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10.1 fiet

T 1637 | THIA 7 ThTR o H{0h] AISd hl KA A qe T o 72 i Fea=
foranl 59 Hiea § foheEll STaUYsS W YehT¥l o T qfl 3T9ee o ol ohi e
# T 21 R Aied A W R R afz g w5t R (sued & gwe)
aAfirefa 1 3R gedi ¥, 99 T A1eqq H YehTeT k1 = Afus g e e
J YehTY ok iRt TGl w1 oTot Uig &ash s7afee (Opticks) ® iR stferen
forerfaa fohaml 59 & 1 A CAlRUdT oF HRUT SHiUGRI Hied &1 99 T4 =2
1 fean s 2|

T 1678 © g9 ifcehfog frfear seie 3 wehrer o awn fagia w1 weqa feman—
39 LA™ § BH TR o 36 qU fogid X foar T g9 <E R X died queda
AT YA HT ST FT HATYS T § AR FL Tohdl €; AT, Tg TR Hell
2 o oTerda o THe AfE X SAfeid i 3R gedt & o SO qEAn § Yol i =
T BT TE k19T o hivTeh! Higel shi SUAN hid THT ! T YNt o faudia 2|
T 1850 W Foel g fRT T TN g w0 T TR S | geRrn 1w o o
WhTSl 1 W ¥ A T TH YR T HiSA H1 U i g w1 )
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H@Id: =27 oh Y96 oF hR0T a1 FHGId hl T8l &1 TR T8l fha T 39eh1
Tk HRU T8 it o fop geRter Fefa @ A T HeRar @ 1R 9% Hegd fran e fR
TN o T g W g fag qeh GeRot & foie gia wien ki strevashdr gt 81 qenfy,
S EH A A T 1801 H T AfTR0T Hadt U T o @ a7 fafvea w9
T wHIToT € T foh ST W WehTel shi Weptd aiTed €1 S¥ WeRIYl i aRTeEd i Al
T SR € I T TR T8 ST Bl ©; S0l o foiu el Wehtel i quiesd e
0.61m 2| T FhTYT 1 qIE B BH oh HIOT (FHRT YN q2 6l o SRR
F1 gorl H), YT Hl AN G @Rl § T Ll g3 Gl S Tehdl €1 T8
ST ehTi¥Teh! oh1 Seaaq &, Toraer faog o &9 eteqm 9 # == & 9o 2|
I | RISt 1 98 v e airesd Y ufkfaaar w1 qof 9 9 g g
& S FehTfoTesT el @ qen ToRtul shi Sofl WeROT o 5§ U i Wit G
e € fod quresd o1 uF g+ SR Y99 g R

¥ 1801 ¥ 2AH 47 gR U ¢ SAfTeR0T TAT oF IR, STRH TS 40 9
Toh JhIT aUT oF Afdhor qa foecdy dael o 9ar fhu MUl 1 T&r &
TSR] ohelel YehT¥l o U0 Higd o N W Hdloseh &9 9 o S Geht 2|
T YR SIGE! IAIsSt oh SIS He qsh ok Tagid efi-«ifa Tenfad &1 = ydi
BT oIl Fad S€1 SIS U WAl o SR off, fST9eh STIER I8 99et S o fo
T R o forw forelt wream w1 sqaveenal Bl €, ° TR, wehter @l fata o ok
TR &1 Gehdl T THRT AR AT R T Gee wfag deageshia fagid
T W 2 | Hegaet 7 fagd 9o gashe o FEml 1 aui w orel gHiewon
1 Teh U2 faenfa fohan iR 57 ATl o1 STERT Hieh =i 0T FHIehoT eq=
fopan, forad S Sgageshia oM ¢ o Ifde w1 fysram w1 Hegdd @
GOl T IUANT T okl SATHE |, SEAgaeh ql o o shi U] Y I 3R
=2 T o % o w1 e Sgifceh W, YeRIST 1 wTel o | T HH o 3d e
21 THY S=iH 98 Tkt fepren o6 yamwr oravg & agagasid @7 € 36 YR
Hegaet o 3TTER WehT¥l adT qRad-eiet fagd qen gaesta e 9 Gag €1 aiad-sia
faega & g o fiopea™ (3mehTen) H qRed-eiial gaia & S hdl € el
IRedeliel g & Tug qen fepear o ufadasiial foe@ & Sea= s 2
Rerdeiier fog don weehta & frafa o off Sgagesa @l (A1 g @) w
0T T e B

39 LA T §H WaUAH FTEAT & [FG1d oh Ho Fiaded W foamr-fomst & w
TRIE AT STIee o el ol e hidl| TT=] 10.4 qA 10.5 H TH ATTR
1 GREEAT 1 9o A1 S SeARae & fagid W oenenia ?1 T Ees 10.6 W
BH oo™ &1 ufteeT W fomr w0l S eEiE-the fagia W endia 1 ofd o
TSR 10.7 | &H a0l o aN o forr-fomst i S 39 qea W endiia € o g
T orgaeey dgagaFiT -

ST T 1864 H el A Sgdgaeh1d q o e w1 feearft &1; gueh SwT

T qeETd (TR 1890 H) T B2 7 TANTRNen H A T 34 i | SR 65
G q1 AR 7 BT 1 a0 1 JEANRTH ISTART TR
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10.2 g9 =t fagia

HAYAH TH T I TR w37 59 59 fRdl o0id St o6 ared § T Bl el

Thehd € @ HideTa fag @ wRI SR T therdl €1 53 o1 Wedsh feg HA o W19 SieH

FHEA IR L 31 2| TR T &0 R U 1 W 39 J9R gl i g

ooh S faeitsr stfrram € TId: 30 YR & 99 o gt {5 99 Fell o e

F3d & i F 9d ¥ g9 8 W | G el H e Hd v qeft fagett

fag o1 R e 1 T: TH T F UH GHA FA % TS H T H WA oy 1001 () v
fohan ST &1 o A ok T T WA ¥ A F SR dedl €, 98 WA H AA g wiw @ Fred @i
e &1 TET hT Holl I o oleed =ordl 2l TF STTERa e aw|

Ifg wh fag-dia ys &Ken & wh @A ol ScafSa sear @ at 59 fagen T et 2
1 faguer, foMeT oA TaM € iR St U GHM &ell § shod #3d ©, el gl
® e g9 T3 10.1 (a) w1 9ifd T o™ a0 o st 81 Uia @ wgd aifusw
T W, M HT T Sl 90 GHAA T S Gehal © 3R g4 Th FHAA T I
gt 7 [ 10.1 ()]

e A B ¢ = O W fopell qamy = SMehfa o ® o eiE o fagid g e feRe
9% o WA ¢ W GO H1 ARG T S Wehd €1 37d: BN 1 fHgia owde o
Tk ST T @ S ot T afs o <kt emrepfa <t g2 =1 o el aR o Tme
T EH T 1 3Tehid 1 Y TWehd B STET, Teh SYHG a1 o an § foar i
SR WM AT F\F,, t = 0 999 T Th Teild T o Th 90 H TR B &
(99 10.2) | o790 T4 o f9gid o TR, T &1 I&0s 95 Th fgdiaes fasia
1 9id ® @R & fagell o g arelt e X 1 vfa @ weft fewnedt § e #)
T 9 7T 89 At g7 st ot a4 fgdtae wered & 9™ 9 S S
% 3l % g9 5wl el W uh S9ARTS TRl g @i di e el o1g o T
WA T feefd W g S 2

o7 10.1 (b) 99 9 g4
a1ty g8 W, e T
&1 TH B 90 FHIA
T HAT ST HhRAl 2

'D, 00 D,

forT 10.2 F F, Ticia @0 &1 t = 0 TH9 R F6q w3 € (0 % o @) |
F F,d frfwd g areft fodiaes aifiemsti &1 seror s 98d g avm
G,G, Tl I H 2| TE T4
D D, faemm =&l @il

3q: A% Bt = ¢ THA T TN FI AR I HET =R © d g9 e
T o ga% o5 T or oo & M @<, Sel W o Ay § @ H1 9 H 257
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F Gy ety s 21 3t 29 3 |t el W U S9ate ol Y w9 8l t= ¢ g
Rt TR feafa o gl fo 10.2 WG G, B8R YRR T qem g4 Mef

s, % s 50 2
AFTA, SR Aied H TH 30 21 W TF wwe 0 off urw Bt @ o e 10.2
i _— D, D, 51 I T §1 #1579 + ek eqd fehan o ot &t feen # fadaes wfened
p4 1 AW Afewar g1 T 9o 9 F G ¥ 97 g o 21 59 qqef sow @

S I (o BIENE U9E AU 1 a1 THe Q) quiy 98 a5y seu Gdroste el
D, 22D, ® M qvEal i erqufeta w1 siifac area A ww erfuss afigrs @ fagra
. B AT S ST

341 fafy gru &9 By o fasia &1 syam et aeem o =i g arelt JHad

Fo G, T o T HT AR A H ok AT L TR & (o 10.3)1

(=0t 10.3 TEAE fagia o SUET id gU dHae aiit
forT 10.3 3E R Tafa WWW

B el Toh FHAA a0l
%mﬁiﬂaaﬂwmdﬁq 10.3.1 - ;
|F, F,,

t=0T T THqe T 319 9 SIEE o TagTd 1 SUENT STuecA o Il bt g S o fore s me
TAAGG, T AR AT PP ISR | qe WEAW 2 1 YU ki a1t I8 ki el R © (fe
1 T M F @ 10.4) | HE SIS o, T v, SHHA: HEFH | 9 WIEAH 2 | ThR1 h el i i
AA,. BB, .. dEFF, aﬂﬁ%lwméﬁ%%wwmm,A'Aﬁwﬁmrﬁamgaﬂﬁaﬁ
9901 G, G, T % o ¥ ST SFFHR SHAYSS T 101 { SFId g ATl eidl 81 7 ity BC g e & fog
qen fael # frefyg OO g TR e wHE @) 3:

FTt 2l BC=v, 7
safaa admma
A’ i B
VT
U 1
I 1 i
P A r C P’
£ U)T
HEIH 2 r \\
.............. £ gqaﬁa
Vg <U; E aum

oI 10.4 T% THAS TN AB WIe7H | A HIe7H 2 1 Yok
T ol g8 PP’ W IV | S gC AU il €1 HHae
T S9afdd Bidl € A1 CE  37qafiad i i fefua
F 2| fo v, < v, & TRIET T, o7 Tgafaa ql
258 Afrera &1 3R gt B
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HYETTd T <1 3Aepid A@ HT o foIw g9 fog A ¥ v,7
e 1 T e R e H Eied € (T A § w®aT a5y
= v, ¥) | T AT CE 513 C ¥ et W Wi e weff 7 i
fT&fId 3 81 99, AE = v, 7 71 CE $T9afia aem 1 fefad
FaM 19 A g9 s ABC 991 AEC W fo=m &% df &4
I BT

BC ur7

Slnl=A—C=A—C (10.1)
3R

: —E—% 10.2

sinr=-"-="7 (10.2)

Tl { 3R r HEY: MG HIO q T KO &1 3€: BH
T BT

sini v,

sinr v, (10.3)

SIS THRT F 7 Tk Heeyul IR W e 21 A
r< i (31fd, afg o sifcde 1 ik gedt @), @ g A\
o WehTRT T R = (v,) TE HIETH H FehI T hT = (v,)
H % B TE UMK YRR 6 HiUh Aied H IR
foradia & SIR St fo <1 oy | e, q fagia gt
& 71 o1 A ¢ Frafd & v &1 =1 w1 el w7, 9@,

(10.4)

n,=_— (10.5)

n, 9 n,, HELT: WEAH | T HEAH 2 % STUSdAIH |
qadihl o ®9 H THIHOT (10.3) &I 79 gHR 4 foa
T §

n, sini= n, sinr

ferfzam i@ (1629-
1695) T= Hifieh{ag @i
ST, TR T JehteT oh X
fagia & Yo ST g
digtst 371 ©rge (Treatise on
light), TS +ff Tg ® o7=st
T RS YR W Qe
FR SAqerd o SAfafier, @St
herarEe N yEfefd qel-
FUF 1 ka1 1 A w5
YT & W FHAA T 2| &
Tee st o i g T
Td A3 71 1 fargeror
T e iR et gF wfe
g faehiy a9 =R
wi-geral &1 9 safafd
JHId il

(10.6)

TE T F HIAAT FAHT o BN AL A T A, HEA: WEAT | qA WA 2
H wohteT i TR &1 fEfid F% ¥ iR Ak IWBC, A, % TR ® 99 3T AE,
A, o IR B (iR 4k FE TBY C T ¢ 999 § o ¢ al 98 JTA Y

E W%ﬁrwﬁﬁq@m);aﬁ:

A _BC _u

Ay AE v,
YAl

U Uy
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feeRtur, faad, 3TuedH, 3AE a2 SR YuTe hl gg9is

http://www.falstad.com/ripple/

|

ST FHiw § fafifed 7 foF 59 a0 ge meam § stuafid B ® (v, > vy,
Al TS q1 HEROT i W wH e Sl ], dAfehA ghiv (= v/)) a1 &1 @t 2

10.3.2 foter |ream U 3Tuads

MW, U THAA R o foied mem | g are ofuedd W foem &Y, s1efd
v, > v, | T T AT & FRERE F g FH 5 10.5 H 39 S8R T9afda T
o1 T X Hehd B1 37 {TedA IV GG HI0 § §ST BIM; 9y 39 AR ot
n, sin i=n, sin r | 9 Tk F01 i H 75 TR0 g0 AR wR gehd €

11}
sini, = —* (10.8)
L

3d:, A% i= i 9 sinr= 17T r=90°| T, i > { o fIq F1E f srvafda
T T T B HI0 i H Fifcem BT hEd & T Shifaew R0 H SHE Feft S
Hi0 o fau g9 & ot sTqafda T wr F@l gn qen 9 A QU STaRe WiadT
B S Yol STdRes TREde i qRERT qe $Heh STWART St U=l oTees 9.4
o 1 T eftl

10.3.3 90AA U W Ueh HUAE ¥ hl Ul
319 B9 T WEds g8 MN W fohelt &hivl i § 2afad Us 99ael a1 AB R fa=ar

gfaa aam
qreay 1
B
15 ‘ \(\/Ulf
i

Hregq 2 A r C

U, r i N~

B>o E

Tt 10.5 foret #reaw f5wes fawy, > v, W Amafad T wHad @ &1 ST9ad|
oA T e ¥ U g Sl 2
T B AR v WEAH | 901 1 =l el Sl © 9 4 ¢ awm g fag B
Y C a% o 954 | forg T wHg i frefud s 2, 99 5@
BC=vt
et T w1 0 o forw g w fag A ® B o ¢ T e efted @

(fo= 10.6)| 91 ST CE 38 Mot W fag ¢ & &= T waefi 99da @i
Frefa wmedt @1 Taseaan

AE =BC =vur

3@ AfE &H el EAC d21 BAC W foeR = al &n uidi foh 3 wafmem € 3]
TEifery, H1or { 9o rse B (Fas 10.6) | T8 Tedd 1 e 2
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Ter 10.6 TEs® I8 MN §R §HAA TUT AB &1 WadA| AB @1 CE HHST: Aafad aei
qrEfdd A e et 2

T aR WA a4 3T9acq o o &1 SF o o 9vera e, ofal qen don
o SRR 1 THA S Gehdl | TH RS 1 YR o T WT 9 W THT
o SN W &A™ 9 | TIedr | == b1 T2 off| 927 &H ohdol YUead qef 379
o HHY UM o HAER I 99 a1l o 10.7(a) § 39 TH w0l 059 | oA
el FHde T W ToER d &1 TIea, itk hid W W19l 'l i =l %Y
e M Y A k1 e 9T (S i &1 Afeshad HierE &1 IR hidl ©) ol
arfuer foetfed grm| goer aftomaey fieg § 9 fHee areft o fo § <9y
3TER g S fo 10.7(b) ¥ &9 U% vdel 39a o W 3afad g arell aHad
T W R T €| Safad FEAe T8 1 984 WM oY o ol A W H gl
ST @ e Faltien feeifad g 81 e ¥ "l e arel aum H whs W STEE
B € IR sEifere o Tiielia g1 S € qen s fag F W el g @ e wieg
Fed g1 fa 10.7(c) ® T Tedel SY01 W Ueh FHAS a1 SAAfd el @ qe que
W EH T Tl a0 W gt § S Wik fag P stfuEfia et 21 3 g e
e T qel SU YN gNI STUed qe e shi T Fehd &

£ — = ——— é L
THdA T HEE T / A T
- = °F —=.,
\
— — \\/v L

7 o= @ el

(b) T

(@) (©)
o5 10.7 T THAA TEW HT A9 (o) Toh Iadd 57 §H, (b) Th ST ¥ g,

(c) T FHAE TUM &1 3T6Aa 90T R |

ST foe=r 9 e 914 el ¢ o o W faneht fag @ widfes & @ fag @
S el THA T € B €, =R | oft fertor o sfeer @ W) S<eeen & for,
el SIS STl O, TehTYN ] Ueh aT&ifersh Ficfel s oh felq Wishd shidl € al Tary
% U BT S el TRl Biel 9 99 St ®, olfehd sig § T =1 oh SR
T ol T Sl & el @ fSa TR o o TR o T | gie =er et
ool o e e 7 261
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IR 10.1

(a) ST THAU GHTY X WIEAE KT GUF F A g R AR €Il €, 7
WA T STgefdd S TR 1 SATeTEl qHE gl 1 T Ry o2

(b) <& el fatel ¥ Toq wiezm o i w1 © o SHR! = | wH St g1
el H S HE FhT N g G Sl shi S bl @i €2

(c) TR I I STAURIM |, TehTI i dadl bl STehel qU o 3T o o7 9
ToarT ST 21 98 R © S GohTST 1 B STeRIRON § YehTST i dierdl ol o
Il B2

(a) TRIGRIA QAT STUEH, SATfad JehTel i Ta1ef o6 TLATIEE STl oh | ST=I=T
fsan o g1 81 UIaT ©1 AU S Sifer o ®9 | @1 S Gehell € S STel |ieH
(YeRTET) k1 TR 1 AH YOI e R Gohd &1 Th GG Sk g1
I WehTYT h1 MG STk <o 1 g oh ae eidl 21 ord: fafshia
TehTYT T S O Teh1el ki Mg o SR Bl 2

(b) & T R & 9N STl el a1 F T W AR Fw T, I8 a0 g=wm
&1 = ) R T8 At

(c) TR femror # foreht <t g8 smafa o e wertst 61 <ol Tehish &Fhat § Tehich
g H T HE A HeE 1 e g Fuiid g @)

10.4 T HT Fell-Geleg AT FHeAl-3THelg INT

T TeRE W B9 X qN oh AN gRI S SAfdeRl o feem (YeH) W
foram-fael 311 SRl AL B, TEA HEN 11 FH USAYKF b AW 14 H
AR o fagia 1 fad=m foran o araa ¥ safaeon 1 aas & TR o
fagia W snenfa €, fsmeh oER et arem & we fafire fag W 3H® @l gr
3G~ GROTHT faeea 379 @ Fedeh @ @ faeergdl 1 qfeer 4 ghar g

T G S, A S, FT HEH FE S SA HT TH FORT H FR AR A qEH
afrerdt T Y W € [T 10.8 () 11 3 STt 1 & G0 Seq it & qern et fafyre
g W, & T R I faeend=i o o= shalldk 999 o |l &l agerdll S
T i1 & o 37 < Tl kI Hor- e HeEl S 21 67 10.8 (b) H R fKu gw
THA R g7 (Fdd g9) adn Td (fagfed g9) <9 Tw € e fag P femr s

o7 10.8 (a) 5@ & HHH fer
el § hud w4 S ggA S, P=S,P
ﬁmi@;? T Fiifer AT S, P A S, PR €, TfAT S, 9o S, W i P fg ae wor |
e T T AT Gl S q S, qen S, ¥ FHA el § A et €, ° P fog W ol wme
(b) STt o g3 W foReft . e 1 2
w5 o & PN geel ,
fereem =1 e o 39 TR, A 9 S, 5N fRE fog PR 3= fawemmm
freadl (s foremad) den =
R ) Yy, = acos wt
T i E L gR feen T ¥ @ e S, 3R sa farr (g P w) o

262 Y, = acos ot
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g Yef¥a Bm e1d: o farems grm

y=y, +y,=2 acos ot

i deran forema & o o FEEUIae ©, gafery aftordt drear it

=41,
e I, U a1 g o ol fefud et 21 eH @ @ ¥ I, o
AT 7| A § S, S, % wastei & faRet «ff fg W e 41, 2R < St
1 TAIHS &Y Y AR I U Fel Sl ¢ AR 34 gF Gart s7fdeir Hhegd 2l
a1e &9 fag Q W fa=m % € [fo1 10.9(a) ], 5@ o

S,Q-5,Q =24

S, ¥ frifaa @ S, | 3T arell a6 ®T o19&1 Sk < = e T © qen
R | w9 e | Bl [ 10.9 ()11 Ak S, g/ S foreerma

Yy, = acos wt

B AlS, gN S fazem

Yy, = acos (ot -4n) = acos ot BT
Tl O 3@ 92 1 SN A B foh 20 1 GUR 47 o el o Hd B
A foreemem R | WM e § € qen doa 6 4 1) 3R ST SE Har st
B ST fove § 6 g8 WM forn ® fF gfeis,Q @ s,Q, d (S, @
S, % o= T Frefid e ¥) 1 eTien 9ga offue €, ofua wafa S| Q 71 S,Q
T T €, T a0 g Scq TReTo ST S e §HH

3 B9 T fag R W fomr & & [fo3 10.9(b)] f5&er fog

S,R-S R=-2.5\

S, ¥ fifa 7@ "id S, § o1 ATt Ul w1 STeT 2.5 = a5 Ggad ¢ [
10.10(b) 11 37: IR Hd S, N eI fowemos &1 7 7

Yy, = acos ot

9 WA S, BN I fereea

Yy, = acos (ot +51) =-acos ot B
el BUH 39 qeA k1 SYAN TR @ foh 2.5 1 Ui 5 o HeAldl & Fd €1 <Al
forzome a1a faudid wenet § © den S faken Th-gm il | R < § qe I
o wet Bt B W T SAfaer Fed 2
TRIZ: A < Heig FA S, TS, TOM Hell § hod & T & 79 fheft a9 fog
P & fou e geniar

SP~SP=nk (n=0,1,2,3,.) (10.9)
&H Hardt safertor wret g den aRon e 41, 86 S Paen S, P o w4 g (~)
S,PAM S, P& o= i w1 frefua e €1 g9l oIk afk fag P 3@ bR € f
TR,

1
SP ~S,P=(n+7)A (n=0,1,2,3,..) (10.10)
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(a)

S,R-S R=—2.51

(b)

o3 10.9
(a) T3 @ W Hurd
Hfqeror fwer fau
T 21 Bl (b) g R W
ERINIECIGETU RS
T 9@ 2.5 % |

for7 10.10 37 fogat =1
férguer s fera
SP-S,PIH, £,
+ 21, + 3%

263



W Hifaen!

264

http://phet.colorado.edu/en/simulation/legacy/wave_interference

T sfaeor o o st 3 wam

|

o & ol safaseor gred B den aRemHr derdn = B8R o, fRd gE g
fog G (99 10.10) & forg 7 <hfSTe <1 faemi & e weli@R ¢ 7; 99 A€ T
S, SN S foreendH

y, = acos wt
B A Wi S, 5N Seu= fereero
Y, = acos (ot + ¢)%ﬁ’ﬂ
qen o foremas i
y =y ty,

a[cos ot + cos (wt +¢)]

A+B A-B
2 acos (¢/2) cos (at + ¢/2)|'." cos A + cos B = 2 cos (T) cos (TH

RO feReTTA 1 3R 24 cos (9/2) § Tl 39 fag W diean et
I1=41, cos® (¢/2) (10.11)

AT Pp=0,+2 7, +4m,... ST GHHWO (10.9) HT I o F7d 7, e FAH
TR0 YT BT 2 <Horl STfeehad el T84 SR AR g =+, + 31, + 51 ... [S
HIHTT (10.10) %1 I o | ¢ e el safenor wret g qen dieran g gl

19 af% T Fid hon-Tag 2 (1eid 3@ W@ § 3 A geAt fafid §9 9 oW
F e-w W E) @ forelt off fag W wetiaR ¢ A o Wy T See qen e fier
el U U AT, 31eiq 99 o @19 e (maxima) @@ FfETSS (minima)
1 fearfaat & axeit) qenfy, afz 1 gegat ffyea weir & @ urdt €, af gma
o 1 AR Yo oft SR qen A helick FEA o W1 9gd dsfl 9 aeed €,
1 Sfeurs qun fafTss =t feafaal ff w9 o @ oSt @ SEeT qe g e Sl
roran feraeor <@ S TH Bl € o B9 Aea dierar W g, et \e e

=21, (10.12)

9 999 o |1¢ € G Hial 1wl a5 § 95l §, 9 H8d © 16 3 9
FeAl-3THEG 2 SN S TH eIl € ol e shelel (g S ¢ | oedel § UE qel el
2 a3 STN-3TeN YT Hid Rt Sar i YRR w Bl

10.5 YRIIT dCN hT HTARIOT qAT T AT TINT

319 TH YR AN 1 SYANT FHieh ATTH W foar 31 afk 0 I giafssi o
| w3 & foau < difeam ofdl %1 v w1 (e 10.11), df &d iE safason
first fee =&t < TEn 39 927 o R ? R TR g S (S8 gifeam o)
H IS B arelt Jeh a8 §, 10710 & Fife oF THA FaU W, SMehE
FHeAl-uRede Bl 1 37d: < s YT Fidl 9 ST arell yehrer ¥ § ig e
el ool T Bl 9o A HeAl-rGag el &1 Sl foh Tgel e ® faeer @t S
IH! T, TA BH W T/ R Fo@l I8 St 2|
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* [ (a)
AU =HenllR]enl
grefe o ifereel 2 o A H S, A S, I e s
BH Al TNl wenel &l FEta wH % fau s 39 s
TR ST 1| I Th SRS TR W A GrAfos S, o R
S, (TH-ga ! agd Fehe) s g [ 10.12(a)]1 3% TH s
a7 2

31 gfafes ¥ 7w e 7o 9 & i 9a 9 gt e S
fea T oM gt WA S W et S| 7o S, W Rt 'S,
A S, & F-Heg Tl w1 iq FE FW ¢ FAfE S, A b
S, ¥ fier acll FeTe T Tk A e i § oo el @ o 10.11 3% < wifesw o9 < gfafosi
T G S H 1= Hig Al el aRad S, de S, ¥ A A  wdw F@ Aot S S e
YHI B 3k 3T YR 1 el URAdH M| 39 YR A1 Gid @ W e B femeng 78 2|
S, @M S, T Hell H o4 SN FeMfd F TAR A W
3T H [ 10.8(a)] = hfud i &1 difa sen-Heg il

TH YRR S, TN S, § I B aelt e 7@ fot 10.12(b) &1 sifa T
GG’ W AfdH s a1 HM| Afershan qen =Fad derar i feeafdai st o
=% 10.4 H XU U fagetao 1 ST Hieh w1 <1 Gehdl B

(b)

o 10. 12 =fq@ Ui 3= w1 & faw 2@ I 1 e

%ﬁmwﬁﬁﬁmmﬁﬁﬂﬁm%ﬁmﬂ=n1ﬂm

D

x=xn=%;n=0,il,12,... (10.13)
BN TH0 IR &6 fammlt safqenor g ot & o g o
xd 1
—=n+=|4
D (n 2) e

1 AD
x:xnz(n+§)7; n=0,il,i2 (1014)

& e odia & T gl

3 TN T3 10.13 &1 Hifd T W e qen < o5 fe@ers 301 iy g
F s FEd &1 FHIHOT (10.13) 921 (10.14) 33004 2 T et den < fes
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d=0.025 mm (=1 mm)

Lo " 10—
: | _ ‘fr. 0—
2HE 97 (1773-1829)
@ g faeme @ = 980 e 10
T i i
-10 0 10

1 A gEEE W
LT @R e ufewan o gEd
R T 7 H T A ot 10.18 3 Wil s, @S, GRIGG W& W (@w & 10.12 )
W%lmﬁmﬁm ST g FHR N A T e U

gt 1 grsffers e o d=0.025mm % fT D =5 cm ML =5 x 10 cm) (‘i T,

W%W,Wﬁ? Mo, el e fee ufestfvim ob.fo., 1ot feeett, 2000 @ feren )
AT T[0T BT HIOT FEgd Bl 2

X (mm)

o
N
00}
—
|
29}
D~
D~
—

Y I7

10.6 faad=

I 79 fRe STURSRT g%y & SN o dcl B S SAFYEs 3@ al g9 i R
ST B0 o &9 o THIT SAfGHIl o THH ai-o1 9 3w qen < & o
21 U forad 1 REe o R Bl 2| fored T S sifrear § St g wehn
T ) 81| iR SR STeRiEeh] o faedR § Yehmel Sl qUTesd 3Teid B & seife
B <R St o ol § e o w1 WEA el S gdil aety, gu S|
1 YRR < SR el stereT GeHaRE w1 fAfve fomem faed wY uftee o
FHRO Hiftrd @ 21 avdd | S 8w fordt CD w1 3@d & af 399 41 foerdd g o
FHROT B fe@eré 24 §1 o790 gH foed™ w1 aftsea W == S

10.6.1 Tehet T&adt

I o A o oo H, 7 % ¢ TRl thaet Tl T gih w9 @ we

HT 7, STl © yehrel foreaniia g €1 4 % ved ff, yRfwes weendtet fe =ge

ot efhel &, o = | I8 31 g1 o T werrer wartol fosl den fafel 9 fawaia

B 1 78 hiH © Yot 3 &0 W Jol9T shidl g1 Walld eidl € STel §H S i 37uel

T &1 5 quEl wl TR fFad hed B, shaet a1 ¥R o S9N 9 € Sfud ®9

Y THE Fehd €| SAMER, 3T i o 6 W fohel o1 o1d hid g Sush! waf aw
266 T GIR IS € v g 2l
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& I % FAN I THAUH HG G YR
fgferdt 1 s Hantol what ot gy foenfaa feren
Sl € @ T site (Hren) e fear v © fwen

AUT-YhTIITh |

weA H & B §1 T <N SR A e g

T sl & B € R dioe $E 4 WeR w was ¥ “%)Q/M > fag c
7 Bt ST & (F7 10.15) 1 59 e & folgw. > N - ’ >

o 10.14 3f@Ew, 98 q 9IgE # tha 71l LN

R AfYeldad T4 arel THIaR fhor g1 &1 eI

T 21 frafia weRTeT ST T U TR W Sqafad g

2 fort =1 weT fig M 3 forT 10.14 fordl e forlt g foeda o

fag M ¥ Tod areft @R ol & ad ok
Aferersed Wi @ R &1 fog ¢ W ferd 21
T R % et foag P W digd 9w @1 S e
==l T goh €, P i fafa= fagsti L, M, N nf 9 e+
areft fafr= wa e WER W@ g sifads MC 9
0 9 AT g A S Hehal © [FEs 10.1471

o1 RN I8 ¢ f forlt 1 o5 9 s ant § fgefsa
fopan ST 3R feg P X S+ok ANTe w1 S shelal o a1l
Sret Su) &9 forl Wy T o fafw= amm &l fadtaes
Hirdl 1 e STEeR | o &1 i, STl ey 5l o et
o g €, 941 3 id T € el § B 2

Wi Yeror <eid € fop dfern o1 s sfeErss 9= 0
R B qu g Ty 3ferss 0 ~ (n+1/2) A/a W € foant
Al n 1 I TET W AR 1 St <t 81 s (=
qed) 6 ~ nA/a, n=+1, £2, +3, ... W | HIZWE
3heh HTd drerr e fos 10,15 H <@iiw M@ gl

et qen foedd § @ SR €, W Hew | 3
URErTISA i @iel o g9 @ € Asiienl | e foen- ot
B @1 B 39 Haw W = WA 7 o ufHg BrEa
e 37 TSRy | @1 el €, 98 S feerered W

T ht SATfAfTI

E——
—>

A
D . . 0
"/ :
— ™

T EAERCE]

(a) (b)
o7 10.15 THa f&d gm0 faad= & o

fSrsTl shT WISUT® den digran feawon

379t d HIF ot AfTHIT qAT fFadT & e TR H GATIR € T GRYMIT
7T T Ul €1 T8 beeT STANT FT J9 €, 59 I o ae I GETE a9l
Heeryul siifas SR TET &1 W2 dR @ g siferh @ sifi FE Tk € fh o
e $ Gid 8id &, 9 T 3t SAfaehRT Gia, a9 9r9: fired a et 9o

foF faadT visg gra: 39FnT fohar Sar 81

* g wIEAHA 1 1965 1 Hifdeh! 1 Feel R el S S9eh @eied Seaiiaeh! o

Hifersr 1 9 fean T
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% et
feferd gaim o, &9 A o =ifeu fof e W a9 orel e arde § g
Tt =1 fog g0 =AY § 999 ol Ushd fe faedy Ued 7, den fefard
wfaeRo e Bl

10.6.2 Tl Tt faads U=t o1 sraciien

Twd Tl foada Yo &l @ 8 2w SweEste ® 4 Wl 81 Savadh SIH
Aferapter w7 & TR ST Hehal - A TR =S qA Th IR Fid H1 faegad oew
(forelt Te g a1t S 1 ST IS HL) | I oSl F TH YR TR Wl §

o 3o fFR TicR & 1R ST & <t T Tehiol fordt o1 78 Weerar @ S qen
L

Ifer & g ot foran <1 wea & (F9 10.16)1

ol =1 fpeimie o wwie Wa, e i@ o 9| 9 &g =9 Ted €
SHeRT TN B | Tl 1 SR e fraRi i SHlaKAT % e FHESH O w qen
[ 1016 17 W B ey e % ner et fead 2 e it w e A fel (S de A
ffid & o o g =il . . o
= T T T T w.)wéﬁmﬁﬁ%@,é@m@f@ﬁlwaw%%mw%w
Fodl ot & @ 2 o 2, § (RSt ST T B SO A A fheet Suesd B ot et B g | o @
o fyada e wviqr 3 BT (RS St Sl @ ST weht €

39 YA H, T JUW WA S H1 qfient fe1 w1 @ (e 10.14) 1 79 1 o9 TR
(3 ok &) W Y &I BIHE HLT B

A I |, Th =ie &1 el 9 Ugfatem i o= ¥ f5ferd et s wehet
B el dq 1 I S AT hl <eTH o T Teel i wHifd @1 S qehen €1 &
TG H, 7 TR Tk ST HIV T Gl Tk SH S99 I Wi 71 98 R sHeRTe
U T3 (ST ok fAu weh Wil @t Sd) | gd b1 wedd 81 gA-yehe ok
1o e I T R T8 A Rl Ifd agen geRar @ qen gud s ot e firelh
iifer g (1/2)° 1 10T &€ 2|

feh T T e & FeT9T Sl 1 YA’ glr 21 4f% 78 31§l for Scq=7
XA GHY TF &7 4 wFedt & at 9 (e S 3 9T TR &7 T et 81 Font
T FiE @y s7erar g7 et gidt & il Qe & fagia & e 8

10.7 gaur

T el S W faER R fo difast et et T © iR sheet TEw i fer
T T 21 A B e o R o SWR-AE aferdt ®9 | T ¢ af Tk 9 3
HT AT T +x fegn & w=nfid enft (Fors1 10.17) 1| Tt a0 61 THeRon (10.15) 511

e fRan s g 2l

http://www.phys.hawaii.edu/~teb/optics/java/slitdiffr/

Tehet Tt faads Ue=t o1 Ha¥ weiia femror

Y (x,t) = asin (kx- wt) (10.15)

Tt SET @ (= 27v) THHST: T4 o1 AW T H i STEh e sed €1 6eh tier,
27

/1—? (10.16)
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t=0
t=At

R NN NS 7
Y/ E\V/ Y/ Y/ S/ S/

(2)

—> v (x,1)

a

2
T= %

MAMAFAAAAAAAAAAAAAAAAN
VUV VYV VYV VY VYV VYV VY

— ¢
(b)

~

— y (x=0,1)

a7 10.17 (a) 9% TFE S 1 HEA: £ = 0 A ¢ = At T Toreenyq Frefia &@ €, 5@
Teh SR 01 +x feen & Hafia sidt 21 (b) Teh T x = 09 GHI-for=wur =1
Freftd otal 8, Sfeh T A id au +x faen 5 99id 81 @Bl x= Ax W fagemm
1 gHI-fo=Ro ofg-ar <8 SR fowenfua gt St

T W Forg qUTesd &l f&fud il 81 38 TR &1 a0l o Gel &1 == g
el 11 i TSATEH o LA 14 H A goh 81 Ffeh fagurdq (S y faem
o SfEY §) T WOl 1 fE9N o dedd €, §W H9ey a¥i Wi el &1 |y
&, it foreme y feen o 2, gdifere 5@ 9@ y-yfaa @ wer s 21 #ifs sk
1 Yok g Uk TRl @1 H T w1 €, X i Waehd: fad a1 wer S 2l
THeh SAIeRT, SN Td x-y 01 § € Hifta @t €, SEifery 38 gaaer yfad o o
EREInI

T TR B9 x-2z T | 2 fad T 3= <ok SR8 St oF o W faaR 9=
Tohd €, forent foeemes g g

z (x,1) = asin (kx— ot) (10.17)

qg SqcAHl EvTs § foh [Tt (10.15) @9 (10.17) | aff] e
Yaera: yfed a STy A el €; S1eifd S o Yol fag o e wee
TR T fE@m % oiead 2 §1 37dd:, AfE SR o F9 ok q HI 3T U A
o Agfesehd: SRl ST 1 §H S7Yfad 39T 9T BRIl 39 UhR Tah 3Tyfad au o fag
foreenT, woe o WY, Agfesha: a<od @l €, 9 T8 Tee a Heol i faen
o fead Tl 2
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TRTET kT TN R Yepfa STIIEY BNt €; tfd Td B W YR 9 § TG
forga &% Wea a1 W i X9 o wiged Bl €1 TH Teh We Uioige 1 SN
Hleh Tl ¥ TEIETd fohal ST Fehal B 1 S0 Ueell wiieees Sl 3t <@t e e
Yieiise Ted B UeNize W TSl i Uk ol @ gl € S U favi fgen
el B €| feriag Ul i fewn ok srfen forpa @fwr (w=fid gidl wehmer axi
Y Helg) A 8 Sl 81 36 bR A% g ryferd Jehter o TH dieiize W
e it a wehTe a¥ Wt yfea 81 S @, foraw farga wfee dfeeg stopen i
Seerd TE9M o SR Se il ©, 39 9 i Uielkise &1 7Rkd-37¢f (pass-axis)
Fed 2l

TH R, W& TRl TR Gia (S U WIfEan ofU) w1 Yehel Gerise wi
fordt ofie P, ¥ It e & @ 7% <@ W @ fo Tt e o @ S 21 P,
I FAM W I fR0-99 R g IA9E T8I 98l Hifh TR e feer @t
21 319 BW TH THEY GoRize P, 1P, ¥ TEW T@d ¢ STUATIER, ofd § ST art
YRIYT 1 ol sheiel P, | &1 W BH H | 8 STCH g 1€ P, o YA H1P,
W M Al FoRIe W Tk A YHE 98 T feerfd # P, € Urfhq de@i P, |
WA T W ST I & S 1 S 3 feefd @ P, 1 90° W gAM € Al qE P,
¥ S ol eHT qol dfgar i gReEd % g @ (Fa 10.18) 1

(b)

TorT 10.18 (a) 3 UIERIES P, 901 P, H Bl Tk 1 UEHA| IRIMHT 31 1 60 T
vt 2, S8 3ok o= 1 SHI01 0° ¥ 90° I URETd Bl 21 &4 W@ foh YTl Sid Tk
& UeiiEs P, ¥ @1 W1 § G 9% IV o WY UREfid FEl B (b) e g &
Herizel | uiftd Bl € ql foaga Wik &1 HesR YRifHd Yo Uieilize el o FHia
w2 21 fgamom faga |feer o Ser i gwid 2

SIS TAN ] J8 AHHL STHH T A ST Hehall ¢ o Wonise P, ¥ Wt
TRTYT 1 P, %1 TIRA 3787 (pass-axis) % ST a0 & S €1 4K P, T WA 3787,
P, &1 WG 314 | 6 IV oA €, 7 Safh Yfod Jehe-ge dreiRise P, ¥ e
et 2, WP, ¥ Mk E cos 6 (P, T WA 31§ % 3TT) WA eI 36 AR
T HeRizs P, (A1 WieRkise P,) i gA € df dig f1e1 TR e

I=1, cos’0 (10.18)
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TET 1,, P, | T o W fed FehT1 hT e €1 39 Herd i FEm (Malus'
Law) &d €1 ST foeer <9 8 & Tk droiize § o1 ot Yentl i <o, St
ol 1 STt T I UieRizs WL T IF Ureiigel ki Wikd-37efl o e o i
1 U F¥eh i 1 eafad dd % 50% ¥ YA qF FERE w Hhd F

TeRisel 1 49 & =wA, faght o wiel ok § doa = w60 § swEm
o S HehaT €1 GieRigel 1 ST W Shed qen 3D (e wrafes s
H off feran S R

IETEIUT 10.2 579 T Hifdd Terisel o6 did | GeRIEe i Teh qad e i S
S 2 T G YT W e # g ot gRadd 1 e i)

T HA fF Yo WeiEe P, ¥ TR o a1 yfad YT e [ €1 T g
UIeRIES P, § oA o o€ YeR¥l i el e,

I = I,cos®8.

&l VT 6, P, WS P, 1 WIa-31&i o < o1 i | i P, TS P, i § 3o
Wifd-378il 3 = 0T (/2 ) B 37d: P, ¥ Tifia g a1t Wepret 1 et &,

I = I,cos”0 cos® (g - 9)

= I, cos®@ sin’0=(I,/4) sin’26
3Td:, HIV O =n/4 o U IRIAMHT Fh1ST i dierar Afershad s
AR
1. B o gl adqera € T fordlt aem o vy fog fediass @i o 9 e 2, St
TS T THA TTEA Th O S B
2. BEIE ! WA 89 I Sl 2 fh Ta amy fodioe 9wl 1 31 STeN 21 5|
TeRTeT 1 =l feen o e & et @ fgdige ol el et 1 TRl ae

T T o wieerd Bt © qe AN T fRel ot forvor w1 feen ® wHE e 2
79 fagid 9 qUed de1 svade o gud R W B 2

3. & I El I Y Al Yo Hid U & g B 9 e 2 ol % o SreAnio
o1 fagid @ gl @1 Sd 89 Uk o5 W 3 Widl g 91 i dierar w1 foer
F3d 7 a1 fafere digmet o 4 o sifafed T SAfdewo 9% ww B §1 W 98
T 9 HeqUl BT § Safeh THHT A Y T €, S et aeft B § Saifeh
al 1 gfaal THH & qen 3 o T fEeR Fea @l

4. YUl d TIel G A0 w1 G W wHE siaue it safaehior s ww g €

5. ISR a®l Tk Thel F{ T foade ded 3t € fem wh s sfeerms e 21
el + A/a, +22/a, SE HI0T W I S € A0 3k o= § IR &fior 2
Tt sfes = 2

6. WIShHfeh FehTeT, S T © W FehTe, STyfard eidl €1 ghen o1 I8 e T orquey
T ¥ farega |fer Ao o6 999, gad: a1 Agfesha; 9t 9y fened § g wehar
B dioRise ohael Tk sIeh (U fafime o1e1 oF HHiat) ! URfHa idr 1 o
WehTST i X@T yferd s1ere el Yo shed €1 56 39 YN o FehT¥l i Th T
Terize | 9 Ed €, Freent @181 2 W Swar € @ diean o | Steuss e ffETs
femam 39 2
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Ta=mona fawa

1. U g G @ o weft feeneti & woitd gt &, STeifer geR1er s Geptot fereon o
w9 H Fed gU @I T o1 T FaSIa | Rt o SaeR o et el o foreryor
I THEH o U ST, I qO1 WA oF WA a Sidafe i STEvdshdl gel

2. T T AUl 9o A1 e f9=1 Bidi ok ST 1 AR €, S A ok WA
o 29T STER Fuist qen fommsht S el Hear 2|

3. Toada uftere @ fopor yanferRt &1 wfteion aRenfud eidt @1 @ =g fekee
Egett o faueT & fou genefiml aon el i wamar ot He o wehTer
e g feifa et €

4. ferRTer AR qe foedT e STREd R, SR g At o fo o 2 7wy
S0 UREST Shofel 19 M, SR Wehrer A <k, farfdmeean B

A

10.1 589 nm WA s THAUTT Fh1el o1 ¥ Sl 1 Tdg W AU erdl
(a) WA qe (b) ST9afda Yehte w1 qOTesd, sgfa qen = 1 gri? S
s 1.33 2

10.2 Frefofaa sensti § yeie @ &1 Siehfa #4272
(a) Foreht fog Sia & stoafa gl
(b) et oi@ o Frifia weprer, forrer wihw fog W i fog 9 wn 2
(c) el XY AR ¥ T aTel YRS T 1 Y2t g STENfHA (intercepted)
|
10.3 (a) i™ & SUadAlH 1.5 31 ™ § Fh1e i =ret o1 g2 (Frafa & gepmer 1
=M 3.0 x 10°m s 71)

(b) 1 shi= © YeRTel 1 =Tet, WehTel ok 31 W FeR et €2 =fg &f, ot et den
ST W W RE-| T ke o Toen W e s 22

10.4 I7 % fgferdt wam & fafei & o9 #1 38 0.28 mm 91 W 1.4 m 1 30 R
@1 T B e S s ue wged e R % e w1 gl 1.2 em W TE 2
TR § SN foRT T YT W1 qTeEd [ sifs)

10.5 47 o et wam o, A a0 o1 Theuiia Wehlel SUAM i W, T o U fag
T SE U AR, WehTST T el K 3ohTE €1 SH g WX Wehtel w1 <iteran fepert et
el qerm A/3 §2
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10.6 37 o fgfadt wam ¥ =afqerwo fFsl &1 o< 3 o faT, 650 nm 991 520 nm
TSl o YeRTeI-G T SN TR T
(a) 650 nm TWTesd o forw TR W fR <rw fifst 1 S sfess @ 5@ W@
il

(b) Hsia Sfeae ¥ 39 =9 S0 1 A FHITC el Al aeeal & wRor e
fiFSl WAl (coincide) B4 T
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