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ABSTRACT: The existence of a special type of electro-
magnetic oscillations in liquid crystals is brought out.
The Saupe-Maier form of the Lorentz-Lorenz equation for
nematics is used to show that there are four electro-
magnetic modes for each incident frequency as opposed
to the commonly accepted two modes. For a nematic
occupying the half space z>0 the results of an angular
spectrum decomposition show that the phase velocity of
the inhomogeneous evanescent waves are smaller than
that of the associated homogeneous wave. Implications
of the existence of evanescent waves in the smectic

and cholesteric phases are discussed.

It is the purpose of this brief communication to alert
investigators of the existence of a type of electromagnetic
waves not commonly discussed, which have not heretofor
been considered in the context of the liquid crystalline
phases. These waves are the inhomogeneous or evanescent
waves. In contrast with plane waves, these waves have
surfaces of constant phase that do not mecessarily coincide
with the surfaces of constant amplitude. Furthermore, there
is no net energy transfer via the evanescent mechanism.

To illustrate our discussion, consider the case of a
nematic occupying the half space_z>0. Without any rederiva-
tion, we may use the Saupe-Maier” form of the_Lorentz-
Lorenz“ equations which follow the Neugebauer™ field for a
uniaxial crystal. The Lorentz-Lorenz equations then take
the form:

(ng-1/ngx2) = 5 [n/@a) + o)) (1)
(ng-1)/ (1g+2) = 5 0/ (A, + o] ) (1)
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wherer, and n, are the indices of refraction of the extra-
ordinary and ordinary waves, respectively, and where A;

and A, (A} + 2A5 = 0) are parameters of the crystal structure
The components of the polarizability tensor o, and a}’ are

B

obtained from the full expression a g = 0% "+ as
where SuB is the order parameter. @ ap oo

We represent the incident electric and magnetic fields

by:
Tt = Re{ﬁo(?«)e‘m} (2a)
Bt = Re{ﬁo(?)e'i‘“} (2b)

and proceed with a self consistent analysis to obtain the
field inside the nematic as a superposition of the incident
field and the induced dipole field (special cases are dis-
cussed by Moritz and Franklin4, references therein, and by
Sengupta and Saupes). Equations (1) along with the Ewald-
Oseen extinction theorem* form the complete set of equations
necessary for the solution of the molecular optics of a

nematic for incident fields described by Equation (2).

Shewell and Wolf6 have shown that the spatial part of
the incident electric wave can be given by the angular
spectrum composition:

o o«
Eoy,n) = [ [Rp,qe DX gpqq (3)

-0 oo
with F(p,q) being the (complex) vector spectral amplitudes.
When we set z=0 in Equation (3) and take the Fourier inverse,
we find that the spectral amplitudes are naturally repre-
sented by the boundary values of the incident field in the
z=0 plane. Thus Equation (3) represents a true mode
expansion, where every plane wave is a solution_of the
Helmholtz equation for the medium. When s? = p+g” <€ k
we have homogeneous plane waves, while for s > k* we
have inhomogeneous or evanescent plane waves, where k = w/c
is the wave number of the incident field. The evanescent
waves decay exponentially with increasing values of z.

2

To obtain the transmitted (refracted) ordinary and extra-
ordinary waves in terms of the angular spectrum representa-
tion, let p-’p‘=p/r1o (p/ne) and q+q’=q/no(q/ne). The indices
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n. and N are obtained from the Saupe-Maier relation (1).
Tge reflected wave exponents are obtained from the fact
that the sum of fractions of transmitted and reflected
amplitudes is unity.

We notice without proof that the reciprocal wavelength
of the evanescent wave is |s|, and that there are four wave-
lengths of the fields inside the nematic (two directions
each having evanescent and homogeneous components) and that
for a given incident frequency w, the phase velocity of the
evanescent wave is smaller than that of the homogeneous wave.
In addition to all the above, there will be oscillations in
the ratio of evanescent to homogeneous modes that are in
direct correspondence with the order parameter tensor SaB'

If we have waves that are incident at an angle 6 to the
director n, where ¢y is the azimuthal angle of the incident
wave vector, we can obtain, the condition for allowed modes:

52 = ()\nl + Sine C05¢k)2 + (xnz)z

the wavelength is related to the wave number by A = 2n/k.
With the aid of molecular structure relations it is then
possible to obtain a variety of critical angles which will
be described in a forthcoming paper.

We expect that it will be possible to detect the
evanescent modes through shifts of light beams. The effect
should be quite pronounced in the smectic and cholesteric
phases due to multiple shifts due to a more constrained
multilayer structure.
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