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ofacray 1

qa aAAqHAyAs (Fundamental ideas)

11 wicala eats :

FACE Carel CAMA TET ACTOR, TOYA AOHURR AAfIOI

aR, TSrATGS vcr corer THOT Are, Bier CE wingy CATbal

OTIC STaracs TEA ACNE SA WAST Go ea MMe

Feagaroed aiidenty, ot vorgigts, orl frei vacate 971 FATS

OANA TSF MAN ACG SOLS. GA BARS VNC AIT |

BI APTS HH oS weffns Taeraiens catoRray HIG! a8

ACT FAA OU ATH Jor Ae ACA |

eicen aifead we facta at) ooeas abara ad Pras

AN HMSM IA! AA CM AGL TS MH. ACY, Wel CMA,

ATA FA TH TWH VIB BLS AT AF, TS ACA HG! BW wey

CAiba, WG, VWil—G AWW ARGS Moy AAT OCA TAT AIST

HITE CACB |

TACIT TA THC I HA MATT GIGS GS Bl CAC Ga AMA,

ATA (ACH MUI TS BCS GS ATSA AT YG 2 TST BATVT yes

ana Tors | wae, afore @ fafeacoq sem aTaaz @

AAT AMATI SII TCS MATA AL Talsay Hy Tay Ahecacs

“qi THAR ACS AACA

Tamora t awe «a2 fafean aco feats Te | | aR,

MUMIA GFN KT CALL CATES geo oval, Barwa “Tessa

PAS GF GAN ACF GA GANT SO WI LA fon Ag

TMA GI OLA MA AT! aa false aie oma TEI

faa Mees lees (1642-1727) erea SARI (Wols-

thrope) sit Ses WI 1 AIM, AS e Galan gored

TAS Ga MAS | ok HA UTTARNAA TG ACRE TEIATAA Far, safes

mace Senta | aioe aga acer ‘Oortbsy’, fafa sewer fan |



2 STASI CCST TAT

THEA BCS BUA SAA GS AA HOW ~feslessy aH TAA Tage

(interaction) {1 oF Bwasscey Bea “lo aoa TNTIA TacowweA

afeslerars aera Alaten SCS Ad (Fig. 1.1)1 aa ae

SISA COTA ACS BA. TAA WATPSTS ACG TASorMA LS wea

{

PREIS
914

|
N

\} sr

COM AEAERETE ATT TTTT

Retina MPS et Ri
fre ofzaser he ofaesa

(a) Hise

Fig. 1.1 afoead @ afore Tato aan |

ARNG WAS Cos Wes aa cen Aa a1 Galan acaq

HINA GAA t MICA CaRetea Ga Tada sta faletas

TEA AVA QI CGT wHTorAX Anan THES wae See |

SIT SRST Al seas, Sicata etafs Sacra ACS) |

CIFSSI ASTM was (diffraction), AWA (polarisation),

aifwera (interference) faqas fafea args Jie Ger Hem Wea

Fa) faObal StS OCA VATS VA BAANPSS 1 ATA, PHT

TAT VC ATSTAN I PAPE CICA AhSCAT BCR FT Ve

SATS VIFSTSA cH HTS AT, TE Tova Stes ACH AR (Fig. 1.2) 1

OMFNSGS TI SATA AHR! BAMA aholahps VIceTs-

CIT ACHAT Ga WANT aslo STA galas TMAICTA |

SN FN AAG ZN | «aM MMe, THE Veiwep 1 Fay

tamer rey (1788-1827) sar omieliag Faiw Be

BATS ASS STA WAP HA B-lAA HA WIS Bary oars afoise

acateci | fageil aforat (double refraction) navn feta Bee Be

BATRA |



AFT MISATRIR ;

oalefia TRToRIngs (elastic) THY ABSA | OCHA AST CHA

PMIATMICTS GAD WAT CT ALARA A IT A | PLES

CIFSCSA WINS ATHCTNT wfacafars Zarcaa TATSA ag WM ASS

WATS SCAB HA 2’ |

araea-faaae fafen dba obi Peainera aaits Scace A,

eicen fete Gay) Petes scar nee esemic ors

ots Gay APS seasons ASI AT! SI Sala Teds Way AVA

SACS GSE AMAA SAB BS-B MA AW TATS AH |

(Q)

Fig. 1.20 v= stay wena aleraa, 0’ = eT reeTa TT SAT |

SmI TMC BIAS WSTAA—

(a) JaSoaly Siasiog Ge, (b) CwSE saat

UMMUNFTE GC GUS] ATW-AMT BA WrHqewacia t wa

OAT | Valaey mersa Paola ( 1864 ale ) srHerrer race

@, Ue @ Viorwr ae weH qed TRS; ques Site fede

wfvepesian Say-farera | 1864 dhe acre caprefice “wie

RIS ACHAT ATSSG” |S PAM oF CAH WAC

GIA ATIMA BTV HAIG ALAA AAT VSM BA | | “ATPHSTATAA

t He wTHeTAeT (1831—1879) wo, veaeligg 1 GT awe | Slee s

CONRs CHE AWG GIA TSA Baya ay Teas wmelfana we Ha

MANS SS ASSA BHA WPA WAG |



4 SITS SCA ASIA

asleae” aa fare of aalegagia eeu, wae t, onl ena

ofc fad cabaret weustGra tole Fa abe |

BN ASA Sacra ACSIS CfBepesin Sawrfaceta | wea

SICA SaRCHN OATS Sr Sluspasty Tatsace Ayel acfieia

(spectrum) BHEAMAL We BAK Sai os ale sways

Re fart sated cares 10-'* Ciitiab waxeas ete Taaw

(Table 1.1) 1) wacatze care UTS Horatia aTIVATCT Tego GeTTE

GMa (visible): os Beep AAAs Ba BN AT!

WACAHA VE Ben weteq eats fama Goma a aca siee

Brain fasiaces “aie welacra ofa ScIce |

GARCHG MATS AWA THAT GHP WALA BA ACA ATS |

1 A° =1 Angstrom =10°8 cm=107?° metre

lw —I1 micron = {10-* cm=10°° metre

1 me =1 millimicron=1077 cm=107% metre

1 XU =1 X-unit =107'? cm=107!" metre

Table 1.1

SAH ! waa 2 waTes (Detector)

(751A 1 m—10* m SSRN 14
WASTF (micro- | | mm—! m | GING, .acarfasra

wave) | |

wasales . 0.01 mm—! mm ATS A, AiceTAA

GAAS | 7500 4°—0.01 mm | acaieierer, caicentacra,

3 BOTS BUCTAA
war ain = | 4000 A°--7500 A® | A, BIH, BeSTanlwS

Sls eral | 2000 4*—4000 4° BONS SSE

Sigae ws carat 50 A°—2000 A? ROMANS BLAH

oR aT |S. XU—S0 A° PUAGE SUH, TAA PI

ara aa | 10-2 ¥U—100 XU | fafecava

£ mete STATS (1791-1867) Sear ome cae aaafan | aay
PAWS | BeL-SceS CHN Poe lee a | Rats Colva aeadl fen
ATATSIA SHA HZ Fea | THY Vlve-gesa ana (induction), sfwe-
aca, FAG aes Sonly GAT great ofsss gar ipaaracia
ATA UBT |



TA MATAR 5

HABA Aaa TAT AM WAS. SM AMAwe SAHeAL

fafandsr GIT VIP BA ACSA |, GrAagy caivant Praia
Sar MCA SacRs se 589mu(=0°0000589 cm) 1 AST

way TUTAMZEAA AAS ANIATTAGTA (nanometer = 10-* metre)

ATMS WALA BA BCA AT

ATAU SHPACA STORRS GACHA APSA XAT A ACS

FHA SAHHCT SSS GH 1 A MAPS AST sTTH AcHE |

o& atscas C cameate 3x 102° cm sect? | >RRALREAT (v) UTA

CRAM (A) Te HP SH (AT DAH AACTZ BCI )

Av=C

BA v= C/A (1.1)

WATT BCMA -AHATALA 7 5 x 10'* secm? cacs 4x 10'4 secm?

AM BE 1 VIG + (Hertz)-as AMAT MRA Gas

ase Hz ( al aifeera ) Ae BA aes |

CAA KE AR Aqsa alasess Ay Ae warSE ©

MBSR TG Taare wars ye Sea Hal Pre | | Bb l- Aer

RE A POTS viatserE wea Beg (quantum) goto wo Zea

GI | SICA VISTA a1 GETGTA (photon) ANfs ae xa

QA PASS AM CHER CST | PAW ALA v-Ay RTE APIOTA

ales “TATA 2a

E = hv (1.2)

OR SAAT MHA ZA

=p’.P C (1.3)

h Vay wessq (Planck) Yael af MAT WA OH

6.625 x 107°" erg-sec) GFIUTAA UH WaT SAR yaa fag

DADS TA Cl. CHG] GHG ST HL OA ARENA | ARIA

CAMA VCH S ANNA BWIIBhe] Fz. HITA—conTy (absorption) 6

Talsaccm (emission) aT, CRIS 8 ati sets gai Za

1 RikATae, qUere, KG (1857-1894) saafa omeliag | Ger ZC

1888 sive fein Civegusin waa Ulsy otters ASIC Bee BCAA |



6 GTA WITT S aes

Wie 1 a og Talat Rca oMTCeg MTS SCI-AG AIT

hy-G4 BAS YEH |

WITEA, USE ETS Tara wT SPA VIET CHER CHA

qa, SA | GOP 6 GTA OF AAPA ACH BAe APTA

Ab) PH RAS A, Us pA emesis Aas, NT BMA

cea, Tae SPE 2 caips at oery ont 1 | Selig SICETA

QI CAF GL BH oF Casey WZ coma wWMRIsTTTS

BI GS GIF AL CHEYM TCE |

MNS ANAS “GMa THe Qs IT Sa aca wa Gas

ALA WAS) TAWHAAE WSL s “BCE Gs FacHa Awe aTeTAMI

ame BIA ICA ACH AG] YI AMA MAW WICH, GI) TA Sew

SIRI TH AAA! THE OF Y'AACAA Bloss—aoros AQIS BPS

—BPBTAMCA SACHA ACS VGA BA |

SMASH UCP ABIC BCAA STG aster Gaara caxi

AMT ATE A | BICHTBS STwRasla Gay HATH AAV Fz |

WIC atowaa, eterna, Taga SS ASS Ata AIAN AMAA

Sluegathy Se Teyawra acai Seca Sql ASA shes Teayq

SUT FBI GHA WAI Worse Hoa LI aA, Kaa wolye-

PAR TACHA, Fe HATS wyASQC Pe FACS Clue @ GAS 8

WIG CESa (vector) AMA wea BV Taya GOS OS Tog Tag

ATABAY BA FA 1 AWTSs BCAA LTS CHa (scalar) way

TRACI MAL BH) | Gk Haat SATA BCA BAASa @ Alora faqs az

AINA ASH AIM ASA |

GAPSIHA AACE GARHCCA AIA Ail Al BA ICE

afaat areca af sacar faaais weaie BAP AA SCH ATO |

BNcaNa SARA Ja BI Ace ay cHras as Aaeileacos sce facey

OT 2a a! Give nsw Za wens wis

AAA ANABAPTIST TAT TD Raa

Taepaey (abstraction) | Giwai onfiela wreenslasra, scents

Osis mf @ Torr Sega Hae HS Fl TE! a HAaSE wrgTARMAs

Vat aWSasts was AQT ai ASI! Aes VifosreT

Stat GINA @ Sra Sifted weanslawae Za yen Tas



TA MSR 7

1.2 aera stacti—afay OAH (Ray approximation) ¢
CAAA MTA ACH STL BATIA TAN SGI HTS > ARTE

OTST NA A ATA TT ore cUoals saEANE Be 1 STE
Behe, Pl s pues Zorfra wa a ona sea ahs @ TT
ofa (Fig, 1.3) 1 merawica a8 caance afea aan oe 1SyB wacera

PA A AA Ws woes fase aS a eCSs OVIASA
UT | MCT ACA IN HRC, MOTH CHET A SRA CH

CIA | UA GR MS AR eA mG a1 faony ohETE
MMe BA GT BI SH, SAHA Bessy CHT Camas

HIF WW (~ metre), Gens earn Gay ofsivesg, yqz

Fig. 1.3

Cay (~ 10-5 cm) 1 aed BIBS TS AN Ba, BAST aia

SS WGA 1 Ae SARC ACH GATT SCA] GHASATS A Bass

PA ACA Al MIE GCS SACHS UPS Saat vo WA Gard 1 asi

MART ARI SIGS Ves) GG Wawa SA As

Pig. 1.4 ait orereatace orem saa sii S,-4 xblfae P-co

FS CAG SA Aca S,-28 Sree fss Tey Q Faye she os |



8 STM BCT ABTA

S arena as faa-Ben S cave fate eats unensatas

OAM FA Ge VB 6Sb Jea-TaPrws S, rm Wea Ba se |

CNA ATA Ge S, wma wore Tala a S. aR 2 |

S ers S, 44 Gre Im! S, cre §,-4 YAGS lm ae 24!

S, oma Teale qa aas au, saa S,-3 Garg urenias genfeg

WAT ALAS BLN AHAA ACI OTH LAT ASF sem iow

a SSFZ 1 walle qaq S,-49 Taw aim 2cm oaq S,-e8

HANTSS BMA AIA 4 cm 1 AX S,-4 Eom S,-Ge 2cm Btw |

VAM FS Bema agate aes 1 aaa S,-a9 Tawa IPA

TSE CGD BA VA GSS BICATTSST AeA WA AG Ale Asay Ae Gs

feria Was Bel cae (Table 1.2)! «aura S -a4 feafocs

4A BID PUA ( WIAA BAHASA Sey +) GSTS GBS APMC Faqs

MMH Bll ACA At uly Gartwdi a ay, S,-aa Tee cas S,

mae yay D Ey ae Teas WIA d BE, ETA TOMO

iD<d? (1.4)

SOR WHIT Wal BCI Ase ae VCs osts Apa Aaiad

TR WN A | APN UPHAG Sys HAW aca Sa Bey (1.4)

WEG Gl Ae THE |

Table 1.2

S,-9 feu ! S.-0S MATS
a (cm) Becny AIA (cm)

2 4

l 2
0.1 0.3

0.01 1.0

0.00! 3 10.0

GUNS ACPA UAT SIT SG MICS

ARTS AVSHE VA AIA a1 SUSAHT SICH ACATCA SAH OT

Aq FMS AW WH Versa a SaxEo calor ARM

OUCH JEW ALG @ “1G {A GS OAS AA GH |
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13 opffastx oicrtsfastcaa yma 2

1.3.1 Bicanta wycay sfe—

FATAG WAT GUAT ATA WA BA 1 Sl ATA APH

Trattere aantee 1 srt Genfe, ae Sorte a as aeray afoa

WTA, Sl MCA AN NTE (6 1.2) 1 FoeA MMB wycay sifwa

HAN AAT STIS (1.4)-4 Fen AACS |

Treg SIT TPS wa ate yrs 1 | aplfen

TIA GSTS Uae Taga aaa Gea CeIA ests FAT feu

PUTTS

Fig. 15 apifae aicsary fax sto

arse 1 fara farts cearca wets cae aren 2a (Fig. 1.5) |

FIAT AC GAPAS cr wea aA fay cacs cats 3a Aq

OCA Peasy Aoligg Trea alee a CHC HG 1 ABCA ABA OsTE
Tarts (inverted) fax Cela zai faaie 1s ace aH ap Teure

FARTS A SA AT A STA AIS HS, NT GAA UPA

BC TAR GHA ACI AGA! «aS ACH GTS Se ACA AN SIT |

HMWTS. OBE WCUPAlMy Be A Wer ACHla Weens ates

FA Ae Wats 1 A Tay-Gen cars fate oslo AZ mega

TS ATS wcaaaha ANtece afeos am sai Tastes

Tay-Cecnay Tare Taps | aries Cy Ha fary-Ben aaa aa

RH ACS SAI YI CBo HotTaa | acwa ary 0.1 cm cats 0.001 cm

WAS ZA GF AI Tears Taq cars Gee see Se weaiiew

PA ZA I



10 SUT BAST aT

1.3.2. syitenrsracea aiamrifae fracas 6 Benassi —

aie Bal TAY PACS ABT e OTSA GH A GBS WITT

aa) faa way ama fay O cs ae, wa O faS SaTeatae

TABATA GAS TITAS APM FSA MY TAA BA GTAMTA P taycs

CAST | BA BA Bawa Sa ws Tea cra-aahwes

SIT APIA FS Fe fangs fowse AS Wel BAe

ary 2 Beatypel (reversibility) aswqs wap Ta wae

eM ATA |

Gib VCS ApS Tia AI-ATH UfosT Bea, SAT GHA AHI

aifoord ASI TSE A UMASS STA WIA (phase) Bows:

AS SWISS MKT A BOA HU AMAT? AVA AA | SA

qi MCT OAC Tee Ale A BAS AMR ees, SCT CHE

FPRNS (coherent) Racy ato cen aa as Troy wR

VS Bos HAW AA | Cs Siinely arenas Aa

A aa git onereahar rece aera faacotse (mutually

independent) 2eq 441 Sta As |

1.3.3 aferra 6 eifenacy yatat—

io TACT TACSRSC TAT VIC ACA ATO, GSAT facereca

aa BASS VA WT A MAfes onenced fae Ber faceTwA

(HE MAS VAT TTT FET MICH | eB QoAS Urea etfewea

qa) TR) Mee Tawla we oct Tal Gs Yas WA

vifsaad aa fevered atv ayy ex oa afeetas @ afeqs

qa HS BIafow abag faesa Gre farsaafiey |

13.8.(a) Fig. 1.6-4 S oats aq sal sicareata 40

fasrea S ot Gq yaigs Bypaisa fay O-ce meee 1 ON

O faye Sat bq ule: AV @ ON cH fata AAISATS

MAST SY AH! OA Ta alowles afai wes ah

OTSA TH CI 6-H SYST CSIs] wae afesias aba oe
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ate wy a oa efor cH wai sateen a

TARRY GUC SCT SIMA FAIA CATA ATT

eroracna qagia Za

AIT AR: vfowierwe aha AI ATI GMT SCH ACS |

EST ARs weer a w afore GH AT TA

AL STFU AATSZ OS HAYTe ACSIA LCA |

Tewree Wy Aces Grcaa Hagler wo | AA Ga eS Ts

CHUA Sl AAMS SA AA ALG AR, GLA GUGTGSTA GATUI-CAATSI

OATS Tyce GIHHLMA CAB WAS CHS WS AA | GAB

TA SH cars ators faafas oifewaey acai atewacer oa

MIA VW FE RCA ATowlas aAPayler oralacs Bloc GTI ace

fates oferem acai ofaaie seqia aly wartrs ce

BAF AT TH, GLI TAA GACH GAB CBG CRIP TA GCA AMS Ace

4] ACS AA | wrele cae wy Grae Nteaa Teor Tacs Zea

Wa aovies atagie lates Tacs eivra view aa afowlerwe apa

Ae MASS att aA faa avs a (Fig. 1.7) 1 staat
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Bead Mss aly Caelurta Beeie =a, Ss] wide Heys

Taree elope 53 1

Fig. 1.7 aay Ga aru falea aloeaa (diffuse reflection) )

opel s

(1) Wri ETA BITS Ares eITSA GM asa ATTN AIA

HON] BA BA >

(2) SiH ToeAG] BAI A SAL A?

(3) Parelats FT CEL ITH ANA BM BA?

(4) Ql S15 sate (opaque), Bb wa Tear wwe

(transparent) 23 | Ga +

133 (b) Fig. 1.8-9 motor ata wteera Sorte Fig. 16-4

Wa! gama OA Ta visye apa FS ylo Ay TAHA TCH

fawetsa | wtsye aha e SloaTaa Te HA 0-H aT SHA CHI

Fig 1.8 ocnepatng ators |

WI RA aoa frateies yagha cma OC! MONT CAR FE

(Snell's law) Je] 3a |
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AT ARs aloe shay AI ANY OIG See AUS |
e

FHS Rs MAGA CH NS ATS A CHA MPT CHC HAA

BASHA HC AAAA TMTS AM YS BA G2 CAC TTA

Fe TACIT VAT |S SCTBAMAT Ald Gris ASA Bes

CHU CCR A, CTPA FAT AY MNT CAS YA TTT ATTA

TA Aq ATSAAT CHA WIMASA CH (ACH CAG BA |

GS Ate UIT ccs afore yagi Gin feat

ATORAC FAY MoM MICHA CTASICN THTAHS ANTS Ie = SUA

ae @ TCH ARMA AI ARH Ge Foyle Bene cay Wa |

a8 FEAT HAT A AA Vofose xa Cold sa AI Sal ale Tse

3S BMS HA TRCele Fale Wares alts BI) AGla CHA Coca

@, «& yaya Taga | clusprtla warEG case 42 Faye

ARCH BMT BA AT |

1.3.3(c) GBA SICTEAPH a TT CALS Db TTT BTSAS Rca,

CACHA FATS GAT ATR,

sin @
sing’ (1.5)

LIF 1, ,Ch a WHT ALA b TAIT SSS WTI AGI

BCHTHH ATSHALS 1 GHP Goss Gay b MATT MSA

Cay A’ Ste a WMT Aone eB 2T4 7, Bae

sin 7 =Rya (1 6)
sin 0

Dogg Nab = l (1.7)
ba

* Tard @ Bara cam PbS cH vi om Priceg Teed AVA alls-m4 AIS

CAH DT FMA MS 1 G2 PHT TAYS | Ata COTA Sev TaTws

BAT AAG Sl ama fared feat Tet wl GI Mei alone

Faas GtiaeK fons eTecwAa Willebrord Snel (1591-1626) ee

44] SF |
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Wy WITS aha “IC (vacuum) QS Sq | ahonqies

ae TA Ss TGR ATT etfenare (absolute refractive
index) Wai | AMAIA ATCA JCS TBA ATH TAIT

ators ata! Table 1.3 seaqian aera asa afore

CHEM VA | BCI AM BAK A, ASAT GAKUIN Ur TASS

RA | G2 Was favgac| (dispersion) 3 |

Table 1.3

TAT AMY ATSHATS way CH |

ame(H,0) | 1.309 | 589 mu |
aeAeG (NaCl) 1.544 589 mu

Carag (SiO.) 1.544 589 mu

STON BIS 1.515 589 mu

. 1.623 589.3 nig

1#0 $1 (8A) | 1.646 ‘4341 mu
eat (H,O) 20°C: 1.333 589 mim

Barra coat 20°CR 1.472 589 mu

CH TATAT VICES ZS cal SHAS ASAP BIT LCG MCA |

CIA, HAA BOATS Gralry (Ms We 0.87) cacs BT 1 WMC

TABI CBA TANT AY A) Ta ASA SA OIC SS HATHA FN TAT

T, SICA AAT AY BW Yq (optically rarer or denser) Ccalqna |

Ho TANIA WC AT ATOAATS al OS CT GIA alongs sa

ONS CHT AY MAT Je Za |

1.33(d) 7 asil AMA GATS FAS I ANB VAs

(Fig. 1.9a) | sasie ay UalgE | Faced afonasen alacaT

Ca FO MINS CA UAT wIfoe sae «ee Tey 0

ar ates arg wa fares ora oO meta fest onenea
A! Uae Cowie spa vr Tacs Ore aheras cA

Ora adie pare care fats aiceteay artfes afm
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Wasa | wee wees abl a BH Tq ae oh

BCETFAPIT CSMMSIS AWN BAI. AACA

sin ’ = nsin @ (1.8)

ae (er a
a ae =~ 82 =]
i ‘ 6 - a

“ntPa SNA. Q.
e Q' x x (6) a

we a 0; ~~,
(n) “or

(a) (b)

Fig, 1.9

(a) Sete ws saeT Pes Tey Tacs ales 1 Fafa aten

BATSS Ald AISA |

(b) af mara eee Pe Ue THTI ateRad | mB

PHT] WHI VIP CBE SATS ACA HACC CALA

ACA AAT YAH MATER ATLA |

Gib AMV BAS T, A T.-A ASAE JIT 1, GAC Ny |

Fig. 1.9(b)-% SCE] FAP-GIOTH ATC ATV SI *CA ATA

RA | SRC YTS PACHA SA NASPSIUA VA CATH Ha TeacS Tha |

MMA I,= 4, BA GG Va Alor BG BI ANA |

GSAF

sin Gy = sin 6, | \ (1.9)

sin 6, =sin 0,=n,siné’, |

weg on, sin 6’, =n, sin 6, (1.10)

OA FAB-GOTSH FIM BG Wal PA Lae CY SMA AHI

Ca HTS AVA TM 1 (1.10) AA AHS aeaten Aq ueig T, 6 T,

TAIT TANGO UTSAAC Gays

. My sinv,=n,sn ff,

CI BA ALA AANA-TAN ATVI MANTA CHT AOI

n, sin @,=n, sin@,=n, sin@,=+ -- (1.11)
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Qty jel Tey ator AC weTsahat cre zat 8; 1

mateael (1.11) cacara Cae AeTy 371 |

malay (1.11) cars cael areeR ca, YTS aH 1 ae 2 ea CRE

8

sin @, Ny f sin 4
wen een = ee =n,

sin 0, 2sin 6, 7, n 0,

Baye nye (1.12)

1.3.3(e) QTSHATCSHA HCH TICATTA aAT STAC CMT IQhryel HPS

WK 1 BMI SAFE Batt

WIA TA ASE ence eer
HCA MATT AT StI &

wale - =n (1.13)

WI TAIT GCA ASAT AUST V, GS Vg VTE

n= = IEE _"% (1,14)

tn, ¢/¥, 2%

BAS FY ve << v, GA My, > 1

AKO, >,

Fem uraeaha afeg aiaaoq Se alwacad Tacs wa

aca fafen araca sicaia afecat fafer sonttwe
OF WHT Clls BA GF Bay cic sicatsatara
eifena Sz |

13.4 Ghcadtety Fa—

1.3.3-c6 ual atesiats @ afoye abot farsa Fel aceiie |

qiG scr Tacowor TA aa ores act SA Taegu afortes

RUA, TAQ ASS VAI | BAS BATS TAIT GWA CNIS aww

ATA | CMR AAA UTS Tae GRIT MATS SICA PZ

ATSPTASG BA SGI MIATA CHI GB Atoracssa Gal TAS SA gTw-

HAS BK Mew Also AoyS Ae |
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aly wIAtes vice wien /, oar atest Bcena we-

aa J 2a Sta Grecea Aa SAAT,
6

Tos [ny [tan ae 1.15I, ° Lsin (6+ 6’) +4 tan (64+) (1-15)

CTACet sn =h..
sin 6

RACHA AO ICU SAFSS CATH ALCL AGM AI ie BIT

AMSA TASTSTA GIATSS Aca (6 = 0)

a (22— 1)" (1.16)
lo Niort

aH BGA (n=1'°5 HAC ) SCH Bic aASTa MOA T/1y = ss

WAS TM 4% ASViawe eq ee 96% aio Ai Bway cH

90°-4A FR Rl YA FN Mes afoys aq Gay MA YATE

ATSpieqts 24 (Fig. 1.10) 1

inn

80

I 60

zzi0° /
40 —

20

)

0 : |
QO 30 60 90

© (degrees)

Fig. 1.10

n= 1,53-4 AMA STA SGA Gay
t

70° | 75° | 80°9. 45° |
{

7 x 100 | 5.4 | 6.2 7.4 | 9.4 12.6 17.6 | 25.8 | 39.2
0

50° | 55° 60° | 65° |

* Panofsky, W. K. H., and Phillips, M., Classical Electri-

city and Magnetism, 2nd Ed. Addison Wesley, page 203.

2
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1.8.5 Bsreaic atef etfeeaa (Total internal reflection)

CTPA ASHI HY AAT (my) CE TA TTT (M2) IA

(Nn, <Ng) SCH O'< 6, GAs AGA HI AS CAP A CH VICATS-

af mq fag wey afeys zr oa Tey alesis SA i GMtensaa

All TA TTT (n,) CATH AY TAT (n.) AR (mn, > ng) SAT Tay

FA ANAS ATSTS Aha Mea AWA TI

4M US, Bb |e UA iacencale aqcay wae wcensatn AO FHA

ae Tecewere O Teyte MINTS BATH SING HI A wR

afters cia 6 acm (Fig. 1.1 1a)

sin 6=n,». sin @ He] sin 6 =n sin @ (1.16)

aa, 2 @290°

TIVITIVIVIIT} ELIATITT ETT LT

a My * “ “
~“ aA

A (b)

Ta
a.

TOTTI TTY ITI TAT TT

Sb ;
6 9 He 9

A A’

(c)

Fig. Ll creeds of ares a 0, FRRGTSTE
(a) <0, (b) O« 6, (c) O>65 |
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AA BINT SE IS HG, GaN ATS afeyS abu OA’ oA

és afeetas aha OA” oem aia (Fig. 1.lla) i aterters

qr way wes ly erq IFS SI AMON BISA IIS

AS | A ATS Farm BIoKeA Gee (9 =6,) BTSHAA CHA, 90°

RA eee oes ata facersa wT INA! wwe Hla aiwRlaS

apa OA wate (Fig. lib) t 6 BSS Wee] sin # Fs TWA

SRA (UE MT BA Behe GTSeeriy Bey OT | OR GTTela

VLMSAB Ha UCTS FAG A A! FS GA AR

QQ wretes afais ocala aloes aa td TRA TI

(Fig. lic)! 8 QT FRNE An ies Pe Cog CET

3d Ik G2 SE MARIA. SH @ TAS TacwreTa Ga Glo CATIA

AS fa, SIF COS CHA TSS ABLE AQ TIC) BC

UA al

2 WAI Ba ZA STSVsla yl stew (total internal

reflection) | 9, Ges A Sa HBG CYS (critical angle) |

ABCA (AAMC

n sin 6, =sin 90°=1 (1.17)

Haq] 8. = sin7? ('

req n= 1.5 tH 6, =sin7? (= 41.8"

14 stftcbat afs; cancaa Sante

1.4.1 witicoa ats

Sits orale yi Tor yrers Cs NG Corel

mga) als oer fog fag arena orem Stones sale |

’ Panofsky & Philips : Classical Electricity & Magnetism, 2nd

Ed, pp199.

+ foraa-z sre [Pierre de Fermat (1601-1665)] Sarit atwes | ay

TACT A AIT | aS SIA GATT Berise wes Tela wa 7

SNARES CAL VSM WA AS 1 AWA Sa Gas Ged Fela |Enistoa

Tararad farsa wate ontaera arate |
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o8 cals stove, alent aes yaqlad Gq Tele sa ACG

CINE | CATT GR AYA cacS TWAS al Fa Briicva alte

(Fermat’s principle) caves “gy FU WA 1 AMI Tawa BI 1%

comust aifsa (Variational principles) ati alo Sasa 1 | SITE

SiOd ICH FACS COAT AAT WITATS-714 (optical path) TF T

ST MAB |

a mat Ae BY fae 4 ate BCS CCS AB G@iD

HA 1 a8 AAA CH ABI TWAICT BIC TSCA vy STA O TCT

AB WAY BSB] BATH GCMA ATA FTCA

t = AB/v (1.18)

GF OFS ANY 6 CL MA Ace A Wa Blood BCE aA OM

CHET Rai

l=ct=c. AB =n AB) (1.19)
v

C MTT BICETS ‘afecayn t 1 seq (AB) RATS AI

OIA Xl AF, AS B Aa UAB ScaA Ye *PHE Gio Tay

(Fig. 1.12) 1 98 Sotoaia Sta "AMA VASAT TIT AcaH

THA ATSHALH ny, tg, nye BOF | ABS Bw Aw

ese AY a, Soya wary wer S,, S, --Berleq ATs

CAC a ATA SCAMS CHM L Zeal

L=Xn,8S, (1.20)

Fig. 1.12 aoafpena sraz seq foes wf aintzs ve a ea’ |

A cee Boe oa HAA ATATSS Be Gs qx a’ a’ ACA



FA MATAR 21

weary wenyie a me S,,S, Forty wengqiar ya ae Trea

FANE | a’ HC WIA PICA CH

T= 3n,S,'=L4+0L- Sn,S;+02n,8,) (1-21)

Ac OL Twa alates gio aca Ge WTB WTI WITT

ofaaea a CoM ICR | BTACBA AKS saa

‘IM AS Tec Tai Tae aA as fay CIT GTA Gs

Tay HS ATS BETS Ahn ANSE A A VPI WA GH aaa

J QF AY oC SA AALS AIS WSlTAT lat GNTATSAY Hater

ATICSI VAN

04n,S, =0 (1,22)

AAqy TAAL ATSAASE 4b Tay sedi BlaloRISIa (continu-

ously) 44eT] oAa

8 f nds =0 (1.23)

SAS Hla WBA Benassy ala VeTSAe Say (minimum),

baa (Maximum) 4] fra (stationary) 274 |

es ye Alfelo Gay saasy iger TelA AeTectAa A,

SUCH Gl AY Ale CATA AA wel Mel 4 CAs BAIB WS

FAG FA ATT CA BMS A AT STS Tee YTS HATHA (least

time) FS 1 Bal Sirs weheoa Hiss aale v1 wees Pea

AIA ATS (principle of stationary time) |

Pea Farag ate sqarl af dt=0

wes 8 i ds _4
v

— c ~ [nds
ox Rgn=l, a fMS=0 (1.24)

(1.24) wae (1.23) cS A oneesl a 1 Bee SrA aS

faq wate Als a1 Pas BITS AAA ANTS | MOIS Aa AR |

Ml {1 A Tae CATE GB BCANPPS CHIT Hye Graa

wei face ag (Fig. 1.13) 1 «8 wirarsqne i feats aa 2a
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1,4e,4,1 8 Teale abuy Gora Forts Tay By. BB, aaa

wen A es RS WAT CHF Tea Taye Toa citeeey |

was,

B B, B,
{ dt= / dt ~f dt= t (1.25)

A A A

a, AQ a, 72] as HQ

some 4B,, AB, sa? AB,-7 syearserna Aa 1 A Tay CAI

GIFT ANAT CMSA oA ATR Tan Tea Bary Swat sey THA

MIN ay ass CAS ma ae atsto fave urea 4 Tay cars

So ANT WH 1) | Gk SATS ATAWRMICAA (equal phasc) SA Baie

CAMBS | GUC yeost if aricy WAR CAN GAPS HG SAIC

TNA |

1.4.2 CaAAcAY SATO (Theorem of Malus)

GAHTAA SAAD sya BICHNBAPA SaRHcoy ACH AAcslieis

(orthogonal) 274 ae afswaa a alors aa as ANcal Tomy
(orthogonality) Ars Wats |) | BATA ATS caw CHATTAA Grr

ARCHES AY Se BT!) Fig. 1.144 8 eae aleawse oa a

qrats A lay ace atone ecad P Taya aes Teer wed cee A’

faye forage | oa APaTS wath urea ast wets <a ae

oF SCATB PRI A farsa A eats faq Ger cacs TNATA | ATA

GIA Symi S cy whe weg ZI UM A TaRqa aa Taea

Oa aia ast wer Y fala save mag cate wcaseema aitoto
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ata ace matali | AA’ Oe SICA MACE [AA] BCH THA

TH IN BA were atarwe FY Sa cas [AA] A ATA FATE

s p Ps

|

| EC b 4B

Fig. 1.14 caancnra Goons aa

wares Teeqgies Tata tn zi 2 feeggiaa aa feca ssa

me C1 ob APM a Aas AIAITS VeTs-HT Tete Ug

ost aati ob aay, Se 3S” orm ages B, O @ B’ Tay fara

TUTE | PMICbA BAA

[AQA]=[APA]

ats Heep [BQB'| = [AP A’

saI§ [AQAA] =[BOB] (1.26)

aaebafa Gee» srt ace nacaifos | CHA Q G P

agree git fay arm (a eb AWS Raa FA)

[BQ] = [AQ]

ASA [OB’}=[QA] (1.27)

HAS b apafs AB’ 2a ACH AAA GL RACY | VAZrASICA

Sy’ Sale aaa afore ates ar wacaiis Seq 1 | STN SIT

PITT Ain la Cares y aleaquaea ace macatias 2a GCA

MI UN A Sa was LY ahr Ace Aacalles Ba |

fag a farsa faq GA ccs 2 aad maT Cams coreilt
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(spherical) ; Coe CART VICATE-APAT ACH ATCT | THA

GAA LT CAB CHAN ATR A AB SARPSS BCP APsay

Aaa 1 Wels clencnsy Gwe wals zey

QF VIET AS Abe CHA CHA, CA CSA Bie Gae-

BCA ACT WA Aicisavae oicals Aq AAA) erg
Cl SB SAHHS CASH HY BA, MAIC) Ge A SA SaHHGTH Taohy

eq aa (Fig. 1.15)1 «8 ars OW Becta (Huygen)t

Bosawy (wavelet) Wats YTS? GS | :

(b)

Fig. 1.15

(a) AIT Sse Ho YT cas aTSte ala aarag Waray Sees

aq Tara Teoh Say wo D’ Tala

(b) SStataqa Boiway orators fasts Sars Tals |

1.43 sites sifs @¢ often alcarefauacaa

arses Was |

SMI VT ABICAT Fara Veieoa ATS cas oT BAI

aR

(i) ARAN TIT yi Taya aM yay, G ye TeyTS Bw Ware

QT FTAA WA ATI | ASA VaIcba aie wqarll wapry

THT ALANA WHC APS ZA |

+ feteoata zeta (1629-1695) wn. amelfay, afroe® @ cantetar |

TT AU 1 CMC @ Viste Ola ay GAMA IS, TINA SaMPSTS

SA VArtaa Gs wIes afalow |
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(ii) QRS Wes ay aaraa gio fanaa sreerasncey cHy

Per ee Te ahaa ae aca A fas ae wl Gag facaniiey

TA CAG WITS Shay iq Goon (reversible) |
(iii) Fig. 1164 MM asec AO otereafang afore

CHUN ANE | ate aha O4' |

A nf Ty

MN | On oO! N M!
TOTTI PIII T PTET TTI RIMINI TIER

(n')

|

Fig, 1.16

git Heit (n) A fay ave AOA’ Aaa Paoly TAIT (n') A’

Tay MAS VCMT CHa [7] |

[L]=n(AO)+n'(OA’)
1 1

= nih? +x2}24n'fh’? x (p—x)*}?

BMICT FARA, s[L]=0 Baal

iz -° (1 28)
dx

sTSaTs

n—-—~—, —n' 2 —_, =0
° fh? + x7}? fh’? + (p-x)?}?

Be], n-—— =n p-x

aeax%t — §h’24(p-x)3t
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sae nsin@ = n' sin 6 caret atonacy Aa |= ATOR

FIG MB GA ALCH AA Ba] ATA |

ert: wisteba Alisa AERA

(1) Cate @ ATS BIC wa care afelacaa gay wlwrcaa

PACA ATTA |

(2) aheweicaa ya ar Fa

(3) ato "rom CIT Gar cadh Tale pe |

(4) ate Base wits HATA CHM TaeiT Fq

15 @ifsfaw; agg cam fae ; atetabe war |

1.5.1 efefaes cia az cers aie Crate STMT OCA

AGT BI AloCS WANA cafe Ble CTEle OA Al ACA

ASS A aloyS I MAC AA 2a sale GAS SAMA HME |

HPI MIToA WMA MICHA ater Tacs al Siieca sera THs

SAA 2 ATTA NSTC SCA CHAN BWA Gb] SA | AST SHIN

434 CA ASSIS CHAM BWA SA ABA aletaa acai 1 alolaw aw

AMM Sl TS ARNT Sl A 1 BcTSawNA Aalto TIM

aos ied Tales Be excep |

sicarefasita eifsfacea awa :

cain fog tsa ace sine abayy assets a atop Ba

am Get fagrs fafers ena wats fay cam ope Wa AA

aq Gaia & face faraway oifefae am ax abaqia ste

faye fafete acn afetaua ayfay (real image) aa aatt faa

CAF WAS BY Ae MA la SLS BATIAW (virtual image) qet

(Fig 1.17) |
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AAAs wtolawr Awl eM TA A TAHASy cats GATT

CFT MF T asiies arene we faca face ate aa cM Taz

BSA GPT BI A WA ATA faee RS WHA Aa AWA FT SA
faola faca ven Taya afetay qe oe (Fig. 1.18) 1 a8 Ge Awaz

TASS MF |

Was TF BASIN TT

’ ! Le ~ | | r'

[fs . | ye
TM ety ory

if yy! | snif v on t +t —+<
i \ uo 2 0 Nv 0 ~ j

{ t ~ '
\ é \ é
\A ” . TMy

irs art gar srstray

Fig. |.18 agiag @ SATE SAHA AHI CATS)

aTag HG CAH CHM TH A ale aPaggs AA ATMS ald

faye fates gar a atom fay aw BP BT ECA ate Tay

sivfacaa aa atin fay ateter rem aa) acca eihelaa

facéta (perfect) a ae (truc) | Aig cATaqe (defective) |

ofelaraa CHTATS GTM] (aberrations) aa) Bere Wace Te

Sica “faery S-a Sal BTA 1 WMA GIA Tel HA CA AAW

ois ot qa oe ga fe aca fame a am Tac

(approximately stigmatic) ATSlaa soa SA] A |

AIAG Tiaicl fay Sa cas fasfe waeREG caret (spherical) |

WHTSBMTA ClAA eas (initial) @ HETS (final) WA AVY RA,

orate sixite Tageiea cars Tate ward comet aca! HUTS

Tescr Sas ale cattails sa Gea cifofaw facwta ca |

1.5.2 Gylettayfes Set (aplanatic surfaces)

Ga wate fargeed A cars Tate AAS APHIS A SCAT ARICA

(ats a afenacca Gal) ort sate Tey 4-4 OA TA A

Se wate aq A OE TOTS BN TT GAA GALT VTA S
SA aa a santos cat aay fates Taegan Ae A-G

queries faq aca wnrenaits fags wo atelee aa | ag

canta tiimel faaferatae Sa (stigmatic surfaces) |
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44] UI AG A’ Sty BAH Taegan ae] wresfocra Ga

a ose faq wreisr aay 24 ON CREA aM fay

1-03 Ga ATA PCA VICAMBAA YF ACA |

[47] + [1A] = 988 1

OPSrACIA CHE, aos Sa Si GZ! wey

Al + JA’ = ¥a% (1 29)

aftiay 2 ooze a

Fig. 1 19

HISHAAT GPA TOA FG ASMA UTE! (i) aaa Ulolaw

@ ofutay. 24a qfoe Aq Gag ys BAY GCE, ATTA 884 |

BAL SAG oats Gores (ellipsoid of revolution) (Fig. 1,.19a) |

A, A’ GACHACEA CHT Taya |

(ii) ava ulelay co aletaaa a astt ae e “ats OAR

Sa Al - [A'=88% | Sale MacNee (hyperboloid of revolution)

(Fig 1.19b) a Ae A’ Teyaa marcoTacea CHET Taspag |

(ii) aq Uletay @ atelacwa aes ate wica was

Be WAS 6 Alewls Tavaeccy ai aslo ASA | Aspe

CAFSTHA A CHA BTUs Tac ATH atatG @ aes H fauce

(Qh BWA A HI +A = eas AA ATSATS GNA TA eM ACS
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a IS F ATS cos anf fay A’ oie aes vq ALTA

A RT GATS a Aj] BAG | Bale

IA'—A,I =9

weeq Sales wana (paraboloid of revolution) (Fig.

1.19c)1 A’ ikea crarigg: @& fae ateath ufe-

creates Tatars Sa (directrix) |

OAPSracla CREM. ABA wieriisés sear oz sare

alba | Gk SAYA CHA VRICCA Fa BART

n (Al) + n' ([A’)=%8% (1.30)

SS Bl MST AWM aad Slat ASA AeA

RANGA BH CHA SICSAMA CSla (Cartesian Oval) at ZT

Sony euray alee naced Tae sq agai Fig. 1.20 @

S acenia eo otto secee7 (meridional section) | A, AGS

Ql SH Bait wSTey O co gases yalay ae Lal ox OH

AA BRA) 4M AS OA=4, OA’ =b aay I oa Bass (x,y) |

-§yt sy fey)

A!

n n!

> xX

r
Qa b |

Fig. 1.20

BMA ATS VAT,

n (Al) + n' (1A') = n(A0) +n'(0A')

HSA BOSH Gore wAsllpger se7,

n[(x- a)? + y*]? + n'[(b—x)*+y?]? =n'b-na

+ Cal TS” (1596—-1650)—warit aferees, omeffar @ fated
aefas | CT SA (Tours)-a3 ae! Tawi SA aA Baa oH

‘onfate’ | facsas-feroa ontutoa (analytic geometry) felad was |
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IMMA CTA A, aM lorry e afelay Gere wy fam

CSAS TAY LAL AAA n/n’ SAHTSTG Jem (rational) Gaa gio tates

waa aad wa siedeila eu Sree aah Ae Cates orale
ae | aetie Tales Cama aCe Toate Taya ace or aca Ae

za aa wi Yo AG A Pea eae SelNTG | pa | «= AA, b-na
et AWA) AA ATA OF SA TM MG HAT WA ME (elle

n=n), A « A fea, AA 0, TAA 7 A RA CAD GrgQS

(ellipse) eae a@resta eels aals Groner (Fig. 1.21 a) |

AA =ORA 1 I HA BWA OS FS or sere our este

cnae 1 ATE Bb I eA Ct TH YAR I eA ee TH

OFT TWA AS SA] ea cHY BA GS BASHA oo AB

ome Tawar 27m AS 4’ Cae aa YTD AIT Fase FAH

Fig. 1.21

ACMA aTOATOSA TANTS n/n =2 (Fig. 1.21b) 1 ath yur

1eA eq aH foray s1e@ A Ot WH WA ACH, SA TANT

Wloa ATOAAMCP] VATS Acq 3/2 (Fig. 1.21c) 1 + aera Bat Jem

WNT Sais SSA eure car Tala sq AVA! UtSlaw @ aTs-

TAT TAT MSS TH @ BOATS BA SCA Tay | walely wissA Aw |
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SCAT CSA alaSs AWWA ANAC WA CHATST yA

emia @ alec caw ae ctelay seca mpmita Tela
PAST ATMA BAG CAA! GAA HY WA cH of xarAA

acon sum cedl aim wee Bt FRG CU CM

AAA Oia Ga Coal Fal BRI YAR WMA! CBA HY Tar

GOST GRE BTS ( ita HIAG TTA BST A homogencous

immersion objective) Atenas Ga WIAs SA wWasa

aq we afelaa Coal SAAS AAS A ATA GMT FATS Bea |

1.6 WCSTSF Ale] (Convention of Signs)

wofsane sas cl face alway (object) avs, wtetay sa

faoais THEE ATE MILA WA ass TH OG AA) CAH, Ha

Targa yas CoE AcPE—aes wens 1 AIS AKSUA FNS Ta |

wee falas aaa falter vel ae Sls Aca AeSria waa

(Cartesian System) Hate Be Fa BT 1 AHS TAMA «BAAS

Taaqlel Als BICTIOA AA ZEA |

(a) wfetaa cl Gi (space ) Fate oA aT Bfefaey cars

(object space) eae afetaa @ aime aac oa an eifefae

[’ t y

BHP Aa TS
Q .

bd | “2

NF ZS TM Fi Ps. x, X
P 0 ZZ] Ops.

y “¢ aL Ny
“ a

yf ; Q

/ 7

z> 2”

;

Fig. 1.22 afefas cons 6 afsfaw caice SrPETaa | 02
Taors Sega USTs CsA VHA (x, y, 2) TAtay O,
F ote ox aferae cara wera (X, Y, Z) yalay OF

OS GSN Zee | FS F ccna aay s fawla qe3 Geren

fasaal (§ 3.13 wea) | GAA Ulwlae YAR FP sora vee

afore yas FP wre PO wise fey PO wena |

Gents (Image space) 1 watefax ens wae afeiqs Gre oe ye

CUE AIG ATAIIY |



32 CUTSTH VITA AST

(b) Sa Tar Sr FA Gk FAS TOA GA oe we

CARS ASR ANC (orthogonal) @ealn wR GEM Rar! 7a

CCEA x WHA GIS ATA ANAT! y GPaq AAT |

yeiay (origin) Yio ase Taye arece ova fam ate aarw

oma (Fig. 1.22); x OP aaa Ge S y UH AqIaa CHITS xa ara |

arate CMe y ERT UTC X WE AMAA YAS waTTS, AThacs

ATS 1 x BERT Coy THEY MATT, ATH AOTSR

(c) Taeraera A AeA AAS CX (thickness)¥ VATU YA1 SCA |

(d) Gq Stat are-qrra (radius of curvature) Axa

aes four fae sq aa? S ato cuela weed Teg Ber |

WA Bl MES SAS O-xyz macatlas BowI yz Sars O Tayow

wom, aca (Fig. 1.23a)1 a cmenta ore Ara vr, SAR OF

cay Tay C ag STAs (r, 0, 0) |

by 4

<

?7U

Pas ee~
(a)

(b) (c)
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S Scat Ateae zey

(X-r)?+ yp? +722 mp? (1.31)

NI x= a(x? + y*+2%) (1.32)

S oem 7a Piayic ate yale O ors ya whoa mA

RA OS,

x%< <(y? 42%)

we x= = (y? + 22) (1.33)

ate 4Pol (curvature) c WI V4 cmt

aR xe (y? +22) (1.34)

CUNT BH x MN 2 Be WATS cq Ga SAD

WINES BISA (concave) Aq (Fig. 1.23b) eae worsys c-g7 Safe

Wace GEA (convex) 2a (Fig. 1.23c) |

(ec) @r apices ocayia Tah sacs coc fe Bae ACA?

apa ATH x OHS IA TAATS caw ara ors abate 1 oP THe

THAR OTT HA SCH UPA | APaoTs oaiia Tae Face cae

SACS AC APA x oRTs aT Tee eH arate @ Afait x

BHT ACH FS AHA BAR! A MACS GH WAT SA ACHS TF

ara fsa SA BCI Sl SIAM Sens cacata | APM STIPA ACH VS

I sacs Gi Tales sare ori Taatafas wralore sepa Faq |

aja x SRS BWNAS (anticlockwise) 6 IA qTaca (0<a]2)

apeafos Gaia aNifoo FI Ia SA alate x GeHA ACF O TA

MA UWE SAR O MTS | | MTETATS (clockwise) (MS BH O

ATS |

aieatucse fae seq GE atte Tae ate Bee! wa

qs aiaie x—y SA we! «APTS x @ y HHS (b, 0) 8 (0, h)

farqcs cam wate (Fig. 1.24)1 yer faery cars 8 cam farggion

3
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cava Yay (intersection length) Fem / eh Fig. 1.24 core

CHA AS GO MATS BCA] SG hes ACH GBTG AATIS VA AAG

ATT |

4 air

Q

b

Px je [ > X
le O

£

Fig. 1.24

wwa4q tand= — : (1.35)

ry Sea UAT lA Tay facy ast ata focace 1 = abate

& faeyrs Utes (normal) AG 6 IA STE 1 ATH UlsealOTS

ATMAS O Hy yates (0< 7/2) afeatoa AH AUTATSS Fal AAT weA

O HTT |

HTM SHA AI THA I Aa afer Tae Gera Aaqiage @&

TH BA Al Bat YS GH WA GI SHA FAM GL! TN EH

BUA a SHA Urifeie af (skew rays) qa! woifeis apace

HCAs TAMS BATS CnC GIANTS BCA A APTS IA ATG ware

CBR TayOS aM Brava as & apaioa wppqicg acc TeB-cepnsa

(direction cosines) qe] FSi GF WH YTS apaq aezg

SAA YI Ait ACSA MSTA TN I

(f) GRreTA CHemia Ascscwsr Tages §3.13 OS Aen AAG |



aifacrar 2

AISU WY afoona 6 aforad

2.1 Aatel m*laCETH (§ 3.24) BTA atorn worse wraq

UT FI! ANS Aleraq 6 Atos 4 ots UEDA

UIs BI ABA! «ahony Gosia Clad GANA APT ay

BIS UA TR Ages ARM GSM Al Halwa ms

afexaqy @ afenaci Tater APN ANA Gal ae AA AeeHl-

SA HRA TW fates ow | CTEMle aterm @ aforaeg

Je} HAYA LATA BAS ZI 1 AGHA AAC GAT GTS BAA

21.1 afsracaa wae afra pifS (deviation) :

Cera Ve Ara ins ofaqsa zal TSS HS Wiaqsq

23 OS pits (deviation) Ie |

(a) Fza wre (Stationary mirror) Bits °
MM «ats faq wii AO afa MM’ wc O famre

MNATSS BANS ae OA" aaa sifewlers Aas (Fig. 2.1)

M TITTTTTTTTTES ol rrr 77 Mi

: aN B
| “\

Fig. 2.1

WS HIS D= 1 A"OB=27-20 (2.1)

GAT O = MAG HAA |
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(b) feteetce atane of wofcsta Cara BITS

aie moi Tokeena a CA OTS (Fig. 2.2) |

T 7CFT, (5 _ 0, )+(E- 9.) +a—m

wae 0,4+0,=a

(c) waste faa cacy winfes afara cats afea aca pifea

afxasa s—

TIASA HI FO RCS O+a BI ZAI

pict Wada DD=D,-D,

= (7 —2(0 + a)|—[7 — 26] = — 2a (2.3)

HAS VIASAT HI AGA HTS FACS |

(d) yeftrata eofte pifea otfaaGa

writes ated tes ata a ser MH a CN PKA

(Fig. 2.3) afevtae aha 20 Gr EA e Wha PCH Twa
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a AU WA! Belle TTS He O AWS WA P+a BAI AlT-

alas apy afsateo wfora ON’ oF AEF G+ a BIA FAC Gis

A Nf an’ A

/

"Ca UST ON at AH A+ O4+0=042a BI SMA Wag

MSBTAS afey 2a CHIL YACA |

2.1.2 wfsaat areca nyse wofce cifeweay s—

O ait Tay sfeiaa: oars aferg oratacs sopra |

©
) p TM~

Eo TM =

a TM TM~. v ~ TM
a Ce ~~ ~

‘ i ~

Ow. \e a 8 — 0!

NE
CA

ww tea ——

m u E NS

VW =
Fig. 2.4

8 afar @ Gm «sth aha OOB-a AISA WI MM'-9

Basa ey 6; ON aa MM' aa GR aM afesiews

ama OB aa atau ON ca ahawrecs O' TCS CH BAK
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(Fig. 2.4) 1 O faye TO, MM’ es GA TT | 1 NOQ=LTOB

= /NO'O=0 eR4 TO 8 OD AIBA AW os MM aa

UAT Aa |

LONO={QNO'=90° 1 sSEGgqa A’ ONO 8 ONO’ F-

AT! yA ON=NO': O' fay O-— aay Tara arc Gog

AI OO -93 GAT MATES | O'-2F BPA WHA AMD | AAG

OO MASS Aaya We AAA vale CmAG O AVG wT

Aq areas wre atewacad wa O Tas 0S VPLS AW AA AC |

O' Tay O Taya atetex) «oatetay orm afotacwa gas

WA BC UiStacwy yarwt wa | Sletey alw fags Za oA

Os Tay-aieiacwa Aas aca vate ola «6atele Tay eitotes

HAC WTA ASM Aa waroley Bolas sa_r BA |

SCM SBT AF QCA |

ert: (1) wie afstax SIBIMITG SI SrbIcAl (laterally

inverted) 24 Haq >

(2) QS ate FC SA Jae weq naw Toa

THO Aa BA AWA =

oe eatfas wofce ataata aifeencaa aca ofefaw
NSA :

SA GC aA AAS GAS (inclined) RASA w>fCsIA
Teas BIC BAT OM, GM, YD wi MOM, IA

BIPAS (Fig. 2.5)1 a1 "loa acai P eats fay wfotar

LPOM ,=a

L POM, =8

a 1£M,0OM,=-a+ B=e

AIA HTOBACAT SA ABABA alotacad APS acai M, wR

MSV TT A, BAIT wletae POA. ACA GAT BalyS |

PQ=QA,\| FSI OA,=OP | M, FAC A, 983 AloleW AA

A,S1 €F8 AOA, =OA,1 gora M, 74 THR Hy Fa

OFT M, OA GEN M, CS ATSRANAT GA WANA A,, Aa, Ags
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Zonle aloraes Are xa, aae OP=OA, =OA, =OA, 8A |

wee vita o oe atetqaqia ass For Gian a2

ASA AAG OP | Ay, Aa,... Bola afotans se cae atotax

JZ

Mo PART TT TE MUN
~~

\

Agt NA NI

Fig. 2.5

qq CHS MA | «8 catia cI afotaa ata qo] wefcrae foraca

ae wes M,'OM,' CIC TA ATS, Std CHS alofqys as

cate org sifsfaa |

M, wer Playa ae slow wa yy Hea BAe B,,

B,...2oF TA ache alorae mem a4 awa ‘a’ crcl ahelay

a AUS ACA as afore qalaa cae OP =OB, =OB,...

wae By, By... Bole aotaagler Vest Fosa Gras wea !

(i) atm om Nn GBTC Hof AL] FA GA

ater an N=n—-1 (2.4)

(ii) n Ti BAS Al a BA Gra alolacea Hem aq n oa

ARTS! AG Mel AKA

2
(a) 9=60 mana os +6 awed afetaced AEM 5 BAL
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2 @¢
6=90° BA n= Sp=4 avlie afetacer meet 3 Rca |

(b) 0=50° aq n— co =7.2=740,2

wey apse wean=74+1=81

oats (1) aay 6=90° San ofelaa ae a3 24 o

WHAT AIC VT BA |

(2) yi ANTeaT Fr seal §=«ACHCR | SIMA,

TAA BA SAT ASI HlSlaq aa Vey Gye

APSA ROR] OHS 1 BS Assy aay Tq! Brews

ATSlacay Heal SI SIT GSA Bay fae aww mAs +

2.2.2 <ayaatfas eicntst

1. wae crfacatat (simple periscope) ¢ ANTeET WATS

aa aa afer aie wpay aa cofacay Codl acawe

Fig. 2.6

(Fig. 2.6)1 ati am crea yines yur Fm aT ACF |



AIS AS Aswad Se alsa 4l

GITET WPT ACH QTHA ACSI 45° SIN aA asi GETS

Al Wa ACA Alcoa WK Grae ARCA THAT OP ASA! | A

Goat ees Geen Aarts wis OKA ACS Al MCA SICA

asa Alora (6 atone) weit wc COA cite cHexs

Rel CHTACHIOM BIG |

CATACSICA AIA SGA Ae TST cames GAT TNA Gag

THea 7A CT CHAN A, Aide Towed aA Aaa MECHA Sr4-

SHUM OAV BW IMA! CHACHA Lo GHIMis wy sa

68 CATACH | GSR GTA Alt AWSreTe CHTATSICAA Teh

Sa Gra Ay ais Gas na Teeq Gra aa Ae aa

POUR CNA WATS WAP SAT GA CATA ATMA

WAY BAMA A BA Teiery afew WA Fa BI |

2. CABSTTS (Sextant): 2 Wa yctarey mc = ATS

BHI BH AACR (Fig. 2.7 a b) |

Fig. 2.7 craonee wa frre ais M, oa ee oreriiqata |

me wa M, aariangy M,P a AH Fei PASS BR CHA
S a bora gas: «~My P TRA yA oH gine 1 7 yaa Vy |

aa gate Aras IVT HU Ye UGE SS THA OA ATT

way M, 8 M, ANI | AF P SAN SSCA ATO QC |
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GAT ASI Wes 9/2 aC AA M, e O/2 CHA

WI oe BT AT A OAS Gach aca Tree Cr UH

STH SA BT SHS BAG | CHET GIA SA FIN FI] UIE

APIS O/2 HI Ade CHCAA ATI O mfaasA BA Bee CHCA

mS Cae WMATA cafes GHws MSA ACA CSA Sl, a

SoMAa CMTS Goel Won SHA acs |

2.3 afore yal, atenses Sonfes once via

19 BN RATA | CAAA BN GSTO Sears APT SONS SICTIA,

SS | GA BR ast fay ulotey ace UA! apace

ofonay aac ettetar 2ema asain Tapa aaa |

2.3.1 BAMA arreced ciferaed :

Secale (homocentric) APaye ATSC ATSAAC VITA BUA

MISE CF AI Tay siolay QO ears oops aPaggyga

WIG MICA Fig. 2.8 4 CHIC AAR! worse aa BB

PERTH WS BA C Tay Tera alenas oom Gia a aA

(NCE ONE O' TaHTS CRM BA STAT O' 4a UBT Tae Baa |

A!

\
\o

\D‘ YONA ]1

be arr ee Tre ean naman am
©. oO DO 2
K
\

\

\

\

aNON: \ _—_——
\ AMATI

3S=u-s(n)

7
¢ ATTN
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4a] Ws

ON=u, O'N=v, 86 BN=h ze h=u tan 0=v tan 0’
e

tan? _—s sin @ cos 6’ (cos awae v=u “OO ay BO LS” ay 2 » .
tan @ sin 0’ cos 0 Me n \cos @ (2.5)

@’

oy UPMNS GAT O WI Aw Say as aqnewa WA

OSS 1 OF AMA oF VTS GB Ws AW lA W swe

qe 1 awa TatoR cara afeaqiana waters ate ait

wm Tye Q atafas a aa acaa Gears falor Tey fees aa

Ser see afore aes asi am ey Tec aaa ate

n>n', SRA AT AA APS MIMICS CH BATA TD ASCAAA

aay aferay aeio Tay Al Fe Aa GATS ATS AA VT BIVS

(caustic) wa (Fig. 2.9): «at aeaoaq ON BCPA AICVITHP

Tsay 204 |

ip

f

wa
Yo

=
——

WIR,\ NA

XQ
\

_ Ww Wh
we

a

/ L

{

4

Fig. 2.9 spear; F shoe aera alge a cusp |
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2.3.2 Gotwry afta (paraxial rays) Cwcm eifefay sda 2

SW WA GA atonal aaa foe awed Tae, AIA

Gio Fe en agian, wa ee waa Tours feria

Cay TART CHATS ON | GT TOBA ABA OC UITET Aa TTA

2S I Re STA THC aS COTTA OMT BCA STA

SHA SHA ALIA AH LS Sb SH BA A, GE WTB ahaa cHrae

— HINTS TA GSE | BCA GBA APT Cea (cos 6 ~1)
n' \

v =u = HAP (2.6)

FSI LOG TA CMB Y FAHY HM FAS GS BATT

NGM AWA! n>n WA v<u l CAG GAA Te A TetAa

CHAT CAG] GBY BCH OTH ACATS ACA TTA ACA (Fig. 2.10a) 1

(B

HI ,
VVVIOPTTTTTITKT77 (7 VVVVTT77777

——,
a,

z

n>n!
|

(a)

Fig. 2.10

2.3.3 fetes afnegcss ceca faaagit (astigmatism)

TAS SIA CHAT APH Yq AlMTH Ves WAG TAHAST

Ral Q stele certash ahaa 46 Bla afoqs xa
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Aa’ @ Bb’ aaa forace (Fig. 2.10b) 1 aiteay (2.5) Sepa

wis a cei gema vga afoyo afaras wait Tay core

UAE A Wa RA wT) Mom Som ay ON ot P OP’

Tay CAH ASS AH We WA asa! as ahaa T eyo caw

M

ara | OT fay ies afefan aa) cam OAB fagatte QN 98

AAC TH KAT O US A NP ATT ACA BA Tene apa-

ope USTs Aa a’ bic’ d aa WH WHA AA GAR SRA GIMTS

ater 7 yl st> GATT oh GA A! FAB aAloTS

CUTAN PRT AO CHM AA A SM yo anal SrA

HIPS CAH BAA asl aM za TT , Bom ate PP,

ON AC GIA MATS | OO a afolaa Teqca Tl CAM ACA GT BA

OR] WEISS PSL AA Teqaqgia Gos: all CH A

PP @TT’ o& Maia GA oF SATA | A za @ afefauie

faaayihs (astigmatism) Glas HATS | OF ON By Ba

feu foteorgq crane four fatrana cs WH BT

2.4.1 waheate wares cara efefae athe
ATMA Sarsq we Taal a sicensatar coca Taste aha
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(emergent ray) SI*NTSs ahaa AMeaey TA (§ 1.3.3d) 1 Tee Tasha

aferg fog arias (lateral displacement) 9b (Fig. 2.11) |

Ae “7
a ad a

a“ -{ s
- “

“-

””

Ol_=
“ 'e Q' O!

a
a“

n n! n

ae

\

1

(b)

Fig. 2.11

spina d= OO sin (0- 6’)

13 OO’ cos @’ = t

sin (4 — 0’)

cos
wae d = t

. sin 0’ cos @
= ft sin @(]—- —— ——,

. sin 6 cos @

= tein _ nh cos |
t sin (1 y «cos 8’ (2.7)
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TINS CHAO Arq AQ CHG SAA

d = tsin 6 | ,— (2.8)3) 5 ~~

00" = d r(1- cost)

sin 0 n’ cos 0

= ro. nmi —-Grpply Iraq CEH OO" =t 1-— ) = xa | Me tHe Q ale-

Faw cats VTS aPagpS ale Gost 2a (Fig. 2.11b: cq O fay

oats Tay afetay O” spe ama) oGisaAT eats AMBER aie-

wa we Tae wae Siva wal Tacsa Telaagier mss clay |

apaaps aly cet sep 2a Sta TATSA UIAwA ICA SITET

ara Gay Tay afeaq opiray Talon aca, ae fey wfetacas

CHE ASA Ar q] ATI GHG] GHG VCAA GIBTS Bea |

Om: (1) Rot VAR A SA BW ( AIA Gas

Cats ) ary Teter cara wales asian cre ae

ATSIAIMlel AI AMT MD FW] CAAT aR! HA ?

(2) tye tg: tm BOTS AGG GR 11, Ng,---m BBS APS-

FAD BSP MAT AH ATA ACH, GTA WY CAH AISA

OF TMT AIS BATS Tels se

tr

i t. t > f+4 Tyee yp mo at | Piet] FI |
ns No Am nN,

i=]

2.4.2 Boryaya OR (travelling microscope) f®C¥

oifenare faz |

Ql AB WOR WATS BI TA LB HMA Vas em

Al PASS CATA ME mMoTSAA Ga aca Ugg THz
CT QU AI SLA HATS ACA (Fig, 2.12) 1 w*mvoTSats wapetas |

R Yar ages ria alee Aaa AI a GA BIB GAY

(vertical) A QUE MSN WA) ATS Bora PCS ale fox

( Blea wit) ote WALA OFA STA Sa eats fee ( sie we )
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CHEM Al WSS A CY mbes P foetors cer] sa ae |

a awry OC wat GaY Cac 713 (reading) Li wars

BABE Pot SrA WaT PS IM FA eA Pw P BA

vce
hedoatlo MSA |

A P B

Tol
ppl |

we

se

SVIPITATITITIT IT FTL OTT
NIT

Fig. 2.12

CHU ACA AIR IF PICS BiSaTwCS GT GIS Al | Wows

BIg O' wae CaaS L' | Ga oA BAA Gq ocag foe

P"@ @RA Fh Fai Boa waa eq O" Gare ER

SL"

wong iL" -L=d= aS qo

Oe L'-L=t=255 WT

Ss, ASAT n= ; (2.9)

CB OAT ASAI WKS AH SAAS Lio orecrsey

sa ma face xa P foxte ncaa wena face aca | | Cae

CIA SH AIT CHER BWA Al, CHAT Grcsa Ola wMSeN eTecAN-

TUR Fo ator THR IAT VCS all oAet male ase

ABT |
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2.5.1 fete: feracaa aes fern ericerta efor

AN TNT Gs PAS BA AQ maa AH TAS

(inclined) ae arecaayiet (edges) *aTMITaa ACH ANTS STS

Fig. 2.13

fetway (prism) avai entrsta srcenstasrca facriera Geary

PU AN Ba. Teel AACS lawerslo Pers CAMILA VA AAVATA

ATSC An fea (Fig. 2.13) 1 wrecauylers Ay AMS TT

ATS] TAHT eH BAC A lawasts ceW (triangular section)

AGM BA GS Wal Caw ( principal section ) avai Fig. 2.13

C5 ABC oait seta cami | oicareaten Tecra ae fos ates

BA MMATSS MTA as Tos Teed Taos Sa 1 A ET SAS BTORAS

wet (refracting surfaces ) ate 1 «= ATSAAS Gararaqgq oes Tas

eres (dihedral angle) ators ce (refracting angle) ace |

afore rid Tats Gell Gators LIN (base) JN Fa |

fargo AA A RCA, NInteS atey Toc ae cect

ACA GTS TAMA | APT AACS GAMA BTA] «ATA (mono-

chromatic) aa Jaq |

Fig. 2.14(a) cS ABC eam caw SATs aba PO, AB @ BC

wal afeys arg! RS za fate aa PORS AIA ACTF

afera | foray siferras Sell ATCA HCH UTS AC,

4



50 emfaeta area wa

aay Gray afonacs eH @ He 6, ss, fale wa afore

Te CR HTS A WA UNAS ACY IN 1 BCA GG gifor aia

6=6, +0, (2.10)

=(6,—6,')+ (8, - 4,')

=(9,4+4,)—(8,'+9,)

LLQA= 1 LRA=90° sea LQLR+ A=180°

A= TaaCNa ators cre |

fog 9,'+0,'+ LOLR=180°, yee A=0,'+0,'

weg O0=6,+0,-—A (2,11)

Tas apa Tait 1 6,, Sete ard UG GIA 0, wt

wag Trea aa | fafer wea ces wat pte fafoR sea x4 |
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GIT AH MASA HI O, Ge oe (Fig. 2.14.b) wea fasta care

6, BSvl ASA ? .

Ay CA, sing, —nsin 9,1 EMA n= Tae WITT

HCAS ASAT |

DBIPSICNT 2PCCT,

cos 0, dé,’ = ncos@, dé, (2.12)

Tool Sta, sin,’ = nsin 0,

HBaqq cos 6,' dd,’ =ncos @, db, (2.13)

(2.12) 8 (2.13) cars

dé, _cos#, cosd,’ dé,’

d0, cos?, cosé,' dé,’

fee 9,'+0,'=A Home db,’+d0,'=0

dé,’
AIK do? —]

wrefe d6, cos?, cosé, (2.14)

dd, ~ ~ cos0,° cosd,’

farsa pits (minimum deviation) :—

fafer sires It Bite Tala sare cre AR STO Tammy

WAS FC ETS TARST 271 BST BH SA CLE WOK A

§ ]

Smint 7-7-7

J »

81m G1 ~

Fig. 2.15

SUC HTS Caves AB (Fig. 2.15)1 Tareq giie Fo aR IA

MAGA US A HITS TROT Za ?



52 SHAS BLES AA

6=0,+0,—A

, do d?, ., cos0, cos0,’
Toa dé, =i+ d?, —s cos@,° -cos8,’

dd
Te faroq aa | = 0

Sree TARST Giisa AG Ze

cos?, cosé,,’

cos? cosé,’

‘ cosé, _ cosf,’
Bye —— b=. 4

cos#, cosé,

(2.15)

OF GIG AMIE BE M1

(1) 6, =0, a 6,’ =0,'

Gi) O,=--4, a8 O,'= -6,° ovata A=0,'+0,'=0

Bae fants ASA Bais i ASAT wear WM Bw (i)

IAC BAS He GS Taal cH, ABTA |

Om, n =20,,,-A (2.16)

fame pte fata Sa AS ANAT Bile SA BAI Fai, TeerT

eq olan sees za fazon pier wag fase pis.

HTSHTAS APY G ATSHALCPA THT SBC] YA ATA G AMA AVA VC |

(2.16) CAC

Om = (Omen + A)}2

O m=O m, = Al2

% _ SiNIim_ sin(A+tOm)/2
ea us sind 5m sin A/2 (2.17)

fxacaa alone iy A « fanea gle o,, CNM (2.17) a

FIZ STA AT SAIL TIT ATT

2.5.2 ferecaa ata ofefag aya

Tay olotay cacs wopal ateaqqpy ferrcaa ae face mara ma

ATA? TA GSTS fag aifstay cacs GPE A TWA SA AN
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62.3.3 CS QA HATS aaa Tes Acee Yt aa S 6 T

ASM A! Bela gas weer Tey cas u aa T AA

FANS GMOS wl S aaa Ge tl Pau ev as Ae wag Teas

gis alas ce waa a wes P osfeiaca oa aatoee Tay

ATS AGA ABI SS |

Fig. 2.16

Fig. 2.17 4 Fig. 2.1694 PORS © PO'R'S' afracs 3G Cal

CHATTA RAN | GIVifeS abused cay dd, 1 wae afeyS aha

steel xX odd, | fererma Tosca afuams eH 1 CIUTTID BATAaTSS

acave 4a BCA | OF ig. 2.17 caves

QN=ud6é, = QQ cosé,

RM=v d6, = RR’ cosé,
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Teg t= QQ’ cosd,'= RR’ cos6,'

vd@, _ RR'cos?, __cos@,' cos,

Was ude, ~ O0'cos8," cost,’ ° cosd, (2.18)
v a0, cosé, cos#,'_ (d0,\'

wt dO,” cosd, os0,’ (ia) (2.19)
A BTS vu ce wae feels wn aM ari 0 6 u

AMA BS MN YOR,

(i) aaa (50) = 1 abl qyerey prfoa CANN Sa |

(ii) Faq dO, =dd, =0 Bee qqzq MIATSS Jheapy ATSAA |

aceta fae afapgs ATT! Ble u=a Qa Yew |

Aas ates coc we afotax Ale ace mI A UNO

Gr) wate ate wel aaa CHT ARIA AMAA

AUB wa Teast Gm aren TT aa Aareaeal Tals ahaspacs

GPE TIE WA HY HM LI GLA TeisaAs ATOM Pilot GFA

A ACIS WH BA AA |

2.5.3 carfstas faada (angular magnification)

ATs (2.14) waa cattors Tray

d0,_ _cos@, cosé,’

dé, cos@, cosé,’

(i) AON Riley owes HTS Tae OBS |

(ii) Tasfa ater gaa Tecaa on Se cafaca aa ( at grazing

emergence) Sais Fy 9, =90° aq

dé,
W,7 ° QSAAT AHO HAG] AWeT ALA BC

(iii) FAT MHS CHO, = 90°, Bale sical foacws Sa cea

WATSS (at grazing incidence) saq

do, .
do, =

wes US AS HTS AMS A SBA CLS LF] Go Ay



FTST ACH afesar @ ahora 55

ANT TS TM | Tecra aay alse Serq CAs as

TAWA TS Be FIAT |

arts (1) mom faacma ( afemase cara 10° 3 cat ag )

CHA TAT MAST AI YI BY Uele MASS sheq Taey Cray oa

Wea (at normal incidence) 7*TWC%, SAI cHAs Cl Hits

d=A(n-1)1

(2) Tory ace Taste ater nm mar AG fe ?

(3) «ato Tecra afore cpa 60° aa afenais 1.6;

foecaa Toor Taca Tala ata an naa Ga BISA CHICA TATA

(limiting value) 6 ?

2.5.4 facaa waceta fetera

TAHT AMTATS HART CS BWIA BN ACA Acs t

(i) wote fanicas aoa acein wits eAegia Safa SITS |

ATH MSI ACAMN BLA GLAA AYASIA ACH GCA CAV] ASAT ATA

Ws ACH THATS STA BA GS AS SA gAl Ala wa

ATA BICHA MCSA TARA ACH SCA BCA WAST AT Aaa aTo-

BAA SY GIS alofacay Als za Torpqcs wel FEAT VARIA

SH A Tos mf afowarcad yar face weet Terre AA CA

OHA SPLAT ANT A

(ii) fasgas fantce—faten wea omens weie fafon cay

Catia MNCS Talo cara Tagrs aca Tees acfieila (spectrum)

WS BA) A CAT BALAI GCA MAA MCA FI |

forea Hf

1. af ofenea fetog (total reflecting prism) :—af>

aale arch aalaag fort (Fig. 2.18) 1 oye ANBAA BCA

area AB SH AISA ACTA Tea IA AST BATSRAI Seq aT

fraud Tout CHenla ges weenie BC Cla UEC | AlaT

BAHST HI 45° ; AVS AQ S Bly ABO CHI (Os 42°) ca

att ce oreredis af afer aq BC wa stories

apa AC Sted Gra aTSILA META AR CIA ORT «RIOTS CHTR-

Ale Torecna ABA OC MPT | ASA AMSA MCA ATA



56 SITS WCEP MATA

ae AB CGR Sa masa wAfos MH UI Ae Ato

RA Al eat fees asi weed wo se sa GAIA AhHA

(a)

Fig. 2.18 1 aiwexreia Teer |

Breas 90° 1 wee ate Cafes sa, afepama oa afelaced
wBagrays| (inversion)! waste aAaceel wlotax Tac ore cece

a a O.90°

, wy |; -

Lo q!
45°

(Q)

45°

/ ——0
ZL ! <4 b

90° , . bs

— La!

49° (b)

Fig.2.19 (a) Ors teers (Dove prism)
(b) ge Teer (roof prism)



FAIS MUS alow @ afwaae 57

SAI AY wep sar afetace Te wawaa wae az wT

FRE AMMAR 1 Fig. 218a cys HU Toe @ Veins cam

CAPT GIST CZ, CHR CSCW VASA AALS |

2. afsfey wh waarq fetra a aatttae faa

(Erecting prism) 3—

Bly ATSTAR Seo Aare GIs OAT Torry Tye cH FT

aa (Fig, 2.19) 1 atl yaey SI FH AA, GA lS A OT

(Fig. 2.19a) aae 180° Bits Atocs (Fig. 2.19b) |

CAITH foros nate (Porro prism combination) t

BAP AW Bros sea afstay acsaia Oesw wa wa fra

BCA A A, Go oc A A | eT a COTTE) Conreal
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faoa nafs Tera at etre afolqacs ocala ciel Sea Crem

ara (Fig. 2.20a) | Galery (Binocular) oe ATTA ae FH

STA ACH 1 «Gud lepc catiacna nailsas Torry (Kronig erecting

prism) SG Wa FM BI! af ies wR Hens asits ge

ators (Fig. 2.20b |

3. frq fapifs fete (constant deviation prism)

A Aa GAG HA TS AS a CHA Aha Tagite Tercera

mera safaates are aa fatea orptoa fees arene ab

eH AR! GwRIqagy (a) Hyeye Tee (quadrilateral prism)

(Fig. 2.21a), (b) AGOG Tay (pentagonal prism) (Fig. 2.21b)

ae (c) sca Teer (Abbe prism) (Fig. 2.21c) Gcqacaien |

fagits Te aa Pea ar wa Sl 6Sy'e Teecqa (Pellin Broca

prism) Gas aay ater ren as af fowratics feat fama

ANTS Way LA Ace ma s yTG 30° AaCaTe} Tage ADN @ ABC

Gk asi 45° Hacer fags DNC po ahato teers AD

wierd Bory quaretca SIAfSes ecace cH afeys aha OR, DN

SUF AVS CAH BAZ (Fig. 2.21a)1 waite afato ADN foecag

DN SA Ms AMSA Atacaca aay DNC feecaa DN Ste ATO

greg | DC sr sperudian mf afercraa 7a RS aba DNC

feat NC oa Tata aWSICA Tats aca aax ABC feecwa AC Set

TI OA wa WA ABSA slope aca ST cq farts A041

CZs ADN s ABC fxeaay ast Fey ase yowcae Torecaa

fours ocaieaha OR e RN quam via AN @ BC J AMIBAMM,

CASA SMTSA I / POM = Tasia Iq 1 M'ST = 0 |

Q faye fagiis =0-30°

R fawcs fagiie = 90°

S Tayce fapfs =30°-¢

WSF CA TaRihs 6 =(0 — 30°) + 90° + (30° — 8) = 90°

CR FR A RIE d. Mew GINO | Gra facade az

Tamon giter cat fais arma cera wen aT aMiq Bom
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a aa sete eeica alae fewatecs fires pifer
AMAR WAM Fale |

(o) CTE - CATT (S1SEHT
(Pellin-Broca Prism)

Fig. 2.21



afar 3

MUCHA OH: VAY BMI

( Gaussian systems ; Paraxial approximation )

3.1. ATS] CAH ( Thin lens )

8.4.1. CTH: GH BW wae wy GA may afore

MAAS YTD Wet Ate sa BA Ma GA CH TMF CAA

Me | AMAT. GAT Cagle cre sri ate ale GAs corey

4 Glo SA CNA G LEG TA ATS ZI STA ATO conefla

CH (spherical lens) a1 GRIGl AaAaslS (cylindrical lens)

CHAS ZI 1 TAMAS Al AACA AMTAHS CAH ASICS comet CTH

CATA |

Ql AAA TWIG] GMb) Aso) AZ oes Bea cw

(convex lens) a @ GAA TAMA] AL ABO GI SK

BAGH CHR (concave lens) Wel | ALAA HA CA GARB

ee (thin) 7 Sa AA CN AM AIT ast Tay AReaTTD

AS GCN FN AA | GAA YZ GtAA MPS Talon aan aa

fafea vacoa Gi Codi Sa ara | Fig. 3.1 4 Toa vac ater

GH (converging lens) (a) GS-GaA (bi-convex) (b) ATSA-Gary

om
a 4

4a) (b) (ce) _(d) (e) (f)
Vw

sige or a

Fig, 3.1 Tater serra cra |

(plano convex) (c) *feiGe caf (positive meniscus) 8 Toq

Mate He GA (diverging lens) (d) Ge-wase (bi-concave)
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(e) ANSeA-TOH (plano-concave) @ (f) ACATOS-cHTHSPy

(negative meniscus) CHAT SNR! awa wei (c) @ (f) CAs

osté oa Bar ae Uo CATS UATE |

CHAT CNA Sayles UC APOC HET (centre of

curvature) 41 | GACT lA SA A CAAA Me SIS IPAS

2 SER FSA (radius of curvature) Ar 211 CAAA

Ge CA Worse FOS AM WA A AA AA Weal TI CI

CCAS SMTA SAR (principal axis) | Go SA ATS Bee CA

JS] HH Blew (infinity) BIBS {lI GAL CART WA Ao eH

(AS ATS GAIT GF ARS WaT WP NCA |

3.1.2 ATG CACHA Aes ¢

Fig, 3.2 6 GOTO UG-OSA GH CHAI AES | CTT BTA

wr OO'! oT wR Cas AA Gk Ys TaNCS COM STATE |

Scony wows Tele A CO MPA A BAG 1X UH OO’ TART |

ACA TAR Ged, Cl TMT GATS AAR SA WICC AT

TACT UNCATSS ASHI n, AR CAAT GS GOAT APS TAIT

C wae. | Sl Te, GG WISH CASS TW Ws ale aM

lara Bor Awe | SEG OO’ HAs HOH AT VCR
SAA GES HTB ayy OO’ BeKT ATVI SI AAO



62 SHATSY SCT ABI

ATR | CARESS Tay mY d ulery saw ¢ aaE Taree |

4) WS P OTF A AT GH KS y HA SarEcoA P went

OO’ wm aaa x ya oiwen sae wa Oe fore coltrete |

DARHTC] OE YE Vey 1 AVA A nA wlory BRIe Tiewa VMAs

712 Tl Bel ATE |

— AA GR OICRTRM CHG and) hl ARH MEM Coe

PO oa SIeTene Tae sacs coca alt were wal Fe) Iq

AWS A) wares M faye wifes aa afonaag mq NV

THOS GAA ASS AeA a HAT Tate Ate ae

SOC Se VICTAMOT ee GEA THe ACA ATA Fer

TIS WH CF N GO HA FAY y GA OH FI LA FY STA

fay GeiCn HCH CAT CA ONE CAUCE M GN faqs GE we
Se ys MI! ASE] |. WM ACA SSIs AN creators

ASA CHM VAS MAT 1 «VATS AS OK d ANG oF Yb Fang

BNF GPE AAS |

MOA CA CHA, y FACT COLA CY = MN

-PN-PM=(d42. c.\—».PN-PM (a+ , ca] oe

2

=d-% (Cy -— Cg) (3.1)

BSI PO oa SMcAlsrna cas = PO+(n~1)MN

=x+(n—I1) [d -Xe, —Cz)j (3.2)

Tey AA’ GF HCETSAA CHM = PO GA BICHTBAA CHM

CHIN YIC WARE GBS AIT (-CS BOSS Tae |

wee nd=x+in—1)[d-%(c, ~c,)]

x=d+¥(n— 1) (c; —¢4) (3.3)

Q fauioa Briss x, y O21 AGH Zz 4 x 6 Er TH Tallsae

(3.3) am fae ae Q fauit alee wayed 2” og OrK

Cl ara Aree Fay (3.3) alles cars ren Aloe @ 2" aslo



onesie Gy: Greta wpa 63

CHAT SHFRCT GM AI AS) Tay (M—-1) (Cr —cg) | AACA BTC

4 THs Crs UMA | FSA c, HATS SB cy ATH! Tale

(n—1) (cy—cs) CTT 1 BSS CaREs L’ Rtas aaeA see

Ser wai 2 wayacca aro aH O' aca wee O' fay

TTA roa 21 Ce Ae A AS GIA CH OTA

BHT ANB aay wey wesw Coq Gale fay afetay ars

PA! CTH OS OO far GAR f TH (fel Carats ww

BATS, a AA )

r =(n=1) (€,—¢9) (3.4

3.1.3 OFIR AVG; COCA BAS, CHS G CHISIN CHT

atolaa aly acwe Gora ait yay sabe vate fey ay

OS Va VAtos Sao L ATS TM sca carat Wal ArH

AST CC CA alee wares 2 coef 201 aa

(Fig. 3.3)

AA’ MTS AY CH = PO wcarSrg CHM

x!

| /
my
SAN

P\ts-7Q

: Aili,
o- Zl oy

auaneTM -_ - - - - KX AI

\

U | \ ats

/ Cr C2\
|

Fig. 3.3

~~
2 2

wee nd=x+(n—1) [d-= (ce. - c.)|— %

EMA u= GA WS UTSay O oF WAN

=D SAFHCA FPS) WATS



64 CUTASTS ONT TA

sea xad+[(n- I(c, — 2) + 4] (3.5)

Bee aeqs Caos cia eae O' laure utearl is a

TB TA (aces O' Taya GAY Y 1 WHAT ahoxzS aPRCoA AFT]

F =| +(n~1) (Cy —¢g) (3.6)

ASS GIHRGY AS] CATS GAPHCHA IFO (ACF

(n-1)(e,—-¢c.) Qt] a8 Aor Witt cA TH SCA
WA (n—1(c,—c,)- CAH TS (power) FI zy K THe

PITS AOS FM I! GAMA AA Tees aa, FH feces ocas

JS co, OA GtaEcSA GAA IFS ca |

GSN (AC BIST K=(n-1)(cy— eg) (3.7)

(a) Babar GH CT C,H MATS, CgH ATES, FER

C,— Cg =H FSI n> 1 BWA, K = ANA VC |

(b) Be wae TH c, = VTS, Co SAI, MA Cy - Cg =

ATI FSA n> | Wa K= a4nwss Be | |

(c) ANSA-CseT CHA CH K SAIS AA ANSA-DAGT GTA

K ATS BA |

(d) Wawa Baa (a1 GSa-wAGe) CAAT AR oc, @ CoA WTR

Sy AIS VM LATIF BWA ASA Cc, S cy A TlAA Gg Tae

HA GAEAT SIS AMTAP A MNT VCC ACA |

ofoie. MTA GCA AA (Fig. 3.1c)

C, ANSE, Co ACB, ci >c, TSH Ka |

CACNTGS CATAAB CICFAA CAeTIE (Fig. 3.1£)

Cy YAM, Co HATTB, Ch >, Weed K= ANG |

HR :

(i) R, @ Ry We Go VAI AS Wars SA SA

Koo =A)1 2
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(ii) 3 GRA TINA ators n, Oa Teast senna afonaes
nm, 23, 64

n oA, —n
K=("—] } (C, ~Cy) = 4—+*(€, — Cg)

ny ny

SAE AVR?s cara o fae viciey aca o' Tayi ow

aferaa | wane Cowie oy O' faye afetay aa o fauts

OM ately 261 Aware afetay @ afolawa waa fata

(interchange) Fa agi wielaacs ehelaaa eran a,

AAA IC Ssiay faa crac afstay 24 | eat ufsiqn o oA

ATSley QS ABT ays vAm-ITAA SYAMY (conjugate) 4a Zz |

; -~ + KBAA TIAA CORTE,

ogg | 1. (3.8)
u”

ae Asileaaiees wea! yacea Halleaqe (conjugate distance

equation) Fel Zz |

Clr CTH, VWs IG] K, SI CR -— mm ATS +o AAS

A BR u at eas (3.8) WHA CATH v MER IA! Gs ATPAATG

(a) orm aifsfago 1 K MATSTS (b) orTR oefay o' 1 K GaTaTS

(c) HHH WITT O 3 WAH TT Of k entre

Fig. 3.4

AT SAMA AIA BIT wrifes woayecis a fas crs ac7

5



66 STIS WLS AST

MUS HCATRAT | CGA ATSAAS ora saa ATA fag

ASH AAA GC |

o8 aaleate a u>0, TAA O Gate OR Ufsiza | ACRE

O teug ace Ue OTe ae OT FATS AT OR ON HTD

O’ 4 zaretay aq (Fig. 3.4a)1 at v0 2a ST atelaa wy

(Fig. 3.4b) 1 K Jaq VSS Taq QTSlgy ( GAR) GATS WMIHTS

NA OAS VTSlaw ( SA ) a Tacs WATS ma (Fig. 3.4c) |

ale GCM VMS (Cs Aw Sea sayral yarea maigdy zea

Tlli_,
v0 4

l | ,
weyq]o—-—-- = K (3.9)

u 2

oar u< 0 ata way sielay gar v>O aca SG aTeIay See |

C¥T4TA FAG (focal lengths)

CAA ANSE ZeMY AA=d aay ae cag AA cH SAGs OST

fee 4 CS AIA «MTT AA Oh TTA CHAT

HII YA TT OK CHA RNS FAS MONAT AT ACH TAT OR EI

Cs Be Tay a Bley aT TM i a8 ulayes

ulolay GI @ ATO cinad we Peay kau, v YAY

TAY ICH TION BLA |

ufefag welltr (u=- ©) aera a Tate ately sa See

cca fasta FAs CBLFIA (second principal focus) Wy 23 |

mu fay cars os jaw yasce Taole aR) RIA FAY VL BAI

(0) OF =f: arya (b) oF '= fs worTs

Fig. 3.5 Taole 320 GRIT |
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CHP Yaa oe Tales fay cars ura esto fas fox one ae ;

FSM A] LI THEeAil af (directed quantity) | ate matey

Qe GA oe aaita fre atéela x Bese ware THe

OTSA TA GCI HTT CH MAT 20a, wens fae feat ze

ATI BA BOK Poway AMAL WGP ql CHAT CHITA CHeela

ACLHS A THF Gowa wysigqey Tales aca (Fig. 3.5) 1

Uisig & ayes wacay afetay spicy Za (v=o ) cae Taare

CACHA AIT TAS CMF (first principal focus) aay wala;

CAB KF THA YAVTS BT Tei GRP GS Ae aT (Fig. 3.6) |

(0) OF =f: WMDs yD or: f= targa

Fig. 3.6 sy ey BTA I

Ji OTH YAR MATS ACA TS WIS B04 GOAT

faraa Goa fata ata) Fig. 3.5 8 Fig. 3.6 4 SIMA] Aa ANTE

aca a Tee case pte ats ae GR sari foe fais

Baie | MN AM UR MHS CCH BCA Gla ada Garces fox

OF'= f= MTs

Fig. 3.7

Tardis aca (Fig. 3.7)1 Bice care fas cave BACH CAB!

Bia GUY Yas wAsiA |

HR GA AH GI BIST AAS THE? TalleAA (3.6)4

u=-— © IAL v=’ Tacky SA Fae |



68 SMS Vena

i
fF

Veto umf= AT HMA Ay

p= (n= 1) (e,-0,)~ -~K

=(n— I) (C,—¢,)=K

2) Woe f 6 /' ot aie os Tee foe fare welts yey

CRrSraan cacMa GaricH MSTA TET gay ata Bqaat

HARA ATH MGIC

l j ] ’ \
pe TF SUA SF Taste yer Gre gay 1 (3.10)

Buizad1 walt Ge-tea Gens GAM OR WA 10 cm 1

CCR GIA Tacs 20 cm FCA BATA BCHA GA SH OTST ANA

CA Borax cH sea >

CAA MCAT GIA THE CATE GAG, FSIK GS-Gael CHA CHCA

feo ya arm aed a fae: faclr qa eM Gay

f=-10cm! Atty u=+20cm 1

o iit ~—!i it
PN 350 To 20

was v= -20cm

WA atten cacaa a Tacs ews CH CATH 20 cm GF I

BIABITA (Diopter) CHACHA FAS!

CACAA BTS] AMA? QFlo TA GSH HY BA ZT) as

GRA TT GAGE (Diopter) | CAT QA GACT CHET”

THGTA GIT WPT BATA

l
K =} eta =o. ———- -— - 5

fo "TACT ACS TBA FATRA CHE

l
750 72 UG | cat

ufo aq K=+2 vac, nat sc K=-2 OAT |

CAS AA FAS! —5D aaa ATMA GAT GTA (divergent)

a cena f =50 cm a0] K=

. |
MR Sa f = “g Meter = 20 cm |
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3.1.4 afefaceg aarata facfs

ASH) AIS WT BCPA GF Tegal TeuCHa AAR Ae SCALE |

Tay Bloray werq Gra al aeaca saie aol ufotaw cncsa ast

Aleta Tay Bea oe fe A saaal lay ( uel afstay ) afefar-

CARS ASA > ACAD GATT ACHAT AIT BTA ak wale

ong Tom wie Taba aaa ata fay ofelar siemq ya yea AN Ba

SA A OM aah aqeal tay afstaw aq adi OTs ASTI 4A

CA | :

Aapsare afara crafs 3 L ald GR, XN Gla aa Ure I

CaCA We O wees qe A @M Tay ufslay) ws ator

O' @ fay sacs AA HAA A TISAI APs CHT wrals

wpa ei F's F age fav © 2 I we! O

fay 20S Bepal ata cacaa a Twa fara O' Taycw ater

RNS! O Ns oF was aaa ae ace Ble farnra ay
QS Ae Tl Gtis seer nA OR 8 BA OF aayq

a aaa faa face: afelaa care OR as sqaat apuip

Tacha gan era F’ oa ae faca ata eae OF a3 saaal abate

VHA ANB wre aa! at yf ahra caniay O'1 weagq

QO", Oat afetar| O MS BRA Gq OP AA aa OC’ RH

Q'P’ aa bara: PO 6 PQ’ cat asl y @ vy (Fig. 3.8) 1

qq] as OP=u aae OP’ =v 1 Fig. 38 (acs
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¢ Y= VY oa VP y .. Eb_np_FAr
wyge —— =" oqo 7 = --— [°. FP=OP-OF

wap ap * pF I
@ =u—f

Gk F'P'=OP'-OF’

caro V f v—f'
Sq —=- Se - Ht 3.12Ty CS way 7 (3.12)

aeaa ff =(v-f') (u-f)

uv=f'utfo=fu-—f'v aa f= —f

BAIS ; =*

Or ae PSP Taran sqaal oa O46 O' saaal Taraa

Ady Vows Gog qabee aaqaal fas ToS oss ArH (Halleay 3.10)

CA BUT! «BSE 3.13 T 3.10 weals AeR aaal Teva

CHlOz ae | PSP’ Ale way vagal Tay sq ETA P TayCS

VHA GF AT blac SA Gra ca cia faya seal fay, P’ Taw

TAT GT HAPS WI SI ae BesA Gy agers wale

QA lq AAA ASTSH QBTG AAACAMS IA Ae GA] BATA TeABA

UA ATSIAL ABA |

(3.13)2,

erga faaefa ( transverse magnification )

Aaisay (3.12) cars Hal Awe Ay, y QL AG MG BS

“a | wes atetae faada wel y/y ak Bre Bye

faada ae 33 |

Weora aad =~" em=—" =e (3.14)

CBA (3.13) CATH fart
fv ou

CSCS CAA GRE u= worse ( Bele a farsa aca) ae

wet Ta f G8 TAT care cant ace wes wletaats aay qa

Ca a face areca oo MTT BC aae f'<I< om RAI @

CRA m= ATI! GF worsqs fowwd mca sa a, atelay way

(inverted) 204 |
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SAT Ty faada ( Longitudinal magnification )

Asay (3.13) aw BBs (differentiation) Hc,

d--l asl wy
v~ u*

, dv v2 y \2
safle ==" ("|

duu? u

we Aa whefawa cats du aca alotacwa Cad dv aca |

dvs du aa sarrece orytwds fate aca |

f = Oa (2 2
BMG Teadq m’ = = ~| =m (3.15)

ora Taatert AG (3.14) CAH CHAM TOG A ATA AHA ACH

AWA BABS SHA faqtias (two-dimensional) afefacaa atotaate

AM VCP AH TTS Alaca. Paulas acq aay afotaa wtotacwa

BA (similar) VA 1 WY BANG Cals AW Wo ALA |

OITATS CHS ( optical centre )

CAAT BA SCA AA APT BIATSS Bey caAa Tat Tacs facay

aA Sta ate ofeo afar arrsaa od tate 2a Sct caerna

ae SITs APT TAS a URS CAR Wa CHA Taare

SNCMB CH A (Fig. 3.9) 1 Bate wrens cacara war Taal

ONCATS API AY SA SA Tagits Za A
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CMs Ae QUAN eH EAA ACH ate Pea Tay

ATOM CAAT CHL TATE Tay wae coe Taye ag fay wa

Hal BCA |

CHET SHS Ha Tees Tey THC BAT BCR ACH FTTCIC

Ql ATS TW SS CRSP Gey (focal plane) WA SA ABTA

APA UH] AHO HI a RHA Gq safes ac 4s

ATS Laie Teyce wheat aq (Fig. 3.10): a2 fayio aera

qpngq VF UAB | eA BITS cH A cEtay face aha

qos @ abats Tacace oe afaiss 2 alaqoea oats af

(chief ray) | :

Fig. 3.10

Os Amede GH fede aPnpg Goo ana aes fra

Tas AA SA SA ST VAS A Tacs Gforat 204 ?

fete afsra viefe 2

AUB IAT MACS. VP] WA Geta GHA To

feya wae Gi aaa afefaraa wage fae on ae, & Tava

waa Teyio facia aca oe aaa i Taya ARG aT TAca

QaTS UN FN IA TI Gray @ aaterw ololacwa us

Teyie cars fae nib aPas mer fare sae Tose ata

HHS GAA TA AS ax *alole was casi tenet 1 wa

ae P, otetaa toa @ aa oats fay Taait ue Gog
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ra Tay eco AA UCR TaaA cw faye te IA | | UTA

PIAYE crs @ Ga Yio Tete aba PR ¢ PS Taam (Fig. 3.11)!

of git afuq saael abwas ain ci’ afetes cis face aace

at oa @ ugeal abr @ fayco faire aq cre fand

p faust oeaal. wes Pog ofeign) faera PRs PS afag

Baga aha fet Bar qa 2

1. Bel op XX Gn Zar 2. seperate THe aT wieaRS

area C’'C ma za 3.) fase ge Tar Oa BB’ Sa ea |

4, Psa Gm oat ain PR SM 2A 1 5. PR OA ATV

aay BTA Aha TO bral 2a VM BB’ sare F,’ ays eM

Bay | 6. RE, Ae Wa Bae Bi ZA RF,'P’ ahato PR

aaa uaa: aera A aia fede apna sgaal aha Tacs ag

Wa! 7. Pes a aa weal aa PS cen sa ae Wee

TS 8,9 fara PS aa sqaal aba SF,'P’ Tae sq S71 RFP 8

SF,'P’ afer p' faucs taters sea 1 OP Tay OP Taya atetaa

Fig. 3.2108 1, 2, 3-9 mewngta 7a vq Teer Po mm Tate am

QCACe Sl CHAT |

3.1.5. ATS CACHA HAATH (combination of thin lenses)

GSS MISH GHA Gale atetaw fac saqra cq was farses

@ Calas ator BN Q AMS Ae svace Gales GCTHA ANIA



74 STASI Wiconsl ae

CROS CH AS WalS ALA | ACR DIT CAH Ga ofolaw

Tae Sq, CS afetars oaael arena ules ( Ay a Uy )

fod ACS Ata ae aS Teel CAA OM afelan facie aacw

RG, ASI ANCA AIA CAAA Tai AST Wals aaa waa

WA HUE atelex tate aw edi ywewqy vat stoma

Ga L, ¢ oat opal Gia L, «a WAAC cata, oPhaS fay

Poot atetaa P’ fa ara Tete ahar oratecs fae a aa

icn 2a (Fig. 3.12)1 aaa F, @ F. aaa L, 6 L, GIA

TRO TA CPA

ATHA CHW (equivalent lens)

AA GAO Sa Ia atolay oq Fa 1 CaO RF

ARMA MANS I GSS GHA Aaa aq ath a awa atolay

G2 GAT WY Fl aa ae ate ofotacaa Tea ase ace

CI DP ES AE PA AT HTS CTH V1 VI ANGE

CACAT CRT CHYITS AAA CHA CwNy (equivalent focal
length) QUT BAAC ANCA GHA STI AAG COTTA Coe

Tae Faq |
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(a) WAY CHR WAAAY (lens in contact)

ib VTS GAL, @ Ly TCT MCT STAAL ACHR | | CPA

AiG MTS Jeol Cera wees HE YT ase Tayoe AMiSe xa

Wa! O AR WAH SH aAMAs Kee wops yalay

ae zi: Puce Gi fay sleet) GAL, aa Gal

often P" fayco WS aa FeAl | THY CHA L, aera gr P” a

cfelar al ate pure aftetaa gae P' agi LL, oH fos

CHTA CH TASCA fi, Sf, | FSA

1 11

v

Vit

t

—

. tt ett
ge GIG males caves eet (MAL STR) 3.16)* vu fy fa F

AMPA (3.16) CCH BT CHA TTOHY A aT O TaqCS F BIA CHC

QS GBS HH BI AT SA atelaw P’ acs ala Gee Trade

v , ,

m=— Waid ANITA TAA AT RCA BAIS HG HT

Crary Cae Fos are

1 oii
Fvf.i fe

HSI AAS GHA PTS K=K,+K,=craqient FI

AIS (3.17)

CANS CTA CHE AISA GHA IS] KK, +Ky+-- (3.18)
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ACI ANITA CHE, BST AAAS Bilis as a A

CBM ve TT TZ A A HH) AAG GCA HICH CR

ARAN ATMAT JG VICE HG Ws, whotew ass HAM 204

O28 TAAAS AN WI ae So alret Bays} (perfect equiva-

lence) | Gta SS FACE aslo GHA SERAEiAS CT WA

BINA Tal TATGA ABI BCA GHTNP CHAT ANAT Baars BA BA |

CPG CRIM YSIS sz ley @ aA BA Beet FT

(achromatic combination) |

Grea s asl Geer cena a acs 20cm Ya HR Ww

AC SA stwtax vrafacs 30cm Wa Bal GF GR WHA

asit usm @ urd) GI Fed WA Waa Mw

S41 Ulead Gent HIS +121 CAGE! Brel eend

CH CHE BS >

. 1 iol dt _ 5.1, 25
GES EAT BIS K oy 30 30 60m 5 DIAG

OSA CARA BETS KK, = , COTS

Reed woe Ge HIE K,=K-K, =2-77
3 3

=—4 GHPOR

FSI GR GEA ORM CH= — i = 25 cm |

(b) Ajaqies ate CACHA BWaHATy (lenses seperated by a distance)

aT US Ly ATG L, CAA AIA AN RCA TSR FA BTS |

ae eA UA aH Oe O aa at Hal BSR BCH

yalay, O ce mel a (Fig. 3.14) |

PR woates @A at, TP’ oA waa IPN! TA AIIM

wa P faye oferaa aaa afefacaa Taam) aaa

BA GFF LAA ART Fs HAY @ ass faadcaa atotea Ais

1 TA Al Sat HH ase Teataa afeiay Coal aa
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Fig, 3.14

We | dal MSC TayCS ATS GH Bm sare aad FTA SA

fag aNSA ICA CHG aTolay Za 0" Tauew |

aay aT Ly Sat CRA

tf dd
—_, ey ee

vou f,

sea at cca faa om, een (3.19)

Tool GICHT CHC

a a
O'P’ oO'P" f,

reel Lt
v wv-a fs

ec Taos yar GeraTA cris ue f, of, facets

quan fasts cacaa faa mye =,” = 2 (3.20)

p _ _ Ak oe
Ga ATA aada, m =m, wa7 je -atf,)

= fife
uf, _

(wtf) a+fe |

= fils
u(f,+fo—a)+fi fo --af, (3.20)



78 GTS] VIET AST

l l I 1 1 l
AIS (ACA CR. oe ee = = SR —— - e

om Co’ CP F CO’ CO+OP F
- | & 1

Ny unex F

AIS ICA aad M = 1 a = ‘ (3.22)

AIS CTA He Cs, Mama tb
Mm

_ u-x+F uf,t+fo-a)t+hy fo —afMOAI ee SF 2 fe AR

F Tihs

] 1 ( ] 1 a a
MHF -~u- x= (e+ 2-5-,]) u - 3.23)RoR Wepre RS

a8 Asa) u as AA MAS AMS aq Bele Aieqah oays

wBosH (identity) |

__, / LL _! — ae /

TOR RTT ee

ae va PF (3.25,
/ 2

FNS CAA CBSA CHM (3.24) CATE ATSM AA Ae AISA

CAG) VAT CH CRIA 7F GACY MALS ACA |

AISA CCA FAIS) K=K,+K,-aK,K, (3.26)

Basal: yih ciara asis aaa Grr yita sc gae 20

cm ; fala yay carer CHtiqter qanaca f,’ = +20 cm wae f,’= —

30 cm |

BIT CACAA I TACs 100 cm ya 10 cm SHER aslo TW MAA

SE UlSlay BS AW AeA >

ATS CAT GM WAY

es eee
F 20 30 20

wee F= +20 cm
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— 20 x 20 40

3o.0CSC~<“< 37S

AAG THT BOS ANG CTH BV eitwlana Fae V Ace

1 ot ot

Vou-x F

Le
Vo 20° —100+40/3 20 260 26

wes V=26 cm

It x:

: . 40 _ 38
HA AAW GAH CMH YAS Vtx=26- -. ="s cm

V 26 3

RAH Mo 4004 40/3~ 10
wae afstay ava ay. aiid o os GI! atetared Gow

S43 cm |

3.1.6 ARSTICA AGH CAT GHAI cHdy aS
fafor *efs |

CAA WIR BATS cars TIS A CH Fem BAIS a GAA

BCH A | | MAHI Cl ANS ALA WATS AAS GIS SiewWs TH

CAAA BI s—

(i) U-V wats |

(ii) Aa MATS (displacement method) |

(iii) ANAT WATS, HAS CH Al HAT ATIC

(i) U-V wafs:

QS ARTSIG USAR CAM GH ACTS | Waypoase cag

(optical bench ) fafen Sine wa 7a CayTSS ats, Saale
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(wire gauge), SISA GTA GS 7 GEM ZA (Fig. 3.15) 1 oA S

SUC Tce AAC Genie SAsiea oso 1s ofelay ote ce

! 1RA ue wae eer CHA ces cy — —1 =~, apfieace

GAYS TOS ALBA TANCA f GA Ty MIST ACA |

OMG 6 AN BA T WA PS S Bice Wis fra ataca

year tefea (parallax method) wane afta wage facta
SA TH YBa wales TAS sey waa

bas CAAA SIAN Tren TWA Clacton a @ fatea yaw

ARTE MAAMACTA AICHE ACA ACA UHI al as S, S’ @ S”

Forte me 1S’, S98 cas Beg. S", S84 CALF YA | HA WS

Ga baa awa way or | cers 2 sea 3 wae Tacae

a ewe, == > mw

Fig. 3.16

(Fig. 3.16a)1 1 SRE S-ca HTH S” SH A Pees OA S’

Gin Tacs IN a) «62 Me, wae, S/S 6 S” att GAA

WS | Sew 3 was S-ag acer ata aca S’ atwcs ora S”
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URC BITE | Te say Gre | aS 34 WA CAA Wa Aa

S-8F AAT S'S S” yevIe ALA TR. S” HATA ales CRT VIA

Tacs Ve Ga ca tars Hara cr Tacs, Oa S” Have Gralws cacs

aac VS rea cl Tacs Hava Gla farts Fars GTA as My

CAH GS QS AT AACA ATH AIA AB S-aa ACA BT HA Aw

O CH FAS CHA AA GA JIS BAI Sal ow cars fahou gare

WE | OI a facs ava O ale catarss ACA Gla O, S care WA

wise, ate facts face aca ora QO, S-99 Cs FZ AMZ! OS

S OF WH SCAPEE AI A WAH FWS ACI SA LY GACH WS |

Fo Gace BT ay OCH MMTSA GAR AMSICe SLA TA CA SIPMTS

sicias HA AT Ss GEA (parallax) a1 ak waters yfo

PA UH SAG BCA GA ATG GA SI TAT SA AT |

L sfearat can aa (Fig. 3.16b), sitetacaa wae fat cece

at ac ash wails ay Ter OATS I! CTH L OLS O FS HA

wa cab) fafa a ae foi S-aa wrercal, Porafoes sca Tree Ba

TOR] O GS-08 FAG Gs AT GSR O @ SF Ae YPVAT AIA |

fey aN OS S AA WA OCH AA, OS S OS HA WA, GAA

QOsS ess ancy wart wae ci yeas Mea! EKA TR
1 1.1 ,

S97 FARK O-% UI trea aq wieas — — — == cae S
uf

OA Ay MGM ACA |

(i) wae AefS s—at water qaalts ca, utoier e wR

OTE PHA AAA SMF aH Gaer cca ZIG VTRTA PTA Pay

ofsiaa vids SC 1 bl FACES VT SM AT! MN TTS P Utelaw

(snies oa ofa) eS mi PweSa PID @ OH

L a4 gaa x (Fig. 3.17) 4
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ty v=D-x

“i= -X

] “|

WONT Dx t EH

Raq x*?— Dx+ Df’ =0

ae Taare alsa Ae save x oa git aA “eM AA

Wt apy _ a DP AaDpex, = Dt JD’ ADF” ae x, =P vD 4Df

FEM, x,-x,= /D*-4Df'= A

, _, D*—A*weaq =f ap° (3.27)

GIA CFA ANH CY D*>4Df" gee D>4f' BwHe GICHA 4S

UTE MM ID ato aor wna ace caaia «

mS PRA CA, CHATS et fore alas we yo BE fas sa

Al at Ye GAACAA TH WAS At mallee (3.27) cas

FS ATM AA |

(ii) WRYAS CHR 4) woftery Hef ( method of auxiliary

lens or mirror)

BAM CAA CHE BIC waloyfel ACRE AT aT WPT

CAA AAAI GAY Tay Cael aa «Gos TTA Catia Ufo

U L Is

A
ei Uh \ a U |

~ i
x ay WTA 2dy NIT

xy XO

Fig. 3.18

CAA ARH (Am Boma tacasy corer Cay face eq awa) Mal
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qe olor are caf 7’ wee sort Gah 21 aattana

Ale GNSS Ce 6 oma TAL FAA TAL AMTTOC

AA Sai "HD afotay wma GR RA GavTey evs

CHU MTT BABA x, | MAT Boal cpacs L’ S AMT NICH FTN

TH | (ACA UAB x1 BOP GA UMM FC ately SNA

TNA SNA AVA TM 1 NCA FA ABTA! «AM HCA ATA TS

ATS MATGT CN CR x, WIN! atta O', Lat wore

ae O tela) slate

AmpAay ace J HEM ALA | GAC PHU Wate f' VIA SC |

Opel c— GsTe vs Gar ATS GSTS ATER WC GAA ATA

eq 1 ATS HA BCS 30 cm GAT GIO Tr Tava TH S SA

ASTI We CTA PTMST TH A CATA CHISTA CHET BS ?

HATS NAT TAPE Get THA yf Be Vel wala ToaloTs HaCaT

60cm brat aac Try @ Sra oforacea wee WeaT as TI

aah aiGeq eae eta coeily sefea acl ad 19.8 cm |

HAT ASAP BH

CAS AAS AR SA ACA GAIA CH Aas

FSA TM A TV! jae TS Glerom As FRI

FRO WATS LAMA (focometer) Baa Bal BA |

3.2 fer BACT Sa (Symmetrical optical systems)

HT SH ATH BA ACOSTA AACS TSAI SA, SA SITS SAPNS

SfSeAT Gey (axially symmetric surface) Wa 1 Boyle, TAPAS

ATSAT, ATSHAS G ATSNAS GHA SA ATs aie afer we

(axis of symmetry) oie Sq welts Tafen was afer oe

ester Ue Aaa A SA GO ATE ier Baas SAH
Ae | MNS cae CRA CAST CaIG UNftera ca ator

Bowe way Aton aoay Cars cl cela eewes Bq aT SA

SA CAV | GAA Grae (spheroid 2] ellipsoid of revolution),
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BAMNTAS (paraboloid), wAacaTaAs (hyperboloid) T WAIIG RS

NA! CMa aT GeS afoAT QI VHSB CIT APS oHTEAg

SA GIA | OMA ACH ASAT Ala AMA AT, WAAT GA CA

CAA CHT FATS ATER CACUTA ITS ITS. TaaIRA OOS

(continuously) | @ watt Tory OF, CATA TAIT aT oraTSs

os fay care ora ae fay ore dica dita Taseter wid FBT,

TM A UAB TIS 1 atory BoTosie Sea aTolas AVA

TRIANE GAA Ly ICUS FAI | |

8.2.1 Bm StH (Gaussian approximation)

C1 Ms J Oslo AoqTey TI APSA WH Be XN |

TSR UCM galas ator Gem way (Pole) O cH Ma

. a

ao" f (h)
aL \

AA fxyy2)

~-_-t\ x :

oO! 4 —h 0 +h
h-*>

(b)

(a)

Fig. 3.19

Sai x wee VX aaa 2 Sale goer O Taye yz SKF

moet arate |S SCA God POA TAY (x,y, Zz) 1 PR RCS

Ph FR PAG h=(y?+27)2 | CATS BERT AS ao Lema

hata BA x 8 AM BI GK x, h GA GS WA BONS

(function) 374 |

“1 ame fih). hot la ator scope. fh) we hawt

BA Cash TRAC GIA ATA

fih)=a,+a,ht+a,h?+a,h? +a htt+- (3.28)
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fh) atora wa

K-hy=fih)

SAL a1, 45,4, Tone awAQayiea Way PT |

WGN f(h)=a,tagh* +a,ht+-.

ARS x, A QF ABE ATSOAT TABS, ORAS

X=Ayt+ag(y*+ z*)+a,(y2+2°)? 4+--.

Fig. 3.19 sqrt A=0 eH, v=0 Sele a,~0

SCs xeS(y?+2*)+ a,(y? +27)% 4 om SAP + aght + vee

OAC 22-87 SAT 5 au 2a |

a. x= oh + O[h4) (3.29)

AI cH 1 ay UMS 4 a SreTies, ereMa AAqiacs oaslas

SKA O(h*) FH SA) JAA WAToAe] eas GTA (aperture)

ab @ hea 4a scetes aesa mala aa vaTTS BCT WATS

Taq O(h*) & SLPH) BM AA, Sry

xs he (3.30)

al ee c 2A Sealer owls ass | WTB ATSAT Ser

TMA HHP ATS c GA AMA, G2 BARITA SHA TA A

UB UEC Al) SR GAS, Wrest, MaCMTAS FI Tea

QA Se SH BM A BI SMA wHlayew aol c Al TMA

AMS FASS c ASR asts corey TA KA wl AA! @

apa O(ht) @ AM He BI Us waa aay sala

SAHA (First Gaussian approximation) Fiq 1 f

ore fay afefacaa cifefeg : scar Ga A fay

wfoiqa Gea Fal see afeny wf sad Goa safes

+ facautae: e141 oe (1777-1885) ard mitten 6 conteldeart |

Glass 6 UNToT STA Tittos TacMATT BI ARIA GATT |

CAA AAS ola fae wea “Gracie Bacwaqyec” 1841 yours

ARPS ZA |
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CIHSCTS CUA BCA ae Inte CaREs e UrAfise SA uss

WPT ALI ASAT 201 Wile way ac afonas e

aoras cayia cl wreae Fe gee a a, fate captive

P oss Bow] wicricw eifeny xcaqi wnealy oR uk

TAHT GAPHCTOCH QBS CuATPA Ve Ae xl ATS NTA! ae

cracel aulay 2 afer ucna Gg wabge 1 woe fads

CAFHCTS VEPT Sig S faye ulema O& fay ace senna

R41 CRC Te a, TIGA OPRECA SaPZ TA Tay

otetacaa atstals eePam fay aa ca Gl wR Boras

QP |

3.2.2 fastxn NCe oaRHA 4 Bey CRA
(Second Gaussian approximation or Paraxial approximation)

AIT AMSAT BARA Brose Beat GMA AMI-TATAY

SIAN BA AAR, BSA cea vaca Tag ae BA TA aay wy

ea, Tay olotaaie ate wary TT ACH UPA TSCA SIA Tay ae

wacie Te oa ast fay afelqy afonn urtvene oa

ATSB MSN ABI? ATTA erem a cma cH Taos WTR

ATA ABA ?

Ag
Pp |

47 ! OT
0 ;a Ir

l '

| | i:
| |
Dora ss

Fig. 3.20

AB ator wotcar or) afer or x om qaazt

HA MS xy ST HF OLE y aT Ace P aate fay ufotay |

eTorer ce HUIS waRECA Bia cca fay (x, y, 2)
ay x A yz, @ yr Gog fasa sara waa 7 omesTA

furs SqPGS atzalSo sq |
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ATS CNC GAKHCCA AICHTA AAA Aalsay Bay

X=, +b, y+b,z4+ dant cyy + CgZr t+ Cg? t+CgyZ+Cg2zy

+CgnytoTM (3.31)

NSA TAIT VT AW mH y @ z QF GIs J Tatas

ae 208 cil Sra Grr Sq TA1 aaa Aa BWA aay

ora faa Fat! ate yids cra Hifswe om BRI a2

faata ono Sra a Gorey BtaTace (paraxial approxi-
mation) 7-S ¥ FW ores WS Gym FB sara aeis

n?, 18, n¢- Bomtacs AT WL Ala | MOAT BroremMsa Gorsply

SAR Biola a-am fay a5 Aas aba wrilanea Clad

AA THCA ATA GA MPA ACH YI Gl CH BCA _-ATS

HOM x= (A, + bgy)+ byt ogztcyy2+cgz2*+C,yZ+Cgz7

+Cgny

(i) P fayte x—y SCA WSGOA SAHKHEGTO x— y SAA AAT

ASAT BS WA! Ble SAHHTCA Wey +26 —z a ass WA |

BMS bs, Cas Cy A BA!

X= (Aq +bgH)+ by yt Cyy? +C_2* + Cgny

(i) wfeera oa ace fats carats aca ova aie 2

Tay GAFHCTS CALE CE I sSRlN Besa Gaiay Tecra focace

ata, y=0, z=0, x=0 24 BAS a, +by7=0

MW x=b,yt+c,y t+e,z?+cgny

(iii) Whey Jaq y=0, uele ufetay fay P ocwA Goa

BABS, SAAT Toft AHPC corey, HAS x=c,(y2+z*) 1 Weare

b,=0, M48 c,=c, 1 Bees

x=c,(y? +27) +cegny (3.32)

= e,| 2" + phys ny|
e Cc,

~C, [2*+(y+%e 1)" (3.33)
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aaieaa (3.33) ast corealn Sapersa oie 1 8 cng

CAFHTCT AWS 2c, wa 1 RE RT Z=0, yet > cs I

CATH VARIA osffawcence POTS Cre cones reas atts
faq afefag onem ara x—y ora (ues ufufan cl wt), x WF

CATH “33 areca (n'= ~ 5° n) Tats CSTRENSA AFT

Cy, 7-3 Ga TSA MA! Bee Pe Pare uraA Gq aN

GIA SIENA MIMTAy O 6 O' uAaal Bq 1 Belle OP Gara aTolar

SQ O'R’) META AION Valeo GM Ufelama safeties

OCHA ACH AMSA VAS B04 ae lela SEEM sc, GeA..

weyers Taal 20S ATCA |

CACAT GE GCA (AH CHA CC] A, ATORT Bowles waa

CCAY Alb Arey ( Bay aol UPA ) wae “isa Ha AlN VC

( Taek ae UPA a Gorey ura ) une! afefay safe

Bai waa atolaca ca (defects 4) aberrations) 274 |

3.2.3 WOM OANACAA Licata (Range of validity)

MOA GAIT FORT HB ATI ? LA GUC FL STATE

ALS TM TA! MST UPA UI ae Tecate O(h*) wi

O(h*) OF WH AHH AG ARTS Va ah*i Bele O(h*) ws aw

TH A GAS WAY CH GH WW GA aht asi AG ACK

OB FOTIA ATF

a,ht < AJA (3,34)

RA GA GE SA ASA ACH AA |

COTTA SCA CHT,

2rx=x* + y? 42?

x*—2rx+h*? =0 [. pt+z%—h*]

h? 4%
x=r— /r’- Pohi=r—r[1- = |

=r-r[i-3 4-4 ne. |
r? ré
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xoO ht +S htt cal cneta orra aT |
2 gr® r

8

BATS CAR GA CHA, a=gen

HSI (3.34) AST GAA A

gooh*<ala (3.35)

4 MF, ase cue saat Ao arid r=20cm aay

A= 5893A°, SIR

h < 0.986 cm

way h es wa c a Gag Tasaeila, c J WSS h SS BE,

SAAS h ARIA Gisivesa AT! BSA mw GANA MI

UAB HAN HS AR! AB GAT AAA 2 cm aX TW

BA SHY UWAS CHAE ALAS |

3.2.4 cafes fangs (Cardinal points)

afofawie @ wtelarcenced aarete face feya met Tate

ASAT GHGS SCHA VITA GAS WA AA MG! «ak Tay

> a d

b!

¥

“ /
\

oN
|

2 {
t

be ee —_— we x 44 /N Jf
f

Cy

o

q

n
‘

eee
|

oO

\
\

\

a 7 aR
| | {

—~-+
@

WHA BH

Fig. 3,21

gies anivara oraa carters fary (cardinal point) wi aes

VIA a Tayyfaa ace TAA Vesa Faq |

ay cataia faqen: stelaaans afer ace Aare

Aue OATH SIA GIATSS Bca, Sa aes Tara fea, fate za

7 UTSIACAICS UE Cl lay tert za a@ fay aw
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SoH Boy Aca TTA SS HTS Seas FAS BAT Catan fay Ft

a8 TayCS SORT AT TSI UAtyS HICATs FHA TT CHSTH-

OA A a1 Fc afefarencsa arm faye an aa afetae-
Caray wag @ Taye Ulead ace Taca a way a Tey cers

HAA WIC BATRA SA OS eporaqccncs weswa AH

ANAT Tas ea HA Taycs Stela yay Gaeta fay F acai |

QF TIYCS TATSATS OAT TAT CHP GA WA |

yey faan: Germs ae vad Fig. 3.214 ooRe

Asa ara ‘a’ -gy uaa aha a’ Taola qa; RTH fey F’ Tar

await asa, A faye cy ace b abate F fey tra

Trae | ot ata om cl SM waaal aha ba ahay area |

bsp ara euiay 41 AH 6 AH’ ayo oR ACF

ATSC VIATBS GA GI Wes yorscra H @ H’ Tayo caw BAC |

yea AH=A'H' | Fig. 3.21 cas Hal AH A a @ b ate,

atoiquencs A Taya face ay wae arg Uqaal apareq a’ o b’,

efotaaceance A fay cae UNA BH | ASM A oe A’ UAaal | OIA

awa AH 6 A’ aaa uaa! ores HS H's oqaal! AH 8

AH oF GOCE JAUISA (principal plane) a] 231 az SAP ASH

sates wal stolqy 6 atelam aca Tay GEE GS ATT |

Cea ana ees faadttay sae (planes of unit magnification)

aml 221 Ho H’ faqaacs gai Tay (principal points) an 2a |

AF Faas BIT AIBA Cress Ae ZA ae f fata Blow Fal SAI

AF ans Toole Gray Crt ae za wae f’ fea yfow FH Ba

a 92 Te Treat | cseq HH’, F, F-oa onoins Gea

GT Ta wore 1s yas wi farsa Ba ale yaeyll x Oma

HTS HS ANAT VI GCA OA CAMS, Tana wna aca facafos

FF |

Gaull fees s asfiere waa ora git taecamn fay

za ame fay NeN | of am @ A oene ae c

ame safc oa NV aa ag fara orfos sq ora fats ata c’,
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N'-9a sei faca- cot Hawa wa fate wa a2 ye faS

HATSS GS Tass Aa AIRGAS Gee VHA ACH ATA CHIC ACCA |

CAST 2 42 Tags GPF cartes faadcara (unit angular

magnification) Taye aN BI 1 AS HS TAYCS GHA ACH ATIC

OIPSS ATSCH Gat Get (Nodal planes) aver |

F,F, HSH am wa NS N98 BA faa Bq ASA |

Faqag faa @ wm cate feds aha yet SATs AOI A

Tayne aM Be | AA, OORT ATV Ge PAST CHAT GAT

F” faeq face foracg it a-a aareara, F" Tay Tata b’ aba cea 2a |

as ata orece N’ fate ae fools gar ware B Taye cay

aras | BB UH] AMSA aa Ge AMT aa yal oars B

—_— ee eee ee

Fig, 3.22

faye cu aa! Bay Ta at Aare ater b, HTS ON

faut cu eames ON GN aaa o faults crea fay | aut

ARCH AT BA AT

aaa a afag sya a atti @mea' eb rare F"

Tay Toca fscaca BS b-ot Gaal APT a GA AMBA TA Ae

B cg cqant fay Biv ara: see baba 6 oa Seal

be b AaB wae BATE, Berl OHI ACH TIAA CaMTaRpaT

NON cama fay 1, 2,3,4,5 Aeamgiaa face craical Zace

MA PR TROT GAT ACG UE |

Cafes sefece cifefan faces oF, F, H,H', N @ N’

of gate fay va afer antvane was calfere faery (cardinal
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points) | Yio aA iy 6 Oa @-cm yt feeq arn areca @

rr Bloraced wayaal atotae Tata sa ABs |

Fig, 3.23(a)cs crate 20K, FL F, He HH’ om aaa fe

aa ( GM Tay Q aa wes tre frag ana) git aba a eb

wal a’ G bo atwrancs Tay Bq WA ae Fig, 3.23(5)-CS Cran

zag F,F',N,@N' GM asc fe aa oe Asa) as We

ASOT ACH ASM GIA AA Aareqiea afrq cafe @ feds

atag orator Arp arpeHy :
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(a) qefeyg yes carey fagen em we. ofeiswencea

waa Tay se sen eA fay Fa oa afelaacnces

BIA Fatiay Taela ai aA fay F -9 Bom Bq Zea

EXC FP =x, F P'=x', HF =f O8 HF =f

_ PQ HB roy
SHS a ee HY Oe 3.36a
7 FP FH x —f ( )

AIS HA _LO BAT] fo (3.36b)
FH FP a x

= y fi *Boas, Tyee e444 m = pute tcf (3.37)

aa xx =ff’ (3.38)

af aaieaecs faBprra SERA TACHA AAPA Aen BA

(b) wefan qey fagaa yes arena fey oeorcaa oaaat

wa Tabor crated GOT Taser oats Ba BrCesA Teas

arena Ga Yio waal TaeyCw ae |

Fig. 3.23(a) @P 8 P’ Bea Gg Gis Baan fay) ae 7B

MS BMT TY Bim sa Zar TAwoA waters aera

aes x Bx’) wear (3.37) wal

x= ~ £ gq x= —f'm (3.39)

m va a8 faagior aay ade |

aig RoR Brews Gr Ma os CHT Basa fay ZI ae Ate

amg cara faads om, SS, SCA a YS THA BAUS TA AMI

x=-L age X,'= ~ fm, (3.40)

41 US PR=u A P'R' =v

CRU PR=FR-FP WM w=x,-x=---+— (3.41)

Oe P'R'=FR-FP

av=x,'-x=-f'm,+f'm (3.42)
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(3.41) @ (3.42) cars

ul 1 =f

fiom mM, v-f'm

Beg (un—f\v-—f'm =f fim

uum = fv + f'um*

tS ifmWMH amt . ] (3.43)

wae yan qsfey He H' « fara, m=1 ax waa

fF oy (3.44)
u Vv

3.2.6 COPIA YAS / Sf Et AAT WAH :

a b
' i | { |

_-.. °.

%

@

ao

\

F Cc. oUIH a ci FY Ter
}

| f j | t'

—— -—
(n) } (n')

Fig. 3.24

Fig, 3.24.9 OCHA AMV APT a aa Baqeal afer a’ ce F

Tra wa b aba F oa aes Tara fore Tats acace aareare ate

b' A 1 SMT ONE ATA c aPaTS Tals RcaR eT OR AeA

F CS CJ VTS SIPC AAT GaAs Ursa ocwa aa THA

TRA 7 Ctl fafe Bale ATS wAREd foTcy | seme A’H’

Ge os Caraccy Gas wabee 1 wee F cae A’ oS OTETS

we F CACHE HM PAB MICS ATA |

[FA] = [FH]

[FA] + [4A’] = [FH] + (HA)

[44] — (HH) = [FA — [FA)
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“BFAt oa FH22 HA? 2 2FA’ = FH* + HA? =(-f)? +h? =( -f[ 1 +a]

—.

Fa=(-f)[1+ aI"

= - | 1+ a] + O(h*) (3.45)

GAT Olh*) a8 TCA h oF 4 A SCCTINS TSA AWB AH ws

eI TAR 1 «MOT OMA Olh*) cH Gers Fal AA ale

BHTBe] STAI A THCHA Tieng aTonass n @ Gelysa WNIT

NTSOAAES nn BA. GCA,

—_— h?
[FA] = - nf | 1+ 550

aa [FH]= -nf

weaq [4A]— an \=5- (3.46)

wqgrena = (AF =[HF']

|AA'|-(HA=[H'F']-1A'F]

=n'f -n'f'| 1+ |

_ _ ah’
= "5 (3,47)

(3.46) @ (3.47) Cac

nn 3.48
pf (7.48)

aura f of Gt ae wale mem cA! GATT SIA

qiacs Aly FS TGA ANF, SI nan’ ax f= -f' |

gy faran H @ H’ @& Bless Tela wate] (3.44) @ (3.48)

LACT

q BB ah 8 (3.49)
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PB SMTseIT OT NG AA TA! Kir eHERe aioe

SI] ZA WISTS GF AVM ASN CHCA GRA WISA AWS

TIJA GA GAGS BAF |

MU Ver ev'=e
u 0

V SV’ WKS TI BISA GS ( ATA Trea) 1 Vie V’

Mies Sas o fae caress saya storal a wert ©

qe | er VO afaafes wla (reduced vergence) ez |!

RSAC VAM GCAHHTSA CHE u AMP Wore VE Wns |

amtea (3.49) aV,V' 6 K apa :

V'-V=K (3.50)

3.2.7 Wiatced #4 (Lagrange’s invariant)

fasocaa oratets Gaete Taadcad aslo ARS AWE MEM TrcAteet

(3.37) waeae1 | a x auf eas x’ =v-f' 1 Tea

-J >"? (3.51)

Fig. 3.25 aq area @itrs faacaa ait nee awa facty

FH TH) fait aa e SGA AaT UCT ACH CI IA aE

SHA VMAS carfetes faqs (angular magnification) ma 2

BTA 1 | - Bale

Fig. 3.25-4 ACEO BM BPA O aI BO HTT |

arty tan pA es A 442 tan g tA = AL
PH —# PH ~?

GAIT WA, tanx~x~sin x wee

g- -* ax p= —*
u ¥
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_ 0 ou
WSL ma, = =e (3.52)

ia Sa
| i

|

. @ —- | i p! x
F M4 ry F “<r”' { BS

(fe 4 L_

. u t { y >
| |

Fig. 3.25

Cols Taady @ GAT TARAS TCM ABT] YAU WHE ATA

waleqe (3.49) cas

1 n vo _v

nu f

WoAF m=1-2=1-(1-% ian v
f miu nm ou

n= (nn A (3.53)

me may AF aly FACT

yin @
y on 6

weed onyO=n'y'O 
(3.54)

gis Sopa wa Tl MAMA TAM VT GA eat Stan’, y’,

aca seen fawla wera n,y,91 woat fools wc vralace

TIC Aponaes n" Ste, afetay y” aae fay ara UPI ACH

0" Bl FATA

nyO =n'y'd' =n"y"0"

BL GBS Waly SI wasp aioe 6 atosaq

GAC GB-HBGS WAM ST AACA AF ASSET cpeqs nyO QF a I

OF YJ AATTGTSH Je TA AACMA M64 (Lagrange invariant) aa

(3.54) meters Banca WS (Lagrange’s Law)! WSIS BAN

7
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MAN WA AT AS! AIT GULF AALecW Ae

(Helmholtz’s law) a 2a | aufasla wicars Tara oe weTbA

He ATS |

afeigag a afeter spin oer Teg anamed yaaives

ny @ OF ART SM AMAIA! SN SIN HAS Bq TA y

By se aoe) ww safes sfeiaa a afelacws ore.

y foal sPyT SH a a OBST Gla Wieiee a ateiaw

Bl CH BA, HE SHB Lena Vesa Fae wa | = Fig. 3.26-«

| |
i

Pj !

— . on le cg
Fat c - yi >

{ G _ hi=-y I et b!

{ ~~ A ee

nndf ¥! ;

Fig. 3.26

Fp sfeiey cam ey F-a wage eae afetait aioe

am wei | oa a Poors gen fay Hoa ae face Taace |

F OS a ot ANB a b yy Cas A fou GM BATE |

FPe-y ea HA=—-y 6 ataa aqaat aba bo wep, ase

ade TaSla FA GBI Saes F" TIeHCS SH BAR | a 6 b AMSA

ASI aa aaa apaa’, A’ e F’ aa ard! a” ata BCR

ace BN Se FHF" =6')1 F-08 atetas c ahaa Tacs ee

Poa aicias o cq foes see eifefay waar Sa 6’

GHlt SCACR |!

VSAM HAIMA YAS L=nyO

=nyif [Om
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BSA L=—- nhs’ yaq afelaa oetca | (3.55a)

=-nhs ag ufslay wales | (3.55D)

3.2.8 cEreta fasta Ga (Afocl systems)

AIT GAS WvPse SA BWl2 vacwa AAR wil wTrye

afeiacd atstare wir cai sels Wot Ta catty fay

SAT CHAM SAA CAA Siew CHEM BCITH CAD!

SwA! ava cararafasi weiss ea a ZA Fig. 3.27

Q AA’ OF CFG] SH 1 OF GAT CART Sal AWG OAT GTA

TA BAT |

TUTSTH fata BS

(n) : A' {- Q A (n')

I 8 , nL — a- R F } oy ' a!

iy oy

Fig. 3.27

qb wareatal ata a @ b ORT ATH O HI ACATS | AL. BERT

Poe R Tacs (aq atta | PO ats P fares BoE Bom aa

aeb Ws ae hea wa da! ase ae wer,

ACH O CHI BAS GA SITS TAMSTA P’ @ R’ ayes cow srarea

P'Q’, P tants ueea Goa ae Pe R fauq afsiga Po R’

aa PQ @ua atelas PY ai PQ=h a P'O'=h' |

waa eyaa PS Pg BA Jaey BoM SN aA! PRau

ae PR=v 1 c apatt O fasz ae fara forace wae wea

ANVATT | coy Vasa AM co GS WPA AINA Bla cae Q' fey

Tea ata PQS PQ sal s Fl ager pig aq

ufeige @ afstacas cara aes Taadq my = IS) | WTA

MAMA AS WATE

nOh=n'O'h' (3.56)
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TOs = G1 ATlFqy (3.55)-q 6 @ H oa TA AA

nh -n'h'-—!
—u -

holo h
a "ho ou Oh v

no nm,

ARTS MU a

2 amr nm .

Joss Vv Mr 0 (3.57)

Cara AL a Set CHa waael Heats oem aca

MASA (3.43) cee 1 mY m GF AACA my Farce,

nmr on ge (3.58)
v Myu

(3.57) @ (3.58) ATIeTe-YIb gy Ge AST | CHATATQaia wera
ANieTaC AER TOR BAK ofiesaiics K wa wm sar ata |

aan Sibert cee afefaces na wae cifefaw
ASM WET aisiay aiics ava afetans oriier wafes aca)

ACRE ORY Ta A TA AE ae foe faadad faaacaa

SAT WAS | Gaxfsore wea asian e afslax qalaca Be B
CHT BACT, CHT Tada

_foan) = nh’ = 84h |

3.3 fafen cena ater wera sBaE esttaay faetac
A RA Urissiel ST AACR STAT seis sets ga

TSS MDA MINA 2 ORS AITAISTTE aate | AYA ZA,
(a) Smal atolay ava, fe, ara a ?

(b) afeter eran ara 2

(c) afetaa ae ay aq >

a Gas GNA Craig 1 nba ahreaa omg ons
ScePITA Tey efotey wwf (ideal) aa wa aaa afetay
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cage (defective) a4 1 sateen wear ere K, Paola ye Ser

(ACH YTOTATAT FAS v Ae gest yas Sar cas Tlotawa YAY u oA

TN Gata AFR Bey
(

nn" ok
Vv u

AT CUP UU EpleCo] U APSA AICS |

NSTI SH AWG TAS GA aay sa wey Taada, cies

faada Borih | 4 WAG Nacwcs GwaNcan 2A Alacay ASTo, eile

nyO=n yO = 4a |

Cara Taeta (particular) Qoyfoara Stat GEA VF BIA ANA

SACS CNA WANA AMA STATS ACI Vifosrey Tea oa callers

fale HAM VAPAS OAL WyfoPe STAI PASTA I FS | HPA

fagla SHA CHUA THATS ACA Ga SAS faada FOL ee OTe

VHSB SCH MOAI yore Ada SACs AeA |

TOAST QU] FH AA AMWTSs, MGA GTST AMM nT

awa, laches, Cetus wales Mea, OAc SOAs, MAME TLIC |

im woos waa viata (design) Ce cava waa Yio

wales Me Tes zai MM wefan wa asige waa a Coal

$4] SCE Gla yoraat vidiesrona mass areas aaTs Bed | HAT

foals cacw (3.31, 3.32, 3.33) wan award Gs Tea ware AACR

VNC FAT |

3.31 wifes aafs

3.3.1a oseata elfentas G7 (A single refracting surface)

UCAS GHG nen’ OF Ge THU AIS BAG GaAloy

SG] Fa c (Fig. 3.28)1 Ae aa a aye GF GAS «

BASS Rey, © usZ fax Trea Ga uqaal aPafoe fase ace i

ISAK MR Sails Tavse Tred syeHl | elie S aoe was faadcaa

wl we a ign H oH’, waiew OS Mies scare |

b abate cam Trea foraca «8 ater cas atone oa @m



102 SITS SCANS sea

fais I Al GAM Abas S Sta ATSTA TIATOS SATE | SI

are] EC CE TOE fay N oN’ AaIATOS BCH |
Many

>
(n) (n)

> co

_ E og
F 2 FO '

=HM H =N@N

Fig. 3.28

Fig. 3.29 q ufsiga Pp ORE Swag sabes =P wa alorar

Rae UE P' fay ates Sora seaiay O aang ya [ay
GE GAAS BNCBA THTIY BIN BN BANE! OP=u, OP =" |

S waa aoc, SY uletquancs cared, oace (> ap)

O faye @ a ats O faqs can arate | afolaacees GaFET
x” wR (b) @ R faye @ a atarse A TaUCS COM WAS |

BTCA AE BATA

[QA] = [OR] (3.59)
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CAPRI GTAATH

M'A=h a, MQ=h .

aa QA = MM’

= MO + OM’

h? hie

tu 2

-s h® 1
=n — —— .60[OAl na(¢ -} (3.60)

SI OR = OM'+ MR = OM — RM’

ale _h |
2 Ww

— oe AY
ssar [OR] =n >| c-- (3.61)

(3.60) @ (3.61) Cats

Haq] a -* =a(n’—n)c (3.62)
Vv

BAe QF Wonas Garlor wars] K =(n' —n)c

K = n =o nm f , = Ff = yo
TOY pri wes f Game OF

ae f=--~"— =OF

33.1b efeny aifeaae eae cates wefe (Spherical
mirrors)

MHS BWSFAS So S ass Teadtad Sa, Fore gai Taapagy

H oH’, way O CH AMATSS AAA | AT ASS aT Ts

faa foraca oferta AT MIATA Mere AAR ASS CHCMA TH

fara feacq: aoa ato fap NG N' so ar ma Cm

AMAfos aE (Fig. 3.30) |
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PGI FAKPAA

[AQ] = [RO] (3.63)

CMB TARA

AQ=MM «ax MA=M'Q=h

S O84 WWec| OPeu, OP'=01

MM'=MO+0OM'=OM'-OM

4a RO=RM +MO=MO—MR

h? h?c > _ fe h2
BWo44, na tn 9 = By ern, |

wee, 7% 40 =2ne= 2n (3.64)
v

I, tls, (3,65)
v u
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waleay (3.64) ot AC Atenas Ct CHCA Ua Hwy

(3.62) 44 Sa BCA oe VA, & Aas n= -—n Tira

(3.62) asiieay (3.64) asleac afar sr wee afer wre

ETS]

K=—2nc

3 _n nm 2n
Is Ke= f f r

r

= 3.66

eae ” 7 =F sete fof (3.67)

CRC CHAN TOR A lowers oy Baers fam GAA

AAG HE 1 ASAI CH ANB ARH MVS CAL SIMA FY

ants Tacs petd | | telawraad ates nay STHtts

(AACS ACq - 7 |

3.3.1¢ OP MAaPaia Sea CaMag AAR

FY GAH, SUH AN A Gay Hay Tee Toe BAA

ete fora wa aaa i> ates aatoane oma adie

(n,) (n')

um”NS pL
Hi “ee Ha} IHD

ha a
~,

Ay ~ TAs
oo

f
ai

i
’

~

K, d Ko

Fig. 3.31

ATI WUT RN Ba yo MTs wear ges Te“eter

em H, @H, o% H, 6 H,’ (Fig. 3.31) gfe caa aH

i H{H,=d\ wm wat a ter mera afore ny,
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VIATHTS n,, Paola eeHa a facse n, ae vatace n' | way Ss

Taoly SHA SIS yeast K, 6K, | wees feta, P aq veT

Sta aletqy acace P, faycs: facta wera aa P, ufetay wae

peTS afeiaa acae Pp fayco: gen uniter SA ol

Mm" LK,
Sou

TAI mi(= hy) _m(—M) og K,
Ss ut

h’ h6a — |. A = — 1Tay ~ 8 4, -

MSA n,0,—nO= -h,K,

THOla Wore ScaA CHCA,

h, _ hy
A= =~

oe FM aK,
v t

TIS noha) male = — hy K

weg nb —n,0,=—hoK,

(3.70) 8 (3.71) 305

n'Q'-n0= —-h,K,-h,K,

WA 8,s=—-h, 6 O,t=-h,

Tey d=s—t

wae 6,(s—t=0,d=—h, +h,

weed hg=h,+6,d

work nO’ —nd= —h,K,—(h,+9,d)Ky

=-h, [ K.+K. +4 éx,|he

hy

(3.68)

(3.69)

(3.70)

(3.71)

(3.72)

(3.73)

(3 74)
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qq O= 0, Nee Stes ata wep, ae Tea | (ae

qa H,Aiv=h, (Fig. 3.32), Saq G—-0,.', 6,619!

aalea (3.74) Z0s .

n0,=-h,K, (K Aqaa STS! ) (3.75)

AE AalHA (3.70) ACS

NO,9=-A,K, BA Gio - Ky (3.76)

saa nd,’ q kK 3.77Bog nO,’ = —h,( K,+K,- % K, 2 (3. )
1

(3.75) @ (3.76) a4 SAN FAC

K=Ki+K,-4 K.K. (3.78)

(n) (n,) | (n')

oo» eee a’@=0 Qo yd 2

h, Aol a
j h2o0 Be

H, H,' Hi Ho Ho! F

Te

qj
K, to Ko

Fig. 3,32

TOA _" -—_f ay n_ dn (3.79)
if Foti fe Site "

(3.78) CAH ATCA WAS] AMSA cnet; (3.79) caw mpemM

ACA ARICA WAT G Tesi Tas Ger GAY Fig. 3.32-4 GUIS

apa A,’F’ aaa Task gai cera fay face facaca 1 PA,

apa aopq aye oa abe PA, ae @ FA, gem aids

Se wal A’ fayts CRY BA AH UCRA OT aT) Bete

AH’ sate aqacaa Teel Yai S| PSA A’ =F’ |
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ary ae ua H' a fF @mbae wea ata a A’ aa

VIB Fae FF ese UPB Si aa! Tao ocaa Tawla FH

fay A,’ care aaaaa feels sen fay H’ oa yay H,'H' =0' |

ow WH, -WF + FH, -1F-H,F

hy —heo
a (2)
hy —hyo

G,

geag daha Meo (3.80)
0

h,K

IE lo

O28 db,,=h,,—-h, © O90
4

Foms h,- hog = —d0,,= an, *
1

y= -~-" Aig 3.81)Weed 0 (=| _K (3.81
APEITT GIA, ANAT VAT YAN fa Hwa a H,H=6 A

ga 4% Keg (3.82)
n, K

aal a8 Gera Tawacaa waa Tact Fa |

carota faryan :

(n) 7 ~--— --
|

rF 6 6\e8 .

— r Hi

ir :

|
Fig. 3.33
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Fig. 3.3306 P fay ore! FP=xt P et wast P

Bee FP ax) aaleaq (3.51) aqart

” x’ kb
m=? =— _ —

y F’ ~ X

O48 AMA ASTRA

nyO=n yO

€ y _nd_ F 8 | Bae |
mes y no F @ / F F

ain Ps Pp’ age aia Taya N oN ay, ota O=9'

(gee cartes Taada), sels

y oF
y F

las FN=A, O88 FN = A’

_F_v AF (3.83BOY F’ y FCA \~ )

BATS A=F a A=F (3.84)

ANA caters Tayotar Tala PaCS ACI STMT 2

(a) wane feo waa guilay H, G6 AH, GA SAR Slat

Ue | WAacna quifaaga Searatar

n kK
2dH Hz=o=H, n, K

ok n K
H,'H =0 = —- ~ ; a

n, K

AUN AIG WIS K=K,+K, - 2 KK
1

(b) ARACHA Fy calain fayacua waaya

HF =F

Oo ne n

(c) waatcHa carole fequcaa waaya

' FN = \ =F

F’N =f’ =F
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3.3.1d AM CAH (Thick lens)

qe TN Scores UMTS SRA HAAS Airis ure aw

COPA AA BCA ATATOaeNY aA AS CMA afore n

x '

ena |
re

U

Fig. 3.34 73 carna calles Paap |

(AYA ALA) A GSTS WAT IA A @ Ola THC ASA Grea

NETS] SHH AWNSTA (n-1)c, @ U—-n)cg! AKA AIT Sealers

OBE WASSIA wa ae faokt Satsvs oa Gas worfosre Sa val

AS AA | way Ste waiay Ha. AF ScAA qa yA aay

wae faola stad amiga H,'-9 2 Stas ya TYSA ACATE |

aly CacaHa Hoos ATOR OFZ 2A AAT TAT CHAIG AS

SaaS SAG nen’=1, eaen,=n, H,H, =d1 oop F= -F'

ek cia fay N, yiey H-a «ax aU Tay N’ genfay

H’-9 afes ea wea TY Ss yes Tage fey

(equivalent points) © ATZHA Se (cquivalent planes) qe |

AICS AWN CHA CAAA (n= CTSA TTT aTORaTES,
Aa FICS ) UPTAY BG Aloe THyA GE

~ (l-n). ad n—|] dH,H=o0=' - Cra =o PD co (3.85)

H,' H'=5'= - (a-i, ¢ (3.86)

PIS] K=(n—1) | es- Co ot deyco| (3.87)

_t__!}
~ F

HF = F @& H'F'=F'
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Table 3.1-9 Tatea wreKaa og GAA Fosgia GHZ CHER

Sa 1 CEN @ ceaqias wre fafon ace orem wage

IFS] AIT A AISA TIS 5 CRSE-oF see 1 YiS ATS

Tea Te wae HH @ raga Aa CHAE CA A Lc, 8 ec,

BE (column) Alb VIC BA Aw BAA CHA ANA CePA

CS co-F WH ANT SA AMC TAN! BS cas BA vaid

CATH C, SCo FETE AANA SeATw VI +0.05 BAI Cla WET

Gar arate ane «A aa caaface Sateen ware wee ure

CIS | GA Ais 3 Seaicata eAefSle (the method
of bending) 322 Sas | CHa CCAA GIG Sea APS TTA AAA

AA CATS TUNA CALF BTA CCS BT, FEY Gla HTS CHOATE

AMAS ACH LA AIGA THUYA NWI HATS VA AMT ACs |

Baza s ast BeBe A oe ald Ge-uqen B TAA

ANI Gls iw cA cot tn zal Gea casa Teele

Sl SG UIST CTH AT CT WA WNC ANN yo

CAGAA CH

A B

r,=10cm r,= -20cm

ro=—20 cm r,=20 cm

ng=ti.5 Np = 1.6

d=|1cm=+4A,A, d=] cm=4A,A,

{0 GGA BIS GC Giias Teyqied wea Tae save Bq |

(3.85), (3.86) @ (3.87) 44 ART Ae FN Ta

Lens A Lens B

c, =0.1 c, = — 0.05

Co - 0.05 Co = +0.05

K, = +7.42D K,= -6.06D

5= +0.2247=A,H, $= +0.31=A,H,

6'= —0,4492=A4,H, O' = -0.31=A,H5
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gio UMfosnet weaa WH GAY d= H,'H, =0.4492+ 0.31

= 0.7592

BSA ANIC HHS]

K =0.0742 — 0.0606 + 0.7592 x 0.0606 x 0.0742

=+1.70D

= = = -3313—H,'H’

-3 d= —2.707=H ,H

WHF

A,H' =A,Ay+AgHs +HgH =2-0.31 -3.313= - 1.623

A,H =A,H,+ HH =0.2247 - 2.707 = - 2.482

F’ =58.83=H'F’

HF = —58.83

Fig. 3.35

3.3.10 Borsery ashy oreynacta wale (Method of paraxial
ray-tracing)

as aleis yaz wae @ gel Ble SANA asia

ators (a1 aferas ) Cre cara UARal AWATE TOR

nT a(n nye (3.62)
Vv



Gieaice
| +6.5) +20 40.1538

CATHA ry, rs Cy Oy H,a=
yjarq | cm | cm jcm7* |} m7 | §cm

it

BISA- |
CSA | _20 | —6.5 | —0.05 |-0.1538] +0.97

(Wi aeS-
CTT AAPA)

er co | —-10| O | —01 |0.667

Su-beet | 20 | ~20/ 0.05 | —0.05 | 0.336

Cga- 10 00 0.1 0 Oo -
ATS

ona :
BASE

+0.05 |-0.316
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SA BATse Cas teaqia ators @ ahowas ores

ANA AT HT GIS ALA | ATS GwA (3.62) Asisay AcaaA Bea

Uletay cae aifeian 7A @ SA APM UA Fe AA wae

gon cites Tayayfer Tafa sn a 1 (3.62) SH GY WML TAC

AGE MAG AAA TI ATG Ba sts ows Gra arate ay

WCET AF I HI BIATSS TA HP acs A GBoicq gar Tats ZI O’

re, eae ain O aha yf wea OMT cs TST u Gv HE

THB COU BA, EA

hg. hy

ae n'0’ —nd = —h(n'—n)c (3.88)

AMY SCA AMA 41 MH hi @ OG, HE “YA AeA (3.88)

(WHO, MSN AMC 1 Tes o Mos

wes A,=h, + d,'d,' (3.89

GMT dy FA AW Gal Cals Taeely Gel WAS GH Iq FAY |

(3.89) (att Ae GR CNA! Bawa O,'=8, | hy, 0, cic (3.88) ©

(3.89) OF AR AEM AA Ay, O,'=95 | ASIA AA ATX TBA

FOF CBHI S y HEA ACH CAM Tala Fed UAToATE SAA Ne THA

APACS VPA BA AC |

aly 6, =0 33, ude wafes afn weg WISE Ba. A

AAO Sate Tara] Tara ara BKB CF TATE YH Faq TAS faxft

P Py

etree sm OW Jer)
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k Oy OA FISTS cars Vocae Gonca An @ @,' fay an sa

k Sy SC (AAA GA) WHY A, BA

, hy, _hy,0 = — A 1 oF = h ’ 3.90ie ra Baye “6, (3.90)

SASS ast PP, @ purses ata PF oi cantey Q'1 Q'H’

weet Gq a) sete HW’ Tala an fay 1 Beas

6 = — A, em HR RH I (3.91)
HF’ 0;

HS F CAS CAH Ga THE CAMB AF PACS AC |

OF WAH GSTS Syl afsgacaa | (3.88) @ (3.89) at ates

ARE ATH CET GAS a FHA ql Sal ATA GAcers AalsAe YTV AMA |

Halle

n( a6) — nad) = —(ah\n'—n)e (3.92)

a (ah,)=(ah,)+d,(a0,’) (3.93)

6 Gah (BIG BEG (a0) @ (ah) aw WG AM GE! ASA

Borrewla aly (tea aba ag) wepiacca waters sefas 6 @ Ah

n, =n, = 1.5

n, =n, =1.6

n, =n,=1.0

c, = 0.1

co = — 0.05

Cg = +0,05
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aes qu facie a whS HZ) 3.31des yu Gras SrA creM

TS, OA CHA Was as ralsls TIA aM saa aMTTD

Table 3.2-6S CHAT BCS! | AA ATS Bs (Column) Bag cars

AS BA ACS BCA GA ALT GATT CAS HY WA AT A Gay Gagte

HU AW] BAG SAI AWM SA weaeale Gre (data) Fig. 3.38-94

AH CHEM STACK |

Table 3.2

CFI (angle) TWA GK FAR cm-4 GSA ANZ! hy=l cms

ates ar =| ee WaT, i=1 | faela wa, i=2 | Gola wa, i=3

ew 6) 005—S—i«dL( (sit OS

| n, afeoraiee oo 1.0 ot 1.5 to 16
nveny | tS Od 1.0

h, = 3561 ; 7 1000) 0.9667 0.9384

0, = Cr | 0 — 0.0333 ~ 0.0283

nh CO 0.0500 | 0.0452 _

Be-hjln;'—ne, (0.08 0.0048 | —0.0282

nye;-%,=1,0;', - 0.05 ~0.0452 | —o0170

0'=044, | —0.0333 0.0283 | 0.0170

d,’ : Oo 1.0 —_
y.<d,’s,, {0.0333 — 0.0283

hehe +Y, | +0.9667 | 0.9884

weagq h=l A,F' hs x2 09384 5591
~ = 6,’ 0.0170

hs = 0.9384 F = H'F’ =1].0170 = 58,83

¢,.=-0.0170 A,H’=A,F +F'H =A,F -H F = —3.62

HOM A, H' = —3.62—(-2)= - 1.62

SPS] Kei -0,0170= 1.70 D.



TOT Sz: Borgiy WARY

3.3.2 cafes “Efe (Graphical method)
UNS IPI Hy SEPIA azar wey Cafes sais ore |Ot A TG SIS oaTSAe ea BAIA sey Ri pafeitsCUT WA GH, 8s, Brera (J. H Dowell) | 9i5 art n, 67,’

8 IH alors sate qa) cms (Fig. 3.39) |

CPE US aya Pe P’ wae

117

a aPaios caacq

tf 

, 
h ’ 

,

n,?—n,O= - hin, —N,)e= ~ —(M, —1,)=(n,'-n,)a

(3,94)

n=,

(b) Rrerarerat wey

Fig. 3.39 wrecacaa tafe WATS
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OTF HN MS IO Ga SN wee reac cafes wafers Ts

oa O' fact Ba ata | | Fig. 3.39 (b) CS OB, Gatto (Fig. 3.39a)

S WSN SH VR AeA | Os we BA TTT

afonmcesad Aa wis n=1, n=n,, nen, sorte apnea

BSSYA JE VB BA ia TAS cacy! «PA at AIBA O

1ayvG Oa bal Bt Oa,n=n, Jat a TAS BH WAT!

soaq LaOB,=91 AC, A Tae S oem arma AC-a

amema a fayco ab aa br eA! ab, n=n,' Jae b fae

cay wate | «bb, OB, ATMA Be Labb =a; Ob zw

4 (bh.
5 C ATOZ Cae

/ | TERT 1*5 cm,

' / 6
> /

4, ff
" a'st'3 nyet"S ngr2d

Fig. 3.40 (a) ¢ (6) 08 1,2,3......11 Zon aemaiace ma of

Teer aterg org fae Bq AACE Gl CHANT ECAC |

eM 241 USAT FaHIN «Bya=n,0, bb=n,’-n, ae
’

ba
Oe aon, [ FST Fen ba=-(n,-n, jal Fee
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FOIA Bob,’ =F B.a-Fpiy ba=n,O+(n,'-n,)a=n,'0"

Jao BLb'= Jap Byb=n,'0', Tey OB, =n,’

Fem LbOB,=6 e

CIRCA CHA ATHY CY] Ob-cH Ae saci, Ob, A Taw atoqze

ara PAT OF AMV BlAi aera was aT ae as

TACT APU Hq TH a ATE, aa A User wa sIAfss

Ql la aay weal fay afats fade sal ari Fig. 3.40-cs

BA AGA Gay Ja cava cara eB saheloa mara Tawa

orem Tey Foe feo geifay NW’ aa fae Ora ECA |

an cate A @ B ysis cana ayaa | (Fig, 3.40)-6

n=] c,=0 A,A,=1 cm.

n,=1.5 C,=0.2 A,A,=2 CM.

n, =2.0 c, = 0.333 NP SCRA AIBA |

n'=1.3

3.3.3 AMPA AACA NAA tran Gta s cawtey
atecwa aefs |

UTS L ase yy cH ( WMS Bee ) WA WAG MATS |
CATE Osis Flawed (collimator) at AM A Wei sie-

CHOTA AIBA (target) atele Taq aa gaye aneam ata

MAA CUTE CA Lag Gq acA ACoA | aA ATG TATA

apuypR aq’| GA Lea wets of aTeTA TPCT ACF
o i Bae | eB aba see PN afte som Carer Tay



120 SASH Heese

Tac forace | ator fares ace owl «et abalt fate

aca feels carer fay MN’ fal PN ea Aareae SA NF’ AAR |

N'F’ Seq ACH OO I BATA | STACHOTAT erage ca fayls cars

aa’ ATS AMPS UP GIA LT atelay AS ava NF’ AAA

Cy Sra Tay Fa |

4 US L HAD ABI VAT ALCP IAA AA | Gs BG

CAP TUT AH FSA UAWS ae GT OORT G9 A A

Taq THe TS AA | ACA SRT A GE CHA ABTG NV’ feeq Face

MWR’ GAA Net ACTH HALTS Vem OHS elas CATH N’

Pea ores ( eft BER Gora awa), N alo qeonaa Gorm gare |

GATS CANA APU BTAA PATS (chief ray) WA ANE N'F

MA AA | ASA GFA Ue Kae afolaals ate GAT

WMA 1 «BAe ale GATS wed TTR ATA HATA ABT TaN

TIBA YH TKI ALAC CATS aus eins wer caaceie alors

FS GT USF SA Hit UBS cen we cI fag FHT AR CB

feqic aa carens Taal curr Tay 1 oe fay cacs atotacaa

WIS WR A GAS! Blewqyad epeA ( aaty Ag TAC )

Ql Avoley HEAT IBA CH AV LIS] GHA BW aso ashy

OF Ae (Fig. 3.42) |

CHU AECU CHATETS BTS Me HTaTAA (holder) way BETS

HSN Bl MISS Qs AISA AH Ji MISA aaTs

GAA GR GRA OORT VARA OIA foe HATS I) aes UE
TE GIST A AE oF fava onbreats ace uM ast

LAA CHA MA OF MGTOATCE GHA UE MGT RATT TE |
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8 aaa fetaais sare sats GOR mMTETA BoA aes wat

OHA ACE TA AG, LS VY CA ACH AMSA BAAD |

GIVE Few 8 we Tes ARR GHATS Ala Ge A aA

Fargrs lq GCRT GAT AC CPS AT |

BT UGTA Taeyib Aa BATS ACA CHPATOTS Yel UOT ICT

9a) 180° gia sien Tce @ SroTeTD Ata N Tegiore yeq

THY GAT ACA AALS ACA

GRATGA WAS] AUIS GCA UTI AACA Walers AAPA GA

carer fay fac FH INA A | ANAS WIS CAAT CF GHRAS

wae HOR ( Ufo) ast GT A Ba SA Mey

qenaett fact SACS AA | MATS CICA OTBALS Yoraell Gre ATA

ATA G AAI CHAT MAT Uae Cac ATAS EAT TBAT

qenaal Tal Fa AVA] ECA



otfacoew 4

faege (Dispersion)

“And so the true cause of the Length of that Image was

detected to be no other, than that Light is not similar or

Homogenial, but consists of Difform Rays, some of which

are more Refrangible than others.

—Newton

4.1 fargac) fafos aia unas fren, calfors once, aa

AOATAS TCA Tet Tacs ahops Acai Tahow Avqlet Aes AI MCG |

AC AM Ue SaTeTA CIA cRIG Tea face ORT MA BACH

(AR A VCMT WR Vs Tata can za fam cs afoTps

CUA CHG A MTT CHACHA ALA GANGS BHT AM Ay,

feud TS MIS AT! Oe AM Aa wee "COE,

ate wa! Trea oiaa tres wh wer carat, oom TE

TT] AAA US Ae MIB a UNS BB aes foe

OFF OF] ORE Yall WM sq Ha ose Tava

;

74

1666 yor% (Fig. 4.1) 1 catia oncena aera ater aol yore

Ra Meas fava (dispersion) ae wa wena wiolors ate
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(spectrum) At! = aheRrses seaiecs fasgas TATZ (dispersive

medium) ve |

afeia Tater avert wren ware fafen, faa srwa

gitee fatea coral acta fason gifs ane eed fanww pits

CATS CAT GAS CATT ACCA Gea APSHA ATA Acer Sal oforares

Cs Mt | | OTaTSA Saree oA Ga afenass Tater

RATA HY SIMA QiTS Bq call aT aay Hera Tawa Co |

ARTA APR TICS CANT SARC SCAT ATORASS AT |

Fig. 4.2c® A sedate TTT GRA Atenas xn Teor

SIRCA AX GI faSa BWA Sl HAA ZA |

\ \
\ s

180

#170 \
a Wal payen \ ‘ WA OY ‘ \ . } ‘ VA . . ' as \ t v . ‘ =~

y

AYA
— VA a \ \\aewv \\\ \\Y

\

pny, TRon °
i160 q ee -

IE ae one 4
a - Cea

t50r ——N oy oo oo
N Too] NST
pn | we ; r

(40 4 SE
1000 3000 5000 7000 39000

x» (A°) ——

Fig. 4.2

\ * \ VN VONARAMA
‘t

b

A
\
\

\

ANN
NN WA

QAI WATT GHA CHA TT Ge,

1. GARR AS Bey lores TS aw |

2. wary AS Ay a

3. Talon TCI GR I GI SaRtae n aS cenit x

OS Cit

BS AMG |
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4. fafea qa caaqiacs cpaenim cilba (ordinate) cea

AHH AOA GAT GI QBICH ACT A AT A |

ona fagaore wtretfae fapgas| (Normal dispersion) 3 |

4 ae acta Gal, aio Tor meer Ten cam @ aefell oem wa

wa ais one af aA @ CATA AMANTSS WC CH AT A

way atyfer face al (Fig. 4.3): «& faorasca fapgaceny

HAPS (irrationality of dispersion) an Za feeraens Fawgacg

os TAS CN A fee waeq cate ay Targa as opto

TTBS |

& 2 5) wp
© x ms 2,

oO Jz 3 | we
_ a. Ir rato vt Ye wo |

} i i | my sy
| | | In Bp

Lit Hf LL | | 1 po
|

3500 ; 4000 50f9 6000 | 7000A°
! | |

| | |
3500 ; 4000 5000! 6000 | 7000A*

_| | { Lil

ee _— pn ee oe015 67 =
Fig. 4.3 feo @ ata arpa feraca fetes ster

Fae AA TARTS APD |

4.1.1 wapotfas fasgas (Anomalous dispersion)

areas fags cuogivbora af (Cauchya alieay Tan

ain BH Ta) ak adlera> 1836 yor Shy cocATeCa |

AMBaTs Va

BC

eG

sent A, B, C gaaqiaa ma aie Gra Tasa Bea 1 Aches

& set Pees (visible) or sem shea aaileay Ya See OTA

n= At (4.1)
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ab 1 ae SACTIZS Be ATOR GN CH CORE A

FABACIT CCA ACH BT AIPA CCGA GALA AN | TAS A AT

WAALS MCS TR Gey Bie MANGA Ti Tea AA al Balle

Cras (absorbed) 231 ates A Bers CTA BI SA BCA

Toc Tawa Sra alga corse ATS Yas 1 I TOM COTA BA

(98 TOTS TPA Alem aba qe afonses sr

ABI EGS) CIC ARCH TUT CTSA ACU Walle

aratiae fagacer fae fais (Fig. 4.4)! « aca fargaace

oratetfqe fargad avai op al cmt waneias fee aa

iT FA WATS Aelia HA Al ST UY A TTS Syerey

Or Sq ate cA Taga sashes areas fasaca a

23 al |

ra

ATICNT (atserpt:

| ZH TRA band)

» —

Fig. 4.4 c@rarce Teta) carareia wala aes

BCR GATSTAS Fapg, a

4.1.2 cats Taegae (Angular dispersion)

Catias VCeTa Alwar shay fer ABCA Gi PO za

ates aa, ateps sae awe Tagine garg fate atmo

TH QUE GA WH A GHA YS carta ata ae fae wea

CA AAMC AHH A HM WA SKS GS we awela Aces, A

INGA CHI, cals GBA (angular seperation) 71 3 |
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Fig. 4.5 (ave CH ANB A

sin 7, =n sin 0,’

sin 0, =msin 0, (4.2)

a /+6,'=A

GAA n CARY AAI AACS atone. aly Ga aslo

waren A+da oF cama Teula Sta was cI @ Fas care

qawy 9, +d0, @ O,/4+d0, FA GAR At+da OF Ba Maca

ASA n+ dn Zl SA

. O=ncos 0,'d6,/+dnsin 6,’ @RS dé,’=0

cos 0, d0,=n cos 0,’ dO,’ +dn sin 0,’ (4.3)

d@,'+d0,,' =

Hea cos’, d0,= ncos@, dé,+dn sin 6,’

dn sin 6, cos @,'
cos 0,” +dn sin @,

4 51D (Oy! +8, »)

cos 6,"

db, _ sin A dn
wee 2 (4.4)

dd cos 9," cos 0, da
dU. omare;a cay feres fabgae| (angular dispersion) a1 23

VAST VISA CHC A=20,' WoT

dt, 2 sin 0, dn _ 2 sin 6,’ / dn _ 2 tang, dn

“da = cos@, dd cos@, dA n 1d

are cotter Fagan “ Gia a a

(4.5)
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AIPA (4.4) 3 ACH SAT WA HAN ACH A 72 OURS oT

SMiaiss Salar Giq Tass aa i° an PBT | - ASTOR

cag Tacaeile | a CS foey-meacaa | Sef favgze (chromatic

dispersion) 4 |

4.1.3 fanRas Was] (Dispersive power) |

nN SSRIS BW (n—1) cH aASytS (refractivity) an 24 |

ates wage warn Gar fasaxfier) ale ye CaRcHM

A, SA, Ge SIMA aeTaSl af (mean ray) A, at Ga aloRte

qenecy (n, —1), (ng—1) 8 (n, -1) A SLA A A GT SG SIMA

THAT Ala AIT feercaa FARR WAS! VS

wy (Ny 1)- (ng-—1) _ny—Mg _ On (4.6)

(n,, ~ 1) Ny | n,. — 1

EF VANS 4 BA! CAA Taal ata ea CH SmRCM TW

ATORASS on, =(n,+ng)/21 FASS WHE WAL A, @ ALF

MaMa A Sates agaet aha Toms wen zi aaa

GRA COT CHT TAA TAAY HTS] NA SATA VACHS BA Sa

ylb SARCHN CISA] SA VE AI SSwwIEtAA arei C Saxio (Red C

line, 6563 A°) G28 AASTS ale F Sait (Greenish Blue F line,

4862 A°) ors aqael aha Tea cen zl Cuiwacaa ZeH D line

(Yellow D line, 5893 A’) |

4.2 {eterna WAatTH (Combination of prisms)

fereca fags ac. fagfee gai fafen Genmaa Tagac

SIC (ISA! «Sa ATOR Gamma aafes foeca waa Cod

SH Gia am fagaewia Tapits (deviation without dispersion)

a Tagifezia fate (dispersion without deviation) 716g] ABS |

4.2.1 fagateia fapsfe wats fete (Achromatic
prism)

OTSA Yo Te Cs WR Coal saw aq aa BH



128 SHTMSIA AICP ASS ay

gam foecr @ Tama aca Taal Tac Sl ACAI GTA NCA

aaa AIA BA ferey ARayH We | Hea se fas Sepa Zhe

foot C SG F GG 2A | = SitHA ATOMS INGA «YATSTI A, G

A, (Fig. 4.6) 1 feat uit amy ora TAI 2A UTS SIMA

ot sna cared Taras Tacs Ace |

Gl aia Toews Gata aly sieisa IA eC TAT EI CBID BS,

Ol HI APH CHA HITS Rea

6=0,4+0,-A,=n(0,'+0,')-A,

=(n—I1)A, rT 8, = nl,’

O,=n0,’

as 9, +0,,=A

TAT ANAT Wes Tacq cae C aces cae GiTS

bg =94¢7 99¢=(M,¢e—- 1)A, —-\Mec- Az (4.7)

HIYA GIA F AA Gai GG HTS

Op =O,p—- Sop =iMyp- 1A, —-(Mep— IA (4.8)

Teeray ANACAT Ta PACA AI 7S GB AHA AC Hler Te

25] Ad=8ce-0F

2 ETSA MBAS ATA SICA Tava Ae BCA |

Haye Ad= (Hic —n, FA, —(Neco —NopAg

ANIA VIN WIA AS FI Ad =0 (4.9)

A, _Mio-Mipqo eet 4.10)
Ay Nicg—Ner (
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(i) ITH Terery BTU Ass GoACAA LA CA Mac =Nac, Mir = Narr

WAI A,=A, ; ATA GSTS ANB Pas TAI Be 1 AACA

fate ata wratoe afaq area, welg cara Tagils @ 1 BoA

faerie Sc4 a, Tagiiwee Acq al |

(ii) fama yiv fafea Gormmaa aca, gio Tera ators

cory fe ata Sl OC HACHS Tos aa TA THAel aut ( geH

D line (& ¥ateT ) CHCA

Om = (1, p—1)A; -—(Mgn- 1)Ag

Mic —Mip) A, — “2¢— her F) A
Wy Wo °

GUA o, 6 w, 20K 68 Fe Tees fag HAS) AVATATG

Hae Acer, Wala (4.10) case A_-A WA AACA

. A A
On = Oy o- MW - Myo -—MyP) +.

Wy Ms

=A, (nye-mir)| moo) (4.11)
W, We

~

0m 
4.

(Mig ~My p/w, — 1/9) (4.12)

esa wor forecast afomas cr Aes TA Pa BT |

SA ANA CHUA 8- = 4, 188 6, OCHA WTA ACA | FATS

Soma fags wtes a ae SAI WeaK Yio few

ware FATA eneine fags al wee, Afefta Teele oMIcaA TR

waory (secondary spectrum) cac#a VW |

wes Ay =

0,-0n=(Ny¢ —Ny pA, — Mec NeplAg
(nN n

= A,[(ni¢—Mip) - Me MP) (ny, ¢— Nep)]
Neo Nepr

AG] ATTAS3 YAS FT |

4.2.2 fapsfefeata favgas (Dispersion without deviation)

eu fapiskela aqce ara, wet aba rm Tepts

aa a | fey sama aces, weet abug giacs, GTS RCA FCA

9
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fag aca | faiae acielt seaet shea fra aaa ora yfacs

fagol sey Tara Tee Sr |

Teapot Ahast AQIS weary a TA

Om =0 (4.1 3)

A, Mp7]BAS Jaq A. neprl (4.14)

acema C @ F ahaa ace Tapas mTame S07

0¢-O7=(N,co—N,plAy —(Mece—NoplAs

=(n,p~-1l)w,A, te nan Nin- lA,

Ab =8¢ - 82 =(nyp— Ay (or, — 9) (4,15)

fag fqrpal B08 AAA w, Bw. ANA AZ |

4.2.3 Boye aeffen Slee] Ae (Direct-vision spectroscope)

fapifeiagia feen asad cat) Tao wa Rey omit

‘ses (Amici’s prism) | ee TaeT Aaa Teo spa Terris

ANCHIS | | RIT A, @ A, BaTaAY (4.14) CCH MGM Bla A,

(Say WITHA ANA Teswyjlea we aT! Fig. 4.7 (a)-co D

afaq CET UINTSS ata PO s Tao atu RS ATBATET | | URI

a8 ated CHA GG RTS HAN 1 ARTA

A, =90,' +6,"

6,=Ag

6, -0,'=6,'-0, FAN OS T-CS HIS FA @ Taras

wee 0,=0,'4+0,'-4,=A,-A,

sin @,=n,p sin 7,’

ql sin (4, —A.)=n,p sin (A, -9,) -

42 Np Sin 0,’ =Ngp SiN Og =Nep SiN Ag

a8 afb aatiaaa care 0,’ afar facH, Ya ARCHES CHAN ATA

tan Ay: - (Nep— 1) sin A,

Jn, p*—Ngp* sin? A, ~- cos A,

afm Ay Gla) acs Ora A, ae aalasate face Tales aca cor |



Favgae 131

Fig. 4.7 (b) cS SUITSTR formas ANAS CHUGH REE Tew

gic Tee Teeaqter ama ocr aroma 1 | ate MTC F fefé

90°

5

8,

*Y

8

Y

R R°

ra

Sean ° P)
erates Le "eereer T

(C)

Fig, 4.7 .a) sutahy fers 0h) aio smrtath Tere aaa

(C) were afte Vz

ostss, witty naaraa F Tame “hd waa st aTEIta D

atag faite ae fos acell-Tamaa tit wa OTNTA Teel cas

OAS al ease uitaty fel ATaat wera Storey water

acfetidiase qq esl Sa (Fig. 4.7c) | lal UCAS Gents Taya TAS

S oF ATA AA Blasaosa Ly oa ATT TTS aPypS ANTENA

aH At yadhw T os wer Tacs crecel Aref CHAT ATA |

4.3 AaTagy (Rainbows)

fagay @ wermdin aferacy aatt yd onehes Sng

sa mse! «aaa faa faa Bea yea ATS acy ae A SIT SS
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AVSNA GT GOT ACSA Sl MSM FG TB qa TS Gan Fly

TA CAN TA ALAA Aceves JO ASG GMS AALSS OWA AM

TA! ARS St FY AM Ce Baas Sage “Iv a

Toate age oa aa) ae amet sce alos aait Sea

8-1 a Aa Test Wet! Gls wtas ae

(primary rainbow) 21 Say MALIA cats (secondary) J

eq 1 oats ama Toor farsa ae: cal, Wecaa face one

TRO AACS Ale FIs rida Ts Gbi—Toos fees aA OA

TRA Aa | TH Bea TAA APS ga Sa as ane freafacea

AWA MANS TSA, 1672 ASH GS BAA Fer Bal Ze,

(i) 9req Tapayter corei,

(ii) Aa Orasal GeayA WA ATOAS ACA PCS GFT

GINA AA VSS ATSweirya WA ACS AA ASA GCA,

ORR (iii) TAT aPagETQT CI OCH ATOM HITS AA CHA TCHR

FATA All AT BAS ZI |

Sari Tassel crys (Descartes) aso aca Taya CRE STA

RIGA GTS ATT ABA AA aes aa fall sa Goad woly

PRs aCtaraa |

Fig. 4.8(a) CS A Oats Galay, WA IG BI HAA AALS |

PORST ata 0 Ks BINTSS RAE | AT Tee aifowea

om fates State 6 IA |
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etary Wer afore aaa Fig. 4.8(a)

QO TaqCS BO =0- Os

R Teas Bits = 9-20’

S fae pile =0-6'

FSI GIG RTS D, =2(0—6')+ (a —26’) (4.16)

YA VSI ASP GA UG HTS

D,=(@-—9')+ (a -20') +(a—- 20°) +(6- 0)

= 2(0 - 0’) + 2(7~20’)

a N API VSB alow sq Seq ccHETH CATE BTS

Dy =2(0—0') + N(w — 20’) (4.17)

GM D ok WA PASI THM FSA AVG 7A TH cH As |

d Dy _
204, dé 0 204 |

d Dy _ _ dl’
Aq 7 2-2(N+1) 70 (4.18)

feg sin G=n sin 6’

ane oo ae
ASI cos G=n cos O ii

, aADy _ _ cos 6weaa “ON =2 E (N+ 1) £08 |

adDy cos 6 nPUN = () LO8 FT aqq 76 oaq cos 8 NTI (4.19)

d* Dy / cos 6 \?

sevonoren | 1/88)arm Soa 2(N+1)| 1 (£08 7) |>0

(Saeq] n cos 6 >cos 6

Baie ane =0 6 Dy Wael B41 Gk aPsior CHE

cos? 9 = (7) 576" ( I) in? sin’ 6)N+} °° “Why

2 I n= — |“ a| 1-——|=7
cos (N+ 1)2) > (N41)?

seq] cos’@ = — 1 (4.20)
(N+1)?-1
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n? —]
cos? G= qzq N=

ut aqaq N =2—

—_—

AAA CHE HT AT SAAS 1.331 ae oral acer CHUA 1.344;

AT ACCT Seri CAAT Aer Bets

qyy N=1 9 = 59°32’ 9 == 58°44’

6’ = 40°21’ B" = 39°30’

D, =137°40' D, =139°28'

qdq N=2 0 = 71°54 6 =71°29'

6° = 45°34’ 6 = 44°52’

D, = 230°24' D, =233°46'

onefaes ataeaa ele
HT UP A GPS ANB wsAra aio Gealqys Org

cere (Fig. 4.9a)1 wa acai BA ahats a ama BA-aa

Url QAI APN A Sal BA ca alo faced fats acai wacwa

TH PORST apatsa cuca pS qos | abet ae ere BCA BITS

137°40' | aes gifes a8 afaiia arate aq aba gas BTS

GFR AWA VAS a8 AA ain jvm gifea ahaa Aare mca Trashy

RA | HSM Fiepow pilosa Iecs eas Hara abs Tae aa |

BTSs aay Beara atena cama faoft atenqias Goal x4 |

BA a BITaTace ST afeacs 42°20’ career GTA SAAT CH MOH MGA

WA SA Sas Ansa fast afayes areca « -Meypa Tworsa ABA

SHAR AMS | WIT MAT GSI Bows afsserad wag fate

orl atest ard al ale walaura oats fay AH Hal BA WA

Tats shape Fig. 4.10 oa te O fay cata fave ae Ae A

R04 1 ral Aer cw D, = 139°28' selec aegT Ua ABA

40°32’ 1 ware Taxon gitece Tae Tafor acela ata as ys ~EpT

(42°20' @ 40°32’ wextara) aca arava) «et as areca fous

THCS Ae ae ae Aeacaa Tacs (Fig. 4.10) |
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SUTY CCE MAS TA ANA AtapH ANSaas enarg

aa Gea ail TA ond a Tee set ahaa cena

Cee 4S TA MA A Opal abe OKA NOT TKS WET

_
— ~~
a

2137940"
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mA WA MA RA! MSA A aml crs ce atea AMV

Aap GLA AVA CHR oefTyCH CHA AVA el ACA ATA |

Teena A A Ol AR NTS) oe cate ats

“BR | HAs qhoq Tres TA aA IIe UIE) wa Tore The

cars Haha cH Bsa Sra Gra awTE (Fig. 4.9b) |

Fl cas wR TY Aaraa Twale EX, ues Gasny org

Waa OA TR EX OF AMSAT ACI) EX-E BH A BE-

"I 42°20 Fars GU) MEP Sere BC GA GAM WB Ges

core Tagine acl ay ata wxcat oe citar Sa fagits xq 137°40’

WAS sey Aer aay HTS 1 LS HABNYATE A CHAI |

FSA WAS GB Sey ACT JSGIN CHATS AMI 1 Tos awa, EX

BUPA ACH 40°32’ GAIL GA GSTS PI Gs AI wars

COP TAG RI Al AP WCHA OITA NST] GIA HTS Acq 139°28'

a Qt acest faaon piecaa | | ale BTS Cael Jap THATS

WTA | QF HR SPA Tol GeBengyler acs Tags shear Gea Baye

A AI Weis FSH SIA CHATS MGT ALT! FCB CHICA awIcae

AGS FI MAIS Tay, MA wWeesa fas are oa Towraa Tas coil |

cael araega rele

wae se fea um ge weds aferacaa 9 Tfs

SH MACHA (COTA HOTA Cotte! STAT APS Za (Fig. 4.11a) 1 wails



Fig. 4.11 cattt area aT

@ EX @ace om xq 50°24 © 53°46’ wkceragy Ye mepe sony

FU WH GS FF MPI GTA VAPRS @ WHAT! WIS HAN (Acs

wae atewacaa aa Talon aed aba ova Taney Hilore wCeA

Oe CARI | «| FOURS SGA Sra MAES Tea AG AeA aA

Ale 8 FAA MPA WH Heyl WA BA al | = FHT
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OA ASA A May FS aca os foswa fre ae @ Tera

fea aati see snefie @ cay ames aceq farts |

FAT MSP GH GF cot AY MIs a CCS GAT

SHH

ory 3

(1) Sea ATT Gesnyl sas ato *BCe | SI ACES HalTHA

BCH AI THA I ACA VT CH ?

(2) Toa, 5 6 AAA Meet atopacTa CHC ATM CHAT

Ma 1S? BSI Cars |

(3) “aces wee Oa THara Tae CATA” BAT TE TS ?
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OUAA (Aberrations) a] Hfofaa adtaa ae

1.5 6f{c*tge (chromatic aberrations)

JOH ASAT Gaosare Sato ooh whys aM sey Bares

SoH Gf (monochromatic) Mc ATA whstay wee 24 |

VAT CAS BIATNG wobopys seq an alse xr aga

OI CHG atoray set acd afore we Agel wena

Taga] Sq 1 wel aa efenass faten acla one oar

each Goa fasa agi cae waiter sa afeaas see

MSA, SA MGT a Bessy yoratt Sareea Gorm fava sara

aie fafon oaxtuess Talon acai abs aeffcrtaei (chromatic

aberration) aa! | acc SCT CITT TG Fay ofetacaa

axiom fay afofas a aa aaata fay afstar aa atm

ATSB AS GBG GAaeCHceia Tar |

5.11 GES AST CoH acffcrtae

OSG] MSA ATA AS VBS Be SA WISI

K =(n—1)(c, — Cg)

GA C, GS Cy CACHA 9S SHH AFT n BA CIA MTTA

Torna 1 QS n SIH Goa fata wa ci K es

warcaeiay Urq fase sacra a ae Sartwd 2 e@ A+d2

QI Fal AAS AWETI nS n+ dn 6 GAA BAS ygaca K e

K+o0K | Site

Kn

——"

OK =6n(c,—C,) =oOn (5.1)
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LIA TATE APT im GT CH on, TENA ators @ K,,
CHAT WIS | § 4.13 ces 2 SALT aOR era faogAE

HTS]

WGA 5K =0oKy», (5.2)

(a) BAHL asftcrtae| (Longitudinal chromatic aberra-
tion)

Cort wel a @ GA ay aKa aforTeS are acer

Sealy TATA ATS AAT CATS Cf

wee K violet>XK red

soar Fy Bee Bed ae F,’ SCVRPS YA Aq (Fig. 5.1) 1

Brg Bag wale Vases iraq Tay TSAR CATS AM UIC CTH

QA ACTH All acer otetaate xa F,-a, Ae acealy F,’-4 1

aA 6 nla WHA Gal aeylea stele aca F,’ oe F,’ oa sem

aq Gaq oa faye) A SM cPaTes aaeats qr |

C

8

Dam i |
> wm i

A

{

|

Fig. 5.1 F,' @ F,.’ 3q1eca canal @ ae

ACA Ga CPP Taz |

BEE cam tay ufelasa afstauie wats fay a aca Tater

wantneta ca we Bag faten fence gems wate

asftcrtad aa wate atom aa afeleetd sent wats

TAH RMA 1 OF,’ STG OM aTATA CCA BICATISS Gey CHAN

A OA SH ATA UE aaa Tran ai F,'-9q ony (BB’)

TAA A CN MIMSS TOT CHA AA SA RTS oa OTe Teas

met ara F,' 6 F,' et mania wa arama (CC) oentes
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Bes AHA MU WA; airs w zx qyaen aifea qe
(circle of least confusion) |

(b) QATs A(teAAe (transverse chromatic aberration) |

HT] TS VHT SA VA aia as. ude wPy

iq Tay P as AANA HA Aeld Ge GH atolaa zara wewa

Saat weston fay P-91 ora fates acta aay wfearad kere

(convergence angle) fen, area Gal 0, ae ArAt Gay 6,’

(0,'<6,)1 Py scRa qa eats ei PP,=yi P, «a

ofsiaa Pio aa, PP, =y | emer

n,yd=n,'y, 6
’

x

aa n,yO=n,y, 9,

AR ° = a , (5,3)
‘ y

( a TANS Mey GC AAA ACT Sa ANA ATI wWSAA

y, “yy a Talon cantata aa taeda Tater ate crcara

qintee AY ACP GA n,=n,', ny=n, GR O,'<O,' | Weak

Yr > Yo
y y

BAS Asal ACA CAH Ae aces Trade cal (Fig. 5.2)

was wera ace face fatwa warcacia wai Talom Tac

(meie faton faadera) after zee Sree aelicaige aa |

CSS UT Se UT Se UAT | | MaTAe Aiea

UES PACT |
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TCA Te aH AHA MTA BoM 1 wey sez

TEA Ava ACH BA VAI MA! CARITAS AMAT

ofa AMAISs Ua Romina Gad! wes GIA CRAs

Aras TAG CCE] BN GC AL |

aferacc stam Aetaerss gio Tales wantarda aco

qa] TI DI BAC SF afaa ss «6 TeaeT SaReAS Tea COT BE

D asics) Fargacers ISIS Hes GF HA Als HICMCIBS CHEN TT

(i) waves afar cHeM. GylHS airs C @ F act

AICHE ACHR NT UV OK A arertaig war F,'- F,.

oe FNAL TN ATS MACK -+ GSM

Fo-Fp . Fo -F, w
SK=eK,- Keowee ten feo hr coK,e ©.

, “ Fo F, (FF y)* we Fp

As Fo _ Fy = OF py = (OK: (Fy)? (5.4)

(i) offend afneces cats, aiciaaa gare sea

(Mo — Vp) WCHL ACMA MTA BCA) CHTE WTSTAA YAR uv Veer,

Jt
te u Fe

Pill
Oy; U Fy"

cae Cs! | te ~tp Feo - Fr
FOU, Oa

Mp Pe Ue ty Fo Fy,

FCF, =F py AI CVep=Up* AN IW |

Fo - Fy 2 2 w 2
sig Up? =(OK)ep* == Yp* G5)
Fp* Fp

(HA WA CHAE o AT TI M1 TSI AA ss CHAZ

BACHE ANAS BSAA WoT BATS MAA AN |

SONI te’, =

5.1.2 Sard CAR \8 GAH Hala (achromatic lens or lens

combination)

LFS CATH VALAG AACA FA BN MA TN) CH AF PH

ATA 201 WIA TF AM |
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(a) WAY CMR Wiaica BHeHT aeficriAe| s—

ua Te gio ATS CHA BIS] a K,eK,1 erwa

AGN ANIMAL WTS .

K=K,+K, (5,6)

AIBA ApS BT wlio ahaa cH BACHd air

mH teeta WS Be aK =0

HAs 0K,+06K,=0

BSag, w,K,+0,K,=0 (5.7)

ROME A] WS AMA | ARH w, Gw, AA WHT Aree

qs, GGA F, 8 F,’ oF We elo wR Sta rales

AIS SCH BA! Ue Gb AA TH, ETD USA e HATE

BoP |

Table 5.1

& ( | ] “

1b / Ap nj. No | Ap—Ne | wx 10°
_ ee

 nee pO

aia (eeata) | 1.5230 | 1.5293 | 1.5204 | 0.0089 | 1.702
| | | ! :

|

sre tet =: 1.5760 | 1.5861 | 1.5721 | 0.0140

— =

2.431
1

|

\

'

|
'

|
1

7 ‘

| wa feb © 1.6170 | 1.6290 | 1.6122 | 0.0168 | 2.723

Brisa > Galo alice Acin GH ANAT Coal BArw Are

UA SS +5D 1 A ER AE cg= 0.051 crm ytd Ts

MAC ?

CAA BIA CHA

K, + K, = K

qe ow, K, +0,K,=0

K
TATE K,=-—*—a, ak K,= “> Wy
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Fey K—(t-er-cs) AR yee +
i-l

K,
GR Ky =(y — 1)\cg —Cg) C,=Cg—-—

Ne —1

Table 5.1 4 @ Toate Sa af CHET ACS SIMA AIA

Cl ANS GTA AIA (AA) SCH MNT Sew Acq Table 5.2

HSA 2e7 |

Table 5.2

ened lk cate ete enter,

. (K = Cc C. C.
ame, Lag car | 2A THK Y(D) | Ka(D) Ix Kf} emote lem=?

met eee

A | aisq | zr fed |+ 16.68] - 11.68! + 5.0 |.3687] .05 |.2528

B oxrefed | wa fed | +46.63]- 41.63 + 5.0 [8598] .05 |.7244

C aga aq fee (+ 13.33}- 8,33 | +5.0 |.3051/ 05 (1851

A, B, C a Toate awacsa crak cinaat urate Fig. 5.3(a)

OT TS 1 AMA SE AW cg=-0.10 Hen wa ANIAylaa

oa Fig. 5.3(6) 43 3S Bl TA Se wm faroy CHA ¢, =

+0.1551 G48 c, = +0.0351 BS |

lay 2 dy tay 2ay

AY
AN
AN.
EN
CN
oS C3 C, 2 C3

(a) (b)

Fig. 5.3

OF CHING CCH CHA JIC Ate CAH Bios ACOA AE

FI BCG VT OA QA GTC Tratay FACS Bea ACMA TAA HST ATH

NAS 1 AMS Gerd Are Poon far Goa Yio wea Jo

SIA TI! as GT Gebay ¢ qa Ge-wasy cows

ATMA ASAT | CTH LATTA BTS AVG GS By BAHANTR
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FIN Ge Gort caaiocs aAI-BaA (bi-convex) Gem za 1

Q FIST ATIC Baya (achromatic doublet) am fal cA

IVS GEA AMA A BATS AAATY*(Canada Balsam) a Gey

QA AH RPSHA CHITA wren Tea |

(6) ajautcn Bates cam mMatcH aficrtad ga sata
WStAasS) -—

K, So K, SHOR WiC “TS CICS AMAA ca yor TeH FAY

dt 98 AIAA STS

K=K,+K,-dk,K,

6K =8K,+ 6K, - d(K ,8K,+K,5K,)

= OK ,(1~K,d)+0K,(1-K,d) (5.8)

ACPA Al WBA GATS WE Be IK=0;, GK =O RH SAM

CAM CHTGTTIG ATA (C 8 F At Ga AAA ANA)! oCRE

afsias ¢ asia aqaal mah g0g |- l= Ki ue v Te BA

AMFH UAT G TEST FA GA CATH! APT TA GH MIT Coy cAI

O,= + xs qa as Taeta gel Set Maes GA AS 0, = -S qa

SIE 1 cen ae a K, @ Ki, 4 am ate cancnetia Ace

TATA BAS aie OK, SAK, A AM BI WA IK=0 Reais Talon

CAFO CHE IMS BBA aes aa Tater oarcncdia

efotaa fafca ongena aq Feale Acer A SATA WA ATG

AS Rei

o(6,)=0 aa 4d(6,)=0 (5.9).

- 8K, 5K,
~ LL = Q & - 2 = =Baye aK 8 ak 0 wn 6K =0

ares OK,=0, 6K,=0 (5.10)

FSM Yo GPM WIE CAs Ao BI WA SIM

ASCE TAT (achromatic) | wceta wield @ A PARE

toler atic xq |

10
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waren afr cece, ath cin Af wa ae aa Oy AY

6K=0 Ree wee AeA BT 1 OA BA BOK =O

gems fafen aia Gay Tal yas GT CHM ANI BTA As

fatwa accia gen Ga facia em cers afer ge aie antes

afaq wal Taton accla Taele ataqtey maa Hareare 24 |

GE Oo’ = 0, = 0 | BOB FF (Fig. 5.4) |

CAA AACA Tl ASASG SALA aelieriaa aaa | HAA CHACAT,

as aera CA AMA | RS OATS watuedia Taste afen

AMBAA WAI Ie THE HATH CE HIB AMBaa ata «aio

fancwd fafars ac4 wells COITAA AIA AST HaIAtY Heese

HCA SAS |

8K = 0=0,K,+0,K,—d(w,+03)K, Kz

alt CPA BCA WTA GSS SI UE w, wy, GA
K,+K,—2d K,K,=0

Sie dee =4 etx jroo (5.11)

AID CACHA TCH FAY, TA YTOA CHR CHA COA AMA Ae

ANITA AWAMAWIS A | Afic71ae Twa ATS (5.11) Tawa wT

VATAS MBA LS ANT HA AWA AACSS VSM AAT WIA

at a8 AIT Tei THe HacH aTwolag ycayia aeicoiseS AeA

d WTI . Weed Fa Yb HAS Vas BS BA AS A TA

GEIST CHS Ml CITT Vea ame za fafesn calfas-uteca

(compound eye pieces) (5.11) AST GHBIATS Cit ba Za |
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5.1.3 Cale aeffert secondary spectrum) 6 BfS-watel WRATH
(apochromats)

ACAAIST AG VPC IAN BAe Jou Tae gro Sacwcea

wae (AAS: Ce F) aicnaee 1 cpr Cres CRT as He

CARN GS ANA 1 Ga) GIRATIS Hea A AMA 24 OA MA

FQ] HS | WEY Gay GaHCHeela CHA CHTMACHN Gey sy afl

BCG ANA | « - BERH Farrel aca GI HarHe Taig Fy AA Ay

CH A CAH A’ GH coc EIST ATAaGA

OR = Ry Ky (Ky BK Bay)

env anna r May "ud

Nip -1 Rint 5. enn) “Kop
ny -n .

“nya. "OD Ne dA GF ALICE VPs Teg WISI

(partial dispersive power) 44] 24 i WSa4

OK: y =wp, K, +wp,K,, (5.12)

iba @ fed Spe CATS Waly AUS PHS HA BSE | GANT |

Ce F ae aa qa ace Bare Fal Bt K,=2.70D As

Table 5.3

asta FaUGAI BAG wp x 10°
C-AD-C C-D F-e G-F

&

$5 | eiferratet jo x 10°
|

|
J

BoA |

B 2158 1,521 | 1.727 | 311 265 223 412 510
:

Tet
i

C1736 | 1.617 | 2.739 | 534 486 412 793 1031

aon Taten weartueid a wre) Tae sar ae ata a

C OF oF xx HN CARR (D oF Berets) KTS) Aaeee caxft
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(Fig. 5.5) 41 GPrReTA CHS) FATA ST 1 «| OONTATS CTA CHT A =

K,-K,=0.05x10-2D 1 Sele C CAB A, STS BIS TCG

“Seq 0.05 1 fatey Sioa Walef ANACAT CECA CHAN AA ACHAT BI

CHITA CAY BC TF SACHA CHIACHTNA TTA MTS CPTBTH-

K ;

(D) . |

!

t iF | [Pi (s al
4000 5000 60008 7008

»% CAS)

Fig. 5.5

\(A°) 8KX 10¢ DI

A 7680. ~I18
C 6560 | -3

D 5893 | 0

E 5440 |; +2

F460 | - 3

G 4340 -22

CHOHA BATT 1/2000 yA 1 AST RS CRA CHA GQ MABE] WAS

il, MA CBA CHEN 1/50 GATS 1 BRE Bal Jem AMlieoae

SUAS HAYA TABI A! oF waters actrees cae afta acer |

OK1'A =0 ECS RCA

wy Ky + oy Ks = ()

“n K

BA SS = ee = AE ROS RS

OTA AOS ATA Soar sca cet yioa CHET @ NST

ATSPSA ACG Di ASM aera fara Coat sar au cate-aefett

Toy CaS TT | RH iss Sp @ afar GHTa (@TfAS CaF, )
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OF AAR 8 AEH CUTS AST «4 ATE steNeTA we acm cata.

ate ann: of Her aly gio ccna saniaa wow fee face

cMTecnats (spherical aberration? WI PA VA OCI CANS ANITA

afe-aatef GAM (apochromats) ACH |

5.1.4 acticorae facia sata wale faq aafs

BACH ACMA VARHCA Wl (wavefront aberration)

TRAAS CHA ACS ANCA! «BHA GR cA fay wielay Pg

aay C Ge F aa aielea SORA UT Pye Pp’ Tama 1 wafoara

was Taste cia (exit pupil) 42 4B aia Ga, SHA Gr aT

fay OO saREG YfS za Soe S, (Fig. 5.6a) | SaETeA

AIS (margin) waree yor ace scene [AB] 1 2 BUCATHAA

[AB] “Ai Rei SAH BT HMIMTYs BCA Max AMAT WBA AL |

ASA BSS Aira WA wi [AB] HCAS AST SA ATT |

SAFHCCY BHAT AI Ala Garg faa FN Ay 1 4a) As,

BACB Salvw afelay P cars oats atwq safay (real ray) a,

Ly, Leer L, wtq atsiga P’ g Tacavat @8 afeaita cara

SACHS 2 ae Jaton meiwaa afenges n,, 1a,°- - n, (Fig. 5.6b) |

a Bha qa P cas PP’ me OITA A= In, DL,

OH Fa PACH P' AGS SCeHS QA = Tn, 1,

aarais oats areata 2H, SITS Arey meq W= ln,

(1, —Ly)t A CAH ARCH SAKTHA A+ SA BH SCH ACH ACH alors
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AG ACT! A+GA GT CHA GH YF mG GAP A Wea ara

W+ dW aca

OW = Zon, <1, -L,)- 5n,(6L,)

aad On, (6L,) HAS: SaeRAs A oa oa alates ests ore

He a ACT GCS BVI! «Behe athe sepia

2n,0L, =0 ,

eae OW = S6n,(],-L,) (5.13)

Cl BI SUCTBMCAT SAI (5.13) cars GW Fata sai ABA |

HIS? NAG BAS ARH ACA WBA BAA aryT cHca Tawar aaa

OR ART a OA A AIT Bey AAS CAS Heemqgy SW, =Gn, (1, - L,)

=O1 ASA A AI VM WY Woks Ha qaqa Tay Taca Tacacz

iW, Sa HE sepia aus fata save Ba BwRAcage

ld
RS RE

Fig. 5.7

ACS VAPHS AS Ale CATHA Achicriaq GF WalSTS Wel Fl

AS |

Zl Ms a arate casa an fea oP eve h Goo Tra

Tee | A BHT cATHA Ad = AA’ =d— th*(c, -—C,)

WPS CCAS (A4 =OO0'=

WHSAT IW = on[d — fd — gh2(c, —c,)}]

= 4h? (c,—C,)On

= $h®(n—1)(c, —¢g) a

=th*wK

|

“~ + 6A

. .
NGA+OA OF TAPS CAFKOAAT IFS] TAM ——S

d
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2 2 2

THAN We a ae - F(t 7 a
A + Or ” 2 A+6A r

j 1 1 ° .

feg bale x goa |)” hoax
} ~ DV

u Near "A

THAI aye aKa y h? ok

wee GK =0K [ asta (5.2) aa. |

5.2 Osaetergys| (monochromatic aberrations) |

5.2.1 1858 yore as Tier ure unfoaie Cc A

Hews] TATA BCATLCTA CAG ACA As 1 Beef Bovifoanay oars

TSaD AS FI BITS RA |

sey as: oufclaaa aa fay crs oie Fa ated woifb-

are ocaa Too faa aaa 7a oatelacaa als Gee Ta an

TATA ATCA |
4 ‘

fasta aS: wiser waa wens BOR AF ATO
TTBS A SB ATS aote wermg aistaze wopy aH AIST

WIBS OSG ATSC Hay Wee} BS |

OSH HS: ulslayt ¢ afetaa aye (similar) BCA |

qaq Srna @ TST cpa 4 YTS AAS Belle Gita Tea

ae) TH Cl AA AT TY Ol Garela oxy a3 Toa WSS Al Za

Awa awrite va aha ace abstawa Wa GPRS ase SICA

au foray omef e qtoye 1 ah ga aitaela scenes Tawa

Tras | GtNa cag AAS as Taare Als 1 fey Gewa cat wa

Gas VAM CHAM CATA | QTE? Bae aera Waacarn aa

Gora, fava otstea ora Tay sacra al | fawlnes Orme GM aA

oitelaca Bal BT AA, SAAT SAS (contrast) gry wT wae

aforaate TABS MAC SCI STA «MSI CHAE ATT fags

STORCH Be OCT A] «BGS ries Gray a AO STA AN

ONT TUE sw wR Prareqia wa achat) afetacs

AAMTAPT GIG GCA HCG | SNC eel are EB ana gfe zw
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NI CASAS “tha GPA CARS (monochromatic aberration)
ae |

BHTCB GA TH aay gio AB mea Aa wae aabewezs TI

CHACA UR Bese wa A ACA USA Gia TAL FM

SA ACH CAAT GAO CH (BMY 6 cm GA WS) SET BI wATS

TAyYUS] GH UPA Gy ae Tl AtSlae GR TA UTR

HO? AISA BAAS aslo wma Gara aniors ana fore afaca

fay utetana fay afotay ara os) Face or aKa AAT TA

WISE aletan ase Tay a SH GSO cote eta awe = MTA

BTS fara Gas os ales BA AAG CBG, FS AA VARS

Tay TT 1 aS CHAT] Ae GANSTA (spherical aberration) |

HAT HAWS AM ABE BIS BI AW GCA TayAwqio oa Wey

Sra Ws i cacHa Gay seen feds ora wR) aaa

CHCHA OCA SeMy BCS A ATlacs aly TayNSaAT ATA GA] CHIL

TERIS iM] (HeibaM) Cl Uesahpars afte ta A URCA

Al Aes os Tots abaya wares fay atelay oem as AI |

CAAA AI BH CAH PUM] FaMIe GA HATA CHA ANCA, Tasty aha wea

TOF WM WCAMNSS BACH TGA CORA AeoTOHR, comet ala—AAT

WA —AVAN—-AwG cael ala—agera (sea ce Tacs Tan OM ay

THB —AM ote—cnrey enley GORA Ye AGA TARA oe

SATA ATA AWG CAIG—AFV] (HID caTlal Alea TS, Gt Fans

fay ant & crce faaagle (astigmatism) 7 |

OTA ARIS RAE "IS vifslacwa wage aca aly THMQUTTETS

AMA Ga qa adie ay aiafoo afpg oa aise a aces oA

CAN UM A avstay Awe TASS VA AGH GAL GAG AAFP

FUG A YUFHI TS RAMA! GE CHATS CFTAI (coma) Att WSaA

CHAT ACHR CY ATR aTH sites TT ea a ale feds 2a Gra Ua

etwiacad set ASIG yf B74 Al |

Taye 1 faa aaa ast wena cmenia cem za |

ait atts fase wfefaq (extended object)i saaia e on

CACAT OCHA AH AAI wakes Ml wien fag sac cren

WA A Swear atotaaty ycayla GAH om TS Sc A; BAR
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GPT SST AG HHS Sy VOHPT CAS HAT Umighey Sms |

OS CAC AGS] (curvature) wai ace ates acy sx

ATStaat Paola AST | :

AN UMP SAGleaos oifaqie wae (rectangular) | 2fs-

Taate {loca cracel CHAN AIA I Hawa Gis aa afeiay wa

AMBMA A AE Slayers UI MA AS Gs HAS AW

fasfe (distortion) | sme{ afetacza sola ASTS ean afters

QCATE |

coramc7as, Taaayhs @ crm oar fase ulefama cara aru

se fagre eifetaca a viett gfe sa ye asada: wigs

TACHA @ ATE AF FSIS CHAM CATS Gl VA-GoTsHy (non-paraxial)

aTagy AAR gis VI Sl Bake Bias aren WA—aifosneay Seay

TaTSH SAT AST, Siew We ways Talon cea aaael sage

TeaaTw Tad ote Gays BWA Tes @ Tag Ata | | |ToAe SA

ALAS TN FACS CATT, TH TS ULAR AMBCS VLA, CHG] Mil PTA

BI OA [HOTAL VT ACA FA Fal AWA, 22 AA VENA Verge Taos Fl

CATE |

5.2.2 SIHBPCSA CTAA| (wavefront aberration) ¢ Bias

ana wcrtas| (ray aberration)

ateraay VAs YoCA TAA FN ACS AA | wWeITS:

afr aca, see ufefaad walt fay ccm fate aa

afay ofetaaa «aio wa sare ual Taye Tle sa

ape, Tod favlaws Say Seba Boras, sais ahs

CHS BIBT CAB HUB SaANCoA isa Teheran,

TAT |

HT SaREcca sca fs wig FAS + aI cee ae |

afetaa cia aeto fay P (x5 Yo 20) CCE CA atopy fas

TAS OA wa aa za a a Bates Sead Taos cca ators

CIS HOTS CaaS za 2’ (Fig. 5.8)1 seege P Tay cars ZT



154 SST BICATST AST

STFHTSA CHAZ Aaa feu wae asq an aaa oes

AAA CHM ARTA |

of x ae
tf x‘y'z'}

{

~ \

0 ‘

Fig. 5.8

a me sistas cae @ afslan cnaa gis fay Py @ Pol
GUNA BATH AWM OK, 7, 2.) GlxXa, Vu, Ze) 1 Py @ Py MWe

UAH TA GCA AZ alms Tay, yioa seas Tees area, ate Baal a za

we ator abn faq ytos sai face aia Py @ Pha WH

BIA WBA ATM AAT Scarsprivad Cadi =([P, P.]= fndl=V(P,Ps)
iP,

wae GF FS Tay Beaeesqa SA Horse asi ants (Sir

W. R. Hamilton) sais «2 fafatp BCAtwp (characteristic

function) V(x1 ¥. 24 3 Xe Vo Zu) GA AC SIRHCVA Terraces farsp

ATH ACE |

So” SHA OMA Bly ATTA TAHA Bae (xyz) aa, 2 owew

Tatas wala 204

Vix9 Vo 203 xyZ)=P Tay Be L weat (xyz) fay ois

OATS ACLA FAR = YA (5.14)

x" eaMPvle aie Be Fs TS Uae cna ze ors aleiaw

SE OBOE Ty | LS” OAHHPSTS UMA Je Acaps Ves ahayoy

HBTS CBE MAS del TH THN WA! PP’, dv a ae eats fam

P Yaeqq Bese (x'y'2') 1 Po ow eM BTA ae R ard faa

oats cnela wa S com zai S oat facta Ga (reference

surface)! S Gait am @ ate 2 cate wom ye ze oa P’

ait Ass fay afelare wee wa 2’ cals S wom nex fact
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S| ate pure wena afonaes mn’ a Gea P’ fay crs S Srey

Ql Gr yr wcenscey yAyan'RI Play cs SD SCAR

aia Tay (xyz) oF SMeeTEATAE Faye VIX yz 5 xyz) i OG a

ETE FAG AT Aca P' faufs ass afotaws Aa A AA

SAT BHA (difference) Gawacta wewacest ATAMAT |

P’ Taya areas, 2" sua (xyz) fares a2 wease Gay-

Scosy SrA W (xyz) Ae HA BAI Tale

W(xyz)=n'R—-V( xyz; xyz’) (5.15)

Tas oeraecaa {ais ale ocaia Gr ws Sta GawMEcda

Qa Taye oases we fal om adi ww Ws

P, 8 Pla ae Tae cl iene abate lacace P. feats ora THF-

CHATTY (direction cosines) L, MSN P,-q Malaise Wa

OG Tay aay Py TA BAB x, +4x,, 1, 4+ byo ARK 72,442,

(PsP,=9d)/) | TRA

. . av . \Wendl sh OX. + dy, + or OZ» (5.16)

TB dl= Lov, +M dy, + NGz,z (5.17)

(5.16) @ (5.17) oF ate GAT ae PL Tayes ateag THe-

CBPTAATA MGM Ce

1 av 1 av 1 ov
= we NV = aa x = .nN OXe” t n OVe aa n 02, (9.18)

Qo Wye TTS TPT THs SIA ASA CHT Talis

word @ ia Tay cae Tats orcnectagea atste orca

Arar 1S SI, AA TAX ICA Se Sl cmt Aer a

SITS Aaya ae Tayo trace fe a a an faerca sayy aie

4 SUA SA Sle Sal BWA |

W (xyz) Geto fag wie are, 2 cats asa say

BG 1 wool S’ wd Gas are faye Pars c facHy

(disturbance) acy crtaca wierd wae (phase) get 2’ se S

DMG IF AF BS Belle 2” 9 ce ale oeraqa a awe wea 2’ wcaa

afore Tay cere P fants @ faeey ac cfters wiema orate
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OES 1 HN AB S SA A ey O' GT’ wafers Hf BraTE |

wat O' lays W(xyz)=01 seis W(xyz) ae 2S wR

O' eae (xyz) Tae aio cece P’ fawa oieereoreq WEA! BEE

O' fay gar (xyz) Tay cre PP’ fears ct fare cr coteete

WIN AASTIT VBA (phase difference) 274

Op, (xyz) =" IV(xyz) (5.19)

XN AB BCs x WSS set aba a aaiaay (Fig. 5.9) |

a” ort Gat I A Tay A (xyz) PP’ Tauie sem afar Gara

2) OM 34 Heraie vals Tae) PA att aide sacar oI

fare ca Sw OB fayts eh ATR 1 OSE aDREToY

BOA Ae VAI W(xyz)=n(B'A) 1 eka ea ASE S GAA

AIPA Ze

Xs =foly, 2)

aa 2" Sra aad = x = f(y, 2)

WB W(Ab)=n\x—x5)=niBA)

W(Ab) =n fy, 2) —f5'y, 2) (5.20)

QT SAHBTCA AAI CIA (vergence angle) ctl a] Sz Sta

n (BA) =~ n'(B’A’)

Bas WW Ab) ~ Wi xyz) (5.21)

FEM Sayeos wens fama W(Ab) @ fac Taos wa

SU ah WAR ACH SITETS Afra BTMACA ANH AACEE Tacly

#1 Ul
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BUS SHAS Cs UTA Gin cy, ate IR SRA Haag
P(x, 62 =O BI SA CAR Gra (x, y, =) fate ofssicwa fae

MAA I

| o¢ 1 a3 @ | 08 cerca

oyG dx’ G G dz

0g\? [dd\2 [86,2G=| (5) + (4) + (28)"
Rt Se 2S” saa atlegqagy qorary

Veo Fly. zi=Q

8 x-fly.z) =0

Fig. 5.10
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Fem S Sem (xyz) eye uleacea fra-crmsagqie x7

{ 1, —- Ofs _ Ys
7 av? az

ay 2" oem (xyz) Taye ster fhe magia sa

[.-%.-¥- ay’? az

GAA SISTA (“2 ). (2) Sole fears abagiace Score

BATE |

o” St A(xyz) Tayrs ster AP” | ele mIcereah
AP” oi TORQ! SCAT TT aE IS A'P' FI 1 BMS hea:

cates sir (angular ray-aberration) 24 / P'A'’P"” caaio i:

qm Ue Ge calTe Uevacem ofwpy (Fig. 5. 100 @ p) Benga

a, Per

wT AP S AP" Ok Ge Tas coda Gas (unit vector) @
>

Rae eee | L,M oN Taca ee-orea AOU Fa] StH
> >

cei Lt J M+KN

@ Cet Lit+; M' +k N’
> > > >

G38 dé’ = '- ei (Lo—-Lj+j7(M' -M)+k(N'-N)
wie Fig. 5.10(b)

AB=L'-[,, BC=M'-M, CD=N'—N

oma a=" 5°." Nel
||

p=M'-M

y¥=N-—N

Fig.5. 10(a) CCS CHA VC, ARS WA APU a Wier x oy

RN FANE THEA a aH 1 BBs colitis wcraceta fan

Bey Tra tas oc |

of , os. 98 (reB=M'—M= - Bp tS» ay (f—fs)
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LA ;= _ a, W( Ab) (5.22)

ateracaa aang Po Tas, writer ocaa fret cata

(§7.2.1 HEA) VAS x, y Gz GEA ANB Bea Pl, P'y @ PL

BRYA CT A) ye GACH AP” Ata P” faye cam Brave |

wR PP" e& nate Scar sa sto alam | PP" & apag

Bye BCAA (transverse ray-aberration) Ay) Wye

SAMA YTD ArspY Me TW y SC |

Same = _R oO7 = RB n dp W Ab)

C= Rp- —*® 8 45) (5.23)
n' 0?

aa ae AP” atafo co ence PP’ TeeTs eH SEAR ol

Wa CS 8 Taya wae 61 é ce ahaa oemacag ofan Tea

TVW MB ACS AA! SH APT TMH saa (longitudinal

ray-aberration) 4a] 21 oatW OA Hh Ba sta

Hl& ~ h/R

R R* R* OW(Ab)
Cm _ ee a eo eeereqeenneapmant,

I ~~ A 7 h P hn’ Oy (3.24)

aim é worse za ecq arvana wars Baneeaitfas (under

corrected) ae afm wae za ota wfeaeceitfas (over
corrected) Fei] B31 AMTANSS SIS CATA CHT TAHHC WEIS

HTTP GI CATS OPENS |

5.2.3 fafou apacticrtag 6 Sicwa ETS

BIHHCA UMA Aly BATA Ga TH MCT BAS Aaars

Sql ACS NTA Gi Fig. 5.11(a) @ (b) CS MAM «Brave fasts

GUA (BH Ae UE BETA TOT aTolay P’ Taya Herqers An

wea Pay SS MAS CITT ve aU a = facate |

O8 AN FAA x WP OAc VAT APA SOS SEPA Ste py UP
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Gea sa 1 atelacsa say cHa-Tadiqs can (Field angle) B

THA TAS BOQ 1 « «SARECHA SEMA y, z aT Bq ae afsfawy

VIB VAs 6 7 oa AST saa WS

W (Ab) = W(yzB)

Y, Z AF BA r, Hb BNP Waa Bacay (Fig. 5.11h)

W(Ab) = Wir B)

ty

Na

(b)

Fig. 5.11

W(Ab) @y, 2,8 Ur, GBA ase spi cal Tents cal

TH | ATS APEiECS THIS ator aaa as aor cas

GSS SABE WS Gila CUTS cA FATS BCA GAL CAG y, 2, B

(ar, 68) o& SATA AST ATMA GF CAHTS WMFTS AACA AM |

(i) ATS BAG xy ST ACTH ASAT | BOI z as

TACHIG US MNS AAA At 6 HAA cos H ALA AFTS WALA!
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(ii) aw =O, Ory aay aeMToTS ses ATOR aA as |

ares B HZ ata Ha ama CHqeraa (v2 + 22) Tr? EF UTA

BCG AACA | °

Git) Wy, 2, f\=N(-y, 2. -B)! Selig Mm mR y OF

TASS TS ABT ACH AH F HS TACHG ACH ase ATA OA HA

AM y A CNG WMS Ww PASH TT APs atqai Waa

B*CB OBIS Fe bei (basic variable) Teara uM ane mA! yp

Sq VA OSG SL SVN TA PA ay vt 4 27 |

SRA CHM VIR CW AD 442%, pB aae B® (Tara r?,

rB cos ¢@ @ 6") oF Saag qesa st crcl feonca cere aa |

FSA

W( Ab) =ay +a,P? + ag cos O+agp" +b (47)? + bo(r? Vrs cos d)

+ b,(rB cos Bi? + by(r?)(B*) + bgir8 cos PB?) + b4(p*)?

+ Boer MCSA wy

= (Ag +g)" + bypt)+layr® + agri cos @)+ 1 b,rt +

bar? 8B cos 6+ bgr? B- cos® d+ byr* 3? +b,73" cos )

+ OHST ULSI wala (5,25)

ALA a,, O, FST AVA Wa wifomea wtar swagepts,

MAT LST ASHE CHa Ba Taleo acqi sara (5.25)

AMPACH AST mR Ser Taorye acy cA AS |

5.2.3 (a) dy, @,87, boB* BTS A ATB wow Tae cE

Da (r, 6) TYHTRS Grewal qe VST Tey TAMMY rilaqsq Zc8

NG We! Qae am cayecta aa Tele TA Ucra Aloo

PICT A |

a,r? O%& a, rB cos 4 ZFC SarEcoy aan Tests AaNTy

Tt a, r? wets ses a Ta OS Scar Halse Ba

x _yrtzt r?

SOR 2R

BHAT AH a, r°-B SAFHCVT QBMA WA FA SI L Seas

AMI AH,
r® 2

(y, Z)=X=E=xeta r? =i _+@ rSly, 2) stay aR 1

il
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I 2. I g
a % (aR +a,)r 2R(1+2a,R)2-

! ,

“3(R-2a, RF)” (°26)
a ag 2 walt cna sels waa) aq eatery A,

x Gor Gq Teel wee warm fey fous Po Taye

cent) Ts gata: aa cam fay amy Ar fame fay

Teaca A Faryce fata (R-2a, R*) anaes facies wat face CID

LS ww Gay AMMTSS TS Mie Tacs Tauis foe Tare

a, YN RS) ar? We Atel Berta faut saCH a, MY

Taos fayit x urea Gea he grin @en iN aoe

CATHITR |

A, fh COS P Ale] ATA BAA Va LD sweigq Hapa 2H

r° r*
X= +4, rf COS @= ——-——+da, 8

wegie 2Rx—-2'Ra, piy=r* (5.27)

(5.27) aaa OdTe cuacas nalleae aa ce Tay ScOR(R, — Ra,/, 0)

ae Ua aad aR RR 1 ASA cosas LD Sale corey wale

sua ge! Ste arrpeosd Ave aati Bera AfSw

Sate a1 gatas face Feuit Be Gene jen sata)

facies fayic PSs GMI eR See. Telie P’ Tay CATs x — y SCA

\ OORT UB - ay PR FA UMY CHR BW a, HN BG 1 BPA

eur wisi cca faada Bene en aata (8 5.2.3 f eB) |

5.2.3 (b) cates (spherical aberration) |

b, r¢ waters Gracias 4 (field angle) gp BAAhae | axe

BULA YC GOT CH GFZ MWA) 7 ANA MI (¢ WE AS

I CBA), VME rv AALKA FSI Grey, aS VOW ATA |

‘ R* 8
= Jeo ~ — ~« (DL rtDCH WANA E= At a Sr | ,T*)

_ 46, R* As
7n’

qv —-ve (5.28)
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AACA YS ve AME Ty Sacecs GCrrwply @ fea cuearraga

ay |

, © 4b, R? 7?alg b, Haye BR, BA vev— ST

WILT cn

AA Vitae Bea fats a yi era wales ora Rav!

Taal cated are fae ca wa aba aa oorwa antes
afa (Marginal rays) wii enfes aan a faues fafas og
OR ates ahaa cory far Bont af cpap Tay BCOPTR
Tal GER Ble BA Fig.5.12)1 98 acomace catfertcotadt

Aa |

“ASSL CHA STS Ta FaeTS onan aba aes aa al |
Cl GANT AMSA Cite alee Beas AA ACS 7A CL SAAT

STH @ aes ay yo IBA favs TRITTA @IAe | aA BERS
ACH AMSA IA FM 8 ye cHTeD Taya mata crete ae

fay afetacaa orang wncena ate eis aren aa a BIST oa
Cl OF BM aaa Talwa Sree oIcaTa wa TafoR FEN AA! Fig.
5.13 6S, OR Aqag TaheR SATA aH aaCe OA TA a

CAPES TAT CHA ACA, 1 CAAA ACHE

; * 0 faaca wats aera TIEIBATA Sa} F. Dow. Smith : How images
are formed ; Scientific American ; September, 1968, ay |
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fany Farry cavE CHA BT Cl TAM SAHHS evga Was il

GAy AAG SLE CBA TA B GPA Qe Jaq WWII Yas FH

Aq Mea LA HATA ICN CHIBIA Bcata H wee! Fig. 5.1378

= = fn BK tp
~ | _oe . | | | mm

— -» a. ms lento
_— - >

a ee ane - >

oe - | tee HWA TT
" | jaf IFS R aray

J fa, Ae °
Z be yas

“ f ee

t

” / \ ~N

/ \ ~
/ \ ~

/ \ ~N
\ TM~

Fig. 5 13 wiertrs Sicetta Tia G5 BiB I;

AU TANASE HAY p (AG BWI CAA AZATB

BUCHPSS BICUBIGS RYT CTH CATA AH CA Sa ateng

morm(Sca (envelope) BIGTA Tal zt cal: a2 afore aBe

SA (caustic) Te) BPS srqs yAiga Grmpig ceepy faqs

VIPZS |

5.2.3(c) Geral (Coma)

br? Bcoso Tb @ Teale aa Gra THSa Bea Sia ATH B

WATAUSS AWA TIAT cACG SARK AT-Brracia caagyla Tawa

4 GI Fig. 5.14(a) CO CHA AACS (CMANCHAC ANACHACH ARM

alel ANAS Fe) |

CARD ATH QE GBM VHA FA, SCA,

W(Ab)= 6, Br°(r cos ¢)

= b,B(y* +z*)y=b,B(y® +2"y) (5.29)
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HSA UAAT VLA VY OT BTV RI

pe ® wany= - RPegeay2 + 2%) = - Spb,r°(2+c08°9)
n' oy n ° n

_R 0 Y — _. R Wo oe R a * Q p
t oF 5,140) a b,B 2zy iO2Br sin® @

( Rp prs | ax arama A, fara,
n

y= A,[24 cos 29) (5.30)

(=A, sin 29

aN .

ES.
A

(a) Aa oan _~ °
a 

-

ent

—

“eo

(b) p' aura ange Sores BRD

Fig. 5.14

mn at Om we war ards ast Gea ati

(UE GATE, GLAS ACMA TA” GBB, GTLAA AAA (5.30) CLE O

WAAAY SAE

(n—2A,)2+6°=A,? (5.31)

(5.31) aaieaatd ob wea oats yea waiiaas | 48 Ges Td

A,| C42 4a GH C=O, 7 = 24, TCS wates 1 or Jcea aitaaien

CU (A VETS Ah GUAT SA 2 Beas viTaate THA ANA |

ga A, = Ab prt atm b2 ae FA TA A, MNS
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aa i or XS AMA A, GA Mae SS aera | wale fasta aca faten

r OF FS ACH MAE Ves aba fahou aricda scea alain Twa

Vea, AAA APA caes ALMA wae Talo 1 a HA Jartacs (yb eA)

60° CE SITE GS CHG! WIAA MY Faq (Fig. 5.14b) 1 Taw

APSTACHA GAIT MMM ALA WBS YABSA (comet) TS ALANS

Bey | OSTA ATA NS CATS BN ar ae Uraaae Cate

(coma) 37 |

(5.30) waisace 26 arqra vga Tas cod r AMI YS VAI

re }

oR » \\.
a2

—_
TANT CI

Fig. 5.15

qa Aa, ATSTACHA Gr iA, AANA FS yas AIM Ava (Fig.

5.15) | Ma A gat wtots Tava HIS Scarce / FCeA IA AIO

yB BCSA Varo fawa awe fact aren ahem CAs

5.2.3(d) faaagig (Astigmatism:

mA WATE Zt Dyr?B’ cos? oi a Berane faaayle acs
CARA CET (section) d= 7/2, GBR Camm as BCVA BI

Ok IH SETA Ase] Y/R: 6 =0 CH BIMNTSSIA UMA Ta

bar? tt Baie.

X=Xoth rage J” +h,r7B*Ss os QR 3

=(! 47.82)r2 5.32)(5p hep Jr (3.32)

43 (SIRS CHI Vale WEA AZ| GARBVT APS] MNCeSCR

2),82 "faa wee cerata faye Ara cice -2b,R°P* rlaT |

98 camgiv OAFHCA ALT (2H (principal sections) |
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6=0 MH ANE WATSBIA Seat ASAT WP Gas aetay afer

QE (ANTS fore ‘S64 (meridian plane or tangential plane) 4¢4 1

TRUS SCAT AH TASIA Wahes d=7/2 oa CENT CHIH SA

(sagittal plane) @ai eatetaasa (n--¢ wa) P fayce Tara

BT AHI APSY Teqgyley Aq

-_* 9 (,8%y*) - - PRY (5.33)

AA C=0

was BB aa (Fig. 5.16) WNBA (ASS y) AA Ged aa THA

I ATE Ata Tcacy Gal ATSTAM Seay y VBA Gag P’ fay ces
2

- 2b, Rr YHA SMSS WI 1 ARB Sapo A Ga a? afolay

~ 2b, RB*a

n’

aia (a asf IGA WAL =Yna.), WA CH Be 4) b,| RBYa/n’ |

SA wpelay aq ase Ga SS, y opp aqaan= + -

Lc ie
ie tha

ey} Ma
ok
ON ry

Aa . a ah
. <> Dig 7 r
Se mi SS _

‘| ea S| a“

~—2bsR°: Be - EO
Se ad TMe

5 x=

Fig. 5.16

BB saarmd=O'P=R AA 98 TAY =O'P"= R-2b, R*B?

SS = CMS CHB CAN TT = fae CRIA CN
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aa aie atelae wa P’ fay cas - 2b, R282 alae P” farts

CHEM BA GA, P" TaHy ACTH SAHPE BrrHAIq Bra

» —2b,R?® “B*) ,
Ab)=h,W(Ab) = b,r?B* cos? 2g4'—4 5 Re

MES CORA TeyA UTA A aI CaRECHA BE ATA

A

aR”
WEA W(Ab) = bar? B*(cos*d— 1) = byr°B" sin? ¢

= —b,B*2® (5.34)

yom P" Taye fetes wi seera Seoacaa afery wensfay

a 1=0

Ooc= 8 ( —h,B2z*) = 2h, RB22/n (5.35)
otl

Beis AA’ AAT ANB (MSZ 2) AN AME ae ata

TACK Cl atolay Gra 6 sewA Gry Pp” fay carp 2b, RA*%z/n'

Ya GBTG TayCS Tale Bq HTB VaHErSE aa ue afolay Gea

HTSTaX VI ABI’ al TT (Fig. 5.16), 6 we aqrag, €= +2b,Rp*

an 6% WH (Q=enae= TT CER ATA) Ge BA CHM Ze

4|b, | RB2a/n' |

P'S P' Tae TCH TATOR STATS FIM TAC AM AIA AeA

Ol Fig. 5.17 @ GRA SCE
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feat 7S eracey ais fay utelecad afetae uait ase fon

RA Ti Sa ea wae eas aaa afsiae eats aan aren

ATS A | AAA, THT HMA AT ATA HAT CATS aT Tae,

TAOS GBT Sl as Ga sai ace atelaa -rs ara |

(AGA BITBSATA (spokes) GTS cae 5S (wheel) afefax acai,

THE GT CA alelecy. Sa Fara wegen ye seq, pls

HS BI GK HME Sie Sa arolaae lsat MT aq wa

ISB Weayiey TV 274 (Fig. 5.18) 1

p anoca “fb cafe ateta SS 6 TTA Cah 8 SICA Te HAE

ANG B* AAAS | BSS PBS SITE TA GU Aw

< = 4%

“ =

* = af
. = Lo. “in
“e =

een

(b) fae OIE Te sig (WINS CONTR TIS SIT
onps mK SEE

BIST HM, BTS WATE aT FHA “yy BIST

Fig. 5.18

Taqagis A ware (ae AFIS ATH AN AM, §5. 2. 3(e) BBA) 8

uid wa AMIMTew Za axe MSA aloleas wet (Gaussian

image plane) AMS GF BCH ACA |
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§.2.3(e) Aes) (curvature)

br*B? AAT CBI SAI AVS] (field curvature) Ts!

Ok Anis GRAM Tega ‘vista alow sare GET fey

mTTISA Bq - 2b, R°B*1 9B afaaea 6? ga wares 1 ate

6, 4ST BT Cll GTA Salo, wea a fre ers BPE

Tach, BISA] 24 (Fig. 5.19a) |

. , TORI
Tr ary

ays FX Ay TT ae
os a nn’ A Ne ead
TC OEEGM on

\
r

— c \
—_—— aay J rt] \

ot ‘ Ye
rare War

(a)

Fig. 5.19

(a) *q AHS] OTR, FaayPe GIS! (hb) Isa he @ awe Gerad ame |

S=Hng ran oa: T= Tarp oar oa. G= mca afetace” ea;

P=CASATIA GF |

TINTS Ge qe PE TA UTAH TWA SW STE BEM

Sr ot Tew sr SA “ios ASF aq) AHI Uovfianey was

Om Gs CH TNE A GMs Borie ae wa fasayis
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WA FA Bel AMS SIA Ga o Trae GBA SA a2 GAA Gra

AMATSS FA1 GB Satocs CACHSA GA (Petzval surface)

ACA | ,

5.2.3(%) fagfs (distortion)

ATS WS 4 aaeq aegis ory wale Za byrB* cos 4 |

HY as HATE WMATA

x= +b sP°y

2Rx—-2b, RB*) v=r? (5.36)

(5.36) aaa ate camera Atied aq ce (R, — b, RB, 0)

TGCS | CHIP faq y Gap qaraa - b,RE* ACA | Tatas TAA

MSP TAT WAL a GTS GAs hyp? cos P “| Babi Ail OFA

WAT AM pat ATTATS | aatca fate p ce Taada fates |

are aiteies ufeiacaa ag aca al 68 seoaers fasts ai

HHA A MBC STC UF came P’ Taya ya BE Rp

(ayy 6 yq cat aq) i fasts ear Gee Rp-b, Rp

= RB = b,62) 1 eae faada om CAH mm (1 — 6587) 4 AlAAMTSS

ame | ale b, MT aa wr fags wfetacza aTotaca p qToca

aad BCE aract Star alata Tocsa faeqata crews HID

WIT COS OB? fosrat foc AA xcsai as laghecse waATAF

a frizetae faafs (posuive or barre] distortion) 77

(Fig. 5.20b)1 ob, weirs art seta Tacs faa cael ca |

aay fagiers ait a foagetrqe Taste (negative or

pincushion distortion) aa (Fig. 5.20c) |

(9) (b)

Fig. 5,20

(a) Blagee aielay = (b) facnas fasts —s ic) Tomaemae Tagis
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DAA OFC JI AM a, BITS HI! el As

2

at*=2Rx=x*+y? Bry x=2
Cl X= 3p

REARS xy, Wee assy

see a & Bencaa oats afar fonts AeA Fal ACA |

om wm O-P' 1 aaa P’, P Taya onesity afoter |

mee Yeu aay Ve Wea

a

2R ps ne
c Ml

aL =! [me niu — ay ah ay | n(v— R)*_ nlu- a)

2 '2R \

+. (5.38) ©

one wield cea PIP’ @ PAP’ ols AB APR ae

SHA MCAS VAS HN | Bele

0 OL=0
niv—R) n(u- R)_

SE a u 0 15.39)

(5.39) cace STA Saya) YaCat oNGAly Asleaits ntoy s

ni n n--n
a

=

—

Coo"” R

Be (5.38) Halas a? as HVA Ya 1 GS Alisa VIATHCs

Al VIPS J2aj GIS GaSe wer 1 = BGA

W’(Ab) =k at + k,a® ++:

=k,at Sasa + MEA MATE HAS areca |

1p. (we-R) ntue )
= 4 ee ee - ere"SR? k vs us (9.40)

{ey mite R)_ nu ®)

‘ Rwag 1 - = ofl “)

a Ra(1-t) +e (5.41)

!

\
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yea W(Ab) =5 vel 2 mi (te: R)* _ nu nu—B")

eld8R*\ u n'e ou

_ at ("°F | (1- r) +e n

~~ BRe\ ou 7 AR n' ale
=e (S |" wR te

n-R n'=u

471) (mse 1 nt+n
- ~-=-—-yg- | [-. --—— 5.4?)(, ul \ nt? } (i u (9.4

WSEq W Ab Yb Mery wows n,n’, Cala aeT

CCH a ORE STSTACAA YAS uy AA TT DEP A] RTC

HM’ (Ab AGAR APSA YAY V GA TGS BHM FA AR 1 61

ARH HAA I Gl. eS Baa aihrayfera AAT

_ han | 1\*trin-n)Vfntn on
~“ {4 _ : tt 5W (Ab) ( , nt \| 5 | (5,43)

5.3.2 ATST cacH catietcrartae

OAR GATE ATS CRA CHIE COTRICHA Tal Fe UTE

TSA CHAT UII G SM Craa ASI-AMM AMT R, S Ry,

ATOR 11 MA VP BAT lA wren cera P Taya oneriz

TH VHP, GR AISA CRA Ge HOTS smeala afetaw ze

Pt aeot P,-& Teale Staa Gen Blotay <a CATs one |

CAAT Gay AMIS SIPS UerWIq

W (Ab) = W (Ab) + W4(Ab)
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Caan W (Ab) ea W (Ab) Be WAT Go fase Gra alorace

Gayl SIKPS BCA |

1 W\*fn-l\ {1 n+l

mete (all be A)W (Ab) R, ou n® R u
og) (aa Nett 1

(a, v n® y R.|
GAC W (Ab), u GA AICI Ae HW’, (AD), VOT FIO GA

CHS 1 BLES

wear LV (Le)1

“(e.on) Fa) 5.48

8

} yt
W (Ab)= g

WTA (5.44) case HA AT AleT Arve ARs Taq sal

TCA 1 GHIA AAA, VHS Cmte Ze

R" 9
in Oy

eta hy, n= 1 POS TT Aas atone ae R=, Tala

Aa as mGAly aTotacat Fas |

Es a [Ue W( Ab)

) 2‘ 3
~-- WwWHgzis Av y ey (Ab)

EMV LE2 n° R, ‘

+ ity nel in| (5.45)
v oe

Tin Aes afag cpcq cH Cri f, ZI eae meaty feels

Ti GRBTA CAN / SI SA u= — o OAs val WA,

In-S= Df= — leet le ry (" RD |
(5.46)

44] 3s o=R,/R,

1 Dd-
WIA ; =(n— DR - Re)" (a= ao ~9)
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1 I |
2PCCT R, -1l-oy (5.47)

1 oO U

SNR, Ri Glo *
(3.48)

i]
Af QQ = 6 -- yRAIA Bal SH

RR, R,

fey? n—1. l 8

Af=— 2 ( n* Nam Dicayl
[i - {a -(n— 1) — @)}?{(n? - 1) = o)}]

= — - - y° cere ee 2 — +4 5
2nfin ~- L)*\l—o)* [2~2n' tn

+a(n+ 2n® — 2n®)+ o?n?] (5.49)

Cobar wrTH R,>0, R,<0 wee o<0

COUISA CHS o <0,

CHARS CCH o > 0

(5.49) naleaca Sole aHala BRKT ao? + bo +c TRATA GAT

ATT |

aa? +ba+ c=al(o+ 2 * bF- ]

2a ~ 4a?

Qty a=-n*>0

b? — 4ac = (n+ 2n* —2n°)? — 4n°(2 - 2n? + n°)

=n"(1 —4n)<0

CH n ARTA? 1.5 ae 2.0-4 AH MB’ WMA o-F He

Te lS a GA

ao“ +bo+c>0

“ae (l—o)?>0

sicwe At oa few, t on free fern fafee aca

HANGS seis wlonal cima cca, Af WMS B01 Woe

fn<f ore Sarva cata fey ace atifas casa fey

cares farspeq S041 ccd sisis (shape) a8 (seis o

ICs) Af SAA CTS AA 1 o-F TTA

el Afi=0 CAR MPSS | AS] Brot ACA

12
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|AS| Ferex gaa AS ze
2 2(T— oye 9? +bho+c}+ i rE

SYiq Qfac*? + bo +c]+(1- NOae + + neo
b+2c_2n?-n-4

Te 54 2a” Int an (°:50)
VSL HY MHI GPITS, coeNeIAT AAT AT SI TT

atwnacesy Gra asa aca |

WARK n = 1.5

[2ac + b] =

= — += R,/Rs wae <0 wae |. |

SHE CS-CSA T Co-wasa cre facs ara a SAR BEI

cil Oe SAT Ue fre cars wATE cH fats ATS ata |

are Af= — 1.072 y2/f

WWF n= 2.0

c=5>0, a xa aiaqem crt: aces cd

APSA, AMS cas VC BATS CHtATH FAI Seq USCA |

aigica Gat feera scnaq fata aq G Table 5.4 @ Fig.

5.23-65 CHAN BA) AI BIST OA A> (shape factor)

g=(1+o)/(1-¢) |

RPI R
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Table 5.4

n=1.5; y=3em, Taoly 35 RTA Crh =20 cm.

| q | | a Af

-2.00 | ote - 4.35
-100 | ae Bee - 2.03

-0.50 | - 3 | Oe-3eq — 1,26
0 : ~ | | F-CaR | — 0.75

+050 | -1/3 | i a OS |

+100 = O | oweH der | = -0.53

#200 | 41/73 | caf | 1.35

AQ MFS ACH SAYA Aol GIS GWA TAA CoNENTANAT ATTA

P41 BACK SICH EPH G_ CFT (crossed lens) Ia |

Table 5.4 (CS GA Vw G “sth wea tan CA

OIPSA FPGA GACH ATH CHa Tes YA BA Aqsa Fal SI StI

AE AHA BHA CACM OFS GHATA CHE G TIAICA SHO FA

(1S ARS ATA Al 1 -VNlle SAG ITH sae] ae cat TaTHS

PS OATS MCA | GATOS GeeB Gacy Bele areete scare Tacs

TAC CUNT WAS CPT SSG 1 «GA SAG CaGTATS GAS 1 | AA

THA UIA) TI als WI ga Ulslaa ics ia aaa A AA CIA

BIR CUS ASiey Ges Bagel ahaa a cana wfaalee Fa 1

ee ala caitsta cifsasa ate crema naefa wine Hala
Sits Sit sca faces an wea afee wine aftr pifs

FY FICS SCF | GCHCH BCAAs SI STA | Fig. 5.24 (b)-7S

ylo Stag pis aaa ares afets «er tea vita sa

Fig. 5.24 (a)ts wae Tacte Sieg Pref iTS RTATR | AAT ARITA

BLATT CAT

+ ome wer

AF
~

so

ne

_

ee

i

-
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GES CHM Cteicriae Yratayfa Ga Fal AWA A! oo aT}
Tey OLA AN WA) GSO alos sea Ga SaREE aroAq

za ( Halleaey (5.42) cats nn’ =n ate n=l aaa, a=y HA),

yt (1 1 \* (n-1)\ (1 Ltn
W(Ab) 8 ( R ~} ( n? ( R tn} (5.51)

WSs STIS Bera

AW =. - 2 Ab)
OV

=. (5-4 |" ("=") (+ ttn)
2\R u n® R u

lige Geny 0 = 2 wes y= -bu

, 3,,! | 1 )" (""* | (| Vin |= fy? oF 4 ee

(5.52)

ails scat AO’ iafea otetaa yace fs ora aT cra

TS! Baa catfas Cen 6 as aA AA OBA foley

NCUA ALAM THB WNBA

qaq RWIS, Sate wis (Fig. 5.25a) Baa

u<0 SCH AW<0

u = (0) Ad =0

u=R Ad =0

u=(l+n)R AP =0

O<u<R AG >0

. R<uc(l+n)R Ad>0

eae ou>(l+n)R Ad <0

cra aR A BPSFae Gay AE BCA CHAS Serta VTS |
OSA) Anas Ola R wirgqs sca fe sq wl Fig. 5.25(b) cw

CHIC ACMA 1 Banat oa ie za ot Fig. 5.25 (c) @ (d) w

CRITCAT SCAR
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|

(b) USAT OS 5 R ERTS:

A fst

x (C) Mew 3a,
R SCI SE ,
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GSTS VSTa AHA AMA wey Sater R was 1 waa

a Tre ces SCAT Ueslaee ore Ao’ wg 1 faela wSafiva

CH R AVIS, FI a2 Scat weplarg cavs Vratacs Aa yarws

AG ATIS | WH LIFT HH GIROMTAS |

wmiegy (5.52) qe Fig. 5.25 cre asl aml a a,

Aaaey oferta CARS sanecatifes ox nagey Bra

Ae afercifes | sre ass COM caterers Fa
FA UC MN |

QS CACHA AAACN, CHAIN ZA Fal TA PSA CHAT ATH
smart ya aa zat fe aca als aacefers (homocentric)

SAA wBicatsariescs ayaa Ascy ata vate

nats afsria saicateaners vifats ea ata

ams oats sled e ast spi aaa stoma Teodhoart

HSI AA WS ANA A CAPT GIG CACHA AMAA GAA

QCA Al |

SSG AASes Byaal aharspyg alert cwicwa wei faca fara

GRE BVH Sal ATA Act Aa yolyx oceans THs sara ages

(Fig. 5.26a) | ato SropTal caCHA CCE, BTSAACHT PIF OCA, TCA

24, LTH BSB GH CAP BPAY YA ASX Bena Tarte tre

aga (Fig. 5.26b) 1 «ait feral @ api cicada ATA

Viste GA sos Gr afofay fancq wea acd ce Bee

BA WMA wICHA GAT Bolsa THs We BI (Fig. 5.26b cS

WUCaTA THE Vee TACAS AE] HG AeA) AK HUTS abagicn P’ TayTS

Sisal Sc 1 Ca TD Ale se TINA SH STA JM AeMel

cama} gq ulead aq gepmal 24 Gas CHURTA COATT

DATS WEA 1 BWoaq vaio afore e ats worl cca

gon emo corn Fata CANNTAHA SACS caval GA gers feu

WITHA VCS SCI | «TOM TAT AeA Wicrwa yA Baa Faye

BSP |
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MM US, CHA TAT WAS Jar CH (doublet) eet saw

RA leo yA AS ace Bterdt @ wopral cae gfia

a Es yx Tc '
< aT 8 _. 2 S_P | ______ (a )

Fig. 5.26

PTS] G SAA Teed ators fas acy aca (§5.1.2 wes) |

Taya wmstes way alates (undetermined) wai aytat

-2 0 +2 +5 1-5 9 +5 +10

Fig. 5.27

MATS TAS SCF ANS CTPA TSN za Ye TAA ATA
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aes ahaa cae ata aca feora wreis pra (shape factor)

Gra aes sea Sl Tae em za] ek BB aia GH Oleseqa

(parabola) aq git Gita aaa Sets face Bcq TITS SOR

afaatt a Sq (Fig. 5.27)1 ce ata @ waa cae afer

oe Teoh cate wept aan ora cia Gt ym EH FA |

42 bR citt gq A,A,, A,B,,B,A, 8 B,B, (Fig. 5.28) 1

4 30 ALA, A Be Sa cia cA Aen ae TaCa C@TUI

AANA G AACS (mount) Pic Sats GAH wey, nayfear wee

fates aca Cedla xap citi oS WA tae BPUBSICA
A, A CANA FU CURE BaRyy Fal ACA ACF | :

A, As

5.3.3 Sic e syicaa wASfaei] (Herschel and Abbe
conditions)

Usa wesw GT SA ate fay aca teary waa

(GA ANAT) ARTY SA vate cuvigic Tayststay enem Ws |

aceqia Tae fence we aieiqae meq AST! «TSE TM Gath

Tay OTHAT TS VA BS STH A Bea Sa Tacs Ha HaATHs

TEQU] GN ACG HA SA UTE AA VA ca alas

TSQbl SHIT AIAN Bear HY slog yCSs aa. 4 Tees oA I

ati] GAM Ay way fayces Seraceta Ae Gs Ae aa

BUHAY Tal VAM ATS (tolerance limit) qe ATeal |
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MT TS UCAS wesy Coq am fay A co ya Bel*AAel

GUEA ASA WANK! A SS SH RA GG AD GAGA dv

(Fig. 5.28) Gem 241 8 orecaa ee eHfee faryrwe end

1———_}- -.. asQ-—}
B2 Reach Bh | omer one

rt

Fig. 5.28

wom cuba fo fs wettica nea ce oma faces faa
49] US dv MTHSAlS OBIT FQod GRA aV a aslo ets aly

BAA WMC SA atelaa afets faye fas oqo (blur)

SP | PAST aller GHNSs atelaw eas wTG AI | OT

BIg | dv MASA AA Taycek, efeler awe a AMoT ates

Ale MNT Wa, SI BWA AMA eae dV wAcwHa Baia feya (dv-a

qa) Gans deg faugicd Ga a2 AM Tey! dv BREA

UCR Cy oles layer B,, B, otk @ ue CTA A fy

Fae wa ais onfus fay C, @ Cy-a sq Bram facabal FAT |

“USIw TayCS UMA Tal A A-z wT Zl Cla dv BTS

AF TIYCOS MCMACIT WA HATA BCA |

Hey HS —A wowy Sra ats fey A vest Oa oe

oa! F uid faqs om wall) 4 cs weRT Bom 3A

(n) 0 N\ (n'‘)

b G'

_e_\ a NA dx! e
A dx 8B SN S/S

o\

Fig. 5.29

ATT aCe (dx) BUA aso fay wa ae B faqs, ueHy
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Sq A care ATA Wa (dx’) B fauce este fay afeter

Re | A TICS a AMS BBA HCH O CHI BATA | OIA BAA

aaa’, A’ faces oem 30% O° CHIN arate | BAS aa Bog

Bb a4 oa BUS o QA OA Bh aati za 6A TS eT

RI BbTH Ee A’ TAC HY BA Bh cH GIG SarEcta Bemiqory

AA AA ACG ALA | «SIAC

[BB’] = [bb’) (5.54)

ufsray @ aferay cna afer yaseyqy on en’ |

[AA], =nAb+ bb’ ]+-n'bA

| AA’]—[bb'] =nAb—n'A'b

=[ AA] -[ BB’) = 9a | (5.55)

ASA o& Be B sm Baeal WA Lal BAZ | AoA

ndx cos 0-n'dv' cos 0' = 4a |

a2 EC Ta OF =0 (HH WA IT) BM AGM ANA

Bee gp=andx—n'dx’

mea ondx cos 6-n'dx' cos 0 =ndx—n' dx

aondx (1-—cos @)=n'dx’ (1-cos @’)

a ndx sin? Cen’ dx’ sin? 2 (5,56)

o8 netics Sresitera WS a1 Bile oARACA as ACTS

ATS PS |

fasin wS2 aa wee or gid frye sq eal Te

Ag C UE Sa UaigS 1 4 A oe CBC BMH TARal |

gua A SC ate UAT SA WTA AS TH? LN Bs CCA

Ie aa ues Oe 0 ca aa ta cHa-Tadas GH CE TAT

AC(=dy) 8% A'C'(=dy') ep! Co. eC, & awe Ae A
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Tyas HH Bq Bio CaETGA Be A Al CCS ATA

BATS

[CC'lele'!

ey AA' ]=nAct lee 1+[c'A ]

[AA']-[cc’]—-nAc-—n' A’c =ndy sn 0-n'dy’ sin 6

= [AA']-| CC] =¥a9 |

qas-0 (G=4'=0 ata)

Hoag ndysin’=n' dy sin’ (5.57)

6 oe

ce a {

se “SSee wae
A f

dy! S
Q,

C'

Fig. 53.30

a8 ASoce Bypitay ArScaa wS (Abbe’s sine condition)

A) CTH aise a2 ota qge urfatni ate Comply

(lq ahaa cata 04 GO,’ MAI CIA FT SA

ndy@,=n dy 6,’

SUAS (5.57) CAC

sin 7 _sin 7 (5.58)
g,. 0,"

waleay (5.58) ARCAA ACSA GTA GABE Taper gy |

rq WAT (finite) MTS TT Ase ona sal afotaw ona

AS Beal ufo, aeMCta AS GA GNA ABA WS, ae G2 AG

RIOTS Jame TA BS ALA |

(a) snfates yiSca ccs CHAT OS AS Yo wtelatsica

OSS ACH PTR BCS I A | «| ASAlel BAAS (compatible) az |
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(b) AAMT WT O= +0 Say As “io Oe O a Tamorm

Rl ew «wee Caw @ Tamale cree (anti-nodal) Taywaraq

Se AS ZTE FATS | I

(c) @& GT AS Ans TAS ace cra nS WoO SO ag

TaacorE (Sele GraUNcaa TRACE) STS Be |

ASS CWA Al Wes GUTS Sra usa Geng wee gio

ASL CHAS AC | «GSTS GHIBACHE AMA] HS Zea

Ha UF

n = 1°6 ° dy’ -= o ad \
yp V6 eae UF =2.5 Ge UWA ALAA ASE aT

PT BH! TAC

sin Oo _ndy = 1 x I _!
sin @ n'dy 16 25 4

adie sin 6'=3 sin 0

Table 5.5

!

6 se | 10 | 15° | 20° 25°

sin 6 0872 | .1736 | .2588 | 3420 | .4226|
{

sin 6’ 0218 | .0434 | 0647 | .0855 | .1057

sin o'/2x 10% | 1.095 | 218 | 3.26 | 4.28 | 5,29

sin?9'/2x10* | 1.201 | 4.753 | 10.63 | 18.32 | 27.99

sin 9/2 x 102 | 4.36 | 8.72 | 13.05 | 17.36 | 21.64
sin?9/2x104 | 19.01 | 76.03 | 170.2 | 301.3 | 468.4

|

|
sin*®9'/2
sin?o/2_ 0.0632 | 0.0625 | 0.0624 | 0.0608 | 0.0598

Table 5.5 (Qt CHA Uw CI ay G=15°I TWH Belle az 30°

Gem ase, alse OA Al aceTG, BATS wes S aceite AS

Wid FARIS | aes CS VBWacaa ay sricaa wets fare
/

FAVS WawAS a IGN Aca sieehcasa AS Pe aw
wcee fae SCICE |
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5.3.4 GOTT GNA: Sitettalise Ge (Aplanatic systems)

TA VTS HPT BABS wee cwa-falas Sey cao Tep

CUNY AAV I OAT Aloysia FH TFT aT carn fos

OTST GTSHAHA HHS § 5.3.3 6H CHA CHT A WAT ABAA AS

Tas Sal VTSIsa BCS Za, aie May GATE SAS correc

Jee ms uae cat Seibert woe ate cateicotas an
ace Gx alesy spicaa aecna ase fra ax Sta
GACH Cals CHIN BSS TS Sea |

AI AIG GALA SA CuI S A GS FOI cacss@

Sera ValstatBe Se an et oenntss wer Arras: waries

ASHAS G ATSAAS GAT WAT BA BCrsaylal Fa BAST! GA

asto TG caletia Sere faery feats canta ores a Zl MOTE I

cae Bea GRA (Fig. 5.25a @ Asilsae (5.53) ava) |

(i) create sem boa ama ayes ava atetay @ afelaa

ANT GS ——

ely u=0, AM =0 see cua mei at fare

sin 7 ,
an gr = FAP BIgwIaios 6 shops (a afevtets) shat cea ——

Alacla WIG THA |

Gi) wa stele @ atelaa Gorss cme era ee

TAPAS s—

SAT u=R, AG =0, BAe casera HA as Tay caves conawla

oral ( atone fen afore) wens at AMET BIATSS wea

ABA ASS THR | forme UTETSIANT NO ICAA (reflecting galvano-

meter) BISA WATS VAY WIA Ber Ba, Ba alelay ye

PH BZ |

(iii) aaa ufetaaie wacaracas lay s—

BAe Faq

nu=(n+n')R

a ouHR+ R
“1
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SAIS AG =O, Bee coenernay Gi acwca utoiawis wy

aToraa 2c

n' 2 nan
— &e ..

» u xR

,

n n'—n

aI njv=n (n+m)R R

a] nv=(n+n) R

FUE v= R+(nin)R

Fig. 5.31

__ n
aga mufey C cars ofefacad yas — R aac ashoracas

n
—. Ryay — RI

sing’ CA, n 3, 7

BORG in? 6 CB On’ RIR=

- singdg_CA,_ ppp_ t
2K sind CB on RIR = n
asaq 22 ¢ sind nyn

sin@’ sing nn

sin@ n° sing _n* non

sin?’ n* sng’ nn? on

=o Aad, 6 O, GEA Ga IPA CHE
0

ATT CPI |

sin G_ sin @’

6 G5
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FN MSs AeA AS Tre sae! sss Cc

Toyet Say CNA AOA Ga Bees |

AIS CAA CHE TS CNAICANAY @ aI SS ACR siaa oa

ar > «Fem favsae cera Gren aa @

(Ay <7 | G(t- 1)+ Wa] (5.59)

G = (20 + 1) _ 3(n+1)

4n
8 Ws.

4n(n -1)

G /2 STe] a-- 9(- Sir We Be a a lA,|=0 ae

BAS MN IM M1 BMitoe aha ATA aca (wale

G _(2n+1)\(n-1)
use RA) = yp WIPTSI CIA ENT AWA aI

(sy =0 7a) |

qq n=1.5

(Sq = 0) =0.8

LR TET COMMA 204 qQ=0.71 Ate |

OK Tq n=2.0

g(S_ = 0) = 1.67

AA VTS CHM AIT BA G=l.5 ace |

aU Ae A, A Mees SM EI MA HA Weslo

CAAA MI PAST arses Parse otste facn careers

TASH BATS NAC HCH ACH CHAS SIH CATA ATH axe

QT VSM BAI HR ATS TA AN

5.3.5 faanyle se aul gasatea ASAT!

§ 5.2.3d-c6 sam cacale ca a Haale ATS BICeTH IS

Cl iy wateare Swat aH Thee aaa Fa BT AT AAA CTA

GU (FATS HIS AU 6 SMS SRA Za) WA A) «e

CEA Sayles CHM TW YTS GBI ANA ACM YAR GQ YIoA A AA

eattcs Taca faaayisa via a1 Wa AA BA OF YAY BH

SI VBA AAA CHS SAI! Sls, CBA AAA CHa Graraa

UA TSA Bes AC HAT GA eS ase Teayisg vitae
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Tea eM TRaT 1 as Se AM yior Ae GAR Of ACH,

qyq d/=0 30q waa feqagls cen ma (sg =0 Ba) | 8] Boma

Gl FACS BA HAS BA a Gis CHT AA HLTA OH | VACA

Osis cnata Sear atonacat Tato Tacape Fa ATS |

GI AIG APT HCAS MKT AH ME SI O Ba BINTSS AAC

(Fig. 5.32 a), Ql a Gc TH, OM Aor wm UCHT GT S

faqs fats ma MS Gs aa at S fayet gates |

mM ames el aaa oO Taye UST @ afonad cA

(Fig. 5.32b) |

OP=u, QS=0,, OC=R aa OT=», |

AQCP=AQCS + AQSP
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woos Ru sin J= Rv, sin J +uv, sin 7-1)

4 Rusin7=Rv, sin] +uv,(sin I cos J’-cos7/ sin I’)

Ruv, THA SIT BA ASA,

sin J osm] {sin / cos I’ —cos 7 sin J’
v. R&

Tee nsin7=n' sin I’

nsint’ sin/’ 1 fa’ sin I’ . onfae ee ~= | --—- cos 7’ —cos I sin |Toa nv, uso R

n n f,. '
BSAA —- =-+~[n' cos 1’ -—ncos /] (5.60)

v, ueR

Obl AMS GERM Taya Gal Paced AMeI | au @ vt”

aes ATG Tale Bare BCA 1 O Tae CALA OAT ETE BAA

n cos!’ éJ’=ncos f ol

Fig 3.32\b) cave

1+0a=(] + 6])+6@ [AQCD 8 AQ'PD ca)

WAYS J] == da —G (5.62)

aac + da= (I + 6)') +86 [AQCD’ ¢ AQ'D'T ca]

440 6’ =da- a0’ (5.63)

44] UE OO =ch

eM da= *

6 = (ah) £98
u

50° = (Sh) COS
Ve

Way 61 oh( 5, ~ 2055) ae a1’ = 6h (2 _cos I
R u R v,

1 _cos/\ _,. » {1 _cosTBCHE, neos! (5 ; n' cos I (ir ate

, , 2 >’ 8

wef, cos’! _ncos’ st (n' cos I'-n cos 1)
v, u R

(5.64)

13
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ofS Bi Tare GT Gat Usa yacea ilgay 1 k @

qib CRIB G2 Ten AR. Tia ee afeiay aa CHB ArATaA

Cl QMFL ASMA HA MACH nST WAIT GHA ANAS

(n—1) CH MNT CHT CAAA ATSTAR 4a Taf] Ba) VIA AN

C4 Aory Vila Ca aa au afel ater (a

ATSPAB) TH GS GLIA ACHP ASAT OMA AG] ASA | comely

ATOM CHHA BIO Ge GBS BKA ACHP ATSRT ASA UCHE

PUTS CHB Aarencs TA SAS Cole FAM ATS CT Grcea

AMAA WAR FACS TWA |

ALT HU ATS, GSB ANS BAIA Sra fais ya
PM VTA TS a 1 CSG MS GH ASA Bl AWA GCS HH

wa Urry Aiws sq aa alo Us (stop) GER BNE |

alo eto aea altar ta. aa BIT eH a TATA

WHA GAT GA BMG CER WAT ANIA GF ASA BABE

CA WH A SM FAS Al GTS SH GH HSICS WAS

OAS aps srens aE They a eae SMA Cray AD

BM | HSA BW G fa Cla GS BIT ATA IA

BIA |

CTTHS COTSTM CANA CHES,

ALAS APSHA, milli (n cos J'—cos I)
Vs. u Ry,

faolasca atonae. — -~ 7 - (cos 1 —n cos I’)
$2 $i 2

ATS YT CAMA ACA

1 1 , 1 1 1—_—- - - = (n cos / - cos D(a-3)- -
sg 4 R, R, ts

-, ( 2298 J — cos!) 6
f n—| (5. 5)

(5.65) Sq QA CSTE ATER CICHA Baal yarea Aalleae aa

CHISTA GIS

fi=f n~ 1ncos l'—cos/]
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f, MASS care] Ama TMC A | HA MTA << fs fl =f

Bq chain J=0 CS |

faa CRYST CANTa CRCH,

ncos*? I’ cos? J |UM SLT ASA, - =. (ncos I' —cos /)
Ved u "

fasta eta afore, cos” yn ne we | (cos T= n cos 1’)
ta ti 2

= ao (7 608 f= cos 2) |BEE ( ROR: (5.66)

4 neon =e!fo f ( (n—1) cos? J (5.67)
AHS AA Ca f,, GIS SHIA / AHA AWA AMA

ax fo<f mama 7=0 ami J=0 @ fya=f'l wa

WIBNCSS

fo<hi<f

AQ Say BSA II fy “ae f, AM (5.65) B (5.67) Cas

FRCS AGM ACA BCH Vo GM, AalBAG (5.64) @ (5.66)

CAH AGH WA 1 2. ~~ Veg GE VBA BWA Taasytey ALATA |

ek TVA HAT ACH TaaTyzPHe CoA FIA

aa ae @ Tarp SA 6 Ire Ga Gfoe a1 CAA Gifa

CI (§ 5.2.3e) aAghS mse aS YR GAA APS] CHRAS] wreaa

es 6

a a P
Ow L

P c » [> wncerTa:
| Zo i

]

r

Fig. 5.33

AFG CS US Teas 1 UT wT sa aM ma

CAG URNA BIA Gey VAT MS weg awe fay sn asi
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Fig. 5.3365 OA STs OH OO Taye cee «=OB a ama

SNS, J a MAfos) YS err ase faa sacs xa 1

OB=z, OA=z,, CA=0 Wo Wad (as Ws ass are

TWA Wale FI GA cars cae Tay wis, aaa BM caeM Fa

or Toe fanale i aca sara wise abi Ta ara aaa) |

p*=z7+4(z) —p)® —22(z, - p) cos 1

]?

Ix J 1- -}Cos 5

DNOAay p* =[2-—(Z “ p)l* +229 p) 1*

z(Zo - pil
2

p=2-(Zy- p)+ 2p CHT] pl>izZ— Zo)
an

&
ad

I
ql. ply —pz= n (229 — Zp)

hon

2zop \ACA SIA BATA,

l | C(I |
woe pe fhe t. 5.68)(; Zo 2\p Zo

ge aaieay cave J, cz, cy U=0@ z) GA Qa aFe

| orm aa t
p

/ attra zat agar \ Mote oF

QUA WStay SAI VEN BER ACIP alSAT crea sa

(QF Gals GTS VowT HH Cae ATS SCA OA Wo Ward

p= 374) |
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BSAA CHIME CIBC CTT Grays

1 ] 1 in cos I’ —cos /\
Cand eo

— a ee — ee

Veo u f'\ n—-1-

“h-S-(0-L) fev
aq] Tan’

1 7
=— +

f 2nf’

ABSA, TATE IA SIA TAI

1 lo...

1B Vow Gr

Jbl _t ot (5.70)
$0 Uo Vea Uo f
1 1 | 1\_ I?

wen (oat Jed
ex (- - -} -(- pared) (5.71)

Pra Pro “@ Uyi 2n

(1 _! ), (-~ -—) ) eae (2 -* | a foaté wa faci
t2"s9 Ug Meg le Uy

SACS HA ABP SMA ASS AWAY ANSI p,, ep, @ pl BAA

(5.68) (ace (...- j= (e | ZSMIh
Veg Veo! 2 \ps Uso

Ie (5.71) cars

pty fh ya
Ps 59 p Uy} nf’

1 1 I ] I | ]
—_—— oo OS namaret + ~— — , ++ re

Ps p nf Vso Uy nf f

=! (14°
ni

ae La. 1 (3+/-]
Pe op ff n

p AA CHE VITA ATITOA ALM SACHA FACE

1 1 r( ] a ] Il
~ —- ea ilt- | eae © -~=-—7 (34+ 5.72Ps P f "| Pe P r| a} ‘
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How Sq CHI G AISA Ste] (p=) CHIFE Sa CG faTPETETT

AIFS] BCA,

I -1.( [\ «oI I- = 1+ - T) gag L = - 7 (34
Ps if . t

MARYA MSA TH (TAS GBA CHE, Sy AS MIATA

ATOMS 14, ny) MAM Aiea ale STS HAY AMAA TA eae

CASTE Ale MICHIE CH A] SI SA AaaaTse sts oTSM

WHOM SA AA | ACHE

eT. (i+ ;)=- K+ a
Ji n;

1 S i rN a
° _ _ 34 “le — 3 . 4)

AST Bw Bay wea (Alias Gray) omit ont ya RCA
Tj i! BAS FAT K-00: ACG AM SIA ASI BWA

Py
8

tool Do n;

I) (5,73)
H

fs — THT “sts ufond e aats wept! ca Tata,
TAGS MIA A. WV

K,+K,=0

ATSAl BH GBA 960 CPIBICT wOlCHIT FWP! (Taaayis Tl QB)

tel Sage SoPy Ps Pe a
KyASTAASCAT AFG] GAAS FA ACA AAA >- y= 9 O79)

APS RIT G2 ASS CHA SiCeA AS (Petzval condi-

tion) ®a |

HIG AGM CACHA GAS AACA APS] YA FACS CATA

Ay Ke —2=() 575 304

- i }=0 ROS AA
l

walye K 1 (—-
1 2
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Ob] GFT ASA WA n =n, | CF CHa Gio a face ase

TTA sts GTA BA AA! Boga Asay apa sex
(ares OTT EH) FAYE 6 HPSS a ACH FA Fa
aca mn |

fant face cae Cael TTA Ie BABA See faye
GR FHS] AHS GEA TI Fal ASA vse,

(i) CIMSTOCS WICTATATH ATA ATA A WTA HIT

AAS BCI 1 RU IAT NN fata COA WITT RATAN AIA SICA

BUST I @ Trost SHI QS BEA Al |

(ii) Ges a GTA Ara wistacad aa qu Teaagts

Fl Bl ASA AT! «alsa BAMA falas aa tera uletacwa

SPBTIS TAS SCA ACA |

(iii) atm Taaagre a ace orca aleraa wena olay are

IFS UNA ALA AAT CMSA WST el Ara, Tele Jaa

_,
nN,

= 0

BIG CITAMA T GS-Baa CHA TMA A Tala OAT AWA

eats ae ataca (ato wate 9g aoitsenet oa) Taqagis @ AsTI

TASLOY YA BA AL |

Fig. 5.35-4 ate cilanam cra ato aracea Tac FATA

SCA 1 CAI MASAI TralG caracaa Tres |

GBS CHEAT SIT cH TATA wholay wcaa P Tay CAF

bh afats cana food Tarr QS! aera SINS IY ZO A, |

sts crn cas fag ya atara P fay cece a abate Coren

sai fC JIS | SSC WIAA CTIA A 1 O<0,1 SS GHA

Tay OS GIA SAfSwe Sicatsana SlrAtSt cole SCAT |

VA ASAT GCA IFS BAS |

GAMWS GHA ST SA Gt Tey rs GEA A MNF

AiaypS MASS FH SA Brews als aT, Os Tay CLF CPA
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fafon MASA CATT TIC ETE a1, TATSR Tay COTE BIN CHAT

fafen gree more | (Wa BCS GHA Isto Tere face wae

MH O< 8, |

GaMsit Gye wa sfaca fake @ qe ye sia oT

AS |

5.3.6 fagfe galeacta wears: entfaa AS (Airy’s
condition) |

area att faa aa afetaa att ma Tay cme @

afetaats ufeiaaa aml acd oa GIA aq 21 Tees atoias

qaul @ fasis wee mace ara afelea STA SAS FCI

TAS AA FRAC, TaaayTs @ CHT Awe (field curvature)

Si wa §5.3.5-4 wae a awe aw AW Aa

ASA asa ASA FI SIs my Unlose Gla 2 Gio

CHS CHOTATG ITA FI HN ABA Aal aa fesio Faq alolay

DIPS RA GS AAcHe Taely sen ares |

HH US Cl AE CAR | Velie MATE Gal ABA weal wa AB

6 SEW! Grifos atny Cra OT Ge 7 ( “aE 7 TOT )
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a oa Ars sae: fae ata «8 cred Sqaal cele fools

Gi n fea frac ate ofeiaw wo oe fais m are

BS

p t
A oO o' p' a

n TK 8

Fig. 5.36

eq AB @ A’B’ wena Tawra GATS @ ORE APs T AA

AB 8 A'B’ AP RA | HAE fay me = Oo Hee

a tan (7 —B)=—tan 8

A'B'
ae “= — tan £

\ O'’A

Boas

_AB O'A (420. _ 5.76

Sn > oa) Gane er)
«2 AS me aa fapte orecaat Fagte feel afotaae

Baca frs (orthoscopic) atetay aa coada Saws wicatfae

GR ACH | (5.76) CA ASTOR eatfaa AS (Airy’s condition) 4
BEB ZA AS WET |

qa OTT Ga ake fal GE UTZ VAP ATCA

(inclination) Baa Tada FA A SAIS BAT AGA. CAA (pupil

aberration) G2 Sw

O'A’ |

Oa 0

ORE tang Hees ( waza AONTES AS a
BIACHTCA AS )



202 SMASA BLIP Away

aiwe oF ASS Bear AS ate BAT waa ACSA ACH

ATISSA BRAG AT SX Baalas Tes cacs fara sar oasis

CNY ALG BIS? SLA LM Writs xt ay. sews aya

Hf Mey SA TATA Sa ASA CGS GF Foals WEE coomfowra

TAG |

OFS TS CTH Taste ona HB ACHE BT 1 | SLA SATAN

MHAALAT AIPGH AS ACOH ATTN CH FA FA WA AAI

ASM CACHA ATIC TM CAA ABTS CALI ATTA ( BSS CATHIE

~~Qa se

Ph j

at——_ 62 T° ~f = mr A

Sa A Be
B ~~ — a p!

ig

mn CAME rts
OST TH "s ATI Y Te

Fig. 5.37

CAH VICHUS CHW VARS Tq) WVSa HG @ faa CH AF

RC AA UTES ATO Pra Aca (Fig. 5.37) 1 fasts al aracete

ACHE AUS TAVIGTS weed | Gate wns ICA AA a foreca

A GANT MB gece afelacs fasts ara: cry L az

AM UTelae Stay P oss tay (Fig. 5.38) 1 p Sate PAOT
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STS SA! Wl As Salers awe aca P fava afetaafo

p SAP, QAR! «at cas ate CITTatae OCS AI BS

Ota P Tay ces a APN AAA OTA CATA ae THR IS,

afetaaiy ae P’ faye. AP ufetacaa afetaw ge A’P’ was

foray fasts aes al aeate cacaa foeta S fayre arc

P fay care cavat ose face wrcenaeps, b afer aaa aS eae

oreray 5 P" |

AP" > AP

ccna foeca cates ace rey cifeface frarguiaae
faafs cre cata | SAQPORA. CCA AACA calesle arecet

aifsface facriae fasts cre cuca

my stop oa Ts Ba Taste ga Sq ABI SI Goraq

CNB CUPS MAM TH! Aw glo GAA CeeAI TIS AAAICA

Ose GS BAW BM AA oa oF feng quis (symmetrical
doublet) (Fig. 5.39) ae Taadcaa weg Tapheye aca wal

Tat GA aTAS GINsE yIC CRA ACA AACS BA ACS

BrAceces AST fra Za BTS FAA TART GTS GINS A ATA

PH ANAT ACA «STO @ Tracy STA asTD Gs cas legis

Wa Fal ASA |

od
| ) L

Fig. 5.39

a2 Baca fateR ASOT BCA GAPACA AVIS ACEC

ON BI V1 GS VCS MN LS AAT RA A sais

ST TAS Gl LA AI VATA Stas (Gl AMS AIS A Sloe’



204 Omisely WITS

RS) ATA MAC COR MN] AST wa CSTR SAS Treva

naefacse ase vor WYSSICG AM IA! GA GH
WA YA BASS ACA WF, Syl Ya cael TM Aces Said,

faea aq uaa Cald SA SH WA Fa BI OA GPR |

iweacws (objectives) CHeAAAl, AIM 8 ALMA ME FAC AI,

MAA Wiwcata (eye pieces) TAIMYPS, Jaw, ABTS wae afer TS

TAI, GY GS Fz |



aifaccar 6.

ATaAa GHP (The human eye)

—“ag eR a Tafaca

Tce faces otas fata

Joe Slee dia aaa eats 1”

aqua

TELAT OOTY AS TIM AIG alaleves aH orancna wfaocag

MAW GUAT TA | GAT ase ae OA Borah wes

STG | FAH CH PHS @ APyl ATT Sql axTS ABA Taha |

~~ ae fysarr

~~. RATA STE NTON

Sis ‘ae 8 -
“See _ oe MSFT reg

> ‘ - ? ct . .wah meee Pease . Staber ray e .
A, T ! - . ow -

anton |. . HIT a BaD
a .

CAAT NT ~

a“ ~,

PMTST SN waerar

“

Cre faolte faaaqiags m1 fara ontrole orca favarcag

BOTH CATH BTA HICAT TAIATE PRATCCTIO BAS

6.1 cbITes aoa (structure of the eye)

Fig. 6.149 CA OAT LTO CRM CRATE RENE! CoITAA



206 STG BICEP ATTA

SSA SHA CNA! Gs) CHETAA Towd abl AAA! | CHa

FSSA cel BTA TATA OTA MATH CHA AE A

Arse TR AAA CHE vs 24,2 mm

VISAS GIGIAMG cre vs 24.0 mm

CHA UIGISTG cae vs 23.6 mm

ore] se 7.0 gm

WICKS YTS (GUGTITOSICA 1G Tet) 1.03

OF AG MAY CAH LF CUTS wAN Fal Asa Ave HA

GAS aS MWA Wl MI WLI GA WW ww sq wala

WUT WMA SAM GA WAS GOST AWG ed ae aa Vw

MA WHE OM se way aS a1 way cad Tater

BLOM AACA HCH ACH Vay MATT BS AKI. A Gal AWA

ATO WIKGTS Go aNyTS Sole Grn AN CHA |

Spsecsttars (eyeball) a 74 MAPA SMAI «AT Akagi |

FAO WAT GAAS AM, GA, Yew: rs SMe

(sclera) at ATA FHS a] GAY MSA AI EEE, SrPfaRA

(pole) Srareiie at 4S AACHTH CAL | A HMMIGTAT. «AT. ITT

164 (cornea) | ASF OLA GTA TEAM THE as Cowes

QU] AR ACH | GT OKA SAS GORA *NGHA Gra AAS ROTA

CHA SA GMAHA coIeAa ANSI (eyelids) ams foefas aca |

GRY we "awa I aA wats we Sepfnaiara aife

(lachrymal glands) cat ICA Ge AAs il BI VALS ACP 1

CHONG MAT Towra THA TST TIAATG Tey BTV

(choroid) | aga ASAvIeAA Ha OS MAAN cIcaa GIT Taras

TRA BF WA! «ASTI Gey seas mfg alan np sre

RQ MAS 1 BPP Tostas TAT a Gee Taras zy a8

BT Gl CMI BA CHA ; Clore TOSSA CHG CALS BCS aloe

UE BOI WA | «BCE PSSA] WASNT WS ICA NS aS
BA! wpleiteacwa (albinos) sens agla Bee AH

VAS AHIR) SHAICHA HA QTHA OTA Ae CHATA |



TA PP 207

TQM ALM BRIG AT PRIS FT OBY CM Zea, rea Zhe

A AIRS TRANS (annulus) nee Tass ACI aw 1 Wee

TR MOIS CHT aT Ze Bfsteles] (iris) 1 aa ae Awa

(pigment) Gay AMT BW Bey WS AA, WM MGM A Nd) Vea

wg Ale 1 AIG ACS ica a yeaa fan Talon aay ace me |

aries maecAa Tenics aca afs| (pupil) | wicen Sar Mit Eee

42 TRAD AU CRI BA | MAC*Ta AeA |G Tarracia wel TTA

C2 (lV AW Reqd) cupvera otahes. weera a za ay

NA WAT WA 7.5 mm Wye aes ca, Sea VMATICS FT lca

2.5 mm BCA HIVES ANA | SI A APTATAS Mime THA TRACHOMA

TATA HBTS] VSS] BUI HST Ba) «weal (atropine) Tre ats

STS CBG BA AA Al, MCAMTA TaMIAS AA AUB 1 WCE OMA

WAIST WIS] MAB Bq] HLH Sl! ABA COTA. PTB] BATA UTA

VISA GCA VIET THA ATA |

fas STATS Seis Toe ae 7y ae SA cae Teuite

Tl BOB GAS IW GAA CHACSH AO] APRA AACS AA

WI! aq fafaatat Teac Ne lea (ciliary muscles) CACHA ACH

Al GF comes ACPA G AAA AN CITAA AS) SI cai}

RA HAA A BICRA Talaa 2ogTS eA AR Tee as comfgfar

Grae (accomodation) fag sq |

seer te Gord ane ae MTA ary SIPS (retina) |

M1 GAT AAA VBICl 741 ax Tou ea oF wslaen san

GS AZ! Al ats SHA (nerve fibres) aa Codi eae BNATE

DPANCSA (optic nerve) waAlas oreT 1 Ube anaes Weil

(light sensitive) ; TRtAA WPTIYA BCE QS TANT GPA Je"

sam 1 we aM Taq (macula lutea Q yellow spot) MASA TG

2mmxl mm Fh (ase, catfaan CAG tfacae (fovea

centralis) WPFAG AIGA ATS, We 200 Tesy YY 1 UtspyG yas

AA | Gl PRIS ACS ASME YF A! cowed Teucas

Tame Gypate oxa (hydrostatic pressure) FU Ob] PRN

A CRA MS! SENS AA Uw Tere ce face



208 CUTTS WTS Tea

ore Ga Bean ae srs TT! at aM Safa

(blind spot) |

Sila Tse oae see ests GS-Beaqy (bi-convex) chrH |

8 A OF HATE yas GA) abl aye aa Baw IAT

wT Cod |) OCS TS A sesiqy cas. a Teorsa waa

OST AT: HAS MATS CoM 1 alors qWsAI CATS BB

WIS AUG HH AAA Ait ; Wes 1.373 cars caHTAH BTA 1.420 1

OF FA GUAT VBVIs yO FAT Sy Baws 1 ATTA

MAING BABA WY Sela HATE my Ali ac Al yA

SUT SAA fadata (aqueous humour)! = foaeragy aah) tantly

(colloidal) ase 22TH (gelatinous) *AHIA ZWél aiTarel i 8

fefgara Bata (vitreous humour) erg centea, Ge. onfoar

ANG Solh |

6.2 wNBala Ga farrtca cote (eye : as a gaussian system;

woeMabe, cr fouler afenwesayian cmise alae

asm (spherical) aI GHA TAs MAS Gio 42

CMAAA ASS ae GA APSngiessa Tari GATT ACH ACH

MASS ZA «RIG! Aine alot was Talos A weRA KTATHTS

afTory (symmetrical) SRS AA Wey TAC BE] HTH (centered)

ANGUY WSS ST Al 1 OWCBMALHT VICATS GH AA CICAA ICeIS

SWAPY TCT MTT S° CATH O° AHI ACS ANCA 1 «aATwSIG Sua orBlgRA

TAREAST IFSP GHA AHS AE AA TAA AMGWTGSICA GIATH BOI

(SHB ANAT ACT AN PA ATA |

QA SALA S Yer oa MalSAT AAT

aay CTA Tay —16mm = Fale carey fay +24 mm

sey yar Tay +1.35 mm Tala yen Tay +1.60 mm

ay Caw fae +7.1mm feety cnwr fay +7.3 mm

BT CHR GAS —17.3 mm Teele Cre ZAR +22.4 mm

CTA STAB CF CHM TOR A vat @ taole yen Tayqiet

WAS MABlE ax vey e feole crow Taya Acai FAR Gisiyess |
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MFT Marste feyyiecs oss fay aq wc a Aacigse oF

MATSM TT SCs Tahoe ag Bip (Listing’s eye) 4a] 2a (Fig, 6.2) |

Fig. 6.2 Tafee aa Aaalee pap |

VORMALE wBIAy Bs yalqy faa sy Sac ad aa

(BCAA BIBI) Yer MlaMAarey Bay s—

aad (AC) 5.6 mm

TSA! Srera Pay (A) +1.5 mm

1 CHIBI CHS) (AF) -17.5 mm

Tacls GBISTH CHM (AF’) + 22.5 mm

AOS ~ 1.32

6.3 gfea Cse@ (Field of vision)

WTBSCMAD GPS AA FACS AA GA Aa ANA oases

fey Doa ollales cama (BD ~ 135mm)| OA «ura

AFA FACS ALA Wa SA gies Gas (Field of vision)

SAISM BIS 1 Fe Vacs THs acy yea cy MATA

OS BACT HA TA A, Frws Ahecws cq (field of distinct

vision) BTA YAZ ANTS, TG 2° ITs itarca aha 1 AT HRCA

ofetar ae Gian cavilacia Gra: dbs wemA cs aS

ACT MeN Bed Ses aifelay GH xq qa wus dhacog

CH UAT AE aise quia iva cea ( UNS )

165° 1S, AA Tacs Ba, BNA Tacs ceil (Fig. 6.3) 1

14



210 STASI DCTS ASA

apse cpmre ale CUA AI GLA BPs SPceiy ANTS 60° cars

~a/ greta FF———o BTHTS THE

| lose

Tare tapes Ae Wai / \
/ \

ee == IEE ee _ 7 _4- To praereen canes pee

2° ' ' |

6 O° NN . - a o ay

Nw aces Th

/

Fig. 6.3

CABIAMIA «100° PAS ACS AM) «URSA «STATA «Gora

ONTNCHA GA GAS WF BIH | OAT HCA G A hE

WI AACH FIBA cH TAA ATTS Sel AG

6.4 CBIGea GATA{wa (accomodation of the eye)

FAR CUA HCH CHIBIA ey ulsericos Gq wales weie

STA HY HA As VBS WS Alas sae cea

WYUAT A WA ATSlaA UPwby Gas ecw axe aslo Ts cr

WA BlSlay Be MAA zee ola ately uPpocos frac

AGA Gey st) | faleal siacoeila ACBOTAA AM CAT

Qi S Ae AAA BA CHA SAA Cah BA WoT

Siweaz aaa ayer THE a elelan wiporta fowwa a vice ahora

Us MG Bees ulstay aT SIME SS -TS CHA AA |

BIA as wETSIA aT Brcaferat (accomodation) 1 waxy Seyret

BIVIS VAP BI THAIS GMT “ID HAA Sal | BA GCA

CHA AAS] (depth of field) za BY Ay) ATA BING, FB

WIT AA A AAT GAAMSGA A WAS waly cas ona 10 fava

Ga MAB WA Talay PHS Ve MWA AA! TSE SNH AH TTT

AAAS TER A THQ GAGA LAIN SAF AMS | Hea Graney

(AE CHET ASHASA ASS Ge) BeqA TA Ba BSA

DIMA GAA Gray STS] HTS 1 | aTwSIS coil AeA

WS CAAA BUHS GIA He (fatigued) Bq aw 1 |e Gaara
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AIA BWR GM MANNS BAPE BG BAG ALA A | GAs

et SS A RAT AST GAY IS MAS CHA TA CHS FARs

=D waicara farroa Gay (least distance of distinct vision) 9 |

oe yay 25 cm 410 Sieg ae 1 a Sy GATE PID FTA HAA

(5B) FA ICA YAS VATS SH OTA CA PIS wMftag Tarew

YICR CY Tay oes wee frED fay (near point) Wa | AaCAAP

Aaa Tay Tag anes CHAT AT HT qa fay (far point)

aa wt fan @ feed fava oe vane gia oie (visual
range) Atel} FPS ONS CRA YT Tay wt SAPRE IL HTATS

CAMSAA STS) APT Faq) 27 BTMSHTAA Bll (amplitude of

accomodation) Tawa | Sal CH TAPS: «a Orad wesigeees

AACA TARE TaHS (5) AIST GA PAHS (A) 7G GB caTHA ITT

Tat a Wl A TIAN BT wie

A= Poe (6.1)
Ao

qT WR Wee A WIRATSS FA1 BW COT AIA A 16

(UB 18 GIy WIS BI 1 AW AGIA AH AH A BIH ae

ae 60-—70 aenz FATA | GIOIA catae AT ATS (Table 6.1) |

Ors Gs Ja wureness yale -400 cm ear Tasvlay

+100 cm ; Iq GACMSAA TA SS ?

Table 6.1

Gea (Donder) aa Bracaisia steal (A)-a Siler (areitas CoIvaa oral)

am | way A Taleo ON

(A894) metre metre | dioptre

109 | ow -0.071 | 14

20 wn ~ (0.10 10

30 w —0.14 7

4() wo — 0.22 4.5

50 00 — 0.40 2.5

60 +2 — 2.00 1.0

70 40.8 | +1.00 0.25
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6.5 cbITYA BCAA (aberrations of the eye)

GUAT A ATAPI GAS WAS 1 Naa YeorRn-y zy

OCR GIS ACHAT A NOM AVE APC GACT WS BAF FET

qt | rie 3q cxf aa, faa: BISA GT AXA A ST

WITS CHI CPT RCA MNTSH WEA (marginal)-qiay wa wlaivess

MACH AW LA Aa ASTI VHS VI ATH 1 IAA AAR GF CAI

PASS TAI FA BIA BH ABS CHATS CoC WAM OWA YArA

SPE] VERS Jaq Aaa Tava WITH | BCT TPT CHIN Bae cami

BCS AMT AL CBILAA CAA AIAN Aq SA AA! ATTANSICA

QF VMACKT SS MAY ZA AI FSAI ry 5S500A°-a FALHT

Cort Aquat, at Br TT Mil Sarcaedia THs COAT FLAWS FS BA\

ma ar cies a aefa wet cite AB we BT! BAAS

SAT OGICAT ACPA BA AM BAA AS Fal ca ale

HAMS MTA i yeaa Tefan caacs ma 1 | BAe la BAITS

WUAY WAP Ble QA ACG |

6.6 CBICAA FCARYS) (sensitiveness of the eye)

wiws grata aiela yq Gor cms Gra WAT 1 3800A° Baie

rat cave 7T7OVA” BMS Mel AG WAV GAA CHATS MMS ay Ay

HOT GI AMA Flat qa (Fig. 6.4) 1 Fig. 6.4-9 Saycnckig God

fT Be OT wear | omtat |
Lot. .

\ CONGO a HA Ba

0 B8t- —

Vo(xX) O GE- _
— iray NIeTT

0 4}- ~

02h CRIES a I
\. FET BA

ole. |

4000 5000 6000 7000

»n (A°%)

Fig. 6.4

AH (response) Vo(4)-F TACAS] CHAICA RACK CIA WMS
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BA Vee A Geena Afieiits ase Sarees fase (unit wavelength

interval) “fea ATA (eal A, GA ats oieieT) ya, GTA Sey

CAS ULM AV CT TICS GASTS (sensation) TI GA wcalwe

AAMAS BIA ARCH Wats 1 Bay V(A) Wea Vey wa

rod CHTAT Grae TASA BA 1 AecaMTAT CA CAATisale Fig. 6 4-4

CHEM BATA AV] ANY VICHUA ATSB AG COAT Ga |

BPPHCT Urq Mis UN a AST G2 TS Gating wc Fa

ALA TM MTHS Way VCH AAW] CHI VILE YCHA Ae BA

AGG * (cone)! Cail SMCeNA (O.OL aaa. Bo? oa caxih) STAN

MSHA TAIT CHI, «MA AT sce (0.001 ara yoY az Faq) WTA

ACU TINCT CATA 1 AA TAT UIA AG G@ HEE YSS Brey Bea |

CASEY SCA Al Ave CUA SANS GsaqrAae Slasay

UR) wera Clas ea ata ala ocza face coraa Acaniw cai
(Fig. 6.4-4 BITE LTDA AAlTba GSA) 1 OBA SIMA BUCA AT

aR ACA TA BT

6.7 GBITAA WRATCAe] BSG] visual acuity of eye)

(CHIN ABE OIA TS AW CHALA ST) Fare THST ara BPs

CBAs GI vPTacaa ovesa Gri 1 THaiwe aa cower Gracey

AC BA THA Aiwiay WTEiCG Gre Rei (Fig. 6.5)1 seta ABA A

Fig. 6.5

rq uf Tay ora ava Tay N-9 A GORING FATA TI

WB fama SleRe CHS (visual angie) 1 agior Gora Ato mretontey

Tay ICA CA MH CHA € GEV BI, ABA CALF AG YA ACA IreM

I SS CA FATS AWA 1 GBA BG BUT € aaa ass

TAP €,-CS clad A & Ge Tay GA AIP WA AN ABA

SM Al! €9 Stes facea Alm (limit of resolution) 1 Tacs
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*TS| (resolving power) 41 FRAP BS] (visual acuity) S$-9F

AB] Fe

' S=1/e, (6.2)

MATA YS MYCAT CARMA €o Ba 0.00029 caTwarA a | TaTacor

TS | SAAT WH yo Taya atotacws wai Fae AeA ale 4.6

micron! <8 949 WET AW GS MSGI BSBA (2 micron)

PRAIA | AG GB MGA ABCA ACH TIA ARICA HY PASTA APA

QB] ASAT

FACT FAW AG @ eg Han GPATRA Tae 1 | Tae ATA

meas STM, AG Teva BAR] Ble! CsA Sows &

caries aaa aaa we ers] cola ortatacad
PBIANS VA BOM ATT (CHC ATHA AA), AY CAG TA (ICVTS

caeT1g) (Fig. 6.6) |

corre a eee 7 — ee ere ee me ee * “~ TM

Loe —~ 4---- _—| ——} ena ss ot
: \i {

08}- > RUT ‘
' t

%/5, 0 6t- —_
/ \ a

Fig. 6.6

PRCTH PAS] ABA Cogs B, GaRCeIA GoW 7 (contrast),

ao. wha Tew p, GAT HIS wars Soule ae sara Gog fasa

RI! UES BIN Aats ofa (Fig. 6.7)

Eo =F (Bs 7s p: (6.3)

Fig. 6.7 a8 Geufoayie Qs AG ATA TOR A SBI Away
2 A reere resem ae

, faattas OUATBATA wal Instrumental optics: G. A. Boutry,
Interscience Publishers Inc. > 254 —260 geaq |
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1 SMU SAS WHA HCH] SIShe atecss avi

RNS A BAS Ass LA AWS FA GALS G Ale AIM

CATS ATA |

COs , ist

| =! | B=10'Stilb
Go Go

minute minure :

an

© (19 710 IoD j of ro

B (723)
(b)

(a)

1000F
ee a

ElO0b = ee
(minute) ”

IO ,
w~202

eee ° in
Ne, =f O}
Qe

0
P (mm)

(c) A= 3 TUGR O74 Stub

Bz107> Stilb cae

ae

ig. 6,7

WIS S TMA TAS PHC SIS] ATT TA ACH |

FACE] WIS MACS cacy AA TA a] Hate (test)

TI UR e aaa Gra fava ari « felaa x

BATSAA Sei |

OM ata a siasea Ga aa Taya atstaa Tay za a1 |

cafes waa (centered combination) ase afetaa aq aot

Gib Ute (disc) Tol SE lA AA BIT AT TEM GA

fas FA «oF alas weed TAATH Fig. 6.8 at TS |



216 TAS CICPTE TART

yio Taya afolaeas trestle ac fe ea Tl A CR TS I

CURE JAG BCE Le YO aia Vers esr] wa sey Gor

/
Fol

oe ete. eee NL.
— = +

“maa TRS WO RRQ

|

|

Fig. 6.8 aaitaa fans | Fig. 6.9

ABT | AA AS Fig. 6.9 a TSE wg) sar A, BSC eyqiog

Ceyey ANT | Tacracs aes fal (ances HHS) Et Fay yTba

FAS OHBY Aa Baar Brees ailstaca gio enfers reasp-wrca

MA ACT | AACA ATTRA VUTSICAA YSIS STS AACS | HTT

ATA Al VA HBT Gri WRC Fae] Uae Tatq sae |

Sey map awa wena faes aca eal watIA |) | WIS Berets

fea 1 Tac moi HAI SEA AAC GSM BCH Acs 1

Sg BRACTGTAS sie ce oifeue sem Tome fas

CSIP HICSS THB TT Tag Teaayhs (astigmatism) acsi we

GAA HAKCAA TAS TALS Alor AHA GF PMCS] WIS Tyss

PAI | YMA (Foucault) ace (Fig. 6.10) a ge CR aag

HRACIEI SIS] TCG YMA BS (pattern) WIAA Fe AeA ACT |

Fig. 6.10 Sra BF |

ems ast ST BF CHEAT LISI WE! ae tS

aren Yio Capel AT Te YAS 2mm Sal aslo TF CHAT
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Cl ate SBT cs Sa wae 3.6 faorcaa cant Sa STA CH TATA

HWA AIS BA HATS AT AM | CMBTGT FPRMICT IBS] PIT BE >

6.8 face gfe ‘8 YACHs iat ( Binocular vision & per-
ception of depth)

BAICKA YIC CIA MBS HI AB AIH WicHA YS sfetacaa

QIN TW ACA CY AHAB GSTS Waas xa za Yyit OMe “sts TAA

ACG SAT GATS AAMT AACS ABTS PNT Al! NAA BAA

FT 38 (aA Bis ca aye P) cree OB STA GAA TACHA

FARA HIG owe | TSA AMA Cl SItHa Vo WEST GP ass

Tavg wei aca ate 1 Tanto ae ae BTA APE UPS SS (ail

CHATS 0A 1 ARHCHMCHS SS CaM BH BAG ATI TAT

SGT MAAN CCE CAIAGI BCE MA AAG) WA GR AMAT. BA

Bq aH Wary Maree wa ata “HG Giese Gran Cisalacs a

otolarad ase 1 Sl awaes as aan za ali fanias za

(Ae Crier CATs oa aA Mines Gell cA a ye

TSAI Cac waa Mises Co ~la BPO SAT (constructed) 1 caves

mans aad fanizs cian ze wee cael cate Gia wae]

FACHS HAN BH LL Hoa Te GRAIG (stereoscopic vision) |

TP YACKA MAHA GA BTC CHI VB TSTMS ATL eT

QROTAS FAC HS FA] AIA) AR ARASH wap (ACB 51
ARN Cie CT FAA MITA TRA WAP Yel VSM MIS ATF |

COTA AAA APCS TAH ICA GAA Jarwel wave VAPSS aaq THs

eTaAa (parallax) Gay GHAG BLA SAG TAR AR ACS FN |

CHa TSTAS COAT HCA AGG] BAC] A GAMA VCH GIT ACH BATA

qa WAY AR AR wae Pater waa vara aiece Ag HATH

aay far cae wis CATs ABA Temtiae san ATS ZA (Kinetic

depth effect) | alers wae eteicace] (Hans Wallach & D. N.

O’Conell) Gicaa ValAETTS CCHACATA ears eauey (translucent)

si Cra GStS SAT BIA ALA CHA TA A ISA CI Pas

The process of vision by Ulric Neisser, Scientific America,
September, 1968 goa |
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UF SOK] Ce 2 case este Taalas aga aan aq fay ate

SMASH AMMNTSTA Test Tce FM CA GLA Bla VM cats owas

TasTlae JT A ACG

) Yf8a BB (Defects of vision)

SHY HUY VIM WB. ASTI HCA Fel qn acAfa 1 spew?

HU WI A CAST OM WSR AI BY CHIPS BWlsei Grea

CIFIAHA MSG BSI CCBA THY a Toy yloa gts acs |

TA MAT YAH VATS MA Aga alSlay IA Grcaery Bez

UVTBAGT GCA MCG SAT CA AST IAs Betas s arpa le \
Araq (emmetropic) Gia a F411 Faq waTyTE OAT A BT |

UA Fe WIT gate Ws SAA CH AST ORCS aPC a

(amctropic) (TY Aa | ENTS ols AaBCHA SI TA (a)

(hypermetropia), (b) wage (myopia), (c) splsigty a bTCal
(presbyopia) 44% (d) faaayfe (astigmatism) |

6.9.1 MgB. wale, otecet 6 faaage —

Astras cor fafa (relaxed) Seca Grad Tas wR

TaaFG wPPTT Garr Cw (Fig. 6 11) 1

R= yale
N= HRD AR

F's (ENT BITSTH Hy

Fig, 6.11 aMstas ore

ate fasla caiein fagis africa Beica a Ce CRA

ACS ws UNG za | wet gafeyid ory wa UptA CATA
WAS (Fig. 6.12} ya yaa fafax cetes ace Gece

ACT | GBS AACA CHB AH ALLS Grae alas eit ACHA

27 FT CAG MHF A APSTIAS OAT OCA WIGS FAIR OA

Tres Tey yea 2a Aree qiSa oes GE Bora aca FATS
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AA GAL WE CHUA AAMT ICI ATG 1 BWANA vy AA aad wid-

AIS WUMCH IG] AAA AGA (GG 4 FEA AMM) ot AT! IA

CHG HT FRCAT ACS ACH SAq Jarwy Bea cHTaw. HTATes |

Sees a.
oe ee

—> -9-
sree Ted AST Ay

Fig. 6.12 wagiea core |

TAA COMA AA TAZ AMAA GS OIeAa CaCHA Teel GIP

Cr care ay uate aaa fasta Herr faye ofericba atacA
ACS Sra mary fe Sq soma yaley areas comaa yalay
(ACH BTR GAAS Fig. 6.13) Bese Wee Tasolay aewras

BAT THBTAY (ACB BLA 1 = -SHATS 2S cm G4 FI CAPT -BH-

“Wis OR Yaa Talay mS CHATS 72 Al Ya Blea Talaa

(HATS PT WS SLA GSMS Grae sa GA Aes Ms

al ACG

pe

— i+ ——
MSNA Hes TED Ie

Fig. 6.13 werrgisa cia |

amis iS BATA AS NTA] seEKSs ATTA Pom aaa OF

ATSNIS GAA WH cars aw feos cry areiias 1 Tawlaws wpa

BCS VMAS ASS] BTolarss cacs cat «= APSTaTAS Ber

gis PKs AGS TA WA LE aragis za Mil za (eta 20

GACT SSS) SAA BHAG Sere Als Gey A AIA

ASA ACH! Al CHAT WSTHB Mie FA AIT Rls, BIPTATANa

cre a fait Sorty, Taras: Sas agers CONT! OKA

TSAF MTB Argoq GAOT MAT Bae |
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TACT AN BPIGTSA Gerniys VSL | FIA Awrel Maa TAC

Hams Pye CS MMH 1 BUA OATS HTS] BCT ATA | Gocarecagy

WAS FH AA (GS a STAM GH) 1 TAHT nH Tawotay qa

AMS WP! BCH Blea Toa GA -wS cea Wa Al aA

VIG) GIT TA Cala Bers, ao Serta sacs wala A

SA] GAT ATA Gra AlAs Besa fataa craves wale Acere

CAT WAR THAT ATS Cem wala ZA ALI way Soca

HAS) LT CH BW BCH (AVIA). SIT Hee yaa Tele UE

PHS CHA ATT a | | Mee CHATS CATA ANB ALGS AHA AGT HECHT

CHA CHA

Gla Cy Tayy THs SISTA 1 ITA STA SlsKe) wip HCH

HS aeetA yo aamacent Ge tr sme) sal ae Yfo

Aa aH ale wyeiae wa sale Gay. Ae OK oe ATG

CAME OBL ASH PT CFA BCA 1) «AAT CHICA Ada THA pTataTs

ASAT Acs aT CAA A Aayioa alc ~I Cre cate Bato

UPS BHT | BS HA Tae HT crete] 2 Tawa praia

ANAT AA ACS ANA PUT cM ATL AL Ea CHT Pays

(astigmatism) 4c |

6.9.2 gies Geta wWecatyea (Correction of the defects of
Vision)

(BIA AA SCA DANA HAT FCG 1 DATTA AS TT OST

CAH ACS Colas cacna Agate fasla caiata fayle wifey
Ata Boca He GANA GCA ACG, WPA eB FLHE AI,
YAS AR) MS VA GACISTAT TAI Tay MCHA Ia TB

Baa] THA STACY ATPSA AcHiey BI Bs: Gead fof

TACHI BA Bed wag helaca waa ala orale a ofa

Wee Wass ATA BMA aaa cE Com] Rall Aq HTT!

ORs TS sy Ml SN ae ays ora WATS OH SN THT

ALIA FA ABI |

CAA (Bae sea) faca cl Bele Sarvs BTA’ SA ITAS We

faqecs via aicifas oreray adie sitca fata shew |
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QU SAT BWA Wg cores Tala ITA Tats Ones yatayco fara

AS | OICAS Urcaierey Tal aie areifas za wea fasd faeyfo

RCSF BHA ASAP SAMA Bee 25 cm ai MA aA aa fs

HICH CAA WAL FI ACA > AM AW) WATS AA WA CIRC

HIS StH] VS seq) Berwiss fe (indirect vision) aw 4

TAIMTS TW BT AA CTRNCS ATS SCS SCq Beye cra

NOT YW Ail eins cha sqag gary cz |

WS HIG as A,

(i) ways AneAd ea Oe aaa aE GI aA fala

CTA Tayis Soy SAR AA CHA GA TeYTO AL aa OA

AMA VATS | TMS CHACHA WTS] SCI ANTS 1 PH AA

won (Fig. 6.14 a) |

~ ee TT

NE”

—-~
= * s A—-,...\ a a

| XSF
(b)

Fig. 6.14 (a) yore AeeTTAS |

(b) wane aceniys ;

R cA L-a4 Paola carey Tay aa

CBICAA WARMING Ya Tay

(Gi) Wigis acrecld aa cribs cara fayfocs ace aA

A IT Gacy TA TYE OAT oe CoIcAa foaca wAtES 1 TAA

BS Mays seas) fafeg a atoms) (convergent) GRA (Fig.
6.14 b) |
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Buiead 1. ca semis cies ya Tay 4 fo oa sabaS

BH PIN CAAA WIS] SS AS >

wea facta crema cae = - 4 fara |

_ |
FEAR CATA ENS] K= --4 D= —0.25 D

Bwizs 2. are cath Bier Tass fay 2 fro qa ac OA

DHA CACHA BAG] FH V|SU] VACA »

CHA UH A calo aiTsiS Wheyhe wp GATT ya fay FPA

foge an cata fas farce 2 Troe cm arertaa comet Tae

Tay 25 cm-4 MAS BUA |

1 ot 3
0.9573 “FF wee f+ 2 Taba |

w l
MAS Coleg Wels] Vlog = =3.5 D

~ 2/7

CPATS Bs RCA GEA | |

CUT ABS Fl CAAT BACH ACA 1 CHICAA GID ACMA FACTS

TAOS PISA CPA MANA 1 «A CACHE WAS Se Ve—caTPATOTS

IAA ACA GTASIA FACS 204 aA Teele «= aprenfayie

TACMS COAT YA Taya GA AWA! «GIA AA Se, VeORIA-

mC TITY O Cts Ca Taoly are Teyloa yas fates acy

Cie BCH MG O CS CAL ag Gee Tales ea a

CAA ATCA AACS CA STA YAS TA Blea (accessible) Tay CAC

MACS WA) OL FAV Te AA. Wee OL gest wren fahes

Fig. 6.15

#a FACS Rta (Fig. 6.15) 1 Fial SICA COIN CHT TT GAT

R08 ANA! AAA AY -15 De way -0.25D1 fee
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Feta WIA ETS AS aca a TA GRA OI AAO A

YACe CHA FHICE] YE GIA TCA TTMTHS BIVTATRA WS WA as

Qe AL! Pace CAT TS PS RTT ANA RCT FAC

AGT WE abSlass WIT YMA AWA BG ztdi als

crm ey fasta catrain fay wae stn CATs CAABICA
ws A CHES TTS faSls caraiy feryP cmecalifas) afwricda
Bq acu, fae CAH @ CHITAA Raaicag BAS) GAecafias
COITAA WISTS HANA AUCH) a STH OL Tales aa or |

UH A, OWA TE. A, HT ETO) GR A ARATE HI]

Bq Sta

K,+K,-d K,k,=K

GAA d BOY PH GS OMA BATA Tayarad Wai was, Uels OF, |

CNA WS WPica A= K, Ueiie

K,+K, dK,K.=K,

l
seq dK,=1 S644 d= Kk * tf,

1

BG AA THR A CUA Chicas carsin faye atecs

SCA WUBITTOT WETS y CATS OE YAM SNA 16 mm! AeA

ASA AWN TET SEM ICS TI ASP A | YAR Was +H

FMA GS G1 GUAT ACH Al NCGS APIA AT OA AT

CAC AH ACH VY GS HAL! VASE YI FT BA ATA Al |

DIAC CUT SATO RIS Ge YPC Bless Fe]

NT TN Ylq CHCA GA BAS) Wala, Hy Tass Tew gra oz

C1, CL CH WATS cae] AS FA SH As TH CHETA

BMA Haga Tea fae fame Acme BM ST GAB PMT CHASTE

aed faind A A, SIN VOM Botha oN AAS sa

TA | GA FSTAS CHATS 2 DM HA ICSE OI A | aT OTT

GAP ANAS TA FAS GUA AW CAVA FM BATA a Saree

SAA ATTA AW Wad Bar! Att Gricatory waywy

faccafas aca BicH, xa yeaa fafas craces AEN aeaTEA
RI yaa Tala CHATS VASE GH AIC OHA BICea Terie CHATS
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CoH CPA! a8 aT Graal assy GAR GA ace al

ons trp Talon ue fafoy sea sae Taee (Fig. 6.16.) @ oT

Coal =a wis alScatayet (bifocal) oN AW! A SwATSW

a RCS ASHP SMMTTS AHATS? TACHA CHATA BIG? CTIGTIO-

SMA SCA ATA |

Fig. 6.16

qa A) A BMT SoA | |B age rere

C,, Cy. Cy RIGA Ota FawITy |

fasts Fecal aioe Tastee Teagie aca

A GAH (cylindrical lens) 4 bias CAM (toric lens) 49 AIA

Sw aa ae! Bas cama ae Ga CTT ox SMROR

AARETS |

AMA SYST CFA OAT AAA A ACA GMA AFCA OA

CHA FA A ATL |S LA VCRTAGTATT SHOT MTEL TACHI Hemojef

(aH (contact lens) fa ST FN TA | AEM! APT AA YA ATM,

oS, We ASIA BW BI Ls AiG Wa WT OHM Ao
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AON Gal TORS Wo sem Siw fe coma uF way

TWA VOM BWA LE AA AG! IA WOMr*bcaa Bria

08 GRA MAA LF VBI UIQ ALES m~IHf BAA A. CoHMSTATA

ACT CAC ABCA | ALP HEH G WHF AOTHA MITA GIN OICAA

oH SA IA! GA ares ators oigarm fava aa og

AMA | BGS AIS fact awe afoordl sea ser grea ala aABras

AFC] AMM CACHAT TWACAS ASSIA ATA |

wagas Tears vega wlaaine (irregular) qeora

wa ST CBA HATA OMT TH A CHR FA FS ABA AAT HHAf

GAS FH OF GST BOS | GACH SEMA OA BC

TATIHS WCF Aca Vor Ulartas AS Ba wes ace

Tl ASP CHAT ATA AIG Rel AICS ABP AA COMA ATA Fa

UCAS GUCA ACHS AVA SAAT 1 GF oAaca Biowa Boas |

CBI TR |

past (Summary) :

lL. Ole GSS Vatla Bieda as i weeMrGeA faa (ATA)

THA WICH GCS cHRAA TMi Tacs ae coat oT COTaPAITG) ATH

DPPC Sly ABs cA aislay wwe Sea cams sca alsce sais

ARCH ATA SA | ‘

2. OIA PAH BI SA SIN HID HATS TAT | Taw ToSPyP

PPC CH AAG AG ay 165°-3 TS 1 Hay Grea g_faca 60° cars

aq 100° 74y Tease GN PAV CHAI ATA |

3. Grae WAS VLAN sea, YloSa omala Ad om Tatas

mrs CHA TT | Bolas coy yhea wna fase fay 25 cm aa WS

aay 7a fay opiicr nahee | aa aoe aT) Pelee RENT

4A CCAS SPATS EP A |

4. OA AAPA WOM AAT! GA LMA TA ASlas

TTY PS HATS Tas A VATACd ZA AT |

5. 3800 A° care 700 4? HSS Aeiels caIG MCHA CIA BCaMT

G8 FCANTS 5500 AG ACH ake GF GMS BS A MA | CAAT

AA ACCA SCNT A AB ATT PHS CHA AT TM |

15
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6. ots AHA BATT HA HTS] PITA TAISIT Gay Trea

SA | CBTCAT FPITS ES HATE] AA aT TT (ATH CTA aire 0.00029

(QivEAT TS) 1 Gb) WBA Gea, CRT sae Boa org

TACT FT FT UNA Ya a eR a, el TIT

ARGS AM ACG A |

7. GAG] FCW, Ale YA ET AMAT BESTS] IAA OIE |

AUIAes HTS BIA WBA HY SINT Teme YTD @ Ta HSA HB |

8. wiles GIN YI FT NAS Se | GIR PA OT

aia AeA A MYR Fred fay 25 cm cae A aR ah
alarm Taso Tay 25 cm (ACH BCE BA 1 DUCTS UCAS] HET:

SIA CLS QS | HCH TaD Taey yea ae Ga Tey SME OPAC AF 1

faaayisee iq Tang patie mayaael way Teeqeng AMA HB

CHO ATA A) GIA AIM RCA BMT WARM BWA GAY CHA BAF-

CRUE GbE HEA Fa Ua) «nie Cor aH, aonb ers

OAC GPA, TANS GUe-VATay ANTS A VAP GPT Lae TaTT-

HBTS CAAT HAY VII HHA GM WG BIA! Heae

Hemel TAS AWA SN ACH |
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APH CAI ateafaord fasta
(Analysis of the performance of optical systems)

7.1 AGS VHSB TI BMG BOW Wey a ocapHUleA

CHUA WMA GIA A B11 1SR TeQ wifes wea afeiay

AT GR CALL MT GM TT TRE Me fae COTTA CFT TY |

SEAT VHB SA LCA YT (projection type systems) |

TACTITA MTT oe Sq Ci are ace ale | BCMA ONT:

APY SIF BETA CLG AA FCA 7A Way AME CAM AAI

fag Teg often sa fae oe Oo ty Aaa TMT

CHB AS Winlsy HAG Sy 1 al Abe Sg (visual systems) |

AA FBSA Ga Hse wormates cows Gq sha coe

ANIA ACH | AEA ACH xal GA w@ Awe] Seay Tea oer oerse

WF SIT PS 1 GZ A HI wnfoprey ecqa aMAlas BWawica

Gr ests wfaceM (inseparable) we saad wi Swe ay

(visual instruments) @Iq 1 UR Aq Gla pus TSlaa HHTy

CH] TA AA ACMA FRB OAs A Bataan awsep wiry

CAS SCA VIN SACHA WH (projection instruments) 47g 1

ASS wpa wae HY ME BHI Gay atsalors |

QFE WATT CA AT BG Sea A yaeBC yeaa Tena

oA Ce MA TS Gl Tea seer Be oc A! BNA YA

Bid TaTAR CATS VPE aC, AAC ZA AM | GHA A Tae

SGA GA UATwM SI WANS WAS A IF Cb Seaiia

Goal Gl Gla MAHA | ANH AHA SNS TT 4 TWH HA

aie Tq en Te aH Ol TS Bla TAM SAI? OA A TH AeICS

CNC OBE] SATA FA CCH TA—ATA OLA AAaTG cea aay she

AH ARN HAC GA SANA POLS SN A TH |
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ATA GCA AAT BAA Say THCH TBS GAT BAB GAN FY

SEACH CATA | OIA YACA CRATA GRA WITS TARSS BA ATA

Baa THAT CCS UMTS HE TY 1 OWA HATHA GAR AAIATT

Tails INA AM MS, Ha Gary cate ar wat Tetay caw

CAPa | BSIale Zl THC GIS HAA Yee Bat Gave mls Al |

APE ACH AAI crate AZ HA Taaca pore afetacw fe wacaa

AA UG CADIZ ATTA TATE |

62 SAAS HOR Mes aca wera saa Taiay sac

aT |

(A) GPG (field) 3 worp WC Gorgias yucca ahs,

TA, Wiest Bea @ VK AH AIA GIA Grails wns

ATA WATS |

(B) faad ws) (magnifying power) M 3 ape aq

Teh TATA CHAT Ae ATA GIA CHAT UTNE Cl BTOTAT ATG

SAA GBLAI VYATS |

(C) Grits coracesy FS] (ight transmitting power)C 2

OFS BSA Bape] Aas Tey THA CHACARRON, OIE CALA

VPP CA A Ahetay we Swe wiadiaia (illumination)

HATS |

” (D) facstae AeA) (resolution efficiency) E3 abrq

Aaa AMA HAC CA Tawa Aha CST AN SOAR OUTTA

Beat Tava Haat SATS |

CHUA WHA APH gy BORG Alaa Bea Tel Grae arfrgias

THC V1 UGGS IA TA ak Stale As Tonys |

ay foals alr wives eras ada care Ta SH MT 1 BEA

ATMS BAB TAA BWA COAT FRANCA FASTA (visual acuity)

BAT | WIT PMI RS ABTS) AIG aca fafaa ara |

ATHAY AAT CHGS Aad sHaiael TAs WES cca oF Bale

alia ARIS Sl BA YT

WACHA QS MCA BT WA HA A Braoprer Sea VlrWA1

BW VAAPYS AIS JMS G@ yey |
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7.2 SAS azrey StHa Bey (Apertures of optical systems)

7.2.1 AQ Vifowme Case Geng rife 1 wats unfiena

Say TA THA I TSaPMopS avs wey TA llas Gears seats

We Gq aearwes Asa Bea ETaa Te Tava Sexifa scen qwa wae

SoMa SAN at Tey HA CHA WMA) «UCTS ahas calfors Gray

ANAS TA GAP GCA, HH, HP AI Tomas ataqfeace (rims), wT

41a (Mountings) A 4% Sle Pass Tarqa VICATH (windows) |

(TAA AMT Us Cow Hie El e1tHd GATHS (stops) 2

THPOHY | (diaphragms) 477 |

GHG RTO SA A 4B Chia AMBCL PMCA | AA A,

BAT CCA BMA Vesa Gag Pala sale fawi P fam

5TH GHANA STA Cl MILAN GOH VG we Cale Gey Bose

Seas pao wea cara ators waeca caafl aire zrqi ae

creaticsn Be Cates (aperture stop) ait GMEHA TH

CHATS GR IES TRA Be Fata Sl May UlSstacwy VARIA

Ura ast Fare Fig. 7.1. viele ya P, Tees Sa Gay

las BS, He UP Paete ote] S, Cet Oe AeA P,

faees taq care 7, faces Wray cals |

© ry “4 LL| >| Pe i A

eee 1
Be STN

a
| poy

| TM

Fig. 7.1

wed Gg Bales aia fava arom votre Seat aeaces

Tees ATG Geng cares fanea ser sara wi) fas aca fait way area >
A a &, UNH ez S,,S,, Sy Bete weaagqia cams

weg (Fig. 7.2)1 S, aliases a-Toce wetter ecaa cq wemts
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AACR SA Gal S,-o8 aietax ea S,' | aera S,-3 atelier za

S,’, S,-a afetaa S, fonte P few ace mata S,, S,, S,

Selma ana S,', S.’, S,' este qaqa crn Ima! ak 7

aroraca a cl ate Po Taucs naMTA Sa I Geng FA OF

Tata em ea ator Slate Cay (entrance pupil) ae Fat

Pay Ot A UA we wonsytecs S, ca Tar aire

(limited) ava G1 AeeE S, -oa UAqaal S, ae face Afr

TCH | ACLS P TAVTS VAT HA AAMT Ba Aly Grid Wa WSay

Was SH TW Tar P Ty cas Cl MCN ATS WA SI

ATA eit alti aca Sia caved UAaal @IesTS THA! TEAR

UIT CATS EI ABA (real) cacaa Saal cates zei GeMA Cates |

WAT Ga wloia & my Geog aca wire C ATolacy Urifvaney

OCaI49 carfstzs UCWA (angular aperture) Wt Fig. 7.2-cS Byars

aia S,’, CTIA GN S, cae close Gay oi afetay Bou

VIAN SS BCA a8 its Gomae wl Pea sea

CNT CATA MAST Myfopey Seat wey Gray casa

siteraace fers, corm (exit pupil) an ari xa ae P faa

efeian acacy P’ fences) PP’ fae core cl ras aes a afotaa

GIN (image stops) cal Ia BI aces fava cra P lays AAcHca

BT CHI Gerwy SATA | «OMT GAS BUATSS AlgpRrs ABTA vil
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alas BI! Beye Bees Gray cass fasts aPacs (emergent

rays) Aqoaaci AS Baa caves fade cag Gea casa

(b) ~
5: Ore ie satay | oT.
S'= MINH GT |

Fig. 7.3

Sea Maa P’ fayos Tala carat catlos Grama AACA FT AA |
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G2 HCE SICH CHE (angle of projection) avi Fig. 7.2-08

Tari Ga Sg” Gas aR Cae 0"

Fig. 7.3-CS ase Pw CAMA BAH! (a)-Co STAR

CUS M48 GMAT CA OF, (b)-CS OrMA PS Tao HA ae (c)-CS

UII CNS, VAT GIG Ae facia Gla AE |

Brigad !s 10 cm age 20 cm CHa Carta yo UTeral
CACM BPIY Taser 2em ake 3 emi GH Aioa TH Gs, TH

AAA AE 4cm CA HTH YIGA TS TAR GST 2 cm Apne

COMAA THM AA VA | BRT TAT Ce. AN-FHTH -20 cm HA

UPI SI GBS Tees SMI Meas, VITT cag wae Taek ca Tack

PACS ACA |

p ute, L, SL, Cra, oa S aameM (Fig, 7.3c) |

O,P= -20 cm, 0,S8=2 cm

AAT BAT Gl SMG Tacky sa as 1 = ABSray Spsty cag ¢

(i) @a L,, aid 2omt P jay crm yee 20cm, P

TTS Bey way O, Wa, tan d, == “a

Gi) ca Ly a aynam S aa aleiqy S’i OL, are S' oA

1 1 4.2 ; 5sa. oo ear Fh P = + =WR WA ays! Tay Cee S' Ga WAR=20+5

= 22.5 cm

S’ at AWA = > 2=? cm |
2x2 2

P faye S’ a8 Gay Gere] Tea O, BCH. tan Jy = Rpts |

Gi) cy L, ama L, 4 aoa Ll, 1 L, te L', af

WAR VY, RCA,

Mt! 3 | p tam core L, oa Ga= 20+ =P emv, 4 #10 W

20/3 x 3
4

L, ot ard = —“=Scemi woad Plas L,' a8

_ 3Ge fi gd. a ~ 2-3,aa Com ULI 6, 2a, tan 0, 80/37 16
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BSN tan 9,<tan 7, <tan 0,

was 6,< 8, <8,

9

ares GA L, 2 ave BT aa aa Gee asi L,

cra L, ot atelay L,” sata oat Le RA cers L," 48

IE Vy RCA

l 1 I 7
eS op oe KOTO = - S om)

e, -—4 20 A FN Ns m

L,”, 2a cia L, of Tee] om wa ArRY eae UR

arn ei = 3 <2= 25 cm |

7.2.2 efata @ fasta cacma AICHC Mya] GACH AVA

(Conjugate distance relations with respect to the entrance and

exit pupils)

Maal Clie Cl AMS: MAT Ga GS lal tsa TAB S

Wa ulslaat seem Gia ads aca fee aT arTation

writer ca atte @ fait cared sazia 6 OFA

gfafae |

Sn plei Ba as scale age weitaiia 1 wifes Sea

aa) fac FSGS UMA ANA, FEAMlA BARE BWA GA GA A

TAC MARTSTS A) BOIS BIA VA Gi BHaveNs Tass sea a Gio

ecm Bo | SMK waa WAC AMETsCS GE VTA GH

oa O15 S |

441 TTS, UATHAI SIA MAT @ THs ASA ABST 7 G 7’

fayaea walge (Fig. 7.4)1 HF=f, WF =f'i Pp abeiaca

wpigy ae Poa uaa Tay FP=x, PP’ =x', Fr=o,

Fir =0', wP=é, WPHS 1 Sin @ Tae Creat TWP FATEH

p Sp |

fawewa aalsa vA. yo Cael Taya cwE,

-* ~. “ (7.1)
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FSI yal AAI Aas
t

@p _f— = SS 
7.5 aw fe (7.2)

Qt FP=Frt+nP BA x=wté

—

C8 FP = F'n’ +7’ P’ qT vews&

CRS xx'= ff’

eeeq (OTE (+8) Ly
f f

wm E\j/a' €aq =| +2 |pe ty
fF op \(E _p'a (EP, 6 Jai 13poole | we)

SINT CT | [re

I* S--— - PS | _f s >|
a ,

p ND nee jo !
— c + M4 Gi K' F! —

| 4 et |

pp | Phe

Fig. 7.4

P =D) = wae (aa-Taada (transverse pupil magnification)
p

FSA (7.3) CAs

If 9
HF JS Vos

aD le tT pol (7.4)

TSy prog 7k (HIS) A fee ae fa -

spn in
TOT a =K (7.5)
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Tae, eifotacat waa Tad (transverse magnification)

V x wo +€ (145)
Merwe K- See Le

y f f f\, @

_r,(1--f,)er( 1-—bee( rr) ( 1- 7) (7.4) CaCe
ry &

pot’ ire _ine 16
"Loh TE Yofé& ons

AA MAAS G HUTS ALT AY, SAA

ry, ol oy
ee

aa mr, a
G

WIG ATA CATS

aT, -m=Ké' (7.7)

aq | -1 = Ké " (7.8)

mel, Sen waa fates ware (K) wttata sear é @ &

wee Say @ felt cay aries Uteiay @ alstama yay Tach

37] ASA |

Guiza 1a sagt @ Tay cad ATs VaTsty 2.86 2.5 cm

8 7 p 29Boas Po= x = 1.25

”

CT ANIA AS! K=K,+K,-dkK,K,

4
=10+5-.) x 10x5 UTA

=15-2=13 war a 0.13
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BT GG BS Notacw yay é= -20 cm

BR ciel weyers Tada 204
8

+K €= » 7. 0,13 «20= -I/m= r 35 Uni SO
5 ¢ ‘

m= —5, Tsay Tels 6 cei

OL ALBA WI MTN Tey sale saa S wae Fa

ae: aele yorfaslers ocisen ead uletaaa ndfan e

Am yay Talos tq med zl a8 Bese gecea NEA

(working range) wai sTSlay waa wi aa « Tafa cacaa

Bar ¢ sas alas 1 Tera abl a Sa »

I ars Seg Tay Vera CM Die BATS RA, CATA HAA

Al Sys YA, SIMA AMA wAAaTeAcSs gle wrens Asy acs |

2 MSGHAS UMA AA Fas VSG MMT AI CAP WAS FW |

GAA TPETITT COIACH ATS TA. AHA Tole AA SIZ 1 | APES AA

BOA Gl AWS SI Ova AT APIS ae (real) AAG |

le TM mane

aN WS (Fig. 7-5) Li @ L, Ze a8 afonas wey giba arad |

L, wor L, ocmea waat Ly’ aa L, sroy Ly aaa aaaal

Ly" 1) QR SINT ed BL, 6 Li ot Te I att

SITE AC4 Sl laa Sarq Po Tawls coreg ca Gra ecw Goa

yis Tay P, 6 PLL, 6 L, ote I Germ a =P Teale

P,P. 3 WH Wea, L,, P ayes BI HI Gry sara Hells Taq
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Lego aii P,P, saa BR Ga @ cm faye L,’

Taq BAT A! A a fawpeyg ames Coal EI BI AS OA

armed el (working range) sa ocala PiPo a aCH MCG

TTS oaia P,P.a ABA WCE Ate L,” Tea aa wea Tats Ly"

earn aa: L," tae ca aa. Ly ors ce 24 Bele Sea oT

P, PF Wa MACS BCI 1 ACSA (astronomical telescope) 4

oqahec Toe 82 I ori OL,” ale TAR eI wa cA L,”

ATE CARA Al | | CARTE GOTT TIATS -ACi‘@LQZ As TO TRA

wre fas ato aries, La foe Trea Seti Ly” GRC. TAT OE |

ae BAA Me P,P. a Mea Maes WA! anietterer yaahe

YA GSAS WANA Fal ZA |

7.2.3 @fBa CHa (Field of view)

BHP SATS THA BSP GAM SG cal Ava a wafer

AHN GT Bl ACS ATI! 4a As Fig. 7.6 4 S, S’ @ S”

TA AMS CCNY CAMS, BI a 6 fais al Bea MoMA WH

PP, @a ole cai Pufetay cca wera Gy cate |

Pa aa Pe sry Ug Hage 1 PP, atetay oat

ee 1 YX |

: a ~~ r . 9" ~ '

fe ! Na. . ¥ . ee - me -- 4 p

: | ON . | a8| 
BN

; \ A, a

| \ aa ~ > Sip!
! apd NY C C —>aj Pp

wifey = |

maon BH CAT ar ., an
am fadtver ofa Te

Fig. 7.6

BSlay SH wen aad we Tay PP, Ra VATE Scat

aes THe GI BITS ata ye aca Se feqe af these (oblique

pencil) wa 1 we fete apa abuts srr cat weaiay
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O' ita TWA Ss 2 afagyosa yey ah (principal ray or chief

ray) VA 1 Gs Fyaha a Waps Geny aes e fay cawa HAT

TET Os O" Taras A Gee Bae P, fayg saa P,' favre

at Tete dteaspg 458 caxil Tote aq ess uations wea

UTA AI CATH OS TSG BCT APPS gern oetypsica cae

ATA MAMAS AeNy wa ea BA atelaa afetace was

AM TWA A A BISA coq WIS Sq MGA |

Fig. 7.74 S SIN] GH oe Dua ae ( fen afefay

GRE ) HA Ted EtG | S' e D eras ef aace aaa Gide *es

aq P,P, @C,C,’ arena silitawaa qn A, @ Ay |

Ch

Mp

Pik.

D

Nw Is ¥

- be ¥
- FY

an KE

et ~ ~ ~~ cbt Te ~ Faw ee

| : " TM
- ~ ty

Pi Le CNT S{oT

CAT
Mit

|

Cit

NSA Y oy

Fig. 7.7

P,P,’ saz antes slciaa we Ge a Tay Ae

BCA Atay Vy a we THe ACS AACA SA D aR

Fouad TATe B04 TL! Beis ST CAA Te Taca CT MICE BIC

HAE GF ACAOIE D AMAA ATHCA BCA AA! «Py Py’ MCPD

aff Bcafes CaRH (field of full illumination) fadifas save |

wa CC,” BT ASAT HA TAY ACF HA GLANS GATS

Waa TH THA ATS MATA A, D CATT AMIONTY BCA 1 C,C,’ mH

HP CHA (total field) fadiiae sare PC, @ Py'C,’ awa
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AMAT AK GI AA Tae AA SITHA CUTS A VeaTsS APPS WIT

Ge fas aca SATA GTA TES] D TUT ATATY BLA ax TAR Bm

D aces aes fees Be avs orava. «8 wens wrefstererca

Burcetlaes Gq (field of partial ‘Humination) TAM PACH |
OTSTAT GA CMs CHACH CHAT TCA TIAA TaQyr wey ( P,P,') m4

GCMSS OAL TAHA TERS Teme (PC. Py'Cr’ AAA) SCM GS

UNS BIA | AI fofacaBe (Vignetting) Wil a THE (ATS
Teen BAe cH Tat Sie wm P Ts BWA THs C, PKS

AACA WTSI CHETS Te ABT CHA AA Gl Fig. 7.8 4 HAA BACB |

BACH CA aes Ses MIG ALT 1 alwa wWroray

BCH TAT ATG WTSI GEA ITH FADE FT HA Gey Brag

SCS STN SITHq (entrance window) 4 24 1 BAT Ald &

aa MTA BTSTaH wiles CRG CATH (Field stop) zn =!

CR GTA VAACT wife SHA Tec copa CATAA vite TACs

facia 2itawm (exit window) ae | SINT ATT weaTayCs Tay

eae ora acd fea eee fora a8 Tara aegis ast AT

("eq (mean field) fAMS FA 1 WAT AEA IA BCS FATS

BHAT GAT FTG faryTs rifarS Aral Al TILAUTSS CHE. APA! CHA



240 Shitaety Brees awarey

OA NG HY OB AA AA 1 BINT VA MT AT A TS

Bem aa, wae 1 cH aioe Gerace cals uiea CRE
(angular field of view) am ea i fas cma ore Tao ama

Qa Geom wa ore efefaceg calfsie fasfs (angle of the
image) Aa | WSTay CICA GOA CHATS AWA CaPH (real field)

a Sai atsray ccs Tas cacad cece Tals vicra Taal we CR

TATE FI Ses STATS ( PowM ) Cay (apparent field) an Za 1

Grea CHCA TSTACATUS AT STRAT AT AAT GE BOM UTTISS

ery THES MTS CHA AR Al GR GLA GABP? ACA Wa TA |

aeqia tH alersa wer ae ora fetacafos asc al

atest waa fours caters ale afefee wrasse
TAFAS! (intermediate) area cifefaw ABs sq wea cHATA

CRE-AMSE ce acate eq ¢ fefaae aga) acodbea
AOA CHEATING AHA Telacaive YA Fz1 ABq ace sniteiferea

RITE Gl ABA AT |

Cuisae 22 cals acwidbacy uloawiis eats utond ors,

CHaTA Cady 20 cm ae ATA 4 cm, Ulocaats Gate ass stort

CAM, CHATA CAs 2 cm ae aA 1 cm, Sheers @ Sfotatay TCH

GIG YAS 22cmi BSAA IP Stel GST 0.6 cm ATCA

GANS Se) wT OI Ae Acaqe acerlsecat Trelsy cca |

Oa TT BWA 0.6 cmt Wa Ay yeaa Tetay cal RHQ SAA

Cr GUSTS CHE GMS TRA HG AAA GhSa CHA TAS

A |
+ fo wf, fe. i

ae, a

a ~ e ja _ pee een

C F § a

| i 8B 1 € try
: ie
ia WiSarey mee FastSy CaCI

Fig. 7.9

Scauga aS > Telacatoe arava fs seca al > CoICAa AT AIA 0.2 cm

ST BINT G Taoty ate AA SCA ?
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SCRE FITTS TaTSTH GAT PACH HTANA FN BANE! aA

OUT CAG CHAT GI Fa Ba TMS 1 ABA MAT os Vay

A, WSACHS Cra

S, as S a4 alors atotay

B, stom B at uisaces atelay

E, oraa ates yadineey sitelaa

S oleae wan ius, woo S, wim! Awa S,

OINT AT BOS AACA AM |

By LF GSA B CHE YAU, CAA

1 oi 1

© 927207 7110 AS =~ HO cm

CA OMI Bb, = by XI -5 em

CH TCH A SA WAI Taye A, @ B, CF TH A, OF

cats ONY Syl | WSAI A, MAT HG GAS GoM Ga | BATH

A, && atotaa zai Tada aa a aiepe fac (eye ring)! B A

CACHE TANT CAAA FAR Vy. RCA

1 t 1_10 . 11 ,
by 5575 4) VAS vy 5 2.2 Cm,

fal CCH Bean ~ = ~4=0.4 cm

ia Tao Ct SAPSS! Oma vty Gow (0.6 cm) fava

Aaa Ga ASA! GAA GM Gio Ulolas ae Te

Be PAH Al | «COMAA Ti AlSlay EL, Berea Sel AHS |

WoACH uO CS

S, An Geran care 6, Se, tan d, “3

QP een Pear fxr O ros a 2 5 ]
~" 1 NOUV ww YPN MPEP MY \WTTS eMule v oO 110 22

tan@,>tan@, 4 4,>6,

Hoag S/ sq MAT aed |S Rel CHA GANS |

CBT Yea CRE O, =—tan-1

16

0.6 tl 40
0 =tanTM+ 0.03 = 1°43’



242 NASA HCA AA

aga UalyS alotaar usc wiqel after Cadl aca ufoara

CRB CTH 1 GUNA CEA GINS TD WITS 1 opeaTe ATA Folacaies

zt al |

AA MAA MA AA 0.2 cm gale averse fay cas

CTU (UE CAI GAA ators 6 Oras afuias yoo Ca

GAA A ASG COTSAT HAHA STAB Hey BAT |

B @ca ora aiea ateiaw £, aq ufone wai E,

22
OF A = 5-5 x 0.2=2 cm | awe ace E, sa SN Ce,

ana wy Eten anaes fadi@ai cea aus S 2 acs

ee Crm I BT OI wee Oma aida foot faa oa

aren aa! fey alos yiva cry oss wera = ecee &

TOTACHTDS ACA AN |

7.2.4 CG®CA TSAS] (Depth of field)

HBT Ta pores afelaats aise a1 Gm ota Gora |

QF ACA MTG COICAT WPA GA AHA ATA FOINTIFS CAG I

Be TA AM | MM] Ale BaTbane Sead Tats ca cars ato Talos

WAY TAPAS A, GCA GATLH ey Glad GIT AG cars ast Tahrs

ae Valeo wsis aera fayyinsd iP afofay aM UTE |

OR AIGA AAA I PRA SA Cea faye afolar 1s

SUA Al, VWI OTSA TS ATI 1 | MUSA BIBT Yq AG AT Ate Ae

BCMA BWA GB] TAS AlNT BI AFH GLA AW VOIP cay oz

BSS] LT AGA Al OA WA AA ASN “MSS gras 1 >HSG

ATSIATNA FAV CRS OAS FLY A GAS yea viviey areca afstacs

TTS] ONT! A we ae ay ulelar aac tres

ofelaale GS SEC Wel AA TI A, OLS CHCA ASIAGI (depth

of field) 37 |

Fig. 7.9 a S’' @ S” ages sie e fate ai P’ fey

afeiey Sa wabeo 1 Pay P’ Taya waqaal | «ea P Taare

oP waa fayying afetay afelarecad 1S acd 1 P lays sre

P, oa eats fay P, faqa weal Py’) Py’ atetar wea wahas
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wa OP, Tew rs ct uraneaha wsftaney wa Trea a4 OM Gal

ATSIAY SCA GBS Vs Hrshes HTS Ava aA BA 20’ (Fig. 7.9) |

»

a

yD oo ne eee ee
x

=4

xP, F A

| }| | he |

ie
_ F¥ —-—

Fig. 7.9

P fayee @ oars EBA WA 281 ea ATR 7 Sw’ AQT SINT

@ fret cad Gautay cae p 6 p’ SMa ad | 7 PHé, 7P,=é,,

aw P=, wPy = sy |

w P gyDSA 5 £,-é

0 é
q -=]-°®-

p gy

aes §=1-2 wele ¢S -—s [- = = —

é p “* 1 —d/p
7"

fag afotay <ca fata om =* Ql de d'lm

yeme = fy = - (7.9a)

Hq] MS BSS Baan 26° ga Tales sey 1 Sacer

P, BA FAA farq (far point) core ae ara ath franwy

fay (near point) CALICH PD CHA ALA GAG] P. TA GAe BAT Ga

(AE CH FAG E, FIGS, LAS ITI SHA

é.= — (7.90)
t+ 2

mp
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FSM CHAT ASAT]

d- "14 '
Hip mp

=f | 1-(° )"] (7.10)
nip ; nip

CHA] AR CA, & AS TWO cHvas elavie we awa | AAC

Cail BA BAe,

BSAA — | ° -p | (7.11)
P 0

a8 wea uislar cee aie weifvairay wats GIST Fal FA

SCA THT FAG CATH C/2 PRG Hay Tays -TGSTA cwal ala: «es

GARB SrSrita HHA gay (hyperfocal distance) 4a 23 |

maces 2 TAA FAQ FAT SA AMS TIN AT 1 «Bet Gai Tay H

(ACE ISAT CeBIT TAA GAG U_= HP

TSR aP=aHtHP A E= f+ Up, BAU, =E- En

Tee H ECLA Seis n=] BAe } ; = KE,
0

I fof I |
FS ° — a ee ~ ——

i

od (7.12)— ae ee

Kp K

5 A We SR ICH ATT CIITA WHT AAT GA as

aay | Se ACE ORS Bei POTS Tadas 1 ATA TCA Fac

Aim] 2 falas I 4a AUS AA | CRC BspcG 10 Tes

ATA PAS ater TG wa Tay AT AeA at Baie -0'=0,0005 cm

OF WS 1 PUMPS CCA ATT WE] GAMA WA OG OB Gras
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CRICS BA ACTA BU] CTT r-eftAT YAY Tele 25 cm

Wa ATM AA | «150 TESA AAA YTS Tay ak yAce GNA 2’ TatAD

CRY FA 1 APSA VOSA CATH SHOPS AWA 150 Wey Bre

GA GBs faw Wea A BA) BSI AKA BCMA Sa I’

CMISTATSIA 75 TESA A 0.0075 cmt Gres Talacapra (Miniature)

SUCAACS B35 mM BITING CA WAIs Vlas AT HAS AW

(enlarged) S09 ACS Bll GAGA GEST UNAS FOISIG Fa

Aaa BA ATG ae 0, 0.001 cm 4] SA Gee FT WA WICH

MAPA FA ZA |

Gra fac cHUala waa fog al Tay GrcaieA HA ANE eICATA

BI BA ACH BSA GATS aAGiaw was Grats Wa Grae

TaSd BA

7.2.5 GOlBSITHA USIAS (Depth of focus)

rr wlotaaa afetay oa 1s Sta Re Re) ML AACA

stetaaa faqyia ora few areca a1) pore afelea wae

SAE Bertil sacs oF weve aso Tales oq

TH URAC TAS GHBICHA WANA VA! ae TAVITA

Hla Fel MIM LTS7ICA § 7.2.4-9 GCeibAl FAL |

s Is
}

p

” - Lo _ st le Py
P Rn nm P> jo—~ $)

1 2h

|_te vee
! pt

Fig. 7.10

41 Vs P' faucs (Fig. 7.10) > eitslay aracwe eae Py’ se

Py OF TM VGH VTA we aA | Py’ ATA, P,’

TAMIR | PP, = FIOM WS =2A |
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TABS TAT OHTA,

p QO" ' / 0"
Egor WE -&'=-, éa pf

WAAL, 7a Taw CHE,

gee? é
p

FAK 2W=E,'-£,' = aE (7.13)

ate ATT CA HTT sAelawA annals SS ager! AR

CHT LAAT HOS A UPHHT ae GIA AS ANAL SrcTTA AT |

AA BWA VPs GS ofotacna weer TAA ITA |

AHH] TI IETS TARTS WAS TA 1 CBA SA CHCA, ATMS

ACA Fel WK TSA ARIA TACT MA GA NISTATIA ASO

TSAI GH VA 1 AM, BCMA BTSTAa PAN TA WeoraTlPs caw |

CMA A TA RTH, WCU COTA UTAH BT SACI AIZICA MATA

ia Faery (acer mT apetalas Fal SY ALS BCACH GPAH

CHATS FT CAT PACA | ACCT OM FTNTASTSs AaTSay ae

MSH | GS Teel waieee om eae qa ata gos faarfas aa

AEA ACAI ACATE GICAT TAO VARS AAAS | Garey GPBICAA

NSIS] TAC Wel VU BHA ws HS 1 BCHS ETA oeT

HACAA ACPA ACL CHIBAT ASIASIA AMATO WARD GA CA AIA

ALB WHI MB] AAT |

Brisa 3. als sania wloreis onsen ulorl ca,

GIBIA cad; 10cm aay Geay flO: Benaioce 5 Taw yA

FISS OG TH VBA PY AAT | WIISA Samaria ata

0.02 cm ay Sta cHTaa EIAs] BS > Ate Porscaa aM UIEN Tre

AAAS AHS WSS TSA ACTA HBA AGIAS] BS ATOM CHS ?

OTR GAA THANE GET GME GAL GPT VCIAS SAT CAA,

fal Gia @ STMT INS | CATH SAE FN Saad ase 1 TAA

5 m Gq ABC HM TA FA ARNE OAT TT CS MIA

yay 21,
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1! 1” 500
1=- 500107500 TG TM

acer, f= ~500cm, f= TD cra, 5’ =0,01 cm

500 | f 10
m=a-X/( _ soo\=-!. at 19.49 49° 7?" ry~ 77 hom

FHS p=0.5 cm aa? p'=0.5 cm

| ~ 500 500 500
=e Ye em= —- 250 metre.
+ 001x495” 1-098" ~ 0.02" "

0.5

- _ 500 _ —500
ce) 19087 Tog Om= 2.53 metre

CHAT TOTS] = 250 — 2.53 = 247.47 faura

CHBCAT AGIASI 2A = 2x On x ae = ioe m=0.408 cm

7.3 faada 6 faada SAS] (magnification and magnifying

power)

cola abepe aaa faa spe) M aa mew weas (§ 7.1) fated

Pal SACS |

Mz aioe CHT HEAT recat WereG aTolamsy Tae

ae GA eal wlspors atetarwa waa °

A ABH AST HTA A GANA CHR AA ACTA AIA CAAA

OM CRB PLE MHA HA ATS ALA | CHa OZ FR CHA OTA

Boca HAC HOS ANA! Bae M Grew Wad Ora

Taser SCA VTA 1 Qh) TealA Aa |

LA AB, COCA HA GATS WAS] LITA Fal Sata | Pieler corer

set ye CaM Tay as d gace oleiay wahae) masa

Cocoa WIS] ACA A BATA QF wlSlacad aietay alwocs wes

AT GMa PTS VTA BA SrA ATSTaI Gas mM AeA

(Fig. 7.1la) | GAC APTS! ACG WANT Al BAS VI cAwA

Perfor GAT JAN GTS TAYCS ay ass Aces cH (correcting

lens) L (SH Bat TA AAT Fai cara faye UTotay HIBS 1 Vee
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wfotaces (a L-ats) atstaate 34 BT aa as ahetaawe

Grea BITS CHICA CHAT AMA (Fig. 7.115) 1 GAT BAIS A, OA

ACTED AHA APTS ISIS 4 OSE MBA 1 Tl VSP OTHE

CTPA ASAT BISA y, | CAA

VY,
y; at (7.14)

Gat f= BAT TET CHE |

Wels GTB +b
\

G ee atarger oBT ar
ene - te .

(— oan
io ft wm oeh ee

a she TN; ’ 6

en ’ NL
" \

I —»-

(b) Sorarsya WHT ATA AT FT

L FRranigs CorH

Fig. 7.11

a bea ysis om @ ufo aac za (S's 8S”

qe she Aaa se @ Tata ca (Fig. 7.12) 1 weer wae

aie afelay eam P fae Ca wea YY’)

mP=6, P= E' 1 OAT TA CHB SA CATS Tae CACAT WAY

e@| OS Fr=e! WSR FoaPo t+ pP verti’) F RS

HIT GB ACTS CTH L’ BAA Te AS P'O’ atwelacas atotaw

CAT Z| GA a2 afetay Garzia SOs cen aa! « BTPATE

PUTS ATOTHT CA, LA AT, ye |
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BSA,

i'

~

O
X
,

 Vo

e .

ae7 t

pe -————---— : , - ob oe] ]

| d
beg ee |

Sw Ye

Fig, 7.12

(7,14) @ (7.15) (ace

are VP LY fm S.
py, ete d° Yeré SUH oye

OA m= TE Biolaw wae Aspe Tada |

Lon €
(7,6) (ACB m = ron =

GI MA AA ANE AS Ms: sees n=l) wie a

TA GAPS GA ASAT 72 |

_n €

M ry, & e+€ (7.16)
S

(7.16) CACHE CHR ACHE CM HARA AHSACTT Yenc Graz

fsa arg al, d ear (e+f)-ad Grate Tasa Wal dH TAM

fais BT HSM ACS AT 1 Cl HA SpATA Ulelancs CI CHIH

ACH aA AA case dem sa wWeifae coicea free
|

Oe (acs fats HAGE BCS ALS GMA ACM FAVS Ira
(AGN GAT BT GCs ATA. VeICIA TA ACER YA ICS

Tal BA) BWlHS ALAS ¢e BH MK ec < ll Hey
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na
=F Z (7.17)

ams TET STI FTAs: AAR sia SMA GIUITVSMA

ye CATS FN AA 3—

(i) gest caetia AtpecH s—atTE cas CA CHT FACT

wfefaacs ate at va utsian cl gad age a GA aa

COTA BA HAMIL afetaacs oils gace face Tea TA Gar CHE

ATSTAT CORA SrA BITS cra zai as eases acacae Galas

Ts, APACNA Gay GAT Gastapey Aq SST |

(ii) Taote cacia stseaca c—dlpma cars ufefar wilt yay

TASS 1 FT SAA Sea atsiqne weitt gay Taw gem 2a

OR OF ASTI GA Srecgqgyal LIGIE CHM AWA! ad oats AAR

Taras] STS |

Taola @iiig card, d= oe, S= ao, ec ck’, RE

M

Tt
M= 5

a

43 GHCS V1 NaHS n=1, see

|
M= pn a MIr,=1

y— APA ACER TT GCA TH
ar aaa fast Ca ATA

AAT caciig cpg E'=

M =( nd
Po€

(7.18)

malteae (7.5) cace (po) K=<bee Rca aT

FSI M= ~-Kd (7.19)

asiaS wenger d=0.25 fro

aes |M) = (7.20)

GALA BISA GSS GAGA CER BAEZ |
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TAXA HAMS Cl ALB] CHGA] ACHS GIF GAAS Aa APs |

Fig. 7.11 (b) @ Fig. 7.12 (av

a, =F = CUE sai Faas oy, ae Seow cael |

Vi
o ty = oh = GRA I TRACTS yy TWA Sry CHI |

ma Mey,ly, 220 =“ (7.21)
oly wif a,

2 4S Toa CUE CAA IW A,

a, = Oa eT aa faaycs wtotan I Geng Bea |

, = Bp AaT Tas Tacs GS vitelaw convay vat rs AACS

Al SY GL BACT |

Fig. 7.13

Fig. 7.13.49 E sa fate oa aaeies ori F, He N

AMPH CAT TA GST Tay, ae aay e eA aH HA TA

Ia PO-S Az | F, HS N Tauce PO aasty a, a’ 8 a" IE

Benny wae | § 6.205 BM ale @ FH=17.5 mm ae

HN=5.6mmi PF @mMmace 0.25 Taos BI ATI BAe

PF ACAY AG SAA ASST,
ae aan!

oa. GE CSIC Staal PO ara cotcet Bers care sera |

FSA,

M _ alepe Baa 4 Tae GO afclay awe comma Gen a

fay was Sales Utsler FOS Ora Ger Se

(7,22)
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7.4 CCMA AMAA: Brassey aoxr sicensfats
(Transmission of light : Photometry of optical instruments)

wistacaa ater Tay cecsd ween faslias aoe 1 | ater come

alors Hes SA SP TICS THRU OITA aT FATT 1 POUT

aca SACI G1 USlacwa Yay, comers Gena Sorina Gra Taeaxier

arp AAA TA THA Sra APA Se Oat Abulas wraa yhea

CRA We VPS wlelqas cee Ast =k ABA CH Babes

BTSTATHA ATSTO Tay cae CA] BUCA TASTASG BUOH GA TSR) Tey

ware cra Tava apeeca aca Fat |S UAT Tae ey TAs

a Trea Taos aca eae SHOTS (GATT) CMT Ateto Taye orca

ATIC BCAA GSA We LTSSTS ALA! «GB VMN GHIA ACA BAA |

WSCA ATSTS Tay cas POLS TCA Osprics pure aifotacas

ateto Tams criberca wa Gacad asa paca uleiacaa afete fay

PS CHA CHAT | A OMA CHAAR ATA STR CATH

AlAs AN GrRsT CHATS TW |

PVH Wel Hela, UW peraly Gea Hae ol Tapa saw

CAH VIC Vitae, CRe Zerty aenalacs yas saw Ara

AMAA Awe] TACT BA, MA alwa Miami BAA Gonae Tales ara

TCS AA 1 UTS Tet aE Zonta alameid Tamme Ley

witwanafats (photometry) | SIF FATS HY BMT ICT

a glace ate ane weet faaiias «is cian we wa afar

Seiltag fami aa fafeaefafs (radiometry) 1 srecea alssq-

AA GMA VIBIS VATA WAST BATHS (detector) WA FA Za I

acfreila GAA BCT OI Acariley (sensitive) 7a, GT HA were

OAS TATHBE Hecqwamile (§ 1.11 SHS GUANA qs owelz

HAS TABATMATSA YISTHA cexcsS VICES “TSA VATA ASS WAS

Awe] THC BI ARAL |

7.4.1 Oicrteeiea cag aczaps yerathet ayR (Funda-
mental quantities relating to the flow of light energy)

i) Sycayseetas (Luminous flux) ;

48 VB, CH WBA Oesisy GAT GCN ASA Al Hy Bead TA
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THA AEA SATS VTSST Feaq Tce AMS We A Aa VMENs-

nfs 2 SCH Grist are I O ears lost sae ors 2 TAT

Bra AS Stad aes faerie selaw aa ST | BICTAeACZA

Ma Bl WAST (MLAT~§) aay arse F Tae WTbe Sa BAF

TAM AIATAS GH Be] GATS (watt) | wearsaife Asrw Aaa

agen ai Rear TTB |

(ii) WataifS (Luminous intensity) :

UCMPAMAA BA Bay wees CsA (light sources)1 wa

UGS GA ATA SEN AA! FAAS UTM cay aly SS cra

TW! GSH CAH GUT Weasel Aaa GT Gernq Bai

ATA BAA SETS ALANNA |

CHA TAY GRA (Cal GEA A AW GCA YA caid Mees Iwas ga

(AH HATH CHE] Tay Gey Wei sal CIS wea) cava cate face,

GFE AH CHIT, CI TCTs Tavs za ora O Vetag O
face Wetastfe (luminous intensity) qari wiyaxifeces I fary

Ais FH BI! GF AeRlys ass Ra oS ate cocratwara

(steradian) |

[ CBCMTUATA BA Tl ICN GBB OR ATA CIA COTTA EA

li wat R* Aca IA Bey Ta SCY I TA IC

Sow BA Tl OT TA HI A AS CBCATOMA | conacaa GA TR
4x CBAC TACHA GSP BA | TAH O AA BBS Fa ZI 1]

STB weed AC PAE AQ tes aaa favor

p.ea WreMTS MM BWA, MAME GS CHB Tacs HCH 6 HC Safes,

P Tay RS OR GACY GATE BUSA (Fig. 7.14) 1 4S, P faye 5Q

MACHT COMA BAH |
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ate OS oq ay fary icaraeareaq vitae OF 23, St

Li OF dF

62-3062 dO (7.23)

aly ine jay Gerry mlmte Aa Tass ATA TI. Gra Tay

GATS CATH STATATSS VICHTBAACA TaN aq

F = f 1dQ=1 / dQ= Anl (7.24)

An Ar

nimaeits J=

iii) Waa (illumination)

CHA SHA VIANA Bel FP GHA GSH GACH BlCeNPaisagq

sifqai | Wlrdsald aaelas oss oa CID als afta: E£

THE MIATA AIS BA BI = WMSEA

E= Lit OF _ dF

jS-0 6S dS (7.25)

Fig. 7.14-4 QO Taywe GF = 182

eae ga: °* eee

HSM ry GH P or Sei Q ayes ala

. Lt I 6Q _I cos 6

E= dS—0 6S R?* (7.26)

WAST COA PA A SHA GAA Wirwia FAarsa Acals Taryrahos

( apeacsta FG @l inverse square law), wimeereq ATYATSt

O23 VIEW FP SIA AIT AHH A ABCA Slay Cry Aw TA

arama apie (apbettba wera canter ye a
Lambert’s cosine law of illumination) |

(iv) FOlq Q5GIy ai wife (Intrinsic brightness 4] Luminance)

a SA writes wen alazae & scaa Mame Tadao

BI 1 ABS BCA ACA G LBTG AH) Alea Gal aly ss Ge cars

OFS ATE GIR SAT AT ZA GIA 4 Gai hoa wiv ass AeA

fog (To wae yaaa Goge Wa A A a SA eT SK Ge



BATose Vera saaora Tara 255

ATH ATG TIPS CA BCA CH OT ATM: CRIS Ca GIN

WITENSS ASH BI MATA UA Se GF TA QAI

TA A Mae | Mat SA Twaly ice Teles aa GIA Geraz

Berm Gan fats a7

GA CER (FAS a saw) Tales fare Weta Svgay a]

We aa, falas fares srete Seneca alfa uertq oifs
Qt airy (per unit area of the projected part) cave & Tacs

OBS THI Tats wrens aise alwa sagas ae

Raq GAG ATS aiisvra ate cvratwara wifes aloe sa za
B tara |

ain dS bexsctha aloaws we @m Tales cia 6-4 face

wend wits Bo Za (Fig. 7.15) St,

Li ] 01(@)
- 4

Bo - 55.0 cosd 8S (7.27)

Bo

8

im §S

Fig. 7.15

AAC GIO), 6 cI Tacs GS Seona Whoeats |

TAs By= 2
cos @

Jo FA O ICR THe Seonsy GBs ANH WITS 1 aR

CLCAA CHE ATP BA CHM CHA CITE A Bo, 6-3 GF TaSq Fea

Tl Bee cy THB CABS CHA VS A Hq VCASH SHS ABT GHA

CHAR | ABT SCH CHA

J, =Censcead Uloara Tes ase ancwraq wlomeats |

wale Jo=J, cos 0 (7.28)
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aaeay (7.28)-ce aba «Tala ATE PTAC

(Lambert’s cosine law of emission) qa ae cl AF GeAsy as

4g CUGTYIGSIA CICA BCA SINT WIT faceerte (uniform diffusers)

ql ATA TH fafaae (Lambertian emitters) 4a] 33 |

7.4.2 eicaefafscs WGAVS GFFAYR (units used in

photometry)

wIcersiatea ptiale Fa ah Ges, qlee, morsta

e wily sone m9S CA MKS alors ea, eas ats

CORTCATA, GHG sits alfa cae ea ate an‘ far ats

CBMIWANA aS UBSUT Vad FAS ara i ak Famarehs aasqia

AI SIF CHCA VITA CHS TALI I OCA | STE TS SICA

fafocs a AlAs (general) aeaaTe Aaa A ZI aL 1 SITATIA-

THTSA Ga GBS TACHI] GS HAS AHNPWe TBARS FA SLA AS |

BATS MISA MATA Ga A WAS VAP Baas ST AA

(BIA, WOINAPH CUS, VW BOAcaIPes yaw, magia cpcas fatwa

SIHCATMIA VICANTS FACAWTSI (sensitiveness) fafea) caw agael

Wl BAIT PAC HF HA wacawceg afotsq cacs wens leq

TAM CSAS MGT AST AT |

CA] TS GARY AS Baqersa Hecaway BA V(A) (§ 6.6)

ABSA) | BIA GSH CATH C] MIN LCA ABS CAL] G2 WAaaHeSHy

ARG MATS BA eA Ieoe GaHeaG A caws A+ dl-ea AH @

MCMPAT BAAR ACA CASH NA BAL ATS GA vila F(A)da |

QF OCIA Ga aC TAMA BCA F(A) Vid) da-eF

AMATSs | Ale MACswHCsA Acca CaTAS (linear) Sa Gq eA

CAB CT WAT ICN MACY GHA FN CNG Acaway Aca

k f F(A) V(A) da (7.29)

Gara k este gas (faton saceece k-oa wa Tafon Bw

NCA) | AIPA (7.29) OF ALKA VANS SA For OBS ACG

faes Sq Ta 1 NA, f F(A) dA @aICA Gay Aecaway aq k f F(A)

V(a) dd ae waa aace aia f F(A) dA eae BA kf F(A) Via) dA

JOT AFF LR ASA JOA LIHAT AB] TAMMY Fa AS |
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@ ey os vals ate wicerafafers (visual

photometry) WR FN RA act cH fas aw mq fapra facaomy

PARIS TL 1 AS UTP ASS GATES BOGE GI! ON

AI SFT GSS Way COINS ATE afqeis | GIENA ATA

ar cit BS IS A A OTe Tos aifAcH face ITA Ae BUMS

ACS OAT BMA Ba 1 Blows (adaptation) wry

Beal GIA Gagey I ules ware taal FAVS PAT AT Twwe

GATT AAT (absolute) MTAMNCA ANNA GHIA GSTS BPS oAcawps |

THY ZTE Gears MPT ass aH CATA SIMA Wiis cea

SHA AMMA TKN AH GIA WAG GAGA FACS PLT AAC GAA TCH

MAB BI PT WIS Sl HATS ATA 4 AANA GTA Aces Brawl |

OZAT FAC UGH TTP AST AIG AAISTSS GATATYAS ALATA

OAT AAVISA ABA CSA zz |

cma THs, a Ceca wile sto 2S TAM 2S

oa wicva (standard candle) AC GAN BA) MTT MCAS

(sperm acetic) GUC oF wae wid arr 7/8 She, ea 1/6 Ib

MAR GAA BA Vb 120 cay 1 OF see wis wieeits 1 SCO

aApeHty (candle power) 441 ZA! Gs BTN wit SCH Tals arate

OLS AWC 4ar qa (Lumen) 404 GICUBbaASA APSE ACAATH

TATHS SA BA FORT LTE Bsa wicwa Moms Ta as BCA

HIGIA A OS AIT AS GOTATOATA | PHA GWNCATOS CHICA CATT

fadanla, Gaowd aeremiy fated Sas AS AT 1948 Arce

sais weaiss aoa hea aq za a aa Gey Tena asio

PBB “at fafeas (Black body radiator) CYA Bet | oe

fafaaate rer FATA BIMTCATA AISA TAIT (melting point) Helis

2041°K ate! o& Gecms as af catia *lalas cHcad Wor

“face ua] za 60 BCG (candela) aae es Berna vify xq za 60

AAT ATS GSS ax CHG GSE CBATCATA | GBI TIAT-

aE ate quate fas tn zai azure Tales qe

PICS PASAT MASS TAB ACTA GS WCSs ANVAG GA VTA AIA |

cos METSCS Wife wae ze | aa ale af catéfaura ate

coivarl a1 fa (stilb) aay Momma ase Fa 1 ACTA ats

17



258 SINS WILT AT

aol caiintra 21 GHB (phot)! MKS waters wiemma ass

zal aaa ate an fava a 1 ATH (lux) |

7.4.3 CABS CCH BIC safes ciate (light energy
flow in optical instruments)

(a) aid fags ofetas care @Mm Bafana ca Fouls

SN AIT FAVS VT CHM AS! werlosia Calo em seg

BCS AA WA GAS AOS A |

4A MS UAopirel Stat GPS Go utotacad 4 fayie oatyS

Bes SEI TM Ge zi) MT aa apn pp! wh

ae folate asecly, urea Goa swore saree aay “sid

aural fafewe 1) oem are A fayie ofelaa do weiibs cae.

apes (Fig. 7.16) eae ufefacaa 4 fay are wile gai Bl

S MTT aT

Sad Cara dS cearey do SH ATH BASS UnNslsaiqe

dF =(B do cos a) OO". B dads,"

4

= BdodS oe Gam é/l=cos a

A arrcda oa dh ccs ost gern ofa sen facapa sare

dS =2nh dh
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Teg h=é tana

dh=& sec*a da

qo dS =27 €* tan a sec*a da’

a8 ATS SIANTSS oncaqrsaas

OF =2n B do sin a cos a da =2n Bdo sin a d (sin @)

(7.30)

FSA do CAH MAT AKG WMATSGSG WICH

¢

F= {iF=n Bdo sin? 8 (7.31)
J |

HAY VTA sin? O-F AAKAaTSH |

WIAH ACTA CHG CCA Yq AG (sin 6-1)

F (agqatee 23) =7B do (7.32)

Wy fo ( Ai FAH AT) GIT MSA BCPA

oifame Tae Bacal Ge AA |

oN a fs

Fig. 7.17

do a dS Yie GA do RF dS-4 MATSS BUCATFPAAZ

F =(Bdo cos @) d2

= Bdocos @ dS COs a
&?

aaatane UCaa CHCA TITRA Gra Tey ACS O= 0, O'=0,dS = ap*

eae foe, aT do oa dS-H YE CAM WH A CATS AMA |

[dS cee aH (7.31)-4 @ AMF (integration) Fl FAR SA

Ae ACCA A 1]

wae Fu Be mTMp*
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do oats ate qadtey Aaa BT CAAT CHA dw TA CT

Bey BA Gl, d= ore

F=B dw (mp?) (7.33)

SRE TTB AIT VPA GCNY (mp? 44 ATKLATOT |

(b) wales oa ace fants wma F’ aa ATS < FI

BHP BIA SI waiSs weaisa fog ue enfas za, Tog Bry

afwaters a wae Tal TAS SA | GATT STAT AVA YO

(transmission factor) T 3t4 \

F’=TF (7.34);

Awe Tl :

T o@ wa fH ASA SCH ANCA ABE] Bway ars GA TRI

BMG MGA ACS AA |

4M] ATS GB] ALSTATAETA,

aie atis way ga (n=1.5 6 1.7) a Stewma iv

BI GTA wars (gfe n=1.5)1 wlews 6 Blow

qiaas St GIG @Y 2.5 cmi AMY GTN ANS BWA

Tepe BW n= 1.5 aa Cw 4% Gag n= 1.7 OA CHC 6.7% |

waa wtoace T, = 0.96 x 0.933 = 0.8954

spor T. = 0.92 x 0.92 = 0.8465

(aitets GIs YS SCAT Gay ATS 8%)

Srp OAH Gai (ATS 25 mm 4 2% ara) T, =0.98

woes wp AA T=T,7T,T, =0.7413 = 74.13%

CR TIS A ACSI HATECS oa Tonto CACHA GAT ANN AF-

SEAM VLA AT ACH BAP FY Gey Wa AACA SAP YTA

(AA (GR SHAS BITS TPM) NIRA BA VA ACH CAAA T as

Ta 0.5 C@LHS BY BCH ANC |

(c) war fats oreereeengs ten fact SN TSE: Tass

CATS YAS OIMS CRI CMH HAR LA WA MA! a as do’
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scay Gg do-a Sqeal (Fig. 7.18) 1 att do’ aprecta ABA

Rar ats FA, Gea

F'=7B' do' sin? 6 , (7.35)

ete B’ xq A’ ETS SIONS CHAT Wife |

qe USlay Hiss OA 25 wily Gacy VAPYS GAA (7.31),

(7.34) @ (7.35) Coca

To7B do sin* 0=7B' do’ sin? 6 (7.36)

AANA Ty FA OH WARA AVE APS |

A AP WMI AlSq AST STASGs ares -weje

n?do sin? 0=n'? do’ sin? & (7.37)

QUE N GN ARS BsqI G MINS CHG MLICTA ATS AAS |

TSR, B= (” "T oR (7.38)

ama Aa Aha Acaa cpcad Tawla aerate aq (aeiig n= 1) as

TA BF AIAG Tata (homogeneous immersion) STS TSR al

ZS n=11 wHeag

B'=T,B (7.39)

CA CHM TOR CA BPs Gale cl AscAAS cate ai

caa cifefacea Afe ae nacNe OfSfacea Fife cace +a |

(d) cam fags ufviqars ala oe crac UPBrCE ateies

wy OA Wie Fa

B,'=T ,n*B (7.40)
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GACT T, = OAT AVE AHF

n= GICAT WTPAA GSMA A ASAT |

B= OfoTycaa wis |

CP 3B UA TS Faq Gaya cay aifwots Ba GI Tae aloracwa

ntiga (luminance) G74 AaTAla faSa ata lO UPPACoA afote

Bey TSA Ue ac cAterr ca Gerad @ oem afotea

(reaction) faa ara wae oh afefeaa Grad aatt au Ga ue

qa fast aa Uae OKA AWA BATS se (apparent

brightness) ufseord afstacaa Momma Boa fava aca ate

CICA Al CH (convergence angle) 9, 2a wa wlolacHd do

BOY MATPAAZ |

dF =7(T,n*B) do sin? 0,

Boa WAIT

, aF | ap. t.2
E dor Een B) sin? 6,

=nT on? BO? (ARE OLA GIA YA ID)

U4 p, Gera faa cacaa anal Za, Sta

0, = fe
o

{~ £

TA STS CRT

RINT CAT \

dr 9 Ge de

KAz
—>|

t fe

Fig. 7.19

BSAA

pram en" B) , 2 (7.41)
f°"é
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CMA Se f, A BWANA, (7.41) cas CHA ACR ,

fags ufefae ca yacee UES a CHA Sia SINT owas

are UC, Ele He yACwe cata Kes ufefaacs coice
Wate SoH ACH Aa SH! TITS Gagan ais Gercaa Gor farsa

qq OCA MT OAT TT APIOS TI GA AAW VM YI FT SAT

aia FePTaS FA! CAN AA, WAHT AT LRA AAT SN CHA AI

(TAS BB WB HU Gals ea aa HA Aa Ba MeATITS Aes

aia ated Tea (dilation) |

(c:) am fay afefauce aia ora cera, ora sirfow

OUATBATY

T 2

Fal

T=awiacaa wires |

GHC AT watelay za o Tos Tay qa, Grgsage ater

(diffraction disc) | «@& attaa aA OIced Ala Gerard God Trea

RA, OY COs Taya GAA Gg a1 we Uiet crave ait do,

ZT OCI GUA BAloracad Tver

E'=T,1 Pek (7.42)
do, &?

soot tf cotce fayioa artette Sowa, gay TG aiyca

GS SAC | GAY AS WHA GS BA HCA VAT COMA OI FAA

OF BMT WL ARG otf cH do, H Mass sare w5s9y

MIMATIM FAA | BCTS GING SHAN BT BWA |

(f) SYRIqCRA MICS Celacea WAI, C

QF ATACRCT AMIS GTI BLT coq waASTA Awa Facey

RATS

ghee ScHa TT CATA UPS aheraces MTA

C= aifa Ged CRIT Uber atotewa Home

aie Oe HATA A TA Tass Uistaces Ga Bim atelacwd

mT OSTTEN E' an", B sin® 0, (7.43)
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GU AM I Se aE Ae Sra fall Cd ITAA SINT

cae (ats) cars AG TS ae Sa Gora UPD aforecea WieeTeTA

TACA FAA ATCA Teale ASI AAT

(i) aeq area fafa am op’ <p, 1) ate aaa fans

cae ATaTAS yaa Tansy a |

(ii) th aaa TAT GG AE A OAT op’ Sp, | ARIA ON

fants ca aPafets Sead Tres Gre |

(iii) SR Acaa TaN a My op <p, ce SPR Zaz

Q GRA PE FEI al |

eae Se sree Fare Gaara say facapal FAS |

(A) fags ufefacer cuca

go- ~ we “
(n) 7 (n') NN | (ne)

ayy WB Cela
»

= al

Fig. 7.20

4 .

Fig. (7.20) 6S,

do = OTClAaa WA

do’ = ape Aa aTolaced UR

do, STH HUTS ATSlet AH

OHA ATA ASTUTE,

do n® sin? 6=do' n? sin? 0 (7,44)

wae do'n'* sin? 6=do, n,? sin? 9 (7.45)

deo BqaaHt AR CHT |
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ain wretacea wile B za wea ahee aca afetacea wife B’

B=T,(4)" B (7.38)

T, =O Alay AS AAA AGA APS |

(i) aie Sree aca fafa cam COICMA SINT Coy BITS

IG A HAA EH

BA p’<p;,, SAI GHAI Ars Tay cry TAA Be Faces |

ICA TCHS CI MSH THA SICA WPBACS WGA SA BAA AeA, |

Ale OKA GAT a, do’ lS 6, GA BWA, GTA Coad Towra GI

VLA AI BTS Taq MGT GA WaT

dF=T, (wB do sin? ¢,)

TSE (7.45) CCS =o, OR P =O, AAA

n'® do’ sin? d=n,? do, sin® 6,

' n,\? .
dF=7 BT, ("+ } do, sin® 6,

PBC WFAA

EA-OF LTB’ ("e.) ‘sin’ 6,
do, n

= r,(22) T, Bsin? 6, (7.46)
nt

Aiea (7.43) cece E=T,E (7.47)

arse TR THA CHATS WNATS GeHeT VA GS WHA (T, = 1) TAGs

aa a (T,<1) 1

BAT LEPC VCMT CAC WS C= = T 5 (7.48)

Gi) afe Syese aces fafa cam COLCA STAT Cory VCH

Cals =x

o<p, | ACH OKA Tes oA UMS IT A

HENS SKA VOM AG UN AA CRA SA BHI Ba O'

(are acaa fact Ga do’ 4 A BARNA BA) 1 Al MEATS BET

wipers citar Ga ada o' <6, 1 6 RO CR Tae |



266 STAG MCAS ATA

Cl wears wlwoce lace owas ora ofan

dF=T (1B do’ sin® 0,)

do' n'* sin*? 6,=dco,n,% sin? ¢, (¢,<94,)

=do n? sin? 6 [(7.44) cos]

dF=T, 7B (=) do, sin? ¢,

. aF . n,\"WTB AtSlacsa wien E= 7 TonB("} sin? ¢,
Oe

-T,| T .nB (22) sin? @,

sin? ¢, _, 7.49FHSAA E=T, —3 g. E (7.49)

OA VIA a So Tansy cat ATA aA ATA eae 6, 6 0, It

CID A

sin iP
sin?, p,

p 2 , 2 ,TSA E=7,(¢-) E =7,(° e_| E
Pe p Pe

E r \?
=v. a _ 7,50mee C=, r.(7-| (7.50)

ne =Tice aetfas coax faaeia (Normal pupil magnification)

qe |

ase C<ly Ba p’<p,

(B) fagu ufefas; cotstn faala aiecacea Rca

DCTS Veet CHA faely ACA CHLAS CATE |

(i) FA pSp,,

Sly C=T, (7.51)

(ii) FAT p'<pe,

SA IAA Aces Cw, ME=1

WS c=7, (MH) (7.52):
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aeprycaa Tea SIS] TS AGA, C SS Fata «= Taadan HIT

CAT Bap’ ATANGS pA CAC CAG ACA ATMA p AAG AW AAI

qaatet aaa faa ape] cil acer aS I Aelaaye Has

WAM BIA BAN C MAT BI VA AG | CEA GIG Forty

CRIES COCA AA AW Goaad fag sa Taada spree gadis ag

NRW FA A |

(C) faqze afefae ; carta fadia ai atten catsta faa
VF AHA CBM

olwiga att 3q cals aa al faqas, wea ate aq FA SAPS

Sa AA BCH Ale eA a Shp Aca Creare Faas VAT Wa Za

(QA GAYS CHA (stars) a oA 1G) KA Bans Seay

TASS BALA GUE SUCTBAAA Gg 1 QCA WIAD CORT AEST

Cara a Tree crate bee CG MICATEAAZ

ATT OA CAC UPA GIG MITTEE

WS ACS GLA BT ata Bafee weewsase ( Aisa

(7.33) #Saq)

F=(Bdw)xp,*=dE ap," (7.53)

B dw=d£¥Z TWH FA WANA |

ATT CHICA CHICA,

UPS GIG BINS F’=T, (dE) ap,2 (7.54)

SPH Ala VT a Bates wens (Uieiaa ccs OIA

@ FE IIT TH FAY PAS: OFS, PLGA dE ase eaca)

F,=dE (mp*)

TANT CCH MCNAIR Fo =T, dE (ap?)

OF VMNLATFAATAT YCATE] ILA ecw Fara fs BAA AT GT Tawa

Baca abe Acad Fan I CH OAT SINT Ga A TF AU CA

GAT |

(i) p’<p. ee Me>My, ANB BCENS HCA ACPI FAA |

WSF FE AT AIA BA Vives wcwsaaz

F=T,T, dE (mp’) (7.55)
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F p \2
SICTP CAI HTS! C=. (P} =T, M,?* (7.56)

(ii) FWA p'>p, GAM<My, SA MAM MANIPS OY

ACH BAT AN! | QTE UPPOG SIC BeIae

2

F=T,T, dE mp? . (2*] (7,57)

2

oma C= = T, (£, =T, M* (7.58)

WSNA ATAWAS

C(p'>pe) < Clp'<p,)

BUH SA (star) CHATS comer arertas faadq (normal magni-

fication) *Tald Gal OS! a ios |

p<pe GF VIA AWA CA CHA AA GA SMA BTS sey

CHG Wa (oc My?) oa one STH (Tass ufsiaa) eaqe

PCT AIC (ac (Ma AWA M>My) | Cet IG USere Bas
wa as fata ETS Aa Aiwa Med AeASSs STEN F-

THC ARID SA CAA ATA |

1.4.4 Bicntafea ales oe wcbl Scases aanife

ARMPIT WMTSMC WAS VHS BILAN OAIT A BCG] SwATPIGS

CAPSS BIST BA VA AUCH 1 SHA BlSlacssy BCP aq Away

OS AA SIPHOSY alorwa fa goa +

BUTALPS STEP (photographic emulsion) BIcen AWCH

STA BN G1 MT AS SA Atoaney awa ( AIA SICA

TSACHIS ) HALA BONS STIEPTAa GT a Tae Beles

gate aferay een Taq SMETANA IA GTA Te FST BCA AA

ol aac faten waa Safes ocata Aetaaatsa Sta

fasa aca) «i me sfetawea ife Bi waa afotace wify
Sra TB Ay Rea MATAR ATS OF BWiHEA BTS GFF VA
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carr ate wats aaa fat ca atetace 2 qarvaq az

ra alalacag wrasse Scq TBO |

Fig. 7.21

aim ATSlAy canes ATA I O By (Fig. 7.21) Sea

2

Qa TP me
a

Q oc 62 (7.59)

GABA WaT ATG (speed) AU BI] SMM BOYF SIEM

Ve SI THA | TSA HHS Ara CHIC ANT HMTVTOT | BICAAICS

Jaq Fase GTSlacwy VlF Cla] TA SAT BIGMMA Wea Grew

f[6 aracel CH RICA BN ACA, GIy //3 AACA GA Say BA

uteiaa aaa faqae San sofa Gta atoleats aca adtiaa

aifa (Airy’s disc)1 wnfosrea aqcat Ceay aly ai aq A

os casa ata aaremicaa Taras sha cre em eta Tay

wisfaast Scrates afelacar Oe Sac SUTMIAT wea

Giq faSA Sarl ae BEN TOA Wal ASA BALA AlSTAH CAG

wrens «Gari Ve Aray MG BIT AMAA CHARA

AMTS AA 1 Gere cai Aa aalad ale WW Bq ae SH

anaes. STG TA AGA! BIA ACH weovanlws Serena

HAPMAP AAC | AS YTS GATES ATTA CACABTSA

oifsfarn wae vaceis, fess ufetaces cae afotacea dlamera

Coy facade oe fay sletaca ceca ately om oIcAe-

rae GH |
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BUSTS OATH ATA TSS BMG aE VAST

PUI-AAMIS BAI GT VAI GTA oF oacsHtS foe olueaaz

TW 1 Gs Slysaqes zy ak wares afefan aa oF aloiea

ofan cae sinattselqrea Gera farsa sca, dimmer Soa
WI! Bee soley Teas a Tee TE EM A GA, FOES

WCU GIP NCE SA Gorge cia afofen fasa sara |

o8 TOT FU-swstes sacescsa afslaa Ga a WANTS

STEM CATH AE |

7.4.5 facaprta Sa (Diffusing surfaces)

Tara SSTe vies) Awe aslo Tarps wees ( va ) Gr

QTE ALTAR CECH CALI CHITA CHA ZA |

an ee
WATT CATH WICH

———— e

—_——_——_—

DS NY WS

Fig, 7,22

UT ASB, ACPA ACH VAT CG cas CHAT lola (cra

Bad Mau ) Wify za Bi utotay cones ara IA 6 ae afstaces
eye Teadq mi Blea oo Bey cars sien fora sure

méo FAM SAT | do CF MAT At MINTS UTAH

xq 7Boo sin*O 1 Ae AH Wa ASMPPS T, TA OA

moo BRO BTSs UeAsaaea aifaaeg

OF =T, 7B oc sin’@

BER a oor Homme Ex 2ot8 oe sin’? _T on int?

(7,60)
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eee Tass Ce owe atc care fae cue

wicttsetacea afaate
1.12= Tl o7B sin g (7.61)

1

eat T<1 1 TAR Se CA ST SIATeS wT

Ces CY FSR] BI SICA Tatsey aco T Cra alas |

a do SC Wis B zy wt O ITA, 0 8 O4+dbq aH

CUI Yl CHC se Tae (Fig. 7.23) do BCS WNSORRS

ATARI

dF = (do cos 0) B. dar (sin Ora

= 22 Oo B sin 6 d(sin @)

do RUS CG STCHTReATRS MTA

nl?
F=2n do B J sin 6 d(sin 8)

a

= 60 B (7.62)

(7.61) @ (7.62) Sal BA CHAN YOR , Tacswors orcas wie B’

=T TB sin’ ¢ (7.63)
m

atts m? one oral Tarps Stes WITS Aq OSTA FI 1 Hera

CACANIA I Vay ACH AA GTS Gaye ara wet (carbon arc)

Ql eq Ais (Xenon lamp) WR FN 2a |
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7.5 @fefae adsae facetae otyzesps} (Formation of
Images : resolution efficiency)

7.5.1 watfaa fata (Airy’s pattern)

M1 US SA Vesa ca wyef scomys: aniwels

Sasa Tare 27 A aatty wits oa eat fay

wiofaad alolsas ste fey acd) SMES SI BIA Cw MATH

WC ANT ASlIcy CH WA, SA AA ACLSAISAS FA WIC

AGA WAC MAM CAB MGM Al covspe BMCHNA GAHSTSA ASIA

BA GSE FANS Weal HSM AS? |

aia Tay ulolay cece Samed oralics ator ww wa

OM A Bisa Sa HA AG mA AI Balsa wear

SIT CH OaEces Tegel wert wa Towed ACS | | BT CATA

GAHHT OSA ATMS SIA VOT WAST WS 1 Borage wrasse

(diffracted) a2 ois warecca afetaca a urea faa ao

Gl TIFSHHA RSCMA-HA AR alm Bea fafa sq aa fey

A A Tocy STM PAA THAT AACA VAIN FAS |

WII ASAT HAs SI Ta UN BAZ 1 | NTs

Seat May @ Trey Gl JHA BCA | SIs Tey wiviacasy Gare

AAG WAATSAGHTS AS HS WHS ATSny Seq |

wy

oy

e/__&

c i

\ ee

UCTS UWP x UH AIT! 4a aes, P’ faye atotaw ora

HTH OR HT TS STS MTN Ae BAPTA arcane alotaw

met Sai afetaa wea F fayio Pp’ fay Woes wal

stay? +l? 1 1835 98% Fane canfotar sata (Sir G. B. Airy)

cau @, F fayos wera £ eae P’ fayos wie £2, xe

E _ ai) ° (7.64)
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AUTH va p sin B ~ 7p

J (Y) = AAT LATTA AMT AF CATACATY GCP (Bessel function

of first kind first order)

ho = WQS ABIL CAMA “CA SAHCAT |

n=ATOrs Gicsa TRITTA Alors |

_v_(/2)8_(¥/2)8_ S292
a JM=5 21” 2138 > m! (m+ 1)!

m Oo

p = ACG ANY |

ala oO Alay CIA ZR SC

_ 20mv= iB) = on (n @ s) (7.65)

n'B=nO' s Te xR Tet BS FSae stotay e afotay-

ccs yb Gaga atta Ga Ae -TTHs (non-dimensional) aif
» OF WA MTS AT |

to

"\
1

oat \
Eve.

o2| |
oN ——

02 7

MN
| \V \n—~.

0 5 10 150

Ve

Fig. 7.25

18
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Table 7.1

(A= 5000 A°)

&

v E/E, | TBA

0 1 | ,

1 0.775 | arm nine |
2 0.333

3 0.051 |
3.83 0 7 RAAT PENG
5.14 0.0175 | gers wt gneat
7.01 0 | — Fawha Fanea

8.42 0.0041 Paola wigea

10.17 0 Dold FHP

11.62 | 0.0016 Wola Wage

Table 7.1 aag Fig. 7.25 cars cre TIR Yl BTSlACIa CHUM ATT

OT FSA Howes oa Ges Tard AH MAT ANS FH ©

Wigner 1 wear Ts wieweaqiag eee sce sly Zc |

afetae wien «& wera feumts «atfaa fagra (Airy's

pattern) ICT Alas |

AMY PENewayy Bnd A (v = 3.83)

_ aw _3.83A_ 0.61 2

1776 ln 6 8

Ie THT AH AIT SyTS BS Cory Bs

g, = 4” 3:83 A 0.614 (7.66)~ 2 op! 2r p’ p

7.5.2 Qe faacrim fey afefaces facsiad: waPese
wreaa facsiae) Wa) (Resolution of two independent point

sources: limit of resolution of optical instruments)

wlsiaad torr seats git fay Gen as: ama afeiag

Peary git aaisa fourm sem sai fey ita onfates

oreiaaa aes elias Sarr ql Ae OMA ABT A AMR,

VR Yq SY SCH car AA A (Fig. 7.26) cars cH Aww
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Hay NTA Waa (angular seperation) *. QI CAH PY SAA “Ib
p

aaa TAC Cegeiey wey of Tao faa ae arr cata 1 calfers
°

Bat 4/2 at @it aca yle Gwacy seem saat Bento

UHR PS Tyee A 1 HTS Age AS awe as YS Meg

TH SATA SAS (contrast) SS awewqi Al jay 1.22 7

CAT SAS AA SAM 30 SA AM 7 = 0.3 | SASMty wn wea Tay

giéce yes SA AIA aa saa fay gid fafR® (resolved)

ZN TN ZA |

20 -

184

O 6 ve!
| O9*/2p!

“oO 
07

Fig, 7.26

aE Aa as atolaacs rea TH CHAS AA | OIA COAG

ests agar einem acece | SAParterece tds eifeface fay

aie fate acre ca coice Sicwa Axe ICA cata AA Gi
aI) GAT GAS ast wiles oa wae ora fam szaI4

BPTSIS ATS |

§ 6.7 CS Grad Tae Has Fen VAIN FN Be Facsaey

vfs €,, @ICad Sled BA, See aa SaECeTA SSA Bog fase-

wity (Fig. 6.7) | Tacs ata *Taacs Iced BIcritspsS Fare ssn

(limit of specific resolution of theeye) o=c,r (fatav fafafacra)

OF A Fig. 6.7 4 Gorgias AIS Greagq sew wesre ovens
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Cran aa | | Fig. 7.27 cae Hat TOS CA OAT TCT Tareryey

ain coed aie Teorey seit BCH aeret 1 10-8 Cae 1077 Shy

SRT WH G2 WA 0.6 mm As 2mm WB Vl CHA

CTE (A MAT TH OF VABTSS GM AQHA GLA BCH FA 1

ol ot a9!

3 !

VT iz05
a=10<j)

|

0 { 2

CONYI TE By ar (mm)

Fig. 7.27

an ws, qf6 fay feta stad cumrata <- 1224 aq
-”

Geng seaca i os gio faya atclace cq aatiaa TAM Mem aca

wierd ertanpas Taal Gc’ = oo aq Gey FAA (AAT

pe=pCmxas) | aretg 7=0.3 1 A=0.5 TAS LACH GAR p

falataersy eae « @& faface (1° ea = 60 fafae) Tare

Eep=e'p' = BTS ¥4F (Foucoult constant)

=1.0 ( fatav tatatacia )

ace fe ore gitar Tater UTR CHAT > OIA TIA

ACC ON SICAPS Taare AIT CIATTS pe=p'e — xIs

8 @aie tral za (Fig. 7.28) 1 ate o(r) ab Orem At

UWIBVSS pe =p'e = YI OB AAA Ord ATS GCA GIA GS SP AwaT

qc cacaeter Tarra sere cit eae Tacaae st cad sae

fates acq1 cea fay gio sefoena oa Tales ate oma

SAS AFSL CATA ALA Al
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a(r) GAUTGA GI WOME pe = HIS OF AATMOI Ales ATG APA

a PA TR AH TS OMG FIG xs SII A BBA

OIA AIH GCM CHALE NA CA MARISS 9-4 AoW TA (min)

4

! oy
\ *

Cp Pe”
an an 0 eat

pe XQ oo
Cmive | weet iain |
Tater: em

; | | Pe=pe
NS ; - gre

wir)

|

| |
° r=6 -

pet aa
Tame ETCy

big. 7.28

BCA GIF NCE ST BS ada Te FI CRS CHAN

CMR CY 7= 0.2 ces p= 1.04 WA min GA AGT 1.08 TH I

BUS 7 =0.3 Ho aa Ate ucoRmE oIMel eprTAT pc = EAs
(70.3 CS YOR GaF~ 1.0) Gerfies mel sera 7 =0.3 OH YT

Fay sfetaa snot aca ce ara 244 1 fay giice wicans are
“p

OTA STSTACH SERTHIT TAS FT SICA, omin RUG TIA

HCFA YACHT TTA BOI AIA Be o CHATS pe= Hae Gata Gera

BS AA! We OM aa Ss gi fey FAIS MA FAUT

MA | wees Yio AToRA fey oTotacea CHA Tacsgertin

a= 1.0 =pe=p'e'= BBY Yas = 0.612 (7.67)

1 Wes Wee: Gs SrA cap faya onifaa frotcana

CFAT FAT Boga Senile (central maximum) Blayq fargiba
eaifea fears ciety SHTeTy a] elle Say Bea eect
(First minimum) era 1 facsaq aia @8 wéfoea ATCA

fasta (Rayleigh’s criterion) aa |
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7.5.3 facaize AlTAHAS| (Resolution efficiency)

TACHA HAHTSS SATS LAI GCA FA ATS MA | AAT ATS

dip Jats yeaa feiae HATA Sra | ATTA CICA TAA CHA AOR GAA

Crag sea arnt a ate Tana she. 1 aaa step seq Taeg

CAA BCH, 4A AS, SAT CHICA TIA Are rv aae oicaa alegq aM

2r ate aaa Tal CAAA ATA BCR AW ( a Wawra Spy |raT

DUCA AVA HTS] AWA CMY ) 1 awa OTeaa Taesaa shen ec, |

COTA @ Aspe cay AlMTaTS Scar Tara Ale « SCA

ep=é,p

1 €,qo e=€, Sneed =

M =aspoycas Taada opr |

sean Famrae ware] E= <2 ="4 M (7.68)
cy

wy daca SPperaceay HTS TaMII MIAHATS] Byres Taele

SU AT | AAewMS farsa ona shpat Teada spaperq Gra

faca aa oa am Tad Taada ae! M, cS Tacs eaerarsl

AAC Cail ZI |

TOOTPST «cH y=1.0 a c«,=c€, (Fig. 6.7c) Orae

E=Mi M aera € aw Tey Rady WAS] MyA OS AGIA

TNS AVA TA I, ACT TAT FT Lae Bea Tacs

MTHTSIS BT ST |

7.5.4 BCrAacea Syren aval s arcs Maratea (Aber-
ration tolerances : Rayleigh limit)

SHY SIT VOnaayse Tapers Tacs ab Sel BAT

arate | fay cara aeregrgd ocala CMTS AT | GMA MCE

TAC] MTHS STH AIA 1 MAT TS Beef afolacast Seat atetacaa

SrA Ten oncwa Tap aaa) CaP BCMA ITSE Bea Tay

wfolacad opera apelacna Scalar Te away 74 GI Fig. 7.25 a

CHUA SCS | AHPC SIE oe AS UTS = Teaicna

ATIAST YOTA | CMNNCAATNT CHT SAHST VOMIT ACH TESTI

SUCATBAMCAT AfAIST IG Sl Fig. 7.29-G CHALAl ACANR 1 GaAR-

FE BHAT Tay 4/4 Sl GCA AANA CHC SSA 20 STAT
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CA BOT CACAS ATTAPSIA VCTSAATITAA OPTS OBS aay anes |

PUT TAI HPT] NA Haass acs 1 SAPS Bea A/4 aa

tt aca oreneiancaa astecs feos afsaGa acd (aA A/2

AMT PRN MEM ACI MKS v=2m CS) ae faomad onAHTS

10

09

ol iN ~— = |”

0 K 2n 3n

veo,

Fig. 7.29

GO BTA MA | | ASAT OAHHPG Sac ACH AlN 2/4 wa BcaIce |
QS MCA Atala (Rayleigh limit) wari Saree wrrac
ACh FT ALS VATA Sertacsta BeYCatwy Fay (aberration
tolerances) Tae Faq ASA | GMA age, ACCME wfSATAA

CR TCM CHAAR Ua ah SS GA TS 1 MCE
ICH CMCC TT (TBA (5.46 BSA) |

_ 4f? _4W(Ab) _4 W(Ab)Af or MAb) = 4 ee

Ata 6 = p/f = CMa FS |

TSAI OF TSA A=0.5 TSI SA ONAL TALSIIAA
HIN Te

G=0.1 Ga CHCA 0.05 mm

GR 850.01 at cHtA 5.0 mm



~frcrER 8

Ol DBI aatt% (Optical instruments)

Oras Crater TARias Gla A Casalas ores GaTvATe

zaitaa vine waar | AMR ONT GDH CAH MY AA

wegen, qadiea, ateideen apis ones aac oie Ta

CIN AES WI Mis! Le alana BT SBI WTS

BA BATA AHA TIAA WCeIGA FA |

8.1 Hae faade (Simple magnifiers)

ants GI GIA VISTI HATA SA VIATS GTA TASS WA

Dafetats are a aa em aa oa Goa stetautocs

GTA AS BNE TA WA a2 SH GS AGA oR TSiase CS W

arm Mt HA (Fig. 8.1) 1 2eis oR Gocarel TE] AHhwe

ae wfetans Gea Ge BE STA AR AT | TT OMA CHT,

Qi ° Qo ye

'
Q

Fe
| es /
| SATA / 4

“a ~~ wf pr E

’ TNH AQ py |
ee. ~~ mr)

1 ~os : A

“TTM a,

} Z Ze ~~ FE
p! F Zam e

2g
AG 1

“o

Fig. 8.1

afotaas faab Fane AAC FACT AE CAN ATA! TEAR TACHA

si 2’ fatacca TS | See Ulelaa UAE {ole orl
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AKA Wt GAT ASG CTIS WITS GH OKA YW BE AACA

GSAS GIA GAS BLE WA IA Le CHAT GA BPH

OM & afelaw 24 CH CHICA FRSA Hee Very FaCA (Fig. 8.14) |

MIS BISA cals alelaeq ast way afotay ae sare

OSTA CUS YA AR GIA GE THA TaRTE HATH | ITA MATS

SISA QA Cs GH A GH ANAT AIT TAR yz GC

UTS IW BA HA AA, TAMA WISTS Fe WY. CLS Ae

faade (Simple magnificr) @ WIAA Bola ag (Simple

microscope) {a |

(ACH & aerate a4, Gl ACA TAY Gay GF ATO OLA

Tred Tay @ aa Taya ses aS BCA | AAT Teas cara Tape Fae

CAL | BET OIA SHIMT TWA VLA GT GAB BTAPGSS 1 GICAT calls

Hs @ utelad aaa FAY INT BA AA Gay alwlaais Taw o

Taya aces ers) FaRwICA ATOTAR T1de BH GO Fig. 8.2 cw cwacal

TIA Ways—

p! Ai i, '
i}

t | | | | i }

\

Fey PETS OU STS CRT

A |

\
}

{\
st et ae

t

\

h

LAT Tresé / ‘ ; #

he ty LEG,
0 of n op x x] x

Fig. 8.2

BACK | ITAA GIN Gaal aay O' @ Tear Toole GAM

Taya Yq BH TAM STATE A SToTaalors Tren Awace TaaxTsa ie

yen fay @ ce CTO Ta aA! «6 afelqa P’O' SH S OKA

a, IY Bae 1 UWA OA A PO PO, VaR MATA

CHG] BIA Ay I FIS! POs OKA MTT HE ACF A WA
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A @ sfetaat Stats gaIe aa O fayit O' Taya oaeat

He H' Fates 320 Saaz |

HP =u, H'F =f", H'O'=a, HO=A wage P,O=A

HO_HA H'A _H'0
oem

PO PO P.O, P,O’

A a uwe (ee a Aa{1-4) (8.1)

sa a A f'

Fuar atelaast SNS WAY A = a-< =a- ~ au( + — | 7

Qu
=Q-ut“p 2a ut % (8.2)

PQ-y8PQ=y»’

OR ag= % =y f(a — uae (8.3)

Tastes ARIS] ‘rouremiy-t (8.4)
HaAG (8.3) CAB CHAM ACG CA,

(i) Wa a=f', Ga TSA yA IAA THY,

oat “7 = FG, TSAI AAAS TA ATE A ey |

(ii) Wau= -/’, afelay went yi ray faye,

QI Gt = MA, CIA CIAL AA ATF A HA

(iii) Awu=0 7 a=0, f oa Gog ow. fasa Sara 1 BAe

FAT OI TW Viworay (a yew) faacwqa az SH SA Aq als

UNAM FAS a, OF 1 BM one aiistaw aeffcotactyes xa |

AISA CRY YI BIT ACE BATA aL | GGTA @ Taadteq afar weE

Wie acm oe, Taaias as @ OKA at! 4 iba Tes OMAT
TK AAS CAE HT 1 Brews oicad ale aos Sony ares @ favs
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aa weit crane YBa cra 0S Fy al aH Cee
CINCH CHACHA YX SICH SAS S41 CA GAT WMI

LOTT GN CHAM CU CHICLA EAB 20 mm GA Fy Fa HSA

AT) URS OCA Ais Taye aa caw Tofacafos srecaz 3A

mal Taadcs TACMAwSICA AeioRA) ATaca Tetacalos Ga BA AAI OAT

ais Geay aes Ponca Be Bee Aca ailotaca Tacwae ain c@qer-

TE GNA FRCS] PISA Gy CA WA GTS coal

PTS TAHA AVE APT AAT |

feat HTS) s HINA § 7.3 6S HTaTR @

M=a,/a;

M-a8 TIA Tata BAS cara Yio Talat GATS BA1 wales

COTA CHINA AA SCAR GA Peokies abe qa facr 7S efolawio

CHAT GIPBS | OMAN AA cA A OTA TaaNesHSA AAG FIA areal

RACK AA WL SHG a 0

abe aa THe race etolaars frase Tay care ya Tay ore

a STI WA A AA GIR cH Atay opie TAPES

ae Tae Tay 6= - 0.25 TaUIE |

aifoiaa aaa fase fayee (v= 4), Sxq

1 1 fs
uf ql u=.,—,-

| 
ie 

.

Fore a,~y/(-u)= os OK a, =y/(- °)

HST M yas at a 1-5

OTSA JA GANT (v= & ),

u= —f’

a,=ylf 3s a,=y/(-9)

FSM Mien = -O/f (8.6)

oate fastest craTA cae ATA 1 inch a 2.5 cm 24, G4

M oa-go ort Lex

(8.5)

aqe My.» =25/2.5=10X
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a Te Aaterey Heo fay cere ya Tey MAS AAMCAR

are IS A a, Faaday pS] M a ase aes Felfe

M~-<O/f'=Ké (aatteaq 7.19 G3)

=K/4 ata K UCTS |

Cay 25cm RM caha Taare am sq 101 faada

PASS TA |

apf fafen sacaa feats ¢

SAS aaa fase wis unre faasa was A)

7 VACA CB 100 VHGA WAG ZVI l SI BTS Taadesa K=alOD) |

We CS-Gae CA AHA Ata (Fig. 8.30) 1 ARAIS? ab VOR

A

~ ii
ee+i. TF

—"

of (Stanhope, a (c) PUTA (Brewster) 4a
(0) 08-$3a HR (HORS GST

—--

Af
4 4

bun nnenensimreenate.

o——f ~— > 7 rn ) ( )serereise

S (f) NACHOS (Orthoscopic g Rc} (Steinheil)
(e) 3° WHAT su ores

Fig. 8.3

GN WALI BA ACA ACB GA ATA SI AW BI (=25 om GATS ) |

CHICO, CRIN Ae Aclicoqy Soule caf ati wytt carcAs

faadce (Fig. 8.3b) Aacad Gale areH ose Trew Sale Gee |
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HSA AA SH NT WATS 1 awe wes fags «

aoa 2a 1 faptoys frances sen eet aa faadte (Fig. 8.3c)

CTE CET CH GBT TeRM] ATR: BMUvAT fresto

(Fig. 8.34) GTO Cnet CAE CHG CSA FA, AAAITA GTS THAT

FMS | AS CHATS NS FAT AYATS TUR] COICAT TT CRT

ib! at spree faadeqies oneratss Jaq cH (doublet) a

TEC (triplet) | ae Aa cra Adicts 1 faaioe ar aca

ACI AAEce atl Feats ea WisAaaise Www (Fig. 8.3g) |

8.2 wfecvag (eyepieces or oculars)

wees, Fads Soniy seewycr Gloocw (objective) ART

Sola sts age wWetotay wa aq se as Hq afotare

ON WAI CHANT FA ALT Bocas (eyepiece)! BSAA as

ware Tada 1 eer faades we ufetecaa Teas wy Ter Cadi

DA CHG Hae AAT PAS HATS ACSA AA | OTSA TST

ATISS BS A | CHEAT WAR Tears alors foa aes

Pl CHAS AA Viorqacs Aaa Taads TENA AAI Fa VA a |

Fig. 8.4 @ wfecaa fears wale ae Tastee NARI CHATCAT

ara | faadatG alo UT RTO GT OCH

ARI aatss afotawa eats wag Tae coal Bae! AY

OATS AST GMCS FAT aay TH cacTH AVS WA cheyay

ATS [SIS AMP LATS Se ATLA ATA AAV IG ACG RUA |
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CH CAA (Ficld lens) Waa WC GF BAA AH AI

cea am ale ute qa meats afetawq sca bce

MAC Aas POIs Gen aha Sess lacs es lA (Fig. 8.5a) RA

WAKE Ub ClSws VII FA WA 1 Pore eifotawa wage

G8 MB GSS AWB |

= NS

f Ve

werd Gar TAY] TAH SET TH

SER

(b)

Hig. 8.5

HIS Vola Sl CHA GRA AC Ble wes |

CACAA Gata TAM, MTA OTH CIIe afelast TR ACH CTA

A | Sle BS. oa THC UlSraaa Towrad Aecaiers ae sz |

BUSCA VA MIG CHA CTA GS VE CHA (eye lens) GF ANT |

OF AIA AIT AISA: FACS ZA ATS oats afefay Tha

CHO GRAF Sl Al 1G Za FoR ATA ORG aN fags foreca |

Waa Taads Awels a wc Blows clas Aioae (compound

eyepieces) ej] 24 |
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PTO HAS Sc UTS MATS yea cHeaT cals

ANY Alea GAA VS FISA CHAT AMA TER Tea! al se

6 ame sells fate ata nies abet cara Aaa

a 30° A TS! CS HT CSA AAT BA aelacy sig

Sry ac ae! faaaghs, fasts, cnancnay eae Tac

afore SH PAI Sa Uo ~ A Stolys eH AMAT

TACOR BA

BSAA HIS K AMIS? 16 CAS 120 CPOTAA WHT Ae

faadaere M,, 4 core 30 wt aes Bal waa ATE Tacs

UMA SATS Faqs 30 ag cacs ceil faae’s HIS alo WEA

PIS ZA |

MAIS ASTI VOT AIT WH CIA MS TM CH

24 Se a as A Uae fate weensyer GeNy 2h Ace

(Fig, 8.6)

Kh=6' ses hoc Ko? (8.7)

aig h GIA Aiea AAT CAH AW SA STA shew, CAA Taceac

EIS] BCI QA! BCHS GIA Ai Vrocacad Grew GIs se aWeats

TA | Towa AI ANH Gcaa Ala cavs HIG (Al Aaa) Tash CA

a abe fae (eye ring) ace Areas abe fais wafer

fala yen rar Tayos aahes gat fetaraice are aeay

TI] | Ger Metres VTC STA BIG CHA HS AAS Se

EI wfas Uleaqing aet Cm FT (i) MATT Uloow

(positive eye pieces)— (aq AFWAACTGCAA VTeraq (Ramsden’s eye
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piece), GAA Gera (Kellner’s eye piece) eae gevatas

Sifetqa (orthoscopic eye piece), (ii) ATES Wrewaqa (negative

eye pieces)—@aaq Zacacad wiscqa (Huygen’s eye piece) t

(a) ataacuces afecag :

G2 BTStata AAs GL Gora alse gio onsen cA acs

CHITA CHM HATA GAR ACHAT TC WANT HTT CHOI AAA | YTG

(AAR AISe-Gaal (plano-convex) aa CA giva ATS yaya

ascaa Tacs wales (Fig. 8.7) |

i ~~,

_ Lp Moe ~

OF on Hi Wee
F

Fig. 8.7

SS CAT PTT K,~Kk,=; > Way d=/

tot of to.
OCR WIIG RWIS K=— + —-4+. = =k, = Ky!

tS ff ft f °

ANAC GHATA Taapan, yes Taysa CHNMA Aq ae CHATATYS

ate fae IMA TCS SCA Sl Fig. 8.7 caves HGH i Gs Aatea

aaa Sioa f,=d=f, a ace qs am sa (1,1, 1)

far) «1, 1, 1) afecqa orien sae, ca orefers Bare

Raq AS

q—hith (AalBT 5.11 FSA)

ata yf eR! stelae wie wa Areas yayfae Baef

OUAG BIS Ait A, SAA oA SA Wasa alo owl are

fagis ari gids cwa ACBRAS, oA 30°) Sd ak BST

ACMA ASI WH CH CAAA AMT Se) ASA Glow Baas

BI CT TAM SHALAUTerATS SG GCA SCAG BA AACS |
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(6) e@ofers araapucaa afecan

ANTS MIATA Gora wae ashe waface awata i alspe-

Tax Shp CICA AM | AA US Ne OM Ta wateez

CTH GTUCS BY Bra UTA 4 ATG cmas oifam eM TA! Ge

OPTS VAN TAA AGG oA mel Ba al acer fay aterm wer AT

~~ OF | {
TM A. +e ~ > . Om,

me po | es Ns
SR SS A Vi MV,

| a MYM
p' 4 dys 7 >{

By F i N. F' YY Y
| } if

ee |f | th

a {an ”
374 f d-=

COP TT " Basser Gen
Fig. 8.8

UblaS APLVCAIA Gtoraaie (3, 2. 3) yacus welie f, =3a, d:

2a, 8 fy, =3a |

ASM Si=fe=f Hk d=Zf (Fig. 8.8)

Lt, 1 (2/3)f_4.SOA ANTENA NEL Km Gt pS

, 3 ¢_9
ATS HBA CH F =7f=zd

~ K. 3qi Teast Ge O= HH: eI af=Z d

top K 3Oo = =— — = == _.H,' H d= — fl2= -Fd.

CHaCaTARTD Fa aes ate facts Fa acm za alee fae

ate cna cmt Taghl Tre aa One cee afaRae fasts

Wa Z| ABM A WW e UAE afew aE wr

TATIS ALI caren wie | | Taste area caifos Gray ae

Tear Pat Aca BATA Bacal comeTCvac aE TA TT

19
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(c) caaatcaa afecaa

AAACTAT GTS Cuenca I ATi Few, Acar ctor

Geng cel a Meee ule oats | SIA Ble

MIATA Vlowass oath Caer Asad) cana see corerfh

GSS HY Jou (Fig. 8.9a) 1 eS SE THUS CUPICMAC CHE

ATTA BIAS Bl CI ACS CHA CHAI CUAL ACTS

Zl pure afeies crams gs wa ak afer aReS fafeR

Spee Teme TAT BT GAA BOM UAT BACT AN AWA |

TAMMASS OS BTS ACH BA BT |

(d) adttatiis ufecaa

AAA USA A G CHAICNAT STH BATA Gay shee

craters wats 30 GR aiem 21 werahis afer cea Grete

feats GAA os AAT ANT oe she GTS wats AMA

Gea Ma (Fig. 8.9b) 1 Sera CHA ACA BRITA awn oa

ot ate Str apes Tapes wisn m1 aoe Ae Ie ATIC

RGR | ae UTecAtA oma 30° caine CHa MAB coeICAAI @ CTT

SUAS TBAT! 25 41 30 aa @et faada HEA acRE

RH VSS OTSA A FA BIO] GA Ge |
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Grae Teale AlSrcat cers view gen am fay Aaa

TW CR GC ARN waPeS! Mae oT was Ulery

am ei as Taye onatae afotay AACA HVS atoraa wilay

afie zx uere oS meine ofetacrr am fey cere wept

UCTS pe Uiotad wi Trea face AeA wre fate sce |

see Wea Toa wlomd) at feat ven yey BEA

THY ANIMA VA MIT Aa CAAA GLH (cross wire) 7 Woe

Geeq (graticule) FACT BW! GF AAt SA A ces afetacaa

ACH MIR AH HDS MAM A ate acwa Alar alolay nae

Tater mae SN ASS

e) Stacia aferaa

Rasy USA ATS TNT AIGA Geer cas yioa qewars

MATSS Seana HS FABIAN SA ATS cacsrsa CHa Cardia

aqone fr/fe, 1.5 Ql 3 4S SI | AANeT VBA Utora 2a

(4, 2, 3) wacaa uals f,-4a,d=2a aa fa=3a! @ utente

ZAC ATA STA CAT STAC CBIATS HhStaa (Dolland eyepiece) |

ATES Bloraqeas We ata als Baa RB wi «8

Ecc wiocvaie (3, 2. 1) eared wale /, =3f, d=2f. fe=fi

Q
a wee caper engage mm a LYT a |ie fa A 4 A 

}

Vigil _ eH !Py iP g >

J i Lf
x pet | a

. Sf é ba ~
A af Ft ;

Fig. 8.10

l 41 2f
a¢ s = ~ ——e — °ANN FS ZI K 37 +o arf af (8.8)

0=H, H= d= 3f



292 SAGA CTPA

=H,’ H’ =-S+d=-f

RACAAA «TSCA PCE, Iyt to VAS ed | FSA

wih aera ASS yf RR! Meine afelay Fa areca

TANS APT ANB | CATH ONA CHAT RETA ATOR YB

TT GHG Aira Uy AI BT AH GATT GT CA

AMMA Corencnay Galea ASG ARGS Tacha Bal At CMSA

WA FACS Bea aba cay Hlocs ZTE CTA TA ATA CI TI WA

THOS Rta (Fig. 8.11)

Aad. 1otot. OP 5 al CRT & Ja” fy

TOIT f,-d=f, dl fi -fo=d (8.9)

aura wet fi-fe=3f-f=%t=d qeaq Teas

WISTS CATAL CBS FS |

ufeccad food adel atetaais caer aca Gl nacee Tact

BA] TA! AAAS ALST4a AM Acacw F aoe (Fig. 8.10) 1 cme Cre

(Ace sata tole way @ efetas eifelawa yay AF = 3f-

af=$f |
12 1 _

vay TOS
TSM Teel ofeigats aq A lays eas aAAe cH

MBG TAS 24 |
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gist ora ome 45° fufa one fasioe anu sta aed

SFO] AHL | PCH HH GA ATSC SAH GHISTA Fal AT AT |

TAMA GSA AA OA Al Chel Aa BATS SA CATS HH’

MATS BlA wells cHA ACHAT Torta ae she IAA ANITA Gat etna

areley Ba aaa Shee cana Ga 1 SE CT OBBSIA BTA

JAW! CAM AA SA TD cacasy alstacy acas Berga ees |

CY VACA GSA ANS SSH AAS Basa SM ST AN |

Fig. 8.10 CAS CHA ACH Cl WCPA ACH ANIA IO

UINSAA a EF Vora Welles ava uewy faces ulead aca

TATS AH 1 War escaAd ulewaioe vse uisarl afer

areas aforeals eS wed GTA TaTql ARTS BI CARA

RCA VISTAS SUAS PST Fen Za |

8.3 calfates Wl SRS (Compound microscope)

maa Teas Taada pare] M xq ail AoA ABA AA Taadera

STS A 82tq 100 CGT Gaia M=25Y aee GBA CHM 1 cm

Wa 1 Tat HIS CF cas Ml TOA AlowAS ATI Aya

“orale wb: Glafaarin wey 1 mm acne Ba Cs Coal

$I (K = 600D) crate fact cams | fee oqier Tac aera

OHS WA CHAM ASA ZS faa TS BON cars TOK AA

AWA FACS ANF Gee yiva Gag yas aifts SH ACG OIA

CAH 3 BCR ATA AT AN, 10] 15 mm HA ASS BI WA

GIT Tas THA CAS YAR BATA ZA |

Tad PITS] @ BISA GHA Q FOS Be Wa AOA ASA

RATS GSA Aca ATG cH Sea @acilae aera faca (Fig. 8.12) |

CIT CTH SATS A Za WfSawys (objective) 1 als ufetay

PQ om astt feafds agian P’'O' coal acq fasta cara Sais

eee Sferay i utemals af onafse ayia orae fates

aie opyiay PQ” Cwal a1 OTA as CnafaRts CATA | Puls

ATStaato Gia UP Cott eal | Uleersls AAAs ated,

USM Uloanle ace mea, WATS sw MT] Fig. 8.12 cw

HIG GMS Blom Cex SNE |
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Fig. 8.12
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wal a1, wiorcsa fasta ge carn fay cars alecacaa

set yar cma fay ode as FF, = A Baler aca Seas

@ MPSA BIG ATSA AAT YAR STA Tal STA Adi FANS

anfqares areal ZI ae oF ATAAs osace Cloca afaca atelaacs

OSACHIA AIS FACS OA oTolaacs HA BM VA A CH TAA

are CbITSA CHa (optical tube length) Fea (SAS acs F,'O' cs

ary IST CHM Je BAC; BE cD FO = F,’Fe=A)!

ma AT ABSHABS A 160 mm TAH ACHAT |

VY He UMA WAG K :

aq ae H,'H,=d, afoars ¢ ulecaca faola ger Gay

enti yeast f,' @ f.'| wWoaaq

- tt d f,'tf,'-d
K= ay to oo = 43

fi fe Nits Site

feg d=H'H.i=<H,'F,'+F,'F, +F,H.=f,+A—fe

| =f the tA (7. fa’=—fa)
ve Sith, -d=-L

— A
Fi fe’

CAM Toye Vebspe AaT WIS VIS 1 GAA Ade Teas

ql Aaa Vester ace altars Meptspeyy MA

faaday Was) M :
HA MS ofatas walslay worst way qa aram fay

TUTE | VAs wAyiay P’O" wiry VAPSS 1 adel PSA Aewal Cece,

M=a,la,

fey a,=dy,/f, ome a, =dy/é
d= mpomcag TANOT Fay

dy, ¢
wag M=-7" ~=-m,M

dy fe °

RICA m, = 2 = ae aay faa

6
M = sierra Tada eS = — fy

2

(8.10)BUHL K=
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qty m,= -100 ae M,=10X By BA M=1000X

dy, _ LA :&. Fig. 8.12 careTy ~ FF [Fig CAH |

BSA Me (FP = KO (8.11)

wes flay ape) M=1000Y core cata wR FAC

Req vasa — 4000 VOT |

facatael oNaeraey € ;

a MS, Wietacad gio faya ses Ay dy 1 eatas ahora

oe Wie TA Ga @ Zio calaa Tan mes AA SICA HCA TCI

FIG BA mi dy! seals afetay cis aa Wiad fates 20a FA

m dy > eattay Tecra carla wiemecsia GA p,

LL
Le ee

MI Hi lov
(n) (n')

ETAT

' Fig. 8.13

ata atetax cies wae ar 7’ Za (Fig. 8.13) wa,

_ 0.61
P4 n' 6’

0.61A
Sere, m, A) m¢ nm nO (8.12)

BSA WAT VSP MAAS SIN Aer ea a (a Taaale

VAN AC BINS SITE) | BSS WMIcaa Wewas ASTe wloacwa

CHU ACTS 1 | Bele

dynsin@=dy,n' sn0=dy,n@'

(0° cals 8 6 AS Fy, ATA 60° A FIR)

n'6'= # Y in sin 0) = NA) (8.13)
V4 m,
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(n sin 0)-C# UlorcoHa Cray Ax (numerical aperture 4

NA) Vi |

0.61A m
dV non = ——my ay (WA)

0.61A
3 oz 8.14BAW. AVyran (Nay (8.14)

CUNY ALATA TA 1.35 GF cars caxfl BA BAGS ABA VA a |

BH A=0.55 TeFq Tale aceiia cy VOI cola Aaepca ALAM GHz

DEAT Srelj

0.61 x 0. 35
DV nin 35 Wssaq = 0.25 WSF |

Farag HIT) SUC CLA SCH BNC BI GTA SeMy Hea

AGIOS VA 1 «GMI Aa VA AGA (Mes 1.35 cavse) xq AVG

AT | VCOMIPS CaS SAHA (CATA UTS Aer) Ben Bes

FIT CHA TTA A Tacsaciin al sear Seis WS TA «BeTSGA

MASA Bharat caine woahecrs HQT | as Ata VTS

SCAU was fa Saweneay (De Broglie wavelength) STues

faerad WBA (potential difference) Gra fatarfle 1 as Gay-

CHM 0.02A° GA TS ROS ANA GB GaRCHH tec wen

WAHT (UE WAS GAS BIG | SLA AeHABUAT TARA (electron

microscope) AM AST VA Ms Bisa Geng ae 0.00! aa

TS SA Bees areca Tacsga alm

0.61 x 0.02 jo 5 4e

WY nin 6 0.001 A’= 124
Seis an 10A° cece 204° 48 TS

aia fates Gera (wee fates Seay awa) @ fawaa Ah

CAST AA SS CHATS CCT PAST BATA TIAN] WAST VCMT

S] Rares fate oN ae! Ble Hors atetaa Taw Taye aa,

wea

(°» min) af > orca Facererfion 0.00029 cafuar

0.00029 x 25

O61a (NA)yee M>
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(NA)

r

aaa] (NA)=1.35, A=0.55 TSA, SAA

1.14 x 10-2 x 1.35

M min 055x10-6 = 200

Taaaa ETS 300N AHS Be OT! TE |F BARA OM

“Ie STI ATS ACA GA CATS BTA 4 a 5 aq cal Taqwa ICA

Be BUG 2A 1 Alfars aogtlepcy ae AIH Tae HTS! AA

1500V aa areata: at cae ceil Tansy pIOTA STITT

Ua BR {TAG cea AA A |

M> 1.14x 1072 (A cm @)

ad

44] ATS, Ale coma Tacs ¢€5 = >

QI a= cos 6 a ware fas yiv Te aH

TST TAY |

aspga far real AAT AAA OA Ties AA ala Taga

AMA OE IPB eal aes coast facwaitm €, 1 weed <ecace

Tamsaeritn €=€,' /M |

aM_%kK€9
ea apecad TA MIS] Ex

p&p

(8.15)

'K MGs cia BSACHa HST CHM SCS 2a, Bcas Gray

TOG 1 ASA GENT Aa wea Tacwaa opawTel sta one

GCA CACS CHSATA PAB] Ce

Bisa do BH ACs seqdhey wey caw wifes

DCM PAIS

dF =anBdeo sin* 0

aim teeqacat shee Tae Orewa Tia AMA BA ga T, oT,

AMS AH G OLA AGHA PF BI GLA aise afstaca

MITE

aFE=T,T, Te, do, BA BPP doy atoiaw |

ATT, “Bde
“"# 0 - (WA)” (8.16)
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ATE COTA CHALE (TTSTAT GTA CALS SO HA, OAT ATO ATA

Po) BTRMNG BHTSS Mcqwsaaz
dF’=T, Bda mp e.'|0"

BSF aH iS afofacaq (dog) WATE

AF
Oo

_- aBdo(NA)? /T ,Bdozp,?

HEHE C= eT eda, | Odo,
ap _(NA)=5®__,. (NA)*6*

°'n*p,*(do,|do,) — °n®p,* M®

CHAT a = M?

Taal HIS AS MYA, We WI Ve AS HAA PISS

SS BNI! CHA aA oletar cracs cas, Tacacsa yheceet

(AP TSF TAA] WIS AMSA SF CUS VATPIS SA ZI cit

TAA] WISTS WMH AAaIA BAI YSYw AT |

BaLasacay Sess z

wets aaa fara eae) Tar sca a Ulorcwa Gr A

alec wlolar ccs aaa feud ufetaats ace oe Gm

(aie NA ct Boa) GM BisarwA we A Sifes

facatas| Sita (theoretical resolution limit) Ces caca WTSACH

SCORCH Ta at acca ai fafen scrtatcs aricera

ATA ACA AATS SCA |

faaayis @ Ho] GA Fa] AMA! ABA BA A | BCA BISA CHA

SHI Te Fas fofaa sen Alaa ace ari aon Tae

SAA 2A A, SAN Gores Alar AVA WAI GR aa

GFN A 1 TACHA OTARTS] Al GI ACS HAA PIS! AVGITS

cra SMa Ae WES BH) Beye AeA S VA CHAT ACAI

a ais arose CERTAIN BA ets TM BA CAI G TM |

CHPTS OMY SAH CHANT GSR ALOIMA BACT GCA

a, yeyia a RUS BA CMM EaBAC SAT OITA AIRCAA

nSive fra Tem we | GHD Gowss avin ofS
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Spernes A ST SCH A) UA ea sets opfas
MSA Ahey MCA TA |

(a) gaat (NA)<0.15

OCH Tera (Lister) af WPS AA FH Wy MF!) as

USAT GSS Barf Asay ATT (Fig. 8.14a)1 ace crenata

ACH BI Al as CAT SIM Tay ye mney wabeo vs

cre fay sera aceite Tara weal fawq aac wrt ix

a8 Taya astoa ayaa AZ e Baalos GAA wy 1 | « Taaiog

TR
(d) WeCMieD oyfaty misery

Fig, 8.14

uaa Ay, ce Teas ofeiaa ame za | wleAeEa ara ort
25 mm oF ceil Rea GQ HACIA UTSEPR BAT BN ZA |

oe 43 4, Instrumental optics by Boutry, 7b 145—146
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(b) Jaq (NA)<0.3

ace git Ter sr cules ATI Tea Sa Za (Fig.

8.14b) 1 Grr Go aa TAUTA AT BA AS CT AA TH

aE fay O,, facta Gea esis sat Tay Sa ae faele aca
ay O, at oa O' Tayo agi wteler arn za O faye

16 mm case 25 mm GHIA CHTHA CHA GE Ulorep AeA FF |

(c) @etao.3 < (NA) < 0.75

Crm Ae 0.34 cil ar Gace yeaa ula Be

BUA AL | STATA (Amici) SSATHT AAT GATE esto fora

GIAMAS HAA GT | AIT CHA ACA Osis oes

CUTTABIA CHH WAM BWA (NA) @& 0.34 alee aliTCR HAATA 7

OF FI Opies TSA GA CTT BATS FA AR Bea acaeraly

afaaea Ua ZA (Fig. 8.14c) 1 wsutatng at ufverss fasta 3

ARENA WAP AAT WHT AOS BI CHAT QGITS Tay ALON

Fl SCE | WROTS Gist UloAcH (Fig. 8.14d) ae cate

oss ATS Car TH 1 ak CAA Fler Slag AA IA Tay

O of CRA EB FISCA Blom wa Uqral fay O'1 EF O'

faegit ala crea Scat openanios Tay za ora O Tay oa

os wis Sen CTH SAA Weta ASTO Pri ave crit

Tents aq: O faye alotay ace Atoiasa HIN VI AI

GCI CMACHAY MNT | «OS CCH ARI SA ACIS AAS Se

BCH OA AA BA AAA CTH WIA FATS SA AU | CHT @

afer! 4a FA ZA SATS GTS AHS PAVIA GH AANA AAA

aq! 4mm we ti oe G2 MOTINS UNA Ulery

Aqa Fal ZA |

(d) AAG fase wfSosy (homogeneous immersion

objective)

SATA xa 4B Ufo (dry objective) BUI sin-* 0.75

aa Gail SN ABA AT! BSAA ATT CUTE SS GTA AIAG

TANGA WaleCSe GM AGA AA of Walore Blotas @

HIT CHA ANA SAS CT CATS AIAG Cael Ties sq xa
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AA 1G aA 6 TaRQIETS eT CITA TNA vitor

8 TRA PISIT AN | ALTSs CTA stRa Coe (cedar wood

oil) Baa BA ZI (mp= 1.515) 1 as con faaqosay COR (immer-

sion oil) ay males 1 Fig. 8.15 4 ais aang faye tecra

CHIC SATE | TAHT COOH NAR AAA BCA Hwa Gaal CACHA

ea] Sel Wa alert aca all wtelaas cfg sea ais

VMAS TAS AAA BCM saysal irearos Tay O' (acs

OAS WH ACA SCA | AAA CHICA TATA QO Ga ACHCA UTS

GSS BSN GMAanwls aia ca L, WA BA AAA

ZA 1 O' GS CHACHA GBS BWreios Tay aca OF CTH ACS THofs

APA WHA VIAN Tay O” cars BG AG WA AWA AAI

O” 4 OG A BATA WANA SG) cna 6 SM Bo Fs I

acHta 6 afW sin~* 0.30 caTs BH BI GCA GATS THSA Ga AA

Gia awa (Ly, Ly Sorte) aieraa Serle yA FA BT GAR

AAMT WTS) A BA ST TMH CGA WALA BAA WEI

SHA UCT OH CO | UTS Gs AA YA Se ASA
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53 Tl) Cert WAS Tawa lore Ws Bee AH AF

ALCMHtAS SPST (compensating eyepiece) WA FAS BAI

afer cl Ter wa Atieay sa Aes wtetaTa

manta Tats Teed AT RICE HUTS aolaas sir

JE BTA! 8 “toa Geuy ae 1.10 we sq Ae |

seq @ Toole cra gio (Li 8 L,) Galatea (Fluorite) aca Gewy

Ar] 1.30 he Bq as «OL, L, oni eragiers farsa

Iq GA a TAC acwlafors alw 310 CATHA ALAA ANAS wes

BlS-AAel (apochromats) GHA MeN BI Gra Bewg Hea 1.40

AIS TGA TA GAA BSA STN GS CNNCIA Ce |

cry Afeie aT) MAST UTS-wAI WAAG Tae Goer

wuyica sfsaey (Abbe objective) ara afaipe i aciicracne

ufeers fata aqaq wa aah fase; oats wre 6eifefre

SPTSaAacsy (reflecting obective) WIb HA Aqsa Bq] By, sete

WIS @ wats Gaa (Fig. 8.16) 1 aera Gewe Arm 0.7

AAS MGA AGI! APT GHAI VA YI WLS coca WAGE

mae nofet
fr{ster

Baa oft

+— TAtoIs

Fig. 8,16 aferra aloerpy

wrTeCe MAcneta (aspherical) BHA HOS Bq av) Yas sony
@ Sa Be | BMS WAST APN WH WSS ya sy Hee

QA] VSS A MAG CSA AAS |

wate Ae aSfaacs Sicenfss sata vals (methods
of illuminating the object)

wales Ice aw felts cael SA Sr ca Cle CHCA

wares (self-luminous) 7! AAT a8 HIB ulotax cas
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aan oem is st Sl yae se | Bln ae face cracey

ATOMIC MCA A*TaaITe) 7 OF VPNS BWI WA | were Taaxa-

PTS] A Bc atelaca, wears aia crys MAC VARA AH

AS! Ce wees, aeq abetqas qaloacaa (condenser)

Fig. 8.17 ale-sare wtltoss |

ARI TAPAS MIM PS PAA JAB ACH 1 AACA GIA HIT

wee (incoherent) Sic TH Beatles Sara say Tacaoat Baa |

~-4+——~ wigins oa

>
le wai

UH

Fig. 8.18. Gaicgencaa Sea als |

TSF US | BI Gates olor GH! AAT

STSACHA TS 1 SA Vor ca acm (order) AA Ae zy,

HSA GMA IER Za faralo sea, Saal, HATA Sew Taz zx

OSA Lio Meenpype ae (Fig. 8.17) |
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AB VCs MASTS (method of critical illumination)

SNS Gerad ase wives afetay afetay ocr ufofacwa Geog

Qn Ai ak ator cra xq otelacwa xteeniva wer ACF

GLO COAAe CHA AT! = BCeeNcsasy *WalScs (Kohler’s method)

VSIA GS CHA Aaa Seog oats afofaw qlhwacaa ores yAH

COTA SCA AN ST Hr ae onahys ofslacwa ateie fey cers

Sse ATV ocansyps sfotacwr aa fan ae (Fig. 8.18) 1

“t " ON ~oS~, N~ ~

’

4

£

Fig. 8.19 aie catia cetape (raeiige Toa) |

arEe Betas Bas FIC (uniformly) wrenies sat Fig.

8.19-9 eat attas wohecra Al Toa (AAIPS) CHEM Ze I

aa ufeiaaa ¢itatt segs yen oa Gorse fads aca fe

aq Taq SISA CU] RASH SN CH AI! CHAT AA

wat aes eaies alors: Creare: feats) eit brea

20
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(Turret) Arey aes | GIG STAT CH ITNT CA CTATOTS Shwe

CCE AH ATH BI WA! AAs os olorwaley ase

4 BISA (low power), Lio A PSA (medium power) ¢

atic GH HIST (high power) 211 slaw uloaqiang

MACH ABIOTS BRA SM WA! GSA Aq uloocs fag array

SAMS IMCS SIA LF GSAHA oa MISA aT AcHIUNs UlScaw

BWANA PACS VF |

8.4 ware ee| (telescopes) :

gaa fees crea Gal padi | yadbecis giv ter |

UlSre, Bae Tea | Gtorpis wlelew ase my few Cox

BA! WMA uteraa ez qerqul aq facwa esto Taaids wry Taw OAT

AAA Gorgias RA ACF GA GUA! FAI] FAS? CHF

fala wa fey ae: yadbeces saw aistea ore fag Tey

QNBS 1 CHICA CATA MATA AI ICG TTA CHATS CHC A DCAM

at qadhrd getes Toa ascHa, (F) aitoras yadhea awa alos

aug ators Gm, (A) aterry wade aera alec afore

wry, Ae (41) KCHT TANTS, Ge WC FAA Com UTSOTEH,

a@siaq Pao (schmidt) et SiICaa |

8.4.1 eferas yaaiee © ACSA] (astronomical teles-

copes)

Fig, 8.20-65 Gate 2Tenss yaar CHIT ATE! | BST

@ Ue We afer | | tecrators orea fore Alaca wiwersy

(QU CA YAS ST MT BN AT! «Gens Glorracs alacr eet

afer CHOP FA] 2A) pUrs afelas ores Tae fay

corse a Fay ONE AA GN A TA! 4A) WS, Ofware ©

OTSA A WAY HH, =L Oa Ata HA Crh ATT FS

fi wry L<(F+f) oonq afetea opis gare uate

@ wy wa LO(F+/) Sw alee WY eo wit PR

Uae! aa LaF+f ow atetea sala wae gadheati

Grea Taal |
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fasta wae) se §7.3-c5 cum create cl yadbeats CRT

Tag GPS Waza Bra, Taada HAS

Mon 7 ara I, za G2 UPETS Ca Tae |

ST CA

Faofa Gia a alee fae oe a

PATE VSPA ALTA TAT | USA forecAl MM

AW OURS Ga Tee Alaa slow aa ateacea afetaats

AAR CHB FH VW A BAIT PTS AeN IW CH IA Fa

ahr Tac es IPT | wera @rar Fagin weer qadiercaa faaday

ETO] TA BA AW

M=a,/a,, Rd STOR C2 AGT vA aa felon AEA

faqda SETS TS ABT TT CHA ATS |

(a) afefay wrica, eifefag asta a wis gece aratine
(focussing for infinity)

econ ieSea wai aaie ofetay Ay=a,F a a, = FY

ae a,= ot (Fig. 8.20)

Me=a,/a,= ee ae --5 (8.18)
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(b) afefey aaica, aifefee frac fears, a me mia

caTaiiae (focussing for distinct vision)

HA] VS, ASA VHC HIP Al FA AM VI GIA cars d

gave (Fig. 8.21) 1 aaa wats afetaw riers uferaat set 72s

arrarn faya fora : sale, L<(F+f)1 a, ase aera, wee
a,=AylF

, ‘wv
a.m; a= Ayld fey SY =2

oy

Fig. 8.21 cats, a+d=v

REAOIT a a
Hi, Cater c

t

OIA a= TAT HG CUT VPSTATAA TATA FRAT Oley FAY

a d= Tart ma cace PUTS afwlacaa gaz cory Tash cra

WAS |

BWM a, = oe fad ot + aN)

seat M = - (1 it) (8.19)
CAT GAR CHIBI A cas cae Teed BATS] GRY Tt

wore feels ne c afefaats Gram ale ase mmronhy Bees

TATE
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faceted WAS s Gta Ufoeres wT Ga wi ae D
)

OTSA BWA | Stace cea al = oe ee (Face

Ain toad ara Grae aaa TASd Bea 1 HRS ATSTaP RC

OSACH BA AG BINT THs GS WII CHA SA! SA Vloarw

Tawa I SS ACI GS Wa MATa HAW AG Bes SH ulsarwia

ara ( éfecs ) Taca win sac Tecra Ahn anem aca cI

ACTS GIT |

aad EIT] FAST HS Al OS TACHI MST AAW Fa

AA? waa Faces stm <=0.00029 @ivan 1 saree

Me’ > 0.00029

0.00024D (8.203

A

A=0,55 1884 20H, Mmin=4.36D | Baer CAA Gay as

am my fata AGIA Me SAS BI! BeMe GMlvor

M =20D WA MAS Za |

Hla Jee ATSOMAS ACS wBylos ACH

SaréA Taaiuta (Yerkes observatory) wisacsia D= 102 cm

aqe F=19 Tac aae THs siaataca (Lick observatory) D=91 cm

Ok F=18 fata easy aatacaa yadheariva ceca, M=

20 x 102= 2040 ate Be a] Vise 1 F= 1900 cm Fewest f=l cm

GIS! Belle afer fae 25Y at ASG TA as ACH

@ A efoats Tahes TM AST GUAT CHICA ACH CHA ATA |

wferey: acetic ules qeya FSI AW Fem

AGT | | a WAT CaM STAT TEVVTS 204, AlSTaa cM BMCETA

ofa aod; faara STS Ail aca) Tea M= —F/f

it BOS CNC UPSACHA CTSA CH AG TEM WAHT! Bese

Aisa cH YAS Fa, A 3° A Te Aiea | 6 atonas uferfh

aac Utena cr 1 aise CHa ANTS Acet ICT CaTeTICAA, CTT

@ BACH JA YA BATHE WA! § 5.35 AM craig @, Ja

CRA SPN ABA «BIS Sho ari wks Vlora, aa GTAToCS

Boaq M >
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wib CATS TT] Tara caw BA Tele aS ate aml ar 6

Blea GAA CAT CHA WIA TH CHNG CHEAT] Beye aT ay

RIG BA WATT ATA Al LMI SA SHS Wei “? cE

sil ZA 1 Uae CRA CHATS HeerT gn we ae ZN AR
GWA IS AG ACI GHGS GS AY sacs arqi areca, Tacoat eacaz

CHANG ACS ACA | ATT Ae Vey D/6 Geile 24 Shy sera GCA

CY Br aa 4 Be BTS A | BHA AS AW CTH BA GS Ca SH

aN | «GAS NCAA, AVS (homogeneous) SMA YF Aw Gaal

AAC AWAD SHU WNT 1 Clea ae | Tao ACAD OW AWG.

ASTI UST WA AIT FI fF

CAN GAS CICA TZ VCANAT AAS AA | Bemacery Sa Perayeny

(residual aberrations) 21a 494 fats Sarco cua sa a

(Fig. 8.22) 1 QE CH ARON FANT GA GHA CHT GBT SCAT

SMBS CMA Al BCA OIA BA VT JCS TrefS SavPcio comely xz 1

Ue CAH OP Sh YA CAST BTA ~W,(Ab) BA OA

craica @ Gand W,(Ab)/(n-1, 93 BTolas SH ATA, SaH-

area WV ,(Ab) stra AeMTyS 241 GRA STAT as fama

SSA HS ZA AS TA! wNalotics awa Seacattelqerae

(aspherizing 4 figuring) | oF ARSTS WAT A, wT Se Cyy

SAC | CARA YL AG ATCA SASHA FATT ALAM AAT |

st=%h(ab)/n-!

/

Fig. 8.22

Sperm 2 acerbecea aearse eas BISA Ulocaa Wz

PI FA) Alas GlowMayiady ws A SHA LST WaRry Fal As

wa cit fay wae ase sea esis olor ae
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wm eqs | aplens afer ofera aaa ea pyre afetar

wei ei axa gadhs fara oA Si Soria cracs

A OA BVT HIB fagia at aie cararafagia wa fea

At WIT PN Vy awa Ya 24 acer tee (astronomical
telescopes) 1 *ladla Gra yat ps, ent Bente caacs coca

POTS atoiaa way ac SAL ae Ofecmate waa face Za

Ace ETS afefaw we zai a vary adhe Baha
(terrestrial telescopes) 4ve |

8.4.2 Galwe

(a) AcoePeca visa @ ulead Ta ast Gorge

Cr ATT AA PTs afeies we a aa aifats

(erecting system) yfb cawAa ANA (Fig. 8.23)1 a8 AACA

a 2f; 1 Fz ——p
A A} Qe

Q; | { Pe

! ' a Pe
{

> ]

P - 7
ert est | \,
MSA Cac AS ATS

Fig. 8.23

BMT IA Ge CMF —2f, (fF, AAMT GHA Ct) GA omeins

ofetaets (Gad) aaa, fasts ger wa Ces 2f, WA aad waKHS

aq afotey FS aq «f afetaae afoma Hea OA

PUTS aitwiaw mAy ora |

aas yfoe ufondt wag git aepdl wife sca

catqa ator arc cara pure afeien weid aq cae aati

So @ unis gong aia gio wfoana CT cea afer

ATA CHA PUTS eftotay wa aca, often wa yf cy acme

(order) Al TS SA ( WHT) 1 ATT BAI
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(b) astfarfersr Taare (Galilean telescope)

TORTS SOA Aiscaad anc aly ais Beprat Groce

GAN BA TA pores afeies wei aq smiaiea yadheca

HTSeAIo MBG Goal cA (Fig. 8.24) |

oy

Fig. 8.24

aMMait Ga TATA WA A HSI waa L=F-f!

Taare M=—Fif (f wore) Ga anael atelas aa am

ACA CHOTA WAIT Wa fotacale, ya tM aaa Tae ca

wm | Gla Shee Tae G1 CAMA OTA ARTS BA Uforacaa

fos TET | CR CHAS @2l saree yisa cea yRe wif,

Faas Taq IS MT aca | Rr 4 a Gog faada ETO

opiates PAS BeSs Baa BA Zz |

(c) Betse (Binoculars)

Coe ACH YS OMA SY gio se awa GST Fy

SI Sesser yo ontfalere Gather omnis Be Sq ae I

‘ /

“—_

LZ. Le
Coe

foro aa

Fig. 8.25 fer Cedhecra aacenm TaaPHCA ABE
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ant wre Gerber ates gathers mates oem wie

We A BN | alolaats meh sq sy wacen concn (Porro)

Toracat wea (Fig. 8.25) 1 crea Tee AA TA VOI TA

GANT BAST HA CH WAS AW Fal ABT BAL MAC

vedere qe x foley Boasge (Prism binocular) |

8.4.8 @fefreg Eats (reflecting telescopes)

§ 5.14 SIA CHEATER A, ATE CIHA ARein FoU AICPA YA SA

CHa BT As Sra cole ace fag cass TI 1 | SR ARTA

a8 cole acfteila Caes corer CHeMa oe 1/2000 aa TS 1 «AOA

OTSA AI IG AH, STA Cathe ay sacs TA cater Achat Gay

UST AAG US A CHAT ahora aloo cit AW Fa Fwe

ASI | | UtSari> afer Ge a RCA Blowers HA BCA

AAC MHACHA GCA] ANC AN |

favore sey atetey yas onfae saa) | Uae PA

Coals vale oriage sae va atowoe welt ace alone GFA

OSs Wa Bas farses Ala AS CHAM AH! WW PA

VS Mya Tay HIS Ta GANZ atohwey yates’ Tree

CIA AKA WA MSs Tari ASA Alege we steel

gates ately yaatre |

(a) fata gaa (Newtonian telescope)

Fig. 8.26

a8 Pao Vers ose GAS we) Boa ate F/15

I OF st sq seq wats corte aoe creme cat or aT
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Tey Goay cit ac omens ya MR a wife Bw aC

sac (parabolid of revolution) | ya cea Tayo (Prime

focus) FCIATSS CAG AAA lt COIN TA VA] alo ATS wofA

( a1 macatetl feet wi) a CRATA Taye aay BCT Teteora

(wey cH 45° CHI BCA) VACA HATAS arotaas AT CALs

OTSA ARK CA Ia | «Plate 1 awe Sgeciriamea ora Cras

(equitorial mounting) A7as AZ ste 6” faSoala cracn ACHE |

ofedg Fen mates eats Taboadte 1 ate aes oncemma

(Mount Palomar) wares! aa @Bq (Hale) yatheq) F

200 Sf .1 Bags Bay BI F/3.3 Ql BA AAG MB Fe TST

Tas qed 1/2 fe ari afatrs qana eifoter acm 1)

Sid SAS CAT GG) ACES aH ale COTTA AT TT Gay Tary

ONT USAT TA AT BTCA THY VWIIs SHA GHG ACM

A UA Fa 6" A OAS GANA aes SN YF FN BAI

FOAM Ta 6” Acaly GBS BOAPSE CAV WIV FU MA ALONNs

CHATS Tel AAA ALCHHTYB (Ross corrector) |

(b) =sicacaea gaalere (Cassegrain telescope)

CAM Bl SKS ca Game Ww sem Gio! fey ace

Toames Tar ors stat Tawa PICS coca A CHT FT Tea

QRS | MSHA CHIT CHM IG FCA AA CHI SNA ATA |

CaCl HAR CH AAW AA «SS WAS GAA | MATAR

at _ Sa Vor
~ . Rofet

<I “|= 2
ee co

—_—

—- — >

Fig. 8.27

fated uloacwmy ACH oa “sts uteite Gar wis aR Fa

Crear Cre BGs WEAF ASK BWA! BCACASAT (Cassegrain)
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FATE CNA HA BAIA Gay Gar wate races (hyperbo-

loid of revolution) gem agaig (Fig. 8.27) 1 cmevaa IaH

HAT AOU JOU BIT BW BIA SA TA GRA Oh zaq

660 aig (F/3.3), *acneta wef Racal scree fea wa

VILA BN BA GAT CIBIA Cay 3200 Sig (F/16) ota ge (Coude)

CRIBICA CHTETH CHM 6000 She ( wee F/30) |

8.4.4 fags cua qaatwd: faba BCAA (Widefield teles-

copes : Schmidt’s camera)

4 HEE I ANG YATE BN Aol {CAC GMLMA BAI CHA YAR

Alas | 1930 OIC acatup aaatucaa (Bergedorf observatory)

afars fag (Bernhard Schmidt) 4% 4eq GHA AGAR 4AFTo

TSA AR GNIS BAT! at Bee its yea ca 15° ae co

FA ASA AAG |

qq Us M aale waren cota wi wim we fayTS

C oat GS AE | UT Saree cE A Tey ofotar

wewy GIs Ba, SC AAAS Vaca Ta AH VCH CoeNCHA

QA | UCRT MAA I Sie BPRS Fey cars | AAV

ata srt ace Tote cra ce aca ace a Se yA

apne C Tacx aca Gat aH OBTE cHAICR Jw alelax mea

aa Gempls afetacaa oats cores Sea Gee OF CN GSP

wa S om ce aq C (Fig. 8.282) 1 areca afelacat ate

fara eT FMA coro Ba fey cor @ TaaNgls wesc AN

ea ate GMT Stel ATE Gaye warn RON Bos

(aspherical corrector plate) Wars cues A WE

(Fig. 8.285) sca ara Sale cal acre abelace coer,

am, @ fais ears m1 BchaTes cal a Peegis way

crrmta 20S BA 1 Paa 98 gadie ale Gee GRA A

aa sy am ors facea siicwate (schmidt’s camera)

ql BF |
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CAMA AON Cot BR BPA 1 wWacneila Aonecaq

AM TAPS MAC CUA OTS TART BCA ABATT Taso

CHE AAP AA CSAS AAA | MCAT TCA TIVILSTSA FAH Vaio

(Maksutov telescope) Scmaaias (Fig. 8.29a)i as Faalece

TPP ANNSTET Gaia comely aae SeHy HEY NATHA CHT

VIPS | MOMS corer cara Gos ata GPRM |

FH HUIS ATOMCH CNA UH MN! AI APMs Aagqiey careita

CA AWA MiSs aH aH AM Ss TA Wise As 7 |

PSST SATIN yale Yat (Fig. 8.29b) Aw, Taso cH

GR PPK AIA (tube) FA ACLS THT OI ALB AAI
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wrais Fates | Os Gathers ICME MRACTESHA BCE YAR

BAT LA VLSR |

% weft

an? \
CRaaAeT Wrofes Aol SET Hofer
Te ee

(b) WREYUS - STAT BTA er

Fig, 8.29

8.5 @cwts| aarti (Projection instruments)

AAAS AHN] AHS LTT GSH ARM ZA atotacay

oats afstar we alee FH AT ACTH TE GNACT 1 ATACRIN,

CHICSIN a TATA CPN IH aTolaas CTEM GCA OM

TA | BWICATCS ASAI ACG PCIMISsS caroa Gra |

8.5.1 Bice (oaattes ae a1 Sitcaai (Camera)

Fig. 8.30 CS GBlo ATA SICAAA Fer Meyer CHACA AACR |

B oats wrens faga aes | Clear L esis stern ama a
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CH WAR! oF BSAHA AAI wa Soa atelaaly apy

Sl Al aa mm F scorns cop a fee (Film) |

GST CS MT TIS BIC AGI FA A GEA Ga TAs

wee wares utefaer afeian om Ge FI BI! ate

faraeraies (adjustable) TeMEMTA WA USACE GAY AU IW

BF ASAI GCA AAT SAN AEN AA SAH THEA

Qo “TTA (shutter) aS 1 GA TA CAM Ws BC *KTA

CHAS A, TH MR MA A Gs MAS TAS a CATeN

AC MAA 4a BA CHEM YA AA fey PACA AML

CAN AAAs TT aN ass ac ae aa Boat OT
AOC MISSA AAAs zles (photochemical reactions)

qo apraias afema feats corwan (develop) Ace ACIS.

(negative) 16M Ja 1 PRIA aA TS Ct VIAN ATG, CATATOTS

Cre HYG] GSS BI SF |

a@yicaata facstae MA, SIAN SAMMHS @ ALA) s—

COLGAN FA AACS GH GTS BOOTATIVS STIOMIMACS Tess

TU AAP BACH ATH MOTTA GA BewM Be Gaisn

(silver grains) WITS SIE HN AA! «Cs Sem sagiog Tanne

afotacea arn fates aca | als Ben SUA AA BAS MSTA Zz |

44] MS, QP IW Cra, GAs Tea worms AA aasiv
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fay feta ( Gam GA cae ) afetae Sareprcaa Scr CR
eal eae Peed armerwea sain reef cos A TERA

TIN aeit Taxes alps Bere STEP MICA & Taye oRITHCS

TARO] BTSTH AGTA GAR CA THR GAN FTG caIMsG Benq

TA Se TAS ees seq (Fig. 8.31) 1 azoraxt oneness

O faqwe Ol NOTA SS cal Gam Aw seen aca! Ue

Catt MGT SUNCATSIAPMNS (exposure) al aa wore ey

Bporay Tcl AAP BA CHA CNR A AVPT SMM AA Tee os

Wy
7

PAN VOW BWA 2ZAr OI AH VICAUSAMTS L A AWA BAA

2Ar=2Aro +7 log; L (8.21)

ASS (correct) BICUTSAPANSGA CHCA G2 ANA TA 30 cece 40
TEIAA AS |

SSAA ATA SUSMCAT GAT TCU AN Vl Gis GAA Beers

ATS TAS SAT! Lk BiLlst R-UNCSA ATA (time of

exposure) BIGIS BIG DCIS Ave BISA GAG GCs

none fats a) wT a cers Ufeiacws yay L (Fig. 8.32)

afefaaa wig B wa BGA AAA As T BA aleleew

morta

r do C
E -15— dQ



320 MTT WaT sear

L 1 _l+m
BOA FuzltE, m

gtd: TB «TB d*( 1)
AL? > m* 4 f% \lLim

_7TB | 1
4° N® (L+m)? (8,22)

, |dol ry df d ldo"

~ —Ft oT
L caf

MTT ATT

nif, = SF a

Fig. 8.32

AACA Jen CS CS AKA «(stop number) A KAeH

d
(f-number) 3 33, “as f =O om Oram WF (relative aperture

al aperture ratio) 4 2a | Aaa BToStacwa vee Cit, m ¥QI Calo, SAA

, mT B | I

=~ ye XV
FS SWS Bornes Serica alorayio yo Gawd o taSq

aca cfetaw EF’ at Gag: sees aioncen cacana Uf (speed

of lens) FARIA Crm Tes apis asa wa! aoa f/2

CAH /14.5 A ACS TGS (‘faster’) |

ae OI CHCA, AZ TAA ATG Tay ae Te we oT

TW SAA Gal Hea 2 fatao 6x 10-* TWA HII BIA 1 BCT

faa aia Sra wane @ git fay aera UleacH 2 ase aA

FA | UMASAT BAN OMT, «See Tale ACS CAC,

BOAT ASH WIS K,, BA

6x 10-+ x 2 =30 weeq = 30x 10-* faba
m

(8.23)
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6 x 1074

30 x 1076

BSAA CHA CFG =5.0 cm |

UTSCHa CIA B*ASN BoA wae fara wWaw) alfresco

“IA 1 wroace Ger aS Sq 204 Te ISIS SS FT AA |

Aq TaBO-CI Whoa (wide angle objective) aw AM 204

Cait BUTTS BN SA CHC M2 GCHHA SrA

a OK, = =20 Ate

_/ 2
2p=35 59 om

BCHS SRN 2=0.5 WIT way, aaaa antera catfaa.

TABIA BA

gx 1.224 1.22 x 0.5x107* 59.15% 10-4 @TOAA
2p 20

<<6x 10-* @fwar

aaa Tacsa ain aries Seas Bqscaa Gay Ass Sa aT

fareraces sin Taaifas za eaeriaa aete Tr ae abi ena 30

Use AS Stews situate ofS Terrtacta wey-
catwasiral artceta 7S facn fates ax on, ax Saeco

aes fcr |

8.5.2 BsUplatfes sfeerwpy (photographic objective)

WUIANSS VISACHA CHA

(i) ofstacs aes @ Taps aace 5a aM,

(ii) Crarna, arm, fats Bontwa mA Byars

CE Ba BOS ACA,

(iii) ATCA AAT ACS BCA,

(iv) Bice AvatAa wT cit sem sedis (wee f AM

Carb), Tos @its Fhoa Gr IW Le WASH,

aa (v) Glscad qelacre cit Sem aa I

OF FAA ASA TAayias mama faadt 1 | wcoentes ooo

MAPA ALM STA TS GA wes Cites wale ei crit

21
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Slt Segps OSH GVA WAG Mes Baca als TAT FA

AO WANA HAGA HT AR BATE GH wasrarscrg

ARB] AA AGS Blower!

cafaxaty wfensy (Meniscus objective)

QTE ACNE SM 6 WS] GTOATSSTA HA FN AH! GT

CAAT HEAT TAS Tals atH WTSlacay THC QTC GLA CHAM

ATTA ASS GATE GSTS GINS (stop) TAA, G&S FF BH ABA

(Fig. 8,33) | GIGHT STS OS GLY GPRS APO TIA

(0)

Fig. 8.33 cans fae cama afaca corm yalerae |

(Gerna *ais—method of bending—a83) CHUA BS FH

aa (Fig. 8.33) |

| ‘ ) | | fT | ~§
s\) \ | | iy T

Ny |

(a) (b) CoCr TIT AT (c)

Fig. 8.34 CHa BIS MTaaGA Ba CHA ASA MaaGe

8 UhoarwiS Mas Bay Cay (Wollaston) 1812 yVIr |

FLIR FB) WAAL, (VA, AH BTA (Box camera), o Kang

CQYSHH LATS BWA Fa) TAL G LatAd Glows ahs

GHG (landscape lens) wi za //16 ea Gora afa Gms wH

ATG | CA AON GHA AeMl BI LEAT GCN AS FA BW |
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WANS GY GAS LAAT BSAC GSS TARA CIOAT BHC
wart cafaaar (achromatic meniscus) Fae tM Fi ae

GATS ass sal Ae yy (cemented doublet) | waasN waref

A IS TI FAS CH cmeyerea ASTS TAS avo AAi Tale

@ gio MIT AAA BA SA SAT on Garels cols as AG

Bq (v= lfw, w = TARY FIG] GA n= VTSAAs) |

1886 YSCrsT Wet MAB AS FGA So (Hard crown a H.C)

6 Qa fee SIs (dense flint 1 D.F) aa FM BS acwa ABTA

$15 (old glass) Fl ZA. AMA vin Hxsi 1886 AW Taare

aq 25 (Barium crown 4 B.C) wtags Za Tate aaa

cafaaa stba Sra, Gina za (L. B. C), wTamta (M. B.C) @ 3

(D. B. C) Bote vin, BR THC (light flint 4 L. F.) aa v/a

OF BANS | JA Aaa 98 ar{ un Coat FI L. F @ D. B.C

fata | wacwa a-Slatef (new achromats) CaPA Ace (Fig. 8.35) |

HC DF

| A a Watery

| 2
L.F D.8.C

Fig. 8.35

n v on

PATA BID

H.C 1.5175 60.5 39.9
D.F 1.6501 33.6 20.4
L.F 1.5427 47.5 30.8

JOA Fb

L.B.C 1.5407 59.4 38.6
D.B.C 1.6140 56.9 35.2
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cifeny 2 Scee also; (symmetrical and triplet objectives)
CACST TAA *E ule Galas sai oa an aTS-

Gite Ta Cre RRA UleaE, afer ule @ Tera
CST | CTE Uleerafe efeay az |

ator aise wat aay ynis og crac ats Gece
“ints aoATSKa Gen al! sfeamera fac TARTS QTE AT I
IHG Bee acsesls aie antes 1 afte CCHS OTST
CA BCA ViwarH A BI SN aa (Fig. 8.36a) 1 aay

\See HC | *¢ OF | ,

ar! Wya _ on Yo. wae t

: Z ET
4 [HC ne ogc

| 4

L.e

(o) 3arar stfasrr (b) teorer contra

Fig. 8.36 aor Opeeray

CHATS FA FATS Coca ATSTS eel Toate aay TAS SA Ae ACA

TSSCH GH AMAT FA! OA FS RAE HAO

(Zeiss) Tara combTa (Triple protar) (Fig. 8.360) |

GEG HA ANAC GBT GA ATLAS BITE POS

TST GUT Hal CU fads wea a GH TH CLs Fe ga Trea ates

afen (marginal rays) 30 Sq GT | WA CHAT AFT] YS

afott mm ToS Ua wl faa aa SF GET HRSA Ge,

TH CMS ATSB AMA AKA GT AT! LT IH, Toate Ciera

7

AtYIe, Ta
t\

© wre a4’:we A

TNE ‘Th

(0) WAT HEATH (b) (HA Nis (c) ATRIH WSs

Fig, 8.37

ARIA TAA Bw, Gy yo wort: wes wie cers

ANAS BTS TAT CHT HASH AA TAH Aw! @ Teale ya

UD
Cc
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TA ABA! GAA cAI Tego yea WA Tace. BAT IHS

aa Tacs entes ata oes yq ate faa sal | Se

AD Sora Sen APA CHIE! WIS)! GER TaN oA
efets crea am eas fara wa Uraniae sme sta

CN TH! assy Tea alee 1895 yore cea (H. D.

Taylor) es] STARA BAT | A MAA Bogle Utwerp Fig. 8.37

OUI RA! COA (Tessar) slo Tore cals oats

Ja GPA 1 aMeen (Leitz) wloars Torts cena afstoe asio

BN GH |

cofaracd) afer; (Telephoto objectives)

OUST GAS YI VIPS Ace SM ashes sa cao | aforecaa

VTSTS BA AA SAH CMa are: atsiqaa WI

AVIS CAC CHACHA CHA CHM ASICS BAI 1 BAIT MSA 7

AGA HAMS TH CAC AMA GAS A AGA GTA ICH RTFM

Cmts ATOKA BA tT Clas Neer TS SI He WA oI

Fig. 8.38 (QC ARGS ZANT wate ws cL, 6 GSTG

ANTI GAL, OTT PACH aN aA ATS ATAaa Taoly gay Taylo

AIT CA BAST AC ACH CG Tee Te CH RS

FTCA CHITA Ta WAR f, (OMDIS CTBT CHM A back focal

length) caIbs ams | afeiaa Se AG a wl TAS Sa ATER

nN L} Le

; Z
| =

nee : SS
i al me mg

H . : Fi

d ol fh ai
_ TM —
q c wy

Fig. 8.38

CHBIA CHL THA VA BIC CHA BS ACA G1] PA AI WIS HSH]

Cady fac | aera BAMTOCS Aa Ba ofa TAAKA me! TATE

Mee =F fe
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Fig. 8.38 cQcS CHa ACR C,

I_il L Se fi td
ho Fond Fe fv Gr) (8.24)

Pld ol, @ ofi-fi'+d
Ff fy Se Rife (8.25)

WAI Miel = =F/f, = f;, [i= 79 (8,26)

8.5.3 Sly Vtusp¢| Iw (other projection instruments)

AHH AT TIGA BCT AI FA RA 1 VIA,

(i) be Sfa(transparencies) ACPA FACS VICI (diascope)

(ii) wa 8fa (opaque objects) 2H PICS eforcart

(episcope)

(iii) AIG MMB (search light)

(iv) Bb QSTHAA APA Jaq (light house projection systems)

(v) 32 FPN aq aTolay ape Save ATM] Tl sBe (projec-

tion microscope)

WAN LACT GACH G ATARI ARH AIBC WAI! VT

CHCA aye Slates oats qloacsa AVA ae FA (Fig. 8.39) |

GBT ACH ACS STA Tee Ra TA ATSTAT ISM BA] SA |

Ucar Genfs ols Gaye TOM AMT | Sea cars wry Tory wy

IH Tare NIP_—
AUST WaT

Fig. 8.39 Grarcery |

RIA (MASS CHPACUA) TS a Sea CHCA CHE GIT faa
FoTs (heat resistant plate) qaqa aq sys alos WI Fay
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CHT CHAT GCN CH, Gl Cars TAMPY GLAS AHA GICHT

AT OM GFN ST (Fig, 8.40.0) 1 Wwe Ge Bay BNATAA Blaz

ACHAT BAB AAA APrwaescy (epidiascope) (Fig. 8.40 5) |

M-@ Sisca fara at alacant as ae aa | OL a gate wT

fra TH BCA Tec a M-S aTTNCA TA abl CASI TS

Be BA

Wy HIT

(o) Qtloroator

Fig. 8.40

8.6 *Afaatet aaife (optical measuring instruments)

os TROT wTTN yy Tor ACA MATING AcaT Fel GAA

PAA 8 ASAT TWA Aalta (refractometers), afiett Tass 34

OF MAP BAGS Gey Acffeflgtapy Ault (spectroscopes and spec-
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trographs) eae Sela IA MONS STAM FIAT Ga asa Fras
Jal (monochromators) | GAT CCA GASB MATA BCAA

TH IATA OS BATCH ACA ATA Bae Bar Aeon awa qe

AAT |

8.6.1 Heb Catce afwrrare fants aatfe (critical angle
refractometers)

G2 ACA WA TVA Af ATSRAAT AR Gem Al

4a a ABC GSiG GH alors seers for Tercera cA

A\ AB oa nemoret acace wae TTT | | Tera eterna

ny, MAP TIT AOS n TOE AM Been |

ALTAe

i geod

b)(

Fig. 8.41

AB SA SIC CRA RA] OCA YS A TA | STB

BIrASA AHSIS (method of internal inc:dence) Fig. (8.41 a) BC

CHS TW HEN BT Ge ese ora fer oF Said aE

(uniformly) GITSS FA V1 4d) A BC Seaq Ora O SHA

eats fay O fay cats Tate 298 ICAP Te ATS ahs

AB OA YG TRICTT MAT TA A, Cae GT TA TASS TAA

Breet yf eters A) ‘a’ ThaiG P Taye HRRT TA

atest eal O fayrs afeqs a OR sfegea frets scare |

fate IPA OR YOST CHAS GNF TSA SA FIL TA OS BY Ta

wey ore at wenies! BC GIA ae Tey BS MRT

eats aha OR MeN Wai 48 FA IPN ANBAA | Bere
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AMVAe AMMA GN IA FH Gatley cat aes Tce AC See

THs SIA CH TIA Yio cha Fora gid wren TACs,

ESI TVS MH] TAF Gaye (Fig. 8.41b) 1 Gaaheco GA

SE 4 Fz BCMA CSA GA Gig aca OR Tate Tales FH Ae |

ate AC cma ufone tals aia acs wea OR ahaa Tass ar

1 facts za 1) Fig, 8.41 a cere,

sin J=n, sin J

n=n, sin 0,

aq 8,741T=A

VSN n=ny sin (A—-L)

=n,{sin A cos J'-cos A sin I']

=M, sin Ad — sin®/ /n2)? — cos A sin I

= gin A[ny? — sin? I}? —cos A sin / (8.27)

GAS A, ny G1 SA UKE 2 FA FA ABT 1 ry GFE Walco

Faq AN MT | Ve AB Oca Heme ANY NCH AC ATT GS TARA

Tat IT BA, SCA,

{ =sin A [n,? - sin®/,]2 —cos A sin Ly

ql, ny = [Hee To \" 4 sin? 1]? (8.28

afearrtea «etefecs (method of external incidence)

saber seats AB wea AeA TA eI) | BC wale Fe A

RI VW OH HST BI ILS C SA WA GA VEN A HS AM

A! ase teat ways AB Se GA AB OC A

Cicea ral att P faycs a aba cata (Fig. 8.41c)n=n, sin’,

cr afaté 0, aie afeys ea OR ufeaa Tals aca a8 shag

(US BI ATCA TA TIAfSS Tal 9, AM FI A aToPS x

adie PO ot Ata afeqe ma) a aT ORR Te

feats 1 ea Paleo wad aes fuer OR aa THs CATA

ora) aa Wiss cme yur fees, 4 frat Ge wae OM TAU

SEI | wow aw wafer TS acHAS UleawA Tre
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wiat areca J cares facta ee aicq 1 | Asilegqey (8.27) Cs nn OT TIA

ATSA ICA |

(A) Aefecea eifenale fates ag (The Pulfrich refrac-
tometer)

OTP ASA AAI Ase alesis waters Wer

RA | ae WH Was Tacs cr A=90° | aries ais Harare

IS (Cube) BARA Fal BH (Fig. 8.42) 1 wagsBlA TAICIA GSTo

AMNBAA VAS, TAA AB Seas Grd Teal aq wersaloy ACH Tacs

ACTA ICS SLAM SA BA CHa Yor AM BAS I oa \
CAA HEN BAIA Blormesn vaca aforaes cars cai fag :
TACHA APSA CAH BT 1 BAL SMCHTA Gey camcs CCHS ATIC

ass SSAA wcaissyps gio mera faveroca aM Tey Pw

GRA Sl si ORe fers care yea cre 4 Traut

VMSS HAA, Ga Tee SHAT 1 | Ge «OR Twat faciq am

aa AC wa bua alors Trstie Tala Sa) acalerd | Fars

cara «Ga yadtealocs glaca AB woe THs Aaaa SA, YC

Tas TACSrecA ANiSotaA 1S Tat (interference pattern) CHa

AA | FS CaCl PATeca A YTG MPAA MA HT Ber

FMA (8.27) cas MMANICAT Vlorstess TaehT BN AWA |
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(B) Sita aiferatre ctifasreta aa (Abbe refractometer)

WHA WS Wey wales Ber WA waves afore

TIANCS abl Tae Gora | ae aa, Tee Sroa Zid BAAN aM

AICI Teel P, 6 P, AIA SA GSM SH ACG Gewd Giosy

RIG MIA AN ST Ae ANAT aslo URS FACS AAS

Bi ANMte eats moa ACH POC Fi as mA

ABTS TAVIS GOST ACHP AAA AA | ATS ACH FSA

qe asic As H gals FIT HAS at GAA ONG AeA

(Fig. 8.43) fe foam uteoe gia aca cante jem a |
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Taceraais Grits aa. GaP, Tey cars Tas ata OR, OQ

TAS Boas Ae A BAC OAR RTECS ATM SICA

VR NTA! RA CIA @ loan Tc gy Tate aracw

aire Cran a) 8 ache eee FHA Ga Ao SUTATS Fevers
A, 8 Ay WRG FM 1 OR VBI AAT A, GA, SS PRIA

Farris Tacs qiacs yaaa Cl Ua Here SITs acieifaaia ea

RI FST CHATS FCAT GTA CAS ATlAla aorarcewa AA

ASM Aa |

8.6.2 <ffaared, ajay fracttes @ asad fadtos |
(Spectroscopes, spectrographs & monochromators)

A HIATT AI II Cate fags acs fawTsG std Tiara

RUS MA, GAA Tee SCS ITA A GIG GAGA calEe

(diffraction grating) @ 05 AT 1 AIS Wa + feet ARAMA

FI VI VI Glew FA BCH FI! Fig. 8.449 axa

THA ATTA SIM TH AST ST Sl CHAA ALATA | TACT asi

TOUT ART TMeaies sn zai foe aay THe aa

UNAS TA TA SAT GE APTS Ws 1 ah Tape areas SAH Cre

@ Berd NR Gos face 1 faghs wax crea Go Tatextien

ae TRA A | GSS Ware Cues He Vicmsaia CHRCTE

acs fate oe ar Gry aed CaTtMTa 7a afCe
SACAGTAA (collimator) MAC as MATA care falercaa
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Gag CHA St fae F fees afenas ag (refracting edgc)
Aa area | Tate abare olor C, 7 wea Teele Gra

Oa F’ Sear se aie mem aa Fa asio atom ae

wate Fei asfrenatene| (Spectroscope) | OAT OM SH HATS |
F'@ ate worntescad aca aella Sta COIN SA SA Sale aA

adie fo@attes (Spectrograph)! wa aw F saa oa aE

este fap ataca adietia wate aq aad mets Hos Sq TaCA

WAT BN BA CA sale Aw asad fading (Monochromator) |

facia, Pass aTeie asal oena wa F’ wea facva

NTSlay AeA Bed | as atelacsa aa Tacha cacwa Goa Tasanier |

aM MS, AS A+ AL GR YO Gay CHa oars Gai faces git

atetaa F' Ocel SCR | ae Cae SET A? ate Ml Za SH

afetar “flocs ASSIA CH AA! «AH OS VBI da Ua aifotaw

yfo fafa (resolved) 3a fae dz oa ta Acq afolay yi

APSA A All IA, GLA

A

Ro

oe Urns 2 abpoqcaa facets] says] (Resolving power)

aa) «= Taceae spare ifaw aa Zio Sac, USCA Ga Tacha

QT Fay 1 AAT BIMASAT Sar aM are «Teiecasy capes TaeraTo

GSTS VRS AAA WS Se SAT ac Aly Acar ray

2p 2a SA WeASAT Ga Tacswys ln 24

€, = al2p (8.30)

(8.29)

[Feet AAT CHE CM CACY eg xX 2p—KA AAI

K=1,.22) Sasa aed ca K=1] aly git way cre
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A @ 2+ 6/9 wep TaRToA EA SA OD GA TACHA AS Ta

OD > €) (8.31)

dD ys, _ aD dn Oa
en

da dn da

Mal AIS, @ Yio Sax Carta Ge Tals CaEGa TIT, eZ,

BIALO AAAS,

OD=

tin= OW =4ib CIRCA WH a APNG UCTS MIT FAs

=h,dD

dD
—- tlh,WoaF an /

es t dn.
aqz oD i, Th OA

SULHS TAMA AS A, L dn JA > A (h, = 2p)
h, da he

seaq fawaaq ere) R= 4 at & (8.32)
da di

ara faa ata ser xfaia| |6oate Taoto orem cara e,

CBI BA Ae SA aholaw ( Sax Cae 2) Tash cara «, MA FA,

SS FACearAy ASS AEMTPAS BSI CAN AT

t dn
— =O +€,
h, da A? foF es

A

7 ie
~ Ath, a&9
=

2

_A_ ,an A A
wea sre Tarn sa S = a es “RT

(8,33)

ora cert Bena h, Wea, he, =hyeo, FTE

2

S= “RF 1€, +A (8,34)
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WSN, A MAC AH TACHA APIS] AGG Ca1ca

(i) t au Tats ara,

(ii) hy CU FAS Bee,

(iii) €, CIS aCe ZA, Tele fas ag FATS Bra |

(iv) waa meta Tacs 204 Ja a cat

(i) ae (ii) a ATU weed za, Tecra ator eit

Gq ASA AB WW BI Yr aw face aq ag aaenive Toy

AMIS Alas | wanie Ass az

Gwisaed 3 xa me faeaioa se 10 cm, ater ca 60°

nae 1=5700A° aS Ba 10901 fuga @X 10 weaq ae wae

25 cm GRA CUCM GETS STATIEA CATA CHAI Gee VATS |

wai 4=R=10~x 1090=10.9 x 10°

aca h,=5.65cem. €,= OS 1074 cm=.4x 107

> = 3 __ _ 057 « 10-* ene we
wee S=10.9 x 10° x a 0-64 0.57 x 10"!

= 7.8 x 10°

CHA AOS CI TACGA CAA GAT TACT HTS] OTH BT COTE |

aeftaTcaceta @gps| (curvature of spectral lines)

acaidisy a wee fata face aaley crs Taste

UNAS Beis (collimated) aa Teacwa TA Cacta (principal

section) WNBA Sra fae mates zai Taba Gey Tey CATs

SiaAS GPS TI CACHA ANB I A) Beye ocews

FoR VAG SY MATH CALS VUNG TICNA WTS KT BF

ait zai fasaic aly amen pier cea acs ora alae

fay US OAS NAA se Pays PAOM eI BAT A Tay

CS WAS Bsa CH GPW I WW BoM Taye

TAC! Ta ata oe el aca) BoM TAC ately wwiey
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Ce Bplay Tayi eit act ara: feels aaa a@a aa, oF

OTSiaa AS AeA |

WT TS, MSM Cagtaa aleacas Tacs coPT GBs (unit

vectors) ANS a, Ga, GR VTA MMAITSo Bey. Tosca

THA Bem @ fats wees Tacs CFA GTS JUST r,, vr, Sry |

Cr FoR, AB oa O faycs atonacay cata

n,sin@,=nsin 6,’ (n,=1)

COSAA ART Tee

Myr, Xa, =n, Xa,

qo on, a,x (ry Xa,)=N ay X (ry X ay)

Be, ony ri —(ay rida: lea (rs'-(a,-ry)a J

FSM nr,’ =n, +a, (n cos 6,'-n, cos9,) (8.35)

=r,+a,(ncos 0, -cos#,) AR n,=1

=r, +k, a, (8.36a)

waqrrera R lays atone ert

roenr, +ke as (8.36 bd)

Qui k,=ncos 9,'—cos A, 8.37)

wae =k, = cos 9, —n cos 8,
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_ (8.36 a) 8 (8.36 5) Care

Yowri tk, a, +k, as (8.38)

BUGS reXae=r, Xaotky,a, X ag
=t,Xa.t+ek,ssin A (8.39)

KAT |, ATOM qz4q (refracting edge) THES CET OBS |

MA BS, ao-t MCS Z OF LA © GA TH Y OP GUGM FA SCA

a, =(—sin A, 0, cos A)

a, =(0,0, 1) aa e= (0, 1, 0) (8.40)

448, 4 As, vr, =—(/,.m,, 11)

Pe = (ly, Mg, Ne)

WalBAy (8.39) Cavs (8.40) OF ARICA

(mz, —I,, 0)=(m,,—1,, 0)+k, sin A(O, 1, 0) (8.41)

awe |g=1,—k, sin A
6 ma=m. (8.42)

a ae b atato (Fig. 8.47) aaa cacH UATBS AAe SS Vay s

Taolt Stel UITSa @ aforaa cH qaTseT 7,.7,°.7,' Gg 1

WS a APaioe aes Gay oc wales faecr wfes Sat BIT

a, bapeag Aer « IN BATH TH Ob APA CHA TATOOS MRE

THCS COEA OFS D, BI Ae fais alana cHra CHA OFS dD, ZI, SCA
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ASA a APT CHT,

r, =(I;, m,, n;)

=([] —e#/2]sin (7, — A), «, [1 —€?/2] cos(7, - A) ) (8.44)
¢

b afaté ou ami oa favael, om ama aac UA

eae aa al a abet MIATSS Ue py, eM CT! | a fate

Gere THY FN M1 CA GY 1, 6 mA aA Tay BCS Be |

FATA (8.42) cB CHA ACG, GAM my TMA CHCA Cate,

mMsz=mM, = € (8.45)

1-3 aA Tac Fare cater k, =(n cosd,"—cosd,) FS arts
5a | :

cos 0, =r, «a, =(1 —e2/2) [sin(/, - a) (- sin A) + cos( J, — A)
cos A]

= (]—e7/2) cos /, (8.46)

CAC FE COs

n sin @,'=sin 8,

n® cos? 6,’ =n* —sin*@,

sin”? ) (8.47)WI ncosd, =n (1-=

AAPA (8.46) CA,

cos?0, ==(1 — €?/2)? cos?/, ~(1 — €7) cos? J,

sin? 6, =1-(1—e?) cos? J, =sin® J, + €’cos* /,

sin?@, sin?/, €?cos*JZ, oy ,_€*cos*],
je te] ~ =Ccos*l, - —_,—

(Seq! sin J, =n sin I,’

: ' os
War n cos 0,°=n cos J, (1- Sater” (8.48)

e*cos I
aae k,=(ncos 1,'-cos1,)- once.” (cos, -n cos!, )

I
=(n cos J,'—cos J,) (1+ €“Cos ‘|2n cos I,’ (8.49)
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Hat J,=1,-k, sin A

= [sin(/, - A) —sin A (n cos J,'—cos T,)]

fo cos I,(n cos I,’—cos J,) sin A3 | sin (I, -A)+ ncosT,’

4aq €=0 GAT re TPT bs ATM AH LF BI AT elle

1,(€=0)= —sin J, =sin (J, —A)—sin A (n cos I,'’—cos /,)

foam aka OBR

Fig. 8.48

wWeaql/,= —sin/, -$"| -sin /,+sin Aincos J,'-cog J,)

cos J,(n cos I,'’-—cos /,) |

+ ncos J,’

, e2r, i n*cos? 1,’—cos?]=- sin], +-~ | sin 7,-5" A(n"cos* I, 7 os |Qg neos Tl,

2 
sin A ("= 1)) (8.50)sin J +5 | sin J, - ——a TO 2 nceos I,

CA Ae bs CY CAR STA NITSS, re CH STH SAPBS ATI

LA] VB, IL Bly Ae HIG Sa, Halle re, (yz) Sea WH I+ a?

CF BRACE 1 | WTAE,

rg =(-—[1 -€?/2] sin (J, + a"), €, [1-2/2] cos (7, +a?) )

(8.51)
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ATsA4 (8.51) cass,

l,= —(1—e*/2) sin (1, + a7)

= —(1-€7/2) {sin J, +a? cos T,) (a* 34 (Ql Kei)

= — sin +S sin J, 7 cos 1)

(8.50) @ (8.52) Ser Bara,

2a" os [, = Sin Alm? —1)
2 Sta cost
€ ncos/,

(8.52)

2 65 %al, aq? = €_ Sin A(n*—1)
ee cere tn eee

2n cos I,’ cos I, (8.95)
\

ain Baas GSP f Sa, OC
’

\
\

“nf cos I,’ cos I, (8.94)
é=fat=a} sin A (n* —1) (fo)? !

aa n=fe

Cra awe E oc 42 1 | BSA Acfell als aw (Fig. 8.49) eae ale-

FSIS Aq Wave Ao BA

1_ sin Ain?-1)_ (8.55)

p nf cos I,’ cos /,

TL
acral ear

Fig. 8.49

TASC A ATA AMON HIST ATS Fe BATS AA

TAT HSCS, 1,’ =I,’ ~ Al2

a I,=1,

eee La 2m!) tan ty (8.56)
p n*f
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means fAEToTS ale cH APS A ACH STA Ateicaagyia as

X41 AG AHA BA Sra Acetate a Aleit foams AHA

WET =f,

leah Srxer ——
(b) STATS Ta SUT

Fig. 8.50

onetas face Sresiiacs acted AS) CASH TA ACG Afleflcaagiar

FAAAN BA aaa fades oatss Taolors MATA AO A

ara cl TaGiG Tac aces WaCadics GENT FA SM ZA CHO

SE BA BA, ACS YP GSARCUCKHA HCA TKIAIY ACA BCT AI AWS |

faa fapife atten foaaitas @ aval frd{>% (constant
deviation spectrographs and monochromators)

GO ACT AH ARTA fecal araona asto Pea Tagite Teer a

Terme woe co Pea fapils waa aaa FN ka ~~ Fig. 8.50
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CS Bais C aa Gadhe T attG Soe, ACH Wed AgEs

ote rel Term Tea ec sta oe adhecig op

AAT Te TT AM ea Pet Tats 90°: Bea Tapits

formats wats onsen S aq Sore are BI i MUTSAG GATE BIT D

UIA MS UNS AA Ia Gators ifr eats CHT UM,
Ul CCS AN CAA Coa sates ace aca carta Harta

MAGN WI Aly adel Taras ford aires Wea sew za

CA A OMG Alar Gray ass ores age sew M aeza

FAS I see RIS Toa Vasa Fars cacy A BeMfo Alaa»

STU Traaeca (adjustable) TAG IES san asa faaocs fagee

BA BCA (stray light) wwantoa Tees famswrd awa fares Ta

GIN AAMT VI Jn asa Trqpse (double monochromators)

WF Fal VA AUCH |



OPTaeyy (Questions)

aifacoaw 1

1-1

1-2

1-3

1-5

ASTD CTS GST DoTET eT Pe TAA yes ME |

ATACAA HSN ABS SAA STSTCAT SITE | FoacaeT CHOTA

Cool STA! wmaaior cr siace es aa cr foracas

CHETICTA GT CAS lS MAG CATT CHATS ATTA ?

A SH CASH 2.0 THoTA Alte GSTS cals TIE SPR’ WBA

CORA Stet Sale aslo Tans wT TS ales Bq! a2

TROT ATA FO > HAA aromas 1.33 |

HMCTS AA BF AWA? Vals 1Ocm yy Sea AMVaAet

Saat as fea eal omnes aeeKT New| «FF

ators 1.501 apate ames 1 aca 10° ra BIATSS

RCA Pacsd foara Bcensahaa BcansrAy Boys Jha MICA ?

oss Spa cnacewt aA 10 com, afenae 1.501 2

meee ort Sora ca fay A cos cca ae Twa A

Tay cece 20cm ya sales Bae ats SCAT BAT
fotace | A GB Tae IH AIS GICAIS BASS AB

AR ACA SAA MICABAA CACM AS ATMA CHCA HCAPAY GAT

fe way ol fats St 1 | ABA ACA BA SICA ColACHA AA

A faqic 1.5 afsrnacesa Sioa aeaiey aaa ae B Tayio

ACS AA Bilalos oepcqy mca at 7s Taya ACH

Qa ate wrens oa fata sq: crate @ Ae Ba

TCH AF SMCTBAPMMA CHAE GF GMewaies ora alenacad

Rare Tra Bat

Osis Asa AA 2rl CNAs Sreoq, Aone nt

CHABG AS BAAS NT Ba A, Coela Gea alsAracta

CHA VreTies TeyaT GH AOS r/n GS nr GACY TAPES |
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4-6 Sic ail 1 facntsta pew! «alt cre ata ATM Tra

qo 2 facia Ia oa Be at 6 fecal ches

Fig, |

A | wana wate Fay A ace ua wna Tarate Tay B\
CAS MIF Jaa 4 faceniacia ya C faye (Fig. 1) erates

AS A! A MECH AS GPA TOI Fo WE

eT ?

1-7) oy 1-4 aS am ae AB apne cma C Taye cau

BAZ | AS Bay ALACH A GIANG Gao came4waes

way C cH xf SAK SA GML MTS BIA ACI

Trott a

1-8 slo Boa facta afoonss HI 60° aAe SAAS 1.6 1

AMBA GLNB AAT GTA 20° HULA HIATSS AACE |

RBC als @ Glen Grn AR Tee CATS

wiensatn feud fate ae wo Tala $4 |

ofacrar 2

2-1 Yih AAS FI HTH ACH AACA GS | AAT FA,

yis wot WES Ke fas CA AAT aT GRR

RATT CHA ACA AR BTS OTA aM Ain EsTOTS FH FA WH

BLA HAC AP AR GHIATOTHS CHA ATCA ?

2-2 Fig, 2 ce wats foaa @ weiter RT CHIT RAR! ale

exromemet (Wadsworth) Aaa aa vidoe 1 Terra

eT gifers and fapis 6 ieee ators cm Teves
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omeraett 345

OCHA ACH HPT SA TES a ay Gq fasa aq?

a=45° a 0 BS? 8 AMaators fe fea-fapis yx

Fig. 2 eqro-qeme AWaTA |

TRAC BABA BN ACA

SCT ASA AMTBAa PTs Trea Cod esis sre 60° fore

Cater (Benzene) freq OTS aq BAI ATER afore

1.50121 arrea BTS Tae sa

a SI a, GA Tews aos A 2 TMICHA As

Cacia Tasycos ceil acer Seen Forercaa sey Tacs CATs ACA AN

AN SI, SCT MIATSS UAT MNS CIA

ara tae foert cars Tals wceaaps oteur areal

24 |

eats oetoneita (hemispherical) atfet atéa foeca eat cone
BISTS UPON STA ACG AACE! Alda Teas wPHAs |

MST OTA AAT HAN GATSS I] PTS GIA Fay cA

UICS Al |

IA VFS GATT Aer Ao Salem coq WA CATS GAS

AAT OAT SIS RA SAMS He YAN STSTSv) CHA cae

Baio atoraws 1.472 eae ator a 10cm FATSeA

BA FS ?

gis AMBare abu AGS (mn, =1) WOH! aslo APA C2

GRASCGA GATE ANTSAE BAS GAT SIA ATT JCS BCT

OP BA Cy AMA AG GHANA ahonaes 1.434 |

AMBAMA PACHA Srey FTE APTA WH VCS AAA BVA (opti-



346

2-8

GTO SCBA SIT

cal path difference) 0.868 cm Stel SUH AY HS? FN

ACH AISA VATS OSE GCHPA ALT VerHlocs 30° CAAT

BA GATT abU yloT AC TA eT TEA FO AA?

wast we Tra a abate fora oe aed I Be Awe ?

alta SOF sito n= 1.5231 5°, 10°, 15°, 20°, 25°

30° afomas a soe Tract cH awN fapito

ca Tae Ba (i) ATSB ACT AMA aay (ii) O=(n-1)A

O83 FSI AWA | atl A PeeTa aToATAS HA |

ofacvar 3.

3-1

372

3-3

GRU MNS EAT BI faces, ores Tey cams 25cm FA

weet Gag “alt 3 cm a WA AAS Vio WA

WS | AltA CHAY Ga Sead waload UTE] S

faada face tq) | Ga iY 0.5 cm, GH Teast alors

n=1.5, BAT G Tall Glos APS) JNFA c, Gc, |

(i) c,=+0.05, c,=—0.10

di) c,= —0.05, c,= +0.10

(iii) c,= +0.05, c,= +0.10

(iv) c,= —0.05, cg= -0.10

ory 3-1 aa GAIA GRA AFG aS cava alw cad 0.5 cm

CIs AMeea (i) 1.5 cm (ii) 15cm a (iii) 150 cm FM Ba

CA a8 HAYA AY TH! a HAT AAA AT

I CS Sa CF —100 cm 6 BW cas 5S cm FAA HA

fay wfofacat atorsa cae aca 2

ati og Ce-Can cacaa yi wena FC Bond ynscy +1

cm 6 —0.5 cm GRATE 2 cm > G CHA TACHA ATOR

n=1.501 cena alias fayqiaa ares Tata sai RATS

Sorat AW Urinat > cen @d 3cm 6 5cm FH BA

CAA UPTOTS TS WitqSA AeA ?



3°5

3°8

3-9

speraerl 347

gio meen Utorret ciena cara Crd Nemec] 3 cm @

Lom Yib Gry AT-UR UIA OR AAS Ae SIRT TCH

Wey di d-a3 aay AAW 0.5, 1.5, 2.5, 4.0, 5.5 8 7.0

Gen zi afels cca mvarad oneal genet faded a

CHT TA ATES VETER @ cHraoes Fathe FON AAR

wl ANA?

OB BLOT CNA alonaes 1.60 cae are 5 cmt

CHATEA HEH COR 10 cm HA VAAS eal ca stetacwa

otelaa aa adr atelas soggy Taal aq> a

CHS Seal atornacast Gay sennios Tapay eras Aa ?

FS MYA ANSA-Gae CHEAT ANSeT Saige MMTMITT TAR

SUT CHR YTS MIHMAA BZ Cs GB-TaTAa THR GA

AAA el | AM SA A, GH YS Ga Rael, ANA

CHISA CHG OMAP STATA ATSC Al TA SA GTA CAA

Gel GABA BeeTSTS cana ard 1.5 cm 1 aA

Gore Tayan Tals Sa cAI AIST wa] CATS 1.5 cm

ra UCTS Gia wa fey aleiacea atelsy epee 24 ?

GHIMZTA AT SAAT 1.434 1

ats Gama Ae Cre “sto cma Teca ate ATE

Soa GA TAA BILE | GUHA ATS Gals colar Towra
THs | GHA TMITMA Arona 1.60, HA HY 5S cm wae

AeA Tas Awe APS 0.10 «aH alias Tayaiar

Tact FI (i) TAA OAH Atal aay (ii) BIA GHlaTH ACATYIA

ara STS 1 HCAs ators 1.33 |

este ciins setbecaa ufos ast aT Gael GH |

GaeATGa (4 1.2 cm, AerAa ae 1.6 cm, AToAass 1.601

UPS ATS SS ATT GTS mS GA GR ToT aA

AAU] 2 cm GA ACSIA GBA CH + 2.5 emi whom

ASoMG WTocacas TAH YA BN Gk GA GA cAl# Groracag

ae GCA AF 140 mm i attas agghpios qailay s

carara Tapers wera Tals Fa
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ofacoew 4.

4-1 AM UTA atte AG aPapS sta Srpq aals 60° faa

aaj faa Taro pilece(D saxtacsia an) foaraca C, DS

F qpaq Gay Sepa atone aeracy 1.515, 1.517 6 1.523 1

tats Ce F ata samara ae a5 cr sara = fore

(CS SSyCA Actes Tagis 10 cm Arq;

4-2 B10 6 Teo Spa gfe Tasca ats Asin AAAI Atom

STBAVAA (refracting edges) AUIBATA | AA Soa Teatoa

ators 11 10° 1 fae Spa Teeatca ators a4

BS Ba (a) AAAS Gare Aca, (b) Aaaast Tapis za a

fey Tapa BC? (a) a AAT TARTS FS AM: (5) a8

cea Ce F atna sea caiiae areata we aca > Ato BoA

ATSATIS 7

Cc D F

POAT 1.515 1.517 1.523

tage 1.650 1.656 1.667

4-8 aiGa Set este Tecra ceca YTD WARM A, GALA Gall

atonaes Fast 1.5170 ae 1.52341 Torerificg cae, 60° |

foyerafoce 2, WARCHTRIA VINA Sl AOI PTSTS ATA A, 8

A, “féad fagits arn Za Aga a8 Tagine aor aa TAA

alone Tach BACT MSHA BS Ge] AeA ?

A4 BCE Toros THGa (discharge tube) cav® QP ANA

SNUBS GEL 60° Te Brepa Tercwa TecwIMEAA C alg

CHU TAET HTSCS aaa | fate urna aale ware

BST CAT ARICA BUVTATTSS CATA ws GEM BA |

GCI GBA cH 5SOcmi Ce F ace cara foes

TANIA ATSAAS 1.602 @ 1.625 gc weorates cas ee ie

A Afar ACAT WAT BOB Nae AeA ?
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o\facvew 5

9-2

wt

wl

afer Tee git cana nemrl amare fe aa acicona

STA FI TA Sl ain ati ash ufo eena Ae

aaiae AT BATT SITS AMAA TS eS aH, CrNTTCH HAA
TANS TRAC BAW FACT SS A A ay Bg fH 2

SICA @ Tao Sra aaa Cats Hemme sal aq Coal sare

al AM CRT Cwds 2cmi Alo C So F A ACH

wa AS acd ate HSN Boor cH GowaR ACS VA

eta cara yfea fafor wera Ase amare face aa | git Sa

STOAAS Ze

C D F G

STA «1.5087 1.5110 1.5167 1.5212

fee 1.6161 1.6211 1.6333 1.6437

CAE ACI IH Sarl at HIST CHG 10cm BwVS FI aay

fac Sra crated Tracts Salers AeA AS FA Ged Tefen

CAT AS APY SS ara? BIAloe WMA C ars GC AB

TaISA Aol ACTA | COATS BATS ACSA CHE OE CHACHA CHTSPT

cats Tae Sa cate Acftetla ailasi Be +

TaQa HIG BUH ACH? 5-2 ION BABS TGA Go lEo Sea

fama pare Tats Fa & SGA Sepak “lo re CT

TEBE] WAMICA ATACT Ga ASTD IT Coal ATS BA ATG

AUB APA CHA ACA TE 1 AS CHT CHM 40 cm

Oa OBTIG ICH CHTATA CHS} 50 cm ACA MOA CAA CHAP

CH FS >

aia Sod YT one STSAR GIA ABTS AIA CPA

giGa Te TRA 10 cm wae SETA TST CAN LS cm aR

20 cml 4% Fa GI OTSA, GFA ANTI OR CALS

12° qalfne aCe CAPES | « BTOTCH FONG GET sivAA

24



350 STS CPST Tea

6-6 ATS mains apa wee ARTS A Aq I

gates waa ois MA ocaigie qquyl > ‘UbeermTs

OEE AN GRA Jq Bey Teora as Fa Gans werwsqley

STA Ba ATA ? "

5-7 Gatto cea “io STAT AFC] AEA +0.1 6 -0.1 ws

Gey TA tenes 1.501 cena arid 3.0 cm!

WCET AH AIGA AMM CHCA VACHY @ VT CMCC

ofa TAT Bz

5-8 fatiaa pabeca crea caer wi ofeiba qr \
15 cm eae GR Ors 90 cmt Fea ator CHE |

HAG COMA MACIA ALAM Taha A

5-9 GSTS GIAHSR] CAA HX 1 cm ae atone 1.501 42

GRAS UEP GT 5S cm FRA UAPAS Yo Taya CAA

OHMATSD BCS BA | FS GCA Aol So TAS AI > waa

Wa (CUS TO Taya Fass a Be ?

5-10 ate wdcnita (hemispherical) Gina ATS SAA AAA

rm Tay O, RAT Wore att wnenios Tay ak

Teyce Gla RH STSlae arc wa afeler eT 2A ?

HUG A MORE MAA MBA ASS fre |

5-11 aio cana (mn =1.60) GAC CHICA ARIST FAM

oteiae wae -100 cm a afoiae way 20 cmi areAa

Gio SHA APS BWA VANS PS? BCA slicraT1 aaa

TS MRA A MWAH BS BWA ?

5-12 Gato SAeR FIT Jeo BPd 80 cm 4a BWA 15 cm!

wri cares 100 cm ytq ae OR CATH 50 cm AI FATE GTS

fay ufeias uatae Tails gine aren aa afta

VITA @ CHM Ty FF |

6-18 wats rom wera crre 4 fare 30cm ya aslo

afsiqe cara aleiae za Uiaiacs 60 cm Wa! Uteiacas
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Gra wcews Aca Talon Taga oy afelaw Gee BAR SI

TU CHER Ze |

Oe ccs Tay ulviqua yay e wa afotacwy Gay

0.5 cm ® 1.00 cm

1.0 cm 2.05 cm

2.0 cm 4.20 cm

3.0 cm 6.5 cm

afore Te vaca cas Tata 1 «| Fea eS CHA FA TN TTA |

5-14 eal alana wendy ae apne yeawa -10 cm e

—8 cm, @¥ 1 cm aa atone 1.501 Ma aT

2 cm! ma a fas 200 cm wa cae SUR Goa

AISI WENA 40 cm Vous alt waa Calas ofelawa

cera vfetace fa wares awa ace ona > rian

PMia BA ?

olfaceeH 6

6-1 A Vs allel Gad Tass © ya Tay ae 18 cm ©

100 cm | GH FS FIST PUNTA GH IA FaI? a

CAA TAPUST BS YAY 7A CA CHATS ANA ?

6-2 GM Fa Biles ater coraa Tass Tay 2 Tava aa Grae

TH 0.4 GG | TS LAC, SO PAST CAT BYE SKS

VI FUG VA ?

otfaceee 7168

7-1 BI aa Se Tal A SUS WA? id Mee Vem

CACAT IS CaM 5.0 cm 6 ATA 6.0 cmi 2.0 cm aera

OSG ANS CHEAT ARTA 2.0 cm FA WR! aie

2.5 cm CAMA CIE OT wey Git awe Mio TNR,

arena case 12cm ya fat aad wee @ aT fas

fq 1 esis yee Teas cara uiepo forar waa enfes

qfaq (marginal rays) Were CHAT |

7-2 OSG BIA VSR GHA GT Cr Scm aa

ama 4 cm! ato TER ed AR Ute
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q-5

a7

7-8

SUITS MICAS aay

Cray aNAASS SN WH! aera ews siya Wag 3 cm,

2 cm, lcm 6 0.5cm Fa] Rey 1 ATS CHU, GSTAA TSOTSI,

CHa awe aa calfas yisa cH eS aca wl Tala sa |

este yahecn wioaved IT 20cm1 aals oMalacs

107G GE ATE A OS mm YA YA ATE A A,

SMa 0.55 Tas Sa CHA SIN HA UIETIFS Fal

RATS 1 AAT CQ CAG BS TATHS Slasiator Sagas

ALPS TM ACA ?

TS WaT ANI WAS] TG TS ATA > sghyee acag

SIS] —1500 VAG 1 = asTeaT Taree sii BS >

ase gabe aa ViSCH GMA cH | TR, ar

15cm: gio ulema Bewr FS VITA «SA Cl MTOCe

AML FA BA 1 BoA CHBIA cats 10 cm, Balboa 1 cm |

arta coma aes gadbecy (gio wtectas BWR Wa) CATA

(a) Sata ate (b) SISO, MIMS «SET FG BI? FHA

WPBCSS CHMAA AT WA 0.4 cm sare Wl AS WC |

waa ACHA TACH HAO CHI HY WT God TSA Bea ?

gadece ofeacaia a7 100 cm wae carer Cres 15 TaoTa

STRAT FIC] PACT Fo Atel Gade Acad TGR wT

ef FAA GGT ABA RCA?

eats 2. cm Brea BA CNAs (n=1.5) BS TE Aera-

SIS VM SUG ASM BA AeA PMY 1.0 cm aay Aaa

OS CUA WA AT | GS OY CMAN CHA HCH GOT

AU AMSA 0.5 cm BALA GBT GNF Ace (BUOCAT

faqde, Fig. 8.3d ao) i at cas Teads Teoma a4EM

FA SA aeTHIS G FSA CHT BS BCA ?

ate ATT (TT) Tastes ATA 3 cm ae GHP CHM 6 cm |

TAINS CH FS TA OIA AMaeei, GST 10cm ACA FIM

CHA FPL TACHA CFA ATA GT 4 SANT ACA

aietas faatcaa BS FATE TATA Afotaw Taso Tas ore

a ? ace Stetaes yal cr ara fe? giv waa

faqdcea Taaty AS] FG?



farayer/tfacran

A

Abbe condition—amraa 7S

184, 187, 188

aberrations—c71a4 27, 88, 139

angular ray—catine afn

158, 180

astigmatism— faaay fe

152, 166

chromatic—afir71aq 139

coma— ci 152, 164, 166

curvature—a4gel 153

distortion—fagis 153, 171

longitudinal chromatic

—Bqenay afr} 140

longitudinal ray

— aq atea 159

marginal—2aiee 212

monochromatic—a@#q{ 152

possibility of reduction of

—Z1FA PA ASAT 172

pupil — civaa wena 201

ray—araacra 153

Seidel—Wiareq Bera 172

spherical—catetcnaa 149,

152, 162, 163, 172, 175

tolerances—BC*a14

wacaaita 278, 279

transverse chromatic

— Sere aie 141

transverse ray—BWyere

aten-acriae 159

wavefront— axHo

wna 149, 153, 175

23

absorption— enay 5

accomodation—trareeq 207,

210, 211

amplitude of

— BCAA Te 211

achromatic-—weaie 145

combination — 7741 76

doublet—waar{ gay 145

lens combination—@TA

ayaa 142

new -—- 44-waqIe{ 323

prism combination—

Bae Teer ATA 128

adaptation—wfecaraay 257

adjustable —Taazecaras 318

afocal system—cCHTaTaiaala OF

99

angular magnification of

— catire Trades 100

transverse magnitication of

—ayary Taady 100:

Airy’s condition—aamiaa 46 201

disc—aataa ater 269

modified condition—aanaa

ACTING AS 201

pattern—aaiiaa Tar 216,

272, 274

albinos—ameitac 206

ametropia—saqfe 218

Amici’s objective—smtataa

alsa 301

Ampere—ami>rara 4
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angle, dihedral—faun cara 49

of projection— 2ac#74

Cy 232

of reflection— aioe |

cary ii

of refraction—aterat

car 12

Angstrom—areaia 4

angular magnification— @ifas

Taadq 54

anticlockwise— Tqaqs 33

aperture—tcmy 229

angular— cotiee 230

of optical system—

wrpPanwerwa 229

relative—U7aq ys 320

stop— BNI CMAP 229

alpanatic point— onze fay

27

surface— " OF 27

system— ” Oy 189

apochromats— Biveaa 147,

149, 303

apparent brightness— MINTS

ewcy 262

approximation— Sina 7

gaussian— Aly 84, 85

paraxial— Gly 60, &6, 87,

103

ray—aien 7

aqueous humour— Sear

favara 208

aspherical—sacareta 303

corrector plate— ny

was 315

aspherizing—wacmaagat 310

GMASIA VIS Tea

astigmatism—faaaqfv 152, 166

removal of —ileaa 191

B

bending, method of —TatcaTa

mere 111

bi concave—&s TqEa 60

bi-convex—Ue Usa 60, 208

bifocal lens—faemraraiarrs

Ql TECRRTA CTA 224

binocular— Sets 312,313

prism — fear Geshe 313

vision—faraa YFG 217

black body radiator— Pepa

fates 257

bolometer— arcentaura 4

brightness— Gea 214, 215

C

Camera— ayaa 317

objective—” Bisa

Schmitt—Tuwa scan 315

Candela— fem, 257

candle power— ISA FIT TI

*1eaTa 257

cardinal points— catfais Taaprag

89, 91

cartesian oval—@ive aa

eu 29

caustic surface— ss Ga 43,

163, 164

chief ray—2ieia aia 72

WI aren 238

choroid— F#ae7 206

ciliary muscles—falaaat

aA 207



Faaaryot/ Faroe

clockwise— "Prete 33

coherent— FA7%%

collimator—iacaa 332

coma—c@rm 152, 164, 166

removal of —qileaa 189

compatible— pire 187

concave—Uqor 26

condensers — TaiGag 270, 304

conjugate distance equations

of Newton—tavoera

Baa Hersey walla 93

relations,-— Svat FATA ATA

233

relations — aqqal ARE 63,

65, 92

contact lens —7eTMy«f cer 224

contrast—( Saaend ) BIST 215

convention of signs—AX$Tog

aq 31

convergent—uieral 60

convex— Gea 33

curvature —4a5|

center of—a4am a 61

of spectral hues —aefivaraa

aS] 335

radius of ~4o) ard 32, 61

removal of —yaleaq 191

correct, under— Hanenias

159, 181, 182

over —Bls Aw*TAS 159, 181,

182

corrector, Ross—F] Acags

314

cornea— Bomba 206

Coude focus — 34 @rariay 315

critical angle - Heap cata 19

355

illumination, method of—

FVD TNT PAS 305

cylindrical lens—@aq CTH 224

D

Depth of field—cacaa Tew

242

of focus—@RR ws

245

Des’ Cartes— mars 29, 132

detector—warays 4

deviation—giiw 35

, minimum—fAqsy BIS

51, 52

diaphragm — aaa 229

diascope—URITRIN 326

diffraction—a7AqSq 2

diffuser, uniform— Faq TACHI

256

diffusing surface— favre Sei

2710

dihedral angle—Tasm cara 49

dilatation— faxraq 263

diode— raw 4

diopter—- Gina 68

directed quantity—fweeat at

6/

direction cosines—TW@ Grea

34, 155

directrix — Tax Ga 29

dispersion— Taga1 122

angular—c@iies 125,126

anomalous—Wareias

124, 125

chromatic-—a@ffavyaeq_ 127

irrational —oayery 124

normal— areas 124



356 SAS MCT ae

dispersive power—fagai FI eye—cary 205

127 aberration of—cicaa Sta

medium— ” qe 123 212

displacement methods—7a1 ball— afar 206

arate 79 lens— ahe4 Crm 286

distortion -— faxis limit of specific resolu-

picunshion type— tion of —Grea UWATP>

Torgerrae 171, 203 faceras at 275

barrel type—farre Listing’s—Tafaa OF

171, 203 209

removal of —qalea 200 structure of —34 205

divergent—w>77TaAI 60, 68 visual acuity of —

Ona VATE RS) 213 |

E eye piece— Hiwnrg 204, 293, 310

com pensating—ACN>
edges— areraryial 49 303

elastic—falwgire 3 compound -- cari
electromagnetic - sive gree 3 146, 286

ellipse - GTS 30 Huygen’s— zr

ellipsoid of revolution — 288 291

Seamreas 28 Kellner’s— cPatataa
emergent rays—tasia arn 45, 46 288, 239

emission — faiea 5 orthoscopic—aecatine

emmetropia— mf 7 218 288, 290

entrance pupil— aaa aq 230 Ramsden’s— aycoa

epidiascope— at7uraieain 327 225

episcope—aiavain 326, 327

equivalent planes— Aya Sa 110 F

points— tq 110 Faraday— rae 4
ether— ula 2 far infrared— 4a BATES 4
exit pupil —Tara ca 230 far point qa fay 211, 243

exposure—aKeTeq~rs 319 Fermat, P—smto 19

time of — SIteTeAmrTCOa *s principle—sraea atte,
7 319 19, 21, 22, 102, 104, 150

external incidence, method of f-number— f Aen TT Cares ARAN

— AAAS WHTS 329 320



Teamppl/ofaera

focal length— carrera Crt 26, 63,

66

plane— CHITA Gai 72

point— ” tary
focus— CHIaTH Tay 63

first principal— aes 421

67, 90

second principal

— fasta qn 66, 90

Foucoult's pattern— 37414 BF
216

constant—3vFd g4% 276

fovea centralis—crifam

Cave 207, 214

field— c#q 228

apparent— SI*1S yay 240

lens— C8 CTR 286

mean —7iG CHA 239

of full illumination—

A BETAS 238

of partial illumination

— ors GLENS 239

of view - ¥fa CHA 209, 210,
ce 237

of view, angular—@lfat

fea cE 240

real—134 CHG 240

stop—CPACTYS 239

frequency— Prawn TATA

Fresnel, A—cataei 2

s law - GeCAteia a 16

function—atrFrs 84

characteristic—fah
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