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A9® adta®Hd g fefarus fem e Goes 993 WI3<Yds J w3 fere
e &3 YUT J9& S 99t Us-yRI ©F der ufost "gag 71 fem et
fer Urs-unaq feg fenr miget & few 39+ AEfuz ot famr § fan &
fefenmaghdt € 39 ma3t 3T yefs3s d<qit ot Aar fem § mige &t darsr
f¥g =t =g 529 | wigm T yns feforaghr & wafia Uog & »igat
fanmg I3 I® I | feg yAsa et f&fomT 89 w3 fAysTet Argr
(H& FTEtma.et.) % fardget Bt ®et fammg a3t aret Ifsa fefomrs
fen € yAsa & nignesT Jaet J | feu HI3=yas der 33 fefamrs fem
feg feanrazT fenr@e et gferu famir O 3t 7 fefenmaahyt § gwmedt dug
v foufagrst f<g fan <t 397 &t viag &7 m= |

fen us-uAsa & feformaghit w3 wfermuat € et g 3 <u Qusant
w%wmmaﬂwﬁmrmwawww@zm’rm%ﬁ
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US-UYA3A fea AH3t / anet

yus fefamms w3 arfes us-ur3at €F AgdTg anet |

H.2t IraBiag, MHtaeten Yend, »3g-fene fefenrfen aeq - wis-fefomrs W3 udis
I3t (et g ALER) 9w fiz Yo fefen e

WY ST

o ¥ IEBG Awt, Miaddt fefrfear Aféfere Wa At a.g yar fefenrfenr
Ae ™
Hed / Hen

o AR gHIgHTE di59, i3t fegmar yar fefemienT yaTi

o WMIB HeT, BITId (AA.AT) <t T wiHT aBT fefars W3 g HarfefemtemT
Heaet

o WEIUr HEad Wt ALt HS9s Ag® gn 3 feug st fest|

o MBIAHI, YeHd, 3f3dT fegmar, I793t yeuait ARas greraret |
o WMTI.AHT, FITIT (HA.AY) ST, T, WA, WM. W, AL €. w1, &t , a<t fesT
o TJ.WH MHIdeH YeHd, If3dT fegmar, 3793t yewaat ings s=t fest |

o MU. At YU, UeHd 9Ht grer fefarns fAft a'eg (& miret. we. w9, Haeh) |

o & YTUAHS YeHd (ART-HAI) If3at m3 yaiz-gfadt fegmar, fost
fen=fefenrtenr fast|

o WH-ME YA, Ut At St 3t v Haw, 43at fafunr Frers, #is. At €. wrg. & Hea |
o WA, Qufmrfe ut /t.dt. A=g9 s<fenr feferferr yasaade
o WH.I.EHIIST, ST, €. WA, WM, Ws. /Y. €. wrg. & &<t et

o WA gfe Judl, Y=na, If3at W3 woiw If3at fefomrs et femefefentanT,
fest

o fo3at difex ut-. At. &t graat yf3gT feam fefemrfenT f3maea sa@ &=t
festi

o . &. HOHT, Yena St. €. . #i, M Al €. »a. &, <t &t
o fonedl3 gBagat S99 (§3-1) Trfeg Adzdt fegmar, A3t ye=eItaet S9F




Hafefe & HaaT Jier

o <t 9y, Irfegdiad, di39 E<drdt TS Hatfefemt e us |

A 0 - 0 = L)
H¥d HGAA (nidAl AAdET)

o <. Ut fiemze, 31 €. #F. M, #is. At gt wmg. &, s=t fEst

fdet nigeed

»g. A, TN (faerfeas) §U yuramarfaw (Vice Priencipal ) 98<3 afe HfgasT
fefemrg=a Flatia Adsdt Aa® o=t fEst|

F&atT 3% (faefeas) yena, fafumr, fagemifen gaast 439 s<t fEst|
#. Ut. »iarge s faefeas Yeng fafumr fagemifenT amedt aauTst 439 fEat|
HHT ST 9999 3T, €. A, mA, W, A g o, &, <t fEst

Heg HEAd
IS JIU3T 39, STET. WA, WG, AT €. wma. &t =t et
St Wt "/t @ ze diz9 St et v, . s, At €t v, 2t s= e st
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9
fags yamat M3 yamt @39 (Ray Optics and

Optical Instruments)

9.1 gfiar (INTRODUCTION)
ged3z & HaHT »iy (Sfaret ues At dfear) & fars-gudt AUdeH € fea ¢ gmar et
far® gaat 3dar & It Sue ©F AeesHtw3T fE3t 7| fen fars-gadt Alder &% AYu3
fefaget (3dar Fumet FAar 400 nm F 750 nm) & YIH JIfJe I& | HY JU ff9 yam w3
gfet € ASesT Aedr It iFt MTUE W& §M™3 € HA9 § AHST w3 Bret fenfwnr a9
Hae It |

MUE W™ 37T 3 YI'H € AYU fE9 mruE Afgd farms Aedr € st €7 €3y a9 rae
It | ufosT fq feg 993 37 I3t 5% I8eT I w3 a7, fev How 3yt a1t g9 J | fen 3w
& AHST BEt Bt & g¥ Mt Bfarnm fa yam & 975 (¢) forfes § W3 fer & i Ar
AoeT J | 2939 fE9 fer o faaers &9 A=A aa & ¢=2.99792458x108 ms-1 I| gt
Gent Bet few & s 3x108 ms-1 Tt et 7| fsges fee yamw €t 975 geg3 &g ige
o I® JTI

AT megat migg= J fa yam fidt dur &9 9%er I (7 J9 At wferfe-s 9
fitfemr ) T 435 ager et arueT I faSfa €8 yam § »it fems-gaat 3dart Hiemr
At fam &t 3da1 Fuvet AlaeH € fenewar fon feg d<t 71 fegst gt 3uF e s fan
3g7 3T A< ¢ fen v €39 feu I fa amsT Aies St M IHZAT € WA (W 39 3
% Aehited det Af fen 3 Tu ) €t 3BaT 9 yaw &t 3dar Furet g3 We get J1 fAae
fa At miftmrfe 10 ST fifadr fa fer Afast fiee yam 3dar § i fde 3 ene fig 3o
o He® T € 57%-2 g%er gfemm vifemT 77 Ager 9 | fen Ua § yaF a3 (ray of light)
Ffde 98 M3 fen 3g7 &t fdas™ € AYTT 3° ya™ UA (beam of light) S€T J |

fen mifre {29, »mt yam € fags gu €1 =93 Ja€ 9T Ya™ € UT'=d36, MUTI3S
w3 fetius @ =a9v o9 feorg a7 mwmewmﬁﬁmm
I8 WAl A3 M3 JIBET UI=d3T M3 MUSIST AFT=T gufraT yaSifaet & gusT e
wifeis Faiar | fen uda wiAt HaHt »iy Afg3 9% HU3<Yds Ya'W W3dh ©f 39aT M3
g7dd feut @ S9=& aaidn|

yIH € fa@ar Hs® (ParTICLE Model of Light)

fs€es & yam &% Hdfuz arfaer yafea aon w3 fAu3a wfwis nang Gust €
Jife3g, W3dfa M3 JIIFINS 55 HHFU?»W&HGHTEW?;UW&H@ETUI ISOruey
uwa’re*usafevmeaﬂammwfe?| a9 (Descartes) €T UH fasar HS®
a@wawfemsﬁwﬁmfevfwwﬁwrfamraﬁruw@awa?—ééwf&'
Harfsg get 71 frost & gt & afeaet (corpuscle) faar | ﬁs@zwxfezre’ramwaﬂs’r

fa yam et afear=t ¥a 3fas I T5 | MU H3faat & famirs nigwe @Ust 3 UTreags
3 MUSIIS € AIS W3S UF aiz7| feg ffq v Yue I fa 7€ Jet die fan dtas
AH3® 3% /AT 3 2ddT d TTUR Ud3el J 37 87 ugree3s € famt &7 useE gaet 91 A




mmmaﬁay%ﬂwuﬁmFEmTaewalfa@ﬁwfmﬁa A3T &
AHT39 JEt 9% a9 &9t J9eT, mwmwmmmmamm-

J 1 d=% AT € FIIAH Wed, T HIJT &7 SN Wed IF Ua=a3s fg E%e famr fes
g Aer I faes & 39a &3 fa vaust faghit fdaetht Ag=t afear=t & fen 397
UdT=df33 JIet TS |
"USI3S € TI39 ©f fenfmr d9s &t fafes 3 A=fiu un 13T fa afear=T &
% U'ST AT o9 {29, I=T € 3BT &9 2u It I | I&ifa gwie &9 feg uzr Ifemr fa
Y™ € 9% Ut At J9 <9 ger € 3%aT fIT W get 3
UaHAT € 439 fS9, yuar q93T € U L9 faGes, fruigeret fabes & 3% g fa3
frrmeT fsds At | Goat & get fed fad SeaTfont er Yue di9T fAgst § dfear=t € uet
fS9 AUHE 99 AFST HRfa® T | §E79ds &et Ut €f 73T 3 3% <t u3ST fedy @ a9s fda
dart @7 Yy | yaH € Hifdd UgT=d3s € JIT wfagr 9t e 99 Geaus I | A =t J€t
ASIHAr Uy € uret feg guer J, 3¢ §u mrue foug e ySifde 3t euer ot 7, W3 &8
gt Y& €7 3% =t fyer 7| fabes & 397 fesr uret &t iz 3 miurst-afear=t &9 g3 &
UT'E936 JeT I M3 ¥ 9 BW AEM 35| Udg € ya9 e afear=t fET g€ fan
gI€ UaH € »Ud 3 digT 7= faGes & agamua—erwmrrﬁw Aofarar SaaTfont <
ufgasusT adat uet fagst E‘M""cl‘rfE!U forfeg 3T A AaeT At fa gt afear ug<=af3
g=ait A 39t | TSI I ISPt & femfpnr ga& Bet feg Haer funm fa afsar=et
fer 3¢t fe=omg gt g8 fAs fa v miwgy g | fed faat efeur yam & 3dar gu <9
a1 det | et S W@ =@t Idar g=T M3 urt €t UfariiT 3 € aH+g 3341 feg ST A
Aoret J |
9.2 IBIG TIUST @TET Yd'H €T Ud'=d35 (Reflection of Light by Spherical Mirrors)
WA UTTRd3E € faudt 3 AT IF | UIT=e3S dE (eI UdTRdf33 faes w3 uaresd
wwmemmsmef?ﬁ@a@ MUIS de (MUf3z fags W3
mgmfwmef‘%ﬁa@)gwwmmgwmm
mmwmwewh—ggmfﬁ&ﬁwkﬁﬁam
9339 9.1 1 feg fou fan =t Wo=a3aT AgT , T 0 BUMSB e AT <dl 9= , € Jod fag ©
et yne 7| ISHa WAt »rust 9997 § Iqt AgTeT ©f ferm e
Afa3t, Mag s JiHId HsléTS'ErU"TFﬁﬁ-BaH"‘clTIfEFerEE‘T RNEE 1o
h?n{mmwsrw , AgT € Mruzs fdg 3 fig are
Wﬁamfuwalfsnyaﬂefwaﬁwﬁm
23T I ferd™ & wigfen »oag Muzs fig § squs &
TJI3IT dod 5% HBET =BT Jur 3 T | -
AT Ufa®T It wiftiss 9 99 77 fa Ji@Targ equaTt e farr i3t
aed fem T uge (pole) dU 8T T, A fa BT B39 T fygg 9.1 wrufzz
frfigt d'ea § yamra d' e (optical centre) IfFE IS 1TSAT  faas, uareafzz faas
ToUT ¥ UgT W3 TAI3T d©d § HBET T Ag® U™ Y w3 ugr=asy AT @
WS (Principal Axis) AF GaT »iy=™0<t § | IIBa9 Baat feg  wuzs fdg I wfsds
fae fa gt sowe feg 2841 , Yo d'ed § WY dan &% (F3 It 3% f9 7@
&8 =8t JuT W maw A g™ (principal axis) Wu=r@Et 1 I8 |

2




9.2.1 fdg udug=T (Sign Conventions)
JIBTAT TIUST AT UITIIS I JBIT B&HT ©ATT MUFIIS © BT YAfIT B39
Y3 J95 B, AF 3 Ufg&T A7S bt Hrue € Set Jet fEg uduar niue 8t u=ait | fem
Un3d 9 mAl agelaiya fdd ydua™ (Cartesian sign conventions ) € UTSE Jdtar | fem
UdUTT € MEHT THZ § TIUS/BEH € ¥ UTH JUE IT M3 AEPAT getit Edue € Uge A
359 € YaHdT ded 3 WU ATett 95 | Mruf33 yam < ferr f&g wmitkt aretut
TIHT TSN Hat™ Afehit g 7€ fa 7 gatut »ruf3s yamw €t ferr € Gwe fenr e
HUtHT ATEt 95, €9 fae=va Hatit Aafett 95| (fS39 9.2)1 x-0d € Ady »3
TIUS/FSH € WY U9 (x-UdT) & »ifgsgeg, @ud =8 U Hubyt @9retdt uaava
Hatt Arett 98 | (939 9.2) | 58 &% Wit Ggretnt & faemana femm Afer 91

™ HESHAT THZT € &™% ATS JiB'd'd TaUST © BT 8d% SaHsT 3 JIdd B
€ BTl TI% TOHs e #Ae g5 w3 feust eoufant gnmar wmt Sy-2 Afadhbdt v
fsuerar g9 Aae It |

THZ ¥8 UH U
Muf3g yam
Suretr Sug
TS TEIHT wryfag yam €t
fenr € €8¢ gatnm
foeava x-gaT
SER
i < wrufgg yaw & ferr %
TSTSHI gt TSI

fg3g 9.2 argetatms fdy udugret

9.2.2 di®dg €duet € &0 gat (Focal Length of Spherical Mirrors)

939 9.3 &9 feurfenT faprr T fa A€ JEt 39 ya™ U fan (a) Me3® gaus 73 (b)
€3% TaueT, §ug wWrufaz det I 3T ot der T 2 WAt feo vise of fa fagsT Bugget
(Paraxial ) 95, 7= €7 Tdu< € ug< P € faae/as € fdent 3 muf3z g5 M3 Wy maw
3 8¢ dT s e I8 | UTT=af33 faaast MeE3® TauT € Wy gd €3 fie F 3 nigAfazs
Jebt 9% (f939 9.3 (a)) | §°3® Tau= € &t , yar<df33 |o(de>'f8Fr€H7:rua’@@'f‘él€F
3 MunAfaaz Jetmt JEbt Aruett 95 1 (fS39 9.3 (b)) | fHFFE!mE!T)-I'H%’B(FrMH%T@ET
J | 7 ANT39 Guuget yam- wywaﬁww@%a@rmgmwa
3t ygr=af33 faaat Wy g9 € fie F 3 Swe =8 m3 Hy »ian & #igde=z 3% < fan
fdg 3 ngAfez (A B fdg 3 numfax dett Aruehdt) Jeaitmt | fer 3% & Taus &
SIN 3B dfde I& [f[939 9.3 (¢)] |




¥9uT & @ F 3 ug< P ¥ fegarant gdt dam gdf
I T WM f @wdT TIATElr Aidt I | I WAl feo
TIAge It fg f=R/2 f&8 R ©dU< € 9937 My for™
I fam »muf3z yamw fags € ugeass et farfist
f939 9.4 fIT TanTet aret T

SIH 3%
fg33 9.3 MT3I® M3 €°I% ¥guT & SN
H& &8 C €dus €T 9937 ded J | WY Ud & AHT3d
fea ya fags 3 fegmg I9ie A gdus § M 3 eaager
U|CMWM3WW|%8@0W&E

UWMD@M?HHWH@?WUQT,
/MCP =6 M3 /MFP =26

IT tanf= ~— M3
MD

tan20= FD [9.1]

gze,@é%ﬁwse’r;r@tmﬁfaawzﬁﬂm%,
tanf =6, tan 20=26. Ic))

fen et mitges (9.1) 3 yuz ger I
b=

A7 FD= [9.2]

FITB E’E’Z)—WE‘TB‘E‘T fEI'\?DfEI—e’P E’HU??EUIfE'Fr fg33 9.4 (a) M=3I® JIFAT

et FD-f w3 CD = R|f€ﬁ8€°fﬁ»ﬁm[9z]3m oIy W3 (b) €35 dizTag

Jder J| g3y 3 far mufsz fags
f=R/2 [9.3] € u3a=as wt famfust

9.2.3 €JUE AHIGdE (The Mirror Equation)
A fan fdg 3 g I F yamw faast Yaed3ds/ M3 A Mu=dds 3 gie fan J9 fde 3
faeht g5 37 Qv fde ufod fdg e y3ifdy myeBer 91 A fagst nmw fRe fer fdg 3
nifgnfaz debnt g5 3+ yStfag wst ger 31 fen € €8e 7 fagst »iis feg aat iz,
ydg fig 2% § =ue e 3 Bn fig 3 »ifgnfes dehit y3is d= 3 G y3ifde sast
ger J | fen 3g° fan SAZg T UTT=d3s M3/AT MUSI3S 9T geTenT y3ifdy €F
IAg © fdg-va-fde wagy ger J
Wwﬁﬁmgmﬁvymwgmxmw Guat e
wmmw,@awwmﬁgwmwwmdg- faw JigTaTg TauE
T UTTR936 © A196 gienT fan fdg e y3ifdy yu3 goe of | oaifa fesoga 39 3




fonsfafyz fagat S5 det <t € fadga™ &= AfeurHad Jer 7 ¢
i) famr fdg 3 B ==t Gv fags 7 Wy »iaw € AHiz9 7,
UIT=If33 fada Taus € €aH & gradet J |
ii) B9 fags 1 fan »=3% gdus € 9937 d'ed feg gAger I AT
€°3% TausT €@ TII3T ded I Al It AUEr T, UIT=df33
fa9s a=® MrUST IHIT TEIT MU Faet I | ffgs  9.5- famt
iii) €7 fags 7 faR Me3® Caus TSN SAN S TAaEl T AT €38 w=gs =auzs awrar
TIUT & WY S9N & JrAdel (€ &) AUt I, UI'Sdf33 fags vy usifds  ggsr  @r
M T AHT39 Tiat T | fags mray |
iv) et fags 7 uge 3 faw <t d= I Wuf3z It I, UaT=af33 fads, Uar=d3s & faot
T UBE gt J |

f939 9.5 =g € fig A feT faase =@t {35 fagat & fonrs S oy & fagas-mmay
WUlM%WWWWWWABF@F&HAB (few
Hﬁﬁfﬁ?@ﬂ?&’a)mﬁmrmm@mfwﬁﬁfagmﬁﬁmm
faast It feamsatt g | far < AIg 3 AdtyT ferreT feT w&3 fadaT faaseit a5 |
fen st 7 fig A T fsa®e =8t 939 fags, WE3IF Tous ©rTar UgTed3s & g g
A3 T T grget I 3 fig A ffg AT »rAst y3ifde 9|

IS »HT T9US AHtade AT fdg gdt (u) y3ifde gdt (v) 3 an gat ()€ fegard Ady
HETUZ 3T |
f939 9.5 3 €& mide f3g7 A'B’F M3 MPF fHgV I& | QuUgs! faas et MP & Aa® duT
CP € &g=3 ¥fewT A7 Aaer 7| fer et

BA” _ BF
PM  PF
BA” _ B'F
| PM P (PM =BA) (9.4)
fa@fa « APB =« A’PB’ mvd< f3g@ A’B’P 3 ABP &t AHgY T5 |
fermet BA _ PB 9.5)
BA PB

MHIIES (9.4) M3 (9.5) € IBET Id& 3 A YU J=ar |

B'F- FD _ B'P
5 - (9.6)
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YI™H HII M3 yIHMHST (Light Source and Photometry)
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9.6 fyAn fS¥ mu=e3s (Refraction Through A Prism)
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9.20 faw yge & fdg 3 90cm &t gt 3 Ifepr farur I | uge 3 fan €3% 37 g GHE
feg g9 3 20cm €9 AfgstiT 3 Ty € ySifdy g€ AT 95 | &7 ©f edN gat u3™
3q |

9.21 (a) YA& 9.10 € € AT € HGAS ©f Y=t 9 gdf Bn AfE3t fSg u3™ a9 A< Gust
€ WY wan AUt 96, w3 feu feq g 3 8cm gat 39 95 | &1 €37 »muf3z mit3a
ya Ud &t fenr 3 fagga adar ? dt few 339 € Bt ygr<t San gt fan <t gu fea
Susait I ?

(b) Qudaz feemgT (a) ff9 1.5cm €97 3¢t fig 3% &7 & <& I T | foa <1 €
BH 3 A 40cm T | € B&AT € 337 2T §3Us TFTIHS M3 YISy & Mg u3T
Coll

9.22 60° MUTII& o< ¥ fynH € e&d 3 faw yamw fags & fam d= 3 mmufag agfemr
72 fq fen €7 g7 e%d 3 d=% Yds »iegat UaT=d3s It = ? fym &€ uergg v
MUSIIS M 1.524 T |

9.23 3u7$ fefeu g € qa€s w3 efée am € fymi €3 o g5 | fymit & gt
wfAaT AGHAs A6 # -

(a) FeE€ Yd'W € Az UA & fdat famer e& i3 feefes ag &< |

(b) AT YaH € A= YA & wifua feefess i3 fdst e (At femafuz) a9 €< |

9.24 W™ MY € BT €9 fdg #E3 3 M3 AUHe Tans e fsae fdg, 339 € Aone Sargar
25cm 3 JET T | 339 T ITISPHT FITFAT 40 STEPHTULT € MIIHIE AHTET YETS
JaeT J M3 AT € fig 539 37 T mBUIH MfgHIE AHTET BaTgdr 20 ITEMTUS
get I | fen Ag® Mias 3 M WY MEgBS-AHIE™ (I< 339 B o MigATat mHaer
T yfgHa (IF)) T HEHS BArQ |

9.25 ot fadge fenet €n At Elow feret e€n gmrar feu #gdt gu 3 feg u3™ ®aer J fa
339 3 MTUST MEIBS AHTET Wi gU § gI<" &I J ? 7 &d1 3 fegst fomnet et
o &t aIE T HFET T 7

9.26 faae fenet e e det fewa3t g9 fenet € Bt -1.0 D Mg & IaHT Qudiar ag
fagr T | fammer BT < 3 BWS fazme use € &t MBar 3 +2.0 D AMET € 9N ©F
7993 It T | AUHe &3 mifmar fag: Ifenr ?

9.27 JEt fema3t ¥g & M3 &Y €7 UatT € fte uT  gnd femast & euer J |
€T &8 ¥ ardtit €t IBET U T Tatet & AdEe €Y uger I wifror faw
gfieide € a9s Jger 9 ¢ fen fendten e fius Jie a3 Af Ager J 7

9.28 Jet » fsae fdg (25cm) T fena3t 8¢ #ugt f[Sg st @z § Sem Sam gat €
U3s €3 San € I3TIHt Bad ©F GUTTT J9d UZTET T |

(a) BT faaaaH w3 mifuaay gatv U™ a9 frg §9 BF A3 § Saednt 8ad ©aT Us
AaeT J |

(b) BUITS HI® HuHEdHT € Qutiar emmar Hetfes mifuasy »3 fa8a3n det =swans
AHgET &t J ?




9.29 g€t I197 Hie fAng 1| mm?2 AT € <9ar <9 feg@z 13T fapu™ § & 9em gat 3

U fai T3TIHT B&H (9cm SIH gt € MigATST BH) A9 GHE 33T € &3 U I
eftr FreT g |

(a) &H TnaT §3Us Tawans (YSifde/ang Aele) at J ¢ wrem y3Sifdy 9 gda
=JIT TT HIIEHB AT I ?

(b) FH €T AT TITING (SITIHS ANTET) ST T ?

(c) &t (a) ST T3wIHs MHIET (b) ST T3Tdns © §999 I ? AUHC &9 |

9.30 (a) nfgm™ 9 .29 ST &w § 939 3 fdat g9 3 It A= 37 g Tgart & mfuazsr

HI< TITINS ANTET @ &% A 3 AURS SfeHT A7 A ?
(b) few Beuas ST Tsears (Y3ifdy Aetna/ang Aei) at J ?
(c) ot fem yaor ST =3Edrns, TSTIHE AHIET € 9789 J ? AURE &9 ?

9.31 Mfgm9 .30 f<9 THg W3 IJ<gHt 87 © 29 fdat gt et giet 7 3t fa
nrgTHT ySHEY &9 99a T9ar fe9 6.25 mm?2 439w = Y33 32 ? ot gt @sant
SH & 539 © 9g3 33 Jud fegst T9ar & A'e 3 AUFE €Y Addr ?

[&c- wifen™ 9.29 M3 9.31 3u7% faaUy niraTg T =3Tars M3 fan W39 € =wans

AHIET (ISt T3edns) € fegara W39 § Aure 39 3 mig8e I AuTfesT aafar ||

9.32 I fed yrast € €39 feb -

(a) far THZ ©HTT »iY 3 d< IITIHT B AT §3UE MTgTHT Yty gwmar »iy 3
3fdz d< € g9r9d Jer J 3T fed faux »igur &9 at Medud H JTt MT=dus
Yers JaeT J ?

(b) fom =zTart 7 § TUE AN Yud »TUS 339 & 81 &' 993 33 ddd queT J | A
U MTUS 339 § g & A< 37 ot d8t TFTINS g€ A=l ?

(c) fam AO® medHt € T3TdHa AHIET OF d<e &aN Tdt © §&< nigust et I 3¢
AS FU 3 U JE AHTET YU J9& € &t We 3 Wie S9N gat €35 &7 e Gudar
356 3 T IFeT T ?

9.33 1.25cm S9H T €7 THF B M3 Scm SIH €T &7 &I 7 € QUTIT J9d
TIET ISt SSTIRS (TITINS AHIET) 30x JeT I | IAT AT HuHEdHT ©f 939
fa<" aaar ?

9.34 fan gadls € THZg &7 € a0 €4l 140cm M3 3f3T € &9 €af 5.0cm T | €9

St THgHT § SUe © BTl ©auls S TFTIHT & AHIET df d=dit AT -

() EIEE € 9239 MH T (= wifay ySifdg wd3 3 geev J) |

(b) »if3n ySifae mine Tons & W&U3H gat (25cm) 3 geeT J |

9.35 (a) oM™ 9.34(a) f<T TINE TIdls & Bt A3 BH 3 af3ar € <9 gat at
g7
(b) 7 fen gadts e Quiar 3km €9 AfEZ 100m €9 risT § Sue € &t Ji3T Afer

J 3T THZ BH AT 8 His9 € y3ifdy &t guret St I ?
[ %]




(c) 7 #if3H Y3ty 25cm g9 geer T 3 wifay ySifdy e vise & et at 7 ?

9.36 fan dAdIs gadls ST 939 9.33 9 TIAT MgA™T € TIUST € YT d13 faprr
J | fer godts ST €6 Taue ffq g+ 3 20mm T9 34 I I5 | H 3 T9uS & =937
WIUfH™ 220mm I= M3 8¢ TIUT T TG3T MUl ™ 140mm I< 3T »d3 3 30
faw fdg & »ifaw y3ifd fag sear ?

9.37 fam JIB<EYIeT € I3V 575 T3 ANIS TouT I T3 MUf3z yam (937 9.36)
TIUS &TH TIAdTS MTUST JAIT 29197 MGITHI JdeT I | JBSsHIed o I35t g
y=fg3 Jet grar ggue &9 3.50 e feyus Uer gael § | 89Us € AOHE 1.5m gat 3
dY Uae 3 YIH € Ud'=d3t fUs ST fdst femgus g=ar ?

e
a

f

e !

- - -

]

I

< 1.5m i
5 M

fg3g 9.36

9.38 9339 9.37 f&T avt M €38 &H (MU=I3& X 1.50) faH AH3® Tdus € BT I

fan g= & uaz € Auda ST TarTfen fapuT § | aEt 2t Fel fAmet 39 Wy waw 3

J, Man € migfen Sua-g8 a3t ae=ra fen 3g7 mafaz Jist Atet J fa get € &

T 8T ySifdy pet €t nfast 3 ot s | few Afgst <o pet & 87 3 gt 45.0cm T |

€< § 9T YUdT § gaUTen T AeT J | &= gat 30.0cm WUt A€l § | €= €T MUS93S
W ST T 2

fg3g 9.37



mfgmmt & €39

9.1V =-54cm| y3ifdy sw3fed, @B w3 37| ySifdg e Aela 5.0cm I 1 A€ u >
f, v > oo, u < & Bet Y3y Mgt gEar |

9.2 v=6.7 cm| SIEIR& = 5/9, mgEr3 yf3fdg @ Aretw 2.5cm T | fAR It u > oo v >
fUIR I MITsdr e Ae fam > 0

9.3 1.33;1.7cm
94n =151;n =132n =1.144;fAR & sinr=0.6181 A7 r =38' yuz Jer J |
ga wa gw

9.5 r=0.8 X tan ic M3 sinic = 1/1.33 = 0.75, fAg r AT 3' 5 Ia9 &7 »Iu fem™ Hiea feg
I M3 ic UST-g=T €t AiEt A3 € S gif3q d= T 1 439eB =2.6 m’

9.6 n=1.53 W3 Ut feg fymi € & D = 10
9.7 R=22cm

9.8 fag fdg »rgmit w3 yf3fdy Twzfed I1 u = +12cm (99 Ha U™ J; M)
(a) f=+20cm | yf3fdy sw3feq T W3 7 3 7.5cm €9 °Ax J& J |
(b) f=-16cm| yf3fdy sH3fex I W3 A T 48cm €I Ko JT J |

9.9 v=8.4cm | yf3fdy figr Mz »rgmt 7| feg At feg e J, Aeta = 1.8cm | fA= u
oo, v > f(UT £ T MJT 34T Aer A€ fa m > 0) | forrs fe& A€ =7z w=3® &7 (f=
21cm) € an 3 Iyt Jet T, 3€ GreT ySifde &7 3 10.5cm €9 987 I (B3 3 &4t g
fAe fq I®3t &% J€t Ay Ager J)
9.10 60cm SIH Tt BT MUATIT BH

9.11 (@) ve =-25cm M3 fe = 6.25¢cm F ue = -5cm; Vo = (15-5)cm = 10cm YU er Tl fo=
Up = -2.5cm; TSTIHS HA3T = 20
(b) up =-2.59cm; TS TIHS HA3T = 13.5

9.12 25cmgﬁ§qﬁf§8m€r8€rﬁuwéﬁm=j—5+l=ll;|ue|=ﬁcm;vo

5
=7.2cm {Yd<T = 9.47cm, TITINS HA3T = 88
9.1324; 150cm

9.14 (a) It FFEIHS = 1500



(b) yf3fde & femm™ = 13.7cm
9.15 fE&3 ufge™ YUz J95 BEt Taus € AHlads M3 €U € HIHT 87 Y&dr &9 |

(@) f< 0 (T3S TIUT ; u < 0 59 g9 y™A)
(b) f<0E®et;u<0

(0) f<0(E3% TauT) M3 u<0

(d) f<0(MMRIB TdUT); f<u<0

9.16 fifs 5.0cm Gua €t It y3t=3 et I | feu Aume yamw fage may gmmar eftnr AT
AaeT I fa €39 99 € Jed & Afa3t 3 fagga adt aaeT (8¢ »u3s det € &)

1.4
9.17 (a)sini —Eﬁmzﬂc—w Y3 Jer T 1yde »3fod ua=a3sE i > 59" A r <rmax

=31°3Jer T 1<, (sin imax/sin rmax) = 1.68, f?fFl'B'lmaX 60’ YUz ger J | fEFrnga?-f
StIF0<i<60’ meﬁwwmﬁﬁwmawd UJT=IIE J=ar (7
uTety &t Saret faufez 7, 7 fa fesog feg et 7, 371 3 faorus AT utety € foum w3
Oret &IEt @ WU @aT fegutfag d=ai) |

(b) & et gt mr=as E9t T, 7 ic = sin! (1/1.68) = 36.5° 17, 1= 90" € Bet r=36.5"
w3 il =53.5" J=dr, 7 ic I 2T | few 3g° (T feu Adbrt wirurat faast) (53.5" < i< 90°)

ya< #3faq ugr=afaz J=qit |

9.18 (a) fam M3® AT §3% Taue © ‘fug’ fan fig 3 mfgnfez faget Taue € Arone
yge 3 fan fdg 3 yor=afss T AfEt 98| EHJ muet feg det m3® gdue A 835
mmmggﬁmmwaﬁwm det §fez yaw fage oy
fug & ye § AgAe a9 |

(b) A€ YT'=af33z A »u=df33 fageT numArat geht g& 3t yf3fdg mrgmt ger J1
nurATat faget & €f93 mifgardt &7 €t AuTfes 7% uge 3 wfgnrfes di3T A AaeT J |
339 € WTITHI BH Sta fegt ager I feg »ramt yf3fdy 8w € et fdy €t 39+ aan
gaeT I M3 Iw3fed ufsfdy seer 31 fonrs e, feg mramt yfsféy <t mfast 3 use
& Afgz a9t atzgr Aer I feg Jet muse &dt J1

(c) 53 &

(d) BIrgar &9 gu feg Sue &F IuaT feg f398 Sue € et mramt grfgaret wie I Afet
J1 Uud Tt Y-y AfgItt € et ya fage »ay fug o few 37 & ¥e Afeaa a9 |
(e) TIT T MU=II5 »id BIFIT 2 .42 J€7 J 7 ATUES o9 © MUSIIS WS (BIFT 1.5) I
g93 2T Jer I | I € i3 o< 1991 24° T A o9 € FfIF o< &f IBoT feuw 593 uie
J1 aet A3 & Iame =% migE fenast muge de (J19 © wiwg) & <5t 37 24° 3 90°
T ®79 feg "atst 95 <9 ga= J fa di9 3 g99 feawe 3 ufost yam aet esat 3
ydt 3g* ugr=af3z 9= fen 39T Ii9 e gHaea yg'=e UeT ger J|




9.19 uyge M3 eRZ © f<T fonfexs ot s © &et, 7 miiads OF Afast feg umzs vE &et
TH3fed % YT'5 &t Jael, A€ fE€ W& /4 I Fuger I1 fen Bt fipax = 0.75m

9.20 21.4cm

9.21 (a) (i)ﬁxx@ﬁéﬁm@amﬂﬁﬁﬁrwﬁ?uﬁw@w%ﬂémﬁ?ﬁl 3T
f =30cm, u = o FYUIF FETT v] = +30cm | feg yf3fde gnd &7 € et mrgmt fdg o=
AT T £ —-20cm u_ = +(30-8)cm = +22cm, f?rFrErV = -220cm Y73 ger I AHT3T
WWWEWEWEWB'ﬂ&mEH%WfHF?mWWW
Ul%ﬁhaﬁwmwwwymmwamwm 3T f] =
-20cm, u —-ooB'U"UB'UE"’UV = -20cm | feg yf3fdy gra 8W € st ew3fea fdg 5=
Jerd If +30cm, w =-(20+8)cm -28cm3‘v2=-4200mu"'l.|321€"'trl FD-I"BHUEFFTUF
ewgmewﬁvewwgmwmwmﬁ?gmue- Ytz der J|
WUW%MEWWUW@@HEWWWWWWW
J1 &% a1, m?a%éﬁmﬁa?mmmﬁmm%a#wuvgv)?waaﬁ
fiarer € frfoT Afaa »a € yet feg Ag a< | (mﬂa-rerﬂﬁaa’wfl wfzwea‘rwer
few @yde™ gal e»aT f[3auTlas ge a5 ) yI<t San gdt &t uasT, fen wet fen 339 €
BE »iggyde Y313 &dt gt |

(b) u =-40cm, f =30cm 3'v = 120cm YUz Fer JI

ufa® (83%) & € I95 TITIHG &7 UfoHe = 120/40 = 3u_= + (120-8)em = +112cm (fd
M) f =-20cm 3 v =-112x20/92 cm YUz Jer g |

mIg3 t’Hd (MI3WB) we’aﬁra

=FTIHE T UfGHTE = 20/92 TFCIHE T B2 UfoHTE =3 X (20/92) = 0.652 yf3fdg v Areta
=0.652 % 1.5cm =0.98cm

9.22 # fymH feg mMu=af33z faae gre e&da 3 Fif3q < ic 3 WUt det J 31, ufad
BT I MUSIIS IS 1 T HE (60 - i) Fer T

& ic =sin"! (1/1.524) = 41°

fem &t r=19" %3 sin i =0.4965 M3 i =sin-! 0.4965 = 30’

9.23 AH™® o9 ¥ ¥ € AgEAH fusdt § AUgH J9e T + fen 3t mafas disr 7= fa
8uat € »rurg feq A9 € €8e I 3T €U o9 ©F Ay € 3¢° I9A Ja<ar M3 few 397
Yo U &7 3T fegfegz der I m3 &7 ot feufuz der J; udg Un e fige mit3e feraus
ger 3|

(a) faat fevus yam ya § feofe3 s € wet fan ue9y fAs I8« o9 © fea ufasr
fumr 85 w3 fan ga= »u=e3s de T &fde o9 = grar fumy g< [end fusr (=fde
d9) € MUSI3S d< JE< a9 © fymn 3 ge7 58 faffa efde o 3maT f<u =u fedus
gaer J] | fegst €t fymit § feq gAd © AUy €8er due 3 fea fyumy eng fumy €
fetus & ans ag féer g |




(b) fast feg®s € yam € fedue € w2t efée o9 € fymr € nu=eds de feg Tur ag
(FT M3 U MUSI3S A< € ef®e J9 € fymn & o afim 99) Iifa gt fymt gnma Uer
feo®s feq nd € Sorad w3 €8 I | (efée 39 v Mu=d3s 85 d9 ©f 38aT feg
U I © J96 M =t ef&e J9 € fymd &7 »u=d3s de g8< dv © fumy &t 3&sT feg
g ger J) fabfa fen feg 993 Ad 9=t © et AINTEAS Jd&T der J, fer set feg fees
Gen met ufany feemar sat d<t |

9.24 =AAT § WEI 3 TUT € BT WY iyt fsBa3n mfgnfas miaer €f =93 Jaet
J | feg AHaET (40+20) STEPMTUET = 60 ITEPMTUET 7 | fem 3 IétaT M3 IOt iy A
k?ﬁgﬁr@'ﬂg&'mﬁ-mﬁﬁzﬁﬂ)cm Ifﬁﬁfﬁaé?ﬁ'@ﬁg(u=-250m)§éﬁﬂ
I ISNET (v = 5/3cm) I Yf3fdg yuz gas € et 8w gat [1/25 + 3/5]-1 = 25/16cm It
gatet I1 T 64 STenmued Mfgnas Ha3t € Hag I1 3¢ 339 W € B3 (64-20)
ITEPHTUST =24 STEMTUST I 539 W T MaH3HS € IH SIIgdT 20 I 24 FEUed

Jet J1

9.25 &at| fan femaat @ 839 &H & MaH3HS ©f GaI3T (RA3T) &T9Hs Ja J¢ <t 8w
feg faae feret 7 elow ferel €n T Ader J| faae feret €7 »iy € 3% € Ao w3
fig 3 993 &¢r I< 3 Uer Jer 71 fe<og feu fone 5%-78% 339 87 < mrust
MIHSHS HIST I feer I | AT 839 II5d € WTUST HITel T9HS Jaf I Udg 839 8
MUST MIHSHG Aa3t & miffa gu feg gpur féer 9 (fre ©ve fee =or 9 3 fan =t
3TOHS 339 feg I AaeT J) 3efen fonet ‘@n’ § udnarfeGutr afde gs w3 ferer fses
Tlow fewet en &t Jt 3gt a3 Aier 7|

9.26 fema3t € g fdg 100cm I, A€ fa ner fade fdg W™ J9d (FIgar 25¢cm) T AFET
At | 99T Barge 3 Md3 3 gut IR € MgTH Yf3fde 100cm €9 see I | fern 5% 33
St =gt nige3 A fa (fAgast € I @umar yf3fded) 100cm #13 25em & fev 9%, 3F
foraat WMUS 339 BH ©F WIHSHS AHIET & WaI3T f <93 JdeT J | WaAd fer Hara
few < @19 I= 3 »ifi gat § FiEt § (UangEISUtHT) | mifeg fenast e fsae fie
50cm €9 IfEAT ATET I | TAZHT § 25cm T 3 SUT Bl fena3t § +2 SETURT RISt
T 9AH € 83 T

9.27 mfdgd 3™ (Astigmatism) STHET fgRet €1 nu=a3t 339 € 93T feg En (Faatyt +
339 &H) 9 3 deT J| [ M J9d 9% Jet J, »oe3 fenel Qug 3wt 9 Tg3T
g9reg Jet J, U wfdeasT € Afg3t feg aeshir 3w adt e | T9avs Afgst few,
YSE 3% € 3T et J, feH B uFend Urdtt € AUne yf3fdy 3dtsT 3 g AaeT I |
udg fufaw 3% feu =gz et &4t 9, fen wet fufsw uatnt dustt Y33 getnt 75 |
fen €7 & Sla I35 et yIe™ Ud ©F I93T T8 © MBS 37 € T93 i3t A Aget J |
Ae J fa yge™ 3% €t mT39 fagst fee det a8z mMu=dss &4t 9=ar, ug = fufsa
3% feg 7, 7 M&zdt n3fo & g3 €t 9< €93 a1 57 13t aret 9< 3T Szt 7 et




=9t r3fa 3 €v a3 <91 5% %3 wifgnfa3 T Aaedt 75 |
9.28 (a) faaeay gdt =4 Elcmz4.2cmm§§'d’§=§'d’ﬁ§3"]'=50m
(b) mifaaan St T 3Tans = [25/(25/6)] = 6; fa8a3H d=t Tzwans = [25/5]=5

1 1 1
9.29 (a)  +3 = 75, M v = -90cm TFEIHE €T UfgH'E = 90/9 = 10

nrgTHt yf3fdy few g9a T9ar @7 ¥39e® = 10 x 10 x | mm2 = 100mm? = lcm?
(b) TSTIHS HA3T =25/9=2.8

(c) 54T, fam BH gwaT T3EIHs M3 fan yamt w39 € JEt TITIHS (AT TFTIHS HA3T)
€ FY-TY HIBUSTT I&| JTt T3TdHG @3 © def Ae (A fa yfsfdg e fs7d= 3
yf3fdy € d=t Arety € g9v9e der J) | w3 EF Afest feg =ng € d<t Arety (A€ fa €/
& fage fdg 25cm 3 I AfET 9), T wigurs ger 1 fen 3gT T3ERs € ufo (vl
ger I W3 TITIAS AHTET (25//u)) IEt T 1 frge @€ A< yf3fdy faae fdg 3 |v|=25cm 3
J 3 fAge 3T It €& TTHPHT g9Tgd JEbdT I& |
9.30 (a) yf3fdy € faae fdg (25cm) 3 g5 3 MUa3H TFTIHS AHTE™ YUz Jet J
fer®et u=-7.14cm

(b) FTIHs T UfoH™= =(25/|u|) =3.5
(C) TSTING AHTET = 3.5 I TIEIAS AHTE™ (Fe Yf3fdT 25cm 3 gSeT J) TITIHS €
uforre € 9999 et T |

—_—

9.31 ¥wdns |/ (6.2511) = 2.5

1 1
v=-+25u; fen st + -=- 1

25u u 10

AT u=-6cm |v|=15cm
wrgTHT yf3fdg My faae fag (25cm) 3 <t 33 geer I w3 fen 339 3 Ae &Jt €4 Aae |
9.32 (a) 7 yf3fdy e faguy Aeta TAg € Aela 3 <37 <1 7, 37 <t yf3fdy e dt Arete
SHZ € JT AEld € 99799 o7 I | JET HatsTerelar 80 Arst fen gy feg AofesT gger:
H HITSTeTelar 81 &91 T 3T THF 25cm 3 We €T 3 &4t Ht AT AFET; HaIsTeTelar 3H 3
3 TAZ S 356 [S9 993 &3 JY AAE IT | ATEIH 25cm €9 Jue ©f 356" feg faz fu der
J1 A3 JT TIEIHS YU J95 A GUBT ga& T fedt niew I |
(b)Tt, feg gz we Jur 3, faBfa a3 3 asfenrm e @RI sedes I 83T 8T dor J| +
yf3fdy 993 g9 9= 37 fev yor= fagrer 9 AeT J| [32: A€ 339 & W &8 <HJ™ gue
gt, 3t ufast @z erar 8397 3 gfenr de fene yf3fdy evar 339 3 g€ de gar9d
&t I ]
(c) ufg®T I gg3 E¢ SN Tt © BAT &f fumret At sat It | fen 578 593 Ho3<yas
3% feg I fa & AT a0 €t we age T 37 fen 5% Uy fgne3T (aberrations) (JBTET A
IIS) U AT T |




fen wet feege feg At fan Ae® €35 87 3 3 AT Tu € TSTIHS AHTE™ &4t YU3 J9
Aae T | #iug, fan tg fgresT ARfuz 87 yorat € =93 &% fen Avr § 10 A7 fene 338
IS &% <Y AT It |
(d)ﬁﬂW?Hﬁm[QS/fe)vL1](fecmfi’€\€l?ﬂ'fﬁﬂ?¥ﬂ?‘?1é€fe€w??§3
Tgr Jer J | feg mirardfes € @ 3TIHs |m| mgmwaﬁwwaﬁ
lugl, fo 3 I U I= |m@ﬁémmm@rwamgsﬁaﬂwwa
|f8n38°r|uo|,w?g?zrwfsﬁrswfoe°r|

(e) 33fgar & mrandfex € yf3fdy & fagans ewmaa’ afde 98 | TAg 3 WiET =Bt
ATaPHT faaat Mrardfes 3 MUSIIS © Ie fEdaH ©Mad 3 IiAde T I& fer set irs
339 feg Sy € ®et feu feq nreon Afgat T | 7 Al »iuS 839 & &3faa™ € 993 33
gule 37 33foar gg3 femmer ya™ & Jifge d9 Aaan »3 feret 839 =t Wie A=ar &
WHT MTUT 539 § fadad ead 3 aule w3 A'S 339 ©F U3BT € 43de® f5da
¥ Y39 3 TU AT 99799 I< 3T A $37 MrEndied 3 MULIFII Aatt fagast § Frfae
9 B2 | faga ead T fasa® s1d Ha™s W™ J9d WraHdied M3 d3diaT & M3TH
3 fagga gaer J | A WAt fan FuHeaHt 3, fene fen AT 3 »us 39 & &ar o gue gt
3t 339 M3 &3faa™ € WU mredw gt w39 © fafes feg gat get 7 |

9.33 Y&z ®E fa FuHEgHt Aru9s =93 feu I miag3 yf3fdg 25cm 3 J |

a3fdaT T AT TS TIHS = 25/5+1—6WF8?|3('|%H€T§'8€HH?>‘ 30/6 =5, f‘EFr?EE:H/Su -
1/ug=1/1. 25hﬂgu0—-l Scm; vo =7.5¢cm; |ue| =(25/6)cm = 417cmW3El€TUIW8?|a'f;c'H
w3 33faar € feg gat (7.5 +4.17)em = 11.67cm ISt Iaiet | fee3 TFIHs Y U3 95
e TAZ § WrEndfed 3 1.5m €9 gueT gdter J |

9.34 (a.) m = (fo/fe) =28
(b) m=fo/fe[1 + fo/25] =33.6

9.35 (a) fo + fo = 145¢m
(b) fHasTa rmaT gfem™ d= = (100/3000) = (1/30)rad; Mrardfes gxmar e yf3fdy
5% gfemT I = h/fy = 140cm | €8T AT € H'aT €1 3B&T d96 I h=4.7cm Yy U3 g J |
(c) 33faar € =5 - 6 MifaH yf3fdy e GIret - 28cm

9.36 I3 TIUT (MTIB) TuaT gerfeT farur yf3fdy ¢ vaue (B83%) © et Mgt
fdg v oA a9 J | &3 I Y fig I wWr@T 8T A3 fadaT, €5 €dus 3 110mm
©d SdH JI3PT ISt | 8¢ Tgue Fet wrgmt fdg &F gt = (110-20) = 90mm I=aiT |
E¢ TIUT € &9 Tl 70mm J | TIUS H39 ©f F93 dda 3 WAL eyl fa yf3fdy g2
TIUS 3 415mm I g7 |

9.37 Ugr=df33 fadat gaus € WHe d< 3 Tdie o< 3 feufuz debdt g5 | fer et d/1.5
=tan 70; d=18.4cm
9.38n=1.33



