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REsuME. — On a mesuré U'impédance d’un dipéle filiforme de 20 métres de longueur totale, @ une hauteur de 125 km
dans Uionosphére de nuit. Ces mesures ont été faites 4 60 kHz et & une fréquence variée entre 1,4 et 1,8 M Hz et pas-
sant par la gyrofréquence. Les résultats obtenus sont interprétés a partir de la théorie de KAISER et sont en bon ac-
cord avec cette théorie. On en déduit une estimation de la densité électronique et de la fréquence de collision.

ABSTRACT. — The admittance of a wire dipole of overall length 20 m was measured at a height of approximately 125 km
in the night-time ionosphere. Measurements were obtained at 60 kHz and at a frequency swept over the range
1.4 MHz to 1.8 MHz so as to include the gyrofrequency. The results are interpreted in terms of a theory due to
KAISER, and fair agreement is obtained. The electron density and collision frequency in the plasma surrounding

the aerial are estimated.

Pestome. — BEI H3MepeH HMIeJaHI HUTe0OpasHOTo AMIOJA 00IieH AJIVHE 20 METPOB, Ha BHCOTE 125 KM
B mOHOC(Epe, HOUbI0. JTH H3MepeHUsa ORIN cAeJaHEl B 60 KIll ¥ B YacTOTe M3MeHABIIeHca Mexay 1,4
7 1,8 Mro, BRIOUaA TEPOUacToTy. IlosyuenHble pesyJabpTaThH MHTEPUPETHPOBAHBI MCXOJLA U3 TEOPHUH
Kafisepa 7 HaXOJATCA B XOpOIIeM COTJIacHM ¢ 3To# Teopmeil. OTciofa BHBEeJeHa OIEHKA 3ICKTPOHHOH

IJIOTHOCTH W COYZAapHO# J4aCTOTHL.

INTRODUCTION

The interpretation of measurements using radio
receiving equipment in space vehicles, such as the
radio astronomy experiment in satellite S-52,
requires some knowledge of the impedance of a
dipole aerial immersed in the ionospheric plasma.
There have been several theoretical approaches
to this problem none of which is completely satis-
factory, and checks with experiment are desirable.
DEscEaMPS [1962] and Baix [1963] have treated
the case of an isotropic medium. Their results
are valid only when the operating frequency
is much larger than the gyrofrequency. Kai-
SER [1962] and BrRamMrAY [1962] have extended this
analysis to an anisotropic medium and MLopON-
sky and GARRIOTT [1962] have calculated the
impedance of a dipole at very low frequencies.
The development of the apparatus for satellite
S-52 afforded an opportunity of testing these
theories. A mechanism for extending a wire
dipole from the rotating satellite was modified for
use in Skylark rocket. A length of wire 20 m ove-
rail could be deployed and the most suitable appli-
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cation seemed to be to check the variation of its
impedance at a low frequency and at a frequency
near the gyrofrequency where a large dispersion
was expected. Two impedance measuring devices
were connected to the aerial one operating at
60 kHz and the other at a frequency swept over
the range 1.4 to 1.8 MHz. The gyrofrequency in
the E-region of the ionosphere at Woomera, where
the rocket flight was made, is approximately
1.52 MHz.

THE ANTENNA SYSTEM

The antenna consists of two 10 m lengths of
stranded nylon copper braided wire. The wire is
contained on an insulating drum during launch,
which can be turned at a predetermined time by a
small electric motor. A rubbing connection is
made with two silvered brass cones through which
the wires pass. This allowed measurements to be
made during deployment of the aerial. The rocket
head was released from the motor at a height of
75 km. The roll rate of the round was accelerated
to 7.5 radians/s between 90 km and 110 km where
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aerial deployement was started. The rate of de-
ployment was approximately 0.25 m/s.

TaE 60 xHz IMPEDANCE DEVICE

This consists of an L, C oscillator matched into
an eight section delay line of characteristic impe-
dance 2.1kQ. The aerial is connected to the delay
line through a transformer which enables the line
to be matched by 70 kQ, the approximate value of
the reactance of the aerial system in free space.
A high impedance detector is connected to each
point of the delay line and the outputs from these
are telemetered to ground and recorded there in
the usual way. The standing wave pattern on the
delay line provides a measure of the complex
impedance at its terminals. It is 0.6 A long at
60 kHz so that two maxima or minima can be
cbserved. A similar system was used by Hay-
00CK and BAKER [1961].

Tae Swepr FREQUENCY IMPEDANCE DEVICE

The swept frequency device operates on diffe-
rent principles. In this case the L, C oscillator is
swept in frequency. The tank circuit capacitor
consists of four reverse biassed zener diodes in
parallel, driven with a varying voltage from a
simple time base. Zener diodes are used because
they have a suitably large junction capacitance.
The output from the oscillator is presented bet-
ween one wire of the aerial system and the rocket
body ; the current flowing in the other wire is
amplified and passed through a resistor and capa-
citor in series. The current through the aerial
system in phase with the driving voltage produces
a proportional ¢ in phase ’ voltage across the resis-
tor. The “ in phase ’ component of the voltage
across the capacitor is proportional to the current
through the aerial system in quadrature with the
driving voltage, that is, the current through the
susceptive component of aerial admittance. These
“ in phase ’ components of the voltages across
the resistor and capacitor are detected using phase
gensitive detectors (ring demodulators). The di-
rect voltages at the detector outputs are propor-
tional to the conductance and capacitance of the
aerial system respectively. They are amplified to
a suitable level for presentation to the telemetry
system. '

In order that measurements can be made simul-
taneously by both devices a duplexer is used.
The swept frequency device is connected to the
aerial wires through two parallel tuned circuits

https://doi.org/10.1017/5S0074180900179823 Published online by Cambridge University Press

J. HUGILL

which have a low impedance at frequencies in the
range 1.4 to 1.8 MHz and a high impedance at
60 kHz. A choke for the higher frequencies is also
placed in series with the 60 kHz device to reject the
waveform of the other.

RockET FLIGHT : SYSTEM PERFORMANCE

Skylark 81 A was launched from the Woomera
range at 0040 hours local time en October 4, 1963.
Ionograms were taken at intervals of 15 minutes
throughout the flight. The precession angle of the
rocket head is at present unknown. It can be esti-
mated when the results of measurements by magne-
tometers and rate gyros carried in the rocket
become available. The motion of the rocket head
throughout the flight was quite regular showing
that the wires had deployed correctly and not
become entrained by the head. It is assumed that
the wires rotated in a plane about an axis almost
parallel with the total angular momentum vector
of the rocket head.

At the end of its deployment a fault occurred in
the aerial system which had the effect of short-
circuiting it ; thus no measurements were obtained
above a height of 128 km. For the previous 10 s
the overall length of the aerial system was increa-
sing between 15 m and 20 m. Four sweeps were
made by the swept frequency device in the same
interval. The ionograms indicate that at the
height where measurements could be made the
electron density was quite small. The F layer was
overdense only at heights greater than 200 km for
frequencies greater than 500 kHz. However, the
electron density at 128 km could have been affec-
ted by sporadic E observed on the ionograms at a
lower level.

The payload was recovered after the flight and
the apparatus was found to be in good condition.
It was possible to make some recalibration of the
electronic apparatus and to discover the cause of
the fault which occurred in the aerial system.

The accuracy of the telemetry system is better
than 1 9%. Two calibration levels are provided
against which to compare the output voltages of
the equipment in the rocket. Input voltages to
the telemetry lie between 0 v and + 4.5 v. By
comparison between the two calibration levels and
between measurements made during the flight and
on the ground the errors in reading the telemetry
records can be estimated. The random error is
estimated to be less than ++ 0.03 V, and the syste-
matic error to be less than 2 %,.
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AERRIAL IMPEDANCE NEAR THE GYROFREQUENOY

The measured values of aerial admittance, after
correction for various stray capacitances which
occur between the aerial wires inside the rocket
body, are shown in Figure 1. The frequency scale
is not linear. The accuracy of the frequency
markers shown is + 0.02 MHz. Random errors
in the results are estimated to be - 2 pf and

20
10

+4- 0.01 mMho for measurements of capacitance
and conductance respectively. Systematic errors
could be three times larger than these figures, and
will be worse for the earlier sweeps where larger
corrections had to be applied for the effects of
stray capacitances.

In order to compare the results of these measure-
ments with various theories it is necessary to take
into account the effects of the ion sheath. A quan-
tity, Cs, will be calculated which is the capacitance
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Fi1a. 1. — Aerial admittance measured near the gyrofrequency.
Number against the abscissae are the rocket height in km,
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between each aerial wire and the boundary of the
ion sheath. This boundary is a rather vague
concept, but the capacitance deduced varies only
slowly with 7, the so-called ‘ sheath radius .
The formula used is that for the capacitance of a
cylindrical condenser.

(1) C, = 2me, lflog,(r,[a),

where /| = the aerial half length in m ;
a = the radius of the wire ;
eo = 8.85 X 10—12 farad/m.

WHALE [1962] has made various estimates of the
sheath radius using several different approaches
and found that it lay between 2 cm and 5 em
during the flight of the rocket NASA 4.07. A
sheath of similar dimensions will be assumed here.
Putting r, = 3.3 cm, ¢ = 0.1 cm.

(2) C, = 16 picofarads per metre

Following KANE ef al. [1961] we can now cal-
culate the admittance of a fictitious aerial system
with the same dimensions as the ion sheath which
is immersed in a dielectric consisting entirely of
plasma. If the admittance of this aerial system
is Y,, then the measured admittance, Y, is related
to Y; by

1
®3) T Y/ + Y

Where Y, is the admittance of the sheath
around each wire. For the purpose of discussing
the higher frequency results Y, will be equated to
JjoGC; calculated from equation (2). The values
obtained for Y; are larger than the measured
values of Y by a maximum of 30 9, for the capa-
citance component and a factor of two for the
conductance component.

DiscussioN oF THE MEASURED ADMITTANCE
NEAR THE GYROFREQUENCY

The first thing to notice about the measurements
of Figure 1 is the small value of the admittance at
frequencies away from the gyrofrequency. This
is only one third of the calculated free space admit-
tance of 28 pf when the aerial is fully deployed
and the discrepancy increases as the length of the
aerial is decreased. The whole of this discrepancy
cannot be explained as a systematic error. This
is probably less than 6 pf. It suggests that the
rocket body has a considerable shielding effect ;
acting as a screen between the two parts of the
aerial system. The dimensions of the Skylark
rocket head are approximately 2.5 m X 0.5 m.
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Beuch tests of the effect showed it to be of the
right magnitude to explain this result.

The resonance curves themselves are of the
general form predicted by Kaisgr, but each has
its own peculiarity. There are several reasons
why the shape of the resonance will be continually
changing. The predicted value of the complex
ratio of the aerial admittance in the ionosphere to
that in free space is given by

4) Y/jwCy = eent

1
= oy(cos? T + ay/ay sin? §)2/(1 + log B),
where

XU
T2 _ v2
aa=l_§

U

a1=1_—

Where X, Y, U are the usual ionospheric para-
meters given by

X = o}/w?
Y = (03/0)
U=1—jvo,

¢ is the angle between the dipole axis and the
earth’s magnetic vector. Log B is written for a
complicated logarithmic expression involving ¢,
o;, og. However the value of this term is of
order 0.1 for the aerial on Skylark and it will be
neglected in what follows.

It is evident from the ionograms that the value
of X over the range covered by the swept frequency
device will be small. In this case a4 is quite close
to unity. The shape of the resonance curve is
almost entirely determined by the values taken
by o, and €. The angle ¥ will vary as the rocket
and aerial system rotate unless the axis of rotation
is parallel to the earth’s field. The rate of rota-
tion of the round varied with the length of wire
released, but, during the last ten seconds of
deployment it was approximately 120° per secoud.
The time occupied by the sweep past resonance
is 0.6 seconds, thus it is possible that a significant
variation in { can take place in this time. Changes
ina; can occur if there i a variation of the ambient
electron density during the sweep.

The variation of aerial admittance with fre-
quency away from the central part of the resonance
curve can be used to make an estimate of the
plasma frequency. Such an analysis shows that
this is approximately 550 kHz, confirming that X
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is small. In what follows it will be assumed that
o3 is nearly equal to unity.

TaHE SHAPE OF THE RESONANCE CURVES

The agreement between the admittance of the
fictitious aerial system Y, and the theory of
Ka1ser will be examined in more detail near the
resonance itself. The complex value of o, is given
in terms of its real and imaginary parts by

wk(e? + v — 0})

) Rl =1— (02— v2 — of)? + 4% v?
I(O()———z 0.)%((_02_’_\,2_{_(0%1) ‘
T elef —vi— ol 4oty

Assume that { = 0 for the moment, then ey
has the same form as o, and it can be shown that

60 T T

the half-width Aw of I(«,) as a function of v is
2v. The halfwidth of the curves showing G as a
function of f in Figure 9 is 0.02 MHz giving an
approximate value for v of

(6) 6.3 X 104 per second.

This value is much higher than those usually
quoted for this height. A typical value of v deter-
mined from ground-based experiments is 10¢ per s.

In Figure 2 plots of C; and G//w are shown in the
Argand diagram. Their significance will be clear
from equation (4). Also plotted are the two func-

tions «; C, and \/a, C,, the two extreme values
of eetC). These curves aredefined by the dimen-
sionless parameter «%/vwn whose values has
been placed at 16. The points shown in Figure 2
are for the measurements taken between 126 km
and 130 km. The measurement of admittance
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F1a. 2. — Plots in the Argand diagram of the admittance of the fictitious aerial system. The two functions Cya; and Cy/a, are
also shown. C, was taken to be 10 pf and «, is defined by the dimensionless paramster wﬁ/vo)g, whose value was placed

at 16,
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at 125 km has a much smaller range than those at '

greater heights and is not consistent with the mea-
surements of the other three curves.

It is seen that the fit with the theoretical curves
is not especially good. This is not surprising in
view of the number of approximations that have
been made. In particular it was not possible
accurately to assess the shielding effect of therocket
body, and the angle between the aerial wires and
the magnetic vector was unknown and could not
be allowed for in detail. However, it should be
noted that the magnitude of the conductance
component of aerial admittance near resonance is
of the same magnitude as the maximum suscep-
tance component as predicted by the theory of
KA1sER.

60 kHz MEASUREMENTS

The measurements of admittance at 60 kHz,
made for an interval of 3s just before the aerial
shorted, are shown in Figure 3. Corrections
have been applied for the effect of stray capaci-
tance between the aerial wires inside the rocket
body, and between the wires and the body itself,
but the effect of the ion sheath has not been cor-
rected for. Indeed, at such a low frequency, one
may expect the ion sheath to contribute the largest
part of the total impedance. There is a well
defined modulation of the observed admittance
repeating at twice the spin frequency ; its expla-
nation is considered below.

MLoDONSKY and GARRIOTT assume that at such
low frequencies the ionospheric plasma acts as an
almost perfect conductor, so that it can not sup-
port any electric fields. In this case the measured
admittances is just that of the ion sheath. Inorder
to account for the spin modulation of the measured
admittance it might be supposed that the radius of
the sheath varies. The voltage induced along the
aerial wire by its rotation in the earth’s magnetic
field is much too small to account for this effect.
Itis only 12 mV.

The ion sheath may also be modulated in the
following way. Its radius depends on the voltage
acquired by the wires and rocket body. The posi-
tive ion current to the aerial and rocket body
depends on their frontal area projected in the
direction of motion. This may vary appreciably
as the rocket rotates. In order to balance the
positive ion current the electron current will also
vary, and so will the sheath radius.

The measured capacitance could be a function of
the angle between the aerial wires and the rocket
body. If the body has sufficient effect and the
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angle of precession is large it provides a very simple
explanation of the observed modulation. This
point can be examined in more detail when the
records of the magnetometers and rate gyros have
been analysed. The modulation frequency in this
case is not quite equal to the spin frequency but
depends also on the precession rate of the rocket
head.

EXPLANATION OF THE RESULTS
BY KAISER’S THEORY

Ka1ser’s theory accounts for the spin modula-
tion in a quite different way. If we take the
values of fx and fa given by the higher frequency
results it follows that, at 60 kHz,

X = 84
Y = 26

Under these conditions the appropriate formula
for aerial admittance of a thin dipole given by
KA1sER is

1
2

™ Yy = joCy(l — X sint {)Z,

where C, is the free space capacitance of the ficti-
tious aerial system. For values of { greater than
70 in the present case Yy is a pure conductance
whose value is strongly dependent on §.

For comparison with Kaiser’s theory it is
convenient to convert the measured admittance
in the equivalent series combination of a capaci-
tance C, with a resistance Rs. The results are
presented in the lower half of Figure 3. Now
identify Cs; with the sheath capacitance and R
with the resistance of the fictitious aerial system.
The sheath capacitance is seen to be much less
variable, although there is still some effect of the
rotation. The strong spin modulation exhibited
by Rs which is equal to 1/Y; can be explained by
variation of the angle {, between the aerial wires
and the magnetic vector. Detailed comparison
with the theory must await the results of analysis
of magnetometer data.

CONCLUSION

It'is concluded that the variation of the admit-
tance of the simple dipole aerial system used on
Skylark 81 A can be adequately explained within
the limits of experimental error by KAISER’s
theory of this variation, although some unexpec-
ted effects occurred. In particular the rocket body
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F1a. 3. — Aerial admittance at 60 kHz and the equivalent séries combination, R, and C,.
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had an appreciable effect of shielding the two wires
of the dipole from each other. It is possible that
discrepancies between theory and experiment will
become apparent when the orientation between

the aerial wires and the earth’s magnetic vector
can be estimated.

Manuscrit regu le 3 octobre 1964,
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