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Abstract 4

Abstract

Phase retarders are important aptical components that introduce a phase shift
between orthogonal and linearly polarized components of light transmitted through
them. Fitted with other polarimetric elements, they can realize modifying of light and
controlling of polarization states. A/4 wave plate and A/2 wave plate are more being
applied at present, the A/4 wave plate is much used for changing lineary polarized
light into circularly polarized light or elliptical polarized light (produce 90° phases
defer) , also or transforms etliptical polarized light into lincary polarized light; ,1/ 2
wave plate(produce 180° phases defer) can to revolve polarization plane of
lincary polarized light . We can speaking, Almost all the local which applied the
polarized light s technology can't be seprated from the phase retarder,

The routine phase retarder is made from double refraction material, since the
material s birefringence has relation with the wavelength , makes the phase defer
amounts have strict correspondence relation also with wavelength , the routine phase
retarder is used for unitary wavelength as a result‘much ,$50 it bring about a lot of
trouble when being used. But the achromatic phase retarder greatly weakde the
dependency relationship between phase retarder and wavelength , can be used for
bigger spectrum range.The achromatic phase retarder , can be divided into two major
kinds according to the mechanical design: double refraction achromatic phase retarder
and total internal reflection achromatic phase retarder .

The double refraction achromatic phase retarder is made of apophyllite, there is
so little apophyllite with use-value in nature , and until now have not discovered other
materials to replace apophyllite , so it is difficult to extend. We can also constitute the
achromatic phase retarder from two kinds or three kinds of double refraction material
besides, but to every kind of material of combination element, whose thickness
demands to have higher accuracy equally , this brings greatly difficulty to fabrication.

The total internal reflection achromatic phase retarder is an rhomb-type phase
tearter which according to total reflection phase change theory to design. We

devide this kind of retarder by the structure as following: (1) Fresnel rhomb-type (2)
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Mooney rhomb-type (3)Rectangle prism compound (4) Achromatic implement 1
(AD-1) and achromatic implement 2 (AD-2) (5)Oblique incidence rhomb-type etc.The
total internal reflection achromatic phase retarder is a kind of simple , stable
achromatic phase defer implement , among so many retarders , Fresnel rhomb-type
phase retarder are applied more. Though total internal reflection achromatic phase
retarder has the more better achromatism than the double refraction achromatic phase
retarder, but people defers accuracy and the achromatism with the development of
Laser Technology, face to face.

To medium, already basically, film optics characteristic property research
complete, and has formed thin film optics new discipline in this one optics to the century
in the sixties. The polarization characteristic property to the optical thin film and their
applicative research news report mimicking a component going ahead in polarized light
increases by gradually in the 70's, on the international , this grows tendency continuing
for till 90’s , this field studies the activity is still very active during the past the past few
years.Because of optics dielectric film can be equivalent into a dichroic tinear polarized
device and a phase retarder when the light leanly incident into a surface of optics
dielectric film , so we can steam optics dielectric film into device s surface to improve the
accuracy of phase defer. The reflecting dielectric film phase retarder , is to point to the
component using the certain place reflecting but making to come into being between two
each other orthogonal component of the polarized light reflecting without the
transmission method to there is difference between.

The thesis first sets off from the development history of optics of thin film , and
introduces some information of the optics of thin film which from the foundation to
nearest development, Have introduced the optics of thin film s electromagnetic theory —
Maxwell equation, and then  introduced two kinds fundamental method of film's design,
vector law and admittance matching method .Third chapters have introduced total
reflection phase transition theory firstly , this has been the rationale of the total internal
reflection phase retarder ,then with regard to incidence when genetating total reflection

between the boundary surface of film and base ,have deduced the phase defer from the
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theory. This is one of the rationales when incidence producing the phase defer only when
total reflection happened on plating with the film type phase defer.Fourth chapter have
selected and used two kinds of glass material, have applied second chapter's formuta to
have carried out design on material , have reached the structure angle that phase defer
amounts stabilize most to given material. The implement has carried out treating
fabrication on two Fresnel rhomb-type phase defer , has tested the varied relationship
between incident light's wavelength and phase defer of rhomb that having not plated
with the film.The Fresnel rhomb-type phase defer has been designed by the
film-design-software , coated the rhomb in Korea Republic, ML_EB900 film machine ,
tested the result finally with testing apparatus self-putting up , the result indicates to the
sample s designs that according with request.
The originality-innovation-dot concentrates on fourth chapters mainly, design and

error analysis to entire medium layer phase defer implement.

Keywords: optics of thin film , retardation, achromatic phase

retarder , total reflection
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REPE®R, WEERART, BILERA R RERTE,

$$ﬁ$ﬁ%ﬁﬁﬁﬂﬁ¢ﬁﬁ%ﬁﬁﬁﬁ&ﬁﬁ&

G /04
%E%E*Wﬁ@ﬁﬁ,ﬁﬁﬁﬁﬁ

EFAGR: S REBRAR, B N / 5'
REHTLERNSEN, RERANE 2 / 3
EEANARENEREHD, BRIE, ¥ O % 4
FAERATGHBN, LR Y, ° \s'; .
HEARBHFE, EW, FUEMERE E2-51 ABRRKRH
AR R AR A X % 2 B

B 2-5-1 FinmiRRk, BRREASKRSE, &Rl AL
RS REEORRE, B0 E RS REEBRTE M6
W S BIRERS REFEoR N,

MRBERERE, B8N FEEORIE RS RE 8-

qO — r]l ’rz - 7] U2 (2’5.2)
ﬂﬂ + qi ql + 772

(2.5.1)

n =



F_F ABLEEAS D Fg gl

-1 r -,

r, R (2.5.3)
7, +1; n+1n,

K, 0 WEHIHE, RR-HN
7,={ cosé, RERE (2.5.4)

N,ecosé, X+ S &3
Pt SO RBOT R S AR A AR A R A AT S R AR R KT E .
FEBBEMIEERR.
3, =2T”N|d, cosb,

5, =2;£de2 cosd,,
o, = %Ma@ cosé, (2.5.5)

S ERIE AT Ll B B BRSOk A, T RBEZ RIS 25,
28y, 283, FEICHEBETEANE, FTHERNICIHZBE R SRR
AR A & BiE RS B,

1. BhE RIFEX;

2. MA ISR R A B B0 B I S R

3. HHQAHKAEE N RENRBRHRE 1) 1, 13

4. WE 2-52 FiR, MO BB O, SERE rn, READILLO AR O HH
By 1y 6 BERERE, HXTFA S (FEOO M —ME HS—DE A,

18— 8 R 15 15198 40 4R I R A8t A

B, XK GERBERA, B 25,

AEEH, BT R—BAEY), & rs 6

O O F O HIARH 261, d 20
O,A F1 OA BIKAEY 25, XH 252 RIFIREY:

stk TEEMEE, BB RN BT HER

MEZRHCKE, Witeml.
AT BREERBERRN T ERE, RAVRE R BHHE R F ER 154
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BoR ARRANEAHR 15

WRA, RENETRA FERBZRMXANRE THRENAEEER
M RARAK, LTS . RELNHARECL2BEERE
RHEZBEOFTEP, FBHETE.

§2.5.2 BHEE

Fk N—F A RN F— RN R ZBTLE Bk, BERAZHE
&, FEiSANEERENERG R FEEEMMAD,
—., BERRILE

MTRER, SHERNEHLHS:

1. BB EEBAR/4, B

nd, = 2[4 (2.5.6)
2. BERIHEDIHEE
m =\, 2.5.7)
E¢,m%ﬁ%ﬁﬁ%%ﬁ,%%ﬁﬁﬁﬁﬁﬁ,m‘iﬁﬁ%%ﬁ
SHEMLAERE, %2 EREA &S, ORI EBRER KL 5HH T A
PLAC.
—. BERELE
BELFSHER n, ASARITFEEA ny, WRERTHEER,

cosd, jsind, 1
h
e

Jmsingd, cosd,

jsiné,
h
| jipsind;  cosd,

€osJ,

-

c0s 8,(cos d, + Jmsind, y+L28 % (17, c088, + jn, sin8,)
- 2 4l
I

\_jn, sin&,(cos &, + ==)sin g, + cosd (1, cos , + ju, 5in d,)

2

= -B I~
c (2.5.8)

L




BT FRAEFERAER %16 9

HETHA,
C
Y = ) (2.5.9)
%Y =MNo» ﬂ‘]ﬁﬁi%ﬁg, E]]

Jjn sind (cosd, + j&sin d,)+cosd,(n,co89, + ji,sind,)
1

= n,[cos §,(cos d, + jﬂ’—sin 30+

2 1

sin d,

(n, 60552 + jn, sin 62 ]|
(2.5.10)

EFXARUMLHRERN S HHE, B3

r 1, 8ind, cosd, +11,sin §, cos 4,

2 d,c08d, + B Gin 8, cos 9,

2 1
{ =M i &, sind, +1,c08d,c0s 4,

h
. 2510
W Gin 8,siné,

L =1,c085 cosd, -
1

WE, "t =i

(1) £8=8=n2, XWNHRERINEREHRMWA, B nd=nd=
M4, RBERPFTHEIEE n, K.

(2) &% n M my, BK S A5,

XAHEREEEE KL SRBT RN, REEHLE v E.

(3) &S =n2, B=n, B md=A/4r mdy=2o/2, KBTI KA TS5
EER_BHREESTILX, WEZBEBEAERE, BHEEHL, SR

_ (=1, )(’722 — o'l )’712
(s = X =1}

tan? 5, =T =), ~ 7,
710, = K N7, =171

HEBAHOER, BIMRYBHEE W B, HE 0 M np DOE LI,
EEHKEBEERS,

tan’ &,

(2.5.12)
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BT MRk AND AT

MTEERLRARERAN, XBERTFiE.
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BT ERYAEHRL s

F=H £RHETHER

ETERHMBRISRIT SN RGN LR, BRIT5 R a6
EEFME, EVUEEENEBEALHCEMMER, FHAFRK
MM, B—XREHNHABERMTER. SXTEBENEH—RETE
EHZR., BEZE. HARBESEA. HAEZH | (AD-D) AHEE
42 (AD-2) LIRZE RPN AL ERE, THEENB-TLRIHEE
B,

§3.1 & RHHEER

§3. L 13ERFAR"

RS B AR SRR R R, A R
M ~NEHER MR ERERANRHBESHEENE L
LTHREA, EROLENERES. ABBLRFMN, AHE. REEH
EHBEREET RBLAEANG FEHA: ABASTFRYMA: AFROK
51 5 2 I 0% R DRI 2

n, sin@, = n, siné,
(3.1.1)

He on. ng R RE R
BE, 0., 6, B ANG AT .

KERNRRB R HEHE,
KEREVERBEHALERP
AEASFHEFTRTE PAR) N w300 PHEige REhs R s
SAHBEEANE S A 7 gy B § s ARTEFIA
SIEP. SERLAMKE, K FHIRALIGEE SR, FHTE%

BHRRERBAK &R, Hg— K IPORRRP ST



B ERHMEMR P19 #

KBTS, ERP. §. KARGEFLR, W2 1 Fix.
FREAXGEMBIMEATRE. AHSAHAEFEXESS

BHHEIXR. 4 (Ep Eu)s (Ey Ey) # (Ey, Ey) 2HIRRFREFHMN

NSRS REBABEHEARRE P HER S HBHERE, &

REHERBHEE (E) AlmEE (H) MYa)BRiLREEN,
BT B IERE AR,

Erp = (8, -8,)

 E_ 1g(6,+6,)
E, sin(6,-6,) (3.1.2)

" E sin(g, +6,)

”w

_E,  2sing,cos
i Erp Sin(gg +02)C05(9| -—02) (3.1.3)
E, _2sin6,cos6,

f =—L=
" E, sin{ +8,)

KA, o s 3HRFP BN S S EMRBREE, 1. t3HRRP 4B
S 3 BRMREES .

§3.1.2 &RHFHHBARX
dr (3.1.1) KB

. no.
sin®, =n—'sm6’I (3.1. 4

2

Lk R BE RS, B o<, 8, 25<1, 0. 0 BB

n,
ﬁ;@%%&mﬁﬁmmm%mﬁﬁ%ﬁ,wmmﬂif?ﬂ,ﬁwmm
2
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B-E SLPMEMR 20

BB R4 A BRI

) %sinﬁ,s%ﬂ‘]‘, sing, <1, BLETO, {55
1

(2) Hsing, > 20, sing, >1. W, DRERLS.

”i
LRBEZAERE A REAT T RTREL S RFERMEA:
a. JEMICHE BRI B itk %
b. ARA0 KFWEF M6, 0 FREH:

n,siné, =n,
4 n=-’-':—‘~>l Ak n B g YU I N SRR R R MRS S R
2

JEHDEE G R R LR R R R AL R SEE R R, Ek
KRS B S MATLIRR A2 A R AT . ‘

A SRR, AS eI R ST — SR, (B8 R R
BFEEEHR, RAREAERRBHE RE. KMo, CTAER%K
i

sind, =nsind, >1, W

cos@, = ti/n’sin’ 8, -1 (3.1.5)
ERWMBE 47 5, WA S A E R IR E B R B B
MHERESK, KERIELHFER, & (3.1.5 PR “-" 5,
C ATETHEEEAANKBNERHER, H 312 AXERWRT
i
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BER ARMMHERR Baw

_ sin, cos, -sin@, cosé,

m [d

sin@, cosé, +siné, cosb,
sind, cosd, +sind, cosb,

(3.1.6)

E. =

L]

£ G.15) ARALR (K “-" 5), AHH:

£ - c0sd, +inyn’ sin> @, -1 £
| " cosf ~infn’sin’6 —1 (3.1.7)
_ ncosf, +iyn’sin’ 4, -1 £ o

E_ =

I j 7 - 2 is
| ncosﬂlau/n sin“ g, -1

B £ AT 41, -

{l‘?” j{?]l (3.1.8)

BIxS FH—A 8, 2R KRS T A LR,
AH—PBRRTR ARG HBERBAECHEW, CLNATE
s

{"’ bk (3.1.9)
r, =lre
XS MS, AR R P 2 BMS HB-EMEE. HERHER
H:

b =1, =1 (3.1.10)

TREBEARR RIS B E- 7 BHAAEZAL, 1 (3.1.10) XA
g

Yy r, =€ (3.1.11)

BEQLDATE, r, Mr BET 22" XFER. Bit, WFakkZHiE

2t



=8 ERHMEMR B2

£t (Blz=ge”, HPa, a#fF2LED, Y

e = 2(z')" =, tg%:tgd . HHE:

8, myn’sin’g -1

t _ﬂ- o e ——— e ——

"2 cos, (3.1.12)
8, n’sin’g -1

tg——:—-—-—-———-—.—
2 ncosé,

BT, ASEZENESE, FAAHEREENTTEORHHEH
SIRBITRRMMGIRE, SRFHE SR LR RRA . -
AT AEISAIRH 2 5 = 6, - 5, MFIER

5.” 51
8-y ~lg~ _cosB,y/n’sin’ 6, -1

LB 8 nsin’
g 18

e
&3

2 2 -
i g S = s sn 6 -1 (3.1.13)
2 nsin” 6,

BRRLHRFBRAN, B hSM M BARGER /R TR &Y.
AEFERE-KRSHRHEN, S HTBMP HE&ENBEER:
cos@Vn’ sin’ §—1

nsin’ @ )
ATFORIARAENFEAMNLS R A, 0 BARIARATHE. HREME
BREEERSRE, SIEIXAEIERBFCMEL IR K W L5 8.
L WRATAS, ABALHER 834 S AR AL L8 B 4 B IR R BT =L MR iR &
ip)o vl
TER 2R E L RBT LA

8 =2arctg( (3.1.14)




B=F RYMEHR B23 0

A, B ERXE. LA IKR—MEEHSHETE:
d & =(l+n2)sin29~2n2 -0

Z(te= = (3.1.15)
dg(gz) sin’® @sin? & — n?
TRA sin” @ =——— (3.1.16)
1+n
#3116 AN, 1.13), BRAESHEA Zor B K ES, i RIER .
gln M1 (3.1.17)
2 2n

AR, n#K, AR ESRBX,

B. MALIFERITHTHF n MR Btk Fif(.1.13) ikis% n KT
(CEIP

a5 2sin’ #cosd
ar (n* sin’ 9_1)% (n* sin’ B — cos’ 6)

mE—NERGA, THETREES R TRHEEERM RSN KR
S,

C. AR T2 RS ATIH REME. R Hsxiok Fn/H85H:

(3.1.18)

s, _05 2nsinB(cos’ @ ~ n’ sin’ @ +1) (3.1.19)
00 (n?sin® @ - cos® )’ sinléi—l)/l/2
GEFTHE, BILTAFAEA RN S R4 RO B .
PLENLATR, AR 2R HEHAEMMERBOIEFARK
#.
§3.2 FRLRHHERP

§3.2.1 BT RN
HEFHR A n WPLERER EF—BEEHIMHE, BOFTHED n,
BEILREE S h, ASHAREGTHEN 0, —FEICEOAS A B0,

23



B BNHMEHR ¥ 24 4

FEHBN ETRARE LB RER
SRS TR RIEMAEES | o 97"
A=2nheost, , ¥ B K X '.,2 g/} :;h
nhcosd,, BER g /.q
M2 BRI
= —271’-'~nzhcos,492 (32.1)

BWAHBEBANHEES. R Rt s AWRAEE I TRARLMAR
HEBMES RS, WiEn REARS R REH R4 9= R AH2,

_n +r23e'2i’3

- 32.2)
1+ 7yrye % (
-if
l14r,r,e

§3.2.2 BHELERHHEXER

T — A& R RIS A B e I % T O Bl 6
$HT), KBEEHOE 322 k. A
M FOHE, KRS NS

A
M E/’\l d
0, WEGOITHER 0 LAEER d, | ¥

Eﬂﬁﬁﬁﬁﬁ%%’ o (lﬁjﬁt*ﬁ‘é,&t’ Eﬂ I’V’W\A/\M\[\>MJ

ng=1). BRI HERHR B 322 HA&&NEREL
R 4 it

"° |

B _—.%nidcosel = z—f—d\/nlz -—n; sin’ 98 (3.24)
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BT SAPHEYR 25 v

R T, ERNFERELL, EWHLsin6, >sind, =’% R
SRH, HBRESNHELS
p=’% = exp(i&) (3.2.5)

RE. MTERERSAE, XEERHE, BREOTAME ESkE. B
|/ (3.2.2) AT

~2if
Yo, +7.€
5 gv jov
lrl’ })(I V)

1+ oy

A, SHAE R RS o MAXT G, dIERE AR

s v=s,p , (3.2.6)
J0v

_n,cos8, ~n cosb,

Tits ;) P
n, €0s 8, +n,cos 6,

) 2 05 @ ?_ianlg
n cos@, —n Jn ~n’sin’ @,
poom g~ gyt Ty # 32D
A W cosd, +n ,fnz—nzsinzé’
L ! 4 gy I3 L4

f 1 iL? 2
510s - n; sin 9! -'n"

2 n cos b,

7.8
& Hoy =€ " Jg

< (3.2.8)
e, . Opp  Mnsin’ @ —n’
Fop =€ g —L = XL
| 2 n, cos 6,
X, AMHER (338 RARER (2R)
AHEIN T B,

]
t, = py = (nt —nlsin? @)

. n; e (3.29)
”lpqu = /pl

My = P =N, c080,

n (3.2.10)



B SRUNENL % 26 U

Ho, =—py =~(n}sin’ @, - né)% .
2 (3.2.11)
Au(}p =qﬂ = %0

BG2DAR B2 ATKEH:

_P7h

£lr P+ P (3.2.12)
dnlng—nf‘vpl

Tetp =73 p:

L nlpg—ngpl

rlﬂ =ei5"" tg_é'l_Ql =&
2 p
; J 1, . 3.2.13
oy = by g e - 'thc ( )
2 mp

lu()v
G, =1~ t
Ct (AN (3.2.14)
G2r = pﬂv +lulvtgﬂ

B (3.2.6) —(G21)AABEH

_ - zluval VGZV

185, = v=sp (32.15)
ﬂ;vGﬁt _G22V
@. Ph ={g§=tg(§p—5‘); T‘%;ﬁ
Zee
p, =2 (3.2.16)
e — &
ﬁ;:p {e‘ = n:,G“-G]p +G2.c62p (3 2 17)
62 = ﬂg—;Glth _ygvcle‘Zp
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BRI A B R HERER,
% (329) —G2.12) KA G217 A B3
nle, = At* +Bt+C,, i=12 (3.2.18)
R, t=1gp (3.2.19)
(4, =n} -nln?
) Bi = (nl2 - n;)(nunpylf +Aun.\'ﬂlp) (3'220)

_ 2.2 2
~C’| =1, (ng —-n‘,)

Ay = o Pty = Hop g i
18, =(n2 + 1 ket = M0 ) (3221)
G, = n (ﬂm#ﬂ, - Prwu,;:)
TR RFMERH:
(1) —RERHF=EMN2 FEER, B P=08, H (3.2.16) R,
e;=0 8% e;=0, ElH

AL +Bt+C =0, i=12 (3222
(2) Px08t, (3.2.16) AwJLA;
(e, -¢.6,)(6,~& e,)=0,

T=A
(4, —&,4,)° +(B, - £, B} +(C,-£,C,)=0 (3.2.23)
2
ARG 5 g Reth (3.2.24)
h

i, MERFL, EREBTRERXFTUN—M K HER. T4
EEMRER, ¢ B, AEVNELE®, ENG222) RG23)ANHLE
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BoW LRIEARR %28 %

A=b’-4ac20, LTI B H ) MEEE. 5 Fv4 BENEER, toe, P=0
B, n KR A=0 & Aj=0; PO, Bin NVi% 2 4, -§.4,=0,
HMANERSREETXRAEITRAEMITR, SHREERHITH
BANTHRHEINHE, B n <o, MRS KRR EREREEN T,
EFRZNHERTHRORHE, 8 non, BUEREHK.
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HPUFE R G AR G SR R 0 Bt it %29 4(

FOE RSERMAMEIREAIR T
§ 4. 1 HIRAAN IR B3 AR TN I8

§4. 1.1 BhR

RGO FEAR 38 B A R AR R S AR Bl Ak ), R LR
AR EAAZE: R HAMERBHL N K H R ERE, fi&E
TR R B R U R AR U BT R B A ARG IR, AR
b, XEACHEAMAEER. ET2REBTERETHLSNRE AR
AR BRI S AUABAL LR BT S, EATLER RN R BEN LN A
EHRMER, FEAFBRAMILZEA, R—AEEMESEMMCERE. X
HIERBAGE M) — MR Fresnel ZF. Mooney k., HAMBEREAEH. 1
BERD (AD—1) MEEER2 (AD—2) URSEHAS B TIRE,
G R AEA FEIR BAEANSHRIREH py s BRI PR LM, MiliF=4k
—ERIAMEER, RRA — MM aE. AL RS LN A 45,
A WE 45 B, FIRY & o] B HOC R AR 5 m 84 R A RAR T8 %4,
Rk, EERRRIEERE. XEFHREMMERN, p 2B s 2BRE
AR, —BRFEATAZEENFRESENRIE R, #1 R, BHE T, A
T, LA R t% D, M D, HEA RN, HikSIEH SR LM RERESR
R, B REBEA MR . EXERET A TEHCRMRR A,
— 7, B RUF B X — R RV B O 2 R 4 op AN AR B e R OB LA
REANRERE, WA REEBERREBAFE™™; B—Hm, "Ll
7 P AL A PR R A O bV A AT E IR 28", DU BRI dR b2 7T
sk iR RBUALBLE, FELERETMESR, HHTER
HEIANTEFARBINTL B HE, BHEICEEE AR
FFAAMEERE ( 2B s 28) KRR Z0EHZHTEE.
§4. 1.2 FEREEFAAMBMUERSZNES
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VIR RS AMBRARL RSB 430 50

FEEZGRBEZAFINAMNEEMCERBRTEN, REEKA
MAERRE RS, BRRHTIE 45 MBLEER. BFLL Lak, BHHER

FIFFEHEA, BRATRABMER G40 WALER, X FRARK
KIASK, AREFEENBRELSRHORH B, BIZE KA
EAR. ERFETEROLEARHIBEIG 4837 #5437, BfEHTFRE

FHEMEASHTREE, BEEAT, KI5 533nm. 632nm. 670nm Zik
KEARS . BWENRSFHEBERAN 3.1.14) £, TLBE 533nm HE

X REHT A/4 ARSI/ 4 40.17° , X T 6320m M 670nm B R

411 VR A, BRTER B R

)\ B‘T j’ﬁ & i : - ﬂ, i1 B l 1
o 532 ok /) IRETAEIR | 633 9K A/, ELER | 670 8k A ARfL iR
s % #
532 442
A 90* 92.08° 92.62°
633 K 87.90° 90° 90.59°
670
K 87.30° 89.47° 90°

{0 2/4 \BALIER BRAZE I 9% 40.40° F140.47° . W TAEHE—ASRK

BEKRRAY A4 SBAEIR S, YNSHMBKRAETN, MRS
HUARGTIEIR BN 4-1-1 B, JFRE ORI @ B ARORYT S BT &
FRARE, EHAZEAHRERE,

FREEGH T AR EEEREE, SASRO AR RS
EH, BRELEGROABER B, b FIHEEEER L,
A A BER 35 it AT i85 B2t
§4. 1.3 HRIMIERSIHGFRNMRA
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AFE R ARG AR B0 5 315

FIRE AR %
&%EEB{J’ Hgﬂﬁ% 1‘7'41
L e L S IR
WX, & T AFRE j N
Lak, ¥ Zbaf; %1%, B . .
BUOFHESEOEE  § ) .
*?ﬂﬁ»?ﬁ‘tﬂﬁ‘]ﬁﬁu iﬁ 1.650 A \\
EH RO R
B Lak, BIBHHTSH % 5 T~
FMt L4 i R R "R EE N
szﬁﬁlﬁﬁﬁ P 4-1-1 Lak, SCHAOST SR BK ALK B
SORRAWIZ . o THHHE Lok WASHOIH %, RAVE—EME, — @R
FElY Lak, B A, MBI BT E,

MREEHARRAR EENEER
AT, B3 Lak, B IS 2R 580 47.75° LaKy
KT KR WE 4-1-1 Bror: ABEL L] ‘
CAE BRI A % KB R4, P 4-1-2 Laky BASEARROARTE Y
E‘]?&%\o

EATRAT LA —EHKEEH (550nm-700nm) P Lak, Hi Zbafs H1EHY

WHE., BRANTHEEALR

HAEARXMHS AR 3119 , 8 / ZbaF; /
3T Lak, £ Zbafy B R0 46.95°

W, RERRBEASEEMEBE 1,5 2o s ke smie

E R 73 R 47,75 Fn

Refractive index

4695 . RN B AR SHAN MR TINT, WA T A RE S,

- ABEED4-1-3 M 4-1-4 B, SREEETERGREANE, HEE
FEHZEBNESATHAS A b FTEEOEHA 2.
FA— R BIERAS ARG E B RS AT, BEIR

EEmE 4-14 HR" AB ETUEHRERHRRARK A /4806

BB B A AEUT RN EH-ERER BT AR A EH0RE
RSB . REERESRYENEREH R, nHBERFTHE, %
SZERE LATPRERBF= LM BABLIER BN S . 3 Lak, 7 Zbaf; i3
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BT S4B BER B 0 B 32U

BRI B 52 0A%

A 311458, WUABEKR »- ]

TEREFRE—RERH sssom

FEMBREEBS MY " ///,Mz””

55.51"F155.64" . HF R é o P

EEBNBEREHRS §41 //’

R4, FLlegkddsk  f Y

JG BB ALIERE 5 =

H111.02°F0111.28° . T wf

~BERT, RERGR - o ¢ e e nooh b

A4 A2, 3A/4MRIEE ) 414 HFTAER WAL BEL
METI R E

B8, XERNLEHE
BEGACERRMEERBERR. REELRGF L EMBUEERET
RERERINMTEE, BHRNENERSTE PS80k, BidRR 0,
BOF T M REAANMALIERR . XA EEENEE BN AL BT
WA, MRARIRT ARG ERERT S, AUEASRT HE. &
BT 72 S AR & R SRR A 77 v R AR B A AR B B IR B I RA T
O, B — IR T R T R

(1) EFENHALRPEER. B3ERNMERIEHAEE S

ARHE, AT E KA MATRER & AFTR A R L R B2
. ERINFEBHS CCEER, AT MR FF R
P BALER R 5, , WIZE S — ML BATE P 0o K AP 1 L
BEH -6 BT,

(2) EEBN—N2RETRI. 3 RIS RSTE P LR
HEERR S 5, RITEER
56 HAIER R, BARE
B ABOMART, ank LR bl &
MS—MERHEELES  Wes khdinnEmpmen
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B0 RN ER B0 B33 0

FIRFEAFIE, FEBSREmER LR LB ERENS-5,.

§4.2 BMERMAE RSB RIGIT

UL EEAS B AN ST, CEB RS R E LR —K
A0 R PR AR IR BB R K I RN 421 R 422 FiR,
W ERTLAE H: ZERT WORTEMA, SCEREBE R — KSR S E

540 8-
5634 1 \\\
g SR N
% %55 g :,_\ )
i o . |
552 & 524 \\\
mJ 5504 \
Wit © 0 ﬁm“:}) ' ™
421 KTE Zhaly HEERARE W 422 4 Lak BOEEENRE—
—IKERY & E R AT K4 R S = A TR A 48R
IRFEFACHIH K R Bk KRRl X R

FOLEEIR S 55° ERMTERA, FH Lak, WE iR A BB E Zbaf, B
FE--L ARKEEFNBREFHRRRNN, BEROMERRE
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