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ABSTRACT

For optimizing profiles of optical fibers by solving an optimization problem with an objective function
including propagation constants, group velocities, or group velocity dispersions, fast and precise
numerical methods are required for computing these propagation characteristics. Trefftz methods
including the transfer matrix method and the multipole method for computing propagation constants
are attractive for designing simple profile of optical fibers due to the advantage of being inherent mesh-
free nature and easy imposing the radiation-condition on the guided electromagnetic fields without
artificial medium surrounding the cladding over the finite-element method and finite-difference time-
domain method. However, four improvements of the Trefftz method were required: (1) there is no fast
and precise scheme for computing the differential coefficients of degenerate and nondegenerate
propagation constants computed by the Trefftz methods, (2) upper and lower limits of the Fourier-
Bessel expansions for the wavefunctions employed in the Trefftz methods may be small for accurately
approximating the fields in the complex profile, (3) the Trefftz methods employ the wave-functions
for approximating electromagnetic wave fields cannot apply to complex profiles with inhomogeneous
media, and (4) because the Sakurai-Sugiura method (SSM) inherently includes spurious solutions of
the nonlinear eigenvalue-problem, the low coast criteria in computation for sorting the eigenvalues
from results by the SS method was not known . This thesis presented solutions for overcoming above
problems of Trefftz method analysis with the SSM solver as follows: (1) a fast and precise scheme to
compute the differential coefficients of propagation constants for computing group velocities and
group velocity dispersions by making up the explicit forms of eigenvalues from a generalized
eigenvalue problem converted from a nonlinear eigenvalue problem given by the Trefftz methods
employing the SSM, (2) a refined formulation of the multipole method for relaxing the upper and
lower limitations of the number of Fourier-Bessel expansions of electromagnetic fields in optical fibers,
(3) a solution based on the hybrid Trefftz finite element method employing the SSM as a nonlinear
eigenvalue solver for analyzing complex profiles of photonic optical fibers, and (4) a criterion for
selecting the spurious solutions from the eigenvalues computed by the SSM. Numerical results of step-

index and holey fibers with circular, elliptic, and ring-shaped cylinders showed that developed



solutions remove the problems of the Trefftz methods.
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