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THEORBTICAL CONSIDERATIONS ON THE DETERMINA=-
TION OF THZ TILT ANGLE OF A NEMATIC LIQUID
CRYSTAL AT THE SURFACZ OF A SUBSTRATE BY
POLARIZATION AZIMUTH MEASUREMENT

KLAUS EIDNER, GUDRUN MAYER, and RAINER SCHU~
STER

Karl-Merx-Universitit Ledpzig, Sektion Phy=
Sik, 7010 LeiPZig’ Linnestr. 5, Ge Do Re

Asbgtract The behaviour of a plane monochro~-
matic wseve is described in the case of re=
flection and refrection at & boundary plane
between an anisotropic and an isctropic me-
dium, For a nemetic liquid crystal the de~
pendence of the azimuth of polarization of &
trensmitted wave in glass on the liquid
crystel director orientation at the glaass
suxface is derived,

INTRCDUCTION

e have presented' a new measuring method for s
direct determination of the tTilt eangie of a
deformed nematic 1liquid crystal (IC) at a sub~
strate surface by measuring the azimuth of pola-
rization ¢f a transmitted wave, This method is
baged on well~known laws of light propagation in
anisotropic media, However, their sapplicatiocn to
special cases gsometimes demands expansive deriva=
ticns, In view of interesting spplications to the
determination of LC-parameters we want to treat
the problem of refraction at a boundary plane
hetween an anisotrovic and an isotropic medium
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more detailed and derive the dependence of the
azimuth of polarization of = trensmitted wave on
the orientation of the local opic axis (the die-
ractor) at the boundary vlene (the substrate surm~
face).

THEORY

Ye congider a planse monochrometic wave

Ay 3 0x2(iy) (1)

A

prepagating in an anisotropic medium, Here 4
are the vectors of the electric (E) and magnetic
fields (H), 2, are their amplitudes, J, are the
unit vectors of the directions of vibration,
p =wt=gr is the phage snd X = (W/e)k = (w/c)ne
is the wave vector with the index of refraction n
and the unit weve normal e. This wave Iimpinges on
a boundary pliane (xy~plane) between anisotropic
end isotropic media, It gives rise to twoe re-
flected waves because of the double refraction in
thie corystal and ocne trensmitted wave in the iso=-
tropic  medium,

Now we tske imto account the boundary con=
ditions of Hexwell's theoxry, wialck demand +the
combinulty ¢of the tangentisl) components of the
£ield wectors (x,y-components). We write them in
the form

s Ly ) - = 0 o - 2]
Ay Taga Pagy Thg, = 3oo= XeJe (2)
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(Index 1 means incident wave, index 2 extrsordi=-
nary reflected wave, index 23 ordinery reflected
wave and index 4 transmitted wave,)

By replacing the components of the magnetic
vector H, and Hy using laxwell's equation
H = (kxEB)/(uc), we can write ige (2) in the form
of a homogeneous linear system of eguabions

M-V o= O (2)
with

8, 8, & 8,

M= [ by by by by |, (4)
ﬁq Cl @3 c“
T 1 1 =1

am = kam dﬂn/ 33"\ "'k;m

bm = kih\ L‘:Km/ Eam "”kx'ﬂ L‘;h/ Eﬂ'n (5)

C‘m : Exm/iasm 9 n = 1,4‘

and ¥ s (g 2y s2uy sy, Y. From the condition
det M = O (6)

va get the connection between the wave properties
and the properties of the media,
For the determination of the elements of the
matrix M (Eq. (5)) we use:
1. the ocontinuity of the tangentiel components of
the wave vector at the boundaxy,
2¢ the reflection law for the extraordinary wave
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otgy, ~ctgy, = 2&,,/¢n (7)

(where ¥, and ¥, are the angles between wave

normel and z=axis of the incident wave and the

extraordinary reflected wave, resgpectively,

£, and ¢;;, are components of the dielectric ten-
sor g),

3. the sxpression for the transmitted wave in the
medium

Dy = Zy (~ky cos8X/n;, sinX, k,, cosk/ng), (8)

with X Ybeing the angle Dbetween the plane of
vibration of the elestric vectox in the iso~
tropic medium and the plane of incidence {(xz=-
plane), and n; the index of refraction of the
isotropic medium, and
4. the relations <for the unit vectors of the di-

rections of vibration ja.

In the ocase of the ordinary ray we have

g, = Ng, (KXL) (9)

and in the case of the sxiracrdinary ray

e = N £ (Jg %K) (10)
Here L is  the direction of the optic axias, N
and Ng, are coefficieants of normalization, De-
composing k in components perpendicular (k,) and
parallel to the optic axis,

k = k +(KL)L, (11)

we obtain after some transformations
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Je. = Ng ((1/0%)I1=(1/ng )(eL)2)
1/n* = (1/n& )sin'y +(1/nd )cos™y (12)
cosy = el

wiiere n, and n, are the ordinary and the extra=
ordinary indices of refrasction in the anisotropic
medium, respectively.

Now we regard a nemstic LC under the fol=-

lowing conditions:

1e

3e

The LC is deformed in the yz=~plane by an ex=
ternal magnetic field, The deformation is de=-
soribed by the z~dependent angle 9(z) of the
director with respeet to the z~axis, We have
I = (0, sin9, cos9).

In this medium an extraordinary wave propa~
getes in the xz-plene perpendicular to the
plane of deformation with a wave vector
k= (kx, 0, k!)'

The deformetion is sufficiently small so that
a wave originally polarized in the principal
plane remains linearly polarized. Its plane of
vibration rotates with rotating principal
plane (Maugiun limit).

BEge (6) We can write

L9 K3 K33 Koy
~k,ct9  =k.ct9, n; tans, n;ctl
kx =0 (13)
kukoq 0t9, =~ Ky, et Ky tang; ke otk
n: n: kx n
1 1 1 -
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where 8 18 the +$1lt angle of the director at
the substrate surface. Igqe (13) becomes

tenX = tand (k" <Kq ko )/ (0iky), (14)

. 2 2 z 2
Wikl Koy = By ~Ky 5 Ka = Np ~Kyx 8nd k, = n;sin. ,

& ip the refraction angle in the isotropic me=~
divm,

Uging relation (14) e are able to determine
directly the tilt angle at the surface & by
measuring the azimath of polerization of the
transmitted wave in ‘the isotropic medium X o Our
method of +1lt angle determimation’ is baged c¢n
the appiication of :ige (14) inm the special case
of single intermal refiesction® of the extra-
ordinary wave in the anisotropic medium.
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