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A theory is constructed for the reflection and refraction of light from the boundary of a semi-infinite
nonlinear medium whose refractive index depends on the light intensity. It is shown that when the
incidence angle or the intensity of the incident light is varied, hysteresis jumps should be observed from
the. transmission regime to the regime of total internal reflection (TIR) and back. At small nonlinearity,

the necessary condition for the existence of the hysteresis effeat is closeness of the linear refractive indices

of both media (linear and nonlinear) and smallness of the glancing angles; all the observed effects should
in this case be independent of the polarization of the incident field. At a negative nonlinearity, the

phenomenon is due to the ambiguity of the transmission regime, while at positive nonlinearity it is due to
the ambiguity of the TIR. At a definite light intensity, complete transparentization of the boundary can

take place for all the incident angles in the region of stability of the transmission regime; in this case

jumps take place from total reflection to total transmission and vice versa.

PACS numbers: 42.65.Bp

INTRODUCTION

1. In a preceding paper‘!! I reported the possibility
of observing new effects in the case of almost glancing
incidence of light from a linear medium onto the bound-
ary of a nonlinear medium whose permittivity ¢, de-
pends on the field intensity and is close to the permittiv-
ity €, of the linear medium. The principal effect was
that when the glancing angle or the incident-field inten-
sity were varied, .strong hysteresis jumps should be ob-
served in the refractive index and in the reflection co-
efficient, from the nonlinear reflection regime (“trans-
mission regime”) to the regime of nonlinear total in-
ternal reflection (TIR), and back. A theory of this phe-
nomenon is constructed in the present paper,

The Snell formulas that follow from the generalized
boundary conditions (§1) for the refraction angle and the
Fresnel formulas for the amplitudes of the fields be-
come coupled to one another by virtue of the nonlinearity
of the refracting medium, and this leads to a single
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self-consistent equation for the nonlinear refraction
(52). In the case of TIR, a surface wave propagates
inside the refractive medium along the boundary, and

is likewise described by a nonlinear wave equation (§ 3).
The self-consistency of these equations leads, under
definite conditions, to the appearance of severally physi-
cally realizable solutions (states), some of which are
unstable and this in fact is the reason for the hysteresis.
The transmission regime becomes ambiguous at nega-
tive nonlinearity (Ac,, < 0, §4), and the TIR regime at
psoitive nonlinearity (A, > 0, §5). At a certain field
intensity, total nonlinear transparentization of the
boundary takes place at all incidence angles (§ 2), and
the hysteresis jumps take place between the states of
the total transmission and the total reflection, while

the boundary operates as an ideal “optical flip-flop”

(55 4,5).

2. One of the main premises for the observation of
the indicated effect is the matching of the optical densi-
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