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g8 qTIIITAYR (Fundamental ideas)
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WICHE 5TAMCE TR @UE O] SISH SR A S | @]
fegmnes sfamiy, o) sAogts, o1 T sfaasTila 3o Mo
SRS TORF 4R G GUTE. SR WAIGIE WILHTE MU |
AR 2T e o1z aefiae ReEans @loas o9 @R 1 @@
ACHT TR ST 2T 38 Zol 40T |

ICE T ag @ ustg wot | oy wAr @ Traen
AR AMST AR | G WA AGA Mg AG. G, T (M7,
FER & % L TR B3 9 TF, 316 T MG | & AR
5w, ¥, I@—9 ANBE ARIVE 200 YA AR T4 163
5 (A3 |

THINF F45 WO A (IR T QTR @F BW (Q0F O A,
(1Y (T3 M 19 373 G *T97 A9 906 ¢ e BWIST S
A Toqera 1 #iaaze, #ifasew ¢ fafaarag s+ wifaqge @
S(T35e AW 191 q60s 2 A1 | faTege @ W TSRS
7 TMRE 20 7 |

oo F e @2 Tafema w5 wissioer wam 1 @,
MY §F gHA Gl CTEr]ie g6 50, Wi iestas-
e @F GRA (AT I G T W LT I AW
T ©1R WLAR o AT | 99 [T T e w9

tma wZ@me Weey (1642—1727) &wwed  Sapeae (Wols-
thrope) oM GeRs FA | 3T, MeT ¢ ALAFIR@IA gorraFI
e & oMb |« T WIRETEA W WL IR JaRA, e
Faiet geniv | afve o st erfbery, Tefwiom s faams |
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T8 §06 5L ©4F @8 TR TS NTEIIRR AF TN JITFE
(interaction) TF | U8 NVIFHR FCA {6 Tog MM Trowera
sfesiorm sforer #faes s < (Fig. 1.1) 1 539 @3
e (STCY oI« A A g 906 |+ AR @} g

Fig. 1.1 sfowan ¢ afewmem =E6-tg anam |

AN AT WARE TIANS i (78 - A | TATIN WOT@T
TR @A T AR caxergd 8o fwsw 3 fafsfas
#7%3 AGFHT @I (NG W o7 anan Tare AN FCEAR |

@A SIOCY I TR, WA @FlS SHHA AT |
CAFOrGd AR WA (diffraction), ANIEH  (polarisation),
aifesm (interference) aaga fafean 2meq Ffewws Bag (em 7=’
FA | RSO ©lg E SALFAE AR SHATES | S, omie-
MW IR AR (@ AN SR TSN JCAF I 9]
wuifs ©aTerga A0x A Teyl, Ty HevAIN wrga Ak 73 (Fig. 1.2) 1

RFSLGS W Wi AR | IR AT WA
CIFA AGEAA & IS IS qERa gaiieS s |
TN A TR RAMIT | B4R WA, THg Seier® | 39w

tamse cre (1788—1827) maall smidffag 1 @alere &)
GRS 2¢F 8 GR AT AFF-[NAWIR A3 2W-9q ooy Aleide
grafes | fagel efewze (double refraction) wwtwe Toiv =z e
FCACA |
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spareia Tgiegem (elastic) Tog srwoma | WAL 2ASTH (TN
LTINS OA] TAIF 9T AR (79 T A | CPRGS
AFSLEd AR A sifarafnre 2uea ki apam W o
oS ST F ZA |

waaen-Teaas fafen »twm o6 faRivend efae gaEe @,
Feen fofe Saw | Talowre 3™y Aim e @3
i ©a5 1% FeTTONd AT 7 | T8 AR Toi @a% A
AT I AT S FB-FTR FZT 408 ZOE |

(0)

Fig. 1.2 v=xr e afews, o = smefiees snar aier@a |
PRI AT ATSra—
(@) T736tT ooy T, (b) SIHST S |

UMAFEG €@ STOREIGT FNE-ANE FIF MIFSEET T WA
S | BT Wer3d Taemd (1864 e ) SnHerEa (AR
@, A e Siored N AEw y9d [99s ; 3ge: |ite| fohs
SfSepwdn Sam-favsm | 1864 s aww GwEnEiice “ofge
R CwE afeey’ @i MREERRE OF R WweEE
Tla AR FeNeT 51T AR AL o WA | ARG

T =i$ e (1831—1879) &5, smiedfan 1 & aieswm | siog @
G1FT (%8 AE $17 TSR TR T e | swieffamid enw W
qATSE G172 AfTSR WETH TTHI AWE |
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Ao’ A QAT @3 FNRRfa ST, FETS I, WTFER
spte fAwA SR S8R fele w1 al5e |
BT (IS[A SAHA ACSI SILFI STHfTa™ | o=
AR THAS WS W | STepERR [AIeAeR Fwpe 3efiefty
(spectrum) IFERFRAMNAE W& TWICHE &Rl | @98 1f&d WIS
o TWom sawvd s 1071 oifsTaon wantnd ofie Tage
(Table 1.1) | SREETZT (AT WS @AFT TR TPg61 e
PO (visible) | @ WXTE MR SEAl A A0 |
TWMBSEE TG A oFTeq G0 TE SowiE A 0 STue-
e fadiarem uafs s sifers Zmee |
RHTG APCT A IR OIS IRERA I T A |
1 A° =1 Angstrom =10"% cm=10"'° metre
1« -1 micron =10"* cm=10"% metre
1 mp =1 millimicron=10"7 c¢cm=10"° metre
1 XU =1 X-unit =101 cm=10"'* metre

Table 1.1
TAF : sAGy A 5753 (Detector)
@< "1 m—10* m ([AORANZF 75
W7o (micro- | | mm—! m GRS, (WA
wave) !

Rz o 0.0l mm—1 mm A7, QICETIGR
SEIGIE] | 7500 4°—0.01 mm | «usFeR, @UAIBR,

i TIB1 SAETHA
FHRIT ST 1 4000 A4°~-7500 A° R, FWIE, FOTENTTT

: , &Erm
wife vt | 2000 A°—4000 4° FwIETEE AW
SN Wie @Al 50 A°—2000 A° FeoaniEE Zmami
i ‘ S XU—-50 4° FEIAMTF AT, W FH
s b 1072 XU—100 XU | Twfeema

M WA (1791—1867) 3waw sine @&k awawiqq | oo
FASEG | FoEed (O N TRE W | Zae (OT6E TR (T
HMAGIA S 53 a5 ¢ [og Sloe-gaaly Awa (induction), wiws-
faese, Fnane awwd gonle worat st wikwiczs en SparEets
O A |




AR 5
QoToE AET TR AR TS, SR ANIRATS: ST
Tafemmien @IE AT F@ AEH || GIRIEGH CNTRW PR
TV SR OIS 7@ 589mp (= 0°0000589 cm) | IENITH
ey TufemBsmg ~193te MEATaGim (nanometer = 10~° metre)
mfos aRTE I T AS |
TSR TYEPIE STORII THHA TSN TN A ALS
T CANICYT RENTE @F | IZ RIS @3 oIS Z0EE |
@ aifesi C EHETG 3% 1010 cm sec™® | PRk (V) S&
G () W AP T (TR TAGR (KAL)
v=C
sl v=C/a (1.1)
RIS STGEIR Szl 75 x 1014 sec™ (2 4 x 1014 sec™?
e AFC | TG T (Hertz)-9a AEIRATE  ™PRAE  GFW0E
& Hz (1 g™ ) a8 208 L4 |
Al WTER R TR WIRIHE WE ¥ ST 8
Flagrarg e faEm wEg g F@ o f0e 1 F-BereseE
(FG A FRGT SEIFT AR FTOFR (quantum) 35 2kG g
CoF | WAl SER-FiRR Al (FSRA (photon) #WTS ate «i®
O BASHFE AT (FSM T | A LR V-0 (HE BIHR
sifgz #fammi g'a
E=hv (1.2)
R SRR AR T

v
p-hE L.3)

h g& ew=] (Planck) #3&1 @2 @ET 9 %
6.625x 10727 erg-sec | (IR WA WA TAH AT IR
oRiS A . G @IS wfeR E v @A JRRNA | (IRTA
(IR OITE € MR JVIFEY T4, @Aq—(*189 (absorption) 8
Tafaaeer (emission) ReA, CRAIGR @3 @MW 2igfs g 2@

1 iria‘fé-{ 5T, i _(1857-1894) sEla wmefag | & ZERE |
1888 wiwnw foin Srosgwaty wawa sy =twr A awe 3w |



6 Fiiaely WA

WIS | @ 8 RIFTR cFE W wiE IW-ANT @RIG™
hyv-9g B13e ferers |

HQER, UTRE wPTO TAE 4 (@ @I QAR CFAR (0
T, T A (OTOPH 8 GEWR @7 REHE NS WS AR
@Gl ™IS ZAE (F. 0T FA AR [ATDS, @A FERHA
crea, Aem SR @RI Tarive «f e o 1 wielie SieeTd
@R R@E AR FOF @3 FEIN WNZ (S smeRiREe
Sl @ wa% @R (FeqPl A0 |

wEFF AWETAE WAl 1 9% o [ A S 8eq
703 SERB! TREGAE Swwl ¢ WL @F HAw Al 1 e
o1e SR WEAT T GF6] YD AN 2[4 WCB, GBI TH ST
Fhogpan ToR 33003 | 133 @3 [4AFa ITORE—YFTTs RIFIN JTORIE
—o3g1iaeate oI WS WHIY IR |

FNCR UCHISIIG@I ST @e™ pteq S @i
AT LG A | SCARRE STOGHR T9% AEL IAH T |
IR gifowed. efenga, fagae Zenis AFTs W FATR AL
clogata 3 fMFema o I@@ IA AT | Ies TREw
IPMIT IF (0 APR[GI WS/ FI0s1 I ATOM, (] ©Tge-
PP IACHE,  IACHAD A THT IO SIeR @ Bl @3
w6 (5§ (vector) A oaiz za 1« fav otg oz fag Tog
FREIPIY I T | AT QAR 0I5 (B (scalar) 3w
T q@ 771 @ AR T W9RET @ AiTopR famEs 7
AW HEE AAHN 78 |

QLATSIHT ANAE SIFHBI AT 9] Al FC> SCEAH-
P e 3 s TeEnfs wware wiwe WAz drem
AT SIHAY YQ P ACE IZ CFAEL 93 TREAACR FLA T09
@E A A GINSE ATARIKEN T QAR ot e
IRTNEX  *ANEABA] | SAPITN LA RN @6 77
TaaE3a (abstraction) | (& SIS WA, SEII
QBTG v @ M7 T AP o Ta| 98 FRAPE SLGI ARTIIZ
sreR afeupic Aaw 3z fHAs sem w83 1 Ige: SoATcHE
F BERA 8 AN FTTS AP G T 24 7o 1



A TR 7
1.2 Atz qtash—afy SI{ARFN (Ray approximation) ¢

AP {RCT F AR @) FTh AwTesl > e
wle%wel WA @ HG AU A RHTS FREAEE 5771 | G
Seorfa, o e s Renig wRe @ e wra ot © S
e (Fig. 1.3) | sMRe®Ra o3 @ aba 3e 53 | 3 wow
o A @ @R INR owicvee B TS I 1 @@E woRes
FE A NI @R 2 A, SFRF (FGTA GRA I 9O
e | AR WREN W AE 4@ LG Al | Ty *itera
TGN I | 9T IR TH, SIHHOGT TR | *(HT SAHIHGS
SCTF I (~ metre), WETR TAHRG e wiwiwead, yaR

A Y
TN

W=
TR

(0] sSeger

Fig. 1.3
T (~ 10~* cm) | IUE WP 75 @6 W@, WRE sAlamase
TG AT | SAFACH AOF TR Z0H WORESE SR SaNg)
I} I ql GR AEAR SRHDS 2FTS TUT 236 200 B | @q51
R AL IFABLS SR 93§ 787 331 419 |

Fig. 1.4 «=f6 snmmaias swmwm @ &1 S,-@ 7oiiey P-v
FI (2T 91 RCA S,-43 AniFS wenr Q @tz 3T o1 o
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S uEmm @3 3t 1 S @ fefe «@sls sweRtwa
e AR G @36 (@16 frza-fatas S, o ke 39 %@
AR NE 497 G S, P ceTs Taetd o S, A A |
Sz S K¥@Eeimi S (WF §,-3 @9 I m I A |
S, oM@ Teuls q9q @S 7T, 537 5,9 Bopg wiceniee woafta
S ARSI TS AGAL 7Y 608 @@ Tehd 36 BivS
R wepgs | wefie AR S,-97 TEm A 2 om @i S,-¢¥
eETTee WHF A 4 cm | /T S,-@ | em S,-(8 2 em Zety |
eNiFe W FeAEeisie AYs G 1 94 §,-a7 Tema I
ToE (BI6 I L5 wo2 i AfFd 3117 30 J0e AE @38 S
feama e wiqel Ze@ o (Table 1.2) 1 @era S -99 fealoE
Y@ (B0 FT@ ( YNAR SRHAFTA T} ) OF 10 OFF AW IAE
WEM F AR A 4T e@EwG A T, S,-aq TxE (A& S,
~63 e D 7y @k T2wg Al d g7 63 4T

iD<d* (1.4)
COH NPREET WA T AN GRS S I AW FARA
T 36 GAR | AN IR I K e 7 I (1.4)
716 © e e |
Table 1.2
S, ~a Terma ! S,-(® AP
ZIA (cm) t FLCHA A (cm)
2 } 4
1 | 2
0.1 | 0.3
0.01 | 1.0
0.001 ; 10.0

SIS SEIFIREGN SCEABAR SN (FRENG AT
QAR FRIE TAE G T | S ARSI G GTHPDT
JRIE T QTG ACH | TR A RFEES @A TR
IWIH T TG 8 S A TR TRE AR (K |



Pl m‘ﬂﬂf{i 9
13 wntfadta entcarfmicnn gared
1.3.1 WCAIT gLy sifs—
WG NN AT FIEAATE M0 A 1 @B T 2R -
T efers | gmR Sesife, oz Renfn @ @3 amtay aifeq

o9, T AR I ZME (6 1.2) 1 IEHR T Ay afen
47N 2AE ©18 (1.4)-9 I+ AT |

T FnmaE EnRtR gy At s | apiien
FCRIT @316 Sas Tagm s awiman eand @3 ts FwW feu

Fig. 15 spifen snmam fax oigm

| et Reedte oreans weoiEs (e arn =1 (Fig. 1.5)
FIEE A WPEe @ 3R @A oy (rw @i @ oy
ST T RsE Piien v afwy T@ (20 0T 1 @ord g @3
ot (inverted) fa¥ Cofr za 1 T2afs =18 30 = FoiTeEs
PO T | O@ (@ P I AS (R, @ T ARG
oA TS s 0w o1et | @8 e 4iG I IE A S |
AS: OFT6 WCARFATNG IA M A ZCHA A AT
o @ R | QW Y-8 @ Tfe «alh Wy e
RS AWB WARRMR A e @ 1 Twewe:
TT9-8em  qmembIe oS | e (@ W fav-Gen @R
B0A AME ORI Y3 @16 FpiigE | «@gad i 0.1 em (s 0.001 cm
W T | 9% W igEF Tew (e Sww wne @ E S
91 24 |
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1.3.2. SIS A12=if7s fFaroiws| ¢ Teaiays) —

Ifw @ 3% P 0o @30, UMARITN 9F A aFES AU
aq fam oW @W Y Q (v Fw, s®@ Q fIre wmaRatws
oy @A ATa & afa s o SR F@ AR P e
cielk | e @R welbem s w0 M (H-aITHE
e aheg AmE o favete Tetee R e 1 WA

i 92 BeNTS| (reversibility) RZTER YW @ 2
291 919 |

75 S AT aope 33 SRS ATogd FA, T OAT N
AfHR A 1 1FY @ @W AMAFSR 1 %419 (phase) Bodes
as STGTIY *15® @ ITSER @Al AYRAITe: A ZH A1 | O&
qf6 omeeTR SEER W I @R ffatis s s, o) ¢
S (coherent) SFRAECT afssm e TR @3 e A Gl
FoTe ITCHR (A AA A | G5 SOl AL I@AE Qe
@ @R g6 aratIR crre a7 fRAre®  (mutually
independent) I 41 T AT |

133 <fSwaa ¢ eifSnares qaa—

716 MR fareners AN WAl @1 AT, o%F  farewera
Al wisifes 77 @@ 7 | wistoe swenEa Ty Wt farewea
(A SRR 2 M T O | 9B S e etfewea
A 1 Tagh ween Teol WMEE 6 TH 1 @B [BATS WLAR
#fenzd 3w | Taeoren afv v 27 W@ afewias ¢ afoys
FhaR 7 wisifow ahem facem Bom Tasaaita |

13.3.(a) Fig. 1.6-a § @36 Juq wa1 |  SwAAPE A0
feren § @7 &om v wfved o 05 stwe 1 ON
O Rwts S@aa %7 wfems 1 A0 ¢ ON & Ja Fwoe®
BSH OF AT | 04’ T afewleas afa1  wereg abw 6
TSR T @ - WS (Fle| @R fewias W e
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sfeama wu @@ - AfSTaw (e w1 ofowam @
fawefa o 6T oM FERIR (@ T |

]
|
t
|

|
Fig. 1.6 Sezsai=na afowe |

afeaa Fgofa ' o

@ J@ :  wiforfas aha AR A ISR ST AT |
oS @ 2 v @it @ afowE i A 2
4 SIFGR (@S2 @ Fafel ANWSIA AT |

Taronea W 2 Soad Fgofer A | W °F T @
QR 3 HATS SN I FZE 77, A (RIS GITT-(AAT]
givafre Seeiars SHHTGT (AT WS @6 S TA | G
Wy & (arE eifewaacs faafis eifewas aw | afowams oo
o A PF A dfewias ahagfa srive glfom sg@ | A
fafee oifeream a1 wfmalte swefa atv omng s
[T I T, T WY TALF WS (216 (26 ) SEF FATH A
@ @S A, 2felt an W Tew wieew fafen s zem
w3 sfowiae afaefa faTen Tie gfow »o Wk afevias s
A wvffos gt W W& 4w W (Fig. 1.7) 1 wixafas



12 AR AR

Qe ST AW SIHALE FIRRE T, SR WOREAT TS
fatwy wlewam 23 1

Fig. 1.7 @ v z7s faiwe efowsm (diffuse reflection)

o e
(1) woiq ¢sfa FaCs Hsa #0eT GO «Ied FTEEl e
@S W @ >

Q) FwAAE TSI FWA| I T | @ 2

(3 TR S (@ AT A0eT T ZA ¢

(4) N F5 U (opaque), TG owE OGNS W
(transparent) 3 | (Jd ¢

1.33 (b) Fig. 1.8-a wiefee g4 wieew gwnin Fig. 1.6-ex
T | 9AMA 04’ TA wiewe afa1 S gio Aoz wEwNE e
farenea | afeye afa @ wiearm S @9 (- afenge @

Fig 1.8 wemaateng zifonzs |

3 28 1 dfore fsfafis spofa @w s@m 1 @ @wER
(Snell's law) &1 29 1



T RTIE 13
@Y qF 2 eifoye TN W AN oIS ST ACE |
oS @ : SR @ T X A (@ TG (IR HAEH

@ TSR @R ARLAT TS T 7T 27 | @B [{ET TN
78 THIGR B9 8 AR e &7 T$a 33 |

) (SR (&, DRI JIH &Y AT (AF G M4 ATe7S
53 O AT (9 WG (I (AT (' 2T |

7O wEIS O T efeve iAo fee
sfomrer Fasfer owe T orFS STiage FeateA ko HBI
3@ 6 T AR @ ARER R e el A T |
a% e AR @ W wTowE 7@ (ol w0 TW o 3w Ty
f5% a1 (73 orRTAe ool WA oo XX 1 GSIA (A1 (MR
@ @& Ffa fqge 1 clogmeln careg de @2 ImfE
TR AN I TR |

1.3.3(¢c) @17 SR a TG (WF b M 2foE 0,
AR S @ T,

si;l‘:_z,=n,,,, (1.5)

T n,,(& a TEL AT b TR TSRS A 1 @l
roifse AR | WIHAGATNT TSNS T b N S
@9 0 Z0E a T et @ @ A, [

sin ¢
Sin "2 (1.6)
NS Ry = 1 .7

ba

* faera @ BAA wan wlE (AR o sw T Sited I RIS SIS
(AT 6’1 IR S | @F FVRYeT TAYS |y (i IS @ il
WHI AT © wwd Wemmd fga oW w W @3 | Aok

Taeffera wnfawe feonw angrernd Willebrord Snel (1591-—1626) &%
@y
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T3 wrifee afm g (vacuum) od oW @ eifowss
oW T ONF MR "H‘f @ifSAar® (absolute refractive
index) 3CH | AWRISIRA TR WS IFI ALTHF MR
afemaes @RiE | Table 1.3 (6 Fedefal AMRY 37 afonais
e T | WeR Jen ZeE (¥, afenres swmivdm S feeR
;3| @R TWans favgael (dispersion) I |

Table 1.3
g 7w i @7 (74 |
T amw(H0 | 1309 | 589 mpu

75 (NaCl) 1.544 589 my
@A (Si0,) 1.544 589 mu
FBH 35 1.515 589 mu

. 1.623 589.3 mu
56 3% (97) { 1.646 {434.1 mu
el (H,0) 20°G: 1.333 589 mu
oRI*M (o7 20°Cs 1.472 589 mu

@ THITTI SCATHE 979 (0 Zeee AT I Lo T |
@, TER AfoRs SR (W2 95 0.87) (WF I | AT~
A" @ M AY 3 I FEEA TR ACATHS R IA @ARE
N, AR AXATF @Y A 94 (optically rarer or denser) (IR ¢
7o AT e 77 iR @t ond 9 @ TR aifongies
ONF QAR Y MKW & 2 |

1.33(@) T @310 ANIAE oot-AS Fag A ANIAE T
(Fig. 1.92) | woit W watge | wonaa sfowns o1 Jfas
e 0 Wired @ WNARRPE wivfes Fime @’k SEgw 6
®na ofeqe zme | oA TiRd W 0 TG Teed wIeRed
@ AR Teomel SR U Tha ot aifenge @i
9 TR Wi A (AT fasfs @it weifes afm
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AAGAF | TG  *FHCed bl o9 I [T 48 oftm
AIAFINT GoWITIE 21 I |, 9T

sin ¥ = nsin 6 1.8)
f\— .—,\'—
=, “- 02| L6
e /" e' Z
“al 92
ol ] %
,2‘7 6 cen
Bl; i .
() {n2)
L "\/
Ty T2

(b)

Fig. 1.9
(a) 93l WS verea sk Taea afesias | Tasfa afer
HeiTes aied AR |

(b) 7% *z™ R FarwaE Fene ug Taew afewke | R}
T WA HIE (FG FCC AR FACNE (A

A AR o A A |

76 AMRAS T T, @R T,-7 ATeAAT QI n, &R 1, |
Fig. 1.9(b)-q (%1 FoB-7I60F ~A™NF HAMSAE ©LA ¥ 190
TA | TRCA 470 FHAR G SRFONA JARE (AR Fa TENCS T |
QR A, =0, w76 TARY INSE WHSH @€ AW |
TGN

sin0,=r{, sin 6, . \ (1.9)
sin 6, =sin 0, =n, sin ¢, J
wefie 4, sin 6, =ng sin 6, (1.10)

GIR FEF-YIOE I IAE TN T G (I OAT S
@AW FR A M1 (1.10) 7] AL 2w TR WA T, 6 T,
Mg Tarererd eiewaeer &

. nsind, =n,sin b,

@ @ A 2RAI-1 ANDAE THER (FE GO1-
n,sinf,=n,sinf,=n,sinf,=-.. .- (1.11)
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QYT j-SN N TSN H WA 1 A 0, 1
e (1.11) caesra s Ao 371 1

FfEzer (1.11) (@ 74 qE @, G5 MO0 1 @938 2 @7 oxea
sin 0, _n, Sin g, _
sin 6, n, m sin 0,_"“

Tefie n,n=£2 (1.12)

<
1

1.3.3(e) SATSHNCTT HTH SR 91T SLINR (¥ SRR FoiF
g | OER GANOG STt

sl IS e S
SER MY S orast ¢

wefie %zn (113

16 ST WeTd AT IFH v, € vy TTHA

myy - o=l (1.14)
ny vy vy
SRS FYF v, < v, TIF 1y > 1

a3e 0, > 40,

gear wiasEt sfer #fagen @ Weww v A
e fafom suca wicArE afecas fafes  zemiteR
GF WG (AT S @F AGLA AT STAFAR
@ffenzst 23|

134 (ECAHR Ja—

1.3.3-cs a1 aifewias ¢ afeys atm fareq s aalz
716 smuiee farerera @m ata wivifes 2t or Togn afewias
773, Toghl afeys 2@ | FUNS FUNE A ANAR (RS TS
AR | (ARG @A TS q9e (A o AR IRE
efewias 2@ w1 woren @9 ¢ efenansea q@ falis g7 1 afe-
Fiete Qe w16 ATSTS TR |
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gtw weifes wcama Wemwal 1, @3 ofesiae wiear wiem-
T [ T SR @R A A,

r [S_M * tan (§—6)]*
I, * Lsin (6+6) 4 [tan(0+0’)] (L.13)
e 88y
sin 6

AR A SAR TIHTG (D AZCHE ATGH W W
averd fasrstE wefes e (0=0)
I _ ('1&:.‘_1)L (1.16)

lo \no+1
g 5T ((n=1'5 4qa ) ST WEN qSNR 2% /1= 5%
wefie e 4% afewiae e «@g 967 ofofe W@ 1 Svew @I
90° FINE (A W@ I W ATOPS TR @GR AW SRHE
aftenfes za (Fig. 1.10) |

mnn

80 A
1 60
T.x i00 ]

40 1

20

)
obE i |
0 30 60 20

© (degrees)

Fig. 1.10
n=1.53-3 HYEq TGN FBI TN

g . 45°

| s0° | s5° | 60° 65 | 70° | 75° | 80°

1

x 100 |5.4 62| 74| 9.4 ‘12.6 17.6 | 25.8 | 39.2

I‘
IO

*  Panofsky, W. K. H.,, and Phillips, M., Classical Electri-
city and Magnetism, 2nd Ed. Addison Wesley, page 203.

2
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1.3.5 QSTEAS 9!\‘{ @ifswas (Total internal reflection)

WCEARATA TTHY AY AW (n,) (OF T AGA (1) IW
(n, <ny) TEHA 0'< 0, TS WA (I I8 (XS 7 (¥ A
7 =3 fag vy afeys 7o @2 fag ofewiae zm 1 SwaRRM
Y G AW (n,) (QTF &Y T4 (1,) TW (n, > n,) o3 g
TR RIS ATSHS MW S| TF A |

42 B, Fb € NI xEwEH T ANes @t AR 40 FWHA
s farenetd 0 fere wiPfes zw@re | WP @9 6 @ag
afenza @9 6 z@ (Fig. 1.11a)

sin f=n,, sin § w3 sin § =n sin @ (1.16)
1

@AA I6T TS n=-

12

6:90°

¥QI//IIIIIIIII
~N

N
\A

KB

N
777777777777, 77777777777
S 313
e e u: e
A A
i
(c)

Fig. L1l orersia s afeg A 1 6, Wb |
(@) 0<6, (b) 6: 6, (c)0>0;1
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T T @ R &, R ARe Afeys W 04" ok
45 atewtae afw 047 enem awd (Fig 1.11a) | afewiae
gt e @R Wl zz o weten @ AgnaA 2AfERRa @e
oE | @i «xls Taey wereR @i (9=6,) afensa @@ 90°
T «ae oifeys At facorsd (@ MR 1 wwwe e afewies
gha 04 iz (Fig. 1.11b) | 6 WIS A sin @ @3 AW
GTFT (AT @ ZR SR ¢ GToERIT 5E SISta | GTEE SiNein
ISR (FIN VIERAE IS A AL FE N A
@ weitey oS sparfs afeeias zwm nsd ferw WA
(Fig. 1.110) | @% Qoaia Ipie® il ioe padial ©ig (7em
5q 1k 92 TG PANA. 6 € AR frewae «olh it waem
F® g4 @ TIH AF  (FW A1gE AWS (@AY M) 5l
T

@% <bE 3@ za wiesia o efews (total internal
reflection) | 0, @erF 36N 34 ALFB (FYe (critical angle) 1
FHFH-(INR (IRANE

1 sin 0, =sin 90°=1 (1.17)

o2 0, =sin”? (})
n
357 n=1.5 @ 0, =sin? (T‘»S)-an.s*’

1.4 SITE7+ NS ; (ToEaz Totetw

141 wificez dfs

giwel SrEekREE 716 Tom {isEn (0F M e
#9313l ~reg oy ey wweEna owE Sfewad wale |

* Panofsky & Phulips : Classical Electricity & Magnetism, 2nd
Ed, pp199.

7 Torwa-% TG [Pierre de Fermat (1601-1665)) wamft afeees | @
TR 7 (@A | e SR WA e AEe foln O g
TTAFRR QL7 2 A AR | WA T (g A Tl amiied
TR fvda wmte aiawr waleEs |
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@€ qRITG ofewes, afenga Mes Fpefas ) Teie wa wo
Sg | oER @2 Wpia (0F TR Al FA SR AlS
(Fermat’s principle) (a(®e «g a1 T | oY famg swal g
(oSt dIfed (Variational principles) aitgs @i simiss | SM6T
Afea SICasT AT (oA 2iers SE-72 (optical path) &
A FAF |

@R A A e B gfs fav | 4 z0€ B (S (AT AB &1
oel | @8 VAT (TN AB | ST e sTeEn o e & M
AB *2 STe3q IACT INER AN AT

t = ABJv (1.18)

& O3 ALY 1 (T T S @ N WA FAC A TH
G

4B

l=ct=c.“Z=n AB) (1.19)

¢ *A e afean 1 1 Ze (AB)4 WA A |

G3@ 4@ I& A 8 B (& InibHe Sa 42 o 416 T3
(Fig. 1.12) | @8 w~fooe @ *[@%@ Saeia U™ qace
qwa Al T ny, ng, BN | A T B 8 @ @W
@@ 1 o, Fofla AGRY WM S, S, --Zenivy AT |
SIETE a YA ACAS A L, 76

L=Xn,S, (1.20)

Fig. 1.12 Si=ftms w03z st focy w6 sfafee e e a

A (T B 3 a a3 ATaize ww @36 v a1 o Fed
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ARy Seneie. a 2w S,, S, Zeuin wewsfem @ e Mea
foarme | @' sy BTEARe SR (A
I/=XnS, =L+dL=-XnS,+8¥n,S,)  (1.21)
@qa 0L futa wfafze git *ned @ %98 Sy ALARE
+f9qéa 1 (o7 @RNE | SIfiehe NS s
‘@@ RYF WA A4 M @ 93 g (AR TR 9B
T2 *i8 (@ATT Unens ata FIES; @ 2 WP I (A6 @A
@ @€ *12 ¢ TR #afzs w93 AYAT 20@ RCAFAL AN (
afered oI
8yn,S,=0 (1.22)
T NEAR AT ETRE 416 a3 wiar widfwesena (continu-
ously) &I 349

8/nds=0 (1.23)

QIS (FIH VA QAMATFI W (F5E FEFQ S@ (minimum),
Fes (maximum) 31 ¥R (stationary) %73 |

wEeR ga Alfels wep swrww fger 1 fefq a@fem @,
e G 7 (2 @ TR A UNE A (AE B o8 (S
RO I WA @A | v TR AT e yeew AALHA (least
time) ife 1 wwAl @ SR FECHI MG AATe € Fides T
7ag F1Ts (principle of stationary time) 1|

Mg Wrag Ao SyaEl, 8 f dt=0

o @G n=", a['lds:o (1.24)

(1.24) @3z (1.23) (3 (T N @2 | wefie FEHa ATorE
1 smeaz s a1 =g wwens #ieg Ais @ 7o I I\ |

W AP, A AT (AT I I (FF WG Sad
sy fveg qewg (Fig. 1.13) | @B Sitemaaper @ Toals afa 24



22 T HCEF A&

a,, aq, a, | &3 Teats afug $oi@ Teais fa% B,. B, B, @R
@ A A F 93 a1 s @8 Tea fagrs Taica oofiesem
oS,

B, B, B,
f dt= /‘ dt ==/ dt= 1t (1.25)
A A A
a, ¥y a, "9 ag %Y

Fig. 1.13

FHAR 4B,. AB. 932 AB,q uiEIdHa FAw 1 A fav (0w
QI A GCAFAY 903 75 fay T Fam wuwa W M7
A @NT @F 15 €A S A 77 afels kvt wnen 4 Ay @
OFZ ANCT WG | @ waAls AeEead (equal phase) $E 9ER
SATITG | A ved ol evit WaE GTEE TanEE UG IAA
J19 1

1.4.2 (IAICAL B2?1{Y (Theorem of Malus)

CHATAR BARNG TP TSN SIFHGI AH AN i
(orthogonal) 273 @3 =f s%&q A wfowAaR 71738 @8 AW fore
(orthogonality) & FRa | FINGT AT (S GRATAT GHAMNIG
wEreg e B3 1 Fig 114 @ § @36 afeqr@s oa | a
i A T3y zze oAfonms cag P T9NE s« Twea SeE omed 4
famrs foratg 1 o 3fafs @36 wam arEr wees 1 @ T
@8 ARG A fqed @F @3l faeg S (s Wz | 3R
AR Booi{s S ©A vde W W 9@ A IR s et
A G @FTG o N TdT e o @6 amaRoey afelt
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gt Ak TS | A4 93 AR T [AA] N I
s @ TR wfels ahwe $owE (44 @) TR R

Fig. 1.14 (@asa So1onma 2

wfgs faegefa fada w0 261 @8 feeqeffan s Tweg 30 s
*NeM (°F | b IS a IR AlaTrs IR TS T°@
@3f5 g1 b atw Y, S e Y o qUFT B, @ 8 B ey faca
oA | wRR sjErd
[404']=[4PA]
@32 WFAATR [BOB'|=[APA']
Wik [AQA')=[BQB] (1.26)
a eb gt Termg ) wE@ A AW 1 oAl Q ¢ P
JigrEE 416 a7 2071 (a @ b ARiTe TeTR 73A)
[BQ] =140)
Tear  [0B1=[04] (1.27)
ol b 3tafs A'B @7 AH FWI TN A | SRS
3 wais atmrsed oifels abar ww Ancsiios @ 1 wwE oW@
FIAN @ W @F CIHFS 3 ARy AH ANH O 28 S
*FRT O @ @ oawEs 3 Iy A AWIOT LA |
fog @ Tvm fog B9 03 & 93F THEN  SFAES  (TE
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(spherical) ; (o CIHTT ANAF-AWAL ATF FANCH [ | TSR
BoRa o (U (4 AR F Y CIFTBE  WAF IR
Fareliom | Sl GrETeoE Soei eies T |

0% SEAGT (A0S GBI8 A (0 &, (q (FA GBS
BT WY WA WCAIFAIE WLATT ol ANH | 9o
@ @ SIFES (WS ¥F FE, PRI O @ (I CIHFBE Tl
¥ T (Fig. 1151 @@ *@ie W@ ORI (Huygen)}
Borearr (wavelet) 7@Ts 3eTo: GFR | '

_ TReNEF

IITX

I I

(b)

Fig. 1.15
(@) 22w o3% T6 Y (A3 2ifels Ao wa@a W S
»1gf faea Taetn o9% 56 3 Txefm 1
(b) T Gowas vETers Taety wsiEs fRefy |

143 wHGa A « wifiSa @sfwicTm
@D THE |

GRS SCEAFIAGIAT AR FHIGd TS (U 2 39
I |

() wwAg M 416 R woa 73s, @ B /Y [ ;e
O FFAF IFRIE A | AR FWHI AT© SRR AN
YA ATAR GRS 233 |

t Telwsam =%t (1629-1695) o »wiefam, aferes’ @ of4m |

T QU EnTeTamE ¢ ofars 1 3g SRYH YIREAS, SAR SIRSTg
SR T TR T4 (1215 |
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(i) (qTRG IBI I™W JQRT 46 a3 W AR G
o @3 umen 3w e g3 @ T TR o) e TRdane
JI G ACEATE I 72 oo .(reversible) [

(i) Fig. 1.16 @ MM =w5@ 40 S@ERaTNz afewma
A ZeAe | arferye 3w 047

A fa¥al Vy

M N, 0 N ow
////'////////////f/////‘;(////‘(///////////'x
\ |

b
(n') ] \\ :h'

P

I Pox

Fig. 1.16

212 U (1) A Taw s A0A' R®RA Toow s (n') 4'
o *H® weTeieE o [1)] |
[Ll1=n(AO)+n'(0A4’)

=niht +x2}’l‘ +n'{h'® x (p-x)”}%

FHWHT FAFACR, S[L]=0 W=l

€a. 128
dx 0 (128)
TR
n— X . _nr p—-x =0
el e (poxrpE
‘qﬂﬂ], n——-_:)_c I =n' p_x

et (s (p-x)ep
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sefis nsin f = n' sin 0’ AAR ATeAAOR Yo | eATePAR
06 OIS SN ALLE W19 I A |

opr s TICHT AteR AT

(1) 418 (@ ANSEH WHOR OF (ANF ATSIAHT W W&o
FACE A |

(2) oforaRg s oma 39 |

(3) @36 wrem sy @R g e 39

4 9376 ST woftoR @IFOT s Tely 3

15 @fefan ; % '8 g faw ; SreBe o |

1.5.1 &AfSfa® ¢ @ 37 T ACA T SWICHE GITY
GE WA IBTOCE FFOA (A1 | A (HEPe G Nl A
afewiare a1 afeqs za ST A 23 3FH ) FRAMT SWL |
YRRANCG  WITGa WP 7MTT oMed [red & My sad s
TRIEA & 2T MZAEANS &Ca (7 AT SCBl ©A | AGH TN
384 (3 afepie (a1 1w wrs 337 afcla aw )  afelin e
AR ©d TF @IT © @ A | IEARRAEA ATTG A
Ao oia TaE 1 erees |

AT RS @fsfarea new :

@R g @®r @ s ahugs afewtes a1 afee 2@
2 3B fars fafere 2w a1 sl oy core ooy A
o @ Iyee favoers aAifefaw s zz aPwfa @3l
ot fafeie zua afefams wnfam (real image) @t @b 717
(AT JP[O Z ICE A 20 SLF AT (virtual image) e
(Fig 1.17) 1 '

Fig. 1.17 =wiqq ¢ wmiay (A3 e (A0)
BoaR afeiaced Ao afa AR (76T T | SANG(BA
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Acars eifelae i@ orea a1 @ RTereI (A SR
WHES O3 N GIY@ AN A4 e foicn g% s W 13
wfeq WHRT &7 Al O @ 3% 0 SPHRT e A ZH O3
faol favrs o favg aifefay asn o7 (Fig. 118) | ¥ 78 ewid

A G@F |
weifSra ox st g7

by P ! L
. a | ! /l)\
| /\ ST iyt \ [ Lz P

- . .—4}_{

l rd

afswrr 513*;;'3 l o

I
t
|
|
1
I
|
!
|
|
|

Fig. 1.18 7132 ¢ I797 (SSGT FKE@ (AT

atg egel (AT (RNl O @ AW TR 9 At «wis
fanire Tfers 2 a1 «@atowa fav e SomR 26 <@ @i 137
stetaraa am aatoma T 2fstad wiem anq | @rwa wifeian
SUAl (perfect) @ e (true) | SWIAT (IRFE  (defective) |
siftetaraa (wACs GLPlRe| (aberrations) 301 | SPRE WACH T7
Al vfarer S-a I LA | KR Od @ bLA (X AWB
svifams o g7 @ oz fo ad fawE A em fAee
(approximately stigmatic) wuieiqy sda a1 T4 |

HAAS SN T3 2Aq (@A Tefo CRFED (anai (spherical) |
ysfiamE €aq aeias (initial) @ GO (final) AT ATHRT TCE,
anafas S Teequed @@ TRfe sases o 2ia | el

AT SIHT<B T% (AT 27 3¢ eifsfaw fovia &ta |

1.5.2 W}’T‘Sﬂ?ﬁaas @& (aplanatic surfaces)

@ TS faeeed A s Tefe AE AP (@ SUAd AR
( offtowem a1 afewRer [l ) I@ G316 {37 A-a TN I A
SR @@ T A7 (T SEEIE R AW (TR TACE wtzmBe
of W | @ WiAiee wAd g Tais R 4 8 A
e T A | Wi e we efeidd &a | @z
warffa wwel faaformiae O (stigmatic surfaces) |
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43 qF A 8 A’ 7y Wi faqE «@’g 1 wmEfeEd BPR @
@R @5 Ta7g 1 wmfsa @ad TR @ OR SR @ IW e
1-a3 &« ATA" *[(3 ANAFA 43 TR |

471 + [14] = §33

eifeFaaa (Hi@ ofcianss @m o @31 Tead
Al + IA = 3% (129)

afifay 2 sfrA wm,
\_‘
A ~ A’

ta)

R

A /
mfaq:;}‘ L/
"
/w ol

Ay ~-§?/—-—<—-r”—-a-'-
!

{
1 A

3 -— =~ fA-»0o
4 (e)

aforearaa (wa Ton IR AYRA wNe | () F4q wfefa
¢ uffan. za f68 77 wemn 4768 oo | @arwiE, AT+T4 =T |
e} wwis @FfG Goanss (ellipsoid of revolution) (Fig. 1.19a) 1
A, A BARR (TP 13993 |

{
—

~ J
i I
ity
fofrs

Fig. 119

(i) I3 wielqd ¢ efcfarsr wa @FiG 75 8 «@FIG Sy
O Al - T4'=43F | ©AS *@uasF (hyperboloid of revolution)
(Fig 1.19b) @& 4 © A’ 13973 *RISMEH 17 13937 |

(i) I ofefag ¢ ofclaom o @ols i 7w
wefie svifes @ aftewfas wawmd sw @316 wwed | Awes
HFFBA @ (I @Ioc3 e v 3Pl @ wwests H fasice
(27 TR TR HI+1A =@ TR | FNSATS G994 R (6N @S
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M TE & FWes (qF A 3% A" 7% e vy A, JA
M RE | ST S A 3T 0 4,1 I | e
14~ AT =0
Teoaq ©Eis WikaEd (paraboloid of revolution) (Fig.
1.19c) | 4 Sfqaesd @Rey 1 @ few siweais wify-
NECEA Tamss wa (directrix) |
@feAarda ¢FL@. TR WARITGF  OEF GTE SWIATS
afoe | @8 sEfer Cwia PHCOT 8 SR
n(Al) + n" (I4')=43 (1.30)
O FR | (IS | A @AW ST ABRE AHEAD
FRTeER A aWT FICEMT @O# (Cartesian Oval) & 27 |
IS GOTER AR ARCH2 {97 F1 W1 Fig. 1.20 o
S FCEAY GO GG NUTRA (meridional section) | A, A
Qo 7 T | wﬁwommlzmqaﬁﬁ /G AN x TE
AA WRI | 40 TF 04=a, 04 =b % [ &7 TS (x,p) |

y 4 ~S
L (x,y)

e .

Fig. 1.20
n(Al) + n' (I4') = n(A40)+n'(04’)
TSGR FLEHIN CSER A T,
n{(x-a)+ y’]’l+ n'[(b—-x)+ y”]" =n'b-na

+ @@ e (1596—1650)—wzmit oferewm, smefag e fafors
aftad | & ©a (Tours)-43 IMNE | 13T %ra oYW TRTW ZH
‘Fyfate’ | famaq-‘faéa FyiaTea (analytic geometry) fofag awas |
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TTHOTE TRRA @, I Ao @ eifelay ey ww fam
oz o R I n/n’ SeTss em (rational) ©q 46 faTie
v [T G ST soid SRRE G3TE Az ol raTe
ag | @@ Wik redia e TeRis TanE ag GW e @
% IR S Yi6 A ¢ A 797 @3 geifs | pemiw | A4, n'b-na
OF A | TG AIA G (PR BT (NG RN WA\ (e
n=n), A« A 133, AA50, 247 | @7 @Y T@ 376 T°Re
(ellipse) «e Frestn comic @6 Goanes (Fig. 1.21 a) |
AA=0TA [ @ @9 T <315 38 9% FENT sum @it
(MEE ) =W e S ¢ 4 97 W @R @Rk /e 4”@ W
OFE TE AN TR | @3 (FN @ 9T INEHE eeE AR
o Taviam Tm A€ 4 $R @ 4 THNE ew 3[R

Al
n_rp
n nt n/n‘=2
@ @ Prni=1 (b)
1
-, |
A A
n/n|=3/2
(c)
Fig. 1.21

A efewnssy seme njn’=2 (Fig. 1.21b) 1+ 3w et
184 @3 3y fTorm €18 4 g3 W %AW ANS. S TN
w.i67 eAfewanssa s 23 3/2 (Fig. 1.21¢) 1 * @©NA W T
SFPNCSA ES IMEA STy (@ T #1753 | wiei e efe-
e v @315 7 @ JoRTs W e SR @ SraTelt T W |



P R 31

IS GoUAT Aiafes FAWNT ATGAI 2 (I 4RN
rafed @ wiomem cxia @, wielam oee semive Teia
Baor@ FANH FAT  OUAA | QIR XY WA (& & 1A
ICEAE GO Qudl FACo MRCAR T | FWE: (A A @
@ RAA FIoE T A IW AR G IR | e wy TameR
5 &6 (Fa &0 ( @S 597G fomes Wies® A homogencous
immersion objective) sfenarer (@ WNAAIIE & FATR
A @ 2Tsian ¢t FIIW AAIIFN AW TS FACS RE |

1.6 MLILSA @] (Convention of Signs)

woiftETe sag @ Tuis wieian (object) o, ofeivy wr
faorts Tte qre w00 WAA @FE TAE Z0O AMA | GG, (W
Toe7a 739 BT MFE— TR woTaR 1 A R AT & |
Rewe WS awar Tafen o=l IR | OF W ICEAT @
(Cartesian System) #@1f6 s%6 1 T | FACFS (W00 IAAR
Trgmefia i wiemsA 3= 76 |

(a) wtelan @ @M (space ) I ©R 71N WfSfdw (e
(object space) @it 2itRI @ @ IFME oW AW @ifefw

Ty Y
o I weftenE os
'r \ e p'
3 5 1~ B S R
/ ya \f
Z . )
/ , Q
/ 7
2+ z*

Fig. 1.22 wfefiw (i @ 2fefaw (ailtE awmioe | «
e S sy (MR WA (x, p, 2) @i O,
F ate @22 efeiay @ wwwd (X, Y, Z) J@ieey O F
e e zE | F 8 F camamaﬁm“tawm
Tawam (5 3.13 @93 | @4 wieies 73w FP aere a<
aifeiaz 7av F P @93 | PQ &R 175 P'Q aoas |

C®tF (Image space) | wTeiT @M «’e ofelad @@ @@ %8
@RE 79E ~iaamy |
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(b) FA TAUMY FWR Wi @R AT ORE & @8 73
(IR, FSF FH T (orthogonal) ITEHT ww iem A | 8
@RI x UHEN @R AIAEA IWRA |y GHIN AATSAEA |
qEriay (origin) 716 «@ed favrs ers +ne@ fom are U@we
o (Fig. 1.22) | x S 3999 ©& @ ¥ 9% IA[A (3116 471 J |
afsit (M3 y Wwy TS X IF I[WRW G 4ANS, ATHE
AN | X SEFY THF P Y 419, NI AN |

(c) TREMESIA N WA ANS (Y (thickness)E IS 431 TH |

(d) @ &7 FS-QHATE (radius of curvature) TR
Ao o] 155 A M2 S GI6 (NEm SR PR W |
T F AR S oA O-xyz TR WFA yz oacd O 3w
=f Frace (Fig. 1.23a) 1 @2 (e S A% 7, R &
@ 137 C @3 F1s (r, 0, 0) |

v

70

<

>
o= ——

- c(r,0,0)

N

(a)
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S ot MY T
(x=r2+y° +2%=r? (1.31)
wo x-2‘_r(x2 +y% 4 29) (1.32)

S owR &R P i3l afw gmiey 0 s @ @t g =
T O,

x?< <(y?+:2?)

wefle  x= % (y?+29) (1.33)
gfw @@l (curvature) ¢ T A c=17
@R xe g (YY) (1.34)

C YA TCA X MANR TR WS 4NN ¢l G ©els
THTwE Siqee (concave) g7 (Fig. 1.23b) @3e 49N c-93 SaA16
THTwE $&a (convex) Zd (Fig. 1.23c) 1

(e) W FTacE sEEfa (A e (W T IS T ?
PG 7% v o @R e w7 R e atafe v o faen
Toratg @T @R StE A | FETore epefa Wi F30e e
gre Z@ AT x wwE @ e (gv F@E e AhWG x
JCHT AK IS (@ FAE | @ YT (g WAE R WIS T
@ 5% 31 A © WA SR (wealEg | AT SR F IO
@1 FIECE © 7S Face oA fwaiates sratels wpRe 3R 1
3% x @ IWRCS (anticlockwise) § @wa g (0<m/2)
Fieaioa Go Faifoe T AW SR APAG x STHA AK 0 (P
WA MR @R 0 4N | WIHMRCS (clockwise) (@RS & 6
YOI |

Fiafore Wivs s o) @36 3= s@fe e | @
T Ftwfs x—y e Wrg | APWIG x 8 y WS (b, 0) € (o, h)
face cav ware (Fig. 1.24) 1 @ fo7 s @ cen Tewpofe

3
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a%a 3% (intersection length) gY@ / @ h | Fig. 1.24 (3
@ T @ 0 4TS A 1 e h-a3 a9t oG 4Aes 2@ weEih

YN |
ALy/ .a_'f\
Q
h ,
P ()
» X
;‘____O
)/
Fig. 1.24
o€ tan 6= — ;’3 (1.35)

W SR B0 @ 7 fwin «3e aba ey 1 @ ghefs
@ Tagrs STesATed (normal) % 0 1 IR | AW SiewEiGE
IWRCS 0 e I (0</2) APaiBa x FMsifes 771 W ©@
0 ¥ATIS |

wefoE raa 20 W @ 73 3P faceg oo RyfeR @
GHF @MW Al @I IS @7 TR @ FH I @R A =T
F@ 1 omd GeifeiF FhW (skew rays) AE | SvTede AP
sz Tafis w@ee (e smee TR @ AhEls @W @376 wE
@w famre @ FaE 3t @ ahwita swefag Anees Trg-mss
(direction cosines) ofel ¥© | @2 Igre WTedE Mg IRTR
IR @ @A AE 2TE T |

(f) r™m SR AEcsd A §3.13 (5 3an zEE |



“facoey 2
oW Y AT ¢ AlOHAY

2.1 *R3G fEm (§ 3.29) nm afew weiter wEm
W A | e afewe e afewae @ udR SEsaR
9BpT 1 75 | eifonn wefiem war SR gt gren
RIVI8 WAl [9p ESAGAOR X (ReWl T | e s
oferem ¢ ofenmeor fafeR AW FHTR & @& 7 wa-
IR MR A TwEe 5 1 cigria ofewem e efewme
e aoffel eanel FEE & | IGAW +ffARR I TR F |

211 @fSeeigag #wd afarg 53 (deviation) :

oferae W@ PR (7% 7(53EA 78 | Tepg The offaRgn
2 oS §Tr§ (deviation) & |

(a) &= wolrol (Stationary mirror) gﬁ H

MM <75 T83 w1 A0 3t MM wea O fawgs
wivfee s @3¢ 04" 333 dfewiers gre (Fig. 2.1) |

Fig. 2.1

ol pife D=L A"OB=n-20 (2.1)
@I 0 = SNo[E (@ |
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(b) fefzeica wias of vt omia pifS
716 wofe Tofeend o« @ra wiws (Fig. 2.2) |

D=D,+D, = (n—20,)+(m - 20,)
=2r—2(0, +6,)
=27 —2a =2(m—a) (2.2)

@, (’21 —o,)+(’2L— ARTEE

wefie 0, +0,=a

© vl faa ace wieifss afim (vt 3fea wwa e
sifgeda :—
oo (9 0 S 0+ I TA |
gpiien #faasq D =D, - D,
=[m =20+ a)] —[r — 20] = — 2ax (2.3)

WY WIS (el ATNA FiS FAR |
(@) geftamta wofzd pifen sifgada

wietes atan frs of@dn A @ RIF o A ERA
(Fig. 2.3) arfewlas afa 20 Qa1 @R € wid o« Fo wieawe
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a @A @R | R e @ 6 TS ITA 6+ TR 1 2Afe-
Flae aba vftafee wiess ON', @7 5% 6+ a @19 IR TR

A NA} fN' A“

Fig. 2.3

3R iee ON @q % a+ 0+ a=0+2a @9 FAIA | WO
afesias aba 20 @a 73 |
212 wfemA afutses nasa wsity efsoas :—
0 35 Ry wielaw | o zre abasgm SRMEE SRR |
B

A
M Q
AEP \\\ .
7 lé ~ .
[
2 )
0~= NE
2
14"_: A
u 2 \9$
E M
Fig. 2.4

8 R (@ @M @@ aba 0QB-g ANeR W MM-q
weew @9 01 ON @y MM' &3 B3 &1 sfcgiae
b1 OB @3 I ON @7 e O’ RSt @ FAR
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(Fig. 2.4) \ Q Taste TQ, MM’ @3 ¥R @ | [ NOQ = ([ TQB
=/ NO'Q=03Rq TQ € OQ AIRAA @TY T&mz MM &3
G e |

LONO=[QNO =90° | wwa3 A® QNO @ QNO -
ATl JSE ON=NO'1 O T3 0-3 w4 ftg woftem 8o
A% 00-93 B WAfES | 0'-937 SN oI eS| qxg
00 uirfes abatmza T4 @IH @I GTRY O WS WIS
% R 9ot efeTarTg »| O 7% 2o WPitg 0 N A |

0 3% O favm =fsfar | efcfas w1 efclamm qaw
vl Zre STelcdd qaed W | wielew 3w 99T 7@ e@
e fav-ufefarrs wafs am wqrs onfa 1 afels fasy afefan

AR IR ol qed 1 ufol afetaem wge 203 |
I S OF FA |

@tz (1) woite wfclar womfe e@ e b (laterally
inverted) 3 (34 >

(2) @36 ATed #ofom T& Y O AT 1F
Toora =it 1 307 -

2.2.1 «@3ifuz woftq azary Afowmgan s «fefaw

TRl G (I B S (inclined) ANSH FoALST
fagafss  ©wemsl A1 M, 6 M, 716 (g M,OM, Fa
wRP%s (Fig. 2.5) | w°fa %763 @ P 935 o wiefaq |

LPOM, =«
LPOM, =p
GR LM, OMy=a+f=¢

MR Aferama o sReia efefas 7% 2@ 1 M, woka
afesamg oAl 4, 2w wfeiq, PQA. @t B ORATES |
PQ=QA, | TR 04, =0P | M, wfial 4, 63 gifelaw @
A, (S| GIL ST 04,=04, | <@ M, 7 7@ g 3
AR M, SR GWE M, (S ATSFARZ &0 "R°F 4,, 4, Ay,
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gontw ofefamn S 2@ 9 OP=04,=04,=04,-T3 |
weie wfeiar e o afelefa @G Foa T a1 @
G MG OP | A, A,,.. 8o afeians & cfln wfelqn

Fig. 2.5

3 (qCS oM | @8 i I afelem g7 o v Tt
AT QR M, OM," @9q T 1wy, o@ (i3 afeiqad «3
@ty oy aifeta |

M, wo{q P 1397 2iaw eifewe 4@ g & Wqgorend B,
B,..2@iw o «3raaty aifeien snemand amwa ¥ ety aifeian
@ @S A | @} wfeiw i@’ (wae OP=0B,=0B8,...
wefiR B, B,... Yoniv afelaasia wmew qred $oR% AR !

M g7 Qg= n @376 pf AW 7T <R

eifeirer wican N=n-1 (2.4)

(i) n g% S¥e oA A 2§ o@ afelay Feaw @ n @R
ST TG *4ef Ay |

2
(@) 8=60° g7z n= ¢gs 6 W aifelar M 5 2 |
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2 )
0=90° T n~ §5o=4 wefie afefaces cam 3 20 |

(b) 0=50° gz; n— gg =7.2=7+02

el efeiama Aan=7+1=8|

@M (1) TgW 6=90° wad efeiaras 7@ @ 3 A @

T AL LS I |

(2) 46 swmmam wea gaEiy qEE | S,
JRTA @ GIEE GB6 STSiIF A1 T S
sfsian gen Cve 1 g g oma 1 I
2ATeTatag 7 39 57 | ©F IR [T S AR ¢

2.2.2 Eifas @
1. s#a ¢oifarstel (simple periscope) 3  ANrSAE HoHa
A IR ATePAE TS WpRa FA (o fod! @R

Fig. 2.6
(Fig. 2.6) | «@FV1 oW (GUEI FWCE HCOI o &N AT |
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GITET ICHI AH QTR WG 45° (I T A | (BISLS
WG FA @A A 7o TR ZYCRA forlaT ol eI L @
wielag @R wwen W e Gny @ A MR e
AR afewen (e aferacr ) Tmm wiws oy lite (rexd
TA (HTACHCR I |

ITRTITPR AW ST T4t WITSwA (W @ TR T
T @R (@ (7 T, AR TR e IER NGO IE-
FEAIP PRFA I T | QRETRILERA OF16 TGRS % 6T
@@ IAEP | PRERE SER NG ARES (ITRIRIeR e
@R BT RN HEE OMRT A9 TORd TR Ae@ [ TN
FRIGZEA (BT MWALFTS WAS GO @38 IATA A4
ol 37 M I Tewn afewas TR 341 29 |

2. (AWGTIB (Sextant): 8 @ YW WHR Ao
wqFEa 39 gR (Fig. 2.7aeb) !

oFS S
(a)

Fig. 2.7 o@oNe 751 fwo® e M, @3 W4T AR |
™ vl M, Avaeiaay M,P 3 % W' P PS FROR (WA
S @3 TR QO ANR 1 M, P Iza 9 % sqgiNe 1 T g 19

Iu 7Y qE [OCRER R rhR @I TS T AW
O M, 8 M, FRE | BT P O GBI N[ATS AT |



42 Syt SaRiIE

@ AR AZE /2 @RUN @RTA M, e 6/2 @
WA @ OTEA AW QW SEACS qEdtwe ad s o I
TR oR @i THTl RO | CEE GNH SrR WA FIG IR (§
FBICT 0/2 (I RAME (FER A3 0 ~#fa3ET qn 1 wefie (HER

A (T AR (@Fifom Sl ofnem IMA | @STR ORI, X
gontr (ifom Swer TTon T A |

2.3 efomer e, efonmss ganfva semsm wrfacew
Q30 AR | CRATN TERN G0 AT I00 FAR A,
Rfe | @R e @3t Taw wfelan uw el abasmsa
oAfenae wg efsian zemg wsm@e @ A |

2.3.1 oA AfrerEs efenze

@FFTmF  (homocentric) IP9ps ANSCA ATSHITR 2itq WX
GIFTHE AE A | 13y Sielkd Q@ (F SRR aheereed
7f smeeaa Fig. 2.8 @ (A zag | wfews 3w BB 3
soefre e 3 g Tayf M afonse ol 8@ @ =
o1 o Q' favre @ F@ | WAl Q' W@ SR ey 3 1

Al

\N

@

57

A
i
O .._——-b-l Q

7 2 h
< =
o7 - Z
e /jeU . \9 -
Qll Ql Q N;/
et E(n')
; v
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43l I
ON=u, QN=v, @ BN=h <351 h=utan 8 =v tan 8’
L]
- tan ¢ sin & cos & n' [cos O
'U=u — = [y T = bl P, .
hal tan 6’ sin ¢’ cos 0 n (cos o ) 25
°c°:s(§ WS (& AN | 0 I Y@ 216 ©% @3 SPITed IR
@I | 0 A OF TS AMS B ([ACE WA R SYrey
A | o fafen @ma abwgfen wpeifeces fdeie «3fe
am 7 Q' @ Wfas M z@ @mw Soreg fafem o T sy
e Ier efors ahwepz @i W@ 7w Twem awa w0 afw
n>n', SR Y@ OF ARfE YFHIE (@T W@ GBI6 ISCAIA
a3 el @it fav N 207 @ aites s @ T 6
(caustic) w& (Fig. 2.9)1 @3 fSgess QN IFIT ALTH
afenw 1

Fig. 29 i%sen; F 3% otem 3piga 11 cusp |



44 ETTOI SR
2.3.2 BolWIm AT (paraxial rays) (WeE @fefae atba e

oA I @A efenm wupwy fowr Aveny oRE, @
o Rwr wE en arRizam, o3 vy s feezr feiase
@ AW AT MR | @Gl T I@ AST ;WA GNIA W[4
RS @G @2 SR W Twea @ I AW Gry w3 IR o
G SEF AT AF GO (26 P10 A @, 98 7S I (%o

2:’;3' AT T 3T | FTA SrWE Ahws @ (cos 6 ~1)

veull g .6)

YRR GOFE TE (W v GACR (I GATR P60 SATIRE
e TR A>A L o<y | GG GER T QW Taiag
(A& (6 @3 ITCZ bTA @rfee ea T 2@ (Fig. 2.10a) |

nl
LIL777777 7777777 VL
no>n'
9
—_— u

Fig. 2.10

233 fods afnerses (wa fRaNgh (astigmatism)
fofe ora (e AW (R ANRT ZLAS ARG SR
TR @ Sl (= aeb aharan 4 ¢ B fae efoys 2w
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A2 € By IIRA Towarg (Fig. 2.10b) 1 i3l (2.5) SPF
wored 19 @ zemw wga afeye afeem @3 TR oo
T A MW LA A M @ S sW QN @3 P e P’
2t 2o e a0k A WA A | @3 IweE T 19 v

— T

—_—

(b)
Fig. 2.10(b)

Fae | T Ty fog afelas sa1 @=w Q4B fagens QN @3
ATHCH S QRIS Q (AL (@ T 7€ IMA T T3S Feal-
sz afefe q@ a' b ¢ d @3 T4 M AMA @R TR WA
sfeiqd T e @36 @ 1T @3 To@ @ g ofeys
AT TRt qONE (A AR @ OFl 416 @R 8
FIPIE (2% IR | @6 @N za TT ; SR @A PP,
ON F83 Bo) w)iEe | 0 @3 eifeian Tz A1 (4 TR @ 5
OFG OIEANFS 51pTe L T@ Tdamefal o=»% | @bl (N IR
PP @ TT' @3 MATH (I F &eng | 3o 2/ @ afeiqns
feawyi$ (astigmatism) &ide (g 1 €& W & HER
foery Tofmenr s ToerEa Tafvass ss am 23 |

9.41 FHIGA FACHA (BT A 15w
TR eI TG 9@ @FW WA (owa s aha
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(emergent ray) SonTee Ftam AN ¥ (§1.3.3d) | &g iqafx
horg fog *mfRe (lateral displacement) ST5 (Fig. 2.11) 1

s -7

///
e
“

e

ol _—
5 —0!
g

-
P

n n
o

(a)

ni="n' In
(b)
Fig. 2.11
21§73 d = 00 sin (0-06")
fzrg 00’ cos " =t

seie d = sin (0 - 6')
cos
. in# cos @
= tsin6(1- S0 )
st ¢ sin ¢ cosf

]

rsino 1- 12 <o 0,) @
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TIPS (I ¢ AT Y& (=16 S

d=tsin0(',_

3|

) (2.8)

w_ o d  _ _n cos @
00" - £y =11~ T oe)

Borsin gt cwea Q" =1 ( 1—;1,)=qa| G INTE Q Sie-

a8 (s witenr ahaeps atn Soreta 29 (Fig. 2.11b) wa Q Tavy
@315 3 aifefar Q' spem aA 1 GiwAT @I FAMTIE  @ife-
TR W v orene s O 9w Teiaasie 2wy @i
bmepe T (@t wepl Ta w3 TafeR Sivrew @R wmEns
gty o fAsw gt s Tofem 2@ =@ favy wiefas
owea otefan faw @ g b IS SIER 5ITe T3 |

o (1) 7 FBI TIEAE AW @ IF (@ G
amate ) @y Toigena mam  aFies  afelas o
sfeiqasfe 53 o =% 3 Soa a9 1 @

(2) 131, 1n 2SS SEOR @R n,, Ny, np oele 2fe-
TN Foqfal MW FW MR AT, TR Y (A FTISA
@B WY ANTHY WAt TSRS 20

m

t, L. [ 1,

- Sy = — | oqqe 90

notm,t  a, Z n, il
i=1

2.4.2 HoENA W‘I?T‘M (travelling microscope) f#L¥
2ifSware foe@ )

@ @ AT IR WA (A TF GF AN FeF (e
ZH | TR0 BN SRIHIR PTSEA $UR QLY S Tutd
BoR (T FF ©nd (NS T (Fig, 2.12) 1 sorexit sieins |
& o wqdtwaloer S At FINN AW @R O IYH SHd
(vertical) (B (AT *NG7 IR | AT BoA P (T @316 BT
( FTAR 7191 ) R TEALTFR B (e O @B oz ( FTAd W)



48 Fiwey eI

(M & | ARG N @ ~rewd P fonftee oo w3 ze
O OieeTH O (6 &R TEY R *15 (reading) L1 «am
R POF TN NI P @ @FRIMIANT P @ P =it

OI‘
Ol

0 fsany

74 e «/A

z d . /, Tt
_4’.P.// (n) {

= P ’,?

JT3777171777771 171177171 /17

MNCTIN

Fig. 2.12

(7 AN @33 (FTFI] FACE RSN BT GO (A | ATOACHR
TIFW O @R (BEA M L' | OF R TR OO e 5%
P'@ FRM I ZE | GTOHCHIA IAEE 9 0" O3 CHER
5 L |

Woyd L' - L =d =S Toiqel
R L'-L=t=9g% TeKel
woeR, ATSHRID 1= &E 2.9)

@A R Afos were IE oS @i eiTew
3 *Ma Tre TR | P ozl wnm ouw Tite 8@ 1 oew
B SE A (7S I A, GG SAET SCE PIed] AR
sfeam @1 2o g wem =t @1 IR w3
I |
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2.5.1 felers 3 fereraa ag focy wicons <o

N TN GI TE IR SAYA AEIRT AF IS
(inclined) €32 SFSEATA (edges) *A™ET FH AT ST

Fig. 2.13

fetersy (prism) ate 1 enfwely senslaEm faxirera S@y
T AN E TUGW WS 4GEIPTS  FETd (AN I ANIAH
ATBATAA Vel Tom (Fig. 2.13) 1 snwrawsfaa s w0 W
AT TAGAE (WF FACA @ 19gFFT (g9 (triangular section)
*lem T4 NS 2@ (zw ( principal section ) 3ger 1 Fig. 2.13
€5 ABC «af6 2¢iq czv | swansa Toem o fory wnvifes
oA YRS WF «F P9 ez fels g3 1 @ qf ooe afenzs
&1 (refracting surfaces ) 3(d | afe#AS oorea osfe fawa
@@ (dihedral angle) #ATe®™E @9 (refracting angle) A |
sfornes @R Teorts go @it oW (base) 781 23 |

faeemend qE W A, Avifes b Tomcm wE @
AACZ @513 @RI | IMA IAT QAMA NI GIAA  (mono-
chromatic) 318 331 |
Fig. 2.14(a) (¢ ABC 2w/ (2% WA a0 PQ, AB @ BC
oA ofeqe zwEz ! RS z@ faofw a1 PQRS AWy ST
PR o1 | TomrNy  afeEE  SEMiL  RTAEI WH WIS 30,
4



50 st e aw

2% ore afewarer T @ pie 6, zm, fooly o afewmewm
¥ R Pl M ¥ SnAIe [0 T | FEA A6 givex iz
3=0,+0, (2.10)
=(0,-0,)+(0,-0,"
=(01+0s)—(01,+02')
LILQA= [ LRA=90° srs«d [ QLR+ A=180°
A= TostR afenrms @@ |
fog 0, +0,'+ LQLR=180° | 3ywai A=0,"+0,
o] 0=0,+0, - A4 (2.11)

(b)
Fig. 2.14 et smeens atag eifewze |

ol Pz el 1y 6, woreR AP woeR @ 0, ¢F
TR R w1 Tafen wisrew @iem s pfe fafen 39 23



e o afewa ¢ AT 51
@4 FTW SRR @191 0, Geof EBi (Fig. 2.14.b) R {5 @
6, TSH] 1B » .

o] OE, sinf, = nsin 6,1 QI n= THEN WHHI
wetHs afems |

[BIFETCAI T,
cos @, d0,” = ncos b, db, (2.12)
faely &, sin 6, = nsin 6,
woql cos b, df, =ncos b, db, (2.13)

(2.12) 8 (2.13) (A=
db, _cosl, cost,” db,’
df, cosb, cosf, db

g 0,40y =4 yeare df, +db, =0

do,’
aR aﬁ;—,= -1
doy cosf, cost,’

Al di, = " cosb, " “cosf, (2.14)
fomsn 57& (minimum deviation) :—
fafen wiereq @ pfe A = o T| @ @6 Tao

wi7ed @a pife fAsew 271 Weed @19 SR (W@ ABRE

§1

SmnfF————

1 »>

eim 9; -
Fig. 2.15

e pfe @ed @ (Fig. 2.15) 1 fazown e 35 @R @W
e R 3 fife fawes 29 ¢




52 wiiaely smeRiaEm

6=0,+0,—4A

, dd df, ., cost, cosl,’

T 4, =1+ d()','—l“cos'();," cosf,’
ds

yie faren za 47, =0

e fawew giter 78 g

cost/, cosf,”
costl, * cosb, L (%'15)

- ),
R
@z 76 AW TS A
(i) 6,=0, @ 0, =0,
(@ O0,=-06, @ 0,'= -0, avstg A=0,"+0,"=0
wefie foreaiit ANWAE Fod | HOAR Gk FEHWE TR (i)

@A e (e G T8 @ AA |
5"’11):201’“_'4 (2.16)

Tz gife fawg s @e arena iy o” a9 g4, foem
7 i IRTRE T fAmes ped wawm 1 famew gl
afonas @4 ¢ ANTAIIST AT @F Y7 G 8 JWI HFE I(E |

(2.16) (IF
Oim=0Omun+ A2
O im=0m,=A[2
sinfp _ sin (4+0m)/2
TA M= Ging sin A/2 @.17)

fomn ofomms @9 4 ¢ fqsew gic o, (it (2.17) @3
HZIC S13 2ff SHAE A19i AT |

252 fowras a7l efsfaw a5
Ta wiielan (s wopit ghoargm Taeg s fvw s@m *”
AT W @316 Ta77 efsia uz omite 3@ A @ A |



wrea +th afewem ¢ afemd 53

62.3.3 5 @ rafe wanw fewmr @aes 716 @i S e T
AW AR | WORET 533 WA 137 (€@ u @ T @E
7398 GORTS u 1 S @4 Y U1 * 3 u 8 v 0 7@ w Toaw
7% wias oy aiwm W SR P owielwEn ow «3Towm ey

sifetas snem 781 303 |

Fig. 2.16

Fig. 2.17 @ Fig. 2.16 93 PORS € PQ'R'S’ at=a(a 3T (A&

o ZeR | wieifes abwemed (@d udd, | @ efeps aba-
oA @ vd0, | Tereng Towta afwaes @ 1 GToET weiaes

CFE 4N T3 | Fig. 2,17 (&

QN=udf, = QQ' cosb,
RM =vdf, = RR' cosf,
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a8 t=0Q' cosf,' = RR’ cosb,’
vdd, RR'cosf, cosf,’ cosf,

o udd, QQ'cosb,* cosf, " cosd, 2.18)

a4 cows coud,_(do,:

B wTd8, " cosd, tosh, de,

(2.19)

TR WIS vju (3 41a% 626 S g1 v e u
A ZLS A FCHE,

(i) %W (%;) = 1 @5 qFerew pifen (T =7 |

(i) T4 df, =df, =0 Wi T4 Sioffos ez ANEA |
arwta fAsl ghaspee TNISAE | W u=o @R V== |
AN AP owm e afelan i e MA@ @ wore
@ | S qr SR AMAERE G R IUELSIR
ANRIA IR o GvR (T TF OR ANTIAEA TR0 IS
TG 7R @ CFIFR I &F TR THENS JiTon fifed S
| @S I I T |

2.5.3 ¢z faad@ (angular magnification)
AR (2.14) St @iiors faad
d9, _ _cosb, cosh,’
do, cosf, ‘cosf,’
() e giey v @l R 933 |
(ii) TRef afexr 337 fororesa on wra @faes o9 (at grazing
emergence) 2R I 0, =90° B
de,
Tio T © 9 yliefaais 259 56T A NF TA |
(iii) I SofEH @9 9, =90°, Hefie wwaAl ToiwNg o5 (AT
wI°Tes (at grazing incidence) o2
de, .
ds, =0

e wiefa To 5O @™ A @ OIS GF6| WS 7Y
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AYI S AN | Taetar wuw oAfeARE SAd AR @bl
Tarba Te & FNA |

@ e (1) wroen Tawad (afenms @@ 10° 7 @t /g )
(F YN TS (19 {7 I gfe wioifes ahn fomn o@ em
#wend (at normal incidence) #TElg, ©IN (A8 @ §ife
d=A(n-11

(2) Terom zre Twefw aber @ @ 76 T »

(3 @3t Tegmm efems @ 60° @t efenais 1.6 ;
forrag Toog faca Tasf afn @ o & woreR @ ad A=
(limiting value) ¥9 ?

2.5.4 farmy waets feres

TG ARTS; 73 NS IR I T A |

() %ol fRoTa s 4req ecast weite SeaRsefal S See !
3 4TS SACAY INEI SLAR  AYISIO ATF (I (5] ASLAA AR
NGR MF AT 977 A G A% I G (7 193
A I5A 2MCST T4 ACF O FIBF #OT T4 IFAR ATe-
FAR & @IN9% 2ifelaay §i% za | Tamars wolq fzang akTd
3 28 Wil o sfeveras qam A wea Tagw vl
QHATR ISP AT ] |

(i) fagas famr—Taten wdfa swens Wk Tafen oo
gy e fafen e Tagrs awa Taem 3efidla (spectrum)
A8 @ | @ @R IRINAL FCEAGA] W A T |

ftera ol

1. 99 ofesow felwn (total reflecting prism) :—afs
@315 AN FaTaag Tores (Fig. 2.18) | G% ANSA@ AT
N AB O FFSNR *(BLA SIA (W 3N TSR T A |
fogmr Toor momfie @@ WrARRTM BC o 7wd | AR
SSH (@1 45° ; ARG I S INGT AKHE (I (0,= 42°) (T
Rt o wreeda o sfewem 2@ BC oA afewiae
i AC OFR B eI *%R @R @ ofema R -
A foored AR@ A TP | GIMA  FANSAEA AR (IR



56 oSt WaRFiaEW

93 AB ©FR Bvm ewem@ wWefee Xm wian @ae aiore
T W e TeEElt W3 wiw W I W@ 1 GAR AW

Fig. 2.18 = zifewsq fomm 1

ploiza 90° 1| wofter @3T6 (3t ze, aifeweta -7 afeiae
GE@pAe  (inversion) |  aFic AN Wil W@ @ @

0.90°
e A
[ V4 O == b!
L *
. a'
450 45°
(Q)
4%
/ ~— 0

A <+ b

> b'
- l a'

45° (b)

Fig. 2.19 (a) ©m® ferem (Dove prism)
(b) =, Terer (roof prism)
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ARt c wpEa e efsfaE e g seENe 28 @
T QR0 TR | Fig. 2,182 (3 (4 TR @ IQINS (X
AT TIFA (R2, T|Y (207 TIEAY T |

2. offSfag A4 s fogw a1 aafldEe oo
(Erecting prism) 3—

@MW 2Toia ebia A1 o 93w Taew i o &=
w (Fig. 2.19) | @8 %3 ©@ I I@, @ pfe N 976@
(Fig. 2.19a) @3 180° gife wibea (Fig. 2.19b) 1

¢otical f@lers @@ (Porro prism combination) t

e ANY ST <@ ofeidd aEE Srd Ty oW e

501 I A0, o) 6E NE A 1 @ 58 GTEmns ) o

Fig. 2.20 (a) comean Termm i |
(b) @it FitiEss ferem |
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fagm wmfe W @@ edrm afsians spari oe 3@ oen
1/ (Fig. 2.20a) + &d=ta (Binocular) 98 AW IRT@ FA
FH A | GO (TTAeed Asoitdss Toierm (Kronig erecting
prism) @ 3IRFA I W1 @2 Towwd @ wels oG T
yfowes (Fig. 2.20b |

3. fwg ﬁ'ﬁ?f% f&qu (constant deviation prism)

QW A S (@9 I &R A @ AR TgTe Temm
AR SefEates a1 faten sigten T AR @t
F I | @m@ﬂﬁg’{ (a) YT o (quadrilateral prism)
(Fig. 2.21a), (b) *9ge To@s (pentagonal prism) (Fig. 2.21b)
@3 (c) A feierst (Abbe prism) (Fig. 2.21c) Sracams |

fpfe o @ B a0 7 @ 69gT Teagrag (Pellin Broca
prism) @@ @G Aea 3w | @2 Teemicee Teals fommag
RIS @ €@ @S A ¢ qi6 30° AN Tags ADN e ABC
aR 9316 45° R fags DNC | pg 3G Terey 4D
e Doty @weroira WSS grnce @ afoqs abw QR, DN
ST AFONR (27 Az (Fig. 2.21a) 1 W atafs ADN fewom
DN & (3 &@FeN] @Az @3 DNC fergrag DN @& &9old
g | DC wm wrewedl o sfevaaa #@ RS giw DNC
foreaa NC @&t frca swei fasfs 203 «ag ABC feietam AC &t
M SR WM I AB oF efies zwa ST ~wa faofs 3
@xg ADN @ ABC foosen @33 399 &R qIw@E8 Toeed
foe@ wmaFatn QR @ RN IUFWE i AN @ BC g e,
GG SN9fSH (19 L POM = a5 @l L M'ST =0 |

0 fa~rs fagife =6-30°

R T2vs f3pite =90°
s Tavre fagfe =30°—-6

o9 @6 TagrTe 6 = (9 —30°) +90° + (30° - 6) =90°

M AR (A PTe o, WEA @ 037 Tom TRmeiw am
frron pfen waR Tpfe wven w1 3w @i B
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fén o A | Wi @UiTA Wil felwabcr fawss pifes
AT IR 7% |

(0) TN - T foreest
(Pellin-Broca Prism)

[a)
T (c) T TeresT
(b) RZH e ¢ ( Abbe prism)

Fig. 2.21
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ATSHIY S8 3 CATHIY ATHFYS

( Gaussian systems ; Paraxial approximation )

3.1 *{{e#®| ¢ ( Thin lens )

301 (AWM @ II A I @W TR ufews
TONE Y6 @R W MM ] AW CR@ (R TR (@
A | AR @R CAefa (e g 1 @l it weR comety
3 @6 o6 (MeT @ GJT ©F e TW TR (@EIGE (A
@™ (spherical lens) 3(A1 1 @MUl ([@&@WIPIS (cylindrical lens)
@S 77 | [NFSMR M WA AHRANSE (FFR TS (AR (G192
@R |

@ EUSR TREWG GO APERLl Y OIE O@H (oW
(convex lens) €3 @ GEHA NIXWG 7 LATE (NI OTF
BIGH (AR (concave lens) 3@ | AYIATONE @ T OIS
sTee (thin) @ 7 I9W OR @ J0 | @3 o weats
A STEABA I A | @I G2 OER WIS (AN 7N I
fafen qarr @™ Codt 31 3@ Fig. 3.1 @ o warer oot
@™ (converging lens) (a) TS-8&#A (bi-convex) (b) ATEH-Baa

-
;

10) ) ©) ) o) )
o B @
R eow -

Fig. 3.1 fafen w3 &™)

(plano convex) (c) #fe&ise CaiemRM (positive meniscus) @ T&q
YR SR @™ (diverging lens) (d) ®e-wdwa (bi-concave)
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(e) Fwesm-vqeA (plano-concave) @ (f) esiioe-cuiawam

(negative meniscus) (7 FCACR | &3 MY (c) @ () &R
aafs o Baw ok TR wAls SR |

TR (e Tfed  @WE GOIE™  (centre  of
curvature) @ | AT (@ G (@ (I X TR APTHS
& TR I@S-ANA& (radius of curvature) IA 3T | (R
R SR WONIH I @91 I @ A (@ o6 T Gl
(TR @MW O (principal axis) | @36 @& ANeA A ©F
3@ @% SN (infinity) 913T%e 04 W3 (NHE T97 IF6| (¥
(AT FACH LAY B FHE 24 TF LA !

3.1.2 ANSH (MHY A& S

Fig. 3.2 (3 @316 $o-58a 91 (707 30302 | (RN ST
wF 00| 2 WF @Es A,A @3 43 Tawe cen e |
e oA AT A (T FoR T A | X TF 00" TR |
(@R TRRIA @4 d, (3 MU @IS AR TR AT (@
Tid oo vionarE n, OR @R R TEH S| AAFH
¢ gRey | 43 IR, GFG A SFFHB L A M @AF 9P
Lo Gom ootz | TEEES 00" @A WF A9 SARAE
S F5 WIEIE Fae 00 [T AR S (FFRGOR

3 .
. P ]
~ (o,y,2) Q(xy.2)
» y
. 0
#




62 siwely wERiam

TR | SAFFETE TR @Y d e w=ee + 7wy Twate |
@ E @ I E A T (WF y 7R RHwsd P ool
00" W% WA x 7A% Sieew WAR @R Q (5 oww Pieewz |
SRIRF(D A2 G& T f AN (F 7R GToFW FAE W SNEE
o1 7oy 320 TR |

. A4 @3 SR (li=nd | @R ARTHE AMEA  (OF |
PO @3 SIEReR Tl IS (e GIT6 TO® FPR I T
S TR | owwEs M Tawre wiefes @ efowmrer o/ N
fars ORI efeje 2@ @& SAea Q Tavre cfema 1 @
Afom & SMARRTNILY MW WrRR (WE @ ARM I
weie 5 (F N 8 Q 1993 7% y 97 61 I ZIF I | IR
fog @A 4T (7 (T o (AT M 8 N g I «@F 2
wefe y 8 A | AOH @Bl 4q NI TEHR WA (GEHINE
S| (T IS 7173 | BAAR 76 @R d [y @@ qi6 IR
eI CFCm AL |

SHA] (FHI (LA, y YA (105 [Y=MN

=PN-PM=(d+2 c;) e,

‘=d""y72(cl"cz) (3.1)
TGl PQ @7 IMARFN G = PQ+ (n—1)MN
=x+(n-1) [d-L e —c,) (3.2)

o9 44’ @ SETRY 0 = PO @& IR (A
@ i 7a%8 @8 AN (7S WioFS ZEE |

wefie nd=x+(n—1)[d—};—2(c1—c,)]
x=d+y;(n-—l) (c,—¢,) (3.3)

Q T396a FWIF x, y 6z | @E@W z @ X € pa7 T FaA1F29
(3.3) 7= f3fiS g1 @ R ofope wwed 2 w3 8|
@ @ ARy 7Y 1 (3.3) WA (0F 7 AR ® 2 9IS
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TR SAFTEI TN T 3F0 T (1—1) (¢, —¢,y) | QA ST
3 e (F wETEH | qTAR ¢, KIS 8 ¢, WA | s
(n—1) (c;—c,) 4MIT | INER ST 2 TR Sqoe| wefie
sfenst 21 2 wammeby agel @w O gwe wwen O faw
mm TR @A AR @ ATE G CFE oMW
YCFA ANSRAE  ApWfe oMW SR SR «Ts ooy eifeiay e
FE | @ @F O @ gAw f WA (f=2 CIHWEI @)
JEATE, a F90 )
} —(n=1) (¢, —cg) (3.4
3.1.3 TEAR NG ; (NCTI BAS, CHIFM @ (PN 0
wiefaw afv srma 8o wofla gare wiwgs @als Toq @
SR I WA oS GRHTG X AT Al T (N WA | ATHES
AGe (R (TR 2foe @amed X' (IelE TR @Al
(Fig. 3.3)

Aq TTEINY A = PQ SETR™Ie (WdT

o

-
—— -

Fig. 3.3

2 -

2 2
wefie nd=x+(n—1) [d—"—vz—(cl—- ¢l - 12-

A 4 = (F 0O ATSIE 0 &3 {9
= X SAFF(HI T IPTh



64 FINeE SARPREH

AT x=d+y;[(n- (- ea)+ lu] (3.5)

wefie sferje wawwsfs it @k 0 Tavrs fenrt |«
% @& (@@ 0 WA 7a% v | Weed 2iee SaFwsa 3Tl
Lelimen@-e (3.6)
afe]e SIFHDHY 39T UIvffos @HFFHA IFO! (AT
(n-1)c, =cy) @1 @ IFoR ~AIGA @AY &) e
W (n—1)(c, —c,)-@ @ el (power) I zH | K T
FAOLS 5s ¥4 20 | GUW A Awce 7w | fiewn waw
@I ¢, 93 GIRAMLFA TE T ¢, |
w3 (FAE wHel K =(n-1)c;—cy) (3.7
(1) Bodan @ (RE ¢ =HARD, €= WUND,  IWER
¢, = €y =4ITF JTAR n> 1 A, K =49 R |
(b) To-vEEE (A ¢, = WMEF, €, =LA, ER €, —C3=
ANTE HTAR n>1 A K= 4r9F 3 | .
(c) wAMeF-BEA A (W(E K (IS O¢ FAAGTT-GIGe  (FCH
K 24eTe 03 |
(d) SROH-SEA (A GE-IRTH) (FFA @A ¢, 8 €,F Yi6g
23 YOIF Al LIS TR | [HRK ¢, 8 ¢y AT T Taga
A (EEAR NS ANIF A YIS S 210 |
sfeive; @@ & @@E (Fig. 3.1¢)
¢, AR, Co AWAGF, ¢, >, T K = 4N |
@aTbe (iaam e @ena (Fig. 3.16)
¢, GRS, €5 GATTF, €, >, TSET K = 4T |

7R ¢

(i) R, € R, 3% qi6 <=1 IF@ IS TJ &I

e fh - )
1 2
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(i) I @ e afows n, W3 IR TR oo
n, T4, Q1

K= n_g_... -Ca —r; 'ﬂ-’.—nl -
("1 1) (¢, —-cy) " (c,—cy)

TPIR, AG ;. @a 0 TG wielw @ 0 Ryt @
ofeias | oo Somier s O fawis wista e 0 Taw's
ol afelw zo | e afefas e sfelawa segm fafam
(interchange) I 3@ wielw ofelamm @ WA,
@A ot Sfeis fea eama wieie T | e wifefas ¢ o™
afeian w8 «FETol faves *@=1aq GERAW (conjugate) F& T |

SRt faspaan c':mvl =%+K
efig 3,- —t‘; =K (3.8)
@€ AMFAMGEE WA 7aCed A(eaa (conjugate  distance
equation) & %F |
@ @ @™, T Fel K, TR (Flg - o (WAI + o 7S
@ @MW u &7 & (3.8) FNBIA (AP v ASF I | G2 AAIAG

la) o% SERY 0 1 kST {b) TWR% 23T 0' 1 K @ATyF

(c) THW ATFAT O 3 W &S Q' | K WARH

Fig. 3.4
oM IWR ANy WA wrifeos @SSt A M @
5



66 FiAeE AR IR

MYLe «@iea™ | e @F AN owme wear v fag
TeFoR A L |

a8 AN I3 4>0, T O & S wieiE | GUwE
0 3wz Tute oien SfeXidt a1 NH IS @ @R 7 AT
0’ g afefay 3 (Fig. 3.4a) | 3% v< 0 77 &’ zfelam vy
(Fig. 3.4b) | K =3 wemes w3 Sfefan (o) smive A1ste
A @R afeiE (P ) A T asre *n (Fig. 3.4c) |

Y% WA TS (WF NG @ To@F AR AN TR

qeE ——- =K (3.9)

9FE u < 0 37H o Sietag @R 0 >0 gie o eifela 7w

C®1%1A 495 (focal lengths)

(191 S[Toel FET AA=d 3991 9K (e 44" & Fde: @36
fow g @e sia 1 AvHteE 44T @3 TRV @D
@E1aw (A ZW R (@S (T RS MORE W (AR {qren T
(@3 FER N OTA @B @FRY (W@ W T a8 RIS
wielas e ¢ ofelan @3 Sowd AT 4@ u, v {9 9B
37 (A3 TN 2Q |

wiefam ot (u= - =) ARG @ (s afeiE g7 o
e fe®1W YA (HIFIA (second principal focus) en 2 |
@% fav @ @8 fava qRes Taol 4N (PRI 9IS JEL 29 1

MY % K
(o) oF'=f: gmTe (b) OF'= f'= ‘WS

Fig. 3.5 Txoln 301 @™ |
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@RP AT oF 10 fay (e wm @efs fais T oe e
oK 51 @6l wgal nfu (directed quantity) | 3t FETaN
@@ @R vRE @ufsa e stes x Wesd dAes e
e T SR GFF (T4 AR 0@, were (e afey
YTAS FA | TOFF AT @AMAR AT Al (FH CFRA AR
A3 A 57 @ena Fopefqesr s 2 (Fig. 3.5) 1

Sieiw @ fawrs arae efeiqs ooty 20 (v= = ) G’ o

(3 @AY qLAT (WIFA (first principal focus) @ Mfﬁ“j
U @2 Taw3 qaNE 2ew g3 Ry 36 28 (Fig, 3.6) |

X

3

- - -—
- o]
‘L\<
S

(0) OF = = WINPT

(b) OF = f = WRIPX

Fig. 3.6 =3 523 (HIFTH |

P PRI @R 4NN A T AN 0@ G WIAR
% B TWeq 1 Fig. 3.5 ¢ Fig. 3.6 @ SNl %7 #A3
wien 4 e e ueie q@fe @k 8 saEEt o faies
Fafe | wEn afw oW M @ W e 93 janw fow

I
OF = f= WATIF
Fig. 3.7

feoifts 23 (Fig. 3.7)1 @EAl (# f§% (0F ane (16
I @Oy Y3 wAFT |

R YAR AW (AR waer e fe p wpiieRa (3.6)4
U= - o A v=[" 7L FRH 7% |



68 Eive STEnIREH
1

f’

Vet U=f= AT (PRI 7IR

}?’" '(n"l)(cl“cz)* -K

M AR f 8 /@@ A 3 Ty Bz s wei ey
CHIFIAGT (TCTA GoHCH AT | P @Y I SR

AT THIG TSR
\
% - % ==fi @ [ Tt g cEeet gaw 1 (3.10)

Brigzel 1 @l Bo-Saa ewa @A AR WA 10 cm
(1R O THE 20 cm U3 oA SURA B9 W Sfeidd A
e efefy w23 ;

T SE TN WF (T I, JOIR $-8Ge (A (A
ol g @RM @Ea 4 e fRelm gw @Rem Re
ff=-10cm | @F u=+20cm |

(4 !.._ =-l_ -—_...l_z——..!_
T 5" =720 "o 20

yeflt v= -20cm

Tear afeian @R A TME @ @ (D 20 cm 9 |
SE¥B{cA (Diopter) (FLTA WS

(AT ol AMETS: G0 TN OIS o 3 T | @8

G AW OEe6E (Diopter) | G (@RI W 4 [ &
TOE G AT FAA

=("—l) (c1"cz)=’K

1 1
K = & ORI = ¢ o
f RO TG @0 R G0 s

@ (AERg S =50 cm 3 K:—:—6[5—0— =2 TR | (FATD

e @ K=+2 TEWHE, SR @ K= -2 OEeeH |
(PG (3 FIe| ~5D INHA (AR (FFATG J2FAET (divergent)

R OF f = —;~meter=20 cm |
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3.1.4 oifsfarws sz o

AT Y AR WCHFY GAF SEFA! [IIAA RACE I FOACE |
fa7 wfeiay wws Ooig a1 qree s ap) wisla @nes «3ls
sRe f3% 03 o) T @ 3l 3y (@R afefar ) eifefm-
@IS AR > MY AR ACEGHR ANT WA @R orwi’
g T ©id Ta613 a9a | @l fav wfsfar siewa 33 93 W1 23

R @ IR @I ua e afsian ma @b s aEnm 4@
ool ‘

RS A 2S¢ L «3lo @, XX T 2w o |
(FY AR Q WOHA AR@ @ @W 19y uielar | o@ afelaw
Q' 3 Taef F0© I | WM @RI ANIAE IR (AT or@te
WP I |1 F 8 F Aete @t e oM I @R Q
fam e s ataepy @i a4 T fora @ favts wfendl
SR | Q (0F «F WA AW N g §6 fAreE afw
@(g @eNl TW | GG Wewg FAMAF QR € WA OF 2w
g0 @ fra Tz 1 ofefas s QR @3 wRE qfais

Fig. 3.8

Taol g4 @RIA F' @ 99 fieg aR @x OF @3 wera qbafs
R @A A AA ! @ gl abm @iy Q1 weed
0, 0«3 wfeiag | O @ SFA T2 QP & 4R Q TS
Q'P smUAFEE I PQ e P'Q (v 3we™ y € ¥ (Fig. 3.8)1
41 T OP=u &3¢ OP' =v | Fig. 3 8 (AT



70 gmfsety wRaARREGH

e YV _ Y y _ ¥ . FP_nP_PF
¢ =7 &g V., ,=-2— [ FP=0OP-OF
R R e
[} =u__f
@} F'P'=0P -OF
N O / v—f'
OIR == o = - 12
TRy =™ 7 12

593 ff =@w-f) (-1
w=futfo=fu-fv @A f=-f

it L o=— - (3.13)

@ Mg Pe P fawen SRa @R Q 9 @ st favEn
2 G OO wTEE GRE 1399 Wo «F2 HA9E (Wiwae 3.10)
OTA 503 | Wedd 3.3 a1 3.10 A¥&is #e wRa) TavacEd
CHCa% @S | P e Pyl g weEal 3 27 °@ P favre
4T BF AT BTG SR GG (3 (@ 1A Sl 11, P Taers
AT Bo1 GaTES 20 | AR AN WY T TSI IS
@ @R RewAr il wals AgaEs g @ (51 SN W
7R TSRS AR |

oo fda¥a ( transverse magnification )

Ahwge (3.12) (A A TR @ ¥, y (AT AT (@G S
ME | TR wfefary faadn /31 yly @& ST e

faad® qen 33

GLEREGEL A e A
B¢ 4] ¥ 1 p "

(3.14)
1

@ .3 e L P=L
fv u

7

8o-388 (@IFT (WA u=yIs (SR 9 Twd g0 ) @R
U GA TR [ @ A (@F (@ e v wielaaic erw g
@I A e A v TN TE @R S <r<o TR Q@
CF m= NI | @ AT {6027 MR A (¥, offofas wad
(inverted) %3 |
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‘Wi&ﬂl’ faada ( Longitudinal magnification )
AR (3.13) Tr® WA (differentiation) &,

0= —% dv+ l du
e 2

u
. d'v V2 v\2
wie Z=v=(7)
TF WRA Sielaad ad du zeel. afeiawd idl dv 3R
dv 8 du 97 SPTEE SLTTT faad® 2t |
VRN N LIC
vy e ' = &< (2)" = m (3.15)

e TR AT (3.14) (A0S (TN A0 (T A4 SCHT AH
FTeNd o138 @ Taniiass ((wo-dimensional) sitetacas afeiaats
AW SO A ATSNR AR, TawiTae g «ae oifefan wisiams
S (similar) E@ 1 %Y ST (6 G LS AT |
ST F (T ( optical centre )

(FES (IR OCe (I AP Wioifoe T (TR W fwen Peew

s e v ivfos atag ANEAE ok [Wefe 29 R (e
T S A @ R oW WwE (2% WA ORI

Fig. 3.9 O W3 (35 |

WCMT (@ = (Fig. 3.9) | TR Wwand (@®w3 a4 f7ed &8
A aPn T O @ 1AgiTS & A



72 ety e iTEw

@2 e @ INAR FE @G AT @I 757 T2 1

TN (PSR (e A 19 @ @ faqrs @R T2 A
@1 KL |

COIFN O 2 @I YR Wi W0 24N Wew A FHOIE
@ ATSH I SNE GPIFEA $F (focal plane) (A | (BN AN
Fmere ICHFI AF 0 @9 WI (G0HT Oog Svifow @ @R
e @@ Tare Wit zia (Fig. 3.10) 1 @@ TG erm
iz Oo TS | GIR wee @m A @miy fatm At

Wed @ A Tewme B faioE @ alwagren @ue afu
(chief ray) | '

rmmw:m
|
— - Z F
=F 2 1E ST T
- l
//, ~ |
f— )
—
/
LUK

Fig. 3.10

o s wedE @ Tods abwes Sebea @iev s fuc
TRR 7 (@ @GR oF 3% @ e afert 2 »

fotes afum siefs

AT IR of@Tere, SR AR@ WS @ 9IT6
Tava wzmgw oW AR afelamg oawm fam 30 9, @ T
s fryfs fqdg 3@ wrEr @ @W RNF AEr | T
@ “&Ts A I OTW A1 BRG @ SFiere IR @
fayfs e faow 4fs P s e z3e Tofe 3t
METE® @] Wi (R @R siatels S @it wiigEt | w
% P, ofeld 8" @ QW @316 fag 1 Ryt sewa @or
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@W 139 zro W@ wewd AR @ Tawe o omE 1 R
P Ta~i6 (qF @ @ 16 feds gt PR 8 PS e (Fig. 3.11)1
@3 46 abuq el atuen aie s’ afefa @ T e
A S @ wEE AP @ s Wlee g o8 Rl
P w3 w@al wefie P «g afsfaa 1 fwea PR < PS 3iug
wRm abn faefn s e

Fig. 3.11

1. 2K % XX 0 g9 | 2, SARR@E 1908 o4 S0HE
aves C'C 31 2o 1 3. fasly v FRM o6 BB I T4 |
4. P 37s (¥ 3W @316 g0 PR Rem &1 5. PR @3 @™
PR oW At TO ORI %@ W BB e F,' lawre @&w
@1 6. RF,' 78 I 3A%e ¥ za | RF,'P’ aMais PR
A RE | @erd @ @R [o4 AR wmaEt abw fadfm a
TE) 7. P (@ O (@A RITG AW PS (Ren T @R W
5s 8, 9 Taga PS «a wigadt afa SF,'P' fada 31211 RF,'P @
SF,’ P’ qt=eg P’ Tawis Wies ze 1 P Tay P famm eifefqs
Fig. 3.21ts 1, 2, 3-- 9 samffei =) v@ feom@ P’ & fafa =
QA& O YT |

3.1.5. 21®&| (ACHA ANAIH  (combination of thin lenses)

9T o @Ea @A 219139 qdy 32317 @ 798 Aietes
@ (AT wmTeq A @ 243 @ AR GIYIF (@HT AR
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(RS (1 WY V@IS oA | AUFE AW (S & afela
fafa 3@ o sfchmes +mact @ wielar (g a1 oo )
TP e A @R 93 ‘el @A or efelaw Ty Fe
TR, O] TR TR (AT T @3 HaTe IRAR 20T
;a7 pure sfele Tadn sate x@ 1 qowge «3ft wfemst
@S L, 8 «F6 TR} @1 L, @9 F@IA (F0, THIFS 149
P @3 ofeiay P’ {3 3 Tofs atwa smicts 9@ &0 3@ @l
@Al 26 (Fig. 3.12) 1 @td F, 8 F, 3@ L, 8 L, FTR
A 921 (PIFAET |

Fig. 3.12

AAZH (¥ (equivalent lens)

W GFATRE (W 337 AfoieT oW e 1 93 @ T
AR ARSI 9IS (&7 JIT@ FF % @ JA eifelay
aFE TEME WN I AW «de v efefaw Taadn w3g s
TR @ I A G TR AN (AR T T e
@R GRS ARG (P w47 (equivalent focal
length) e | HAR ARTR CHE SNA TG (FRW (05
ool 33 1
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(a) MM#Y (® HAAQW (lens in contact)

716 SiMeel WH L, @ L, ST SNcx oAl AR | @R
76 *meen @ SR e (@ gl @ e Aeies «dl
I O G TR (@W | GRS INEET  TCFF AR

1
Liite
A

. 5

Fig. 3.13

(em za 1 Purwd Sein Ry uielam ) @m L, @@ o
sfetar P’ favts B WA A | TG @FA L, A4%E 5G9 P’ @Q
ofele a1 za pore afeid zwee P a Ly s L, & gi6q
T (AT JAFT f1 6 [, | TR
1 1.1
v u f,
111
e v f,
t1 11t
@2 716 AN (AT ~— =7 +, = - (43 T (3.16)
v u fy fo F
AN (3.16) (A ™D 71 A% @ 717 O favre F e o
@3f6 @FF (@ P T o feiam P oare3 @ @R TRE

v . /,
m=_ R AR QA W @ R AN @R

@R S FOd (@ma
1 1 1

= —— e

Ffi /s
Woud NgE @GUHA Fel K =K, + K, = (FFRefien  waor
TS (3.17)
TP AR CHea AN (G Fovel K=K, +Kg++- (3.18)



76 NS ARG

AEN R (FE, WS @IATAZ Fio/© @@ A @A
(TR v @ T IR @F A @) G G AP (P
e FBRIIFT IF AR (T A, 2feiw uad ey 2
@R fRRe ATW TR | @R TEe Wﬁ‘f{éﬂ'@i (perfect equiva-
lence) | O& SFF AANIZ GG (FHFA WG AS (AT 77
FIAF T TATSR T INGA AP (FCHR AN IR IA 54 |
T Gy o z@ f8t e aiw dwpA wAe: Saal

(achromatic combination) |

BHeel s @36 Bew @ew A Tres 20 em @ W @
e o ofelg TRiME 30 cm W3 2@ @3 E IWCA
@36 oferrt ¢ worRl (ErE R TR AT FAE
TR | OienRl @EEAT WNE + 124 GEWR | SRl (EIE
@R il IS ¢

. . S S N U B [N
GFF FATA FI K i 3_0+56 60cm 3 TIRCH

wieARt (@ A K, = 337 TIEOR

oo WY @ we =K, =K - K, =237

3 3
= —4 TEWR
HRR WPE @R @R (A = — 120 ~25cm |

(b) TAHITH AU (ACHA ANQAIN (lenses seperated by a distance)

@1 @ L, @16 L, @A @y A1 TR Tghl 913 wng |
78 @CAR AR @ 0 ¢ 0° @3 N §3IW a | FASHE AR
$Fia~, O (s 141 24 (Fig. 3.14) |

PR wioffos @W 3fw, TP o S@a atw | (&8 FNInad
g P fawre  efelaw zumz | afchkem faedi m1 ww@=
@ G (A AR @F2 anens 8 o2 {redma aifefay fs
AW A W @ E 9R R ool (oR @
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SR e G W e @€ QS el am Rfis

(restricted) | @M TaRde W zree afefamr sRwW  auce

ty | IR T
‘L| : Lo
R ‘ T
| ~ T T~ — X
+ == -»>
P £ C p' Q' P
1 i
7
| %
®
e | LN
u i 4 »!
!: by H Yy M
a
Fig. 3.14

Tz | 4 T3 C fa%(s ANGH @1 R Iq0e (9347 AW 2X
T svee @eR owa afeian 28 Q' faws |
2N 75 L, @3 CE
I

s
Toeq 2o @CEE T m, =L =1 (3.19)

@A Taeld ¥ @em rinE wmal £, e f, feraty
a1 ol @ R my =, = I (3.20)

v—a fo+v -

N
@q ﬂmqﬁaiﬂ m= m1m2 (u +f1)(lu _a+f2)

= ?fz 7
ufry _
("+f1)[ itr, 0 +fs ]
= fife
u(f, +fo —aV+fof, —af, (3.21)
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1 1 1 1 1 1
TG (TR (. o, — = = = TR = — ==
‘ * co Cp F Cco Co+0P F
S T T
IRy ax F
gt e T M= Y- (3.22)
NG (A AT (T, M=mznxll ’.L_
segq Y-XHE _ufi+[s-a)+f,fe—af,
F .1fu
1 1 1,1 a a
Tobd —u- xX= [~+-~-2",)u- 3.23
s pu-pre (pepoS)u-f G

@8 FMeael) u @7 SEE S S R SR TRl 9w Ts
Fren (identity) |

A T T
AL A A 3.2

@ x=%F (3.25;
Ia

ANGE  (FHA (TR G (3.24) (AF TS AN GR FHAAGHA
@6 2w @ (s F wae 4140 20 0
J2

ANgHA @ WA K=K, + K, —aK, K, (3.26)

Bhigael o qfs s @f6 AT e gfoR W q@w 20
cm ; Tqely g2 wRm mdefa gugm £, = +20 cm @ f,' =
30 cm |

2o @A 41 faes 100 cm 72 10 om SR @G 73 00
o/ 2Atsiay v9 3T W ¢

NG (FTH (RTIP FAT
1t 1 _ 1
F 20 30 20
it F=+20cm
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L. —20x20 40

AR X —3p = - zem

AAGE TS FS AAGA (T 7% iR @ VT
11 |

V u-x F

11 1 13

V730" 1004403 20 260" 26
wefie ¥ =26 cm

- 4
AR HAN @FH (I eV +x =26 - —3;0'—"33§ cm.

v 26 3
s M= Soosdo3” o

wefie zifsfan 373 7, @4 @ s @6 1 afeiar Ssw
@ 3 cm |

3.1.6 AMWIAC A (Fgwz (SIS NG AP
fafon »1efS |

(FTH ARG IS (N 6 @R s [dW wue A G
5CA 1 | ISR (@ NS AR *@Te obiae Oig onwd s
BEAEs T —

(i) U-V #afe |

(i) 79 *@mTe (displacement method) |

(ili) AR *raTe, ALES (@ A FUeR TR |

(i) U-V ¥&fS:

@8 *@Teis STeHR (FoR oFa wFIE | SNToIE (A
(optical bench ) fafen Bme *7 +” yies afe, wEa®




80 eniwetE SARiEw

(wire gauge), Sfewmt @3 @ *1 @em za (Fig. 3.15) | o S
weet Toice Aty SAries oreTier at) =% afeiay 2w @

‘ ! 1

T ou,v EEfE @1 (FA @ N Q—)-—];=j/;ﬂiﬂwq
o fozr FTINE A [ &3 T PN AN |

SRETH @ o IWE A I P8 S wiwe g6 Tow afAca
g *1wf®7 (parallax method) szware erfstace g fef
T | GO FT YIS 6 @qD |

bE® (IR &l fwe k@ SIwea oral AW ) fatem gaeR
SN ~A™IC3F ANACH AF 703 Aoz | 441 I S, S e S
fomfs sme | S', S-99 (P Feg. S, S-aF T FA | 4 TR
G bR NG AR GBI | w2 @ 3 OREE TR

aF JANy
Q /’ -
nS ™
Q.“,’)////_"S‘" o -
&_,-—-— -7
PN ///? s
F< oy
2% S
9B Qg
X\
™ (a)

P y—
i

Fig. 3.16

(Fig. 3.16a) | | g S~ #esies " @ 4 s o@ §° =
OR ME MW TR 2 51EE, ¥ TR, S, S 6 S” «3d @
e | O 3 SEE S-e3 AHCE N R S Fiws om S
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TMiMCE ST | St TN G | (ATF 3 @ qMA O WA TR
S-43 ACF S' 8 S” qIbR A . S M A (AT TH
e wefie G619 @ Tass siwe o M, W@ §7 T TRIRE (AF
iz wefie 611 @ Tt s @i fevdte T 1 o190 @ o
(AT TE @F AN FAXE 7 (@GR 3@ S-97 ACATF PR B I
Q @ RS (Tl AE T JICS TR @ TR G @ e g3
Witz | G @ Tare wace Q 7 (ATACRE A 3 Q, S T @
wig, a% TasEts fre @ w3 Q, S-97 (WS INZ g | Q@
S @z W AT I [ QA JICS LI TA OI G AL |
Tor qats 416 37 Aeeat we{tea SIagW »(1BIs SIHd WK (4 SIS
oS e 28 O §IR@N (parallax) T# | @ srters 4o
TR T FINTG PR T @6 G O e I 19

L sfesah st aa (Fig. 3.16b), Sfeiaas @w f-a (S
@t = @35 SR sy Taw Q TS A | (o1 L (0T Q IF W
e G0 fefa 0 28 o S-aq wzea, femites s free 3
ToFA Q 8 S~ AT &% N7 ToHA @ ¢ S-q7 Ty o AR |
Teg 397 Q6 S ANH 707 @1 FMR, @ ¢ § T @Y WW, OF
Q€S @F3 FF R R (@ §IOET qFE A | @SrI T
S-97 AZNG Q-aF JgW Tefa F7 A9 % - :‘ = 7‘- o f
&7 W *ne JA |

(i) 6 RS :-—a8 ~raled RIS Za, AT € WH
g 99 A O W Gae oned it IREA M %
2iiaE A Z0E | @5 AZCEE oI A AW | 4 TS P TSI
( wTenire OF Eie ) 8 S Ml | PGS S@a R D 8 @
L &8 7% x (Fig. 3.17) |




82 enfaeln SR

W v=D—-x
U= - X
1 ‘‘“ 1
WOR Pt
Se@l x*—Dx+Df' =0
@8 TTe TR WWH FNA x & §i6 AW *nen I

D" —4DF — ~DE—aDf
x1=D+ JDz ADf w‘,x’:D vg 4Df
FRR, x, -X,= JD*—4Df = A

, D'—A’
JeR S ~4D (3.27)

@A (Y AR @ D* >ADf" weik D>4f w8 @HA q1G
R v % afelm se 1 wnfiam @ erente e
e PR @y, @ o fone sl ©8 41 SeEm Tl @
T &R R SRR WA ¥ AL esa (3.27)  @F
S onem I

(iii) AZNFF cOF 1 wsflelm *&fS (method of auxiliary
lens or mirror)

SRR (FTCHA (L SR iaTosfd 2ERS W8 @A SepTR)
@S FRANEE S R o W 1 OORE @RM MdR TSR

1

S

I

!

| }

‘ !

Q

|

|

. |

> U |
2 v,

[~ ]
x 1T JTEE 2y IARE
3 X2
Fig. 3.18

AT AR (I SR heAreid (w09 TadE I3 A 4R
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TR TR AgEe (Foh) 7 o Sert @l L1 weiiSne
@B MENFS SRENE 6 W T L' AN T& | ST
Al orEnier @ wfcfaw smm @ @ | SivEE QU9
CATE 2 SREW x, | G GPTRI (T L' 8 AR ST A1
A | (B OR SREW X | SR (618 9K F0a ool Wi
S TR @ A | WA TR R | AW i AT e
ofela *nem @ @R x;, SRWE | @A Q' L «7 wieiE
@32 Q ofefaa | wizt=

AT (A /7 viem AR | @A 0> U TR [ ATTIZR |

@ :— IO 2TEH TG (FHE GO FAAEA wofio| ToR AT
@A | FAoE w99 Z0E 30 om B @3l T e T 8 W
afelaemm M @F 7ioEm at® W1 (G0 (@R S T ¢
w8 (@Y N(PEE T TweE v I 2 | IR TATGE v
60 cm Tom qwE Tom e TR efefarar wa qidaw an M
@HR WEen @2 w@ ey wegfer g€ e 19.8 em
g oo F5 -

TR smiolen AR @ @SR @R o 4e®
YOI M w1 ) (et T afesTe  @F [ |
ISR TS @UFA6R (focometer) IRTR 3R T |

3.2 @ifens wABare on (Symmetrical optical systems)
W T 317 @A ACHL AACE AT 38, TR o NS
@fens ®& (axially symmetric surface) ate1 | Forfa wwars
i, oifcwss ¢ afiois oo @W AW s afeomn %
(axis of symmetry) @63 Z¥ e Tafen wER sfewmn o
BTG S AT W TR (R AT @Afenw weBari on
FE | SeA (EE (T GTIN @I STiEE ©F 1 efewm
wfoe orae fafen sfens oo @ (onefly 20e8 23 @W @
Y 8 | waeie Soamei@ (spheroid A ellipsoid of revolution),
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wiyransd (paraboloid), *RMN&E (hyperboloid) 3 INIEINE KT
M@ | e vy o ofows @uF wefiEE o o SWRRe
TA G G @ 2ATeAAT Fhg AN 77, IREI OF (A
ETHR @wd e afenass etz Ons s fAmims en’d
(continuously) | @ #3wa =feww w©d, (FITA TR AT
o 135 (A0 97 «F 3y e g g TERies e orsE,
TRIS & ABARF WIT | e qAibwE oua afeiem TR
Tagals o G ICEsAl I3 | '

3.2.1 MNBMY SriAwA (Gaussian approximation)
@ oE Y @36 afodAven TR ATEAN WE TR XX |
6T wpa gatawie afonm weg wwiay (Pole) O (v qmA

Xl

Q
Q]
x Y x

Fig. 3.19

FA1 X TFE XX W@ L Tt qeed O [a9e yz N
ool e | S OEE O P (@@ [ (X, ¥,2) | W% O
P @& @AY h=(y*+2%)} | SA SCFA ALK AT gems
hos| A x 8 7 T@ @R x, h & &F @A AT
(function) 273 |
@ TF flh). h a1 @R afem Seerws | fih) & haR
ot coeft T2 @ I
flhy=ay +a.h+a,h® +agh® +ah* + - (3.28)
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fin) afeww A
Ji=h)y=fh
wiR a,, a,, a; B TREwARALfER T A
el f(h)=a,+agh*+aht+-
AEg X, h 97 @3t afenn seoms, onge
X=a+a,(y°+z¥)+a,(y®+22)%+..
Fig. 3.19 St =0, x=0 9 g,~0

FICET3 x=g(y’+z’)+a‘(y“+z‘~')“"+~-—gh”+a‘h‘+

QTR 2-97 SR 02 @ T

. x=§h2 + OhY) (3.29)

@ ANB 70 N @3 9T€ 4 ) srerfes, wewd ARefee «3fes
A O(h*) T&m T& | 3R WATGHTA wrad Bram (aperture) &%
@B @ h @34 el area smfa asel wEe 5@ Wi
I O(h*) @ GLo1%) A1 919, O

¢
x=$ s (3.30)

oA M ¢ T TAG] WHEIALS 399 | AR efem o
aewa wnigwies agT ¢ O TN, @ WITHRR SR N (@A
o1 AR AL TR BoETS, DTS, RIS A S
@ @W TR (T Al (I OTHA WEIIYLS IFC ¢ LA SAR
FABRE IR ¢ IGOR OIG (AEy TE WA ¥ TR &
opmEE O(ht) & AW (e T SRS WAl @Y ORI
QYRR (First Gaussian approximation) 33 |

o foy efefquan efef: somr 81 @ oW Ty
wiefas e za 1 e afens Ssive oEg Bor Seites

+ Trretas, 14 e (1777—1885) aim <wiefan @ camieideam |
olrreg e wofteme o afafes faremre $@ SR STENaTss |
EH AEE o1 e oRE OReLTRe INbagEom” 1841 YT
2RI T |
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SIFFHIG (AT R @R wvfoe wanEs ¢ wnfiwE @ «ag
wHd ATE Afern z@ L SeiteE sy s afenRe e
afewas weie (7 oRR fMB Aige A1 @n. Tasfe crwwsite
& @I GLHA ACACHE @AfSAN 271 Sy wwEmmA @B
frsfe Sarmbiors @it (Meites S WA @ @re MA | @d
(AR @Y @ afenm owwd Bem st 1 wewd fAefe
QFFHTE Jwa Fow @ favee wfert a1 @ T zpe SR
TR ORE @A AE @ MIGHT AR WG @ @W 139
wiefqan efefanls «aBaa vy 23 e © wwr Gomd
R | ‘

322 fadim NBMw wivwss A TAPW  A{AHAS
(Second Gaussian approximation or Paraxial approximation)

AT WA WRANA oS TE SrWH -y
SR I AR, {16 cwa A 9% I 2@ fH 0 @uw eny
zd, 3y wielals afv wwg 1 wa w2 @ 79 23
oas & o @it T3y ety afewn weftema
AL H1SA ABA > ARG oG} Al (A (I AT S
*[18y A ?

T
P | |
I ! | o
0

S

| | P

| |

WATFYR T

Fig. 3.20

AB ofenm wofoana wz 1 efeamy o x o q@E
AR xy A T (QIF y, 79 qF P o6 7y wlefam
ool @i fors waEEtT SR @-GW Y (x, ¥, 2)1
G x AMIG p, z, 8 7 B TNSA FA@ @AF 7 ABTA
fofe saxrde »faios 3@ |
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ofeian (> SFFST FHTE AUFY ANPIY A

X=a,+b,y+byz+b,p+c y?+cz2 +cgn+e yzcgzy
reqqy+ -t (3.31)
MG SN SR (7 AT *H 8 2 97 @33 3 TS
6 2 @A @ SUHT TrAw IA LA | GAMA AWA AR I
ovE A R @es qis v Aive w1 TR | @3
Taot AT SmEEN A @Wﬁ GIARALH (paraxial approxi-
mation) 7-(S Y3 3 WO qS 4w I pA@ IR
7%, 5%, Pt BONIWCE A9AY A 4 T | MGAT FOWCNT Sorwin
WANN Stelares (3-@W 139 zte @ Ans ahw weifbene s
[ 7908 9 SR SO WX YT TN (I T AT |

TG x=(ag+byy)+b,y+byztc,yt+cgz®+c,yz+c52y
+Cey

(i) PRt x—y o1 Soad SIFFGT6 x — y SR ACACH
ofor O A | TR CAXFHT APE +2 8 —z Q GIZ TR |
IR by, €, €5 X TR |

x=(ao +bgn)+ by +c ¥2+cyz% +cqny
(i)  wofoaE g zrs TAsfs Saxmsy S wwd gy @

Taom sawesls (g B @b InsTy Wwd g3y fwea Terare
g, y=0, z=0, x=0 203 WA g, +byy=0

GR x=by+c,y?+c,z®+ceny
(i) wferg I3 =0, WM isfaw 3% P wrwq $o@
w3Tgs, ©4F e SRFTI6 (el WfiR x=c,(y* +2%) | TOAR
b,=0 @ c,=c, | INHE
x=c,(y:+2%) +ceny (3.32)

e[z 4y Sy

. 1

~c, [z’+(y+§.‘i g )“] (3.33)
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Az (3.33) @36 (oely oamWSR WA 1 @R oy
CAFBT WO 2¢, @R @ @ T z=0, y=—-i’7— s |

@mewaﬁh«m@ WWCWW @3fe
o eifsfam snem a3 x - y vt (o felxe @ o), x o
i -:}—‘1”27 aﬁ@(rz'=—§};n)u frofs  cawmss w9
¢, 72T TR FA N1 wedR P @ P T wewA B o
VIRGE OIHA AW O 8 O TiEdl 3@ | uiefie OP @R 2feie
TR OP' | ORI AKX WY S1ige @M wielamr wfsiam
UHY F AVONI IATES TR @32 wlefaws oad 3@, R
S {334 2o MR

BT @R I (AT () (0 @, i wfiEE o
TR (=16 20 (2N G AP ) @3 ¢ g MwRE X

( Taol nEsity wrmEw a1 Sorel oW ) omY afelw e
TR | G efefae (7 (defects A1 aberrations) 2™ |

3.2.8 MBI WIHEICHA ATHIWAA (Range of validity)
MEHAR TPIEA FoYF *8 AR 7 @F (WORIG @IV SRy
ALEE I A | MO GPWIA WA AW [Aie O(ht) &
O(h*) &3 T3 FIBT I WG T a,h* | QAR O(h*) F IM
M @ oS TER (R e 94 SRUW a bt @3 | T TR
&3 FAPIE T
aht < A4 (3.34)
7Y R B T (SR WK AT |

(TR LR (LA,
2rx=x%+y*+2*
x®*=2rx+h*=0 [ y*+z8=h?]

=r—r[l ;’ri %’lt ]

r‘»
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=‘.:._’ _l_‘ . _.._1_
x=shitos htt [—,,Cﬂwﬁamam]

8r®
wefie el ST R, a, =§r!8=£;
wwa (3.34) 7T @0 T
jethi<a/a (3.35)

R TF, @I (e TEd @l AW r=20cm ¢Re
A=58934°, OR&
h < 0986 cm
SR h @3 W ¢ 97 Bo RS, ¢ 3° AVW h T INT,
SIELFe h GERIE WFPF 7Y | TOAR MEAT  SPREA
GATH! FEM GO WHTR | @I (GUHY AR 2 cm @] T
IR By A CFHAR. (S |

3.2.4 ca‘tfias ﬁm{ (Cardinal points)
yielame ¢ ofcikuemem saslt [er favr A= fae
wfenT woTEae SEq A S TEA T NG | 9B 13-

Fig. 3.21

offes wwifoans otEd e ﬁ‘q\ (cardinal point) 3 | A
s @B Tameien wcel T sers 233 1

Y7 (P foqes ¢ STeiawems afemmn  wowq Srese
Fiaap SfbaE ©@ oo %, o Wy twew facm, Tesfe @m
7 efclamems wrg @ T sfondt @@ a1 @ fa o



90 gmivet SRR

SR Z0% I WA T G116 oI fROw qy (wrwin fag Fo
@2 T3re SUw AF WO SRS AN O A7 CHHA-
O I | F-@ iR @Rm fave 3 g1 | SieiE-
M g @ favre SienEt 2o g a1 vy @ [y e
SopTE SRRt weioEE o zre wiciatans wowa Ao
ARSI {7ofe 27 &1 T4~ @ 47 (HiFA g F 3 |
@ TAIS -ATOeTT @A YAT (HIFIA S I |

Ty fomen: Some ke wpd Fig 3210 wowe
I A ‘a3 SERE atn o feol g Fwem I F i
I aead, A fayre @ @z b e F faw Twem
Tz | @@ 3Pafs @ @ om weEw Pw b o DU AR |
b8 p FMwaEm @Y A1 AH 6 AH SH-q6 SUw AK
AVSNR IRES @R 93 IHF IUIW H ¢ H' Ta~s @ Iwg |
FR AH=AH | Fig 3.21 (@ A % @ a 8 b Iy,
afsiaveEns 4 favg s g @32 et SR AEE 4’ e b,
TSN 4’ 137 (203 WoiTl T0% | TSR 4 @ 4’ W& | O
WA AH 8 A'H' @38 W@t | 3052 H S H' @ st | AH 8
A'H o 716t YU (principal plane) 3a1 27 | @3 SEofiaTs
wge wEal wieiw 8 afelamm qw [ @FF ¢ 4 S |
ool Gl §FF [l ome (planes of unit magnification)
@ W | H 8 H' TJ9%m3 937 139 (principal points) 351 27 |

HF 7393 299 CRIa1 (78 371 28 @k f Tea s 331 23 |
HF 73%s 7o @M o aon 28 o f Taea sffoe a0 231
@2 72 @R el | Swaa H, H', F, F-a@ Sioies Sases
S oR A 7 g @ f9dr sw o gt e x oowa

YITF THF I9RT TT O ORI GRS, I ANTF A A B
LTl

e fogen s s o oimie 476w fag
A @OE Y, Ne N | @ @\ @ @ e ak ¢
v weifoem o N @z w Toen sefes 21 @ Tl abe o,
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N-g7 5 - coq @ o fasfe T 1 @R g8 Taeqre
weifes @ faefe 3 e wefs Wewd AF WA (@0 IEE |
oo @3 72 N @3S (e fa@dtwa (unit angular
magnification) fawe 3on 28 | @3 78 TaNle WCHA AHF AISTA
w]EE ANGEP (WOIe ®& (Nodal planes) & |

F,F, He H &l A& N € N-a7 B ¢ 3 781 |
Faaag M@ a @ @R @6 Tods a1 930 A @bl 4
TI90o (B FAE | AL, TCHT ANIAE GR [T (TR S
F fa Twta focang | a2 s, F1 R T b abe e g4
@g gPn wmpee N faere @xe Teoly g3 o B Tawre
FAe | BB SrHd ANGAE R 42 I oA I3 OHF B

| ] ! \
|
' AL __ A o 2 e
: a /// : t | !
! | | b3 |
H| W’ .
N T “NY Tet
| _~-"N - ! lr:
//E 'y /_4 ¢ " i
| t | I
| ’ / |
| ! ! l
Fig. 3.22

faqre @ @ B Iy TWd a3 sarea abs b, wwE N
fawto % ¥ ! N 8 N 2w ¢ faoly (o a1 @b
AZLTE 216 A T |

a @ 3t weEE g 3PN g o’ 8 b’ EReTSE F
7% fvea Tonate wro9d b-a9 WA AT @ @3 FNBAE TR GR
B @q wst e BT a1 wei b 3w b @3 SERET
b e b T AR IE, IGE WHA AF SAA (RAIITI
Ne N @od fag 1 1,2,3,4,5 sieqefer faca (A gwae
*7 77 TFers SR 200 TR |

tofus swfecs efefe fafa: F, F, H H, N ¢ N
a8 et Tav @ efewm weibamm sww GNfas a9 (cardinal
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points) | qi6 ¥R Y ¢ IR @-@FW 416 {Fq &w @ @
@ SRR WRE! afeia fwdfa a1 7gq |

Fig. 3.23(a)(® ™A g, F, F', H e H' TN 4R’A 19
IR (@ {379 Q @3 w Taw Tocacg @ww ) 416 atw a e b @\
SE @' @ b AW Wl IM IW @3 Fig. 3.23(b)-(0 WA
e F, F',N, e N' &Ml I W& & 3@ G 7831 @ 48
FFIST FH TS (EHI (AW AWWAE I oFTe ¢ Tl
Ftwz sraten M ey | :

3.2.6 TWYAR AEH (Conjugate relations)

wieiae SRER 30w (rem A afeia SeER (INE '
®l Fig. 3.23(a) 7 ARWA #Z0SE A (T6H TEK | HWS JATIY
AT A1 L TR TR TRE TWEYER GTR 1N I |
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(a) I AW B fem e 3. stelaaans
A ey e 33 @Rl iy Fa e afelemes
A AR 1701 §4 (TR 1Y F - Fow 0 g |

@A FP=x, F P'=x, HF = { @& H'F =f

AN 1[_;%:%? W L - ¥ ; (3.36a)
@3 %{‘5 —-;i% el _’f~—1 (3.36b)
wouq, SET f@Ed m =);;—= - «’i= } (3.37)
@ xx'=ff (3.38)

@8 fiemers HOBCA SIgadl TACE AT BN & |

(b) eI A (AT T3 @IV 1Y AT TR
T AT srmTen «als e ot 2'F FATT JAIIYRAS
wrEa Go@ it wmRat faeqre A |

Fig. 3.23(@) (& P @ P’ &% ©o@ 716 wq<at a9 | @& 78
s AN YT AN I Ze | IAOHE PraTers «rd
FWS x 8 x| wid (3.37) weEnt

X=— ;f 8 x'=—f'm (3.39)

m za @} fayica @ f=d o

g R @ R wwd Bo) SR &% (TG S3A! 13 28 @38 qi0

ara ot TA4R m | 78, o @8 ¥R TINE B 23 I

=L g %= pm, (3.40)

N TF PR=u &R P'R =v

Ot PR=FR-FP A u=x,-x= -;5—+% (3.41)

1
@ PR=FR-FP
QP v=x,'-X==fm+fm (3.42)



94 anfaetn SmARREw
(3.41) @ (3.42) (3
F m™ " m T v=fm
W@l (um—fYo—f'm.=ffm
uvm =fv+ f'um*

woaq L4/ (3.43)

AR Eriee qesfam H e H @ fage, m=1 ax o

LA (3.44)
u v

3.2.6 (FITN GAT/ 8/ &% AW MW

b

I
I
)
l

! i
(n) ) i (n')

Fig. 3.24
Fig, 3.24-q W3 WIS 1% a @3 W& AT o (e F
Totm o b 3t F @3 59 ity Toma faefe zrmce wmrsam g
b g oM S WA ¢ AT T g oMW o 3RA |
F (403 (Y QPR SIHSBI0 3601 Reate QoToaet orad 4 e
TRE */ @61 oo grate awea wRwws oM | Foaw A'H

@411 @3 SIFTET G wTEe | Wefis F (w4’ oS e
Y F (A3 H' 243 Sed=ied 7w |

[FA1 = [FH
[FA) + [AA]] = |FH] + [HH]
[447) - THH] = [FH] - [FA)
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— §s
FA® = H"+HA"-(-])'+h"=(-f)’[l+ﬁ]
Fa-(-f)[t+ .f_z]‘
-- f[ L+ f2]+o(h4) (3.45)

G O(ht) @3 T h @3 4 3 SCSTTHF UM W M 3@
39 TECE | MEAR IR O(h¢) F Trovwl I[N AR L A
weifoee Soad A e T efowiss n e TRMERE MaeR
sfonaes n' 73 W3,

(FA)= —rzf[ 1+—2%:]
@ [FH]= -nf
woer (4471~ (HH =57 (3.46)
SR (AF1=[HF]
|44 )~ [HH=H'F'1-14F

=n'f'—njf'[ 1+2-;’,'T]

__n'h*
="yt (3.47)
(3.46) € (3.47) (W&
n__n 3.48
i (3.48)

GOTA f 8 f @& WK EEG onem (@ | WeIE Ed
givs A @F8 TGN A, TA n=n" &R f= -1

g fReyes H 8 H' (@ gAnsss Jaieey €301 (3.44) @ (3.48)
el

Lol [l

n.
= o

7

n
q 7

]

(3.49)

S~
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7 @ wofiwm o e M T K T e s
I TW ! HAGR @3 A6 *TSeN (AHI (0 TAOQF TR
TP SR RS R |

@RAF Ve @V =w
u v

Y €V RS (A HASH 4T ( @ CRBa )1 Ve V'
weTos waes ¢ fnfo Sawesis seigy Sfond a1 St @
e | @@ V @ Af#af®S @RS (reduced vergence) e |
GTSTAAATS SN SIFHDGI (FHE u YN AR V'8 HE |
ANFaq (3.49) @ V, V' 8 K Ia -

V' -V=K (3.50)

3.2.7 WiaATYA &35 (Lagrange’s invariant)
TS5 *ralore SEm 1Radwa «aio ge 7Ew wnem Torates
(3.37) Afleqa | @ x=u-f &R x'=v—f | o4

Syl (3.51)

S-u

Fig. 3.25 @ #zndi @ifos faadma @31 sy s faefy
N T [ atw e wivred Aty WUw NF @ (P19 FE
A TS (Ffeiw faad® (angular magnification) mp, M
3| weie

Fig. 3.25-q4 RIS 2N PR 6 4F 8 0 49 |

_HA k. . HA4 h
a¥q  tan G—ﬁﬁ— :_l; 9aR tan 6 =m— v

H
TR IARHCH, tan x~x~sin x WL

- -% @ o=t
u v

N
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T My = guag (3.52)

/’
v_
%

X
z
n
7
J

v
D
-—=%-

-

e
[
__...r_.
<
X

Fig. 3.25

e 12347 @ Ser I 0 @F01 IR T F0ae
A9 (3.49) w3

L
nu f

o4 m=l—>’f=-_|_(1__"_r t‘_)cn: v
f n u n u

n 1
m= ;1‘, m; (3.53)

m 8 mp G A« IATCS

y_n 0
y n
To4d myf=n'y’d 3.54

15 wei6ie1 ©F TT7 SR A I SR oW s n’, y', o
@ N T W n,y, 01 Toed fHelw W OWinS
THIGR eifew@rss n' 5ta, afelad y" a3z Tasfw abw oowa s
8" F1a FAE

nyl =n'y'0’ =n"y""

Wl @FTe WG ©Ed ereRis ofeme e afewas
SO GF-OFI6 SEV] ©F 4ATHA @F ACTFI6F (F@Z nyd @3 TR |
@& §q FenToe 2a T3 AW ACHA 3T (Lagrange invariant) @R
(3.54) 765w afalrea 7 (Lagrange’s Law) | T8 SR

7
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UNAE SEE A HiEhe | @EN GOE @ERIZERTR TS
(Helmholtz's law) 31 28 | iNell &R 98w @8 F6iog
PRI A | ‘

gl a1 sfcian weiitn a@m fog ameR  @RINE
n, ye 63 FRTH @ IR | (@A TIF 6 *F I TR y
Sl Zm Ao | e srige wfefar a1 wfsfamr wem.
y M ewmm @ oI o SeiveE o@ Sieiw @ afeiw
@ @ IR, (B @18 ad W Ny 2ffaw=i | Fig. 3.26-a

Fig. 3.26
FP wfeRe, @RM Y F-a Skigs | e sfeials afe
TR WM | a3 P oo g Ry H av s T T
F (0% a @3 Je@ 39 b g oes A favte an g |
FP=y @@ HA= -y b afaq s aba b’ wosa s
O Taeh §0 @ THE F 10 (37 FAR | a 8 b ANDAE
FCAR 0 @7 SR AW @, H' @ F" m ana 1 " W woewd
WMH B @ IR (LFHF' =) F-a7 afeian ¢ afng e @
P «q ofciy o @3 T wefie @fSfaw seiBene sta f
Y IR
TSR AR g3 L =nyl

=ny3[f [ 0=%]
c-por [ 5]
o [ pe-2]
=—-nh'f @Y h=-y
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GOl L=-n'h'f 331 afeiay sl | (3.55a)
= —nhj3 3y wisias w1 (3.55b)

3.2.8 (HIF(HA f4g)0 ©& (Afocal systems)

o W weiGiE vd Wi WMa (@ weiw saige
sfefare aifeiane wofitn a1 weie Gowt@ 427 (FiEE &
8 4T (HFA SLEA (W ATHB WA (FEN TCUTE (WG
o6 |« (HEmfezia weiltsiE <3 3 2@ Fig 3.27
Q@ AA’ @ @6] A 1 93 TER (A SRR AIHT @AW AR
frefa 329 |

TR 79 o

(n) A

A {n')
C Q _—
Ih ) - hI/ \R' p‘ el
- R . F ' * ) ]
o N

e —

Fig. 3.27

%15 SN AP0 a € b WHI AK A (T TAE | 99 TS
P ¢ RTa™Cs (g9 3w@a | PO @S P famwte wwa Bo a9 |
a’ b IWFN a e b TRF AW IS FAAHAW, CHI
HF O (B9 FAZ QR WHS WA P8 R RV (27 A |
PQ,P lamts sarma &sa & | P ¢ R Tawq afsfam P e R’
e PQ @R AteEld® PQ @W 1 PQ=h @@ PQ =k
wa! [#9%a P 6 P' @ RATSKR g7112 oA 30 A | PR=u
@@ PR =v czgmft Q0 Rwg su facm Tocare @2 sz
TV | ¢ &F TIH AW ¢ © WFY VA 2@ @R Q' ey
Mg W31 PQe P'Q wRdl e W1 @qaw N s

wielaw ¢ afciam v s TR my = Z B wWRR

MR 7S ST
nbh=n'0'h’ (3.56)
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T o - T (3.55)a 0 8 ¢ e T

nh —h =n'h I
—Uu -V
ho 1 h™ 1
Al "W T v
n  n'my
R,
o MM _ n .
KGRI v myu 0 (3:57)

@RI F ON wEd cea SRR AR Sred A1
TN (3.43) (T | Y m @7 A g TN,
'.'2’?75_ n =K (3.58)
r Myu
(3.57) @ (3.58) 5ullaae4T6 2l &% BT | (FRPIALN oEd
AiEeds oren qE O sniRmafis K @a am g 3 |
CRAfeR wetben sir afefoyn 77 waeR efsfa
ANSN ATI | wfelan wifies e wifefans Wi wriss a1
T e [RR47 (@7 A @2 9% (@i Tqadg Taecaa
CoRE oS | S orr afeie @ wifeia g e B
(9 . (FToR Taqedq

_ B nh
m,,-~l§= n.—h,—ml

3.3 fafen eifeam woiBerier weaa 1Ry wetiad) FEiad
R @A oA ©F THEE WrE el SERis =
o S Sm @ oS TR IR | afe 3|,
(@) s afslas 2, Ts, 73 /1 »
(b) =feler @mem 71 5
(c) =fsfan ae 3w 7@ » ,
@3 Gare wmA oonafe | Sl FTEE Sorel wERIeE
sarseiia e etfefer wiwef (ideal) w1 @3 @ efely
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onagE (defective) TR | weifbama orag wwel K, faolm qu o
(% 2Afeiaeas 8% v @2 oW §3 TA (P el A€ 1 @3
YT TIE FERIG T

n_n_x
v u

AT (AWF u TCE v e AR !

afelas 29 7o gre @ sfame s Sy fRadw, iR
foRda BONT | @ 2CF FAGC SEWCAN XA AGNE A6, wefie

nyf=n'y't =433 |

@W TR (particular) o6 TR (RE @2 WA AT
FACS (10 TINIHE 28 Tics A wAiGae o o @it
fapelfa (1 wafge e eioe star weE A IS | (R
TR @ CHLE TIACS Z(A O S TR IS | Tefie SEIwR
S ToE SCaq MEHIF SERE 139 A TR |

foqeond @m A qR | weEes, MENE ©0GT ARNH  SOW)
A, faotres, (atad sraled MR, €32 Solaes, FHR NI |
@A GofbaE wEq AfEsesal (design) AT (NS AT G0
vgled MER T70E 2a | @ it <8 asfas AReE A ekt
) A TR ORAT 2RI AL ARIAS AL TR | ARIS
$5at5 (g1% (3.31, 3.32, 3.33) UWAl YRAF @3 I YA TECE
WA FQ |

3.31 ©ifys owfs

3.3.1a @aBAIE AfSAIAT ©7 (A single refracting surface)

yfenrR @it n e n' @2 48 MW PR I@R | SATGI
e T ¢ (Fig. 3.28) 1 @-@A I g @ Tave @ o S @
gifes 20, @ g T3 iw ©r warEl atafie Tasfs zom o
AR @8 TAls g e s | Wik S xun @a Tl
@ ¥R I Taw H e H', wwiaw 0 (v wwifes zrae |
b aMafs @m Tiea Tz | @@ It ove efeiRs W@ oW
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fagife 7@ M @A FPafs S wa owerd wfes o | ok
3¢5l @m C (s 738 @©E 7Y N 8 N’ 7wios Zeag |

L)

(n) > n)
a A o

& 74
ot - = - --.

=HO H =N3 N

Fig. 3.28

Fig. 3.29 @ wfcfas p wowa 8o wafge | P «@a oifeidd
ZEE % P fawrs | afews oEw orwiey O xR 390 19
R GRTHE IR AT ZI7W| F1 LA | OP =u, OP = |
S s @l c| ¥ wielawens owmws, oW (b APNI)
0 f39ts ¢ a 3fuE Q favyre (a7 A | aAfeiEENE TAFes
3 W% (b) 3 R Tavis 8 a gl 4 favie (@7 AL |

P

FNGT 78 ST
[Q4] = [OR] (3.59)



MO TF ¢ JATRIT AWIA

GorEE SR
M'A=h &, MQ=h
@ Q4 = MM’
= MO + OM’
] 2
h2

- 1
o4 =n 5 e=)

SRE@ OR = OM' + MR = OM' — RM’

_hic_h®
2 2w
I N
5549 [OR] =n 7( =% )

(3.60) s (3.61) (a=
1 . 1
w (o) (o5
n n .
SRl o, =1 -n)c

wefie @3 wfenes saiog wwel K =(n' —n)c

N N
g K=-f,=—f—.mn§f— w—me ~OF
= _____~n____ ___M L

103

(3.60)

3.61)

3.62)

33.1b offens =ifSens wa: (oftNw fel (Spherical

mirrors)

arFae eferas oF S ¥3s IR o4, ok Ju favEw
H e [, S%igw O (s Aneifos Zatg | @ AW Q) (@ TG
foea Toare oforaad °@ WRAR SMAF AYE IFT| (I(WI TG
twea Tema 1 ear @oE @I Ne N' ¢ 3gel @% C (s

Ao zeace (Fig. 3.30) 1
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RS AR
[40] = [RO) (3.63)

oI ARAE
AQ = MM’ @3 MA=-M'Q=h
S EEI WS c| OP=u, OP =v |
MM =MO+0OM =0M' -0OM
@R RO=RM + MO=MO—MR

h* k¢ - pe he
TEA3, n,‘,v+nv2 = n3c+n2u

e, 2.7 = 2nc =2n (3.64)

v
) IR P (3.65)
v u
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AR (3.64) @3 FH ofeART O (WA SRW WG
(3.62) €7 GEWl FAA (R TW @, @ FNIAE 0’ = —n PACH
(3.62) wszga (3.64) walezee #faed om 1 Wi efove R
2

K= —2nc
L4 = L’ = — n = - 2"
"R K f, 7 .
r
= 3.66
r-1 (3.66)
AT 3.= —'fi =7", e f=f (3.67)

SIRTE W A (X 2O & NAMTSNA 1w SEABAR
TR W3 | ATTER CHE @ ANB FEF WG (R S 9
we faeg oo | wfelaemer afesess n-93  SIRME
s 22 -

3.3.1c o @ebene stma (@fag wwAH
7 (3%, O KA A TR GRIET W fBE T
ogfe T aww gfs efeuw werfteme wEm s

in) Al lay (n) (n")
h, \\ »
N :NaNd! p!
P Hy H' N H HY 9,
e h2
v i A
S X t Azi ™ TTaL
o T
Kl d Ka
Fig. 3.31

ARER A6 RN 393 1 716 weriore oEy gu faeyete
Tz H, 8 H, @& H, ¢ H, (Fig.331)1 i wm =
R®e HyH,=d| 28 oR® 4 i oo efomms g,



106 smiwely et

RS n,, Tl <@ § i n, @32 oRiT@E n'1 wew @
Taoly oraq Wuel WFW K, 8 K, | % wiolqy P &7 24N
@ efeiaw zrarg P, faved | Taoly wtaw o P, wifelaw «’e
pors efeiq e P favts | oaw wfoeme w@d o

n,_n_k
s u !
- "'(;"')—-'-'("u"”=lnl\’x (3.68)
h h
0=_». S § 3.69
fog S8 8 =2 (3.69)
G4 1.6, —nb = -hK, (3.70)

Taoty wefome ecad cw,
H,P,=t, H,/P =v
h, g = .-h.bl

v 1
wo@d nf —n,0, =—hyK, (3.71)
(3.70) € (3.71) Tt

ne-nf=-h K, -h,K, (3.72)

YR 6,s=-h, 8 8,t=-h,

fog d=s—1

wefie 0,(s—0=0,d=—h, +h,

Qoeqd hg=h,+0,d 3.73)

AR n'0'—nb= ~h,K,—(h, +0,d)K,4
-—h, [K,+Ks+‘%£’.x,] (374)
1
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g3 0=0, woe Iefoe atafs wrea s wwaE @
gyq  H,4,=h, (Fig. 3.32), ©39 6—0,, 6,-0,,!
s (3.74) T ‘

nly'= -h,K, (K AT WAC| ) (3.75)
@3g FWAFI (3.70) TS
mbi0=-hK, 9% 0”:_/11_'17\, (3.76)
- oy d ;-
woeq n'l, = «hl( K,+K,- £ K.K.) (3.77)
1
(3.75) @ (3.76) @3 g&1 I
K=Ki+K, -g KK, (3.78)
{n}) (n,) . (n)
[ S _, Ay A.'\--Q—‘—\-;-{: o
0:0 (2] :‘_\q
N %) M g\\
1 h20 P
H Hy' H) Hp HY F
i
N
da
K, . Ko
Fig. 3.32
ﬂ@a’{{ =n' =0 _~_-.n_+ _I‘i____dn' (379)
’ F F oty 1 AT ’

(3.78) (T FWWRTIT WAL Aew (96 ; (3.79) (D e
M AR 22 @ Tgsis 335 vt qa% « Fig. 3.32-4 jor
I AyF AR s g @ i twea fetate |« PA,
b wowy ATRAT | a AT PA, U 8 FA4, s 3fs
A OR A TITD (57 IR | AH wrwa Oo| w1 wefie
A'H &afs 793’ foeta 94 O | Joq HF =F' |
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@R #ES SR H' 91 F' (@WoRe SwW &nid N 1 H' @]
G G F ode IRgA Wl I3 | Teeim oad Ao 39
fa H,' (3 79anaa Teot 3 Toy H' «a qqe H, 2 =61

@i HHy-TF+FH, = HF - HF

-0~ (7]

=
_hl ’hvo
—a

1

woaq =" 0_—'3-" (3.80)
0

h, K

@R dbyo=hg,—h, @ 0y,=—"101
1

_dh,K,

ny

m.\ hl“h20='d010
yodh K, (—n\__n K,
weaq &= (TK) X d (3.81)

GFEITN O[T, ANANIT 2w I 7% H A @ H, H =0 A

o=+ K,
] +n1 X d (3.82)
P 28 (@oIE IEER IR T 90 1

reim fawes
(n) /A” """"
i
P e !
= ol Hi 7
——
|

Fig. 3.33
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Fig. 333¢s P oy w%%| FP=x! P & wgm P
oy | FP=x | e (3.51) SgEwt

Vox __B
m y F x
@3¢ FTANER FER
ny8 =n'y’¢

y _no_ _F 9 [-ijmﬁ]
R = , R E
v Pe p quw oE W N 6 N' =, S 0=9¢
(933 e fard), wefie

y __F
y F
@QIAF FN=A, 4R FN=A"
_FE_v N F (3.83
oA FT e R A (3.83)
Hi2fig A=F a3z N'=F

(3.84)
Axqeas (ias fagfa fqdla sace g0 #9oiEd ¢

(a) zem ¢ faoly wtaw gy H, ¢ H, @3 3%« Al

uE | ARIACHA Y T

aom A Ky
H H=i= n, K *d
S, n_' ]{:
H._.H-=o=—n1 K d

@A AT el K=K, + K, — YKK,

(b) ARITEA Y7 (FIF famaraz wawia
HF =F

HFrF @AY K= T=—

() FHALHH (Ao fampacan waniw
© FN=nA -
FN=N=F

n
F
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3.3.1d ¥ (FW (Thick lens)

78 A wreliead SHlbae eegd ANAHCE AT el ow
U AW BLA | TMEISIRACE @9 WS QRE efeimis a

Fig. 3.34 =3 @rwa aiifers iz |

(AR ARACH) @F @I TN T I € T [ ATOART S
TS| T0% AARE (n—1)c, @ (l—n)c, |  aUHE oA AT
9315 weibans v @3 TTeh CaltE WIR aio  SoATome o7 4dl
@S A | 2em oE iy H,@, @ S@3 331 13 e
@3¢ Taoly stee swliaw H,-a & o(a3 910 {37 0 |

gfv @e yoneE ofonae @3 T, (JAN I (@HAIG IS
wqiwe O« n=n'=1, @ag n,=n, H H,=d | g F= -F
e} @eE 7w N, quiay H-a @3 @om 7y Nogaiey
H'-q smroffes zia | @owia 94T o quiees wwnge fog
(equivalent points) 8 AN @& (cquivalent planes) s |

IS A FLTA (AT (1= TR TR,
A7 TS ) wHiay IS ANSA 79 739

(1-n)  d (n=-1) d
H, H=0= o Cyp =~ e cﬂ? 13.85)
HyH-y-- 82 4 (3.86)
Hel K=(n—-1) [c,—— Cy +'1’~;7-l dce, c,] (3.87)
R S
- F F

HF = F @2 HF =F'
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Table 3.1-9 fafen wRRA 7 AT Fowfe Srgaa crem
zA 1 S @ EEmefen wer fafen greie e e
FFOl 9T (T ACORILIZ el 5 CRWR-9T IERE | 7i6 ATwe
@ Wty @e HH' @ 7@offa (013 o3l ong W | ¢, € o,
B8 (column) %G OEN I &%) FAF (WA AN (A @ETHYACS
€y 8 ¢,-F T AN I3 AWAA TG | 96 (A TR GF16
(@A ¢, 8 €2 2108 @A TrawE o’ +0.05 WA | (AN wRwE-
Bas @16 (@ g WA @i HHITH TWe 0B 0B
G | (@ sifreeAE @f AR HGRSB (the method
of bending) 3RE FNGI | (IR (AT {16 T1F IFe] FAH AT
A @6 TR (A G (@ A7, g w1 Favel o
ANE AT @GR FAGH 3% BF M G398 A AN A0S |

Brgsl ¢ @3ls ToBed 4 ¢ W3 To-w_ws B (EA
WERET GF6 GG (@H (OF I A | B@F  (EUHF 1S

©A 8 OREE GIUNA YW OF AN M@ Al | g6
AR CFLa

A B
r,=10cm r,=-20cm
ro=-20cm r,=20cm
ng=1.5 ng=1.6
d=1cm=4,4, d=]lcm=A4,4,

3 R el ¢ @ifes favgfar wegm e 3 21
(3.85), (3.86) @ (3.87) @3 HIZWH 1°W I 2A

Lens A Lens B

¢, =0.1 ¢y =-0.05

cg= - 0.05 cy=+0.05
K,=+7.42D K, = -6.06D

5= +0.2247 = A4,H, 8= +0.31 =4,H,

&= —0.4492=4,H, 0'=-031=4,Hy



112 smiwely aERiaeE

775 wofoamm oaq 0 539 d = H /Hp=0.4492+ 0.31
=0.7592

TWHEII AT FHAS]
K =0.0742 - 0.0606 + 0.7592 x 0.0606 x 0.0742
=+ 1.70D

, K R

§=-%td==-3313=HyH
K,

8=t d=—-210T=H,H

AICTUE
AH =A, A, +AHy + HyH =2-031-3.313= - 1.623
A H=A,Hq+HH=02247-2707 = - 2.482
F =5883=HF
HF = -58.83

o
— e a— — [ B p—

Fig. 3.35

3.3.1e oY AW wymAreda Al (Method of paraxial

ray-tracing)
@8 oETels 2@E FEE @ §T | ST SPERe «Gfowe
af@mawalzﬁ@m)mwmwsﬁmﬁm

n n .
v " =(n'-n) (3.62)



TG
(¢ifefoe-

| +6.5| +20 +0.1538

+0.05 [-0.316

&R r, r, ¢, C, H H=
2FE | cm | ecm jcm™' | m™' | 5cm
N e e __*‘.’ — e e @
SIGEA- {
—20 | —6.5 | —0.05 |-0.1538] +0.97
(wiafe- |
@) i
W%E@a[_ o | 10| 0 | -0.1 |0.667
Te-Bwet | 20 | —20{ 0.05 |-0.05]0.336 |.
TG~ 10 o | 0.1 0 0o |-
e
o |
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MOA F ¢ BT A
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[ @R wATIIE e Ieia afeTRs e oferas wER
AL AT 4 @S M | 2ATSTo <td (3.62) iz e ¥R
ylefay e ofcias sHo @ W IPME wPIa I TW @R
9o’ @ifee favefa fadg s am 1 (3.62) & @I ~med fae
»@ieis witare 735 2@ G | (@ @36 SR S ATAG I
UrEq A0 O @I WoiTeT gW WE (AF h i @3¢ Tie 2 0
@19, @as a1 @ g 4f sEr WHIRY (AF JUFA u 8 vlj@
THSF (2F A, A '

hey Jhey
@2 n'0" —nl = — h(n' — n)c (3.88)
PN SER @I 43 S by 8 0, A %y I @ (3.88)
@ 6, nem WME | 187 0 =l1‘§f'-2
wefie  hy,=h, +d,'6, (3.89

@AM d,’ & 2N OF (qF FOh T 2HS I R @V |
(3.89) (T3 hy sneH (W | SRR 0,'=6, | h,, 0, T (3.88) €
(3.89) @3 A SM ANK hy, 0, =0, | GOHA AT A7 X WCHA
TR (I 8 y SR R (27 TNg WA weiiiE wam
P SERe I A0A |

% 0, =0 7, wdis wsfes f& wrwg SSRE 2. ©R@
Hpm wAis W Twafe ata s @ favee @ 33 o8 Tawfs

P

T f g::
h | P
! hic ok
H /[\K £
ST 5 (& IW I)
Fig. 3.37 ’

%el wofie ©rad Teow 99 wem 29 F' o 3iw w4y wals
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kO O T ©R (AUHE ST SO hi 8 6 TRy I oFA
k &% SER (AR TF) WHIIY 4, A

. h —r h.
0 = — —_l‘e-.— i A .F = Tk ’ 3090
k N wefie Ax 0, (3.90)
wvitos afm PP, @ pors 3w P F @3 ®Wiey Q' | QH
Ry Som e 1 ol HY ety 3w w1 i
h h,

0, = — ke, WO H'F =— % 3.91
% i F 6, 3.91)

H @ F (°® (9105 S 9% (A0F % IS 2 |
a8 oy @316 I afrremen | (3.88) @ (3.89) wa  #ifels
AE T (@ &@F « THa 90 I T TETEe AN TG AR |

wafie

n(ab’)~ n(al) = — (ah\n'—n)c (3.92)
@GR (ahy)=(ah,)+d, (ab," (3.93)
6 @R h (&6 S (ab) @ (ah) I TS AN G | AR
BoAMRIN A (@ 3P0 A7) wpEer e el e 0 8 A

3
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Table 3.2-(% (711 ZCACE, |

CH (e IR !

NS A

% 3G fAwEe @ Wi (73 |
UG, OF (WE UNA 93 OIS’ WRE SCE 354 1

3.31dts Zu s SRR (wed

eife

aom 2fs 88 (Column) 8o (AT
A FRF A0S L AR AL TATS (AT *F I 77 *7 9 wfer
&l 9] FICS TR | AW &l AT G (data) Fig. 3.38-47

Table 3.2

@19 (angle) RTSANH @&k 735 cm-@ Feq FAR 1 hy,=1cm |

'TT‘TW?HT"T | oeem e, i1 | Teeln e, i-2 | vol o, i=3
cowa | 400 | -005 | <005
n; afemI<e I 10 1.5 s
Cn=men 15 16 | 10
he=®sa 10| 0967 | 09384
o, =@m 0 ~0.0333 -0.0283
8, o S 00500 | _ooas2 |
bo=hin;-n)c, 005 —00048 | 00282
mie—$;=n0, |  -005 ~0.0452 | _oo170
a=0i0, | —0.0333 -0.0283 | _go170
4, T o |
Y,=d/s, | -00333 ~0.0283
hoiohi+Y, | +09667 |  0.9384
o =1 A,F = ”(;, =033 _ss.a1
hy=09384  F'=H'F =1/.0170=58.83
0, =-00170 AH =A,F +FH =4,F ~-HF=—3.62

ToI A, H' = —3.62—(-2)= - 1.62

mK:FL

:0.0170=1.70 D.
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332 CAfes *1%fS (Graphical method)

AT AT o SR 339 WA ik smhs Mg |
ST A0 g GG wTeas @ s W ity
BERA TR &7, @3b, Giers (. H. Dowell) 1 w5 sy ny@n,

@3 T efoArs ity qgw) c==;l (Fig. 3.39) 1 a zfufsy (meg
Y SR YT P 8 P e
n0—n b~ - Il(nx""l)c‘—‘ - f‘(”:"nl)z(”l"”t)a

(3.94)

n=|

n=n, n=n|'

(b) WTTIRTRY war

Fig. 3.39 wremrem tafaes e
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@I (7Y T 0 8 o G YW@ TIGTAER (AT @rere 1%
@ 0 el 31 g9 | Fig. 3.39 (b) s OB, @aIfS (Fig. 3.39a)
5 GHTbHE OEd WOwA ANIAE | O3 ([FW FF AW
afomesss W Wi n=1, a=n,, n=n," ZEN% ALNEI
Foffd 36 G 2@ @[S #E | P4 @3 INRAE O
13%E Oa bR A1 Oa,n=n, I3 a WS @7 AL
9g93 LaOB,=01 AC, A AL S =& IPM5 | AC-q
AAGAEA a TGS ab @1 5 ZA 1 ab, n=n,’ 35 b RS
(7 WAL | bb, OB, wwy@ WIS Labb'=a | Ob T

! / 8
v
ady s n2"20

Fig.3.40 (@) ¢ ) (v 1,2,3......11 Zenlw spefare »” *@
Toena 2t s fadfn a1 200 @1 RIGN 20T |
FN ) ISKAEEE @ Bya=n,0, bb=n,'-n, «

ba
= po-a, TR gl ba=-(n-n)al 9k
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3519 Byb, =31 B,a-3@1% ba=n0+(n, -n)a=n60

Z@51° B,b'=3@51 Byb=n,'0', 19 OB, =n,’

TR LbOB; =06 .

SIFE (9 AR @ Ob-(F 33 Facd, Ob, A Taqrs wfesye
gt P'AT @3 7@ 3@ | QoI SAeafa amw Qs 2ife
e AT o ey 33 A, 9 W weitem @ wiefes
@ @A I wgeE fasw gfafs fadg w3 3@ Fig. 3.40-ce
SM1zas FgA @36 I0 (AT owem @R siateivn wEna Tediw
@Rm {3y F 8 faoln qufay H @3 Ty oA gae |
1 @15 A € B 375 eweom w1 (Fig. 3.40)-(8

n=1 ¢, =0 A A =1cm.

n, =15 c,=0.2 A, Ay=2 cm.

n, =20 c3=0.333 NP U RS0
n'=1.3

3.3.3 STHIT AT NIAT @efiaN (Gtael . cavore
H1RCTT *efS )

W@ AP L 93T o @A ( Ao W ) T WHS| 4T |
@eAft aFfs FTAMGT (collimator) wa Fmey T ©We | FaA-
(64 AFRI (target) Afels favg om gaym swam aba
FAWHR (ACF @A L 97§97 @A #i(o0 | @ @6 NS

Fig. 3.41

R | @R Leag Wl @ e b i g
0 @ wme | of abwqeed sug PN atelS mew et favg



120 enfwetn SeRiaew

T fae 1 o Ry Ace w@Ent @3 abaft Taefe
@ Taetn @reE fo N it PN @q wwreaE o N'F' 3@RA |
N'F' Qs % 0 (19 I304 | PR aF3ga (F 3916 (@
aq’ FRAE  APaepE WL O @16 ATSIE 7§ IR NF @R
B @™ Ta F @

1 IF L @R @36 WH3 ANIH @RI A | 9B AwIG
(P ST AK FIONR TAES 32 @I SUHA T @ @
Tom i @te 23 1 W w0 A R gt wwlt N ey feen
I | GAR N'@A ACCH ERAGE 9 afws ofrs @rws N
o aR (9 wewn $oa 2@ ). N @3l Jeser Bom @ |
@S @rRES aPbugwea eumatais (chief ray) w9 AWER N'F
JWRA AMR | FOAR (A I (qEnsie sfelaals @38 sEeam
qR@ | wee I @EFEAIG weat Fovg I Al A @ @6 AT
SRER Y SCHR ATH (@G @i efvs v (@rRTEe wifeian
aFE G AT T ol Wl @A wrwd @ fzog e am oR
oo 281 wiewg faoln (o famp 1 @@ faep e afeRkRoR
WY R R A | FleEd awRgd (@3t g TEG)
@ #Tolad @ (@R OF 6 W T M T OISR
«3 ey (Fig. 3.42) 1

Fig. 3.42

TR JZT @@ A6 @316 #E 417037 (holder) ST WG
el T Rl @S sterw W IW 1 SMreRTs «@is
@A TR P Srwa 9RE STt Toitg SATe M | @S WK
RIS ACTSTR A% 3¢ | @3 Tl ~ATeRTs AR W @3 ls
QA TR R @ TR (7 e OIS FAT T |
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93 7w Tolals qe @36 oo mrerR SR e «@Iis
WY ATACE (TR T, @8 WHD O A F¥erd SRS |
@ A @8 7R e WR EEE AE (0 @ @
fartas el e B i A A0 |

PR (IS T35 AT 0O A AT R SO A
s 180° gy wnr Toire @ wrgrniy Alm N Teqioee g6
B BT G (e TR |

EATG NS WIS IO (T FROGW PMATers AP O
o T2 T 921 AMA | | ANIS WAOR (FEAT A0H GRE
4% HIOR ( ofenRl ) Bl IR AW IE@ OR MO
ajerrRe! el 06 TR | 4TI (EIR MG e el AR
HAIAEG @ (AIE (A MTAN SJNRE (AT WIS (AR M
seRa fadfa a1 A9 23
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fasgaa (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 fasgae | fafen win wwar foee, coifess oien, @
sfenr Mz a4 Td efoys ga fafem aqefa s 0 71w |
AT A W e @ e feE T wmew w@ e
(R Y OETR Pz @bl feea @wen za 1 feiow (ww afeys
O (RGANA | ST (PoRA (7] NI WLANFS S AW 4%,
T o weIEe %1 9wen o AfGy WPl ~ICUCE.
AT a9 1 Teommr ehw Ties obl @ o, wom e
A | (ROW] (AT AA B 46 WM B AR | 199
QPN GFH FRIF GG GNIFE @A AT TR A6

P 1
£ 2
[ |
'c..l
i . 4
ol <
P Z
/ ////
L #
R Lf
o ]

Fig. 4.1 Ta¥rma Tamgaet wiaea |

1666 o= (Fig. 4.1) 1 caifos smam @ena fafen < o
T Means favgzel (dispersion) 3w s AR *ifoToE adfE



(spectrum) 3w | efeARs Mt faogas Atwg (dispersive

medium) ¢ |

3fieiis Afen qwer swemr  wawvs fafem, feomm swa
piee fafem | @rat el famew gt am seq famen pfs
(ATF R SRiIS (AT AR T TN Al A0eq A ATOHRI

@@ @1 TdTea amMdR WIER  Gw ofeRAes  ftes

Taega

76 w3 SIwd Hife 30 @ft 77 iz o TamEa <06 |

AR AR TNER (@A OIHS e afenass ang |
Fig. 4200 syra soqfer s cwm oo n foerna

SIHCA 47 Toid TSI A @l (FATA T |

SR A
’,:/ .- - /”'/- 1
///’{/'/:44
180 \ A e
\ D 2
L e
A ‘;//
4170 g -
I A A
\ \’//;Jr:/// =
g /%
160 :_f" s -~ W&"—%
N - 1.
- A
~ %
R e g /{J :
1501 el s © AT
\ Co A A FIER
N~ ///J
A tﬂ'@fﬁ'
140 ] /
1000 3000 5000 7000 9000
N (A°) —
Fig. 4.2

@R TN CFE (4 T @,
SRS TS I ATSHIE T AT |

1.
2.

3.

SINTN TS I

fafen TR (W @ @ STHVCH n TS @, g){'

TS |

dn
HWWI




124 el IARiIEA

4. fafen @@ fens @3emm @mioa (ordinate) @A
I IR TR W GFONS AT FE AR Al |

@ Taaers Wiea@ favgasl (Normal dispersion) 3 |
47 i T, 716 Tem s feem (e @ Rt snem T
o’ 4f6 1% I @ 8 (IIANE AMHTTT FAES (7 II &
ww e Twme A (Fig. 4.3)1 @} Taorss  faogaem
wafe (irrationality of dispersion) 3en 2% | ferragTe ﬁ@%’(‘l
a3 SwETe (f T Y SeREa (oft: @3 fasmra @i Seme
SATES |

[ ] i
'3 § o o
1 @ Iy (2 [031
® 13 ol .
. ™ < " !
— -
] oy
i l H E ’HI ! ‘ T %
. N |
O | T
3500 | 4000 500 6000 | 7000A°
i | !
: ' ‘
3500 ;4000 5000 6000 | TOO0A®
| l Ay 1|
i ” : IFIEH ST
) Ll
AL
| @yl !
' 'c_‘; [ |

Fig. 4.3 155 © #7187 S5 Teiawm fefamem e |
famg,staa SRS S |

4.1.1 wEieifa® fasgas (Anomalous dispersion)

AS13F  1IRAS  @IG1T0eNA 1% (Cauchy)r FRF9 T0CH
A T T @8 FRRes 1836 ywiH I cswaterEs |
AR =&

n==A+% +)% (4.1)

G A, B, C @zofierd T Hwd B WS WA 1 AR

@ W gISMA (visible) (1 Sy A ANIIY 43 S O



Tzt 125

G 1 AT TREire W afeRs G (el (ofE @
TawaTe @R Ax Fhe AR @GR @ A | @A @7 @A
QAT ANS PO e WAl (EANGI q4 Wem g A v
g5 (absorbed) 271 W (3 WM FY TW TR WA S
forg Taoga Fe@ W39 F FiTewe 9@ | @ SKeT (g 28
(@8 wvre A ATesE Aweew AR afewaes o
A TENE) A A AeCa i AT el
Freie fwopmem foe fasgie (Fig. 44)) @ @R Tamgas
orielfes fagad a1 wpis @bl (e sEreles fay W
@A R MR AT @FW A @E T A G e
TR TW @d (RATA Tame sufae wreiie T e

3 A

D —

Wq’.‘ (atsarptic

ey

IR band)
N —— ]
Fig. 4.4 @EE Q0539 | (IER I3 T 8
PR AATEIRS Tamad

41.2 (@ife Ta%ge (Angular dispersion)

@R AR AR ateps ferem ABCT %)@ PQ F|@RA
wofes 7w, afep R ww fagle zom | fefe ahama
T (WF QW T @ @ [ SIHMOGR AN @@ W @
ORI MRRI AT @ @l IF O & q3 AR AF, D
SIS (I, (FoF T (angular seperation) IeM 2 |
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Fig. 4.5 (& (21 qug &
sinf,=nsind,’
sin 8, = ncsin 0, (4.2)
0,/ +0,'=A4

Fig. 4.5 it Tamgza o

@Y n GFHTG 4 T AACT efenass | g o[ @3e
TIHD A+dr &7 wa TTeld O Wied @19 8 fJa (@19
IR 0, +d0, 8 0, +dl, T@ @R A+dA @3 &N TN
AToH1 1+ dn T8 @

‘ O=ncos @,'d6,"+dnsin 0, @y df, =0
cos 0y df,~ncos 0, dd,” +dn sin 0, (4.3)
do, +d, =
o4y cos ¢, dfl,= ncosb, di, +dnsind,

dnsm6’1 cos 0,
cos 0/,’

—2-+dnsin b,

—dn sm(0 +0 s)
cos0

do, sin 4 dn
" " cos 0, cos B, dA ¢4

RIS
Y = -f9% fasg3s (angular dispersion) 3o 27
dA

Fen gifeq oFm A=20," FoAR

di, 2sin6,’ dn _2sin6," dn_ 2 dn
s cos 0, dx~ cos 6, dr “n tand, aA 4.3)

a3 @i Tasgaa Uz =402 dn

dx "~ dn dA
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A (4.4) @ A QAN A 0 AR X ";ﬁmw@m
aniates IRAfan o7 Tdq g 1° g; Y THEE TR

Tom Tasawite o “—? @ Toes-mung 3 fasgae  (chromatic
dispersion) 3C& |

41.3 ﬁﬁf{‘I %3S} (Dispersive power) |

n gfeses s (n—1) @ wfeqie (refractivity) zm 23 1
afeie s wamoaeed OvE TMoafle 1 ¥ qR Ry
M 8}, @R WM s«iel afm (mean ray) A, @3 & ofote
N (n, - 1), (n,—1) 8 (n,—1) 78 ©@ @ 3 76 € TNwa
TRt AR Ao Teetn favgas was) e
_(ny=D-(ng=1 _n,—ny_ n_ 4.6)

n, -1 n, -1 n.—1

98 TS 431 TH | QU TSl AN TE (R SIwNd AW
afeme n,=(n, +n,)2 1 IS WNF ANEL A, € \,F
Wiy @MW eIHrdE Sael ata TR @em @1 @
@ (SR CFCE I [RFAA FAS! A IR LA T T4 @
776 TSI (FeA T TR 2A TRYIER & C 93%s (Red C
line, 6563 A°) @ 7ET® & F @6 (Greenish Blue F line,
4862 4°) @8 T3S 3T TR (Rem 7@ Gifeam zew D line
(Yellow D line, 5893 A°) |

4.2 f@ers3 Au2rE (Combination of prisms)

oo favme @S, Taptee zm1 fofem Somm fawme
wuel fafen | o) fafem Samiem waifes Teomm smam codt
7@ o) @A fagaew fapfs (deviation without dispersion)
31 fapifezta Tasaa (dispersion without deviation) #feq s< |

421 fasgzew ﬁfiﬁ: oAt felewm  (Achromatic

prism)
OTFENR 16 foRaR @36 WRE Codt IAqE TR TR HE



128 el SRR A

2o foreres @ fampaa g Tash foeml @ @EGE @A M
@i RS wate feew Fnayy Aw | oioa ¢ f5b dwsa 4G
fog C € F (e Ta | OIWa HATOHIRS (FIFT  JAFA 4, €
A, (Fig. 4.6) 1 fagw yf6 @ ez ™MW z& IS ©Iwd
ot soras (emd fasidhs Taes A3 |

Fig. 4.6 @ Teoem saam |

@ @ Teieaa owta af WesN @9 8 fwelw @ (@6 2T,
@ @F AT o5 §iTS 2@ :
0=0,+0,-A,=n0, +0,")-A,
=(n-1)4, @ O, =nl)’
0,=nb,
€@ 0, +0,=A
Teig Aw3AEq w45 T9e (que C Al @G §its
‘}C':SJC"JQC:(’HC—l)A1'mzc"1)A2 (4.7)
g7 O F A & GG BT
Op=0,p=8yp=tnp—-1)A, - (np—1)4, (4.8)
Toren AN T4 WG qRE 2 & §R IR A P SR
ﬁ Als= Sc“(sF
@3 piied NIAE ARSI favee 3= 203 |
EEIN Dd=(nc—n p)A, —(nyc—nyp)dy
ARG W3 23[ 76 T8 Ad=0 (4.9)

As _Mic-Mip 4.10
q A, n,c—nyp (4.10)
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(i) T oo 47C 98 BONMAILE SR Nyc="Nac, Brr=Nap
QR A, = A, ; ARATG @36 AW FAF ATINS T | QA
fsfs aha wofos ahm srewE, el @@ fapie @2 1 gear
Tamgaeie 7@ 7, fagitee @ M |

(i) ferew 776 Tafen Sammman zwe, qf6 Teermw efe@s
@a f& 2@ © AR 5% S W@ TRl IWE (T
D line & 4301 ) (%@

6m=(n1D"1)A| "(nzD" l)Aﬂ
=(_'11@'_‘J'1_F).Al - Wag—Mep) g
w, w,

G @, 8 w, TF 98 78 ToRNg TAgae Wl | FREIG

w31l A, TN (4.10) (A0F 4,7 TN IR

0= c— "1[«‘)é -(n,¢ —nll,.)A_L
@y w,

==A1(nlc—n1p)( ‘.-i) (4.11)

w, w,

4 0
A, - m 4.12
s * (n1c_n1F)(l/w1‘1/w2) ¢ )

9o SR Teer afeTss @ 4.8 fads a0 1w )
SR T OB ¢ =0 159 0, G W 203 7 | Tafom

BT TR ToTeR @9 oMW IWA | qeAr qio  ferwew
S SRy el TanEe A AEe, e Twen sHTE TR

SR (secondary spectrum) (g TiF |

do=0p,=c—npA, —Mec— nypA,
(nyc=nyp)

("zc" n:pl
Noc—Nap

=A,[nyc—mp -

@B] AYFTSE 338 W |

4.2.2 ﬁgﬁsﬁ'@a fiﬁﬁ‘i (Dispersion without deviation)
A Tgteley s @m, wRel it @ Tagie
AN Ty e A, RS It g, jife T 1 w0

9



130 Fifwen SRR

foge T famfae 2w st atar e wre o g
fogsl wor T fage = |

wyret At fRgie Aia M q4m
Op=0 4.13)
; A, np-1
st w0 (4.14)

arses C 8 F 3 ste Tawgeer iiane 251

BC—(;F= (”IC— ’IlF)AJ "(ngc—n,]:)Ag

= (n,p= Do A, = Tee T8 (g 1),
‘)D_

AS=8,-0p=(n,p- DA (0, — wy) (4,15)
fog Ta5539 2038 (@AM w, 8 w, HIW 77 |

4.2.3 &% a¢{{) W Tg (Direct-vision spectroscope)
fagteiagia fows swamag st fapm €39 @ SR
feigs (Amici’s prism) | @8 Teww Ay H6 s fermmic
ANEFIN | QU A4, € A, FHARIG (4.14) (@ SNeWm INI A,
@A smining wmana feewelia emes wa 1 Fig. 4.7 @) D
bz cmta wieifes 3fm PO ¢ fasf gPn RS wsm@a@ | el
«g AT (WG @G BT 67 | QWA
A,=0,+06)
02 =A,
0,-0,'=0," -0, @ Q 8 T-($ piTe # 8 {37 e
wefie 0, =0, +0, -0,=4, - A,
sint,=n,psind,’
q sin (4, - A,)=n,psin 4, -0;) -
@33 nypsin 0, =nyp sin 6, =n.p, sin Ag

@2 wf5 wieae @3 6, AR W, @ AR (T4 AR @

~ (ngp—1sin 4,
Jn,p?—nep? sin® 4, - cos A,

tan A, :

% A, W AF OR@ 4, 9§ A wew fwivs 2w om
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Fig. 4.7 (b) (s wuifaf® femm@ #93@ AN Z0E02 q099
g6 Tod feemele ez oiw soman 1 ezow A F feewfs

£

AN 90°
2 Ve %/?6///
[ - 6 \/Q 4/94

D ey /’/' *l\g;‘ %ngn s

(c)
Fig. 4.7 ) sufub fems b)) 46 swiais femm #wqm
) ererE adiEiatsEe 39

368, witaia wwares F O ToeeR yihd AN | @l WsRrE D
P Tagifs @8 fog acel-lag@a s Mo @ Tees @S
O @t | agew siat feww RRER NI @ISR el
e 77 Cedl 8 (Fig. 4.70) | @7 AaAR $oe Twagq 76
S @3 AW @I BAWGA L, @7 AR WA AT0908 AN
TN | qRAm T &7 N TWea ore [l (r AT

4.3 ANYY (Rainbows)
fagae 6 woredln aferarr @Il FE eretes iR
o g | 9 TR TR I g g 2o @3 T O A1e®



132 FieE AR

ST Bom AT oLTIE TN JEM FLT T 437 TS TFEl F6H
TG T T | AR IS TS A6 SR TGOS SO el
I[ | AT GFIOAE N (A (NFAES FIAS IS 416 A
feqfs qmuge e g1 @3 ameefem T @aioR @it S@w
e =B aff T oo w1 @b enefww amey
(primary rainbow) I | I} m&mfazas ¢aitel (secondary) &l
1 el amaR Toer iwe ae; @A), adwe Toe & o
oy amere Feefed ste ofE T3 Bb—Toer e wm W@
TR @ | T3 @ IR TS 23 @ AR awan frteres
AR SNgEnS fWEhA, 1672 yBTH 1 @3 AAF FA I 24,

(i) 37 favyefa o,

(i) 97 SwaARAt GAlITE N ATje A [ @3 A
GFE IR TSFI AT SFEAER R AT A AR@ AT,

&R (i) Tef afmeed @ ken JiTew pie 23 o wenR
FR5TE @ 3T alae 23 |

ot fa@mt @16 (Descartes) @i &eR 1953 (%6ea T&1a
&R IS I AIR 21 AWE T N FE SRS o
s i@ |

Fig. 4.8(a) (3 A @316 &9, WS I I WA FAE |
PQRST zt 0 @ra wofes Zag | @IR TOI 1 2ATSHama
*] fAefos T 0 @A |

Fig, 4.8 (¢) a=R soiEdta efewsn
(b 733 St Afewew
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R Te e 2fewawa @ Fig. 4.8(a)
0 Ta%ts pifo=0-06s
R Ta71s gite == - 20’
S fae pfe=6-6
ISR (M6 TS D, =2(0—0')+ (7 —260') (4.16)
YR TR ATGHAI & (M fife

Dy=(0=6")+(m-20")+(m—20")+(6- 0"
=2(0-6')+2(m—20")

T N e werRdia afewsm 23 o1 (ivwa o pite

Dy=20-0")+ N(zr - 20" 4.17)
GR D @3 TR FRoN {5 e 29 MR fF o TR
dDy _
LIGH dg 0@\
(IDI\‘__ N d—():
GEG| 0 =2-2(N+1) 70 (4.18)

&g sin 0=nsin ¢’

G - . ,de'
FETK cos U =n cos 0 77
i d_D_Jy= _ cos 0
TR 2 [ ! (N+1)ncos 0']
dDy cos 8 n
— =0 — = .
AT O os 0 TN (4.19)
d*Dy \ cos 6 \®
tws LN 1 [ _ ]
4 do® 2+l ‘ncos 0') >0
&9 ncos ' >cos 6
dDy

wdfis © - =0 5 Dy en Tma 1 «F Fhaita owte

cos”é)=(—'~'—)2 s20’ ( 1 2(ng--sin“’ )
N¥i) 7= J'v'+'"1)

N 1 n% -1
cos® (l[ 1- =
(N+l)”] N1
Rl cos®d =M1
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2—
cos? 0='_'—3_1 g N=1

n* -1

FCTACEA LA ST 2T oHa1 1,331 e (IS e owa 1.344 ;
A A6 Tl R A8 T
YA N-=1 0 =59°32' g - 58°44’
9’ =40°21’ 6 =39°30"
D, =137°40’ D, =139°28’
YA N=2 0 =71°54  =71°29’
0 =45°34' 6 =44°52
D, =230°24' D, =233%46'
el Ty =R

¥ TF (A GFPr AN MR 936 FHATIYE SO
st (Fig. 4.9a) 1 «a =4i BA gf=ais s a1 BA-a
A @ ANB AW AT A1 BA @’ A Twed Tasfe @ @R
TG PQRST atafsa owta pifs qmew | aham 36 @@ 7 g
137°40" 1 qew gifer @2 gfafos seeis @ atag s gie
9IZ TR WA @] A At giew gifea abaa wwEE oy fe
TR eaR Jiwew §ifsa fre v wmmaa qPa fafe 2@
oo atwaeed e afa e Tsfa gfanofe o 2a |
BA @3 5TiRIveE ST afawas 42°20° @iel giaca Qe (3 #1535 7new|
IR ©IF oAz AN T¥oi P R | W Towm AR
SPTRT ATWE | AT AR IR Woiedle eifemweay o tHele
W AW qRE@ A | I @IS @36 o @ @ 1@ O
faofs aPape Fig. 4.10 @3 w9 O fa caes Tvsfe 20 a1 ww
TR @Al 6T (W@ D, =139°28 WefR WF G TR
40°32" 1 spean Tamew piters fasle fatem avda atw @3 43 w15
(42°20' @ 40°32" WfE) W AR | @ A A Toed
T @3g o 38 IR Tas (Fig. 4.10) |
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TR (AT WAS GE NG I AACACE R
oA SwEel @ I oM W oy wemmt  afmegm @ena
GweTel 9T T S (7 SPTE AT BTN POl SIS WIAR

Fig. 4.9 2nefss amya 1o
Sgis 2@ A1 1 faxew piters fafen aves wmen fafen cona

AN APPE Z0T FARRY (AT TN5T Tk | @wE e &
A& JUET AT ITAPR GUY AF Mgy SR FATRH S
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A AA MA WA GO @ FEAIRY (T (§ I0eA FAAIATA
PR GRY W R TRITHE O] 6T A MA TR |

fFena IWey TW T AR 7N I | T It g

Fig. 4.10

etz | wafe 7 s 93 3@ wivw oz | iR T Tie
F A4ta a1 3B 397 G7g Aotz (Fig. 4.9b) 1

W (3 IR G 7R ARG EX, weie e $om
J4ata G *GR EX €3 AIE M | EX-F W% 4® SE-
T 42°20° TE @IV W5 IO FAE OR GONA B Gerell
ez 1agrs 2@ @ 3w vt oy e e Tagits za 137°40°
Wk @e AR Tmmew picwe | «f sEsaeiaE A (R |
AR A*fF FB| FTS AET JTBI (TS "M | 6% @womd, EX
QUHT A 40°32 GHINR AR GBG *FT THFI TAB  FEI
(ot RS 7@ @ 30 w3 ory AIvR o pie 23 139°28°
7 R aced Tnew piewm | wi @6 @5 gEbIen TS
MR | @2 72 P THiTe! seensia ( fagre AR & W
TR HI AR B 517 (TS NG AMA | FI (BTN AR
WS T oA A, IR AL v A R Toerm fw @AW |

¢l Tt @
TR W4y (G WNe @R SR e 2R fwefe
qUn W3 (5T 2iGTE (ool IR 7S TX (Fig. 4.11a) | woifos
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i 7ok fAofe @@ 3P @0 =50°24' Wt Tfs @A AT
@0 = 53°46' (Fig. 4.118) | e e 1o £ fa~re iy

Fig. 4.11  ¢ortet ammega 5jf% 1

8 EX @E W% 417 50°24° 6 53°46' WINOR 48 WF FOOWN
I A® | @B GR W T SRS 8 TURS| B FEAI (A
7aR aferaa »@ fafen e aba wwr fawew glere v
&Y Gied | Tooma 1537 ote SRigs Femafes 38 TH TR
AE € IBEI M| @ Gereengid WA I RAAT | 9HER



138 TSI WA I

BN QORI (@ AN F6 TR OR foowz e om e W
e a1 weR oefie @ (Ml ImeRre e fRemte
AR afewarm am @8 (ot I Fefae ame (W SEe
N Lol

o e

(1) M%7 5wy FeRefa a5 */oe | O AGS W
PR AL %I I0E N T @A

(2) Tow, bR 8 SR e eAfsvama (W I AN
3 fa > FerxIng @R |

(3) “enoT weE O Tqe A (Y IR OIReR T 2
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A (Aberrations) 1 LfeTay abiag =6

1.5 Z‘ﬁcﬂiﬂ (chromatic aberrations)

gow afenn gxfoeme <afc assin siww w ser Fa0=
ToHY @3 (monochromatic) Stena @er  wfefag v 203 |
sfoEE wals @ efewas ww@ @ e e agRd
SR (W wfolar sl a1 eifovire s @A SER
T zm 1 wefie aiwy efonas fafen arfn smam e
s Gor TSR @ ciewr weifoane oF sifonms sw
oIS, TR ATSHAT A S st Saweaedid 8o fasa saa
weie Tafen wamtweds fefem g1 @one Aef{T@¢l (chromatic
aberration) @ | IMPECE FA U @BIG TIY oieliacan
93foam Ta~ ofelas N @ @RFR Tavy afsiaa 2@ amm
ATTFIG O I TIX AT Tl |

5.0.1 @ S| (AR asfiTo
Q1 #{Te (15 APS SRIFS ZE S1F AT

K=(n— l)(cl —CB)

QA ¢, 8 ¢, (AT 42 SR IFS] n A (AW NN
sfonass | Ry n wEMEE or fAs 3@ ot K 8
SEFATER Tom (A9 MR & A, oqwAds A 8 A+4d2
@7 & ATeNAIs JWEFCA 18 n+ on € FCHA B YR K @
K+0K 1 oEte

Kn

0K =0dn(c, —cy)=0n 6.



140 TN STa TR

GRIA AOIGT AW A 97 CFE@ n, TR iR 6 K,

TR WA | § 4,13 (AT 4 8 A+ 0)F ACACE MR TR
k2G|
e on
{n, -1
G 8K = wK,, (5.2

@ wsy aefirotze (Longitudinal chromatic aberra-
tion) ‘

@A qET TN R @ AR TER oo A aved
T AR AT (P Q1 |

wiefie K violet > K red
Jean F,’ 3ng 2@ @R F,” SU9®e 98 33 (Fig. 5.1) 1
wrwd Bom sty SRiwS @ v wTelE rF Am wwe @
o 2ot @ol A6 oifeidETs A F, -a, &M@ eI F,'-a |
78 e @AY WiE oW qesfen effeiw gk F,’ ¢ F,' @3 sta
WFET BT O IS | @ RN (ANOER @A TR |

Fig. 5.1 F,” @ F,’ 39w@&x (35 @ &1
A ) (FRFT 1Y |

g ([ (I 39 afelwm afcials it fay M 2@ fafen
R (FE SCWI TR RIeR AW(S REANT Sewdy
afieormel e 1 WAG doReR o efelRETs wwE «dle
Ry zrT 1 F,-a @316+ qea @ o SEAiee S (Fl
IR O/ @ (A 9R IR@L 936 w1 F,-q o (BB)
FIACHA (@ (ONE JCANFS T (7] I ©R (/TG 1] TR IRRD
faE @A | F,’ 8 F,' @& TRmIfY @W ameng (CC') seentes
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werls BT (A6 TR ; BIE W 2T Y IHSH @A 7§

(circle of least confusion) |

(b) e F({TAAS (transverse chromatic aberration) |

w1 T TATGIE SF TPAdi MR @2 | O] wHy
@\ 3% P @7 @@AIF %3 Afd SR FwE afelaE e wowd
Bor walowd a5 P-a 1 w3 Tafewm aufa o wfentas @t
(convergence angle) fem, e &= 6, @& @ANF & 6,
0, <0,y P, Srwa IB@ @6 &1 PP,=y1 P, a3
ufsfqs P,'a 203, PP =y | eNSN0eR IR

n,yl=n,y'0,’
@R n,yb=n,y, 8,
V. _ nb Yo o nypl

Ty Tale Ty ey -3

v
(:7) Terels @m 8 @ Aeq G W AT | el

v, %y, A falen eawondm g Rdw fafem 1 3fn e
qf7e2 g aMmF ©@  n,.=n,’, n,=n," @& 0,'<0,’ | TRR
Vel S o
y Ty
wefe (AT 06T (ATF e J63 134N @it (Fig. 5.2) 1

Fig. 5.2

e SeRd AR e faten wawinedi aw Tatem qae
(wefe Tafem TerdR) sifelad zeme ogoe aef{eoize = |
a3t SATiEE ©rF ST 8 Swdt @ § W3R e’
QS I |



142 iy SwAiTEE

M AR Wi IMERAR @IA@ SR | oTA A
AZR IMERCR A T IOIRNE ARI | (ARSI
sfaae TaRs: W WeRAYTET AN | IOGE W CHAL
gefwmeer faaafs Seors s 5ta | |

gefioreer wifame wenaerse @ qi6 Wi sawincdm smers
I ZW ORI gA C 8 F 3fag | we@e] w@smond fZAna (ed 3
D 3°ts 1 Taogauem ereis simeres @8 71 AR AT (FSH T |

(i) IEA AR (FC@. WG Hfievma C e F el
ACHH (FLST HATR TWT 0K Q) (PIARIG 9VF Fo' - Fj

@% FONAB W (TS A | K“il“ ST :
: F/—Fy _ F¢ -Fy w
K=Kp- Kp="07 2E="C"F wuKp= ",
! ¢ Fo F, (F'p)* “ntp Fp
W F - Fy =wFp =K (Fp)? {5.4)
(i) wfema afetees (Wi, ofchom ma o7
(Vg = ;) WA IR ~TATP @) QUFTE WTS1Ad a9 ¥ RLE.

1.t
e U FC'
1_1_1
Op U Fl,'
1 e~y F "Fr'
TR, ,-I““"C—- vp _F¢' - F,

FOF, =Fp® @& ogvp=vp® 41 7 |
— Fc"‘FF' 2 4 w g
HOEY Vo= Up=- " Up =(0K)vp® = — vp® (5.5)
. ]'1_) 2 FD
(@A TR (AR @ T T Al | TR TR G (TR
WOl qefTRagE ATiaE oW FTS AR A

51.2 S AW 8 (FW ANQH (achromatic lens or lens
combination)

O3 (ACH AP IR 7 I AR A | (0 T @
FRIEH @51 FS 13 1 |
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(@) @Y (N AT WA AT :—
£ 9 10 oTeen @CHT WAEl IUEW K, 8 K, | €W
RN FNINER HA<l .

K=K,+K, (5.6
AT FMPE A WA APNR CHia G IR
« AFAA 76 7W, 5K =0
wafie  GK,+0K,=0
Foaq, wK,+w,K;=0 (5.7)
WML @51 TS "MT | @R w, 8 w, I THER (AT

MR, GG F,’ 8 F, @3 WE @316 NN @ SR

OIS ZCe @ | weik 4f6 @ ww @3TT wfenr] 8 wvrlh
QRN |

Table 5.1

S 1 !
£313 . mp n; ”(: ng— ”c,'

|
1

wx 10*

87 G | 15230 | 15293 | 1.5204 100089 ; 1702

|

‘ -
7@ 155 15760 | 15861 |15721 00140 | 2431

|
= | L6170 | 16290 | L6122 | 0.0168 | 2723

BETRe o TS MMToRET FEN (@ IR (T IAC TR
g wEel +5D | FHES TEE FE ¢, =0.051 @™ g @
@R ?

@S {163 (A
K, +K;=K

€3, o, K +wK,=0

K
W, — Wy ws R K, = =0y —wy

T K, =-




144 ayfye smaRim

Fog Ky= (1~ 1)es—cy) Wi ¢ =y + -2

n, —1

K
GR Ky =(n, - 1)icg —¢;) Cs =c2_;_j_l
2

Table 5.1 @ @ ToATG FHA 30 FSW FAR O AR

@ ANF (@ ANRE (RAY) @ °MI onwd A Table 5.2 s
Meq A |

‘Table 5.2

K= ¢, [
R 1K @ | 2% 6™ (K (D) | KaD) g T g, T S LI

A wen |z tws| + 16.68 —11.68? +5.0 |.3687] .05 |.2528
|

Bz e | v T | +46.63—41.63 +5.0 8598 .05 |.7244

C @®y | wvims |+13.33-833; +5.0 [3051/.05 [.1851

A, B, C @3 feafs rmas (wa? @Evsiy Wi Fig. 5.3(a)
GF TS | A SER TS o= —0.10 @Fem e AREgfer
@z Fig. 5.3(b) @I To g8 | I/Y 8 T BT CF e, =
+0.1551 @38 ¢y = +0.0351 391

1@y 28 tdy 2dy

Fig. 5.3

@€ GRS (A () AR @ T (@ qi6a ooy wAW
I (O 7Y O@ @ 16 A4 TN0e 201 AR @ WO N0
M @t | AR O IFel Toewe A SeR ¢iG wieR 3w
A I @G @ To-Bew e Wl So-smem ems
YRS FIWGHE | (78 ER FIGT6 7ZG @ P IRHACAH
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FRR T QTSR (AATd AW-88A  (bi-convex) lem I |
Q T3 ATARCE SARpN  (achromatic doublet) 3@ TJ 1 (&S
FIOE GIIACH S 27 FINC] =A% "(Canada Balsam) A o=
@ T ATBE (GOR e 97 |

(b) T e ES cFM AFATH fiTHIY §7 IR
TS| o —

K, 8 K, WoR qi6 o (AT AT (55 {67 N4 539
d | &% FRWIAI FC

K=K, +K,-dK,K,
6K =8K , + 0K, - d(K 8K 4 + K ,0K )
= 0K (1~ K, d)+ 0K,y(1 - K ,d) (5.8y

(PR 1 AFAE 9GS5 7E 55 0K=0; 0K =0 Z0& ™
O BTG AW (C € F arefd &l Gi@_nd FWW) | «auwE
sfefan ¢ effefam siRal el 2om - 1=K wev Ao Em
FYTF 22 @ Taoly 947 ol (0T | oS [ GE oA (S (AP
. K _ l R K
8y =+ =2 wra @x¢ Tael gu on MRSl @ (A 0, = - % TF
wafge 1 o Tz @ K, @ K, 3 N % SHGR JCF
e Wk 7w 0K, 8 6K, X M W W3 0K =0 z#e fafem
SAFCIR (60a qUSEd SFA o1ebia @3k fATem SR

sfefn fafen emeng 2@ 1| F[ear AefToms | ARRE WH 916
7 &

6(6,)=0 @3 d(d,)=0 (5.9)
i 8K, _ 8K, _
wey 0 e ok =0 @ 0K =0
InEE 0K, =0, 6K,=0 (5.10)

TR 4G (@ AR O INMRRE 2@ I8 OFl
SUSIPE WA (achromatic) | «r®ta WO @ @W AR
Toiay ?‘ﬁ(’ﬁ‘ﬂﬁ Y|

10



146 smisel seneiawm

TrGA AR (WC@, T @ g S qe =W w0y
0K=0 (=18 Te1y  fToR9 AUMI M| 97 IR A 0K =0
zerrs fafeR fd o Todlm U @M G AN @ @’e
fafen a7 g4 wa fevln @ (. Rfen gme zws wisfes
i weRret Tafem A Telm afagfe sg wwerm 2@

wefie 0o/ =6,'=0" 1 IN&R l;-f—=y: (Fig. 5.4) |

Fig. 5.4

T AP A ARG LA 7R AFE | DT (G,
@8 AT (qA AN | @G [ATeA sawtwdia fqsfe g
ANSAE UG (514 A et @8 rmw AWSE  qiuem s ie
farire? Tafeie 2@ e (BILAE ATATE @3 Foarm wsyel
ot o |
8K =0=w,K; + 0Ky —d(w, + wa) K, K,
Tt cm'ﬁa AGH GFE TH TR v, = w,, @
K,+K,—2d K.K,=0

_ _K.+K, 71 Al_]=F,'+F2’
e d= 7[K1+K2 5 (5.11)

wi5 (SN [ GHS, F1F G107 (TR AOGA MGT A 20
FRETG 3MPRTE 203 | IefiToRe Jiea AeS (5.11) Tamgaa wwel
S TEE AR @B ANINA (FW NN (REACSE e IATCPRE AR
A1 @B AR Wi WA wE 2ifeian sz diereE 2w
d @IE% , ST T GIb (G2 BGe 20O TW@ TR @GR
@R WY @ @ne ea e R Rfen @ifas-wfetwa
(compound eye picces) (5.11) %675 @HWG @A 571 T |



o A afeiay W i 147

5.1.3 oMo FsfiwR (secondary spectrum) '@ Gf®-wats{ Aty
(apochromats)

IfTorRemied 6 WP @N S I (@A 716 SRHHAA
g (Amere: C @ F) afogem | (iom (7 (a3eg «F q8
CIHAGR G AN | O SIHAER G (@ AN IR OR @A
T (AR | 3 O CAHAGT (R (FAAYG T I @A
RO AR | PP IR R © TR A I I -
G A (0T A @ (T (N FHACK RG]

GKA‘,)\ "‘K)\" —KA=(K”\. ‘K,)«”(sz - K,,A)

n ——n
’:D : Kip+ -121(\—;)_:11\]("”
MX -n R
pp1 =D Noe )@z ATvrs Skh TREad wEel
(partial dispersive power) J& T4 |  ®T4]
0Ky y =wpi Ko +op K, (5.12)

3157 © T 53«31 wAe AT FNT W@ WS | TS |
C ¢ F 3z gal g @o1oE o #31 a K, =2.70D @&
Ky=-1.70D |

Table 5.3
o5 z“rsa%w%iwxw’l et TamEe wl wp x 10°
| C-AD-CC-DF-e G-F
| l
FGA | !
B2158 | 1521 | 1727 | 311 265 223 4l2 510
| |
i
% ! z
C1736 | 1.617 ;2739 | 534 486 412 793 1031

aURE TSl SIFCAER & WWel TRfE 30 (N AR
C 8 F @7 Wiy @ <25t (D @3 ImETs) Hae] 7ROE @i




148 NS AR

(Fig. 5.5) Q1 GPRAIA 0941 ARAWLH IA | ToNATT (BT (@ A =
K,~K,=005x10"2D 1 9 C (AF 4,-4 GF(S HAS NG
wr5FA 0.05 | Tafom F67 TG ANICIT (A (AN 1T AIBCH I
@ i @ C A F SRR (FIRATIA 040 1R (Fipii-

;

. . [P &
4300 5000 6000 7000
% (A%

Fig. 5.5
A(A4°) B8KXx10¢D
A 7680 . -18
C 6560 ' -3
D 5893 0
E 5460 | +2
Fas60 | -3
G 4340 -22

CRTR 2T 1/2000 991 | TG @9 GUHA (WL @ ARG WS
N, 21 PR CRTEA 1/50 @A NS 1 g Sae e Ao
e vEArfa @z A 1 @R W3NS 3w atel aoffA e o

0KA11=0 LI EG]
u)p‘Kl + wszz =()

w

fo 14 K‘.z__ -
HAR ” '=-—7{l—-qa§5ﬂ\ﬁml
2

A ATAeS Mama IpfAT S @ 71037 CHEE @ TG
TSP AT06 A 1 oA @ Taex CoRt s W (et
fog et aw | W 56 A5 @ afw wRIRS (@AlTs CaF,)




weRa A afelar A% 3o 149

@3 (T @ TEN WORG Wer | @ qi6 Wy w@e g oo
fEft Aven 1 @R wew afw g5 ewa omefer xwe ews T

(eTi@ae (spherical aberration? 73 B[ A QI (I AT
wfe-wais{ (@ (apochromats) aa |

5.1.4 F¢figeras fady a7 @b e Awfs

SR IfCHRUD SIFFLHI W2 (wavefront aberration)
fZATRS (TN GTS 2R | SR G (@R Ry wielaw P @3
& C @ F e oifeias sewd 873 P, ¢ P, fawa | wofbana
@y fasf e (exit pupil) 93 ¥E @ @, SUFT GUR @R
fa% 0 (v wwss yib za Sce S (Fig. 5.6a) |  <Twmba
U® (margin) SIHES VIGT N4l WEFA [4B] | @3 WA
[AB] *mi et orwe® qi0 My s 203 @32 M7 AR Al
HSAR FEEF AP AR o [4B) ftas =T I | |

ta)

Fig. 5.6

TAFFCHT JHRA Y@ IR BoCa Tl w0 AW q@ T,
wmfoaa waftre sfefaa P s <376 A®a A (real ray) g,
Ly, Ly L, #t2 zifefas PP @ Tatatea |« @3 ataiby o
HEl 2 «Re Tafem muna wifewaes ny, ny,eer - ny (Fig. 5.6b)1

a 3T 3R P (W@ P’ S anEAR =5, I,

O ARG P (AT P AT SR o = Zn

a Ftafs @36 e@ata A, GweE wew wWwI W=n,
(i =L A (73 3908 SRFD ) + O) 371 508 A 7 Tommsss
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A ACI | A+0A &7 (T @ ¥8 WY ALAFNAT 9T FA
W + 8W @R

oW =Zon, 1, - L,) - Zn,(6L,)
@Y Zn;(6L,) FES: SIHAG A @ & Aiaize 936 *ed
o a S ST LT | ST A weping
Zn,oL, =0 ,
Iz OW =Ion,(l;-L,) (5.13)
@ @A SERNAT T3 (5.13) tw oW Tadg 3 AST |
FIET: NG WOAS A ZCA WG (IAA I (wea Tamaa qaen
932 (G @ @7 (T TNT T IS (AB g SW, =on, (I, - L,)
=01 JoIR (T AB N[ (Y SIS Wl MURI N4 Twey Taveacz
W, @@ o werfer AR iR sas 2@ A

2
%\A
\ !
he , - — -
o oMo =

4 - \‘r_
_p g Py Paadn
— Y Ao ]

aYCA\N T Ons by l

Fig. 5.7

TS SRS GF6! Pl (ASF IAPRY @8 AROS S F
T3 |
@ IR a A=A e W g O% (QrE h %l W
foame | A& BB (AT @4 =A4" =d— th*(c, —¢,)
W (FAR (I =00 =d
qoa3 W =onld - {d — §h*(c, — c,)}]
=3h*(c,—c,)on

1t (n=1)(c, —c,) M _
=ih*wK

L
A€ A+ 0x @7 fRefe SAEdaTEn Fel JUFH — -8 O\ on
A+
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WHa9 oW = -hs-- — ‘-'ff. =.’i[._'_,___ __-l_]

11 . .
oy ,—- =K s=n Lo -Loak

[ ~ ”»
A+oN A

Foag Gl - ’%6[(—— ok
wefie 6K =wK [ AaEq (5.2) 9931 )

5.2 @&AS{CoAS (monochromatic aberrations) t

5.2.1 1858 q@TCH I MmerEA WwH WATINE OE (3
sega A0 IR (61 TS F9F | W G oAF
TeRTS 7% »Re F3C0 I |

o 7S 2 wfelms @ 7y @ wers ) atag wes-
e ©ad Tood fatg g o) efsfaar @3l @@ famwa qa
kil

Ao 7S ¢ el wER WA WURA NH TSN

safs (@ @H AverEr Afeis W ofsiare wwa x A9ed
W3 BE GBG AT (@ oAl (3 |

SO e ¢ ulelaw ¢ afelam Age (similar) 23 |

T3 G @ qiHa (wa @ 163 Alfws wefik Wi o
Wi T (@ 77 AT A0 ORI SArEE o3 93 Teats o6 vl 7
HAGATR AMGHTE 22l HNF A WTSTRAL FA IRELAZ G AT
oo ofotay wme ¢ giong | @bl T ENiNeE WS @R
frars 1 Sras @wn s «g fams Al 1 Togy S el
TR SR (T (TR | 2TSs WoGEIAT O ST TR
Gxa. Tav@ afsier wm oy o w11 Tastae: Sww @mw =&
wfefars s FN qMI, @FLAR TRTW; (contrast) FA I €8
afeiaals rs IR TE OUER | Qe CReg «Idw Taps
afelacs s 6@ M1 IR Ffe: Ay A ATWA 60 A |
Brug IS Sty SRR raregfe s s @1 afef
AR g6 @ NG | ST @I WAS (WX @ 16 TS
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AR A Gl @W"H‘l (monochromatic aberration)
x|

goftam iz T w3z gfc 2 MR @ wE *REes ©
(AT TR | (S PRIHOME (@ @R AR @5 IRA
0 ANS (RN GI6 (&7 (B 6 cm @7 [o) (wem 7E | @3
faveer @™ oo e A 7@ | dfslan ceen z@ wewa
A s walEs «@dis i S | wiioee eme Teiz Al
o~ wiefamin fay afcla “mr 681 3@ o wa *wE @W
et el @it fay @1 2@ @36 oM afa zom 1 owE
@36 g s oF Aiem I FEE @, T3 (@ IS
fay @ 1 @8 walors @ (MATAAS (spherical aberration) |

@ @@= ToeE i 93 Fe, I TR SR At s weRd
o) AR A | @S TR unen Todd ©wa et | @d
(FHI S Grwy I | A AW IYuerEy AwE @3 @
TREZE *001 (TuigWl) (A SLSRATIERE FTTe I T O
@ IR @B Tods atma @eces o wfeiw »nem aa 111
(@A Yq FR (AE #{1 FAE T3 FAC@A (Al A, Tl T 21
JOPF WX HTEANFS FAE ©F  (GTEN AACBI0s, e Aie—Tans
iA—FREN—&T e rfa—agEa (one @ v fes o1 am
Wiz —ems afd—cne aife 9ena | B TRAR NREAT 93
o afefw FGE @E—at @6 @1a afd To, $@ IR
Tam w5 1 @f cms fAEAgR (astigmatism) G |

O37 PHE FRGE % vfeiamr wegm @ aln Tuprioes
Al @ I wee A wefow ghaspy W@ AlNe A A0F S
M AR @ afelay TEFs 138 2@ "NTE R’ GTRG] NH]
FLAGC A YAPER T© FCANZ | 9B (TREE (HIA| (coma) I | Tead
1 o (X IPwaeg AT sifwe 1 @ Q1 ain Tode 2@ e o
afetacan et #65 5l 2@ = |

TR 1 fq@ «am @3l swenlss smenia @em za |
@6 @35 fagw wielaw (extended object) | wRole @ oW
(A SURA AT ANSNR SRATHE | o S feite A
IR @ sEeTieR ateiaEls s ek s =S zrg A ; 3%
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TRT FIRDNE TG ™ T3 GOFT (ATF G377 ewtaffer wpors |

@8 (T @S| (curvature) I | OUFE ATTS T S
afofarr Tela 76T | '

R T SAFNADA snieefel WEe@ (rectangular) | 2ife-
T2a6 1o oree o1 AR @@ s 7 @R afefar wig
ANIAE (2 @Re Fiiasfeie Wig SHGFR @8 | @8 (M@ A
fagf® (distortion) |  wm* afclawm vl W wam atwe
QA= |

onETeEe, fagis e @ @ fage wiefamn cwa agel
¢ faple wfefars W@ +i5T6 g8 zo1 gu1 @w=efiome 1 orfgs
farama @ #idfle @8 §OaR (A (N2 (& SF-SAH (non-paraxial)
zf3 @R @ gt T @ IgaRe I @ IE—SeiteE oEa
fafen st @@, T W 7Av ¢ Tafen o@mR swuRel awweia
e T g BorE =na @3 ¢ Tumd w1 anfomm ©F
ez FCS (o, & 13 WorRa qRCS NI, @G QN @D
I 93 TFENRE A G 7 I T, 98 TR A 3N 6@ A
AT |

5.2.2 SIRPLHA WA (wavelront aberration) 8 W{CHA{S-
afara wCetasl (ray aberration)

afelaar Svgens yorna fa@ea 30 @S MR | seEes
MR oeiEs, s wfelan @alt oy (e e TS
ghay  efefams «oic ma awRe R [JNre Wae za@
wENel, TR 1 Teohe: $FF WCBA AT, I AR
(Ol WRE (A GO Y SRIEd  fpred  wifawe,
fma

20N SIFFBA WeRY T ©id WS = oIm w9
wlfelwar @a «afs fag P (xq ¥o 20) @F @ Fhwopm fHofs
AR SR AW I & a «R SHTGwE oEd et e el
T §ore wARgs z@ I (Fig. 5.8)1 el P Ry s I
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TIHHDBT TEE @ @R T S I AW WA WA
el A AW |

PlxoYeo o)

Fig. 5.8

W@ TR StSiw @ @ ufsfar @ 7fs Ty Py e Pa i
TIWA NS FYF (¥, ¥, 2,) S (xy, ¥,,2,) | P, € P, ¥%
TR T O@ 3 Awe T3 qita w Tuex ane, wfw srwt @ oz
R gfoum ataE 3w 4ioa s Taeg @ P, e P,3 W
(@A IBI AW WRIA JCAFNLE i = [P, Py]= [ndl =V(P,Py)

P,

wg @8 42 AT TR @I WS @ | Ziiwess (Sir
W. R. Hamilton) smifas @8 faf*R wwoiws (characteristic
function) V(x, y, 2, 1 X, ¥, 2,) @3 F0F SIFHHT SRCQ 736

TF ACNE | ‘
2 oEd PR (P AR TaMg BEANS (xyz) e, 2 ol

TRias iR 2@

VX, ¥o 205 xy2)=P % 2o 2 ol (xyz) o »HS
AR 2 G = 435 (5.14)
2 wawmsic 7w were 93 7o e (el Te o[ Afeiaw
7T @3TowE {37 | 2 SRHEHIs SR 3y ere WA FTy
@36 (216 RS dovd A A @1 P, dv 7 W @6 9 1
P iR gas (xy'z2)1 P @ @m wWE 9k R v fAw
&S ey o 8§ e z@ | S waAls fewelE ©a (reference

surface) | S @& @ @ v X' TG WO ¥ To @R P’
74fs Aloe fam efefary are o3 2 oot S oo wx e
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@S | 3% HOre MR AfeRas n' T8 R P A (s S SR
@ QW YT SMARNR @I=n'R| P &Y (03 I oW
@R 3% (xyz) @3 AR qae=Mxyz; x'y 2)0 a3 52
SETFAR GIY AN A P At wiye afeldn | AW A zE
orrd o®A (difference) Sawmba WPRR ATIN |

P Tawg Amoes, 2 oed (vvz) (avie @ SRAeE ou-
BT SR W (xyz) e 4@ TR 1 WIS

W(xyz)=n'R—V(xyz; x'y'z") 5.15

T swermaa 375 afn egarfa ot AnE w7 TaRwET
@A @A RYres e It e @ & A @ A
P, e P.3 wy faty g wwenes atafs Tacaeg 1. e or Tog-
cmi:mﬁa (direction cosines) L, M € N1 P,3 FgRile TR
&3 79 25 P, 9@ TS x, +0x,, 1, +0p, @R Z,+0z,
(PsPy=08l 1 wIRi&

oV =ndl= v v

ov . ~ <
ox, gx, + 331—, 0y, +5;§; 0z, (5.16)

f®g dl=Lix,+Mdy,+Noz, (5.17)
(5.16) 8 (5.17) @3 =i w@w WA P, [3s aveg fag-
(IR S| (N

1 ov 1 oV 1 oV
LoV VOV gme yL
n ox,’ n oy, xR n oz,

afels fanre smae b v @od snem @1 e
YTelarEd @ @ 139 (3 fasfe wmeahaomma afsls smams
g f& o@, @MW W Ak w6 Wl om0 eIR @
e ArNia @3 fayre e T a a1 | fwwa sepg qfe
Q) CARA ZR TS G| AMA |

Wi(xyz) @a @315 faeg oieod wce | 27 ©EG AW O7F
6| Woud I OER $RE e favre P (wd @ farwn
(disturbance) @t (sfltgtz Swd *H1mT (phase) @1 X' @ §
TG AT @3 T iR 2’ @ (5 qT% WoRe A awe @ 2 SER
ofels 9% (0F P Rt @ owsr a1 ohiere sorm ~mawe

(5.18)
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9T O | 4R IR S A6 @R 7Y 0’ @ X' wHATeE = F@E0E |
wiRlE O ﬁﬁ‘c’@ Wixyz)=01 =ik W(xyz) g5 I wew
O @73 (xyz) faw 46 (o P’ Az wmeamesnem weq | weed
0 o @32 (xyz) a9 oz P favrs @ Taoss ao1 oofieste
©IWd *HRIET WWA (phasz difference) 377
Op (xyz):z);" W(xyz) (5.19)

@ AR ALK x WHIG 24w MW a 31’3 (Fig. 5.9) |
2 R TR @ @MW 1R A'xpz) 1 P T3wG srm 3t Say
) R Y3 IeRIE @ Y1 P4 @A dide FwE Wl
s <@ S @ B Tawis (v F@% | ORE SIS
SRR KT SR Wi(xyz)=n'(BA) | @ 41 TF S A7
TR T3

xs=1sy, 2)
0R 2 O ANREN x =/, ©)

Fig. 5.9

4 NI W{(Ab)=n'(x - x5)=n"BA’)
W(Ab)=n] fiy, 2 —fs'y, 2] (5.20)
afw SIHWBT AR (@19 (vergence angle) @t M g SR
n' (BA) ~ n'(B'A)
TS WiAb) =~ W(xyz) (5.21)
AR RFFBL o fgma W(Ab) & Tae Taoe ww

TR | @ W(AbR 5% St AT SUARCOR AqE FKC 7
N W |
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YA EiATS (0 Wiw @i (@, 1% @W sEE AIF
Px, y.z2 =0 2 SR A W5 (x, y, z) lare wiemma Tae-

ST

1 2p Log . 1 ag
G ox" G oy G 0z RS
_ 395 2 a¢ 3 a‘¢ ]
G [5}) +({}y) +(az, .
MR S 6 2 SrE WAIFe5 IFE
Xs- fs(y.z21=0

8 x—fly.z2i =0

(a) ,;'/: r% ‘\‘S‘.
|

- - -
(b, ée:»AB+Tsc+kco

Fig. 5.10



158 el smaRiem
TR S OEW (xyz) (3o Semwm we-@misaefa @

(1 s _QZ:S)
v’ 0z
®s I wem (xyz) e afenmn e cmigaefa g@
(1 o
9y’ oz

G S (g{‘ )2, (g{ )’ Loitn faare aifwiofecs Srorm
I3ty |
2 wE Al(xyz) Tawre wfeem A'P" 1 wefe TR

\

A'P" MY AR | [P F] ARA @S AP o | Tefie ghewg

@ifeRe ©5Re (angular ray-aberration) g5 [ P'A'P" @afs 1

@ A @F @il wemer wfmy (Fig. 5. 100 @ p) Sonfia
a, B8yl

R AS AP 8 AP @ 7% ™3 (589 @& (unit vector) R

> >

R INFN e | L, M e N Tma fre-@mia ive s g

CmiL+M+kN

> d > >

8 d=iLl'+jM+kN
> > > > > >
GR  d€=c~€=i(L'=Lj+j(M -M)+k (N —=N)
wefl  Fig. 5.10(h) (®
AB=L-[, BC=M'-M, CD=N'-N

L'-L L-1

ORE  a= L= Tapo
e !

B=M'-M
r=N-N

Fig.5. 10(a) (/= (741 A, QXY oW I @ IFRT x %
IR Y TS @ TG | INGE (P Srorsia wfawme
B ¢y Twrw s 73
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-1
@32 r==a 3 W(Ab) (5.22)
ofcfacea swamg P Tewte, wofoem s@Er o @@
(§7.2.1 w53) SRS x, y € z WHI ANSAH IF P'E, Py @ P
wFYiE 07 9 | 9t SAF AP IS PV Tate ew FRCR |
SR P'P" @2 FZU8 T(PECR W 9F6 W | PP & ghawg
CHFAY SPAel  (transverse ray-aberration) I 1 Sepid
SRR 716 2T wy S 261 € L
R 3
= Rg=-22 w4
7= Rp " 5y (A4b)

{=Rr=—R 0 yiap) (5.23)
n 9

4 D AP FPals & cww P A0S @M F@®@ %L
wa (T @2 1397 39 &1 ¢ (e atam wrsimeem sifgansr fzanca
IR N (@S AMA 1§ @ IR Trd seoRel (longitudinal

ray-aberration) I 2 | I 04 =1 78 ‘%3

ylé§ ~ h/R
R R* R BW(AD)
[ Y = e P A lefeked
A E= puey B i By (5.24)

It ¢ wones @ w@ omfteme W SEACHiTAS (under
corrected) @z W gMER 3F @ SfeHHifys  (over
corrected) T@ T | AYRASS LD (FIHI GO GIXNFT PR
HAIIF @3¢ (FHTG SRFLTHTLS |

5.2.3 fafow uraditoiae @ sitwa @izfs

CAFHLBT RS I IIAR T B @R WD JER
I @re omA © Fig. 5.11(a@) ¢ (b) (8 AT =g | fael
AR (FF @3 SR 207 e afeiay P ofavg wages @
e P o e Wiee SIETRATRRE weW AT o Terare o
@8 @Yl IFRT x WP @3 24T AW 8 WA SOHA ©lHA y WH



160 wiwety AR I

e za1 | offefarss wmm owa-fRdes @ (Field angle) 8
v fatis zom | ewwEcdT SeRa y, z @3 B wae wfefateR
TR QS B T TR NS A | o]
W(Ab)= W (yzB)
Y, 2 &3 BCA r, ¢ FHEE JITR [ (Fig. 5.115)
W(Ab)=W(r ¢ B)

[ AT T
1 SR
! siay o

N

(b)
Fig. 5.11
WAN @y, 2,8 A r, ¢80 ol ot Teoea @0
I | NS IS TR et ey @8 afen (A
Bgw Fais 76 SN iGeE @A 5T I @R (A y, z, B
(A r 6 B) & rasffer FRIT AIAE @2 Iefirs YIS ARER Al |
(i) NS ARG x—y CEW  ACACF  AToW | AR Z &@F
TG TS YRS A A | ¢ (I cos ¢ TLANI YRS ARA |
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(i) YW B=0, 537 Fvy 3Iors Wwers et @ XA |
IEE B @2 &N 77 cmsia (@I (v 22 A r? 9T WO
® AREA | *

(i) Wy, z, A=N(-v,z. =) =&fie (I % y &
TS 91T ARCEA WF AF L @6 AT U AFE @ Q3 @I
AWM y O3 (1T E A -7 (T e AI]S A | WG
B @I 7 be1 (basic variable) fza@ @ s *m@ 1 ¥B
TH WR 9 7 6A | $UIT G 5F 5 v 4 2% |

OIREHA (7 ITE @ WAbrE vz, v @ag B (Fmar
rB cos ¢ 8 %) &3 IR qrsa wHW (ot TEACI (w0
BRI

WAbi=a, +a 1%+ ayrp cos o4ayp® + b (r*)* + b,(r*)rs cos d)
+by(rB cos 3 + by (r2)B)+ hyirB cos PYNB2) + by(p2)?
+Oed QST smoia

=(ag +agp®+bypt)+(a,r’ +asrp cos ¢)+ibyrt +
b.r3B cos ¢4 byr*p- cos® ¢d+b,r3% 4+ b r3" cos ¢
+ R qIed wmeytel . (5.25)

@A a,, b, 3O wganfem o uelsana oag wmets,
TeEEzd  efemmes foiim wm falis 2w @am (5.25)
AMEarer aifsls *mwa seor TaeEa @ o 919 |

5.2.3 (@) a,, a.p? beB* TS @ ANB #itw [N (O
5% (r, @) SSITET WA G AEEFE g TAvS vfa3sw =S
M@ TG @ FAB oW FmEeey qAY fagte @ WvRe v
02 7 |

a, r* O a, rp cos ¢ ¥ yice TIHFHLHI AN IPte @RS
T a, rt MIGE IUR 4 TE 1 S TER AAPIN TF

0 A A
2R 2R

oGl 7 a, r2-3 SIFHHT AING JPRY I NI 2 SER

ANFF T, (
fy, 2)=x=xg+a, r ""5{%‘"’“1"2

11
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q x= (?117 +a,)r’=ﬁ(l—+-2171mr’
- SE " (5:26)
N AR 2 SEATS (oelim | WS WeE [ 1 97 (FHIY A,
x I T SRS | ABR e 1y T P fevits
@eml 5% zalw 1 3 wrm Iy zm 41 TR fay
i291d 4 R’ & (R—2a, R?) amveds Taomis wa Taea o
2 TR o AmeiTEs e 1 sk favins famis foewe T
a, YW TS | a, r° AWB I e o TR W,
v o x wewa Ovw T snem mem =W @6
(TN | “

ay rp Cos ¢ TN GFIE WA v 2 5GeId NI 55
x-=fr; +ay rfi Cos ¢ = -2[}‘!7 +ag gy

weflk 2Rx-2(Ra, giy=r* 15.27)

(5.27) «@x @36 (e A9 AR (@™ 7Y 7B (R, - Rayf, 0)
G IR AFE ZR R 1 IR «avstae X' @dic (onety  walie
ore@e 58| Sefie a,r g cos ¢ Aef gt ez ﬂ'\ﬁi@
FAE &1 wiwe TR i e omem @em zmfa
o Tais % srem @em @, SR P’ 199 @@ x - y ©w@
\ OTET (T - ay jR T VIS (RER TE. a, 47 TS| IPTE
A SeitEne wae faade ese @emzata (§5.2.3 £ e8)) |

5.2.3 (b) CNENC=iAsl (spherical aberration) |

b, r¢ =mire cwa-TaxiaE @9 (ficld angle) g S1T5e | @

TCoRE ORI §IHT CRE G AR | r TN AR (P B @
A @), Tefie r AL LS TR, @ JERA RA |

. R% 3
;IE‘T"‘J = = 2 S (b,rt
Iy T/ = A m ar( 1T )

(5.28)
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(TR v 8 V' YR I35 TN oty ¢ onfos wrmea

739 |
iﬁ'ﬁ' b, mg¢ TH, @ v .—_—17~4_131_f:_£:__
R Rt

@ 7 AT =a Tael Re 9 TH NS G R=v |

ol e e i @ owa atw o emir eites
afa (Marginal rays) ata 1 ontwss I @ Rvte Taies 7
o2 219 AP ort far Somen abm cwEm fow weemm
o e e Ta Fig.5. 1201 &3 wopass (aifergeiad
A |

S L
R RC E S
Y
TN TRRE A
‘ .
I -

@m\c&}m CPTHTH
— ek
— |l
]

- Py ST T
‘ /i . It -
: ) ] ATEE DG
s |
| e TR R
A\
TN T
Fig. 3.12

™Gk @R aelt ma faurs s gtaefa @FHGS TR A |
A G FIWBLA OIS (ISR 20EZ K@ (ALS 2@ G SIeIS
B @ anfess @i ¥3 ceim fawg SRl @Rie | 2 o
A THOI (@ UM @R 98 @ e SR (@ie e
fog afefatan amons wiam «afs sigfs o @ 1 @3 TR
@ @R M A Tafen graom awar s fafem 399 203 1 Fig.
513 co, w® v Tafem omaw oM WA AR WEE @
e S RV (7 AR, B AT A 1+
* @ foaen @F1 73 AR &= F. Dow. Smith : How images
are formed ; Scientific American ; September, 1968, 5¥3j |
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faem Tareme (@ (71 T (@ T4 ©A5HE o es @
S FAGLH ©NEl (FIFA T B GEA G4 FYH SR YIZ I
O W T T OIS (A grarg H w@Een | Fig. 5.1309

Fig. 5 13 wsfaa wigen @ & ; si9ges I
at1 A3z [V p (I ITI Gr4 T 2R

srafss WNAREER @@ (0F @ ATE (@ A T
=forar (envelope) SR A 4@ (@ | @3 >{sAs FDE
A (caustic) e | FHT SAT 19N SARHI I YL

YRS |
5.2.3(¢) (&9 (Coma)
b.r3fcos ¢ mis @ Teais afwa $°) T5$a wq ©ig A B

SAATES A1 T9le (Aa SIFFB AW @A Teaea
g3 @ Fig. 5.14(a) (S (FAMAI TEXE (AT ATHCARCR (@2l

fe S 38) |
RFEE I @fbg aFMa SPRY T, O,
W(Ab)=bzBr*(r cos ¢)
=b,B(y* +2%)y=b,f(y* +2%y) (5.29)
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FeRe ST SCOER ATHY IR ksl

=—86__ =__Bb2 2 ::___,_5 2 o
=" oy W(Ab) o POYE+25) ~Bb,r*(2+cos*h)

R 9., . -
{= T &lMAb) = —-YI‘S, b,p 2zy= ~ ’l’-e,b,Br" sin? ¢

( _f—f»,b.,.Brz ) @z sEea A, Taas,

p=A,[24 cos 2¢] (5.30)
{=A, sin 2

13/

&=

__

(a)

(b) P 2@ T3 $or7 IRTED

Fig. 5.14

@7 AT 0@ @m A r IO «IT6 FoEw s
(2T SR, SRie AR G 1 GE, SIAd (@@ (5.30) (W ¢ @
PR I

(p—24,)t+ L =A4,° (5.31)

(5.31) et L wA @FTs Juan iR | @8 T I
A,| @ @ @ (=0, 7=24, faqe wwiEgs 1 e izt
@ @ T SEE A amE OF @ gead s e

QA A, = -é‘,.bgﬁm afv by wES TW TR A, AU
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A | r TS AW A, 93 TAE T IR | e A6l +en Taton
r @3 3@ (03 e aras aba faten amndg geea wfada fata
N, =4 It (W@ AR vde Tafen 1 @3 w7 qasfars (nf o)
60° (I TTT &@F (7131 #AEFN = I3 (Fig. 5.14b) 1 faw
A STA0HR T ~ned A WEAHS| YUFLA (comet) AT WCENTE
e | wTeiaT WAL AT (AALT TH AET 4B WARARE G
(coma) 3H |

(5.30) Ai17AL9 2¢ AFR w0 TR0 (WD r AP JE 9FAA

Fig. 5.15

@ «a, afelaead oE 4, WA U8 G7 @@ Z@ (Fig,
515 1 @@ A qued wutels [awa TS guace ¢ 3oe @R AT
48 2B GGG 1992 545 1003 A6 a7 (A3 |

5.2.3(d) ﬁ?{’“j@ (Astigmatism)’

2[AR A%TG Z6T byr?B° cos® ¢ | % BHRAND ﬁiﬁﬂi@ [
CFFGA @ (2% (section) ¢ =nf2, (A3 (5T% @2 WC2RA @3
@8 (30 TIFTBT AFC] /R =0 (x(7 NATTSNI WPRY LA
byrp® 1 waw

X=—=xS'+'i’:|r332=2I£ +hyr?pe
= l ) 2 2 [
(2R+[35 ’r (5.32)

@3 (gUre (W T WCHAN (@R | SAFHLBY APl SMBR
2b,8* #Tawe W} (HFA faTG A3 (M - 20, R?PE A |
98 (RIS SAFFCHT 2 (g% (principal sections) |
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$=0 (a7 g WAToINA orag eAfemw W @32 o afr
a3 (N3 faaw on (meridian plane or tangeatial planc) 37
9% oY A% FESKA RATES p=7i2 €T (I (FIHQ A
(~agittal plane) a1 wfsfagen (- @&) P T?IHICG Taeet
weTE SoRceR Aty SelE ]

R 9 2
=22 (bspayz)c - 2”3;%3_)' (5.33)
CEN {=0

Tefis BB’ (3417 (Fig. 5.16) FSA (QFZ y) (FIN @A T4 T
@ Ang 3t Tacacg o oifeiad o ¢ wowa g P Tay (s

-2b, B ' Y IR @SS 2@ | B AW oy @ offofm

scaa’r«fr«maaﬁ@@au SS, 7 o 393, 7 = 4 20 Rﬁam
i (@ T (AT AP = Yoy ,), TR G Z& 4|b,,lRﬁ afn’ 1\

P

Fig. 5.16

BB @3 am{=0'P'=R AA 93 I ME{=0"P" = R -2b, R*B*
SS = [@FWE (TR 30 TT = 52% e R
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@@ AW eafelew o Py (2@ - 2b,R2P A P fawrs
ReH T ©R, P" RY3 AT SHHT PR 3@

WiAb)=byr?p* dos*¢ + (._._25’;’2232) re

@EY (T %3 TAZW A A0 SIFFHT NPRe IR
D 2 \
2R
WG W(Ab) =b,r*p*(cos®— 1) = b,r*B* sin® ¢
= — b B2zt (5.39)
qoar P’ Tamre wfelew o vapm womer oty wwefa
TR n=0

o))

l=- § (b, B2z%) = 2h, RB%z/ (5.35)

Q
v

S A4’ @IR ARG (G2 z) @A (A (§ WS qPW
P O efeian St { TR 9@ P iay (0 2b,RB%z)n
73 @316 fare Wies g | B wangss o «g afelaw em
ofeiay 27 @FiS @1 7T (Fig. 5.16), { @ 39144, é= +2b, Rp*
ajn’ @q T (@=1,0, =190 @@ IAE) SR IR G A
4| by | RBaln’

Fig. 5.17

P ¢ P' R7 sy Tafem omema #i41 10 6TA @ X
@ Fig. 5.17 @ (73 Teace |
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Toaw 4% ae @it o wfefaan afefay wals v faw
TR A TR Ree IR @316 @R efefar wals @ enem
@CS AT | @, 9% (QRE (@UR ANSE @F @9 aifelas,
foam @E @ @l @ R arwa ofela =% 51
(A1 Giteea@l (spokes) @3f6 (1w 518 (wheel) wfefan e,
s o or efelars. s gawr saefa =% 7@ e
S R GRE (@FMe o oie afelaa siefa =S g wm
3GRFR el W% z73 (Fig. 5.18) 1

p Aot g Gt afcian SS @ TT7 (s @ ©wa s w7
MG 3 R AGACS | FEE AW € (@MY T [OE I9 |

(b) 5% TETFTH T R
BIET I | BT HSTeh

Toay TS w1 e (438 3T AT @ AT, §5. 2. 3(e) wH) @2
775 oo AMefow 2@ @ MM afelwsg oE@ (Gaussian
image plane) AYG &F A AMA |
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5.2.3(e) TS| (curvature)

b,r*p® *mis (FFM wAq IFel (field curvature) SOTHS ¢
@R Wi FIem R tefard vy d@e | @M
#9367 2@ -2b, R*B* 1 4% #faqéq 2 aq wwwemet | AW
b, 4NIYF TA ©R FRH TADG, WA @ U (T TR A
T, s 203 (Fig. 5.194) |

FTATE W

(a)

Tsfe @

Fig. 5.19
(a) 4y 3ze) Oy, s @21 (b) <wmis ¢ oo Soral I&%W |
S =@me @R oA ; T =T93% F3M oA ; G =oAT el o ;
P = (PIe%SIE O |

TS @ el 768 T3 AFAH IGAW O (@G TP
©a 93 TTw TR o qiE 37 LA | el SoGIe wad
G O3B T AT @ AT BN IRTE WA TAEAYTS
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T 3 E QMG QROP ©F ¢ RW @R 6 93 SR $o
Aaeiee 391 @3 ST CAHSIF ®F (Petzval surface)
A | '

5.2.3(™ fagf$ (distortion)

Awias e 4 9qFA A g *Ts Za b,rB* cos ¢ |
Ny aZ A6 AR

x=:rz~‘l—(+b5/3"y
2Rx-2b, RB®) y = r® (5.36)

(5.36) @S @G (EAHA ANl TR @™ (R, - b, RE®, 0)
T30S | IR 7o y T R - by Rp* WA | TR T
#T¥s 2ATA AR @3 WS SR b, rp2 cos ¢ @ I @A 5
A @AN 9 5 @q ANEre! | guiA fafen poce fard Tafem
e aifefan fefarag s g M1 93 weorers fagfe e

R A AFCEA ACATF TF (WF P OTWA YA TE Rp
(739 B Y@ (3l 73) 1 Tapls «d@ Swel Rp- by Rp*
=RB(1 =bgp?) | Foar Taa4d m (@ m (1- bgp*) @ #1436
T | AT b, «NI9d 78 wd Tawe wielawm efefd p e
T3k e amca 1 woel Al Tmed faegsia <wd Hie
Y (@F @ fewrga e A@ w1 @@ fagterw 4araE
3 fArolEe ﬁiﬁﬂ‘g (postrve  or  barre]l distortion) a3
(Fig. 5.200) 1 b, werse ge sw@d (wa faada @l 20a
N fagfers dlfgs @ foegseae [els (negative or
pincushion distortion) 3t&l (Fig. 5.20¢) |

i
: ' i
o § t ﬁl
i i i i
. i I
, NS/ Sans
{2} () (c)
Fig. 5.20

(a) wizgs afelar (b)) ToeoRe agfe (¢) Trmgwmae fagte



174 NS AMAFIIEH
SRl G316 Jon AT 6, IR F|WI 1 W@ IS

2
a?=2Rx=x%+y? =4
X“+vy FlA x 3R

G ARG xKLy, TR a=y |
INGE a @ S @316 *itane fZME /TR A A |
QR 4 WE Q-P 1 @wwA P, P faegg ety eifeian |

et X=u @& X'~ 71 T4
oL =9% ["'“_’__'J{l_ niu— R*] s L ("_"'_H_"'("" R* _ Z’_‘_“..‘,R_’z] \
2R iz u 2 2R UM ut
+ - 15.38)

st wisiaws owma PIP @ PAP qI313 ImA afa @k
TIMA SNAFLT VAT 0T | Bl
Lt
a—0
nww—Ry n(u-R) _
a u

oL=0

UG 0 15.39

(5.39) (UF A FFH G MG ARG 2nivg o

n n_n-n

vy R
FLER (5.38) AR a® OF AZA 9T | G AN THAIWCD
| SRS 739 TIZ TIFFLEY WORA | TGR
W(db)=k a*+k,a® + -
=k a* RIEE + AT PFIG G A0 |

— e L [ (8=R)* n(u=R)*
a 8R2[n = ] (5.40)
fog R

Qg 1 - = nlf(l—f)

(5.41)
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e A e
i35 (il
s'k( )T (e ()
o) T ]

a‘*(l 1\ *(an' =m\(n n+n
=4 (1 - an —myfn_n+ )
8 (R u ) ( n'? ) (R u (342

W W Ab-E yib Ay efesass n. n, wafsr @
|

R NS a @ae el gan v @a ATACE e T T |

M (Ab- et aifeiaces 1as v @3 IriGTe o B T 1 @k
AZEE (AR TR Gl v 8 Janan Aitweyfea A

_at(l _1\*fim-n)][n+n 0
R e I K | L) B

5.3.2 S| (LA (AT

OIR GBS Towl (eI (A nEeRe Ty s 3@
TTEN (FCHR 2 @ TFeR (A @S-AME IAFE R, € R,,
afemr n1 w1 R wew wa oiesReR (wa P TawE e

Fig. 5.22

TRE Xy Py @ ATSA ETSR o pUrs amoa eifelan zow
P'| wouq P,-@ faoi ©leR s Qe 421 @0S »A |
@R &) AW SIFED WP

W(Ab) =W ,(Ab) + W 4(4b)



176 wiwely semiaETa

(FAMA W (Ab) @R W ,(Ab) T& 22w ¢ faoly w@  afenarw
T SAFEG WA |

=y ) )

W.,.(Ab>=8(R, S0 R)

GATA W, (Ab), u &4 ATATE @R W ,(4b), v @7 HACCHF (@1
Mg | INGE

e (R

+ (,; ",1) ('1:—]~ R-l)| (5.44)

ATRRA (5.44) (U Hq 770 I qroRA AZHE (W@ I
A1 BRIRIIAZL, YR CNRIICH &
R* o
hn Qy
QA h=y, n' =1 §OIY TR I ATEAF @3t R="0, {qsm
@ @ et aifeiad @ |

b= ANv=~ W (Ab)

»?

< 0
el I %
g Av v oy (Ab)

=220 NG &)

1 1 n+l_ 1
|z, -1 )] (5.45)

3i7 enfes ahem cwa @™ g £, 28 @R e faeim
ST T 71 / T O u= — o 98 V=1 JATE,

oot =a0= O e e (7 )]
(5.46)

1 T1F =R, /R,

) _(n-1)1-9)

wm}=(n—1)(R =
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1 1
R My I —a)f

S SN
SRR T oy

1

1
Af @F 58, SoFF I ZE
R, °R,

VAN AN T 1 s
Af=- 2 (n“ ,[(n--l)(l—r;\f]
(1-{o— (=D -a)}*{(n* - 1)1 =-0)}]

= - . . y.& — —_ o 3
2nfin - D31 —o)® [2-2n%+n

to(n+2n® -2n%)+0*n)]  (5.49)
Tobaa Frst R, >0, R, <0  efls 0<0
Toues (FEe o<,
@HAFR] A 0 >0
(5.49) walleca oot FHEAT SRATGE ao? + bo + ¢ LA @M
i

(5.47)

(5.48)

5 . b\* _b® - 4ac
aac +ba+c-—a[(u+E) __Zla“_]

@A a=n"*>0
b — 4ac =(n+2n* —2n°)* - 4n*(2 - 2n* + n®)
=n%(1 - 4n)<0
@A _n ARADE 1.5 @932 2.0-7 M4 A | Wodd o7 5%

T8 T T @A
aoc? + bo+¢>0
4R (1-0)2>0

Fwe At @3 5, 1 @z o foen i =2

YRYF TR AR (R o, Af WE TR | AR
fu<f @2 BoRIT (Hrwin fom 2t @ifes cwiem fog
e foeben 53| @i wigle (shape) smed (Wefis o
MB) Af IAMAT ATS M | F 0-F AWA

%[Af}=0 8 IFTeLs | Af| PN TR
12
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[Af] Fwox R 76 Z=7

. 2
m[aa +bo+c]+ (l

wq  2[ac®+bo+c]+(1 - o)(2ao+b)=0

b+2c_2n*-n-4
A A S T (3.50)

[2ao +b]=

sl @ fen wrgTers, (mEmere WG W @ w
i oSy S fasa 3

YA n =1.5

o= — é=R1/Rz Yi2fie o< 0 @3g |-
1

FwE To-Bed A To-sRen @S TNe @1 (@ R @
@t R wAls S @ i e e ¢ s q1kee 20 |
arEE Af=-1.072 y2[f |

YA n=2.0

0=3>0, @R TR @AW @S | arHEs (@)
Feais, @ 3 @@ Wit wpitg Gitts 33 w0 ARG |

wipten &+@ feena wisma fa$7 3 @ Table 5.4 ¢ Fig.
523-05 (AW TEA | @AM WFTeI P (shape factor)
g=(1+)(1-0)|

{

1
!>{ |

P—

+2
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Table 5.4
n=15; y=3cm; fach g1 @M G =20 cm.

q | ° @™ ! Af
-200 1 3 | afeEm | -435
-1.00 I - s Sa t -2.03
-050 | -3 To-Sw | -1.26

0 -1 | b L ~075
+0.50 1 —1p3 \ Bo- 3w I - 0.51
+1.00 ; 0 A TeA | -0.53
+200 413 | atewm | -1.35

@ G (T TFeY{ed TS| TYYE SR WA (AR JiTo™
I R OF PA T (A (crossed lens) e |

Table 54 (@@ (Al " @ GFG AVCH O@FH (A
W4T TR ST 7 AR MiE G4 I@ IR I 5T &
& (AR TYAY (MATARE IR I 1 @ MY G, (5
(U3 Y3 A @ | Wk FAT (FACHT WE @@ (@ e
I 6ACT P | (@@HI6E GeoB Ty weR wweals swena Wi
A1 (AR QA (@ TC | € F199 (WO @3N 1 (@
Toeg wma M iy © 26 wiefan @ @@ 30w @ A" @@
e one Aieia @ME S e wEe @ra ~fwRies @4 |
@2 A7 (FiTetn sifeada A (T Tae@ sEg A
®ita 1t 70 fwes &3 wra ofel waz e pife
T IS TLA | GUHL@ ACAele TN 04 | Fig. 5.24 (b)4s
g weR pie zaw swed ot w@m piea sfwmm a0
Fig. 5.24 (a)rs (@@ Tactn ool Al pite 2tz | @& QA

GLoRY (@} |
? F' > % '
(@) {b)

Fig. 5.24
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@FF CFLA caMEiTee Arasifa vz Fw WA @ W
TE O3 @A IR | @310 2ATeAET S o SAFES IR

2@ ( FRI (5.42) (@0 0’ =n @32 n=1 3TACF, a=y 4@ ),

= (-4 () () e

Woa (@i Breize

a0 = 2 yiab)
ov

S (b () (e
@it ey 0= j’u oefit y= —6u

TSR A0 =0 (}é'}?)u (nn—*!) (%-LE_'_’)

(5.52)

@i SR A0 s wifeian @ & o e @y
TqF | ORI (@ G 0 @F AR @Al orReas ATl
e S 5% 4 |

W R @W19s, wais wtenal (Fig. 5.254) 37

u<0 L1G| A0'<0

u=0 A0 =0

u=R A0 =0

u=(1+n) R AP =0

O<u<R NO>0

} R<u<(l+n)R A0 >0
@33 u>{l+n R AO'<0

@ A (7 BEfA% g% A ZA (T T A Wl |
wfernsl afemas ed R war9F a i 29 © Fig. 5.25(b) (o
Il RCRR | weTEt otd 76 z@ @ Fig. 5.25 (c) € (d) o
CRYTEAT TR |
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P TR - )
(C) NoAD IA,
R Y71

(d) TOFQ I ; R WATHF

Fig. 5.25

CA,=nR
A, 8 A, =S3Ea917 137 (Weierstrass point)



182 NSt SMARIREA

@35 wfenidt @7 QMg oew SHATGT R 4ANS | WG]
q e e wEd wwlan oh% A0 wags | fwely weia
CHE R 49T, JIAR @2 @I IHIIG (AF THIAE AR GAR
AD ANIT | INGL OB (@H TIRCAMLE |

wFEga (5.52) @2 Fig. 525 (03 @bl (Al AR @,
AaA SRR (ANE SIS 9 AGAFH SAAA
g Sfemeeifis | FAE @FF WA AT 73
I/ AT A |

o8 (TR TR, (TACE 7 A AW A FA A |
SR 951 AT 24 (€ #Ca @9l AmCHES (homocentric)
TR SCATAASHDCE AT ARCH SA GFB
Aacefes wfendl StaiFafiece #fsds w3 3w
@Ry @3t afeAdt ¢ @36 FoPR @y weRa faerteet
oG WA WS NI @ ORIT it (AR AT AR
YRR Al |

GG FAHTES WA apasR SteA! e Wy v T
@3l F6F o@ ~fads TR @ APl IaR T R[RA ARE
(Fig. 5.26a) | @6 Qemt (o3 (Fa, ATSHAR 1 S, T
2R, WG 363 oA (F wRe I PHY WA Rt 7w
®RA (Fig. 5.26b) 1 @3l wfeaArt ¢ @Rt @esiw AN
wieaR (= (@ F19T om afelay fzoe srew 3@ 3 3T
e WA (@SR o Sifeian TeAmd @e 3@ (Fig. 5.26b ¢S
aitems T7% Sreb Tt «b1 =% 7w) @k pors ahaeia P favs
giond 23 | @9 i I @R WA TW S@ LA R
@R zm ST R Gepdl A @A WA CSMETIR
RIS A | Woad @36 SfenEl 8 «Fs WP (R
o el are Taea AIAITARS FACS (ACA (AT ZBLT (o
AMYFLHAA S A | ToA MW geqml AN 73 TR T8
TSR |
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@ TR, @ R0 wAOR W (1% (doublet) 0ot TS
TR efeema Eeen 76 (e SfeAt ¢ werTdl @ giva

P/\G/%\:@\%;i————(a)

— v
- \%be_(b)
|

P
-

Fig. 5.26

wael 8 OIvd WU eferwmes TAiws gty R (§5.1.2 §6) |
Eefied Spted @@ WiNi® (undetermined) 73 1 @ofm

Fig. 5.27
QST TS ZR AMS (PR Jon g/ | 416 BN QAR
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enie 3 Py cvea gl wirve TR wigte 75133 (shape factor)
Trimrsm e e @@ R abm @ sfegerm
(parabola) T@ | 416 e s wpfe fare TR TS JMERR
»ffane @3 27 (Fig. 5.27) | (73 a0 @ oOw @6 oA
e ool @6 Qo W b @l @ 3w TS MR |
@¥ 6® aft A A4,4,, A,B,, B,A, € B,B, (Fig. 5.28) 1
@3 A A, 4, 4t TG SN oy @ Few swen W (&l
FACA € YIS (mount) AT EGiiwa oA o, Reffa werg
fafen a1 tofln w6 @it @2 AAE DA mﬁmﬁm&
A, A, (ENF TN (FTNE TR T T AT |

Ay Az By A2

Fig. 5.28

22N @# TG woEEl 8 faeln @@=t stenrt o s@ie o
(81 TN (A B | GOTR (WG W6 N W @18 7B @9fed
TR 8 (NATHAWS | 17 ZW @I FNO| A9 T8 SR/ J2FN
G MR favgge wwel O Ngwis sworm @ 20 7@ )

5.3.3 Ziefor @ w7izad WE(RAT (Herschel and Abbe
conditions)
wiciaais wrss 3w @m @36 39 @ wwifoemm waa
(7™ FNINER) AR ©F @6 @MU veieiay onem #8] |
gezfa fag famie wms afeians snem 753 1 Tog Mo @16
oy wroRa I8 208 I 5@ A | owftee o7 e Ay s
g0 TEeN LT (A ZF | Wed’ A GATbFE ©F wieerEm
Togbl 2w AT Ze %y «Toma favres a7, @ TR sRom @
@B TR GG ANE YLSR SCAMIA AW «F AN @
WAL W SAMAAEIR (tolerance limit) Nty F141 |
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W X AR SCHT TR @W Y 4 5 qqd WeHie
QB 7B TRRE! 4 @ @F JI G0 &G AR dv
(Fig. 5.28) (&A1 Zo1 | @ wec o @i fgree zend

B2 ISR By | o oo

Fig. 5.28

WeRe (I6A 15 15 ASHICH AFA GB18 wwE [[es) TR |
@ IR do FSATG @I T wweA dV 7 @I w1 AW
PR AT €A efelamd ofels fawrs fog wwwiwel (blur)
WP | SR giied amence? afeia 2 1 2 | Wl
B1Z (3 dv wiwelq A Tared, efefas qee @ gmen a@ifeq
ATfe 2163 I3, 17 A AT @32 dV SREAT S 9 (dv-a
IRW) R vy Rgfer o @2 M gNew | dv SEe
SrFET e wfes 3@ By, B, W (@ WEE O@ A4 7Y
FuR O 416 enfas fa C, e C,-3 31wz fadse 397 | @€
LSl Ta™TS SPEIeE sl AW A3 W zH S@ dv SEetE
77 fareR PR qE wANF 2@ |

@A 76 14 SR TR @3 7Y 1 A voRa TR ©W
R 1 @ g6 favd o wEE | 4 e wewd SR )

(n) 4] \ (n")
b g
_ ] oNA dx' g
A dx B \ Ve

b

Fig. 5.29
AW A% (dx) B OR «Fi6 139 | @@ 3% B fasme, wwww
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8@ A F AT 73 (dx') B favre «3fs fay afefw
Tz | A T3S a a5 SORT X 6 (I AL | O NI
ghwa’, A" fasits S 3 6° @9 FAg | B e a7 O
Bb 519 @2 B' TS « QAT BY A G 2 1 A A @
M Bbis @A A’ TRYI % FF B'b'(3 16 cavmesa qeatame
XA 4@ @S I | OIRA

[BB'] = [bb] (5.54)
wteiam @ sfeias EMzs afswss U@ n 8 n' |
(A4 ), =nAb+bb ) +n'bA
[ A4’ |- [bb')=ndb-n'Ab
=[AA)- BB’ 1=¢ | (5.55)

A8 A &R B¢ B um¢ SFE A 47 ACZ | AR
ndx cos 0 —n'dy cos 0" =43 |

@R A W =0'<0 (WE W[ W) IAEA oNen AR
LOIN @=ndx-n'dx

w59d ndxcos @ -n'dx cos '=ndx—n'dx’
A ndx(1-cos 0)=n"dx" (1-cos 8)

A ndx sin® ewax sin® & (5.56)

[
2 3

a3 TS gTfcera AE a1 vt ARG @8 ASTG
A e |

O #$: @@ wgEw @ i TerE I @ AW
A8 C Yo Oe SRige | 4 6 4« C ¢ C qm* @t |
QW 4 e C' G2 IPAY OF /AR NS 137 KA I W
@5 FF Wefie 0 @ 0 (g qM 1 wF CFE-INLEE @9 (@ SR
AC(=dy) @R AC'(=dy) @1 C.8C, @ T A € A
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fegames @™ @ g6 WS WH NE Q@ @© AR |

[
[CC'l=lcc!
g [AAd'l=ndc+lcc' 1+(c4 ]
[AA']-lcc’1-nac-n" A¢ =ndy sim & —n'dy’ sin ¢
“ (A4 ]1-1CC' =47 |
g -0 (0=0"=0 i)

Yo4l ndysin 0=n'dy sin ¢’ (5.57)
¢ -
( / a'
N a
Oy \2 ) .
’ (o N
A ]
dy! $
o
cl
Fig. 5.30

98 WeToe epitaa Arecem 76 (Abbe's sine condition)
XA @ ST @2 E gge wefdin 1 g Serwlw
(@ AT w0, 8 6, A (F TI TR

ndy0,=n"dy 6,
I3 (5.57) 4w

sin§ sin ¢’
N N e (5.58)

A (5.58) HEEHA AR WF @376 7F o1 |

@M i (finite) SIFORA Ntgs Faa 2 S eifeiaw *1I@
N6 TA 716, IMHET 6 @R WIRF AR A6, @R @2 7S
7603 Zoroe Tomm 3te 23 1

(@) eonfafes YIS0 (QF @ATA @3 7S 46 AMMAASITE
aFE 7F T% 0o MR A1 | FEYfe ARG (compatible) 7T |
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(b) RReTg I3 O=+0" o3 7S 46 0 ¢ 6’ «a Txqors
R MG 1 wefe (AoE ¢ fa97e @rom (anti-nodal) fRe@Ea
T S FT6 TS | «

(¢) @& ¥io 76 ok A% ZC© (e %6 yi6 0 @ 0 «n
Tetors (wefie Srmeaa waeers) 2t 2@ |

Hio O3 M RS ELHG O] WA TNy S 7%
REG GINF WG | OGP0 SHIZATIZ AN *% Z73 |

431 A1

% =16 @32 Z—i—- =2.5 @R TNIA AREIT FST6 «slt‘mi‘x

e zm 1 oRE
sin6°_ndy 1 1 _|
sin ¢ ndy 16 25 a

w<fls  sin 0'=% sin 0

Table 5.5

6 s [ e (s | 200 | s

sin 0 0872 | .1736 | 2588 | .3420 | .4226
sin ¢’ 0218 | .0434 | .0647 |.0855 |.1057
sin0/2x10° | 1.095 |2.18 |3.26 |428 |5.29

sin?e/2x 104 | 1.201 4753 | 10.63 | 18.32 |27.99
sin 0/2x10° | 436 |8.72 | 1305 |17.36 | 21.64
sin'g/2x10* | 19.01 |76.03 | 1702 |301.3 |468.4
sin®g’/2

sin®0/2 0.0632 0.0624 | 0.0608 | 0.0598

<o
[
(=N
N
W

Table 5.5 (@ (7 TR F o417 0=15°7 & W 247 30°
T vifw, Al TR W As, FIES: WA ¢ TR 7S
g5 Prae | Fed @2 SLACEA T SHICIR ASB o
FACS AMAL WA (SN A (3 TR S Be wew
e (g 2eace |
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5.3.4 ¢FiNM @Qi‘i : Sjtet{®ifB% o& (Aplanatic systems)

Y GTSiAE ICHT FRRIE WS (wa-TAdRd @9 (@5 oG
By Fees 3¢ ©NF ATSIAE @ WFRY Z¥ O AW @ 1 15
TN TSIAHT CFLeR §5.3.3 (T (A (W (@ WET AR WS
w2t eifeias wrerens 29, afn s weiisaie wafs cneera
Ise AT | Wk (i SEBETE srm afw caltETeme W
AW GR WU wHitan AT ASBS 1w =W WA
weifbesiel ©af (T 2o I %A |

@ 7B GATGFE ©F (MATSRA 8 (@Il 9B G0l (I3 T
oI SHIBRIBE ©F 36 20 | SEGE A ARAS: GTTes
oiceas ¢ AfoNEF O IRA WA WA 77 F1 27 | 3
9376 Ta ey oee T Teafs cwen we@iits ©3 zea o |
(et stera cwea (Fig. 5.25a ¢ #Asiiage (3.53) a8a)

(i) conety o B0 (W [Avre qAW wieiqy e afeiqy
Aneiee —

oW u=0, A0=0 w2fie (wEweRa @21 @3 fars
sin ¢

wefies e eieqe (A afewiae) afum or 5 = (@@ Wk

WA FET o7 1

(i) 9w wielem ¢ oicia Soag ey wER
TS

©ad u=R, A0 =0, R (NATRN @& | @ 179 (AT (Mt
o ( efers Tom afowas) e ata aewd wivios Joar
AR woe fm | efeT®y sseraiactam (reflecting galvano-
meter) SqEH 7oeTG SEY SREE G WA, WA aiolam @@
G 5T |

(iii) 33w wfeiels SREETAR 139 o—

TS T4
nu=(n+n)R

q u==R+£R
n
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TARG A6’ =0, IR (METHRY R | TR WTSIANTG Sy

sfeiam g2

n_’=f.+n -n

» u R
, n n-n
mle=r GimR YR
| nv=(n+n) R
FNEE v=R+(n/n') R

2

Fig. 5.31

e @i C e el @y — R @
n
KER w R

sm¢ CA,” n n
OGN Y -—CB " R/R= o

., sing _CA, _n n
R Gno~cB a FR- G

7 n
sin g, sind_n
sinf’ sing n n

sinf n* _sin n* n' _n
S e S =
sinf n sin ¢ n n n

_f

afelare

0, @A 0, @ 0’y Torpl (@M AW WD

A IR |

sm (7] sin /4
anw'a -ﬂ
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AR QUWES AEFT 7S TR zEwe | INGE SREAATE
T2 o (e afeTRe em smemifce |

@A PR (A {3 (MEE 6 W GF3 TN I W
e oo favese o i T @

4, -—-f’sf[ G(if— 1)+ Wq] (5.59)

32n+ 1) 3(n+1)
G [ . R e v
4n s W 4n(n - 1)

G2 “
- q“'W(%'l) TR r g @ Al @ (4,|=0 W

SfiS @ @M A | wisiToe almps NS T (SR
G =(2n+ I)(_nﬁj I8

u=o A g =57 o wipfer @A @m AR Al
(Ss=0m) 1
494 n=1.5
q(s,=0)=0.8

R TN (MEICPRY K7 g =071 «re |

aR FFW n=2.0
(s, =0)=1.67
@R T (MAC?RY TR ¢ =1.5 @S |
@ T @ @ Spiis @ @ o R WIPTe

(oTERsRe o Ao | wned Beus wiFfs frw cnereHn
ASH FICS AT AH AT (FIANS &AW (A Ay 9
OE] AT IR g FACS 2 A

5.3.5 faaag® @ el gM=aten AW

§ 5.2.3d-ts WA (veafe @ @ ANSIES AlfTe AR
ol @R Sefbam Ed W g o) gt am e @R
@R (fF3% @FE @ € (IMY TR @) 1 v 3w @@
@R@ @efea oid A 5 @RE @A [ FR @ {07 @ @W
a3fore Tiem feeaqies ofas 38 I9 @AT 9 @€ A% W
O (FIIE RAR NS IA | F, (FIE @A G SrawrEd
BvRe R @ 7 TR QAR W00 EREE T isa wAfmes
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TR (em AT | @2 (FRE @A YA w4 7@w o T,
FA 6l=0 33 o4 faEAqTS (@Mo 2 (s, =0 gR) | 8] FoAA
Ol G e SIS A AR 16 (TR @3 (AT Z00g | 2T
9315 (oneitn o aifezeer fagats faramm w1 A% |

Fig. 5.32

@ ANB AT NS WHA AT GFL (9 0 w7 ioios e
(Fig. 5.32 @), @37 g @ ¢ 3T, o7 efomqm A wewy G @ §
faare Tl 31 @me @@ @0 @2 S Iey w’3tgs |
w1 gl 8 I' gFw Q TIWE wed e oAfema @
(Fig. 5.32b) |

QP=u, QS=v,, 0C=R &R QT=v, |
AQCP=AQCS + AQSP
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9493 Ru sin I=Rv, sin I'+uv, sin I -1)
3  RusinI=Rv, sinI'+uv,(sin I cos I’ ~cos I sinl’)
Ruv, TMTa ©171 I3 AR,

sin I _sin I’
" s ~R [sm f cos ['—cos Isin 1]

K

fag nsinI=n"sinl’

n sinl’ _sin I' 1V [a'sinl’ , .
CEIN " ) Ty ~——R—[ T cos I’ - cos Isml]
T no_n ~—l~[n' cos I'—ncos /] (5.60)
v u R

s
G5l (@G (FFPT 1AV ST GACH ANIFY | R 4 @ vt
T 7F TRl IS Z@ | Q TIVLS CHER AR ASIATH IJACE
n' cos I’ 8I'=n cos I 61
Fig 5.32b) (@

I+o6a=(1+06l)+d0 [AQCD 8 AQ'PD (3]
wefle 0] = da—dh (5.62)
@3¢ I'+da=(I"+al'Y+3¢ [AQCD e AQ'D'T (3]

A GI'=da-al’ (5.63)
@A QQ =dh
qom da=0)

30 = (k) ° cos 1 I

= (6h) © cos I' I
t

WGR oJ-Jh(__Qil) - ,,,_oh( _cos I’
t

1 _cosly_,- . (1 _cos T

FHE ncosl(]é 5 ) n' cos I (R -.vt_)

’ 23’ 2
wefie n_ggs_l__nctz‘s I=k(n'cosl'—ncos1)
t

(5.64)
13
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off 2o T @Tm @R SRRE fEeE AR | @} @
9f6 @RE @2 snem Aw, Tl 9% afelar w31 G SwmEe
®IR SwFefa afeTRE va AFE vl MU (TR @URIE
(n-1) e TMHIA (FRE @R 2ATef «@ fqdy a0 @ A0
e afenn woftem <@ @am auE afelt oforms (@
ferag) a1 @I S ALOTH AToAT G @Bl 753 | (e
AGH (FACHI Yo ol GIZ WCFI ACHCF ATOAT AR GTHE
POIR (I @IES (A IS (oite 73w efeil @ Smim
Fsfiggan)iar aRTR 06 TA |

2E o731 A, §F B AeH S ot s g7
TN I@ &A1 @6 e @ @6 T X IS @O
@ Gy sifsw Imam oA @3 @S (stop) (Hell WIE |
aft w6 ea witeE @1 @I e @ A TEE
WHT TR O (@R (Fedl TE ANETGE R oreal wnftEE
O A G I bES Al WIEAS (W @S (AT AN
YA AP SIS (@ W TR ERR SIWA GaF (XS
TR WO SEE ¢ TR e B OIEEhE AN @
AR |

MY (BIFW (AN (WL,

semerd Ao, n 1_1 (ncos I'—cos I)
Vgy U R

Teolnew ofenae, L - v” - Te‘ (cos I —ncos I
L EY

81 2
MOFF {10 9 I

F:'; All;=(ncosl —cosI)(kl_ I_;_z)=1._
)

1 ( n cos ] —cos 1 (5.65)

or
(5.65) T @ R @R Fres EUHI JPRA G FNII TR
ERT 7

famf o

ncosl' —cos/
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f, Sofos @ 1 wane W@ qE | R ANEE S, < fo =S
% Q@A =0 (S |

ffaw (T QUi owa,

2 g 2
2 ore aAfeHae, neos’ I' cos*/_ 1 (ncos I' —cos 1)
vy, u R,
a 27
ol <@ aifewara, ?s I—"—%?§—-l—=~1— (cos I-n cos I')
ts i 2
1 _1_{ncosi'-cosl ‘l___l__)
o = cos® / ( R, R, 15.66)
_ 1 1 (ncosl —cos/
e f ( (n-1)cos® /| (5.67)

aUHES @FRT (A f,, eeA @9 [ IEA IS W
QR fo.< [ @a I=0 ol /=0 (5 fy=f 1 WA
TRIEES

fo<hHi <[

@ (R WHGH @A fy &G f, ANI79 (5.65) 8 (5.67) (A=
WRCEE G A | IAGR Vy, 8 V,, AN (5.64) @ (5.66)
(T A T@ | 0, ~V,, @8 WIT & [RGB 7005 |
@B AT 2 g0 REgiee e A |

@ AR @ (AT 8 (IS G G108 I@ | SINF File
@ (§ 5.2.3¢) Tz is AR @F 4E AT IFS] (O[OF WlEF

e D8
e

o P
——
oA TR
Zo s

Fig. 5.33

o @@ PR @ T v W@ ow are e
Gl SR IR & 2 8 weeffer e Ty 3 3w o
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Fig. 5.33 (5 04 wwas 9% 1 O Rvre @@ OB (3 @
srEFata, 1 @na wefew | Y o@md qgel TAefT 3A0e @ |
OB=z, Od=z,, CA=p 3T A ( «@F II¥CS 70 IHAE
AR AT TA TF (AT (W 1Y A4S, GUH [ (ST Ze
R 5% favidle | wq s wima @b T3s 3@ 7) |

pP=z% 4 (z,-p)~2z(zy - p)cos |

cos I~ ( l—I;)

WS4 p* =[z-1z0 - p)* +2(z, p) ¥

bl Bl - 3 4
pz—(zo - f)H-"—(i° ,)-Pp,l- @A p>iz-20)

-~

o

1
qQ.  pzy-—pz= n 229 —2p)
2zop 1A 1% $ACA,

E ‘éf: -5 ) “lo) (5.68)

@R AN (@WF 1z, z, =0 (8 2) T YR @O
;m A |

[ afifig aer QT \ﬁﬁfﬁt o

Fig. 5.34

YA SteTay oa e wewd Aeers  afenw el T
(€% o A SCWT A O ANSH XA Ol @ Y
p= TA) I
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O] (IS (FIFE CEHAT &)
1 1 1 n cos I' - cos ])

Veg M f’ T Th-
1
= [ - s)= (1= £ )] -0
@&l I =nl’
=L 1-‘
S 2
GFBTIR, {77 @ wEw aa
1 1 1 1%
o3 wrwg Bom
1 1 1 1 1
e — = 5.70)
Vyo Ug Ty ug f (

1 1 1 1 I*
[eEq (1732-{;30) (a uo) zn]'

R (:%z‘fu:‘o) ‘(,{‘,1;(;)11,;; @n+1) (5.71)
(,;‘3’2"1',%0)' (;r;,’ ! )m\( '7“) @ ferit wa  Taom

FAEL 43 TS TOUA IS A FUITT p,, p, € p | O
i 1y 1511 .
68 L B Y L
(5.68) 2w (v” M) (- 'v.m)< fiiw |
@2 (5.71)
11 )~(_1 _1_)= 1
Ps Vso p uyl nf
| 1 1 (l l) I 1
T o= emt - =-5%xa
ps p nf oo, u,! nf f
N 1
= (1+7)
11 1( 1
wg —- = (34
N pe P/ ”)
P O3 CFE AT ALITST 2Ll A I
1 1 1 1

e —},(1+‘5 ) e pt—P—=-},(3+;) (5.72)



198 smiwe ArARiTen

wieig 560 BaT ¢ ANTA A (p= o) (@FING T 8 FRWAI
379l A,

1 1 ) oo ! 1 1
—_ == - l+_ = - —~ .
Ps .f'( n ) -« pe I (3+n 572

sAEfa srwe @5 (0 @A A [, fp a3 N
ATORIG 1, nyeee) *@oF FioCa 76 @tS oo HRE 7 @R

@l afn sae e aw T @@ wwEite «sls sree
SToFE ©F 503 | aroHa

pl;‘“Z'f‘; (”rl'ri): -k D

A e D s

t 12

*fea weisens oa (Ffae Srug) faEngls oww? 73 A

T £~=}J TR FY K =-0 ; ATH@ (FFE  FER @9 R
8 t

1 1 1 !
P - — |
Pp P P 2 f N
%15 fafen muitwn @ais wfens) o @3fs wemRt @= faa,
Tagg TS qeE 1. 11
K, +K,=0
“oa QAITNA oI (@R e IFe (faaqis A Awe)
1_1_1_NX'_ | _N\'_K,
Pp Ps Pt 2‘ nif. 2 n,
Wl
sfcfarea IFel S4mE 53 TR T4 2 - ftg‘— =0 (5.75)
1
JFS| 79 ZAW 9% ASTHF (LA SILAR AS (Petzval condi-
tion) A |
76 *Toa @ oA AN 3] G FACS (900

wiefie K‘(ﬁl}— -1)=0 e T

ny
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GB GINTE HEA FAT ny=n, |V CRA 710 @N TweA @I
TR @36 T @ M1 SeGq ATSH| B oA
(e e () (AEag @ awSl, 70518 @ F AH 7 I
qiea o |

Faat Tavemet cos i T @ oSBT oew Ry
@R TS| FBIT GTH §A A NG| @,

() @EDIE FEHAE  JXA LI AL A @18
TS W@ | e GG N4 708 (3 7 WLEAIITA qWI S
Wofew (@19 @ 7ol (19 @F ARA Al |

(i) QArT @3 emeng I wielarmm 71 S fagagis
@ I NI AN QT A W0 wy fwea wfefaa
e fafis gz awa

(iii) afv Tagagls @ ane o@ afoiad oFA7 AHIIYA INL
IF| (TP AR I TSN FET 7 203, wiefie I3

_K._
n,

0

@3f6 s a1 So-Bam @wmg A A T SOy A
@3Ts (@1 A (4t @sfs s awfsaiea o7) faaaqis e 3gel
QAR 57 1 I |

Fig. 5.35-q @316 Gifasem (o™ 9316 @ To1gld I
T | (O SReE (ARG @M T |

QTS (AR SR (I A WoiT ol P13 (S
b atats R fos Twa @@ 1 arEa Wered (@9 TS 6, |
RERT @FA @ Tag y@ TN P Y @S a A6 @
S $HCm qOB | @A WS @ 01 0<0, 1 TR @W
2 (@ @ e WTANTANR A#SH (Flel FTACE |
(e offeiay oeg Fe IR |

QT (TR FCA (@ GG 3T (F @A q SEAS-
Fhapeg Svfos 2% OF ST @5 TR, 92 13Y (W oA
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fafen s1eq @ea wwen #oee =, Tafen 7% oo s oeoR
fafen grom soe | 9B IR @A pTe Tewe faoa e

Fig. 5.35. cafemm cars, SR 16 |
GFE O< 0,1

@R Gvgg wm 3fA fewwgts e dwer qfvE It wen
AT 1

5.3.6 fagfe gR=acdn asiwrsi: anifan 78 (Airy's
condition) |

wfelay @afs fawa am afcla @it @ 39 R @
afelaals wielamg sy g@ or @ 30 @2 Toge afeiig
ol ¢ fagTe 138 e 7w | afeiey o SR Il
RIS A IR, 3agis @ (wEF IR (field curvature)
&R | wmd § 5.3.5-q oiafe @ 3fwe MM I@E @ W
AGRA «IToE ASATHE A7 ©ge v SefeEm o @2 git
(TRE (BTG T3 ¥4 391 AT | A 936 T<ghe | Fae aifofam
wigs 2@ © AgeeR TR 3= I |

R TF (T WE 7R | iR e o AB3 I ow A'B
e W | wirffoe AT St wew i v ( sifaoer 7 583 )
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@ oy Aiwe g 1 few afw @ e SRE S e
e o W twme o g ofcfam www s fepfe @z

B
P .
A o 0 ﬁ' A
® ' 8'
Fig. 5.36
od AB 8 A'B wiwad 953 Sfele @ SR A4FF A @

AB 8 A'B’ AP TR | w2l ﬁﬁdﬂm—“:—:é—=ga¢|

AB
- = —B)= — 8
04 tan (7 - B) tan |
e ‘04€~—tanﬂ’

h.

TG
B O'A’\ (tan §
B ( A ) “tan B ) S (5-76)
@2 76 ol 7w fgfe am@ a1 Tapfe famla wieiaae
SefHw 9% (orthoscopic) afsiag @ag (T97 TAS wfrHfHe
©® T | (5.76) «q ASHE «@ifFm AS (Airy's condition) A
GerF T IR 76 A |
g O G @Re TR G SR AR ATed
(inclination) B7& Tréq ¥ 71 wefik T\ (ad SR (pupil
aberration) (738 3
oA
04 —Ew

tan B

IR an B

e (@R oS 7
BSOS )
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afre @} AT TMEm A @I WA MEGR TS AH
AR PR A7 ©F IS 3 (0T b I SR
Brmy of® IR OUHA LI SPTeTe Y93 I | INGS @S
wifbars o7 fadia 31 78 @dws @} Toafs W amonivera
™ |

9 oSl @A [ApTe oUW (2 IHAL 5T | OIS
AR AIFI0CE O9FZ AK SO @A G4 IA A NG |
e FR QTR %Nl (T @15 @@ FI0E (IS @D

!

@

-
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T
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JHTIT TR ‘g AT I

Fig. 5.37

(EACHT S (HF WIBS & ) WASA (@9 8 Tqofil (@1 @F
TR @R OeEes 7ot Piw za (Fig. 5.37) 1 fagle a1 a@ae
arFE Fs fIgaqis awE | @G ores e AW @1 Formtw
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Fig. 5.38

(3R GEE @G qE eifefar fagpfe a1 @ L @3
TR ol wa P @36 T3y (Fig. 5.38) 1 p @&Ts Jwow
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e ©F | 4 A oETere IFel qwnE | P Rva eifelaEts
pO@E P AR | OB AT 1T WEREE O (v A1 TS
@ P RY (I a I WRA OCAAYR (LN Wi WO (T,
afeizafs 75 P’ favro | 4P wiefatan afeles gs AP @2
afetacy fagte as A1 1 @l @iewa Togm S fawte e

P 2y (aw ciwe sa Tagn wenespe. b ab WRA @S @3k
afeiay 75 P’ @ |

AP" > AP

WA PRt cales ANA oy @lfefacs fagsre
faafs (2l (WLa | SgereIA. (LT A GAesh e
eifsfaeg fPeore fRefs vl wea

vg ufowm o o 3@ Rgle @ I AR © Sowd
SIS (CFE @1 AT | AW q76 Sge TR 13 SR
@3t @uE TRTE T A oW @8 @i s (symmetrical
doublet) (Fig. 5.39) vas fR3dma wgm fagfews 2@ 1 o=
TR ([ER IS @EIT Y6 A WK JA1ACS TR NS
oiAceeea ASTE Trm 23 1 15 @R TR @I @S |1 @
(@ FAET ANH @I58 PR S @IS Qs @rae figte
7 N A |

Fig. 5.39

v

a3 Sy ffen IICR AR [HFACR  ASRIS]  FLCHCA
ST RN ZA | G DA (0F FRGE FRA @ o
o Tocate ©1 ga R b StER (9 R @1 A FieR
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@) T @OE WORA AR AR GR (FIW SIAR O
TRGfNFE I8 AT WO @ TN WA | @R GW
SRS §3 TR TR WIF @A @ @t A wEe 5w, ®
67 g oive™ ©al W I IRTR 9 I OF BOF |
e (objectives) (AFAMPRY, RN 8 IR A GAR 1,
WA SterE (eye pieces) 13aai®, Fa@), fagte Wae FfTeRe T
TR, S ©ebl 7Y |
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81937 &% (The human eye)

—“‘@i st @ fafea
e e ging fafaa
o7 glewl 417 Fo) g@is 1
SR

TR (514 93 AW 1% | Afgiees A amra gy
SAIGIE (BT A | (GTAF AN @32 O It <=3

o | @ T W S 8 A 4R I 9IRS HIA ZATH |

1o N
wfep - STl
(RRTRT
<7\ ~Ewr

FENTT )

z AT

[ n1w T SN

R 5 ~
a:"wﬂi/ R — RaTHF=

e TR

Fig. 6.1 «reaq 14

-~

cew eide faamafars 1 Ty snfwsla wnar fwmiag
TS (e wwal G fIRETs SR 7R |

6.1 ¢oitdw 45 (structure of the eye)
Fig. 6.1 TET GTAA €16 (LF (WA TR | (BITAH
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WFE @ N | 90 FIHEA oo @B I | (IR
four ez 3@ W@ G WS (TN TR @

AW Toig IqRI 7S 24,2 mm
geing woiente rd 24.0 mm
SE GG A 23.6 mm
e8| 7.0 gm
TS 953 (@eEiten 1% TW) 1.03

g AT TRE (UF @IV @OHIE RN FA AII YFE A
GIRE OF AR A | AR TEEE G4 G ('L T | SRR
G S GETE (1Y AT TIOTSITG (AT &5 @R 2 WL
}|WIT TR G oW AT A© WA TR GE aTeR
A A FHOF AF YA ARG O M ¢ @ T 3
G WG 8 7T Zeitn Somel (A (qE |

SIFCAHNFE (cyeball) 2R *@ WRFoYfel ARIACK T FIG |
FRBTH ARER GRRG A, GEA, o @ NHGIS | W (TSNS
(sclera) Ata1 | AR THees @Bl @RGSO TR AR, SHHA
(pole) F1TITe €T TS AT (I | A2 WWOT W SLHRI4-
2Be (cornea) |  ITH (BRI SH R 78 AF TTHZ
@bl W ATF | W (5T HEF ORI G2R AR &ieed
(RR &WE WA (GRAA  #M<l (eyelids) gmers Toi5i6 a3 |
GBI el G A @ oEiE [ SEsfanmewiR afy
(lachrymal glands) (A& (ST && SRS @t (T IS A0S |

CHONGTER ~RIS! TOeRA T sireen WRAefG ze FaeweE
(choroid) | 2IFd FFABECAR T} W8 WRRATG 5ILwa ©17f A
TR F5 w0 | AOIRTE G FENSH oy ~ATANe MG FwAl
RQ ATHS | AN [OSET TN @ et agiae =7 @
B © (NF FF (T ; O TOOER (FETE (AF AT 2 oweiw
WHE I AR | FE TS0l AR TEIR  FEIR NS I
A | WAATTE (albinos) FENSA ILIN | PEIGER N
SRTES FTAR FIAHT & QFT (G190 (T |
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SLRMHLIER IR AT PRNGT FA GFF (MBI 2, 7R 770
U ANEiEs SRRt (annulus) S TaoT 200 21T | SwEm-
6T OIS G TG zE eIl (iris) | @7 % A9
(pigment) &= AMIF| A FICAN XS A, *M1 2GS A GNG1 Z6TA
wge e QNG ZCS A A qad e fafem qaw zte e
PRI MINAT T2ET6E e Ffo| (pupil) | Wit a9 @t ee
@2 Teuib T (=16 Zy 1 ARAHIT AL ¢ TR FA NTom
@Z (6 AT ZeAHl @HIEGENA WiATES | SESE A Y3 AW
SN qi9g I 7.5 mm 2SS YNE, TFA ICACS A 15
2.5 mm JCA FTICS 7R | 63 Al ARTHF W12l Tea soigopiia
fA7Ee SFTel SbE I (e A | WNETAF (atropine) fwta sfq
SwEEe (@Ib A AW A, Riefa fawilas @d anw 1 wE onad
TORIAT TTF PRIW B NZG T | G (BT PFI HR WAl
TR (G ST W A |

Taom ST Soils e ¥R o Wkt ©) (e Truics
Ffa o BEF IG | (BRI (OWCE @bl IATEIC FTICS HIZTS
@ | a7 Gifaad seareefs (ciliary muscles) (&t (%
T @B (oo AUFIG S AR FF (SIS IS I ()
A 7@d A Ined foivg frgwe o AR L wefe @3 (opflefe
SsaEm (accomodation) fq7ad 3G |

TN 150 Boa Arsen w05 SiT6a A SfWAB (retina) |
@B] (5T ARG TIIS 271 W Toemy oE 43 wsimea gmrm
TG AACE | @Ol WS TFA (nerve fibres) TR (ST @@ WA
BHAICEA (optic nerve) SFRE CRINT | ITHAG ILAR AL
(light sensitive) ; Torgtar HRNT FNT GF FTRAM ATF2THI 76,
T | @3 TEqv 139a (macula lutea 1 yellow spot) STEes @
2mmx! mm| @ @wEE, @i Cﬂ“ﬁ_‘fﬁmi (fovea
centralis) S5 HJT5Ta AT, qMa 200 EF 77 | Afwon 4@
@A | OB FEAGETR AT ASTFONRA IF S | (G TOS@R
fafés ®rfsfs suom (hydrostatic pressure) & @B FENGERA
A A AMI | FFNS @ SiHos o G evre
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oA @A BEEA S WS AMA M1 @7 A SR
(blind spot) 1

Fiier 5% a2 sy «aic BS-B@d (bi-convex) (AW |
9% (@9 @A NIl RE GIoA | Al Wy @A FIAS @A
ATCH o1 | GCE IS A IFIIR (@21 @] [SIET AIGE
OFAIH 1 ; WAIPA Y@CS (SF | ATSHIS ABE@A (A B
B @G (I TG (@ ; 307 1.373 (3 (w2 2 1.420 1

a3 @ G TTBAF ¢6 IPRT @9 FEE | HWER
FRRMNG @FeF@ Wz G @@ae swnd Af 1 9@ @ ¥
SPIERA %% (aqucous humour) | Ts@Eg FMAIH FFTOE
(colloidal) @3z < (gelatinous) <M1 =il ﬂfﬁ’jffl @

ﬁ-,ﬁﬁm f&Saita (vitreous humour) ®ig confoq, el nioan
FEIZC Eoilv |

6.2 MNOMT o7 fZi72 (FI¢ (eye : as a gaussian system ;

srEebe, @ Qonire efemmacesian misy Ao
qA@E (spherical) 7 | ISR RIS w@e @iva | @&
IR Il W d ATOWIRT TIWT YGRS ACF ACH
sfaatee 20 | agiol, ¥Twe afels wa fwits @m wiewg sIs
ofoAS (symmetrical) GIRIAS AT GH 5151 @361 (@1 (centered)
ARJY AOG T AN | SRTAGE ATEE I G @HT HCES
SCH N A 5° (@A 6° (@ TS @ 1 ATt SR SrHiavy
TbAe] 4FONT BT T A 4T T7H @ORIEENR G GIol
(T ANAE @ AN FA A1H |

(TF @TERA @ TG @3 *ifasrl g

29 @A 199 —16 mm  feor @M §ag +24 mm
2% 25 3% +1.35 mm  feeiy 337 3% +1.60 mm
o9 (om 7% +7.1 mm  fgein @oE 3% +7.3 mm
2 (PR A% —17.3 mm ROl @R @R +22.4 mm

Boraa wiferel (e 7 ITR @ 29w 6 frol qy fmala
@B PRI 93 2w @ Tao omE 197 q0a 73 W8 |
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97 FERie fTfam @it g ae @a @ wees 5%
“nem I ©F Terf®t g b5 (Listing's eye) 3an 28 (Fig, 6.2) |

Fig. 6.2 fafoe @z waalips o5 |

SRWAGIER WHTIY, B (3 yATI (7AW 51 FAA @B GIAR
(&regrem gre) ¥e sfamafa ga o
A (AC) 5.6 mm
TN SER WHIA (A) +1.5 mm
24 (FRA (7% (AF) - 17.5 mm
Taety (T A6 (AF') +22.5 mm
Ao ~ 1.32

6.3 Sj@i %@ (Field of vision)

AT ATHFHERI T GACS MA@ F4 AL I8
74 D @7 bifamd @@ (BD ~ 13.5mm)| @14 @S
AT GACS AT AA R ‘f@! C%38 (Field of vision)
AN 2PAS | IFH WP NS @ §i%7 ova WEE
&% FAE (N W A, GG e ¢wa (field of distinct
vision) WA 3B HINS, @ 2° @R AfPTA AT | @
afcfas o @fem coufar Sswa 1w weFy @ g
AR FO TR T8 o TS [ WAPR | WS IR
wE SRTE S emifae | wgiNe qiST cwr (oS )
1657 S5, A7 TwiF ¥, IAA M @t (Fig. 6.3) 1

14
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P owE IV (AR T TR FAS JHeR MY 60° (HF

— i
105° /__'\
T Aanet ‘mlxm 5 / /’/ N
! /

\\
SO iy .

= O \ \\ . i
\, e
60° S /"?3',

N Ficwa o

/
Fig. 6.3
EARIANT 100° %E8 05 AN | WS GEANE GO
WA (14 SNy & WA | G/ AN | (I AP
g IR {197 oFa WAl Aiwe 2w o
6.4 (BILYA BALI(SW (accomodation of the eye)

A OUIT EUHA (@R 7S uimety S wafwe widie
@RIE G G (F BT YES | HOdd SR G
IR @ IGT afcian afwesity Boig e @3k 3BT =18
IF | gielay e SWE zeRed Wi dhelan witmerss foem
PG Cow zH | TAfeEY sioieeii AeImia AIRE e
@4 8 T ATRREN FI ((HT (B A WA A
©IAR NN anes 2 @ wiefan vl torm @1 st wifs s
Bogd onG | INGB WiSIAd INE SENES OND W (7R T |
B3 @8 FTOE AN SALAGH (accomodation) | W ST
BITI8 QHIFG| I8 [Giqqe SN ™I (FAF I | IR G
(R MSRW (depth of field) 3@ I F7 1 FMAY WTHATS, 3B
W37 (RAT (@I IV SHEITH 7 I3 WA (A oF 10 o
73 oF® MR feinag =% 3@ mA 2R 1 *Y NeeR A IRl
wAuad f7g M1 g S ewm 3@ afs | Gl SoEeEa
(ACF (WY RS 2ASK G FA AT 771 3o |

WINHA GIRA SIS HAS| ATAS | AT (7} AT
TS BB FCAG G1Y =TS (fatigued) T TG | =) Bowamm
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AN FE G IANMG  WRIH F1G FAS ANI A | GRS
Qe 5T A I @ AT TR T WS (4 IR O RS
"’lﬁ wafzera foes iﬂ (lcast distance of distinct vision) A |
@ vAT 25 cm 1 10 Blga o 1 @ I FACE P FI (TAAR
(5% FAE GTY @2 WA M1 GR (AT T T e
@ @ 7 Ae onw @%5 fa9 (near point) A 1 H4wcerw
733 @ T3 fam «ifsrs s GonR 73 fa¥ (far poiny)
@ 73 T e fNes famvg wa vEwe gl AN (visual
range) AR | F GULT (Fa ¥7 (3% WA SR | SRR
G FTS] I ) TH BATASCHR A& (amplitude of
accomodation) Tata | (¥ oo @ TATS: @ G WHIECS
re b 13wz (9) @i siad 53 favls (A) 218 ¢:f irsa sl
T @8 W@ A4 Mo T weli]

A= ]_l_ (0.1)

Ad
I AF w4 vifIiEs a1 @ (B ABR A4 16
@@ 18 TETBIR UGS W N AT NF A A IS AT
@3 60--70 &Y FAC | GEWBE (AHG A 419 (Table 6.1) 1
@Ml oF @ oWAmdd 7@iay  -400 em @k fawbiay
+100 cm ; 97 BARIGTRR T FS

Table 6.1
©or@ (Donder) @ Bo1rais] El (A)-2 Sifedl (ATSITAE (BT &)

™ i A Weifage 0 A
(<enq) metre metre I dioptre

10 w ~0.071 | 14
20 o -0.10 |10

30 «® ~0.14 L7

40 o -022 | 45

50 ® -0.40 2.5

60 +2 —-2.00 1.0

70 +08 | +1.00 \ 0.25




212 NS AT

8.5 (BHITYA W79 (aberrations of the eye)

GTRR 2 FAFIN SRR FNE | (NATSEY Smes
W 8 (FFAT  Gq WRMALET IFER ST (T9 WAS I
T @IS @ @ Ad, feRes WereN @ q<E g3 I |
Qo (@9 (@0 e 2178F weEe (marginal)-ofie wim wisiocw
e A @R G4 wTeiar oS @ 0T | GIE @ER @3 (RTEH
IEC ARNRE A9 IRV (@A IFPS (FKLS (0E SEd G LA
P LT 99 IARA T WA | HEA FIvred (@O IS @
TS M@ A GIIA G 279 Y3 39 7 | ARSI
a5 EATAT ©F SHIAC ZF A1 | IR G1 SS00A°-9  FE
@t AT, @3 I | (@ SIFCGA WF GrIT FITIS! G5 g
o A (ATLS A @TIT TORCOR 2T 443 W9 T | IANG
FYNG BICXF I(CPRCR T (I IYRE B T8 | (@A [
AT W @it g Telas res MgA | IR e SrEns
FRAIAY AP FlL2 G0 7G|

6.6 (GICAX WLAXIS]| (sensitiveness of the eye)

wfoe gadla el 33 | SxeaZ B1¥ 30T | 3800A° Tefig
@ (AT TT00A° it A& 36 76T A (7S *M3 | @7 79
e (14 I Heawt 7 (Fig. 6.4) | Fig. 6.4-a wasincdid o@

7 T |
t O ~
Y )

os
Vo(X) 06
04}
02
[}
4000 5000 6000 7000
X (A°)
Fig. 6.4

WA (response) V()2 faégel oama g | W wwife
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T wefie @ TR 3iElce W3 awiAss faEd (unit wavelength
interval) #fgz sfaa (@1 %, e Afc Wwm) R®, @ Ge
(A A G (T W7 wgle (sensation) zy ©” wifwe
sfgmons oA AaA wwis | s V(A S e «@3g
w157 (waa Bome fada F@ 1 wAw @ @aifsafs Fig. 6 4-q
(TeN TR 1V 7Y TG ATSIIE 51 (BT &l |

Q67 o oIy oma 1 oA @B 1S @Al e 3
WA | GRS §GRUAT WSS AN (PR WG AWA I T
qC & #p (cone) | (AT BHTAE (0.01 FHIT L 97 (I WA
*eFQ TS (Riw, WA @ wieem (0.001 A HEH @3 W) WE)
FCR AR (T4 1 a7 RN WA 3 6 v 153 Fe FF |
CAWY BCFIY AT AWCH (M QS SIS SIASH7
QB | SR Sla€ 39 0 Ale 2z TS G Al @
(Fig. 6.4-a wrrtioE IH7 @uifsa w83 | e Siv SE @S
o el S 77 )

6.7 (BITYR WL FFUS| visual acuity of eye)

(FF IS G T AT (N T e (Neq am atweis
Bompiiois i ulilacdd wiiRa G7ig 1 Ti®e «g s Goiraea
el 3 R el wigm AR erel g (Fig. 6.5) 1 @ 333 @

PN

yxh_ h_’\m-—\/ N
i = =
\

Fig. 6.5

@ 416 Ta% @1aa @oE 135 N-a @ @9 Soriisie e © @
78 T~z A6 (Y6l (visual angle) 1 3gT6a Toa 416 »mrsnfy
Ta7 @1y @ A9 (1 € BR7iF IR, IF (AF IS LI A T
IMA ©9 (Al IAE ARA | @GOR JAE IAT € G0F  GF6
TRl €,-(0 (fignd T4 @ ¥2 [RF 9 s AA @RI AT
@ 1 €, % TIeeme AW (limit of resolution) | faraEa
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FAY| (resolving power) Il WA HI] (visual acuity) S-ag
3kTal 2@
© o S=1]e, (6.2)

ARG 7% WFT RAT €, 207 0.00029 cafeae A | fafawsy
To | oA RIS 416 fawa efsiatam Wi 7@3 2@ o) 4.6
micron | @8 73F YW IT @ ¥FT IJINAT (2 micron)
FEIFE | T @ MG WA AF TE FWCIT FASR A9F
F ARG |

FAHC ] AT @ *eF (PN IBITAA TALZ | W
wepqy STy, IG WFE FAIG] Wz | GEA @O @
cadttom wafa @y spwEseE wws) cofa ebier
FRFE T2 A AW (CBGITHNF QAR T4 @ALT T (@O
3&1) (Fig. 6.6) |

|QE- *———-‘————l ~-——-——-%-— e —— —i
{ il

08}~ - (NI 1

! 1

S5, 061~ -

I / ol !

04 e EIERY -Ji

ozl- et _l‘

| N -
ob— I 7. T l
60 30 0 30 60
N M

Fig. 6.6
IR 40T 3% Sgsl B, Fm(a ©AST 7 (contrast),
3. afeg Tawiaa p, 51037 18 W3R Seiiw 37 FRCaE Gor TRy
A1 EETCSTI SN IEce “ifax (Fig. 6.7)

€=f (B 150 (6.3)
Fig. 6.7 «a @aifsasfer (e @bl @@ a0g @@ SS%517 AMa

“Tqaifee omersaE & Instrumental optics : G. A. Boutry,
Interscience Publishers Inc. ##1 254 —260 5537 |
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3 SUTIA SIAST IATLA TAMICI®| HASHS ATC | T
sente @ LIS ARFE 4@ WT I GMATES @ q8 (@I
@S R |

|oo$ 2 |5?
°! l 8=(G'Stilb
€o €o f
minute minute !
5'»
(o] e — - oL
10-10 10-° ] ol B o "
8 (7'y) (b)
(a)
1000
N— .
€100 \\%_'3'_.0 2}3
{minute) 4=10
0 ‘=02
\/ - }A
QI_E.—T"‘"_"":_ 1510
0] 3
P(mm)

(c) A=37yF0-4SHlb

8=10-5 Shib (U
Eire

g, 6.7

WG @ AN TS FWIAH THS MAS A G |
FWIRT FAT  WCS (WA FA A Q51 AT (test)
[/ PR ¢ TN B Wed ¥ @ felawn w6
TG G |

R Tt (@ GG G (@1 13va afsian fag zm A
(@ #wana  (centered combination) 9if5s afeiad zg «abl
@1 wifer (disc) 7o | @g wife@ A T (R I TR
&7 I@ 1 @2 wifens SweR 13 Fig. 6.8 @3 1S 1
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16 favz aifciasm aeeie @ s 1 © @@ o 719
AUHE AT FE O g0 AifE were w3 wE 9IRS

/

——

N

~ifia TeEfa X0 Y
Fig. 6.8 amfm Jawymi Fig. 6.9

PG | 4@ I Fig. 6.9 «@a g vagsl 9 4, B @ C fawsffem
QugeTs AN | TR AR fRas (AT %) st 9 gite
23 wfEy @E A w0 wEe: ziista qis afe spm-era
@ AR | A aAieiarr wRnad g efne a1 @fae
FRE I Z0E AT T AR wAel OAend Ay 3w |
GE el 39 WFA WIS AE orexl VRAR | WiB el
Tog m Ty smnonts wameaa Sea 73RN @S A AN
@l SeRERS TS Wikl eE sifue onem Tawitz 1+ fog
WO (@IS Tog M Tog faagis (astigmatism) atF 1w
@A FFECAIR Tafem iz @ AT SoR P wael f9ed
WA | FR®A (Foucault) gw@ (Fig. 6.10) @ gt &% «’g
HFITA FAC] A0S GTIF &3 (pattern) IJIZA F) H ATF |

|
!

Fig. 6.10 $@@ &% |

@M I PR BF (TEAE CIeTAl 9T | @8 %D
oo qiG Sger @AW Aeg 7AY 2 mm IR | G @ (e
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@ T oI (w3 o 7w 3.6 Fowm @ @ ) o @uefe
A RF A (TS AIF Al | (FAIDIOF FJWIH FS| IS

6.8 farag T@ 8 T w(2el (Binocular vision & per-
ception of depth)

QMIF 16 (513 AFEAS (1A g 7uew wwiwa w3 afelacaa
YR A 20T (1 P @35 98 qm@en 7w 1 916 o1 @i TR
T T WG 2eEity HACewena agrs 2 Al 1 N {1
(@ I (TR I @ 7Y P) @IS 6B I G AW
AR 46 (51R8 @ TASHA (ANA (4 SIAH WO I @ @FE
Tavg mdi Trcw a1 fau s oo e R AHY IS T (@
(SRTS 203 | AMBvwiitds T (@l 315 IS 2@ | TRAHR
FFA AN (@ @G Iz WF (@A) GTE 92 A 2 |
@ wet gEny st 39 @ it e erlem edoiam @
2fsfaren afse zo om 7ere? @ 739 7@« 1 fowfes awW
@A TETd TGS @R A e @ e @8y
wfefan cuce sz Wi (@ w13 318 27 (constructed) 1 (F
wETEE agd Tanles zmen 2y wele (@ @G e SR iR
NAFS RN TH | IF I T YA (stereoscopic vision) |

¥ AT IR G g0 BT AT SRS [ | @A
GRS FACE 4136l T A | 3g nmies o @ @bl
@M (02 (3 Ga0a q7end foea saaqia efgm Qs wina |
(514 AR AT A (R $47 faTen 7ars v_bTe 398 T
A (parallax) &) (WG] AN @01 19402 @RI @LS 24 |
@W Toig (5T HINCA ATHY] IAE J GATW Z06 IR A SIS
TP 7R @R AR @3k fafen ANy crem NiEes A e @
Aqm oy it wi @ 383 Tenfes w30 9% 7@ (Kinetic
depth cffect) | @aEF @33 €FCAER (Hans Wallach & D. N.
O'Conell) ©1aa ~&t6 Gayeams | «3fb ¥awes (translucent)
SR Bo TS ©IAT B (T (| W @ T Sris

~ *The proc;ss of vision by Ulric Neisser, Scientific America,
September, 1968 7%3J |
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AT TOF T 2F (AT «I0 TAies I @ 7@ fay afw
SR s el fAg F T SW@ TE RE (WS OTE
Tamniag 37116 w1 »w |

6.9 g@i @% (Defects of vision)

aTe 24 SIS FB. AT G105 @wle | I
W T @ @IFA G HTIA Y@ I (FACEAZ S | GRAT
CIFAA TS SFR¥ (I3 19y A fag qiH7 4f6 qies |

q WA ¥ACy ©TRT @ 337 2lfsian oW Sorane qorg
sfwoiss 87a #10s oo o7 7 (T Floifaw o owpagl |
FA*AH (emmelropic) (BT &1 T4 | I iﬁﬁ“iﬁ? A A % ‘\‘
G IS AN GACe AP XA (1 AFA (BT PGS AW
(ametropic) (514 A | %Sy bIT IR T4 AN (a)
(hypermetropia), (b) ‘ﬁ‘ﬂq@ (myopia), (¢) ‘iﬁ‘@f@ 3 BIELs
(presbyopia) @3k (d) ﬁ'ﬂﬂtj@ (astigmatism) 1

6.9.1 NGgly. wwgR, e @ fagagly o
SIS 6104 e (relaxed) SdE GIad (79 @M
T3 76 wiisponsa S #itw (Fig. 6 11)

R=

R = Efds
N = WED @

F'= fa i roReTs Ry

Fig. 6.11 =reifas 1« |

ain falln cwiwim fayls afEFsiesa 3o =l e coimt
ICY 03 WG 77 1 o vateyit W % ST (vle
o3fgs (Fig. 6.12) 1 %@ 5@ Talwd (facwe aowe Soaea
RS | ORI (SRR T (R BT WA (@t (AT
2 A (TG G NG FO1RT BT Gl NS F¥N GuE
T Ty qea =@ 1 eyl 7T rEeR B Seiame el FCS
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T R FCEA G1Y AT 0T 0T | WRAGT AR AR ARSI
715 AF @B ITA ATCA (G 4% I_A W) bGA A | gIA
CTTRG1 7% JZCIT AR AE T /06 ZA (Fs1 HiAfes o

1 \ ; —a—

"y ¢ T
’ \_/
et I R IEE

Fig. 6.12 wl4qfa (5ix

T3 (BT A1 512 3177 37 6GUAd @A faol @RI
LT e 7T wefie 797 AN (Wi faogls wfsicha At
AT OUW WG TN acwim valey weiie orw @iy
(@ e 9 A (Fig. 6.13) 1 Fnm IUEs  (w6iay grenis
o1 fasifay oz Fwz 1 o] 25 cm @3 I @l T
Wis o qEa Tofag =® ws g M1 33 Fed faiag
(ACS S A A ATHE SARAGET T G EE S
XA G |

AN

—— G Y
e e N Vi A
ASRF By NS Ty

Fig, 6.13 I3 (514 |

Fo1s yfs Fad e MR 1 wewe: AN fr JWRI WE
AOTaF (BT WF (AF IT 13 @ Aeae | TFemes IHRwE
IR SCRILLET IFC| FENAIFT (AE (@ | IFoEIAS -
7T gawis QU W | AW @8 AIS 3@ @l zg (@ 20
TEPBTRT FIR(TE) G2 AT%H6 PPIga (AF e 0 TR
ATRA AT | T (GICAT TSI HF 98T I @I %1, BT
@@ A Pt ey, Reame: wRE FewiSres e 1 BUAd
wreife w1ie 77 ioa SN W ITRe |
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ST A Frem TSy Geoife wrena | 339 Arota GHA Mo
g PorfeE 200 anE | FCE SorETE WA I AW | SOLAAL
TMaTe T3 PR (TSR &7 THAT G%3) | IACHA A [4F61IY 77
AT WF | FCEA I (o WR U (qw =A@ AL LW
SIEL] G T (@ AR TN FedE, AT Benin #as weiaa 23
G SN ATA I ZAE | F4A Tariey (At weidd Riene
@ty qrad Tatag mars cona wgfen zm oW waw Sewme
AT 2R (19 Z0 [N (AGTHTH). THH T G TEiAge WE
S (W) WTE A SRR (TR (FTY QIR TGS 350 ATGTE BT
T |

73 @R faa e wimem ) qm e e e @
fauts ameta qi6 »@=eient @ oW e« @@ A qis
@R T @36 ugeins WA swic S@w 1 H% ouy @ 416
@A GBZ A P (7 A | 34T GIAd AT A S1aTas
efenm oieE M vk @ @uiita walsm ™% e sfh
IS 2T A L A’ BN R S e & TReq srive
FgEAe] A3 fav e AR < o A A1 @3 oA Taaagls
(astigmatism) & |

6.9.2 lj@a CWiT ALg#iYa (Correction of the defects of
vision)

(514 AP ZCA BHTR FIFR 7T | GHTTE ANS EI | G
TR TS (BHAS (TR ANAILIA (481 (wiwtar faglo =i
L5 Btz (5% wiEeiE W *ITS, uiwniwa e sze w9,
TS 78 |« U SIS TR TR (FREs ¥ AL wig
pasn i G Afdwens AME A wEd L sieRd Peifes
ARFHCPAICE TRR SR S Foiaen @A @ swmte @ afwn
wiEe WiAgs 27 W1 YRR @97 @8 (F WW IR marel
G TS 3 @ 77 T 1 IS i vidyTS s pen e
LA I AN |

@@= (TR 5uren) T9ea (a1 F1Eit e TR ORA  (BITLR 72-
fegpes o Areifas oem wdffe wilen fors anew |



TR 5% 221

Bl THE A TN (IR Faoin @R TaTs R qaiere fera
NG | IR SoATEH el 7T weifs zm oo fwes fawfs
e &L ASE TR TR 25 e @& INF GCA WA 15
HIR (5 IRQF I AN > A RAW] 20 @ A (AACE
W EIE Y TA R 14 T L Vﬁﬂ? (indirect vision) TS <7
Y A T GG (ANCE 2NSeT| ZCS FCI | INGL (o
AW YA R aivs ¢re $9a7 S@H @3 |

TG WIS @3 (F,

(@) 'ifmf@ MG & 512 @A SITeal (& IR Taein
@Em fayis zog SWK @A aoRa 78 IYie W ga G
AMA WRFES 1 R (LT WAS| LI WNYTF A EF TR
AR (Fig. 6.14 a) |

s T
R
(a) Z_\ \.\‘\/ /
A /'\\ .
= _ JIL&’*‘-‘A’ = - ;_R_

(b) E} \{\'/ F
Fig. 6.14 (a) =o[fS seoixs |
(b) Wy ey ;

R &% L-a3 Tasty @epy fam «3g
GTAR TS 3 1279 |

(i) WS AR T @G @R I THE TS TW@
A @] QAT 73 YT P @R BT Toimd SRige | wead

53 4iee was {afd a1 wfemat (convergent) o (Fig.
6.14 b)1
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Beigael 1. @A TS @R 73 17y 4 TR i o)t |

TR GANR (FFII WIS IS TR
woud Taeia R e = — 4 a6 1

Ao G Ael K= | D= —0.25 D

Bargzel 2. @@ cap e 7w 13y 2 W @ 7@ oF
PR (AT HAS TG T A
1 21 A el <ifals TS wm 1 @A g3 Tasy s
g2 aen za T 1 fass famis 2 Tobm o areifae oraa e
fa=g 25 cm-a SIS 20A |
1 ]

1 P Y e
00575~ SRS 3 T 1

W] (A HAT] L0 = 2/[7 =35D

@IS 70 e 20 Tea | »

@RI OF6] F2I (YA FACS Z0A | BILAA Gio RN IS
fareig HACR (@A MIAF | GF (AHS WAFE] IA ZA—@TH 6
TR AWCA GFSA WS FI @ GO QO (HHHTIHIG
e (61033 7@ @ BoR SIBE@ | O A 2, SORlv-
AR WHRY O (VT ECHT Taor W fayiva vas s g
GE | I IEZ O (AP G L ] gave WS g | @
BT I IS (A TR 779 (T ATysiwy (accessible) 13 (ot
WIS TR | OL @t s T, IS OL gzl wmwwa faivs

T

i ~—

Fig. 6.15

w3 Lo 203 (Fig. 6.15) | Fita W1 GUGTAA (AT W@l G2
LS M@ @ AGIY - LS D8 TRGRY -0.25D1 g
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ot wfma wwel 7% 2@ aw W1 9w ORI @ @
AT A IACE ¥ (51T Weai Aedtifes el wisk vE o
qRR A1 TAEE wAAE wEE A% S AR | MWONUGAR e
e e afelims wer gy e e FE 1wk
o wy &8 (Fo fag ae Hism sas caweire
#f3ea (we< FiTs oz (wreiw foaglh (et o) afwacsa
Bota oL, fag (BT @ (FICAA AIACHA HAS| SIH IS
COITT HaSI AN AT | @3 we& oL Tales gz o
7 K, G HAL), A, GUSR GTS] GR K AIRTES W
79 T
K +K,~d K,K,=K
QAT d T (% S (51043 2R Ta9arad Sy ds, welie O, |
Toita3 IS WP A = K, uelie
K,+K, dKK,=K,

1
qq dK, =1 6493 d = % =f,
1

FEZ (7 A (7 AT (BILAT (HIFN famrs e
BLA | SEVAGIER WHIIY (AP @€ AW 2F 16 mm | 3™
ifera M 3w FEA FAT (9N TS A @ GEDB] WEE A
FTAE GBI T | BT 20T GOl (FNOR AW 74 | BIRT AT
(IO AR ACE SRE F A BRSE Y@ IA IA A A

SRR (AT @3ToaE ENER @ yiBE weaE &4
a1 AR AT Iew HAS| A8, Wy Tawb fam q@ o@
(Mg, (1 W@ MGGIBI (4eNT (QOTA FF TR ATE T9F (e
BHISIR QAZTT A TAd6 o Aanas I3 T | R BRI (BT
I foiay (r@d (@ER, @IS ATHRl IHIME T AR 39
TR R Teieg (A0S @ BRI (P FI0T WA Al | g ST
WS TS (AT IAF (A FHRY G GH JRGE@ Al IAEE
FOEHE NG NI IR IE | AW TOLAlT WAy
forraife® 20T LA, <3 7173 Toig (098 AR irae
211 7R Taiee (are SRes @ A O el fwias ;s
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Tom (9 | @IB @A TOR-AIG GFIW GUACR A e A
9z 159 Tafem wew fafen o 3@ T (Fig. 6.16.) @ 5
tsdt 7@ o AIRCwiw @ (bifocal) 5N IE | 3T STASA
q ES ABFFIE GHACTL HHRTSE SIFAT (AR I1F (BTG~
Seickicl

Fig. 6.16
JECFIFIA AR | A S Tt | B wgey gt
C,,C,.C, ey &3 WO |

famyls Ao ARG givel | fqatne TS g
CFA (& (cylindrical lens) 3f3% (o (toric lens)«a AT
o @ A BfAw (g el @R Semen
RAFFTS |

IR GHINTE (55 (BT ANH N (@A WI OFSIAS (BT
TS 73 9 A | O 2F STRIFHHIAT IFS) eyt Trem 1 Ageepe

— WG NG
bt d
G2 NI TTH
[ Crfurad

Fig. 6.17  sig=ef (1% |

(91 (contact lens) it ©1 ¥ 717 | Fewn{ (1 T 3R T,
oee, TR ATBRA A IBA @I6 A6 IF IR CER 7O
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YR &5 TORF JFS TeA Bive T3¢ wwxiia | @3 @TeR
A WERMABLAT I (AF AW IT | GIW SORMHGLAT TR
@8 T A AT AT SRS ™ FAQ Al CTONGLAT
oA CETCA AR | A (70 @ JORIFGIA AIF SN (BT
oA O IMA | BN TR Afewars wigamy 28w «x oy
TN | IEE | A G eifenid s en Aea 1 ABEA
FFS A (@ IRET IS AT |

giqsias famqis urmmsttem  winafae (irregular) Jgwiq
A | @ AR G¥ WA @ (T GR I 1S A | A
@FAZ Zog 93 GINE AfETE | aUHCE SRHAGE GIAT SE
Ti®re AF 061 JORTPLER ARG IFOE (I 2ASRE AT
1 A G eI i TE GBI WA AF BN YR I
LA GRS CFZ AYI ZH Al L @98 ofaed) Tt S g
B T |

' ahd (Summary) :

1. G @F6 U4 FHEAL 03 | SwmeiceE Teg (fa)
AT WA GO (IR Wi TG0 191 (BTORE ST (STHIS) it |
JIHG @I 333 (A 2AT:1AT MT T (wrE wWwwa qisrs g
THCF QR T | “

2. (BT GH YA T GIEGN ™D AT A | [IY G
FHAF CHT AT 4T A 165°F TS | WIWG BT gharg 60° (AT
A 100° >R T3gs crzen =% @4 T |

3. Tomaisa wAE oA I, §i97 AMEE W R faieag
= (731 qF | AN G {159 @R (7366 3% 25 cm @ T$
@3 77 T3 ol watge | 3w e mons rive e
wZe BT el Z A |

4. GTR FRIN TPREB T2 | TR AR TN ATS(1ID
SR MG (7T T (I ST T A

5. 3800 A° (AT 700 4° +4% AT (G WC¥Z G1Y FRAN
98 FRATSl 5500 4°q FA® @R OF [TAFE GO J VM | O
R ET SCETT (I IF AN PG (7 T1F A

15
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6. «i6 3P LM MUR WA FWAT FACT o7 7ER
A (GTAF FPRCITE HAE! Y4 35 7 (% (19 217 0.00029
@ieanag 5©) | @b <37 SwEA, CHEET TR 2O OO
997 T I AR @ YT 2@ g A, @ WEw €
AFE @RI QTS *7F |

7. @WBl A, @WH WA T AR HAS] GIAR OE |
4IRS 716 (514 AT WA QW Tocde ¥ @ 97y 7I |

8. #eITed B4 R IN @WFAZ 2 | OGN 7197 (TR
A I T | HgteTe Taen T 25 em e g 6Rg 7
ni%re faws fa 25 cm (tE FCe & 1 GECE SoAE AT
1A (P AT | A TG T2y 9TA @Rg 57 T g TIPS AT 1
faagiste @ fawy satire AyaRel W faqum Aew =
) AW AL GBI R A BRI IRTR A A (I AR
CRCO3 (NGRS A 1 W1 ndgiHe Sae @, 1eniee
GREH @, SIS Ge-URes ANTS A ARIFHET (3157 @3¢ 14T
7iH16 @aq el b1F EAUHA b IRTA AL | G
A TS IRTR A Z0% |
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qbdITE GrAg BTEBIGOTd ABTA
(Analysis of the performance of optical systems)

7.1 PRI UATGHE T FIGE R0 AR A YMATEeld
A AME GIIE ST 341 1 T9g 7oy wsiitee o afelam
QR GO SR A T o aibee ofad oy orn
@@Hg Tt w7 semsle oft (projection type systems) |
A oty ofwy <19 SEm A% % @i PIER AT
Ay gl ST (20d €03 @ 0 SR OWNE (Al TE |
7y Tog woiitem o@ fals omam o @ 3@ Tom
Borgiors woiiad (AT 21 @A Ik 93 (visual systems) |
B JFICER T WEFE  FHaiEs (257§ efa (elAr
IR S | AR Ao 3l ©F 8 el 6rad qryy AN G
W (TN IS AW T @ 43 WG € ANINS IR
®™ 35w (inseparable) W% w33 WA AEwS @R
(visual instruments) I | TUH @ T T [T oifeian s
(T T GRQ AWA FERMICE  (GAA @1R Gofagrl 2w ol
(2 OAT W &ATHAY 7 (projection instruments) IFF |

areis Wit €32 fam Tag wwem g siftetors |
R SoIfbeE O AR FE 5 A | GRAwe qEd fal
oral (A NE T9g O i SEimen e 5 A1 1 W $)
@i Tai (Tare SR aen, G0 T A L ole @ 13
A o Geibeme sat wfeFle Tk 7 e @bl 59
Bormen © oW W3R | A AT IAR AU 47 T | @W
e g3 oL 19 A 9 [ FA R WA 2 OLA| A % oS
(N GF6) TR A LA FR—ATEA G FFATG (74 T ey

(AR A (N O G IOGF ©Nel ) T |



228 TS AR @

e BTy TR AN @A 7T TFR T4 WASH G G
o3 rfd 1 o1 giwa AR owa e Tavgs 1 A
F%A ToiNT (0F WA ES @41 TR fEE @R RINa
foiqg wma s =, swm Sgd (1Y A1 {IT TEiAg (=
@iy FeetE 715 Wi SR NS v A0E GITS AN A )
Fa Fran TR (A @2 R faaa pere el Te waaa
(AR QG W13 IENwd 1357

@3 Qe TR IACT (A WNTAA FRI Toiey amre
TR

(A) =@ (field) 3 2rers Wit Sorgitas pneesa ante,
we@l, wifel Gy e AW AE AR GTA SIS ARG
TR TGS |

(B) faesfet @] (magnifying power) M ¢ g q0aa
[ Toea (e @qe wifa Gy @ Stwes @ ofeian ong
A SFNIE TS |

(O) JUCEATE (AqTeq Fa®| (light transmitting power)C3
«3g gielay qiwe 9037 T Tieg (fad @l AlE GBI (FNa
wiHos ©F (3 2ATeld@ oG ©d wioFNi4id  (illumination)
YIS |

" (D) fars®el SN@wES| (resolution efficiency) E ¢ e

qCaA AR (A& (@ TaeFeeR s otz A o)y wes arfan
R TResEa ATE Sqeire |

(AN AR e 93 FoRS FTaw A el Soiars aifagfam
T € e wel WA @3 oiafe afud SereEs |
2em feafs afa weifoame crag a9 ars ool a1 a1 5y
i wAstl T987 S G PWICIHA FASF (visual acuity)
o | I LA FAS| AT I AT FRCA |

A WA CHLaS qFT IEITel 7 A0S (oe @g A
A% AR <1 391 19 |

QR A3 SCEABAR AW 4T3 W @ A7 GHE oE Wi
2x WS AGT AN € J |
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7.2 wﬂ%wm STEA BrAg (Apertures of optical systems)

721 AR Sfowd w@aR Sewa sifwe 1 @it weifwie
orar W M @ swarataepg (@ oG <l @las Sy sexia
©RE Boig zaiAes Mg R wrEm w Tan sewiia s ana «ae
ol men @3 T4 WeE A AU | WA T @i e
Alfre 28 Waw Bia, @S, welel A Teiewg araafece (rims), S
qIAF (mountings) A 9% Srwd¥ Giave Tarea LATAC@ (windows) |
@ 77 eraE witeid Srwd wWiiNe T ooma (AEE (stops) @A
AHFHGY | (diaphragms) J& |

GFT6 GToFm ad OFIAF (409d ARy M0 | JE A
TATR01A €@ TE LeAa §A P @l oty T P ofam
5TS SHTGFNA STA (31 WAl «03l ~1Gts </ (e Srmg st
SCE @AEFATAT W @ @508 Aape 4 Alfae ma @R
@i5rm BLAY (AMHE  (aperture stop) A | @HEWA SIAT
@EMIG O @rd WAL @ Gq@ w1 uasy uieiaE SREe
Yo TWea FAR 1 Fig. 7.1 @ uisglam g7 P, Teigs g G
QT ZE S, @EFEG, 9 P A v S, aalh eae 33w Py
fawty oy @ 1, fare® S a1

o [52 ) T/;,“.\‘L
| =7
,’...___,._.——-—-J:- - g ) - ! i
— Py “\"‘\—-P.Z: . \'Ps—w- SR S
—M*_\‘ .
T T~ |
l | i
f
Tip. 7.1

wiewd 87 waigs @@ fava arecs wofsaus sag aeamR
T @RI Gewa s J2Ena S FA © i@ 7w e w A o
QRS @, GAGEE TF Sy, S, Sy Bunln wrAmgfa @
wrg (Fig. 7.2) 1 S, @waioa a-Tne weifee g @ sits
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AE TR W S,-93 oAfcfm za 8,1 asig S-7 afelan z=
Sy, S,-3 afeian S, zoifw 1 P faw s vwea Sy, S, S,
gentaz awem S, S, S,' goitr eyl rq A1 @R W
afsfatss Wi (1 Tats P Teucs AAwey I @ Beviy WA o
el 331 ze1 1 @f5te WA (F@ (entrance pupil) @ ZH |
PRY F @ ImER € weneqises S, @@ fw sdtws
(limited) 2Ce T 3Fee S, -97 A S, @@ @R Aive
g0 | @TS P AT W (77 ARG BT (F19 B3 FF T
oo wE S Treg P 1A (0F @ S @S RE
A @ AT T weW @ed vl @sle e o sreas
S (FET6 @ A1FA (real) @MFT SERA AT68 261 BLAF (ANHS |
i @a ufeiamE @ @@ vl W o @ uieia wwitemm
A C?ﬁleiﬁ IrAq (angular aperture) 3ts7 | Fig. 7.2-(S W19
@4 Sy, TW @AxF S, @R @iaw Grww 61 yfclm vl
SrEiEs A @3 (@it Sred w8

T mefETs O
Fig. 7.2

rag (@A YRIS IO wrad W Sy (AR
aifelaacs fasfa (7@ (exit pupil) 21 281 @ @ P @
afelar zw@w P fawis 1 P 13% (@ @ Aws Qs @ oifefan
@3 (image stops) (71 A O w4 {45 (Fg P fars FwseE
TN (P T FACA | BN RIS WeiTET ITepRcE A @)
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Aigs IR | ING INFZ AW (A3 Twsfo aPacE (emergent
rays) FIWBE R AWS I3 1 aexe W @@ W @

e S = STIR QT 3 JovH @
' s': st @

(b) -
- ¥WY QW sfmEy | T~
S'= WIS (& H

/"(/ R
! () | T
"r | s = YrE QT b
S'= o T
s": [sfs &7
Fig. 7.3

wE wredr P’ fars Tl (een celfes o AT # T |
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@ @INF ATH (Fle (angle of projection) @ | Fig. 7.2-(S
TR i Sy @32 2w @19 0 |

Fig. 7.3-cs Fa=ls Bigaa o @ | (oo S
QAT G2 WA (8 GF, (b)-(5 ST QS 7o @ 9 (0)-(S
e @S, W @a @R T @a o |

Batgzel 12 10 cm @3k 20 cm GEIEM owCd 16 SiteeH
@AY P AT 2 em @g 3 em | (& 767 TH 9F, I
7RI 7A7 4 cm Ok G §T6A T3 AN @316 2 em ey
SrweRa oAl A4l W0 1 e @ (e A-fweE 20 em 9@
TFR SR G315 Tarte Frmg @, e R @ag Tas (g Teef
IICS T@ |

P wfeiqd, L, ¢ L, @@9ma, @2 S suwem (Fig. 7.30) 1
0,P=-20cm, 0,5=2cm
YT WIW A FWIG el 0 T | AGIET SN (o 2

() @ L,, amd 2em1 P 7@y @3 933 0 cm, P

1

TaTS Bso Oftpie 0, A, tand, == - — |

20 10
() (@ L, @ wwgm S @3 wisii $° 1 L, @3 S @3
1112 . , PPN
TR =57 "5 P iy i@ S @q qEe=20+3
=225cm
5
= |
S @3 P = x22 5 om

P TS S @F TN BN WP 0, 2o, tan Oy = 4—2—;2—5 1
(i) @5 L, 9@® L,3efeia L, 1 L, (@ L' @3

TR v, T,

L] l 20_80
v, 410 20'”?’1’2'@% O G = 20+_.=,_cm

3

o BN WL 6, XA, tan 0, = §0——;’§= i I
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We9d tan A, <tan A, <tan 0,
weie 0, <0,<0,

]
NG (1 L, & U@ WO (F7 @3 BLWY @S | L,
@ L, @7 ofelas L,"” ga fasm (a1 L, & s L," @
YR Vg 20

] 1 1 1 :
e R 1., = —~ 5
R !—20 5 HeR v, cm

L) zeq 73 L, @ A-Ts 1 oom wg oualge @ae oA
Fond &A= Z.<2-—-~’.5 cm |

7.2.2 wje @ (@5fa (ATHF ACHACE AN FATA AEH
(Conjugate distance relations with respect to the entrance and
exit pupils)

WEA (Arle  AMET WA @a ¢ A9 (s U €
weE afeiams amImR OvR WiT w1 feg @eib prfesie
weiiwms <@ w8 ol (e seEe 8 WEE
el |

o wa o evanfam age weilela 1 weibEm s
T4 faem wepg unAl ANA, FIAIG ITORE 203 G TR OHA
TaEe FEFEei3 A FO5F I A Bl WASKHE TR FE @ 716
oG UM | AR HAE qACed ARAGACT G waREE SR
11 755 |

q@ T, UATGHIA “rF WMo @ e (FARE YA/ 7 8 @
fawmm waiwe (Fig. 7.4) \ HF=f, HF~f 1 P wfelRmm
wsiey @R P TE 'ﬁi‘ﬂ 9| FP=x, 'P'=X, Fr=w,

Fr=w, sP=$ P =51 19T @ T7sfl (Mg AP qQ
P8 |
$GRE RS AR, 415 SREE 1aYE G,
y _f _x

Y LLx (.1)
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SRR SRE! AR AR

_s {j =9}_} (7.2)

9] FP=Fr+nP T x=w+f
OR FP=Fn4+aP A x=0'+¢&

@qEE  xx'=ff"
(o+ & (0 + &)
NIGTEE S U LR Y |
Uy T
» E\jo &
3l (f +f)(j"'+]"“ 1
E_p (6 -r) =
A (f p')(f' P) 1 (7.3)
TSR (R s @
e | SR
P /¢___.-__,f._.__‘ _—_f_'_._, p'
- £ R N
‘ i___e,,\_’l 7 S .
1 | i
Fig. 7.4

P =TI, =vem @a-fa34d7 (transverse pupil magnification)
P

HOAR (7.3) (D

& _pé_1.&_,
5 I f
o L L
@g I og.— +T_; :ff =1 (7.4)
fog }'—,'=—}’=K ome) @ Sl aw - -

. 1 n
TR op - =K (1.5)
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w19, wifeiaag @@ {334 (transverse magnification)

Yo X e E _‘ﬂ'( 1+f')
»

m:_:—- g

y f o r

=r0(1--7,_i'?)=1‘0( L - " )

(7.4) catz

n &
o (7.6)

q Ty-m=K¢ a.n

q -+ =K¢ T (1.8)

m e I'y gl 4@ @S s (K) Srioae o & e &
wefie oo @ TRefil (Aad ACerw wWieidd e afsiaan gaw fAef
1 AT |

Sarzgel 1@ s @ Tl (Fag A% IAET 2 8 2.5 em

& P25
JHOE] F0'= ;_)- 5 =1.25

S FNAER wael K=K, + K, -dK K,

4
mxloxs CIEOR

=15-2=13 wE*61g A 0.13

=10+5-
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I (Fg 20T WTSIACH 79% &=~ 20 cm
STA eAfeiateR e 13369 T

1 2 an. 9
1/m=1,_0+1<.5--2_5 ~0.13%20= -

5 5,
m= -5, efciad s e (el |

@F GYOIA AR WAA (T A8 F@ie WAR W WIQ F4
I 1 #fefs yefastsre owfbamm w@d wislmm wdfan s
AEWS A% RS I Mew Tal @2 IEA qAEE OMEE
(working range) wWw# wieiad S SN (@9 ¢ (6 (FEI
QR ¢ 5EE AiNis | e ab F z7 ¢

@ 3 ipemd 7 AR @ I FACS T4, (AT TR
3l AT qE, Gd 21d RfEreE qic wfenRE W AN |
€% vioiEs uier T gas Aisie oo (@4 (A RS IS |
@R JEFECE (G1A0F JIKCT 28, AT 90 @EF g 1 A 13
8 ®xA @8 wiwlers wr@ vy sTafs «Fi5 A4 (real) 2wAg |

L
1€
—

&N F (Fig. 7.5) Ly 8 L, &1 @@ efonms wesr qi63 2t |
Ly oxeéi L, otasd Wg@dl L," @k L, oo Ly oitded Sias
L\ @Ud N (d & L, 8 L, @ WA (@ GII6 |
@RS LR 9 76 3TR P 1A% g e $7w 1 wewd 8ok
i fa Py ¢ P, (5L, ¢ L, 938 @ Seo wa | P it
P, P, 3 U6 ¥ACA, ,,. P TRYTe I @19 Teol IR IS T
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L,gsem a1 PP, 33IBW@ WHA &R @ @W {3vre L,
e WeN (A | @ @W [4wewE «IRerd et I W A0S OR
IMPT SN (working range) T Y@EHA PPy 3 W oG
FTS oAefa P, P37 A%@ G | & L,” 87 77 ©& GG L,
@ T AL L," T6f (Ra 70, Ly W9 (F9 01 WS ITER AT
Iy Py, 3 ST FIACE TR | AUSIRCA (astronomical telescope) 3
wydwe T5e @862 s = L, 3w oo o @@ 1w L,
% CNENA A | GG BT T8 TR Ly 3 5% Toim o
e faefa @att aries, L,3 15 Togm o L, @30, oW @ |
FEE INFA M P, P, 3 2@ AT TR | WAiAed 7w
T @STIZ JRT FA1 T |

7.2.3 g‘@a ¢®@ (Field of view)

wofbaE ©ats Tien dopg arEen S (il A @ 2rafog
AN OI[ Iq (S *MA | 43 IS Fig. 7.6 @ §, S @ S
Z& IR GLHY [@KF, T (8 € 7ol (g | IEII 2R 0N
PP, @W wield w1 P ofeiar wa wwr o7 waigs |
P @R SRE P WwF R TAPgs | PP, eifeiaw o |

\ |
< - S
| N |
£ e — e N\
- \ |
N ) « <0 ~ o
i N S -G e
! e e I N i
i RSN ;
| \ N
\ » T~ > \.w
gaar N, s c ™
iy |
o o1 (@7 s U
@& IGO RG] LTI It

Fig. 7.6

et o SrHd A3@E @M 139 P, (@ Iioae Srad
50 THCE (7 SETe At apr A ons e % afheeg (oblique
pencil) 3t | @8 Toie M @ IS wUw @ER @Y
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o v T3 wir @ Feneyroa qYg zf™ (principal ray or chief
ray) @ | @B gAaTW a wag Sy @eF ¢ TS (e e
R 0 ¢ 0" Tame A7 Gk FeIA P, favg s P, fawwrs
TR s qfmsms 9% @l {oie 2@ o8 weiiens s
S A7 (@E @3 Tede  Tras atuepr e SRiMEed ke
R SEEEAONA AN A 1 @3 wE eifstan wielam s
e T A &R §i$3 (Fa AT 7 *106q |

Fig. 7.7 @ S w9 g @R D S @3 ( Tam sifefa
@RE ) (73 A 976 | S e D T il wEre s q15 W%
ze P, P, ¢ C,C,' quwa »iiiawag s 4, @ A, |

I ¥
- r
‘___+ Sl
b - = -~ = ot e - * ——
) A‘i‘f\"\-j&l >
. - ‘
o | - T SET
. &7
M)
it
AR o
Fig. 7.7

PPy g sitge wielas s 8om @ @ 7 @ @
QA atape WA ((Ed 94 9E QU YR SRl D @RS
RS YISy XA A1 | SRl WA (Cad Wi THCE (¥ e 2
HAE OF ARG D @A FTWCA 5 AR | Py P, weFis
oo ST S (F@ (field of full illumination) fadifas e |
SRR C,C," *iiF AZER (P /Y (AT @ AR FATGHE
A T4 M @S ARE@ A, D @aes ey I | C,C, g
w73 (F@ (total field) fifae sz 1 P.C, 8 P,'C,’ AU
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TR T @ A T 0T WA (F @ S IDAPE W
@8 Toea 2@ 3 O Teghl D (@tE Imiey TR @3k g we
D GrEE 54 fwea 5@ s om@ ;. @8 sl sefateeita
SCAES ¢®@ (field of partial illumination) % ez |
afeley ©a (@@ (FECE (R TR TR T@g0l ks (P P,') 7
SETFS aag TR 12gh W (P,C,. P,'Cy/ &) SeT SIs
oE I | @ons fefarale (Vignetting) 3@ 1 @ o @
e e A A <iier G P AR e C, oke
A §i8a (wers T 799 (7 WA @ Fig. 7.8 @ I 20 |

(d)

Fig. 7.8 Tefacaioe

snfteE @ «fE @uE R oI | amd 2TeikE
@R 5 @TS WA (FGR (FCH ARG I (N TR I
OE SN AALAG (entrance window) I&N 23 | 9T A6 &
BT @M efeian os (%@ (AWF (Field stop) @ T3 |
oFE @EEE YRAC] S TiFE TR WA (Fa (@RFE AT TS
faofsy @iga@ (exit window) & | W @ @Y =iy
@@ o 2eEd TeeE g Tewate @3 faed gt @3 AT
(W& (mean field) @i 1 9 @EI IW IS IS
S1om Rats «ets faegrs =ifaeas 2w 7l wntenies cra. A o



240 wiwen SRl

IR TG (FE 93 A T | W AR S (AT (R (@
Beom w0, WRi AT owed @S SR (el §ita (v
(angular field of view) Fen z@ | fasf ed e fwofw ocsa
@ @9 Boom w3 o Afsfarea (fas fagfs (angle of the
image) (8 | WTSIIT (ANIT FIHI (HAE AW (F@ (real field)
@ T oiTeiqd @S TAss (e (e T oiewa Ve (3 o8 oFa
1a7%% 27 o WANS ( PO ) @%@ (apparent field) 3e 23 1

7153 (aa Telacaio: o agatn 79 @=a @8 79t aneies
e fogg =% A W Al @R GBI TEEI A WA 7 |
@rfa 3w sfeias @ az orR fefamic a@E@ =
woifbgie s fosta (atare A wfsfe sz ash

(intermediate) a1 @ifefaw aifs 27 wra Uy
CHI-ANFB MCS 1302 Wy @ fofoaq® wwa 1 oo
GO (FAAE A Telaeaile 7@ F WII FAe amieianeq

TR G AGI 77 |

BRIZRAe 2 ¢ @3 Ao Siemwilt «als stendl @,
CFIFTA g 20 cm @3¢ ANH 4 cm, STSHAG «F6 @I STSAR
1S, BRI (G 2 cm @32 1A | om, STesss ¢ SietaEd S
@G 73% 22 cm | Sfearwa @D oE @316 0.6 cm IR
AUE WNE | 7HFT G A TCAE ACSRIBR  Twef (@ |
G e [ 0.6 cm | I I [EA Tolaw o 20 TR
@ @EF6 P8 @S TZATA IG IR ¢ [0 (WA @S

A |

- fo i fe | i
* [ N —~

- P NN

C! Fg -
! v
‘ E .B | E By
| R
/A I e fasty @

Fig. 7.9

Srme 39 > Tefwales wiwa T3 9’ 1 2 51 wfe 215 0.2 cm
Z0el 9 @ Aol oitaE (I TR ?
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GrwE EIHY AT SN AT FA I LWL | AW
S FATG (I O fRefg I AT | AR WO (WG T

A, STeATwIT g

S, @F S @3 resw afeian

B, wferwa B @3 wiears afsiay

E, ®r43 afer w3 afeiin

S ofearsd @RP [99ls, Weal S, SHim | qEIR S,
QW (FF ZCS AARE Al |

B, 3 Sieawi (0@ @3 Uy LA

1_1_1__1 —
22720 T 110 AR v, = -110 cm

1
@R T FE b, - 12‘£x1=5cm

Gl OB (@ @ GRA TS A, 8 B, @3 St A, @R
@ OIg W 1 WA A4, WOW (8 @R TS @MF | B @O
A, @@ ofeiam za @l a1 A%el fa (eye ring) | B @@=
e TRl (eaq yEw v, A

1_ U 1_10 ..
?32— i‘i+2 2 JYR vy 5 2,2 cm,
fasl (Tad BrA = 22—22-><4 0.4 cm

G fAof (a wRTES | @GN Wi Srma (0.6 cm) fasi
a7 S (T AT | QAN G @316 wieiae @ 12AIE
For A2 A1 1 oA Niw ofelw E, wleamsm o zoae |
SieeArwR (3% O (S

S, @1 /¥ e 0, 20, tan 0, ':_27)‘

D o Peam =t O =r=r -— 0 5 1
P B L T T R R e e ] tuuv2 110 22

tan 6, >tan 6, [ 6,>0,
Soad SY A weW otdd | S T 0%E qIEE |
@il 7197 01=tan'1g—6§=tan‘1 0.03 =1°43"
16
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R wAige wieiamr «3ft size! afei (el Zr wiearsr
(FRIA TE | @A (F @6 31 W | EAr W Telate
R A

F9W GURA SR @A 0.2 cm et ArSRIWR fNef (R
TR (A (=16 THF AORIE 8 @I AT wnibwE <@
o’ wfa @316 wislay @rrer eiwa aza 33w |

B @w ouaR s efeiae £, R wiesrsm o1 E,

22

«ﬂ?lzlﬂﬂ=~2—3x0.2=2¢ml 2 awE E, TA SeM (e,

®RA N9 Eam @rd 6 woN @a | e Qe S § AEa |
T O (@9 W M Sfe 6rd qfw fewr fwm W

oren AA | By @ew yiva owa 1598 A 1 arwEe @
Telamive 2 M

7.2.4 (WA TS| (Depth of field)

wefiame e o wufelaais aiys = @MW oME 8o |
Jime J@ IS (BILF ITHI6 TR 2ACHRN I FOIATHES (26 QA
i (@R o 1o afw esifomE stae e \E s ot fafis
RN SRS 27, €@ SH{0FE @R N (@ GFie i
e walge «ofs et Taeiand =g efelay swm 1o |
@8 ANTLE AR A TR @ TR Jefan afcla oS
XA F), WIEAR GRTCT TS @ | WNER BIFTS Y] IG Al XA @RS
orrR A @351 Twivs fam w0 2@ ond a1 swafss o «g
B 4q WA F @R WA TR oTel BE zeme | >
afeiatas 43 (W3 SES e A WAF 5@ Aieiaw g sfefam
ESEl 74 (FF | (@GR ANE W wieliT qRe Fes
afsizals S=® FEE W@ A ZX T, TCF CHAA HO17® (depth
of field) & |

Fig.79 @ §' 8 S syga wsw ¢ T a1 P favre
ofclay oo wafge | P fa P lov@ wedl | e P Tawre
s oed Taeieg efeian efcfarea =% 231 P a7 3
P, o @35 7y 1 P, Tavqm seEdt Py’ 1 Py aifeln o@ sbge
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T P, 7w (3 @ wwARta Seiftee o8 Wy Ind ©r o
afeiay wtat @36 smar srefer 7% 3 @@ A 20° (Fig. 7.9)

Fig. 7.9

P fAl® @ URAS %P WA 20 | 43 TF, 7 8 7’ FYRH W
@ Tqofel (ATaa (FWTa™ G438 p @ p' ©NWa AP | wP=b, 7Py =¢,,
P =g, w P =
P £
wea =l

0 ¢
q  Y=1-5
P 61
¢ J p
—=1-- YR =
fl P fl 1—0/[)

oy afeiqn <@ faada mag A G=0"Im

I3

TOA £y = (7.9a)
- —.
mp

4 TF WHTR SgmwE 26 g A g 1 e
P, R A% g (far point) cia mivn ana 1 afn fowbem
fa_(near point) (BT =8 (141 A GG P, T &K W 7O
(AT O 7AV £, T T, IR I S
f=— b
+

1+ 2
mp

(7.9b)



244 Fnfaeln AR W
AR CFEA AOT=

:”6"54[ - _[j’ 2]
b (¢ , ) (7.10)
(Al MR @, ¢ IT VA CFET ABIqTIe T AGE | FAGE

it 3 T3,

0
=1 T m="
nip p

G €= AR E,=¢2
fog wilegg (7.8 Qs | -11»:]\’{
1 0 1
&, £ = -
LEC I [P Fo] (7.11)
@g vAE Wieidm wE v weiitEE walt @ 9 2
T ST Y (ACT £[2 oS ANF 1aYE MOy (Ul qMIA 1 GE
VERed zigodm cHiwiE 732 (hyperfocal distance) N T3 |
s @F AV 439 J47 O (E Won 7T 1 e g3 I H
(0T QI I 1 73% Up=HP
138 7P=aH+HP A E=E+U), TMU, =6~y
o8 HSFR G0 m=1 98 | 13 = K&,
o
2 L A N O o P
T Up= [; ”o] i [1 [,0]
-0 (1.12)

0 @ W AFY TR (AR QI ACFAN AT @A AR 93
730 | Jmeel A0 B1RR TA GUIS TAdRS | MRS BCR TaveRa
A 2 Wi @9 @ @S I | oRE SiHes 10 MEEw
M *HT 2t @16 7m 137 IE MR I 1 TR <9 = 0,0005 cm
G TS | FOIENTES (2B @AW T PR 7R (7 oS GLR
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TS TR | U WH @oETs mS-wstae @e welie 25 em
7@ AN LR 150 MR yEa wft faw @R yare o 27 Wi
@0 @ | [EAR TOITES (206 IEER IM 150 MBI A8
o @36 faw qwd WA LA | WO AR HINIF G 6
coTaftenR 75 sigEH A1 0.0075 em1 $sgd fafaEs@ (Miniature)
FINIACS A 35 mm FEINS (T 21T 2fqE #@ WAF TG
(enlarged) FIA TS ZF | GG QUSTE UNAIS ICHG FAR
AEEA T MG @2 0, 0.00] cm 3 T GrAe IN @ FCWRR
g $31 24 |

wra Tam @a wa Ty W Tag SAIEA 91 AR A
T TE ACE FOFR CRAT NSAC] WA TG TaR GoRS
fagq w2 1

7.2.5 (HIFICAA 1€ 7S| (Depth of focus)

@m wfelama zielan »f@ =% 0 (@ g3 | 7l FI0A
afetamn fagia wa Taw am@ a1 pure afela wwe
wmates TeAfe saias @ wmsel @b fivs smasiE
A AHA G GANE (A ASAS| WA | g -
M T W ZTeA § 7.2.4- SCEBA I |

Fig. 7.10

qq & P i3wrs (Fig. 7.10) =% 2fsiag gang @ P, @
P, &3 W41 WPGT SEEHWAAE W @z | P, gAidY., Py
[iey | PP = @RTIR SOREC =24 |



246 el WeT TG

T a9 o,
p' (5' ’ ' (}I
-_a=.-1-_—l ql , 2 =7“’ '
fTEmE TR
gerend, 7@ fawa owe,
&-¢=" ¢
p
AR 2A =€, ~£, = 2%,-5' (7.13)

Qw AL R FEPR ASHIR HAETG TS gl 7
AN G FOIT 2@ ATFYG GR G4 AR AMAZ DA HAG
AT @ Wioiirs =8 eifeiacag wE fqa wi | :

HTTHF I T o¢ § IFASIA IRFE A | (I (B (e, ACH
E SF ¥ STSACER AEI fakiE oR Gor wisfatan @36
afsfan o 22 1 @wm, sierE 2felaa e 29 SEIATTd (205 |
QR @I @I (08, FCOA0F (16 %103 ST S Il SA1a
@A e Jdewes swir efelfdfae s 23 ans WA e
(ACS 71T (I TR L @rRiE U HIHIEeS: ANeRd @3l
oMee | @8 TRol SElele s «ak A giq 163 Tewifas @at
SATIFHO JCAI AT ST A0 IS HIATHS | @5e (FIPHT
otiE fA@ WA IEEE P AT @3 | PG YT 2
YA A0 AR (FIFVAT NSIATIA AT AAIFD @R (A AGF
AT WG AR A |

BwgRel 3. @I AR WeTHG oo wienRt @,
@@ rdy 10 em @R g f]101 FERIGrs 5 MR qea
w3fgs a3ic IFF (@A I AT | TSR WA g iw
0.02 cm Z¥ LA (@A SIS F© > [T 1A *0 WA {010z
AR FAHRS AFE € GUHA (TR ASAS] IS 9167 (TS »

OTHE @A [PARIZ GG @HE G (G128 W (7,
el 17 @ 30 @14F | (AIHR AR U OFed ANAfew | qI
5 m ya PO WA @RE W FAE O @ (WF M

@ g
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i_ 1 1_4 - 300
=50t 500 2 =7 o™
. .. 500
arwa, &= -~500cm, & =z§-cm‘o =0,01 cm
500 i 10
m == —— —'5 = - M -l T —— =
o ( 00) R T T
FE2 p=0.5cm @3 p'=0.5 cm
. ~500 ~500 500
L: = = R . = - - = - 0 .
T 001X 1-0.98 0,02°™ = ~ 230 metre
05
. =500 _ —500

S

= 14+098 108 cm=~ —2.53 metre
CHAT AOITS] = 250 — 2.53 = 247.47 T017

CEEIE Al 2 A = 22X 001,500 20 o 0.408 cm

7.3 faads @ faads wa®| \magnification and magnifying
power)
@ qrw Jraw Taqda wwel M ag e waR (§ 7.1) f@ies
T ZTACE |
zﬁ-w AT T (FCE Wees el s
il GUA A AT efeiasd o °

@R IS Al BT A G (0 {1 AL AL FAA
R (U INE A TA (A @S AMI | ool 9 §R (A BT
Toed gAY WS A | YAk M BeAietid waE &
Tasaeila g@ »1ota | @b qiglE Ja

a1 1%, (5T (I BTG el 2irdet I zata | Miea o
2 Y (TR 1Y (qF d AT WiSid SRIES | AIEASII
BT WUel oA A FAA @3 WielAw Afeiay wiwos w1v3
1 SorFEA WA WA A oA AfeiE WiwHME (TN IR
(Fig. 7.11a) | ToR¥I&GA 0T ACS LAY Al IS ZH (AT
Porfee o1 925 @ A0S anq @316 A @S (correcting
lens) I, (78 &8 T 2249 0 (w(A favrs Sfelay watge | A
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gfetarwa (@@= L-are) ofsiaal zx wiim @3z @3 efeiaas
oA 2o (1Y (w1 A’ (Fig. 7.11b) | G0 W@l A, 61X
@ AWM @I ATHATS WIEIe & OFE qF@ | {F1 I AUHE
wfFane efelar wRR y, | o=@

) S
yl:d'f (7.]4)

GG [ = BT R A |

fuffam

( b) Gorars »WHIT ST

L e« (7
Fig. 7.11

@IR AW A6 1Y € Gy A o F1 ST S
@ e AT wem e fqei @@ (Fig. 7.12) 1 3w @
gielatas  afeflas graw P Rqer o7 SR Y
P =&, wpr=£ | GRAT IR CFIIP TE (A0F N80T (Wad 7@
el Uk Fr=el @R Fp=Fm + 7P =e+{ | F AT
@uq @5 TS @ L g 2o e PO’ wfsfaam afsiay
TG 2 | BTN @8 Ty SaEmw 2o (1 A | AT
PO 2ATSIE TRE, 431 AF, Y, |
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.
k7 E“%'**z@\ |
(PSR- 4
s cl
Fig. 7.12

(7.14) e (1.15) (3
yods Y Yod o d
y, e+8ldT Y ex €& T Mexy
G4 m= e Sfefad rars fvrere fada |
_ b g
(7.6) QA m = 110 n f‘
(1} 1 TR ANEZ ARLE AWF ;g n'=11 wiem @
T TRTES ©F ATCHASE 7 |
n & d
M I, & ex€ (7.16)
(7.16) (AT& (741 J0G (8 M (IREANE WAL YN Goag
fsa a@ A, d @32 (e +&)-ad Toge T9€R WA -3 SRME
i @ (reM @ G | (1 R AHORE AToRAF (W (I
FA0Y A AW ORI d (Rem T Wi e foes
|
{reE (A TA5T TGS S ATS G AR¥ FACS AN
T BT W (EE AMRIGE AFRAF Tl (@E 33 I

1N T | WG RS ¢ (B0 OR e< <& | A
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n d
I"; z (7.17)

@ AT FwRE SN AKITS: IRTR F1 SHA EHHTHSIR
72 fite (e AR o—

(i) zem cofle Srpomed s—AwomE (F (T (I FACR
wfefaurs At qF @ wfela @ Al age W @ W@
@R g AR afeiaaE AN qace T Aol 7W @k (iR
erfsiaw Iy Borarem @vR (7l 78 1 @3 oot A SR
T3, AITA0R G Sl yadtare 7 eiiv |

(i) Teom coelig qrwemra :—wema (e wioiT Pl 7as
Wigs | @ @M I3 efsiare witt gaw faw wew 23
@3 @2 aifefan ey Soaies WTiE (i | @3 (aeite AR
TR 2SS |

T cuefig o8, d= =, = >, o< <&, WA

="
M—Fo

93 @fits 21 FCHES n=1, INGE

M=

1
M=P0- g MI,=1

e A0F W e I

M-=- - - (7.18)
Fpq Frag el @z Im
22T eflT (F L=
n
I (7.5) A ( - F)=1\'=<7‘iﬁ°1 a3 el |
qoqe M=~ Kd (7.19)
asfas ermEEEl d=0.25 fas@
a2 M|=7 (7.20)

GTA FACHE @3S THONI (ST AT |



woToEIE orH FEFAeE 1673 251

faadn TR @ M@ (67| TENZ T SIS &1 T1H |
Fig. 7.11 (b) @ Fig. 7.12 (U=
a =;—1§’-=cmmq ga1 fawws », TR eom QI |

@ a2=;:~'=c5m§ 520 fa%0s v, TR B @I |
WS Me—yyly, el =Ce 7.21
Yalyy wir -« ( )
@2 72 57 (U (7 0 (¥,
v, = (BT 2 (TR 39T wieiad @ @1 B9 JAE |

@, = e IR Ny en 7% eifelan 6w ees @M fRNrs
@ @ T IACE |

{rdus terar

Fig. 7.13

Fig. 7.13 @ E 331 fai®e «qa wsigs ol F, H e N
T (51T T RO 95, T30 Y € @oE R | 42 T8
14 PQ-® (f2tz | F, H 8 N 3yls PO TABW a, a’ 8 a’ &9
Bevm g | §6.2(3 WA oAz @ FH=17.5 mm &3}
HN=56mm | PF @Wgmg 025 fajwas ™ g1 IS
PF qCAR, 4T SN ANTOTAZ,

e’ =an’

O3 @3 (FECE ANF PO Al (BT Besw (Fiel 39 |
AR,
Qe AR W T % afcim 39T or Seem @
" fape TREE URTES WTeld 39T GIA B @I
(1.22)
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.4 QA AwAw : WABEIT AT wTATE S

(Transmission of light : Photometry of optical instruments)

wielaran atels 7% @es wmen faifas zog 1 a1l o
il Wi o@na @ AR ToRtl Gy 203% @ | IO
AN FAE T TSI 739, G Gr1y Zoning G Tqcaita |
el AT [ A SIA WO @ (GUIA ATWiTs ©aAq 576K
CHET T WATET Sielwd (il A1 @% IWI (FE TATES
wielara 2Teis 3% @A @ s a@iiae g o Tags o9
W (s fara Jiwemid AR [ | a9 IR T wieet fRarw
T Trea Taee T3 @ag ers (pw) o aifels favd o
AW AR A IF viwers @ | @8 WAl GTd 29 IR |

wiefaan afelt 12 («e T anan Siwens jors afefaeg
afeis fawe (ieid o@ 8oieg fada sa wisiawar afsis fay
F6 TmA (FAIE | ATE BT (R @G3R AT RN (AR
AlRT0z A B&GsT (TN A |

Fehs WAl (Meld, A AN THa @@ o 17 FAS
(W AR 7R, Swgen Zeniv aenefiace Ffaid wwe @
T AT T FA, QR qad rifasel s Serae Tl @
re za | WA Wigd e[ foniw  vigaer  fawmmg  ze
BITAIF S (photometry) | OEIF IATS # YR W]
A giaca afr e wief faifas =i @R s s wiam
geifva fawm ze fafewdifsife (radiometry) | wieitwa msa-
A G LIGIS SIS IZIFT AqFS (detector) IRTE 391 27 |
IfER (@ Wq S (G FCIFAHNE (sensitive) J7, (T F7 Bie€e
WA SAFIE @A § 1.1 1 IAES AER A el
wefie fafarefaion gidwe @@ ane sfeq oz A@e TRSE
Al T w1 AEAT |

741 wCAEsien @aig Awre Tl A7 (Funda-
mental quantities relating to the flow of light energy)

() A TTYLZ (Luminous flux) :

42 1P, (T VA AT 9@ T LR A (T 2A\aF N4
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90 2"a TAE SToe F WEl 2]NMZS T8 | (¥ ZNA AR
g & ST TAE 1Tz A @ wee wiesw FAE ONF @ WEF
TR A @ T@d N AT S{CAIFRAAE I T | SEAIGLRAE
Tl gE R (MLAT) @R &3 F Tca 9ioe 321 281 F-3
TOAIT I TG GFF Tei @6 (watl) | SMaARrTE HFW HAGEH
REN AT ZA TMATFLZ |

(iiy ®eif@ (Luminous intensity) :

GMAFAAZA FRY T W 88 (light sources) 1 %3
QAR Be AT WA (77 A LI TS YW (T AR TS (7
B (A @G ONARUIZI A€ QAT AT A
AV FAE FADR 2ATIAE |

@A T3 B (C=16 &1 A1 I¢ B 43 (216 T¥0R A4S 79
@ (FAE @F61 3% T A A (AT NW) (@&AF (H b,
T W (IS, @ TATE T T T & BerAd @
fors Aotesif® (luminous intensity) qta |+ wismwiTas 1 Twry
Aibe F 2| &7 IR I @ ean afe oheafenm
(steradian) |

[ BaTwar 2 99 (@I 9FF | R AR (31 (e <
@ (TN URFET R? INTHET W 99§75 © (0% @ W9 @1
B T(A U 95T T (I A GF COETCTA | (NG T (@
4 CHRTER TR Teom A | IHIINS . TR {5© F41 &4 1]

SLEAGLAZ MoRAIET A TRT | @ Tie @Re T
P-&3 WHTE NP0 @, €31 T 6S G T9a 0w 6 @ [t

Fig. 7.14

P 3% g7 R qAe «of6 spaee (Fig. 7.14) 1 65, P Tavgs 802
TACIT TEof PR |
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0S cos@
RZ
7ty 05 «q i Tvra SARHAEA AATawe 6F 38, o)

Lt 6F dF
600892 Al (7.23)

afw @me faw SR wismafs w1 Tad aw za, o fay
AT (At SRS ANAFRREI 779 21

F= f 1dQ=1 f dQ = 4nl (7.24)
4n 47

60 =

nioewitE 1=

til)  AyP®ATE (illumination)

@I ST AN T @ OER G INCHE AT
sffgsie | WENETE AR @IS 5E eI wfs ffasEa ) E
T M7RETS 150 I 27 | e

gLt OF _dF

T3S0 05 ds (7.23)
Fig. 7.14-9 Q 135ts 0F = 18Q
e o0 S I:fse
e oy BeA P g &y Q Taes wiwiwamal
gLt 19Q_Icost (7.26)

0§-0 6§  R®

HEAR BEH Ph Z(H (@ SER WIPNE AR 09 TIPITOR
(AR @ A inverse square law), Weeisn Feies
@R IREA @ T I AF @ @UY CER OO el O
PR ATpites ( ATRITH WAL (AR Jw
Lambert’s cosine law of illumination) |

(iv) F&{q @sgag Q| Nf# (Intrinsic brightness 31 Luminance)

@R o@E Wisfee SEE ofiawe @ ©E niewam fwdiae
FE | GFTB FIA 06T € A6 AFI 06T T ATV «FB BeH (AT
GRE AT IR GO A1 28 O3 @ O 7169 Aeim 6L Z3
Tog 716 oMz 7’700 a 0@ WA R | 9} PR T INEN ©A
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AR B SERTER (RS A (T WF AW G (WD (¥R S
e iEs afeslere g | wivRam 97 8% @ JE @b
WA A BCEEH | GG & TeRiT e fafeqa aea o Senag
o7 dwger fq¢q 3 |

@A TER (FHS A GWHe) WS T wela Seway Ay
Afe za1, W6 Twwa srete Sororr @fed s @fs
aOTF TS (per unit area of the projected part) (@ @ T
@I TR [Hefs SENPeREd AfRWa | wiien aRgiee «ve
za @ 2fe 2w ofe bwfemm | Wiy Jve 1 @
B w3

i 65 BeweAivy Siearsn A @W IS @0 -1 fwes
8w Wiy Be za (Fig. 7.15) W@,

Lt 1 610
Bo 5620 cost 88 (7.27)
Bg
(2]
» 85
Fig. 7.15
G GI(0), 6 (@R WE 05 B iewaiE |
SR Bo= Lo
cos ¢

Jo T 0 RUR THE T GIF e memntE 1 3
Beroa CHEs PETE IR (73 (L (WE @ Bo, 0-3 T TNST @
A SR @ M @ARE W I A (@ GIE GPE TN S
MAE | G SER (F@

J
Bo 8 =5 s

J, =BeTeter Sieear e was aofrwan emwls |
wiefie Jo=J, cos 0 (7.28)

::Jo
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APz (7.28)-@ amnsn  fafeqa s @EREE @
(Lambert’s cosinc law of emission) & @3¢ (¥ A TSHwe @B

A TIPS (A 507 O FqN fAU®91% (uniform diffusers)
(] ?m‘ﬂﬁ'fﬁ fafeae (Lambertian emitters) J& 39 |

742 SAFfAfers s @FFAYZ (units used in
photometry)

srARiated 511t §a ;i Swareey, wrmals, Wemam
e wity gwniw Wote A MKS ~riers e, &5 afs
ctrfoaE, et ofe asffatnag «az e afs 3o g 2fs
cBRTean u2 aadrflel JTA IS TR | 93 TwErers aadia
A3 TIF (UG WMER (WA IRTR N 5 | e g et
Tufere @8 sm@a (general) wsayfel IR 31 20 /1 | SCEAD-
e aa @316 T30 9 P1aTe AR IRTE 1 Z0F A |

wse wiga SRR e @ HNE SNEHES JIFO 2T (@
o1, TEHIENTFES (26, A THIERERNS 7@, wefag ope? fafea
SAFLACIR ICECS FLAwTel (sensitiveness) Tafea | Gigen 3gad
WA IR FAE O3 A GHIWET AT (AT A M15d
sifzsne EnsiTer Aew 7B 74 |

@ T GRHG A (S THIWRA A A V(A) (§ 6.6)
AH) | (I B (AF (T WA QA L2 (W] 93 AT
AR NS TR | OA (E SAFAG A (AT A+dA-a7 N @
SCEIDLAT SACEHE @G (SR NN 31 T ©F 2Afqqa F(Ad2 |
@8 SARIRIZI & SAIWE W@ @ F(A) VQA) dr-ez
wngeites | qfn SRR AT (AT (lincar) g9 SR &7
(A3 (F IZACR WA L ©F &G (W0 IR I

k [ FA) V(d) dA (7.29)

@A k @35 e (Tafen sawE k-w3 @ fafem zto
AMEE) | AR (7.29) O AR ARAPIAGT 7 G LG
fafws 3 q@ | @, [ F(A) dA 36T &+ AL 2& k [ FQ)
V(1) dA @3¢ w31 IACe “T [ FA) dA €T 7@ k [ F(A) V() dA
T GFF G GOTAR A GFFT e T I AT |
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@A RE 3 cric AGH  QTAFHFSCS  (visual
photometry) IRZT A I oz oW1 38 wo R fwor faswix
TS W | AGF TS TATFS T G| GO
AT AR TPTS AT (ST e APt | SwEAR @
T (@ B @ N @ G 5% wiaem fqre o 932 Tmmena
MY BT W’ﬁ?ﬂl AN a8 WTeaed (adaptation) WAeR
FCE BT Bugets A Wivmites wfasyel fawsr TS T 47 | Iges
@33N "R (absolute) »TAMC2R AT 14 @36 ToPS SHAHT |
g 776 BT *mmonie @I F  (ITA SR MIvWHTE Wl
g AN BT @51 G4 A TSR JACS 7 G38 SAT TG
e YA IA Z(AS T HACS A | Q AT GBI A FIAT |
@37 IR UTTF AN O HIF wwTeres gamas sy
BT FATTSR MR @S T |

MR Wi, @ G1a wivieig won ze ReEeny oge
o9 WICoR (standard candle) WF QAN FE | AT SOHCATS
(sperm acetic) (MR @2 e Ao A 7/8 Bfw, eww 1/6 1b
@3¢ TR TR AFE 120 (57 1 @B 2anel MievR wivmeis 1 S0
1\e:A (candle power) 431 T& | @8 oW 717 Zeo {Asfe AmiaRs
SRR AARCE 4 GLAR (Lumen) 407 SCAPLUIRA GIF 1P
T @1 28 1 oA @16 2 Ao Aiomeie 2o @ N
16T A OF FNA ATE GVRTGATA | ™M WATGS (WA (A
fasaxilel, Soeq oaamisl TRt Sae 2AGSE 2@ 1948 ALE
@Bl sgies Aom My a0 W @ zme 31 fZany «Fie
FPTH 4 fafegs (Black body radiator) (Rem R 1 @3
fafaasls o1& A3 AN 41gq s@mnse (melting point) Sefie
2041°K are | @3 IR @ 39 (ATSTAeIE #fafas (wed wiem
s{a0 431 27 60 FCEA (candela) @R @8 B Mify w1 77 60
gom ofs @3 30 @S e cbrfems | gera IR
WEI G GENEe WS I w1 «Zerd WS g e
Fres vETed *rtere Wi A @ Wres AGTH @ 2 F |
cgs oigTers wiied «a% 2@ | gmd afe o eifsfaong ofe
cbrateaa @ 1 1969 (stilb) @R NoTER @3F 246 1 g oifs

17



258 gifaeh SmeaRiRw

25 ST @ 1 (@B (phot) | MKS »miers diomuiaR ¢
za 1 goam 2o 39 a6 @1 1 @f® (lux) |

7.43 woifBaria St @itaten®s @iz (light energy
flow in optical instruments)

(@ @t Rgs efeim e @m w@fwm @ Fouim
SE 2R IS P G A | Seifoe ©Eit W rmeRE
TS AR SRR GIRE TS 21T |

Q1 T TTHHE o Sewa $og ofeiiceR 4 it sRiws !
wefSEE SE WOW G 7@ S| S @ IR p )
g wTeiREs Aweat, STHq Yo WO SRTES @I} «Fid
ammly Riwe 1 @ T8 4 Rl wfelma do saivs @
wfge (Fig. 7.16) @32 Sfefacaa 4 1353 anz Wify &= B

Fig. 7.16

W (R dS (FARMT do O (WF WvTos ARy

dF = (B do cos @) 2358 _ g doas®®

4
=B dodS 99—223 @A /] =cos a

h PR @R dh RER 3T FERR BT I Tasw
dS =2nh dh
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m h=¢ tan o

dh=_¢ sec®a da
q  dS=2n £ tan a sec’a do’

@& *bics wvifes wEeeRz
0F =2n B do sin a cos a da=2n Bdo sin a d (sin a)
(7.30)
HSRR do (AF WW @@ TATTE ALY

(]
F=]6F=n Bdo sin® 6 (7.31)
0

Qels WLEARFERZ sin? 07 ANFATS! |
QORI q0ET (WG SLRE Y3 Y (sin 6—1)
F (9939 ¥8)=nB do (7.32)

T fow (T FRAEH AT ) OUN  GONA  WEARPAIA
sfgane T 33t @71 2@ |

M

do 30 § ds

Fig. 7.17

do @ dS ¥f6 @ | do (T dS-a WS SARFERT
F=(Bdo cos 0) dQ?

P ds cos 0’

62

AR T (L8 SRR 8@ T3 A-(5 =0, 0'=0,dS =mp*
@R fo o, GEW do R dS-(F RE =L A €A (@S A |
[dS @B @ (7.31)-a @ FIRSW (integration) I AR O
AEEN TR A 1]

=B do cos

Hefle F = B‘—i—gz— p*
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do oA % 7IATY @I AW WA (FE dow W @@
Bem IR w@, dw=gff—, @R

F=B dw (mp?) (1.33)
TR FCATRLRT NAAAET SR (mp® <83 TS |
(b) wiTGee o3 2o fAn'c SEReRET F' 73 ANEE < F
weifsane o Svfes wraRsisa oy o onies 27, 3y oo
sfewiers 2 G IR0 f79C T | WG SE AR 5

(transmission factor) 7T ZC&
F=TF (7.34),
wrw@es I'<l ‘

T @3 o1 {5 339 500 57 936 I71FI9 (3 SR (g0l
e PeHl (@CS I |

431 X OFH ACSIAEFCE,

wfesss @35 wEy 30 (n=1.5 ¢ 1.7) @ Siewm gi6
s @ war (afeliy n=1.5)1 wieww e sismE
%S FGA @6 @Y 2.5 cm | AR WA FA-WITSH A
ofewan 2@ n=1.5 @3 (F@ 4% @3 n=1.7 43 (FT 6.7% |

@1z0a ST T, =0.96 x 0,933 = 0.8954

wietE T, =0.92%0.92 =0.8465

(efets @R 2 orea & efewad 8%)

A5 o & (s 25 mm @ 2% TR T, =0.98

wo8q S5 WRA T =T,T,T,=0.7413=74.13%

ol qE (@ Arerdrmditce sm TeRls @UHd A A G-
paits wCaT W% Zg | I A WA AT (FAA s i
(8 (4R IS IS Toigw) QTR FA LI AE CRIH T &7
T 0.5 (AFS I TS AN |

() AR THefs SIEReRNEA I AwA I IR 1 (A
TTHATPLS SE (Fa (AF AR AA A A | €A TF do’
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arF3 8oR do-3 Sl (Fig. 7.18) | % do’ smnda @msEs
AarRRl i 31, or
F=nB do'sin* 0, (7.35)
@ B' 7& 4" RYTs WS wad wiiey |

Fig. 7.18

T3 afeias STBATE ©F Zs AN AN RS @3 (7.31),
(1.34) @ (7.35) (U=
TonB do sin® 0 ==B do’ sin® ¢’ (7.36)
@A T, T@ W% R AEE 75 |
1 AT WA HEA A6 FE®: s 1 weig
n3do sin* 0=n'%2 do’ sin% 0’ (7.37)
GYTA 1 € 1 IAIW 1B 8 WT CHla Tiwd 2Afenass |

n

1
wo®, B = (n. R (7.38)

o AR e AR (WA T WG A (Wefis o = 1) @R
7ats 3t 7vg Tas@ (homogeneous immersion) FTo g =
R n=11 OUFA

B'=T,B (7.39)

O (R AR (7 SABEIE ;G (4 IFCAIR (2T W
(¥ ifsfarez wifd 7 7ae ofefae A (s #3)

d) @ Tags sfelaae i@ G @@ qFws @ afef
Y TR WY A

B, =T,n*B (7.40)



262 TS SIS

YA T, = GTRR AT T
n =TT IRFEH T8I «a eifeRans |
B =wfsiam wiiy
W IZ GTA ¢ 399 Saga1 A wfwers 7@ o 7Y ateiiom
wiie® (luminance) $o) ™R T7eq a@ a1 wlwGa afels
TN FOAN WAl G (AleR TR $Eg @ s afelEm
(reaction) 177 Fta W @ wifcimm Svad 23fc a0 Sma «d
gl NS @1 WAk G 3IFW WG SwEn (apparent
brightness) S5 afstares Aomaar So@ faga aw 3|
Gy AR (@9 (convergence angle) #, 27 oA zfefare do’ \1
SO AT \
dF =na(T ,n®B) do’ sin® 0,
TG WPl

. _dF’ . 5
E =—dg,=-n(T,n3B) sin? 0,

=nT,n*B0,* (XY BT T 438 (@)
T p, @A f3of0 @z APy 23, o

9’.=€g_

]

Tt
s
fe
Fig. 7.19
TG
g =™Ten*B) | o (1.41)
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SRR & f, W IgEma, (7.41) (I @A IWR G,
fags wfefaw @ g0eR AT a1 (IA S AiATS Soygwy
GFE AU, wfie 7 FAcee (v Aws wfefwrs cwity
AN Boge LT ALK &3 | So1S Sgen o7 Frewww o Forsamllan o
TN A @ TN Ni6 FFioE ZW @R I SAMEN YR I O
wia Teriae 28 | (74 319, SR @ FIHA FAX S AU Al
(FAE IMI TS (AR TS 77 | @ FIAY A IN JATCS FF
it wtem fave@a (dilation) 1|

© @m fog ofefews i ora @, Gy sefes
SR

F=11§£’,-°3

I =91 oea Aomis |
wfeeons avg @ eifciad 27 @ s T a3, wvRE7ETe e

(diffraction disc) | % «if&id /A G AR ST 9@ 7S

A, GBI (U3 T3V [ &g W1 @@ ierw (vawd 31 do
28 O GBIy afeiarm wiemsma

2
E=T,1 " fi (7.42)
[

wrea3 W (oiTY RBa wieire Ssga, 7w T afyra
T8 FALA | TV TS A O I YIAF 2T (GTY 2AMIA I

@2 AT R ARG 9IZ (% do, (T INANFS IAL TG
FIPENE AR | IOER WC SFaANS I TMA |
() AW WITAIF CRATHT HASY, C

@2 TR AATAZ SR A (AR WASH G| Ten
AR |

el FT AR (AT Siwens afetar domam
C="""" 1 ey T ST aifeieT R

e Gy v @ @W fags el o aiwens afefamm
ORI E =T, B sin® 6, (1.43)




264 e STARREW

G ANA @R w9 TF I OF Tl (A G W
@@ @f) @z 38 fo @U oW G aiwes afelarm Mvmwm
767 3731 AR TeRiv TR g |

() Awa wEw TN @@ AT p<p, | w AR Tl
T Aiias qr T @a )

(ii) i atad TR0l N A A ST 1 p'>p, | GUTA G
foefy a Atwiers eram fwerw w1

(i) Jrws TCE@ TR G w1 p<p, | (PR A WER
& SR I IE A |

IR SR IS TR SR A TG I |
A) fays wfeflaren (wea

Jmmm ﬁ’fum}'

;ST &I
ol @

AN |

LT

. vy . . wr .
Fig. 7.20
Fig. (7.20) ¢s,
do = wieiaeg wer

do’ =dwe T3 ATelan SR
doy —witspoits o9 efeiaes wwm

AR AIET AEAR],
do n® sin® 0 =do’ n'® sin® @' (7.44)
@R do’' n'? sin $=do, n,®sin? ¢’ (7.45)

¢ 8 ¢ TR AR I |
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It wielaer Wity B g3 o) 3w 33e afelwer dify B

B'=T‘,(i;.')’ B (7.38)

T, =% A7 It 0E A 5 |

i) e Awwel qewn s (v (BITeT SHAT (o ST
3T 3 AW &

ot p'<p,, O OGN AR {Refy @ TR I IAA |
(510 T (T W16 THE witel WS #oid Ok ShFA R 6, |
% GURT W9 (FE, do’ WS ¢, SR }WA, SR GTAT oA @
WA 2R WTHAE Toa 219 o) #ffasma

dF =T, (nB do sin® ¢,)
g (7.45) @ $=¢, @R ¢'=0, 3F
n'? do' sin® ¢=n,? do, sin® 0,

dF==u BT, (:_r)’dae sin® 6,

ipRCEa WivaT
E=Zf— =T,aB (’L,e)"sin’ 5,

o, n
= To(!z)’r, B sin® 0, §7.46)
n

w29 (7.43) @&F E=T,E’ (7.47)

Rape 77 T A TS S T @F A (T, = 1) Faes
I IR (T, <)

BGER GUHE SR (2R Tl C = g,—= T, (7.48)

(i) =fe Aveel qea @197 (7@ (G St o wTorw
caib =

p<p, | CGTEE@ GUR TR SEAD SATPS TR A | &
S GILAR WM (@ I A Mend o' Wiz ¢
(@%q @ TRl FE do’ @ (@ S IR) | (@ WS I
SPeis (MerR o7 @ 9 <b, | ¢ I 0 @R A |



266 NS AT IR
@ SMEARAIZ WTHAG 19T 213 o/ i
dF =T ,(nB do’ sin® 6,)
do’' n'® sin* 0, =do, n,% sin® ¢, (4,<8,)
=do n?® sin® 0 [(7.44) (t3)
dF =T, wB'(:T")zdae sin® ¢,

g

stwosa et dommm £=9) = 7,08 (") sin® g,

=T,[ T.nB (zn'l)s sin® ¢, ]

in2
W E-T, S 0 p (7.49)
e

G W @ € TasS (rad AH o A @32 ¢, @ 0, @t
&/ A

sing, _p
sin 0a_Pe

w5 E=T,,(§'—)”E'=T,,(Z',. ;’j—)’E'
L] e
IR c=—5,- =T:,(£J—~,)s (7.50)

Pe = I, = wiwifas cag faafa (Normal pupil magnification)
P

A |
@agE <y I p'<p,

®) fags wfefaw; @iz [A Awdiama (wa
ST SN (TR 19K ATIF CHAS LA |
(i) I\ p=p,,
oW C=T, (1.51)
(i) T p'<pe
O (PRI ACER wem, MI'=1

Wl C=T, (%)2 (7.52)
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werra 3947 el o A0, C ©© FMI | R wH@9
@t e p ANRADE p, T (A (I I TR p WIS IG T
e ag fRdn wwel @ Za gy A AiaIeE (s
A 28 A @ C TS I 0T AT | G gy 3entw
(TS (10T 3@ JG Teemen fog W Tdq wwew qpdiwd 3@
T I} 2T |

(©) foqae wifefaw ; coiata Rflw 31 & FiFm R{Aw
Qe L@ (WL@

ool 3f7 37 @b 28 o fegxe, s 7 @ g w)iEs
Td I@ FA WA G A P @ (TNAS IR AER WA
(70 SRS SHER (stars) @2 *HT 20T) A WHE Sy
o7 3R (6 SMARLANZT TR | UFa AEATE (PR HTe]
C =T 78 e (7 SRos QTG SereE
Yfel Gy @mArE S @6 EFeIE
YTeld (AT GIT oW (N NoTes STARPLIT ( AN
(7.33) 5953)
F=(Bdw)np,2=dE np,* (7.53)
B dw=dE3 T@l T8 WWIETE |
qiiel (5T (FRA,

5o (G SNeee’y F =T, (dE) mp,*  (1.54)
3wl AT W " Setes weeeRy (wieled o @
@ ) J0IF T AT FS: I, IR dE @R ARA)
F,=dE (mp®)
TN g SRR F, =T, dE (mp®)
OB ST @01 G o 9 16 733 | @ w7

A3 el FEEF TR (O (A GILAT oW (A G T (@ ©R
G771 1
(1) p'<pe. SR M>M y, ATEH] AR BT 2 IR |
TS5ET I 37 TR I0F AFAWL ACAILIZ
F=T, T, dE (mp®) (7.55)



268 it emaretaam
F p\2
SEAF (SRR ] C=F-.=To('-)~) =T, My*  (1.56)
(-]

(i) W p'>p, M M<My, TR A ITAFAIZ GTA
A PR AN | GUHE WG ACETIAIZ

po\?
F=To T, dE np* . () (7.57)
P
F 2
woey C=1.=T, (—"’;) =T, M* (7.58)
TG HIANER

C(p>p.) < Cip'<p,)

INTZ ORI (star) (FTS (& Fre119d 13349 (normal magni-
fication) *1AR &1 (51 F Bive |

P<pe @& SR TN A (4l W SR OER WIS IegeN
@Y I (oc My*) @ PRITER ARR (Tegs wieiam) Swen

I A (oc("{lﬂ) @A M>My) | (5w 3G SToers ARE

@ e T wwe R Ao WA @@Aroe SRNA 73
MR ARTD O 74 T |

.44 WEATHT aET @ HIB WAsHe wife

FRFN GHTHIE q(AZ TEIE WA IHaAZ A TGl ZAFHS
CNIHS IR I I AND | @ TSRO ARSI HIH
a8 73 QIR Aioism T a3 ¢

oINS 2N (photographic emulsion) STen (s
SR FA T | 43 WD I SO TE (N I
wieersR ) FERw Foaies SNEEe 897 @ fge afeiam
«3f6 ofefar e za 1 ZAEMAR W s fe 79w e W@
w g fater saenT witsifes et R Bem
oz =tz @ o wichwz wify B 1 oma afstaw Al
TR TB Wiy za weResy ofe «3x stwa afs ¥3s @
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@1 I wnfoeE s ol @ afelve Q e 3@
w3 #ifofarwa Rowam zq TBR |

~~

Fig. 7.21
gin afsiaw e sga @9 0 g3 (Fig. 7.21) $®
Q="' g2
g

Qo 0* (7.59)

SATGRNE Jad NG (speed) WMo ZW BMEWH ISEF I
ze O M@ | eel Mo AR @R AT AT | TS
g4 fage wfefasr g1 (o 20 O3 SRR Nears S
f16 3T (@ TNF IS TR, GENF f]3 A4 T 59 ZA |

yielaa g3 Tavae ©am osiftane o afefuis 23 «awia
ofst (Airy’s disc) 1 wofome gag Seww I @W T &
@3 «mizd dfa JuEwe faeme AWR @ @B S@ 1Y
wielamr soaies afclaor G (IIWE ENEWEHY (B>
Bom fRe? @ @2 icen ReAR WAl e T afeia @
SMEAFREA O%@ | SIS AT T Wi (Aad (WALl
AT 20 | T (@16 (A AN e IT A @R O
Qs GIoE T ARl G AT FOEies BN
SRS AP ACAE | @8 716 THUIWDA Q@ LIS
eifsfan «a? gareta, ios utetar cwm afeiama fommas
Bor Troasim o T el owa afsfaa @m awam-
2REA B9 |
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FO1-ZEET TAIH (@ Y G GG SR |
FWI-EERIIE AT SR INAl A 98 RIS 197 iUy
90 | @g STereRE 76 «f SnIwEd afelam ak o afslerm
sfame Gas wTAiTeiNEn o faéa 3ca, MR SR
T IGE Wiolw e A v TR @ A (@AW, IOLT
TMATLIZ TIATE 2GR OF Toas ©i afelem Tvea e |
@3 oM FoH-3EREe SaREER afsfen Gy @ wweries
S (AT 7L |

745 farweia ® (Diffusing surfaces)

s EOie Arwee 3@ @316 TAOHORE SR (SR ) B/
GG AYTIT BT (61 (BTN (F TF |

= \_ _

mﬂ"ﬂﬁw

Fig. 7.22

¢ T, ACHFAN WA TN (@ (NI (FAEA A0 (&

wfa2 zi%e ) Wity 2 B | Sieiad (a3 79 @19 0 @38 oifetares

SE TR m 1 STel® do W @rF wwen fawm vrorm

m*0o  SigNQ FAAW | do (AF W (g Woffow Sranwez

zd 7Boo sin®0 | I ACHO EFW ASEFPS T, TW OW&

m2do BN WIHTET ALAFAIRZR 21N

6F =T, = B do sin%6
UGH @ SOR A Em T°"’fn‘2‘g:*“2”=T°",ﬁz“*“””

(7.60)
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gefe fwow R «@FF Wy (At Afwe b
TR A7

in2
=TerB sin® 0 (1.61)
m

9w T<11 faos»s we oneer s Swifes  wie
@z @ Tog0 39 wal fafwey g T o wifasne |

4

Fig. 7.23

3% g0 e Wiig B ¥ ©@ 0 @9, 0 8 0+dom sua
s @ @R Ny v (Fig. 7.23) do IO WoPLRARI
»fzame

dF = (00 cos 0) B. 217_'_(_5_;20_)”10

=2n do B sin 6 d(sin 0)
d0 qTO (6 SRR AT
n|2
F=2nd0B f sin 6 d(sin 0)
1]

=700 B (7.62)

(7.61) @ (1.62) TN IW WA AR (@, TAFF R % B’
T, B sin®* 0

=T -LTn—;——- (7.63)

s m? ARR & ACHAT OER WY @ T A | G
AW A S ACHAS A3 WS G Ik W& (carbon arc)
3| @ TS (Xenon lamp) IIZF F) 27 |



272 Wil SesiiEw
7.5 ofSfaq 5w farmsd siyawss! (Formation of

Images : resolution efficiency)

7.6.1  @uifaE Rew (Airy’s pattern)

W AR QW SGHEE ©F A SRS | Giwe
ARG e 28 @ @3ww welieim oE «Ilh fay
wiefawz afefare «wsls faw 231 I @ a1 @ w@ew
AR AT ATSiAey (A A1, O (FF ASEGAS I ACAR
YGLAY W AR (AT ANSA F] (eTe AR SAFOF AR
O GFI6 IS AN (FS; 7SI |

W fay wfelar @z @ swes srive gfowm »to sm
A @1F IeAToaner ©a g @ sma 1 Seifbena sam
WA (G SAFFHI (PRI O WA TTST @S (7R | S W@
TAFFT GO FINS ZA B AYIST 905 | WOFET  SoITES
(diffracted) @& Afve wawmdy afcliar @ wnam faam 9@
Tl TIFOCGA TRW-CFAS A A HF (g I am fe
AT A T SR ([ TAWM@[E FAAEF AN I |

s afens swfsans o3 faca swemwa wts « wefbame
Cag o @ fRofdt (73 38 TR | FeRR I afelasn qeRR
AR TRETETS Afeiame wwars Afen 703 |

Fig. 7.24

WA W X W AR | A 3, P T3 afeiw e
sl gk #1 T% Givsly SARTEH JgAEt aiwg afeian
e | ofeiss o@ F fayis P 79 © s 9@ |
sT=pt4+ {21 1835 Taume cmieidw «aria (Sir G. B. Airy)
Ed @, F fa~te wiewam E @3g P’ fa9rs niemsma E, A

£ _[Le)’ (7.64)
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G v=2—; p' sin B :,2;—";7'8

J 1 () = 2T QAR oA 057 (FCACETY TS (Bessel function
of first kind first order)

1o =TRZS QIR WA *TF SIHLAG |
n =2ifeiaE @M Ty efeTnss |

ax g, 0= U2, G2 NN

1121 23 m (m+1))
p = 2AaS T |
3% 6' AR @19 7 SR
2 ) .
= g =2 s (7.65)

neB=n0" s 6 T AW FF | AR Sieiaw @ orfefw-
F 476 SFER A9 & Je-MfeF (non-dimensional) i
n O3 TH @I AT |

J

08} -

oot

oal |

/r\—zrmmm
02

N
o V\/\A*

W —

Fig. 7.25
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Table 7.1
(A=5000 A4°)
v * EIE, | AT

0 1 !

1 0.775 l (LA TINGET

2 0.333

3 0.051 l

3.83 0 i 2N FENGHA

5.14 0.0175 | e A1

7.01 0 | Taotn g

8.42 0.0041 faota Hemes
10.17 0 ToIH FENG
11.62 0.0016 TOIT HiuNee

Table 7.1 @’ Fig. 7.25 (23 (1 a0 (¥ 2ifeiaves e awace
@316 I/RR PN IR O 190 IR /R ANIT=T 38 €
Wemes | IREI M Tiwvenyien SwEn IR Wl 0% |
afelay wwem @@ weaRr fwml «fifaa O (Airy's
pattern) JIG #{{2f5w |

2N FENGER IFTY 2 (v=13.83)

g o 383 _0612
Y00 me @

GR T (FE 2 FENGE ITT TN JHI

v A A
B = p,=3.-23§ =061% (7.66)

152 g6 fomeeiw foy wiofagen fasad s wibaye
wE  farsige M (Resolution of two independent point
sources : limit of resolution of optical instraments)

slefaar oz smiwle 416 fay @em 3@ | @A afehay
o gt wafsm Ram swem s Ty gt enfates
sfeiauad qe @ifod IR @ 2ot oHa opRe @RI A,
IR YT A LA @RI IR A | (Fig. 7.26) @UF (2 qik &
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g4« (FIT9F IR4 (angular seperation) 5’\“ &3 (TP I T 716
p

aarfax TR Swgeren oy 76 e ‘f.ﬂm a9 T oz |+ (o
JAW 420 @@ @ E g6 Gwerew wewd wye! ws
QAFIPS TP @ | (@O AW T AR A8 §2 ORI
N} SGIEHA SRS (contrast) $& AGLA | AN I3 1.22 Q_P,

T IO AR #reFA 30 @t A 7= 0.3 | sRIW 1@ orgra R’y
g5t /e ©I@ @@ AA 1 oA 3 gl fafER (resolved)
20 W & |

20 -
) 184
154
o06Nzp!
09)‘/2p'
0| 107 Nap1
RSN
122 /29'

Fig. 7.26
s @ @3 afcians G M@ AW A | GAE  GrEs

«f gyl oivm qee | SiBerieTeta sfve @ifefre famg
9 fafsR 202 (1 (FITY Sitwa Fde ©ia @A AT
T @AM G1Ie G TR o7 Wag R arE I7aR
BACIE HTTS |

§ 6.7 (o oA Tarma MIm I SCABN FN TLACE | TAEE
oA e,, G TTom A, SgE AR SHLE TSR 77 Tvdz-
sits1 (Fig. 6.7) | Tageme st #if2ac$ oo’ sneafes Tagesa i
(limit of specific resolution of theeye) o =¢,r (Tafqs Twfatatmz)
@3 AT Fig. 6.7 @ SorAI151S AS ST ©iewd SN ©IeTend
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@@0 T 1 Fig. 7.27 (0@ (741 A% (3 G omees  favee
M g wfem faoem oaf et gRsw 1 1070 @ 1077 S
S W 9% A 0.6 mm ({F 2 mm AT T *0
(g @ (G137 T @3 TRFCTE (51 FAGLE O] Fee WA

IOI I | /‘('ﬁi’)l
6 =€,1 i
(R s s A dsos

-
e ) / =0
\\_:4/{' *

1

~ 2
NI IR 2r (mm)

- .

4714

Fig. 1.27

e T, qf fay wteiardim a s - 122

Bevm F@ez | @8 15 Tava afsfar @ amifag fawmr snen g

M (@R A6 (W@ € = ‘:22—7; b e Bem @ (@

pe=pC =¢FF) | «aUBE =031 A=0.5 &I @& R p @
faiataoE @t € @ i (1° @9 =60 fxiws) 9=

ep=¢'p' =FIA Y& (Foucoult constant)
=10 (=i Wiataoe )

arwa fo @ qiolaye fafes swmm (iR > onR wiag
ACOCF GRSt faema Aww @Rire pe=p'e =47F
@3 @ais oW za (Fig. 7.28) 1 3w o() @36 oww 7
GIFLSR pe = p'c’ = 3T 9B QAR T AF SR G} @ I A&
g cAEiey Taema wWel @it @R fAeeEe MW Gd TR
fafes zta 1 arwa 13 46 weifbeme s faes e ony

SIHE 7{FOICY (IR IR & |

@
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a(r) @63 @M WE pe = 43T @ @G WG @TS *RR
q (T IAH TIT TS GIRe @ gAfeITE I | @ R
G AIAGE SNE (TAE G (A SREMeS -7 Fiwow TF (min)

i
| v
}fp P
B
I N
(e \ 1
\'Fi""i‘ﬂ\, ’ aran |
Mgy
. ; l : Pe=p‘€"
o“\fr) ‘ l T
| !
E. ! >
r=o
Far oo
| RER T
Fig. 7.28

PIIR IF SOAH I ZCS ANE@ AL TEm o (@ (il
M2 @ 7=02 (q0F 7=1.02 N4 Tpjp 99 TGN 1.08 5© |
Wl 7 =0.3 (5 0 @3 uls wrReHy We FHREIT pe~ 47D
(7 =0.3 (S YR @13 = 1.0) G =~ 1 7=0.3 (g 476

- 2 o <, ’
Tavy wifstan wom e o s 224 | fam 7ibra SRS IR

2p

oW wifelary Sgieia TEEW A R, omin (0O AT GR
LI YATHE A FCA NI TR 0 (7L pe=47F QU7 T
B WA wEA G W & g5 T e @ @S
AMIR W | o 716 AwSwa foy wifefaaa owa Taemerim

0=1.0=pe=p'c=FFY ¥33:-0.614 (7.67)
® s forg 1 @R SR ool fer emifi R
CFENT bW BowE wiewfS (central maximum) S9fq fi‘s{ﬁa

TR RITAT @A Feaer® 9| @ 9w Ssge S

(First minimum) o{gga | Taema shm @3 wsfors aviem
fasftaz (Rayleigh’s criterion) 3t& |
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7.5.3 fic;mq *{{a%a®| (Resolution efficiency)

Tareme *RHTOR 204fh G WLEABA I GO I | & T
Frwa 37is gz Tofag (7@ & | Amia Ty F47 (T4 T O3
TR TR AN o 932 Taewme oW 6. 1 gwm qrwa Tw Twew
(1 0%, 41 AF, S G qToR A r @3 GIeRd Tiom
2r It AT T4 (AT ATH AT IG (G IR J0HY qAT
AR AGF FAG FICGCT @1 ) | THLa G Tavsme s e, 1
613 @ Jmpey 1rad ATwlers ©raa feema M« e

ep=¢,p

q e=¢, =¢, I'=

° rD
g

M =tperead 1734 w9l |
Yoad famge spasael €= 'Ef =Se M (7.68)

€y

T AR AHORTET (HES A0 RISl Wgrend faef
T T | FACwEs (AR 1aws) AW 1934 wHe Sow
fa¢a @ WR @W g f34q wI€l M, (3 faoeme 2@sas)
FAGTH (R T |

TORMCR (F@ r=1.0 @R ¢,=¢, (Fig. 6.7c) INEE
E=M 1 M A € INT | (37 17N ®I9 M3 (AT Q1A
WA APA} EE U, AT RSN I QR WA [0
HFFAGIE I FTF |

7.5.4 SLAACH THFLATEN AV ¢ AFICHA ALK (Aber-
ration tolerances : Rayleigh limit)

OO TN AT ARG TR AR FAT WG
Fate | T3 @M dEeRe? saeia SoReNE 59 1 SRS AIFE
Tarere o@eNEl g A | g e s eifeiarn s afeiamm
s It s T fawg 1 e SeeReng 2 3
wielaaa s afciamr siemaiamm fs 299 2@ @ Fig. 7.25 @
(Al ZCE | SRS WOEe qE A3 WA AR
oAfaEN W6 1 (NEHROR (A SIFFT SRR AF TSI
AT A #iaaés €6 ©f Fig. 7.29-a (ATHI L8 | ©3%-
T AR JYH 4[4 TN AMARPINNGR  (FCG oA 20 S
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T I (NAS ANTIFSNR AR BTG I8 T3 AT |
e Ao oSl o eiaes oS | SwnS wreEe A4 «g
ft z# SARIIAR  eipters faaE ATaIE K6 (@ A2 (o
A0 FPAGH 6N MR IS v=2n () @2 AR AT

10

oz
0 | - - R W e ————
ol—. lkg—\ i
o A 2N 3R
¥ —
Fig. 7.2%

TS T M | O] SATHT SCAACOR A AN 2/4 4] TCACE |
BTF FICEA A (Rayleigh limil) ace | wamet SToRE
A N (0T SR SCATCR SELAWR A\ (aberration
tolerances) Ta<fg @1 787 1 Tvizael 7, NORFR STeemwm
CRHE SRS CMEATPRCR SR A 38 (7l q19 | Q0%
ST (ATPRIR W (R (5.46 5835) |
4 _a W(4b) _4 W(4b)
\af Tewian) -4 oo - LA
QTR 0 = pff = S 753 |
TGO O STSHATH A =0.5 TEIR G (AT SR
st A
0=0.1 @7 Cxa 0.05 mm
9} 6-001 @I WA 5.0 mm |



Afgrwe 8
@ BaTe gATf" (Optical instruments)

SR A AR SR A (A rEee oo
yofwe ofve SRl | MR WEN 8 BRI (0@ O I
wede, gdme, R ogts PR TR SeifbEE T
oW ARTR IE AT @B offavew omRl AT efeiaiy
s TG R 190 A Fa9 |

8.1 w3w faa¥d (Simple magnifiers)

i A @ SO (FATE O WS AR e I
g wielals BTy @ @ Oem I CR TR | wieiuie
G4 T IME T TR @ @1 T6 VR IR ATO[IAFE TT G
@ R 7@ (Fig. 8.0) | oo T SoRmE el e
@ SieRTE G @ Mg SF AE A L A G 07,

Q - i E
0

N 9

Fig. 8.1
sfelure 76 [mrs 140 0 @ (731 A | (TR TaeRe
A 2 Wi IO 1 IER el WwE LA GRY @
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YR A | QAR GI6 GAITS WAOR @ G R I I
ofelaas U F6 INE WA WA @R @ T AHI0G
oR @ afeia 23 GIB (518 37 @4 evm w3 (Fig. 8.16) 1
e HAOR (@G el @it Wi afeldm Fie W
ofelarm (U 7@ R G 3 9 18T (rate | eI AN
FAEH A IS @ A @ AREE AR W% @ @6
wieias 35 I@ @2 7, TR wele @ o7, oF A
faeds (Simple magnificr) 3 AR ‘U(f'@'ﬂ“l ] (Simple
microscope) & |

@ @ afeials 7R, © 7@ W @ @ afelE GrwR
Tt o @ 77 Tam@ wu 1o TR | e Tl @w i Tag
(& | T G (@I I A © JAI6) TS | G (AT
@™ @ WTSTA @ 73% F10S TR @R o eifeiaals faas ¢ 7
fava st ae 1 Taena afeiay «fss 2% @ Fig. 8.2 (5 (71

Q IR 935
Poesnll T o
| = - e Ve
! S LD - ET SIS (T
: ‘\;'Eas;,\—"‘s./
' QA A7) 7 .
Lo 20 / //vzf.'m,&.‘.ou
P F P A H' Py 7R
R o — ’4_____6__ -
le !‘*_—- a4
R
Fig. 8.2

TR | BRI 9PN (e @i~ 0' 3 TRde Taolm @M
T 2@ IME 141 QAR @R NSIIAE 3140 FACR R 219w
g foy @ oo @em fav@ w1 wfelkg PO wm @ Ty
a, (I FAR | A G @& PO (3 P,Q, ST HE
T BTN ag @IS | P01 GRF WM (78 (AF A TR |
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A @ Aol WS §38 @ o 0 Tt 0" Te o |
He H' {3 Ja oeay |

HP=u, HF =, HO'=a, HO=4 & P,0' = A

HO HA HA HO
PO PQ PlQ1 PO

A a u

UG A":—“""?\: A, A= a(l :4—) (8.1)
L
oy 000 wmt a= = ATT

o afeiaee smome @8 A = a-2 —a- au(z‘l——;—)

A
au
=q -U+ 7, (8.2)
PQ-y 8 PQ =y
@R =, -—y/(a u+- (8.3)
faadtss wael K=1/f' = a,/y= E (8.4)

A3 (8.3) (TP (A AR (T,
() W a=f, G} TR g0 @A IS,

ao=z =7.‘," = 39, sifeian (RuE a1 @ A @ |

(i) W u= -, Sfeian 4@ I3 @MW TS,

v

fr2=-;=—f—' = (%, (1Y @UTHE A4 @ 7 & |

(i) I u=03 a=0, /' 97 Bo@ @, T7S7 FMWIA M | Tl
T G} ) SToIRE (A THR) 4347 31 INE ©F 7
SR R @, @F | IR G ettty aeffToree 7w |

7163 (% @ I A AR A | BN 6 (3R Atwiee weE
oi7 aeem g, 9363 e e Guwm w91 @ wiHa S ere
AR FYTRTS: (=16 TH | FEE GIAF NI 50k SW @14 @ Tofy
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@O aEels o a1 giRa (wE TS W N & (Y
OITF LA YA FILR TS TA | W@ GRR *Mol
gonfg o (A (T (BITYR 7% 20 mm @7 TN T AEI
T TS GTR Ao f39@e 77 o Tefamioy aRg | @
wmit TR Taena sawgw AtAcy Tolauaioe 77 a3 29 1 Gl
afa S @ 2R I IR e afelar fapma sfn @=E-
@ G PMIIFI FAOR T7F TWeF JA | XA RRCH
el R4 AGER FPFT T |

fead@ Wl ¢ w1 § 7.3 5 e @

M=a,/a;

M-@q S7 1948 IIS oa 716 Tuivg wWee @1 eemes
(T (PRI A TR 9 Tastme: twa 77 feg 79 erfefawis
FIRE SRTES | O 4d (R @ (1 TRRAIT LS g T4
200z I3 FE e a =0 |

v 7@ o orvem efeiaas @96 79 @@ @ T3y e
(T TN SN A A (AR IR O FAIY FA TS
@32 Tzt fa 0= —0.25 =6 1

eifelan 737 1930 fa~rs (v=0), T4

TR ag=y/(-u)= —yj;f—i'ig @R a, =y[(-9)

f-6_,_0_
o9y M y=; = 5 1 7 (8.5)
afsiay 337 SHIw (V== ),
u=—f
a,=ylf" @& a,=y[(-9)
’TWQ Mv=on = —6/f' (8.6)

03f5 faada ceremt v af@ 1 inch @1 2.5 cm 28, ©®
5
Mv=-5=§.5+1'=llX
G My =25/2.5=10X
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o AR (X efein Taet 3y @ @ e RS @A
T @R A @, TR o) M oW @IR 9F | IR

M=~ -o/f =K (Fstaa 7.19 a83)
=K/4 @R K CEWBTR | -
e 2.5 cm (TR A fRdmE e z@ 104 f33d
FAOR 1336 |
@ipfors fafen saram faads
WA WA T94S o wmm | T’ wmer A)
TOR#6IA (2F 100 TR #4T 27| IW HwaeR (3343 K=10D)
Wy Go-Bae @S FAGE A (Fig. 8.30) | HAHRIS: @b IoR

-
[ |

/

(D)FTRTO4Y (Stanhope; (5 ©)FT3 (Brewster) I

{0) ¥T-§3 T (M TTHISNE o1

31___

A
f
Rl g ’_
(f) {TFTIoE (Orthoscopic) ()BTl (Steinhel)
(e) TIFWY 350 =%
Fig. 8.3

G IRTRA IFN I AT | P I AN W W (=S cm I a9 ) |
(TR, (TN €3 IToEY Zontw @ w91 Tope (RICHd
{23t (Fig. 8.3b) AT @als son € T7REm oalt S |
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TSIAAE AR SER M A0S W1 QS WS fple e
Fofitore 2x | faphorm e s @eia @3 faedts (Fig. 8.3¢)
S (I G GG A I ¢ Fowed (RSt
(Fig. 8.3d) @b (MeTS (AT (06 (o) 331, TR GG TLGogHl
IR | @2 (RGNS Redgfare e onE NI (o
@0 | @ wIer fwdela TMRee: 0 @ (doublet) 3
TS (triplet) | @R %R (o191 efieoiens | fegpfoe a0 1 ag
N7 ARG A 194 g1 B3AgiEa Touas (Fig. 8.3g) |

8.2 wferag (eyepieces or oculars)

oo, 7RI genty JreRtd SieArH R (objective) AR
wietan «als auet AefelE = o0 211 @ a7 afelws
OF W@ (MRAE G AN WISt (eyepicce) | OTSRAS @&
g s | e Tardte a ofefamr fwffe woq fe oot
T3 (R 2 [0 O 4SS T098 TR | TSR Wl
YIS 3CS A | (o e REFE Jhorg A IRTH
71 (TS 3R TTeare 7Ae [R4% T IRTR 1 I A |

Fig. 8.4 @ wifera 2703 @Fis e {347 JI]@ (TR
7EE | Rl @3l ¢NE wAeR @™ | @8 (TR
AR aeine efelaw @3fs wag faE (ol TR | (ARG
*efae afelE @ g ahaefa OB (e LS TAETE e
e o PME 4397 & @IGA AT (AW IG 0O A |
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cFa (@9 (Ficld lens) 33717 W@ @F iG] A a1
cFg (@5 @36 wient @@w 1 onefws wfclaem wa Wi
A1 AN T4 g2 gt g Tiee (e A (Fig. 8.5a) &
AP (216 SlSRa AR F1 IMA | FORE 2 eiem  9IgW
8 WIHR «3FZ YA |

e | 1TSS ofofiogw
v 0 @

N1 & W & s &

(b)
Fig. 8.5

aeing ofeiam o@ oFn WG FE Slagie W |
(TR oy S, QAR @ Gvle afelwwy o wE @
qMA | OB IS OFO (@THF WS Towrag Aediioe 331 21 |
wsiema 2 fmﬂﬂ CFE (T 8 %Y (FH (eye lens) @3 FHIAE |
@3 TRE TR A3 FAce 28 IS oefvs afsiaw e
(RO GRS O A oG ZF TR0l A G T Togh Tomed |
w7el 13343 Fets @ 4R Siera @ifaR Sfemae (compound
eyepieces) &l &F |
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FHONA (A0S & SfeAEd Wors 193 (Faq oS
Aty ifel GITAT ol 1% CREy AW 26T AN | @bl 2®
60° 7 51 Hefie fAsfs aPaemezz wnfes It (W R
AT3°F AT | OIF @H GOIA INTR IAE ATOIAE BT
RGN @ A | ey, fgte, cnemeRe @t TrEen
PR T FAE G STem GB A SLONd GRS AN
freg &1

wfer s FTel K AHRaT: 16 (P 120 SRR T @38
TRdTmwel M,, 4 (@ 30 @3 W T R 3 e
TIER FANE FAG 30 @3 (U@ (@ R wawew wierm ITA
0O T |

iz afelaae sfems 2o J0 (FRFM i 31 oK
@ PR AN W | @ G (Refe WEendqeed S 2k zE
(Fig, 8.6)

Kh=0" SR hoc K1 (8.7

Lo
7L

! |
——
st
Fig. 8.6

7% h o qfom AL (A I W SR AW WIAX TI0eEe
o] I I INGE GIEAF w19 SierwEa Srng @14 76 I
7 1 wfemE TR AR G 97 (T @B (A 7AAW) T8l @
q dma T2 (eye ring) ACF | AR Awa 7276 wiermen
faolm g Fem fayre ofge za 1 fefamfte e s
T e enefae afeiam oW @I oWl @S I[/TE 3}
w1 opfee wiewmayfer st Swmamen za (i) [ wiewa
(positive eye pieces)— (I ISR Wietwm (Ramsden’s eye
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piece), @@ Sierag (Kellner's eye piece) €33 SefHIT#E
wifetaa (orthoscopic eye piece), (ii) ¥R Sfe(a (negative
eye pieces)—@NR TRUAT Wietaa (Huygen’s eye piece) i

(a) FAALECHR SfEcwa o

@3 SferE e @32 T aivs 46 orem @@ Tow
GRS T @R ACHR KT IRUTN CFIIE TS 7w | 416
=3 FMEF-88d (plano-convex) @33 (=51 yiva wwed spafa
33 fves w”i=s (Fig. 8.7) |

mee | - et e
j,/, EZ///// ’(':"A k %é 2 Z
: F

)

|

T T %’me
Fig. 8.7

AT
\\
\\\

2fes o o K, =K, = ; ; IR d=f
1 f )
e -—| K=_« —.—““7::--]\1=K
QUHA AT WAS P TR 2!
AT @ TavEn, 3O RYEE W @ @R (ARS8
e T2z @Um e 2& @ Fig. 8.7 (W2 =€ | @ FAAroA
FRAEER Aiowwa f,=d=f, @R @@ Fve I =¥ (1,1, 1)
faca 1 (1, 1, 1) sfes seowem’ w1, @@ o Qe
TR AS
d=13-_;_f-f: (ariteze 5.11 msa)

A ol Tog | Afeiew et e ARG opAriaR ok |
ORI SToReS (@t 77, @AN 6RTG T qRE afe @ b
fapte a0 1 4i97 (wn AEEEAT, g@ 30° | SW® B Sew@
e 2ifeiay 2% (F0 (UHT oo OF | 9OTR WS IRTE
321 (¥ T SfRUTENS @ SAR STAGA I KR |
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(b) eisfors FrAILSR wfSraa

FASA FNACTCAR Wit aRe «3is wofaey Feare | dhwa-
T fwa @GR T EwHT W IME G AN NAEA |
@ qI00F @FF INE WA @ 715 eE ~ifama onem w1 or
i S 7 165 W vy 27 w1 A fog adfitome ot A
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~ | |

~Sake

A s e
owes | TS|y
Q‘f"‘“‘:\, /, ///’2//1

: qQ ‘ 7

) 4

|
e H' £ 7
Py F / ‘: I\ W
I

Fig. 8.8
oot ampeEy wferals (3, 2. 3) g o f, =3a, d-
20, 98 f.=3a |
TRR i =fo=f &R d=§f (Fig. 8.8)

11 Q3 _4.
arEHE AN HAOl K—f+f 77 "3
e PR I F =3 /= 2d

o K, 3
0 R e 0=H,H 2 d =f2=3d

o H Ky o 3
§=H, H'=-id= - fl2= - 3d.

CFORWFH F @ @32 fAwa 226 F @ omm 291 dw fae
e IR (1 IR ToigA WA MR ew feEAT | faghe
A @E 1 T @I G 8 WAG IR O erd
TANE T | MRS SN | [FIr® qEn iR Srry e
A FAO T IRTA FACA (AACHRCR ST J900 ZF |

19
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© canaicaz wiewa

ANACCIAT QTG (MBTCPRY T <17 | JiF9 FE @
g @t Tm awewee wieE bRd M | (RERIEA ATeE
ANATAT et I THOST FEHE | YR AT (TS
@36 A 30 (Fig. 8.92) | @B %9 (RIS (NEATHRCR CFE

e wrweiee 31 TH ACS (KA (ARG (MATARA FONHS
T por afely remeRd 5 T 1 @} wies aRge faten
I Toewe THAA F@ S STPEAe SRS I (P q1 |
farme: @8 wfemiE eTeRe 31 3 |

(@) edfrwifis aferas

FERIRR STewE MRS @ (MATATE T IFAE &) el
crfoee «fs 79 o™ @ea 71 wEiee Sfemm owe @
fealt @z @3 WAy FRW @R PFa @@ GFfowa A
Bewt @ (Fig. 8.9b) | W] CFE 07 Swayia efones oo
o ofe e P Tapfen sfamm @ afemEe AwRa @9 e
gER | @] SiemE oam 30° Riferw oFa YEE (nemere e @
STAETR @ W AW 2531 30 @7 @t Taada wAew eawE
@ wefaeR wien IRTR A1 €Yl S R |
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B Tonfs wiemuer (wied oom gu @P 9% FRIGR
AR RO EFE AN RS | @R G GIEd STeg
M| «g e eins efeiar AT §OR erfeier ol
afys ZW Wk @} e efeliIn @ R Ge SRR
AR WiewEed T4 e Ty Aarsqis ey fafe 50 |
Iee wiewn Teals wlewdt | @3 wiermes oem g3 R
T~ MR LW AIE GAA  (ALH SR (cross wire) q =%
CFS (graticule) IATN IW | 8 @I R A (FAR il
WX IR AF M AU AR @I awd AR ofela s
Tafen sifzme 321 % |
©) TECITa i@

IR TSGR TR FNea Saa1 (w787 1169 Ivoars
givTes Smena Wie 99 03 A T 1 516 (GeR @R CAndig
TS [p/fe, 1.5 (A 3 %R 20 1 ATSN TR STeHs 38
4, 2, 3) @R @R f,=4a, d=2a @32 f,=3a| @& SferFETs
ZIBTAT TN 5Lel (116 OPiE coEe steraa (Dolland eyepiece) |
e Slewasfar W awwm @ftd IRETE I oz @8
FEER STe@ats (3, 2, 1) 430) SR f, =3f, d=2f, fo=f 1

™I @EE 3 ”q,ﬁ"
[ P R -,,?' \
7777 =
2 / !
% 7/ G /I/ o : ; :
| Pl P o

i Pamus——
o 2t” !
Fig. 8.10
1,1 2y 2
ACIY FI9 e .
Sl & K 37 I A (8.8)



292 FNTOIT AR TR
O=H, H = _%1d= -f

TR STewEd (e, f%f_ﬂ=3f_2ﬂ=2f=du FeIR

oo FeEeReer el o g | e afefay Fa i
TRofe af MBI 1| cAvwE G (e e TR 3[R
T GPY TR W@ @ I AT | QW q6 G
A (AR FRTACR H6T6 ARG TNefy 31 17 | (AR

79 0T A A G [IerE 716 (@R W AN SR O A
e 223 (Fig. 8.11) 1

1Q 3
|
|
Lyt d L2'| 4“
I f‘
Fig. 8.11
PP=SP'~QP\ 183 QP=/,-d=2a (41 13 )
_famd 1_1_1 -
. QP =R —=a SRE G- 5 fz'\')mﬁ'lf?—Zal
@R fi-d=f. A fi-fo=d (8.9

BT WA Sy —f,=3f-f=2f=d TeR TR
wierals (METPRA (3PS T |

wiermR Toor suRel aAteials @E 2R © Ages fqef
F am | AeiEs afeiq a1 TEE F ate (Fig. 8.10) 1 owa ey
@ Tt afetm @ v ¢ enfvs afetwan e 4F =3/ -
§f=311

yTy TS

o Tggel efefaals @ H Rere @y @aag cwa

@SB IATCS TA |
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797 cwa o 45° fofa »@fw 1 fagfee anw | o@ TS
IFO) AR | T [@H G ATIAAS GFAC (FIF 371 1 1 |
ZRVIAR TSR (I91 SR A (6 IRTE FACS A GBIE H' @
NS 23 A (FE (I TRt @3¢ Ao @R AN 938 €A
ATSIT 0 (A A1) ST &) | V5701 (3197 GIFSTA oA
IS JT 1 W @A IR A HAT AT ;AT e A/ |
@T; BN St (axAoR ST FeEere: T I 2 A |

Fig. 8.10 (03 (74l AR (@ QBT AF ANSIE @316
AR @ @8 wierm Srifes @ wwd i Siewd 5@
fefe z0% | wwwd FReEE wlewaive @3l sfenmt wifems |
i afelals zy wem Eusm el e T G
TR AfSHaE Faas Sitea I 53 |

8.3 (e W‘I?N“i (Compound microscope)

e 13RH3 13349 Hel M 3@ @l Ao 733 7% | (e
HASl K g3 100 TR O] M =25 @R A G 1 cm
a1 TR WAG T (AP @ AT ATSEAS A | AR
WS T, ARG WG 1 mm A FGI (TS (SR
A (K = 600D) @il v (rarss 1 Tog wqfer o @aema
W WRAR (74 AHI TS | 1347 el 30X (0F IGWEA ER
A IS AT @3] 767 (58 WE AT T WG | G
G 4@ F2 W IE AL 10 A 15 mm 577 A0S ZF | WA
w3 TR Mt (race 338 e 2 |

TRdq wwe e yiH7 o1 @ [oR wRiw @ A0 A
e @363 wa g6 wis1 g et wwaE fea (Fig. 8.12) o
2R (S IS @ 28 GSTWs (objective) | @iy Wiy
PQ 97 «3Ts TRfds wmizg P'Q (st s 1 feohw cever <als
31 aferas | wiewals @} wfus wiaer wmane fxaids
@36 Spie P ot A | (BTN R SPIRETS (A | §EIS
ofeTaals oram wfmeons tot 281 wieast weas sfenm,
st wienrte gre »nz, wsmRle 2t »mMa 1 Fig. 8.12 (5
g7 g wfen mem ze |
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4 %, Seerwd 1Fog U @A 13 (QF ATSAR
oo A (FITT RY KE @I FF, = A1 ST T oA
@ Sfermas «Ff6 ey FaA [EART GFI A orAd AW FAF
weriaates a1 27 92 @R RS aaAes ot Aty sfsfaae
wfGsTHR AT6T A% U 2ATSiINT (FRHA FWN W1 A @ I&
Awset (HITER m (optical tube length) IF] (WP BSF, Q@
e GILS (TN I AT ; AR® 7@ F,'Q = F,'Fe=A) |
o1y AR AFSIRIZ A @ 160 mm TJ8 A3 |

wef e TCHA TAS| K
w1 @ H, H,=d ; sfeas ¢ wieay Hem g0 @M
oG qIE £, 8 f.' 1 JwaR
R d _f.+f,' -d
K= _ - L = 1 .,2*,—'—
e Ji'e
@ d=H, H,=H,F,'+F,'F, + FyH,=f,'"+ A~f,
=f1'+f9,+A ( fg"=“f2)
SR -d= -
TR K=- 2 _ (8.10)
1 fe
@ AR ST AT WAS NI | QAR TR TI4T
) FFE SRR AF @A SFReR 2L |

faada was| M -
@ T oneins offsfay wlerwmn oom g @mam favre
*orz | W] wATIE P'Q" Sfital SATES | 1334 WASIY A (U0,
M=a,la,
f@ a,=dy,lf,’, @3] a,=dy[o
0 == fawew 379 1

R M=-7+ ——=-m, M,

@ATR m1=%1=ufwm & TR

M, =fSAuR f3R4] wae) = — -;:
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gt m, = - 100 @ak M, =10X T8 SR& M = 1000X

dy,_ _ O Fig. 8.12 (2@
e - [Fig. ]
Seaq M= (——--—)o=K6 (8.11)

wefie faRdR wA© M = 1000X (TS (e SRIWR
%6 WA — 4000 TEPOR |

fazeige sHawas) € :
@ AW, WSTI0H 475 3w qewy gae dy | enefwe Afelay
@ 116 a3 o @ 46 wmifza faum ~nem Id ©NHA (IS e

@R m,dy | el afela e vn wwR fafesd 2@ 3w
m,dy > @A 1ag @@=y 7gNeEd A p,

ol o / \\m\

l H‘l ldy'
{n) (n)
61%?%}
. Fig. 8.13
gty oifelfw @ 7 @9 0 27 (Fig. 8.13) wy,
0,61
pl n 0:
0.612
W, m, dymin = ”—nig (8.12)
oM ER WTeeTH MRS ©F A A W (@ ek
WA 2T SEABA FIT) | FFE WA ARAT TS0 NSATHFR
CHCa @SN | e
dynsin0=dy, n' sim =dy,n0’
(0 =16 Tog 0 F® I, 2™ 60° 3 INR)

nog = . (n sin ) (8.13)

1 “m,
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(n sin 6y STeeTm Bram AN (numerical aperture 3
NA) & |

0.61A m
d m1,n=—‘—"—1
s 45 (NA)
0.61A
8.14
QA AV = (NA) ( )

By MWAR AW 1.35 @3 (T @t 37 FIEe: AR L Al
INGE A=0.55 MBI e efiwila (7 S (51 FIWLF FRMT (2
ST &)

dYpyn=— ’1%%55 qBFH = 0.25 T3FA |

Tareme W FAMS (& STHWG IACS & IR Grag i
TS A | BT A W AMGMA! (iR 1.35 (qP6) @ H7gS
T WOFFFS (FI6 SIHMCGA (T WS @A) ATCEN IJIZH
A (A1 19 @ TAragesin M Fw IR [0V TH | BEEH
NELSTHNR IR (F1To SRR Qg | @€ I WI1Fe
grereltR Wi fa SAWNTF (De Broglie wavelength) wfwe
faer@g ww@aa (potential difference) Go@ facasfisi | @& wam-
75 0.02A° @ TS TCE MMI | 4B WRWHRMG SR WA
TIMAG (AF TS AT (&6 | $3 L@ WRHe (electron
microscope) Wl 33 ORE AIW FEIW Srwa A 0.001 @z
q° TW | ISR GUHCE TACERE A

L 0.61x 002 ,
¥ in™ " 0.001

wefie o 104° (@(F 204 @3 TS

@R TS Sy (wefie ATus Sewg wwm) @ faeme sam
¢t T ONF FACS (N0F JTow IS [RAT HASE LI
wl Agred Ty s gm0 3fn pore afelw fawé favre ==,
R

=124°

(5) “11'1) M > @raa Taemetn 0.00029 @fegW

0.00029 x 25

R M> 5517

(N4)
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Mz 114x 107 T4 @ cm @)
T4 (NA)=1.35, A=0.55 q12ad, T
. l1Ax10- k135

min~  0,55%x 10" ¢

faaues wwel 300X T3 I@ 66 | Y 9 TR GIY
AW T MG AF 93 (WS AW 4 A 5 90 @ YT wuew
T FAT 241 @R qqdwa e AdH  [RATAS AW
1500 @3 Fgiane | &3 (@@ @ [T wAeE wfvfzrm
oA Lo o T A

¥ i, w1te (oTd TR eo=~g—

AT a=@T4 (F § R SRTEe fafes gt T W
TSN 77 |
Qoperga e (rRE WA IYW G AE IE e Taead
ANH O12 ST 4 T G AR €, | Wowd  IHOE
faremepfin e=e, /M 1
aM_a g
0

Hoane rweEran faome  Sasrel 8=—-—- =
p Sp

(8.15)
‘K IS (908 STOTFIR (I Crdi FANS 27, INE2 S0

ACG | SR GCTA FIN G 1 TSl Jha o

ST (ICS (WSTN BIAS| C 3
wiefarms do S ([F WRMWWER W g wTew
HCEHLRE
dF =nBdo sin® 0
Tt qrwoeag dAwa 138 GUAF NioF N g7 @@ T, 8 T,
I ITRE 8 G TG P T A siwens afeia
HoRaTE]

dF
E=T,T, . o, do, T& TG dog 2ifeiaw |
~ToT, "Pde - (VA (8.16)
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ife (6T (7T (Sfefae 19 (X0 0 97A, Iy aAlow A
po) TTHE WHTTT ACARFLRT
dF' =T, B do p.l[0*

w5a3 GrEE Siwas afefarer (dog) wivAsE

E’:.d_P:

Co

_E _ wBdo(NA)® |T ,Bdomp, ®

W C"' Er To Tf; ;iﬁdgl - agd;";‘
(NAO® . (NA)®8®

o n’Peg(dO'l/d"'z) °n2ll(2 M‘J

a1 991 2
dog

faqd Fwel To AGE, AFA WA ICE @ATS (TGAR HASIS
TS I | (I (W STl @ars (onE, [Rewen jiswe
QD T4 TR WIS G R (A WHRATF ST 43 @t
Taade wwom Tdwe IRTR I FIL® A9 |

o RwperacEn wfeeres o

SeRRe qCaA TR WSl 96T I oW WieHArHR §v W@
wieesa wielas (@ns @E [Fora wielaais e of GoR
(wdfie NA @& 9@ ) 1| (P Siesrwa AR AS[,. Sifew
facegs ﬁﬂn (theorctical resolution limit) (TS (T IICT (63
SRR W @t g se@ @ fAfew wwemitE  wpitem
TR ACEF AITS =LA |

fagyT$ @ Tl 79 I ANRISE TR T A | W& 4199 (G
wwd IBE@ IESE TOTOR N MINRE AWS I 1 O9& TR
soffacy 24 &, (@AW WielaEe Al APWER WeRd Ber @
GFeN TR | JICmE AIE%NS] A WIEAl @CS (TSI WA IS
(oA BrW R VNS W | W Aona @ [iey (wEd ;A
@ 7T SreRe SENEnn A 6 Ol TA (AALAEY ¢ (I |
SN STOACE  (NEANPRY SN FLMYR AL 6T
A, q@Erfs 7@ WCe Q| QW GHSACR T R AR
wsToe 7% zem oem | (NP DHWAS| AW Sy



300 HNiely SMARIIE

e A &A ST W umA www wERT eniee
sfearem Acfwy Swewa ] |
(a) 34 (NA)<O0.15

«armta TSR (Lister) @3 WTeer® IRT I (T AMI | @8
wiee s G376 Qe Ay #s@r (Fig. 8.14a) | «r® (MEATRYS
A A A | Q8 GUHI (TP 1AYT ¥8 #0H SRS 9%
@o 3 o ereisicd faee weRaEt famm sAeenw ome 1«
8 faem «3ioa smast A7 @ weRfor wRE W | @ fawice

(@) TGy Tpfafs wiseas
Fig, 8.14

R A, G} Rkyre wfelar q w1 AR @R ol
25 mm @3 @t A @ FR ST TR I 27 |

Eegféﬂ?laaa 78, Instrumental optics by Boutry, *# 145—146
[
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(b) Faw (NA)<0.3

auEt 4o @R Fow crdikE Fmm IR ¥ 2w (Fig.
8.14b) | o g6 @ IRUTA F1Y) T ACS T (AHI A
A 12 0, Taeh e s s oz @ae Teeh e
g% 0, ¢7 SRa O 13yis A1 whelw | 23 O favre
16 mm (3 25 mm (T AN CFT @8 SToa) 335e XF |

(¢) AN 0.3 < (NA) < 0.75

Brmy s 0.37 @ A GAEIE AR TSHCW G
5 A | SisiHa (Amici) sfeses 2em @6 @316 afens
SRS (AT 797 | 2N (AT 23 GI4E I
i @8 IZR A (NA) & 0.37 s ATy WA *|
93 q GI1TYS TR @7 (@5 JITRW FE AR (IR AR
s(faaed o =z (Fig. 8.14c) | wminiag @3 wieers W e
JREE TR WA TP Z0C 27 | (T GBS 19g TR
T e | s Nt siescw (Flg. 8.14d) siem @#iic
o5 Ten Bes @7 | @R (N ANSH ©LEd ANA @ 13
0 @7 c¥a @8 e ATPRCR o W@H g 01 @} O
faeqTs af7 et o omAIicE Ta 2@ v O T o
€3 TeR Sem @W Wi WReR A6 A% give @eln
wemiieEs a8 1 O fIvrs wielaw anace afeiaes @ 4@
SR (NATPRY AR | 92 (0 AR RUR A #1738 T
A @3 A @ ETTAIP] G I FACO TJ Al | (LR 8
fitome 77 1 28 TG wie Aol @6R @ AEeR IQE
FF 1 4 mm @EREE MG T @8 eNite SIS
LA I 23 |

(@) wang faswew wfows; (homogeneous immersion
objective)

wiwfs 4are #@ SiesCs (dry objective) ST sin! 0.75
@7 @M 7| 7 A7 | SeeER @l EET @92 @y Awrg
S YRTeS GrUE JOTA AW | O] sriere wieidNs @
2 ECHT N SO @ 9B AAAG ©AcE wiwre a9 zw
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R g Afemrs e favgrermTel oem e NWeR afemss
8 faogEq o) FAW | AMETT: (O Med od (cedar wood
oil) IR F1 X (np=1.515) 1 @8 (oa feave® (oA (immer-
sion oil) Aty #fafss | Fig. 8.15 @ @36 swwig Tawwm wifeers
(AT TEE | s (9 TR IR FA e TG (AR
oo o i 2fene R W11 wieliu (oely oEd @I
W6 RYCS A0 AN SR ARGS9 O (W@
GE I W R | ARG (IR ATIE WRE & ACHE WK
G376 ofet snamhe @™ @ L, I3T7 WA 2@
ZA1 O & @A G5 WIAWILR T3 e @R (@1 0o (6o
P woig SmamIite oy 0" (e P TR A A IR |
0" @ 0 &3 @ SYIAT ZAZ © (NFALIRA 8 @ O §F |
«arHE 0 g1 sin~* 0.30 (AT IV 7 @ G4 TGV @7 (T

Fig. 8.15

@a FW (L, L, 8o ) afieome ol 73 34 28 &:e
WA HAC (A I LT NNEA (G IR FIIW FEA
TN R (74l (7R | Sienew «® TR @ I} AR
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M Al A TG [ SieerE ARZTR A K NH
ALY WSTH@ (compensating eyepiece) AR IS 3T |
wferrm @ Totza wipE afesme 23 wome  sieE
sefiame f2erte foren afiteme gl pore afefams adfeme
IF I ZW | @3 Siesew Sewy A 110 ofs 3| ¥ |
oW e Tl @ 416 (L1 8 L,) (F1ARWR (Fluorite) g S
2 1.30 *f® 3 9831 L, L, Zoiiw @enfas Tose o3
0 @ | @ ereiRitE 3w 3 (AR e TR 2FS
wfe-5e (apochromats) (&% (Hem T W@ Sy AEm 1.40
*4® ACTH T/ | 9 4R WTSHATH @ 8 (AR (7 |
onle efEfte qoen | R wfe-wae wAg T Siearmeia
SHItA SfSeT®y (Abbe objective) s #ialoe | IfRAE
wteerm fafia aqam wm wats Taas ~mte wee | @fefwe
wfears; (reflecting obective) i %7 JITR FA T, a6
wea 8 woRls Bed (Fig. 8.16) | @ewd Srs@ wgam 0.7
2F® vlen AT 1 4TIV O WA 73 IAS (N WIGH

Fig. 8.16 iy Siceaws

wo{afoE Sanea (aspherical) SF Tte 27 1 @b 338 F6AG
8 I JG | INGZ ANRIT TG A WFE YT I R
R3S vleerm 4 oS (edl Ty |

we A e wfsfaees aaifes 2317 sefs (methods
of illuminating the object)

SR qF @ ANS faien (i @ oR @ e owR
T2 (self-luminous) | | ARSI @8 B Sfelzw (A=



304 TS AR
@ ~ize wwen {Nefe 2@ @ @ W woErwa 33 T o
afeiacs Smam #ifaae Tiz a7 TS FC AW | FSRAR Y-

wwel @ A el , Inar sfawe (VR oTF WepE T
WY | O WGETH ¢ Sieidmd  gAleqdd (condenser)

Fig. 8,17 wfe-warl gateds |

ARG ARSI WA S 39413 I9F) AP | QU S| @FREANA
w7 (incoherent) Wian fva WAl 1@ I FCAHAT 334 |

-—T—-@:\-——wﬁﬁa I
[ SE. W

Fig. 8.18. (INZANAA SNHARA &S |
TSN ACF @F A «IKE SToAE (@ | SEHIV
wfeareR ¥S | @ STeer® (@ # (order) @FAYia A1 ZF,
ST O (A6 2X faeiEte @, @RI, G S 2@ 3@
wienRt @36 Smerpe e (Fig. 8.17) 1
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PG AR *raiere (method of critical illumination)
oA TR I Trge ofeian wiefar o wiefama 8o
oM T ¥ omten o z@ wfelawm oAty ww s
e (5TRTS (WN1 TE | (FINZENAT *Erers (Kohler's method)
sty @6 e T Serm @it el e oem v
PRI Ot (Fell 2F | wee @R enafus erfefaren afels fay e
@G ANIE AMAPYPR Wieiawy war fwew W (Fig. 8.18) b

4

.

4

‘S TAT §

S T

/ BRI
1
nofat ;

g |

_

Fig. 8.19 @375 xifors wiaitme (setis fom) |
U wieiwis was EASK (uniformly) wianies 271 Fig.
8.19-q @3 it wodtscem ey Tou (sRefipe) orem zet |

W sfelam gfoais o 7w o omg wém wz fs
70 foRd wom G MG Olel (Y IMA | CAGW A
Sgdwe FaR G Sfeerm  (EeS: Toais) @i GrA

20



306 SN A IIE

(Turret) @SN A | A6 SR G037 00 (7 @PWIOCS Frwpel
SCHRA K NS I AW | AR @ Sfcawefan @3
g BIoR (low power), GF6 M FAOR (medium power) B
@25 8% waewr (high power) g1 | ohiae sfemayiar @ @W
@R @@ IR I T | OR@ ¥ Sfewrs ¥ SUeRe
e QiF O3 @ SfeArsR & ReITen’ oge A viet
A S A |

8.4 \gﬁ'[vq (telescopes) :

7 Torlaa (ram o gERima | gEdmae qic o |
wieerm), weEts sfemn 1 steemilc afelmm vzl 7 fav oo
IR SR Siewma «3 el iy AR it Taafds swy 9w e
AT BorgToe FA @HTT G (LA | GRS TISE (P
8w om | oy e gEEem w6l ARRE R g I7Y
AR | (BTN (AW ARCE A1 FER T (70O (e 97 e
7x | RArEe gEres Tea 39t (3) afouiRe qadtma Inwe wieers)
% efeTms @, (1) afeiwy radma avnm aiers sfowes
o, @32 (%) WA NRIITR, (8 € ooR FANEE (S WISeTH,
&« Paj (schmidt) @3 AT |

8.4.1 cifenizs E\ﬁw ¢ WA (astronomical teles-
copes)

Fig. 8.20-(v @376 afews aaree @A 2@ | Sieas)
@ Sierms 7168 wieart | Sfewaie e foue Afew sieers
(ATE ©F AT I @ I AW | QO WSS A e
afciaas @M I W1 HUS eiole onw TS fay
(= 73 7Y o8 @ W SRR A TE | @) IR, e @
wferma s @e H, Hy =L @3 aud (@R (74 IS 7 e
f1 gowa L(F+f) woma afele wim w@e Skigs
e W I L>(F+f) oXF ofeie@ 3 e i 30w
SRige | I L=F+f o ofeiad wfitn e qadrsefs
@em {2 |
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fRia waei s §7.3c0 ww oy @ gades R
TR o ARTR A, TR !

M°=I% @A Ty 76 @8 SR (7 13 |

S R AT

" e RE A A T @@ A

I &

Shso Ty
S
F;:F'ahlu:’%fﬂqg ‘f
2

iih""’--- 4\| = l
120 l
nﬁa snmm |

wfeET

eoggs. s gf\miiq
Fig. 8.20

RISl STCETHIR AKIAISS WA (g | Sierad Toree =141
@ @IS oo ferg A sterm o ateneer afefats
A @A I WA (@ WA FRTSIG AN AW R AT ZA
e T R AP e e T SR qrdlweR e
el fada 3 T8 1

M=a,/a,, TR FTOR @@ Ae@ el 3@ [Alen wrmm
ferd wwel f& 3990 27 (7 T |

(0) wfefaw wimca, efefew afica a1 witw gacy cemte

(focussing for infinity)

wfesrsr o wfas afefas Ay=a,F 3 a1=é2

R ay=— 7 (Fig. 8.20)

TETTy el
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(b) wfefew wne, @fsfaw fosd famrs, a1 = R
c@riHe (focussing for distinct vision)

12 T, Afeiu W @R | I AN T GR (AF d
7% (Fig. 8.21) | @@ enafss eifeian sipea siferman aem g
@R Ta9a foord : B, L<(F+f) | a, 3% A&, S

= AJIF

, ‘o

ay MHE: @y~ Ayfd =3 %-yy—=;
_Ay v
WS @y =p

Fig. 8.21 (203,  a+d=v

—~
JFEICET
HYy (A=
. F
p' F2 P
3 A Fl|
YoAv4 Q|
L u
: >
Lo 3 .
) T
T o
~ -
vl
Q

Fig. 8.21

@ a =TTl (78 (T WewEa WO J4 @R 7
@R d=T0 (73 (0T §ure afeiae 7391 G Aol (T

Wﬁf‘r {
I / v fev
u v f m”f WQJR - —~———f—
R a0
-f
o M=—7[1+ ] (8.19)

ST AT PRI T (AF GeRE 134 wwel @Iy @it
v f5xle @re @ efetanls &wm it @3 smren o
forcate |
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faregd WAS| ¢ @A SieEwHE WOW (o | @ I D

wfeArFa AW | OReE TAeeRe MM € = 1—'-252;3‘= 1-‘%3 t Toeeme

At wfearsn TR 8ol «Iwm WS I 1 CTEI2 ASRIHE
SfeatHR A/ IT IR 93 @S 939 (8T T | P ATSTUHR
Tarerma s 3 Z0 © A AW AL A TE ¢ 5@ WSACHR
™ (&iwre ) Taa om Fwa faema W stem TR @R
IR G]S |

fa2dq wwo JAon TO A @3 (AN FNOF RT3

@ 7 GTAA Ta0Re AN €=0.00029 @Toaw | INHR
Me' > 0.00029

0.00)(\)240 (8.20)

2=0.55 W83 T, Mmin=4.36D | TR (AR &N &
om sivga f2edR mEeln @ IS W EAR  (NGEIGEI
M =~20D SR R 26 |

s[fedir 328 efemzs Arerimarfer Tt

879 swT~ca (Yerkes observatory) Siteatmia D =102 cm
@32 F =19 fa6m @3¢ Terg amafia (Lick observatory) D=91 cm
@} F=18 foom 1 &arhy semiwcea qadisaios owta, M=
20 x 102=2040 s 3% 331 8f5© | F =1900 cm F&g /=1 cm
@3 To | ol i RReTETel 25X @3 we fam @€ qrm
@ 77 o6 fafes gem Ay owwA GUA T (7N TR |

ofeo®) ¢ WoRMweE wleer® Toqd AR IT  Z6N
YA | 7 TE @ A oS TR, eAfeiam (W S
Sfaa YR ; e wAele @t a1 TRdFTTSl M= —Ff
@M 5T (o10E TCACHR FIFIA (T G ST ATH | INHE
7157 (w0 3R8 W, AW 3° 7 W@ ANRE | AfoNRs Siemmis
@3f Seamt @s | qiDa % AT W G AR, T
@ Tndy FefLoma 73 PR TR | § 5.3 5 A oreafe &, 3w
@S O I NI | FAS 219 I T wenwm, W GIEHICS

a3 M >
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15 oo wren W ol 78 Sk @t «3fs el w6
8w Bwa AR owta e Tt mrol oreasl giegE WW @A
775 057 ATl AN W1 TGAH SPF SHOW WE @B (TG
WAt 2 A | IR GTHE (TS e 0 SR A O 7 |
YA T IT A (FSS TS g IACC TR | ARCH, [T KR
@lS (3 AR | TN @4 2 D[6 Wefis 24 &g I (oI
@Y I IR A0TSR IR TS G (779 TR ©F (@t I
TR | BRS WY, ANHG (homogeneous) IHA @ IG (A

AT LS IO AT | e AT | TR AR I T,

afesigs wifea Ml 797 28 17 1

(T SO (0T Tg DI A ATH | SRR IR

(residual aberrations) 13 wge fasfe Sawwsis (onefla =@ =
(Fig. 8.22) | @8 (W@ AN I &N @GR (P G106 S
W (AT A1 I AN I T IOS 17456 SAFTBT6 (onaty g 1
M @R E (A h R CIHET WERA W (4b) T ©@d
@ita @ G W (4b)/(n -1, v wfelas IH aows, o3-
B W h(Ab) SroRe Aparfye @1 (@R SR @i Tao
wEls (et T TME @ | EeTiE @ SR e
(aspherizing @1 figuring) | @8 SMATerS AP MW, &N € (4
A1 G @ TG IR ATSARE G AR T4 |

§t=Wh(ab)/n-t

Fig. 8.22
GfSLHF 5 AR FRADE (AT FIS1E KTS("a IRTR
F W1 piEe Wemasfar ww @ @ @36 IR F TW
o3 @0 Tadq WAeR AEGH A ST Sewm IATR
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=R Fagg | el sfenrt wiemn IRER F3@ jore efsia
S 21 @ R Edm T SRR s enie oraes
QW S WA (@R LN A1 AT (@I oF 1
@7 AT T A G I 27 ORME  (astronomical
telescopes) | sffedia S qzm pr, enf Fenfw AT cowa
puTs afeiar vl zw st W | o wifewals «nq fAts =@
W furs afelw w1 @ wew EEwE gl

(terrestrial telescopes) 3t |

8.4.2 YRW

(@ TORMR Afeas ¢ Wiead A 936 Togg
@R BRE A pore afelw wwid = . sweidels
(erecting system) 7i6 (site7g AwWI™ (Fig. 8.23) | @8 PR

Fig. 8.23

YW T T (WF -2, (f, T @A 0F) 7@ eniNs
ufelaat’ (s 13w, Tt 3 o1 (= 27, 7 @3t Twehd
A afolw B R @B efelaws wiemm = o
pors efeies wwfid 2 |

@ gioR sfemdl s g2 sepndt seftem o
s aform TaER ov pore efef el g @ «@afs
el @ wwits et @ww g6 snfoena oar eidem afonm
TR CFL [OTS wfoiaw W 2, wfoene ww 6 (§ FwE
(order) TN @I A QA | ( WHETA ) 1 AN T |
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(b) stpifefom Bﬁww (Galilean telescope)

AR STeARt SiemEy A T @Fis TRt wiewa
@en T O [ure afpiw Al a1 amfatem gaemee
wfemalt @3t wermt @ (Fig. 8.24) |

Fig. 8.24

RPN o7 TR 39 IRTR I 2/ O L=F-f|
Tl M= —Flf (f 9ees ) | R sqdel afefay g @
A CPORE IRTR IR Telaa@ie @ Fm oam A1 e @
oo | @ A T3 (R 1 e BTG AT T e
5o fomm 1 oFa P FB| INGR (BT CHO F[Q AW,
faoages faad w0 @1 201 | G 4X @3 B TRER wEew
sfeier qaJrmHe INTTHE IRZE 91 24 |
(c) T&dqme (Binoculars)

Codete ad 78 (N3 & 715 «Ig I GAAHA | ;W
waeR B 16 miiaiae qrdtma spaonia IRTR I 27 |

-
iy

foremay

Fig. 8.25 ferem Seitmim waweny (7R @3 |



Grfeena i 313

@it wreR Cedtwton ofels 7awid ANRTS: @ERTRR STen
FRTR I 2 | afeixals i am @ (oma (Porro)
o A (Fig. 8.25) 1 ¢l Torem ARRE TR I W
TR IR FRM (0 AT IG I AT TH | @R
Bedtmors 7o1 23 @i BeqsFe| (Prism binocular) |

8.43 @ifsfewsy g\ﬁlﬁq (reflecting telescopes)

§5.1 @ w3 e @, 410 @CHR AEN oW TR 7R
RRETE T10 AR & 1 e e IR (R AW I WA
@3 (ol Fefieta o0y cpTle] CMUSA 2 1/2000 @3 WS | efeRRe
wiwer® 43 T g0, TR TGS 3T 0o T | (ot It O
i AN Ad A 1 e efenre wfew (et 3@ IW I
AR A Sferwmit afeorme @™ T @ afowes ¥ @
FATPRTR SPICAGT AT Al |

fq%om2 oiew afeiwy yadrma SidwR F@EF | SR @
tedia vaTe wiiegs ZaR v afewer woftor I afenme @
wieers IRTE ¥R (428 74 @fs (0 IW 1 @ G @A
wieearsa sofaqnfa g3m =% 2o oug afciwy @iwer e
SRR FRER TR WS xe | 6w Affediy A sfeerE
R afcisy @t |

(a) fresan @W (Newtonian telescope)

- % DT
WE#JM
P i

(ng?m g

d

Fi i My

TREWT E
®h)

Fig. 8.26

@8 AR ATeTHIG 916 WIGA w1 By gi F/1S
q ORIV T O@ WIS (AR ZCAE (HATER ot 27 A |
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fog Srwy Rt @ NEMeRA [A FWE o pofals Te 7@
wiyraet (parabolid of revolution) | 3# cwraP] fa%re (Prime
focus) FWIENTES (26 T &I (oem T we@ a6 ATea 7ol
(A et feow 7ol ) @ @™ RkRya @p omer fedwend
(ST Aew 45° (@19 W) AT oefis efeizas om (o=
wietcaa = 1 g+ Plate 1 ate 3&ebiiamE ond (ia@
(equitorial mounting) ATYRT AT «FG 6" A6 (TN TN |

sffelz 3w RAwAG «3fc TaSoay | @l S smamE
(Mount Palomar) “R%s | W 237 (Hale) 73w | aTrJ\
200 8 | IRTR 32 28 F/3.3 @1 I S I I RN
fa~rs e 1/2 8T 1 iafwe emmemn afola o 1|
gf QTS CONA ab LS 77 1 2} (SR A P ] 13
SR SRR R 4 FACR G Ge1IE @WE GFH AR
@1 IRZTR A 6" AP oS s efelw W 5w oI oW
O AW 6" AT GF(6 FWIATS (20 I 391 IF | FRONGS
@HTOCE q0e1 ACHY ALY (Ross corrector) |

(b) FTACAEH W‘i (Cassegrain telescope)

SRR T TS (A Sy e zem Bvw 1 fag efe
foamzs i ommE 3edfist faeeme FCS (910 ARG @19 I Ze
A | HTSATHR @O (T G I AR (T IACH T |
SIEE FRIHR (T 3R AT TR | TS RS WIIA | 2w

M|
=TI mqo(«r/./%

”}
= zena’tfi:lm
'__E T

—p = s

Fig. 8.27

fReoHtE Sfeensn A wE «3f6 wfelag &as wid IITR FF
@RE G e WWE AGTA W | IR (Cassegrain)



Plate 1. 6" fagoata qadisd |
( T5aTs s AAATE (PTG, A
fasfamecin cilats ey 5 wadvwals @4
TEEATA ©1a §laa %A faide
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TR ONEATR 3 IR & Saa1 we{ais *Rmanea (hyperbo-
loid of revolution) gex gNF (Fig. 8.27) | @& 7w’
79 G601 IRE W W OR T QRE AG &
660 &fw (F/3.3), *mmeneliy wofa sgrans IR TR0 74
IRZR N T 4 @A v 3200 B (F/16) W 7 (Coude)
@RI 1P 78 6000 3fe ( wiefie F/30) 1

8.44 fags (wa wadiwe s fuba Fnoam (Widefield teles-
copes : Schmidt’s camera)

@ 48 @ B FAAR I I AL SR FEIA (%A 432
Aiwe | 1930 YoTH Anefos’ AMAaivad (Bergedorf observatory)
oz T3 (Bernhard Schmidt) @8 I3 (Fa IATAR @16
TR 71 TEE I | 97 @ @I 71%7 cwa 157 e @t
A A FCAR |

A qF M @IT6 SheA (Ey wel 1 mfeR @m Tamte
C @3f6 qrs Atz | S SRigs oy @W fava afeia
oewd 81a% TR, O welATs wfwraeia 8 3@ Snd (reeRe
qRE | SR IREE B I S_ATES 3 A @ AMHRIE
iz Sow A Tole e @rE TR oM WA ©F I
atme C Taea A @R GrHeas @35 (Ao 3 oifeian snem
QA1 Sorwln efelaar wals (omefin TR ¥t @ CTER R
oA S @7 @% T@ C (o (Fig. 8.284) \ «rwta wieiamd afen
fav (@@ AN (AR TR Ty @ 6 TS 49 Al |
@y I @MET @ GI6 SOgE  GRIMEAIN RIS TS
(aspherical corrector plate) 3ITI (AR T TN TF
(Fig. 8.28b) 3 (FIFM GG (Maln g ATSAH (NAT~=e,
@m, 8 frys qRE W1 vl v 3 et s
ey gre T 1 Puhr @ qadea vfe @red @}e aREE
N W A GID facsa FNCHAN8  (schmidt’s camera)
I T |
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SR FKNET (S I IVAG | RN FLIOIA
e fafen @uem @TPRM HeMeE IRTR I 73 13T
(%50 A T8 $TIAS 2N | G N NRPTSUSA R TaT6

Fig. 8.28

(Maksutov telescope) Bmaw@sn (Fig. 8.29a) | @2 I
EIPRP Ao sagfa ety «g STHe @™ QI (T
SRS | DTS (AT CHLA ST TR SIS |
¥ [ore afeiy (mareRa AwE A | S AR e e
@ FTeNd WHtes 0% AW @I e 3 qive o A |
e st RFRiwa g3t (Fig. 8.290) =, fage cwa
@R R AER (tube) 4 FOIG WeR R AmF XA
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wials wiwe | @8 TR WTHE  AHETITE IR §IR
G T SLoR |

. \
REET WO Aol T Aofet
el

(b) SIS - FTCHHNT IR
Fig. 8.29

8.6 @wole amif# (Projection instruments)

SRR CHO TR OITS SOATHR ALY W ST
a3Ts efefan »fa afey 37 20 | 2070 T8 QEOR | GT7CE,
oHEe A TAmEE ewee A efeliEe oiemiie G o
I | PR 20T G FOMFS (2Tba To@ |

8.5.1 @THi® (Smae® 3@ 1| F71TaA| (Camera)

Fig. 8.30 (¢ @36 AR AR A Nl (TAnAl T |
B @37t wieTs Tagw 20 | o L @3t STonmt @ A
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@w WRE | @} SieRrsR AR AR S afelafs afwy
F W @A W F wwenies b @ few  (Film)
wiear® (WP ME A% I AQCN W R GO W [aivs
e waige wielwr  efeflar swm o w0 zm 1 @l

Fig. 8.30

fagaarzen (adjustable) TP TR STCHATHR GrAY @G IS
3 afefate Smena Sifame IATCN AT I/ | TSR To1e
@36 WGR (shutter) QI | @8 WHIR (AN ARG IACEA A
fele *M7, @ AR M Al | @8 ABRAE WS JNQ (@
@ TRA 3% @ MeN W oME e Peer @iRe e
S ATEE TR @SR 3T AEe arE T BOR e
LA WAR-196d IARIAS «AiFM  (photochemical reactions)
96 | gemiee efgma Teafs corsast (develop) 3ate RUaTse;
(negative) *11&M 17 | THEAR FIMA TS @ AL 200G, (FUATHCS
G, SR¥B1 TS I &F |

FpcRAA facead A, ACAFAS @ -7 2 —

(ST, 31 TELE G GBfG FHIATET AT SRHOR
A v G T SMERAIGA B IWA INE @oieen
(silver grains) WITG@ Wte 7 T | &% Fwen Fnsyfo TamAg
afefaeer crm Wi aa | eife Fen r I 0 MEF W |
4 TR, 96 G TrWIT, GO TR WiSWRR AW 46
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faq wfelam (@R @R orer ) afelan 3aemma @ are
%e | RWER TSR @ETe i S (e W ReTm
uren @@l fare @Eigs wwe ENEpeR sel @ Ty srties
gt &fora 21T W3 @ Togo FAM STC (@WIESG  Fnefers
WTEAR o IR afen zia (Fig. 8.31) | et winemeis
Q@ T G 21GT T RN TEM GG I I | SRS
Rt *GE STAIFIANS (exposure) @l T 1 @omR 7y
ey fqm /i I AN (M @ FRAIT LA TR @R

////?//

‘ 72 ar,

L2705
00090 () 06,%%£22889S O D00p 0
o O o8 ) ,E?gc @0 %%0
() [} o
© 92650
.;:.}i?f'oqooo%vgo

INEA [ AN 2Ar &R AF ALARASTS L @) 795 T
2Ar=2Ary+7log, L (8.2
9% (correct) SERFIANST (g @8 A 2R 30 (A3 40

TR W@ |

FON AN ZAEHRT T2 ST (Foll T O O9F IAWETS
APME WS I @8 SILEAIE WTSA AR (lime of
cXposure) %18 FNGRR IEE AGFN HASTH TS IS
e 967 W | Wew (E (0F Wieiaed @w L (Fig. 8.32)

yfelwzr wify B @k AJGRT Jgad 33 T z@ aAfeiom
Ao

, do
E==TBE,d.Q

g%)’} =m= | - L"—f"f
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f m m
E:”gr_d” TB_nTB d* 1\
s mi= 4 \ivm
'n'TB 1 1
4N TEm? (8.22)
du—J (y d0d Id ’_d_q-'
ST
L mew R
m"f‘ T &7
Fig. 8.32

@AY d£=N (& @S WA (stop number) A AW

d
(f-number) 3@ T, @R 7 =0 = Grm 353 (relative aperture

3l aperture ratio) J& T | T WTSIICH 739 @M, m 33 ("1, o4

TB 1 _ 1
E=7" Nv <3

TO SIGTONG FOINTFS N 2TeiEs FE BR @ W7
73 ofelam E' @7 8o | IR WISarsK (LA WS (speed
of lens) f7eE @@ ABILRA Tpme fA67 W1 wo@d f)2
@ f14.5 @S (AT BOSY (‘faster’) |

Aifel Ty (7T, 3 R 416 13 3w {fed wemm o
T o2 O G 2 WG a1 6 x 10~ @feym (314 IR | IR
i 21 R e @ 416 9 IR Siem® @ ¢33 @
WA | TOREFT I A WA, eI RS e o,
SieACHEI AW Fel K, T

6x10“><[-$-=30 T =30 10-° fum

m

(8.23)



ToifomE T 321

_ 6X10~¢
A Kn= 505 =20 TR

TSR FRIA (7§ =5.0 cm | .
ITSATHR (T S7REF T6A1T GAe Taragd Wwe] HAiNs 3o
E | STSArwR GrR IS IW (A R T8 $% I A |

4@ Tage-coe wifesrss (wide angle objective) w181 f-3ian 20 &
@At FRIT6S I T | CUHCE @2 ETRA S

S _ 5

IR RIS 4=0.5 WEFW T, @M@ AT @iz
@R T3

e=1222_1.2x05X107 5.0 5% 10+ cafwam

2 20
<<6x%10~* @feam
AR Tavamel AN e FIRE APREH G HIWO 27 A |
Tagercem s Tqufiae 23 Bammag opfe Ty @3c @1 eng 30
TRERA S | PICHL FFICAANT RSACEH; GCAAER TF-
AR WEER TS facw %R 2w W, = Fmewicnn
erpfs o)

8.5.2 wrefanfee eifesmsy (photographic objective)
ST ATSACHIRA (Fa
() efelam agel ¢ Tagple ames 6a13 A,

(i) cmETCeRa, @, RS N W SRR
(AF I (O TR,

(iii)  FfC7Fa F9A TS 2R,

(iv) e AR WAS! (P oW AL (iR S A
@n), =g @i 5ids ovn 30 e woR,

@R (V) (TR ASIAIS (AT TeM AT |
@8 A WET AR o™ Rt | whiee wieerm

»HiaTwE AP FAE TS @ AT ONGF @S @R | @
21
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@ Segd wiearen SerA TR TS T AR WiwE Fa
@38 @ AP TRGE @ FZE IEE (@ AR
I 473 A e,

cafanate wfeaws (Meniscus objective)

RoTE @RS @MW @ 3Tl AHRLENA 73 I W | @I
@iem @R saen et afr wielmr s ae o’ @R
A AE FA0T TG @F (stop) IMA, @M 73 I R
(Fig. 8.33) | (TR o9l €% (A EFAT AP I

(0) /T (b)

Fig. 8.33 @ 155 sen 2fwg (8134 |

(@RTTR #%ie—method of bending—5®a) ¢FEq Wel T R
719 (Fig. 8.33) |

D

S T

i
I
|
!

(a) (b) TNTT TFT L (c)
Fig. 8.34 (r7a Soa #ifa<éa A ¢w1aq wor »ieéa |

@2 wiemifc oifsm w@m emsn (Wollaston) 1812 381+ |
HRe 7B FAACS, (XN, 3F JwAE (Box camera), & QREE
wieas ane IRQT I3 2| @ LFRT STCEmE FGTEA
("8 (landscape lens) T 27 1 f/16 ¢ &g &f7 o8 T
NG | TR ATCHRD CER A & TEATS W 48 TF I |
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TIAE OF} TAS (AT NS ISP (NIHAF FEH I
w@ef @fw7@™  (achromatic meniscus) IQZTE I T/ | 4%
@ATS @3T6 el Hen{ 2o (cemented doublet) | @3FN TR
0 3T [ IS (WA (eener AETE frm o 31 wei
@ 716 M IRZTA I A ST ¥ n FPSIG @OIc @ TS
2R (v=1/o, o =TI TG 9K 1 =ATTHRA) |

1886 YBTHT WA *ES #F 187 36 (Hard crown A H.C)
@ g T5% 31 (dense flint 71 D.F) IRZE I T8 | @A *RTA
&5 (old glass) 351 Zq. @Ma v/n 7=F | 1886 y¥wH (&iIAW
#1871 ¥ (Barium crown 3 B.C) wifegs za | ffem ™
(T 18 FHa, @S = (L. B. €), AR (M. B. C) @ 95
(D. B. C) 8wniwa o/n, zr® %% (light flint @ L, F.) @3 v/n
@3 FEFie | HoAK IS 98 5 Zw (eF 2¥ L. Fe D. B. C
w1 awa wa-=1aye (new achromats) (&5 aca (Fig. 8.35) 1

N
&

HC DF
l % =3
| B
L.F [02:X+
Fig. 8.35
n v v/n
SR 16
HC 15175 60.5 39.9
D.F  1.6501 33.6 20.4
L.F  1.5427 41.5 30.8
5
L.B.C  1.5407 59.4 38.6

D.B.C 1.6140 56.9 35.2
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efeny @ @ﬂmﬁ llf@!llﬂ' (symmetrical and triplet objectives)

Boey AR 3 wies Swide TR | SR N ofie-
arorers f5ats (e e steam, afom stems o T
oo | e STeewis afenw ay |

afem wiears; @32 o ol oy e wels e
qiCe efommena (em = | efemeny e fagfe a1
& 7l SeR areRTs fitRe Fenles | atels TEFR. SETIA]
I T Sfeers) AN 39T 3 aw (Fig. 8.362) | q@w)

N
(0) ST srfFwar (b) TG o rarirg
Fig. £.36 aifow e |

AR 73 FACS (et eifets wwee feafs sw favs g3 am v
ggers 0 @AW FOEE | gER JB TWE  STRCR
(Zeiss) fav@ ceno/@ (Triple protar) (Fig. 8.36b) |

BTG (T ANINIA (I GRS (R ANNET WACH FOGE
el N I GT51 T7E7 M @ @ o (s e 7 e eifes
gl (marginal rays) I X $¥F | URE CHET IAFOl OO
ofets (FIrAR TOEE T © TR I@ @ FOE FWOR B,
T (AT ANST I TR S AW 4 I®, TR0 IR

O:F LC W '

y T
T

I\ ‘.:' £
(o) (TFRF TEEH] (b) CBFTE G (c) FTLGH WETHS

Fig, 8.37

AN TMRRA SR, W qfe oAt Wy ot @
AIS | ARE G BAGH W 17 el @ gl 17
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AR | KA @FEAYeS Togol 7 @ WA, wERt e
w45 wem enfess ot sema 33 w2 fww ama @

TR SSAR 26N AGE (FTel (F196) | @R TN WE
afels ©mm age e TE SR SReiEe SeR FE
@ TE | eaIw foewas wieerw 1895 y®ww (e (H. D.
Taylor) 2iem SITA8R FEA | @ @R Fowea wheers Fig. 8.37
@ (FATA T | (6" (Tessar) STSa0w®i 127 @A @316

0 @A 1 wRe (Leitz) STears Teais @R afeite «@3ih
0 @A |

coferers| wfes®sy (Telephoto objectives)

wlelw S 7137 N3T%S 2a or eifelad 29 oo | afeiEs
pte ZM R @R Gdd smeeret | efefima R
VS (NS (FHT (FH A9 TS TR | IR SRR
o wfie @ (AT MR gES A ATOEE (BIOTED! (G (PR
G o 5T 1 @316 Glawt aieaw F ena Fg I @
Fig. 8.38 (73 Wg(&8 (A I | &6 4I9F (78 L, 8 16
YNIF (&1 L, @ 30T AR & A0S N e g3 v
oW (FCFR ST AN @A T g e @W (S
FRICA I 17 73% fp (M6 @A (74 A back focal
length) (268 @1 2feias Fv 36 TR © AW @ ANEA

A Ly Le
==

|

i

! § 5 '
d = fb
| e
|
-

3

Fig. 8.38

i3 A

@R 18 Tt TR SRR T8 T (A © T3 T A (TR
o T 1 aurE SeITels Fl 7R GTawtl TR my et WS

meer =Flfy
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Fig. 8.38 (73 (W41 amﬁ @,

1_1 L _fa'=f'+d

Jo fi'-d ¢ ‘2' fo'if=d) (8.24)

l =‘1. 1 d f -fi'+d

F iR +f,/2 A (8:25)
W me=Flfu= o [p= 7l (8.26)

8.5.3 SYIY AL%%{¢| I (other projection instruments)

rFee T3 falen s ITE RN T | @,

(i) =% 2ia(transparencies) 2CF IS CRATAE (diascope)

(i) W% =fa (opaque objects) THA IS @ToTHA
(episcope) ‘

(iii) 16 #MBG (scarch light)

(iv) B0 ZTeT 2CF= I3 (light house projection systems)

(v) 4@ W 3T oAfeian 2 TS 2T Nediwel (projec-
tion microscope)

WA @AMH TECHN € afoTF THE FOHC I TAl-
TS TR R1AIGE W3 TRISAE ARCA A 79 (Fig. 8.39) 1
@36 ermee @S S Tz w3 ovma efsla o w4
e 8¢t wifs Swa gem e | B (At i o I

@ﬁefa - Hs'qﬁs?_mm /

—~—td o — — — e e —— e

>

FETTF eI F

T

Fig. 8.39 wmw=rel |

RIAE (TUMATS: (HEACTA) 78 M I (WF A1 O AT
For® (heat resistant plate) IRTR I ZT | @IS TG R
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B (FRATE S (FCH, 0 (WP ATHY ALARKS 20HFA @I
ME MR o 29 (Fig. 8.400) | o5 € O¥g [UAT R13%
A %] AR ATHTEATHT (epidiascope) (Fig. 8.40 b 1
M- 8f5ta Tatst @bt @forsiem wo 3@ @1 L @3 936 o=
v 3w @ e @R M-@ AiNE WA abl CEnEieR 7%

JIE I

q;//

K331

(b) AforeTITTEFTor
Fig. 8.40

8.6 =ifasiiot amif# (optical measuring instruments)

@3 o w4y Ton q@raa Sfawee qEd I WA
323 ¢ »fonars WvRR FAW (refractometers), Iefalt RBR FI
TF *RH FIAR G 3119 T@T (spectroscopes and  spec-



328 e SmeRiEe

trographs) €3¢ IElT @ WMF T TR & @33 740
1M (monochromators) | St RR WGwE *faNeR 4@
TG (@G 9 FATBCE (AT (R I T M QAR WO
KA |

8.6.1 G (Iice @fwware stfantot® qaife (critical angle
refractometers)

& @A @ woRda o eferamE ARR @em
4 I ABC @36 &% sfowaes wwiwa foow | fewmm @
A1 AB st wewn| mng o w1 fewer i

1o, YRR TR 2o 1 worm @t sk >0\

2 T

(o)lmmm ¢
feva oy @\ S

Fig. 8.41

AB (® ST F T | INEAl FOUI (FEl T | R
wieien *@iere (method of internal inc:dence) Fig. (8.41 a) BC
EAGE T (6N T % @R WA M @3 wAls Avwend
(uniformly) Sicenie® 391 T8 | 431 I& BC ©51F OO O @ &
@36 7 1 0 Tavp (s 99f a8 e S0 @ 78 3P
AB @ qib TR MIG @16 6, (@@ @it @ Wofes o
ol o efews 2@ | ‘o’ ghais P feye A @
sfesiae g@ @ fvrs efeqe zm QR wfegy Trfs o |
faefe 2t QR 7T CFAE @I TON O FAZ W OF TR G
s Weopml @t wEiFe | BC @R afels i e W
@36 2t QR *nem TR @& R I TRAEA | NG
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AMTIE A0 G (PR IF GEHY @ NG W AC SR
e eRmA (Al TR @ 7iS7 (Ba e qis o 13es,
I G S G Sl (Fig. 8.41b) | FRRLOR @R
or @ 58 oeid Taren @ $ow e QR Tuefe fafis @ 3w
afr AC <tz wfenmn fwals o ae <@ QR b T7sl @
] Tadfe =@ | Fig. 8.41 a (W3,
sin I=ng sin I'
n=n, sin 0,
R f,+1'=4
Ge9d n=n, sin (A4-1
=n,[sin 4 cos I'-cos A sin I']
=n, sin Al - sin’]/noz)%—cos Asinl
=sin A[n,* - sin”l]% —cos A4 sin [ 8.27)

wefis A, n, 6 I SW| AR n fRefy TR AT\, GIR PATECS
faefe 2 a1 3T AB e e Ag AF @3¢ 3 98 ST
Tqef @19 1, 27, O3,

{=sin A[ny? - sin"’lo]% ~cos A sin I,

q, n,= [(_}j-_c%?n{i;m Io )2 +sin® ]o]% (.8.28)

gfzaioon  2AGfOC® (method of external incidence)
il wgaTs AB wwm e A1 2@ 1 BC w@Als Il R
A A (6F (767l 2T I @ oel TWa (I AW ARA IS A
A | @3 Sfenrt wiERepy AB ©ER TR AB SR Al
s e e P favts @ 3R owa (Fig. 8.4lc)n=n,sind,
R atals 0, @ efeys g QR wieqs Tofe 291 @2 7hm
(0 TN @ TR et TRl 0, QIR I @I 2ies TW
wefie PQ @7 & T afepe ma) @@ WA QR @@ AWCE
foofo TR 1 qeAR A WA N4 M QR & T oRIE
o A e ova gon Tawe, 4 frat SwA e oW fAl
HTR || WSS e YRS T @ (FEe e e
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wiw A [ @efs fqefy a0 @ 1 wsteza (8.27) i@ n @3 W
*1eF A |

(A)  #EfErsa @ifSnafe sifamsis a® (The Pulfrich refrac-

tometer)

sEiFR efoms sfqne 33T aferes smiere e
WA | 98 T IRZS THGEE (@94 A=90° | I @G A
qw3 (Cube) 33Z@ 371 =¥ (Fig. 8.42) | +@widla Mt «@ITH
AASIE TS, T AB T3 T2) 141 TT | Fo(67 FOF TIA,
ALFH ACS ©Nl SR T o {169 S0HT A cifrﬁlaszw\
A (F6A TX TR TS n FARR  ATORIS (AT ca*ﬁ‘f‘asq‘
TR AT (T IT | a3 QAZ B (AF (0 AT

Fig. 8.42 siierem 37 |

76 Sfeat AR 116 MR Reereta @W 7Y P (o
@R™ 3 W QR W Tme sRwm yivy owm & fwawl
HIANFS (TA1E, OF 761 w5 | @eia QR T35 fady z=n
IR | AC wroa B wiearar frdbre Tl 31 aamem | JeE
@R S Edmafoee v AB wom Tre wRa S 416
MYT Treweral AMe6d 519 ja™  (interference pattern) (731
I | IERR CHA FRITR @ 716 SRR i @9 Za [
e (8.27) (e Muwa afongns Taefa a1 A0 1
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(B) wnitaa @fSware ~ifFsiotd @ (Abbe refractometer)
WA FWS LIS PRSI WA | SAER AT
Tes @b Ty BenmeR | @R A, TS dws qfo wege e
A feem P, 8 P, @ SF (HeA W IMS SUHE W
7f5 >R AT T @R AWRET G936 TR TAE TS
T TRAD @3 Smems AF PO’ T | @8 AL
@35 TP TCHI AT @R T | PGSR A JHOII
T @36 Pps H @30 ©RR & S @7 T S ~d
(Fig. 8.43) 1 ¢fG femom wfewgs gfoa wwi <Rells @em 27 |

Fig. 8.43 w3 I3
M7 Tows P, 7 wfcey ©afs 991 | SWETR 83 (F I M
wofte aferiae zia Wi afogsy @it 8o 7t @R @@ AT
ST B sifacre 2@ | P, Temis afzzieren vamben s ferwm 1
fofe gt 7w T (3 (70 8 1 PRt AmoTeATs A
YR 9 AT AR {19 CR TEPR € SCEANFS SR



332 wive SMARIEw

Tarewrals Gofwe za | ©x@ P, Toem s TWofs aba OR, Q
e ATeam A% [ @9 FR | WA AETS A W
IR W | WA A8 Ton favgarem i TRefe afacs
@ 7 AR 1 @B A AR IRE & g6 Smiiaie feem
A, 8 A, ART@ I W1 QR SOH ACLH 4, 6 4, (T *R™ER
TerRe free giam gadimie @ wmal clirere o1 3efieftieg 33
T | {ORR (A0S LI SEA (F A ATeAIT TH
*Niem T |

8.6.2 wfMAwd, 2 fomaizs ¢ «vadl fades)
(Spectroscopes, spectrographs & monochromators)

@ 4R 7B AR @3 Taopad o | TawEais W3fe feew
TS oM, @A Temw e AW A @36 werER (afte
(diffraction grating) & %Te *3 | (3 7B 703 ¥y oo IR
37 T WA O IR WA $99 | Fig. 8.44 @ @R
IO MUES IO 13 I9N W @ (AT A | T @l
TSI ARNY OMANFs I 24| jasmE ww fwE I
TS At I@ oY o) Ryt 9w 1 @B Rgfe anar o
€ ore @IR B Tasaler | Tagpite oo (At Bom Twsefia

Fig. 8.44

T g @ | @R ST (WO R AT (R
e RpIfe ¢¢ @ oY @8 SRGE W I
AL (collimator) AT ¢F WHSH (FIT| f2wT
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oy (o T Ta6 F Temr ofewe g (refracting edgc)
A 93 AvERE | {Rofe abme steam C, 7 RN Ty @R
A F' (BRP] I7@ 1@ onem qm1 F' e «is wiea 3w
w6 & gsff@Rrms (Spectroscope)'l S BN TF SIS |
F' @ 3% swantsset @y ¢k gfa o 3 o 13 2@
a¢fidii fowalz® (Spectrograph) | wi 37w F' ool %@ wE
@3t far m Afeln @Ife FY @RS QT e I T
JER I T O A6 @ @32 §4i5% (Monochromator) 1
faceime wae) . afels w3 sEr W FoowA TEwa
sifelan snem I | @8 wfefaren @« Tawda g Bom Tasaeflen 1
4 TF, A 8 A+ A2 @R ¥i6 ¥ MUNT OMETR T (A 416
sfciar F' o e | 3% idR oed Ao 3T @t 7@ e’
afelan 76 *EFed (71 IR | AW ©8 9B d) T efelg
qf6 fafer$ (resolved) 2 o3 di @a =% T™ afeian gio
FRFEII Al @ IR, SJ
A
R=
@8 GTerE @ Jrweran fATEEA WA (Resolving power)
e | Taeme el Hive 27 416 IR, INRSEI G € THF
QT T | 2R ORISR I 4 A | e owea Taiemit
@36 URCHR AFET Vo G I | GUWE A7 AW ST
2p 7F TR WHREFR T T0ee A 21

€ =1[2p (8.30)

(8.29)

Fig. 8.45

[ {@R@ SAEA (W@ OEl (ATR €0 x 2p=K2 @AMA
K=122| SEoRR 2@ v K=1] 3w g% waw 0§
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A 8 1+di3 5w fapTen o%d 23 0D SR TR 76 @
8D > ¢, (8.31)
5p=@D 3 4D dn 5,

d dn di

€@ 13, @ qi6 ©7% (R T Tsfe sxwwden 7@ 2, € 2,
FRiTea FaPE,

ton=0W =¥t SHHHDY Y a IWS AR MR RS
=hydD
dD_

Jo] an

tih,

- t dn
g 0D=—
@R I, by !

. t dn . A
FNER AT 76 T4, i, d401>h2

dn
dA dl

R fmr @ Aml «fAfw 0 gfe fase wiew e
@19 I @32 O oieiay (o7 (G 1) T m e, @9 FE,
R TeEErer w6 Aeafee @ @ IW

t dn
w0k = €4+
h2 di 2> cotes

(hy=2p)

weobd faperga wwel R = (8.32)

d;} A _ A
dX dl hge, + 4 hgey + 4
(8.33)

oWl IER TAreEe wAe S =

IO (AR Bug b, X, hy€, =hge,, IR

2

§= Rh €5+ 4

(8.39)
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TOGR, & IR A TAHT FAS| AGCS (AHA
(i) ¢ 3z A e 7@,
(i) h, (B F]AS TR,
(iii) €, o WCe 7@, WA THS 7 TS TA |

(iv) &% M Trs TR AW g’; @ |

() «Re (i) @3 Afatee wieed z&, Toema afowa @els

@ TOF@ I I T (130 TS T R vty Toy
AMRISTA 2biere | qrenfs AT 7% |

Bagae 2 @ i ety @& 10 cm, afew@a @A 60°
- Z=5700A°nﬂ‘;—"iﬁ 1090 | fEPA @M 10 WEEw @’ @i
25 cm GFRIA (A4 GII6 ITAWGA (FTHT IR Ora SRS |

SR R=10x 1090=10.9 x 10°

GURa hy=5.65cm. ¢, = !Q%x 107 cm=.4x10"*

= 3 Oék 107 CTIET ™
FER §=109 % 10" X oo 2 167 1 0.57 x 1074
=7‘8>(108

o A0 (@ TR @R TR TReeEa Bl WS I (R |

a‘ﬂﬁmﬂw q@S| (curvature of spectral lines)

dfERme a1 @ T Twer wwiky @ W
s 3TN (collimated) @ Toe@ 947 @ (principal
section) @AW oA Teiwm wwfes 77 | fawha o 7 =
Fiafae STARPE IO (®VME TNSAE I A | IER QIR
o SPed (@19 NGIIT (A0F WS WER A (@ QTH
@t a1 Tl 3w gmen pien swgm o o@ wRe
fa 2Te Wors SIAR & TAghe et W 1 Wl @ @W T3
S WG SLARANE (WE TS F IG PSR RS
sl Tavg aha e (et 23 | eAn fawee afefa wwle



336 Lo ia e ot

F S Ryyla @t s ) B e qu o, o’
afefa 37 7@ |

Fig. 8.46

@ I, dfere waqfer wfenmr f@s (o7 @3 (unit
vectors) IUF a, © a, GR AR Wioifes wwr. Tossad
TR WM 8 oS Mo o (Sd 93T AW ry, v, S 1y |

G FPIE, 4B &A@ Tars efenaem oma
n,sinf, =nsinfd,” (n,=1)
(SBAT TR TN
nyryXxa;=nr, xa,
A n,a,x(r,xa)=na, x(r,'xa,)
@@, n, [r,—(a,.ry)a, 1=nlr/—(a;.r, )8, ]
HSI nr, =n,r,+a, (ncosb,'-n, cosb,) (8.35)

=r,+a,(ncos §,"-cos 0,) (RY n,=1

=pr,+k, a, (8.36a)
weend R fas efewur &=
Tre=n rl'+k2 ;S (8-36 b)

= 0 -
@R k,=ncos 0, cosa,g 637

g ky=cosf,-ncosb,’
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i (8.36 a) 8 (8.36 b) (Wt

ro=r,+k, a, +k; a, (8.38)
W rsxﬂzcrlxaz+kla1xae
=y, Xa,+ek,*sin 4 (8.39)

G e, ATOHAT IZ (refracting edge) v o8y @3 |
@ TS, 4,3 WE Z % @R e 97 W3 ¥ % F6N 78| oA
a, =(—sin 4, 0, cos A)
a,=0,0,1) @& e=(, 1,0 (8.40)
@R, @ TR, vy =, my, ny)
ro=(l,, mg, n,)
e (8.39) (AT (8.40) @ AZIC
(my, —1g,0)=(my,—1,,0)+k, sin 40, 1, 0) (8.41)
IEE  lg=1,—-k,sin 4 }

a "o =m, (8.42)

g T b TG (Fig. 8.47) oW (20 SRTES @33 OF 224w 8
faoly ota wiofen @ eifewgq @l g 1,1, 1, 81,1 €@
F a AABE a2 BT Ore WITFS | Tereaw wefow Za wwsl
a, b 3T FF ¢ @0 FRCZ | FT b AR o wefee SR
90 (987 933 b, TF @3 TRefc 3P (57t (989 9IS b, 2T, SR

Fig. 8.47
b, =(sin J, - 4), 0, cos (I, — 4)) (8.43)
@3 bg= -sinl,, 0, cos I,)
22



338 TS Srendiaew
AR a IR CwLT,

ri=(,,my, n))

~([1-€2/2l8in (I, = A), ¢ [1—¢€%/2] cos(I, — A) ) (8.44)

b atafs owm &M 1 ORI, W RMA IR@ I
@36 7t a | a 2P Svfee Wt p, oem oW1 IR TS

AT, A IT 1 REN I, 8 m,7 TR 77 IO IR |

R (8.42) (UTF (TR A, WA m, I T (OF (off,

Mg=m, =€ (8.45)

1,3 9 {7l 3308 (e k, =(n cost;’ —cosf,) IS Wﬁ‘ﬁ
1 y

cos 0, =r, .a, =(1—¢€*/2) [sind, - a) (—sin 4) +cos( ], -A‘)

cos A
=(1—e?/2)cos I, (8.46)
R 7 (AT
nsin @, =sin 6,
n® cos? 0, =n®-sin®0,
in26 %
FSA} 1 cos 0, =n (l - s“;,‘ 1) (8.47)

FAFA9 (8.46) (AT,
cos?, = (1 —€?/2)® cos3], =(1 —€%) cos® I,

sin? 0, =1—(1 —e?) cos? I, =sin? I, +€*cos” [,

sin®¢ sin®/, _ €3cos®/ «_e€?cos®l,
1"*";,7’=1"—nz—’”~——r—'=°°3”1 n®
@« sin I, =nsin I,’
. . €e3cos ], 8.48
ﬂ@RnCOS 0‘ =n COS ]1 (l ml' ( o )

, , ezcosll( 1. —ncosl,)
e k,=(ncos I,'—cos Iﬂ—m. cosl, osl,

€2cos
=(ncosll'—cosll)(l+ cos ’)

2ncos 1, (8.49)
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Soe] J,=1, -k, sin 4
=[sin(], — A) —sin 4 (n cos I," - cos 1,)]

2 —
- [sm a, _,4)+°081thos1 cos 1) sin A]
2 ncosl,’

AR €=0 S ro AT b AW MH 93 WE AR wee
1y(€=0)= —sin I, =sin (I, -~ A)—sin 4 (n cos I,"—cos I,)

Fig. 8.48

2
woag I, = —sin Ia—-% [-—sin I, +sin Ancos I,'-cos1,)

, cos I.(ncosl,'—cos I,) ]
n cos ll

. €[ . i n®cos? 1,'—cos2l
=-sin/, +; [ sin 7, - A L f)
2 ncosl,

ar sin 4 (n*—1)
=—5in1,+§[sm]2— ~-—£-—--]

8.50
ncos ( )

4 o b, (T S OTE GATFS, a2 (R WA SRAES w7 |
X T, 716 ST TG el T @2, WS 3, (2) SR FH 15+ a?
@0 IEE | O,
ra=(-[1-¢€2/2] sin (I, +a?), ¢, [1 - c?(2] cos (I, +a?))
(8.51)
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A (8.51) ¥,
l,=—(1~-¢%/2) sin (14 +a?)
~—(1-€2[2)fsin I, +a® cos I;) (a® 2@ (B )

. 2 2 2
= —sin 12+52—( sin Iz—gg_cos 12) (8.52)
(8.50) @ (8.52) @&l A,

2a* cos I _sin A(n*—1)
2 ncos/t,’

ES
2 o1 2z
ot =€ SinAn*—1) :
2ncos I, cos I, (8'53?
!

% ICRR @ERETS [ F, ©[ "
t=fa?=} sin A (_7_1_2_';12 (fo)? } (8.54)

q,

"nfcos I, cos 1,
@3 n=fe
o741 WO £ oc 7% 1 oA e @S 3@ (Fig. 8.49) @ wiiy-
IBRE AR Efawe e g

1_ sindmn*-1
p nfcosI, cosl, (8.55

|

1

i

|

/ |

@ @

Fig. 8.49

Tof o FRANCAL JWeN Fited g et IACS 2 |

qew giets, [,'=1,"- Al2

TGS % = __@ * —_l ).tanwl‘l (8.56)
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ez T&@6Tice 3w oM e M E TR @R @
R | Q51 AR I & fieidwd A e fsoaRd A

s : g

\‘\-4\.-
(b} T TOE R FTRT

Fig. 8.50
onafss Taes Grebiivee ot 3ge (ren T3 e i@
TN 27 | w3 Tqane aeins  Taciors @mass AR |

@ @ Tasts ME e Semadicd e I (Rem T (AR
3% 391 2T, A0S @ SAFCIA S Jreiiy ZLy I F1 17 |

frez fapife o Faaies @ «@ad &5+ (constant
deviation spectrographs and monochromators)

@ @A T AR foeea ey vttt fapis feew A
ferm e woftem @ Taa Taple swam 33z 3= =1 Fig. 8.50
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(s AR C 9 @AW T @3 Swer A qrena Hews |
e @l ferm Rz w0 FfAEHR ww ¢ @R
I AN T @A @A P Togie 90° 1 e fagle
Terrais @is *n6ren Sm@ﬂaw:ﬂl HTEATs 3T g™ D
990 WIS WNE (R T | gEite i @Ts ae A,
@ (F @ ONIA T°F Saiwe AW @RT SHAG AT
iem I 1 I R oaaze Toe @ IRz W @
WA A4 el A G @G wee fAgs mAl M IRgE
WCe W1 @3 TRABF TTANR IRTR IO (e A S TS HACE
@16 TEeran (adjustable) a6 a7we 70 1 @3l Twdmca Togen
S WA (stray light) A=ty e famigenz o2 s 23
O ARG A 30 93 q45se (double monochromators)
TR I A AT |



SNTAW (Questions)

“Afarsew 1

1-1

1-2

@B @ @I GH WIF BT AV e W
AW (TSFCE @6 a1 el omg | TAZAT (reanad
&oel 5 TR 1 SmEAIG o IR IO A (A T
(MEATCER G- (A M5 *HS *[LITT (ATS 7R ?

&R ©F (A3 2.0 T s @i6 (=16 W1 ©PLE | AN
T TER EAT6 @36 Tengw vt To #iose @ |1 @2
Tetea ™ o » Ter afems 1.33 1

AT 4 INF A ? @6 1.0 cm o IWEI ANEAA
g W w3t smeatw Averd ;ww | B
sformrss 1.50 1 afals siwen M zea 10° @ra weios
& IR Toord AN ATEoN FORF I 2 ?

@36 I e A 10 cm, oiewAls 15001 @
(NETRR L B P 139 A (AT @I NG W A4
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2.0 cm 4.20 cm
3.0 cm 6.5 cm

afelar fo w@aq e zowa 1 Toend @& (viE 97 I A |

5-14 @36 @fanam (@ IFel INY FARE -10 cm 6

~-8cm, @4 1 cm @R afenaes 1.50 | @R AW
2 cm1 @R A fwE 200 cm q@ @w SR &v
FEONRA FURAN 40 cm Bwer @3l wae (afve wielmg
cwg ATolat i 4" W7Ra gre omd @ vfened A
FeuTia 2R ?

s{faroew 6

6-1

6-2
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184, 187, 188
aberrations—sizore 27, 88, 139
angular ray— @R aPm
158, 180
astigmatism— ey e
152, 166
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coma—GFi 152, 164, 166
curvature—3ge 153
distortion—13gi® 153, 171
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— Sy 3eferad 140
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—Satndy 3t 159
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monochromatic—a3s 152
possibility of reduction of
—Z19 IRE FEEe 172
pupil — a3 sigeEa 201
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spherical —¢aemside 149,
152, 162, 163, 172, 175
tolerances—SAALA
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transverse ray—oeig
Ffw-aome 159
wavefront—eaxss
HreRa 149, 153, 175
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accomodation—3rErE 207,
210, 21t
amplitude of

— Serameng s 211
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combination — #5am 76
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TR 142
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adaptation—siferzmem 257
adjustable —fargacen 318
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angular magnification of
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Airy's condition—az1TzR 76 201
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272,274
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Hieaw 301

Ampere—3=TE 4
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angle, dihedral—fa@s e 49
of projection— 2%
& 232
of reflection— affewem
e 11
of refraction—zifewan
@ 12
Angstrom— Yy 4
angular magnification— @\f*=
7 54
anticlockwise— 1% 33
aperture— &y 229
angular— e 230
of optical system—
wefbaerersa 229

relative—&r 353 320
stop— WY eF 229
alpanatic point—smenifts 2w
27
surface— Y e 27
system— ” eg 189
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‘ 149, 303
apparent brightness—Some
awey 262
approximation—#RI 7
gaussian—MEHin 84, 85
paraxial—8=#17 60, §6, 87,
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ray—32fs 7
aqueous humour—sFAH
fg@am 208
aspherical —oReaneta 303
corrector plate— FUNyE
A% 315
aspherizing—sReanatzeas 310

gnisehy SARiREs

astigmatism—faF7f 152, 166
removal of —@lFaq 191

B

bending, method of —3IRFTHR
smte 111
bi concave— 8% wges 60
bi-convex—%s &&= 60, 208
bifocal lens— faFiFmiaioneG @@=
31 AR (7T 224
binocular— ¥t 312, 313
prism - Terem Sedtwa 313
vision—Tfaza 6 217
black body radiator— g
Taiee 257
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C

Camera— 331 317
objective—" e
Schmitt—=162 I 315
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candle power—3JITEs Hwel 4

MeFr 257

cardinal points— @iiars fa R

89, 91
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eul# 29
caustic surface— Ff6T ©a 43,
163, 164
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7 30 238
choroid—FFaes 206
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ot 207
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clockwise—%THeRs’ 33
coherent— 9%
collimator—3ieana 332
coma—cIm 152, 164, 166
removal of —7ziaq 189
compatible—7iers 187
concave—JIea 26
condensers— ga1e3F 270, 304
conjugate distance equations
of Newton—Iix85ta
SEAE 2L A 93
relations,— A AN ALE
233
relations — St 7¥F 63,
65,92

contact lens —3ey{ &/51 224
contrast—( 3%eH ) TrIeW 215
convention of signs—&ITe3
29 31
convergent—sieArdl 60
convex— & 33
curvature —33|
center of —3g@] (I 61
of spectral lues—3efeltar43
3l 335
radius of —3zwl e 32, 61
removal of —y#@iaaa 191
correct, under — SR Twe
159, 181, 182
over—3ite Aieanies 159, 181,
182

corrector, Ross—] A4S
314

cornea—3IRMGa 206

Coude focus — 3% wRMI 315
critical angle - 7536 (319 19

355

illumination, method of-—

AEH AT FS 305
cylindrical lens—@&< ™ 224

D
Depth of field— cwa3 ezl
242
of focus—(FRTA TSI
245

Des’ Cartes— @16 29, 132
detector— S 4
deviation—gife 35
. minimum— {73y gpie
51, 52
diaphragm — sigegm 229
diascope—GETHI® 326
diffraction—°/&w 2
diffuser, uniform—ax farwe=
256
diffusing surface— fat%=”s &&
270
dihedral angle—fwes 31 49
dilatation— fa=ize 263
diode—oAS 4
diopter— wiHE 68
directed quantity— Tt aris
67
direction cosines—%g FPIEA
34, 155
directrix — f¥am a1 29
dispersion—{3%gaq 122
angular—caife 125,126
anomalous—9Aei3F
124, 125
chromatic-—3-ffamgzq 127
irrational — oI 124
normal—7rerizs 124
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dispersive power—famza e
127
medium— ” s 123
displacement methods—3%3
&S 79
distortion-- {43l
picunshion type—
forpere 171, 203
barrel type—{sizoRe
171, 203
removal of —v#iFze 200
divergent—3*mrit 60, 68

E
edges— zrerazafa 49

elastic— oo 3

electromagnetic - ©foe §7lE 3

ellipse - &2r7® 30

ellipsoid of revolution —
B 28

emergent rays—~sis 3t 45, 46
emission— 139 5
emmetropia— S 7RG 218
entrance pupil—es @ 230
epidiascope— «isorrE® 327
episcope—«fsa™ 326, 327
eguivalent planes—A%gs1 ©& 110
points— " {357 110
ether— 3213 2
exit pupil — 71 7 230
exposure —IEARFA1S 319
time of— SETFHATESA
w57 319
external incidence, method of

—3fzzIorew oTs 329

antastn SmaieEH

eye—a514 205
aberration of — (G743 SRy
212
ball—f=taa 206

lens—3t%a carw 286
limit of specific resolu-
tion of—@wR IATHS
favema st 275
Listing's—fefS:a3 5%
209
structure of— 205
visual acuity of,—
(BT FEWNIAF Fel 213
eye piece—Sietwm 204, 293, 310
compensating— AP

303
compound-- @17
146, 286
Huygen’s—ZR091-4
288. 291
Kellner’s— (=R
288, 239
orthoscopic—SeTa1i*%
288, 290
Ramsden’s— ABPLEE3
225

F

Faraday—®1aite 4
far infrared— 73 SIS 4
far point- 73 f7 211, 243
Fermat, P—&wm 19
’s principle—Fr5a e,
19, 21, 22, 102, 104, 150
f-number— f 5N I EIUF TN
320

[
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focal length— ¥ 0743 26, 63,
' 66
plane—@F™A @& 72
pOint— » ﬁﬁ
focus— cwrem™ T2 63
first principal—ae 2
67, 90
second principal
— Taeta 325 66, 90

Foucoult's pattern— (313 &%
216

constant— IR 3F 276
fovea centralis— cgifam
ertem 207, 214
field—cwa 228
apparent—i*1S N 240
lens— ¢ 5TH 286
mean —5G (%8 239
of full illumination—
=1 seTies 238
of partial illumination
—ekio Enies 239
iew - 73 , 210,
of view - 763 ¢%a 209 10,

of view, angular—@ii=®
753 cwa 240
real—3133 (%8 240
stop—CFaraEF 239
frequency— 3 ¥R 1 M@l
Fresnel, A—(staet 2
s law - (LR 8 16
function—S753 84
characteristic—faf%
IrFS 154

G
gamma ray—ar 3w 4

357

Gauss, F, R.— 187 85
gaussian approximation—
MBI AT 84, 85, 86
wproperties, determination
of — &R et TR 100
by analytical methods
— eifgs *raters 101
by experimental methods—
RIS *raters 119
by graphical mothod
— i3 srgiers 117
of a single refracting surface
— @b afeTze st 100
of a spherical mirror
— @35 coneta wofte 103
of two optical systems in
series—yf6 woifbaETerTa
cefiam R 105

H
Helmholtz’s law— @& (Z15I8054
. 96 98
Herschel condition — Z*{s13 716
184, 186

Hertz, H—g1& 5
homocentric—TFiws 42, 182

homogeneous— 7% 9, 261
immersion objective—

Tt arteerm 31
Huygen, C--zi30W 24
hyperboloid of revolution—
e 28, 84
hyperfocal distance— Zi2*m®
CIRTE 3% 244
hypermetropia—w4f 218
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1

illumination—wtswamm 254, 270
Lambert's law of —
anranda 7 254
image—afeiaz 26
determination by graphical
method—(afw srgTere
oifefag fadz 91
real—3y 147 26
virtual —sp7 737 26
space—aTsiqg T 31
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projection—er=wo{ ¥F 227
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Steinheil triplet —ss13AzTRa
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eye—TTe1i3F (514 218

0
object—uieig 27
objective—ufeam 204, 293,

309
Abbe, =3 303
achromatic meniscus—
w3 (i 323

Amici—smisist 300, 301
homogeneous immersion—
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point source— {3 2req
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Rayleigh’s condition—ama3
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reversibility— Sssmi@ 10, 25

S

scalar—C2s7 6
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spheroid—g»raneF 83
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stigmatic surfaces—suwsf {93
W e 27
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variational principle
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vergence— i34
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