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Field Distribution of Two Conducting Posts
in a Waveguide

STANISLAW L, LOPUCH AND T. KORYU ISHII, SENIOR MEMBER, lEEE

Abstract —This paper reports a field anafysis of two short and narrow

metaf posts in a reetangolar wavegrdde. The posts project from the center

of the wider wafk one post is “grounded” in the wafl, and the other post

terminates in a variable impedance (coaxiaf line). An integral over a

Green’s function relates the post currents to the electric field, which is high

and quite nonuniform near the posts, and depends on the variable imped-

ance. The posts could excite a glow-disehorge deteetor or mixer circuit.

Some measurements of guide impedance and observations on a glow tube

are included. %

I. INTRODUCTION

o NE OF THE basic problems in the design of wave-

guide components is the analysis of a post inserted

into a waveguide. So far, most investigators were interested

mainly in current distribution on a conducting post, or the

impedance represented by such an obstacle [1]–[13]. To the

authors’ knowledge, little attention was paid to electric-field

magnitude in the region of the obstacle.

Several publications mentioned above provided more or
less explicit expressions for the calculation of electric-field

disturbances caused by post-like obstacles, but no further

analysis of field distribution was given, Such analysis seems

to be especially useful if high-power devices are involved,

or if the RF field distribution is important to the operation

of the two-electrode devices studied extensively by Farhat

and Kopeika et al. [14]–[17].

This paper reports art analysis of the electric-field distri-

bution in the close vicinity of two small conducting posts

in a waveguide. In the analyzed structure, one post is

connected directly to the waveguide wall (grounded) and

the other is externally loaded by a variable reactive imped-

ance Z~, as shown schematically in Fig. 1. The field

distribution is analyzed as a function of Z~, including

mutual coupling between posts. To overcome some diffi-

culties in the theoretical determination of post currents, a

combination of a theoretical and experimental method is

proposed to find the field strength in this structure.

II. ELECTRIC FIELD OF A SINGLE POST
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Fig. 1. Cross section of the rectangular waveguide showing a two-post
structure nuder study. One post is grounded and the other is externally
loaded.

possible evanescent modes radiated by the post, may be

found in terms of a vector potential A associated with

induced current on the post surface [12]

E’=–jwA+
v(v.A)

jucp,
(1)

where the vector potentials are

A(.x, y, z) =p~~ G(x, y, zIx’, y’, z’)J(y’) da’. (2)
so

The post current density J( y’) has a y-component only,

and hence the vector potential function A = ayAy. The

appropriate Green’s function that yields A from J may be

taken as [2], [12]

G(x> y, ZIX’, y’, Z’)

= fzYaY ~ ~ sin(kXx)sin(kXx’)
~=ln=o

To find a general expression for the scattered field due

to the pair of posts, consider first a case where only one
Ocos(kYy)cos(kYy’) exp( – rm.lz – z’1)

conducting post is inserted into the waveguide. Dimensions
where

of the waveguide are such that only the TEIO mode can kX=~ kY=~ ko=~
propagate. Distribution of the electric field, including all

rmn = {n
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For the purpose of this analysis, a rounded post of diame-

ter d, small as compared to waveguide dimensions, m~y be

represented by a flat strip of an equivalent width w = 1.8d

[2] placed in the plane z = O. Alternative approaches are

available [20]. But this approach was taken for its simpler

mathematical treatment and complete dynamic field

processes. In this model, the current distribution is as-

sumed to be constant across the width of the strip. Current

distribution along the length of the post or strip was a

subject of controversy and some different models have

been proposed [1]–[3], [13]; but with the simplifying as-

sumptions already made, the most simple form, to satisfy

the telegrapher’s equations [12], [19], and boundary condi-

tions at y’= L andy’= O

J(y’)=~sin[kO(L -y’)] (4)

where k. is a free-space phase constant, seems to be

sufficient. Placing the center of the strip at x =s, the vector

potential was found to be [18]

.sin(kXx)cos (kYy)exp(– CM) (5)

where

~ = kO[cos(kOL) –cos(kYL)] 2

()
. ~ sin(kX,s)sin kz~ .mn

k;-k; x

Thus from (l), the scattered electric field close to the post

may be represented as a function of space and current

amplitude as

T#o

[[
“— aX ~ ~ Cm.Bm~kXkYE’(x, y, Z,) = J
k~abw m=ln=o

.cos(kXx)sin (kYy)exp( – rm.lzl) 1
[+a,~~Cm~Bm~k~sin(kXx)

~=ln=o

“cos(kYy)exp(– rmnlzl)

- ~ ~ Cw~B~nk~sin(kXx)
~=1*=()

.cos(kYy) exp(– I’~.lzl)
1

[
- a= ~ f CmnBm.kJ,rm.sin (kXx)

~=ln=o

.sin(kYy) exp(–17~~lzl) 11 (6)

where

(2-8. )(k; -k;)
Cmn= r“mn

In (6), the electric-field components other than E; are

generated due to the term V(V xl ) in (l). The current

amplitude 10 can be found in terms of the incident field

amplitude E. by considering the total tangential compo-

nent of the electric field at the surface of the electrode. For

a perfect conductor

EOsin~+E~=O,
ats–~<x<s+~

2 2. (7)
O<y<L Z=o

In practice, 10 may be calculated from a measurement of

the reflection coefficient in the waveguide. Since waveguide

dimensions were assumed to be such that only the TEIO

mode can propagate and all other higher modes are

evanescent, at a reasonable distance from the post z = ZI,

the scattered field corresponds to the first term of the ~;

component in (6) and represents a reflected wave

= ayEjlo(zl). (8)

Taking the reflection coefficient at z = ZI

E;lo(Z1 )
R(zl) =

%(%) ‘

The current amplitude is

10=EO &’oR(zl).
~ 10

(9)

(lo)

With 10 known, the total field distribution normalized to

the amplitude of the incident wave in the vicinity of the

post can be found easily using (6).

1]1. TWO POSTS

In the system of two conducting posts, shown in Fig. 1,

the field radiated by lone post affects the current on the

other, and vice versa. The scattered fields are generally not

in phase with the incident field. The scattering from one

post results in a change in the effective incident on the

other, and thus the curTent amplitude is also changed.

Using a condition that a tangential field component at

the surface of each post is zero, it would be possible to set

up a system of two equations similar to (7), including in

each case the field scattered from the other post, and then

calculate both current amplitudes.

However, a more practical method is proposed. Each

post related separately introduces a certain impedance to

the waveguide. The mutual influence of two posts can be

represented as an additional mutual coupling impedance

Z~. Denoting Zg as the impedance of grounded post and

Z~ as the total impedance represented by the terminated

post, an equivalent circuit of such a structure including

mutual impedance is shown in Fig. 2. It corresponds to one

proposed by Chang and Khan [6].

In the experimental structure, the external load was

realized as a coaxial line, thus Z~ can be represented

further by an equivalent circuit given by Lewin [1]. Assum-

ing, for simplicity, that the terminated post is placed at the

center of the wider wall so that the transformation ratio
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Fig. 2. General equivalent circuit for the pair of coupled posts.

corresponding to the position of coaxial entry becomes

1:1, a total equivalent circuit of the two-post obstacle is

shown in Fig. 3. In this circuit, Z~=Zg represents the

impedance of the terminated post itself, ZL is the input

impedance of the coaxial line, and Z~ is added to reflect a

change of the coaxial input impedance between the plane

where ZL was measured and the plane where it was effec-

tively connected to the post.

Impedances Zg, Z~, Z~, and Z~ can be found by

measuring an impedance Z seen from the waveguide, A

procedure to determine these impedances is as follows.

1) Inserting only the grounded post into the waveguide,

one measures an additional impedance Z introduced in the

waveguide, giving Zg = Z.

2) Inserting only the terminated post, one measures the

impedance seen from the waveguide when Z~ is short and

open; this allows one to calculate ZH and ZA.

3) Inserting both electrodes, one measures the imped-

ance seen from the waveguide with Z~ short and open; this

allows one to calculate Z~, provided that all other imped-

ances are already known,

Making use of the equivalent circuit shown in Fig. 3, it is

easy to show that the post current amplitudes ratio, includ-

ing mutual coupling, is

I
;’1+

ZB

t Zg + ZM
(11)

where ~g and If are currents on the grounded and terminated

posts, respectively, and

11 1

~=~+ ZA+ZL”

The total impedance seen from the waveguide is

(zg+zM)(z, + ZM+-%) (12)

Z=– ZM+
2zg+2zM + ZB “

The total current

I= Ig+I, (13)

may be measured using the method outlined in Section 11,

and thus both current amplitudes are determined by (11)

and (13).

The scattered field from each post is described by (6),

which can be represented as

E;(.x, y, z) = IgF(z, y, Z,llmn(sg,wg))

E;(x, y,z)=I,F(z, y,z, Bmm(s,,w,)) (14)

respectively, for grounded and terminated posts, where Sg

and s, are the x-coordinates of the post centers, w. and w,

o , 0

Zg+ ZMnI
9 I

Zt+ ZM

2A
.
“H

‘L

o 0

Fig. 3. Total equivalent circuit for the structure under analysis.

are the widths of the grounded and terminated posts, and

E is a vector function. An analysis of (11) allows one to

distinguish two extreme cases.

Case 1: When ZB = – (Zg + Z~), the current amplitude

ratio is

1[

If the total current 1 is not zero under this condition, the

grounded post current must be equal to zero, and 1,=1.

Case 2: When ZB = m, I,= O and Ig = I,
Consequently, the total electric field in these two ex-

treme cases is

~(XjyjZ) ‘~i~+ l~(x?y,zf ~~~(st>wt)) (15)

when

zB=–(zg+zM)

and

~(X, y, Z) =Ei. + ~~(,~, y, Z, ~mn(Sg, Wg))

when

zB=cQ. (16)

Since ZB is a function of ZL, this clearly indicates that the

total eleetric field is different at each post, and the distri-

bution of the field depends on the. external microwave

impedance connected to the system.

IV. EXAMPLE

The total electric-field distribution was calculated for a

particular structure. Two conducting posts of length L = 1.0

cm and diameter 0,9 mm were placed inside an S-band

waveguide (a = 0.214 cm, b = 3.409 cm) symmetrically

around the center of the wider waveguide wall with a

separation distance d = 2 mm. The operating frequency

was 2.45 GHz. Impedances of the post structure and

adaptor were measured as outlined in Section III. The

obtained values (normalized to the impedance of the wave-

guide) were

zg= j3.33, zH= – jl.43, z~= jO.31, andz~= jl.87.

(17)

The absolute value of relative total electric-field magnitude*
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Fig. 4. Relative total electric field along the z-axis. Current on the

grounded post compensated.
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Fig. 5. Relative totaf electric field afong the y-axis. Current on the
grounded post compensated. Position of the posts is sketched in the
upper part.

was calculated as

E Ein + E; + E;
— .
EO EO

(18)

where E; and E: are defined by (14) and (6). The first 20

terms of infinite summation appearing in an expression for

Es were taken into account and results were calculated and

plotted by a computer for a given load impedance Z~,

which defines the posts’ currents.

An example of field distribution along the z-axis of the

waveguide (toward the generator) at x = 3.857 cm (center

of the terminated post and y =1.0 cm, lower tip of the

post) is shown in Fig. 4 for a case when Z~ = – (Zg + Z~)

i.e., Ig = O. The main disturbance caused by the posts

placed at z = O extends in the + z-directions to a distance

n
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Fig. 6. Relative totaf electric field along the x-axis nea
Current on the grounded post compensated.
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Fig. 7. Relative total electric field afong the x-axis near
Current on the terminated post compensated.

the posts.

the posts.

of about 3 cm. Farther away from the posts, the field has a

standing-wave pattern with a period of Ag/2 and SWR of

about 1.3. The measured VSWR under the same load

conditions was 1.37.

Note that the field intensity close to the post is about

seven times higher than EO. The increase of the field can be

represented by higher order modes radiated by the post,

which cannot propagate along the waveguide, and thus
their energy is stored in the region.

The field distribution along the y-axis for the same case

is shown in Fig. 5. At a distance of 2 cm away from the

post, the field distribution is uniform, as it is in the TEIO

mode. It is interesting to note that on the post or at 0.5 cm

away from the post, tlhe field distribution is not uniform

along the short post. There are bumps at y = 0.5 cm. These
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nonuniform distributions are attributed to the spatial

harmonics as seen in (14). Figs. 6 and 7 show field distribu-

tions along the x-axis in the region very close to the posts

for two extreme cases, lg = O (i.e., Z~ = – (Zg + Z~)) and

1,= O (i.e., Z~ = + jn). It is apparent that the load imped-

ance does not only change the field gradient and position

of field maximum, but also affects strongly the magnitude

of the total field.

The field distribution variation near the post was checked

experimentally by observing ignition of a small neon-filled

lamp inserted into a waveguide. In this experiment, the

lamp’s wire electrodes represent the posts analyzed above.

A lead wire of one of the post-electrodes is directly

grounded to the waveguide. The electrode represents a

grounded post. The other post-electrode is connected to a

variable external load impedance. This electrode represents

the terminated post. Gas ignition pattern due to RF field

only was observed as a function of external load imped-

ance Z~. It is claimed that the most intensive discharge

corresponds to a maximum of local electric field. The

ignition brightness level distribution along the posts closely

corresponded to the calculated relative field strength and

the predicted position of the maximum field, thus qualita-

tively confirming the present analysis.

IV. CONCLUSION

The foregoing sections illustrate a method of analysis of

electric-field distribution near a system of two posts. Al-

though the analysis presented was somewhat simplified by

certain assumptions, and numerical values must be inter-

preted with care, the results obtained showed good correla-

tion to experimental observation.

The analysis revealed that a not-so-obvious field varia-

tion along even a short post does exist. Also, the field

distribution (magnitude and gradient) is strongly affected

by the external load.

The above findings explain some observations encoun-

tered in discussions on the mechanism of glow discharge

microwave detection [15]. The RF field adds to the dc field

of a gas discharge structure, affecting detection sensitivity

depending on the external load, which was also experimen-

tally verified by the authors, but was not included in

previous studies [15].
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