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We consider the problem on the diffraction of an electromagnetic wave at an interface of semiopen
dielectric waveguides. We reduce this problem to various integral equations, in particular, to the regular
integral equation with respect to the coefficients of expansion of the field by harmonics of continuous and
discrete spectra. We use the method of an auxiliary overdetermined boundary problem. We establish the
necessary and sufficient solvability conditions for overdetermined problems for the Helmholtz equation
in a quadrant of a plane, in a half-strip, and in semi-infinite fiber domains. We formulate these conditions
in terms of the dependencies between the boundary functions.

INTRODUCTION

The coupling problems for waveguide structures constitute one of the main classes of problems of
the waveguide electrodynamics. It includes both the problems on the eigen waves in compound media,
and the problems on the diffraction of electromagnetic waves at various inhomogeneities, including the
interfaces of semi-infinite waveguides. In diffraction problems, the eigen wave, incoming at the interface
of one of structural components, is assumed to be given. It is required to determine the electromagnetic
field, diverging from the interface along separate waveguides (usually it is represented as the sum of
the eigen waves). Note that it is very important to calculate, for example, a matching mode for two
waveguides such that the wave energy of one of them optimally transmutes into the wave energy of
another one.

Paper [1] contains several references on the first publications dedicated to the theoretical and
experimental study of open dielectric structures. The theory of dielectric waveguides is relatively new. In
papers, preceding those of Hondros and Debye, it was generally accepted that only the structures with
ideal conductive boundary elements possessed the properties of waveguides. The mathematical basis of
the integral optics and optoelectronics, the properties of planar waveguides and optical fibers, as well as
the possibilities of their use in various devices are described in several monographs and surveys (see, for
example, [2–5]).

For one-layer waveguides with metal walls of the same profile (the closed waveguides) one can
solve the coupling problem rather easily, because the components of their eigen waves equally depend
on the transverse coordinates. Therefore each eigen wave, incoming from infinity, corresponds to a
pair of waves, diverging from the interface. The contrary is the case of the coupling problems for
electromagnetic fields in open dielectric waveguides. These problems are much more difficult, because
the corresponding differential operators have both continuous and discrete spectra.

In the most general case one can reduce the coupling conditions at the interface of the waveguides to
a system of integral equations with respect to the desired functions. The latter represent the coefficients
of expansion of the field by the waves of the continuous spectrum. These equations also contain the
desired constants; they represent the coefficients of expansion by the waves of the discrete spectrum.
One cannot solve these systems of equations analytically, and, according to the well-known papers
dedicated to this problem, the approximative methods are too complicated and non-efficient.
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