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Determination of a dielectric waveguide propagation constant
using a multifilament-current model
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A moment method using a multifilament-current model is presented to analyze the modes propagating in a
cylindrical dielectric waveguide. In this model, analytically derivable fields of filamentary electric and magnetic
currents (of yet unknown propagation constant and amplitude) 'are used to simulate the field of each mode inside
and outside the guiding core. A simple point-matching procedure is subsequently used to enforce the boundary
conditions at the core periphery and results in a homogeneous matrix equation. The longitudinal propagation
constant of each mode and the currents that yield the field distribution of this mode are then found by solving this
equation. As an example, a circular dielectric waveguide is analyzed and the results are presented.

A moment method using a multifilament-current
model has been applied successfully to solve time-
harmonic two-dimensional electromagnetic scattering
problems at normal incidence.",2 In this Letter the
method is applied to find the Brillouin diagrams of
dielectric waveguides of arbitrary homogeneous cross
section, which is a problem of great interest in optics.
In the above-mentioned scattering problems, the am-
plitudes of the filamentary currents are assumed con-
stant because the incidence is normal, whereas in the
fl-w determination of dielectric waveguides they are
assumed to have the eijz variation of the propagating
modes. Other methods have also been used to find
the f3-w diagrams, such as the modal point-matching- 5

and the finite-difference methods.6
Let us consider a lossless z-directed dielectric wave-

guide of uniform cross section bounded by an arbitrary
curve S. The core (region 1) has parameters el and gu
while its surrounding lossless cladding (region 2) has
parameters 62 and Ito. We assume that el > 62. The
waveguide propagation takes place in the hybrid
mode, which is represented as the sum of TE and TM
waves that together satisfy the boundary conditions at
S. For circular waveguides, TE and TM modes can
also propagate independently, along with hybrid
modes. The time dependence of the fields and the
currents is taken as ejwt.

The analysis for hybrid mode propagation has two
interacting parts. In the first part, we consider an
infinite homogeneous space with parameters el and go
in which the mathematical curve S defines the core
region 1. Two sets of filaments are placed in region 2
outside S: electric filaments 11°) and magnetic fila-
ments fK91, as shown in Fig. 1 (i = 1, 2,.. .). These
filaments are called external filaments and are used to
approximate the fields in region 1. In the second part,
we consider an infinite homogeneous space with pa-
rameters E2 and ,uo in which an identical mathematical
curve S defines the cladding region 2. Two sets of
filaments are placed in region 1 inside S: electric
filaments {I1 and magnetic filaments JKI1, as shown in

Fig. 2. These filaments are called internal filaments
and are used to approximate the fields in region 2.
The two parts of the model are connected through the
boundary conditions that require the continuity of the
tangential components of the electric and magnetic
fields across S as follows:

A X (E'- EO)= 0, A X (HI - HO) = 0,

where superscripts I and 0 denote that the given
quantity is related to region 1 or 2, respectively.

Let i3, k8, and k,8 denote the longitudinal propaga-
tion constant, the wave number, and the radial wave
number, respectively, in region s (s = 1, 2). In region 1
(inside the core) k12 = W2 El6M - kp12 + p2, while in
region 2 (outside the core) k2

2
= cA2e2/o = kPS2 + ,32. It

should be noted that kp, is real and kp2 is imaginary.
Since, as stated above, the fields of the propagating
modes vary with z according to e-jfz, the electric and
magnetic currents flowing in the filaments are chosen
as follows:

Ii = Ioj e-ilz, KE = KO e 2-f

In the transverse plane, the position of the ith filament
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Fig. 1. Filamentary currents producing the fields in region 1.
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