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Conditions of Excitation of New Waves (LITW) at
Nonlinear Interface and Diagram of Wave
States of the System

ALEXANDER E. KAPLAN

Abstract—We have found the conditions for the excitation of all of
the possible waves in a nonlinear medium with a “negative” nonlinearity,
in the case when a plane wave is incident from a linear medium upon a
plane surface of the nonlinear mediums. We show that these conditions
depend on only two independent parameters so that all possible states
of the interface can be represented in a two-dimensional diagram. This
diagram consists of regions of surface waves (SW), plane waves (PW),
and so-called longitudinally inhomogeneous traveling waves (LITW)
which were studied recently. The diagram includes two triple points:
the first one corresponds to the intersection of boundaries between
regions of SW, PW, and LITW states, while the other corresponds to the
formation of the hysteresis (i.e., bistable) region between PW and LITW
states.

1. INTRODUCTION

N previous works [1], [2] we developed the theory of new

effects associated with the reflection and refraction of a
strong plane wave from the surface of a nonlinear medium
whose refractive index depends on intensity of light. One of
these effects is hysteresis (i.e., bistable behavior of the system).
It is shown in [1] that the main requirements for observing all
possible interface phenomena of this kind in the optical range
(i.e., when the nonlinear component of susceptibility is small)
are the almost grazing incidence of light and the very small
difference between the linear susceptibilities of the interfacing
media. This linear difference should be of the same order of
magnitude as the nonlinear component. The effects are ex-
pected to have different features for different signs of non-
linearity; we will use the term “‘positive nonlinearity” for the
case when the susceptibility of the ncnlinear medium increases
under the action of light (i.e., the nonlinear component of
susceptibility is positive) and the term “negative” for the
opposite situation. In the case of positive nonlinearity, hyster-
esis was recently observed by Smith et al. [3] in an experiment
where CS, was used as a nonlinear medium. Their results
show good agreement with our plane wave theory, at least for
the reflection coefficient of the system.

In the case of a negative nonlinearity, new features arise
which are caused by excitation of nonlinear waves of a new
kind, which were considered by us as longitudinally inhomoge-
neous traveling waves (LITW) [2]. The intensity, as well as
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the angle of propagation, of these nonlinear traveling waves
varies along the direction perpendicular to the interface;
LITW are almost similar to a surface wave near the interface,
and reduce to a conventional plane wave at infinity. Hysteresis
occurs here between LITW states and plane (nonlinear) wave
states. Phenomena due to LITW also include an effect of non-
linear self-deflection of refracted rays [2], [4], an effect of
self-limitation of transmitted light power [2], [4], [5], and a
self-induced transparency of the nonlinear interface [1], [2],
[4] (for more details refer to the referenced articles).

For subsequent theoretical study of both the stability of one-
dimensional LITW and their possible two-dimensional counter-
parts (as well as for an experimental search of LITW and the
associated effects), it is necessary to predict the required con-
ditions for an excitation of these waves. In other words, it is
necessary to distinguish the region of incident field and media
parameters where solutions of the kind of LITW exist (at least
in the one-dimensional theory), and, specifically, the region of
multivalued solutions which result in hysteresis. Let us re-
member that in the one-dimensional case there are five given
parameters: two values of linear parts of susceptibilities of the
media - €, and €, + A¢;, (see below); the nonlinear coefficient
of the refracting medium ¢, [see (1)]; the intensity of the in-
cident wave |E}; and its glancing angle . This work was not
done in the previous articles. The present paper is devoted to
this problem, with the results obtained here based on the ap-
proach of previous work [2]. (However, in contrast to some
of the previous results, in the present calculation no assump-
tion is made about the smallness of the amount of nonlinearity
or the glancing angle. This generalization was done because
large nonlinearities in optics [7] are now available.)

We believe that an experimental search for LITW, as well as
for those effects due to LITW excitation, has become a very
interesting and urgent issue because very effective nonlinearities
have been discovered in semiconductors such as GaAs [6]} and
InSb [7]. Especially important for our case is that the nonlin-
earity in InSb is not only very high but also negative.

Along with the LITW region, we obtain the regions of the
rest of the wave states [(plane wave (PW) and surface waves
(SW)] in the entire space of parameters. We will show that it
is possible to combine all these parameters into two values
which completely determine the behavior of the system so that
the space of parameters becomes two-dimensional. This sim-
plifies significantly the evaluation of required experimental
conditions. The wave model of phenomenon used here implies
that the incident wave is plane and that all waves in the system
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