R4 B FFERFIFRFTIEE L
Lk~
Department of Biomedical Engineering
College of Medicine and College of Engineering
National Taiwan University

Master’s Thesis

’Kaﬂagﬁgﬁ A 7}4888%.%’,7‘\7‘ %f'é'\*fr

The mechanism of lens and its interaction with intraocular lens

B 7
R

Ming-Shen Tsai

SRRSO S AC R
Advisor: Po-Jen Shih, Ph.D.

¢ EA R (13E 9

September, 2024

doi:10.6342/NTU202404458



FANBRBANCA AALE G RE o P @R A FA L R AERY
SBeidf c RAEH CRFAMIA ERF DR T {7 T EEFFROTES
EERBRELA S 3 A I LA BT A FREEGS g

o BAL Rl G RIS AR RE R AFFFTA o Bz B kR

9

MPFLFAFRBRE 2 LEFREFHDPEFITID > B3 TRk

R R

=

PRGN P R BT R B HBR RO
PP 8 FET 3 RS R A B
EHRAPREIR LSBT R 0GP - FArZFTEE Y6
A hE R o BMF T R AR GUIL Al B R EFTREA NGRS T AT
FRARE CREMTFREHNEL P F AR AR R A DT (RS
TR
EPOR ke

R o®~FFF1 a8 4
PEAR-F- Lz Eq

doi:10.6342/NTU202404458



#F &

TEE KA AR ARERY P BN F B - s PR EEik

e

R HEE O IFEIREYFL S BEAFTDHEY c RRAFHR LWL

o By AR LMARE S N KR A TRERELRNG o Ra 0 AT a

F_L

FRARE NAT ARBEIHEFOELR SRSMPA RS A FiENIE] ST F LR

FEMAEEEATMC c LEAFY O AP E RS S e e o F 30

hi

g kBl S e SRR > T Aet o BRI ART T RRIE LR
2P ORHEMAES A GAHPEBFET R EREAEPNAE L PP L2 AT A

7 AL

E LR P AAPE R R R R R R ERTE BRI B R B

S

B AL AT SRR R ] ek s K R RRT A DR

fia

RSP K BT R AR G VAR ST R AT o 2

TRz B IR R IR PR PIFa S T LR R RRE

d]"

\

R Y E LY.

P dle b - RAP 3 UL A H o fodZiskp i o

BAKGWELY o APRET PRI I H Y AT 2 Ak G2k

[t

B A AL R R AR R R HRAARE Y R RA T 0 L1k

HFHMEA IR BER AR BEELER AT R RS TEBARL o B4 BHELRAR

\

ST BN SRS EILE

i

Mk oRGI~ A 1RG0 PR AR EEER S FIRFE o

doi:10.6342/NTU202404458



Abstract

This study investigates the mechanical properties of the lens during accommodation,
developing an experimental method to simulate the biomechanical characteristics of the eye
and exploring the role of zonules as a force transmission medium. The experimental design
includes tensile tests on porcine lenses to observe the adhesion between the zonules and the
lens, and analyzes the distribution of isochromatic lines under photoelastic stress. However, no
significant isochromatic lines were observed under a plane-polarized optical system, likely due
to a uniform stress distribution within the lens or insufficient refractive index differences to
produce significant birefringence effects. To further investigate, we attempted to alter the
direction and position of the applied force and introduced a circularly polarized optical system
to eliminate isoclinic line interference. Even with these adjustments, the porcine lens did not
display observable isochromatic lines, suggesting that the stress distribution or material
properties of the lens might prevent sufficient phase differences in light within the lens to form
visible isochromatic lines.

Additionally, we considered the photoelastic behavior of the outer capsular bag of the lens,
which is composed of collagen and exhibits some elasticity similar to the layered fiber
arrangement of the cornea. If sufficient external force is applied, the capsular bag may display
isochromatic lines. Although the application of photoelastic techniques in lens analysis is
limited, we conducted finite element method (FEM) analysis and image processing. A 3D finite
element model of the porcine lens was established, and the forces measured in the experiment
were used as boundary conditions for simulation and comparison. The FEM results were
consistent with image processing outcomes, indicating agreement between FEM analysis and

image processing results.
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In the study of intraocular lenses, we designed stamping molds to produce cost-effective
and highly efficient IOLs, and created an artificial capsular bag to simulate the state of the lens
within the capsular bag. Simulated accommodation stretching experiments showed that the
photoelastic isochromatic fringes of the IOL within the artificial capsular bag exhibited changes
in light intensity under different stress conditions. The change in light intensity of the

isochromatic lines due to stress variations confirmed the existence of stress differences.

Keywords: Lens, Intraocular Lens, Cataract, Accommodation, Photoelasticity, Finite

elements method
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zonules)™ LB 1.3 B 1.3 Far+ @3k f WE g hier LRIR 7 UG #
.5 4~ % @ (Anterior) ~ {& (Posterior)¥? # if (Equatorial) = fa 5k &= v 5 = f 4k M3 3% o0
e AV e SR T AR ARl > ARy LKL W8] -

Rir ¥ Acde st R ez RAe R T W 3R BB 0 B SR ¥ AT B idpars
plana) B 428 @ 3 F WoAR R eow {8 8 o A ap iy R JEEAT Edpars plicata)iE ¥ 3 oK 5
WAEE T BAMRDERY » AER P AT LHA Fhil 24 v R
FAREFTAFHE o AN S RADEARR » PUR TR A E R b R4 B e 5]
AR SIS T o L ER SR BRSO SRR ITEARRE R R AR

FEATY B E

ASY

#[8] -

-+—— Both the Anterior and Posterior Zonules
Originate at the Suface of the Pars Plana

Tensor Zonules

&

Equatorial Zonules Originate -+

from the Anterior Valleys b :' )
Between the Ciliary Processes _—Equatorial Zonules Insert
/ \ At the Lens Equator
Anterior Zonules Insert Into Posterior Zonules Insert Into the

the Anterior Lens Capsule Posterior Lens Capsule

Rl 13 Rt @ khBapg s ARRy+ 7 U RFEEINFEEFRG £ 5@
(Anterior) ~ {¢ (Posterior)¥? 7 if (Equatorial) = fa % 2> w > = A A dFaepg gaw

Mg SR Y AR RS LEMEE AP Ry LR AEA8] -
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1.2.3 g e oo
PACEBABH Y R FIM LR DY > R AR BRI g s S e o

BE R e A L 4w Y(longitudinal muscle) ~ # # #Y(radial muscle)¥? &k ;% #(circular
muscle) o @ 3ve 7oA G VoS B o e Gie A BE B e veanm 3R 21 real
(sclera)T {7 & Ap A% > % Kip 9ok IE ~ B 7K (scleral spur) o F (S8 R TR @
{8 38 7 d 5 7 B ] IR % (trabecular mesh) o 18 G VU] DB g e v IR T h
For A2 Fwdlempd Tk forn SES RO BAARERY K
R B S e e ig o BERIe W S feig o SRR T R K i S e
PO R 7 T H(unyielding) sk A5 3 B oo iR SUR G0 AP IT 0 @RI TR e 4 3
doo JEA B SRy S A sc R pE B IR R B 4 0 FIRE A kR

AR [8]

Ciliary Muscle
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136 fMRL e A 1ok &R

ARG AEY e PREIEE R LR REMTE N o 0 PRV F Y
Emia i d B R[] e N R AR AL S 4449 P Fi(counching) o @ Er
Bth A2 R g b (Sushruta) 3 1o & oK G WEAS tp £ et B0 dpaf SR Y ke g
16+ & pF o o g R ek F ¥ 2 Georg Bartisch # ) 5 <5 {Ophthalmodouleia) [10] > +

RIS o £ AL~ g PR S0 B (kBRI B B 0 6k

Dy

LA BB o ARE Y AL P S RRA T TV ML s g ARE
6 P RISR AR 2 - B % 5l 17H & > 4 d Daviel ¥ 1748 # § = 41 o)
R R % B FRoR S RE[11] - 444802 A bribreci LK & B4 ",ﬁ% S I S - L
Sl LT R K TS AL IR B B o B N TR R B 200 & I B
AEEFEROEBES S FRE LB RSS9 T 70 kS LA
AR P IR R 4 R BB LML TR Y R RSP o T o o

L3k B AR S A B R S -

(a (b

B 1.5 § Georg Bartisch & 453 34 7 ch5 N AL E 9 » (a) 345 1~ P2 B 35UR K & B
Herk B MR A3 BB (b)Hg S e i ¥ g2 i [9] ¢

8
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41949 & » 4 Harold Ridley 7 % #-4 1k & #H » 6 P A% » & FekaEin
AT Y R pcr > LS RP = >d EL 3 T F = = [9] o Harold Ridley 7
% e (N A LR BRI L E /S 835mm s ¢ & B R 2.4mm - LS E[LL] 4 B
ARG fa(PMMA) TR A hA S el iR TR R A R R A R R it
FERA S A 1K &> LB 1.6 0 d >0 A chi T 1‘4‘\1‘,1}‘-’3" TR SR
TH N A TR GERE o et R AR S G r RS RBARR TR 0 4 S SRR TS AT

R g o 4Dk AR~ £t A AT 6 )RR P g o

A

B 1.6 Harold Ridley % 1951 # ** Oxford Ophthalmological Congress % # 1 #* A 1 -k f,
B9 P2 -k & 48 (a)Harold Ridley 2 Rayner > & & (¥ 48 e A 1 -k S 88 (b) 4 17K

Bﬂagg’fﬁ_”*’?igﬂ £5T T:E;,Eg] [9] °

d 3t A IR EMT LT NT AR o FPRT 8 & K(posterior capsule)rk i 48
IR EEERRTE 0 NI BHOIFRET - BT BB A1 KA 4

1K SHEMEEES EPHRAT o KEPAH S LIRS HN A TS
R N QU B pr o DR J\HBJgé‘r#§ ,fpé;# S =t A - D R & TR T o

oo Do pROBFIFREIFREME 2 LRFAH G - dos 0 F LA
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F T RFTHR P F R Ry A PR R MRS ST

BAZ-F EopPRAALXLIRALAPHE P - 37 R F9] -

14 41K B WHBAR

ALk M AR o YR T AR HRY T A A N A kR
EZWPE > FRARY > AP HRAMSIRA - M7 F B 737430 chgost £ 10k
sl > ML &G F ¥ AFa(silicone) ~ AR IE[ % L (hydrophilic acrylic) ~ B2 K2 [
f« (hydrophobic acrylic) # & ¥ 5 ’fra fi4 23 ¢ fig (hydroxy ethyl methacrylate, HEMA) % 41 &
A F[12] e Fm P F S AL RBMEI TRXT I 0 AL BREALDEXL
AL e 4o r g A o A 2ok SRR~ 15 F R oenis i g £18 £ R 7§ (posterior capsule
opacification, PCO) » # 4 e F14_+ & w¥e (lens epithelial cells) s & 4 £ > 2 841
K REE R o s FLZ e PHR o A 1ok & e K3 2 2 Al (sharp edge) 0 ¥ 1
(g imee 2 L3 A1 RS [13] .

A1k ERAEE RRI DA 0 T UE A = B E 2Z(monofocal) ~ 5 & 2k
(multifocal) ~ 4§ & & (toric)¥? £ & £ (extended depth of focus)® = #f o H £ 22 4 1 -k 5
Wy H- B> Fp AiTEHART P TR RPRRRESE HER > BERANHR
i@%%%%ﬁ%@%é%%%%ﬁﬁ’ﬁ%éﬁ%&ﬁﬁiﬁJ%ﬁoﬁ%@%ﬁ
HEEALI RS d NEARRF R R R H I HREDRIER o A2
B OAFFERE A I KRS EER TR EAT LI A > FRtig® 5 R AR
Bot 1ok & A A TS g A A S RN AT AT 6 A 1K HARRI Y 0D 4

ke o N REFEFRR Y FEATROEY o

10
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1.5 4 17k &8 el 2

A% - B 4 1k &Ad Harold Ridley & 1949 &4t4E » v PR E 10 K > Bfdin

R ARG A PRk diof S c W R TAEai kKIS R

f‘ﬂ
TR
,‘,‘

Bt R P 4R A 2 RS MAPRFT i BN Ead] « MBS S a2 A0
SRR AL AT A IR E M AR RN B DA R D
AR S YR AT R DA IR HME FRE

.

My - FAIKER f%’*{nﬁb?ﬁﬂeﬁ #E 500mm ~ F 25mm &0

N

Rayner 2> & 2 &
PMMA Sz b &) 4 5 B&L T 91 F cht <t fod F oo Bl a2 {8 sl (7P k age
RS A 4 h MR oL o R F 0 R ¥ REEH AL PR e
EAIF B apnl A 1ok L 8enf & (haptic) A5 2 ¢ o 3D kehd TR T 5B
- XL B RIE e TPk > R e kEfeak s LB LT e

SRS MU Nk IR R - WA AR - PR kS
B THOUG AT A1 RS MAR R R R Al £
PR 1 0F > KT ek [14] - BEA et e Wk ER 0 APT R

- BB AL kS megﬁwu,ﬁgﬁimﬁﬁ’j%@ié$i’éi%&$

i
PARNC]
=

W

® 1.7 Rayner fli¢ % 1 -k Js #7742 (a) 67k 4v 1 PMMA S22 (b) gk =7 ¥ 1 egst 7 va L

(C) &L 5 ‘G BFe kAT Bris » 3% Mg & [15] o
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#Raynereh— %384 1k & R82 12 > Morcher 4% 417 = % 5% 4 1ok B R en A2 0 A
B 1.8 9778 o ipf AR Y T BRI E P 0 LA AR AT

L #RSA B AT A RPEE Y BRSPS RS - BER 0 # B

2. AL PATRA (5 REFL e B R RS AN WA A1k
SRk B IR o

3. iR TR I HPARST e BE DG 0.0Imm hdt o BEF G A TR E TP .

4. IR TR BMREREAFHELFNERE -

5. Pk B E I RSB FRETE S B AT REMAR LF o BFRFRL RF
ALk SR E 2 frE FE

B RAEFE R Z PN A TR AR e R R 2 PN A kR

FIEfeRPFRES  HRF G B ARP AR TPk o LF e

T E BRSO ek o KA R A LR aE T e o

TRUEIEI AT RSP ARET -G ord F 0 2 ERF A SFDF

Ik
s

BAE I AE A RS PR E o Wi S AR T

=
!
I

FA AL kRO B PR E DT R[14]

12
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B 1.8 ¢ Morcher #% d1eh= 28 L 2R B WA AR () FUREHE G A 1 K HWEE

T (b) B k(7R F IR P g B (o) MAIGER B T [14]

13
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FoR 2R

2.1 5B # (Photoelasticity) 4 47 i*

LS4 T E - BB T 2B AL AT R o SR S P R
SRS R B M R IR RS > Fos b A P ARIB RS A G o ER
ELED P ik Y EERRY Sk R o FHAE XTI T Rk
TEHAL G AL P AR o FROP A iR LT PR IR R e fIr kR
"

7% 2,
-

L
|
N

—
3

S5

v

i3

PENHA LB NF S A o Bk PR R R

PR ASR AR S 0w U MR P RAe A T IER o KA R F R RIR MR -
SRR A R A E Bt AT 0 Bl A 5 S )iE e

Foan g FlAIFAMOTRA AAARTRS o EBRA AT i ootk RS TR R

Tt o Feiecd 2 B ol ae o RSP G TR o FRR 0 A

4 7 L E 2.1~ B 22[16] -

B 2.1 22> AEE 100umpF > 27 F 2 I gk R (et B R TR A2

Sk SE[16] -

14
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B 22 2ERABVFER 150um PF o "R pe 1A 4 3t oV HARE D
Ml pE s M A P ANAEAAA TR 8 F TR R ORI % &

BB € HRR T RS Hehd 2[16]

2.1.1 %kEm P

%G PR R E GO EAT I o B4 (birefringence) E- fEEF R G o § kil B
B 1R OB ol ap RS AR A LG A RS
KMo B GEFF2 AL B EHMY > TRME LT R In bR F IR
S o B AR PI Y IE R AT R R SR B E SR Y

(waveplate) > T #-» 8§k 02 BAE > T i%

I

s B A 2 AR H e R[17]
ke {3 4o@] 23 1T 0 M SR B Y SRS R A B AR A iR (fast)
fhfod (slow) #0 v o 5 > SFkdriidhz FFend & o @ o BPRT iR 2 o fedhih
AR FAAME A s A RAHA D LB il o d D pephirli ek A A
Al R BRI R EAL - BANEL o ERAP L ARATHR R A
T @ EHAT L Rk B S A K A R odp il o e 47 ¢

Hfl S A G e

15
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Incoming light

Transmitted light

B 234 %7 & BI[17]

PR 5 RE R BT P R AT Bng o B 6 BRI

=

SRR SIS PR [ PPRED SR S E e

y

N o

G,

Birefringent
material

Bl 2.4 478 2 4 o & BI[17]

16
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HRERGRGRE AR Y ARS P o ddTH I v d S8 (21)E N v n

K e AEITHIL % T ot °

ng—n, = 010-1+CZ(O-2+O-3) (21)

i > kendrtg R E b LB 2 woddTiSn, v d 258 (22) % .

Ny, — Mg = €10, + C2(0-3 + 0-1) (22 )

AR R R AT G b 4 S oy TS Ny AR (2.3) R

N3 —Ng = C103 + 62(0'1 + 0-2) (23 )

Bt AP R xy T Pk iRtg R E { B EAE 0 4 y‘j&{ﬁﬁﬂ@% iz fhst

TG oehA A oz h e 0 @ i{%ﬁﬂ%#}éd@'%f&_?&?)‘j@ﬁ

Y

3oy e R R
REtfe gy 2t o B Blny>ng > PRFEEDEREL RS 2 2 s EM; M, ¢
AL 50 W o W H(2.1)8(22)8 By 5 (24)

n, —ny = (¢ — ¢1) (0 — 02)=c(0y — 03) (2.4)

AN ¢ % ¥ b(Related) 3 Al 0 @ SRS e b cdTEtdin, s, d hdp ik

WEG et oy Tl oy B ELED A G AT 6 R BERT -

nt

\\wWﬁ
!

B 25 @ fd7st Al > A R4 2 e bk F B H B 2 P Gkl T S 2 oo B fh

FleendTit FOE R R A B R A L Ap £ [17]

17
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(24)83- B dpm L eha s > ¥ E M ~ My B A B edp = £.6 0

§ = h(n,—n,) = he(oy — 0,) (2.5)

h EHR ARG P E R 7 LE 25 % K & 4p = £ (angular phase
difference)A ¥ 4p 4F2f & (relative retardation)cnz > 3FH N> ¥ W EF |- BB L nE
Q \‘\40 4}\4\:‘ fafﬁ_;*j‘«}'mp_,,‘#’#f&o ‘k I—L‘ "+ L/ﬁ“;‘ /}E‘lpj):’fl%l‘?#g{?r’féé ”

Yo7 kAt £ 8 haB17] o

_ 4 8 __ he(o1—0z) _ , (01-02)

N 3 a1 =h 7 (2.6)
A
c

fo = (2.7)

R A kI Y L LR B H R RS E o R g 4 5l ds gt
&'4’;’5-‘%@4 B oo F]pL > E{”‘“pfﬁ' EdiEROREIBET ll#ﬂé%?ﬁﬁ‘:ﬁ,’iéﬁf&‘fﬂ%Jf%

Boo Tt oo RSEE A 47 B4R F) R AiE R R Beo

2.1.2 b 5HiE X

i ¥ & (polariscope) &4 47k & ¥ FEITH I G ch— BRE ki 1R G A kIR
;4 RipIRS T HET G 4R (linear or plane polarizer)£? [f] i 4% (circular polarizer) o 4% i 4%
gk A R e VR kTR - haR B (polarizer) ~ BIFEER A ~ B4R T o ¥ 2 B ik
R AALL W Y (analyzer) > W B P 2N BAES c FlRIR LA EY FHES TS B
Aa- gk g 45 R[17]c e BRE G F AL D R kB ER S 50
Ky o KEMIERIL LI FAHR(soclinic)fr & £ M(isochromatic) e = o & £ 5 E7 4

KB EG AN EFRA e GG RIARKART R AR R AR

18
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(a)

()

&

| Quarter-Wave Plate

Analyzer

Camera

B12.6 A5 XEiE R iR k8 5% (@) Lo BIRERE SARET 0 B0 BRIk
BRELE N (D) FIAhELS AL T AERS LAY IS P Ao - 8

% ApaE[18] -

B Lo RipkE Fu? > BIRFRINLE N RT G D> RKIFEY € ER
LE 2otk ol 27 ¢ P FiERSETE okl HiRMg S a~ B e
A @0 (2.8)5 Pind gt o F B kil RS o R A 1R D] P
Wwght o B 27 ¢ My A KA gh A R My Bl A T RS BB b s
B ooaf ARl R T fhind B o AR Y > My T e » BB 1 (29) 3

¥ a¥ it iR o

s

Be R B E MR 5 Peosa o B > e BUEBL EE S E AR Y i

Ik

BRI @B ERARARHE A B - B AP AL 0o RIGE AP 2 Il
FAFEA N AT 0 BB B Myd (2.6)% 7 0 B2 A@p g d (2.10)% T o

P =ae® (2.8)
M; = Psina (2.9)
19
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M, = Pe'®cosa

(2.10)
(2.11)

Bl 2.7 MEFLE > o RHie D EREBIpe £E > wehkRd Pdox o PEliEeiplit

P 2 3 2 Pt 18 B ph2 T F BI[17] o

Bofdinat % Bk TR i B (D XY RIR ) R Y MR kT A

R A iE 0 4B 2.8 Fh A BRI RSB B T kAL E o Fp > A

P AR -

A = M;cosa — M,sina

= (P sina)cosa — (Pe*Acosa)sina

= P sina cosa (1 — e'?)

) 1 .
sinacosa = Esta

1—eid — i (e—iA/2 _ eiA/z)

. A
= i’z (—2isin E)

20

(2.12)

(2.13)

(2.14)
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Bl o JF0 R r IR Pend o 0(24) 0 MA B i B 5 (28)
A = —iei™2 qei®sin2a sin%
= aei("n/2+A/2+q’)sin2asin§ (2.15)
£(2.12)¢ T2t ) mag F) 3 ik ] 4 1 T OUAGR L B 2 F 3 [17] 0 S A iR
EIA|T 2% (2.12)7 ehfilicd 7 5 (2.13) -

|A| = asinZasiné (2.16)

WiEHe PP R R [ AdrtgaT 3 o F s T e AP B R AR5 (2.14)

I = |A|? = a?sin?2a sinzé (2.17)
'\_\l ME

|
M -

| 1 -~

| ™

| || O

| . ||

N A4

Bl 2.8 LS EHE L ERBIT S 0 SHRPI T ik T Rk 0 B g R

T ghind 2 87 AR R 'ﬁﬁ/? [17] -

B A4 PHUFRE R TG BHIEERF G ABERY R BN T
BofAER L sin?2a 2 F o af Bt A A B ERBIF RIES e Bk 4 o
sin2a =0
azmg’mzaiLiZ" (2.18)

20 Atk R AR e BEREScRB Y e E- B e
oS BB MTIE G R LS % T (dark field) o B AL G B MRS 0 B
,\‘

5
i
/\‘
\_.
=

54 2w ARAL R R AREAR I 0[17] -

21
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ﬁfi Q{Sln _—Oa AR NN o v}—“‘x"’ﬁﬁrﬁﬁ—é&*i » B RE 7?-%-3\(23)

¥ AT &R A IR PR RE Y A e )L & [17] -

sin?2 = 0
2
N=2=n>n=012.
_ 4 _ 8 _ he(oy-03) _ , (01-02)
N = 2r A 2 =h f
(6,—0) =N 'N=n (2.19)

(2.15)% nfLs SLMenpidico do% &% HL K LR > B¢ BT 4o 2.9 977 ih% 4 if
KBEoRA > KRRJANIDOPIEEA LD R ook FRHER LG9 K
LR ik A hfEn Y LA E FFERRLEFS R BRI - BAY RS
FIERE L o iH WL ETIERPEBRF A o F]P o RGB kM A T E BRI

Bt B4 RGB #E[19] 0 4o 2.10 -

B 2.9 i * % kiR % L RER[T]

22
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15 2 25 3

& [fringe orders]

Bl 2.10 & * A& cho kA 4 g o ¢ NIRAFReOpEd B A g 2 UTRF FEE

[19] -
Z02-1 RAEIDL AT F 2 5B

5L Hix B

x radius Bk B Peph ek &
Oy 0y~ O3 > MPa(N/mm?) B/

ny~ny, *ns Wk B4 > e 2 3756 F
c1 *Cy Sk 38 7% $e

c ¥R k8 (e _cy)

M, M, nm [ZF/E SR S A A
1) radius AR E

fo nm iR B

P nm » Bk

a mm P&ty

d radius @ yEk ep =

23
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A radius AP it ¥2

A nm WEH PPk

22 XBAPT R R AR L7

P & 1 (Cornea) 5 45 cnBEAT S HAL » @ ka2 B LR AR ANE T b o0 T L)
®E BN IR E B A A A R B E RN (In Vivo)Z B & EE (T 0 P
/& (Intraocular pressure)£? & %oerbf % > JI et qpfk L g ¥ > 7 7 A4 F (In Vitro)
CRCENIR - PRI i T R SR I S I =) R VAR e A

Zondman & 1962 # § - = 41% iR KPR L G & RIES F(20] 0 FiEH
T BN R AR TR SRR R e B A 4T 0 T R 2o IR Ap B en sk SRR A e R
ARFIHRIZ A DR Y o AATT Y o # % T2 % (Normail-incident) » #4{e £ & (Oblique-
incident) » St PP chifp R K E > f1% 7 AL g F MR o F e LRkAD F dpe @Y
oo BRm ARG A g R MM RMA S e RIREFA D B A A SR

kR - s ek Rip e @t o B 211 52w gk~ Bl 2028 212 5 A ki

POLARIZED BEAM OF LIGHT
CORNEA , € /_ QP

LIQUID OF APPROX.
SAME REFRACTIVE

INDEX AS CORNEA DIFFUSED, REFLECTED C QA

BEAM OF LIGHT h—T—J

POLARISCOPE
IRIS SERVING AS A

DIFFUSION REFLECTOR

Bl 201 e BP T LBAERDL ¥y mitd oo »LRF LR G Db FERAED
2 e AL e s 5420] o

24
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Q Q-f“f%
A A'fq-s
0] 0

B212AGRE 7 4B Py ~Qu A2 — & ¥ A 23 Pt ih #[20] o

[

o~ SEER P AT G i R(linear polarizer) X R T 0 § Bt et 3 24 B A MW
kBRI IR ERF AR DR R 0 @ @ * FlikdR(circular polarizer)R| 7 € MR- F E L
Mo LKL L ME FIRBANIIEEI AR AL I R chhEL o 4ol 21380 A

SRR kSRR L Mg o do ) 213 41

(b)  EYE PUPIL, o~

FRINGE ORDER!

FRINGE ORDER 2 l«—— NOSE AXIS

FRINGE ORDER O

FRINGE ORDER 2
B 213 % »64RBP 2 XL RIERT LB(Q) iE» ST LRET > FERBIFPRI|DE

ZH (b) e ¥ » SR RET o BFFHEREEFI L A RDE L MR[20]

25
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DIRECTION
OF ILLUMINATION

NOSE LINE

B °2 DIRECTION OF
ILLUMINATION

Bl 2.14 A » BfPRE 2 % £ MIE R T R BI[20]

BEES FoHY o R R EGRICE Y E RSl FRE K
I (05 P 6004 B AT ek A e F RIEWR SRR Gl o & 2018 E A2 R
SRTY[21] 0 AR RS LN R AR R B R R RE AR
WAL PR RN AR RTINS A B B A G &
Feng T A ghasde b4 0 iR o4 B 50g SEAS U5 A H 4 D 200g 0 o AT &0
He SRR R R A R T e kB A T e B £ BT A B A2
FRHELRER S B 215 LokT iR mehd 5 2B e S S o sk 8 (Sl
4ok 22 P oo NP PRBRRIE Ak T v L8 3 2 g kB GdHcA B 8.71x10712 -

5.97x1071% > * B fAIR S E A R4 w5 7.02x10712 ~ 5.53%1071%

26
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150 ¢ — 200¢ “— 150¢

S0g
Bl 2.15 KT gh~ b 4 o0& 4 2 iE R[21]

% 22 PR kR k(21

Horizontal Vertical
Onginal picture 8.71x107" 597x107
After umage process 7.02x1072 5.53x107"
Error (%) 194 73

Bl 2.16 Bl L s e genk B E I MERET T AWE HUBRLBERNEE o
Fog R EARAEFER Y SRR LR REY Far o A 0 A A G T

27
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PRET R B WERREERR REAFF R TF I RE e RS LR LT B

FRADRE AT g TG 7 i Ao Rl 2.16 0

B 2.16 B 4 5 it & 9enss 3% £ A (2]

f 1962 & LW AL Zondman B * 1 AWt BE LY o A RFEL Y2207
PR B AN AL s SR B AT REPRLEREL 0 4 kES g
AT R ARERACY PR E 0 R oAkl (i TR RS
G AN 2 g4 o 8R4 Zondman Hh ¢ 0 B AT B R A g o Sk
BIERTERBHMIB AL 2 F otk o WAREP LEELT AR £ d 7
T4 oM RBEERE R ARSI Foirt A AP FRY I RRED
Zondman £ 423 T MR AP O o EAALIE T § BB AR I
A MM PR Fe B R e kY o Aok A A LY B ok ey e
Ao T L L2 & e L AR K SRR Ak S E R K G AP IR R
AT 0 B il et b REM LR DK fjﬁi‘é EEICE - g S | e
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