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9.1 Hfer

Wehid < | 51 (e qTet) 1 g 4 TEEH o Teh DI URE | oEd gashia
A 1 G Hied SYfed T Gehd A A €1 39 Agdgeh i Seed 9 gefua
faferzon (Aesd @ 400 nm ¥ 750 nm) 1 Tk Fed &1 GeT T Y TRl
@g?ﬁ@w%wﬁwaﬁaﬁ@w%@naﬁwaﬁ@wﬁm
Hd &

3T WM TI9 W §H YR o foaoa o 1ol Siagfe gN & amdl o1 Scerd
FX Gehd &1 T, F8 STcafesh i wiel ¥ THA hdl € 99, U, 9% e W |
T Al B 39 A H gl &Y H qHH W WA Rl o qHA o FoF TR i
A (o) IR & deN TH WO S Ghdl 21 999 §, 9 fad § 9= §e
¢=2.99792458 x 108 m s™! €1 3 T o fTT, S8t A c=3x 10°m s
o g1 fefd & gepter 1 =l YHfd § g S=aaH = 2

TN Sadsll URon o YerTel TR @1 | THA S €, (S b e 1A 8
¥ i@ o) 1 W Al Tt Bl 8 ik gl e WehTel whi Sgageehid T Al
o forgent qiTesd Weeh o 599 9§ B @1 39 <A qedl | amee Y Tefud
fopal SU? &R S 98 € foh 3ffen Sfio sl W o%qetl o WiEw (S ®9
Y oo G i Hife Terel THY Afesh) T qoil § TeRTe i aE HhT
Bt 81 S R emra s 10 W e, s feufd |, g X0 6w fog @ g
fag oo fordlt oRel Y@ & STfRE THA B EU AT ST Gehdl §1 39 U 1 FHT
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% Hifae!

forgor e € A T WehR W1 feRtoll o W W §heT-§e ol B

39 AT |, TH YehT¥T oF TR0 ®Y 1 STANT 3 Y, YR oF UE, Tqa0H
den fagror st 9REreietl & aR | faeR &3 a9 T9add o qa HaE w6
SYART I BU &F THAA q1 el WIedt Ta ST9adt geai g1 Ufdfaal st T&A1 1
ST | AT TH A 75 Wied S Hequl Yehlreh oAl ohi T T Hrd

fafyr =1 9o &=

WRTIT hT ShiUTeRT HISHT

[ 1 YR 9 el Ted Wil s U dgiiaer S1eaad W SHok Tord, Aeh! el Teclishuul
T Heiferd Hiferss AEEN 1 oo S <1 1 IR FRIAH! ok & H T Yeuish INEH & S 5N
T HTUTeRT WS i =i AR A faenfad foran sod 98 71 T 5y Sl sie-sid wul |
Tehfsa eidt €, fraerl S8 ST hell e o wfaied feran foh gehrer Sl 37 whiveme o Gehfsd
eIt B1 SR Tg H HeuA H1 TR TR Bl HUERT TeAHERET WeARY U1 E| ST AR o A ok
R W I W A1 AT oh1 T Hiesd T&d {21 T8 Toh o= Yero € for S whig 1 foret
frehe THAA T53 9 THUSHR G199 diedl € o 98 TEde o R 1 9o S €1 S I8 SRl T
Bt A A w1 qiHr safafid T 21 Wit gt T ®, IS o WA IS o 1 el i, 3d:
G o1 39 en © s off SuRafda Tedl €1 shelet IS o wised Sesh, 21l T o Sifeised esh E e
H St &1 ST B1 =S A aeh TR iR gl S/ faehe s shfrserell i gt YRR wWEfda w2

3TIEE i YRERAT i A 6% o faw, <A 7 MR wqd fhan o wivresti &1 = sia
Ao Hid §, I HI e Aok Bt 71 9y, 9K W A8 WA g fF YR BT At A A Hid
o o 1 eTUe %W Bl B

TRITITRT o & o, FATRdl o ®9 H e, fagidardt e ®i go § el Afusk 3@ 9| 3 e
Ut aferere 1 Yeror feman FreRl wfurRTst o Wi o T R g Hie 71 SSe & o, S o 7
TR 1 Tdel fhed o SR fafs= Sl o1 Yeqor| YehTeT oF ST TRe ol 07 UH &1 Ueh 311 30
21 S+t g TO1 A (Swimming pool) T Sl H 2@l €, 79 98 AU =l I Widted o SEH @
& € dfehd W1 ¥ a1 4 o @@ ?1 =g A ek oA R STl o U8 R i hiforeredl § 9
&S 1 W Bl © q91 FP IR 8 Sl ¢ W J FehR i wivrenet § 9% fhg e o ey
R R fohal ST <A 1 F© TN, TR IREes i aReea &l qet f5eh gh a8 M=
foran s werar on T =1 it wafda gl eteran &l qenfy, 1= aREeet &) = men & o fag
g AT UST o hTorehd T8 =Heer idl € S8 foh of waem ef| Tl giaen wehmt o i1 &9 § Tl e
S ot S Al 9 g A Sl i GREH W S e q | §¢ Fehdt 2

0.2 MY TUUN GRT WehTIT ohT URTadA

312

TR e ok faml @ uRfed &) weda i (erefd, wrefdd fR qen weds 7
31efa U1 <k AT fag W sifed oF o 1 WRIVT), ST vl (sTafad feRor
A UV ok ST g stfirete o offe T U1 o SRIER el ©1 $Eeh Afdfie,
3Tafad foRvoT, JRafda fertor aen Wads I8 o o9 fog W Afeld T & aqad
4 g € (Fa9.1)1 3 fw foredt off wreades g, = o @oad &1 o1 dfshd &1, &
Yoo Taig ok forw 9y &) et g oo faa=m o afeha ol w1 o fearfa, srfa
et g3t ask & Hifia Wi 39 fafa § sifyela diem &1 acrd, g3 o Sfmaaq
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foig W die U wefl W o diw 21 ghen o g7 gan
o Afcia ehar oo o eTgfee Stuiq saad foag i
U1 o dohdl ohg W el aTelt Y@ W R

T UEA € ST H goh € foh el <Uul
M s U1 §a Hedml €, Sefd Mol od o
ST % 1 T s hed &1 el S9ur & ya
eIl aohdl ohg ! THAM ATl TRt @1 §&T 3787 THeadt

21 el ol | St R 319 ag 28, YRR 9 o

e Wi § e orelt @1 g7 378 e €l forx 9.1 smafad fowor, quafda fewor qen Tueds
I3 o e fag W eIyt & aa ¥ B €

9.2.1 Tug uRurEt

TMeftd YN §R T e Teld @l §RI ST9erid oh fot Jefieh 3 e we
& o, weyem g5 Sfat A o faw wiE fag afael st g 39 g5 | 'd
#Frdlg fag TRuret (cartesian sign convention) @1 oM ®4I| 39 TR ok
STTHR 9% S THU/g o Il SR Ted  den geft REr sdor o Yo steren of g ok
HIRTF % ¥ AN S 21 SaRdd TR

#1 foam % TR T 3 s W S

e it T enafaa wehTer Y fen o fada AT $R W ]

<

A & (-8 o SAeiee, SURGE! AU gy

(fars 9.2)1 x-318 & T o Sdu/eid & ?ﬁww[
SreTgAl eI AT S € (Fere 9.2) | St

» X-H&

I et w1 o for ST 2 JWW%
M= O IR o Wy gH el [

AUl o U Tha §F qo1 Mol @l o6 s 9 sfat woTeE
foTu weher g1 firel W € den 39 96 g e 1 3R

Sqfad geRTeT it faum

fafi= feafaat &1 fvem X 9 2 R # fel e

forx 9.2 wrdta fug
9.2.2 el FUUN &l Wik g0

o1 9.3 o <wilan 7o € foh ST 1S WHIR FehI-GS fohll (a) STadet gUOT qel (b) ST
TYUT, R SITd el @ dl o Bl 1 89 Tl I8 Hid @ foh TRl Swiefe (paraxial)
€, a1 o TUU o yd P o ke o fageli W erufad € 9un gEA e W B i
A E| T Rl stade <90 o g s W fag F o s g € [fe
9.3 ()] 3Ta YW o fou, wafdd feol 39 g o1 W fog F 9 stoafd gt
Wt gt € [ 9.3 (b)) fg F <401 o1 G&7 Biend sheell 1 9 FHia Iuref=
THTYI-Gol 378 W HIE HIV SH gT YU W A il © o it fohol g sven
% fdg F 9 o arct 9o g o1 o sifvciaed ad o fhdl fog ® sifaafa
(31eren 39 fog ¥ oT9ERa Sl Udid) B 39 T i IUU 1 FHiHG THAA HEd
[ 9.3 (0]

U0 & HIRY F A 4d P o s 1 g0 00 K1 FiFG 58 FEad! g 9o 38
S B ffdse fofan S 21 o1 79 Te <9l € foh = R/2, el R0 1 gk
21 fopelt smafaa wehter fopor o qXrerdA @t st fesr 9.4 o <wifeR wE 21
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(c)

o 9.3 319aa den 39 <91 o HishH|

T T C <407 T ashdl ohs 81 q&T 3187 oh THIA Teh Tehrl Tehor W formm
I St gHo1 ¥ M W Zoh3dl 81 a6 CM foig M W <401 R aifireial g | efifeg
0 M9 1o € qel MD fog M @ 487 @18l W e 2 a4,

Z/MCP = 0 @1 /MFP = 26

(b)
o 9.4 () Ao = YU, qen
(b) 3T Merd 907, W foret smafaa

fSRT0T o e hi SATTHLA]

te_@at 29@ 9.1
3W,an—CD941an ) 9.1)

0 o o "l o few, S for swef fReo o fow we €,
tanf = 0, tan 20 = 260
Ty, FefiehToT (9.1) | Wi Bl @

MD MD

D ~ 2 CD

CD
AYdl, FD = Y (9.2)

Ao, O o @AM o fou, fag D fag P o wga e ?1 g@fag,
FD =f 9o CD = R | 37: T (9.2) ¥ W &l ©
f=R/2 9.3)

9.2.3 TYUT HHIRIUT

I forelt fog ¥ TR TR YhTel fohol TradA ae/3ieral STuede o
wyerd ferelt et foig W foerdt €« o fag weel fag o1 yiifea seam
B 9t ool emea H 3@ faig W tfraiia et € a wiafas aredfas e
21 3ok foda, afx ferol oreqe o Y foerdl, Wq 99 &1 @R "8

WM R 39 fig ¥ ov@ia Bt i e § df 9 fafss gt B §1 59 R
forelt a%g a1 T qeA/3TEl STUed g TMfya Wfdfae 39 a%q &1 fag-X-fag
314 AETET Bl 2
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fagia &9 #, en o&g o fdt fog o Feher ol S
fohol & TWehd €, 3k WY STRfEd A €, IR Wieesg faig
T T € SR 30 Wb, TRl Tt <dor gRI queEde o o
o fret fag @ widfss W@ wd §) qenfu, oFeer o
frferfiad Tl o @ 5 & 3 oot o gl e 2:

@) foret fog @ o arelt g fovtor St g 3181 o IHia
B Wafdq o gd0 o Wi ¥ o 2

(i) =@ foror S foRdl sTaqe <Y1 o Akl ohy § TSIl
T e 39 U0 o Fhdl g W Sdl Yetd Bl 2l
Trafdd feRLon sheet 3191 U Y SiEd S B

(i) o foRTor S et sTaael SUT oF H&A Tiehd | TSt
2 1ol I AU ok eF BiHd T Tl (HT AR
few) wdlid et €1 TwEfdd R0 g @1e o WA forw 9.5 el sreael <60 g wfdtas = w5
T w2 fator amE

(v) g fopeor St ya W ferelt ot shior W emafaa et 2
i fehTor, TXedd o i w1 qre St 2l
for 9.5 Fo & g AR Frorert Aol i Rl 51 e

o @ fertor-am@ <wifar 81 39 sfede 9O gRI SR T foe AB 1 widfsis

A'B’ (34 fearfa o areafaer) eifan w0 €1 s@ent T @1l 72l € b foig A 9 shaet di

foptol & Fiemerdt €1 forell oft wia @ @l fewmedt & s fortol frepert ©1 ord: Afg

fog A 9 fieher arcll Tk fohon, ferdel <901 GRI 9XeH o 99=d fog A § R eIt

g i foig A’ fag A o1 amafaes wfafas 2|
319 &Y Y07 Wil Fean foa g8 (v), wfafaa g (v) T2 ®iehd 34 (f) o6 o=

Iy g H|
1 9.5 9, S THehivl 5195 A’B’F el MPF ¥0&q €| (Suefa feru o form,

MP ! & @l CP o oieed | S Hehal 81) 37
B'’A’ BF
PM FP

B’A’ B'F

YAl EZE (QPM = AB) (9.4)

=it ~ APB = £ A’PB’, GHIUl T19si A’'B’P a1 ABP ¥t @&y €| 2r:

BA_BP 5
BA BP ©-5)
I (9.4) T (9.5) T o FH W H W1 &M
B'’F BP-FP B'P
= = (9.6)

FP FP  BP
iRl (9.6) H TRl o aftaror wftferd €1 o1 g fog IRl i o] w2
TR I T € o genrer foia @ ot MPN %1 IR THA &<l 21 39 R 39 f9m i
¥ fora ST 21 ¢ P ¥ foia AB, Wfdfsisl A’'B’ @@l Wish® F deh Tg=H oh faig
T STrafad TehTel 1 fun ok foradia feen & oA S vl ®1 gl B4 < o fom

HUMHE BT 37T
B'P=-v, FP=-f, BP=-u 315
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% Hifae!

TR (9.6) H T TN W W U Bl &
—v+f=—_v

_f —-u

+— ==
¥ (9.7)

IE HaY YT GHIFIT FHEA Bl

o] o WSS o Griel Hfafsis b1 @rge ot Uk Hewyel formmoia ufdt @1 7w fohd
<Y1 o fEeh EHT (m) i Sidfes o WEs (W) 91 foid % "Es (h) % 31U o
wq § gftfid @ 81 31a:

m=% (9.8)
hden h'shi A= fag aRaret o STaR JFcas ST B foran smam fsgsi
A'B’P a2 ABP, § ¥ fHer 2,

B'A” _BP

BA BP
o afturdl & W, I =8 ST

—-h_-v

h -u
9 UhR
_N_

m= h Z_E (9.9]

Tl W T U0 GHIHOT [HHR (9.7)] qe AT g [HHw (9.9)]
el TYUT gRI & ardtaeh ael See Widtes o folq e fhu &) W arsd |
sfaa fog 9ROl &1 ST FE W, I &Y Meltd U (Sfade 9o 39e) g’
e o Heft SN (=R wfafes arsdfaes a9 a1 ) W o] B 1 et 9.6
T 31gael qe I AU R ST wfafers s WA o feRtu-a@ e e ) a1
F g HAMI L Fohd & T THLOT (9.7) 921 (9.9) 7 3N o fow ff 7= 2

A M

Qe

316

@ (b)

Tora 9.6 (a) 31ada <Uu R wfafed &1 T Sefe foa fog paen F o e feer @, den

(b) ST YU gRI Hfdfea i T
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IETEIUT 9.1 A cfifore Fo 9.5 ¥ IiT s7aqel U0 o Weds I8 & A i
afren 9T ferelt STureett (eToRmerdt) weted @ e = wan B <du o g feord feneht
foa o <07 g1 a9 wfafea W SHHT 1 YNE 9=

'A

9 T Hehd © R wfafare | o 61 e 9wt @ <m wg 7 9 gu T e
o e <dv o 9 9 R o @] B €, or: <du grr fere s qof gfafee e
Aty ifeh Tt gs3 1 Skt %A e T €| safe gfdfas i died w9 @l
ST (36 I3 H e |

ISTET0T 9.2 fordl stadet UoT & gEA @181 W U AieEd GiF @ 81 StEa o
N g Sidfee 1 TEAT <MY A it for el Teham = et 21 &0
gfafers st faerfa <dor o @rder i i feerfq w el s 22

(D8 _—
o </

9.7 & W o gfafad &1 T 1 Feh91-fontor @ <9 71 31 & 318 o
Fead wudel | ferq a1 gfafss ST g9aa § g I 3 WES 61 e, Steid
B'C = BC| 39 @4 € q0f &9 & 9ugl gohd ¢ ok wfdfas & fapfa =i 22

IETEYT 9.3 g a5 15 cm Tshdl F51591 o 3Taqel 90T ¥ (i) 10 cm T (i) 5 cm
T W @ 21 v feafa o wfdfee w7 feufa, werfa qen e afssfom #ifsw)
'
HiHT gt f=-15/2 cm = -7.5 cm
() 9 38 u=-10 cm | 7@ THEH (9.7) ¥ I BT

o+ _ -

v -10 -75

_10x7.5
-2.5

gfafae foa w1 faen # 399 ¥ 30 cm 0 W S

AT =-30 cm

yfafera smafifa, arafas qen 3ae 2
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% Hifae!

318

(ii) 59 & u=-5 cm 7@ FHFT (9.7) W
Lo
v -5 -7.5
_ 5x75

_OX75 g
R (T R

yfdfesr 901 & TD 15 cm T W 591 B1 I8 Widfsa S 2

g yfdfaa smafia, st den dien 2

ISEI0T 9.4 T ey foh ama ferelt e R o 93 B 319 2 m kel B o igel
<99 YT H TRt HTereh ol ST SR Sl g3 2 B A ok 5 m s 1 =i 9 3g
@1 21, A ST Hffeisl fohet =1et & g1 Udid e Sk e (@) 39 m, (b) 29 m,
(c) 19 m, @1 (d) 9 m I &1

T
Tdu FHteRTT (9.7), § BH WK Bl ©

_ Ju

u-f
39 <4U1 & fou, Fifs R=2m, f= 1 m. &
_(-39)x1 _ 39
T 39-1 40
it ©Maeh 5 m s i TRed! el § =erdl 8, 1 s 9 999 (u=-39+5=-34 m)
o foru gfafaa =t fafq vt (84/35 )m,
q: 1 s § yfdfea =t fearfa | fawemgs gmm

39 34 _1365-1360_ 5 _ 1

40 35 1400 1400 280
THfIT </d eesh 90T 39 m 9Al 34 m % &= § ©, A yfafad %1 e =l ©
(1/280) m s
TH YR IE 3@ S Wehal @ o o6 u=-29m, ~19 m qM1-9 m ® aa 59 =1
4 yfafsa 7fq ¥ wdia e 98 HE:

Lms'l,ims'1 qen ims'1 Euil

150 60 10
T HTeeh Teh STiad] =rel 9 TG © qifd eerh g907 o So-519 fehe smam
35 Wfdfad &1 =1 § 9 gfg Weid erdt Set| 98 qiee fRet fEer @R steren
feer o9 o da1 I ft =l @ Tk €1 A WS W T el a8 Teh SR =e
Y TR 99 37 @I @ A, Feid gC el § 3 YehR shi UfEre S S Hehdl €l

15}

u=-39m, v

9.3 3MUadd

o forelt arEell "reEm | T Rl S W fRo-ge foRet SR uneRft mem 9
THUA B, A T HT Teh 9N Yged HIeAH § o9q qUetdd B Sl g1 Sk 39 |
T e | Yo Hl €1 B0 E: fREl fRto-gst w1 wehrer skt feRvor g freft
H &1 T HIE YT HT R0l Tk Ao W TR e | fdes emafad (0°< i < 90°)
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B T HTT €l I WieEdl o Ay W gHeh (1) e
ol 1 Tewn uftefda &1 St 81 39 e i g
F1 FUFAT HEA ¢l T A YA N eTvEdd & Sfaq feR
Trfafaa fom gfqufsa foea)
(i) eTafaa fersor, sTaafda fohTor Qe STagss oF I
fag W eifcia, wh € wHad o B 2
(i) Tl <t mreomi & goer o feru, sTudA Yo Y i
T (sine) T SYSA IV T ST T 3TA Th EEGF
e 2 2l
1 G, I hI0T (i) AT TISGH 10T (1) o T
T S e foReor qen srvefda fereor smaet: sifireta o rgafaa fere
Y S B S

o 9.8 TS &1 A9 de WeH|

=Ny, (9.10)

7 n,, T feoRiw ¥, fS9 el WieAm o Qe QR WIEAH w1 7T HEd B
GHIHTOT (9.10) UG & Ter & 777 & AW W S S 21 e <9 4 9
7T T n,, A TR & A 1 AT T (T T THRT Y e W ot fei
A ), W TE A H101 W R T |

FHERIT (9.10) | AR n,, > 1, r < i, ¥id s1vafda fohtor sifcia &1 3R g2
ST B1 TH S9N A WieAH 2 1 AEAW 1 hl gl H Fhid: G (1een T H,
TI) WEAH hed 21 39k A Ak ny, <1, r> i, @ e feRvor s §
Hedi €1 98 o8 feufd € forad enafad feror foneh wem wieem o 7o et g2 forat
e W afefdd et 2l

N : YHIoTF Fcd TN 5THIT e o aie Y9 397 781 81 =NeT| 54T Fcel
THTF ST FT ZTHA &1 98 GUT & 1o 6T G111 To7 Heqq %1 Z9q7 F7cd
YT foReT ATeAd o 59 5cd § 4 81 (T T 51 qIeTdl | Fh1T &1
=IeT &1 39 )| SIER & 1Y, AR T deT ae
STe71 ARG & a0 &1 SFHI Fc STcl & KSTHTT e /////@gx\('\
d &9 B &1 AfET STHT FHTF E7cd 371 BIar 2 -

M, AT 2 H1 AT 1 % WU ST 8
A N, HEAH 1 BT HIEAH 2 F WU STIES ¢, T
Ie T § fo

Ny, = 9.11

12 n,, ( )

qﬁnSZm% 3T ZQEHTEI?JQ g fors 9.9 IR Fereh] o wid 9 safda et gehT
T T f735n32=n31‘>< Ny, F&Ing, = oo o7 wiiSes e

3 1 AIEAH 1 o TUe STedI ¢
e o el W enuiia o g aRome qta W R S e €1 e
AR Tiel H, e < YS! W el © (S-shi= a1 swig-arg) | fo 9.9 319
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BRI € ST | 3@ ST wehel © T 1, = i), $1oia
Tt feor arafad fereor o TiaR Bt —emafaa
fortor o wmey frfa forvor o g fagem =& =i,
R 39 smufaa feheor & et wi¥as fager &
ST €1 T SO guifed Ye 7 off € fF Sa
R fereht e 1 9 TR Sl el et © (e
9.10)1 stfcisea feem & fihe ¥ @1 W @
T S Tl © M W (h,) Srdfasw
TETE (h,) I HEEH (S7e) o STueadAis d fasfe
FHH R W B 2l
TRTST <1 ARJHET STUad STk ek URESATd
TTidT €1 SIER01 ok feTu, WehTel ok YT oh ROl
3 I Ao AT ¥ FS T8d 3R e
Al  qe Srdfesh A o s g9 U9 dh
gfterier g € (F1 9.11) | safaes gaied ¥ gam
ard ¢ fafest @ gd &1 SR e o 9.11 H
o7 9.10 (a) s1firctaea, den (b) fad® <¥F & f&rﬁraéswﬁaqﬁaﬁamﬁwqaaﬂww
fere, SHrel T T W e o g = e A e
AT ieh <A T €| Fetd o |der o w1 qedie 1.00029 Bl $Heh ROl
g w1 feen o @ end feuft (1/2°) w1 st faeend g @ fr@ent ardfer
e qen s gated § aeEd SiaR e 2 fiee #1 gt qen gaikd & gy
gl 1 S U (SRR pid) off 36 uftee o wRon € 2
o e

forx 9.11 e eT9ek o HR0 Adfash THF | Jd AR q01 adfash q99 o6
qYETd AR T T B

IETET0T 9.5 Yl 3107 3181 W Ueh FuiH i ® 24 h ot 21 gd o |rer gest
Y @ I R 1° faeenfud gF & R wa onar 22

TA
360° fazenfyg R o fau fa=n T 99 =24 h
1° fozenfya e o fau fe@n 7= 999 = (24/360) h = 4 min

33_I0T 9.5

320
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IEZUREAIFEIRC]
EEQINEICEN

AT §AT SeeT, Sie T&eh qeT St ot Fam

oo o <Y S8R T SR @1 @ PQRS W o=k Y| didl o 9l 65 G W §el T Siaq
87 sh o9 i fag C W Sad gU 3@l | @i, e qh HH-U-hH THT § T =edl g1 /e
ST G qe C o o= it o1 9rsd SR 21 R STH G a1 p Q
C o &9 W WA 99 GAC i M 96T, S19e GBC
# f59d @ § 99 BC 999 BT &M, A HIE 3T 94U
GXC? I8 Sl 8 o STt oRdl R e 1 =1t v, 3HF S
T & A v, W AEF T

A ST S e et g X W ga9 i €1 9
AT GX =1, 981 XC =1, 98 G ¥ C T Tger d fepn on - S
q9g B

l
S,
U, U, M

9 HF S FAGH 99 ok faT ST (X o fTaene o e STeshad S s aen fag X &t
39 feafd 1 J1a H T Al ¢ H AF A B T EE oo v R (8 &1 98 R vig
® ¢) o8 7 el @ o ek 1 Wil § 39 foig W vew S =iy SEl Sl ol e S e 81 58
e & fau SR & fig X W T oid LM Gifaul 9M ofifit /GXM = i 391 Z/CXL = r | 79 89 3@
Thd B for ¢ =gam e v

sini vy

t=

sinr_v2

Tt o I v, /v, Fafd § YehTer 1 o qen A H YehR1 o o1 Sl ST, HIEAH W TR
ngl

e W, =18 T €l AT HOT A I U, S & HeA a1 § o WieAerd € € dl e
T o fau Tel & a9 H ST STaeEs R

9.4 YUl 3MdRer Traad ‘
e YehTel TeREl WehTe: WM WiemH W WehIed: felel WieAw ® THA il ®, qd
HRYSS R o8 3AC: I9H U Teay § qREfda & S © qe 9 S ey o
et el Sl 81 39 YWed i dRe WeadT HEd Bl

el IS FeRTel feRtor TeM HieAm o fotet HreAw oy St © dl 9 tfied 9
[ e W 7, Se@eoned, fo 9.12 ® fehwor A0, B amfad o A0, aferd: wafifa
(O,C) T STe: YIHG 72T ST (O, B) %ﬁr% Hwaqvaﬁaaﬁm(r)waﬁm
(ﬂ@afw%ﬁm%ﬁ@é@wﬁmﬁq@%ﬁ?ﬁ% e 101 H off g et
2, S T foF R0 AO, o foTT STHeR IO BT B 11/2 (90°) = S| STt feRvon
ﬁw@ﬁﬁwyaﬁ%ﬁs%aﬁmwﬁ&maﬁ@m%lgﬁ
fo 9.12 % foRo1 AO,D 3R wfan T 21 A 29 hivr | 3o aAferck gfg i
aﬁ%ﬁawé?mﬁmmAO)ﬁWHﬂa?ﬁ%ﬂHammW@a
Wﬁh%ﬁﬁﬁ%lsﬁqﬁmﬁ?wm%lmﬁﬁwmmwﬁh
Bl € dl W : ST 9 W R €1 Sl §| gHiey edeh gss = e Tt 321

2022-23



ff fas & 7 81, wEfdd o geg eafaa
feheo1 @ & e 1 B ?1 SEd SR o el
TR H YT T i THA Tl gl

TE MU IV TSGR RIS I I
90° BT ¥, S8 ZAO,N, fau gu mresi & A
% U @il @10 (i, ) FEe 21 Fa o
[FfieT0T (9.10)] & SHER &H 2@d § & 4%
3TUaeR HIETH o1 STTfae Toadish U § &H e,
aﬁﬁ%smrmsﬁmmwm%,m:
sin i HH 1 HE Fod i 2 59 9% ¥z fee

faa9.12 ¥o[ Arem (S@) o foaie weAw (91) &
HATS R 55 A (T Wem ¥) § fafr= w5 w ] foRan ST Fehdl €1 T8 € i =i T UHR

smafad fRTo 1 ST9erd qem qui STidRe qEdH| sin i, =n,, (9.12)
ioh i ¥ 3t AHl o fq Tel o 7o o f7am i @y 72 fohan S Heha,
3T I USG9 &l 2l
e WieH 1 1 fatet HieAm 2 o e STdedieh e n,, = 1/sin i | WROf
9.1 W &% TEUl Hifdeh 0T i Geliag fhan T B

ARUN 9.1 FB UREI WIAHI ki 9T F WU hifdeh ahioT

B! 1.33 48.75°
FSH HE 1.52 41.14°
e fiede s 1.62 37.31°
KR 2.42 24.41°

guf 3TAfer WIEadT & 70 T 9e9iT

qf YehTfeTeh IREEAIST &1 STelehel ST W SUTT oie 2fd A1 Hohdsh ol JAM
ek oSl Tl § YEiHid fRa ST HWehdl B1 U hiw 1 sl olifoy ey w@res
STt e Wi B g A1 R o1 e # gw o) et feemse e St e
aTIferel 81 ST Teh R Hehdeh ooy ST 8eh Tehiul-got o 3Tl Stet § Ty
Y TN foh Sl o 3T TRU-q o1 U wwehien f@r I

fRTU-gS @l &Y o 9 9 39 TR SIfae fo 98 s i | 9 o 39
TS W THAU A Y @ U ¢ T 3@ A e (S A o A= U fag
o w9 | fe@rg 3m) qen o1tk etveda (S arg o kel B4 R T fag & w9
T feer 3 €) e 2 [ 9.13 (a)] ? 316 &L fohu-qs i oo o T 3R 9
39 UHR Tfee & I8 91 o $0 g8 W fade ewm [fod 9.13 (b))l &R
fRTo-g =t XN 1 30 YhR THREAING SHifSTT foh STTaeR! THT <hivT U 21 Se. forad
A o T8 o HIL I Ui FY H AT B S q2 fohio-gs quf 9 9 5 °

— AT AR 8 ST e T &9 gl i wad B

2022-23



[EZURCAINEIRC]
EEQINEICEN

TH 5 I Ueh el el § ST el ok YT hi 39k SR d TIfeg
St ok o 9.13 () ® gifan T B1 e fRRur-gst 1 9N 1 39 YRR HumEife

WWWWW%W@W@EWQH%WWWW
2l TE 999 WAl € © S foh wehiiiren dqef § e 2
& W foh oo fro-qe & et ff dien 7 2@ ot 7 € 38 et & =t

w T @
9.4.1 Wepfa ¥ YUt aniafier WTad= qem 39k RNt 3wt /@\
() #faer ; i o T KA | gest o fhe & 9 T W FW &I a1g &

qor o arferen T € S €1 A w1 STuedieh el o W1 §g Sl ¢ T Ay ®)

U I B © AU SHHT SR IS a1 F1 qor § FH Bl 21 A Ay

v« €, sterfd, o1 wid @ df o1 6 fafe= ol 1 WeRliTeh sl S o

1l el B uRurmEeEy, e S a5, S fRdt dg 9 emar gen weher U@

HqrezH H T el @ TR STqedish GfHysS i SR Sedl Sl §1 37d: 39 bR

1 o W A STl FohTel 1 TRor SRR fvets o ¢ gedt it € iR afg

IS o I8 &1 91 & fAu sTaad v swifdew & @ Afes @ ST at 9%

wof sriafies wafdd it 71 39 o 9.14 & Sefan A B RS Uk o feorg,

ThTST Y o el A W a1 g Wdld gl g1 Yereh Todiieeh &9 9 e

M 1 © TR a8y gfagss 9 €, S, S o%g o gHiY wiol 9 R feRe ©

dTele = 9ER | TEid glehl SH o U8 @1 | el S o 1 39 YR o 9.13 e fm s
o1 Sotel wfdfse eyd Sca=1 il 81 39 UREeHT i e Fed 81 30 YR @ S § uof eviai
1 FfeehT qw weweel § oTefd WET §) M o Al o, i sm am wR d qweds w1 G s
eI U Teoh W, fo9IY 9 9 HeMR W, TS 1 G H1 HIE 9N Tewl g (FHiE w1 STH Hed
BIl €1 Wi STl 39 39 €AH W Ug=d €, dl Y| Tetq ol shig qH0T e Wmawm
fiern =g off whfaew o FwRo ) B A AT 1A

(i) &7 : ER ST o = o for Wi ¥ SR S W T Y S iR T | T )

o qui 37idfieh e o HRO 2| ER-1g SATYS o FAu shifcsh 0T (=24.4°)

1 HH 9gd W ¢ ST A Tk aR BN § Yeh1el Y9 T ST o 3Hoh ST

- EET .
TR A
g e

(a)

ot 9.14 (a) fFet Yo 1 U8 &1 39 TRferfaa o fg@E 3 safe gy o6 S &t
g THEHH A9 R B (b) 5 XA o iR o w1 W ufted! g W et & den
Tt o U ki TRA G TRH B € @ [ U T T AT FoRTET B
of erfafish TeRA el 21 323

2022-23



45°

'J>‘r>vw

45°%

190’

45°

TRTRT oF U 3TidReh TIEH B i STcfeh
FaEATS Bl €1 Yhfd § 9T S A
B 45" foret R & oo Tefatfed 99 <9I B
L. #R 1 -2 E AR A FE
v g 1 AT qga W AR e 2 R
)f TR Al 3o PR T P SHH iR

> —
1y

J Y

ol

A

Il}: - Tl Al TEd T ST Hehd B
43 (iii) f9 : YT 1 90° e 180° R HeH
& faq fesmea fore o fommi o gof eviafer
WA 1 3TEN o S @ [ 9.15

(b)

(a) 91 (b)]| T fosm 1 wfafda = Tz
Y fo1 =i 9Radd fHtT Soted o fau o
ot feman e © [fa1 9,15 ()] v &

oz 9.15

foRYon &1 /2 qoN T R WA o fag

(c) frafadi o fou, frsm & 9 o wifas
U i 1 452 H HH B =AY HROf
9.1 3@ WY I8 UM & foh <1 & YR

o1 yfdfaa o drest § ufady fhu 9k Iered o fou feseq
fopw o it o qof sriafter wed= w1 SwE fHan S 2

3=d n

& i w13 qen firele & foru a8 9 2
(iv) THITH Tq: STSIhd YIRS qgeli 1,

g7 T 3¥F Hehdi I @l g qeh Fard
T o fIT =19 &9 o ST R S 1 Wehifvies dgeti ® ot gof sriafer e
1 GRErHT o1 SUART fehal STt €1 YehTiTeh o el 70Tl oF W ohiw/aanda dqeit
T Td fopan ST €1 Yok dq | T %I (core) AN 3% (cladding) B 81 g
o qR1ed k1 ST STS] o TSI i gl | I eIl B

e YT o TY H IS Gohd SfUd R0 W g ok Th R W K= g @ @@
Ig I A o ITEY SR-aR qof dier wwEfda e € qen ofad: W fe 9
TR fewet o1 © (F 9.16) 1 ik g =/or H
WehTSl W1 YOI A TXEd Bl € SEfeiy YeRel
ohd o1 oKl H ehig faei 81 & Bl FehTeT g
TH YR oFIT S © T T 3R o o1idlier 7% W
REfdd B oh I¥Ed SR I T YT Shifded il
Y arferh w0 R AIfad el B1 TR aeh o dqq o
e e W off YT d & i IR A F

Tera 9.16 S el fordll TepTfvrer g o weran € WW@EWWW%IQW@

324

TG Hifeh qoi STiafes e Bl 2

YehTYT T WERTIYTd WIgY (lge 1g9) o &9 H WA
feman < g 21

ThTTTeR dqet o dgel (To9) 1 o TR 9§ SYAN fhar ST Hehel €1 FehTfiTeh
dqel 1 92 T W agd Hehdl, TSR Sfud Teegy g0 wehw # uReEfdd w1 ol
€, o U7 qen At | SuAnT fohen S 81 T € TR WeRtien dqati bt SuEn
YeRTToTeR Hahd 0T oF foru off foranm S gehar 21 30 & fow, 3 evdfe o,
STH— UfehT, STHITE G S o 39 Sfeeish o foiu ‘ege UrEd’ o ®9 § wA
el ST 21 ST TET ®Y W SUGS TR Wi dgell d o geledt ofu <@
B & e o dqell o Tas fR Tk Weal S WOl S § 1 g gt W

2022-23



IEZUREAIFEIRC]
EEQINEICEN

O T U T o & S0 el il 81 56 o o T ol ‘3’ i €, @ e
e g oh e W ol gall SHeh WA fR i Ak W TH YN fo9g & €9 H
fe@m a1 21 36 YR o WolEe! ol o dq W dq

TRIeTR dqett & FmEi § yg@ steveashdl 97 T fw e iR ot it @
FT GHA YT k1 STFENUUl SEd HH B WIEUl 3H Faes o ugiel o gied
e fafyre fawem g1 aFmen S €1 fafes wiw dqefil o 1 km o9 dq o Wb
o 95% | ot sifush 9T i HERd ®HEN 9 @1 (TH! go 1 km WRE &
figgshl o i o slh § ffa Ffaerd Fehe1 o S0 1 ST 3YUeT H €,
T Hifsu))

9.5 Ml TSI dem |l gRT 3Tuee

379 o B A SAUYSSl W 3Tqeid o fawg | faem R 21 o v < uneeft
TIEAH] oF Ml STaUgsel R T9aa o fawa o faar &3 fordl Mefa g o Td
ged AN 1 GHASAE HET S Ghdl @ AU SHeh Y o gAw fag
W GHH STTed o el 1 SyE e S gehdr @1 el <du gRI e whi
& wifa auaA fag W tfes g & 39 fog W 99l qel o oieed Bl €, 99 98
THIfAT I3 o aehell g © TERAT €1 8H T8l Thdl el I8 gNI e1ved= W foem
FHUT T Tk IYIT Yqel @l ki == HOT HiE Udqel od § el g8i ¥ o
IR HeAd el v; e 9 9§ HH U S avd g 1 Sietl T e
e gr1 fafda wfafsa & fog o =1 sy, fFet o9 o & gf W, s &9
T Heh TH Iqal ol oh fT @9 "ot g3 U1 3Tk UvEld ol g3 W Sl

9.5.1 fwdr el gss ¥ 1dad

fad 9.17 & ashal TS R A2 dohdl ohs C oF Ticld T8 o A 315 R e et
a5 & fog O o wfafee 1T =1 st sanfafa <@l 7 21 yehTer foeol n, sTadish
o foRelt e @ ST BTy, ST o fRHT ST HieAW ¥ S €1 gee i
i, &9 53 1 R (AT UYd WE) 7 Helg Rl 1 gor1 | HIH! BT o
€ qIfeh SAETIHATIR o HI0 HiTehed a1 1 ek | fa99 &9 & 89 NM &1 N
Y g 19 R T i A o I SRR | Tel W

tan ZNOM = e
an = OM

N
tan ZNCM = —— <

tan ZNIM = M
an = M

3@ ANOC & foru, i afgerior 21 omd:
i= /NOM + Z/NCM

2022-23

325

forg 9.17 < Al &1 Yok & Tt TRt ety
T8 W TIEH|



% Hifae!

Tg gefafd € o Tuer a1 @ S Wi oeqd agd gesa fafnor scafsd w2 geadt 81 e atmesd
RER o aeqd fafertor Scafsla sl e gHeh TH ard W R s €1 o awttis g Seafsia fafento,
IR0 ok fAU, i TR g o9 frHeRt @g 2850 K B, 31ifveh €9 9 o1gyd € qe gEAd: Teie
(31al So) AT | B| SE-Si9 fiE 1 919 9gdl €, $9eh g Scafsid fafior gva 9 H o7 S )
g fSEeh I3 1 A9 oR1s 5500 K ®, fafertor Seafsfa el 81 gaeht ol o1 quesd o ol &
w9 § i T WE A =550 nm R Tk FE gwid & St 2 a0f o G | qen qeR 599 & o
T § 2 foreht XU U fie o1 Sell-auresd foawor I faret aemesd W R <uiiar ® 5 fR oS4 fie
% WH Y o hHd B €l

A 35 §RI 9a FRT TTT Yeh1el 1 |19 FHIHTT hecldl €1 FeheiHta IR fnarcas aftee
1 W9 B S HTE A gR YeRTel ol SEYA 3R TSkt ge et (optic nerves) gR1 HeRUT qe Wik
g Toreeioon Bl &1 Wbt i 1 wq@ Hifdes TRE — (i) W wt S e, (i) 9ia 9 gerted
RIS el i TR, T (i) 5 o1 FR1%T Eedl &1 S dlieiar (1) 1 SIATSeh sheel (cd) B1 sheel
fopelt feom o Seiifd =t = e © S 540 x 10'2 Hz ST o Tehavita fafentor o id o Seafs erdt
Bl e 34t feen o fwert faferor e (1/688) are gfd Wifead &1l Af s YRt 9 T Rifead
o = 10T § Teh cheell S <ol ol FehT¥T ScafSTd shedl & ol SH S shivl § ScfSId el Seifd el
Tk g7 (Im) il 81 100 912 &1 A @19 S Feh19l desl RIS 1700 w0 Scdfstd il 2|

et o Wit S & TehHE UE g @ o Eien | S ek €1 39 fRE gss o g
&5Tthel WX 3T S Fered (Im/m? 1€ 7o) g1 R femen S €1 SAferenist Fehremrdt 59
Adifgw oftr =1 79d 21 ot 1 SAifa doar o Hid g Sea= Yeifd B 1 E = I/r2 g S
e Sl B1 TRT r U8 @ G o ot i dadd S0 @1 Scdsil 1o wiedt w9 gesi i gha
(brightness) % el i < o forg weh sifas f¥n 59 sFifqd=ar (L) e8d €, 1 9
&1 3T Ashed /m? © (R 32 # 'nit' ot hed ) fohedt 378 LCD sheget wiHiet i gfd oiert 250

nits gt %I

;- MN MN

ki ikl (9.13)
OM MC
T YRR
r=2ZNCM - ZNIM
MN MN
aFfa r—w—ﬁ (9.14)

n, sini=n2 sinr
AT HIUT o DI Hl o T
326 ni=n,r

2022-23



<o Geh1i¥Teh! T
EEAINECICF]
GO (9.13) T (9.14) § i roF I W@ W &Y W a1l &
n , n,—n
—2 = (9.15)

OM MI  MC
Tl OM, MI @2l MC 3Rl & uRmmi =i fefyg w21 wdia fog a0
STYAN L W,

OM =-u, MI = +v, MC = +R
TR T G (9.15) § W@ W EH U B ©,

n, 14 _nNy,—-mn

T_?z—R (9.16)

THIHT (9.16) ¥ B T qen yidfsd o a9 | Weay o 3T9adish den el
dfehd Y3 w1 ashal 5591 o TR o &Y U HaY W el ¢ et (9.16) TR
ff YR o dfehd el 958 o foT 7 2

IITEY0T9.6 919 | W Tt fg Wia o wehe1 v o et Tielid g8 W = 2|
(n= 1.5 @ Sl 5591 = 20 cm)| Y191 Fid %1 &= o I8 ¥ g 100 cm
wfdfera el sHm?

'

Tl W, FHIH (9.16) W fu g3
u=—1OOCm,v=?,R=+200m,n1=1,FMTnz=1.5@#‘1’(

T W e

15 1 05
1]

+
100 20

Al v =+100 cm
wfdfsrs smafaa wehTer &1 faen ® &9 o5 = ¥ 100 cm FT T W S

9.5.2 Tl &9 gRT 3Tqad

5 9.18 (a) & forell Suamet o gr widfsa-Torm ot sanfafa <ofd 7 21 5@
Tffsia T T T < TR0 H @ ST TR ¢ ¢ (i) TEen e g8 f5 O i w1
ST 2 [ 9.18 (b)) s 1, TR I3 gR1 Wfafara [9+ o foe st fofar st
«ife e e € [ 9.18 ()] Tl (9.15) &1 SYAN T8el SHyS ABC W
FE W EH I BT

oy myemy

OB Bl BC, (9.17)
TR HTYS* ADC & ToIu ot THH Wlhan o1 S9aN T W W WIa el @ ¢

L IRL WL Sl LY

DI, DI DC, (9.18)

e ST 19 ADC % IR 3TR & HeAH 1 ST n, © Sk 36k Al R T8
n, %1 THeh fafed DI, omcae © sHiifeh 0 St WeRTer ki o o foedia fen o
At T 2

2022-23

9°6 lni2lbe

327



fepdll wael o9 o fag BI, = DI, | @il
(9.17) 9% (9.18) I Sigd W &H 9w 2l @
I 1 1 1
—+—=(n, —1n) +
OB DI [BCI Dczj 9.19)
oA efife fad Fd W ? @, OB — oo qoll
DI = f, 98 9HII01 (9.19) ¥ U<l 8T :

ﬁ=(n2—nl)(i+ 1 ) (9.20)
f BC, DC, :

o fag Wl od R W e o1 gfdfea o
€, O 1 BIHGF el & 91 S f §N SEeh!
Py g0 U Bl €1 forelt o o gEeh <Al R
q Py B4 ¢ Fau I fag aRae gr

BC,=+R, [ 9.18(b)]

DC, =-R, [ 9.18(0)]
Tafert iRl (9.20) + foran S Tehdl % :

1 1 1 .. _n
?_(”21 _1)[E_R_zj ( n, = nlj (9.21)

THIHI (9.21) T AG-HH GF o &9 H
SET S RO ®Y Y A8 gA Sfud okl

C, I o U L froeil & i % ST gR1 aifed B o0 %
I / n ol #1 sfeher (fesed) & o syEmh 2

C &I <A I 91 98 ¢ Toh 7 g afeae ol W)

S ot T ®9 ¥ A1 B ¢ 39 feurfq § R FomeTh

o 9.18 (o) fora &1 froifa qo1 so@iae ofg g ffg Q1 R, ¥R BT €, THCTT f EUTGH BT €|
yffeia (b) e Tiehd I W ST () T AT T8 W efiehToT (9. 19) T (9.20) ¥ &H U Bl &
e N
OB DI  f (9.22)
T Il SE-"f=tehed | fig B 21 D <Fl &1 o9 o Wehiivieh ohs o agd ke
M S &1 g IRl #1 STEm S W BO = — w, DI = +v| 1 WM &l (9.22)
¥ WA R EH 9w e ©
111
v ou f (9.23)

TRl (9.23) Widi & fow uifed gaet &g g7 21wt gef edd 39 Su o
g fHfifa aredferes wfafas o forg sgea=1 fopen 2, qenfy = o= <A & <@l srufd,
3T AU STade q91 1 &1 YRR o Yfafes), st do e % foru 7 2
IE T YT 2 foh fordt Swiel S1udl SHATEdel 19 o |1 Wied F el
F’ o9 o Y1k o @ 9O T R €1 U o Fid H1 IR Lo weRd i ged
g f43 HEd € Sl S fgdld wiwq fag sheet 2
gas et g o forelt foa & wfafda =1 feafa @+ % fau fagia &9 o 50 fia

2022-23



o forelt fog 9 o1 areft h1g off |1 fohol TRt qen 319

o f7omi g/ 37k 991 STRRfEd s 39 fag &t fefa s
F ©, ST eTafda fortol areaa | faerdt & (steren fherdt
Wi Bt ©) | Jenfy, sHeER § Frafafad § 9 #5 9 3 fri

T =TI FHE FE B TeS o < 2
(i) f5 9 fpe areh a8 fovor st o9 & g=F o1 &
TR T 2, ST9add & v (39 o9 §) o &

TR &1 WIhE F 9 TRdl 8, 1eqe (el o #)
oE % YUY e R F ¥ 9Eid gdid el 2|
(ii) T oF TR ohg | TSR aTell el foRsor eTqerd
o gyerq for fohedt foerem o i =l 21
(iii) (a) ToF¥ 3T <19 o 99 & Wihd 9 TR oA

AT 1S TehTRT 1 RT0T ST9adH oF qv=rd A 318 o
TR T H 21 [ 9.19(a)]

(b) fdt sTaqer o9 W 39k fgda wiekd fog &1 1R

ST Ued B G5 bl UehT¥T i foh¥0] ST9aT ok

Y g e o HHia T et =1 [ 9.19(b)]

f999.19 (a) 921 (b) ® 37 7949 =1 FHW: STA a0
STITA il o fere <wfer T 71 el o) W A= 3 few 0,19 (o) v o
R foa ol T T TR o 01 3@ EieH &1 199
FHEAT A T I8 H FeAud hEAl ey foF o9 g, THiehon (9.23), Wt Iren
¥ HHE &9 ¥ N g 2

el W I8 399 15 W61 A1feT & et foa & gk foig @ od fentol ScafSa
Bt &1 3 gt fRel ofg @ eruade o gveTd Uk € ufdfed fog 9@ e €

Tqur Y ifd oGl o fore off, fordl 9 g0 Sca= starla (m) = gfdfss o dEs
(h) den faisl o WE (h) o 31U & &9 o gRwte foman s €1 et <dol 6t
qifa el ff fereht o9 o foq I8 ot 9 <@ s Hehdl © o

h’ v

m= H = m (9.24)

oz 9Rurdt =1 UIelM 3 W EH I8 U ? R 39 S1udl steadd o g o Y
(qe enaE) gfafsa o fau m ¥FTcaes o §, Safdh et 3o (qen arsfa®)
yfafaa o fTT m o Biar 2

IEEAU9.7 HE TR Wl @ GHT n = 1.47 TSI oh Fid o o I fRE
39 W T KR § ST Tg9F FX 1 €1 K FI YIS T 22 N I8 5 <A
B Fehal 7?2

A

%9 T O o 3759 BIH o foTU 59 o1 ST9aHIh, o9 o i oh STqa-ich o SR
B e, n, = n,| AT T BT STEGHR 1.47 T TH IR H 1/f =0 A
f—> oo T BTN S o 3 <G i 1 Teh THAA M hT Wi 1 HEM| SIH0Teht
¥ o 59 A (STUEdAIR = 1.33) T e Gehdll 98 59 fer|dq g ek 2

9.5.3 ™iF i qHAT

forelt 9 &1 A W W IS a6l YTl i SIFERT steren STuHfia o3 i hife
1 UMY BN 21 T HH Wi U 1 I o AT TR i AR A

2022-23

(b)

, (b) 3TedA & H 9§ [

329



I o9 ¥ efudfdd fertor Afwiia Bt @ qen oferde o | |
sTqafdd forcor stoafia Bt 81 et o9 1 &mar P sl 39 &I
=1 Tqgisa ¥ R e €, Toed 78 et g o1er o |
TRTYl S 1 S YeRTYR g W Tkl g0 W SR fRAT ¥,
syl =1 soEfa s 81 (s 9.20)1

h 1
tand=—; A h=1, tand=—
f I

aqwa:% (6 o & A o o) |

o 9.20 fwET &9 I &wan

s = (9.25)

o9 i &l 1 SI H5h SEAT (D) : 1D = Im™' 81 7d: 1m BIhE 53U o
G ] & Tk STEe g1 SARTHR ol 1 &/l ST qe STOER) ofF 1 &l
U Bt 21 36 YRR STd h1g 73 fafhcder + 2.5 D &Hdl 1 e o feffa
X €, 9 + 40 cm BIHE U o SUA G I SAEYIHA Bl 81 — 4.0 D &l
& oG @ qead - 25 cm WHE I H FA A 2l 7

ISTEY0T 9.8 (i) A f= +0.5 m B Ol &G =1 &war = 87 (i) forel Syae o o
<) TR Y Tl Y 10cmam15cm%|waﬁqﬁm§€r 12 cm B1 9
o Shid 1 TYadIh A HITST (111]Wmﬁ'ﬁaﬁa1§ﬁ'®w@200m
21 9 | 39! WiwHd g 91 €2 [FF-STA HT YR 1.33 T aG-Hid H
AYaiF 1.5 2]

'A

(i) g HI &l = +2D

(ii) ‘%Tf +12 cm, R, = +10 cm, R, = -15 cm
mwaﬂaﬁﬂmlww%l
FHIRIOT (9.22) o ©H 3 H FAN FTH oh foTU f, R, TR, o fore fag aRared
o aR fafq=1 Tferd & 79 W | e

1
__(”‘)(E‘EJ
n=1.59r< gl
(iii) Wﬁﬁﬁ%ﬁ?%ﬁmnz=l.5,nl=l,f=+200m
T TR o9 ¥ 9 U Srm

;MF_L}

20 R R,

34 Hd o A" F faw 5« H, n, = 1.5, n, = 1.33. AT
%z(l.S—l.SS) {Ril—é} (9.26)

T Al TR 1 HASa e W eH e

f=+78.2 cm

9.5.4 HUeh H 1@ Udd wi@l okl G

TH-gH o G H @ f, T f, Bk g o & Taad ddl A den B W faEm
330 FHITSTY| A I 1S foa Teet &9 A o Hihd @ ot fag O w feera 2

341807 9.8
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(fe 9.21)1 ween @@ fag 1, W wfafsa s €1 it
fafse 1, arfas 2, o7: I8 W &9 B o forg sh
fora w1 wifa s wear @ qen ifay wfdfae [0 s9ar 81 gd
39 91d i TS o =1eT fF 9ot o| 9 Widfss o1 o=,
Faat 2Afqq gfafss =1 feafq fuifa =@ o faw, @ =
2| IdE § Ygel o o fieher arelt feReon w6 fRwm, ek
TR oG ¥ THIH 9Tt R0 & SFER IRafdd g St @1 o 9.21 wuh 7 W@ <1 el oE g ufifee
Fiifeh oF Iaed &, H Sl <l o eI ohal i Harl Eiill

M Hehd €1 | Wifee 98 e fog P gr ffdse g 2l

Teel o9 A g 99 Wiafss & fog

1 1 1
Iy 9.27
o, u 1, (9.27)

T o9 B g 9 i % fou
1 1 1

E_v_lsz (9.28)

THIHIT (9.27) AT (9.28) i Sigd W,

———=—t — (9.29)

T oGl o G A f FIRT U F K THA @F ok g " R,
1 1.1

v u f

Ferid

1 1 1
7 71+72 (9.30)

7% eafa Tk § W ¢ waet | @l o R & fa o w21 3l S, f,
Sypeo. TIHT AT o IgA | AH Th-ER o WYk § W T, q 79 FASH HI

T Wik g BAN
11 1.1 9.31)
S h fi Ss
A o 9o § T (9.31) 1 39 YR ot forar s "ehdt 7
P=P +P,+P,+.. (9.32)

T8l P3d ofg GANH 1 72 &dl T A A, iR (9.32) W STenT- 3
&S 1 SISO 2 e T €, stefd gelentor o e ue § 9w Ug e
(3T |l o foT) qe S UE RN (3Tadel ol o feI) B Wehd &1 oiEl ok
IS BH o STEHA &Fdl o STIHIRG AE STTEia ofd W & | Heras
e § a3 wfafss w1 devran § ot gfg # <@ 21 il ved o g o wfdfee
TR oG o g foa o= S €, gt (9.25) # 9 sfdfifed © o waeH o1 gt
ST m, STERT-STeRT ST (m,, my, my,..) % OB % Se e 2|
m=m m,m, ... (9.33) 331
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T9 YHR o ol o GASH Ed: HH, GeAeiial, A 9o 37 geRiieh
I o ol o fesed | Sw fRu S 7

3ISRI0T 9.9 9 9.22 ¥ fRu U &w & wANm gw At wfafda = feafq
d it
o

+«<—30cm —

f= +10, -10 +30 cm

e e
o 9.22

el v, = 15 cm

v oy gr ffifa gfafsa <ok ofg o fag foa #1 9ifa & s 21 78 s g
é’»?\’lﬁaﬁ'{(15—5)cm=100m@ﬂ%lwﬁmwﬁ$%ﬁ%w
g o forw smard foa 1w A €1 erefd THE T o % faw Rt e g8
et gl 2l

o v, = o0

Tg T yfdfee W | % TR 3R o T W S B 98 TR | & fo foe
1 Wit s HLT B

1 11

Uy u; Sy

a0 v, = 30 cm
g wfafsa FR <@ & e @R 30 cm T R 7T 2

9.6 fusu o aruad+

1 9.23 # forelt firsw ABC § Wehme1 fertor w1 TR gY <911 T 81 Ued Helh

AB W SIa HI0T AT TGS HI0T HEI: { A 1 &, Sfeh TR eash (i A o1

H) AC W 3UqH IV r, A U Fi07 A1 Frfq w07 e F| Frfa R RS den
332 aafaa foeor =61 faen PQ o 1= o IVl 1 fagerd HI7 § FEd Bl

34ET 9.9
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B C
forx 9.23 w9 & TR frem 9 fREt yahmer femeom

T TSTRAT
g5 AQNR o & %101 (Q d2 R 6T W) THehI0 €1 SHiIY 39 9o o 317 |
IO 1 I 180° B
/A + ZQNR = 180°

YT QNR ®
r,+r,+ZQNR = 180°
T AT GHIHON I ol HA W, TH I B
rtr=A4A (9.34)

el forer § Qi hetshl W farEeEl 1 A @

o=(i-r)+(e-r,)

A, s =i+e-A (9.35)
600_
3
B sgrdectior N
4O P - §
30" : et
0° 20° 40° 60° 80°
A9 oy (i)

Terx 9.24 Rt HqeaR fisq & faw emaas o
() qen fo=re 10T (5) o 9 T UTH|
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TH YRR for=ret v SM9e 1o ¢ R star 21 f51 9.24 ® arqaq v den
forare hI0 o i T AT TR §1 3719 IS 9@ Hehd © o SAU% ®9 9, shad
i= el BeH, Y fa=er S0 § & aeIEdl (o q¢1 36 YhR eh & HH 2|
g T FHIHT (9.35) H iGN e 1 GHiHG W o1ofad ©, 1efd, A iden e s aod
T oed fean s a1 § safiafda war 21 ifdes &9 ¥ 97 39 qwa 9 Hetud § fF o
9.23 H Y19l foHT01 o Ul ) A9 SRfEd HE W Rl forEerd FI0 9 Bl 2
=7 faaed D, W, fasm o i sTgafda oo s6eh SR & T & S 2l
T w2 @

8=Dm,i=emﬁrﬂ'ﬁ%ﬁﬁrl=r2

THieRTor (9.34) W &Y Wiw el @

A
2r=A3JAYdr= o (9.36)
T YR T (9.35) § TH W o ©
D_=2i-A #iFi=(A+D_)/2 (9.37)

afe fyd o WYl 1 STIAdE ny, ©
_sini_sin[(A+D,)/2]
2 sinr sin[A /2]
T AT D, T H FART GRI HT S Tehell 21 TH YRR FHIH (9.38) forom
o Uel o Tadish o WA 1 faf

B H0 o fod 1t veet B % faw D, o FET S B € qe B ww
il

(9.38)

. _sin[(A+D,)/2] (A+D,)/2
27 sin[A/2] T A/2

D, = (n,-1)A

T Ay § T uael fren |y &1 foee Sl w9 B 2

9.7 §d & YT &F HNUT FS WTehiaeh URTSATT

TR =R 3R 1 et o el WehTel o Wel Y agd-Hl Woiid ufteerd d ¥ g
TR R & Hwa fe@r S Ol wed U1 gd o Y19 o RO € G9d €

fieH R 99 (127 Yod) WehT9T o GRETUl (hell-X) el Sgaeeshid WeeH
(1AM 8, HeE-XI1) o 9N W Tgd T0T BH A1 B Gohl € Toh Teh1eT sh1 a1 Hehral
1 Tl storn mead § RIsed ¥ Feig e €1 T99 W H ool FehTer i e
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IEZUREAIFEIRC]
ECAINENCE]

& fR (~750 nm) W Sk ST YT o aresd & R (~400 nm) W e
21 IRET w1 R 98 © R ot wream w1 stoadaes fafie aerest (aoi) & fau
-t iar 21 SR o foIU, vad YehTer 1 It Sk G %H Hedl € e
ST ek Aok Gedl ©1 Iod ®9 § &1 e Thd § ok hid o Ty H ST R
1 qo | offel WehTel STUeehd S wel | T il 1 Gl 9.2 # faf

|l 9.2 fafit= TEst o sruadics

ST 396.9 1.533 1.663
et 486.1 1.523 1.639
Rl 589.3 1.517 1.627
T 656.3 1.515 1.622

TERE o fTu ShTed i qen fieie shid o STqad-ish ST 7T &1 6 ol i e7®
ool @ foeTens SF1 g1 |1 ST Uehdll €, SEfIT WIS o Yeh1el ok GO o ROT
g9 faqe (chromatic abberation) T4 &1 & vad Jehiel AiS o@l ¥ €t
Al € A ol U ST ool sterT-eter fagel W wiehd el €)1 39 uise i
g9 fargerd wed 2

3MgFd o T AUadHIS | R FS AEAd | 37 AILAHl i gorl § 3Tfedh
e Bl 21 arkd |, fata § weprer s = avresd W ek 7€ et e frata
(31e HiTehed: o) T raferdt aream © fad gl ool M = o T s
g1 7% 39 a2 9 o fog g @ o6 g &1 v g9R U qo Yo d YRl o &9 |
gl €, SUeh (A= Teeshl o &Y W | gheh foadid v Uk uRed qem 2

TR T el dld B, Yo a5el, YARd a0 YA o qHA SRR Hi
oA, Sguy, o afeEl o v, i, vel ud Wi s -l wws 5w
T 3TYd T i WIehfaeh wHehR €, fored g9 weft-ifa ufifed € oIk 57
AT B g 21 Tel ST W o 1 g9 ifdehl &1 gfte § g |

kb 1% hERSS

uny'smoqn oo sondore mma//:dny
SMOqUIRL/MPITRON 09" MMmM//:dny

|

9.7.1 3w

TR agHEH H SUMEd STt 1 §al o SR 1Yl o TRETU 1 Th I 8| TE
T & YRR HT ST I TeAT GeH gl g IRET0, YA e ARk Wad ok
I JUTd 1 UREAT B TR 3@ o fog srevas ol 3 € fon g et o

335
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fordt T 9 (W oifST ufy=e fafast) o =wes @1 § Sefe ARt o faadd 9
(W effSte geff fafast) o =i 21 @ 811 39 TR g ot Yareh ssugy auft <@ wehdl
3 w9 39 T T B} R B

ZRT 1 T TR o g o 9.25(a) W R d €1 T 1 e wevem
ot kT % H Yo K G STuefdd € 2, Foreeh vl vk WeRT i faf e

TT9r Tuf fag

42° 40°

(a)

(c)

o1 9.25 EUAY (a) @ &t 98 W Aafad T wT RN F1 g gR AR SUGAT qA Teh AR SN TSI
BT €, (b) 9 o AT TH i TR0 ok STl WedA g TedA 1 faafia sva foges wro weifis SRy
T AT () IS ok 37 FRTO ok J1 oR SMafieh Wade o HRo1 fgdiaen Sguy S 2l
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IEZUREAINEIRC
EEQINEICEN

() goIe BT ST T T i Sed TIRE () He el § et e awree
(ST T ek et €1 36k UvE 3 Heeeh ol o o il IS | TR € aiR
I °% I8 W Afreds IR Srqafda fereor o <itel o1 <hivT Shifdeh 10T (39 RO H48°)
Y s1feres € ot STidReRa: WEdd & S 21 7 Tefdd Jhm, 98 9 el Feherd a9 fo
¥ <9y, AR GH: STqefda e STl €1 7 TR Sl € foh g2 9 ST ol Jehiel o |
ST eRTRT 40° 3 10T T G el YIS 42° 6 0 W Tfd 2 §1 3= =l o forw
ol o T T I 6 A B

o1 9.25(b) # Wefteh SEUTT 1 1 THA T 21 €9 2@ € ff 91 1 9 @
TeRTIT A % 2 W ST FehTeT Uereh k1 i@l deh UEel 81 9 1 W ST el ST qen
&2 2 W 3T A el TehTel Wik o1 SiiEl ¥ HW sredn A9 i IR e g €1 7w
TR UeTeh SXeY o I W oftel aof SR Ut W S ool <@ @1 59 wehR wrerfirn
TR A SO WehH e e, TRIede qe Y STqed shi URumd B

St gepTer feRtul fREt auf # 9% o iR Uk SR I SSF q AR ST
wEfda it € il fgdiaes gguy s € (o 9.25(c)]1 7@ IR =Roiid wehH 2l
Tt Trade o YT | WehTel 1 el A B Sl | SEieTg e Sgey wethen
TEY 1 o | el gl 21 36eh i & | Tk {9 9.25(c) ¥ e © 3EH
FUT o1 A AR XY 1 ol § Sl el 2
9.7.2 VeRIYT T WehIUA
e G 1 k1ol geelt o URHee W THA il € ol U SgHed o Ul gRI T
Bl Bl B TR T YhTel S qEAl K1 o § Hel i yehiol g 2|
(IOt T A e h1 =qef Wi o SSRHI Bl 21 39 ot F1vT FEd 21)
TEl R § o e MehTel W A ol Wit @ Seidl §, @iteh et et whi
379 =it ool 1 et wH Bidl © qe SHhT FehT0 TR Wererdn ¥ gl 81 e
H ST a0l Yt qereed SR ot wH BF e ol 9 el 9ol @ ot atfues waer 9
Wehiol BTl 1 wifeh BURT g ST vl i erden el ool o forg erfus g €,
THfeTT B arrhTe e fe@rg <

fox 9.26 FA qen FART o THF YA 1 FHRT agHed § i g T
F 2

2022-23

337



% Hifae!

338

IEHEA § SUTE oS HUI S e q STl k1 GeH 8 f9 SRR q9id 2
el W 39 gl o yrefen Ul qeRter Y aesd A 9o Wehivieh (WA offST 3Rt
W WES q¥) o SUfeh WEE 21 a << A Ty, ¥ WehiviA e ® W TR
(1/2)* o SIHAEU Sl 21 a>> A% foy, 1efd o€ Wgsl %1 Yehivlh o o
AT (32w o fow aut i F:i, 9 SRR & el FHU el feH H)TH Yeh v
Tl gran; geft s e aE Y @ gehifta et €1 gHifere St e o >>
ATEST T S ®1 GeH o< el ©, W Y9d Wi e g

AT q1 YA o THF gA HI TR0 Hi agHed U T STiaTHa i
<t 1 A vedt © (Fo 9.26) 1 39 WehTel W el 9o B qUIesA i SAfershie
WhTST Weh1U R Gfeh &1 STl 81 37l : Weh1el oh1 Tardl s Wehifolq Wl St g9Ry 3t
A T €, TR Tl g 81 9 HRw 2 T fafast o Frehe @ W gd den qof
SSHT TS el B €

9.8 YehT(ITeh IT

YOI, i e foem oF WRrerdt qe STedt Ui k1 IUA Hich Tk YehiTeTeh Ffekat
e o fesd fey wu @) uReeft, sggfdesft, faeh, sweels, gavesf oo
U yeRTfiTen gl qen g3 oSSl € R g9 UMM &9 9 STEn § el
& aqd W BUR T G Heequl Yol gkl § @ uh € e wefa A ed
o= fopan T1 hell X H €9 UG A9 o 9R § g g €1 319 g9 YeHsEl de e
% & & o fGGIq FH aUE H

9.8.1 Gu=vit

Tl AaF Ao WA YeIsEl HH WHT I K1 T AER o9 B ©
(FI4 9.27)| 36 TR o &9 & &AM o6 &9 H TN H oF fae, o9 Hi foa
o fihe 3Q T Fiwd O 1oal STH w9 U W @I 9161 € 91 oG o T 3R
T T oY Y R T Sl B U R kT e © o o o wien, syafifa qen
s yfafes fRd T g W s o 99 39 Weraes <@ "ok, SAuid g
25 cm €l FB e g R o1 =ifen) A% foa f o feo @ a1 s@eh wfafae
3 T Sl B denfy, At foa £ @ w9 g W @ e, A wiafde s den s
1 go § %A g0 R 9@ ¢ Fafd T@d & fau frehedn smmee 3f, fee fag
(T D= 25 cm) R el €, Ty 369 45 W o a6 ugdl €1 SEfers, W o W
o1 wfdifeiar frforet < g1 <@ o forw Sfad = S @1 el WS Rerferat g w8
€, Teetl fo 9.27 (a), § @ THA o 9.27 (b) 7 (o) Wi

T geastt g e foig D W =7 wfafew o fog daw smaed= ma
uRehe =1 dae g fvan <1 genan 21

met=of -7
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fohoT geRTiTent Ta

EEAINECICF]
i fihe fag ®
i . w T
TR

%\%

(a)

«— > Bi\
2\
m

A W

Hehfsxd =4

(c)

o 9.27 oot Qeuaell (a) sTadfe o9 39 YR feom ® fF wfafee

fehe g ® aar 8, (b) foa gru sfafa shior, frene foig W efafta wio

& HEH € 99N () o9 o & wiey fag w, yfafas sga R € ofra
IFa ¥ U R
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e BAN Tog IRUE & SER v FOMHS € q IRET § Db iR 81 37a:
A,

m= (1 + B]
G (9.39)

Hifh D oIS 25 cm 81 37d: &L 6 W & o ol ®ihd 58 f=5cm &
I Y 1 SAEIHA Bl 2

e T, m= h'/h, J8] hida =1 9 9o v gfafss &1 9es 8| 98 iatss
SR 3fafid shior qen feia gR1 Sfafia 1o o1 off ST Bl €, STeifeh 3% 3TN W 3@
% faIu D T 5l 31 (A i ok o arsda | foa g 35 X sfafa s 72
2, 9 h/ug = fa T B1) Uh-oid WX STerfd 1 Sudfed 98 © T
%] 1 DI qol | Ikl Tehe TRt I@A HWd € ST 2l

9 S Yidfee 3fd W o1 © 9l g9 TeA o i ey feufa o 9 ot
S 1 GReher HT1 B A ST fod 1 =i h el 39 foa g 99 W sfafa
Afersham v, Sefer e Ty off fe@ms 2ar &1 (farm fordlt g o), a9 e & o«
&0 foa 1 fishe s1efd 3@ DR W € 9@ fald ior g &R

h
tan 6, = (sz 6, (9.40)

319 &Y yfdfad g 99 W idid &Ivl, Safe f69 u W) W@ 7, 91 9 B

m= i —2
e, )" f (9.42)

Tg 39 fefa & orae ot o o u wA ?, fad yfafda fehe foag w s
2, TRl (9.39), W Widfae IET STUeHa Tfush ANHLFeh Bl € qe e
H it off ST kT €1 YIRS (YEHRE 9o RellA) W Heiferd STt =r=tet
o g9 7€ AT o wfafae od e )

At Wihd SRl o oidl o fau fret T gausel &1 sifushad sfe=
(< 9) eal 21 atfues e o forg <1 ofel o1 Syam feman St 2, f5 o ofg T
T o T I T (TGIT) hIA 1 T WY GeHeel wed &1 Fod 9.28 H Wy
Geussfl 1 e oR@ <A T B foa o Gl ke o ofw i eifgyas
(objective) &d € S foa w1 ar&dfersh, e, afia giafse sqm €1 78 gfdfee

2022-23



oo

forr 9.28 w1 geAeet g0 wfafaa a4 &1
ot sl

@iﬁ&mmwwmélsﬂw@ﬁﬁm(eye—piece)‘ch'g?f%,
S ardfo ®9 9 T YRR 1Al e oF &9 H i Fien Sifan STEfdd
e wfafee ST @1 39 YRR Tl Soiel Wfdfse AT % Wiy fag % fee
(PIRH TR I THh SAR) Bl €, T€ AR W gl g0 W erar @ S sAfaw widte
1 3Fd W S o T Suge Bl @ aen 9 feufa o off skt feee gt @
R I yfafes feed &1 @ sAfom fe fog W 71 Tea:, sifiq gfdfds ga foaa =
el el ol 2

319 TH T YA oh HRUT STEHA U w1 o 9.28 w1 fRwr @ ww
Tgiten € T eifgaes o wror (Waw) s, @1efd v/ h, SR 2

m o h_L
=TT (9.43)
5 T 9 GRET T ST e §

h h’

tanﬁ—(ToJ—(f)

Tel b vee ufdfs 1 9rest € qon foie 1 e h ue ifgvas S Wi i
£, 21 e gfafas A & wiew fag & e a9 81 5h L, sterfq, sifgeas &
fada wed fig qeon A (Wed T f) & Toa Wi fog & o= w1 4 H
GH GeAsEl w1 g I FEd B

Hifeh Tl Sl Hafds AR & winy fag o fehe ol 8, SWiea == 4@
WISl IR0 1 SN §H Tl GeHaRN o oy ek 38eh R0l (Hivfa) faq m,
e 0§ [0 9.39)], Safeh sifaw it e frere fag w o 21 7@ @

m,_ = (1 + BJ
e 7. [9.44(a)]
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[uny sa4931q/310° s10uerdouru-onse//:dny
Elpth i)l [ bk L MRk

q

S yfafsa 3Td W S9d1 & a1 AT % RO HI0NG AEHA [T (9.42)] ©

m_= (D/f) [9.44(b)]
37d: ool e [FHIHTT (9.33) & @], Sefeh Wfdfsa afd W oar €, §
o) (2 s

0'"%e fo fe (94 )

oy ® o forell e aeg w1 e el g e o forg (sEifae geneef A
@1 T ?) Afugyash den AR # Wi T w9 B w1feul R ®,1 cm @
FH FiHd T 1 oG ST 3d hicd w21 56 o T L w9l i o g
e o9l H1 fEvIHd Bl 2l

3R o foru, fRet £ = 1.0 cm o 319593 f, = 2.0 cm &1 AR qe1 2ga
@EE (L) = 20 cm & U g% ausel &1 smadH

wemne(2) (2

_20.25_,qp
1 2

a7 fafe= sReh S8 oeq 1 geiftd off wfdfsia 1 gverar o qur § Heergut
TATEH <A €1 SR GeneiiE o, erfugeaen qen Afent Sgateadel ol grl S S
&, fS7eh s < o yeRiferen famemt () i A ek Ufafssi i o § gUR
fopa T 21

9.8.2 =XV ®h

TR L@ g (95 9.29) 1 ITANT X T TGN Sl FHIVIF A YA HH
o fore feren St 21 56 oft W eifugeeh qen Wk AR it 81 W FeT W, i
1 370N ATUGTIR 1 Wiehd U AT a0 SHehT gReh ff k! @ifersh gran €1 ol
T T ¥ o TR fgEas H YO HIaT § 91 < o X 36k fgd
Wi W ardfas gfafss aAdr 2| AR 36 yfdfad ol eTatdd wieh sifad Sate
Hidfsis s €1 STEET & m, Fiatsd gRI S T ST o g aen fad g 4w
T Y G W AR B o ok A g Ry foRar S €1 o

mala D= (9.46)
=0 feafa o, e &1 2ga &1 9. ® f + S

uifefe qeawienl o, 3 <iEl o Sfdiier, Tiaeie |l 1 T Jel el € S sifan
wfdfea ol Ten o1 a1 1 TUedl eI 1 SUANT wifefe U @it S WehR ok
Terolf o ferq feman < gehen 21 SIX0T ok fou, frdl 08 geeis W faer #if
fSreh fgeash 1 Wihd T 100 cm A1 AT 1 Hihd 50 1 cm B 38 e

i ST g
m = 100/1 = 100
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o 9.29 W TR (hUUA) 1 Fewen NG

319 Tl 1 IR & e R faaR sifse e arafas 9o 17 (1 fae &1
aM9) B A TR ST TERh ¥ @ W W THR FAd 8 ¢ o F 36 I &
YR-hI0 100 x 1’ = 100’ =1.67° 2|

et Tl EeRieh o o # & < A qF a1 SHh! Teh1eT HURTT &l
A sEeh! avie ermar e e B YRy GURUl a1 W &Y ¥ Rviw oh
v o ewd R R w21 Al sifgeas o1 =g e ® @ guet fuet
1 St Tegor feran S TR 71 faeeT armar steren w & faen o < safuw e &
TR 1 geaeea: =t Uferd e 1 Grgar o sifgyae o o W e s 2
3Tq: JeRITTR avih § aifsd 3e¥d e B 2| o sifugeas =1 o sifersham
ASThel SYAN BH aTel STTHgeash o w1 3ifehad = 40 ¥4 (~1.02 m) 81 78
R Tkt el o Afee, T T3 eTafieht ® 21 3a7 o ofg rafere sl
B T, 37d: 3= A qen fHARl % Her femeR TE wfed w21 suen st
3 IS WES o oidl 1 39 YR 91 Tk ufafdsi o of fauem qen s fawqo
T o, 9gd s qun wem w B

farx 9.30 et SRR (HEUA) W R AR
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Tt wR0 € foh emyfeh el o erfgyas & €9 § o9 & H W eradd
A0 T ST R S {1 T et w1 o sifugeas v R ®, wredt
[Tl () HEd €1 <00 1 HIE guf fauer T8t e Ak Ter <A w1 gue
off TR S il € iR o™ 1 qorl §, o eh1iereh Ul o1 U0 STUemhd
it T € 9o U0 Kl kel RY R & GeW I I a9 ST gud 6D ok IS
1 TER USH fha1 S Gehel B1 Wl T 1 Th YOO qHE € et € b
Afgae Sdo1 SXSeiR hT el & Sfial YRS kI IR Il &1 o7d: AT qon
YeTh 1 I TIM W AN A1feT 98 Y11 o6 AF § 316 o RO FH FhE
7 B WAl § (€ Y YeTeh o e o foly, ag Y fUSRgH R o "Es W
fasft e ©)1 W@ & wEm fq faera 200 39 (~5.08 m) A o HWIZS YR
T, Shfermifian & feran o 21 Yersh U B U A <d0 & Wiy faig & frebe
A3 T TH T H1 Tk 37 GHIYM I€ ¢ o IR 81 ol YTl 1 fRet 7=
Tqu gy feifa e fean s UE € weh oo o 9.30 W < R, foaw
3MAfqd TeRTST 1 Wihiad i o faq ferdt 3Tt fgdierms IUu1 o1 I foRan s
g S o erfugeas (WMUfHE <du) o fox W ToRdl @1 3@ [RWi% i 6k
AfahReR o M T é)77?)7)7?«C\’fo'}’ﬁ'v‘(Cassegraintelescope)W@f%lgjélilv'ﬂIEh‘FIT‘l:r
7% ¢ for o eviw ¥ o< wiRg < @ 71 IRaad ¥ g 9g [Ewid hoe,
AfHerrg # B1 98 2.34 m S 1 O3 Wedl el €1 39 sftfa feran @, fhe
ifereT w1 € IR after feran T 9o oTe 38 R @il Hifdent HEIH, STIE
SN WA el ST @1 B 1 HER 1 qo o] o] {euish gas, W T ST
Y heh SIEYIhT 1 el & TGk qedsh 1 S| 10 Hiet 21

AT

1. Wm4i=4r’§mwmﬁﬁﬁ5ﬁmsini/sinr=n§|'€[
stffef e 2, ST enfa fereor, wefda oo, eraafda feor qen sificis wsh
& THdA W N €1 FE W BT, QA r, HHA: YA 0T, T 0T qeql
S IO B |

2. WA Wi 4 fora Wi | safad foRon ok faw @i e &I i 9%
10T 7 fSrgeh faw sTuada o 90°81 i> i BF W YUl Safieh WedA B gl
R ¥ T TR TEd (i, = 24.4°), IO Tedeh o qen wifeem, qof
HdRer TEd o D IR0 &1 Fh1¥Ieh dd, i o qqi o o4 B ¢ o
TR 3ULTRA HH AUl o Uil 1 Yol T i 9 Bl €1 ThTIeh qq
o fFE T TR W eAfaa yewmr, o STdafeh Wede g g fa o
ffeneral €, WeRTfSTeh dq o el 81 T off To giar 2l

3. g fag TRyt afad gt i faen § w7 At oFHs qen gHen
foradia feen & Wit 7 SR o off S ®1 Wl et gen st W g
o YA/ o YHIYIH hg W A S 1 x-3787 o SURHE qen v/ &
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IEZUREAIFEIRC]
EEAINCEOE

e 18] o SAFTeAae ATt TS SHergal oFleeh off Sl 21 STeiat feen # Ardt
TE SeTEAl FRUMHS ol St 2

4. <Y FHERT
1,11

v u f

Tel uden vl foa g qen wfafsa g € qen £ <dor =) WeRw & 21
(Wf=Tehed:) ohal B5a RT 3Tl it B1 ofordel 901 o faw f momcHeh
U I U0 o AU £ oA B 2

5. Tas" ®I01 A, sTvedis n, o fRel fiem o fau st n, sToadis o fodt
ey | @ Bl

n, sin[(A+Dm)/2]
27 n, sin(A/2)

Tgl D, <A fa=er H 7
6. [l TMeAF SRS T S9erd [Head 1 (ST0adish n)) | Head 2 (ST0adioh
nz]aﬁaﬁ'{]

n, n, _Ty,—n
15} u R

e o ok fae g
1 1 1

v u f

Ta-ga g

1 _(me-m)(1 1

f_ n, R R,

R, T R, &9 & i st ashat ot €1 arforrdt ofg o fore femmers ©;
AT oW o foIU £ BOTcHS 81 W H &l P=1/f1

G 1 &l w1 SI W SR (D)€; 1D =1m|

TR £, £y [ BT T F HE T ofF W § T T A 39 FASH FT I
HIHE T BT

1 1 1 1

- e,

S h i s
S S i ) e e
P=P +P,+ P+ ...
7. YT9T %1 GRETOT, Gh19l 1 YA Hoeeh Fvuil | faured (faeed) e 2
345
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. el Ter gemsel 1 sTae &war o URETT mE m= 1 + (D/f) G K

fohan St 8, &l D= 25 cm, ST 39 1 3feqqd Tl € 9 f37el ofF 1
Wi U B A gfdfed oFd W s q9 m = D/f el e gger gewestt
% fou emadq emd m m=mex%$§mwmw%,aﬁ
m, =1+ (D/f,) T F AT qo m, AFIGTIF GR ST A 2
wf-Tehed:

L D
m=-—X-—

fO fe

TET [, TN f, SHERT: SAGTAR qe AR BT ik 3Rl € 9o LI < o6
e e A e

fordt XA 1 ST &rmar, Hfafas gRT = W ARG hio e foa gry 4=

W AR HIUT o T SFAIE Bl 2

m=L_1o,
a f.

TET f, TN f, HERT: SAFGYAE T AR FT WhE 3fAT T

faemone faw=r

. e g W W qe STUedd oh e gt g3t den Wiemm o el o

fere == 7

. Tt Sqar A 9 f qen 2 f & o9 W e 99 o arafas wfdfss w6

yfafsa-feerfs W W@ 92 W @ o1 g 21 Ak o A g < At @ e ot
wfdfeis =l wdl €2 Te Y¥ Sgdl o gfaun § Srerd €, Wit e i i o
& T I hicA eral & for 1S wfdfsia famn feret o o arg o Freifer ohd
@ Tehd ¢ TG Ufafas af 9T e € 21 o o ferdt foig @ fia wepmer famwol
feohzem o ferght wfafas foig @ erfaia ge eraafa e st €1 weT shaet
7 Toreonl i forafia shean € fo s 9 o fordl R 45 o TEudt € @i
70 gfafss 3@ o &) fRdt doR yeei o wmg o wfdfsst g g9 <@ W
Gehdl B

. vfafse a1 o fou Frafhd geda/emads ®1 sravaesdar st 21 fagia &9

|, foreht forg @ Frfa goft ool weh € wfdfsia foig ® o=t =ifew) =&t e @
fop o fendlt arfrafia et gos, S foret g o g8 o eron fafse e
gsenf

2022-23



9.1

9.2

9.3

9.4

IEZUREAIFEIRC]
EEQINEICEN

4. TR oW 9RETU o FHRO G wfafEa S €1 TR =R SR Y awgel o o

o fafeerar 39 W sl Feh1e o TN o Geehi o R0 et ¢ frdlt o
%I THAT Jehrel | @ W T ¥d TR § 3@ W IH a%G F fom H
Tt & St &y g 2l

. forelt e gemeett < fore foa o1 vl g, wfdfds o Hvia wEs o SR

B 21 R oft I e YeH el § iR 3T Geusel 1 SUE Hd T
Rt BT a%g ! 79 =301 o 9gd ke (25 cm | +ff FH T W) @ THd
g, f9er Tere®y o8 45 W 9] HI Haid w21 yfafd", {59 79 |
T 7, 25 cm T W T fo1 Geusefl & IRl 39 B o I T 3@ IH
o T 25 cm T R T B 3R T 97 S0 1+ W g D RV AR HIM|

™A

2.5 cm TIES H1 IS SIS HHa 36 cm Tghdl 5591 o fordt e1edar gdur 9 27
cm 0 R W@ B1 U0 9 fret T 6 fora g0 R @ Wie R Sge gers
wfdfes TR W a9 Sidfes w1 Yepfa IR WEs 1 G HifSQ) g et i <9
HI AR A I, AR H G AR g g2

4.5 cm 9ES H &S g5 15 cm Hihd g oF fRel 39a S99 § 12 cm T W&
B wfafe 1 fefq don sy faf@w) =0 g € s g€ 1 <90 @ ) A 9
&2 =i i)

FE 3F 12.5 cm FE 9 ot ¥ 00 2| R gemeet gr o) T qeft W 9
ot g &1 et TeWE 9.4 cm A S B 1 St 1 (US4 22 Wi
o 3 ST % 9ot o T W & 1.63 2uad-ieh & o7 59 ¥ Wfaeeid &
TR GE F IA: WHRad & o fog auset &l fhat SavA= & S g2
1 9.31 (@) 921 (b) ® forelt avafaa foreor 1 ervads gifen w0 @ S oy o
HUI: HiE-a1g G Fel-a SAAYS o A9eAd ¥ 60° T HI01 ST €1 I
TTfad feRTor 1 STIad 0T F1G HIFAT, S ST B SoA-hi= FRYSS o Afeets
T 45° 1 &0 T4 2 [ 9.31 ()11

arg

EF;E[ 35 ) 2
60° EIE|

5"'3/?
60 \—ﬂa‘ 470 450 T}"E

(@) (b) (0

o7 9.31
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9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

S | R 80 cm TEYE o TRE 3 w1 dell W hIE Bl dod W@l T B A ok
T3 o1 o8 & 1 ShITSTY e siesl sh1 Wenrel Fovfd &1 Hemal €1 Sl o1 STqedHieh
1.33 21 (ea =i fog wehrer gia Atw))

1E f4oH o1 eTvediih o e 1 &1 &1 HIE THR JhRI-95 39 foed o
fordt weteh W stafaa eiar 1 fsA 1 =g fasem o 40° | e firsw
o werel 1 uEdAiE F 22 TUsH w srwads ®ior 60° #1 Al frem w1 S
(eT9aaie 1.33) ¥ @ e ST @ YRt o HHiaR g oh e 9u =ad fa=em
TRV 1 qReReH i)

SYEdIR 1.55 o hid W SHI HeTeh! o1 THE ehdl a1 o IWaHe o fHfta
FT T A 20 cm BT S o g ffHa w3 € ot eriferd aenar e s e

IS FRTE-GS forelt fog PR etfeiia g €1 1S o 59 i gt o g o
g P 12 cm R W@ S 21 A 9% (a) 20 cm HIHY 50 1 396 o4 €, (b)
16 cm Fishd T 1 3aaa oid 8, @ IHe-gs forg fag w i gmm?

3.0 cm S FFE 5@ 21 om FiwT T & 79qet oF & IEE 14 cm 4 R @M
B\ of| gr fafda wfafde &1 oof #ifSQ) =0 2@ @ v foag o @ ¢ gedt
St 87

fdt 30 cm ®IRd T & 3T ¥ o Ik H W@ 20 cm W T4 oh SFed
oG o GASH 9 99 G of g () 1 wishd i 7 82 98 9 i o
T 1o SUEM? G w1 HIEE 1 IU HifSw

forelt Hge gamsel H 2.0 cm Wid T &1 Sfgeaeh ofF de 6.25 cm FHihd
T 1 AR o TH-TR ¥ 15 ecm T R oAt §) Rl fora vt sifogeas o fRa
T W @ § o sAfan gfafaa (a) T 9 &1 sfeudd g4 (25 cm) 9901 (b)
30 W sH? 2 feafaal § ganeslt 1 smadq awar wa wifs)

25 cm o G fiehe fog 1+l =afe U0 9 geAeell e sfvgeaes
8.0 mm HIHE T a1 AR 2.5 cm BIhd S 1 2, 1 SUART Hich SIIGTTH
¥ 9.0 mm W W @ foa 1 Goae wishfdd T ol 1 A oGl o o= g
T 1 T2 GeAsEl At S amar 9 72

fort B1ET A o ATYETIF *T ®Ihd T 144 cm a1 AT 1 ®Biehd g4

6.0 cm 81 A Y 3Taef emar et 82 sifigeas qen Akt o <t gereka

T o 272

(a) Terght Seremen st foemel SEe o 2ifigyas i ®HE 0 15 m B3 1.0 cm
WIHT U HT A JI5 k1 T 7, A AT T R0 ST o 72

(b) @ S| ST T ITAN FEHT 1 Tach HL H fohan S aF AfgTas o
g FAfefa =ism ok gfafsa 1 oA 1 82 =<0 &1 4" 3.48 X 10°m ae
<A T He H 5 3.8 x 108 m R
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9.15

9.16

9.17

9.18

IEZUREAIFEIRC]
EEQINEICEN

TU-FH HT ST TE Fca=1 HH o forg Fifsg fo

(a) TRdt stoma g0 o f a1 2f o o= W foa &1 arafae gfdfdd 2f 9
RG]

(b) STl U GRI WA ST Wfeifers sHa @ St fera skt feerfe o el = s

(c) 3T« YU NI Wed &R § Biel Udfad, I & ¥ 9 WHd & o=
EECI

(d) sTada YU o g qAT Wiy oh o< @ foa 1 ST9R qen a1 gidfes
EECIS

(e : 98 1™ et drsrTiordra fafy g <9 wfafast o o o= & |

el O 9= 79 5o sl 5 9| S 1)

frdt o & ST Y W W Th B O F 50 cm S9E @ <@l S )
15 cm iR SRR i€ o [eoh i B o T3 o GHIR O 9 5 o o9 W
St fig ¥ <Ed W i\ 99 9 fhah @ i 2 S &1 suadeie 1.5 81
ST ek 1 ety W ek e 22

Frfafea g & S fafan :

(a) T 9.32 & TUeKiiR 1.68 %k g g @ = fohdt ‘wehmen Afetant’ (T3S UIRY)
1 ST U] ST T €| ATkt shT SEl STeR0T 1.44 STad-ieh o qgre
1 &1 @1 AfeteRT o 3187 § aafad foheon o 1o w1 gRer, forer fag fom
o e ER Aferht & iR gof wede e €, 7@ S

(b) IfE UET T TR AR 7 Bl dl =1 ST B2

o7 9.32

frfafead o & s fafau .

(a) 397 i ® o gudel den 39 g9 Heg SArE giafss s &1 & 3 g
forel uRftarfaal & arafaes fafsa a1 god 32 0= FifU)

(b) B9 Td HEd ¢ foh o ufdfad ol e W Sfxd 78 foan <1 Tehan Tt
S &Y frdl snare yfafers =61 <@d © df B9 39 Tendifas ®9 § ST 3
FT w@hI (AUl W) W A B 0 9w feeEneE 82

(c) Tt 3fia o de W TS AP e o i fordll Mamer gr fawst sed |
AU ATEdfersh @aTE i qorl § ohEl Fdid BT — BT e wa?

(d) =1 fowe 2Es W e Sia o 3% w1 enur mewe ufefdd B s 22 afe
1, @ st e wedt § Aen 98 St 22
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9.19

9.20

9.21

9.22

9.23

9.24

9.25

(€) I 1= ! qorl § ER o1 STqedlh shIth! TTueh Bral 82 1 g1 1 aeH
oAl o T 59 92 1 T YA Bl 272

forelt M T T AR W 7 foed dea w1 fRdl 9 TR o 39 ©d g1
3m T W e g #1 R W) wfafas g &3 21 59 oy sxet o a5t
sifendd Hihd U = BT =feT?

ot TR I f5a ¥ 90 cm R W@ T 71 WE W R 3T o9 gR SH TH-IW
T 20 cm Y el ® @, 9 wfifas a1 S 21 ofd i Bk S8 3 it

(a) W% 9.10 % T &Gl o TASH 1 Y6l Hiehw i 39 feafd ¥ 9@ wifse 5@
ok A 378 U &, 991 3 Th-gR ¥ 8 cm T W @ &1 1 IW 3afaa
T JhTe G o1 faen R s sim? @ 59 99 o faw gwrel wieed g8
ot off w9 & SyERt 22

(b) IUUe el (a) § 1.5 cm a1 g fad 39 o H1 3R T 2 fag &
96 4G U T 40 cm 1 R il ok o GRI Seq S qel gfdfsia i TR
1A hifsTal

60° 3T9ad v & s & Horh W fohet gehmet foreor =1 fvg st @ emmafad

FHAT ST TR ST TR Fetsh § ohordl YUl AR e & 81?7 fisn & uared

T AT 1.524 B

HIE HTE e iS58 1 mm? 9rest o ot | faurfe foan 7 2, 6 9 em @
Tt fordll et &9 (9 cm Hihd 3 &1 STFYEN @) g1 39 77 & e
TEHT @1 S 2

(a) o9 gRI Scq=1 emaede (wfafae-grgs/ang-dres) 1 €2 enwred fafeas o
ek ol T ehe o © 2

(b) | =1 IO AEe (adq awar) w1 2?2

(c) 1 (a) ¥ e &mar (b) H M9l & sReR 72 T Fifer)

(a) 99 9.23 | o9 &l fo=1 9 foraft g8 W W@ SQ d1fek =T ot sAfershan
TG TG &THd o §1Y eI @l 5 Heh?

(b) 39 I | eraeA (wfafora-wes/aeg-wEs) = 82

(c) 1 38 YA ¥ oTae, ST &l oF SeK €7 T FHifSu)

A 9.24 H 9% qA EYF i oh o fohadl g BT =0EC Afh ST

gfafaa & g&® v 6.25 mm? &% 1 Jdid 817 1 379 aE® o &l 35
o FATUE fTohe T@HT 37 o ol EI= 3@ Fohl?

[ — 31999 9.23 ¥ 9.25 39! iy gest o smees qen fovdl o =t
AR gHdr (HIT AEET) F o9 3R k] TILd: 9 H HerEdl Fi)]
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9.26

9.27

9.28

9.29

9.30

[EZURCAINEIRC]
EEQINEICEN

frAfafaa geai o I -
(a) Tl a5 SR =9 W 3TARA HIV AL @H R I A gfafaa gra

F5 T AR 10 % SeR Bl 71 dd TR for a1l § 1S strerder of| wivi
AELH YT HET 87

(b) el o <9 9 <Ed 99T Y&t 3194 73 il o T T TR Tadl
21 AfE Yereh ST A i WIS o ST q I BN AaeH gRatdd g1 ST ?

(c) Tordl oXet GeARell &1 aef amdl ST Wihd U o SThAMUN Bl 2
Ta BH SAIRITYH ST &l I i o fu &7 | 7 Wiwd 38 o 39
oY 1 ST FH G HIA Yokl 27

(d) foreht Tga geneelt o Ifvgeaes & qen AR oi| Sl 8 1 Fied g &1
Fi g = ey?
() HYF euaell g I@d WA HaqW < o foIw gwr =+, At w feord =

B ITY B T W EH =W A2 7 q1 AfAh1 o o= H1 78 379 gl
fepat g1 =few?

1.25 cm i 3 &1 31FIgede q91 5 cm Wi S 1 AR 1 START Hich
qifesd FI0iia e (e ) 30 X F1 ¢ 9 G GeHSel h1 HHrESH
HY F4T?

Rt g o SAfvgeaeh &1 wishd 8 140 cm e Afeht &t By < 5.0 cm

21 T T a&gA 1 @A & A A R e ammar = e e

(a) A 1 GHESH gEF=T € (tufd sifaq wfafas omd © s @) |

(b) eifem fafsa T g9l *1 ereuam g (25 cm) W S+ 21

(a) AE 9.28(a) H a0 M oh fau Afugyaes o9 qen Afrent o = gerRd
Tl T 72

(b) A% 38 A 1 3TAM 3 km R FEerd 100 m T+t HHR i <@ o ferg fhan
S B @ ATNEYHR g S "R o fafed 1 S w82

(c) afx sifam wfafas 25 cm R ==a1 € at oiftm fafda & 4R =1 S=
1 7?2

ot FET A | fo19.30 H T SR <1 qdui 1 A fRan T ©1 5w

e | G <00 TH-S W20 mm R @ M 7| AR oS 40w ewshen

220 mm & 91 B YU HI bl 5591 140 mm & @1 3Fd W W et fam

=1 sifay wfafee el s=m?
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9.31

9.32

fopdt TeaAiTdier 1 sheeht ¥ T2 FHdet Yo W feed mafad weher (F1 9.33),
TUOT © THTHT 3G 9 G: ST HLal 81 eI 1 Secht ¥ yafed &g
YR 40T § 3,59 1 IRETUT IO HIA 1 I F G 1.5 m T W W W
T YhT¥T o et fag | fopa fazemm grm?

< 1.5m >

o7 9.33

fo 9.34 H & gUMA o9 (STUadi® 1.50) fhdt Tmda <90 o %ot W foret
%9 1 WA o GUeh A T 81 HIE B G2 T ik BT 31 W ¥, 348
o Y SR I HIHL TH THR GHEIST T S # o gE T Aiw
Iorel wfdfere gE 1 frarfa & o 39 feufa o g2 1 ofw 9 T 45.0 cm B1 %9
1 TIH FAM AT AT S 71T 0 30.0 em WG S 1 5 KT YA
1 7?2

Q PP Q
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