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Summa ry

A systematic and novel approach is
developed for the dyadic operation of
dyadic Green’s functions (DGF). The
complete forms of the dyadic operation of
the DGF for cylindrical waveguides are
given. Ambiguities associated with the
dyadic operation in the literature are
clarified and the errors are redressed.

I. Introduction

The dyadic Green’s function (DGF) is a
powerful and important tool in
electromagnetic theory. The DGF for
various geometries (e.g., cylindrical
waveguides, spheres, etc.)= have ~ecn
determined by the methods Gh and Gm .
Unfortunately, the property that the
dyadic expansions are continuous in some
components and discontinuous in the
others at the source region has not been
recognized yet and there are some errors
and ambiguities associated with the
dyadic operation of DGF in the
literature[l-4].

In this paper, a systematic and novel
approach is developed for the dyadic
operation of DGF. The derivative of a
discontinuous variable is defined in the
sense of distribution and performed
separately in the components of dyadics.
Once the additional terms with j
function which emerge in the generalized
derivatives of discontinuous variables
are found, we can conveniently use the
vector identities to carry out the dyadic
operation. As an example, the complete
forms of the dyadic operation of the DGF
for cylindrical waveguides are given. It
is also shown that the electric and the
magnetic DGF solved satisfy the dyadic
version of Maxwell*s equations and of the
equation of current continuity.

II. The method of ~~

The vector wave functions for
cylindrical waveguicle.s are

Z%; (R)= Vf%v(RMi ?j$h%(f’) expf+j% z]
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The dyadic expansions 5 an;!. ?? .a$$
continuous in the components tit and ~:

and ~~scontinuous in the compclnent.s tz
and zt at the source region. With the aid
of the generalized derivative

a@43>3 = jfq-!’(%)l’) (y(l)

and the vector identities
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Vv.z.”(iu=-mv(ii)

17xfiev(ro= Aiiev(w

VXN.,(R)=* FI. ”(R)

off)

(7b)

C/C)

+fCom?;(ri)m (i’)+cdewiew’m( r- l)j
Contrary to Kisliuk[l,2],
show the expansions ~ and (ah ~;~

(9a)

(76)

(R)

(/0)

(9)
not

purely lognitudinal and transverse fields
at the source region. wi~h the ~id of the
relations between z, , Cm and GA [4], we
obtain

G,(R/R’)=3[%*$7v(wR~-ij &4i”(?)fo”(r)$( $-J’)] (w

G.(R/i) =3 %$* ~v~~lf~ (/16)

Although the additional terms with j
function which emerge in the generalized
derivative of the first-order are
cancelled themselves and do not appear in
(11), they are very important for us to
study and understand
DGF

the properties of
in electromagnetic theory. For

example, with the aid of (9a) and the
relation

i“ iowj (~)= (-?@.io@(f) (/2)

as well as the completeness relation

Yt $(R-Z’)= %~~ lZe iilev (f)fiw (0- (k~~ )c.ii@~O#@T-j) (/3)

The following expression can be derived

~ ?v(ij/z)= “ ~fitv3Aj XC* 2 a v-(*~$)iow(f)mw( r)$(7-7)

(14)=-.%zv.?t$(fi-m

(14) shows that X and fi are complete for
‘transverse! current “ cylindrical
waveguides even thoggh V#+O It is
easy to prove that ~. and ??H sati~fy the
dyadic version of Maxwellrs equations and
the dyadic version of the equation of
current continuity.

III. The method of &

If Em is first found, ~e can be
derived by means of the dyadic operation
defined in this paper. The dyadic
operation of DGF was performed in [3,4]

by interchanging differential operators
and the integral operators in the

eigenfunction expansion of DGF. It is
important to mention that the separation

of the singular terms in the integrations
after the interchange of the operators is
not unique because the condition Iz-z’l >g
in Jardan 1 emma in the complex integral
is not satisfied at the source region. A
counter-example is easily constructed. It
is also shown by (8) and (16) that the
interchange of the differential and

integral operatQrs fai~s to reveal the
property that S and T are no longer
purely lognitudinal and transverse fields
at the source region, and then fails to
determine unique and complete additional
terms with $ function. Thus, we conclude

that the interchange of the operators is
invalid at the source region.

It is worth to point out that Pathak
independently obtained the simalar
results as (14) by an alternative
procedure[5] . In his approach, a
condition govening the behavior of the
eigenfunction expansion at the source
region is need_ed to derive the final
solution for VXG. .
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