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A Simple Analysis of a Symmetric

Waveguide Five-Port Junction
Marek E. Bialkowski

Abstvzct— A simple analysis of a symmetric waveguide five-

port junction is described. Based on this analysis a computer

algorithm for determining the admittance matrix parameters for
the junction is developed. The validity of the algorithm is verified
through the comparison with computatioually more involved
algorithms and experiment.

I. INTRODUCTION

I N recent years, attention has been focused on a symmetric

five-port junction as its properties lead to a number of

useful applications in microwave engineering [1]–[5]. One

particular application is in six-port measurement techniques

where a symmetric five-port is used to build an optimal six-

port reflectometer [1]–[4].

One of the symmetric five-ports that has been considered so

far is created by a junction between a radial cavity and five

rectangular waveguides [3], [4]. These rectangular waveguides

have their larger sides parallel to the cavity axis.

The theoretical analysis of this five-port for the case when

the waveguide widths are equal to the cavity height has been

carried out in [3], [4]. By using the least-squares boundary

residual method (LSBRM) ah accurate model for this junction

has been obtained. The drawback of this method is that it is

(+ (b)
Fig. 1 A cross-section of a symmetric .&plane waveguide five-port junction.

To simplify the analysis it is assumed that the cavity radius

r. is large in comparison with the waveguides height b, so

that waveguide apertures can be considered flat or circular in

shape, interchangeably.

Under this assumption the five-port can be characterized

in terms of the admittance matrix parameters. In order to

determine these ~arameters one of the a~ertures needs to be
computationally involved.

L .

In this letter, a simplified analysis of the same junction is
excited, while the remaining ones are short-circuited. In further

analysis it is assumed that aperture no. ~ is excited.
carried out. In the present analysis, waveguide widths do not The electric field in aperture no. 1 is approximated by
have to be equal to the cavity height. The analysis produces the dominant TEI,O rectangular waveguide mode so that its

closed form expressions for the admittance matrix of the tangential component is given by
junction.

II. ANALYSIS

{
{
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analyzed is shown in Fig. 1. The device
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radial cavity and five identical rectangular
o, elsewhere.

The five-port

is formed by a J

waveguides, their larger sides parallel to the cavity axis and

separated by an angle of 72 degrees.
Note, that in (l), a planar waveguide aperture was replaced by

Both the cavity and the waveguides are assumed to be
a circular, cylindrical aperture.

formed by a perfect conductor. The cavity may or may not
For the excitation (l), the admittance matrix parameters of

include a concentric conducting post. the five-port can be determined by using

It is assumed that at a given frequency the waveguides

support only propagation of the dominant TE1,O mode. The
4%++0/2~,+.

higher order modes are present at the junction but they decay ~il=z-fzl
//

IIv(r = r~) sin ~(g – y~)dyd~,
a do

rapidly with a distance along the waveguides. , 4%–40/2 ~1
(2)
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field needs to be first determined.

The determination of the magnetic field can be accom-

plished as follows.

For the excitation (l), the electromagnetic field in the cavity

is given in terms of TE ( to the y-direction) radial modes.

The y-component of the magnetic field can be shown to be

described by [3], [4]:

where function Rnl is defined by

R~l(r) =

(4)

where k is the wave number and Zo is the intrinsic impedance

for the cavity region, Jl, Yt are Bessel and Neumann functions

of the lth order, k Yn=~,r~=k2–kz ~n, j = ~ symbol

“’” implies a derivative, and Fnl are unknown expansion

coefficients.

Expansion coefficients Fnl can be determined by applying

the Fourier analysis to the #-component of the electric field,

which at r = r. is given by

where the left-hand side is given by (l).

By multiplying both sides of (5) by exp(–jpq$) and by

integrating within the limits of O < q$ < 27r unknown

expansion coefficients Fnl can easily be determined and are

given by

–;./2 Y1

(6)

By substituting (3) and (6) into (2), an explicit expression for

the admittance matrix parameters can be obtained:

.,
where eOzis the Neumann factor.

III. RESULTS

Based on (7), a computer algorithm for determining the

admittance matrix for an E-plane waveguide five-port was

developed, For low orders 1,special functions in (7) were

evaluated by using polynomial expansions and recursive for-
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Fig. 2. Return loss versus frequency for a symmetrical five-port waveguide
junction. Junction dimensions: a = 22.86 mm, b = 10.16 mm, TO = 13.4
mm, r, = 1.80 mm, A = a.

mulas given in [6]. For high orders when arguments become

small in comparison with 1, one term polynomial expansions

valid for points close to the origin were used.

To include the case when waveguides are arbitrarily termi-

nated, an additional part of the algorithm based on the circuit

theory was written.
.

The validity of the algorithm could be verified by using

the results presented in [3], [4]. Fig. 2 shows the comparison

between the numerical results for the return loss of a matched

symmetrical five-port obtained with the new algorithm, those

obtained by using the least-squares residual method, and

experiment [3].

It can be seen that the new algorithm has a reasonably good

agreement with more sophisticated theory and experiment

presented in [3].

A discrepancy can be observed at higher frequencies. This

occurs from the approximation of the electric field in the

waveguide aperture by the waveguide TE1,O mode and from

the approximation of planar apertures by circular, cylindri-

cal apertures. Generally, the presented method gives a good

qualitative measure of the operation of the five-port junction

throughout the entire frequency band of the dominant mode

operation of waveguides.

IV. CONCLUSION

A simple analysis of a symmetric waveguide five-port has
been presented. Based on this analysis a computer algorithm

for determining the admittance matrix of the five-port has been

developed. The algorithm has been verified and shows rea-

sonably good agreement with computationally more involved

theory and experiment.

Because of its simplicity the new algorithm has a potential

to be extended for more complicated five-ports that would

include layered dielectrics.
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