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At any given pUint and ataIly tillle, th爸 electric

(Urmagnet沁)neldductUasinJewavepasslng
thrUughthepUint is independent ofall theUther

WavesthatlIlaybepresent        〕

ThetUtalelectric(Urmagnetic)ncldatthepbint

ˊ́

in questiUn is tlle↓ ettUrsumUfth● electricior

lllagnetic)neldsUfaⅡ theindividualwaves present:

驐 驟 瓃器驟 考櫆
嘩

習&↗官::;∴::t::現 i單幫為ξ｜::::i身牡1緩︸㏕

耴(x,

and

└±

E2(x,�
, ｛2° ?1)

(2622)

｛2623)

(262:4)

ThePUyntingvectUrcaⅡ :IlU南 bewrittenas

｜〦舟阠」

pUlnt,ls

:   回
Asac?nsequence,.theaverageintdhsi,wilI一 ways

轟睜各古甘::::i,tlleaverageUr山
e∫ararε ㎡the

φa拓

推韱驛蠱搬f#曲鑼
土移:咒):斑
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P︳ anewaVefronts

Spherica!

vvavefrUnts

\

Sourceat
foca｜ pointUf︳ ens

\
Lens

/

/

\
\
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Z=U

一

.︳ 一      .  AnUthe「 viewofYoung’ Sdoub｜ e-S｜ it int。 rferenceeXper︳ ment

LetusnUwstateclearly︴ heassumpuons that
areInadein thepresentanalysis:

1. ThepriInarysUufceisassumedtUbea999UKUε 方rU-

η.atjε
2SUurce.

2. ThetwUslitsactassecUndarysUurcesUfInUnU-
chrUmaticlightth孕 tare99.ataallˊ tUIlε rεηt.InthiS

case,theyareexactlyin phase,becauSethegeUm-

etryhasbeenafrangedsUthatbUthSlitsahVayS
lieUnthesamewavef1.Unt.

3. ThewidthUftheslits is narfUwenUughtUavUid
interferenceUflightcUIllingfrUnldifrerent pUrtiUnS

Ufasingleslit.                          ﹉
4. ThescrcencUntainingtheslits isadistanceDfrUm

theUbdervatiUnscreen,andDisIlluchlargerthan

theseparatiUnσ betweenth$slits.

LetusnU、 vcalculatcth● electricneldatanUb-
s甲vatbnpU㏑tPq㎡te由stant 何UmtheSli偽 ︿!any
t丘he色 theelectficneldsateachUf﹉ thesecUndaryslits

、
八ll be identical and are assumed tU bd given by

EUcUsφ t.TheseUscΠ l巨位ngfieIds prUpagatcUutWafd

and、vⅡleventualIypass thrUughP.Sincethewaves
arecylindr沁al,tlleamplitl1d㏄ wi!IfaIlUⅡ .S1/V冗
whererls thediStanceflUmthesUurcetUthcUbserva-

●UnpUint.Thedistances@PandRPareVeryne茁 rly

equal,and,therefUfe,itIn.ybeassumedthatthea用 -

pt好 ).〞ε∫q√ t方εrε‘ε加θ′WaVθ∫arθ praε tjε a〃Vj〞εηtjε a!.

Infact,sincethedir° ctionsUfprUpagatiUnUfthetwU
wavesareaImU就 pafallel,theindividuale㏑ ctr!cnelds

canbeassumedtUhavehmplitudesEl andE2that
areidenticalin tUt乃 magnitudeanddifectiUn.These
VCCtUrS,╮ VhichareillustratedinFig. 26.7,are,there-

2InYounξ so㎡glnalexp.hment,oΓ course,sunl㎏ htwas、 usod

ThoughvisibleinterferenceeIfectscanbe。 bServedwithwhite＿ Iight

sourcessuchasthis,theyareinyariablymuchsharperandmore
cIearlydennedwhenm。 19。 Chroma●iclight sourceSare｛ cmployed

fUfe,assumedtUbeparallelatpUintP.ThisaSsump-
tiUn is gδ Ud, h。wever, U河v when the distance ′

betweehth° slits必 small incUmpaHsUhwiththe
s●paratiUnDbet、 veenthcSItsandthescreen.

UntheUtherhand,thepat九 ′妒Vrε Kεεri一 r2

betweenthedistanccsthateachwavetravelsbefUre
strikingthescreen intrUducesasignificant′ 舜 rε刀εε

加 p九 a並 between the tWU wave, as they arrive at
point P. It is this phase diHbrence that is; ih fact,

respUnsiblcfUrmUstUftheimpUftantcharacteristics

UΓ theUbservedinterfercncepattern.The、 vaVefield

UbservedatpUintPasareSultUfenlissionfrUmthe
sUurceatRcanbdwritten

El=口UcUs(及〞1一 ωt)

whereEUktheamplitudebfthoe*兀 tr北 nelda半 U￣

ciatedwiththewaveand北 represen於 theCf9mmUn
magnitudeUfthevectUrs kla.dk2ShUwn inFig.26.7.

TheSeprUpagatiUn︶ cctUrshavethesame㏑ agnitude

becauselightUfthesa平 ewavelengthkemittodfrUm
bUth sUurceS Inmuchthe:saIneway,wecanwrit。
theelectricneldassUci五 tedM八ththeradiatiUn frUm

。┬
σ

R上

85楚

(2631)
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/t╭

PHㄚ S︳ CALUP了 lCS

thesl丘 atQaS

凡 =EU′ cUS(λ r2一 ωt)

乳葀ξ坐野就女瓂翠:王埔華:眾者攏
sUurces.

SincetheUsci1latingelectficvectUrsE14ndE2

蕃::i;:｜

::塾度蠽擬推群戤
willbe

E一 EUEcUs(北 rl一 ωrl十 cUS(λ r2一 ω t)〕    (2633)

FrUm elemelltary tr㎏ UnUmetry, hUwevef, WC knUW

that

cUsa+cUst=2cUs告 (a一 切cUs告 (a一 t) ｛2634)

Th沁 allUwsuStUW㎡ te(26.3.3)a,

E=2EUcUS告 北(rl一 r2)cUsE告北(ri十 r2)一 ω t〕

Ur

(2635｝

覹 器靾 翀 擺 韝

:::怒私r瑟f∴︴
)1:ll古 h:l&:子

Γ︴I:｝16F搵:

濷ξrt:丫咢fj任」:f.詈:║h裝 ::;究器填曾︴

b:i早h::f::::::c::二萬翠::thataswem:vealUig
毖〞窩 :片撒纔鬼芒忌械 #嵇瞴

mde片峉者£全手F｛既蚻氍穿:::沸驟 :

either+1Ui一 土 ThecUnditiUnfUfε Uη∫tKKtjVε 加 比 r-

t́rε刀aiS,tllefefUfe,

cUs(δ/2)=± 1

「㏕一片o

\
、

—

｝

/

δ

一
2

oE。
t=

E

)  ｜

(2632)

(263＿ 6)

(2637)

(2638)

｛2639)

v√here

δ=吼 ∪ ╤
加

罕

and

°
=告 (rl+r2

┌玩洏┐

irUmthis,it isappafent that7fepfesentStheat昭 raσε

Ufthet、vU distances rl andr2, which isessenually

篠燉儺嬂蠽1鯕缸W

一r2)=U,± π,± 2冗,± 3π,‥
π

一〈λ=

馬
防

l磝毀勞′轟荖鱗嬋發畏
phasedifrerencecahbeexpressedaF

蚤出胖:「黳犤籃嘿辦默 裝t
in tllecas琶 Uf〞εstr“aㄌε jK比

﹏ 紹 Ka,WemusthaVe

cUsδ/2=U,Ur

:=弄“1一 r分 =±各,±考:士著,.‥

Ur

｜r1-r2〡 =仍 十豹λ

where

K=U,1,2,3,∴ .

(2631U)

虫盤毾甘摡::ξ:片::::驟 f:ξ::紛

舞e:Iii:/:;于 :古:ξf晶:玒 ︴t:于::嘿為;哥r::il︳:

856

(26.3.11)
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F︳ GVn匡 26.8.  Superp。 Sition。 fp｜ anellvaves(a｝ in phase,(b)18U° °utofphaSe,and

(c)withan intermed｜ atephasedifference

Thus,weseethatifthep廚 thdf跆rencebetWeen

thetwUW在ves isan iniegralmultipleUfthewavo-

length,thewavesarfiV「 at】Pin pha§ eandreinfUrce-

mentUccurs.UntheUtherhand,ifthepathdifference
isanUddIllultipleUfλ/2,theyafriyeoutUfphaseand
interfere destructiVely In Fig. 26.8, the additiUn °f

waVeS in phase and Uut 
。
fphase is illustrated. An

intermediate case cUrreSpUhding｛ U neither amaxi-

muIll nUfam㏑ imun〕 lsalsUshUwn.

The ●刀tε ll∫9tVUflightat the Screen iS prUpUr一

tiUnaltUthe∫a切arε UfthoelecthcneldFrUm(26.3.5),

wefindthis tUbe

′ =4E。
2cUs2(δ

/2)cUs2(λF一 φt) (26312)

FUrthethr爸 ecaSes lnentibhedinFig.26.8;we在 lSU

ilIustratethesquafeUftheelectficfIeld.This isdrawo

inFig 26U.SinceE2Uscillate,veryrapidly;itsⅡ mo
variatiUnwill nUtbedetected InSte白 d,typical instfu-

njentsfUrmeasuringlight intensitywil1respUndonlV

tUtheK,,.ε avεraσεUfthesquareUfthee!ectr比 ne1● .

SincetheaverageUfthecUs2fLlhcjUnk告 ;器 di9

cus&edearller,theaYelageUfφ6.3.5)willbe

E’ =2EU2cUS2(δ /2)
(26.313)

This㏑nctiUn isalsUpIUttedfUr tllethreecasesdΥ awn
inFigs%8and2a9From this,w芭 seethatfUfcUn＿

structiVeinterferencetheaverageUfthesquareUfthe

amplitudeis2EU2as illustratedinFig.261U.This iβ

b́切rjmeSas眩 ge翠s tllec?rfespUndIngaverage㏑ -

tensity Ubtained with Une slit cUVeied! TherefUΥe,

cUnStructivetwU-slit interferenoequadruplesthelight

intensityatpUintswherethe〝 /avesarriv,in phaseˊ

UfcUl1rse,、vhentheyafeUutUfphasc,theaverage
intens丘ywillbezeiU. Ifthereis sUmeUthef;phase

dIrcfen&,an intensitys田 ㏕ler tllaη thema虹mum
willbeUbsefved.

F︳ GtJRE26.9.  ︳nStantaneUusVariatiUnUfintens︳ tyasafunct︳ Unofti rneforthethreo

caseS〡 ∥ustratedin「 ig 268.                            ′

85了
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F甘 GVRE26.1。 . ┬imeave「agedintensityforthethreeca§ esi∥ ustratedin「 igs 268
and269

In Fig. 261!, a phUtUgfaph shUwing dUuble︸

sl北 interfefenceisgiven.NUt各 thepatt各 rnUf.light

日nddark五 rda§,whichaiereferredtUaSl,,rε v它 r〞乃εε
′́切θ邰.TheCentr㏕ br㎏htfrinbceaiisesf1.Umthec。 ll

ditiUnUf(26.3.1U)fUr刀 =U:SucceSsiVobrightr1.inges
fUr刀 二=1,2,.. cUfreSpUndtUtheadditiUnalcUnstruc-
tiveinterferencepUssibilitiesaⅡ Uwedby(26.3.1U).The
daik spUtsUccuratlUcatiUnswhichsatisㄅ (26.311)

巨XAMP∟匡 2631
AdUubIe:slit intef● fencepatternUccur§ UnaScreen
very伍 rfrUmthesli柏 .Ubt鈕19anexpressbn色 ∥㏑g

theangleSatwhichma文 ilnaandllliniInaUfintensity

Uccur. AlSU calcuIat。  the distanceS z at which the

fringesUccur.SeeFig 26.7fUrthegeUmetry.

I〞 《 Dandθ 6assumcdtU眛 asmallangle,

thepathdifrerencerl一 r2● sapprUxilnatelygivenby

r1一 r2=〞 Sinθ

Wheret is thedistancebetweenthesIits.ThecUndi-

tiUnsfUrma兛 maah。 minimac五 n,thefefUre,bestated

asfUllUws:

五faXjI9la

uSinθ 〒磁

i↓fjη jI,1‘
9t

｜〞sinθ｜=(刀 +告)玩               (26● 15)

NUw,ffUmFig.26.7,

︶z2+′
｛26316)

TherefUfe,thecUnditiUnscanbeStatedin terInSUf
thedistance一-f1.UmthecenterUfthescreen.Ifz((D,

whichisusuallythecase,Eq.(263.16)canbewritten
in theapprUxiInatefUrm

=

z
一

一r
=

θ
n

sinθ ≡
:;

(26317)

F︳ GUnΞ o6.11.) Ph。 t。graphofdoub｜ e-s︳ it interferencefringeS
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angleθ iSSmalI
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