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THE SHORT-CIRCUIT CONCEPT USED IN FIELD
EQUIVALENCE PRINCIPLES

Jgrgen Appel-Hansen
Electromagnetics Institute
Technical University of Denmark
DK-2800 Lyngby, Denmark

Introduction. In field equivalence principles electric and magnetic
surface currents are specified and considered as impressed currents [1-
3]. Often the currents are placed on perfect conductors. These currents
may be treated by using two points of view. The first point of view is
decomposition of the total field into partial fields caused by the
individual impressed currents. Using this partial field point of view it
is stated that on a perfect electric (magnetic) conductor, impressed
electric (magnetic) surface currents are short circuited.

The second point of view is to note that since Maxwell's equations and
the boundary conditions are satisfied, none of the impressed currents
are short circuited and no currents are induced on the perfect
conductors. Since all currents and field quantities are considered at
the same time, this point of view is referred to as the total field point of
view. The partial field point of view leads to alternative formulations
for computations of the lotal field. This is not the case for the total field
point of view. However, it increases understanding to be aware of the
two points of view. Therefore, both points of view are discussed in some
detail in the following section. Furthermore, this leads to the following
correction.

In [3] the author has stated that an impressed electric current is short
circuited on a perfect electric conductor. In relation to the problem
discussed this is only correct in case the partial field point of view is
used. I‘hexefore, this condition should have been pointed out in [3].
The association of the short-circuit concept with the partial field point
of view is mentioned in [4].

Discussion. A perfect electric conductor is defined as an object for
which the electric conductivity o is infinite and the magnetic conduc-

tivity o, is finite. For a perfect magnetlc conductor o isfiniteand o, is
infinite. Inside and on the interior side of the con uctmg surface of
such objects the electric field intensity E and the magnetic field
intensity H are zero. Then, the boundary conditions are

= _ﬁxn]

3, = hxH,

es
where E and H_ are the electric and magnetxc field intensities, respec-
tively, on the exterior side of the conducting surface and J, and dJ,. are
electric and magnetic surface currents, respectively. The Unit vector fi
is normal to the surface and pointing in the direction from the interior
side to the exterior side of the surface.
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Let us first consider a perfect electric conductor._On it a J _can be in-
duced due to the fact that o, is infinite. But,aJ . cannot be induced
because o, is finite. In case an impressed J_ is placed on the conductor
image theory shows that in the limit of zero distance, an oppositely
direcled J, is induced so that the resultant field is zero. It is stated
that the impressed J__ is short circuited. However, this consideration is
only correct in case the impressed J  is acting alone. In case the im-
pressed J__is acting together with o her appropriately chosen impres-
sed magnetic surface currents, the impressed J_, may from one point of
view be considered as short circuited and from another point of view as
not short circuited. This is illustrated by a discussion of Love's equi-

valence principle.

Love's principle is illustrated in Fig. 1. In Fig. 1a, original sources in a
volume V generate a field E,, H, exterior to V. The surface of the
volume is S. Now, in Fig. 1b we have removed the original sources
from V and specified a zero field inside V and a fleld exterior to V
identical to that in Fig. 1a. This field can be generated by impressed
currents given by Egs. (1 and 2). Since the field inside V is zero we may
fill out V with a perfect electric conductor as shown in Fig. 1e. Decom-
posing the total field into fields caused by the individual impressed

w
m
=

a) Original sources

¢) Perfect electric conductor

Fig. 1. Steps in equivalence principles.
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currents leads to the result that the impressed J is short circuited and
the impressed Jn. induces a current distribution equal to that of the
impressed J 1t5 noted that the short circuiting requires that the im-
pressed currénts flow on a surface coincident with that of the conduc-
tor, i.e., the surface S, and not as often stated just outside S (3],

Thus, the short circuiting is a result of the partial field point of view.
However, from a lotal field point of view it may be argued that no
currents arc induced since Maxwell's equations and the boundary
conditions are satisfied without the neced of induced currents in addi-
tion to the impressed currents. Therefore, from a total field point of
view the impressed J__is not short circuited. Thus, only impressed cur-

rents exist on the perfc(.t conductor. Since the total currents are the
same under both viewpoints, the total field is the same. As another
example, which is a usual scattering problem, let J be induced by
currents impressed by sources exterior to the gonductor Now suppuse
that the induced J_ is substituted by an impressed J of the same
value. Furthermors, suppose thal this impressed Jd, exists together
with the original sources exterior to the conductor T hen, again [rom a
partial ficld point of view the impressed J . is short clrcmted but from
a total ficld point of view no additional induced currents are required,

i.e., the xmpressz.dJ is not short circuited.

Consideration of an impressed J on a perfeet magnetic conductor can
be made in a manner analogous to thal given above for the perfect
clectric conductor.

References

(1] B.D.Popovié,
"Electromagnetic field theorems,”
IEE Proc., Vol. 128, PLA, No. 1, pp. 47-63, Jan. 1981.

{2] R.E.Collin,
”Antennas and radiowave propagation,”
McGraw-Hill, Inc., New York, USA, pp. 176-179, 1987.

{31 J.Appel-Hansen,
”Comments on field equivalence princeples,”
IEEE Trans. on Antennas and Propagation, Vol. AP-35, No. 2, pp.
243-244, Fcb. 1987.

[4) R E. Collin andJ Appel-Hansen,
"Remarks on "Comments on ficld cquivalence principles”,
IEEE Trans. on Antennas and Propagation, Vol. AP-36, No. 7, pp.
1034-1036, July 1988.

o

Acknowledgement. The author is grateful to Subir Ghosh, Telebras-
CPgD, Brazil and Branko D. Popovié¢, University of Bclgmdg,
Yugoslavia for pointing out the possibility of considering two impres-
sed currents as the only currents existing on a perfect conductor.

1070

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on July 05,2010 at 12:14:41 UTC from IEEE Xplore. Restrictions apply.



