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WAVEGUIDE MOUNTING POST PROGRAM

1. INTRODUCTION

The purpose of this program is to calculate the input impedance
to a gap in a cylindrical transversally mounted waveguide post.

It is expected that such a structure, shown in Figure 1, would be
used for mounting a two-terminal electronic device in a rectangular
waveguide, and its accurate analysis would be helpful in designing
a wide variety of microwave components.

The analysis of this structure is presented in a paper by
Eisenhart and Khan. This paper gives the first rigorous analysis
of this structure, and excellent agreement between theory and
measured impedances is indicated. Moreover, the method is useful
at all frequencies, from below cutoff to frequencies at which
many modes can propagate. Consequently it is particularly useful
in mixer and parametric amplifier analysis, where the termination
presented to the diode at harmonics of the signal and pump frequencies,
and their mixing products, is critical to the performance of the

component.

2. LIMITATIONS

The program is written in the BASIC language for use on the
Hewlett-Packard 9830 programmable calculator, but can be adapted
to other computers with little change. In order to take advantage
of the simplicity and convenience of the programmable calculator,
several limitations to the analysis are necessary:

(a) The frequency and waveguide dimensions must be chosen so
that only one mode propagates in the waveguide: the
dominant TE;g mode. This limitation eliminates the
advantage of analyzing the gap impedance over a wide
bandwidth, as mentioned above, but is necessary when

calculations are made with a language which cannot



(b)

(c)

easily handle complex numbers. Programming the equations
in Fortran would solve the problem, at the cost of the
convenience of using the programmable calculator.

It is assumed that one end of the waveguide is connected
to a matched termination and the other end is terminated
in a short circuit an odd number of quarter wavelengths
from the post. It is also assumed that the short is far
enough from the post that non-propagating modes are not
affected by it, and close enough so that the TE;; mode is
not significantly attenuated.

Only a limited number of modes can be considered. The
effects of TEm,n and TMm,n modes up to m=20 and n=12 are
calculated. The practical result of this limitation is
that only certain values of post diameter and gap width

can be used, within a given accuracy. For 1% maximum error,

2a

.25a > d > —
m

and .25b > g > 2%
where a and b are the waveguide height and width, and d

and g are the post diameter and gap width, respectively.

These relations specify a fairly narrow range of post and
gap dimensions. However, a gap width or post diameter
one-third of the minimum shown above will result in an
error of less than 12%. This error is still well below

the error inherent in the design of many kinds of microwave
components, and piece to piece variations in solid state

device parameters.



3. PROGRAM DESCRIPTION AND OPERATION

The program is divided into three parts. The first collects
the data (waveguide, post, and gap dimensions, and frequency) and
prints a warning if the gap and post dimensions exceed the limita-
tions for a maximum 12% error. The second part calculates the
"mode pair impedances", the combined contribution to the input
impedance by TE and TM modes of the same mode indices (m,n).

These are calculated sequentially and stored in a two dimensional
array, and in the third part, they are combined in series and
parallel as necessary to determine the gap input admittance.

During the second part, the message "I'm working on it!",
followed by the present value of n, is displayed after each
iteration through the mode pair impedance "for-next" loop. In
the third part, the message "Hold your breath" is displayed,
followed in the same way by n. The purpose of these displays is
not so much whimsy as to let the user know that the program is
progressing successfully, and to dispel fears arising during the
long (~5 minutes) execution that the program is trapped in an
unending loop.

Operation of the program is straightforward. The operator must
enter the waveguide and post dimensions in inches, and the frequency
in gigahertz. The dimensions are defined in Figure 1.

The gap input admittance is printed in the output. Conversion
to impedance is trivial. The waveguide and post dimensions are

reprinted as a permanent record.

4. VERIFICATION

In order to verify that the program is correct, several of the
results published by Eisenhart and Khan were recalculated with this
program. All the results agreed within the errors predicted above
(some corrections were necessitated by the fact that doubly

terminated waveguides were used in the original paper).
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MOUNTING POST GEOMETRY.
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