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Cylindrical Post with Gap in a

Rectangular Waveguide
Richard Kearn, Member IEEE

Abstract-The problem of a thin hollow post, of the type often
used for semiconductor mounting structures, in a rectangular
waveguide is considered for the case where the post has a

variable gap located at some position on it. The solution for the
reflection coefficient in the waveguide for the case where there
is only one propagating mode in the waveguide. A comparison

of theoretical results and experimental measurements of the

reflection coefficient as a function of gap size, shows the theory

yields a high degree of accuracy.

I. INTRODUCTION

T HE PROBLEM of an inductive metal post in a rectan-

gular waveguide has been widely studied and it is well

known that discontinuities of this form maybe used to realise

a variety of waveguide subsystems. Variable length posts are

often employed as the adjustable elements in matching net-

works, filters, and so on. Tabulated experimental results for this

situation have long be available [1]. A more recent theoretical

analysis of the variable length post has been performed by

Williamson [2] which uses a similar method as that used for

the coaxially driven probe problem [3].

The problem considered here is that of a hollow cylindrical

post in a rectangular waveguide for the case where the

post has a variable gap located at some position on it. It

is assumed that this is is an obstacle problem where there

is an incident field in the waveguide. This situation occurs

frequently in microwave systems as a mounting structure for

many microwave semiconductor devices [4], [5]. The analysis

of the problem considered here uses the method used by Keam

[6] for the coaxially driven post with gap, along with that used

by Williamson for the variable length post. A brief comparison

of theoretical and experimental results is also given.

II. THEORY

Consider the case where the hollow post shown in Fig. 1 is

located in a rectangular waveguide of cross sectional dimen-

sions d and h. The post has a radius r = a and is assumed

to be hollow. The situation considered here is that were the

post extends the full width across the waveguide and has a

gap of width 2g which is positioned at a height of z = z.,

where z. is the height from the base of one end of the post

to the middle of the gap. It is assumed that the frequency of

operation is such that the TE1O mode is the only propagating
mode in the waveguide.
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Fig. 1. Sectional view of a variable gap hollow, cylindrical post in a
rectangular waveguide.

In terms of the (x, y, z) co-ordinate system in the

waveguide, the electric field “may be written as an incident

field, a reflected field back from the post, and a transmitted

field past the post, ie. -E~ = Ei sin(mr/d)e-~k’oY, Eff =

E, sin(mz/d)e~k’OY, and Ew = Et sin(nz/d)e–~k’OY.

Where klo is the propagation wave number for the TEIO

mode, ie. klo = k~~

The analysis here is concerned with thin posts for which

the current induced by the incident electric field is axially

symmetric on the post surface. For this case the field scattered

by the induced current is the same in both the reflected and

transmitted direction, and so, E* = E~ + E;f.
Using the same approach adopted in [3], [6] for the coaxially

driven problem, an integral equation maybe formulated which

relates the electric field in the gap to the current which would

be induced if no gap were present and the current Green’s

function due to a delta function source located on the post.

Thus no assumptions need be made about the form of the

current distribution induced on the post. It is straightforward

to show [7] that this integral equation is

/

~s +9

Iind(Z) = E.(a, ,@(.z, z’) dz’
Z.—g

for ,z8-g<z<z8+g (1)

where

16(z, Z’) = ~ Bm COSY COS% (2)
m=0

where the Bn coefficients are defined below. The unknown

electric field in the gap may be expressed as [2]
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~z(cL, z) = {E,hsin ~~oo(k~)} ~&

(3)
pa

where Z* = z – z,. TP is a pth order Chebyshev polynomial

of the first kind, Jo is a Bessel function of the first kind, and

eP are the unknown coefficients to be found. The formulation

of (3) uses the result that the current induced on a post with

no gap is [3]

lind(Z) = E,hsin ~JO(ka)130 (4)

and so upon substituting (4) and (3) into (1) it may be shown

that
mm

p=o m=o
,5=( J,l ,2,... (5)

where J. is an s order Bessel function of the first kind, C’P,m

is given by

c
{

(–l)Piz cm m# for p even
P,m = (_l)(P+I)/~ sin rn~ for p odd (6)

and where -y = ~gjh and 19 = Tzs /h. Equation (5) may

be solved as a matrix equation [6]. The Bm coefficients are

defined as

j47r
(7)

‘m = qkhq&IO(q~ka)S(q~kfl, q~kd, e/d)

where S(qn ka, q~ kd, e/d) is the Williamson array factor for

a rectangular waveguide given in [3].

Once the unknown eP coefficients have been found from

(5) it is straightforward to determine the current distribution

on the post. It can be shown. using (4). that the total current

distribution on the post is given by

[
It(z) =E,hsin ~JO(ku) ~o(l – eo)

Having found the gap electric field E, (a, z), we can then

evaluate the fields and current distribution over the surface

of the post. In order to determine the reflection coefficient,

R, which is defined as the ratio of Er to E., we need to
determine the reflected electric field.

If the frequency is such that only the only the TEIO

mode can propagate then the expression for the electric field

scattered by a current on the post can be shown to be given by

Thus it may be shown by considering (8) and (9) that the

reflection coefficient (R = E. /Ez ) is given by

–4Jo(ku) sinz ~

R= u (1 - eo)
k~odS*(ka, kd, e/d)

(lo)
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Fig. 2, Theoretical and experimental results for rnagmtude of reflection
coefficient as a function of gap size for the case where a = 1,5’25mm,
C/h = 0.55, and f = 4,5 GHz.

where S“ (ka, kd, e/d) is the rectangular waveguide array

factor given in [3]. The transmission coefficient T, is simply

given by T = 1 +R, and it may be shown from (10) that

IR12 + IT12 = 1, as required by the power conservation

condition. It is interesting to note that this is of the same

form as that derived by Williamson for the variable length

post, and that the gap information is contained entirely in the

eo coefficient. This has the advantage that when considering

the design of a semiconductor mounting structure the same

equivalent circuit given in [3] may be applied.

III. EXPERIMENTAL VERIFICATION

Experimental measurements were performed using a post

of radius a = 1.525 mm located in the center of a rect-

angular waveguide of dimensions d = 47.55 mm and h =

22.15 mm (yielding a single mode operating frequency of

approximately 3–6 GHz). The waveguide reflection coefficient

of the TEIO mode was measured using the HP-85 10C network

analyzer calibrated to the plane of the post position in the

waveguide.

Fig. 2 shows a comparison between theoretical predictions

and experimental measurements of the magnitude of the reflec-

tion coefficient in the waveguide as a function of the gap size at

a frequency of 4.5 GHz. Again the theory is shown to be very

accurate even for very small gap sizes. For the case considered

here it is clear, at least for small gap sizes, that the magnitude

of the reflection coefficient is significantly influenced by the

gap size. This may be an important consideration for the

design of microwave mounting structures where the size and

location of the gap effect the performance of the semiconductor

device.

IV. CONCLUSION

The problem of a thin hollow post in a rectangular wave-

guide has been considered for the case where the post has

a variable gap located at some position on it. The solution

1TYan~mit.Line.Reject cahbmtmn.
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for the reflection coefficient in the waveguide for the case

where there is only one propagating mode was found using

the method developed for the coaxially driven gap case, along

with the method developed for the variable length hollow post

in a waveguide. It was shown the the reflection coefficient,

and hence the equivalent circuit, for this case is of the same

form as that for the variable length hollow post. This fact may

be used to assist in the design of semiconductor mounting

structures.

A comparison of theoretical results and experimental mea-

surements of the reflection coefficient as a function of gap

size showed the theory yields a high degree of accuracy. It

is noted that, for small to moderate gap sizes, the magnitude

of the reflection coefficient in the waveguide is significantly

affected by the gap size.
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