°
rIlinhnum intensityUccurs.FindtheratiUUftheinten-

siti。s Uf the fUurth and nrst maxilna beyUnd the

centralmaXilnum.
ThezelU° rdeIUrcentr鈕 ma虹 mumUccu俗 fUf

θ=U. The Uther maxil19a are fUund, accUrding tU
(26.6.ll),fUr

血nθ =勞劈,髣⋯
6UrreSpUndingtUψ =3冗 ,5冗,7π,‥ ‥ FrUmthis.we

find                     
‵

266 S;ng｜ e-S∥tFraUnh。ferDjffr古 dt｜ on

Slnθ 出
(3,6,7,..:)(5.5× lU￣

5)

=(3,5,7,‥ .)(U.llU)
(2)(2.5 × lU￣ 4)

ThepUssiblev.luesUfθ cUrfespUndingtUη oaγ 9掰aare,

therefUre,

sinθ 1╘ (3)(U.1lU)=U.33U

s工nθ2=(5)(U.11Ul=U:55U

sihθj=(7)(U.11U)=U.77U

Sinθ4土 (9)(U.11U)=U99。

FUr㏑㏑ima,φ石.6.i。 ●
。

lkusthatwcmusthave

sillθ
′

cUrrespUnding tU ψ =2π , 4冗 , ‘冗,.... The pUSSible
valuesUfθ fUrIniniInum intensityare,thcrefUΥ e,

Sinθ
′=

Ur

(l,2,3,┤ 5.5× 1U一 b
(2.5 × lUΓ

血nθ
i′ =(1×U.22U)=U.22U  θ

1′ =12.7上
○

㎡nθ
2′ =(2×U.22U)=U.44U  θ↙=26.1U?

sinθ =́(3× U.22U)千 U.‘‘U  θ↙干41.3U°

Sinθ 4′ =(4)(U.22U)=U.88U  θ4′ =6上 .64:

FUithenrstInaxLnunl,cUrreSpUndingtUθ =θi=
19.27° , the tUtal phase diΠbrence ψ is 3九 ; fUr the

fUurtll ma虹mum;at.θ ≡θ4=81.89° ,k69π FrU㏑

Eqφ669),theintc.sitiesatthesetwUpUin怕 lnu§ tbe

↖
㎡ UI罪

︳
� 印 而

and

予
� UI罪

〕
� 卬 噅

Theintcns丘 yratiUfUfthet、vUmaximaiS,therefUie,

巨XAMPLE26.62
ThesUdiun〕 Dl andsUdiunlD2 spectral lineshave

wavcle五 gthsUfapprUximately5896and589U人 .A
sUdiumlampsends incident planewavesUntUaSlit
Ufwidth2× 1U￣

4cm Ascreen is lUcated3meters

f1.Uln the slit Find the spadng between the nrst

maxiInaUfthetwUsUdium lihes,as lneasuredUnthe
screen.

UsingEq.φ 66.11)fUreachUfth「 twUWave＿

lengths,、Vennd

(3〉(5.896×  1U￣
5)

θ上=!’ .27°

θ2=33.37U

θ3=5U.35°

θ4=8189°

鈕

一〞

”

一′

λ

一〞=

1
一

9=
鈿
一2

2
一

蚖=
一羾
一乳

sinθ i〨
(2)(2 × 1U￣ 4) =U.44Z﹞U

873
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｛3｝ (589U× 1U一
s)

=U44175sinθ /= ㄎ9｛ 2× lU￣
4)

FrUm〝/hich

θ1=U458U5r● d  Ur

θ
l′ =U:45755rad   Ur

262443

262156

The vefti〔 al diStances ｝tl and ll1′  行Ull1 the Central

maxilllul9lafeapprUxirnatelygiv。 nby

九l〨 3tanθ l=14791m二 147’ lcm

方
l′

≡ 3tanUl′ ==14772m=二 14772cm

There伈 re,

Δ/,=方 1一 /91′ 二 U” cm

TheNalineS,whicharein theye(lU〝 /pUftiUnUf

thevisiblespectltlm,Wefen“ t㏄sUlVedbyJUs。 Γ

FraunhU跆 r

26.7 睏uii:p︳ e一 S︳ :tD︳ ffract:Un

ⅣVe have nU、 / Studied interFerence due tU twU very

narΥU、vsIitsandalSUdifrractiUnduetUaSinglcSlit

Inthis sectibn,Ⅵ/eshal1Studytheinterferencepattern

establishedbytwUSlitSeachUfwhichprUdtlceS●

:i#賞 :∵║::i驟耑盤扛u#書甘黯
and are scparated by a distance t! TU deterllline

theelectricvectUratapUintPUnadistant scr,en,
weasSullIeth直 teverypUintUntheWave仔 Untaas

as a sUurce UfSecUndary 〝/aveS, and we superpose

atA)nUwhasaphaseUΓ

δ=年 “一ωs㏑ θ
人

(2671)

(2672)

(2673)

f1.UmFig 2632bit isevident that
\
、

l
—

′

ˊ

δ

一
2

十

為
t
2oE,

t

=E

╙一
i.′一

′⋯′′〞

ButSinccEtcanbcexpressedin termsUΓ Edby(2668),

justaSin thepreccdingsectiUn,thiscanbewrittenas

EP  :EU主旦t璗一IcUs(告 +:)

Ur)rnUrcsiΥnply、

Eㄗ =2EU型十

一

旦c?sγ

′′′
●

一

′
﹉′

┬
a
上

—
—
├
〞
—
＿
↓
一

;

: : ∪〞加
﹏′.:﹉

⋯⋯一
⋯一一一

⋯

一

:一′ -—

′
B

Π

〢

〢

〢

凵

F｜GUHE26.31.  RaygeUmetryfUrdUub〡 e-s∥ t「 raunhoferdif〡 ractiUn
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知 = ︳Epc“ 告φ十∥

ψ+δ

(b｝

v
/
\
、

」

/
6

\
A

φ

為
二

2=

F︳ GVRΞ 26.32.  Phasediagramf。 rdoub︳ e-s︳ it「 raunh。 ferdiffraction

whefe,f1.Umφ 66.1),

β=ψ/2=(π /λ)a血nθ

+:=(冗/λ )′ Sinθ

Tlle伍ctUl伈㏑β)/β cll缸aCterizeS“ ngle＿ sl丘 山ff1.ac-

㎡Un,whilecUsγ UccurSiη dUublesl。 inter● rence.In

thepresentcase,bUthfaa。 fsarepresent.The㏄ fU呷
,

therelativeintenSity,whichwemaywriteas

。=十∫。(土音上)2cUs:,

(2674)

(2675)

(2676)

cUntainS variatiUns typical Uf bUth. Figuro 26.33

illustrateStheresultingpatternFUrthecaSein、 vhich

〞〧4a,whichirnpIiesthatv干 4β .ThecU§
2ftlhctiUn

hasamaximumwheneverγ =U,冗 2冗,‥ .These
UccurWhenever

〞sinθ =J,.λ   19,=U,1,23,4,‥ (2677)

者臨:l早岊選抩蓗:還營翠房駌ε縲駂工
:::玒耕器走留╭t抽絃j古

::營翟::ξ:F:::諱

:I〡

、
∴f昔造rgl:古?【巠

「
白U::吾;:r::子千;::气 :︴:盟

、
vidthiSnUnzerU,additiUnalchanges in inten§itycan

糮您:fir私:既｛)侁坌坊tf珗 ,e:T:I:;

-3π

-12π

-2π

-8π

加

 
胻

π
 
幼

1
 撕

′/4′U

F︳ GURE26.33. D。 ub｜ e-sⅡ t「

一

aunhoferd︳ ffracti。 n｜ ntenS:typatternf。 rtheoaSeWhere

σ千4a,C。 rreSp° ndingt。 V=4β
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wewillhavean intensiㄅ m㏑imum,sincesinβ then
van拍 hes.FrUm(26.7.4),it is seenthatth芯 Uc6ursfUr

asinθ =祝   K=1,2,3,‥ . (2678｝

The pattern may be described by saying that the
(sin2β )/β

2 
伍ctUr佛U〞勿ta彪∫ thefUs2vvariat● Uns.

Thus,weseeinFig26.33thatthevariUus interference
maxiIIla are cUntained Ⅵ石thin an envelUpe ●Urre＿
spUndingtUthedifrractiUnfactUr(sin2β

)/β
2

巨XAMP∟ E2671
AdUubleslit is iIlun〕inatedbylightfUiwhichλ =
45UUΛ.IthetwUslitsareeach?UUUΛ inwidthand
ar● separated by a distance UΓ  27,UUUA, nnd aΠ
anglesθ atwhichtheintensityiszerU.FindaISUthe
anglesatwhich● n intensitvmaximuφ UccurS.

Apart什 Umthecentfalmaximum,theintensIty

、
villbezerUwhenε Jrl,ε r sinβ UΥ ㄜUsγ vanisheS Since
a=以 and〞 =6玩,thiswillUccurfUr

β=(π〃λ)sinθ =加 sinθ 〧π,2π ,3冗 ,‥ .

andfUr

V=竹妨/玩 )sinθ =翫 sinθ =冗/2,3冗/2,5π /2,‥

Thus,thereareminimawhen

sinθ =UbUrlU   θ=3U° 直nd9UU

and

sinθ =告 ,冉 ,冉 ,品 ,品 ,詰

θ=4.78U,1448U,24.62U,3569° ,4859.,6644°

The maxima wiIl Uccur whenever cUs2γ = 1 切河θ∫∫
s㏑ βva血shesatUneUftheSemaximaItll抵 happens,
Wesaythatamaximumhasbeen∫apprε$ε  ́Since
cUs2V=l impliesthat

γ=(冗〃λ)Sinθ =師 sinθ =U,死 ,2冗 ,‥ .

wehave

sinθ =U,舍 ,署 ,舍 ,舍 ,舍 ,1

θ=U°,9.59.,19.47° ,3U°,4181U,56.44° ,9U°

Weseethatthemaxilllaatθ =3U○ and9UUare
indeedsuppressedsincethefearerlliniInaUfsinβ at

theseangles.｝石Uregenerally,、 vehave

′sinθ =J,,玩  陶 =U,1,2j‥

givillgthe佛thmaXimum But

asinθ =K玩    刀=1,ㄙ .

givesalniniInuI1UfzerU.Thus,、 vheneVe1

(告
)I,=匆

amaKimumUfthetw。 slit interferencepattern is
elim㏑ated.Inthcpresentcase,fUrw㏑ ch〃a=3,tho
thirdandsixthUrdersarelnissi.g:,＿

LetusnUwstudyinaqualitativbwaytheinter-

8了6           一

fereIlcepattern prUducedbyaη o切 !tjpJε＿∫tjt system,alSU
knUwn as a 〞蛻〞aε r9Uη σra”刀a Figure 26.34a is a
schematicrep工 eSentatiUnUfagrating ⅣVeassumethat
:the代 areⅣ narrUw㏕ itS,° achUfw㎡ tll〞 andseparated
byadistancea.Atypicalgratingl9lighthave6UUUUr
mδieslits percelltimeter.取 必nUsmallaccUlnpli品 一
ment tUcUn,tructsuchagfating.Γ raunhUferIIlade
sUmeearl,,grat㏑ gsby磁indlngnnewirever9σ U㏄ l＿,

UntWUnneScrews.HeWasalsUabletUru1● gratings

Unglass,aIthUughthiscUuldthennUtbedUnewith
great accuracy Sixty years after FraunhUfer’ s piU＿

neeringwUrk,theAmericanphysicistHenryRUwland
cUnstructeda‘ ‘

rulingengine” fUrCuttiη ggratingsUn
anaIuΠlinunlcUatingdepUsitedUnglass.AdiamUnd
cutting edge 

、
vaS used tU prUduce veiy straight

grUUves Inthis、 vay,succeSsΓ ulandpracticaldiifrac＿

tiUngratingswerenrstUbtained.

TUunderstandthephysical principlesthatgUv-
ern thebehaviUrUfadifrractiUngrating,letus nr§ t

cUnsiderthesiInplesystenl shU、 vn inFig 26.34b In
tl1● ss於tem,tllerealeaverylargenumberUfv㏄y

narfUWregularlyspacedslits Thedistancebetween

neighbUringslit耴 aSShU〝 /n in thediagram,is〞.The
slitwidthin this particularexampleisassumedtUbe

Vε rV91,9εll佬∫∫t方 aη tllθ ︳′σl/ltvvaVε Ic,刀σt乃 ,sUthatdifrI.ac︻
tiUneffectSahsingfrUmthepassageUflightthrUugh

apertures UΓ flnite 
、
vidth are uniIllpUrtant We are,

therefUre, cUncerned in thiS specinc case 〝λth what
m㎏htbemU㏄ accuratelyreferredtUasanj刀 rt’ rrPrθηεε
grating.Thegrating6ilIuminatedwithnUfmal玗 in＿

cident p㏑nemδhUchrUmatlcl塘 htwav㏄ Ufwave-
length 玩 We may then regard each Slit as a pUint

SUurceUfcylindricalHuygenswaVeletswhUsewave-
fI.Untsareillustfatedin thediagram.

LetusnU、 vcUnSiderhU、 vUutgUingpIane、vave一

frUnts nlightbefUrmedfrUrn thesystemUfHuygens

、
VaVeletSUnthefar sideUfthegrating It is,UfcUursc,

pUssibIetUdfav/asetUftangent planeSparalleltUthe

incUrlling、vaves andtUthegratingwhichrepresent
planewavesthat prUpagatehUrizUntallytUtheright

beyUndthegratingThese、 vavefrUntsdoactuaⅡ yexi忘 t

butcUntributeUnlytUacUntinuatiδ nUftheihcident
wave.Itis pUssiblealSUtUdrawaSetUfwaverrUnts
that● retangent tUHuygenswaveletsffUmneigh-
boring s1● ts whUse phase 〞魂gr∫ by an entire 

、
vave一

length,aSshUwnbythedashedline§ ihthelUweipart
Uftheflgure ThesewavefrUnts prUpagateatanan璽 e

θl tU thehUrizUnt日 1. Since the path difrerence PP′

betwecnsucceedingwavef1.Unts is〞 sinθ lan° since

this mustbeanentirewavelength,w芭 maydetermine
thedirectionUfprUp.gatiUn,θ⋯frUrll thecUnditiUn

〞sinθ 1=λ (2679)

Inmuchthesame、vay;aseriesUf、vavefrUnts prUpa-
gatingatalargerangleθ 2tUthehUrizUntaIIIlaybe
cUnstfuctodbydravλ ngtangentβ cUnnecting、 vavelet忘

frUmneighbUringslits that.reUutUf° hasebytwU
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↖\ QU’ =σ sinθ 2=2λ

PPr=σ s︳ nθ =η入

、
‵考舟、

1
【

├
︴

F【 GUnE26.34.  (a)Raydiagramfor「 raunhoferdiffractionbyadiffract｜
。
n9rat｜ n9

(b)Ge。 metryofraysandwavefrUntSfordiffractiUnbyagrat｜ ng
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TUderivetheintensitypatternduetU早 gr斑ting

withfiniteslitsUΓ widtha,wewUuldfUllUwthepre-
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addvectUriallytheneldsduetUe.chs1● t,takingihtU

accU古nt thephaSedi且 bfencesbetwecneachUfthese

nelds FUfad° ubleslit,、 vefUundthattheintensity

cUuldbeexpreSSedby(26.8.3).Thiscanbcrewr北 tehas

∫=十
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nUrmal incidenceisabUut5pefceht.InUpticalsy§
-

temssuchaScUmplexphUtUgraphiclenses,thefeInay
be1° Urcv● n2Usuchlllter伍 ces.┘●learly,fwehadtU

putup、vitha5pefcent renectiUnlUssatcachlenS

surfade,wewUuldend:upw丘 halen。 thatwUuld

transπlitUnlyasmall perc「 n‘ageUfthelight incident

Un itS frUnt surface. FUr alenshavihg 1Uglass一
aif

surfaces,wewUuldexpectatfansnllSsiUnUfUθ 51U=

U.5987,Ur59.9percent,slnteUhly95pefdentUfthe
lightSurvivesrenectiU。 ateachsurface FUrazUUrn

lens having 2U such i● terfaces,the figure wUuld b「

Unly358perc° nt.It isdesirabletUreducethis renec-

tiδnlUssbyUpticalcUating,nUtUnlybecauseUfthe
Ⅱ爸htlUss北selfbutak。 becau品 muchoftherencaed

llghtendsupUnthenlm,Ufin theeyepiece,in the
fUrmUf“皂hUst im色 geS” TheghUst imagesreduce

ilnagecUntfastandSUmetiInes prUduceannUyingvisi-

blespUtsandhalUeswhentheIens isaimedin the
directiUnUfbrightpUint sUurcesUΓ light.It is,there-

fUfe, vefydeSirabletU reduce the feflectivityUfthe

glaSS一色irSurfacestUthelUwest pUsSibldvaIue,UrtU

eliminate北 cUmpletelywhc㏄ thatcahbedUne.These

U切 ect∥csareusua∥ yreallzed血  pra&icebyapplying

athinfef1.actinglayertUthegl主 ss lIlSuCha、vaythat

therenectedlightfrUm ltStUpandbUttUrn surfaces

interfef各 sdestructively,asshUI9.n inF㎏ 26.1‘ .

Let us aSSume that the nlIn has an index Uf

refractiUn〝 /hichisgfeaterthanthatUfaifbutless

thanthatUfglasS UnderthesecUnditiUns,thelight
lraysreΠ

ected attheuppeiand lUwef surfacesbUth
experience a phase!change 

。
f冗  fadians, since the

rencctiUnUccursfrUΠ】anUpticallydenserunderlying

mediumThus,thetwUlightray§ ABDEFandABC
will llaveaphasedifference、vhichreSultsUnlyfrUm

theipath山恥 rence.FUrapprU奸 matelyKUr〃尉 jll一

εj′θKc色 thephase。 ifrerencewill,therefUre,be4冗刀〃λ.

Ifthis diference is 冗,the t、vU 
、
/aVeS arriVc Uut Uf

phase This、 villhappeniΓ thenlln thickness iSdhUsen

tUbeλ /4K,inUthcr、 vUrdS,ifit isUnefUurthUfthe

混 Velength㏑ them屾 u私
Ufthe挽ams㏄且ect㎡ 飩NU既 iftheiKtε K∫ jt加

the upper and一 lU、ver surfaces are nUt cqu五 l, their

destructive interference 
、
vill be p主 rtiaI rather than

cUmplete, and the tUtal rㄜ nected inteη siy wΠ l be

lU、veredbutnUtentirelyelirninated IfwecansUme-
hU、varfangetUhav爸 thelnexactIycqual in intensity,

hUwever,therewillbecUmpl“ edestr● ctlvecancella-

屴.房瑰:Ⅳ :::::::普驟 it#U子:.j:s〤驟 ,

definedaStheratiUUffeΠ ectedtUihcident intenSity,

isgivenfUrnUrImal incidencebyEq.(94454) Inthe
presentexample,thereafe twUinterfaceS、 vhUSere-

nectiv丘ymust,accUfdingtUtheseieSults,be

R=(帠
γ

㏕
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點甘驟竊嚂裘壟 邁韃
fUre,theprUCessUfCUatin︴

withanlInaquarter-Wav。 lengththicknUtUnlyre＿

duceS the reflectiv北 y Ufthe substance but actu巨 l1V

jηε〞εa∫ε∫ the amUunt Uflight that is transⅡ
Itted.

AlthUugh thephySical detalls Ufthe piUdesses that

att tU accUmplish this increase.in trans“
1姆 S1Un are

nUt easny undeistUUd, tllere is nU queStiUn that it

must take place. In the exampIeS mentiUned pfe-
v●Uusly,UfalenSWith1Uglass一 aisur伍 cesanda

zUUrn lensV八 th2Usuchsuffaces,theapplicatiUnUf

a quartef-waVe nlrn that reduces the reΠ
ectivity tU

1pefcentate●chinterfaceincfeasesthefractiUnUf

hght transⅡItted tU U991U=Uθ U43 and Uθ ’
2U=

U8179,respectively CUmparisUnUfthe忘
efigufeswith

theUneSgiγ en previUuslyfUruncUatedlensesreveals

thatthereisasignincant incfeasein thetransπ
11SSlUn

pfUpertiesUftheleosesFUrthezUUmlens,thef1.actiUn

UΓ hght transmitte。 乜 mUrethandUubledbytlle
cUatin爸  pfUcesS. Indeed, the rnanufracture Uf ZUU”

lenseS,〝/hichareUftencUmprisedUf15Ur2Useparate

elements,Ⅵ/UuldbequiteUutUfthequestiUnWithUut

UpticalcUating

巨×AMP└ E2641
Anlm1U,UUU人 thick isusedtUcUatacertain typeUf

glaSS. At 〝/hat 〝/avelengths in the visible spectrum

will the fenected light inter跆rc destructiVely? The

indexUfrefractiUnUfthenlIn isassumedtUbe14U,
whichis less thanthatUftheglass.

Inthepresentexample,thecUnditiUnUfalnini-

muIll in reflectedintensityis thatthepathdifefence

betweenthetWUrenectedI㎏ htraysi.anUddlllultiple

UfUnehalfthewavelengthin thelllediumCUmpen一
satingphasechangesUccurupUnrenectiUnffUrll the

aif一 nllllandnlIn一 glass interfaces SincetheindexUf

thenlIn is nUt specinedtUbeequaltUthesquaferUUt

UftheindexUftheglass,thUselight、 vaγ elongthSfUr

、
vhichthere且 ectedIight isarninilllumvˊ illbereduced

in intensitybutnUtη ecessarilyextin色 uished.Sincethe

path山●℃fence〝 twicetllenlm thi伙 IleSs′ alndsince

thisInuStequalanUddnumberUfhalf-wavelen＿
gthS

in themedium,、 vemaywrlte

mUreUrless strUnglVrenected

郝
let嚃 n㏕㏕㏕山啷曲螂㏕be.ab㏄㏕

料麟琖誠奲無噆駕

NUw,nearthetUpUfthenllll,whefethethickness is
Unly5U人、

thephasedi「erencebet、 veenraysreΠ ected

行UmthetwUsur伍 ceSUΓ thenl1n is ncarIyπ ㏑ra〃

visible 
、
vavelengths The phase di付 trence resulting

frUill theUpticalpathdi田erenceis ncgligiblein this

caSesincethenlm isverythin ThetUpUfthenlrn then

wiIlreΠ ectverylittlelightUfanycUlUrand、 vill)there-

fUre,appearquitedark
Near the Illiddle Ufthe nl〡 n, the thickness is

15UU人,and,thcre伈 。
e,destructiVeinterferencecan

Uccufat、VaVelengthλ fUr、Vhich

9=2刀 tt二 (15UU)(2)(135)=4U5UA

This is in theviUletpartUfthevisiblespectrulIl,and,

therebrc,viUletis nUtrenected.TheUtherwavelengths

fUrwhichdestructivein● er佁 renceUccurSarenUt ln

thevisiblespectrum CUnstructiveinterferenceUccurs,

知
一3

峛
一2㏕。仁

λ

一〃

<
╯

 一。
6

λ

一〃

3
一

2

λ

一〃

1
一

2=
〞

抗=4〃砝響,響,罕⋯
SubstitutingthonumericalValuesgivenabUvefUfK′
and既 wefind

λ=56,UUU人 ,18,667A,119UU入 ,亂UUU人 ,6,222入

5,U91人 ,4,3U8A,乳 733A,‥ .
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F︳GvnE26.17. ｜nterfer｜ n9beamSref︳ ectedfrom the

surfaces° fas° apfilm.



264 ︳nterferenceinTh:n、 F∥ms

㎡main tIlereΠectedhghtare

=
冗+

t
一翫

可以
 “

冗,3π ,5冗 ,

「
︳GvnE26.18.  !nterference9e。 metryforNewton’ s

r︳ n9s

:野盅氮::烤您｝拙營竽ξ:景:士

s慮

智鈺
2傑
蕊

reglUn.

In the fe飪 Uη wheoe the
destructiveinterferenceUccufs

λ=(江UUU)(2)(1竻 )=lU,8UUA

thickness is 4UUU人 ,

蓋t

which忘 nUtin the↓ isib!efange,● utalsUat1U,8UU/2=

54UU人,、/hichis in the green part Ufthe Spectrum

古:::εdU孓:強 電砦
rcI描

堅守
sv:士

i〞出為j艾

獅lI攡蠽驨拉鐎
this v/直 velength, 

、
vhich is viUle色  will be strUngly

﹀isibleUnre且 ectibn In直 eheral,theexactcUlUrs that

areseenUIlrenectiδndepen° UnthecUmpUsitiUnUf

tlle㏑ cUm㏑ghg1.t,tlneamUL1lltUfeacllw卻 de㎎ tll

that i忘  reΠ ected,andalsUthesensitiVityUΓ thehuman

eye.

巨XAMPL巨 264.3

N巨W┬ UN’ S〣NGS
Anaifnlm iSfUrmedbetween主 cUnveXleoSanda

燬:ξ驟 f:乳乳謈
sf驟

甘F忌j能持搾
IIlterferenceringsareUbSerγ edv√hen lightUf、 〃ave-

推兒女讞蚩鶴裝器訖發鏍乳發搖It森

Ufthccircularfringes.

〞=U,9石°
丁’ .

Letusn° WwhtethiscUnditionas

=́Ⅳ告                      (2。 46)

游替暑色:無j茁i瀨落對篘發表遠
that

r 2R一 ′

Ur

r2=2R′ 一 〞

But since〞 《 R,

I2≡ 2Rt=2RΛ「吉  ′
r〒

、
/PφRλ                  (2647)

、
Ve see ffUill this that the fadii Ufthe destructiye

︴。℉葚色寵ξ㎡貨f叩瓔窗裝1:气
j生 堅罕

canbeusedtUhndthewaveIengthUfthelightfthe
radiusRcanbefUundbymeasuringthediameterUf
theringsAlterη at∼ely,if′ ●knU”平;丘 maybeused

tUdeterrnineR.

thatt:!審｛I景::“督智:宙岊者∵器胖窩

::::三l:點區:督U密︴:::a苦
二
古:::嗜u裝I:i
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sourceatannitedistanceintUaparalI。 lbeaΠ1翠ndtU

裝
c:瑤

窘緊甘甖｜::翠#拄 :是ε;挖忌盤早芒騾

:繗騰報轆i葐蠱乳鷻道鐉

!:;i〡 ::〡｝!裝§:瑛裝｜::i:掰e輩:i︴至::

caseUfFraunhUferdif1.action

2° .6 S’ ng:e一 S︳ :tFraun納 oferDi啻甘rac如 oI,

機f咒寵括:全:i出寧::瓷t胖著l:Itj:::營 :

nUfmally by pIane mUnUchrUmatic light waves, as

古攕發蠱雥出撒賤瑟垂

bctwocnthesepUints lIlustbe

┌
￣̄ ￣̄ ￣ ￣￣￣￣

┐

｜ψ二等t sinθ
(2661)

∟ ＿＿＿＿＿＿＿ 」

TUcalculateth爸 intensityatpUintP;weshall

于營壬!留努£甘ξ呼:甘融ξ芾掛耕裝

引nθ F半�磅

sinθ =苦┬呼

λ

一
σ=

日GUΠ E26.25.de。 metry。 f「 raunh°千erdiffraction,a,arrangedinFig2624,
ShUWingraypathsand、 ⅣavefrUntS

668



㎜
2

㎜ :

267Mu∥ i●︳e-s｜ ∥
。
︳ffra。 .。 n

U

｛b｝

｛d｝

(轉
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F︳GUnE26.35. P｜ °tSUfinterferencefuΠ c∥ °n(sin∼,/sinγ )「
fUrmuIus︳ itarraywit●

(a)9V=2,(b)IV=4,(c)’ V=6,and(d｝ Ⅳ=8.

Ⅳ increases.Thesameeffeais 忘hb市o lnF㏒ .2‘ .36,

妾毋:出土::」::::::::::號召籙t堅器:::::::::)苗運
shUuldbenUtedthattheefrectUfthedifffac● UnfactUr

賺θ留主ξ蜜蠶等t湍生至旨ξ笛息︴球

(26715)
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