&I 9

foh 0T Yehl[¥Teh! T
JehTi9Th I3

9.1 SIfHeRT

Wehfa = A 45 (e qeet) 1 Agageh 4 WeH % Th B URE | oEd gashia
A 1 G Hied SYfed T Gehd A o1 €1 39 JEageeh g Sagd 9 et
fafepzon (esd @M1 400 nm | 750 nm) HT YT Fed &1 G T Y FhTEl
@g?aﬁuﬂw#wﬁmmarﬁam&lﬁmﬁam@wﬁw
F B

3T WM A9 | TH YN oF fawa H o1t Siagfe g g adl o Seord
T Tohd B| UeEl, F8 SFAcAfeeh diel wel W T il € 99, SH, 9% W W |
TET HAT T TH 9A H 0 T F G H AN H] po HEI W T ki
=@ (o) TRfad § 991 39 W S Eehdl ¢l 9duH H, $9e fafd § " AE
c=2.99792458 x 10° m s &1 37 FARHl & foTT, S8 7M =3 x 10°m s
o g1 fefd & gemer w1 =l Yhfd § g S=aaH = 2

TN Sfqdell umon 5 Yo Wt Y@ H T F1l €, (S FS T 1A 8
H i o) 1 WS HA! G el © ifeh el B Wbl hl Sgagaetd all ql
o TSRl aOTeed Sered & 999 9 H Bl ®1 39 <Hi qeAl | wHerd ok Tefua
e STU? THeht S 98 ® R 3 Sfem 1t g axgetl & 9Ea (e &9
o oo YA 1 Hife A6 369 Afish) 1 gorl § FhI9 B GO wIH FH
B 21 S T o st 10 @ HEW, 39 feafa |, wehr % 1 uw fag @ g
fag qeh forelt TRel 1@ o TR THA Hd Y WA S Sehdl €1 TH UL 1 FHRT




% Hifaet

foReor Fhed © 91 TH YRR I RO % @R W FH-gor St

9 TA™ |, TH YhT¥I oh foh<01 €9 1 ITAM h¥d GY, TR oh T, STIa
Ten faagor st 9ftereietl & aR H a9 &8 W a9 A9add o qa Haw a6
SYIRT I gL &F THa adl el Iadi Ud ST9edt geai gRI yfdfaial i To a1
AL FHUN| TR H W 151 Wied o Hewqul Yehii¥reh I3 i T TF 1
fafy =1 au &3

WeRTIT ohT HIUTSHT HAISHA

[ 1 Y U Feiferd T Wi w1 e Sgifass e1eae e Sk ford, ARl qen e
Y Heiferd Hifersh FTEET 1 el S <1 1 S TRIHT o & | 9 Ygeieh AN fEanl < g
T IO WS i =i AR A faenfad foran sod o8 7m0 o g Sl sie-sie ol |
Gehfea Bl 8, Foraeht Sl fvrerd shetl =2 A wiauited foran o wehmer il 7 wfvrmied § Hehfe
Bt 21 IR TE Hf FHoud FI TR YT 1 KU AR YRS U 1 ST FART o T b
YR W IR WA q2 Yo h1 Tlel Wil Weqd foha| T8 Teh | Yerol € foh S &g e fopeft
ferehel THael I53 W ThUsh o9 lfed! € ol 98 e o i T Urei it §1 Wd I8 o T
Brdt € o ST k1 IR SuRetdd @l €1 Fifh IS faehl 8, I53 o WHIAL IS &l 1 el LI, 3d:
T o1 39 feen o wee o sruRafia Wl €1 Sheel I8 o isied 2o, 31l o o e Sesh g e
H SoR(Td &1 ST ©1 =g A 9o fohan R <ol S faee 753 wforemiett i 36 geR WEfda w4 2

3T i qRERAT i A 6 o fau, <A 7 MR wqd fhan i wivrepst &1 = sia
e hi= H, o1g I U AfuH et T qfa, S8 § 9% A g fF YR K1 A WA A Hid
o o 1 eTUe %W Bl T

THIRTHT o &5 |, TAThdl o &9 | e, fagiqem] <[eT it go § #El v 3@ 91 3= w3
T afREreeT 1 Yaror ferar fomeRt HivrRTet o Uai H T R g1 HisH 1 S o fo, St o 7
TR S i Tacl {HeH o SRUT A= Sl 1 Y&I0T| TehteT o6 STITTeh IXei ol 701 UHT &1 Toh 37 3aTRL0l
21 S+t g 901 A (Swimming pool) & Sl W 2@l ®, 9 g 3T Hed 1 Wit al EY @l
& € ofrT Ty § aa w1 U ot et §1 e A 9 A W o 7= R sufad st § 9
&S 1 W Bl © 991 F9 UG el Sl §1 Wg A FhR shi shivrehieti § 4% fohy e o ey
R R fohan AU <A 61 F8 TN, s afeeTst o afemer e 1€t e g a8 fHfvea
R ST wehal o o 1E VTR TUEfda SR Tuan 81| qenfy, 37=1 ufereistl i e & & fag
Ig AT Ie1 fof HTOHRTT TH Heer F3dl © o fom o wdaw 2l wHt gfaen g o @ w9 H T B
S ot S Al T a9 e Sl i GREE W S e ql | §¢ Fehdt

9.2 T YU GRT WehIIT Rl USdT

&1 WA o fra O oRifed &1 weda S (erefd, wEfdd fR gon weds g
TN YU ok ATIAA g W Ifeia o &= &1 HI07), SAIaA HioT (STafaa for
qql U1 ok IMA ferg st o e T V1) o SWIER el §1 $Eeh Afdfie,
STqfad foRvor, TRafda fohTor qen Weds I3 o A9 fog W Afed U & aqad
% g € (fe9.1)1 3 Fram fereht off wrades gos, =@ o8 THa el a1 dishd 81, o
S foig 3 o S $1 AN, 5 S e R afEd T ) e e, s
312 Tt g3t 7o & Gifga Wi 3 feafa § siftda ©ied 1 9, 953 o e




foig W @ie U wefl W ol @i 21 sEe ol gg gan
o sifeia aehar o o oTgfee tefd ofqad fog ot
TUUT & dehdl ohg W el aTelt Y@ W R

B UBA € I A Yeh § feh Teld gUur
S g ST §d FHedl €, Sefh Mol oF o
ST % 1 FHITe @5 Hed &1 el S9u1 & Yo
eI Tohdl % i THAH el W W@ J&T 378 wHeardt

21 el ol | Ste TR 319 Wg § 2@, YRR % ol

oA B 9 e arell W@ g7 978 sedrd 2 o 9.1 emmufaa foor, wrafda fereor qen wreds

9.2.1 Tug uRurEt

el YU R TEdd e Teld @l 511 ST9ekid oh foe i 93 e &
o for, weiwem gd i A o6 forg i fog aRet stoe ehfh 58 e | g9
Frdig fag TRUET (cartesian sign convention) &1 e &4l 36 IRUET <k
ITER g h TUU/eig o R SR o © den geft REr sdur o Yo s1een ofd o
eI g W WY ST B Safad geRre
1 feom § W T SR oo W S §

T3 ok e fag W efels Tk € de € 2

N S SR rafa gehrer shi e ok ol ELRIEC R 5 o1
feom & ATt St € 9 woTEE A S § safr R
(9 9.2)1 x-31§ & TUE qe YU/ 6 ?ﬁmw[ e \
A e (x-38) b Aeised, SURGE! W
STl Ueeh | et € (Fe1 9.2) | v > x-3T&
T el S o o S 2| J mﬁ
qE g 9RAE o WY g9 Meld i feom o
Tl % fAu wwa g qen Tea | & S e it womes / ———
foTu e gt fiet ST & el 57 e gr & F1 S S 1 TR
faf= fearfeal =1 fvem &0 w&d 2 R e e

o 9.2 g fog 9RuEn

9.2.2 T EYUN ol ThIhd gIT

o1 9.3 o gutien 7T @ o S R IE THIR TeRTe-Yst foRE (a) Sterdet <d07 @ (b) S
T, W erafad g1 € A 0 gl 81 W F8l 98 A € o Rl swreli (paraxial)
€, e1eid o UV o yd P o fehe o fagell W erufad € 91 geA ot 9 B i
AT B TEfdd Rl stee gd o g e W fag F W sifaha e [fam
9.3 (a)]| 3T U0 o foru, wafdd fortol s9e g o1 W fog F o emvafa et
vt et € [ 9.3 (b)]1 feig F gd01 o1 g&7 %l sedl 21 g g e
TRTII-Gol 37eT H HIE HIV S U YU W AM9d el © f et Rl g st
o o3 F ¥ o ae a1 g8 A9 o Afddad ad o fhdl fag | sifqaia
(rar 39 fog ¥ omafa el did) B 39 qa 6l JUU H HiHT FHA Hed
g [fe9.3 (0]

TV & HIFE F o1 4 P o s 1 g0 00 1 FiFg 58 FHEar! g 9o 38
f 3 fAfdee foran wmar 21 o1 &9 9 <@ € & f= R/2, Tl RTUW & aohal Fm
2?1 Tt emufaa werter foReor o weds &t senfafa fos 9.4 o gl € 21
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o 9.3 foad q1 STAIEIUKSh Hihd|

T ST C YT A Sghal shy 81 q&T 3187 oh FHIGY Teh Teh1l Tehor W feormm
HIFTT S gd0 § MW 2ot 21 de CM foig M W <401 1 sifirefel 2 |/ efifsg
0 M9 o1 € del MD fs§ M @ g7 @181 R &« 2| 4,

ZMCP = 0 41 /MFP = 20

(b)
o7 9.4 (a) 39T T YT, el
(b) 3T et <901, 9 forelt smafaq

fSpT0T 5 TrEIdA h1 SATTHIA]

MD MD
3T5I,tan0=c—D qql tan 20= D 9.1)
0 o o WAl o fou, St for Swefa frol & foag v €,
tanf = 0, tan 20=20

Tfere TeteRtor (9.1) © I el

MD 9 MD
FD “ CD
CD
YA, FD = —— (9.2)

2

3], O o @AM o faw, fag D fag P o oga fere B s@fe,
FD =f 991 CD = R | 3(: T (9.2) ¥ e 2ial 2

f=R/2 (9.3)

9.2.3 TUUT HHIHIUT

I foret fag ¥ TR SR YhTel fohdol TEdA ae/3ieran sTuee o
vyerd ferdlt et foig W foerdt € @t o fag weel g 1 yfifaa sheetm
B 9t ool areer o 59 foig W afvafia gt & o widfs aredfaes g
21 5ok fawdia, =fe fereol areqe # &l firerdl, Wy @19 &1 @ik @g

M R 39 g T o1u@fa Bt v it ¥ af 9 gfafss et B §1 59 R
ol =g o1 WRIEd qU/STYEl SUEd g T iatae 39 o%q o fag-su-fag
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gl w9 4, g9 orq ok Tt forg § e areht &1g

T fohtol o Wehd €, ok U ST Hd §, SRl Uiieag
o HRU o R fog 1 wfdfss e s €1 qenfy,
R § frefatad feol § ° i @ 9 ol o

ferersies g €
() fwet foag 9 o el 9 foo st g& ot &
TH 21 wEfda o 01 % Hiend 9§ ol 2
(i) = foReor <t forelt staaer U o Sghdl ohg & TeRat

7906 Il YU o okl ohw ¥ S Wit et 2
rafdd feRTor sheret STOT WY YA SiEd S 2
(i) =& fRTor S fRel taqa 39U & YA HIRA o

o 3 e S T % g Wi @ e o 98 [Pl S Tl g S T

(1 3R fewe) wdta et 21 wetda feror g are e

o WHIA T R 2
(iv) ohiE foRTor it e W femedt oft shior W emmufad et 2
wrEfdd feRTr, wedd o el w1 qe St 2l
fo 9.5 fom o fog A 9 fiehe areft o fohtoll &t & | @t fohior-3ma
Tl B1 THH Sfede <40 g1 SR T foe AB T Widfss A’B’ (39 feufa o
ArEdfeeh) 9l T 21 sEeht g% 37l el ® o fog AW shaet i feReol € feperdt
21 Tt ot 9iq @ woft feeneti § ama fopol Frererd! 21 31 afg fag A @ Ferer arel
Tk feRtuT, Sferet S g TRIEdH o U9 fog A7 W B et € it faig A7 fig A
1 ATt gfafae 2
319 &9 Y01 HHIR AeE foa g8 (w), gfdfad 8 (v) 92 ®iRd g (f) o &=
HaY A= H3|
1 9.5 9, I Hwehiol B9 A’B’F 92 MPF §o&q 2 (SWeh™ fereon o forg,

MP & &% @ CP o oiaad | S gehdl 21) o1:
BA BF
PM FP
goa o BE oo aB 9.4
T (~PM=AB) (9.4

=it ~ APB = £ A’PB’, GHe0l 1S A'B’P 9 ABP &t ¥0&Y €| 31a:

BA BP
BA BP ©-5)
FHIHIT (9.4) AT (9.5) FT T HIA W TH U Si
BF BP-FP BP
(9.6)

FP FP  BP

eI (9.6) W 3Rl o ufmmor wfmfed 1 1@ &0 fog 9t &t @] #:3d 2
BH A Y € o gehrer foia @ gdor MPN w1 @R T8 shidl €1 39 WehR 59 e ol
¥Teres foran ST 21 ¢d P9 fae AB, wfafas A’B’ 91 ®i@ F @ 9o o fog
B STufad gehTer st e o faadia fEen & oA e vedn B gEfere, 5 A o g
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% Hifaet

U BT 37
B'P=-v, FP=—f BP=-u
TR (9.6) § THRT SYAN H T YT BT &

v J v
-f —u

v-f v
SR f u

11 1

v u 7 (9.7)
IE HaY YU GHIFIO FEAMl B

IE] o FES o Gl gfafsa 1 @ ot U meeye! ool afer €1 5w fh
T ok ek 7T (m) 1 Wl o Gigst (W) 9o foe o Test (h) & ST o
w9 § qRefod s €1 o

m= n (9.8)

haem h' &l A fog aRaet o STJaR ¥AcTsh STal RO ol S| st
A’B’P @1 ABP, § &6 fiferdl €,

BA BP
'BA BP
fag uftrel o R, I 81 S
-h -v
h T
9 TUhX
h v
m=ﬁ _v (9.9)

u
Tl W T U0 FHIHOT [HHR (9.7)] q ST g [HHww (9.9) ]
el YU gRI & aRdtaeh ael S Widtes o foig e fhu §) W arsd |
sfea fog afurd) &1 ST @ W, 3 o9 Weld 4ol (STaqd 991 39d) g
e o Gt SR (SR wifars arefees s = S9E) W @ e €1 o 9.6
o aferdel qef 39 U0 g S wfafadl o1 AT o fRur-ee <wif U ? )
T e HeAU Y Tehd € foh WHISTOT (9.7) T (9.9) T SSel & foarg off w2

A M

Qe
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IETEAOT 9.1 AN S o 9.5 # 39T ofaael YU o qUeis 88 o e
e T TRl STuREstt (STavEdt) gered ¥ @eh e W 21 gy o g e TRt
foar o 3dor g1 = yfdfea W SHRT F1 YOS TS ?

&

9 G Fehd € R wfafels o o o e wmt @ < Wy 78 9 g o wedE
o fom <d0 o 9 9 W AR e €, ;90 gR fae o qof wfafse s
qenfy, i TRedl I3 1 eFhe % 8 T ?1 safay fdfee 1 dioar w9 @
ST (39 IR F ) |

IETET0T 9.2 Rl Srardet UV oF Y& @181 W U e GiF W@ 1 Sfud R
@ g Ufdfea i TeAT SUSTI SHAREAT IS foh Trae Tehaw o= =&l g1 &
yfdfsa =1 faepfa <do o @rder wiF 1 feafq w sk st 22

(05 _—
5 N
A N/

o1 9.7 W I o gfdfsia 1 THAT o1 Tehre1-Fertor SR <Ia 711 | g 3981 o
Fead F9qa | a9 1 gfafes U aHae | SR I8 3 WSS 1 SR, 1t
B'C = BC| &9 @ & Y0l ®9 ¥ q0gl Gehd ¢ o Widfea o faepfa =i 82

IETEYUT 9.3 FlE % 15 cm Tehdl 51 o 3Tade 90T H (i) 10 cm T (i) 5 cm
T W @ B v feafa o wfdfee w1 feorfa, werfa qen e afsfoa #ifsw)

3l

HiHd g f=-15/2 cm = -7.5 cm

(i) f99 30 u=-10 cm | T8 T (9.7) § W< BN
4L L
v -10 -75
10 7.5

D=

25

yfafde foa %1 faen o 309 ¥ 30 cm g0 W S

v ( 30)
EICEE m= "7 —m -

yfafsa efafida, srdfas qen 3o 2

SRE =-30 cm

%

€°6 ln:2ibe
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(i) 99 T u=-5 cm T FHFT (9.7) ©

g yfdfaa smafid, st den dien 2

ISTEUT 9.4 HH ST o 3719 ferelt feer R & &3 B 3119 2 m ofehal 52 o Ul
S99 U0 feRdl 1ok ol IO 3R STl gaTl <@ 21 AR 6% 5 m s & = 9 S8
@1 21, A ST Hfdfeisl fohet =1et & gl Udid e Sk e (a) 39 m, (b) 29 m,
(€) 19 m, @1 (d) 9 m | &1

T
TqU) G (9.7), ¥ B U Bl §

Ju
v T
3T Y0 ok U, FifF R=2m, f= 1 m. @@
(39) 1 39

39 1 40

Fiifh HE® 5m s ! TIRed =1 § =l 8, 1 s 9 999 (u=-39+5=-34 m)
o foru wfafse =1 feafa v erft (34/35 )m,

3d: 1 s | wfafas =t feafq o fazemm g

39 34 1365 1360 5 L

40 35 1400 1400 280

=TT S M7 I9UT § 39 m de 34 m % &9 § 7, 9 Ufated & Sied =1 §
(1/280) m s™

3 ThR 98 <@ S Hehdl € T 16 u=-29m, -19 m -9 m © T« 59 =re
¥ yfafds wfd ar wdiq g 98 HE:

Lm st ,im st qen im il
150 60 10

T HTeeh Teh STed] =rel 9§ Tqa € 9 eereh 907 o So-s8 e smam
39k Tfdfera &1 =Ta | 9 gfs Fdid it S| o 9itere fordt feer &R eteren
feor o9 o W1 H1E ff e <@ Heha 81 A W Y ST ael S T ST = e
Y TR 919 371 @1 8l dl, Teid gC arel § 6 YehR Wi UfReredl @l S Wehd 2

9.3 3Udad

e et UREEl HeAd | T Al his TehTel fohio-gS foRdl SEY UReRit mem |
THUCT 8, A YT BT T AN e HIEAH H o9 qUetdd € Sl 81 Seieh 99 9
TR T H Y9 FA1 T e H W fhd fRRo-gs 1 wehrer 61 oo g et
FXd T I HIE Tl I K01 Tk AeAm o g}y § fadd sqmafad el T

u=-39m, v




FIA T A I T SIS W TH G FH (M st
feen ufEfda & ST 21 3@ afee T W g @
377 hed 1 Tiel 3 WA g ST o frefetag  Sfad fe
7w gfqurfed few)
() eTafaa ferzor, sTaafdd fohTor qen SaTgss o SATaa

foig W sifirets, T € gAqa ® e €

(i) for=el < wmeadi o gt o fetw, Sraas wior |
S (sine) A TS ShI0T i 1 1 STIAA Th e
feorier =i 2

15 IEW, ST hivT (i) AT TGS hivT (1) o 0T

T S amafad foreor qen srqafda fervor wwen: stfiyeta &
et S 71 e

aruafda T

o1 9.8 T AT YA TAT eI

sini

n
sinr 2 (9.10)

T&l n,, Tk feri® 7, 9 T2 @eam o Qe TE WY H1 s7adIE Fed B
GHIHTOT (9.10) UEd oh Tier & 777 o AW W WML Wt {1 ¥4 9 A 9@
7% 8 foF n,, 3 e & e 1 AT (T I8 THE kT e W ot fsf
A B), W TE AT i1 W R &Y Ha

FHEH (9.10) § AR ny, > 1, r< i, 3efid stvafdd o sifieia &t 3R 48
S B1 9 <90 H AW 2 Rl WeAH 1 hl gel § FhTa: GE (e He o,
TE) e HEd B 39k fauid Ak n,, <1, r> i, A sT9afdq fRver stfreta @
qedt 21 7€ o8 feufd € foem sufad femon fored wom meem @ o it g2 fora
e § srvefid e 2|

N : YHITF Fcd T FTHIT e & &<l 99 397 781 81 =Neq] o497 T3
THTF STTT FHT ZHH 81 T8 GUG & [ et G o Treag 1 5oH T
Y137 foReT Qe & 579 Fcd @ %9 8 (I3 7 5t [1eqdql ° Jh197 F1
TIeT T 39 &) | ST o fo7g, aRY 7 deT ae
ST ARG @ deT ST SeTHI S 5ol o SSAHA T
d &9 BIdT 81 Sl ST JHITH Fcd 374 Bidr 81

IfE | FEAT 2 BT HEAH 1 HIUe ST

T, FEAT 1 hT HEAH 2 % TS STIEHI €, @
78 T ¢ R

1

e —— (9.11)
21

A n, HEH 3%1141%?41?12@?@%%% fors 9.9 AR woTshi o ®id 9 Auaidd Tt g
?ﬁzl%"‘ﬁW%an2=n31¥ My, A8 g, HIEAH foRTT 1 WMo faem|

3 %1 HeAH 1 o HUel Sqedh B
e o Freml W eneiia e TR aRome qid W R S gehd €1 T
AR Tid |, STYedA < ARSI W Bl € (I-hi= qen hig-arg) | fo 9.9
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BRI I8 STEA § 3@ 51 wehel € 6 1, = i), steffa
it fereor stmafad fereor o EHIaX Bidl 8—amafaa
fortor o et frfa foor § &g fomem ==t g,
TR 3o smufad foheor & grier wi¥aes facer &
S B T g8 guRfed Yer 9g ot € R 5o 9§
T forelt qree 1 U T 33 Wl et @ (Fe
9.10)| Afvcdeed feen o fehe 9 @7 W a7
T S TRl € R e T (h,) STt
&S (h,) I HEAH (S) o STuadieh | Tt
HE W S el 2l

TRTST ST SHST ST 3Tk Uah TIEeATd
<1l 1 ST o TeTU, WehTRT o STueEde o ol
B @ aafos YARA ¥ FP s el BH
T © e ST YA o e FHA W9 d%h
e 2 € (B 9.11) | aredfos gaica @ eam
arcqd ® ferfost @ g b1 S e fe 9,11 ®
o7 9.10 (a) stfictasq, den (b) fad® <wF & fefferer < e QB R T s e
fere STt e Tl 7 ) fo ® 39 e 1 wHeH i gfe @
TEfEa wheh <9It T 21 fafd ok |rder a1g w1 sTaedHie 1.00029 B 6 Sl
g & fen | o end feguht (1/2°) 1 snerh foeem g @ frgent aredfes
gIfE qen S gt § asged SR ame 2 fie 71 gat qen gaea o qu

g 1 S SR (SR i) off & ufere & Ron € 2

ElRGEK
fora 9.11 IS STUadA oF HRU IS THT | T4 AR qA JRfah THI ok
IYEd AR T g B

SETEAUT 9.5 Tt 370 31el W T oI F | 24 h ot 21 g o Qrder geoht
T 3@ 9 W 1° fqzenfad g9 o fha g9 o 2

T
360° fazenfya g o fou foar ™= 999 =24 h
1° foenfaa e o fau faan 7= 999 = (24/360) h = 4 min

341807 9.5
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IEZUREANEIRC
EEQINEIRE!

Tl g SeeT, Sie T&(eh qem St ot Tam

o ¥ <9IiT o19ER T& STEAHR @01 1 PQRS W foeR {1 dret o @t fsg G W 931 T Sfeq
WH Th o4 H f6g C R god gU @ 21 &, 94 9% FH-9-FH THF § T ==l ¢ 9H
TR G o1 C o o= et 1 v SR 2| 1 IHAI GAA p Q
C @ 9 W @ 99 GAC i 9 F1ieT 3128 GBC
w1 {88 9a ¥ 99 BC ¥99 Bl RN, A1 &5 3T 99
GXC? 98 Sl & o SHh! eReft W e i =1t v, 3T .
T & = v, W w2

T SATST St tereh STt § g X W Ja9 il €1 9
R GX =1, 32 XC =L,| T8 G ¥ C % Tt ¥ form mn 2 B
99 BT

ll l2 G
vov, M

3 99 ! A oM o fAT 36T (X o FRene o §rue) sfeehard il e ae fog X &t
39 feafd 1 Ja T SO0 @ ¢ HT HH FAGH & T FHE URhed W (R 79 76 R Big
® ) & T el @ oF 1 1 o § S9 foig W Y8 S =y Sl Sl i o S e 81 38
e o fat SR foig X W T @ LM @ifaul 91 TSt ZGXM = i 21 ZCXL = r | 79 §° 3@

t

Thd T T ¢ =Fam e v

sini v,

sinr v,

hRI o T v, /v,, Feld H SR o1 o qen Hied | YehRT o o 1 ST, HIEHH Rl ST0eiih

n%l

e |, SR A1 B A1 HOT Sl IS A, S o I HeAW 1 & S WieAferd e € d =gad

99 o fau ©d o 99 &1 AT STEvae B

9.4 YUl 3MaRer wrEdd
S YeRTel TRt GeRIed: WEA HILH § Gehed: foRel WiemH W THA il ©, d«
MY T o8 ;9199 IH AIeAd § et el Sl § ae 379: O wed o
JTuafdd 8 Sl 81 9 e bl 3dRke e HEd 2l
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ft foh & A 7, Wafdd fHo gea smfad
fohor @ o o &1 it ¢ T IR gl sviafis
e | FeRTRT 1 hig GO el Bl
TE YA IV FTTRT GEIEH ST 0T
90° BT 8, S8 ZAO,N, fXu gu wremmi & A
% T il 7 (i, ) FEe 81 Fa o
[T (9.10)] % STIEN 8H <@d © % A
TUfefeR 3TYeiish Tk | Y 7, @ ik sin
Ak A T Il 7, 3Td: sin i % A i BE
forr0.12 F W () @ e e (A & 9 S © o T 7 frm an R o wsh
RYS W a5 A (TeF Arezm o) 9 fafo= wiof B9 € i=1{, 70 ¥R
afrfad fRTon 1 eTdedd qen Yol sTiafe wed| sin i, = n,, (9.12)
% i 9 3Afer WAl o foq Tl o STvedd oh 7 1 A TET foman ST weha,
3Tq: HIE STTeR §Wa T8l Bl
e WeAH 1 1 el HIeAH 2 o |UE STeish 8N n,, = 1/sin i | WROM
9.1 ¥ $5 Y&l Hifds Hi HI Geg fhar T 2

ARUN 9.1 FB UREY HIEAHl o1 ST oF WU Shifaeh ahioT

B 1.33 48.75°

HIST hid 1.52 41.14°
oA firde i 1.62 37.31°
KR 2.42 24.41°

guf fTafRes Garad= o fog Uk 9evi

qf YehTfeTeh IREEAIST &1 STSihel ST W SUTTs iR 24 A1 Tohdsh ol YN
ok oS! Tl § TSN fRa ST Hehdl B1 Ueh hiw 1 dleh ooy ey w@es
S 9 BN WIGH o T The ° 5 i s aR feamsy 598 97 oty enfae =t S|
Teh oIE Hehdsh oY 3R g8eh feheo-qol shi afiferel wiel § TRy o9 Ew fo
el ok 3feT TRTU-S 1 U wHepten fa@ré <l 2|

fRTU-gS &l & o 9 ¥ 39 TR ST fh 98 S R | 51 o 390
TS R THAY| F 3T 3@ I 2 FoF 39w Aiferen weda (S A & A uw fag
& &9 T fT@E 3m) qen e eveda (S 9 ¥ ket 3 W Tk fag o w9
o fewr 3 ) e 2 [fo 9.13 (a)] ? 31 <& o4 i st o T AR §
T YR eifey fF 98 9 & 390 7= W e ewan (o= 9.13 (b)]1I ¥R
TRTo-gT 1 TSN 1 36 YR THMEING SITSIC foh STTIeR! THT 10T W &1 =Y, fores
A oF I3 oh S ST YU 9 H FAMG B S qe fh-gs g ®9 § 9 H
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St fom T 9.13 () W <9t 7o 81 o) ferto-gat w1 9 i 39 bR wuEifea
HIFT foh Tk R S 78 TEell 1 &l | T @ $HR1 qoi AR Terdd
BNl TE v UE € © S TR gt dqel § e 2

oM W foh oo foo-qs & et ff den 7 <@ ol 7 € 38 et & =t

R T @

(1)

(i)

9.4.1 Wehfa ¥ YUt 3naler UWRTad= qeT THeh WENHTehid TR /@\
wiifaemr ;. HA o T A | gesll o feRe oy A9 ¥ W HT A i

o H enfues T € STt 191G w1 STuedh T o 91l Wg Sl €1 T a1 (b)

T GO Bl @ 9U1 SHPT AR Se1 o HI gl § HH Bl 8| AR g

yare ¢ 7, ereifd, o 9 € o 91y ot fafi= wXal b1 wehiien S S o

Y w81 qRoreerEy, fRe S awq, S9 R Ug 9 o gan e

rem | T 1 8 TRt STaedish Jfiges Y 3R T2 Sl #1314 39 YN

F I W T el JhE B R SR e @ ¥ gedt St # @R Afg

IS & I8 &1 a1 & fau smaad i swifds oo & s1foss 81 st 98

wof s7iafies WEfdd gt 71 39 o9 9.14 & I AT 1 IR Uk o forg,

TRTST YHYSS & HeEl T W ST g Ydld 2l & Yeish wefae ®9 9 &t

I o ® &6 g%y gfggs @ €, 99, S a5 o gHiY 5o @ s fRd (©

AT A1 TR ¥ WEfdd gl 39 I U89 @1 ¢ fhdl 02 oig 1 39 YR fo 9.13 o fmwo-gw
1 SoA fdfas Sey Sea= shidl B1 59 URERAT o FXfeh] hed €1 38 WhR & Wl § ol i
1 TR qw TEEel § Ted W B o Al o, fRet Mo R W wweda w1 Gl s
JoId THT g W, foRiY ®Y ¥ WEMnl W, WS HI gL H1 HIE AN WeAl Weftd (A F A Hq
A 31 AR S S I T WA §, A SHT MG 1 B wor A G B
foerdn e ot wlfaesw & wRa 3 1 STt AR 1 T
&H7 : B SO 9T TN & g WG €| Sh! THe Hel T 9 366 S ThRT T )1

o ot efdien qXede & ROT 81 ER-91 ST o fIu sifder vl (=24.4°)

1 WM ogd HH g1 THY 97E Th a1 €1 | Feh1el Jo9 Y Sl $6eh 3feX

T EEIN ‘
ﬂ\
o ?

£ m R

(a)
(b)

ot 9.14 (a) fF o &1 U &1 39 TRferfaal o f@E 3 safe gfags o SR &t
o7 THEHAM a9 W 1 (b) S UXl o ke A1 1 WA uiedl @9 W et € e
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(c)
e 9.15 foRTol &1 T/2 TA T W HigH & fag
o1 gfafss & HEs § qReds fRT R Soed o fau fesmss
fopu T fosmi o qof srafier qeds 1 STFnT fahan STaLEl

(1)

TRTRT o U7 SIARE TRk B ohi STcAfeh
HHEATY Bl €1 Yhfd W 9T S A
foret R &) o7oh wefafed =mes <9d B
TR FT IYFH-THAF TR AL a1l HRITR
1 deR! <er W B 21 fReER

R 1 Sfad YR ¥ FHEH 3HH HidR
g Adeh T T S Fehdl 2|

{9 : YehTeT 1 90° 372 180° W HigH
= fore fese fre o it & o sriafte
a1 YA R s © [ 9.15
(a) T (b)]1 T firsq =1 wfafaa o @ews
o fa i 9fada fory Seed o fag o
AN fean S € [fe19.15 ()] | et &
fearfaai = foru, fosm & 9 o shifas
U { F 45° " FH B =Y HRO
9.1 3@ T &H T U § foh <Al €1 WK
o e s aen Tirde o fog o8 oo 2|

3= n

(iv) TIT#H g : ATSThel YehTeTeh qqstl @,

A qAT 39T Fend! I @all 3U ok HARA

T o fIT =19eh ®9 9 YA &R St €1 wehifyreh dqgeti § oft o endften e

1 TR 1 STERT fehanl ST &1 Yehif¥Teh o S UM & WY ohiw/Faes aqet

G fea foran Sl 1 Y o W T IS (core) AT 33T (cladding) e €1 i
o TR1Yl T AYEIH SEHE oh TSI 1 qoil H A gl 2

e YehTYN o ®U H hIS Hohd S 0 W g o Tk R W e g @

IE IHET T o Y IR-9R YUi TR Wi i © e ofdq: T fm

e Fehet et ® (Fet 9.16) 1 Fifr g =0 o

WhTel 1 Ul SR WA el € SEfery Wbt

Hohd ol Tl § whis famia eI &t Bidll Fehmr dq

TH YR ST S € foh Tk 3R & fafieh g8 W

Tafdd 8 o 9¥Ed SHY I W YRR Shifdeh ohivl

T sifush w1 W Afad B ¥ I8l 9 fR qg o

e[ g4 Wt YH dg & i IHR! FaE F

T 9.16 v et fordt wentfyteh oq o worar €

ST TCAIgEeh T Y Tehdl €1 39 YRR TH

TGHT Hitsh ol oTafe WedA e 2l
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IEZUREANEIRC
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O To0 ok fergd o o SIS el 21 W oid ob el W 3 e €, Wkt
Y% G oh e W Foidl geTl $Heh wad R i A W Th JhnT f9g oF w9 H
@ 3 B1 39 YR o GS(E! ol oh diq FehTeieh dq 8

TeRIfeTR dqell o Faf § yg@ stevasd 98 € f g iR o it @
H GHA FRIY T STEYITUl SEd HH B WeUl 3 FEEs S8 usiel o wieE
e fafere fatem gR1 sFmEn ar @1 fafers e dqeil § 1 km @4 dq § g
& 95% @ ot aifersh 9mT Wi HERa HE 9 B1 (FEH! g 1 km HEE &
figeshl & &g & siid § oo Uiaed Wi o HEROT B 9 S9N H E,
T Hifsl)

9.5 Ml Y=BT q9r «dl gRT 3Ted

e T T e Y] W e o fova § fo=n fhan €1 o B9 <) el
M o Mol STaYsel W 3TadH o fawd § faar & o el 7w o e7d
geH 9N Hl GHASAE HET S Hehdl € AUl S Y o YA fag
W GHM 3T9ed o FTEEl 1 SEn fhar S gehdr 21 el 90 g wedE i
& wifa aa fag W eifets g8 o 39 foig W el qet o oided gl €, 99 98
THIAT I3 o Fhell s W oAl €1 8H U8e Tehol el Ji3 g1 379edd W faam
FHUT T Tk YIAT Yqel Gl ki = HAT| HIE Gdel o S Mo gt 9 o
YREYT e il ©; e 9 ¥ HH U S 6 ™ e =1t T e
g3 g ffHa wfafsa o faw g3 1 sy, fRet " o < g=f |, wins '
H H¥eh B9 qaol ol ob [T o HeRt FE 991 3Tk q¥Ed oF g3 Ww |

9.5.1 Tt Tieia g wX IrudA

fo 9.17 ¥ ashal 5501 R A 9kl 3% CoF TMeld I8 & q&F 18 W froq foreht
% o fag O o vfafea [T o st Sonfafq e 7€ 21 veme ool n, sTqedis
o foRelt e @ Sfd BT n, STHAI o fRHl ST HieAw § S €1 gee i
I, §9 I3 1 GRS (AU UYd WEw) 7 Helg Al I gor1 | HIH! BT o
& Ik STEvIRaIaR o1 0 Gfeiehed foman S weh| fa9 &9 9 g9 NM &I N
Y g I W T i AdE b T SRR T Fal W

tan /NOM = N
an = oM

tan ~NCM = YN «
an = MC )

tan ZNIM = N
an = Ml
319 ANOC & fou, i afeshior 21 o7a: o 9.17 < wel Bl gorb T A T e
TS W S|
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SRR ok fAw, i TR dq od freRt @9 2850 K 7, 31 &9 9 o1gvd € qe geAd: el
(3t SwT) 9N | B1 S-S fYg w1 qId Sl B, $6eh gRI Scafeid fafehion 999 Wi # o1 W g
T fTHeh T8 &1 A9 T 5500 K T, fafshor Scafsld #ar €1 SHht ol i aIeed & B o
®q 4 G T WE A =550 nm R Tk TG gwid @ S e qof o G | qen e g9 8 ok
e § 21 foreht feu U fie o1 Seil-aeresd faawor I fordlt aoesd W frar <wian © = fop =W fie
o T A9 o S[GhEIUT! erdl ¢

e 5 gRI T9d FRT TTT Yh1e AT WY FHRIATT FHecAdt €1 FehRiata IR s aftee
1 T ® S A 5 R Yeh19 1 SEU AR ST 9ok df3eRT (optic nerves) R HEROT G Wik
BN Toreeio gia 21 WehmeItata bt oA wo@ wdifaes TRE — (i) Wi H1 i e, (i) 9 9 gertead
RIS SFEl i FereRd, e (iid) 55 1 §RTE Hed €1 S dterer (1) 1 SI AR sheel (cd) B Sheel
foreht o o S Y 58 i @ 540 x 10'2 Hz g4 o wehaviita fafenor o g o scafs eidt
31 qen 35 feen o foment fafewor draar (1/683) are ufa Wifeam 711 afk 18 YT 9ia T Rifedd
o S 10T H Teh cheell S <ol ol FehTST ScafSTd shidl & ol SH S whivl § Scfeid el it el
T o (Im) Bl &1 100 91 T AR A9 S Fehtel sed @9 1700 g0 Scafsd il 2|

yehTeTAfa Yt s & THAE TE W © 8 dien 9 ST gehdr @1 39 R g o 3k
&thel W 3T i Fered (Im/m?> 1€l 7o) g1 qRAIa feran Sl 1 Siferentel ehrerdt 56
Aifr ¥t =1 Aod 71 et [ sifa dea o Hid g S weifd v9e & E = /2 gN oFE
e STl 1 Rl r Y8 U U o " I dadd SO @1 Scdsi 1ol WRedt 99 gest i gfa
(brightness) & 31ficterl =i g9+ o forq weh sifaes afer 58 sHifedfaar (L) wed €, 1 STEnT &
& gHT hed /m? € (T8 e H nit' off e €1 Rl 3T LCD shegeX wiHiet &1 gfd oimert 250

nits gt %I

;= MN MN (9.13)
OM MC
T JR
r=ZNCM - ZNIM
MN MN
AU r= m ﬁ (9.14)

3@ Ea o | % STER
n, sini=n,sinr
1Al hIT o BI A o foTT
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TRl (9.13) A1 (9.14) ¥ (i AN r o HM W@ T & W =il §

Syl o T2t 9.15)
OM MI  MC
Tgl OM, MI 921 MC 3@t o it &t fiefud sd €1 g fog gt @
STYART T W,

OM =—-u, MI = +v, MC = +R
TTh1 WM HHEH (9.15) § T W EH Wit gl g,

L, m M,

- R (9.16)

THIHT (9.16) ¥ &4 foa qen gfafsa o <ftw o Aream o T9ad-iss a2 Meld
dfehd 53 1 dehal 51 o WSl o ®9 | Heiel W gl 81 GHinr (9.16) R
i YR o ofshd TMeltd IS o fog 7 2

IETEY01 9.6 91 | @ fordlt foig Fid O Tahmet i o ol Mefig g8 | v 2
(n= 1.5 q kel 5531 = 20 cm) | TH1T Gid FT Fi9 & I8 ¥ 5 100 cm T
wfafda Fal s m?

&

Tl W, iR (9.16) H fRu g3 |

u=-100cm, v=?, R=+20cm, n, =1, M n, = 1.5 W W

& U B ®

AYA v =+100 cm
yfdfera smafad wehrer &t faen & &i@ <6 955 ¥ 100 cm &1 g W S

9.5.2 f&Et &9 gRT 3TUadA

9 9.18 (a) ¥ o SRl oiw g wfdfda-wo *1 sfafa swieh w 21 ==
Sffsial T T %l < RO H @1 ST R ¢ ¢ (i) TN ST g% foi O n wfafe 1
I 2 [ 9.18 (b)) T 1, TR 753 gR1 wfafsa 19 o fog st fofer bt
«ifet e e € [ 9.18 ()] | FHIEHROT (9. 15) 1 SYAN U8el Y ABC R
T W eH W Bl R

o 9.17
OB Bl BC, (9.17)

TR HMYS* ADC & fou ot qom wfshan &1 SFgam #37 W e 9 e @

L o,
DI, DI DC, (9.18)

/e HIT 19 ADC o R 3R & HEAH T AT n, T Sk 38k S R T8
n, %1 Tk Afafad DI, UM © SHiifsh U afed WehTer ki o o forodia feen o
ot T 2

9°6 ln:2ibe
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fopet el f® = faw BI, = DI, | HHfieLon
(9.17) A1 (9.18) ! Sired W &H W Bial & -

n n 1 1

(9.19)

OB DI n, ) BC, DC,

oM efife faa eFd W 2 @, OB — o qof
DI = f, & GHIsT (9.19) W U=t &I :

n, 1 1
- (, n) —

BC, DC,

75 fog el ota W @ foa %1 wfafda s

%, 99 %1 BIHGF wead & 94 50 £ N ST

Hehd g0 U Bl €1 ferdlt o % &R <Ml 3R

(9.20)

T HHE T § Faw FI fog aRwe gr
BC, =+R, [fa39.18(b)]

DY [T 9.18(¢)]
(b) TEfIY TR (9.20) i for@n ST b @
r o, 0n
T 21 R R, - Tl n, (9.21)

G (9.21) I AG-HFT T o6 €9 H
S S ® TR ®Y Y ge g 3fud ok

A 4o U b el ¥ T % I g o e g
I / n, gl #1 erfusher (feaed) & | Syant 2
C &M < 4 9 98 © Toh 7€ 9 oreae oi|l W

9 +ff THF ®9 ¥ A1 B 21 39 feafa § R FoneR

o1 9.18 (a) fia %1 feafd qen Swda ofw g fifta w&msﬁm%,svmfmm%l
e (b) el AT g8 W A (¢) T WAT I8 W TR (9.19) e (9.20) | TH W B T -
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OB DI f

H: Il SE-Ef=tehed H fig B o1 D <Al 21 o9 o Wehif¥ieh s o 9gd e
UM S 21 T 9Raet 1 S9N % W BO = — w, DI = +v| 37 A &l (9.22)
o W@ W 9w B @

1 1 1

T (9.23)

i1 (9.23) oiEl o forw wikfed gaet o g7 71 et 6l v 59 SO o
sr1 fafda srafaes wfafsa & faw sgea= fovan €, qenfa e 9= <41 < ofal a1,
3T AU STEde q91 1 B YRR & Hlatss), st a9 S & forn "7 2

T IA OIS ¢ T e WSl S1efe SHATEAA o o a Wied Fae
F’ o9 o Yehll¥h o O GHH T R €| Toh1e1 o Wid 1 3R eord wiehd ol yog
Biwg f43 Hed € Sl S GdlF wiwg fag seem €

gl g o= fordt foia o wfafda =+t feafa 3@ 0 o fou fagia ®9 9 &9 fda
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o fordl fdg 9 o At &8 off 3 fortol TR ao
ST o 1Ml g1 3k 9ot STREd shch 39 g &l
frorfq 9@ w3 ©, el srvafda fReol e | figerdt @
(21N Terdt v et ©) | qenfy, Serr § Fefatad |
Y & J Rl o1 = FE FE H &S a0 ol 2
(i) T & feher arelt o foFor <7 &F & g o1e
& GHIG B §, 3T9edA o qvErd (3T o | H)
o9 % W g WHE F U T ©, S1eqdl
(T9qc @9 H) W9 o JUH & WEHd F 9
AERE wdid Bt 2l
(ii) T % UHIRTH HE ¥ oA el YR forwor
9erdA o qgETd fa TRt farmrer o ffa gt 21
(iii) 9 o UMW & BT § o el Jehrer fohor
(37 @9 H) Fuan 39 foag W A faerd wdd
B dTelt Jehrer forur (efaae o9 | ) Sfued o
Ty qEA 18 o gHia fld gl 2
o5 9.19 (a) 7o (b) § 7 o &1 FAN: ITqA
qq Fedel |l o fow guiEr W B vkt ow 9

fafs=1 gl o foa i W@t 36 TR & R sE (b)
@ﬁ%aﬂgwmaﬁwaﬁmawagﬂﬁw@jm T2 9.19 (a) ST <4, (b) 3TFdA oG U [ et
feT o o9 §F, IH0T (9.23), T+t TR0 H I9H FehTST feRon w1 1@

®9 § AR] T R

el W 7€ YT IS Tl =fey o fondht foie o woieh feig @ e fereol scafom
B 1 A gl el g O eryede o uveE U @ wiafsd fog 9 Tewdl €
Tqur o} ifa gl o faw off, frdt oiF g1 a1 e (m) =1 gfafss o @
(R’) <en s o6 |Es () o o9 o &9 § Reifa feman smar 21 Tiettd <ql w5t
ifq 7l «ff ferelt i o fory =& weerar 9 3@ <1 Hehal © T
h v

m= F = u (9-24)

oz IRUrd) 1 UIe F W EH U8 U © 6 39 SAYE Sfedel o g o |
(qen enret) wfafsa o faw m saeTs Biar 2, Safs R Sore (qun arsdfass)
yfafsis & fau m e B 2

IERAV19.7 FE TSR Tl @t T n = 1.47 UGl oh hid o oid ! Rt
59 W T SI0TRT § ST 3T5YF R 31 €1 K9 H Uik 1 ©2 1 I8 Ko oI
B Fehal 7?2

A

59§ oi9 o 275¥9 B oh feTT 5a o1 SYUadiHIeh, oI ok shid oh STqadIh oh SXeR
T WfEY; n, = ny| Ffd 59 B TG 1.47 B T TR H 1/f =0 A
f—> o UT BT 59 o 3R G hid 1 Teh THAA I hT Wi Hre HEm| Siforeht
¥ 9 59 A (TUEdEE = 1.33) T 8 Gehdll I 59 Fer@dq € Tk 2

9.5.3 @ hH T

forelt 9 &1 & 39 W IS F16] YR i TR S1efal STUHRa i i hife
T AT B 1 TR FHH Foh G BT HIE G AT T T SR Hed T, 329




I o9 H efuafdd Tt SAfEia Bt @ den sferde of| |
Fvafdd Tt SoERa et B forel <" =1 &/7ar P 1 39 i
1 wgien | R s €, food gg e e gt o1 S
TehTYTeh ohg W Tehleh SO W 3T firan €, erfeafa = sroafia
& 21 (551 9.20)1

tan %;'ﬂﬁ{hltan 1

e (6 % &g wH o fe)|

o 9.20 ot <9 =t aman

3d: P= (9.25)

oG T &l 1 SI W SR (D) : 1D = Im ™' @1 31@: 1m BIhd 53 o
o T &l e SRS B ARG ofdi sh1 &7l SIceh del STl oid 1 &l
ST Bidl 81 39 YehR S7d i =31 fafeheder + 2.5 D &/l & Giereh oi| it
A €, T4 + 40 cm BIHE U o 3T 0 HI SELIHA el €1 — 4.0 D &
o o9 G aqd — 25 cm WIhE S0 T A o Bl €|

ISTET0T 9.8 (i) I f= +0.5 m B d oW 1 &mar =0 €2 (i) fohe Svae o | &
<) efshi 1 ekl BT 10 om T 15 cm &1 SHET HIhd g0 12 cm 71 oG
o 1™ I ATEdHIS G SIS (111)Wmﬁﬂﬁa@ﬁqﬁw?@200m

B A § THHR HiwT U FN 87 [AF-SA T SR 1.33 T TG-hid H
eI 1.5 7]

&

(i) < FT &A= +2D

(ii) ?E'If +12 cm, R, = +10 cm, R, = -15 cm
H@WWIWW%I
FHIRTOT (9.22) o ©H F3 1 FAM &L oh foTU f; R, 901 R, & foaw fog aRaet
o 7ER fafa= aferml o 99 W w7

Sl

(iii) g # 9 o o9 & A, n, = 1.5, n, = 1, f= +20 cm

T YRR TG A § W g
1 o5t L
20 R, R,
34 T o o\ % faw 51a H, n, = 1.5, n, = 1.33. gHfaC
®
o % (1.5 1.33) —1 R% (9.26)
E T A GHIRTON i HAIfSa i W Ed e
f=+782cm
9.5.4 WUeh H T Tael wdi okl dare

TH-TW & Gk H @ f, T f, Hioh9 AT oF q qqct |l A 791 B W fo=m
330 HIAT T AT A1E fog T8t dF A o ®iwd 9 X fomet fog O W feera



(fe 9.21)1 ween @@ fag 1, W wfafsa s=mar 21 i
yfafsa 1, adfas ¢, o7d: 98 T o9 B % fau e
fora w1 wifa s ar @ aun SAfaq wiafae [ 9 o= ar 21 g4
9 91d i TH o =1feT T ved @9 9 widfss 1 &=,
ot Afqq gfdfsa =i feafq fuifa s o faw, @ =
21 9 ¥ Ued ofF ¥ e arelt Rl w1 faem, e
Kg’}ﬁq@mﬁmﬁaﬁm&wqﬁaﬁﬁﬁaﬁﬁ% o 9.21 TUh ¥ W I Uqd i@l g1 Hfdfsd
Fifeh o ael &, TH IFI WGl o FehTTeh ohnl sl HUwd! Exull

M Hehd €1 AH ofifT 98 s fog P g ffds g 21

Ted oF A 5N o1 Jfafdd o fau

111
o u T 9.27)

T 99 B W 99 whifaa % o
1 1 1

> U_1 Tz (9.28)

HHIHTOT (9.27) 71 (9.28) i SigH I,

11 1 1

v u I 1 (9.29)
T q oGl & T H f WiHd g0 T R ThA ¥ & qed AFH R,
11
u f
SR

11 1

A (9.30)

Tg [t ueh § W gadt A9 o e o faw o w2 Ak £, f,
Sypeo. FIRT AT o Ig7 ¥ AF TH-TR o WUk § W 7, @ T8 HASH HI

QWW@W:

1111 9.31)

F h L S

&Il o US| HIHOT (9.31) i 3@ YR ot for@n w1 wehar ©

P=P + P, + P, +... (9.32)

el P39 o WA i 72 &l 81 A i, TRt (9.32) | ST STl
&S <R SISO 2 fean e €, stetd wefentor o e ue ¥ e Ug e
(3Tt oGl o foTT) qe1 $9 Ug mUNcHsh (3Taddl ol o feTu) B ehd &1 ol ok
TS BH g STEHA &Fdl oF SR SAUal STFIEia ofF W i | Helsh
B € a1 3 wiatas 1 dev § ot gfg #2921 il ved o F g & Hidfe
TR oG o fou foa o= S €, gt (9.25) | 98 ofafifed € o g &1 wa
A m, STERT-3TerT ST (m,, m,, my,..) % IR % SR e 2|

m=m m,m, ... (9.33) 331
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33180l 9.9

TH YohR o WGl o IS HEG: hAY, GeHsiyi, SREAl 9o o= qentiieh
I3 & oGl o fesed ¥ suEm foRu S

IS0 9.9 fo5 9.22 # fRu wu &\ & wWasw gw fAfHa wfafsa =1 fefa
q Hifs)

f= +10, -10 +30 cm

«—30cm —

o109
o7 9.22

v, 30 10

YA v, = 15 cm

e ofg gr fAftfa wfafss g ofg o for foa 1 wifa w6 i 21 78 T o g
o T @R (15 - 5) cm = 10 em §0 W #1 F@fy giafas ardfas € | 78 T
g o fou sare foa 1 e w21 srefd THE T o & fau Rt e g
el Bt F

1 1 1

v, 10 10

q vy =
Ig ST Fldfee SO o o ST SR 3Fd T W Sl 21 98 AR o o forg e
1 it hre Har B

aq v, =30cm
sifem wfafaa R <@ o T R 30 om T R @ )

9.6 fush ¥ 3rvad

9 9.23 ° fordht fisq ABC @ Whte1 foRT0T i TR gU ST 741 1 U8 otk
AB W STTIqH IV T ST HIT T (7 1, §, TR T FeAw (Fid W qY
H) AC W SYdH I r, I Y w01 A Frfd Fio1 e §1 FAfa fomeor RS qen
aufad oo &1 faen PQ o o o hiW & famerd Hir 6 wEd &




=94 AQNR ¥ T 107 (Q e R Iiol T7) THeR 0T
2| gEfeT 39 ST oF 317 ] Ul 1 9T 180° B
ZA + ZQNR = 180°
s QNR &
r,+r,+ZQNR = 180°
3 A GHRTOT T o FE W, 7Y 9 e

r+rn=A (9.34)

el foreiem § <Al ot R el 1 A 2 B c
6=(i-r,)+(e-r,) forx 9.23 w9 & R fsa 9 et oo foram
AU, 5 =i+e-A (9.35) T T

TG YhR fa=re hio7 3Taad o W et s 2

o051 9.24 T 9 h1o1 1 Ta=ier 101 o o= U <1 T €| A9 I8 W Fehdl
& fop =1Ush ®U W, el (= el DG, Toish fa=er &0 § & qeIedl ish ol
TH TN eh 3 A &1 98 a7 THE0 (9.35) H (AN e T WA § o T,
e, AME (A e i SIE W S8 fean sy 1 § ufafdd @ar g1 difaes &9 o 78
39 929 9§ Gafed © Tk fas 9.23 | gerret fohtor o 9 bl omqg SRfEd e T a8
forrer 1o W g €1 =Aan fome D, W, faeE % 1eT sToafda fo seeh
SMYR o HHId 8 S 81 26 ured B @

8=Dm,i=emﬁﬁﬁqﬁ%ﬁﬁrl=rz
Tl (9.34) W &Y W Bl @

A
2r=A3AYd r = 5

0ty TR (9.35) ¥ BH W g €
D, =2i-A 3¥ei=(A+D_)/2

af fae % T &1 swEdE Ny,
_sini_sin[(A+D,)/2]

Ny =——=—— (9.38) ' : : :
sinr sin[A /2] 30 ; | | = ,
T AT D_ T AT TA §RT BT ST Hehell 21 T 0 20 4(;#““)600 80
YhR THIH (9.38) fUsH & e o STuadHls o S . .
g =1 fafir 21 Terx 9.24 et HqsmaR =9 & AT sdaA &
I B F fred et Ted e & fw Do () T fE=ETT 100 (8) F A TH I
ST DI Bl & 9 B Wi B "
sin[(A Dm)/2]~ A D, /2
' sin[A/2] A/2
Dm=(n21_1)A
THHT arcqd ® foF uael fem o yenrer i foeer Sl & g 2
9.7 fusm g uftgmur
T ¥ 95 Tedl ¥ € 9 § 5 5@ F % W w1 I FH T ol o W 333
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v9d G Fed <, et e o foed W smafad e @ af Frfd geert | % &l 2w
ST 21 arerd | Fon § Fad gRed el €, Wy Wi a) W e wees ool 39w
H g € S, ST, e, g, den, R iR o (3 9Resit s VIBGYOR
SN I B ©) | ocl 901 1 GRTYT § Hard W qe S 901 1 TR H Hey Aty
% s Bl © (o 9.25)1

TR & A GEeHh gu o faured
(splitting) =T IRET ! TRETT (dispersion)
%Ed Bl WISl o W Gl oh Wiawd el
WFg FEd 2| AShel T UE H ST
Afersh =9k &9 | BH @ g1 T 1A 8
¥ W & w9g fauner oReR H deagas
W &1 9wl ot ey T -feeon 9
e T @ 1 aIesAl 1 gitmfea R g,
S genmet o1 S (TXT TeeH) Shad T
B9 9T B

i w1 T Tfg Teed &1 R@E 31 o6 T 99
for 9.25 w14 % filsn ¥ ToRd W vSd UH FoE 9hd . I i 9 2, WY sfifaet % e § a8
TeTer w1 i fafa= avil & smifas faue i geewe o dR-faars i faw o s firen fed g

i G U1 3G H © AU I8 el Yad YR
o Teet W € sufterd Nl gUe i 772
T WA TN 3T HeaUl FAgeh! FaT | STEseh =Jed 7 39 aR-faems &l

Tl o fore wat 3 fean S=iq 36 fasd & q9m wh o fiem formn ek sd Sa

Feh 39 YR W T 9ea fsA &1 frfa foro-4e g sy ® smufaa &t (=

9.26)| 39 YR U GROTH fid fho-gs vord TehIeT 1 TR 7411 S9! AT

e off — Yol fIsH 3 vad YehTeT Sl SHeh Feeswh Jui H gk fohan S et ™

o9 1 52 qAHAIfSIa hich ¥oid Yl | gRafdd 2 a1l 36 TR, v R @&

faf=r oot @ fetet omar €, it firss 510 gere e R o €
el e TS o NEvash € TR wehret feRtur, St fem wifora et wren o witenfoa

foha ST ®, 1 IS stfed &Y B1 ardfaen fentor o&qd: WehTeT o ST FeRTUT o

TGS B1 i o Wid | YW T W Gk R0 3ok Heleeh il § faveRt €l et
2| T ool 1 3 fereo] wa e wersh | Wl ket
g, @ A T vad TRl Sca el

e B A € Toh TeRTel o1 ool WehTel 1 aesd 9
oG Bl 21 5% TeH H ol WehTel € quress o i
(~750 nm) W Sl ST e @y quesd &
(~ 400 nm) W BT {1 IRET0T 1 HRO 78 ¢ o el
WeE &1 SUEdiR fafae qaresa (aul) o faw
\ f-fa= g 21 e % fau, v v & A
fort 9.26 vod Tt < IRATT W A H G FHH Gedl 7 Safeh o T2k fush gedr 2l

FAMERT T HT o S| qcd &9 1 g9 T ohd ¢ 1o i o ood § S g
T g H A1 YT STURd AU =e | THA hidl

21 Groft 9.2 ¥ fafi= qresal o faw s1sa e den fiie hia o aTerdish ST

T B T e B e TaH § et S g WA ST Hehdl §, Hf A of | Wbt
334 % qREAYY o FRU FU7 /997 (chromatic abberation) FAfdsT T eld &1




IETUREAIRIETREC

EEQINEIRE!

wruft 9.2 fafir= st & sTuadHich
o wt wEEmm) 000 we ww felews

ERE 396.9 1.533
rem 486.1 1.523
et 589.3 1.517
e 656.3 1.515

TS o W1 eI W URed e e § 37 WA shi qor 0 3t
e Bl ¢ el § fefd o wehter  =rel qvnesd w e € et o feta
(31ye Hi=Tehed: o) T raferd aream 2 faw gl ool M =ra 9 T S
&1 9% 38 92 9 ot g S 2 7 G 1 eIl SR U ek Yo YeRel o &9 § ggel
2, 3Eeh fafe=1 Goeel o &9 o il 36eh faudia e Th gRerd @ 2

9.8 T o YT &F HRUT FS WIhideh YRESATT

TR BRI 3R shi SRt o 1ol WehTel o Wel B agd-#l uiid TReReAd 3d €1 BAR
TR 3R T TH X@rE 3F ol 97 U1 gd o YehI9T o HROT E G § ST Hh
et gedtd BT, Yod SIee, TR Tl YA o THG TR hi SANCTH, ST, FS
qferl oF U@, HifwEl, vE @ Afad o @ 9ve $w W SRy W
TS Wehfash =HehR &, fo eq well-wifq aftfed € oIk Sok s1ered &1 9ok
T 7l 3 W P BT ed ikl i e § aui S|

9.8.1 3w
TR AgHeA § IUMLrd STt 1 &l o SR YHTT S GRETU F1 TH I 7| TE
T o TRRT I A A M GaH gl gR TRAT, ST qel SdNe TWEdd o
TR 99 1 IREAT 21 IXT <@ ok g enevas v 3 € fop g emenrer &
fordt w9 (9 <fifSe ufy=md fafast) o =ve w1 81 St AR o foadd 9
(W effS gat fafast) o o 81 @1 8l 38 TR his ot Yareh sgerqy a+ft <@ ekl
g v IHH! de gd # AR A

TR BT o GEEH o faw fo 9.27(a) W R #wd € g w1 wehmw
FEgeH o H g2 W FAY I HA AYeidd gl €, TSTHeh RoT vad Wehtel whi
faf= aesd (aof) gereh 81 S &1 W19l i Sed qUesd (eiel) Fad & gl
2 Safer fret qored (S ged stfuek gt €1 sueh weEd 3 gees TRl o]
& i T3 W TR B SR AR It g8 W el iR eruafdd fRwor & &
10 Shifdeh R0 (39 Tl | 48°) F aifereh § d1 Midend: Wafda &l St 81 78
WEfdd YhTT, 95 W el Feherd 9o o ® <9t o1 @R g svafda e S )
T U1 ST € 56 g @ ST orel YehTeT o Trdet ST YehTer 40° o iU TR AT ol
WhTeT 42° o i1 W FRiq grar @1 o= 9ol o foIw wioi o HH & <M o weA
B

1.663
1.639
1.627
1.622

WY 'smoqyn 09-sandore mmmy/:dny
SMOQU /NP 1eN°0a MMM//:dny

:

bkl 1% hERSE
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42° 40°

(a)

(c)

fort9.27 AT (a) & &1 A< W Aufqd g wt RO w1 I G AR UG qA Th IR SAANE TS
Bl 2, (b) 9 o AT TH i TR0 o 1Al WedA qon Ted= 1 faafia sva foges wror weifis gxey
T & A () §% ok ST fRT o S 9R afidReh Tiede o wRU fgdiae Sgey o @)

o5 9.27(b) W Weiftieh SEU 1 a1 FHSAR T B B 2@ & o 9% 1 ¥ e

THTY A1 S 2 W ST YeRTeT Yeieh ki 3@ deh Tgedl 81 98 1 W S arel S

TN S 2 W A I A TehTT YTk T @ § FR reE A H AR fIw 2

£ TH WohR etk $EuT o I W ol =t 3R Ut ST el <@ 1 59 YR

336 Weifteh SEUT A RO WehH SAfd STaed, TXedA qe Yo ST w1 TR



IEZU R EAINEIRE|

EEAINENCE|

St yebTer foRtol fRet gt #1 9% oF i TH SR K1 G q AR ST
wEfdd gl € ql fgdaes gxuay w9 ® [fo 9.27(c)]1 78 =R =g ¥ehH
Tt Trade o TehH o Yehter 1 e %A 81 S €1 safay fgdiae ggee meifhs
SRAT T o H uel gl 21 36eh Wiy & S| ok o 9.27(c) ¥ W ® zEH
U 1 HH WA 569 H1 goi H I el 2

9.8.2 YehTIT T YehiUiA
e G T Y19l geelt o URHES W THA il € dl I agHed o Sl g FeRIfa
BT B B TR T YR I RS HY g § el afuss yehiol g )
(YR T sh1 TS TRTeEd 1 =Iqel ST o SJehHuTdt Bl 21 39 3o FTvT Ed 21)
TN HROT € o wrms R | fien ool waifien waEd e €, it et 9t @i
arten el ool i s S Bl | A Sk Wehivi Sifush et 9 il ¢ ard
o S ool @ qeresd ol ot w9 B % SR g e aul 9 off stfue vaed @
THTol BT 1 s AR S S ool skt srdan et ool o faw stfures g €,
TEeTy &H SARTY Hien fe@rd 2 2l

THEA H UL o2 HUI S e 991 STl h1 Y& 9 19 SHeeR S92
T8l W 39 Heof o wrfires Uik, GeRmer &1 qwresd A den Yehivle (WA ST gen
TEW WES a ) oh AUEE WEA Bl a<< A& oY, ¥ YHE B g S fh
(1/4)* o STTHHAET €Il 81 a>> Ao foq, seid &g WIgsl &1 Wehlvish a&q o
fau (SR o fau oot w5t 951, 9 SRR ok Yo HU1 el &y wun)TH gHvA
T T ot wesd @ g w9 9
YRt Bl 21 sHifa aed S a s> 4

- e e
e T S FT YA oL BN T, THR: T3 ;Qggjgg‘?*w
vt e € ‘
IIHEA i
TR qo AT o THg g i foRon i (m@%ﬁw{—ﬁw
AT § TR TUaTHRT Afw A T B furfey 3 o g g-lr)m

vedt ® (fer19.28) | 30 wenret © iren qen v e 44 //\\ o

TS 1 AR TR Feh 0 GRI 9o &
ST 21 37d: TR 1 Gl KW TR SR S o

THR Al 7o TEEdl 7, TR Wl g g1 Al (90H 9.28 Tl U FAied % §HA g w1 usR1 agHed J

%R € T fafas & fene g9 W gd qen gof aAfersh T T HI R

=g WA Tdid B 2

9.9 Yehi(ITeh I

T, ol e foeml o TEd qen STedt O T SUANT ik ST YRR it
e W fesed fu o € ufiesft, sgqfdee, feh, qwvin, gemedl #w
T gt gfaai qon S o sSew § 9 79 9w ' 9 3w ¥ e
g ar&d § AR T el Hequl YRy il § O Tk © e wefa 3 e
T foRam 1 T W URY FIoh T9 YEHSET qe1 A o i w o (G5
U H |

337



% Hifaet

338

9.9.1 7%

f19.29 (@) ® == <A1 T €1 WehT¥1, T H WA & T TS TS0 i a1 s
e HEd €, ¥ YA LAl 81 AqvEd I8 Yool ¥ S o ufarie § shE fox e
2, U Tl 81 Yael o SRR I URE FEG S €1 45 o F 36 YR 3
HIshTEd ek gfeued (o) W ufafda s <a1 21 sfieved e das #1 &
el et Bt @ S 45 o WD ok afshd IS *I @eh TEdl 8l gfteued H vrereht
3R vip B & S FHHL: Gh1e1 1 ok e F0f o Hfq oAl €id © 99 3o
dfrerTeti o et fagda farel 1 ufedsh qh UfTd % §, S 39 GE i Sfda:
HHEIfod Tl 81 eAsl U oh g A% o Wi Sl (Tehdl) 3R gEiey wiehd
T Fo-Fs AUREfdd F1 1 Tehdl 21 3301 F foaw, @ e ffeet e ?
T F HT HIRH T G 2.5 cm B € 91 3 Il & fiT gfeted | wwe
IShTEd BId | Se o] i 7 o [1ehe o Al @, Wit e o® o = i
T (= 2.5 cm) T A @A o forg vemel AR T e (faspea) g0 o
WinE T 1 € Sl 21 A5 o 56 IO H| GHOT &/l HEd €| Al o A5 o 58
e & o1 of| sa1 eifuss afsd et &1 urar foh 5§ o%g o1 T yfdfee gfieue
W S Heh, TSTEeh ety o] ol L Tdtds S €1 98 9 § %A 5 o
W T g% 1 WHA TS o S gidfee gfteved Woa &1 §, 39 W g9 @7
3eYad X N WE 45 b1 e fag hed €| U A o foIe sEent uee
M 25 cm for@n w0 21 (wE: feke f6g 1 wdtes D g s fopan sman 21) @®
T oy o 9fg & W Sedt S 2, ik oy ® gfg o e vemed ot ot
eI TEl T Il qen e € of| i eeiendd off S S @1 10 a9 o stk
o 7 1 fighe fog o 7 9 8 om @ BT € S 60 99 T g dF TG
W I T 200 cm % UEH HWehdl €1 3Td: AR g Afeh T 1 Al TEdh
199 G 25 cm T W W T AR Al IHR! Ffafera Sere Feiid g1 €1 T ST
ST SIEISAT (A 1 IW) heAd! ¢ Ted oh fIu STErd o9 w1 SuEnt ek o
Glifua fepan T 21

T YN, 7 BAR IRR & A o7 €, T g Sfeet weHl g o1 aredt
S e g e e SR Sy e D e e e e
& e 5% GURE TR o forg B Tkl Sfed S@eiel Sl =fetl SN 5 HEN i
e fo 1 foraresh =5 o el o witea) R off 3o 9 ome U9 € W weigh
o T Y AT T G R & q Gl & 9 1o Eiereti ) s wieh
Y S oFdid i 81 9 304 WEE a1 55 Tovard o fo ear 99 & a2

it et e s HRAE g W ot SgH o SRl 9 TER Ara H
&9 3 fasfad 8 9 1 ed Tl ==l i A5 oh B W YR S aeh €
SFU SR e G S e e S T ) e e 5
TEel B foRdt fog R SAfafa v TeRdr B1 38 < S e 3fiesiy steren Ay shed
Tl zHent 1o I8 ® foF 99 anufad O ol srefues SifraRa o T B S e e
o 1T & =1 e a%q o S h1E UET 3feael ol Giefee id © foh foreer sraerd
J9E o &RVl Yfafdd gfeted W W&l Wiektaa 8l e [fo 9.29 (b))




forT 9.29 (a) 73 &I T (b) M 3fe wga T3, 791 SHAL BMEH; (c) 39 e Ioga 9 q ST TeeH;
qenr (d) AfEgF 3 AL SHHT HeHA|

T g, afx 7 o fedt 9% o wfafed w1 sfierea & 9 R fag =
I TEd hedl € dl 3H idepiiid shid o forg SIfeEt of| shi sfregshar gl 21 59
< i g gfeeslY AYEl EERHSIE FEd & [fe 9.29 (o)1

Tk 31 T SRR Sfagear €1 98 <9 96 S Bl © S W g2 i
afa Telta &t et Sereond, wres ugd %1 awdl B afas qd %1 e
FeateR qt o (1ere faetia:) eifes 8 dehd! ©1 A 9 o o 39 <9 9 g g
e forelt a1 Selt o1 Y@netl 1 Sell 2w dt A A SesieR sieen s
T H THIhEA O T STUET T &l gi SAfegehal o wRUT fRHT s fem w1 Y@
A Telt-wifd Wwiesfad & S §, Safeh e @isti o oeed fKen w1 W@ aoft- A
Tishfad & & urdl [ 9.29 (d)]1 fsigewrar 9 w1 Geifad w o forw ferdt
faferedl 1o SeiIRR oi| 1 JaNT i €| 39 o9 1 g e qon 1er fgen
o1 S = ok 39 <9 1 G Hd €1 T8 <9 e gt < steren € gfie
Y % HU-HY B Fehdl 2l

IATEI0T 9.10 foret =afer fimer T D &1 WM 50 cm B, % 9g+ o foig =ed o
T T WiHE T FA S =MfeT?

Wwﬁﬁ{ﬁ25cm%Im:qﬁwaﬁﬁﬂ@{ﬁu=—250m,9ﬁm
v =-50 cm §T I AMEU Tq: AfSd Biehd U I BAMT

1 1 1

fovou
1 1 1 1

TF 50 -25 50
YA f=+ 50 cm (3T )

0I°6 lo:2ibe
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o

3ETET 9.11

(a) Frere Ific <roge Tt safe o1  fag, 3 o 9 80 cm [ 81 56 o &1
STUfEIT &7 R BT S 39 SAferd h! Sigd ST k1 gl ohi T 3@ A o1
<m?

(b) FuH 9 fohd YR ST A F1 Herdl Sl 22 F1 g g 5 FH1
TEget 1 srafild w82 eEergde 3w S

(c) STRIK Al Gieh Ted HHT 7O =THI SAT =8l &1 T shifery, THr =i €2

&

(a) 3T9dd &9 I HBIHT U = - 80 cm, &HA = — 1.25 THEATRR

(b) &I arede H feel e fore g o SR I w1 €, W TR a5 g
T R ARG Hior s g (R foig W) 9 R ARG FI07 & THA Il 2
T3 Y 95 I AT @A AT TE 2 S foR Teiee of| 3 9% o STafid
T T ©, o 3Efere 3@ A el Wl € ok 9w (rufd g o s
yfafeie HERR) Rl A9 o R fog WA o ® T A9 o sfieued W Wit
T 3 2

(c) TTere 3fie Sy AT o1 I fehe fog @9 25 cm X (3727e 369 off
H) B Tehdl B 3T TYH (T HT 9% 1 @ o fow) o 91 g ued o
fere, 38 g &1 25 cm W 31fe g W @A AfeT, Tfeh & H1 T
9 g 1 Ufdfee 25 cm | FH §U W T 91| TKh 1 Ui HS (@
o Hfafaa) & 9 25 cm @ @fue g W e @7 €, T w9 9 S wEe
T B B € v 39 T S @M 25 em T g0 R WH @ F 3T
€ A TYHT SANT € UGl TEE Hdl 2

ST 9.12 () 9 3 g forddt safem =1 fehe f6g 390 @ 75 cm R 2159
T I YIS T F SR S 39 AfR Hl AT ¥ 25 cm HI TH R &
&Ik I T T A S M2

(b) G¥iue oF fohd YR ST Al 1 HeEdl HLdl &2 R oF 45 o e
1 TG 1 SAErel e 22

(c) ST Skl SERRT S T SO <A1 Sl <Edl €1 T SHifsq, U o7 22

&

(@A) u=-25cm, v=-75cm
1/f=1/25-1/75, 314@ f= 37.5 cm
Glerh o it ARG el +2.67 SRS R

(b) GMeh o9 25 cm R W@ fod w1 9t yfdfsa (75 cm W) 960 21 39
Hidfer 1 shivia @Es foa (a%]) o 01T FEA o aUeR Bl €| THhT T8
a1ef @ o o ol ot el & ot sheret ol ol fishe o <1 @ for 1 o1
¥ o g Sfieueel W Bl Y ol 81 ey, TTE i W 39 WE o st
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