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This work aims at analysis of transmission coefficients of multi-layered dielectric inclusions in a
waveguide of rectangular cross-section [1, 2]. We consider the scattering of a normal waveguide mode by
layered parallel-plane dielectric diaphragms in a (single-mode) waveguide of rectangular cross section.
The closed-form solution to the problem involving explicit formulas for the transmission and reflection
coefficients is well known [1, 2]. This enables one to show in particular [2] that the transmission and
reflection coefficients considered as functions of one the problem parameter (e.g. permittivity) varying on
certain sets are one-to-one mappings and proceed to the solution of inverse problems in different settings
[1,2]. However, one very important feature of this benchmark problem remained untouched, to the best of
our knowledge; namely, a fact (known in quantum scattering theory for a similar problem setting, see e.g.
[3]) that the transmission and reflection coefficients have singularities in the complex domain of the
problem parameters and that the scattering problem under study is not solvable at these singular values of
parameters. In this study, we consider the scattering by a one-sectional diaphragm (a ‘rectangular barrier’
[3]) and prove that in this case the transmission coefficient has singularities in the complex plane of
frequency and permittivity and the singularities are associated with resonant states of the transmission
problem. We consider in detail the determination of these singularities and propose classification and
interpretation of the corresponding solutions. We show in particular that the singularities form an
increasing sequence of complex numbers located in a strip, verify their asymptotic behavior, and show
that they can be calculated with prescribed accuracy from explicit formulas using the (numerical) solution
to simple transcendental equations and that the corresponding solutions have a character of solitons.
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