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Quaternary dielectric waveguide systems, which

could be applied to optical fibers and dielectric image
lines, are analyzed with an extended point-matching
method. Theoretical results are confirmed with micro-
wave experiments.

I. Introduction

A class of dielectric waveguides including optical

fibers and dielectric image lines can be t~eated from a

unified viewpoint. When the cross-section of a di-

electric waveguide is composed of a set of homogeneous
media, a general solution of the wave equation for each

medium is automatically given in many cases. If a
method to treat various types of dielectric boundary

shape is devised, therefore, it would be possible to

solve field problems associated with the dielectric
waveguide of this class.

The point-matching method is such a method which

was first applied by Goelll to the analysis of a single

rectangular dielectric waveguide and then, by the
2,3

authors to other dielectric waveguides . With this

method, the boundary condition is approximately satis-
fied at a finite number of points on boundary surface.

As a result, boundary value problems of this class are
reduced to a set of linear algebraic equations which
can be numerically solved on a computer.

We have developed the point-matching method by

using multiple coordinates to be adapted to multiple

dielectric waveguide systems. The case of two paral-
lel circular dielectric rods has been discussed by

Wijngaard4. This paper describes the results of the

analysis of quaternary dielectric waveguide systems

based on the extended point-matching method. It is

shown that propagation constants can be obtaind within

a practical size of computation time and memory capaci-

ty in the case of the rhombic and the rectangular array

of dielectric waveguides with circular cross-sections,

II. Quaternary Dielectric Waveguide Systems

Two types of quaternary dielectric waveguide

systems to be analyzed here are shown in Fig.1, (a) and
(b), that is, the rhombic array and the rectangular

array. Because of symmetry, boundary points only on

the first quadrant are necessary in the process of
analysis. Each dielectric waveguide is assumed to
have a nearly circular cross-section.

(a] Rhombic array (b) Rectangular array

Fig.1 Quaternary dielectric waveguide systems.
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The wave numbers for the inside and the outside

medium of the dielectric waveguide are denoted by k and

‘o ‘ respectively. Each dielectric waveguide has its

own circular cylindrical coordinates (ri, @i, z; i=l,2,

3,4) as shown in Fig.2 to express total electromagnetic
fields properly. The use of such multiple coordinate

system is simple but very effective in reducing the

number of necessary boundary points.

Iy

Fig.2 Multiple coordinate system.

III. Analysis Procedure

Electromagnetic fields associated with this system
are assumed to have a propagation factor, exp(jut-j~z).

Since the fields can be expressed by a linear combina-

tion of functions which satisfy the wave equation, the

z-components of the fields are written as

N-1

Ezi = ~ aniJn(hri)sin(n6i+@ni) (i=l,2,3,4) (1)
n.o

N-1

H~i = ~ bniJn(hri)cos(nei+ @ni) (i=l,2,3,4) (2)
n. o

for the inside medium, and

4 N-1

E Z. = ~ ~ cniKnCpril sin(n@i+Oni) (3)
i=l n.o

4 N-1
H ,0 = ~ ~ dniKn(pri)cos(nC! i+@ni) (4)

i.1 n=o

for the outside medium, where Jn denotes the Bessel’s

function of the first kind and Kn the modified Bessel’s

function of the second kind. an, bn, Cn, and dn are
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constants to be determined.

The existence of hybrid mode solutions has to be
assumed for this system. When Ezand Hz are given,

remaining field components can be derived from these

components. The series expansion of each component

has N undetermined constants. There are 4 tangential
components on the inside and outside boundary of a di-

electric waveguide in the first quadrant. Since there
are 8N undetermined constants in all, it is necessary

to find 8N equations.

When M matching points are selected on the dielec-

tric boundaries in the first quadrant, each point
produces 4 boundary condition equations. Hence, there
are 4M equations in all. Therefore, a square matrix
equation can be formed by setting 4M=8N. Since the
determinant of this matrix should vanish to obtain non-
trivial solutions, this determinantal equation leads to
the equation of (3. The accuracy of calculated values
of 6 from this equation depends on the size of N and

the selection of M points. Therefore, N is determined
while observing the convergence of ~.

E* = 2.53
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IV. Numerical Results

When the number of the matching points, M, is
increased, better values of fields can be obtained.

On the other hand, the computation time is increased

proportionally to M2. There must be some trade between
the accuracy and computation time. The accuracy of ~

-3
of the dominant mode is still in the order of 10 even
in the extreme case of contacting waveguides in a rhom-

bic array. When the waveguides are separated to the

distance d=2a, the accuracy becomes 10-’ with N=7 as

shown in Fig.3. Convergence gets better in general
when frequency is increased. The computation time of
~ was about 10 s on the HITAC M-170 computer.

The difference of the dielectric constant between

the inside and outside of the dielectric waveguide is
usually small in the case of optical fibers, and

relatively large in the case of millimeter waveguides.

However, there was no problem in computing the propaga-

tion constant in either case.
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Fig. 3 The propagation constant ~

vs. the separation d.
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Fig.4 Comparison of calculated values of 6/k. with

measured values. (Same diameter)
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Fig.5 Comparison of calculated values of (3/k. with

measured values. (Different diameter)
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V. Experimental Results

A special microwave resonator was made by placing

conductor plates at both ends of the quaternary dielec-

tric waveguide system. Each dielectric waveguide was

made of Rexolite (&*=2.53) rods which have the diameter

of 2.22 cm or 2.71 cm, and the length of 8.8 cm. The

output from a sweep generator (f=2~18GHz) was weakly

coupled to the resonator. The dispersion characteris-

tics were then plotted by using the resonance frequency
and the resonator wavelength.

Some experimental results of the propagation con-

stant are compared with the calculated values in Fig.4
and Fig.5. The agreement between the experimental and

calculated values indicates the usefulness of the ex-

tended point-matching method in the analysis of multi-

ple dielectric waveguide systems as shown in Fig.1 and

Fig.6. Fig.1 shows a model of an optical fiber with

high-density core distributions. Fig.6 illustrates

coupled dielectric image lines on various conductor
plates.

CONDUCTOR

(a) Dielectric image lines
v.

CONDUCTOR

(b) Insulated dielectric waveguides
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