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ABSTRACT

The vanation of experimentally measured values of radiation resistance of a loop antenna on
Ariel-3 satellite with plasma frequency is explained by developing a theory of square loop antenna
in two-component warm plasma., It is observed that the theoretically computed values of radiation
resistance are now more closer than the values calculated using earlier theories.

INTRODUCTION

THEORY of radiation from rectangular loop

aerial immersed in single-component warm
plasma was earlier developed! and the variation of
radiation resistance with plasma frequency computed
from this theory was compared with the
corresponding measured values recorded? for a loop
antenna fixed on board Ariel-3 satellite. It was
observed? that theoretical results obtained using one-
component plasma theory differ by a factor of 102
from experimental values. In order to make the theory
more comprehensive, the effect of ions has also been
taken into account and expressions have now been
developed for the electromagnetic and the plasma
components of radiation resistance of loop antenna in
two-component (electron-ion) warm plasma. The
theoretically computed values, thus obtained are com-
pared with the observed values by Ariel-3 satellite. It is
noticed that the agreement between theory and experi-
ment 1s now closer. The values computed using one-
component electron theory are also plotted for
comparison.

THEORETICAL EXPRESSIONSFOR RADIATION
R ESISTANCE

The amplitude of the current along each radiator of
the square loop shown in figure [a, is assumed to vary
sinusoidally with position, with the peak of the current

occuring at the centre of each radiator,
Mathematically
I(z) = I, cos [B(1]2—2)] (1)

where [, 1s the current at the centre of each conductor,
B is the propagation constant of the current on the
wire and z is the distance along the aerial. Using
linearized hydrodynamic theory and following the
usual methods!, the following expressions for the
electromagnetic and the plasma components of the
radiation resistance of the square loop tn the two-
component warm plasma have been derived.
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Figure la. Current distribution on the loop antenna.

™~ 27 By
f J x’af sinz | —
x~ A0 0 2

Blu
+ y2a; sin? ( - —*> + xysin® # sin 20

! Iuy \
sin ( - Hl~) sin ( B uz—) X sin@ dé d‘lD (2)

2 2 /]

wpe 2(1 —a;)? 2T

Rpj = —— - f | | xco0s
wdn? ueeq By (1+a,) 0 0




6 Current Science, July 20, 1982, Voli. 51, No. 14

ﬁpjl ﬁpj, 12 Whﬂre

- COS 91 -+ V; COS { - cos & J
2 Z I—uy 1-}u I—u,

. 51 - ’ 32 = ’ 33 = »

Xsin@dédo (3) 2 2 2
_ . I+tu,
where @ and § are the azimuth and zenith angles of the 5¢ = - .
sphenical polar coordinate system, centred on the 2
acnal (higure 1b) and and
E, BI

\c B

3 ‘I
Dy ¢ ~

Figure 1b. Geometry of the loop antenna.

A = 11—{ — + -
w? w?

cos #i=sin  cos ¢, cos O;=—sin 8 sin ¢ (4)

where 8, is angle between an AP and the
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p,; are given by the roots of the quadratic
equation
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and «; is related as

ﬁp;‘z == TII ‘l“ T21 Xje
The total radiation resistance Ry is given by

Rr = Re =+ Ry; (j=1,2) (9)

In the above expressions for radiation resistance, the
value of 8, the propagation constant of current distri-
bution on the loop wire, is general. However, in our
computation, we assume ﬁ‘: ﬁ . and evaluate R, and
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Figure 2. Ariel-3 satellite showing Jodrell Bank
aerial,

R ,, by numerical computation.

The square loop aerial used on the Ariel-3 satellite
(figure 2) has an effective area of 3.93 m? which corres-
ponds to ko =1/A=0.0229 at the operating fre-
quency of 3.48 MHz. Substituting the above and
taking ¢/« ,= 103 values of R, and R,; are calculated
by numerical computation on APPLE computer using
basic language.

The experimental values? of R r fortheloop used in
Ariel-3 satellite and the theoretical values of R ;. calcu-
lated in single-component electron plasma and in the
two component warm plasma are shown in figure 3.
The bar shows the variation of experimental values
duning flight of the satellite.

DISCUSSION AND CONCLUSIONS

Some interesting observations can be made from
figure 3. While the trend in variation of R; with
plasma frequency in the one and the two-component
warm plasma remains almost the same, The values of
2+ 1n the two-component plasma are higher as com-
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Figure 3. Comparison of theory with measurements
for Ariel-3 at frequency of 3.48 MHz.

pared to the one-component warm plasma. The values
are now closer to the expenimentally observed valuess,
Although we have neglected the effect of earth’s mag-
netic field and the formation of sheath effects, the
theory developed here can provide meaningful results
fora loop antenna inthe plasma. It alsoshows thatthe
effect of ions should be considered to obtain more
accurate results. Further, the propagation constant
for the current distnbution can be assumed to be equal
to H., the propagation constant of electromagnetic
wave in plasma. Also, the theory developed here using
linearized hydrodynamic theory for two-component
warm plasma is capable of giving better results. How-
ever, this theory can only beapplied for cascs when the
plasma frequency is less than the source frequency.
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