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For feeding facilities monopole antennas with ground planes are pre-—
ferred in experiments on dipole antennas. Similarly the diagnostic probes
on the vehicle surface of rockets and satellites are usually monopole-type
of antennas. When the surrouding medium is isotropic the field of & mono-
pole antenna with a ground plane is the same as that of a dipole and its
impedance is exactly the half of the dipole impedance. Because in an isotr-
opic medium the 'conventional image theory' is valid and therefore, a sepa-
field and impedance analysis for a monopole model is not necessary. However,
if the medium is anisotropic for example a magnetoplasma or the earth's io-
nosphere the 'conventional image theory' is not applicable unless the static
magnetic field is directed perpendicular to the ground plane of the monopole.
This means that, for any other direction of the static magnetic field the re-
flected fields from the ground plane cannot be obtained in the conventional
vay and therefore a separate field and impedance analysis for a monopole mo-
del is necessary. Hence the purpose of this paper is to investigate the im-
pedance of a monopole antenna with a ground plane immersed in & magnetoplas—-
ma having any arbitrary direction of the static magnetic field. Regarding
this inapplicability of the conventional image theory in an anisotropic me-
dium Wu[l] and Rao and Wu[2] proposed a modified image theory which requires
that the permittivity tensor in the source-half plane and that in the image-
half plane should be transpose to each other. However, the field analysis of
& monopole and its image in such a two-media configuration including the ef-
fect of the discontinuity is rather complicated.

The geometry of the problem is illustrated in fig.l. The monopole axis
is aligned with the Z-axis of a rectangular co-ordinate system with its gr-
ound plane along XY. The antemna is immersed in a cold collisional magneto-
plasma having the static magnetic field Ho at an arbitrary direction 8 with
respect to the monopole axis. The field
of the monopole antenna can be classifi- Z
ed into (1) the primary field that corr-
esponds to the waves travelling directly :@;
from the monopole and (2) the secondary .
field that corresponds to the waves ref-
lected from the ground plane. Both the h
fields must satisfy Maxwell's field eq-
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uations and the total field at any point X ﬁ
in the medium is the sum of the two fi- 2? > =
elds. The boundary condition is such th- AL o -
at tangential components of the total fi- 1+ 1. ’/,/’//:l 7 s
eld must vanish at the surface of the PR 72 Y 2k R
ground plane. With a uniaxial approxima- .7 P .77 Y
tion on the medium permittivity tensor - ¢/ -/\/} 7 -
and by means of a plane wave analysis X Y g

the required field solutions can be ob-
tained [3] . The primary solution can Fig:1 C?-Ordinate systexm of the
be closed and the secondary solution cylindrical monopole antenna.
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can be partially closed. The integral part of the secondary solution has be-
en arranged in a convenient form for numerical calculations. ¥With the assum-
ption of a sinusoidal current distribution associated with the propagation
constant derived by Ishizone et al [4] the input impedance of the monopole
antenna can be formulated by induced EMF method as follows:
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The above expression for the input impedance of the monopole is formulated

for any arbitrary direction of the static magnetic field.

The associated in=-

integrals have been perforwed numerically and the results have been compared
with the half of a dipole impedance obtained by Sawaya et al [5] « In fig-2
the monopole impedance and the half of a dipole impedance for a specified set
of parameters are shown by solid and dotted lines respectively. The difference
between them accounts for the effect of the anisotropy of the medium on the
ground plane for arbitrary directions of the static magnetic field. The fre-
quencies at the oblique resonances and the upper hybrid resonance are the sa-
me in both the cases. However, the relative impedance values are aifferent.
The difference becomes significant when the operating frequency is very low
and almost negligible at higher freouencies. At freauencies below the lower
resonance cone the monopole reactance has a rapid tendency to be inductive.
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The theoretical impedance results of the monopole antenna were compa-
red with experimental data. The experimental set-up are the same as described

by Sawaya et al except that the impedance was measured by a network analy-
ser. The plasma frequency and the collision frequency of the measured data we-
re determined by curve fitting around the peak of the upper hybrid resonance.
With the parameters so determined the theoretical curves were drawn and com=-
pared with the measured data for the entire frequency range of operation (rig.
3), The results are in agreement ekcept at low frequencies. If the effect of
a sheath formed around the antenna is considered,the results are in vell agr—
eement. The low frequenry inductive reactance becomes capacitive with the eff-
ect of the sheath. However, the collision frequency becomes nearly 10 times
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that calculated from collision cross-section. Sawaya also observed a similar
tendency of high collision frequency while interpreting the results with a
dipole impedance. However, in the present case a reduction of 30% is obtained.
This occurs from the difference of the peaks of the monopole and the dipole
impedance at the upper hybrid resonance where the curve fitting has been per-
formed. Besides these, the lower quarter-wave-length resonance, the upper qua-
rter-wave-length resonance , the half-wave-length resonance etc. pertinent to
the length of the monopole are the same as were observed by Sawaya.
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The inapplicability of the conventional image theory in a magnetoplas~
ma resulted in the preparation of this paper describing a separate impedance
results for a monopole model . At higher frequecies the monopole impedance
can be approximated as half of a dipole impedance but not so at very low fr-
equencies.so long as the direction of the static magnetic field is arbitrary.
The well agreement between the theoretical and the experimental results indi-
cates that the uniaxial approximation is a good approximation for interpreti-
ng the impedance of a linear antenna in a magnetoplasma. Also the assumption
of a sinusoidal current distribution seems quite suitable.
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