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9.1 fHehT

Thfa 3 A 45 (e Tet) S W % Tk SIS URE o Sgd gawa
T 1 e Tfed TUfad HT TH A S 2 39 SgeH ween § gafid
fafertol (qmesd @9 400 nm ¥ 750 nm) i YT FEd €| T Y Y Fehwl
@?ﬁ%%mﬁwwﬁaﬁﬁ%ﬁﬁwﬁ@wﬁw
FW T

3T W A9 ¥ Y YT o fovg H STU Siadfe gR I Al 1 Sk
T Hd | EEl, T8 STty did et § T kil € 99, SO, I e @l o
TET HIAT E| 3T A H O TG Y gUH § ANl kI FS GO N R gRE H
T (c) IR § d 3§ AT S Hehdl ©1 9dHM H, THeR faid § " "H
¢=2.99792458 x 10° m s™! €1 3 FARHI o fu, 3R AF c=3x 10°m s’
e 1 Frafd o weRtet @1 W Wehfa ® 9o Seead = 2l

TN el URon foh Wehter WXet Y@ § T el €, (S e s oA 8
H i o) 1 wed Il Tt 2l @ i gl e YT w1 Sgageeh i i ’Al
o TRl TG Wz o 999 9 ¥ Bl 1 37 IH qeal H wHerd ohy Tenfua
fohan M0? &kt ST 98 B fop S Sfem 1w asqetl & 9s (A9 ®9
o 5o YR o1 Fife 1o 398 ifush) w1 ol § Yo 1 qTesd 1w &1
B T S R e e 10 H W, 39 feafa §, v o i w g @ W
fag qo Rt oar Y@ o SR T I g W1 ST Gehdl B1 9 UL HI FHRT
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% Hifaet

forRor e € Ao S YRR i fRON o W W FHRT-Yo ST B

T 37T |, TH YehT¥l oh TR0 ®9 1 ITAN hid GU, Toh1¥T oh e, STqad
qen fagaor &t afEeisti o aR | faar 31| Tadd qe T9adq o6 Ja o 6
SYART I U &9 FHAS T el e e 3T9ed! g3l gr Ufdfasi i L&A1
LI HUN| TR 81 A 5 Hied Fo Heaqul Teh1i¥reh I3 ohi T U6 H1H
fafy =1 auiE &3

WeRTIT ShT HIUTSHT HIS

A HT YR U Feferd TeT IEAfTh w1 T Ygifceh STEAE Y S M0, AT 9 Tecnshy
Y Helfra Hiferen FTEEl i Yee $ a1 81 SR FeRleh! o & § U Yeih AneE f&an e g
T RO Hied i S=iH IR i faerfad fran sod o' Amn T 5 g Sl sie-sid sl |
Gehfaa gl €, foraeht Sl v el =2 A wiauied fohan fof wehrer il 57 wformet o ehfsa
Bt 81 I=H g off FHew T R YR H HOGRT TR TR FU1 1 9 FiwT o FH %
MR T Sl T T STe oh1 Tl Higel Weqd [l 98 Teh T Yequr @ foh o whig g fenelt
foh THAS 53 | ThUHT G199 olied! € df I Ted o el 1 are il 81 S T8 TR Yoy
Brdt € o S o1 IR SuRetdd @i €1 it g faehl 8, YIS o WHIA IS ael i el i, Ia:
o o1 39 feen ® sk ot syaRafda Tedr €1 ot I8 o cieed S, 3Teid T sh1 e sk d e
H SoR(IA &1 ST ©1 e A deh fohan R il S faee 753 SforeRTet s 6 TR WEfdd # €l

3TIeR i GREREAT i AT i o (AU, =2 7 AR wqd fhan T wivrenstl &1 = sia
AT Hid H, 91g HI TN AfyF 2t T1 fY, 9% H 7% A 5o R Yk w1 A1 A e Hid
o 1 1 eTUen %Y B B

THTRTERT o & H, TRl o &9 H e, FHGIqenal =2 1 qo | Fel AU 3§ 91 3B 3
Tt wfRereIet 1 Yaror fohan Rt Sfvrmtell o el § T Y U S €1 SRR & fau, S % g
TR e 1 Tdcl her o hRoT fafT=1 0T a1 Y&T0T| YehTeT oh STIfRTeh T oh1 T[0T UHT &1 Teh T 360
21 5T 9t T WO qA (Swimming pool) & il H @l €, q9 I8 79 =ed 1 fafds df SeH @
& € ofhT Wy § aa #1 U o @ §1 e | qoh R R S % g R eAfad st § 9
D HT WA eIl © q1 o IRHG 8 Wt &1 W A TR FT Hioemet § 69 forg qoed o s
R R fohan SU =EA 61 FB TN, FAfTh afEeTst o afemer & 1€t f9er g g Hiv=a
foRan ST Wt o TR I TR TEfda BRI STUal 81| aAfy, 7= IREeAst i e & o fau
Ig AT Ie1 fo HTORTT T8 Heer Fdl © o fom o gdaw gl wHt gfaen g o @ w9 § T g
HE ot S Al 9 9 a4 Sl i GREE T E geel O | §9e Hehdt 2

9.2 Meld IYUN ERT Yh1IT ohl UTEdT

TR WA o il O ufifed &1 weda i (srefd, wEfdd R qen weds s
3TET YU o A faIg W AfYeia o &= 1 HI07), AYaA shior (Arafad fewo
A YT o AT feig Afeial oF = W1 HI0T) oF SEL Bial 8| $Heh SAfdiie,
3Tqfaa foeor, Tafda fheor qen Weds g3 o ofaaq fag W Afeia T & a9ad
% g € (fe9.1)1 3 Fram fereht off wrades gs, =R o SHael & o1 dfshd 8, o
yereh fag o forg 9w €1 qenfa, g9 oo foe=m o1 afsra gai w1 faeim feafa, stefa
312 Tt gt ae & Tifaa w3 fufa o sifveda diem &1 aed, g3 & stuas
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faig W @i Ty w9l W " G 21 gEe e T e
o sifacta ahar B o sTafSe Auia evad fag i
TUUT ok hdl g W T Al W@ W 2l

T UEA € S Y Yok & T Teld gUur
S g ST Y HEdl 7, Seidh Mol o9 &
S g Sl FHITH g hed &1 TMeld gdu o ya
T TRl h% i UM el WA W@ gEF 3787 HEadt

21 el ol | S| o 379 a1 | e, YRk e i

& iy § e areft @ ge7 378 seant € fora 9.1 emufaa forvor, wafda foRor qen weads
T3 ok e fag W eifirets © € de § € 2

9.2.1 Tug uiuret

Tiefte YUl R T qell ety ol N U oh fog wrHfieR §3 e
& fou, wevem 75 gfEr o o faw i fog uikarel st g 39 g5 | w9
Frdlg f9g TRUET (cartesian sign convention) @1 e %yl 39 TRAE o
STTER I&] ! UU/AT o A 3R W@ © e qeft SR uur o ya steren oF %
YRIRTeh ohg W AN ST &1 STafad geRTST

F1 fo W AT T Sl e W S

e S SR rafa gehrer whi e ok faad ELRII R o
feon ® @rdt St € 9 wowcTR A ST § st faew
(fo 9.2)1 x-374 & TUH do1 </ ?ﬁaﬂj‘“ —

T 31 (x-398) oF Sfeiaed, STRAE! A0 e

p x-31&

S e | S € (e 9.2) 1 et
At S=gdl ol SRUceh forl STl &l l

T 7 9 oF WY g el

afrafad eRTeT o
foada feom o
TAUll o falw Tohal §F 1 el @il ok ﬁﬁﬁ;ﬁiﬁﬁw —

e wehet ot firer < € 9o 59 G gRI Ew

aqfad weRTer it fewm

. ¢ EieCn o gl s
fafv= feufel 1 f9ed X 9%d B ot 9.2 i g

9.2.2 Tl TUUN &l Wihd g

o1 9.3 o <wifan 7o € o 5o IS GHIR FeR-4S Rt (a) Stadet SUuT @9 (b) ST
Tqu1, WX ATafad eran @ d o el €1 €9 Tl U€ Wid ¢ foh fehtul Swrefid (paraxial)
€, @1efa 9 <00 o ya P o fepe o fagell W emufad € 9o gea e1e 9 oI w0
T 21 et Rl stadae gdu % qer e W fag F W eifrai| B © e
9.3 (a)]| 3T YT o feru, wrafdd foheol goer g et W fog F 9 omafa gidt
weid gt € [ 9.3 (b)) T F <401 o1 G&7 Biwng sheeldl 2| 9 FHi suef=
WehT9T-GST 3781 ¥ hIE hI0T A0 U UOT X Sqafed g © o e fereol g aret
o 693 F ¥ oI ama a1 & 314 o SAfvceed qa o fedl fog m sifvmfa
(ren 39 fog 9 oaRa sl Udid) BT 39 T ol IUU 1 FiHT THTA Had
g (9.3 ()]

U1 o WIh F AN ¢d P ok o= i g U0 1 Bi%g ¢ FHeaadt © a1 38
S 31 fAfése fofan S 21 o1 79 ¥% <@l € o f= R/2, T&l R0 kT ashal
21 fopelt smafaa weher fopvor o qureRdA w1 snfafa o 9.4 # el w21
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o 9.3 3Taqd 91 3T YT ok HIEHH|

T ST C U7 hT ashdl ehy 81 q&T 3187 oh FHIA Teh Yeh1el fehor W formm
HIT St o1 § M W TRt 21 a9 CM foig M R <401 1 eafiyeia g | ofifsg
6 3M9a o1 € den MD foig M @ g7 2181 R & 2| a4,

Z/MCP = @ /MFP = 20

(b)
o7 9.4 (a) 2199 o™ Yo, qen
(b) 3T TMed <901, W fordt smafaq
feRTuT o Qe ki SATfALT]

MD MD
3179[,tan0=c—D qdqltan 20= D 9.1)
0 o o WMl o fow, St for Swefa Tl & forg o €,
tanf = 0, tan 260 = 260

Tfers THteRTor (9.1) © I el

MD 9 MD
FD = CD
CD

AYAN, FD = —/— (9.2)

2

e, 6 o @ A & fou, fag D fag P & siga fere 21 s@fe,
FD =f 9o CD = R | 3d: T (9.2) ¥ 9w eiel ©

f=R/2 9.3)

9.2.3 TYUT HHIHIUT

g frdt fog 9 TRy BT Yehmel foh¥ol TRadH qe/Terdn oT9ecy o
uyerd ferdlt 31 foig W foerdt € At o fag weal fog 1 yfifaa seam
21 4fE ool arede o 5@ faig W erfvrfa et € o wfafas arafas e
21 zaeh faudia, afx foreol areqe # 7@l firerdl, Wy €19 1 @ik sg

M W 39 fog ¥ 19Efa et ydid gt § @ o% ufdfes srurt e 1 39 UHR
el a%g 1 TUEdH AL TIadd g €fyd gfafaa 39 a5 &1 fag-<-fag
314 EIEY el B
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fagia ®9 ¥, g0 9% & R fog 9 e ot #E
ool o Tehd €, 3k Y STifEd W €, S Uiaess fag
A L © SN 36 YohR, Terdlt Tieitd o1 gRT i o o
a1 frdr fag @1 wfafss 9@ wd @) qenfd, sgeRR o
frfafaa el o 9 & @ <1 ool oF gfausee e e

() fodt 95 9 o arelt a7 foreor St 4= 31e1 o IR
B Efdd fhor qdv o HiwRE ¥ ol 2

(i) % fozor st foreht stadat TUOT & Tohdl g W eI
T 1o 391 <001 o Sehdl ohg § Sdl Wdid Bl 2
T feRToT sheret 3191 U G a2

(i) € R <t fonelt oTaael <O oF H&A Wik § TeRdl
€ 27 SXel S4UT o §EA Wihd § oAl (i R
fge) vl Bt €1 wafdd fRor e e1et & WA forw 9.5 el wreael <iv g idfee o
T B oo s

(v) g foreor St ya W forelt ot 1o W eafaa et 2
et fReor, Serdd o el o1 arer et
fo= 9.5 foa oh fag A 9 Feher areft @9 foheotl &t &

T et Trt-aE Seiid 81 399 Tadel S9U gRI S T fee AB w1 gfdafas

A'B’ (39 Teorfq o aredfersr) <eitan e €1 g@ent 98 o1 i ® R fag A 9 shea O

ool € Teperdt €1 frdlt oft oiq @ @sft fegneti o o fopwol fererdt €1 oma: afg

fag A ¥ e arch ek foRtuT, 3ferdel U1 B TUE o Jeed foig A’ § BT STt

g i fog A’ fsig A 1 ardfers fdfae 2|
319 &9 Y01 HHIeRL Stean e g8 (w), afafas g (v) 920 i 34 (f) o6 &=

HaY Fed= H3|
95 9.5 9, I @Heh1vl 519 A’B’F el MPF ¥0&Y 8| (Iuefi™ foheon o ferg,

MP i W%l 3@l CP o waad A1 ST Fehal §1) 37d:
B'’A’ BF
PM FP

Jregel BA _BY PM = AB 9.4

it ~ APB = £ A’PB’, 90l Sl A’'B’P a1 ABP it @&y &) :

BA’_B'P
BA BP 9.5)
THIHTOT (9.4) AT (9.5) I o HH W TH W er
B'’F B’P-FP BP
= = (9.6)

FP FP  BP
THieRToT (9.6) ® Al o uftmmer wftfer € o1a en fag TR %1 oy w1 2
B A1 d ¢ fob g foie & gdor MPN &1 31 78 hdl 21 36 Yo 39 faen &l
e foran ST 21 a8 P @ fo9 AB, Wfdfsisr A'B’ @1 W@ F o Tg=H o fag
&Y 3t wenre it feen o fauda fEen & e S usdn 1 g6ty g1 e o T

UM BT 3Td:
B'P=-v, FP=-f, BP=-u 315
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% Hifaet

TR (9.6) H THHT ITART HE T UTE Bl 7

I (9.7)

W&w%aﬁaqﬁmww%ﬁwnﬁwww%lww
Tu1 o e E (m) 1 it o | (W) e fois o @1gst (h) o 319 o
®q ¥ gfefd & g1 e

m=% (9.8)
hden b’ 9= fag aRuet o S8R oHs ST9al FocAsh foren smam| st
A'B’P 91 ABP, | =¥ fiyerd ¢,

B'A’ BP

'BA  BP
o afturdl v ™, T€ 8 ST

—h_-v

h -u
9 YehlX
h’ v

m=-—=-— 9.9)

Tl W T UV FHIHOT [FHRT (9.7)] qeN ST g [FHiwW (9.9) ]
e AU gRI & Arkdfesh qe S Wit o fory o= fepy €1 Wy arse |
3t fag TR =1 ST @ W, 3 Ge Mol <Y (Sfaad 9o Sud) g
e o Gt SO (=R wfdfes arsfass s @ o) W e B 71 e 9.6
T 3adel q91 391 U] R ST Yfaferal 1 T o fertu-3@ <21 e €1 379
TF e HAMIA o Fohd & Toh THISHLOT (9.7) T (9.9) 7 IS o foy ff 7= )

Qe

316

() (b)
W?&WWW@WW%&%@PH%F%WW% qe
b) 3T AU g Yfddfedl 1 T=I
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IETENUT 9.1 A oAifo o 9.5 ¥ I e7aael YU o Wawd I3 o A &l
3 T fepelt STareeft (erawerdt) uerel | g fea e @1 < o we feord feret
foa oF gdUT g1 = gfafdd T SHHT R GAE TS 2

&l

19 G Hehd 2 R wfafeis | o o e wmt @ <m Wy 7@ 999 g o weda
o from Tdo o 9 W R AR e €, o1 90 gR fae o qof wfafie e
Ay, sifeh TXEd] 53 1 Gkl A €l A 81 ST Hidfers w1 dierar %A el
ST (39 ST H ) |

3101 9.2 fohelt sradal Sd0 & A o1el W U HisTgd B W@ @1 St fa
AN g Sidfae 1 TEAT <3| ST it T sfrer Tehaam = 72 21 /0
it 1 faepta <Uv & e W w1 e W R R 82

(O _— ¢
5 [ ; DN

e 9.7

95197 § WA o Wfdfeis sl T 1 FehTR1-TohT0T @ ST o0 | A 3981 ok
Faad Fad | i A 1 gfafae S 99ae § g1 98 S Wes &1 g, A
B'C = BCI| 3 &4 € g0 &9 ¥ 90gl Gehd ¢ o Widfes o faepfa =i €2

3ETEYUT 9.3 FiE % 15 cm Tehdl 52T o 31adel Y01 ¥ (i) 10 cm T (ii) 5 cm
T W Tl ?1 vy fefa o gfafae 1 feafa, gepfa qen e ofewfem wifsw)

T

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

() 59 3 u=-10 cm | @ GHHT (9.7) ¥ I BT
11 1
+

v -10 -75

e o= 10x7.5
~ -25

gfdfea foa =1 faen # 309 @ 30 cm g8 W s

v (-30)

MEeT m = W0

yfafsa eTafia, ardras aen el ¢

=-30 cm
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(i) 99 g u=-5 cm 7@ FHHWT (9.7) 9
1 1 1

v -5 -7.5
5x7.5
YT U=m=15 cm
yfafas gd01 & d® 15 cm T W ST 31 T Fdfsa St 2

S m= - 2 =- £=3
u (-5)

g yfdfaa smafida, snarht den e 2

ISTEUT19.4 HH AT foF o1 feret feer R & o8 €1 319 2 m ofehall B2 o Ul
S99 U0 ¥ feRell o1k Rl STOT 3R S gaN S 2 AR Hl9sh 5 m s = | 3
@1 21, Al SEeh! iifeisl fohet =1et W SISl Tdid €T Sielieh e (@) 39 m., (b) 29 m,
(©) 19m, 7 (d) 9 m | 2

Eigl
Tdur ST (9.7), § TH Ww B ©

o= Ju
u-f
IqA Y0 & U, HifF R=2m, f=1 m. &
_(-39)x1 39
T 39-1 40
e 4ok 5 m s 1 STUREd! =1t ¥ Fefdl 2, 1 s 9 999 (u=-39+5=-34 m)
o foru gfafas =t feafd v =t (34/35 )m,
3d: 1 s | wfafsa =1 feafq o fazemm g
39 34 _1365-1360_ 5 _ 1 _
40 35 1400 1400 280
STy ST ook 3901 § 39 m d91 34 m % 1< | ©, d yfafss 1 37gd =t @
(1/280) m s
T TR I 2@ S Fehal © T 36 u=-29m, 19 m q91-9 m ? d« 59 =1
o yfafss 7fd @ gdta g 9% HEST:

—l—anJ,—anSJHﬂIJ;nlsl?ﬁm
150 60 10

Ty e Teh ST =1el @ THM 8 qefy e <901 o SE-Sid fepe s
39k i &1 =Ta | T gis Fdrd it S| I giee fondt fer &R ateren
from o9 § o1 1E o =Afer 2@ Hehal 21 A 6D W TH ael e Teh SR =el
Y AR 9 37 @1 @ o, FIoid gC el | 6l YRR i UReeAr 3@l S Tt 7

u=-39m, v

9.3 3uda

S foRe aRERit Aiegm | T I i TR fh0-g foRd SR uRestt wem 9
THAC 7, Al FehI9T 1 ek 9T Ugel HIeAH § o109 Wefid e Sl €1 Stk 99 s
T AT H Y9 KT ¢ e T R fRo-gs skt v 6t e g et
FHW T T I TR H R T HeEH Y T A ¥ e Sfad (0°< i < 90°)
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B T Ll € dl SHT ATl o SaNYSS W 3Heh (M Afreta
el o feen uRefda e St 81 39 ufieed i g
1 HUFAT FBA ¢l T A YA g SuEdd & omafaq feRw
Trefafaa fom gfqafca fea)
(i) edfd foRToT, eTqafda foRvor qen SIagss o 3Taas
foig W sifets, T € TAqe ® e €
(i) for=el < wremi o e ok ferw, SudA wivr | e
T (sine) T SIS 10T i SAT HT S Teh g
feerien BIal 2
1% WG, A9 IO (i) T SIS I (1) o 0T
T Sl safad fereor qen srvafdd o e sifreia o aroelferd ferzor
Y S Bl S

sini

oI 9.8 YS9 T 3T9adT den WA |

sinr:nzl (9.10)

T8 n,, Tk feerid ¥, 59 Tedt Weam o A T WA H STadld HEd
IR (9.10) UG o o7 & (799 o AW W S St €1 €A 3 4 9
7% € foF n,, < e & e 1 ARTAO B (T 98 W Bl awee W fasf
I B), W TE AU o W R T

THRI (9.10) | A n,, > 1, r < i, 31 sToafda fheor sifacia i 3R g8
S B S9SN W WEAH 2 Wkl HeAW 1 I ol § YR G (SIUel G o,
TE) WA hEd B 38k fawdd AfE ny,, <1, r> i, A ST9add R stfires ¥
Hedl 81 7 o feufa € foew smufad feron foredt wom mrerm 9 o st g8 fora
qreAm W erveidd el 2|

N : Y131 Ecd qT FoTHI Ecd & are 9 39— 781 &I AT FoTH e

Ui 3T 1 574 &1 T8 G9a & [ 551 hiiors Te qIeqq a1 5o7H Sicd

Y131 faRcT ATead o 5oTHIT 5Hcd & &4 81 (JH13T 5Hcd 3T qredi d FehisT i

FIeT T 39 &) | ST o fo7g, aRdi 7 deT ae

S| ARYIT & del &1 5HIA FA STel o FeHA Ec //’%@\«*

d &9 BidT 81 cfeh ST JHIT Fcd 3714k BIaT &1 -
afE n,, AW 2 k1 HEAH 1 o HTde SIS

A, WEAT 1 k1 HIEAH 2 % WU STYeHw €, 79

T T § f

1
N,=— 9.11
12 n21 ( )
I, T 3 HHAT 2 % W SOED & o o o & e 4 st el g

@ ae ft = ? fFon =n,, X nl,ZIﬁnSIHT%?m P .
3 1 HIETH 1&5@&1324%@%2 o |
AU o T W e e TR IRom qid W T ST Eehd 2| TRt
AR TAe W, STe 31 Y3 W Bl € (Ag-ahi= qon shig-ar) | ot 9.9 319
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BRI I8 ST § 3@ 51 wehal € 1, = i), sterfa
forfa fertor smrafad foreor & qwiaR @it @—amafad
foreor o e frfa foeor o g fomem 21 &,
W 39 amafad fervor & wrder i¥ess fagend
ST 1 T SHY Guikfad veror 98 oft ¥ fF o@
R foreht e 1 9 T Sl v et @ (e
9.10)1 Afvdeed feen o fehe 9 @ W @
T S whd © R M TR (h,) S
TETE (h,) i WIEH (SfeT) ok qedls ¥ faefsa
HE W I el 2l

TRTST <1 ARJHESE STUad STk Jeeh TRESATd
Tl &1 ST o TAU, WehTel ok U o RO
3 i ardfask YARd ¥ F© Usd e’ A
S € dT STt YA % F9 99 W9EM 9%
gfterier g 2 (o 9.11) | Sr&afae gaika @ gam

(b) - T @ fafae ® @i 1 wR sem o 9,11 H
o3 9.10 (a) fctaaa, den (b) fads wH & feaferst o et o Y Ao UE enee feaft
fer el e o T | fo H v v B wHe %1 e 9

TrEféd ek < T 21 fafd o |rder arg w1 STqedi 1.00029 Bl T8k SR
o i feen o e e feult (1/2°) w1 el foem g ® frwent ardfers
TAfE den A gAe § qegedt HaR ame 2 faee @1 gafa den gaied & gu
G 1 SN =UO (SRR SMepid) o s uRER % wRo € R

TorT 9.11 IgHEdT 3T9eTA oF HRUT AR 993 ¥ Jd AT q1 ardfos 95 ok
IYEd AR H1 T B

SETEIUT 9.5 Tl 70 31el W T Yo F | 24 h ot 21 gd ok Trder geaht
T 3@ 9 W 1° fazenfud g9 § fha @ @ 22

'
360° foenfyg & o fau fa=n T ¥9g =24 h
1° fawenfaq R = fau fa=n =0 999 = (24/360) h = 4 min

33180t 9.5

320
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ToRYoT h1iRTent Td
EEQINEICE!

TAT g2 o1, Sia gieh qeT St ot Taw|

o o <Y 3T @R T& MFR @01 dd PQRS R fa=R 3| @t o 9l fog G W &e1 T Sfted
&k Tk o=d &l f6g C W god gU @l S| Wk, 5= dh FHA-Y-FH G0 § GG Fdl g1 7H
AT G o C & = dr 1 9% SR &1 1 TR G AN p Q
C o dI9 W W 99 GAC &l 3T9HH 96T 2@ GBC
1 foqd S & 9 BC ¥a@ B BN, A1 HIE 3 qY
GXC? € Sl & ff 3ot aeclt W A H =0 v, Ik L
aﬁﬁﬂavzﬁﬁ%%l

T TS St Tereh STt § foig X T a9l il 81 7
AT GX =1, TN XC =L, | T8 G& C T Tl & fern 7m0 SoAX B
qug g

Lo &
_+_
v, D, M

39 Y 1 AGH IH o fT TR (X o T3eTe o el eTasherd S g aen fag X @t
39 fefq 1 F9 HTA W AAE ¢ H AH A B D TS Gwed wH W (R w7 w6 | I
® ¥) e 91 el ® TR ek 1 el § 39 oy W Y6 T =iy Sl Sl i e S g €1 58
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31?4315:% (6 o o AH & ferm)|

o7 9.20 & <9 &1 awan

1
Ad: P= N (9.25)

oF T & HT SI T SRS (D) : 1D = 1m ™' {1 37d: 1m ®ihd 4 &
oY T &l Tk SR 71 TG ol 1 &7l ©FIcA: de ST ofF 1 &
FUCH Bl B1 39 JohR STl h1g 45 fafhcdsh + 2.5 D &/HaT &1 Guite: ofg feifa
T 2, T + 40 cm I T o STl G K1 AETFH el 21 — 4.0 D &l
& o9 ¥ qed - 25 cm W I H TEAd o e 7

ISTEI0T 9.8 (i) AR f= +0.5 m B I & S &war 1 87 (ii) Torel Sueel o ok
<) efshi 1 ekl BT 10 cm T 15 cm B 1 SHHT HIhd 0 12 cm 71 oG
o HTE HT SIS A Ty (iii) FoF ¥l et o 1 o1 A WFE T 20 em
21 5 | 3! Hihd T 91 82 [Ag-STA HT AR 1.33 T A1
TTadTR 1.5 2]

&

(i) o9 &I & = +2D

(ii) T{%Tf +12 cm, R, = +10 cm, R, = -15 cm
aqwmaﬁﬂm1ww%|

HHIEHT0T (9.22) o i H 1 WA 3 o fag £ R, o1 R, & fog fag afardt
o AR fafy= Tferel & 79 W@ | e
1 11
1201 (357735
n= 1.5 g
(iii) g ¥ 9 o o9 & faT, n, = 1.5, n, = 1, f= +20 cm
TH UHR WG I ¥ U W

Lzof{i_i}
20 R, R,
34w % o9 & fau 5 °, n, = 1.5, n, = 1.33. 9T

1.33 1 1
——=(1.5-1.33) | ———
G ( ){Rl Rj (9.26)

T A FHIRTON HT FAfSd W e faem
f=+78.2 cm

9.5.4 HUeh ¥ @ UddA i@l skl AT

TH-TW o G § W@ f, T4 f, Hih" AT o & qaqct |l A 791 B W fo=r
330 HIAT A AT h1E foa T8t a9 Ao Wied °§ | fweht fog 0 w fro 2

3T8Y0T 9.8
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(e 9.21)1 ween @@ fag 1, W viafea s 81 wifw
vfafea 1, arafas 8, 370: I8 W &9 B o g eh
fora =1 wifa v shear @ qen Afqy gfdfee [0 o=ar 81 g5
39 919 ! THS o1 AT fh U oi| © yfdfae o1 5=,
haat 2Afqq gfdfss =1 feafq fuifa @ o fae, @
21 ar&de § 9l oiF § ferer aredt fheor w1 feem, e
TR A ¥ THTA a1l R0 o SER UREfdd g Sl g1 o 9.21 FUh W@ < el oEl gr ufifeE
Fiifeh oG Tt &, TH QI I o FehT1ITeR ohal ol HuTdl Eaall

M Hehd 81 | WitST 7€ g fag P gr fafde e 21

TEel i A gN &9 Widtss o ferg

1 1 1
Y 27
o, u f, (9.27)

Tw o B g W v % for
1 1 1

;_U_IZTZ (9.28)

HHHIOT (9.27) TAT (9.28) i Se+ W,

—o—= (9.29)

T oEl T H f BIRT gU o R TR oW F g A W,
1 1 1

v u f
aFeqa

1 1 1
7 71’“72 (9.30)

78 eI "ok # W FE e a|l & e & faw ot w23k g,
Sypeo. TIHE AT F 950 | AH TH-W K Gk H W@ €, W W FASH F

ot Wik U BAM ¢
l=i+i+i+... (9.31)
S h i Ss
gAd o Yl H WHIRTOT (9.31) 1 3H YR off foran S gehdr @
P=P, +P,+P,+... (9.32)

Ief P39 o9 GASH 1 2 &dr €1 e e, qeiieRton (9.32) H ST -3
eTati k1 sfSTfordta A fean e €, stefd G o e v § 5w U% oS
(3T Gl o fTY) qe e U RN (Sfead oidl o fofy) 8 Wehd B 1 |l
IS TH a1 ST Sl oF SIHIRG 31eal STFEid o I i | 9o
eI © a1 3 widfes i devrn § off gig # < 71 il Ted of| g o widfee
TR oY ok forg fofa o srar 2, Teiehton (9.25) ® =g sfafifed € for TaeH =1 gl
A m, -3 E (m,, my, my,..) F [ES & R Sl 8
m=m, m, my ... (9.33) 331
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3IT8Y0T 9.9

TH R o Gl o GASH W SR, GEERieial, Rl qe o1 ehiferh

7 & dal o fesmed ® sTEm fae s E

30T 9.9 o5 9.22 # fRu 7w &\ & AW gw ffda wfafss v feufa
M hifsa|
o

+«<—30cm —*

f= +10, -10 +30 cm

e

o 9.22

el v, = 15 cm

wed of" gR1 Fftfa wfdfss g ofg ok for foia 1 wifa & *an 21 78 T |
o T R (15 - 5) cm = 10 cm 0 W 71 Fafy wfafde ardfas § W 7€ T
o9 o fou sl foa 1 S e 21 rfd SEE R o o fo Rt el g
T Bl 2

A v, =oo
Tg ST Ffdfee SO o o e R 3Fd T R S 21 98 AR o ok forg fae
w1 it hrE @ B

a0 v, = 30 cm
sifem wfafare e <@ o T R 30 om T R T R

9.6 frs\ ® eruad

o1 9.23 # fordlt fism ABC @ 9ahret R0 &1 TRd gU <9I T ?1 TRl otk
AB T ST IV T STIIA 10T HH: (T 1, €, S R Feh (Hid 9 a1
H) AC R U IV r, T STIAAT R0 A1 FRT B0 e ¥ FRIG fRToT RS qen

smafaa foReor =61 faen PQ o = % U1 &1 faFerT #1075 HEd B
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B C
o7 9.23 Fi9 & Frqar frem @ fardt g fasor
T T

g4t AQNR # < 107 (Q e R 96T W) FHehi0l €| SHIIY 36 9T o 31 Q)
I 1 = 180° =1

ZA + Z/QNR = 180°
YT QNR @
r,+1,+ ZQNR = 180°
T S HRTOT T Gorl B W, T 9 g
r+r=A (9.34)
et foreret § S ot W Tl 1 A 2

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

dAqA, 5 =i+e-A (9.35)

10 L Ny
4O e a §
30° : ]
[ e 0
0° 20° 40 60° 80
39 iy (i)

Terx 9.24 fFdt BqemR fisq & foaw emaas o
() Ten fa=rea I (5) <% &9 U UTH| 333

2021-22



% Hifaet

334

39 YRR forerer whiv S1rae shior W FeR st 21 fos 9.24 o aqae o den
forare™ w01 o o= U <A T 2| Y T8 2@ Hehd ¢ o oAU ®9 U, shael
i= e BeR, TAF faue HI0 § & aeIEdl i 91 39 YhR eh 3 AH B
T e TSRO (9.35) W {4 e ! WHiH{G § o7uferd €, stufd, 9% { qe e i 399
o aget o St § sraftafda @ar €1 Hifdes ®9 § 98 39 ded ¥ Hetua ¢ b fo
9.23 ¥ WY fHT01 & 9 & A09 SRfEd FH W e fa=ged w10 9w g 2
=7 faaem D W, fa=m o ofey stoafda fortor soeh SR o THiaT 81 S 2l
T4 e e @

6=Dm,i=eﬁ'{:|7=h‘r?ﬂ?cl'5f%1%ﬁrl=r2

THieRoT (9.34) W BH Ww el @

A
2r=AdAYdir= o (9.36)
T YR THRT (9.35) § 7H WE o ©
D_=2i-A #i¥ali=(A+D_)/2 (9.37)

afs fosm & et 1 STedE ny, ®
n _sini_sin[(A+D,)/2]
2 sinr sin[A /2]
ST AT D, T HY FART BRI H1 S Thell 21 TH YRR HHIH (9.38) firem
o qeref o S{UadHIh oh HIGH hi fafy B

B v & foom srfd geet fysw o forw D, ot ST Bier #r € qen H wrw
=l

(9.38)

- _sinl(A+D,)/2] (A+D,)/2
27 &in[A/2] T A/2

D, = (n,-1)A

THehT e € o wael fsH o weRtet 1 faee SIw! | e g

9.7 Gd o USRI oF HNUT FB Ui TRIESAT

TAR =R 37 1 oqetl o 1l YohTel o el B4 aga-l Woiid gReeid d 81 e
IR 3R W gwE fe@rE < 9 W I g o YR o hRO7 € Gd €

foem SN 99 (795 Yod) WeRTET o GRETU (he-X) q Sgageshd Tagd
(371 8, HE-XI1) o 9N W Tgd THT BH A1 &1 Yokl € Toh Th1er k1 a0f gehren
T ST e WA | e | Heig el 81 3 T W A Yehrt i e
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IEZUREAIRIEIREE

EEQINEICE!

o f (~750 nm) R SEfeh ST e @ Wk & R (~400 nm) W
2| TRET 1 HROT 7€ § o ferdlt A ot eraedHish Tl aureeAt (=i & ferg
f=1-for gian 21 ST o fAIu, Yad WeRI9T 1 el Seeh Ged A Gedl € S
ST Teh fush Gedl €1 god T W oH %§ Tohd ¢ 1o Hid oh 97 H ST Wk
T qoil H el YehTeT STURIchd fersh el @ THA hl ©1 HRot 9.2 # fafe=

EEl 396.9 1.533
e 486.1 1.523
drer 589.3 1.517
e 656.3 1.515

T o foTu ShTee hid qen fiie i & STTedish ST T 21 A oGl &1 3T
el @ foaehs s1 g A1 T Tehell €, ST A1 G Yol o qREToT & HROT
g9 fa99 (chromatic abberation) <9Md &1 <@ Yoid YTl HIZ <@l & Bt
TRAT € A ol U ST ol SrenT-eter fagel W wihd e €1 39 uRee &
q9f fargerT wed 2l

3T o A STUEcih | IRy e HIeAdl § 3T WeAHl i qorl ° Afues
g gl 21 arkd o, fefd § qente i =l qires W e e et o et
(31 wfihed: 91) Uk STaRerd Areaw © fed qeft ool gue = 9 T S W@
g1 9% 39 e o g g € foF g 1 TR SR U qeh Yo TRl o &9 §
wEdl 7, 3ok fafu= Geeai & w9 H 71 guer faudia s T g @mem ?)

ST 1 ATl Ydld 81, Yad o5el, YaRd qe QA o GHg TR i
AT, S5y, 9 Ul o v, Hifua, viE ve miaa S o avw 5w
T QYA e TS Wiehfdeh sHehR €, e g0 weft-ifa oRifed € oIk s1eh
ITE B ok 21 TR 3 U FP k1 g9 Gt 1 3fie 9 aoft wim

9.7.1 TgUW

T3 IgHSA H UL STt 1 &l o SR YHTT S GRETU F1 TH I 7| TS
T S TeRTYT T STl T A aH Sal gRT GRETvT, STIeRd qe S W ok
T A HT AREAT 81 S5uY 3@ o fou eravas vl 4 € R gd e &

2021-22
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% Hifaet

et we 9mT (WM e 9iv=d fafast) o =m0 @1 81 i STt o foada am
(9 efifsre gaft fafast) o =i &1 @1 8l 38 YR his ot Yareh sgeqw O+t <@ ekl
3 v s 6e @ SR A

R 1 T GUEH o fore o 9.25(a) W fAER wd €1 9 1 e Heivem
ot T o% W RIS T SIqEd B €, TSTHeh SRR Yo WeRrT whi el adeed

T% =

42° 40°

() (b)

(c)

o1 9.25 5T (a) ST FT I8 W UGd G HI KON T 9% R TR STYAAT A Th IR AN W
Bl €, (b) 9% o A YT i TR0 o STiden Wed= a1 STved w1 foafia gy feeh R Wi g3
336 A1 ® AU () 9% ok 37eT FRTO ok T SR AR WEde oh Rl fgdiaeh SguTy S €l
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ToRYoT h1iRTent Td
EEQINEICE!

(o) goreR &1 ST B eI ki Sed AU (TeT) Te A Geddt § wefth e e
() He stk HEdt €1 THeh qve 3 G TRl o o ofiell 9 § Zedt € SR
I 9% I8 W 31fireds 2R S1qafia feRTor & <t 1 <RIvT ShifceR RO (TH WO H48°)
Y Afereh € o STidReha: WEhid & S 21 78 TEfid Jhm, 98 9 el Feherd T fo
¥ g9l STER : STuafdd € STl 21 I8 9 Sl € R 9 9 ST el WeReT o |et
ST TeRTST 40° % IV TR G It TRl 42° o vl W i g €1 31 il o ferg
0l o A &1 ST o 7eA B 2

1 9.25(b)  Weiftreh T5EY 1 S THSAE T €1 BH <@ € o 95 1 9 @
ThTS AT S 2 W ST FeRTeT Yeteh ki i@l Ik Tgal €1 95 1 ¥ 3T ael ST e
<2 T ST dTT et JehTeT Yeih 1 il § SR ten A 1 iR K 2 71 5
TR Y&t IR o I W oA ot R Tt R S ool e #1596 YRR wefaes
TR < SO WehH AT SATed, UXe del G ST9ede ol TR 2

St gepTer fereol fREt 9ot 1 9% o iR Uk SR 1SS QAR Sfidehd:
wEfdd it 8 d fgdioes Sgeay o @ [fa 9.25(c)]1 98 =R =Roia WA 2l
Tt Trade o YA | Y19 1 fierar w8 8 S 21 safere Ty sguy mefae
ZRET 1 o W uel gl €1 36k Wy § S| o o 9.25(c) ¥ W s
T T A WAk SEUY H1 gol H Soidl Bl 2

9.7.2 WehIYT I UhIUIA

e G 1 Y19 et o qRHSH W THA il © dl 98 argHed o HUll g Fe I
Bl 21 BIA AR 1 YehT9T TE1 AT F1 qo § el tfush gentol g 2
(YT 1 WIS TRTeEd Y Tqel ST o SJehHuT Bt 21 g9 i g e 21)
T BT € TR Terms arehTen | Hfren ool waifren woE et €, it ot =t @i
{Uen fiel a0l shi TS %W Bl © 1 THeRT Feh1U ATk Yereral § Bil 81 Ak
o S gl 1 qeresd SR W 9 g % R0 98 A ovf | ot st geerar 9
e e e ]
Ty B SRty Hen @ g 2l

fafast o7 3 e {
ﬁrah—egﬁ <

s
/

Torx 9.26 FAT TN YARA o THF A w1 YR AgHed § Afuw g T
HI T
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THee o SUfted o %O S8 Yol q° S Hi geH g2 9 SHewR < F
Tef W 5 gl § yrEfies A, yHrer w1 aesd A qen wehivish (WM Ay g
yEd GES a @) % SUHE WES & a<< A% U, W gEvE war & W fE
(1/A)* o STTHAMU Bl 81 a>> A% faQ, sufd o€ e &1 Yehivieh o oh
fau (S o fau out 1 9, 9 SRR & ¢t H1 el fed o) T gl
T gran; weft qeTesd e aE Y @ gl et €1 gHifee e e a >>
ATET H A 1 ged I et §, gmra: v9d welid @i €l

AR q1 A o T I i RN R agHed 9 Tl STUegd AT
It @ wE Tedt § (999.26) 1 38 THE G el e S qvresd #1 afuhie
RIS Weh 1O GRI Gfeh &1 Sl €| 37d: WehTel sh1 Tl hH Yehifofa 9T <l SR i@l
T TSIl ©, T TN Bl ©1 FE HRr © R farfas o frehe @9 w g qen gof
SSHT THAH Tl B 2

9.8 URIITH oI

YO, et e foem o WRred! qe STved! Ul 1 STANT Hich 3Tk Y1k gt
w7 fesme feu wu € ufieeft, sggfdeed, G, quewis, gaeel ow
Tl yeRfereR gl qen a9 % Seel § f9R 'W M 9 9 S7En | on
g aredd | TR T oW Hewqul Yol gl § ¥ uh o weha 3 e
GO el B1 el X | &H HiHe 45 o aR W UG Yok €| 31 gH Yeuesl qel e
o @ H o TSI 1 FUH B3|

9.8.1 gerasil

T G 1o Wl Geusell wH Wiehd T k1 Uh e ofF g @
(fe9.27)1 30 YR & ¥ H Yeueel o &9 | YA & o fau, &9 o1 foa
o fehe SUH T Hiend g0 19l SUH HH T W Tl Sl € 941 o o gEd SR
T I G W IR @ Sl B | G h1 AT ® R e s den, safida qen
st wfafse fdt Tt <0 W s fof 9 S8 WoaEs <@ ¥oh, S yfafse
25 cm U FB AHH TF R T =1few) g e f W feod 7 sHewT wfdfsa
I TR S | ety 9 fae f @ wH gl W @ @, i widfes sl qen
F1 g § FH T W I 71 7@l T@d & fau feean smmte @, e fig
(0 D= 25 cm) W et 8, W 308 45 W F a6 qgdl &1 e, W S W
o1 wfafeis faforet = g <@ o forg Sfea s @1 =8l w <A feofaat seied
€, Teell o 9.27 (a), | @1 g T 9.27 (b) @ (o) Hi

W geaseht g faske foig D W =7 wfafss o fog aw smadT man
e 11 gy g1 foRan s wehar 7

nete{t3) -3
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foRTor gehTfSTent T
EEAINEROE
| ok T
N SN
%\%

(a)

0

S\V/8

(b)
h 01'

«——> 0 \
N\
faans

3T W
NS

(c)

o 9.27 e geAaEll (a) MEdF oF 39 yHR feog ? i wfafsa

foehe foig W oan B, (b) foel gru sfala wivr, Fere foig W sfafd whion

o HEH € 990 () fa ofw & wieny fag w, wfafas sga ¢ € oifa
Ifa ¥ U 2

339
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e BN g IRl o STER v UM € Aol URET § Dok aXeR 81 31:
ST,

D
m = (1 + 7j (9.39)

Fifeh D @M 25 cm B 31: @A 6 Id 3 o T ®Iwd @ f=5cm &
I o 1 AERIHA Bl 2

& ST, m= h'/h, Tl hidd o1 9Es 9o v yiafss &1 9w &1 T gidfss
g 3Fafid Hior qen feia gy Siafid sHior &1 o ST Bl 8, S 3% 0 ¥ 2En
o fIq DR @1 S 81 (A Hifse for =8 oree o e gry o W efafd ior T&l
2, I h/ugr = foran T B1) Uehel-oid Wi aTadd 1 Suelfs 98 ¢
%] 1 D! qorl | HIhT e TRt 3@ HWd B ST 2l

e S gldfae Sd W ol © df g9 e T s 59 feefd § e i
A w1 Reher ST BT | SiSTe foi s = h gl 39 foa gry == W efafi
AAferham o1, S foa T off fe@r <ar &1 (fom ferdht ofw o), 7 g1 © <1
&0 o & e erefd g0 D W T@d € 99 Sfafd Hior g grm

h
tan 6, = (sz 0, (9.40)

a1a & yfafes g 9 W 3fala v, Sefe faeg u W @ g, 99 w9 B

gﬁa%’zm=5@9ﬁm§mﬁﬂﬂwﬁﬁw
tang =1L - L. D _ N _p. i g siafia @i, wafs foiw emou= f wE
-0 - U -u
Z(EJ
i ¥ (9.41)
S foR fod 9.27 (0) § T 21 o7d: S0 e (madH awan) ©
TAW:
= 0, _f (9.42)

7 39 feafq & st &) ga ¥ % %0 2, foud gfafde frere fog o s
8, TRl (9.39), WY Widfsis 3@ STdeehd e SRHEe il € qel ST
H 7R off STHETSRd HH T YRR o (GEASE qe ) ¥ Feferd S e
o g9 78 A o gfafde oma w e )

aAEdfah WIRd A o ofal o fau fRet TR geueett &1 sAfushan stea
(< 9) Tl 21 atfureh e o forg <1 ofgl 61 Syam foman st ©, f5e T i T
oG o 99T R G (SGT) T 81 U Yo Geuesil whed 1 o 9.28 W Wy
Geeell 1 e @ <uiEr M 71 foa % gew fie ok o w1 eifugyasd
(objective) F&d B S foa =1 ar&dfes, Sorer, nafida gfafsa sqm 21 e gfafea

2021-22



fort 9.28 TgF Yawsell 5N Wiafad o 1
fortor sm@|

TR oG & fou foa &1 wr w1 21 39 TR dG FI A (eye-piece) FEA T,
S ardfo ®9 ¥ T YOS S1efEl TaHeh oF ®9 H i ik sAfan sfafa
st gfafsa ST #1 39 YR Bl ol Ufdfss AR o wiwd fog & e
(RIRE W 13U ) BT €, T8 AR ¥ 3o g0 W gl € S atfad whdfss
1 TG W T o T ST B @ e 3§ fefq & off il fre B @ fo
R s gfafda feed 71 a1 sifam fere fog ™ 71 o, sifqw ufafds g foa &
ey I S 2

319 TH T YRR oh HRUT SEHA I w1 o 9.28 1 fRw @ W’
<o & for erfigwaes & wror (W) emadH, stafa v/ h, SR @

moo_L
0= T (9.43)
8l g9 39 qRE 1 I9A fee B

h h’
tanﬁ—(f—oj—(f)
Tel W Teet Ufdfse %1 Qs @ den foia &1 Wes h e SAfigvas w1 wiwd g
f, %1 e wfafsa e o Wi fog o fhe o 21 g L, 1o, sifgees o
fodt wiend fog qen Bt (P i f) o Tec Wik fag o ot &1 g0 6l
TIH YA HT g A FEd 7
Fiifeh Tgell Ietel Hafsa Afh1 o iy fog o fehe oar €, SWied == 9
ATl IROTH 1 ST B9 T YoHaN o foT sieh gHeh R0 (HIv{F) saeq m,
W Y © [FHeRt01 9.39), Safeh 3 widfes ferelt fehe foig W o an 21 7@ ©

m, = (1 + 2)
e 7 [9.44(a)]
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[uny saA9381q/310 s1ouedouru-onse//:dny
Blbtd bllIkK |5k bbb L Mhk

|

9 gfafad oa W a9d1 © @ AR & HRUT HI0E STadT [SHeT (9.42)] @

m, = (D/f) [9.44(b)]
3T: el ST [WHIRTOT (9.33) & TER], Sk e Ha W a7 B, €
o[ 2] [2

ome = | |7 (9.45)

oy § o fonell it ag o1 wet el are e ok forg (gHifere gewreet @
@l T ®) AMMEIIsh ql AR 1 Wiehd g0 %W el eyl SHesR H,1 cm |
FT HIhT U 1 G M Tdd i HE 21 6 o W Ll a8 i o fow
a2 ofEl H1 fevFHd Bl 2l

IR0 o feT, fRE £ = 1.0 cm o &Af9g¥ae f, = 2.0 cm 1 A5kt 921 <o
A (L) = 20 cm o U S gawse &1 oaEd

memm () (2]

=20,25 550
1 2

o= fafir e S8 g 1 wEifa o wfafsa w1 v v o § weeet
TR S B Sefen Gewsfyial o, stfugeees e e SgateHet wEl gRI ST ST
&, fer R ol & yeRtoes fauert () i1 w7 ek wfafdel w1 o § gUR
fopann e 21

9.8.2 TETih

TR TUel S (Fo 9.29) 1 3TN T i TG ! HI0NF STEEA T&H Hd
o fore foran St 21 58 oft U Sifgeersh qen ek AR it 81 Wy T8l R, A
T 37U AIGTIR HT I g ek q SUHT g oft FHIhT Stk e 21 R
T T | T TR Ifgvas | Yo Rl € de 39 o TR THeh fgdd
WIhE T (e Hiafad sar €1 ARt 39 ufdfes w1 aefda wiek st o
yfdfes sA B T et m, gfafad g A9 W 3fafa wior gaen foa g A=
T SIEl o W AAfd I o S ST gRI IRt feRan st #1 e

"2 h T (9.46)

7o feufa o, qreeier &1 <@ # A6 T L+ S
uifefe geaeienl o, g7 oiEl o srfafie, gideie eidi 1 T el e © S St
wffeie i G o1 31 ©1 STt SResieh 1 SUAN il U @il ST YR ok
Teront ok feru feran S TeRdr 21 ST o oy, R U8 eefd W faEr #ifeg
ook 31figeas 1 WIkd T 100 cm T AFH H FiHd 5T 1 em 21 39 A

T AT T
m = 100/1 = 100
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o 9.29 Wad JET® (hUUA) HT A NG

39 fh=l 1 IR o e R fa=ar sifse e arafaes goed 17 (1 fie =1
=M9) 21 A TN ST EEF § @ W W TER TG B ¢ o R 39k o
JeRa-hIT 100 x 1’ = 100’ =1.67° 2|

fRdT Erieia ETI oF o) H &M 31 aFd & a1 SHeh! YhTel TURT &Hdl
q sEehT fasie arar e e ?1 YR GURU Al TR w9 ¥ qEEE
Afrgeas o &awd W R F 21 AR sifogeas &1 g 9<1 § @ guet foet
1 oft Yeror foRan S Tohell 21 FaRA erar stern ww & fawn # < st fhe Y
aEget il geased: fa= Uferd e 1 e oft sifigyaes & orE W At S 2
3T TeRITI el § aifed 3evd e e 2| o sifugeas 1 o sifesham
NSl SYAN BH aTet Ageash o w1 Sifrshan = 40 §9 (~1.02 m) 81 78
R kst ST, foreah e, G T3 eTafieht ® 21 3 g o) refersh sl
B €, 31: 3% o qe TRl o WeR ekt T whied s @) gheh sifdie
3 9 WIS o oidl i 39 YR M foh gfafael o aui fauem qen st fawuo
T o, Sgd Hicd don wEm w2

o1 9.30 WEd XETIh (hUIH) 1 RN ARG
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Tt R ® T ey qReeiehl ® ifgvaes o ®9 W of9 % WM R 3fEdd
AU T SUART TR ST 1 UH Eeiehl 1 o sifigees <dur ? ©, et
[ () Fed &1 5d0 § i oof fagerm 721 g =ifen gern < &1 gee
off TR 7 BT € il F HT oil H, Jod Th1¥Teh UMl 1 TYUT STUEH HH
it BT € 9 U0 Kl hae RE W & HeR I I A9 35k IH 6D & TS
FT TER S fha1 <1 Gehel 31 W e B Tk GO L e et @ fR
Afirgeash U1 SXEeiw w1 el & it YR HT BT HIA {1 37d: AR qo
YeToh I IH TIAM W AT =1 0 YT o AF | STy oh HRU FS YT
U € S € (TE oY YeTeh o o o foIg ST T fYSRgA S o Wige W
s st ®) 1 Um & wE efq foene 200 9 (~5.08 m) S o HIEe Yol
i, e § fo T R e T B fiR § T & Wi fag % e
31 €1 3 THE 1 Tk 1 GHIUHE IE € & TIshfad e orel gehmet i fordt o=
Tdur g1 faeifud X fean s wH € ueh oreen faw 9.30 o swieh W @, foed
3Mafad FeRTST <1 Wihad % o fau fadt Sat fgdiess <uor =61 Sw=i fman s
g S o/ afugeas (Wfhes <du) % fog W oAl @1 3@ W% i SEeh
e Rer o M W 97 WG9l (Cassegrain telescope) F&d 21 TR Th @I
g ? o 31 vl o o) Wi Tt el 31 qRaed H Ted gl ey HheeR,
AHeg # ©1 98 2.34 m S &1 O Wed! el €1 39 st feran e, R
Hiferst st T IR Saferd fepan T Ao ot $H R Wiliet Hifdehl WM, SE
SN AR fRA1 ST T@T 21 HER %1 G Fg1 Wed] eIk gas, G T STHIEH
H ek SRSEIh! 1 el & TGk qedsh &1 S| 10 et 2l

AR

1. 9Uadd WHERI Li = /1 S dean e WA o a9 sini/sinr = n g
At B €, et st fertor, Tefdd fentor, sTvafda femor qen stfireis Tk
& gudet | e €1 Fel W I r’ G r, HE: GG HI0T, WS B0 G
ST R0 €

2. TuA Wiz 4 fore wie | aafad fo6won ok faw wifaes g #i07 o 9%
01 & ok foru ruerd= 101 90°R1 i> i €M W Yol afiafes Wed el 7
R H SO TR Ted (i, = 24.4°), I01 Wadeh oA qe wlifeen, qof
e e o h Sl B | Yeh1f¥Th <, i o dqetl & oH e © o
R 3TYETTd HH AT o UErel 1 el TR 1 o9 Bil 81 WehTI¥eh dq
o fordt T R W smufad yeRmr, ST oTidieh WEdd g SR R |
fehetdl &, WeRTHATeh dq o §e1 8 W UE eIl 2

3. g fag TRarEet— smafad gehter it faen § "t 7 At e qen 6eh
faradia feen & @t 7 SRET omere off Wt #1 Tt SREt gea ster wogd
o Ya/cig o IR ohg © A W &1 X278 o SURGET qen dui/eiy o
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ToRYoT h1iRTent Td
EEQINEICE!

e 18] o ATHeiaed Hd TS S=eal HeTsh off Sl €1 steige feen o ard
TE SeTgAl UM ol Sl 2|

4. YU GHIH

1

—+
v

_ L
J
el wden pFEW: foa g o wfafa g € qen £ IO H WEE g4 2L

(Tf=ehed:) ohal Boan R 1 3Tl it 21 ofordel 901 o faw f SmoMeHeh
U 39 Y0 & T f HAHSE el 2

5. T4sH #I01 A, stvedie n, o fHel fiom o faw st n, stoadars o fadt

1
u

e § @ el
n, sin[(A+Dm)/2]
27 n, sin(A/2)

T&l D, = famer Fiv 2
6. [f&dl AT STRITS & 79adT [HeaH 1 (3T9eiieh n,) | HEAH 2 (ST0adish
n,) &1 3]

n, n;, n;-—-nmn
vV u R

e o % o g
1 1 1

v u f
G- T

1_(p-m)(1 1
S n (R R

R, T R, &9 % i &1 ookl et €1 1ferd | o faw o ©;
HIEH E o foIq £ BOMcHes 81 o9 1 &9l P= 1/f|

T 1 &l s SI AR SR (D)€; 1D =1m|

AR S, £ for-. PR U o 3 Iacl @i H9eh H 1@ Bl A 39 HASH ! JHET
Wiy g Bl

1 1 1 1
R e

S A i s
S S P A e
P=P +P,+P,+ ...
7. YT %1 GRETO, GRS F1 O Heesh a0 o faured (fased) e 2
345
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. Tordlt wer gemset &1 saefT emar o URE m® m= 1 + (D/f) 5V FHK

fehan ST €, &l D= 25 cm, T TF FT STCTqH T € T F39C &G F
Hihd T B AR glafas 3d R s q6 m=D/f B fne Ty gewse
%mm‘l‘ﬁ&mﬂmaﬁ m=mex%¢§mwmw%,aﬁ
m_ =1+ (D/f) A1 1 A qN m, AlGTIR GRS @ R
Hfehed:

e

fO fe

TET f, qe £, HERT: SAGYAE T AR R WiHT I 2 A LT I
wiehy fage o <t 1 g 2|

ferit GXaf1 1 STraelT ara, Sfafda gy 45 W Sfdia ot paen foa gr =

. T AR I o HT I B 2

moB_ o,
a f,

TET f, T f, T SIgTAR qen A F1 Wiww A )

Taemuie fau=

. e oy W qerdA e rvady o faw weft gl qen wead o el o

faw 7= €

. frdl saa @@ 9 f dw 2 f o o9 W fed fo99 & arafas gfafda &t

Hidfeia-feerfd W @ 92 W @ S gehdl €1 A 9E ol v € d ;n R ot
widfsis =l Wl €2 € W Sgdl ! el ¥ Srerd €, Wit 84 wE i ot
IE T T hicA Bl € Toh g wiafas fomn feneht o o arg & Freifora
T ohdl 71 W Wfdfas f el @ € 1 e o fordt faig @ fofa wemren fereot
fesnzem o fondht wfafsa foig W erfrafa et sroafa e St &1 W shae
o il H1 P A F T B g G A A s § A
&0 gafes <@ o &) fRet IR yaei o wmg oH wfdfss g ) @ W
kel B

. yfafss o9 o foe i qeds/eT9eds 1 sTevEedd 2t 81 fagia €9

o, feneht farg @ Frfa woft foreol weh € s fog ™ wer =few) =@t &R 8
fop e ferelt arfrafia et gs, S fondlt q&ash o g8 o 1T Udfae e
gsef
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9.1

9.2

9.3

9.4

EaE] 35
60° <hld

ToRYoT h1iRTent Td
EEQINEICE!

4. TR &g REYU o wROT T giafas T €1 TER TR SR Y asqgei o

H fafaerd 39 W ufad e o TN ok GESH! o RO el 71 R g
i THAT FhTeT H @A W TN Y90 TR § @ W IH 9% & fawa o
forcTeal € 3T Y el 21

. Toreht wxa qameef & fou foa o1 swofie wes, gfafda o Hofa s & e

B 21 R oft I s Y e € Hifeh 9 geusel 1 ST | g
TRl BT o] ! T 301 o 9gd 1ehe (25 cm | FH T W) @ THhd
&, FTHeh Were®y 9 459 W 9 HIV SHaikd Hal 2| Uiatae, {E 79 <@
Thd &, 25 om T W 1 fo1 Gemgell o oMUkl 39 B o 1 T 3@ UH
o fTT 25 cm T R T ST SR T I8 Uk ~H T gd DIl R0 AR ham|

A

2.5 cm HIES i HIE Sl AHexl 36 cm dehdl 591 o6 fhdt eTaqa <901 9 27
cm T R W@ 71 d0 ¥ R W) H1 e g W @ s sus gere
yfafes e W 9| Sfdfes i e IR WEs 1 9 HIST) AfE Jidet i g
FI AR A WM, AR H FG AR g w22

4.5 cm 95 F HE G5 15 cm Fihd g4 o6 fRE 391 309 ¥ 12 cm T &
21 wfafee 1 feafq den o faf@u) 0 2@ € 59 g€ #1 <00 @ ) A 9
22 Tl wifs)

FE 3 12.5 cm HE a9 St ¥ 90 B fonelt gemeelt gr sfient 1 el woug
forelt g€ =1 e TeUE 9.4 cm W S B1 Sel 1 YA F1 22 T
H I 9K Tk S o T W R 1.63 Tqeih & 3T 59 9 Wl w
R e hl IA: Whiad H o faw gerseh &l fha? S9vA= & S 8hm?
o 9.31 () 921 (b) # Toreft smafaa feror 1 ervad= <wiian o0 € < o o
FHL: HiF-GG G SA-1g FRYS o Afets T 60° 1 HI07 A 21 59
mafad fohoT o1 T9edA VT 1A FITY, S Sl § Sol-h19 TaIYss o Afieia
T 45° H1 F:0 S & [fo 9.31 ()11

arg

o 5
60 el o /o

(@) (b) (©

o 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

Sl W 9 80 cm TEYE o TREl S i qell W IS Bil ded Wl T B Sl o
T3 1 o8 &S ST SHITSIY FSTer aIeel sh1 WehTel Tl &1 Wehel &1 STl o1 STqedoh
1.33 I (aes =i f6g geprer Ga wifa))

1 Tysn o1 STued-ieh o shi™ 1 o1 &1 FI§ THIR Y- 59 oA &
forelt hereh WX aafaa g @1 Ty 1 =aw foerem i 40° @ T fism
o qarel w1 STvEdi @ €2 fieH w1 erveds v 60° B A fusw o
(eI 1.83) H W@ fon ST @ Yol o FHIK G oF fag, ¢ =Aad fo=e
IV T IR HIST

eI 1.55 o hid 9 <l Helehl o1 THM aehdl B33 oF YA o9 i
T T A 20 cm B 5 o o i s € o sriferd ashan e @ e

T gehe-gol fordt fag P o eifafia e @1 i o g e g o ue |
fg P 12 cm R W@ S B A 9% (a) 20 cm ®IHd 5 1 39 o4 €, (b)
16 cm Wi Tl 1 Fadel ofF 7, A JRe-q9 g fog W e g

3.0 cm %+ ®FE @ 21 cm Wiy Tl & 3Tade ofF & T 14 cm T R W@l
21 oig g fafa wfafas =1 vl #ifw @ e © v foa o 9 X ged
St 87

et 30 cm HIhd U o 39 ©iF o "k H W@ 20 cm WHH U ok STed
oG o HANH @ 91 G o9 (Fep) 1 wiwd g 0 22 7% o i o
? SToqa STUE? Gl i HIRE w1 S Hifs)

el e FaueeEl § 2.0 cm Wiy g 1 5T o9 991 6.25 cm Wiwd
T 1 AR o TH-SR W 15 cm T R o 21 TRt fom i eifrgeass 9 et
T W @ 9 ff Sfdd gfafed (a) T 32 &1 Seqad g0 (25 cm) T (b)
3 W SH? T Fefqe H ganesl i SaEd sHar 9 wie|

25 cm o HM fehe fag 1 & =Afe T8 9gea gaaseh e Afgeas
8.0 mm HIHT T T AFHT 2.5 cm WIHT G F €, F ST Hieh AIgvasw
¥ 9.0 mm T W @ foa i Goawe Hiehiaa T oidl &1 <Al @l o el gerehe
T 71 €2 genaell w1 e e @ €2

TRt BIET A o ATIETIH FT ®BIhd g 144 cm a1 AT T ®iehd g4

6.0 cm B A 1 e emar et 22 srfugeass qen AT o ot g

i = 72

(a) Ferelt Seremren = foremet XA o @ifigeaesh 1 ®hE 30 15 m 213 1.0 cm
HIHT U HT AE Jg5a K1 TR 2, A A 1 KOG @ o 72

(b) IS 39 SIS T START FKHT T ST HH | fohal S a1 TFgvas @il
g Tfa =g o wfdfee o1 =9 @1 ©2 =58 &1 =9 3.48 X 106 m a1
<=gHl 1 wa F B 3.8 x 10°m 71
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9.15

9.16

9.17

9.18

ToRYoT h1iRTent Td
EEQINEICE!

TUU-H 1 STANT 7€ A= T o fAag wifeg fen

(a) Tt stodat qdur o f qen 2f o o9 W foa &1 arsdfas wfafsa 2f & R
EErI

(b) STl U0 GRI T SN Hfafers aar © W ferer w1 feerfq o fel e sk

(c) 3T YU NI Wed AR § oI glifaa, 901 % Yo 9 Wwd & =
EECIRS

(d) sTEad U o Yd T Wihd o oe @ fod &1 9 a2 9e1 yfafaa
T B

(e : IT A 3MUH! drsrrrordra fafy gra 37 wfafset o 707 o= w6 o
e O 9= 7 o sl g 9w 1)

fret O & ST Y8 W W Th B O H 50 cm SeE @ <@l S 2
15 cm e SRR = o 2ok ol B o J53 o THR {07 o 45 o o= Wt
34 f5g 9 @A W\ 99 9 ot R K@i 3?2 S &1 svedars 1.5 31
I ek T srafeafd | e 22

frAfafeaa yeai & s fafau

(a) To 9.32 H ST9aHih 1.68 F g hi= | st ToRal ‘YehTeT Fferent’ (Tee WrE)
1 STIE RS ST 71 B AAeh1 1 STe SR 1.44 ST & wgred
1 &4 {1 At & 311 ¥ afad fRol o i w1 uRer, fen for fo
¥ TiT @R Afereht & iR gl qwed ld €, T it

(b) A UET T &I STEROT 7 8 a1 F1 ST BAM?

oz 9.32

fr=fafea gv=i o s fafau :

(a) =9 Hian € fon Todet e STt S9u1 e et gfafss s &)1 @ 3 g
fopeel uRtfearfaa o aredfers Wt o= Fehd 22 T2 SHifey

(b) B4 Hd ed B foh st wfdfes 1 e W shigd et foman s ekl =iy
<o g9 fendlt enarelt wfafas i <@d € d ed 30 @ifas w9 o et |
1 T (1l W) W 21 sEd g e €2

() ot sfiet & T R Wl AP e o iR fhelt marar grn fawet e W
YT STEdfaeh e 1 qorl | ShEl Fdld B — BT SYqE] wial?

(d) = fwet TR W fad St % S & s Tewd ufafda g S 82 9
&, @ SurE e sedl § sty 9 S 8?2
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9.19

9.20

9.21

9.22

9.23

9.24

9.25

(€) TIH=I = 1 ol | ER 1 STUeiish ST Afereh el 82 1 ER =l aeH
ol o TeTq 39 92 1 hIE SN Bl €2
fRdl &M * TH AR W 7 o=@ goa &1 fFHl 92 TR & 396 ad g

3m g W feord g ®1 R W yfdfss ww w1 71 59k fow 39a o
SAfRan HIhRd g 91 BT =TfeT?

ot =S 1 5/ | 90 em W @1 T ¥ TR R R 394 99 5N IH TH-TW
¥ 20 cm R Ferfedi W T, < wfdfee s S| €1 o w5 wiehd T S e

(a) TR 9.10 % = TGl o FASH 1 JAET Hiehd O 39 feerfd 7 I wifSe 54
Ik G el GUT €, 901 A ThH-SR ¥ 8 cm T W W@ F 7741 S e
THI JhTT G i fRen R AR Sim? 91 39 99 o faw g wieed g4
et oft w9 o sTERt 22

(b) S el (a) | 1.5 cm %1 1S foa Il o9 &1 AR W@ €| fo &
39 8 ¥ T 40 cm 71 I o6 % 7 5N eI ST qen wfafee w1 SRR
T HI|

60° STUae HIvl o =" oF Woteh T fRdr yermer fRor =i fhd shior W smmafaa

FHAT T foh TR T Fersh W ohae U A wadd & =12 fasm o ugred

1 STTadTs 1.524 |

FE w1E e 59 1 mm? s o ot | fgenfsa ffan 70 €, %1 9 cm T W
TEeR? foRdll TaEi® @ (9 cm Hihd 34U &1 AFHEN ©H) g1 3 35 & fehe
T@HL 3@ S 2

() <" gRI Seq=1 S (Widfee-Qrgsy/aeg-aEs) F1 €2 9 ufdtas o
Yeleh o T esThe o §72

(b) <19 1 HIUF @ (e ewar) = 272

(c) T (a) | M@ &l (b) H M9 o SR ¥?7 T HifSw)

(a) v 9.23 | <9 =l fa 9 fora1 g0 W @1 SC a@ifr a7 i SAfeehad
GOg TFEA &A1 oF WY GO @M S Hoh?

(b) T 3SR § Srae (wffe-argsy/ae-wEs) w1 82

(c) o1 38 YohH H e, e el o SeR B2 T i)

A 9.24 # 9% qA MAHF o oF o fohadl g BT @MY ANk ST

yfafss H g% a1 6.25 mm? &5 1 Tdd 617 F1 AT e @F il 95
o AATHH fTehe THT 37 T ol GEI= 3@ Tohil?

[ — 9™ 9.23 § 9.25 veh! Ruer 9z o amaed qen fovdt o3 =1
AET A (R SEEA) o o™ ST hi TqLA: G § el ]
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9.26

9.27

9.28

9.29

9.30

ToRYoT h1iRTent Td
EEQINEICE!

Frefafad e o S aIfe—

(a) Tt ag g = W 3fafd w1 eadd o9 gR I ey wfafss gra
I3 W SN 107 % aeR Bl B qe TR TR 1ol § g atreeie of | i
AT Y Il 22

(b) Toreht eTade o@ ¥ WA THF YaTeh 3794 3 il o9 O ST R W@l
21 A Yk T 35 1 NS o ST 0w sradH qiafid 8 srem?

(c) Tordt Xt geaaell 1 saeA e ST Wik S0 o R AR Bl T
o BH AR S &HA I T o6 [ FH § FH Wiwd 30 o6 I
" H TR FHA A Yehal 77

(d) fordht g gensel o stfugeas of| qen ek &9 I &1 1 Wiwd 34 w1
ERIRI R T
() WY Feu=Ell 5N I@d WA Halqd < o faw AR =4+, A | frod 7

B 309 S U W TH =W 7 73 T AR o o= &1 I8 379 g4
et = =few?

1.25 cm H1E 4 1 AEIAH T 5 cm Hiehd Tl i AR 1 ST FHeh
Fifesd oiia e (TEeA ewar) 30 X Bl B Y G GeHsel i qHrEeH
Y FAT?

el e oF ATERaT 1 Bk 0 140 cm T2 AT 1 Ty 30 5.0 cm

21 G AT TG 1 @ ok AT TS HY @ ermar s B Sta—

(a) ST 1 THESE FEM 7 (3fefd ffan fafde oHa W aFar 7)) |

(b) sifaw wfafsa T <9 1 etewad T (25 cm) W =T 2

(a) &1 9.28(a) H AN L& oF AT STFgweeh oig e AIfeht oF o< gk
i 7 27

(b) af% 39 GEEA 1 3T 3 km R @ 100 m = HHR i 3@ & fae fwan
Sl ® A AfEvaE g aH HER o gfafad # S w82

(c) afx sifqm gfafsa 25 cm W o1 ¥ @1 offqw wfafsde & @R #t =g
1 7?2

fordlt Sheie qEeie | o930 | <IfT S19@R < Ui 1 wEm fRan mn €1 5w

A H <A AT TH-TW F 20 mm [ W@ T | AR 5 Iq01 Y ke e

220 mm B 1 B IYUT I Fohel 91 140 mm B 1 Hd W W@ fwet foa

o1 3ffam gfdfer wel s=m?
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9.31 fowdll ficamiet %1 g 9 S8 Huae YU R deaed adfad g (fa31 9.33),
TN W THTRT G T A SEd Hl 21 HeaHe H e § yarfed S
o O H 3.5° 1 GRETV ISeq= I &1 0 ok W 1.5 m T W W TR
TR YRR o Wadl a5 ¥ foha fazem grm?

A\ 4
b

<+ 1.5m /=

o7 9.33

9.32 99 9.34 ¥ & wHd o (STUadish 1.50) fohet Twda 3dv o wersh W R
% %1 A o UG W 9 T € IS B G2 SR Hih e 3 W €, e
o TN SR- T FUH TH GHR FEEISG B STt & o GE B Al wm
oA yfafes g w6t fefa w0 & o) 39 feufa o g w1 @ ¥ g 45.0 cm B1 59
1 T FAN 1 e S 1 T T 30.0 om WG S 1 S R SAYRAAIR
1 82
Q PP Q
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