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Corneal Birefringence of the in vivo Human Eye: Refractive Indices Depending on

the Change of Thickness and Stress

Maung H. KHIN

Department of Applied Physics, Graduate School of Science and Engineering, Waseda

University, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169

Due to the external stress, applied obliquely to the human cornea of the eye, differences
between the refractive indices for the ordinary and extraordinary rays are changed, and,
therefore, various corneal hyperbolic polarized patterns in the in vivo cornea were observed.
The polarization effect of the normal cornea by using an artificial birefringent special samples
(PMMA) which produce polarized pattern similar to those of the i% vivo cornea was studied.
It is confirmed that the change of polarization patterns iz wvivo cornea is explained as a
function of thickness and optical birefringence of the cornea.
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Fig.1. Relation between direction of stress and
polarizer.
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Fig. 2. (a) Observation system for in vivo cornea, (b) Model simulation optical system. S: Laser (633 nm), P:

rotating linear polarizer, Si, Sa: shutter, PBS: polarization beam splitter, M3 mirror, SL: sample lens, OL: objec-
tive lens, A: rotating linear analyzer, SF: spatial filter, L: lens, CL: collimater lens, CCD: CCD camera.
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Fig.3. Polarized patterns of samples in different
thicknesses such as a) 1.0 mm, b) 0.7 mm, ¢)0.5 mm,
d) the photograph of optical microscope in 1.0 mm
thickness, respectively. ) Relation between the
thickness of samples and the width of patterns respec-
tively.
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Original pattern
(non stress)

® birefringent lens

direction of extansion stress

Fig. 4. Polarized patterns of sample lenses by extan-
sion stress.

Fig.5. Polarized patterns of samples without (a)
and with extansion stress (b), respectively.
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Fig.6. Distance of hyperbola as a function of the
magnitude of the extension stress in oblique direction.

y— > ORIRZEERLTWS, SEOEBRTOGIE
BCREENORE SHEMT 5 &, /38—~ OEkED
L35, BEFTFE L EAELE OLEEZ, BRICH
~35,

3.2 HBFAEOREN/NT—

FRFEEEE % AV TIEREH OAS ORIIREEHE %217 -
JefER % Fig. TwWord., AEO L ERITE
kB RAM (NEHA L7 OEEAR) T4 U oW
Koty —> b, BOETRETIODLERH T —
O 2FESHEI N, FLEBD/ Y -V BELRTY
BHERRR 2R 08, FAEME (EEDONHMRRR) »E
BNy —vELTEHESN:, Ry —COftEEDS
B, T EREFOHALE—KT 2 AEsa 6N
5. KX T, ZOHLER Y —i2D0nT, AED
BEHZREN, BEFTESMLEICL 2BERTAN
7z.

Z DFER, BHFRK Y — > O L & BT R,
NY - DORBIZENA SN (EE EEHHEE LT, A
DEELRmm X L THLED /Y — Y iFEIE1.47
mm, RIEBD/NY —iEiF0.93 mm), AEHLER
L O ATBEBBEARICE > TWwb Z Ens, LEAR
DEAEBEEL TWB Z Lasbhrs, kDS
LERIZ# 0.5~0.57 mm CTRIER T 0.7 mm LB
250, ETNVEBRTESNIRE Y -V IBEAIC &
S TELL, EADOEMT/ Y — > DESERL D, %
DOEEEEERTOEL L OMEBNEONSE, ZDE
LD OV T IFEE TR,

26 % 4% (1997)

Right Left
Fig.7. Polarized patterns of right and left in vivo
cornea.
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Fig.8. (a) The retardation to the surface of the
samples in different thicknesses at the various dis-
tances from the center, (b) The difference of re-
fractive indices at the various distances from the
center of samples. (refractive power: —7D; diame-
ter: 11 m; central thickness: 1.0 mm)
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Fig. 9. Interference fringes of samples in change of
thicknesses (a, b, ¢) and the change of stress condi-
tions (d), respectively.
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