p—
’/AD-ANT 066 WEAPONS RESEARCH ESTABLISHMENT SALISBURY (AUSTRALIA) F/6 4/1
IWESTIOATION OF SMALL SCALE STRUCTURE OF IONISATION IN THE D R==ETC(U) °
Y77 K H LLOYDr 6 6 O'CMJ C J BEACH
WCI.ASSIFIED WRE=TR=-1816(W)

END
DATE
FILMED

| Com ] 7
pDC




fw:v-v*m-r' rETEeTTE " T e e T

WRE-TR-1816 (W)

| 24}
'ﬁ.l AUSTR_‘ALIA\ ¥ \
DEPARTMENT OF DEFENCE

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION
WEAPONS RESEARCH ESTABLISHMENT

SALISBURY, SOUTH AUSTRALIA

ADAO47066

TECHNICAL REPORT 1816 (W) 1

INVESTIGATIONS OF SMALL SCALE STRUCTURE OF IONISATION
IN THE D REGION USING A LANGMUIR PROBE =

K.H. LLOYD, G.G. O'CONNOR and C.J. BEACH

it
B e

0.
DOC FLE CcoPY

AD N

Approved for Public Release
Commonwealth of Australia

COPY No. 3 9 MAY 1977




APPROVED

FOR PUBLIC RELEASE

THE UNITED STATES NATIONAL

TECHNICAL INMFORMATION SERVICE
IS AUTHORISED TO s
REPRODUCE AND SELL THIS REPORT

i




Tams * wite Section i
e it section /0 T UNCLASSIFIED
UNANSUUNCED 0

RSOEIOATION. ... AR-000-562

DEPARTMENT OF DEFENCE

DISTRIBUTION /AVAILARILITY GOBER DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

v A P

A

WEAPONS RESEARCH ESTABLISHMENT

TECHNICAL REPORT 1816 (W)

INVESTIGATIONS OF SMALL SCALE STRUCTURE OF IONISATION
IN THE D REGION USING A LANGMUIR PROBE

K.H. Lloyd, G.G. O'Connor and C.J. Beach

S-b w ARY :

Partial reflection of 2 ..n. adio signals, used as a technique
to measure winds in the ionosphere, have shown preferential
heights of enhanced reflection. A knowledge of the electron
density would help in determining the reason for these preferred
heights. This paper presents electron density profiles,

1 measured on two rocket flights flown from Woomera using a nose
; tip Langmuir probe.

Approved for Public Release.

POSTAL ADDRESS: The Director, Weapons Research Establishment,
| Box 2151, G.P.O., Adelaide, South Australia, 5001.




Security classification of this page L UNCLASSIFIED l

[ DOCUMENT NUMBERS 2 [ SECURITY CLASSIFICATION
AR a. Complete g
Number: AR-000-562 Boctioiernt: Unclassified

Report\f' Y WRE-TR-1816(W) . Jitep Unclassified
Number? Isolation: |
Other @ By e s Summary i

; 7 S Unclassified

Numbers: /7" /{ : 0 Isolation: '
ot cally py ol
B i |

@ TITLE | L — i
INVESTIGATION OF SMALL SCALE STRUCTURE OF JONISATION
IN THE D REGION USING A_LANGUIR_JROBE, 7

4 | PERSONAL AUTHOR(S): 5| DOCUMENT DATE:
7 [// ) May ‘0777
\ 12 K. [y1oyd
k G.G.'/0'Connor
] €.J./Beach 6| 61 TOTALNUMBER
A OF PAGES 18
73,
ﬁ \ 6.2 NUMBER OF 3
REFERENCES:
3
71 7.1 CORPORATE AUTHOR(S): 8| REFERENCE NUMBERS
‘ a. Task: 61/3
j Weapons Research Establishment
b. Sponsoring
Agency: RD 73
7.2 DOCUMENT (WING) SERIES
AND NUMBER 9| COST CODE:
Weapons Research and Development Wing
TR-1816 330897
10| IMPRINT (Publishing establishment): 11| COMPUTER PROGRAM(S)
(Title(s) and language(s))
Weapons Research Establishment
L

12[ RELEASE LIMITATIONS (of the document): J

Approved for public release

120 | OVERSEAS NO PR| 1 A B | C | D E

Security classification of this page: r UNCLASSIFIED




Security classification of this puge: | UNCLASSIFIED

|

13| ANNOUNCEMENT LIMITATIONS (of the information on these pages):

No limitation

14| DESCRIPTORS:

a. EJC Thesaurus

Terms

Ionization

D region

Langmuir probes

Electron density (concentration)

15

COSATI CODES;

b. Non-Thesaurus

Terms

0401

16 | LIBRARY LOCATION CODES (for librarics listed in the distribution):

SW SR SD AACA NL

17| SUMMARY OR ABSTRACT:

(i this is security classified, the announcement of this report will be similarly classified)

N

Partial reflection of 2 MHz radio signals, used as a technique to measure
to measure winds in the ionosphere, have shown preferential heights of

enhanced reflection. A knowledge of the electron density would help in

determining the reason for these preferred heights.

using a nose tip Langmuir probe,

\

This paper presents
electron density profiles, measured on two rocket flights flown from Woomera

Security classification of this page:

UNCLASSIFIED




—

TABLE OF CONTENTS

INTRODUCTION

LANGMUIR PROBE EXPERIMENT
LANGMUIR PROBE DATA
DISCUSSION OF RESULTS
ACKNOWLEDGEMENTS

REFERENCES

LIST OF FIGURES
Payload of Cockatoo 4020
Circuit diagram of Langmuir probe electronics
Current vs. output voltage calibration curve
Section of teleﬁetered data for Cockatoo 4020
Section of telemetered data for Lorikeet 2012
Langmuir probe current for Cockatoo 4020

Langmuir probe current for Lorikeet 2012

T




i

_'1'_" e ' wns.m-‘1816(w)

1. INTRODUCTION

The partial reflection method of measuring ionospheric drifts involves the
detection of a radio signal, reflected from the ionosphere, at spaced receivers
on the ground (see, for example, references 1, 2 and 3). An analysis of the
correlation between the received strengths at the different receivers gives the
direction of drift of the ionospheric irregularities which produce fading in the
received signal. By gating the delay time between transmission and reception of
the pulsed signal, it is possible to measure the drift over a range of altitudes.
It has been found that the reflected signal is much stronger at some altitudes
(called "preferred heights'"), separated by about 10 km. It is not clear what
produces these enhanced signals.

The Physics Department of Adelaide University has for several years been
operating a partial reflection experiment at Woomera in conjunction with rocket
based experiments which measure the atmospheric wind profile. Measurements of
the electron density using rockets, which were being conducted as part of the
upper atmospheric research program, could also be used to help elucidate the
nature of the preferred heights. The Langmuir probe technique was selected as
being the most suitable, for it can give a continuous profile (when the probe
voltage is not swept) and easily covers the range of altitudes over which the
partial reflection technique was used. For the 2 MHz signal, which was the
frequency used for the partial reflection equipment, the range of altitudes lay
between 60 and 100 km, dependent on the time of day.

This Report presents the results of two determinations of the electron
density profile in the ionosphere using the Langmuir probe technique. Small
scale structure was observed which could act as scattering centres for the
enhanced reflection of the 2 MHz signals.

2. LANGMUIR PROBE EXPERIMENT

The use of a Langmuir probe is a well proven method for measuring the electron
density profile in the ionosphere. Although it is difficult to calibrate the
probe to give absolute values of density, it is an excellent technique for
measuring small scale structure in the electron density profile.

A 110 mm insulated section of the nose tip was used as the collecting probe.
Its surface becomes heated to about 400°C during launch, thereby very effectively
cleaning the probe. This means that there is no need for the degreasing and
other procedures which are required for shielded probes. Figure 1 shows the
rocket payload, both assembled and in sections.

Figure 2 shows the circuit diagram of the electronics associated with the
probe. The probe current is converted to an output voltage by amplifiers, X1
and X2d. Amplifier X1 converts the current to an output voltage whilst X2d is
used as a level shifter. Two telemetry outputs are sampled, a times one
amplification from X2d and a times three amplification from X2c. In addition,
there is a 3 decade autoranging switching circuit, which connects the 470 kQ,

k.7 MQ and 47 MQ feedback resistors sequentially across the amplifier X1, when
the output voltage from X2d reaches two predetermined levels. The telemetry
output at TH7 indicates the range of current the instrument is measuring.

A calibration curve of current vs. voltage for the probe is shown in figure 3.
It has been plotted on a logarithmic scale to show all three ranges. In fact,
over any range, the variation of voltage with current is linear to very near
voltage saturation. The autoranging circuit was provided with hysteresis, shown
by the arrowed loops, to minimise switching due to small current fluctuations.

The Langmuir probe was held at +2.7 V with respect to the rocket body. The
voltage was deliberately not swept, because the prime data requirement was a
continuous profile of the electron density and not electron temperature.

The data were tclemetered to ground using a standard 450 MHz transmitter, with
a 24 channel switch which sampled the outputs of the experiments in turn. These
rockets also carried a swept frequency ionospheric plasma probe. There is no
evidence of modulation of the Langmuir probe current at the sweep rate of the
plasma probe; i.e. the plasma probe had no effect on the operation of the
Langmuir probe.
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%. LANGMUIR PROBE DATA

Two Langmuir probe experiments were flown; the first on Cockatoo 4020, fired
27 May 1976 at 1230 hours C.S.T., and the second on Lorikeet 2012, fired 30 June
1976 at 1106 hours C.S.T. Both experiments were successful, recording complete
data on both up and downlegs.

A section of data, chosen to show the operation of the autoranger over a
region in which the electron density varied rapidly with altitude, is shown for
both flights in figures 4 and 5. As can be seen in figure 5, there was a small
amount of modulation on the telemetry record for the Lorikeet experiment. The
modulation frequency at the higher current levels was the same as the rocket
spin rate. The modulation appears to be associated with changes in body
potential caused by variation in photoelectric emission as the spinning rocket
shows different surfaces to the sun. At the lower current levels this spin
modulation is no longer evident due to the slower response time of the amplifier.
However, there is a small amount of noise caused by interference from the other
telemetry channels.

The telemetry record contains the X1 and X3 voltage output from the Langmuir
probe, the range indicator of the autoranger, and +O and +5 V references.

Final profiles for the probe current as a function of altitude are given in
figures 6 and 7. No attempt has been made to convert these to absolute electron
profiles. This is not necessary for our requirements; besides which, such a
conversion is notoriously inaccurate.

The agreement between the vpleg and downleg is generally good, especially in
regard to the small scale features of the profile. This confirms that the
effects of vehicle attitude are not important. The only noticeable attitude
effect on the records is that of "inversion'" of the vehicle upon re-entry on the
downleg. This produced a dip in current at 7?1 km and 73 km on the two firings
(that this coincided with "inversion" was confirmed from telemetry signal
strength records). Below about 80 km the upleg currents are increasingly
greater than those on the downleg. This is attributed to effects of outgassing
from the spent seccnd stage. However, as can be seen, this does not permanently
affect the probe. The reason why outgassing lasted to a greater height for the
Cockatoo 4020 than it did for Lorikeet 2012 is almos: certainly because the
propellants for the two motors were very different.

L, DISCUSSION OF RESULTS

For our purposes, the points of interest in the profile are the presence of
layers, ledges or discontinuities in the electron density profile. It is these
which are thought to give rise to the '"preferred heights" of enhanced reflection.

The gross features of the profiles have the characteristics typical of the D
and lower E region. That is, an exponential increase of electron density with
altitude from the lowest altitudes up to approximately 95 km, broken by a valley
which extends from 75 to 85 km. Associated with the valley is the ledge in
electron density, again a common feature at around 80 km altitude, which lies at
84 xm for Cockatoo 4020 and 83 km for Lorikeet 2012. However, the valley below
the ledge is much more pronounced in the Cockatoo profile than in that of the
Lorikeet.

The gross features of the two measured profiles are very similar and so too
are many of the small scale features. Both profiles have a pair of discontin-
uities at about 92 km, although this is much more pronounced for the Cockatoo
profile. Also, both profiles show structure above the 84 km ledge, differing
on the up and downleg; this time the structure being more pronounced for the
Lorikeet profile. This structure is almost certainly genuine, and is an
indication of the scale and variability of the electron density in the atmosphere.

o
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Figure 6
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