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I. INTRODUCTION

The mutual impedance between linear antennas in free space has been studi-
ed by many researchers, but this problem in a waveguide was little paid
attention to. The mutual impedance between probes, vertically located

on the broad wall of a rectangular wavegu1de is derived by Ittipiboon and
Shafai [1] using the vector potential A, and arbitrarily located in a re-
ctangular waveguide was analyzed recently by the author [2] using the

DGF G. The investigations are extremely useful in design of antennas

with specific uses, microwave circuit and various filters.

However, to my knowledge, the mutual impedance for a circular waveguide
has not been considered. In this paper, the field distribution and mu-
tual coupling of dipole antenna in circular waveguide have been studied

in detail. The general formulas of mutual impedance between probes are
given. 1In derivation, the DGF, field transformation, and reaction theorem
are used. The waveguide is semi-infinite. The reflection coefficient at
the terminal plane is ' . The lengths, feeding points, and orientations
of the two antennas in the waveguide are all arbitrary. This method is

general and can be used to solve similar problems in waveguides of dif-
ferent cross sections and in cavity resonators.

II. THE DYADIC GREEN'S FUNCTION

The problem to be considered is shown in Fig. 1. Two dipole antennas,
arbitrarily orientated, are located in a circular waveguide. Suppose the
radius of the waveguide is a and is filled with air (M.,£, ). The DGF G

of the first kind pertaining to the waveguide is given by
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The independent variables of M! , M‘;’ A Nf; s N:P and N; are P'and #:’ )
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III. FIELD E, RADIATED BY PROBE 1

Assume that the current distribution (flowing in the { - direction) of
antenna 1 is given by
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Fig. 1
where I,, is feeding point current, k is the free space wave number. The
electric field radiated from antenna 1 is
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where d§ = %dx' + ydy' + 2dz'. Assume that the direction cosines of §
are S, =cos &,, S, =cos ﬁ.r » S3 =cos Y, . Hence, the parametric equations

of { axis are given by
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Through tedious treatment of (3), the principal value of the integral for
Z >z' and z £ z'" are found to be, respectively
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In (5), a correction term E) should be added to the term E' to yield a

correct longitudinal component E_, that is, EZFE; + EI . Based on the

distribution theory, the correction term is given by
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The costants A and B are given by
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IV. MUTUAL IMPEDANCE

In order to calcu&ate mutual impedance, we must determine the tangential

component E, of E, along antenna 2. The current distribution of anten-
na 2 is simifar to that of antenna 1, except that I, I, , { -» w. As-

sume that the direction cosines of W are t, =cose; , t, =cos B, ,

t, =cos Y, . The parametric equations of w axis are given by
T bW 4 4y Yomtuw iy, £, =t,W 2, (o)
The tangential component E,, is given by
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where mi(w), n; (w), fi( + [ w) and f,(w) are similar to that of (9), except
that §» w. And

1/2

Pw:(IL+y:r) tﬁcbw:yw/xw (13)

B{ thebreaction concept, the mutual impedance between the two antennas is
given by

| w
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