This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Eigenvalues of propagation through liquid crystals
F. Cuypers?; H. Pauwels®
2 Laboratory of Electronics, University of Ghent, Ghent, Belgium

To cite this Article Cuypers, F. and Pauwels, H.(1988) 'Eigenvalues of propagation through liquid crystals', Liquid Crystals,
3: 8, 1157 — 1160

To link to this Article: DOI: 10.1080/02678298808086571
URL: http://dx.doi.org/10.1080/02678298808086571

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678298808086571
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 03 26 January 2011

Downl oaded At:

Liquip CrysTALS, 1988, VoL. 3, No. 8, 1157-1160

PRELIMINARY COMMUNICATIONS

Eigenvalues of propagation through liquid crystals

by F. CUYPERS and H. PAUWELS
Laboratory of Electronics, University of Ghent, B-9000 Ghent, Belgium

(Received 9 March 1988; accepted 27 April 1988)

Analytical expressions are given for the propagation constant through an
homogeneous liquid crystal, following the 4 x 4 matrix formulation of Berreman.
Also propagation through polarizers can be calculated analytically; it is a special
case of a situation described by Teitler and Henvis.

Light propagation through a liquid crystal is complicated because the medium is
anisotropic and inhomogeneous. If the z axis is chosen to be perpendicular to the glass
plates, the x axis can always be chosen such that the propagation is in the xz plane
(see figure 1). The director orientation of the liquid crystal is described by a twist angle
8 and a tilt angle ¢. Normally 3 and ¢ are functions of z. The optical dielectric
constant along the director &, differs from the dielectric constant perpendicular to the
director, &,. We can look for solutions to the wave equation of the form

E = E@)exp(j(ot — k.x))

and

H

H(z)exp (j(w1 — k;x))

where k, = kgsina, ky = w/c = w,\/eyp,. The angle « is the angle of incidence in free
space. Berreman [1] analyses this problem in terms of the components E,, Z,H , E,,
— ZyH, where Z, = \/p,/¢,. Finally the liquid crystal is divided into a sufficiently
large number of slabs, in which 9 and ¢ are considered constant. In such a homo-
geneous slab, we can look for eigenmodes for which the z dependence is of the form
exp (— jmk,z). This leads to a fourth order equation for m

Ay —m A, Aj 0
A, Ay —m Ay 0
0 0 —m 1
Ay Ay Ay —m

= 0, (M

where the A;; are given in equation (5) of [1] (¢, = &, = &, & = &, ¢ = 9 + 7n/2,
3 - n/2 — 9, = 0, x = sina). Although this equation for m can be solved with
the aid of a computer, it is much faster if analytical expressions for m are known.
These can be found based on the fact that there is cylindrical symmetry around the
director n. Indeed the two modes, for which the polarization direction
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Figure 1. The twist angle 3 and the tilt angle ¢.
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Figure 2. The &, modes.

(direction of E) is perpendicular to the director and the propagation direction k, see
only the dielectric constant ¢,, such that k&> = ke, and so
m’ = g — sina. 2
Equation (1) is therefore of the form
(—m* + & — sina)(m> + am — b) = 0,

with a equal to the coefficient of m® which is 2A,, and b(e, — sin?«) as the coefficient
of m°

All A|2 Al}
A,y Ay Ayl
A23 Al] A43
Rather lengthy but straightforward calculations show that

Aecos @ sinpcos 3

a = 2sina -
g, + Agsin’¢

k4

& (g, — sina) — sin’aAgcos’ @ cos® 3
& + Agsin’@
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and thus

m= —z+ (@ + 4", Ac = ¢ —¢,. (3)

NS TIRNY
N —

As soon as these eigenvalues are known, a computer must be used to calculate the
eigenmodes, and proceed to calculate the transmission coefficient as explained in [1].

For the calculation of the transmission through a liquid crystal display, we must
consider the transmission through a polarizer, through glass, through the liquid
crystal, again through glass, and finally through a second polarizer. This method can
also be used for the transmission through the polarizers. These have also a director
with cylindrical symmetry, but which is oriented in the xy plane, and therefore ¢
is zero. The dielectric tensor ¢ is complex, since ¢ and &, contain loss factors.
For positive dichroism g, has the larger loss factor (such that the polarization
direction 8, is perpendicular to the director in the xy plane; 9, = § + =n/2), for
negative dichroism ¢, has the larger loss factor and 9, = 9. In the special case that
¢ = 0, equations (2) and (3) reduce to

m = g — sinq, €]

m? b = ¢ — sin2a<1 + %E00529>. Q)
2
In a more general case, when there is no cylindrical symmetry around the director, the
director (¢,) and one principal axis (¢,) are oriented in the xy plane, the third principal
axis (g;) is along the z axis. The eigenvalues are again given by equation (1) where the
A;; can be found in equation (5) of (1] (e, = ¢), & = &, & = &, 3 =0, ¢ = I,
¥ = 0, x = sina). This gives in our notation, with Ae = g — &,

AIZ = 1 - N Az‘ = 81 00829 + 828in29,

A, = Aesin9cosS, A, = ¢gsin’9 + gcos’d — sina.

All other elements are zero. This leads to the equation

m* — m(ApAy + Ap) + ApAy Ay — AyApAy, = 0, Q)
or
m —am* + b6 = 0,
a = g + & — sin’ (&, + cos’8 + &,sin’9),

&

L)
b = [ge — sin’a(g cos’d + & sin’9)] (1 - 51181 a).

3

Again this equation can easily be solved analytically. Teitler and Henvis [2] already
found this result for an asymmetric tensor. We can easily verify that for ¢; = ¢,,
equation (7) leads to equations (4) and (5).
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