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Characteristics of a Dipole and a Loop Antenna for Plasma Waves
Observed by the S-310JA-1 Rocket
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Abstract: Among VLF wave phenomena observed by the S-310JA-1 rocket,
what 1s thought as a kind of plasma wave phenomenon has been investigated 1n
detail The phenomenon 1s characteristic in that its frequency was spin-modulated
and 1t appeared once during one spin period, and 1t was detected with a ferrite core
loop antenna as well as with a 2 8 m dipole antenna

Tt 1s concluded that this phenomenon may be an electrostatic wave with a wave
length of the order of 10 cm  The loop antenna 1s considered to have worked as an
electric sensor by the whip antenna effect, when the phenomenon was detected. It
1s also found that the 2 8 m dipole antenna 1s a very short antenna with an effective
length of ~1 mm for the above plasma wave Therefore, the phenomenon can be
quantitatively understood from these characteristics of the antennas

1. Introduction

In rocket observations of VLF wave phenomena in the i1onospheric plasma, the
loop antennas have been usually used in order to discriminate electromagnetic waves
from plasma waves As will be described here, in our rocket experiment it was shown
that the antenna could be a better sensor for plasma waves than a dipole antenna, and an
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electrostatic wave phenomenon was observed.

2. Characteristics of Plasma Waves Observed
by the S-310JA-1 Rocket

VLF wideband (10 kHz bandwidth) noise in the ionosphere was observed as shown
in Fig. 1, by the S-310JA-1 rocket at Syowa Station in Antarctica, on February 13, 1976.
The electric (E) and the magnetic (H) fields were picked up by a dipoleantenna (15 mmég,
2.8 m tip to tip) and a loop antenna (8000 turns on a 10 mm¢ X 150 mm long ferrite
core) respectively. The E and H field outputs were telemetered to the ground by time
sharing as shown 1n Figs. 1 and 2; 16 seconds for E and 8 seconds for H. During the
first half of the above 16 seconds for E, a 3 volt DC bias was applied to the dipole antenna
to remove ion sheath around the antenna, while for the second half no DC bias was
applied. There was a difference in gain of the both preamplifiers; G,=G+ 16 dB
(refer the block diagram in Fig. 2).
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Fig 1. Frequency spectrum of VLF wave phenomena observed by S-310JA-1. During the
time period of D(3), a DC bias (3V) was applied to the dipole antenna, while D(0) was
without bias. L stands for the period of the loop antenna. The time sharing for D(3):
D(0): L was 8 8- 8 seconds respectively (for details refer to the paper by KIMURA et
al , 1978).
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Fig 2 Block diagram of the VLF wide-band recever (PWL) on board S-310JA-1
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Fig 3 A typical dynanuc spectrum, so-called sonagiam, wncluding nverse U-shaped
emissions (a) shows the sonagraph section of (b)

The rocket reached an altitude of 215.6 km 2265 after launch, and during the flight
electrostatic wave phenomena as well as electromagnetic wave phenomena such as
“chorus” were observed in the ionosphere (KIMURA et a/, 1978) This paper con-
cerns with the electrostatic ones, especially “inverse U-shaped emissions” on spectrum
as shown 1in Fig 3, which correspond to the discrete emissions clearly seen in Fig |
for the ‘L’ period from =91 t0 99 s  These emissions have the following features

1) The inverse U-shaped spectra appeared once in a spin period of the rocket,
and the frequency of the spectra around 5 kHz was spin modulated

2) This type of emission was observed not only by the dipole with DC bias
(denoted hereafter by D(3)) and without bias (D(0)), but also by the loop antenna (L)
The signal level at the inlet of the preamplifiers after the sensors was a few to 10 dB
higher for L than for D(0) and D(3) as shown in Fig 4, where the gain difference for the
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both channels was taken into account.

3) These emissions disappeared when a Langmuir probe and a fixed biased probe
were switched off, which were used for measurements of electron density and tempera-
ture (such an effect is seen in Fig 1 at r=107, 133, 226, 322 s). These two probes were
both a 20 cm long whip, and 0—4 volt sweep voltage and 6 volt fixed voltage were applied
to LP (Langmuir P.) and EP (fixed biased P.) respectively when they were switched on.

3. Characteristics of a Loop and a Dipole Antenna
for the Observed Plasma Waves

From the fact that this phenomenon 1s strongly associated with DC bias on the LP
and EP and is spin modulated, it can be concluded that this 1s not an electromagnetic
wave phenomenon. If the emission is electrostatic, we understand that while the emis-
sion was detected by the loop antenna, it must be detected by the whip antenna effect
of the loop antenna. By a later measurement, the effective length of the whip antenna
effect of the same core loop antenna was found to be about 3-5 mm that was deduced
from the directivity characteristics of the loop antenna as shown in Fig. 5 for a distant
known signal on the ground. Then the effective length of the dipole antenna must be
of the order of 1-a few mm because of the above-mentioned fact 2).

This result is unreasonable 1f the signal 1s an electromagnetic wave, because the
dipole antenna length 1s 2.8 m tip to tip. In the following we discuss whether or not the
above result 1s conceivable. From the observational fact 3) previously mentioned, the
inverse U emissions could be an electrostatic wave generated by a current-driven insta-
bility which was caused by 6 V DC bias to EP. Possible modes for the electrostatic
waves are 1on acoustic mode and electrostatic ion cyclotron modes, both of which are
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From the simultaneous measurements of electron density N, and temperature 7,
by LP and EP (OGcAwa et al , 1978), N, was ~10° cm™ being almost constant and 7,
was from 800 to 2000 K, almost linearly increasing with altitude above an altitude of
120 km. If the effective 10n mass M, 1s assumed to be 31 (equal number density of O,*
and NO™), the 10n sound velocity V, determined by +/£7,/M, lies between 460-730 m/s
for the observed T, as mentioned above, where « 1s the Boltzman constant  Then from
the dispersion relation of the 1on acoustic wave, w=kV; (w; wave angular frequency,
k; wave number), the wave length 1 (=2 =/k) for f (=w/27)=35 kHz must lie between 9
and 15 cm, 1f a Doppler frequency shift due to the rocket velocity 1s not taken into ac-
count. However, the rocket velocity in an altitude range from 120 to 150 km was in the
range of 1.46-1.25 km/s, so that the frequency f, ., to be observed by the rocket must be
Doppler shifted from the original source frequency f;, as

fons=/f:{1 £(Vr/Vs) cos o}

o 1n this formula is the angle between the rocket velocity vector ¥y and wave propaga-
tion vector k.

As we have not known the location of the source, ¢ can not be estimated There-
fore, we estimate a possible range of the Doppler frequency shift by assuming ¢=0.
If fous 15 around S kHz as observed, the source frequency f; at h=150 km for example
must be 1n the vicinity of 1.57 and 4.24 kHz, where V/V,=2.18 In such cases the wave
length 2 (=V/f;)=0.37 or 0.14 m.

4. Effective Length of a Dipole Antenna for Plasma Waves
in a Magneto-Plasma

In order to calculate the effective length of the 2 8 m dipole antenna for an ion



No 64. 1979] Dipole and Loop Antennas for Plasma Waves 47

acoustic wave with 2~ 0.1 m, the transmission line theory (ADACHI et al., 1977) 1s adopted
as a rough approximation. A dipole antenna of a radius p and a length 2/ is considered
to make an angle ¢ with the external magnetic field B, (see a configulation inside Fig.
6 a).

A plasma wave 1s incident to the antenna in such a way that the & vector (and there-
fore E field) is assumed to make an angle ¢ with the antenna and that the &, B, and the
antenna lie on the same plane. The effective length /. of the antenna for this plasma
wave is then represented by

__cos (klcos 0)—1 Zy,
Lese= k? cos 6 2k, Z, (1)

where Z;, 1s the terminal impedance of preamplifier connected to the antenna, and
k, and Z, are the propagation constant and characteristic impedance respectively, of
the antenna as a transmission line in a magneto-plasma, given by

ko= (K'K)" @)
_1_ o 1/2¥—1n l/p‘

2 ()" Bl

K=K, sin* ¢+K' cos® ¢ . 4

K, and K’ 1n the above are elements of the specific plasma dielectric tensor

K jK’ 0
.‘_jK/I K’ 0
0 0 K,
namely
K1=l__ wpez o wplz
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where o, and w,, are the electron and 1on plasma frequency, and ., and w,, are the
electron and 10n cyclotron frequency respectively.

l;; determined by eq. (1) is calculated for /=1.4 m and p=0.75 cm and for the
electron plasma frequency of 2.85 MHz, and the cyclotron frequency of 1.57 MHz with
the effect of ions being included. In Figs. 6 (a) and (b) 1s shown the calculated /,; for
Z,=5.7kQ for ¢=60° with @ as a parameter and for §=60° with ¢ as a parameter.
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Fig 6 Effectwve length of a dipole versus the waves length of plasma waves for Zy, of 57 hQ

From the figures 1t 1s found that /¢, is of the order of 1 mm for the wave length of plasma
wave being ten to several tens cm for a wide variety of the parameters of 6 and ¢.
This result agrees well with the observed fact, although the above /; calculated might
be very rough for a large number of //4 such as those greater than 10.

5. Discussion and Conclusion

Inverse U-shaped emissions observed by the S-310JA-1 rocket have been carefully
analyzed. From several characteristics of the emissions, 1t 1s concluded that they might
be an electrostatic phenomenon, more concretely an 1on acoustic wave or electrostatic
ion cyclotron wave phenomenon. According to our recent laboratory experiments
(Tsutsut et al., 1979), a similar wave phenomenon was observed when a possitive DC
bias was applied to a spherical probe, which has shown some evidence that it was an
electrostatic ion cyclotron wave generated by a current driven instability  The mecha-
nism of the frequency variation of the inverse U-shape which was synchronous with the
rocket spin 1s not clearly interpreted but may be ascribed to the Doppler effect that was
mentioned in Section 2.

Even though the effect of Doppler shift is taken into account, the wave length of the
phenomenon is of the order of ten to several tens cm. It is, then, experimentally and
theoretically ascertained that this plasma wave could be effectively observed with the
core loop antenna by the whip antenna effect than by the dipole antenna whose length
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was much larger than the wave length of the ion acoustic wave.

As to the spin-modulated wide band noise also observed by the same rocket, which
was observed only by the dipole antenna as seen in Fig. 1 can not be explained by the
above ion acoustic wave model. It may be generated by another mechanism such as
shock waves produced by the rocket itself.
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