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ABSTRACT

With increasing requirement of information capacity of communication systems
such as optical fiber networks, the many of fibers having larger information
capacity, single polarization, lower dispersion, few modes, or wideband
transmission properties have been developed. For finding innovative cross
sections of fibers, optimal design schemes have been examined. Because
optimization process expends a lot of time estimating the propagation
characteristics of fibers, fast solutions to eigenmode analysis are desired and
under investigation. In this thesis, a fast solver of eigenmode analysis was
presented, and its validity and usefulness were demonstrated by numerical
results of periodic waveguides and holey fibers. There are two contributions:
first, a fast solver of simultaneous transcendental equations given by a
nonlinear eigenvalue problem (NEP) was developed by finding criterions and
using the Sakurai-Sugiura projection method (SSM). The SSM is a fast solver of
NEP for computing all eigenvalues in an integration counter on a complex
eigenvalue plane but spurious solutions originated in SSM appear when a value
of the number of eigenvalues in the contour, Ne, is incorrectly estimated. The
criterions of computed eigenvalues indicate the spurious solutions and avoids
the requirement of correct Nein the SSM. Using developed solvers, propagation
characteristics of a holy fiber using the multi pole method and a leaky antenna
with periodic metallic gratings using a hybrid Trefftz finite element method
(HTFEM) were analyzed and its validity and usefulness were confirmed. Second,
an accurate solver of eigenmode analysis was developed. This solver is based on

the HTFEM with SSM and developed criterions as an NEP solver. Dividing cross



sections of fibers into elements with polynomial interpolation functions causes
the numerical dispersion but yields flexibility of the cross sections in optimizing
process. On the other hand, using Trefftz elements interpolating fields by
superposition of the Fourier-Bessel expansion reduces the numerical dispersion
and flexibility. Hence, using both of polynomial and Trefftz elements in suitable
subregions of cross sections by hybrid variational principle, which is the hybrid
finite element method, gives a fast solver of eigenmode analysis for the optimal
design process. However, this approach yields an NEP as a substitute for
generalized eigenvalue problems derived from using polynomial finite elements.
In presented HTFEM, this disadvantage was overcome using the SSM and
developed criterions as an NEP solver. Numerical results of holy fibers show the
usefulness and efficiency of the developed HTFEM solver and good agreement
with the results of a conventional FEM with the perfect matched layer and a
multi-pole method.
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