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OPENING ADDRESS

Dr. H. Strub
Head of Aerospace Programmes

Federal Ministry of Research and Technology
Bonn, Federal Republic of Germany

Ladies and Gentlemen!

Welcome to Germany, where you last held a symposium
in the series on European Rocket and Balloon Programmes
and Related Research thirteen years ago.

I welcome you not only on my own behalf, but also on that
of the German Federal Minister for Research and
Technology, Dr Riesenhuber, who has asked me to convey
to you his greetings and best wishes for a successful
symposium. We hope the discussions will be fruitful and
have no doubt that the results of scientific programmes and
rocket and balloon campaigns will be most interesting.

Looking through the programme of the Symposium, I am
struck by the wide variety of fields dealt with; most areas
of extraterrestrial research will be covered. All this work
is in addition to and complementary to what is being done
with satellites. Rocket- and balloon-borne research is
perhaps less spectacular than the satellite work, but it is
also a lot less expensive. It strikes me as a very cost-
effective and efficient method of performing research —
well worth the money spent on it.

Helping scientists to achieve good scientific results is one
of the aims of the German Space Programme, and we hope
to go on doing so during the fifth period of this
programme, which is now in preparation. It will be based
on the guidelines established by the Government in
preparation for the endorsement of the European Long
Term Space Plan 'Horizon 2000', which was put forward
at the ESA Council Meeting at ministerial level at The
Hague in November 1987. The new German programme
will lay strong emphasis on international co-operation — as
its predecessors did — and will endeavour to ensure the
achievement of German aims in space both through
participation in the programmes managed by the European
Space Agency and by means of the vigorous execution of
its own complementary national programmes. One of the
problems encountered in preparing these programmes has

been to tune them to the amount of public funds available.
In this regard, I am very happy that during the ESA
Council meeting last December we were able to get
approval for increasing the ESA Science Programme
budget by 5% each year until 1992. This will help to
ensure the continuity of the work of the space scientists,
who were the ones mainly responsible for getting space

technology moving in the first place.

It was in 1962 - five years after Sputnik - that the German
Federal Government decided to establish a space
programme and plan the funding of activities in space.
Right from the outset, this programme was based on
international co-operation.

In the first period, extraterrestrial research in the German
space programme took the form of sounding rocket flights:
the first launch took place at NASA's launch site 'White
Sands' in November 1964 and the rocket was an Aerobee.

Sounding rockets were the only means of making
measurements in situ at altitudes between 40 and 150 km.
They proved to be an efficient research instrument that
permitted a single programme to be performed in a
relatively short time. This is still a strong argument for
using sounding rockets as a tool for university research and
the initiating and training of young scientists. Most young
people working for a diploma or thesis cannot spend the
amount of' time at university that is required for the
development of a satellite experiment and the subsequent
mission. Sounding rocket campaigns, however, with their
much shorter preparation time and the rapidity with which
their results can be evaluated are an ideal training ground
for young space scientists.

Another feature of sounding rocket work is the opportunity
it gives to test instrumentation for long-duration missions
in an efficient and inexpensive manner. For example, the
scientific instruments designed for the first German
satellites, AZUR and AEROS, were subjected to prelim-

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
SP-291, June 1989)



XVl

inary testing during ballistic rocket flights. In recent years,
sounding rockets have repeatedly shown how useful they
can be in permitting short-term microgravity experiments
to be carried out.

In view of these proven advantages, the German Federal
Government is willing to continue its support for the
performance of space research by means of sounding
rockets and balloons. And, as a result, the Federal
Republic is considering agreeing to a further prolongation

of the Special Esrange Agreement, which is due for
renewal in 1990. Together with the other participating
ESA Member States, it feels that continued utilisation of
the launching sites in Kiruna (Sweden) and Andoya
(Norway) should be guaranteed.

In conclusion, I wish you a successful and interesting
symposium and trust that you will have a pleasant stay in
the healthful and beautiful surroundings for which
Lahnstein is justly famous.
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OPENING ADDRESS

Dr. N. Kiehne
Head of Project Management division

Deutsche Forschungsanstalt fur Luft- und Raumfahrt
Cologne, Federal Republic of Germany

Ladies and Gentlemen!

On behalf of the Deutsche Forschungsanstalt fur Luft- und
Raumfahrt — now beginning to be known as 'DLR' — it
is a great pleasure for me to welcome all of you to the 9th
ESA/PAC Symposium on European Rocket and Balloon
Programmes and Related Research.

There have been times when the usefulness of activities in
this field (i.e. rocket and balloon programmes) has been
questioned, when its role and importance in the European
space programme had to be defended more strongly than
usual in the competitive environment of space budgets. I
am pretty well convinced that this symposium, like the
ones that have preceded it, will show the soundness and
value of the rocket and balloon programmes and their
related research activities.

What are the reasons for this success? Listening to those
involved in the programmes, you will generally hear the
following arguments, in addition to other more specific
ones:
— lack of other flight opportunities;
— short lead times;
— low safety and quality requirements;
— low cost.

I would prefer to express it differently: These programmes

are user friendly!

User friendliness as an essential objective is requested in
many programmes. Unjustifiedly, it is used as a sales
argument in others. But it is a matter of fact in many of the
rocket and balloon programmes. User friendliness here
stands for direct and easy access. It also means that these
programmes offer what is required and that they adapt to
users' needs without overwhelming the users with
'goodies' they are not looking for. And, finally, it means
that these programmes deliver fast, directly and
repeatedly, where required.

For the implementation of the big European space pro-
grammes, i.e. Columbus, Ariane 5 and Hermes, there is
much to be learned from the rocket and balloon pro-
grammes — and I don't just mean as regards user friendli-
ness. Unfortunately, this does not safeguard rocket and
balloon programmes against a risk to which such 'small'
space projects and those activities usually summarised
under the heading 'utilisation' seem to be particularly
liable. This risk stems from the enormous size of the big
infrastructure projects, their inherent high risks and the
high priority that is attached to their implementation. As is
immediately obvious, the big projects develop a strong
appetite for budget money and knowledgeable people.
Please do not misunderstand me: I am not calling the big
european space infrastructure programmes into question.
But we do have to find a way of defining and guaranteeing
a sound balance between 'big' and small' projects,
between the development of space systems and their
utilisation. This is a problem that has not yet found a
solution.

The organisational relations in the field of rocket and
balloon programmes are specific. I am very impressed by
their structures and features. They give room for sufficient
co-ordination, they foster co-operation and they allow for
direct and unbureaucratic implementation of the individual
projects. For the benefit of implementation, management
is kept to a satisfactorily low level. Of course, there are
different constraints in other fields of space activity, but
why shouldn't one aim in the same direction there, too.

Ladies and gentlemen, you are participating in this sym-
posium to exchange information on rocket and balloon
programmes and related research, to discuss results, share
experience and compare plans. The programme for the
symposium as well as the broad and excellent participation
will assure fruitful meetings. The beautiful location will
provide the right and enjoyable environment. Please accept
my best wishes for a successful week.
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OPENING ADDRESS

Lars Ove JANSSON

Esrange Special Project Office
ESA HQ, PARIS

Mr Chairman, Ladies and Gentlemen,

On behalf of the European Space Agency,
I have the pleasure to cordially welcome
you to the 9th ESA Symposium on European
Rocket and Balloon Programmes and
Related Research.

The Director of Earth Observation and
Microgravity, Mr Philip Goldsmith, has
asked me to forward, to all parti-
cipants, the best wishes for an
interesting and successful symposium. He
is at present participating in an
international Earth Observation meeting
between the world space organizations in
Ottawa, Canada, which unfortunately
coincides with cur Symposium here in
Lahnstein.

This fact also reminds me to convey a
special welcome to the participants from
the countries who are not participating
in the ESA Special Project concerning
the launching of sounding rockets, and
in particular to the participants from
the non-ESA member states who in some
cases have undertaken a considerable
journey to join us here this week.

Having joined the Esrange Special
Project office at ESA-HQ in Paris only
one month ago, after spending more than
four years at the Microgravity Instru-
mentation area at the ESA establishment
ESTEC in the Netherlands, I am personal-
ly looking forward to this week with
great excitement and expectation to
deepen my insight in the variety of
research topics carried out using
sounding rockets and balloons, and in
particular to meet and establish
contacts with the scientific user
community represented here.

During my time at ESA, I have been
fortunate to be involved in the micro-
gravity sounding rocket projects at a
time when these projects have expe-
rienced a greater attention and a
considerable increase in both the number
of launches and the level of sophis-
tication of experimental facilities.

At the present time, there is another
area of research which for environmental
reasons, matches or even surpasses
microgravity as a research area which
demands an increase in the number of
campaigns at our two ranges Andoya and
Esrange, namely ozone research. This
fact emphasizes the need for established
sounding rocket launch and balloon
release ranges existing in Europe. It is
my sincere hope, as the person
responsible at ESA for the Esrange
Special Project, that we will in the
immediate future be able to turn this
increased attention for rocket and
balloon research into an increase in the
number of ESA member states partici-
pating in the Esrange Special Project.
The five countries presently partici-
pating in the Special Project are
Switzerland, France, Germany, Norway,
and Sweden. During the coming year we
will negotiate the prolongation of the
Agreement of the Esrange Special Project
and chis is also the perfect time for
other countries to join.

As a conclusion, I would like to refer
to another opening address made six
years ago at the 6th Symposium, where it
was stated that the "Golflen Age" of
sounding rockets and balloons was past.
Considering that these activities have
today matured and proven themselves as
research facilities on their own merits
and considering the increase in the
novel research areas of microgravity and
ozone research, I wonder if these
developments would not motivate the use
of the name "the Platinum Age".

Finally, I would like to thank the
German Authorities and the Organizing
Committee for their work in preparing
this Symposium here on the beautiful
river-beds of the Rhine.

I thank you for your attention.
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OPENING ADDRESS

Herrn Oberburgermeister GroB
Mayor of Lahnstein

Federal Republic of Germany

Meine sehr geehrten Damen und Herren!

Mit Ihrer Tagung knupfen Sie an eine bis ins Mittelalter
und damit auf die Kurfursten zuriickgehende Tradition an.
Die Tatsache, dafi hier vier der insgesamt sieben Kurfiir-
stentûmer, namlich KoIn, Mainz, Trier und Pfalz aneinan-
dergrenzten, HeB Lahnstein zum haufigen Tagungsort
werden. Der noch heute zu besichtigende Kônigstuhl auf
der gegeniiberliegenden Site in Rhens erinnert an diese
Zeit. Hier wurden die in Frankfurt gewâhlten Konige vor-
gestellt, bevor sie in Aachen gekrônt wurden.

Ihre heute zu behandelnden, sicherlich hochinteressanten
und auch fur die Menschheit wichtigen Fragen, sind wohl
kaum vergleichbar mit denen des Mittelalters, dennoch
gingen auch damais, insbesondere fur den politischen Be-
reich, impulse und Entscheidungen fur ganz Europa aus.
Dies wunsche ich Ihnen auch fur Ihre Tagung; môgen die
Erkenntnisse Ihrer Forschung und der Austausch dieser er-
kenntnisse Wissenschaft und Technik weiterbringen zum
Wohle der Menschen in einer gesicherten und fried] ichen
Zukunft.

Einige Daten zu unserer Stadt.

Sie ist durch ihr Alter (1324 Stadtrechte) und die Land-
schaft, aber auch durch die Aktivitât der letzten

Jahre, geprâgt. Vor 20 Jahren entstand sie aus den Stadten
Nieder- und Oberlahnstein. Der grofle, durch kilometer-
lange Wege erschlossene Stadtwald liegt im Naturpark
Nassau. Neben dem Naturdenkmal 'Ruppertsklamm1 und
dem durch den Stadtwald fiihrende Rômerwall 'Limes'
gibt es fiir Burger und Besucher viele Freizeit-
Einrichtungen und Grûnanlagen mit aus gebauten Rad- und
Wanderwegen an Rhein und Lahn.

Neben einigen Industriebetrieben und Gewerbebetrieben
verschiedenster Branchen hat Lahnstein eine Vielzahl ga-
stronomischer Betriebe, ein Kurgebiet mit Thermalbad,
Tenniscenter, mehrere Sporthallen, ein Hallen- und Frei-
bad und die Môglichkeit, in fast alien Sportarten Sport zu
betreiben.

An historischen Bauten seien nur einige erwàhnt wie: Burg
Lahneck, Hexenturn, MartinsschloB, Salhof und Wirts-
haus an der Lahn, Johanneskloster und die Jakobus-
Kapelle.

Es lohnt sich, unsere Stadt und die reizvolle Umgebung
durch einen kurzen oder langeren Aufenthalt zu erkunden.

Der Veranstaltung wunsche ich viel Erfolg.
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SWISS SCIENTIFIC BALLOON AND SOUNDING ROCKET EXPERIMENTS 1987-1989

D. HUGUENIN

Observatoire de Ge.nève., Sawit:riiy, Switzerland

ABSTRACT

Swiss laboratories participate yearly in one rocket flight
and four to five balloon flights, mostly in cooperation with
foreign institutes. The fields covered are chemistry and
composition of the middle atmosphere, astrophysics (sun,
stars, interstellar matter) and life science. A continuation
of these programmes on the base of bilateral agreements
with Belgium, France, Sweden and the U.S.A. is consid-
ered.

a) C'oir.position of the middle atmosphere and lower iono-
sphere.

b) Astrophysics. Galactic and extragalactic studies in the
UV and submillimeter ranges. Solar constant and
sismology.

c) Remote sensing of the Earth.

d) Biological experiments in space.

The following Swiss groups are participating in rocket and
balloon research;

Scientific
discipline

Key words: balloon - rocket - Switzerland

I. INTRODUCTION

Swiss space research is performed in different fields by var-
ious laboratories of the cantonal universities, the Federal
Institute of Technology and the World Radiation Cen-
ter. Switzerland does not have its own rocket or balloon
programme. The laboratories and institutions can par-
ticipate in the different fields of space research as part
of the ESA scientific programme (including the Esrange
Special Project) and in bilateral or multilateral coopera-
tion with other countries. Cooperation with the US Na-
tional Aeronautics and Space Administration (NASA), the
French Centre National d'Etudes Spatiales (CNES) and
the Swedish Space Corporation is acknowledged.

The experiments for soundings with rockets and balloons,
as well as related research in Switzerland cover the follow-
ing main areas:

UB/PI
Physikalisches Insti tut
University of Bern
CH-3012'Bern

UB/IAP
Institute of
Applied Physics
University of Bern
CH-3012'Bern

GO
Geneva Observatory
CH-1290 Sauverny '

FIT/IPL
Federal Institute of
Technology (ETH)
Infrared Physics
Laboratory
CH-8092 Zurich

FIT/LET
Federal Inst i tute of
Technology (ETH)
Laboratorium fiir
Biotechnologie
CH-8093 Zurich

WRC
World Radiation Cent. Dr. C. Frôhlich
Physikalisch-Meteorolo-
gisches Observatorium
CH-7260 Dorf

Prof. P. Eberhardt
Dr. E. Kopp

Prof. E. Schanda
Dr. N. Kampfer

Prof. M. Golay
Dr. D. Huguenin

Prof. F. Kneubûhl
Dr. C. Degiacomi

Dr. A. Cogoli

a,b.c
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The field of research is supported by the Swiss National
Science Foundation.

2. ROCKETS

The rocket launches planned for 1989-1991 are summa-
rized in Table 1.

Table 1: Rocket Experiments

Date Place

1989 Kiruna

1990 Poker Flat

1991 Kiruna

Cooperation

ESA
Hubrecht Lab.
Utrecht

NASA, Lowell U.
Penn State U.

University of
Stockholm

Swiss Lab.

FIT/LET

UB/PI

UB/PI

Objectives

Space Biology,
Lymphocyte
MASER-3

Positive Ion
Mass-Spectrometry

Positive Ion
Mass-Spectrometry

Rockets

1*

1*

1*

* planned

The Institute of Biotechnology of the Federal Institute of
Technology, in cooperation with ESA and the Hubrecht
Laboratory of Utrecht, should launch a biological rocket
experiment from Kiruna in April 1989. In an automatic
device for injection and fixation, with thermal control at
37° C1 the attachment of mitogen Concanavalin A to Lym-
phocyte lectins will be investigated.

The University of Bern is planning to launch one positive
ion mass-spectrometer in cooperation with NASA, Lowell
University and Penn State University from Poker Flat in
1990. This experiment will study electrodynamics, radi-
ation characteristics and the production of hydrogen and
odd oxygen during the high relativistic electron precipita-
tion of a REP event (1-17 MeV). Such events may also
cause a perturbation of the ozone distribution by chemical
and/or dynamical processes.

As part of NLC-91, the Universities of Bern and Stockholm
have a project to launch a rocket payload from Kiruna,
devoted to the study of the relationship between electro-
dynamics and the waves, the concentration of minor con-
stituents and the turbulence of the neutral atmosphere in
the vicinity of noctilucent clouds at 82-85 km.

3. BALLOONS

The University of Bern is planning to measure the strato-
spheric positive and negative ion composition with a new
high resolution mass-spectrometer, called SIDAMS (Si-
multaneous Ion Detection Atmospheric Mass Spectrome-
ter). This experiment is made in cooperation with the In-
stitut d'Aéronomie Spatiale de Belgique (IASB) and thé
Laboratoire de Physique et Chimie de l'Environnement
(LPCE) in Orléans. The first flight (1990) will be focused
on the following goals:

• Intel-comparison with the previous mass filters of
IASB.

• Determination of the proton to non-proton hydrates
ratio.

• Study of the concentration of water vapor and se-
lected organic species CH2O, CH4O, CHOOH etc....
(see Moor et al, this publication).
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Table 2: Balloon Experiments

Date
1987
1987
1987
1988
1988

1988

1989

1989
1989

1989

1990

1990

Place
Aire/Adour
Aire/Adour
Aire/Adour
Aire/Adour
Aire/Adour

Aire/Adour

Aire/Adour

Aire/Adour
Aire/Adour

Aire/Adour

Aire/Adour

Aire/Adour

Cooperation
LPCE-Orleans
CNES-Toulouse
LAS-Marseille
LAS-Marseille
IASB-Bruxelles
LPSP-Verrieres

LAS-Marseille
lASB-Bruxelles
LPSP-Verrières
LAS-Marseille

lASB-Bruxelles
LPCE-Orléans
LPCE-Orleans

Swiss Lab
GO
GO
GO
GO

WRC/GO

FIT/IPL
GO

FIT/IPL
GO
GO

WRL/GO

GO

UB/PI

GO

Objectives
O3 at sunrise
Earth Imaging
UV-Sky Survey
UV-Sky Survey
Solar Constant

Far IR survey
of Cygnus
Far IR survey
of Cygnus
UV-Sky survey
Solar constant
and sismology
Detection of CIII
in Cygnus Loop
SCAP-1909
Ion composition

O3, NO2, NO3

Flights
1
1
1
1
1

1

1*

1*
1*

1*

1*

1*

* planned

All other Swiss balloon experiments were carried out from
a new line of stabilized stratospheric gondolas designed
and built at the Geneva Observatory between 1984 and
1988. The structures are of the pendular type with az-
imuth control. The scientific payloads are mounted on
universal joints, with two degrees of freedom, and point
directly to the Sun, planets, stars of 9th magnitude, or
at the Earth with horizon sensors. Field rotation is com-
pensated. The three gondolas built up to now have the
following common characteristics:

Total mass

Pointed mass

Pointing stability

Nb. of flights

440 — 500 kg

max. 150 kg

Sun, stars, 2" rms

Earth short term: 5" rms

Earth long term: 1"

11 betw. 1984 + 1988

Pointing is achieved by rate gyros (three axes), optical
sensors (two axes) and a DIP plus rate pre-compensation
controller. A capstan and sector drive is used on the el-
evation axis. The cross-elevation actuator is a ball-screw
jack.

A photographic sky survey at 200 nm is conducted in co-
operation between the Laboratoire d'Astronomie Spatiale
(LAS) in Marseille and the Geneva Observatory. Wide-
field, 40 cm telescopes with intensified UV cameras are
used for this work. A good coverage of the galactic plane
has been achieved in the past. Recently excellent pho-
tographs of nearby galaxies and galactic nuclei were re-
corded (see Milliard et al., this publication).

The Infrared Physics Laboratory of the Federal Institute
of Technology has designed and built a 60 cm far-infrared
telescope and a three-band photometer (80/(TU, 125JUT?!,
33OfJm) with helium-cooled detector and fillers. The aim
of this experiment is to extend the IRAS satellite survey
beyond 100 fim, expecially in the bright C'ygnus region.
The first flight of this instrument on a Geneva Observatory
gondola was unsuccessful because of balloon failure. It will
be repeated in May 1989.

In the field of middle atmospheric physics, the Labora-
toire de Physique et Chimie de l'Environnement (LPCE)
Orléans, and the Geneva Observatory have a steady coop-
eration for the measurement of the vertical density distri-
bution of Os, NOj, NOa and aerosols in the stratosphere,
by means of absorption spectroscopy in the UV and vis-
ible, on stellar sources at night. A new spectrometer is
under construction.
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The Geneva Observatory, upon request of the CNES Tou-
louse, has designed a stabilized gondola for terrestrial ob-
servations. The purpose of this work was to demonstrate
the possibility of simulating the observational conditions
of push-broom Earth sensors mounted on satellites. The
Earth- pointing payload is stabilized on the local verti-
cal by two pairs of sky radiance sensors. Long-term drift
is removed by inclinometers. A pointing stability of a few
arc-seconds can be reached by this method. The first flight
took place in 1987.

The World Radiation Center in Davos has flown one Bal-
loon experiment in 1988 in cooperation with the Institut
d'Aéronomie Spatiale de Belgique (IASB) and thé Labo-
ratoire de Physique Stellaire et Planétaire (LPSP) in Ver-
rières, France, on a Geneva Observatory gondola. The
Swiss contribution to this payload was active cavity so-
lar radiometers and photometers for the determination of
the solar constant and a part of the IPHIR French-Swiss
heliosismology experiment presently flying on the Soviet
PHOBOS probes. The next flight is scheduled for 1990.

The Institute of Applied Physic', of the University of Bern
is engaged in the development of new microwaves sounders
for the measurement of atmospheric O3. CLO, H2O in a
joint programme with the Max Planck Insti tut fur Aerono-
mie, Lindau and the University of Bremen. Participation
in rocket or aircraft campaigns will resume next year.



THE FRENCH BALLOON PROGRANWE

AND RELATED SPACE RESEARCH

The balloon is a space vehicle which makes it
possible to carry within the terrestrial
environment or high above the dense layers of the
atmosphere a variety of scientific instruments. It
has played for more than 20 years a very specific
and original part within space research. This is
the reason why CNES has maintained and developed a
very active balloon programme for both French and
foreign users.

Medium weight paylpad open stratospheric
balloons : me disciplines concerned are aeronomy,
astronomy, atmospheric dynamics. The balloons have
a volume of 35 000 to 330 000 m3 for 50 to 500 Kg
payloads flying at altitudes varying between 30 to
40 Km. These balloons can be equipped with a
system allowing vertical excursions of the
balloon. Launches take place from France, at high
latitudes or from the Southern Hemisphere.

1. THE PROGRAMME COMPONENTS

The CNES balloon programme is based on :

- a Balloon Division located in the Toulouse Space
Center and integrated by 40 people. They have
acquired a unique competence in Europe covering
all aspects of ballooning activities :
laboratory for envelope materials, balloon
structure and shape calculations, flight
simulation, telemetry, telecommand - precise
location - data collection equipment,
technological sensors, operational launching
facilities and teams...

- an industry specialized in balloon manufactu-
ring : ZODIAC - ESPACE working in close coope-
ration with CNES,

- a community of scientific users coming from about
twenty groups form national institutes (CNRS,
universities) and foreign users (FRG,
Switzerland, United Kingdom, USA, Japan, Italy,
Spain).

2. THE MEANS DEVELOPED BY CNES

2.1 Balloons

In order to meet the request expressed by
scientists, CNES flies different type of
balloons presenting specific flight
characteristics.

flights are essentially intended for astronomy
experiments and take place from Trapani in Sicily
or in the Southern Hemisphere (Australia). The
volume of balloons ranges from 400 000 to
800 000 m3, and sometimes 1 million m3, for
payloads of up to 2.2 tons at 40 Km altitude for
flights of about 24 hours.

Long-duration balloons : These balloons are
essentially used for atmospheric physics and
dynamics experiments as well as for the detection
of crustal magnetic anomalies. They are either
pressurized or infrared hot air balloons
(mongolfières). Small pressurized balloons are
more often used for low-altitude flights and small
payloads (a few Kg) whereas hot-air balloons fly
at about 30 Km with 50 Kg payloads for periods of
a few weeks.

Planetary exploration balloon : CNES teams are
developing a new type of bai loon adapted to
planetary exploration in view of the future Soviet
Mars 94 mission.

2.2 Launching ranges

The launching ranges used by CUES are either
permanent or occasional.

In France, CNES owns two ranges : Aire-sur-TAdour
for spring and autumn campaigns and Gap for
summer campaigns of medium-payload open
stratospheric balloons.
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For heavy payload stratospheric balloons and
longer flights, the Italian Trapani range in
Sicily is used for transmediterranean flights in
cooperation with Italy and Spain.

Balloon campaigns are also carried out from non
permanent ranges in order to meet the requirements
expressed by scientists : in the Southern
Hemisphere from South Africa and Australia and at
high latitudes from ESRANGE.

3. RESEARCH PROGRAMMES

3.1 Scientific disciplines

Balloon experiments are performed in the follo-
wing research fields, the first two disciplines
being by far the most important in terms of both
scientists involved and programmes.

(a) Astronomy and Solar Physics

. Solar Physics (UV)

. Hot star populations (UV)

. Dense objects/super novae ( )

. Star-formation regions and interstellar medium
(IR and submm)

. Cosmology and extragalactic astronomy (IR and
submm)

In astronomy, programmes are very much dependent
on existing satellites.

(b) Atmospheric sciences

Programmes are related to a different use of
balloons, considered either as tracers of
atmospheric motions or as vehicles for in situ
measurements.
. Atmospheric dynamics
(turbulence, gravity waves, vertical transfers,
large-scale circulation)

. Physics and chemistry
(abundance and distribution of mean constituents
water vapor, sulfur, ozone...)

. Radiative budget
(model and satellite data validation)

(c) Radiobiology

(effects of cosmics radiation on living
organisms in the presence of gravity)

(d) Magnetospheric research

(Detection of crustal magnetic anomalies).

3.2 Research programmes : 1987-1989

Appended to this paper is the complete list of
experiments flown during the past two years.
However, the last three campaigns performed by
CNES teams should be singled out.

The Australian Campaign (October-November 1988)
organized in cooperation with the Australian Space
Office. Its scientific objective was the study of
astronomy sources in the southern hemisphere sky,
especially the super-nova 1987-A. A 400 000 m3
balloon carrying a 1 ton IR astronomy experiment
(AROME) prepared by CNRS institutes successfully
flew for 19 1/2 hours at an altitude of 38 Km. A
second balloon of 800 000 m3, carrying a 2.2 ton
gamma-ray experiment in cooperation between CNRS
teams and Italian institutes (Figaro) also flew
successfully for more than 23 1/2 hours at an
altitude of 38 Km.

The long duration balloons campaign (November 1988)
involved the launching in tne Southern Hemisphere
of six 36 000 m3 infrared hot-air balloons carrying
payloads of 40 and 80 Kg up into the middle
atmosphere.

The scientific objectives of these flights were
stratospheric water vapor measurements, one of the
most important elements in the physico-chemical
equilibrium of the lower stratosphere, and the
detection of large-scale crustal magnetic anomalies
over the Atlantic and Pacific Oceans. Both
instruments operated nominally.

All six flights were successfull, with a mean
lifetime of 4 weeks. Two balloons circled the globe
once and one of them did so twice in a flight
lasting 53 days.

Both the technological and the scientific
objectives of the campaign were reached beyond
expectations.

THE TECHNOPS CAMPAIGN (January 1989)

This mainly technological campaign was carried out
in January 1989 from ESRANGE (SWEDEN) with the aim
of testing at very low temperatures (-8O0C) the new
envelope material used for manufacturing the
balloons. Taking advantage of the planned flights,
a certain number of scientific instruments were
flown for the study of the atmospheric ozone layer
depletion over polar regions, by institutes from
France, Germany, USA, Japan and New Zealand.

AIi 4 balloons (35 000 to 100 000 m3) were
successfully launched and encountered temperatures
as low as -86,60C. All scientific instruments
operated nominally providing extremely interesting
data on the decrease of ozone between 20 an 25 Km
altitude.

This achievement will make it possible to organise
in the near future (winter of 1990) a new
international campaign for the ozone study.

4. FUTURE PROGRAMMES

A seminar on medium and long-term balloon research
programmes was held in October 1.987 which made it
possible to assess the interest of scientists in
balloon flights. The great number of scientifically
well motivated projects that came out of this
seminar permits the prediction that balloon
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experimentation will continue not only to be
maintained at its present level but will even
increase. Two projects are singled out below that
represent examples of heavy balloon projects.

PRONAOS

This is an IR and submillimeter astronomy programme
set up around a 2 meter telescope which will allow
observations in a region of the spectrum that is
almost unexplored because of technological
difficulties. The project has now reached its
final phase with a first flight planned for 1990
and a second flight as early as 1991. The total
mass of gondola and payload will be about Z tons.
The observation programme is being prepared by a
scientific consortium of 10 CNRS institutes.

STRATEOLE

This programme is intended to study the medium
and large-scale chemistry and dynamics of the
stratosphere with two objectives :
- the Southern Hemisphere quasi 2 D dynamics of
the winter vortex and associated distribution of
important chemical constituents,

- data collection of sufficient time and space
resolutions to be analyzed by ECMWF (European
Center for Medium term weather Forecasts).

This experiment requires a considerable effort
since it involves the launching of about 100 long-
duration balloons in the Southern Hemisphere.
Cooperation with various partners is being
envisaged. Data will be correlated to those
obtained from the NASA UARS satellite (1992).

The Mars 94 Mission Balloon

In the frame of the Soviet "Mars 94" planetary
mission, CNES is studying the concept of a new
balloon for the study of both the soil and
atmosphere of Mars. The lifetime of the balloon
will be about 10 days for a trajectory of several
thousand Kilometers and daily landings on the
planet.
Data will be transmitted through the soviet
orbiter and the NASA Mars observer probe.

In addition to these future big programmes,
scientists have expressed a strong desire for
regular flights of improved and new instruments in
all disciplines as well as for the possibility
offered by balloons of flying at very short notice
to meet urgent and unexpected needs.

Balloon programmes are open to international
cooperation.
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PROGRAMME FRANÇAIS EN BALLONS 1987 - 1989

AERONOMIE ET STRATOSPHERE

EXPERIENCES

Ozone et oxydes
d ' azote
(International)

Ozone strato.

KR85

Hygromètre

AMETHYSTE

Absorb ti on
UV/Visible

RADIBAL

PIRAT

Spectre Universel
d'Ondes

MIRVENT

Spectro.
UV/Visible

LABORATOIRES

SA/CNRS
U. NAGOYA
PEL/DSIR
U. HOUSTON
U. DENVER

SA/CNRS

CFR/CEA

LMD/CNRS

LMD/CNRS

LPCE/CNRS
Obs. Genève

LOA/CNRS

LOA/CNRS

SA/CNRS

SA/CNRS

SA/CNRS

OBJECTIFS SCIENTIFIQUES

Equilibre chimique de l'ozone dans
la haute stratosphère (40 Km)

Transport vertical dans la stratos-
phère ; étude d'un tracement radioactif

Profils verticaux d'humidité dans la
troposphère et la stratosphère

Profils verticaux dans la stratosphère
variabilité à méso-échelle dans
l'Hémisphère Sud

Profils verticaux de composés
minoritaires stratosphëriques

Profils verticaux des aérosols
stratosphëriques et polarimètre

Etude de l'intensité et du taux de
polarisation du rayonnement solaire
diffusé

Détermination suivant l'altitude du
spectre universel des ondes atmosphé-
riques et de la turbulence
(U', V, W, T1)

Variations spatio-temporelles de
U, V, W et T à méso-échelle

Profils verticaux de composés
mi non' tai res stratosphëri ques

PROGRAMME/VOLS

BSO - 17/09/87

BSO - 18/06/88

BSO - 1/10/87
28/10/87

BSO - 17/10/87
23/10/87
2/06/88
7/06/88
9/06/88

MIR - 13/11/88
20/11/88

BSO - 1/10/87
+ 2 vols en
printemps 87

BSO - 30/10/87
30/06/88

BSO - 07/88

BSO -

MIR - /87

BSO - Automne 88
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PROGRAMME FRANÇAIS EN BALLONS 1987 - 1989

AERONOMIE ET STRATOSPHERE

EXPERIENCES

Ab sorb ti on IR
BOMEM

Ozonomètre

CHEOPS II
(International)

H

TECHNOPS
(International)

LABORATOIRES

LPMA/CNRS

LPCE/CNRS

SA/CRNS

LOA/CNRS

SA/CNRS
U. NAGOYA
PEL/DSIR
U. HOUSTON
U. WYOMING
U. DENVER

OBJECTIFS SCIENTIFIQUES

Profils verticaux de composés
minoritaires stratosphériques

Profils verticaux de 03 dans la
haute stratosphère avec une très
bonne précision

Chimie de l'Ozone Polaire

Ozonomètre à Chimi luminescence
Profils verticaux

PoI ari mètre et profils des aérosols
stratosphëriques
(+ expériences sol du SA)

Profils d'ozone, oxydes d'azote,
acide nitrique et aérosols

PROGRAMME/VOLS

BSO - Automne 88

BSO - 4/05/88
29/09/88

BSO - 29/01/88

BSO - 28/01/88

BSO - 23/01/89
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ASTRONOMIE

EXPERIENCES

FOCA 1000

AROME

FOCA 1000

AROME

FIGARO

LABORATOIRES

LAS/Marseille
Obs. de Genève

CESR, LPSP,
IAP, LRS

LAS/Marseille
Obs. de Genève

CESR, LPSP,
IAP, LRS

CESR, CEA,
Univ. Pal erne
Uni v. Rome

OBJECTIFS SCIENTIFIQUES

Astronomie UV = populations stellaires
chaudes

Astronomie IR = détection de molécules
aromatiques dans la Voie Lactée

Astronomie UV

Astronomie IR = détection de molécules
aromatiques dans la Voie Lactée

Astronomie = observation de
4 régions dont la super-nova 1987 A

PROGRAMME/VOLS

Avril 1987

Août 1987

Avril 1988

Octobre 1988

Novembre 1988

PHYSIQUE DU GLOBE

Campagne Afrique
du Sud

IPG Paris Mesure des anomalies magnétiques de
grande longueur d'onde

Décembre 1986
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THE NORWEGIAN BALLOON AND SOUNDING ROCKET
PROGRAMME 1989-1992

B.N. Andersen and A. Gundersen

Norwegian Space Centre
P.O. Box 85, Smestad,

N-0309 Oslo 3

ABSTRACT

The Norwegian sounding rocket and balloon programme

comprises mainly of launches from And0ya Rocket Range for
investigations in ionospheric and magnetospheric processes.
These investigations are supplemented by a wide range of
ground based support instrumentation.

In the near future tests with recovery of payloads will be carried
out at And0ya, partly as preparation for microgravity
experiments.

The overall program for the period 1989-1992 will be reviewed.

The turnaround time for satellite investigations is so long that the
educational aspect is reduced as compared to the Andoya related

activities. In addition the costs for satellite experiments is
generally much higher than for sounding rockets. The use of
sounding rocket experiments is a cost effective means to gain
essential experience before embarking on larger satellite

experiments. Furthermore several fundamental aspects of
magnetospheric and atmospheric physics cannot be studied with
satellite experiments alone.

2. THE SOUNDING ROCKET PROGRAMME

Keywords: Sounding Rockets, Balloons, Ionosphere,
Magnetosphere, Recovery.

1. INTRODUCTION

The Norwegian space science programme has historically been
founded on data collected by sounding rockets and balloons
launched from And0ya Rocket Range. With the expanding in-
ternational cooperation and Norways full membership in ESA

from 1987 the basis for space science has grown to three
elements:

- Projects within the ESA science programme.

- Bilateral cooperation on satellite investigations.
- Sounding rockets and balloons programme.

The increased activity in the satellite investigations is achieved
by an increase in funding in connection with the ESA member-
ship, thus the emphasis on the sounding rocket and balloon
programme will not be decreased due to the increased satellite
activity. The activity at And0ya is considered a necessary
supplement to the ESA and bilateral programmes, both
scientifically and programatically.

The scientific investigations within the Norwegian sounding
rocket programme may be grouped in three major areas:

- Physics of the ionosphere and magnetosphere.
- Active modification experiments of the polar ionosphere.
- Processes and dynamics of the high altitude neutral

atmosphere.

All the rocket activity from And0ya is carried out in close

collaboration with the extensive network of ground based
support instrumentation situated in northern Scandinavia and on
Svalbard. These facilities include the EISCAT (European Inco-
herent SCATter facilities), PRE (Partial Reflection Experiment),
several LIDAR observatories, optical photometers and a SOUSY
VHF radar.

NEED II (Non-Maxwellian Electron Energy
Distributions)

Project scientist:
Type of rocket:
Launch site/date:

B N Méehlum, NDRE, Norway
Black Brant VC
Andoya, Nov 1989-Jan 1990

Proc. Ninth ESAIPAC Symposium on 'European Rocket anil Balloon Programmes and Related Research '. Lahnstein, FKG. 3—7 April 1989

fESA SP-™1 Juno 1989)
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Payload instrumentation (responsible organizations):
Quadropole probe (NDRE, Norway), HF receivers (NDRE,
Norway), Solid State Detectors (Univ Bergen, Norway), Low
Energy Pariicles/CESA (Univ New Hampshire, USA), Ion
Density Probe (IRF-U, Sweden), Suprathermal Electron
Spectrometers/ SES (NDRE, Norway), EJectric Field Detector
(NASA/GSFC, USA), VLF Wave Receiver (Univ Oslo,
Norway).

The main aim of the experiment is to investigate possible
collective interaction processes between natural auroral particle
beams and the background F-region plasma. Previous rocket-
borne accelerator experiments have demonstrated that plasma
discharges created above a certain beam current threshold create
a non-Maxwellian energy distribution in the supratherrnal
electron population. Japanese rocket observation in mid-latitudes
and recent EISCAT measurements indicate that a non-
Maxwellian energy distribution may also be found in the
suprathermal electron population in the auroral ionosphere. This
phenomenon will be investigated in more detail during the
proposed experiment. EISCAT will participate in the experiment
to establish suitable launch criteria and to follow ionosperic
development during the rocket flight. The planned NEED II
investigation is the continuation of measurements cAndoyaied
out during the NEED-I campaign. The payload performance of
the November 7 1988 launch was - 80 % successful (6
successful and one partly successful). The rocket reached an
altitude of 322.4 km and a horizontal range of 188 km. Rocket
measurements were coordinated with EISCAT.

TURBO/RECOMMEND

Project scientist: U von Zahn, Univ Bonn, FRG
Deputy project scientist: E V Thrane, NDRE, Norway-
Type of rocket: Nike/Orion
Launch site/date: And0ya, Sept. 1989

Payload instrumentation (responsible organizations):
Experiment TOTAL, ionization gauge (Univ Bonn, FRG),
positive ion probe (NDRE, Norway).

The goals of this campaign is to test the TURBO payload, a
newly developed sea-recovery system and to study turbulence in
the middle atmosphere during early autumn conditions. Two
TURBO payloads and six meteorological rockets will be
launched during the campaign which will be supported by PRE,
SOUSY and LIDAR measurements.

TURBO/DYANA

Project scientist: U von Zahn, Univ Bonn, FRG
Deputy project scientist: E V Thrane, NDRE, Norway
Type of rocket: Nike/Orion
Launch site/date: And0ya , Feb/March 1990

Biscarosse, France, Feb/March 1990

Payload instrumentation (responsible organizations):
Experiment TOTAL, ionization gauge (Univ Bonn, FRG),
positive ion probe (NDRE, Norway).

The aims of the DYANA campaign is to study the dynamics of
the middle atmosphere, with emphasis on planetary waves,
gravity waves, turbulence and the distribution of minor
constituents (03, NO, OH, O etc.), up to about 100 km. The

TURBO payloads will provide important information about
turbulence in the mésosphère and lower thermosphère at two
station at middle and high latitudes. The campaign comprises
eight launches of the TURBO payload from each of the two
rocket launch sites, supported by the launches of 24
meteorological rockets as well as PRE, SOUSY and LIDAR
measurements.

TURBO/NLC-91

Project scientist: U V Zahn, Univ Bonn, FRG
Deputy project scientist: E V Thrane, NDRE, Norway
Type of rocket: Nike/Orion
Launch sites/date: Andoya, July/Aug 1991

Payload instrumentation (responsible organizations):
Experiment TOTAL, ionization gauge (Univ Bonn, FRG),
positive ion probe (NDRE, Norway).

The main goal of the project is to study turbulence in the height
interval 60-120 km during summer conditions. Of special
imponance is the study of the relationship turbulence and the
scattering mechanisms of electrons and positive ions. The level
of turbulence, the frequency of occurrence of turbulence layers
and the local Richardson number will also be investigated. The
campaign will be closely coordinated with the NLC-91
campaigns to study noctilucent clouds in the mésosphère region.
Four launches of the TURBO payload will be made supported
by meteorological rockets as well as PRE, SOUSY and LIDAR
measurements.

PULSAUR II and III

Project scientists:
Type of rocket:
Launch site/date:

F S0raas, Univ Bergen , Norway
Black Brant VC
Andpya, Autumn 1991 and 1992

The space physics groups in Bergen and Oslo have prepared a
joint proposal for a coordinated rocket and ground-based study
of pulsating aurora and related phenomena. Two rockets are to
be launched for this purpose from And0ya Rocket Range. The
rockets will perform extended measurements of the particle
precipitation, and the resulting optical and X-ray emission
together with ELF/VLF emissions and electron- density and
temperature in the ionosphere up to an altitude of approximately
250 km. In addition, coordinated ground-based measurements
of the optical aurora, VLF emissions, and magnetic variations
will be made in close relation to ionospheric study by fhe
EISCAT and STARE radars.



NORWEGIAN PROGRAMME 15

3. THE BALLOON PROGRAMME

.'(-AIE Il (X-Ray Auroral Imager Experiment)

Project scientist: J Stadsnes, Univ Bergen, Norway

Balloon volume: 68000 nr*
Launch site/date: TBD
Instrumentation: X-ray imager, X-ray spectrometer,

Univ Bergen, Norway
The main purpose of this project is to study the small-scale
spatial distribution of the energetic electron precipitation by
using an imaging X-ray instrument. This instrument is a
"pinhole" camera with a Xenon filled pressurized multiwire
proportional counter as sensor unit. Referring to the altitude of
the X-ray producing layer at approximately 100 km the
instrument will have a field of 80x80 km. This project will be
coordinated with EISCAT and other ground-based auroral
measurements.

The X-ray imager has been developed at the University of
Bergen, Norway and is part of the plan to produce two-
dimensional imaging X-ray detectors for ESA and NASA
satellite investigations.

4. GROUND BASED STUDIES

The network of ground-based instrumentation is either used
independently is scientific investigations or is utilized as support
for rocket and balloon campaigns. This support consists of both
determining the launch criteria and to measure supplementary
parameters during flight. Typical examples are the use of
EISCAT in connection with the NEED campaigns and the
SOUSY, LIDAR and PRE facilities during the different TURBO
activities.

EISCAT

The incoherent scattering techniques is generally the superior
ground-based method for studies of the ionosphere.The
EISCAT UHF and VHF radars have proven to be very efficient
tools in the overall and detailed study of the ionosphere.

Through the Norwegian membership in EISCAT, a unique
opportunity is offered for exploration of the polar ionosphere.
Today EISCAT plays a vital role in space physics at the Univer-
sity of Troms0, both separately and in connection with balloon,
satellite and rocket experiments. It is expected that EISCAT will
remain a key facility for ionospheric research in northern
Scandinavia Tor the rest of this century.

Most of the current interesting projects will be continued
throughout the period to 1992. The cooperation with flight
instrumentation for coordinated observing campaigns will be
strenghtened.

The VHF radar is being upgraded with a second klystron and
further tecnical work is in progress. A chirp synthesizer will be
put into operation to enable the instrument to track plasma lines
with very high temporal- and spatial resolution.

CUSP studies

In cooperation with groups from the the Geophysical Institute,
University of Alaska, AFGL, USA, Geophysical Research Lab-
oratory, University of Tokyo, Japan, MPAE, FRG, and the
Universities in Oslo and Troms0, Norway are engaged in
studies of dayside aurora, polar cap aeronomy, and related
phenomena. This programme will continue with measurements
from Ny-Alesund, Longyearbyen, Hornsund and on Bj0rn0ya.
The main instrumentation consists of meridian scanning
photometers, spectrometers, auroral TV, all-sky cameras and
magnetometers. Observations are conducted mainly on a
campaign basis in the period around winter solstice.

Combined electron and proton energy spectra can be used to
extract information on the plasma source and plasma acceleration
mechanisms associated with the actual auroral structures. This
information provides the basis for discussing the relationship
with plasma entry and electrodynamic coupling mechanisms in
the boundary layers of the dayside magnetosphere.

The investigation of magnetic pulsations and electrodynamic
emissions in the polar cleft at ELF and VLF frequencies is being
extended with upgraded receiving stations. This is a col-
laboration between groups at the Universities of Oslo, Norway
and Tokyo, Japan.

The EISCAT VHF system will support the cusp studies. The
VHF will provide valuable data from the long ranges
corresponding to the F-layers above Svalbard. Coordinated with
the ground based observations and polar orbiting satellites these
observations provide an important basis for the understanding of
the electrodynamics of the polar cusp ionosphere.

Ozone Studies

The ground-based observations carried out by scientists from the
University of Oslo, Norway will continue in cooperation with
the satellite observations from the TIROS-IO satellite. The total
amount of ozone and the atmospheric temperature profiles are
derived from the combined observations. The observations will
be extended with LIDAR measurements from New Alesund on
Svalbard to gei more information on the vertical distribution of
ozone. This is a cooperation with the Alfred-Wegner Institut,
FRG. Further international collaboration is planned with groups
in France and FRG.

In addition the very long time series of ozone measurements
from Svalbard and Troms0 by the University of Troms0,
Norway will be extended by further observations.
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5. CONCLUSION

Even though the Norwegian space science programme is
expanding it is still small in absolute terms. This makes the
efficient use of the overall resources essential. A few selected
areas can be given high priority and thereby sufficient resources
to ensure high quality of the science. The main area of priority
the next years will be in the field of Solar Terrestrial Physics

with active participation in the first cornerstone, STSP, of ESA.
This activity may be viewed as the natural extension of the
existing rocket and balloon programmes.

The ground-based instrumentation and the launching facilities at
And0ya will be developed to their mutual independent benefit
and to expand the activity to complement the satellite activity.

The And0ya site currently being studied as a possible launch site
for small polar orbiting or Sun synchronous satellites. Together
with a tracking station situated on Svalbard such a facility would
be a compact unit providing an inexpensive and efficient service
for European customers. By using a tracking station on Svalbard

it would be possible to cover a polar orbiting satellite on every
orbit with a single station.
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THE SWEDISH SOUNDING ROCKET AND BALLOON PROGRAMME

K LUNDAHL

Swedish Space Corporation
P.O. Box 4207, S-171 04 Solna, Sweden

ABSTRACT

The Swedish Sounding Rocket and Balloon

programme comprises sounding rockets and

balloon launches every year from Esrange.

The investigations relate to geophysical

disciplines, astrophysics and micro-

gravity research.

Future scientific projects using sounding

rockets and balloons are planned for

infrared observations of interstellar

medium and studies on Nitrogen and Oxygen

photochemistry and transport in the upper

atmosphere. Continued studies on auroral

electrodynamics has been proposed and a

continued investigation on the structure

and dynamics of the middle atmosphere

above the northern polar region during

summer has been discussed.

These studies will require increased

technical capabilities with respect to

payload design, rocket performance and

ground support as compared with the

current programme.

Of special interest is the Joint German-

Swedish HAXUS program for the launching

of sounding rockets up to 900 km altitude

giving 15 minutes of microgravity. A

MAXUS-test flight will take place in

December 1989 with the launch of a 3-

stage, 17 inch sounding rocket from

Esrange. The purpose is to qualify a new

guidance system and new ground based and

rocket borne TT&C equipment. The first

operational MAXUS flight will take place

late 1990 with the launch of a single

stage, 40 inch rocket based on a Castor

IV B TVC motor.

1 INTRODUCTION

The Swedish sounding rocket and balloon

programme is concentrated on four main

areas :

a) Magnetospheric and ionospheric phys-

ics, including measurements of charg-

ed particles and electric and magne-

tic fields.

b) Upper atmospheric physics and chemis-

try, including studies of the com-

position of the atmosphere at alti-

tudes of 80-150 km.

c) Astrophysics, comprising for example

studies of stars and galaxies in the

ultraviolet and infrared parts of the

spectrum.

d) Microgravity, comprising material

science, protein crystallization and

bioscience experiments.

Authority for the Swedish sounding rocket

and balloon program is the Swedish Board

Proc. Ninth ESA/PAC Symposium on 'European Kockei and Balloon Programmes and Related Research ', Lahnslein, FRG, 3—7 April 1989
(ESA SP-291. June 1989)
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for Space Activities. The Swedish Space

Corporation is responsible for the tech-

nical execution of the projects as well

as the operation of Esranqe.

Scientific groups participating in the

Swedish sounding rocket and balloon

programme are the following:

scientific

discipline

(see above)

IRF-K Institute for Space a

Physics, Kiruna

Box 704

S-981 27 KIRUNA

coordinated with measurements made by the

EISCAT facility.

In addition to the activities described

in this paper, it should be noted, that

Swedish scientific groups participate

within programmes of other nations.

2 ON-GOING PROJECTS

The presentation below covers launches

performed as from 1989. For additional

information see the attached Table 1 and

the Time schedule.

2.1 PIROG

MISU University of Stockholm

Department of Meteorology

The Arrhenius Laboratory

S-106 91 STOCKHOLM

The Pointed jrnf raged Observing Gondola,

the first Swedish balloon project, was

launched in 1986. Since then one PIROG

payload has been launched every year.

RIT-P Royal Institute of Tech- a

nology, Department of

Plasma Physics

S-IOO 44 STOCKHOLM

SOS Stockholm Observatory c

S-133 OO SALTSJOBADEN

IRF-U Institute for Space a

Physics, Uppsala

S-755 90 UPPSALA

RIT-M Royal Institute of Tech- d

nology,

Department of Casting of

Metals

S-IOO 44 STOCKHOLM

CUT Charniers University of d

Technology,

S-412 96 GO'TEBORG

- Department of Physical Chemistry

- Department of Inorganic Chemistry

- Department of Engineering Metals

The programme comprises several launches

every year from Esrange. Many of the

sounding rocket and balloon campaigns are

The scientific objective is to study, by

observation of far infrared emissions,

the characteristics of the diffuse,

interstellar medium and star formations.

A new second generation payload weighing

300 kg will be launched to 40 km altitude

in August-September 1989 as PIROG 4.

ESTEC participates in the project.

2.2 MASER

In the MASER programme SSC offers micro-

gravity flight services for the inter-

national microgravity community. SSC also

offers design work and manufacturing of

specific experiment modules. By using a

Black Brant IX rocket around seven minut-

es of microgravity can be provided for a

payload comprising a maximum of 230 kg

experiment module weight.

The first MASER rocket was launched on

March 19, 1987 and MASER 2 was launched

on February 29, 1988. The MASER 3 launch

is planned for April 7, 1989. The MASER

pay loads up to date have included experi-

ments within material science, bioscience
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and life science.

2.3 Aurora 90

Project Aurora 90 comprises the launch of
3 payloads in February-March 1990. Studi-
es of Nitrogen-Oxygen production and
circulation in the atmosphere of the
auroral zone will be performed.

The principal investigator is MISU. US
groups participate with experiments and

ground based observations.

2.4 COSMIC

The scientific objective of COSHIC (Coor-
dinated Study of Magnetospheric Ionos-
pheric Coupling) is to increase the
understanding of acceleration processes
in aurora. Participation of Swedish and
foreign scientific groups is envisaged.

Due to problems with the selection of
launch vehicle and also funding the
project has been postponed.

2.5 MAXUS

ESA has requested Interim Flight Oppor-
tunities utilizing sounding rocket tech-
nology to give microgravity payloads 15
minutes of microgravity. A German-Swedish
joint project has been started in order
to establish such a launch service in a
program designated MAXUS.The Castor IV B
TVC by Thiokol has been selected as the
rocket motor.

The MAXUS launch service has been offered
to ESA, to the German and Swedish nation-
al programs and to others. The market has
been estimated to require 2-3 launches
per year for microgravity and 1 for other
applications. The vehicle will be ideal
also for high altitude Space Science
experiments and for technology demonstra-
tion and qualification programs.

MBB/ERNO is responsible for rocket motor

procurement and payload AIT. SSC is
responsible for rocket systems and launch
operations. Both parties will offer
experiment modules and flight tickets to
the user community.

The MAXUS launch vehicle in the launch
tower at Esrange is shown in Figure 1.
The first launch is scheduled for late
1990.

The Castor IV B TVC motor gives the 600
kg payload an apogee of 800-900 km corre-
sponding to 14-15 minutes of micrograv-
ity. MAXUS is equipped with a modified
SPINRAC system where the cold gas jet
system has been replaced by Thrust Vector
Control. The guidance system operates
from lift-off to end of burn of the
single stage rocket at approx 55 s or 60
km altitude.

2.6 MAXUS-test

The MAXUS guidance system utilizes part
of the SPINRAC system e.g. the Inertial
Measurement System and the Guidance
Processing Unit. In order to qualify
SPINRAC as well as onboard and ground
based TTsC and Safety Operation systems
a MAXUS-test flight will be carried out
from Esrange in December 1989. A Skylark
12 will be launched to 460 km altitude
giving more than 9 minutes of microgravi-
ty for the 2 experiment modules onboard.
The experiments are flown by ESA and DLR.

3.1

PROPOSED NEW PROJECTS

MASER 4

The next payload in the MASER programme
is planned to be launched in April, 1990.
This payload is planned to include five
experiment modules from Europe and Japan.
The experiment modules will contain
experiments within bioscience, life
science, electrophoretic orientation and
interfacial tension. They will also
contain experiment equipment for process-

T :
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ing of superconductivity materials and a

laser interferontetry observation system

for studies of crystallization processes.

3.2 PIROG 5

The PIROG project continues with the

launch of PIROG 5 from Esrange in August-

September, 1990. A water vapour experi-

ment from Estec will be added.

4 DISCUSSED FUTURE PROJECS

4.1 NLC 91/DECIMALS

In the series of rocket experiments for

the study of the cold summer mesopause

two projects are discussed. The NLC 91

has been proposed by a US-experimenter as

a US-Swedish cooperative project. The

study would be performed in the summer of

1991 but is still not approved by NASA.

The other project, which has been propos-

ed to be performed as a Swedish-Swiss

cooperative project, is DECIMALS (Dynami-

cal, Electrical and Chemical Interactions

near the Mesopause at Arctic Latitudes

during Summer). The intension is to fly

a number of rockets (possibly incorpo-

rating NLC 91 if approved) in the summer

of 1991 for the study of the high latitu-

de mesopause. The proposing scientific

groups are MISO and the University of

Bern.

4.2 Auroral Turbulence

RIT-P, proposes in cooperation with the

Cornell University the launch of a pay-

load comprising a mother and two daught-

ers for simultaneous measurements in an

active aurora. The campaign is planned

for December 1991 from Esrange with a 3-

stage Black Brant 10 to 800 km altitude.

This will be the first launch of a Black

Brant 10 from Esrange and it will utilize

the SPINRAC system and a 3-canard S19

system.

5 TECHNICAL DEVELOPMENT PROGRAM

5.1 High altitude rocket guidance system

It has since several years been a strong

requirement from different users to fly

sounding rockets to much higher altitudes

than is now possible from Esrange. This

would facilitate auroral studies at high

altitude with the advantage of land

recovery of expensive experiments and it

would provide a longer processing time

for microgravity experiments. SSC has

therefore decided to develop the necessa-

ry systems to allow sounding rocket

launchings to 900 km.

However, the launching of rockets to 900

km from Esrange poses nontrivial problems

of rocket guidance. The horizontal extent

of the rocket trajectory is limited to

less than 70 km with a 1-sigma dispersion

value of 15 km. Therefore, Sweden has

undertaken to develop an advanced guidan-

ce system for high altitude rockets,

SPINRAC (Spinning Rocket Attitude Con-

trol) which uses a gas jet system for

attitude control. The system will be

delivered in the spring of 1989.

A modified version of SPINRAC, using the

Inertial Measurement Unit and the Guidan-

ce Processing Unit but interfacing to .1

TVC system instead of the cold-gas system

will be developed during 1989 and will be

used to guide the MAXUS rockets.

A 3-canard S19 Boost Guidance system will

also be developed. The present 4-canard

system is well-proven. The new system

will utilize the existing design and will

make it possible to launch guided rockets

from the Skylark tower at Esrange.

Finally, as a part of the development of
the MAXUS program a major upgrading of

the Esrange facilities has started. In

addition to a new launcher and a new

blockhouse, new laboratories and an

extensive instrumentation :or safety

operation and TT&C are being installed.
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5.2 Telemetry and Command System IDNG DURATION SOUNDING ROCKETS

In order to meet new demands for higher

telemetry data speed and more command

channels for telescience applications,

SSC is currently developing a new teleme-

try and command system including both a

flight unit and a complete line of ground

support equipment.

The flight unit comprises a master TM/-

Command unit, and a set of subunits which

distributes TM and Command signals around

the payload. Master and subunits are

connected in a network which enables not

only normal TM/Command data flow but also

direct communication between subunits.

SOVIIiT UNION

Ground support equipment are all based on

standard PCs s which are tailored to

specific tasks by dedicated HW and SW.

Main functions include PCM decommutation,

various types of data presentation on

screen and printer, wordselection, TM

data storage and command generation.

The first step will be a study on trans-

fer quality and cost for a 15 Mbit/s

telemetry link at Esrange and design of

a ?CM encoder for bitrates up to 15
Mbit/s. The encoder uses a so called

local data network for onboard data

transmission.

MAXUS OH THE LAUNCH PAD

FIGURE 1
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SWEDISH SOUNDINO ROCKET AND BALLOON PROJECTS

Proposed new projects

Discussed future projects

1989 1990

(D

1991

n

1992 1993

Status April 3, 1989 (n) number of launchlngs

Project

Ongoing projects

MASER 3

PIROG 4

MAXUS-test

Aurora 90

MAXUS

COSMIC

Proposed new
projects

.•1A3ER 4

PIkOG 5

Discussed future
projects

NLC 91/DECIMALS

Auroral Turbulence

Number and type
of rockets and
balloons

1 Jt

1 x

1 x

3 x

1 x

1 x

1 x

1 x

3 x
5 x

1 x

Terner-BBVC

300 000 M3

Skylark 12

Nike-Orion

Castor IV B TVC

BB 10

Terrier-BBVC

300 000 M3

Nike-Orion
Super-Loki

Black Brant 10

Apogee
(km)

300

40

460

140

900

800

300

34

140
85

SOO

Campaign

March 1989

August 1989

December 1989

Feb-March 1990

December 1990

December 1991

March 199C

Aug-Sept 1990

July-Aug 1990

December 1991

Remarks

S19 BGS, RCS

SPINRAC, RCS

S' 9 BGS, SPINRAC

S19, BGS, RCS

S19 BCS, SPINRAL

Status April 3, 1989
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The German Scientific Balloon and Sounding Rocket Programme

A. F. Dahl
DLR, Executive Department for Space Projects, KoIn, FR Germany

M. Otterbein
Federal Ministry for Research and Technology, Bonn, FR Germany

ABSTRACT

The scientific balloon and sounding rocket
projects form a very successful part of
the German space research programme. This
report provides some information on
sounding rocket projects in the scientific
fields of astronomy, aeronomy, magneto-
spheric research, and microgravity re-
search .
The scientific balloon projects are per-
formed with emphasis on astronomical and
aeronomical research.
Previous projects undertaken after the
last Symposium 1987 in Sunne/S and prepa-
rations and plans for the future until
1992 are identified.

Keywords: Extraterrestrial Research,
Sounding Rocket, Balloon, Experiments,
Germany, Astronomy, Aeronomy, Magneto-
sphere, Microgravity Research.

1. INTRODUCTION

In the following a survey is given of the
ongoing and planned projects with sounding
rockets and balloons within the German
Space Science Programme, distinguishing
between astronomy and exploration of the
solar system.

The German Space Research Programme dis-
tinguishes between national, bilateral and
European projects. Overall programme au-
thority resides with the Federal Minister
for Research and Technology BMFT. The
German Aerospace Research Establishment
DLR with its Executive Department for
Space Projects is acting on behalf of
BMFT.

The extraterrestrial research programme as
presented in Sunne 1987 is shown with up-
dated figures in the poster presentation
and printed elsewhere in these proceed-
ings .

During the coming sessions you will hear
detailed information about most of the
projects mentioned in our national report
by the scientists themselves.

2. SOUNDING ROCKET AND BALLOON PROGRAMME

2.1 Overview

The German sounding rocket programme
covers the following scientific disci-
plines: astronomy, aeronomy, magneto-
spheric research, microgravity research.
Most of the projects are funded by BMFT,
the Federal Minister for Research and
Technology through DLR, the German
Aerospace Research Establishment, while
some of the German balloon projects are
funded through DFG, the German Research
Society, and GSF, the German National
Center for Environmental Sciences.

During the Symposium, many papers will be
presented showing scientific results,
technological achievements of past pro-
jects in some of these research fields. In
special project meetings future scientific
campaigns will be discussed.

In Fig. 1 an overview is given about the
German sounding rocket and balloon pro-
gramme showing some links to airborne ex-
periments and Space Shuttle activities.
The projects are grouped in the disci-
plines and arranged by the flight levels,
according to the carrier systems aircraft,
balloon, Space Shuttle and sounding
rocket.
In a separate list the scientific institu-
tes and experimenters who currently per-
form the projects with sounding rockets
and balloons are identified.

2.2 Astronomy

The appearance of the Supernova SN 1987A
on February 23, 1987 has produced some
major balloon and sounding rocket acti-
vities in Germany.

With a spark chamber as payload the bal-
loon SN 1987A/1 searched for high energy
gamma rays from the Super Nova 1987A. The
launch campaign was performed as coopera-
tive project between the Astronomical
Institute of the University of Tubingen
and researchers from Australia, Italy,

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnsiein, FRC, 3—7April 1989
(ESA SP-291, June 1989)
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England, and USA on April 19, 1987 in
Alice Springs, Australia.

A balloon gondola named SN 1987A/2 and
equipped with cooled Ge-detectors to study
the SN 1987A in high energy X-rays, laun-
ched on November 18, 1987 was not success-
ful.
But the spark chamber payload of 500 kg
for the study of the Super Nova in high
energy gamma rays prepared in the same
cooperation as SN 1987A/1 was successfully
launched as SN 1987A/3 from Alice Springs
on April 4, 1988 and reached an altitude
of 40 km.

The isotopic composition of cosmic ray
nuclei was measured with the balloon-borne
instrument ALICE, a Cerenkow-range expe-
riment of about 2500 kg. The University of
Siegen together with the Goddard Space
Flight Center, Greenbelt, USA, performed a
successful campaign in Prince Albert,
Canada, in 1987. The 27 million cubic feet
balloon came to a float altitude of
118,000 feet.

The sounding rocket payload A4/2 with an
imaging 32 cm Wolter telescope and a
position sensitive proportional counter
had been successfully launched and re-
covered in 1979. After maintenance and
calibration, for the same payload. now
with the name SUPER NOVA, a launch was
performed August 24, 1987, in Woomera,
Australia.

The Max-Planck-Institut for Physics and
Astrophysics, Institute for extraterre-
strial Physics, Garching, had prepared the
experiment. DLR was responsible for
manufacturing of the attitude control
system supported by a TV-System for coarse
pointing, and DLR-MORABA (Deutsche For-
schungsanstalt fur Luft- und Raumfahrt,
Mobile Raketenbasis) for the recovery
system, logistics, rocket and launch.
Cornier System had deliverd the structure
and the payload systems. All this was done
with support from BMFT and DLR Executive
Department for Space projects in an extra-
ordinary short time of 6 months. The aim
of the mission was to collect X-ray data
of the Super Nova 1987A. More details will
be given in the Super Nova session.
In the light of all the Super Nova re-
search activities the High Energy X-ray
experiment HEXE, built by the Max Planck
Institute for Extraterrestrial Physics
(MPE) and the Astronomical Institute of
the University of Tubingen (AIT) should be
mentioned. HEXE is a low background
phoswich detector system and derived from
the balloon payloads flown for many years
by the MPE/AIT groups. HEXE was launched
with the Soviet Kvant module and docked to
the MIR Station in March/April 1987 and
meantime has given excellent information
about the x-ray emissions of the SN 1987A.

For the University of Bonn a second launch
of the INTERZODIAK payload on a Skylark-12
rocket in Natal, Brazil, on September 3,
1988 was successful. Measurements of the

EUV radiation of the interplanetary space
and the geocorona were performed around
58.4 nm and 121.6 nm by pressure-modulated
resonance-absorption cells incorporated
into an extremely lightweight payload.

In the frame of a cooperation with the
University of Southern California and the
Institute for Astrophysics and Extrater-
restrial Research (IAEF) of the University
of Bonn the SOLLY experiment was launched
on board a Black Brant IX rocket from
White Sands Missile Range, USA, on October
24, 1988. Measurements of the scattered
Lyman Alpha photons and the total intensi-
ties of the solar photons near 1216 A were
successfully performed. The instrumenta-
tion comprised hydrogen and oxygen cells
and was manufactured by Dornier System in
a contract of the University of Bonn. The
developments from the ASTRO-HEL (1979) and
INTERZODIAK (1988) projects were a basis
for the SOLLY instrument. The University
of Bonn was invited for a reflight of
SOLLY in 1989.

Besides this the IAEF of the University of
Bonn is planning a new scientific rocket
mission, called HELLY, which will be de-
voted to the observation of solar He II-
30.4 nm photons resonantly scattered of
interplanetary He II-pick-up ions from the
core-shadow region of the earth. The
launch of the rocket is wanted for 1992.

A team of the Ruhr-University of Bochum is
studying a rocket-borne coronograph for
measurements of the interplanetary dust
close to the sun (Fraunhofer corona) in
the visual and infrared spectral range.
They will get support from the Max Planck
Institute for Kernphysik and the Univer-
sity of Nurnberg-Erlangen and are planning
a sounding rocket campaign in 1992.

The Max Planck Institute for Extrater-
restrial Physics (MPE) is planning two
sounding rocket launches in 1990 and 1991
under the project name ASTRO-IO. High
energy imaging of galactic x-ray sources
using an Imaging Wolter telescope with a
CCD-camera as payload on a Skylark 7
rocket is anticipated. Woomera, Australia
could be the Rocket Range.

A high energy X-ray imaging instrument
with a rotation-modulation-collimator
(RMC) is in development at the Astro-
nomical Institute of the University of
Tubingen. They are planning, in coope-
ration with the National Scientific
Balloon Facility, USA, one balloon flight
in 1991 in Australia. The payload weight
as estimated today is 1000 kg. The balloon
with a volume of about 600 000 m3 should
reach an altitude of about 40 km.

2.3 Aeronomv

Under the aeronomy programme several
different instruments have been developed
since 1980 by the Max-Planck-Institut fiir
Kernphysik:
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ACIMS Active Chemical lonization Mass
Spectrometer

GIA Gas and Ion Analyzer
GIAA Gas, Ion and Aerosol Analyzer
STRAFAM (Stratospharen Fallschirm Massen-

spektrometer)
parachute borne drop sonde mass
spectrometer

They have been tested with several air-
craft, balloon and rocket flights and
provided excellent sets of stratospheric
data. Zodiac balloons and Orion rockets
have been used.

As part of the CHEOPS (chemistry of ozone
in the polar stratosphere) campaign a
STRAFAM-2 payload was successfully laun-
ched in February 3987.

Within the CHEOPS programme the Kernfor-
schungsanlage JuIich has performed in-situ
measurements in the arctic winter stra-
tosphere using a balloon-borne cryogenic
whole air sampler. Three balloons were
launched from ESRANGE, S, in February 1987
and 1988. The analyzed samples have given
informations about long-lived trace gases
and chlorofluorocarbons. The balloon
flights were executed in close cooperation
with CNES and SSC. For the future similar
balloon flights with the same instrumen-
tation are planned.

The Kernforschungsanlage Jiilich and the
University of Essen have developed and
flown twice aboard balloon gondolas a
photometer to measure the incident photon
fluxes integrated over a solid angle of
2 TT. The measurements of the photon inten-
sities are used in photochemical models.

On January 30, 1989 in nearly parallel
flights, excellent scientific data were
obtained at ESRANGE, S, from a STRAFAM-
ACIMS scnde which was flown on board of a
sounding rocket, built and launched by the
DLR MORABA and from a balloon-borne ACIMS
instrument. Extreme low stratospheric
temperatures provided ideal scientific
conditions. The combined STRAFAM and
balloon measurements on the same day
resulted in a unique set of data which
support the investigations of the
processes causing the so called "ozone
hole".
Another STRAFAM-ACIMS flight is delayed
until summer 1989.

For spring and fall 1989 two ballon
flights with the cooled Michelson inter
ferometer, the MPIAS of Kernforschungs-
anlage Karlsruhe and the University of
Munich are planned, also for measurements
of stratospheric trace constituents. The
Zodiac-balloon will carry the 360 kg
payload to an altitude of about 33 and 40
km from Aire-sur-1'Adour, France.
The aeronomy sounding rocket programme was
continued in the framework of the interna-
tional Middle Atmosphere Cooperation (MAC)
programme. A MAC-SINE (Summer in Northern
Europe) campaign and a MAC-EPSILON (EPSI-
LON stands for the turbulence parameter)
campaign were performed in 1987. These two

campaigns are scientific successors of the
Winter Anomaly (1975/76), Energy Budget
(1980/81) and MAP-WINE (1983/84) cam-
paigns, with their common goal of getting
a better understanding of our mésosphère
and stratosphere by improved and coordi-
nated methods.
Under a contract between DFVLR and NTNF,
NTNF has manufactured the main payloads of
the MAC-SINE and MAC-EPSILON campaigns,
equipped with the German instruments
BUGATTI (Bonn University Gas Analyzer for
Turbopause and Turbulence Investigations)
and IOMAS (Ion Mass Spectrometer).

For the MAC-SINE campaign 26 inflatable
Falling Sphere payloads on Viper 3A/Dart
and 22 Chaff payloads on stretched Super-
Loki/Dart were supplied by the University
of Bonn and the MPI for Aeronomy in
Katlenburg-Lindau and were launched from
Andoya Rocket Range, N, between June 10,
and July 19, 1987.

The MAC-SINE/-EPSILON campaigns were ex-
tended with the launches of meteorological
rockets in the MAC-SODIUM campaign in
summer 1988. The University of Bonn
operated a Na Lidar System at Andoya
Rocket Range during the campaign in order
to measure the temperature profiles in the
altitude region 80 to 110 km. In day and
nighttime measurements significant diurnal
variations of the Sodium layer at polar
latitudes in summer have been determined.

With RASMUS, a Rocket-borne Air Sampler
for the Mésosphère and upper Stratosphere,
a cryo sampling technique which has been
proven during several balloon flights was
used in 2 rocket launches. The aim is to
measure the vertical distribution of trace
gases. The 2 launches with ORION rockets
and recovery systems were successful on
May 6, 1987 and December 6, 1988.
The payloads with the samples taken from
apogee downwards in equidistance between
60 and 30 km were recoverd after approx.
50 minutes flight time. One flight per
year is planned until 1992.

INDRA was first an Indo-German idea for a
sounding rocket instrument, to be used for
in-situ calibration of the German expe-
riment ASSI on the Italian satellite SAN
MARCO D. ASSI is an Airglow Solar Spec-
trometer Instrument. The ASSI Spectral
Calibration (ASC) was performed by measu-
ring the flux density of protons and
electrons in the KeV region and airglow in
the wavelength region between 50 and 700
nm on a Black Brant rocket launched from
White Sands Missile Range, USA, in close
cooperation with NASA/GSFC in November
1988.

As a new project DYANA (DYnamic s -Adapted
Network for the Atmosphere) was proposed
in 1987 to the scientific community. About
55 teams of scientists in 21 countries
have announced their interest to parti-
cipate in the worldwide campaign. The
scientific goal of the project is the
study of middle atmosphere phenomena on
various spatial and temporal scales. In
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collaboration with China, France, India,
Japan, Norway, Spain, Sweden, USA and USSR
a mixture of groundbased, balloon and
rocket borne experiments is planned for a
campaign between January and March 1990.

Also the TURBO payloads will be launched
in the DYANA campaign. TURBO is a special
diagnostic instrument developed for the
investigation of turbulences and waves in
the atmosphere between 60 and 120 km.
Instruments and payloads are under prepa-
ration. Sea recovery at Andoya Rocket
Range is under investigation. For the
TURBO payloads 4 campaigns are planned: 1.
TURBO recommend in October 1989; 2.
parallel with DYANA A in Andoya, N,
January-February 1990; 3. with DYANA B in
Biscarosse, F, at the same time and 4.
TURBO in August 1990 in Andoya, N.

Another new project is SISSI (Spectros-
copic Infrared Structures Signatures
Investigation). Structures of trace gas
distributions in the polar sunlit méso-
sphère and lower thermosphère are to be
studied with the SISSI instrumentation
wi ch comprises an IR-Spectrometer, an
IR-radiometer, a nitric oxide -band
photometer and an atomic oxygen resonance
fluorescence experiment. The campaigns are
planned for summer 1989, spring and summer
1990 in Esrange, S, using 4 payloads with
multiple recovery.

A noctilucent cloud project NLC 91 pre-
pared by NASA and the Universiy of Bern,
CH, offers a good chance to the University
of Bonn to participate in 1991 with ground
based LIDAR measurements, meteorological
rockets and some of the TURBO rockets. A
detailed planning regarding the distribu-
tion of activities at the rocket ranges
Andoya and Kiruna is a task for the near
future.

2.4 Maqnetospheric Research

After the CAESAR project in January 1985
the magnetosphere programme was continued
with the ROSE project (Rocket and Scatter
Experiment).

The four payloads with 9 diagnostic ex-
periments each were coordinated with
ground-based EISCAT and STARE measurements
for the study of the auroral E-region.

During 1986 and 1987, the four payloads
were manufactured and tested by the
sounding rocket team of MBB Ottobrunn.
Successful launches were performed after
several countdowns at Andoya Rocket Range,
N, for Fl on November, 26., 1988 and F2 on
December, 5., 1988. The other payloads
were launched in ESRANGE, Kiruna, S; F3 on
February, 7., 1989 and F4 on February, 9.,
1989. The carrier for all four payloads
were Skylark 2 rockets which performed
excellently. More details about the very
first results will be given by the
sientists in the relevant session.

In a Japanese-German cooperation the
COREX-Experiment to measure electron
density and temperature in the midlatitude
ionosphere has been flown from Kagoshima
Space Center, Japan. It is used the
resonance cone technique, a high-frequency
method which allows to derive the ambient
plasma parameters.

On the German side the Ruhr University
Bochum supplied the COREX instrument,
which was successfully launched on January
25, 1988.

The German scientists are planning two
future launches of COREX II, using reso-
nance cones for diagnosing non thermal
plasma properties at mid latitudes. The
first campaign is planned in a cooperation
with the Chinese Academy of Sciences. The
payload would be launched end of 1990 with
a VEGA 2 rocket from Hainan, China, to an
altitude of approximately 170 km. The
second campaign will repeat the coopera-
tion with ISAS, Japan. The payload should
be launched on a K-9M rocket mid 1991 from
Kagoshima, Japan, up to an altitude of
approximately 360 km.

Within the Indo-German cooperative project
SPREAD-F a sounding rocket payload carry-
ing a resonance cone experiment, a Lang-
muir-probe and a plasma potential probe
was launched into the equatorial iono-
sphere near Shar, India on May, 4., 1987.
The cooperation has been arranged between
the Physikalisch Technische Studien (PTS)
group, Freiburg, DFVLR, and ISRO, India.

Within an international cooperation the
Max-Planck-Institute for Extraterrestrial
Physics is preparing the CRIT II payload
to be launched on a Black Brant X sounding
rocket in Wallops Island, USA, up to an
altitude of approximately 490 km. CRIT II
is an active-experimental test of the
Alfven Critical lonization velocity
effect. The payload has a mother-daughter
configuration. Two chemical canisters will
be ejected and create a neutral barium
jet. The cooperation consisting of scien-
tists of the University of Alabama in
Huntsville, Cornell University, Utah State
University, USA, the Danish Space Research
Institute, Denmark, and the above mentio-
ned Max-Planck-Institute, F.R. Germany,
will also deliver two electron electro-
static analyzers (5eV-3KeV), one ion
electrostatic analyzer (2eV-2KeV), two
photometers, two orthogonal E-field booms,
one sweep frequency analyzer (0-5 MHz),
Langmuir probe, plasma frequency probe and
a 3-axis magnetometer. The launch is
planned for April-May 1989.

2.5 Mlcroaravitv Research

In the research field of materials science
TEXUS (Technological experiments under
reduced gravity) started as a cooperative
programme of the Federal Minister for
Research and Technology BMFT and the
German Aerospace Research Establishment
DLR for the implementation of short-term
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space experiments under near weigthless-
ness. Detailed information about TEXUS are
to be found in the proceedings of the
earlier Symposia.

Numerous German experiments for microgra-
vity research in the field of materials
science were flown on TEXUS campaigns.

Since 1978 a total of 20 flights, of which
18 successfully, have been accomplished,
with more than 175 experiments. The in-
vestigations have been carried out with
emphasis on chemistry and processing
technology, interface and convection
phenomena, metallurgy, crystal growth,
basic physics and biology. TEXUS is used
for some life sciences experiments with
good results. Regardless the short micro-
gravity time (~ 6 min) electrophoresis and
yeast protoplasts experiments were per-
formed on TEXUS flights in 1987.

In the field of microgravity research the
TEXUS programme meanwhile has become an
international research programme with
various participating organizations. TEXUS
was commercialized in 1988 and four
flights per year are planned.

It. is planned to extend the duration of
microgravity from 6 minutes given by the
German TEXUS and/or the Swedish MASER
programme to 15 minutes in the cooperative
MAXUS programme. An experimental time of
this duration could enormously improve the
attraction of the sounding rocket pro-
gramme for Micro-gravity.

A new instrument for microgravity research
is MIKROBA (Microgravity Balloon) suppor-
ted by BMFT/DLR and under development at
industry. By means of a balloon a drop
capsule will be brought up to a height of
approximately 45 km and then dropped. The
aerodynamic resistance will be compensated
by additional thrust. About 60 seconds of
microgravity (£ 10 g) are possible.
MIKROBA is a low-cost approach for micro-
gravity research especially for technology
development, test of fluid physics in-
struments, combustion and solidification
experiments. The first test flights were
successful in May 1986 (MIKROBA 1) and
April 1989 (MIKROBA 2) in Kiruna, S. After
the third testflight planned for April
1989 the operational phase will begin with
dual launches in autumn 1989 and spring
1990. Cooperation is envisaged with China
(spring 1990) and the USSR.

2.6 Project Hilestc nd Resources

In Fig. 2 and 3 the project milestones of
the sounding rocket projects until 1992
are shown.

Fig. 4 is showing the timespan between the
first Symposium in Germany, which was held
in Schlofl Elmau 1976 and the second Sym-
posium of this day. The main sounding
rocket campaigns in the three disciplines
are identified with the expenses spent by
BMFT national and to the ESRANGE special

project. Information about all of the past
projects in Fig. 4 can be found in the
proceedings of the former ESA symposia
about European programmes on sounding
rocket and balloon research. Fig. 5 shows
the distribution of the resources for
sounding rocket projects to the three
disciplines.

For many of the sounding rocket projects
described in this report the DLR Mobile
Rocket Base carried out campaign planning
and launch operations together with the
range authorities.
Besides this, hardware development and
tests have been performed by DLR on the
recovery system for STRAFAM, the module
for the television transmission board-to-
-ground system for TEXUS, and the attitude
control system for the INTERZODIAK and
Super Nova payloads.

3. SOFIA

To the NASA Project SOFIA - Stratospheric
Observatory for Infrared Astronomy - a
hardware contribution (telescope) is under
discussion in order to enable German sci-
entists to participate in the utilization
of this airborne observatory. Two studies
about the main mirror technology were
finished end of April 1987. The defini-
tion phase which started end of 1988 will
be finished with a detailed design of the
telescope with a main mirror diameter of
2,5 m mid 1989. (More information will be
given in a separate presentation.)

4. CONCLUSION

The time needed for preparation and
execution of a scientific sounding rocket
and balloon project until the final data
evaluation with documentation is short
when compared with the time needed for
Spacelab and satellite projects. A good
example is the Supernova project.

Besides the excellent scientific findings
to be gained by this means, this is also a
good opportunity for education of students
and training of junior scientists and
engineers in the field of extraterrestrial
and microgravity research at universities,
in spite of the natural high fluctuation
rate of personnel there.

Therefore the German scientists still have
a considerable interest in future activi-
ties with scientific sounding rocket and
balloon experiments and thus it is planned
to maintain these activities as a basic
and important part of the German space re-
search programme.
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LIST OF SCIENTIFIC INSTITUTES AND EXPERIMENTERS WHO CURRENTLY PERFORM
PROJECTS WITH SOUNDING ROCKETS AND BALLOONS

1. ASTRONOMY

Institut fur Astrophysik und Extra-
terrestr. Forschung, Universitât Bonn
Institut fur Extraterrestr. Physik,
MPI - Physik u. Astrophysik, Garching
Fachbereich Physik, Universitât Ge-
samthochschule Siegen
Astronomisches Institut, Universitât
TUbingen

Prof. Fahr (INTERZODIAK 2,
SOLLY, HELLY)
Prof.Trumper, Dr.Brauninger
(SUPER NOVA)
Prof. Simon (ALICE)

Prof. Staubert
(SN 1987A/1/2/3)

2. AERONOHT

- MPI - Kernphysik, Heidelberg

- MPI - Aeronomie, Katlenburg-Lindau

- Fachbereich Physik, Universitât Ge-
samthochschule Wuppertal

- Physikalisches Institut, Universitât
Bonn

- Institut fiir Astrophysik u. extra-
terrestrische Forschung, Univer-
sitât Bonn

- Institut fiir Atmosph. Chemie, KFA
Julien

- KFA Karlsruhe
- Meteorolog. Institut, Universitât
Munchen

- Institut fur Phys. Chemie, Univer-
sitât Essen

Dr. Krankowsky (MAC-EPSILON
Dr. Arnold (STRAFAM/ACIMS,
CHEOPS/ACIMS)
Widdel (MAC-SINE/-SODIUM)
Dr. Fabian (RASMUS)
Prof. Offermann (MAP/GLOBUS,
DYAMA)
Prof. Grofîmann (SISSI)
Prof. v.Zahn (MAC-SINE/
-EPSILON/-SODIUM, TURBO,
NLC 91, LIDAR)
Dr. LUbken (MAC-SINE/
-EPSILON)
Prof. Rômer, (INDRA)

Dr. Schmidt (CHEOPS)

Prof. Fischer (MIPAS)
Dr. Rabus (MIPAS)

Dr. Roth (CHEOPS)

3. MAGNETOSPHERE

- Institut f. Extraterrestr. Physik,
MPI - Physik u. Astrophysik, Garching

- MPI - Kernphysik, Heidelberg

- Physikalisches Institut, Universitât
Bonn

- MPI - Aeronomie, Katlenburg-Lindau

- Institut fur Geophysik und Météoro-
logie, Techn. Universitât Braunschweig

- Institut fur Nachrichtentechnik,
Techn. Universitât Braunschweig

- Institut fur Experimentalphysik,
Universitët Kiel

Prof. Haerendel (CRIT)

Dr. Lammerrahl,
Dr. Krankowsky (ROSE)
Prof. v. Zahn, Dr. Liibken
(ROSE)
Dr. Rosé, Dr. Rinnert,
Dr. Kohl, Dr.Schlegel (ROSE)
Dr. Luhr (ROSE)

Dr. Dehmel (ROSE)

Dr. Piel (COREX)

4. MICROGRAVITY RESEARCH

- Lehrstuhl fur Ingenieurwissenschaf-
ten, Universitât Hamburg

- 55 different institutions

Prof. Ahlborn (présent
project scientist TEXUS)
Address information can be
given on request by DLR
project management

(MPI = Max-Planck-Institut; KFA = Kernforschungsanlage)
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Discipline

Project with ^x

Sounding
Rockets

Space
Shuttle

Balloon

Airplane

Altitude

< 1000 km

300km

"40 km

15km

Astronomy

+ INTERZODIAC 2
+ SUPERNOVA
+ SOLLY
o HELLY
OFHAUNHOFER

CORONA
uASTRO-10

+ GAUSS on SL-DZ

+ ImEUV telescope
on ASTROSPAS/
ORFEUS

+ SN 1987 A/1. ./3
+ ALICE
û RMC

+ KAO (Lockheed
C-141A)

û SOFIA
(Boeing 747 SP)

Extraterrestrial Research
Aeronomy

+MAP/WINE
+ STRAFAM 2 / CHEOPS
+ /ACIMS
+ MAC-SINEAEPSILON
+ /-SODIUM
+ RASMUS
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+ DYANA
+ SISSI
+ TURBO
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+ CRISTA on
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+ CHEOPS/FLUMAS
(Falcon 20)

Magnetospherlc
Research
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ACR(TE

Mlcrogravfty Research
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û MAXUS

+ SL-D1/(many
elements)

+ SL-D2/ (many
elements)

+ MICROBA

+ (KC 135)

+ executed/current projects, t& impréparation, 0= underconsideratlon

^ Fig. 1 Overview of sounding rocket and balloon projects with their Status
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IS^àî Sô^^^^SÏ̂ ^^^^^ /\

_J
t̂ ^^v^W ï̂rs'̂ W^Bï'N'̂

1 T

^^^^^^^^ •̂A^H^OifCvw vw- W W

R

1990 1991 1992

/- -v

R = RECOVERY
a= Launch planned

= Launch delayed

A= Launch executed
v J

r * -

A

£_

A- —

A

RSSjSSS) /\ /\ /\

I
-5»»S»»S»̂ »»»M A /N /\

TIOT

«SSS? «SS? ̂  ^SSt^yA A A
M M

A

4

A
M

A

r

A /

A

FIG.3 SOUNDING ROCKET PROGRAMME STATUS

PROJECT MILESTONES APRIL 89

YEAR 73 74 75 76 77 78 79 80 81 82 83 84 Q5 86 87 88 89 90
SYMPOSIA

MAINCAMPAlNS:

•ASTRONOMY

•MAQNETOSPHEP.E

MlZ AB A4

Kl At ASTRO-HEL

T-PAYlOAOS

PORCUPINE

WINTERANOMALY EHEBOY SUDOET

POLAR HIOH ATMOSPHERE

SUPERNOVA FRAUNKOFERCOnONA

IM-EUV INZO-I WZO-2 SOUY KELLY

HERO CAESAR ROSE

BIB COREX CB(T-I COROM

MAO-SINB-EPSILOW-SODIUM SISSI BYANA TURBO

MAP/WINE STRVAM RASMUS NLCSI

PT-WRF/WRT Fig. 4 Sounding Rocket Activities in FRGermany
DLR

Status:
April 1989



GERMAN PROGRAMME

M
j
o

D
M

20

18
16
14,
12,

10.

8.

6.

4.

2.

O.

Aeronomy

Magnetosphere

Astronomy

Plan

73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94

PT-WRF/WHT

DLR

Fig. 5 Resources for Sounding Rocket Projects Status:
April 1989



SESSION 2
COMMENCEMENT

Chairman:
U. von Zahn

33/



35

ENHANCED ELECTRON DENSITY LAYERS IN THE HIGH-LATITUDE LOWER IONOSPHERE

S. Kirkwood, L. Eliasson, I. Haggstrôm, P.N. Collis

Swedish Institute of Space Physics, Box 812,
S-981 28, Kiruna, Sweden

EISCAT Scientific Association, Box 812

S-981 28 Kiruna, Sweden

ABSTRACT

Narrow layers of enhanced electron density appearing at
altitudes between 90 and 100 km are found to be of at least 3
distinct types. The first type consists of very narrow, short-
lived, sporadic-E type layers, which are at least sometimes
associated with similar layers in neutral sodium, and which may
be composed of metallic ions gathered into thin layers by the
action of vertical winds associated with long-period gravity
waves. The second type comprises broader, short-lived layers
which are seen in the magnetic evening and midnight sectors
and which appear to be produced directly by precipitation of
energetic electrons from the outer edge of the radiation belts.
The third type comprises persistent daytime/early evening layers
which seem to be composed of unusual ion species, at least
some portion of which have a high mass (substantially greater
than 30.5 a.m.u.) but with the bulk of the ions having a short
lifetime (not longer than a few tens of minutes ).

Keywords: EISCAT, E-Region, Sporadic-E, Substorm Growth
Phase, Enhanced Electron Density, Metallic Ions.

1. INTRODUCTION

Measurements of electron-density altitude profiles through the
lower ionosphere made by the EISCAT incoherent scatter radar
sometimes show narrow layers of enhanced electron density at
altitudes between 90 and 100 km. Examples of such layers are
shown in Fig. 1. They are broader in altitude (and occur at
lower heights) than mid-latitude-type sporadic E layers (which
are also seen by EISCAT, e.g. Réf. 1). On the other hand, they
are much narrower in altitude than would be produced by
normal solar radiation or by precipitation of energetic particles
with a Maxwellian-like energy distribution. Often they are even
narrower than would be produced by mono-energetic particle
precipitation or monochromatic radiation from the sun (Figs.
Ib, Ic).

Using measurements from the EISCAT radar we can investigate
the occurrence patterns of such layers, estimate the spectrum of
precipitating particles which would be required to produce the
broader layers, estimate the mass of ions making up the layers
and look for evidence of convergent transport of the ions to
form the layers. In the case of layers which are broad enough to
be produced by particle precipitation, we have been able to use
measurements from the Viking satellite to see where in the
magnetosphere those particles might come from.

As a first step towards investigating the origin of such
anomalous layers, a statistical study of their appearance in
EISCAT Common Program 1 measurements was made and has
been reported in Réf. 2. In this study an anomalous layer was
identified if two separate electron density maxima could be seen
between 85 and 130 km altitude. The result was that anomalous
layers were seen in about 6-10% of profiles measured in the
1800-0100 UT (-2030-0330 MLT) and 0700-1500 UT (-1000-
1800 MLT) time sectors over the period November 1984 - April
1988 (a total of just over 1000 hours of measurements). Outside
those time sectors the occurrence rates were lower, about 1-2%.
Those layers occurring in the midnight sector were generally
seen for only a few tens of minutes while those occurring in the
pre-noon to early evening sector persisted for several hours and
appeared at slightly higher altitude (Fig. Ic). In the midnight
sector, most layers were of the broader type (Fig. Ib) with the
distinctly different, much narrower, sporadic-E type (Fig. Ia)
appearing only rarely. Thus, on the basis of this initial statistical
study at least three classes of anomalous layer could be iden-
tified : very narrow, low altitude, nighttime sporadic-E type
layers, broader, short-lived nighttime layers and persistent day-
time/early evening layers.

The results of detailed studies of some examples of each class of
layer are descibed below. The studies of sporadic-E type layers
and some nighttime layers (those appearing in substorm growth
phase) are also described elsewhere (Refs. 6, 9) so only brief
summaries are included here. Since only a few examples of each
class have so far been looked at in detail, it is not possible to say
whether these examples are representative of all layers in each
class. Thus the mechanisms found to explain the particular
examples considered here may not explain all enhanced layers.

2. LOW-ALTITUDE SPORADIC E (Es) LAYERS

Intense, thin layers of ionisation in the E region are normally
considered to be formed by convergent transport of long-lived
metallic ions caused by a shear in the zonal neutral wind or,
possibly, by auroral electric fields (e.g. Réf. 3). However,
theory does not predict that either of these mechanisms should
be effective in producing layers at such low altitudes as below
100 km at high latitudes. Further, such low-altitude E5 layers
have been found to appear simultaneously with thin, sporadic
layers of neutral sodium (Réf. 4) which cannot be explained by
either the wind-shear or the electnc field mechanisms, as those
operate only on ions. The intense E5 layer illustrated in Fig. Ia
in fact occurred a few minutes before a lidar at Andoya started

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
(ESA SP-291. June 1989)
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Figure 1. Electon density profiles and ion temperatures (assuming ion mass 31/.5 a.m.u) measured by the EISCAT radar for examples
of three different types of enhanced electron density layer below 100 km altitude, a) shows very narrow, sporadic-E type layers; b)
shows broader layers seen in the evening sector during substorm growth phase; c) shows a persistent layer seen during dayiime.
Model computations of electron density profiles which would be produced by electron precipitation for a Maxwellian population with
average energy 3 keV and for a monoenergetic population with 50 keV energy are shown for comparison in b) (calculations based on
Réf. 13). Model computations of electron density profiles produced by normal solar radiation (EUV) and monoenergetic X-rays with
wavelength 5Â, both for solar zenith 85°, are included inc) (based on Réf. 14). The total energy fluxes in the model curves in b) and
in the curve for 5Â X-rays in c) are chosen to give electron densities which match those seen by EISCAT and are about 2 mW/m2 for
the 3 keV Maxwellian in b) and 0.2 mW/m2 for both the 50 keV monoenergetic population in b) and the 5A X-rays in c). MSIS-83
(Réf. 15) model values of neutral temperature are also indicated in the right-hand panels. EISCAT measurements in a) and b) are made
using the multipulse technique while those in c) are made using alternating codes.
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observing and detected the appearance of a sudden (neutral)
sodium layer (Réf. 4). The weaker layer in Fig. Ia occurred at
the same time as the sudden sodium layer was observed.

In addition to the electron density profile, the EISCAT radar
also provides us with information on the electric field, the bulk
drift of the ions and the temperature/mass ratio of the ions. It is
usual to assume an ion mass of 30.5 a.m.u. (a mixture of NO+

and O2+ ions) and to derive "apparent" ion temperatures under
this assumption. Temperatures derived in this way are shown
on the right hand side of Fig. 1, If a thin layer is formed of
heavier ions, with a mass substantially greater than 30.5 a.m.u ,
the temperature within the layer will appear to be too low com-
pared to the values immediately above and below the layer, or
compared to some model of ion temperature. At these low alti-
tudes the ion temperature is expected to be essentially the same
as the neutral temperature. The MSIS-83 (Réf. 15) model values
of neutral temperature are therefore included in Fig. 1 for com-
parison. Thus, in Fig. Ia there is some evidence for the pre-
sence of heavy ions in the weaker layer at 2340- 2350 UT but
no evidence for heavy ions in the intense Es layer at 2250- 2300

UT. Metallic ions (Fe+, Mg+, Na+, Al+) are often observed by
rocket mass spectrometers to occur in thin layers and, since
such ions also have a long lifetime, allowing them to be con-
centrated into thin layers by transport processes, they are often
assumed to be the major constituent of E8 layers. The measure-
ments in Fig. Ia could then be explained if the initial, strong E5

layer is composed mainly of the lighter metallic ions (Mg+,
Na+, Al+) while the later, weaker layer is composed mainly of
Fe+.

A more comprehensive study of ion composition in low altitude
Es layers has been presented in Réf. 5, also using measure-
ments from the EISCAT radar but with considerably better
altitude resolution than the measurements shown here. In that
study, large concentrations of heavier ions (assumed to be Fe+)
are also found in some Es layers, but not in others. It is im-
portant to realise that the incoherent scatter radar does not
provide measurements of the mass number of the ions. It can
only show that heavy ions must be present and their relative
concentration can be found only under the assumption that they
have a particular mass number. Thus, although the EISCAl
measurements are consistent with the hypothesis that low
altitude Es layers are composed of metallic ions, they do not
prove that this is the case.

Whatever ions are present, some mechanism must be found to
explain their formation into a thin layer. As mentioned phove,
and discussed in more detail in Réf. 6, neither the electric field
nor the horizontal wind shear are expected to be effective at low
altitudes, nor can they explain the appearance of neutral layers.
In addition, in the case shown in Fig. Ia the EISCAT measure-
ments of horizontal wind and electric field show these to be in
the wrong direction to produce convergence at the height of the
layers. In Réf. 4 it has been proposed that both ionised and
neutral layers are produced by "sputtering" of particles from a
pre-existing layer of atmospheric dust by auroral precipitation.
For the case shown in Fig. Ia, however, a very poor correlation
is found between precipitation (as indicated by increased
electron density above 100 km altitude) and layer appearance.
Rather, a proposed mechanism of layer formation by vertical air
movement associated with a strong gravity-wave oscillation (as
measured by the radar) is found to be more consistent with the
measurements (Réf. 6). This mechanism can explain both the
neutral and ionised layers provided that some (diffuse) source of
suitable material is provided above 100 km altitude (e.g. by

meteor ablation) and the vertical motion associated with the
gravity wave falls to zero at the height of the layer.

3. BROADNIGHTTIMELAYERS

It has been found that the broader type of layer can almost
always be seen by the EISCAT radar sometime in the 1-2 hours
preceding the onset of a substorm in the Scandinavian sector
(the converse is not necessarily true - layers also occur at times
when no subsequent substorm onset is seen or during generally
disturbed conditions). The profiles in Fig. Ib are examples of
layers seen during substorm growth phases. Here it can be seen
that the lower layer is broad enough that it might be produced by
almost monoenergetic electron precipitation, with a very sharp
cutoff in fluxes for energies below 50 keV but a less sharp
cutoff for higher energies. Using measurements from latitude-
scanning experiments it has been found that these layers are
seen over only a limited latitude extent (0.5 - 1°) and move
equatorward with time during the 1-2 hours preceding substorm
onset (Réf. 9). They appear to be the same phenomenon as is
well known from riometer observations (an equatorward
drifting band of increased cosmic noise absorption, e.g. Réf. 7)
and from measurements with balloon-borne X-ray detectors (an
equatorward drifting zone of energetic electron precipitation,
e.g. Réf. 8). There can be little doubt, therefore, that in these
cases the enhanced electron density layers are produced directly
by precipitation.

Comparison between the EISCAT electron density measure-
ments and particle measurements from the Viking satellite has
shown that energetic electrons from the outer edge of the
trapped-particle population are most likely responsible for the
layers (Réf. 9). This is illustrated in Fig. 2. The upper panels
show positive ion (PISP) and electron (ESP) fluxes measured
by the Viking satellite as it crossed northern Scandinavia and the
lowest panel shows EISCAT electron density profiles measured
by a latitude scanning experiment at about the same time. Viking
was travelling from south to north whereas the latitude scan was
from north to south so the measurements are exactly simul-
taneous only at about 66° invariant latitude. The enhanced
electron density layer seen at about 68.5° was seen on the
subsequent latitude scan at about 67.5° at 1839-1844 UT so it
was probably ocated at about 68° at the time Viking passed that
latitude. This can be seen to coincide with a narrow zone of
slightly enhanced fluxes in the energetic electrons (22 and 58
keV) at the poleward edge of the zone of trapped electrons.
According to other satellite measurements at this trapping
boundary (Réf. 10), a sharp cutoff in the flux of precipitating
electrons for energies below several tens of keV is often
observed and probably results from a strong dependence of
pitch-angle scattering on the gyroradius of the particles.

The apparent temperature profiles on the right hand side of Fig.
Ib show, in this case, no clear evidence for unusual ion masses
associated with the enhanced layers. There is some indication
that temperatures are lower than the model values (or ion masses
higher than 30.5 a.m.u) close to 100 km altitude, but this is well
above the enhanced layer. However, the experiment modes used
are not well suited to temperature/mass measurements at alti-
tudes below 95 km so that we cannot rule out the possibility of a
contribution to the formation of these layers from unusual ions.

Other, broader nighttime layers appearing outside obvious
substorm growth phases could similarly result from electron
precipitation from the outer edge of the ring-current. The
magnetospheric distortion which seems likely to cause the
precipitation ( magnetic field-lines becoming more tail-like, Réf.
9) may occur without leading to a substorm, or may occur
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between substorms when a growth-phase cannot be distin-
guished from recovery effects from the previous substorm.
More detailed study of other nighttime layers will be needed 10
see whether this is the case.

layers were sunlit and after sunset the upper layer decayed so
that the density was below the noise level for our measurements
while the lower layer persisted with a peak density of just above
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As indicated in Fig. Ic, the upper layer is close to that expected
for normal, quiet solar radiation (Réf. 14). That the EISCAT
densities appear to be a little higher than the model values is
probably due to the fact that the model is calculated for solar
minimum whereas the measurements are made two years after
solar minimum. The other model curve in the figure indicates an
electron density profile which would be produced by a very
large flux (about 0.2 mW/m2) of monochromatic X-rays (Réf.
14) and which is not too dissimilar from the observed lower
layer. However, the observed layer is a little narrower than the
model, especially if one considers that the effect of the quiet
solar radiation should be added to that of the X-rays before a
realistic comparison can be made. Also, although high X-ray
fluxes can be produced during solar flares, they are generally I-
2 orders of magnitude lower at 5Â than would be required, are
not monochromatic, and do not persist at high values for more
than a few tens of minutes to an hour. On the particular day
shown in Fig. Ic, three flares were reported at 0828-0834 UT,
1456-151 1 UT and 1512-1622 UT. Peak fluxes for the 1-8Â
interval were 0.034, 0.022 and 0.066 mW/m2, respectively.
Thus the flares are much too weak and short-lived to account for
the very persistent and strong enhanced electron density layer.
On the other hand, the clear decay of the layer as the sun goes
down, leaving only a weak residual layer, does suggest some
control by solar radiation.

70 U 4

Figure 2. Upper panels : panicle fluxes in selected energy
channels measured by the positive ion (PISP) high-energy
electron (ESP5) and low-energy electron (ESPl) spectrometers
on board the Viking satellite. The satellite was spinning with a
period close to 20 s giving a pitch angle variation as indicated at
the top of the lower panel of ESPl data. ESP5 is mounted
looking in a direction 180° away from ESPl and PISP. Lowest
panel : ElSCAT electron density - altitude profiles measured by
a latitude scanning experiment at the same time as the Viking
pass over Scandinavia. Measurements have been interpolated
onto a latitude-altitude grid and profiles are drawn for each 0.1°
of latitude. The times below the panel indicate the time the
observations at 100 km altitude were made at each latitude
indicated.

4. PERSISTENTDAYTIMELAYERS

The layer illustrated in Fig. Ic is an example of a persistent
daytime layer. The electron density in the enhanced layer is
often more variable than on this occasion and may reach much
higher values than at the normal E-region peak at about 120 km
altitude. More usually, it is slightly lower so that the minimum
between the enhanced lower layer and the normal upper layer
may be indistinct.

However, on the day shown in Fig. Ic, 11 November 1988, the
lower enhanced layer was clearly visible from the start of
measurements at 0800 UT until the end of the measurement
period at 1600 UT. The peak density in the lower layer
remained close to that in the upper layer throughout the time the

We might also consider the possibility that the layer is caused by
particle precipitation, but, particularly if we first subtract the
effect due to the normal daytime ionisation, it can be seen that
the layer is 'ightly too narrow to be explained even by mono-
energetic particle precipitation. Further, its very smooth varia-
tion over a period of several hours is very different from the
characteristics of auroral panicle precipitation. One might
consider that it could be produced by energetic protons from the
sun which can be emitted in streams which envelop the Earth for
several days causing the well known polar-cap absorption
events. However, such events usually involve much more
energetic protons than would be required here. To produce a
thin layer peaking at 100 km altitude would require protons with
energies confined to a narrow range close to 1 MeV.
Measurements of solar protons in this energy range have
indicated that, during quiet magnetic conditions, they do not
penetrate to the atmosphere at invariant latitudes below 67-70°
on the dayside (Ref, 19). The measurements in Fig. Ic are also
made during quiet conditions (Kp = 2) but at an invariant
latitude of only 66°. Further, measurements made in a latitude
scanning experiment on the previous day (0900 - 1200 UT, Kp
= 3) show a similar enhanced layer extending throughout the
latitude interval scanned, from 64.5° to 69° (invariant), often
with the strongest enhancement at the southernmost latitudes. It
therefore seems unlikely that the enhanced layer represents an
effect of solar protons. Further, proton fluxes would not be
expected to show a strong variation with solar-zenith angle as
their path from the sun would be far from rectilinear. Thus the
solar-zenith dependence of the enhanced layer would have to be
explained by a strong UV dependence of the recombination
coefficient in the enhanced layers which is not expected for a
normal, NO+ and Qi+ ton composition.

A clue to the explanation of the enhanced layer is provided by
the apparent temperatures shown at the right hand side of Fig.
Ic. There is a clear correlation of very low apparent tem-
peratures with the layer, suggesting that at least some portion of
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the ions constituting the layer have it mass substantially greater
than the 30.5 a.m.u assumed in the temperature derivation. This
effect seems to get stronger as the layer gets weaker, suggesting
that it is the ions which persist longest, even after sunset, which
have the highest mass.

One might speculate that these are metallic ions, including a

large fraction of Fe+ with mass 56 a.m.u), which are known
from rocket mass- spectrometer measurements to occur in layers
at about these altitudes (e.g. Réf. 16 and references therein).
However, metallic ions are expected to have a lifetime of several
hours (Réf. 16) and it is clear that the bulk of the ions making
up the enhanced layer when it is strongest must have a rather
short lifetime as they appear to recombine rapidly as the sun
sets. In addition, the column densities in the middle of the day
are substantially greater than those observed for metallic ions
(Réf. 16). Densities in the residual layer seen after sunset are,
however, comparable with those observed in metallic ion layers.

The other types of ion commonly observed to occur in broad
layers in the lower ionosphere are cluster ions but these have not
been seen above 90 km altitude (Réf. 16).

Thus the nature of the ions forming the enhanced layer is still a
mystery. More careful analysis of the EISCAT measurements
may allow us to determine the approximate mass of the heavy
ions if we assume that they are the only ones present after
sunset. It may then be possible to determine the relative pro-
portions of heavy and light ions in the layer when it is strongest,
if we can assume some mass for the lighter ions. But it is likely
that mass-spectrometer measurements will be required to solve
this mystery satisfactorily.

We can gain some further insight into the nature of the layers by
looking at their occurrence pattern in more detail than in the
initial statistical study described in the introduction. In the
evening and midnight sector the requirement of two separate
electron density peaks is the only reasonable way to define an
anomalous layer. The shape of the "normal" electron density
profile is determined by the energy spectrum of precipitating
particles and can be very variable. However, in daytime,
particularly in the post-noon (MLT) sector where particle
precipitation generally contributes little to the ionisation (Refs.
11,12), an alternative definition of an anomalous layer is
possible, i.e. that the electron density at the altitude of interest
(e.g. 95 km) exceeds that normally produced by solar radiation
at the particular solar zenith angle by some suitable amount (e.g.
100 %). The results of such a study are shown in Fig. 3, where
the reference electron density profiles for the normal E region
have been taken from Réf. 18.

There is no obvious correlation between the occurrence of
enhanced layers and either solar activity (as represented by the
10.7 cm flux) or local magnetic activity (as represented by the
local K-sum from Kiruna). However, there is a clear seasonal
variation with layers being seen almost 100% of the time in
winter ( November and February ), not at all in early summer
(April and May) and a small fraction of the time in late summer
and autumn. Note that it is not possible to say with any certainty
whether layers are present in December and January due to the
small number of measurements available during those months
and the almost complete absence of solar i l luminat ion. Any
layers present might be very weak, as in the curve for solar
zenith 95°-104° in Fig. Ic1 and difficult to distinguish from
noise in the measurements available.

The statistical results therefore suggest a connection with some
seasonal variation in the neutral atmosphere and support the

arguments above that the layers are not due directly to unusual
solar radiation or auroral activity. If the layers do indeed occur
throughout winter, then their seasonal variation may be due to
the large temperature difference between summer and winter or
to seasonally changing wind patterns. It is worth noting that a
similar seasonal variation is also found for neutral sodium
(which is the best studied of the minor metallic constituents) and
which occurs in a broad layer centered at about 90 km altitude
(Réf. 17).
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Figure 3. Histograms showing the occurrence rate of enhanced
electron density layers in the 10-13 UT (-13-16 MLT) time
sector observed in EISCAT Common Program 1 measurements.
The total height of each column shows the total number of hours
for which observations were made and the shaded area indicates
the number of hours during which enhanced layers were seen.
For a definition of an enhanced layer, see text. Occurrence is
shown as a function of the 10.7 cm solar flux (F10.7), the daily
sum of local 3-hour K indices from Kiruna (ZK) and the month
of observation (season). The time interval covered is Fcb 1985 -
May 1988 (F10.7 and IK ) or Nov 1988 (season).

5. SUMMARY

Narrow layers of enhanced electron density below 100 km
altitude, which cannot be explained by normal solar radiation or
by precipitai'on of panicles with broad energy distributions, are
found to be of at least three different types. One type, which is
(almost) always seen during substorm growth phase appears to



40 S. KIRKWOOD ET AL.

be directly produced by electron precipitation with a sharp cut-
off in fluxes for energies below a few tens of keV. A second
type, much too narrow to be produced even by monoenergelic
particle precipitation, is seen simultaneously with similar layers
in neutral sodium and may be caused by dynamic convergence
of metallic atoms and ions into thin layers by vertical neutral air
motions associated with strong gravity waves. A third type,
which is seen primarily during winter daytime but which can
persist at a weaker level into the early evening, seems 10 be
caused by the presence of unusual ion species (i.e. not NO+ or
O2+). At least some portion of the ions present appear to have a
mass substantially greater than 30.5 a.m.u. but their exact
nature is as yet unknown.
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RESUME

Un hygromètre à point de rosée, embarquable
aussi bien sur ballons stratosphériques ouverts
que sur ballons longue durée, a été développé.
L'instrument est destiné en particulier à parti-
ciper à la validation des données satellitaires
de l'expérience SAGE-II par le programme HYSBAS.
D'autre part, deux vols de l'hygromètre sous
ballons longue durée ont eu lieu dans l'hémi-
sphère sud en novembre-décembre 1988. Les rap-
ports de mélange mesurés entre 20 et 70 hPa sont
situés entre 3 et 6 ppmv. Cette campagne avait
pour but la préparation du programme AMETHYSTE
par lequel on se propose d'étudier le mécanisme
d'assèchement de la stratosphère équatoriale.

MOTS-CLE
Hygn mètre, Hygrométrie, Stratosphère,
Echange troposphère-stratosphère

1. INTRODUCTION

Bien que l'atmosphère soit très sèche au-dessus
de la tropopause, la vapeur d'eau a un rôle très
important dans la photochimie de 1'atmosphère
moyenne et son budget global dans la basse stra-
tosphère présente encore de nombreuses incon-
nues. En particulier, on ignore encore comment
opèrent exactement les mécanisnes d'"assèche-
ment" de la stratosphère dans la région équato-
riale, où une zone de minimum de rapport de
mélange, appelée hygropause, est observée vers
50 hPa.

L'humidité atmosphérique est une variable diffi-
cile à mesurer. En particulier, les mesures in
situ dans la stratosphère ont fait l'objet de
controverses, les comparaisons conduisant à des
désaccords (Réf. 1). Les mesures par satellite
sont peu précises et insuffisamment validées,
bien que l'expérience LIMS embarquée sur
Nimbus-7 en 1978-79 ait permis de faire de
grands progrès dans la description de la distri-
bution de la vapeur d'eau dans la stratosphère.

Le ballon reste donc un véhicule intéressant
pour permettre la réalisation de mesures in

situ. C'est pourquoi un hygromètre à point de
rosée embarquable sur ballon stratosphérique
ouvert (BSO) et sur ballons longue durée a été
développé au LMD. Il ouvre de nouvelles perspec-
tives pour des mesures in situ fiables, utiles à
la fois pour valider les observations satelli-
taires et pour conduire des expériences spécifi-
ques sur les échanges de vapeur d'eau entre la
troposphère et la stratosphère.

2. DESCRIPTION DE L'INSTRUMENT

L'instrument est un hygromètre à point de rosée.
Le principe, simple et bien connu, consiste à
refroidir un miroir (Réf. 2). L'apparition de
rosée ou givre sur le miroir est détectée de
manière optique. La température à laquelle
s'opère le dépôt de rosée est par définition "~i«
point de rosée". Sa connaissance, associée aux
mesures de température et pression de l'air
environnant, permet d'accéder à l'information
"humidité de l'air" sous la forme pression de
vapeur d'eau, rapport de mélange, humidité
relative.., selon les besoins.
Cette méthode a l'avantage de permettre la con-
naissance directe d'un paramètre caractéristique
de l'état hygrométrique de l'atmosphère. L'hy-
gromètre à point de rosée est d'ailleurs consi-
déré comme un étalon secondaire en métrologie.
Le schéma de la Figure 1 rappelle succinctement
le principe de l'instrument développé au LHD. Le
refroidissement est assuré par un thermoélément
Peltier. Le récepteur IR détecte l'apparition de
rosée ; la régulation de température du miroir
autour du point de rosée est assurée par la com-
mande en puissance de l'effet Peltier. La tempé-
rature du point de rosée est mesurée au moyen
d'une thermistance noyée dans le miroir. Le
choix des paramètres de régulation, le contrôle
de la dérive des composants, ainsi quy le trans-
fert des informations vers la télémesure, sont
assurés par des micro-processeurs associés à des
cartes électroniques spécialisées. L'air atmos-
sphérique est véhiculé au niveau de la tête de
mesure au moyen d'une pompe à circulation à tra-
vers un tube non hygroscopique suffisamment
éloigné de la nacelle pour éviter toute
pollution.

la mise au point de l'instrument a été facilitée
par l'utilisation du système de tests et étalon-
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Figure I. Schéma de principe.

nage d'hygromètres du LMD qui permet de générer
les conditions de température, pression et humi-
dité rencontrées dans la troposphère et la basse
stratosphère. On est en effet capable de générer
en laboratoire des points de rosée aussi bas que
-950C, dans la gamme de pression 1000 à 20 hPa
(Réfs. 3,4).

L'instrument existe en deux versions : Tune
pour mesures dans la troposphère, l'autre pour
mesures dans la basse stratosphère (Réf. 5). Les
gammes d'humidité rencontrées sont en effet très
différentes puisqu'on passe de quelques milliers
de ppmv au sol à quelques ppmv au-dessus de la
tropopause.

On ne s'intéressera ici qu'aux mesures réalisées
au-dessus de la tropopause, où l'instrument pré-
sente quelques limitations : les températures de
point de rosée rencontrées dans la basse strato-
sphère sont situées entre -75 et -950C. Les pos-
sibilités de mesure vers les bas points de rosée
sont conditionnées par la puissance de refroi-
dissement de l'effet Peltier, qui est fortement
tributaire de la température du radiateur qui
lui est associé. A titre d'exemple, pour une
température de radiateur de -4O0C, le point de
rosée mesurable sera limité à -95°C. On comprend
alors que les mesures de jour ne seront pas tou-
jours possibles, l'instrument étant fortement
chauffé par rayonnement solaire. Pour remédier à
cet inconvénient, l'étude d'un radiateur décou-
plé du rayonnement solaire est en cours avec
l'aide de la Division Thermique du CNES.

3. VOLS SOUS BALLON STRATOSPHERIQUE OUVERT

Des vols de qualification de l'hygromètre ont
été réalisés sous BSO, à partir de la station
d'Aire-sur-TAdour. La Figure 2 montre le profil
obtenu lors d'un vol sous BSO qui consistait en
une montée à 25 hPa avec plafond à ce niveau
puis descente lente vers 100 hPa. La parfaite
concordance des mesures en montée et descente
d'une part et le bon accord avec les données
moyennes LIMS confirme l'absence de biais de
mesure par une éventuelle pollution par le
ballon ou la nacelle.

2 î
<S>

a a

40

80

100

Figure 2.

Profil stra-
tosphérique.
Vol B.S.O.
Aire-s/Adour
(440N,00)
Oct. 1987.

« A P P O R T DE MEL » NGH
(massique)

PPfI

Ainsi, on a pu définir le programme HYSBAS (Hy-
grométrie par ballon et satellites), en collabo-
ration avec le LOA (Laboratoire d'Optique Atmos-
phérique, Lille). L'objectif d'HYSBAS est la
validation des données satellitaires de l'expé-
rience SAGE-II embarquée sur le satellite ERBS.
La restitution des profils de vapeur d'eau stra-
tosphérique est assurée au moyen d'un algorithme
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d'inversion des données spectroscopiques mis au
point au LOA. Des mesures réalisées sous BSO
entre 15 et 35 km, en conjonction avec le pas-
sage satellite sont prévues à partir de 1989.
Les lâchers auront lieu à partir de la station
du CNES à Aire-sur-1'Adour.

4. VOLS LONGUE DUREE

Deux vols d'hygromètres embarqués sous Montgol-
fière Infra-Rouge (MIR) ont eu lieu dans l'hémi-
sphère sud en novembre-décembre 1988. La MIR est
un ballon à air chaud de volume 36.000 m3, et
dont le niveau de vol dépend du rayonnement
capté (Réfs. 6, 7). Ainsi, la nuit, le ballon
est réchauffé par le rayonnement infrarouge émis
par la Terre. Le jour, la chaleur supplémentaire
fournie par le rayonnement solaire provoque une
montée en altitude du ballon. L'altitude varie
en moyenne entre 20 km la nuit et 30 km le jour.

Les lâchers ont eu lieu à partir de Pretoria
située à 25°S,28°E, sous la responsabilité tech-
nique de la Division Ballons du CNES. La nacelle
scientifique comporte un hygromètre à point de
rosée ainsi qu'un capteur de pression et un
capteur de température de l'air. D'autre part,
divers paramètres technologiques sont mesurés,
cette campagne ayant pour but essentiellement
l'essai et la qualification de l'instrument en
vol longue durée.

Les diverses mesures sont traitées et mémorisées
à bord. Elles sont transmises vers les 2 satel-
lites NOAA par l'intermédiaire d'une télémesure
ARGOS qui permet la localisation et la collecte
de données, avec une couverture mondiale.

D'autre part, une télémesure haute cadence déve-
loppée par le CNES et émettant en haute fré-
quence (CHACAL), permet la transmission en temps

réel, à la station de lâcher, des informations
prélevées toutes les minutes pendant les pre-
miers jours de vol. L'alimentation en énergie
est assurée par des piles au Lithium pour une
autonomie d'environ 3 semaines. Les précédentes
campagnes laissaient en effet présager une durée
de vie des ballons de Tordre de 15 jours. L'en-
semble énergie télémesure pèse environ 40 kg.

Les trajectoires des 2 MIR sont représentées sur
la Figure 3. On constate que les 2 ballons
lâchés à 7 jours d'intervalle suivent des tra-
jets tout-à-faii différents.

- Le ballon lâché le 20 novembre 1988 reste
pratiquement à la même latitude et évolue en-
tre 23 et 27°S à une vitesse moyenne de l'or-
dre de 6 m/s. Ce ballon est tombé en Amérique du
Sud (Paraguay) après 19 jourr de durée de vie.
Les mesures scientifiques ont pu être effectuées
tout le long de sa trajectoire.

- Le ballon lâché le 13 novembre 1988 a une tra-
jectoire tout-à-fait particulière : sa vitesse,
très lente les premiers jours, s'accélère après
franchissement du tropique et au fur et à mesure
qu'il se rapproche de l'équateur, en accord avec
les observations de Dunkerton et Dell si
(Réf. 8). La vitesse moyenne du ballon à 10'S
est de l'ordre de 20 m/s.

Ce ballon a été capté par la circulation équato-
riale régie par l'Oscillation Quasi-Biennale
(QBO), qui était alors dans sa phase est. Des
mesures scientifiques ont pu être effectuées
jusqu'à l'approche de l'Australie. Ensuite
l'énergie de bord n'a plus suffi au fonction-
nement de l'hygromètre, mais a permis la locali-
sation du ballon par la balise ARGOS. On dispose
donc pour ce vol de 21 jours de données scien-
tifiques et de 45 jours de localisations. Le
ballon a été perdu par insuffisance d'énergie
permettant sa localisation.

3b

Figure 3. Trajectoires des MIR. Campagne Novembre-Décembre 1988. Les points
représentent les localisations espacées de 24h et donnent une idée
de la vitesse du ballon. 3a : MIR lâchée le 20 novembre 1988. Fin
de vol le 9/12/88. 3b : MIR lâchée le 13 novembre 1988.
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Rapport de mélange volumique

Les profils moyens de quantité de vapeur d'eau
observés le long des deux trajectoires sont
représentés sur les Figures 4a et 4b. Ces pro-
fils ont été calculés par la méthode des
moindres carrés à partir de toutes les données
obtenues pour chaque vol ballon, à l'exclusion
pour la Figure 4b de l'exceptionnelle descente à
90 hPa que l'on examinera plus loin.

On note une faible dispersion des mesures qu'il
est difficile de relier à des phénomènes locaux,
la précision de l'instrument en rapport de
mélange étant estimée à environ 10 %. Toutefois,
une étude plus approfondie des diverses situa-
tions sera faite.

Les deux courbes présentent un minimum, plus
marqué pour la trajectoire pseudo-équatoriale.
Ce minimum est situé à 3,5 ppmv vers 50 hPa, en
accord avec l'observation de l'hygropause, zone
de minimum de rapport de mélange mise en évi-
dence par Kley (Réf. 9) et confirmée par l'expé-
rience LIMS.

D'autre part, le ballon évoluant dans la zone de
Q.B.O. a rencontré une situation intéressante
dans la région 180'E à 160°E de la trajectoire
représentée sur la Figure 3b, au nord des Iles
Fiji et des Nouvelles Hybrides. En effet, le
ballon coupé du rayonnement infrarouge terrestre
par une abondante couverture nuageuse est des-
cendu la nuit au niveau 90 hPa, et a pu ré ipé-
rer un niveau plus élevé 20 hPa après le .ever
du Soleil pour redescendre à 80 hPa la nuit
suivante.

Le ballon se trouvait alors au voisinage de la
région qualifiée par Newell (Réf. 10) de "fon-
taine stratosphérique" où l'on soupçonne qu'il y
ait pénétration dans la stratosphère de
l'enclume des hauts cumulonimbus refroidis par
détente adiabatique (Réf. 11). La condensation
en cristaux de glace au niveau de l'hygropause
provoquerait l'assèchement traduit par l'hygro-
pause. Le profil de vapeur d'eau observé est
représenté sur la Figure 5.b en rapport de

mélange. Sur la Figure 5.a, on a représenté le
profil correspondant : température de l'air et
température de point de rosée.

On constate qu'au niveau le plus bas, 90 hPa,
atteint par le ballon, les deux températures se
rejoignent, c'est-à-dire que l'air est pratique-
ment saturé bien que le rapport de mélange soit
faible (3,4 ppmv) : la température ambiante
atteint -82"C, et le point de rosée -83,5"C. il
y a donc une grande probabilité pour qu'il y ait
présence de cristaux de glace juste en-dessous
du niveau atteint par le ballon.

Il faut remarquer que le rapport de mélange
correspondant à 90 hPa (3,4 ppmv) est quasiment
identique au rapport de mélange estimé pour
Thygropause. Ceci amène à évoquer une des
hypothèses présentées par Jones et al. (Réf. 12)
qui situerait le niveau de dessication de l'air
pénétrant dans la stratosphère tropicale au voi-
sinage de 100 hPa, dans les régions où la
tropopause atteint des températures très basses
de Tordre de -84°C.

Les vols d'hygromètres sous MIR dans les régions
équatoriales et tropicales sont donc d'un grand
intérêt. Un programme AMETHYSTE (Application des
Montgolfières à l'Etude de 1'Hygrométrie de la
Stratosphère Equatoriale) a été défini. On pro-
pose de réaliser des profils stratosphériques de
vapeur d'eau et température de l'air au moyen de
MIR lâchées dans la zone de Q.B.O. dans l'hémi-
sphère sud, de façon à effectuer des observa-
tions plus particulièrement dans la région
proche équatoriale située entre 70''E et !70"E où
la convection est intense et la tropopause par-
ticulièrement froide en été austral. Les ballons
seront lâchés avec une périodicité de Tordre de
5 jours afin d'étudier la modulation de l'assè-
chement stratosphérique par les ondes de Madden
Julian qui sont des ondes climatiques de période
30 à 60 jours. Ces ondes sont en effet direc-
tement liées à l'activité convective et leur
intensité est particulièrement élevée dans la
région que Ton propose d'étudier.
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Figure 5. Profils correspondant à Ia zone 180E-160E de la trajectoire 3b. La courbe
de rapport de mélange a été obtenue par la méthode des moindres carrés en

incluant les données des profils des jours précédents. Ta : température de l'air,
Td : point de rosée.

5. CONCLUSION

L'instrument développé ouvre donc des perspecti-
ves intéressantes pour la connaissance de la
distribution de vapeur d'eau dans la basse stra-
tosphère. D'une part, il peut participer à des
campagnes de validation de données satellitai-
res. D'autre part, associé à un ballon longue
durée comme la MIR qui permet de réaliser des
profils journaliers, il permettra de mieux
appréhender les phénomènes d'échange troposphère
stratosphère. Associée à d'autres instruments de
mesure de constituants mineurs, il peut partici-
per à une meilleure compréhension de la physico-
chimie de l'atmosphère moyenne.

Les profils réalisés lors de vols longue durée
effectués en fin 1988 confirment l'existence
d'une hygropause à environ 3,5 ppmv vers 50 hPa.
Ils ont aussi permis d'observer des conditions
de saturation, pour des rapports de mélange
néanmoins faibles, à un niveau voisin de 100 hPa
en été austral dans les régions convectives
proches de l'Indonésie.
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ABSTRACT

The large amount of new spectroscopic information that has
become available in recent years makes recalculation of atomic
oxygen production rates by photodissociation in the Schumann-
Runge band region necessary. The results of such a calculation
indicate that, on the whole, the new spectroscopic data do not give
rise to large changes from the existing recommendations of the
World Meteorological Organisation. However they do indicate
higher atmospheric transmission in the region 194 to 200 nm, as
observed by recent balloon experiments. Parameterlsatlon of the
results is also considered and a method based upon O2 column
density and local atmospheric temperature is presented. This
parameterisatlon Is accurate to better than 5% for a wide range of
solar zenith angles and atmospheric conditions.

Keywords: Schumann-Runge, Oxygen cross-sections. Oxygen
photodissociation.

!.INTRODUCTION

Photodissociation of O2 in the region of the Schumann-Runge (SR)
bands (175-200 nm) Is the dominant source of odd oxygen in the
mésosphère and an important contributor to the stratospheric
production. Its proper representation In photochemical models of
the middle atmosphere is therefore an important consideration.
However the complex band structure prohibits a detailed treatment
in such models because of the computational expense involved.
Accordingly a simplified parameterisation Is necessary. This
usually involves dividing the region into a manageable number of
spectral Intervals which in standard modelling practice are
500 cm'1 wide and 17 in number (Réf. 1). Effective cross-sections
and transmissions for each Interval as a function of penetration
depth Into some standard atmosphere are then calculated and
tabulated. These can be used directly as suggested by Frederick in
the World Meteorological Organisation's (WMO's) 1986 report on
atmospheric ozone (Réf. 2) or be fitted with polynomial functions as
done by Allen and Frederick (Réf. 3). The latter authors have also
looked at the effect of solar zenith angle. This effect arises as a
result of the temperature dependence of the absorption cross-
section and the fact that the temperature profile as a function of
absorption path length is dependent on the direction of penetration.

Since these studies were carried out a large amount of new
spectroscopic information has become available regarding line
positions, line widths and band oscillator strengths (Refs. 4, 5, 6).
These new data led Murtagh (Réf. 7) to perform new detailed
calculations. As a result of this work the author realised that
existing parameterisatlons were not applicable to arbitrary model
atmospheres without Introducing errors on the order of 20% In the

photodissociation rates. This paper will briefly review the new
calculations and will present a scheme for parameterlsing the SR
band photodissociation that is accurate for a variety of zenith
angles and atmospheric conditions.

2. THE CALCULATIONS

2.1 The absorption spectra

Absorption cross-sections were calculated with a resolution of 0.02
cm*1 for the 17 spectral regions. Each of the over 7000 individual
lines encompassed by bands with v' = 0-19, v' = 0-1 and A/' =
1,3,5 31 was allowed to contribute to every spectral region since
the quasi-contlnuum formed by the overlapping wings of the Voigt
line profiles Is non-negligible. The computations were made for four
temperatures (150, 200, 250, 300 K). Figure 1 shows a section of
the absorption cross-section in the region between 51 000 and 51
500 cm'1 for the two extremes of temperature. The presence of the
6-1 band at the higher temperature should be noted. This is a
result of the thermal population of the v* = 1 state although its
prominence, since the fractional population Is very low, arises from
the order of magnitude larger band oscillator strengths for
transitions from this state (Réf. 7).

2.1.1 The underlying continua. Apart from the quasi-continuum
formed by the overlapping of the line wings there are two other
main continua underlying the SR bands. These are the Herzberg
continuum which dominates at the long-wavelength end and the
temperature dependent SR continuum which contributes strongly
at wavelengths below 185 nm. In this work the formula of Nicolet
and Kennes (Réf. 8) has been used to describe the wavelength
dependence of the Herzberg continuum. The strong temperature
dependence of the SR continuum in the region arises because the
absorption relies upon thermal population of rotational and
vibrations! states above ground state (v" = O, N" = 1). The
absorption threshold for the ground state itself is 174.5 nm and
therefore it does not contribute. A model for the absorption due to
this process was constructed using relevant data from Refs. 7,9
and 10. Full details of this and the other calculations have been
given in Ref 11.

2.2 Atmospheric transmission and effective cross-sections.

The calculation of transmlttances and effective cross-sections
involves following the absorption of solar radiation down into the
atmosphere at full resolution and evaluation of the relevant
quantities at each atmospheric level. For these calculations the
atmosphere from 120 to 20 km was divided Into layers 5 km thick.
Densities and temperatures were taken from the US Standard
Atmosphere (Réf. 12) for the standard case. Computations were

PTOC. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7 April 1989
(ESA. SP-291, June 1989)
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Figure 1. Variation of the absorption cross-section in spectral région 12 as the temperature is raised from
150 (dashed line) to 300 K (solid line). Note the appearance of the (6-1) band.

done for five solar zenith angles (0°, 30°, 60°, 75° and 85°). The path
lengths in each layer were calculated taking the earth's curvature
into account. This only becomes important for the larger solar
zenith angles where the path enhancement factor, Sec (X), in the
plane atmosphere approximation, Is no longer adequate. Murtagh
(Réf. 11) has compared the results of the new calculations with
stratospheric balloon measurements of atmospheric transmission
and found them to be in good agreement. This represents an
improvement over the current WMO recommendations. Figure 2
shows the variation of effective cross-section as a function of height
and solar zenith angle for regions 10,11 and 12 (numbering of the
region follows Refs. 2 and 11). Obviously this representation
highlights the zenith angle effect since, for a given height, each
zenith angle corresponds to a different optical depth. Figure 3 is a
more honest representation. In this figure the effective cross-
sections are plotted against the column density of O2 along the
path and the curves lie more closely together. However the
differences are sufficiently great to indicate that a simple
parameterlsation In terms of only O2 column density will lead to

Region 10 Region 11

120

100

I BO

S BO

significant errors. Further, as pointed out in HeI. 11, even with a
fixed illumination direction (overhead sun) differences of around
20% in dissociation rates can occur for a given O2 column density
level, as a result of seasonal changes in the atmospheric
temperature profile. This is particularly true at high latitudes where
such seasonal changes are most pronounced. Figure 4 Illustrates
this by showing the calculated dissociation rate constant for
overhead sun conditions for two atmospheres typical of summer
and winter conditions at 65°N. Of course overhead sun conditions
at 650N are physically Impossible but introducing a more realistic
zenith angle mearly shifts the regions of discrepancy to other O2

column densities. It Is Important to note that the regions of
discrepancy occur where the respective atmospheres show sub-
stantially Increased temperatures compared to the other; that is, in
the summer stratopause region and the winter mesopause region.
This observation and a closer study of the zenith angle
dependencies lead to the conclusion that, it is not so much the
temperature profile along the absorption path, as intimated by (Réf.
2) but the local temperature that determines the effective cross-

Region 12

„-23 'aa
«T™ 10

Effective cr-oie eectlon
lO' 10-22 10,-81

Figure 2. Altitude profiles of effective cross-sections in regions 10,11 and 12 for solar zenith angles of 0°, 30°,
60°, 75° and 85°.
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Figure 3. Effective cross-sections for regions 10,11 and 12 as a function of O2 column density and solar
zenith angle.

section even at O2 column densities where opacity effects are
considerable. This is a consequence of the fact that the increase in
absorption cross-section is a result of new spectral features, from
the v' = 1 level, appearing In parts of the spectrum that have not
been substantially extinguished along the path to the region of
increased temperature. Absorption in the warm thermosphère is
Insufficient to prevent the Increasing v' = 1 bands from contributing
to the effective cross-section in the warm stratopause area for most
of the spectral regions.
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Figure 4. Variation of the logarithm of the effective cross-
section with local temperature at an O2 column
density of 1 x 1019 cm'2 in region 10. The straight
line represents the result of a linear fit.

3. PARAMETERISATION

A parameterisation must reproduce, as faithfully as possible, the
results of an exact calculation for the specific conditions of the
model. Since the atmospheric parameters in current models
involve a range of seasonal, latitudinal as well as solar zenith angle
variation, the parameterisation must be able to cope with these. As
seen above this rules out a simple parameterisation in terms of O2

column density alone or even a more complicated one where the
solar zenith angle Is treated as In Réf. 2. However the observation
that the local temperature Is important In determining the effective
cross-section, even at large opacities, offers hope for a relatively
simple scheme that will take care of both zenith angle and seasonal
effects. With this in mind we looked at the correlation of effective

cross-section with local temperature at fixed O2 column densities
for the five data sets corresponding to varying zenith angle. As
illustrated In Figure 4 we found a dependence of the logarithm of
the cross-section on the local temperature that was near linear for
the majority of O2 column densities. Accordingly, for a given O2

column density the effective cross-section can be expressed as

ln<a A(N(O1)) [T(Z) - 220] + BfWfO2); (1 >

where W (OJ is the column density of O2 along the absorbing path
and T(Z) is the temperature at the corresponding altitude In the
atmosphere. As a next step the parameters A and B were
calculated for O2 column densities with 30 < In /NfO2); < 56 in
steps of 0.5 for each spectral region.

Figure 5 shows the vari; .n of A and B with O2 column density for
region 10. As can be seen both parameters have a reasonably
smooth variation with In(N(O2)) and should be suitable for
polynomial expansion. The corresponding curves for each spectral
region were fitted as a function of In(N(O2)) using a Chebeshev
polynomial expansion of order 20. The reason for choosing
Chebeshev polynomials was that this type of expansion is easily
truncated to any desired number of terms without having to refit.
This Is a result of the so called minimax property of Chebeshev
polynomials. Visual inspection of the fitted curves indicated that no
more that 10 or 12 terms are need to obtain an excellent fit. This is
further substantiated in Table 1 where the maximum error in the
computed cross-sections for each region Is given as a function of
the number of terms in the expansions for the A and B coefficients
In equation (1). It is clear that even with as few as 7 terms the
maximum error in the cross-section is less than 8% for all regions
and that the average error Is much less than this. The fits are
based only on full calculations at diffe.ent zenith angles so a good
test of the the parameterisai'on is to apply it to the calculations
carried out for different atmospheric temperature profiles. Table 2
lists the maximum errors in the calculated cross-sections for the
summer and winter atmosphères mentioned above. The results are
very encouraging.

4. CONCLUSIONS

The technique of parameterlslng the effective cross-sections in
terms of the local temperature as well as the O2 column density has
worked well. It allows for both zenith angle effects and varying
atmospheric conditions. With as few as 7 terms in the expansions
for A and B the maximum error in the effective cross-sections in
less than 8% which Is better than that achieved In Réf. 2 with a
similar computational level. Table 3 gives the first 7 terms in each
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Table 1.

Max imum percentage error in the paranteterised effective cross-section and the altitude Ol occurrence
as a function of the number of terms in the expansion.

Number of

Region

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

%

4.67
0.95
5.11
S. 53

15.19
17.30
10.66
18.33
17.47
8.94
23.78
14.07
9.22

12.34
6.87
2.91
0.65

5

Z(km)

75.0
65.0
75.0
65.0
55.0
50.0
65.0
45.0
40.0
65.0
40.0
40.0
30.0
25.0
25.0
25.0
25.0

7

%

3.49
-5.30
-8.12
-7.07
7.24
5.95

-2.64
3.61
7.56
7.33
5.07
3.73
5.54
1.74
0.72
-0.12
-0.11

Z (km)

95.0
65.0
60.0
65.0
90.0
85.0
50.0
45.0
70.0
65.0
40.0
55.0
55.0
40.0
35.0
25.0
25.0

9

%

1.60
-2.73
-4.06
-5.51
4.21
5.01
0.35
3.90
6.06
5.67
4.36
2.51
0.76
1.01
0.77
0.45
0.11

Z (km)

95.0
65.0
60.0
65.0
90.0
85.0
50.0
45.0
70.0
70.0
65.0
55.0
30.0
30.0
30.0
25.0
25.0

Coefficients

11

%

0.87
-3.64
-4.03
-3.75
1.62
2.82
2.31
4.45
4.43
4.46
3.40
2.36
2.85
2.49
0.96
0.35
0.17

Z (km)

75.0
65.0
60.0
65.0
60.0
85.0
50.0
45.0
40.0
40.0
65.0
55.0
55.0
45.0
45.0
45.0
45.0

in the expansion.

13

%

0.66
-4.17
-3.46
-2.71
0.82
0.79
1.27
2.31
3.34
3.99
3.59
1.47
2.08
0.77
0.33
0.14
0.05

Z (km)

80.0
65.0
60.0
65.0
60.0
65.0
50.0
45.0
40.0
45.0
40.0
60.0
55.0
40.0
40.0
30.0
30.0

O
-3
-1
-1
O

-1
-1
1
2
2
3
1
O
1
O
O
O

15

%

.14

.15

.24

.85

.99

.33

.01

.34

.92

.89

.52

.35

.95

.33

.63

.15

.05

Z (km)

35.0
65.0
60.0
65.0
55.0
50.0
50.0
45.0
40.0
45.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0

20

%

0.27
-1.12
1.82

-1.45
-0.03
-1.87
-2.82
0.22
2.00
2.00
1.68
1.04
0.98
0.80
0.30
0.11
0.05

Z (km)

85.0
65.0
65.0
65.0
55.0
50.0
50.0
45.0
40.0
40.0
40.0
40.0
40.0
40.0
35.0
35.0
35.0

expansion for each region. The ordinary polynomial equivalents
are available from the author if required although this Is not
recomended. However for accuracy it Is preferable to use the
Chebeshev expansion. Routines for evaluating Chebeshev
polynomials are avallaole in most numerical libraries (See for
example Réf. 12).

0.00 0.04
A coeff ic ient

0.08 0.12
X 10"1

o 40

Figure 5.

-52.5 -Sl.8 -Sl.1
B coef f ic ien t

-50.4

Variation of the linear regression coefficients A and
B with O2 column density for region 12. The solid
lines are the Chebeshev polynomial fits with 12
terms In the expansion

Table 2.
Maximum percentage error in the

parameterised effective cross-sections
and the altitude of occurrence for Summer
and Winter Atmospheres (7 coefficients).

Summer

Region

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

%

4.37
-3.23
7.20

-6.01
0.22
0.18

-5.11
5.24
5.49
6.86
6.22
3.93
-3.67
1.61
0.70

-0.01
-0.10

2 (km)

80.0
60.0
85.0
60.0
55.0
50.0
50.0
45.0
35.0
65.0
35.0
40.0
25.0
35.0
30.0
25.0
25.0

Winter

%

4.76
-5.09
7.36
7.60
7.75
8.00
7.66
5.44
8.34
10.00
2.38
5.45
6.85

-1.57
-0.54
-0.18
-0.13

Z (km)

90.0
60.0
80.0
80.0
85.0
75.0
70.0
45.0
65.0
60.0
35.0
45.0
45.0
25.0
25.0
20.0
20.0
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Table 3.
The first seven Chebeshev polynomial coefficients for the parameters A and B

Region C0

1

2

3

4

5

6

7

a

9

10

11

12

13

14

15

16

17

A* -40.745582
B -92.020912

A 49.101012
B -93.586349

A 40.593380
B -94.004768

A 69.197328
B -94.059967

A 38.217420
B -95.326431

A 41.235765
B -96.396988

A 87.500475
B -97.009178

A 65.609077
B -98.598061

A 55.269795
B -99.947189

A 90.937912
B -101.019524

A 35.970374
B -101.288704

A 42.915414
B -102.872032

A 110.542150
B -105.041229

A 116.715003
B -106.328239

A 61.869747
B -106.302246

A 20.988123
B -106.494965

A 6.949901
B -106.563614

cl

-5.407035
-2.880716

44.111386
-3.434293

31.169141
-3.121490

42.593936
-2.892556

9.342198
-3.078919

-1.623740
-2.849301

37.728958
-2.584683

-1.996639
-2.506879

-36.300311
-2.197988

-12.173224
-2.018662

-22.567473
-1.995949

-41.251830
-1.262621

-80.984505
-0.151380

-80.901086
0.384381

-41.207033
0.181271

-15.584491
0.109058

-4.063347
0.040545

°2

-13.311687
0.622445

-1.180357
0.664917

-8.965327
0.591184

-1.749500
0.375632

-23.561476
0.274080

-14.807304
0.056531

9.439757
-0.065701

1.773407
-0.316292

-12.358212
-0.502032

-4.024450
-0.461378

-11.859175
-0.720020

3.969660
-0.730630

51.350854
-0.894616

48.219049
-0.645629

24.478263
-0.359874

11.624759
-0.137220

4.080789
-0.035906

°3

12.475974
0.379215

15.720174
0.427716

14.987658
0.385063

11.886439
0.562656

-6.354079
0.573371

-7.953802
0.640160

7.979024
0.599266

-10.931905
0.648415

-34.955968
0.628253

-6.209097
0.479339

-41.227853
0.477284

-39.609522
0.426863

-55.209170
0.637029

-43.262914
0.433913

-21.159810
0.225811

-8.564942
0.092715

-2.072384
0.028195

°4

1.808109
-0.190632

2.520101
-0.077746

3.B71837
-0.088260

11.368436
-0.101311

2.093715
-0.073677

2.252581
-0.052478

15.802338
0.015779

6.776668
0.048122

-4.645876
0.052315

7.734644
0.128089

-15.081532
0.206285

-4.788992
0.075453

11.069648
-0.209123

10.026372
-0.248794

6.263315
-0.130275

2.543398
-0.060814

1.112890
-0.018890

°5

1.655839
-0.103796
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Abstract

In recent years there has been increasing interest
in the utilization of the inflatable falling sphere technique
for middle atmosphere studies. It is a potentially highly
accurate and independent source of temperature measure-
ment and could qualify as an intrinsic method for estab-
lishing accuracy of other atmospheric measurement tech-
niques. We show through theoretical derivation, simula-
tions, and actual measurements that the sphere's tempera-
ture data s?e accurate in spite of possible bias that may
be present in the primary measurements of density. We
demonstrate that retrieved temperatures from falling
spheres are not significantly affected by linear bias in
density caused by uncertainties in sphere mass, volume,
or cross-sectional area. Case studies are used to illustrate
the sphere's capability to produce accurate temperatures.
Comparisons with Datasonde temperature measurements
obtained close in time and space are shown to agree
below 60 km. Differences above 60 km are explained as
coming from insufficient correction to the Datasonde
temperatures.

Introduction

One instrument used to gather middle atmosphere
temperature data is the small meteorological rocketsonde.
While satellite techniques provide global coverage they
do not provide the vertical detail necessary for describing
atmospheric temperature structure. Two rocketsonde
systems extensively used are the Datasonde and the
inflatable sphere. Questions often are asked about these
systems' measurement accuracy and precision. Although
statements of accuracy have been difficult to obtain,
studies have indicated that the Datasonde's temperature
measurement repeatability is about 0.90K (Miller and
Schmidlin, 1971; Schmidlin, 19Sl) and its precision about
0.60K (Schmidlin, 1981) to near 55 km altitude. Com-
parisons with other instruments (e.g., rocketsondes of
other manufacturers, acoustic grenades, pilot probes, lidar,
and satellites) generally report temperature measurements
within an envelope of 2-50K. This agreement has been
taken as an estimate of accuracy (Schmidlin, 1986).
However, more precise statements are needed to satisfy
current analysis of globalwide temperature trends (Angell,
1987).

The inflatable sphere's reliability, once suspect,
has improved considerably within the past few years. As

a result, inflatable sphere launchings currently exceed a
99 percent success rate. Sphere measurements are un-
affected by external forces (except vertical winds) making
it potentially more accurate than other in situ measure-
ments presently in use. Recent data simulations and
flights of spheres made at Wallops Island reveal that
properly performing spheres are capable of providing
highly accurate temperatures. The falling sphere is an
independent source of temperature measurement and, as
we will show, might also be an intrinsic method useful
for establishing the accuracy of other techniques.

Measurement Theory

The temperature profile may be extracted from the
retrieved atmospheric density using the hydrostatic equa-
tion and the equation of state which can be approximated
for the temperature retrieval as

T _Tz - / [1]

where p, is the density at altitude z, p. is density at
reference altitude a, M0 the molecular weight of dry air,
R the gas constant, and T is the temperature. Note that
the source of temperature error in the calculation is the
uncertainty in the retrieved density value. This error in
density is comprised of high and low spatial frequency
components. The high frequency component may arise
from many sources, such as measurement error, computa-
tional error, or atmospheric variability and reveals a
somewhat random feature. On the other hand, the low
frequency component, including a bias and linear varia-
tion, may be related to the actual atmospheric features
and indistinguishable from the measurement error.

In spite of any density errors that may arise by
the nature of the physical circumstances, the temperature
calculation is virtually unaffected by the bias and linear
components of the density error. This unique character-
istic enables us to use the sphere technique as an inde-
pendent measurement standard for comparison of high
altitude temperature measurements. This system may
then be utilized to establish an accuracy assessment of
any other high altitude temperature measurement system,
such as the Datasonde, satellite-borne sensors, and other
ground based remote methods, such as lidar.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnslein, FRG, 3—7 April 1989
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We show below that the derived temperature is
free from constant bias and the first order time-varying
noise component. To study the density bias effect on the
temperature retrieval, the bias can be modeled as

) (1 + a + bz + cz2 + . . . ) [2]

where p(z) is the true density and a, b, and c are con-
stants. Uncertainties in other physical parameters of the
experiment, such as sphere size, mass, and drag coeffi-
cient may be a source of the constant bias represented by
the 2nd term in Eq. [2]. The remaining low frequency
contribution to the bias may originate from a slowly
leaking sphere, sphere deformation, uncertainty in drag
coefficient, or other complex sources. Only the first
three terms in Eq. [2] are considered for simplicity.

From Equations [1] and [2] and the standard
atmospheric density profile we may obtain

T2 = g a P0 e
-2/ff

[3]

densities at the same altitudes. Figure 1 shows the
retrieved temperatures following Eq. [1] and compares
them with the US76 temperatures. As can be seen, the
agreement is exact down to 60 km., below 60 km. the
reduced temperatures differ slightly from the standard.

Figure 2 presents similar results after applying a
bias of ten percent to the standard densities. Below 60
km, some temperature variations occur. However, the
simulations have shown that the bias can be substantially
large (e.g., greater than 20%) before there is a significant
temperature error. The implication of our simulations
and analysis is that the temperature retrievals from falling
spheres are not significantly affected by biases in density
caused by uncertainties in sphere mass, volume, or cross-
sectional area (i.e., the primary sources of linear effects).

The simulations and analysis have shown that the
inflatable sphere can provide accurate high altitude tem-
peratures and could serve to establish the accuracy of
other high altitude temperature sensors.

where a is the density scale height and p0 is the mea-
sured density at the reference point. The temperature
retrieved from the sphere density will be free from bias
as Eq. [3] clearly indicates.

Simulation Flight Data

The unique characteristics of the temperature
retrieval was subjected to tests using simulation methods
designed to study the inflatable sphere technique. The
US76 Standard Atmosphere density (COESA, 1976) was
used as the baseline atmosphere. The simulations were
carried out by releasing standard weight spheres (-160
grams) from an assumed altitude of 120 kilometers. The
equation of motion for a falling object is solved as the
sphere falls. Radar angles and slant ranges are succes-
sively derived at time increments of 0.1 second corre-
sponding to the falling sphere's positions. The density
data reduced from the simulated radar data and the oper-
ational program (Luers, 1970) were found equivalent to
the baseline atmosphere density (i.e., US76 standard
atmosphere) used in the simulation as shown in Figure 1.
The density is presented as a ratio (i.e., p/p,6) for sim-
plicity, thus, a ratio of 1 indicates that the retrieved
densities are the same value as the standard atmosphere

s <o

I ,.

.r i ,
D E N S I T Y R A T I O

Figure 2. Same as Fig. 1 except a ten-percent bias has been
added to the simulated densities.

Actual Flight Measurements

Two case studies demonstrating the inflatable
sphere's capability to produce accurate temperatures are
discussed below.

OEHSlTT R A T I O

Figure 1. Comparison of simulated densities and temperatures with
US76 Standard Atmosphere densities and temperatures.

Case Study: April 22. 1987

In the example shown, the sphere measurements
begin near 85 km with sphere collapse occurring near 35
km. The Datasonde measurements, on the other hand,
begin near 70 km and end at 20 km. Figure 3a, com-
pares the density ratios determined from the measure-
ments made by each system. A bias of about 6 percent
is noted to exist between these measurements below 60
km. However, both curves follow similar lapse rates as
emphasized particularly by the similarity of the features
observed between 54 km. and 40 km., as well as the
feature at 35 km. Following our previous postulation
that the temperature profiles would agree in spite of
density disagreement, we see from Figure 3b, that the
temperatures do indeed agree. The sphere, Datasonde,
and radiosonde observations were made within approxi-
mately 2 hours of each other.



ACCURATE TEMPERATURES FROM FALLING SPHERE 57

UALLQI1S ISLAND, VA
,00 ,-7—7 |—J , 1 ,-

04/22/804/22/87 I at 4 UT

UAUUPS ISLAND. VA

TImTTTTTTTmTm nil

I so

g so

1 UALLUPS ISLAND. V A

- Cc)

\
{

-1456
04/?2/|, ,8,5 U,

I j I I I I i I i

OENSITT RATIO TEMPERATURE CK) DENSITY RATin

Figure 3. a) Comparison of density ratios from sphere and Datasondc measurements showing a six-percent bias; b) sphere
and Datasonde temperatures showing agreement between the levels of sphere collapse and 60 km; c) new
comparison of density ratios showing agreement after sphere temperatures were used to recalculate densities.

The sphere temperatures also compare well with
the radiosonde temperatures near 35 km (fortunately, the
balloon burst above 36 km and the sphere began to
collapse just below 35 km) and clearly agree with the
Datasonde temperatures below 60 km. After recalculating
densities for the sphere by solving the hypsometric equa-
tion using the Datasonde density and sphere temperature
as initializing data, we find in Figure 3c that the density
ratios disagree at altitudes higher than 60 km, whereas
Figure 3a had shown agreement. Figure 3b, however,
shows temperature disagreement above 60 km. This
suggests that, if our argument is valid that sphere mea-
surements produce good temperatures regardless of errors
in the densities, then the Datasondes temperature mea-
surements at altitudes above 60 km. must be in error and,
hence, so must density. Indeed, this is the region where

the thermistor dimensions are smaller than the atmo-
spheric molecular mean-free-path and where temperature
corrections are least reliable (Krumins and Lyons, 1972).
This suggests that the sphere temperature profiles might
be used as a standard from which improvement of tem-
perature measurements from other instruments could be
made, or at least better understood.

Case Study: April 23. 1981s

The second example described here also presents
further evidence that the processing of temperatures from
sphere derived densities is generally correct. In Figure
4a, density r.uio profiles of the spheres and Datasondes
are in good agreement below 60 km. with the atmo-
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Figure 4. a) Same as Figure 4a, except very small bias observed between sphere and Datasonde; b) same as Figure 4b;
c) same as Figure 4c, except density ratios reveal same values as given in original data.
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spheric features becween 46 km. and 60 km. similarly
portrayed by each system. Below 46 km., mean density
agreement is evident, however, the sphere exhibits pertur-
bations not observed with the Datasonde which we be-
lieve are due to vertical winds. The corresponding tem-
perature profiles, Figure 4b, also indicate good agreement
below 60 km. with similar perturbations present in both
profiles down to 46 km. Nevertheless, at altitudes above
60 km. a serious bias is seen between the temperature
profiles of each observing technique.

After recalculating densities for the spheres fol-
lowing the same method used in the previous case study,
we find in Figure 4c little change in the original sphere
measured densities. This second example shows then,
that when recalculated densities are not greatly different
from the original densities, the sphere data initially were
quite correct.

Conclusions

Through theoretical derivation, simulations, and
actual measurements we have shown the capability of
falling sphere observations to provide accurate tempera-
ture data in spite of bias in the primary measurement of
density. As Eq. ( I ] illustrates, the method of deriving
temperature depends on the gas equation and takes the
ratio of the pressure and density. Considering that the
errors in pressure and density are of similar magnitude,
they cancel. This is the reason, therefore, why bias
errors in the density have no effect on temperature.

Discrepancies between sphere and Datasonde
temperatures above 60 km lead to a conclusion that the
measurements made with the present Datasonde instru-
ment above this altitude may be deficient, especially
when it is considered that the thermistor corrections are
extrapolations. More work is needed, but the size of the
correction needed at these higher altitudes could possibly
be determined given sufficient measurement pairs. In
addition, the sphere temperatures, because of their greater
altitude coverage, can be compared more effectively with
research satellite data such as will be available with
UARS, EOS, and others. Finally, considering the in-
herent accuracy of the sphere temperatures a better under-
standing of the vertical winds can be obtained from the
perturbations present in the sphere data.
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WINTER 1983/8-1. SUMMER 1987 AND SUMMER 1988
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ABSTRACT

Wind corners first recognized in Winter measurements were seen
in Summer too. The height levels at which they were seen was
higher than in Winter, and they appeared at some preferred
heights around 86-88, 91 to 92 and 95 km. High resolution mea-
surements above 92-93 km were made possible by a new type of
chaff which allows measurements up to about 100 km and this
height is rather close to the limit (~ 105 km) up to which the
chaff cloud method can sensibly be used at all. Because the ex-
periments were launched in salvos comprising several rockets, an
estimate on the lifetime of some wind corners were possible. Re-
lations to turbulence and results obtained by MST radars are
mentioned.

Keywords: Middle atmosphere, foil chaff, wind corner, Winter,
Summer, preferred heights, turbulence.

1. INTRODUCTION

Wind corners were recognized as special events by U. von Zahn
(Refs. 1-2) during the MAP/WINE campaign (Middle Atmo-
spheric Project: Winter in Northern Europe) which lasted from
December 1983 to February 1984 and Fig. 1 shows two typical
examples for them. A cloud of radar reflective polyester foils,
2,5/im thick, 9mm wide and 24 mm long which had a mass-
over-area-ratio of 3.4 g/m2 were released in this campaign from
a rocket close to apogee of its trajectory and its descent was fol-
lowed from the ground by a precision tracking radar (RCA MPS
36) which operated on a wavelength of 5 cm. The foils subside
well organized with their longitudinal axis orientated perpendic-
ular to the direction of fall and to the direction of drift in the
wind and their equilibrium descent velocity depends almost solely
from their mass-over-area-ratio and is inversely proportional to
the product between ambient air density and the square root out
of the ambient air temperature at heights were the width of the
foils is smaller than the mean free path length of the molecules of
the ambient air (Réf. 3). As is shown by the examples given in
Fig. 1 which displays the projection of the foil cloud trajectory
onto the Earth's surface;The chaff first drifts in the wind and is
then decelerated to a total wind speed of almost zero and at
that point the direction of drift changes. When the change of
direction is completed the cloud is accelerated again. The strik-
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WEST-EAST RANGE [KM]

Figure 1. Wind corners seen during Winter in the projection of
the chaff trajectory onto the Earth's surface ("Radar
ground plot", to be read as a map). Distances between
individual points are a measure for the drift velocity,
polynominal smoothed radar output data, (von Zahn,
Univ. Bonn).
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ing feature is that the sequence: Deceleration to wind velocity
"zero", change of direction and subsequent acceleration occurs
in a very narrow height interval of order 100-200 m or so which
yields very strong shears of order 300 m/s/km and these features
together define a "wind corner". The dynamics which cause wind
corners has still to be sought for and this paper confines to some
selected phenomenological aspects of these effects.

2. TEMPORAL, SEASONAL AND LATITUDINAL
OCCURENCE OF WIND CORNERS.

Because wind corners were first recognized in Winter measure-
ments at high geographic latitudes one of the questions to be
answered was if wind corners are a Winter phenomenon only and
if they prefer to show up at certain times of a day only. These
two questions are at least partially answered by the histogram
Fig. 2 which shows the distribution of launches over the day
for the MAP/WINE campaign (Winter 1983/84) and of the two
Summer campaigns, MAC/SINE (Middle Atmosphere Coopera-
tion, Summer in Northern Europe), June/July 1987 and Sodium
(June/July 1988). For the latter venture a new type of chaff
became available which was only 1/un thick and had a mass-
over-area-ratio of 1.7 g/m2 (0.3 g/m2 of this is contributed by
the metallization (aluminium) which has to have a certain thick-
ness (some skin depths for the radar wave frequency) in order to
be radar-reflective). This new material puts the ceiling height
for the use of chaff to a little over 100 km which is rather close to
the limit (~ 105 km) up to vhich chaff can sensibly used at all
and allows to perform high-resolution measurements above 92-93
km.

Figure 2. Histogram of launch distribution over the hours of the
day (UT). Top: For the MAC/SINE campaign Sum-
mer 1987 and SODIUM 1988 (dotted). Bottom: Win-
ter campaign 1983/84.

Fig. 2 shows that the launches were concentrated in Winter
1983/84 and in Summer 1987 close to noon and to hours before
and around midnight U.T. The SODIUM campaign July 1988
(dotted lines in the histogram) was designed to investigate rela-
tions between wind and Sudden Sodium layers which prefer to
show up at hours before and around midnight U.T. and for this
reason all launches were concentrated around this time. The ar-
rows in Fig. 2 indicate the hours at which wind corners were
seen and it turns out that they were present around noon and
in the late evening hours (UT) both in Winter and in Summer.
About latitudinal dependence, some chaff flights performed at
White Sands (360N) in the Seventies suggest that wind corners
are present there too occasionally but the height resolution of
these measurements were too poor to decide with certainty if the
then observed abrupt changes in direction were wind corners in
the sense defined in the introduction or just ordinary shears.

3. PREFERREDHEIGHTS

The question if wind corners tend to appear at some preferred
heights is at least partially answered by Fig. 3. It clearly shows
that the wind corners had a tendency to appear in Summer at
heights between 86 and 88 km, 91 to 92 km and at 95 km and
were most frequent in the height range between 86 km and
88 km. This result might however be not too significant statis-
tically because the number of experiments is still fairly small.
Nevertheless these levels are at a higher altitude than those seen
during Winter were the wind corners appeared at much lower
heights but there is no information about wind corners at higher
altitudes from the Winter data because the rockets did not go
high enough.

WlMO CORNERS

fOl • IfJf I '.GfItUM

Figure 3. Height distribution of wind corners obtained from the
Summer measurements. Top: Condition: horizontal
velocity in wind corners < 10 m/s and simultaneous di-
rectional shear. Below: Height distribution for strong
directional shears.

4. TEMPORAL DEVELOPMENT OF WIND CORNERS

During Summer 1987 a series of five rockets were launched when
a Sudden Sodium layer developed and this experiment was re-
peated twice during the SODIUM campaign July 1988 using
three rockets for each salvo. Fig. 4 shows at the left the projec-
tions of the chaff trajectory (unsmoothed radar raw data) onto
the Earth's surface ("ground plot") of three of the five experi-
ments launched at the end of the SINE campaign 1987 in which
2.5^m chaff was used. Heights were printed out for each full
minute of U.T. A wind corner was seen close to 89 km which
moved downwards with time. The question if the "spike" seen
in flight SC 26 was just an excotic accident or if there is some-
thing more behind it was answered by the two salvos launched
during the Sodium campaign June/July 1988 and the results of
the first salvo (three rockets) are shown at the right of Fig. 4. In
this series the new I/urn chaff was used together with an interim
version which is 1.5/tm thick and had a mass-to-area-ratio of
2.34 m/m2. This allows a check on the validity of a description
of the flight behaviour of chaff (Réf. 3) by looking at the ratio
between the descent velocities of the two kinds of chaff. The
theoretical value for this ratio is 1.38 and 1.33 was measured
for the mean which is considered as a good agreement. Fig. 5
which shows the results obtained on the last flight of the sec-
ond Sodium Salvo 1988 is given as an example of what can be
obtained with 1^m chaff. The right part of Fig. 4 shows that a
spiky wind corner developed in this case too and the same was
the case for the last Sodium salvo also which is not shown here
in detail. The heights at which the wind corners were seen dur-
ing the two Sodium campaigns salvos 1988 were slightly higher
(93-90 km) than 1988 where the rockets were launched under
similar conditions (Sudden Sodium layer developing) but the
phase velocities at which the wind corners subsided were sur-
prisingly equal in all three cases (~ 0.5 m/s) as Fig. 6 shows.
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Figure 4. Wind corners seen in Summer. Radar ground plots
as in Fig. 1, but unsmoothed radar raw data. Gaps
partly caused by printing out error-free data only.
Heights are printed out at 1 min intervals of UT. By
this a crude estimate of the descent velocity is pos-
sible. Left: Measurements taken with 2.5pm chaff.
Right: Measurements taken with 1.5/un and 1pm chaff
launched alternatively. Poor quality of picture due to
reproduction process from original plots.
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Figure 5. Example for a flight performed with 1/im-chaff. In
this experiment the cloud comprised 3000 foils only
and the wiggles seen are caused by small-scale motions
superimposed to the drift which change transiently the
orientation of the foils in respect to the polarization
plane of the radar wave. The plot covers an area 20
km x 20 km.

Figure 6. Phase velocities of descent of the wind corners seen in
the three Sodium salvos. This phase velocity turns out
to be fairly uniform inall three cases.



62 H.U. WIDDEL

This seems to point at a common physcial source for the forma-
tion of the wind corners described here but it should be men-
tioned that at least one case was found in another series in which
the wind corners had no vertical phase velocity and remained
in essence at the same height for at least two hours.

5. NORMAL STATE

The wind corners described so far in this paper were all ob-
served on launches which were put into a developing Sudden
Sodium layer. This means a selection or bias and the question
remains if wind corners are observed at that heights too when
"nothing happens", that is, when no Sodium layer appears or
no geomagnetic activity is present. The results from four flights
performed under such calm conditions gave an answer on this
and Fig. 7 shows one example. There was not a trace of wind
corner on such flights and the direction of flow was, in essence,
North to South. However, there was still "some life" at some
levels in the atmosphere which in this case caused the foils to
change transiently their orientation in respect to the polariza-
tion plane of the radar wave and the radar follows this transient
motion.

Figure 7. Radar ground plot obtained on a flight when condi-
tions were very calm and nothing happened. (1/im-
chaff). There is no trace of a wind corner and the
drift is in essence from North to South at the height
levels were wind corners were seen. The offsets seen
between 88.8 and 90.8 km and 85.3 and 85.6 are caused
by transient motions in and across the cloud which are
probably linked to ?ome wave activity.

6. RELATION TO TURBULENCE

Work on this topic is not yet completed but first results have
shown that turbulence was present at the heights levels at which
the wind corners of the MAC/SINE Sodium salvo (Fig. 4) were
seen (Refs. 4,5) but MST "SOUSY" radar cchoses were not
simultaneously seen coming from these levels. They seemed to
appear later and this was taken as an indication that the 3m
structures the MST radar requires develop under certain con-
ditions at these heights only and might be transients, probably
drifting in the wind. Surprisingly the break-up of the foil cloud
which was sometimes very rapid did not occur as one might
expect at heights where the strong "SOUSY" echoes were seen
but at lower heights and this was a systematic feature on all
flights, independent of the presence of wind corners. The foil
cloud passes the MST zone of turbulence and is then broken up
at lower heights by fairly large scale and violent motions which
obviously contain a strong vertical component. More details
will be published in other papers.

7. SUMMARY

Only a few facets of the phenomena "wind corner" could be dis-
cussed in this paper. First recognized in Winter measurements,
they were observed in Summer too but at higher levels at some
preferred heights. The data so far obtained suggest that wind
corners have no preference to appear at certain times of a day
only, but the wind corners seen in the late evening hours (UT)
seem to be related to other geophysical phenomena. A new kind
of chaff allows now high-resolution measurements up to about
100 km and that is the limit set by today's state of techniques.
In the wind corners investigated so far turbulence was present
but this investigation has still to be extended to the other cases.
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NEAR-MESOPAU5E TEMPERATURES AT 690N LATITUDE IN LATE SUMMER
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ABSTRACT

The University of Bonn operates a Na LIDAR
at the Andeya Rocket Range (690N, 160E) in
order to measure temperature profiles in
the altitude region 80 to 110 km by probing
the Doppler width of the laser-excited Dz
resonance line of free sodium atoms. The
attempt to apply this method to measure-
ments in summer at 690N encounters three
difficulties: (1) lack of a sufficient
sodium density below 88 km altitude, (2)
strongly enhanced background due to scat-
tered solar radiation, and (3) potential
Na saturation effects. We have obtained
trial observations in 12 nights of August
and with solar depression angles as small
as -4°. During these nights temperatures
down to 120 K have been observed.

Keywords: Atmosphere, Mesopause, Summer,
Temperatures, Polar Latitude, LIDAR

1. INTRODUCTION

In the mesopause region above the summer-
pole, the atmosphere becomes extremely
cold. In fact, here we find the lowest am-
bient temperatures occurring anywhere in-
side the Earth, on Earth or in the near-
Earth environment. Although this particu-
lar state of our atmosphere attracts wide
scientific interest, we have to realize
that the measurement of temperatures in
this altitude region is still a difficult
task. Hence our firm knowledge about the
mesopause temperatures occurring above the
summerpole is still rather limited. All
recently published Reference Atmospheres
predict for these conditions temperatures
between 140 and 156 K, whereas the avail-
able observations average at 128' K (von
Zahn, 1989).

Knowledge about the genuine polar mesopause
temperatures is absolutely essential for an
understanding of the formation of noctilu-
cent clouds CNLC'), polar mesospheric
clouds ('PMC'), the formation of heavy
water cluster ions in the mesopause region,
and of the life cycle of many neutral trace

constituents. In going from 145 K to 128 K
the water vapor saturation pressure drops
from about 2-10-8 mbar by more than 2 or-
ders of magnitude (Jansco et al., 1970).
While the formation of NLC and PMC is un-
likely at temperatures of 145 K, it is
very probable at and below 130 K (e.g.
Jensen and Thomas, 1988; Garcia, 1989).
In addition a multitude of ion-molecule
reactions taking place in the D-region are
strongly dependent on the ambient tempera-
ture: e.g. conversion of NO* ions to clu-
ster ions, the growth rate of water clu-
ster ions, ion-induced nucleation of water
vapor and others (e.g. Arnold, 1980).
Reaction rates for almost all these pro-
cesses and those of many neutral 3-body
reactions increase rapidly with decreasing
temperature. For these processes a drop
from 145 K to 128 K implies a significant
change of environmental conditions.

Because of the great paucity of measured
temperature profiles in the mesopause re-
gion we have initiated the measurement of
a series of such profiles by means of a
ground-based lidar located at the And«iya
Rocket Range (690N latitude). So far,
this experiment has yielded more than 700
temperature profiles during the time peri-
od December through March (Neuber et al.,
1988). Application of this measurement
technique during summertime and hence in
daylight is, however, not an easy task
for reasons outlined below. To advance
towards this goal we have taken a step-by-
step approach for the required improve-
ments. Here we report on trial observa-
tions performed in the month of August.

2. INSTRUMENT

We derive the temperature profiles from
the measurement of the Doppler width of
the laser-excited sodium D: resonance line
of free sodium atoms in the 80 to 110 km
altitude range (Fricke and von Zahn, 1985)
The main elements of our instrument are a
narrow-band tunable dye laser, which is
pumped by an UV excimer laser, a wave-
length meter, a receiving telescope in
Cassegrain mounting, a photon counting
detector and electronics controlling the
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synchronization of the instrument's com-
ponents, the altitude resolution, and the
storage of data. The laser system is run at
a repetition rate of 15 pulses per second.
The dye laser emits pulses with an energy
of about 15 mJ and a spectral width of
0.12 pm. The wavelength can be tuned by
variation of the pressure in the laser
resonator and in an external étalon (a
Fabry-Perot interferometer which deter-
mines the spectral width). A small percen-
tage of the emitted intensity is directed
into the wavelength meter which measures
both the wavelength of each laser pulse
relative to the Na Da hyperfine structure
lines as well as its spectral width. We
integrate the photon counts received over
a time span of 10 roin for the calculation
of individual temperature profiles. For
nighttime observations we estimate the
absolute uncertainty of our temperature
values to be less than ± 5 K between 85 and
95 km altitude and slightly higher above
and below.

As mentioned above the instrument is in-
stalled in a purpose-built observatory at
the Andsiya Rocket Range near Ar.denes, Nor-
way (69.30N, 16.O0E).

3. WHY ARE OBSERVATIONS IN POLAR
SUMMER DIFFICULT ?

Any attempt to apply our measurement tech-
nique in summer meets at our observation
site with three difficulties: (1) lack of a
sufficient sodium density below 88 km alti-
tude, (2) strongly enhanced background due
to scattered solar radiation because the
sun is not setting at the observation site
in summer, and (3) potential Na saturation
effects due to the high energy density in a
laser beam of small divergence. We will
briefly discuss these topics in turn.

3.1. Low Sodium Densities

Successful remote sensing of temperature
profiles via our Na lidar technique requi-
res a sufficient Na atom density. For our
measurements performed in darkness this
value is approximately 100 cm-3, whereas
for twilight conditions it is closer to
500 cm-3. During the long nights in winter
at Andjiya th°se criteria are almost always
met throughout the altitude region 81 to
105 km and frequently up to 108 km (Tilgner
and von Zahn, 1988). In winter this altitu-
de region also contains the mesopause, the
temperature of which can therefore be meas-
ured comfortably with our Na lidar instru-
ment (Neuber et al., 1988). Although it is
known for some time that in summer the Na
layer becomes thinner towards higher lati-
tudes, the full extent of this decrease
has only recently been revealed by the
first measurements of Na densities in sum-
mer at polar latitudes (von Zahn et al.,
1988; Gardner et al., 1988). The measure-
ments by Kurzawa and von Zahn (1989) can be
used to properly evaluate the altitude re-
gion where e.g. in July the Na density is
larger than 500 cm-3. Different from winter
conditions the density exceeds this value
in summer only from 88 to 96 km altitude.
This range barely includes the mean alti-

tude of the summer mesopause (von Zahn,
1989). Hence, the natural dilution of the
sodium layer in polar summer considerably
curtails our capabilities to measure the
genuine mesopause temperature under these
conditions.

3.2. Enhanced Background

At Andsiya permanent daylight lasts from
early May until late July. The telescope
of the instrument receives under these
conditions an enormous amount of sunlight
scattered by air molecules, aerosoles, and
cloud particles (e.g. from thin cirrus).
These photons must not be allowed to reach
the photon-counting multiplier or otherwise
the laser-induced photons would be swamped
entirely by background photons. In order
to reduce the background two obvious mea-
sures can be taken: (a) employing narrow-
band filters tuned to the Na D2 line in
front of the multiplier and (b) reducing
the effective field of view of the teles-
cope. Measure (a) is reasonably straight
forward as long as the passbands of the
filters are kept large in comparison to
the total width of the Na 02 line (approx.
3 pm). So far we have observed this condi-
tion because this avoids a complex decon-
volution of the measured resonance line
shape with the exact transmission curves
of the filters. Application of measure (b)
requires on the one hand a coincident re-
duction in the divergence of the laser
beam. On the other hand, this measure
leads to higher beam intensities which can
produce substantial saturation effects in
the sodium layer. The latter are clearly
undesirable (see section 3.3).

3.3. Saturation Effects

If the energy density in the laser beam
becomes very high, our temperature mea-
surements can be effected by different
degrees of Na saturation at different la-
ser wavelengths. Laser pulses at the maxi-
mum of the Na Dz line cause a higher de-
gree of saturation than those at the in-
termediate minimum of the absorption cross
section. This effect is due to the finite
spectral width of the laser pulse. It tends
to bias the derived temperatures towards
too high values. As shown by von der Gathen
(1989) quantitative evaluation of Na
saturation effects puts the minimum useful
divergence for our lidar instrument at
approximately 0.1 mrad which at the same
time sets a limit for the telescope f.o.v.
at about 0.15 mrad.

4. OBSERVATIONS

For reasons given in chapter 3 we have not
yet achieved Na temperature measurements
with our lidar instrument at Andsiya during
June or July (although Na densities have
been measured routinely). It is only in the
last week of July that near local midnight
the sun starts to set below the horizon,
at, which time the scattered sunlight de-
creases quite significantly. We have there-
fore attempted to determine temperatures
throughout the sodium layer in early August
and report on our results below.
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The dates and local times of our tempera-
ture soundings are listed in Table 1. The
times given in column 2 of the Table indi-
cate start and end of the measurements,
which were not necessarily continuous du-
ring the listed time period (due to e.g.
intermittend clouds). During the night of
5./6. August the maximum solar depression
angle reached -4.0°, which increased to
-9.9° for the night of 24./25. August.

TABLE 1

Lidar Temperature Soundings in August

date times of
measurements (UT)

5./ 6.
1.1 8.
8./ 9.
9./1O.

13.
13.
14.
15.
19.

20. /21.
23. /24.
24. /25.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

1987
1987
1987
1987
1986
1987
1987
1986
1986
1986
1986
1986

23:04
21:16
22:32
21:17
00:24
21:07
20:51
22:16
00:58
22:00
21:44
22:02

- 01:01
- 00:22
- 00:51
- 00:20
- 02:21
- 21:22
- 21:18
- 23:58
- 02:57
- 02:58
- 01:06
- 01:59

In a first step of data evaluation we have
calculated hourly mean temperatures from
the observations listed in Table 1 (when-
ever this was possible). Figures 1 shows
as an example a temperature profile obtain-
ed in the first August night of our tempe-
rature measurements. The horizontal bars
indicate the standard deviation of all in-
dividual temperature soundings performed
during the averaging period of 1 h. Fur-
thermore, the lowest temperature measured
turns out to be at the lowest altitude
reached by the measurement. Hence it may
not reflect genuine mesopause conditions.

5 AUG 87 23:25- Qi 27 UT

"too iso :oo 250

temperature [K]

Figure 1. 1 h-mean temperature near
midnight of 5./6. August 1987.

Some of the profiles exhibit clear evidence
of wave activity, even after averaging over
a period of I h. Figure 2 presents a pro-
file of this kind.

24 AUG 86 21:02-21:58 UT

150 201

t empera ture CK]

Figure 2. 1 h-mean temperature profile
measured during the night of
24 August 1986 exhibiting
clear wave structure.

Temperatures and altitudes of the mesopause
(given by the minimum temperature found in
the observed region) were derived from the
temperature profiles averaged over 1 h. In
order to minimize the potential effects of
tides in any comparison we have listed in
Table 2 the results found close to 00:00 UT
for each of the nights (effects of wave ac-
tivity were not removed from the profiles
before determining the minimum temperatu-
res) .

TABLE 2

Temperature and Altitude of the Mesopause

date mesopause
temperature altitude

5.
7.
9.
12.

23.
24.

/ 6.
/ 8.
/10.
/13.
20.

/24.
/25.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

1987
1987
1987
1986
1986
1986
1986

128
120
157
160
166
169
169

K *
K
K *
K
K
K
K

87
87
85
89
87
88
85

km
km
km
km
km
km
km

*

*

* minimum temperature reached at lowest
observed altitude

5. DISCUSSION

Although our data base of August tempera-
tures is still small, three features of
the numbers given in Table 2 seem to be
characteristic of August conditions:

1) Mesopause temperatures in the first
week of August are observed to be below
130 K. This is in good agreement with
results of acoustic-grenade experiments
(Witt, 1968) and a rigid-falling-sphere
experiment (Fhilbrick et al., 1984) as
reviewed by von Zahn (1989).

2) Mesopause temperatures rise quickly
throughout August. This again is in agree-
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ment with the results of acoustic-grenade
experiments as reviewed by Theon and Smith
(1971). It also tends to be in accordance
with the rapid decrease in the occurrence
rate for noctilucent clouds during August
(Fogle and Haurwitz, 1966; Gadsden, 1982).

3) The mean altitude of the mesopause, as
calculated from Table 2, is 87 km. This is
1 km less than the mean mesopause altitude
found in the review by von Zahn (1989) for
similar geophysical conditions. Because
both our lidar measurements and the von
Zahn analysis are based on a very limited
statistics only, we do not consider this
difference of 1 km to be significant.

6. CONCLUSIONS

We have demonstrated that the technique of
remote mesopause temperature measurements
by means of probing the Doppler widths of
the laser induced Na Dz line is capable of
yielding measurements with solar depression
angles as small as -4°. This has enabled
us to obtain near-mesopause temperature
profiles at 690N latitude in August. In the
first week of August temperatures below
130 K have been measured repeatedly. To-
wards the end of August mesopause tempera-
tures had risen to about 170 K. The alti-
tude of the mesopause averaged 87 km
throughout August.
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THE ELECTRODYNAMICS OF THE POLAR IONOSPHERE
WITH SPECIAL EMPHASIZE ON THE DAYSIDE CLEFT REGION

A. Egeland,
Department of Physics,
University of Oslo.

ABSTRACT

After a brief review of the basic equations
governing the electrodynamics of the dynamo
regions in the ionosphere, the Harang
discontinuity in the premidnight auroral
zone is discussed. The conclusion is that
this is a dynamic region which requires
further combined ground and in situ obser-
vations. Special emphasize is laid on the
large and small scale dynamics of the
dayside cusp/cleft aurora and their rela-
tions to the interplanetary magnetic field,
particle precipitations, ionospheric elec-
tric fields and Birkeland currents. The
advantage of continuous ground-based obser-
vations is pointed out, and the need for
further coordinated ground, balloon and
rocket measurements poleward of 70° invari-
ant latitudes is stressed.

1. INTRODUCTION

According to my encyclopedia, electrodyna-
mics is "electricity in motion; a science
that treats the actions of electric cur-
rents, on themselves, on one another, and
on magnets". Thus, when Kr. Birkeland
around the turn of our century explained
the variations of the Earth's magnetic
field by three dimentional ionospheric
currents, the electrodynamics of the polar
ionosphere was by definition introduced.

The electrodynamics of the ionosphere
include both small and large scale as well
as worldwide variations on different time
scales. Furthermore, a detailed presenta-
tion of the electrodynamics requires both
coordinated, ground-space observations,
theories and/or model calculations. Such a
detailed review is outside the scope of
this paper. It will be demonstrated that
only ground observations allow continuous
monitoring and thereby detailed studies
with high resolution in both space and
time.

I will mainly stick to the electrodynamics
of the dayside cleft and polar cap regions,
because that is a subject which has been
largely neglected up to recently. For a
detailed review the reader is referred to
the recent Proceedings on the "Electrodyna-
mics of the Polar Clefts and Caps", edited
by Sandholt and Egeland (Réf. 16). Ques-
tions concerning dynamics of the nightside
auroral oval and its interaction with the
nightside magnetosphere and the plasma-
sheet have been studied in detail (cf. e.g.
Réf. 1 and 18). A brief review of the basic
equations of ionospheric electrodynamics
will first be given. Only one event from
the nightside auroral oval - related to the
Harang discontinuity - will be discussed.

2. PARTICLE MOTIONS, CONDUCTIVITIES
AND FIELDS

The input parameters are height variations
of electron and ion collision frequency
( Le , Li ), electron and ion gyrofrequency
(wee , we i ) and electron and ion plasma
frequency (u>Pe, up i ) . The mobility of elec-
trons above " 80 km is controlled by the
geomagnetic field. Collisions dominate the
ion motion below approximately " 150 km.
The neutral winds will cause redistribu-
tions of the F-region ionization (cf. e.g.
Réf. 19). In the E region (also called the
dynamo region), where uice > Le n and me i "
L i n , the differential streaming between
ions and electrons causes plasma insta-
bilities (cf. e.g. Réf. 2 and 5).

A k particle with velocity Vk moves on the
average a distance Vk/Ln between each
collision. This distance, called the mean
free path, can be obtained from the expres-
sion

2 1/2
(1)

where K is the Boltzmann's constant and Tk
is the temperature. The ratio rck/r\k (rck
is the gyro radius) contains information
about the influence of the magnetic field
relative to collisions.
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An electric field E will set the charged
particles into notion, so the ionization
will start to drift and electric currents
determined by the charged particle's densi-
ties and their mobilities. Charge neutra-
lity is assumed (i.e. Nc = Ni) and we
neglect effects from negative ions. Mecha-
nical forces acting in this medium are also
neglected. Between collisions, the k par-
ticle is therefore only affected by E and B
fields, and its equation of motion will be

— -k dt
= q (E + v

k k
X B) , (2)

where vt is the velocity relative to the
neutral gas. The B field is directed along
the z-axis, while the E field is in the xz
plane, and both are assumed homogeneous.
The velocity difference between the ionized
and neutral gas is given by (cf. e.g. Réf.
2)

(3)

. + an x B) x B g,<_

where £k = qt/|qk|, Vn = velocity of the
neutral gas and the indices and refer
to components parallel and perpendicualr to
the magnetic field.

The directions and magnitudes of the velo-
city component traverse to B are given by

ai, =

, = sin Ok x /B) (4)

Above " 180 km where Lk n « uic k we have ae
" K I " 90° . Thus, Ve " v i = E x B./B2 (cf.
Eqs. 3 and 4). If, on the other hand, 1/kn >
luck , as is the case below 80 km, the ions
will move nearly parallel and the electrons
antiparallel to the E field and the velo-
city becomes small as the collision freque-
ncy is very large (cf. Eqs. 3 and 4).

The current density (i.e., Ne = Ni and only
single charged ions) is given by

x B.) (5)
x B)/ B + (TnEn

The conductivities Oe , du , and <J are
called respectively Pedersen, Hall, and
parallel conductivity. We find

-fc "?„ + "a

'-['

Ŝ l (66)

(6c)

Notice that cfp and Ou are different from
zero just because collisions occur. Furthe-
rmore, currents in the direction of the E
field (Pedersen-currents) add, whereas
those perpendicular to E (corresponding to
Oa ) subtract.

50 100
ALTITUDE [km]

Fig. 1: Altitude profiles of Pedersen and
Hall conductivity for a plasma density of
106 nr3 and an assumed averaged ion mass of
30 (Sears et al., 1974).

The conductivity per electron and per ion
(i.e. (î'p = af /Nk and ff'u. = ffn /Nk calcula-
ted from Eqs. (6a) and (6b) are shown in
Fig. 1. The actual Pedersen and Hall con-
ductivity can then be estimated from Fig. 1
when we know the height profiles of elec-
trons and ions. This figure clearly shows
that the Pedersen conductivity for elec-
trons in the E region is almost entirely
due to the positive ions. On the other
hand, the ionospheric Hall conductivity is
mainly caused by the electrons.

In the ionosphere, a is much larger than
the perpendicular components, and conse-
quently E_ » E . Oftan the geomagnetic
field lines mav be considered perfectly
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conductive and then E becomes almost
height-independent. For ff " -, the E-field
can be obtained straightforward from the B-
field observations.

If the ionospheric layers are effectively
coupled together, one may use the concept
height-integrated conductivities

3. THE HARANG DISCONTINUITY

The name "Harang discontinuity" was given
by Heppner (Réf. 7) to the reversal of the
horizontal disturbance in magnetic fields
(cf. Fig. 2) found in the premidnight
auroral zone by Harang in 1946. Based on
statistical analysis of the magnetic dis-
turbance at a number of observatories,
Harang found that the H-component changed
from positive to negative at a magnetic
local time between 21h and midnight, with
the change taking place first at the high-
est latitudes. Harang1s speculation that
this change in the magnetic disturbance
might be accompanied by a corresponding
discontinuity in the auroral display was
confirmed by Heppner (Réf. 7). The major
change occurred when the comparatively
quiet, usually homogeneous aurora near
midnight broke into bright, rapidly moving,
rayed aurora (i.e. auroral breakup). This
discontinuity is also related to the patt-
ern of convective plasma flow in the magne-
tosphere.

Fig. 2: Contours of equal
Harang's (1946) Range
levels: Solid lines (+AH,
dotted lines (-AH, -AZ,
dashed lines for AH and
center of the current

AH, AD, £& for
III disturbance
+AZf West dec.),
East dec.), heavy
&Z indicate the
system. Original

coordinates are magnetic latitude and solar
local time. The magnetic local time scale
is added for AH.

The primary physical relationship is be-
tween the plasma flow, the electric fields

and the currents. The E-field reversal has
been seen both by rockets and satellites
observations (cf. Refs. 10 and 6) and by
radars (Refs. 21 and 11). The dynamical
behaviour connected with the Harang discon-
tinuity is complex and not completely
mapped.

In order to investigate this structure, and
to resolve spatial from temporal varia-
tions, two rockets were launched into a
region where an assessment of the ground-
based optical and magnetic records indica-
ted that the Harang discontinuity ought to
be.

The investigation is based on electric
fields and precipitating particle measurem-
ents from the rockets launched simultan-
eously from And0ya Rocket Range on 27
November 1976. One payload, on a Terrier-
Malemute (F-38), attained a peak altitude

of 531 km and the other on a Nike-Tomahawk
(F-39) reached 208 km. The rockets traverse
a range of 300 km while introducing alti-
tude separations of up to 440 km. Separa-
tions between the ionospheric feet of the
field lines through the two rockets reached
up to 100 km. The data set was particularly
valuable for studies of the fine structure
and dynamics of auroral phenomena in gene-
ral and the Harang discontinuity in parti-
cular (Réf. 6).

4.THE E-FIELD CHARACTERISTIC IN RELATION TO
OPTICAL AURORA, PARTICLE PRECIPITATION
AND MAGNETIC DISTURBANCES

The AH variations recorded near launch
show negative bays at each station north of
Lycksâle (Fig. 3). The bay reached maximum
- 130 nT at the Range. The magnetometer
traces at Troms0 and Anduya returned to
small positive values and then decreased
again (cf. Fig. 3) .

MAGNETIC RECORDINGS
27 NOVEMBER 1976

Fig. 3: Horizontal geomagnetic disturbances
at the Range and at thres other local
stations vs UT and flight time. The loca-
tions of these magnetic observatories are
plotted on the map as functions of geogra-
phic and geomagnetic coordinates.
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The most pronounced auroral forms at seven
instances after launch - as seen by the
Andoya all-sky camera - are mapped in Fig.
4. The locations of the rockets relative to
the aurora are also plotted, together with
the instantaneous magnitude and direction
of the ionospheric electric fields. Based
on the electric fields observed on both
rockets, the flight has been divided into
three intervals (cf. Fig. 5). The charac-
teristics of these intervals are presented
in the following subsections.

4.1. Stage I summary

Initially, the E-field on F-38 was basical-
ly southward, while a southwestward field
was observed on F-39. On both rockets the
maximum amplitudes are approximately 20 mV
m-'. The field decreased and near 143 s
into the flight its direction reversed to
northward. This reversal was observed on
both rockets within 1 s of each other when
the projected positions of the two payloads
were 25-30 km apart. The east-west compo-
nent at both rockets was small « 3 mV nr
1). There was no dramatic change in parti-
cle characteristics coincident with the
electric field reversal at 143 s.

From 145 to 180 s the northward E-field on
F-38 and F-39 increased to roughly 20 mV nr
1 , a value first reached at F-39, the
rocket furthest to the north. Thus, the
ionospheric electric field was similar both
in magnitude and direction on both pay-
loads, which were then horizontally separa-
ted by 40 km (at 180 s). The electron
precipitation prior to 180 s was character-
ized by very variable fluxes (over scale
size of less than 10 km), particularly for
energies below 1 keV.

The net field-aligned current (integrated
over both up- and downward fluxes) is shown
for both suprathermal (6 eV < £ < 450 eV)
and energetic (450 eV < E < 25 keV) elec-
trons in Fig. 6.

Currents are only shown for altitudes
greater than 200 km, where effects such as
absorption and horizontal currents are
negligible. The current density reflects
the burst-like nature of the precipitation.
The total magnitudes of the field aligned
currents of between 1 and 15 uA nrz are
typical (Réf. 20).
Note that currents carried by the thermal
plasma are not included.

4.2. Stage II summary

The F-39 rocket penetrated an auroral band
and then 25 s later observed the electric
field to reverse from northward to south-
ward. The electron spectra within the band
revealed an inverted V structure which
reached a peak simultaneously with a brigh-
tening of the aurora. F-38, not reaching
the band, encountered only extremely weak
precipitation and an approximately northw-
ard field.

Fig. 4: The locations of the auroral forms
at 7 instances during the flight, as scaled
from the And0ya all-sky photographs, are
plotted vs. geographic coordinates. The
lower auroral border was assumed to be at
110 km, and the shaded areas indicate the
horizontal direction in which the aurora
extends. The rocket locations together with
the magnitude and direction of the electric
fields for the corresponding times are also
plotted. The auroral form observed by the
DMSP satellite before the flight has been
included on the plots for 130 s, as the two
open loops tracing the edges of the forms.

4.3. Stage III summary

Stage III covers the period in which the
horizontal magnetic disturbance on the
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F-3» HARANG TOMAHAWK
NOV. 27, 1976
20 51 41 UT

sug«2

SlogtUX

120 160 200 240 280 320 360

120 ISO 200 2*0 ' 260 ' 320 ' 360 «00 «40 4BO ' 520 ' "S6Ô"~~6»1ÎÔ

Fig. 5: The north-south and the east-west
components of the ionospheric electric
field on the two rockets are shown as a
function of flight time.

ground became negative again while the
overall auroral activity in general was
less intense (Figs. 3 and 4). F-38 entered
the auroral band, which was fading, and
observed a gradual reversal of the electric
field from northward to south-ward. F-39
remained close to the poleward boundary of
the band. Near the end of both flights, the
electric field was similar both in magnit-
ude and direction to that observed close to
the start of the flights.

5. SUMMARY

Simultaneous, in situ measurements of
electric fields and particles were made
from two rockets launched simultaneously
during a small, isolated substorm. Two
boundaries were encountered. The electric
field reversed direction twice during the
flights. Combined with multistation ground-
based observations of magnetic disturbances
and aurora, they provided a means of study-
ing the fine structure and dynamics of the
Harang discontinuity. For more details, cf.
Egeland et al. (Réf. 61.

The first reversal was detected simulta-
neously at both rockets, which were 30 km
apart at that time. The total E-field went
to a small value at this reversal, rather
than rotating as in the classic discontinu-
ity. The Birkeland currents are upward as
expected near the discontinuity. The subse-

Fig. 6: The field-aligned current density
for electrons 6.4 to 450 eV and 450 eV to
25 keV on F-38 vs, flight time. Notice that
the field-aligned current is mainly direc-
ted upward.

quent period of northward field was associ-
ated with a region of weak electron precip-
itation. The second reversal, back to
southward, was detected in the same positi-
on, relative to an intense band of preci-
pitation by both rockets.

Even with coordinated rockets combined with
multi-station ground-based observations, it
is impossible to resolve the ambiguity
between temporal and spatial variations.
The measurements were interpreted in two
ways. The first scenario interprets the
first reversal as a temporal change in
which the activity declined and the elect-
ric field became small over a region in-
cluding both rockets. The Harang discontin-
uity then re-established itself in the
auroral band to the north. The second
scenario makes both reversals spatial in
character, though moving. The second rever-
sal is then assumed to have been located in
the band throughout the event. This leads
to a three-cell convection pattern, possi-
bly involving eddy in the flow. We cannot
distinguish between these alternatives from
the data, though I prefer the former.

6. THE ELECTRODYNAMICS OF THE DAYSIDE
CUSP/CLEFT AURORA

The cusp/cleft i^ a unique region for
studying the iihysics of the ionospheric/ma-
gnetospheric boundary layers and their
coupling to the solar wind. This region is
more dynamic than the nightside oval. The
continuous ground observations give the
time history and combined with satellite
snapshots, the electrodynamics can be
studied in great details Réf. 16).

When using optical auroral data as the main
parameter, it is essential to be aware of
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the different plasma sources according to
spectral properties, location and dynamical
characteristics. This is illustrated by the
photometer traces of the red and green
oxygen lines in Fig. 7 and summarized in

JAN. 23,1965

SWLBA8D PHOTOMETERS

r "° muum j

I • 'V • /.,,,.J....̂  ; v^

06.11.91

OS.15.1«

H 40 O 40 *

IENITH «HOLE

Fig. 7: North-south meridian scanning
photometer traces of red and green oxygen
lines in dayside high-latitude auroras.
Notice the cusp-like auroral signature
south of zenith, dominated by the red line.
A different spectral composition is obser-
ved around or slightly north of zenith, as
well as near the southern horizon.

Table I (Réf. 13). Notice the cusp-like
auroral signature south of zenith, with a
different spectral composition [I(630)/(55-
7,7) " 1] near zenith as well as in the
southern horizon. The discrete aurora on
the poleward side occurred during a short

interval with IMF Be > O within a longer
period with negative Bz. The simultaneous
DMSP F7 pass, recorded soft (Eav " 100 eV)
between 73-75° K consistent with the red
dominated broad arc in Fig. 7. More energe-
tic electrons (" 1 HeV) were observed near
76° h, corresponding to the discrete aurora
at zenith. Plasmasheet-like particles (1-10
keV) were recorded south of 73° à, consist-
ent with the enhanced green line intensity
(cf. also Table I).

Cusp-like precipitation was seen between 68
and 70» ,>>. The IMF amplification at 0745 UT
was followed by a strong intensification of
the aurora.

The poleward expansion started " 15 min
after Bz went positive. Notice that the
longlasting, poleward boundary expanded
significantly more than the equatorward
boundary, i.e. a wider cusp region during
Bj > O. Cusp-like electrons were observed
between 70 and- 76" ,'. at 0905 UT. The pole-
ward boundary of the cleft arc shows a
stronger response of IMF 82 than the equa-
torward boundary.

The transition to due northward IMF orien-
tation at 0930 UT caused a significant
reduced auroral intensity, and a narrow

auroral belt close to 80° /•..

Based on this and similar events, it can be
concluded that the width, the location and
movements of the dayside oval are very
sensitive to the solar wind and IMF varia-
tions (cf. also Refs. 14 and 15).

6.2. Smaller-scale dynamics

Auroral structures with dimensions less
than a few hundred km in events lasting
less than 10-15 min. were presented at the
8th ESA Symposium in 1987 (cf. Sandholt and
Egeland, Réf. 14). The reader is referred
to this paper for a review.

Cate- Spectral ratio;
gory 630.0nm/557.7nm

1 < 1

2 » 2*

3 > 1

4 < 1

Latitudinal
location

poleward of
cusp

cusp

equatorward
of cusp

equatorward
of cleft

Typical energy
of precipitating
electrons

- 1 keV

< 200 eV*

0.2-1 keV

1 - 1 0 keV

Plasma
source

polar cap/
plasma mantle

polar cusp/
magnetosheath

LLBL

Dayside ex-
tention of
plasmawheath

Also transient discrete forms with higher green line intensities (R
and electron energies.

< 2)
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Fig. 8: Relationship between the interpla-
netary magnetic field (IMF) (left three
panels) and the midday polar cusp aurora
above Svalbard. Intensity vs zenith angle
and time is shown in the middle panel, as
well as the geomagnetic disturbance field
recorded at three Svalbard stations (right
three panels). The data recorded on the
ground have been shifted by 15 min relative
to the IMF trace, in order to take into ac-
count the time delay between the IMF signal
detected by the satellite (ISEE-2) in the
solar wind and the geophysical response
observed on the ground. Arrows in the time-
scale to the right mark two successive DMSP
F-7 passes above the cusp aurora. The first
pass occurred 1 hr to the west of Svalbard
and the second one along the east-coast of
Greenland.

Fig. 9: Electron precipitation measurements
during two successive passes of DMSP F-7
between Svalbard and Greenland on January
4, 1984. The polar cusp, marked by vertical
full lines, is characterized by enhanced
flux (J) (exceeding " 10° el .cm-2 s-' sr-' )
and decreased average energy ((tAi) (bdlow

200 eV). Compare the opticaldata in
Figgure 6)

The up-to-date cnaracteristics are listed
in Table II

6.1. Larg-i-scale dynamics

According to present merging/reconnection
theories of solar-terrestrial coupling, the
latitudinal location and movement of the
polar cusp/cleft is the net result of
dayside merging and nightside reconnection;
i.e. the whole magnetospheric convection
cycle is involved (cf. e.g. Réf. 3). When
dayside merging dominates, the cusp/cleft
is displaced equatorward, associated with
the net transport of magnetic flux towards
the nightside. If nightside reconnection
dominates, the cusp moves poleward, ac-
cording to the flux transfer concept (Réf.
8) .

The relation between the location and width
of the cusp/cleft aurora and the IMF will
be illustrated by the one event plotted in
Fig. 8. The two arrows - to the right-
mark two successive DMSP F-7 passes. The
first occurred 1 hr to the west of our
station, while the second one was along the
east-cost of Greenland. The response to an
IMF transition from a large negative to a
large positive B^ value is illustrated in
Fig. 9. During the negative Bz (before 03
UT) , the aurora was located near 70° ;..

TABLE II. Cusp/cleft auroral structures

Characteristics

1. 1-5" poleward motion across
the cusp/cleft

2. Longitudinal motion related
to IMF Bv

3. Latitudinal width: Ls "
50-100 km

4. Longitudinal extension:
L» » Lx

5. Lifetime: " 3-10 min.

6. Series of events - recurr-
ence time: " 3-15 min.

7. Occurrence: IMF Bz < O

8. Northward E-field (IMF By >
O) : ' 100-300 mV/m.

9. Electron acceleration:
_V ' 0.1-1,5 keV

10. iH on the ground; single,
monopolar deflection (if ŷ
> 1 keV)
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WVSlOE HSiUM. 1

f-

Fig. 1OA: North-south meridian scanning
photometer traces at wavelengths 630.0 and
5S7.7 nm between 0810 and 0824 UT on Nov.
24, 1987. Zenith corresponds to 75.4" f-..
Local noon is at 0830 UT. Calibration
scales are given in the upper left and
right corners. Periods characterized by a
midday minimum (also called midday gap) of
the green line emission, as well as breakup
of discrete forms, are indicated.

6.3. The midday auroral breakups

Of particular interest is the intermittent
auroral intensifications called midday
auroral breakups (Réf. 17). They are cha-
racterized by sudden brightening near the
equatorward boundary of the pre-existing
diffuse cusp or cleft arc, followed by
poleward motion into the cap region as well
as a strong longitudinal component of
motion of the activated, discrete forms.
Fast-moving rays along these forms are
often observed. The events occur rather
regularly when the cusp arc is located
south of 75° A., i.e. during Bz < O inter-
vals. A whole spectrum of cases with re-
spect to optical intensities, spatial
scales, and time of duration are observed.
In the most spectacular cases spectral
ratios 1630.0 nm/I557.7 nm down to "0.2
and green line intensities " 10 kR are
measured at midday (cf. Fig. 1OA). A typi-
cal dynamical evolution of the discrete
forms is indicated in Fig. 1OB. The magne-
tic effect on the ground is shown in Fig.
1OC. (Refs. 9, 12, and 17) have investiga-
ted the associated optical and ground
magnetic signatures. The principal magnetic
deflection was found to be consistent with
filamentary Hall current associated with
the auroral form. Both the local N-S elec-
tric field and the energy of the precipita-
ting electrons are of primary importance
for the formation of the short-lived E-W
electrojet that produces the magnetic
impulses on the ground.

rayed, elongated arc-fragrent (Ihm sheet) in south-east
rayed band (vortex): westward noving rays
rayed arc fragment m north-west
di f fuse cusp arc; no discrete aurora (same as for KIu)

- IB:-10 mm.

Fig. 1OB: Schematic drawing of the main
features of the all-sky picture sequence
obtained during the active auroral event
shown in Fig. 17A. Five representative
times (to-ti) are shown. The dashed curve
marks the location of the persistent cusp
arc.
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Fig. 1OC: Z, D, and H-component deflections
at Ny Alesund for a time interval including
two auroral breakup events. The second
event is that corresponding to the optical
data in Figs. A and B.

When the cusp aurora at magnetic noon is
located south of, or near, 75° /., i.e.
during IMF Bz < O intervals, series of dis-
crete auroral breakups occur. Each indivi-
dual event is followed by poleward, and
west- or eastward auroral motion into the
polar cap. The auroral phenomenon is then
associated with magnetic deflections on the
ground ( &H " 50-100 nT in Mie winter hemi-
sphere), due to filamentary Hall current.
Large northward E-fields (2-300 mV/ro) are
consistent with the large westward auroral
velocities (" 5 km/s), moderate Hall cur-
rents and substantial Joule heating rates
are estimated during these events. A heig-
ht-integrated Hall conductivity IH "0.3
mho gives " 1-1O" a total Hall current
within a latitudinal zone of 100 km. The
northward ionospheric Pedersen current,
associated with the northward electric
field with the discrete auroral structures,
is connected with pairs of Birkeland cur-
rent sheets (Réf. 14)).
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The results presented here indicate the
important roles of transient magnetic
reconnection together with the transfer of
magnetic flux, momentum, and energy between
the solar wind and the polar cusp/cleft. To
establish the plasma dynamics/acceleration
mechanisms related to the present auroral
and magnetic observations (cf. Tables 1 &
ID) further measurements are needed. A
better statistics on the relationships with
the interplanetary magnetic field is also
required. Future models of plasma dynamics
in the dayside magnetopause boundary layers
connected to the flux tubes in the cusp/-
cleft should, however, be consistent with
these observations.

7. SUMMARY AND CONCLUSIONS

Clear responses are observed in the polar
cusp and cleft auroras during intervals of
IMF north-south transitions. A linear
relationship between the latitude of the
cusp equatorward boundary and IMF Bz has
been established. The poleward boundary of
the cusp/cleft arc shows a much stronger
response than the equatorward boundary. As
a consequence, the cusp/cleft is often
broader during B^ > O periods compared to
B^ < O conditions.
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SOME REMARKS ON THE WORKING PRINCIPLE OF ROCKET BORNE NOSE TIP DC PROBES IN THE
D-REGION OF THE IONOSPHERE.

H.U. Widdel

Max-Planck-Institut fur Aeronomie, D-3411 Katlenburg-Lindau, FRG

ABSTRACT

Standard practice to convert currents measured by rocket-borne
DC probes in the middle atmosphere into ambient plasma den-
sities is to derive conversion or calibrating factors from indepen-
dent electron density measurements because a theoretical treat-
ment of this problem which fully satisfies is still to be found.
Empirically it has turned out that the cor version factors derived
for positive ion currents are much more stable than those ob-
tained for electron current. This problem was investigated using
results obtained by DC probes which had a well-confined collec-
tion geometry and were flown at 370N during Autumn, Winter,
Spring and Summer. It turned out that such probes work as mo-
bility probes and that the electron currents is controlled by the
mass of the positive ions and the temperature of the electrons
which are at thermal equilibrium at heights below about 90 km
at middle latitudes. It was further found that, due to a pecular-
ity in the design these probes responded to vertical electric fields
too.

Keywords: DC probes, mobility, middle atmosphere, D-region,
temperature, electric fields.

1. INTRODUCTION

DC probes ("Langmuir probes") flown on sounding rockets to
measure the fine structure of the plasma density in the iono-
sphere were used by many authors, but the problem how to con-
vert currents into ambient electron and ion densities at heights
below about 90 km is still not yet settled satisfactorily and the
accepted practice is to derive conversion or calibration factors by
comparison with the results of wave propagation experiments or
to use such probes in applications where this conversion is not
needed.

Empirically it has turned out that the conversion factors for pos-
itive ion currents were much less variable and much more stable
than those derived for electron currents which vary strongly and
in this respect the probe used here was no exception, but the lit-
erature seems to be remarkably silent on this question. Though
no full solution of this problem is offered in this paper, the ex-
perimental results presented here suggest that such probes work
as mobility probes at heights below 90 km and that the discrep-
ancy in the behaviour of the calibration factors for electrons and
positive ions is caused by a combined ion composition and tem-
perature effect.

2. THEPROBE
Following the concept that the Debye length is a measure for the
distance at which the electric field lines of a probe end in the

90-i
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! 86 -
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80-"

DEBYE
L E N G T H X0

MAY/JUNE '—V"
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(.50N I

1
2

X./CM

Figure 1. Mean free path (calculated from modd atmosphere)
and Debye lengths obtained for actually measured elec-
tron density profiles. Bars mark variation in electron
density. The Debye length is larger than the mean free
path length up to about 88 km.

plasma it turns out as Fig. 1 shows that the mean free path
of the air molecules is shorter than the Debye length at heights
below 90 km and this rules out that a DC probe can be forced
to work as a true Langmuir probe by making it physically very
small and that the mobility concept has to be applied.

The mobility concept calls for a physically large probe in order
to draw a decent current from the environment at small electric
fields and small electric fields (better: low ratios between electric
field strength and ambient pressure) are required to remain in the
domain of the low field approximation of mobility theory which
yields proportionallity between draw potential and probe current.
Further, a mobility probe should have a well-defined volume from
which the current is drawn. Experiences collected during the
development of a mobility probe (Réf. 1) have further shown
that the surfaces of the probe must always remain conductive
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(for this reason aluminium is the worst choice of material for
a probe one can take) and insulators should be recessed not to
be exposed to the airstream because charges which collect on
them are not always removed when the draw potential is changed
(Matter effect) and the electric field of such parasitic charges
cause offsets in the current/voltage characteristics and change
them in an unpredictable manner.

Shape and size of the probe is shown in Fig. 2a and Fig. 2b
shows the collection volume geometry. The collection volume is
a coaxial conical cylinder with a spherical cap on it. The outer
electrode is physically invisible and permeable, its distance from
the center electrode is controlled by the Debye length, the airflow
is in essence parallel to the probe walls and the rear end of the
collection volume is defined by the guard section of the probe
which is kept at the same potential as the nose tip from which
the current measurement is taken.

The draw potential was a linear sweep between ± 3 Volts with a
repetition rate of 20 sweeps per second and Fig. 3 shows how the
current/voltage characteristics changed with height. Around 60
km where positive and negative ions dominate over electrons the
current/voltage characteristics are linear between + 3 Volts and
-3 Volts (Fig. 3a)and because the mobilities of positive and nega-
tive ions are almost equal and by this far outside of the resolution
power of the instrument the two species cannot be distinguished
from each other. At slightly greater heights where electrons and
negative ions exist the positive ion current remains linear but
that for the negative carriers becomes bent in the sense that the
current increases with increasing draw potential (Fig. 3b). Obvi-
ously the negative ions are collected first and then the electrons,
but a quantitative interpretation of those "scimitars" remains
difficult. Then, often over a surprisingly small height interval of
order 100-200 m the negative ions disappear ?,nd the electrons

UNDISTURBED
PLASMA

f (Xn)

Figure 2. Probe design. Left: Mechanical dimensions (in millimeter) rightlcollection volume of the probe. The guard section
together with the "end of field lines" defines the collection volume of the probe which is a conical cylinder with a
transmissive outer electrode and has a semispherical cap. Air flow is parallel to the probe's surfaces.

z < 6 0 k m

DRAW POTENTIAL

Figure 3. Change of current/
voltage characteristics
of the probe vs. height.
Left: Schematic, right:
actual record on 35 mm
film. A channel which
alternatively records on
a different sensitivity
was taken out in or-
der to obtain a better
reading.
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as the sole carriers of negative charges cause a sharp increase
in slope of the current when the draw potential gets zero and
becomes positive in respect to the rocket's body. Up to about
2.5 V the current/voltage characteristic remains linear and then
decreases slightly with increasing draw potential, the deviation
from linearity at maximum draw potential was of order ten per-
cent. Offsets between the zero crossing of the draw potential and
the increase in slope of the current/voltage characteristics were in
most cases beyond the resolution of the record and, when present
as transient effects at lower altitudes, did not exceed 0.2 ••• 0.5
Volt.

Most of those probes, all of identical design, were flown at 370N
latitude (El Arenosillo, Spain) on Skua II rockets and a few at
White Sands, New Mexico (360N) on Sidewinder Areas vehicles.
At such low latitudes one can assume that thermal equilibrium
between electrons, ions and neutrals exists at heights below 90
km because Auroras etc. are very rare events there. An exam-
ple what can be seen with this probe is given in Fig. 4a which
shows the results obtained on a flight at sunrise in the D-region
of the ionosphere. Below 60 km just positive and negative ions
are present and because they could not be distinguished from
each other the total probe current is shown. Then the electrons
appear but between about 83 and 88 km negative ions reappear
and again the total current is plotted. The re-appearance of neg-
ative ions is explained by a limb shadow effect caused by a thin
layer at some lower altitude and this effect was never observed
during daytime as Fig. 4b shows as an example.

about two orders of magnitude smaller than would be
if the probe would work as a true Langmuir probe. The current
ratios vary with height and season and were largest when the
conditions in the D-region were winter-anomalous. For winter
anomaly conditions it is is known that the neutral air tempera-
ture is rather high around 82-86 km.

The current ratios vary between about 2.5 and 6"-11 and seem
to mirror the seasonal variation of air temperature, but some
ledges are seen in the profiles of probe current ratios which need
explanation.

4. EMPIRICALLY DERIVED RELATION BETWEEN
PROBE CURRENT RATIO, AIR TEMPERATURE
AND ION MASS.

Assuming that the momentum picked up by the charged parti-
cles in the electric field of the probe has to be shared also with
the neutrals the ratio between the drift velocities which equals
that of the currents should be proportional to ^^ but the colli-
son process between ions and electrons is Coulomb collision and
the Coulomb collision cross section depends strongly upon the

velocity of the electrons and by this upon temperature while the
collision between electrons and neutrals is negligible. By this,
the current ratio should be described by

... „/zt = K . T"1**

ID'6

WHITE SANOS
FLIGHT MSAC2L7503
02 OCT.1975
1500 LT

to-9

/—LIMB
t 3 ° * ——SHADOW

f ARENOSILLO
FLIGHT MSCL 7608
05.MAV1976ATOTAU O*M««

• CURRENT W43UT

Js
A

SUNRISE IN THE D-REQION

Figure 4. Samples for probe current measurements. Left: Daytime measurement. For lower altitudes where positive and
negative ions could not be distinguished from each other the total current was plotted. Right: Currents measured
during sunrise in the D-region of the ionosphere. The re-appearance of negative ions between about 83 and 88
km (two layers) is caused by a limb shadow effect and the heights correspond almost exactly to the ones at which
Narcisi has seen negative ions in mass spectrometer measurements.

3. SEASONAL VARIATION OF THE PROBE
CURRENT RATIO

As was mentioned already in the introduction, this probe did not
behave different than other nose tip probes when probe current
conversion factors were derived to obtain ambient electron den-
sities and because the current/voltage characteristics showed no
sign of a bias which might have caused this effect the ratio be-
tween the electron and the ion current was investigated in order
to get a hint on reason and cause of this curious effect. The result
is shown in Fig. 5 and it turns out that the current ratio is by

with K and n to be determined.

A check on this was possible because a few measurements of
neutral air temperature were available from independent in-situ
experiments carried out close in time to the launch of the DC
guardring probe. The approach ie/ii = A.T" was used which is
common to determine empirically the temperature dependence of
ion mobilities from measured data and A and n were determined
by least-square fit. This analysis was confined to heights above
84-85 km where, as the results of mass spectrometer measure-
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ments suggest, simple positive ions like Oj or NO+ are by far
the dominant ones.

The result of this attempt is shown in Fig. 6 and it turns out that
n came very close (1.2% smaller than) to 5/2 and A was only 5%
smaller than what would be expected when A = me/2mi with
Oj" as the positive ion and K turned out be « 1.

SPRING AUTUMN

Figure 6. Empirical calibration of probe current ratio against
neutral air temperature.

NORMAL WINTER DAY

PODBE CURO[NT RATIO ' * > >

WINTER ANOMALOUS DAY

06 JANUABr 1976

I
•* so

PROSE CURRCM RATIO

Figure 5. Probe current ratios obtained in different seasons. Note
peaks and ledges.

5. RESULTS OF APPLICATION

This empirical relation was applied to flights for which no tem-
perature measurements were available to see if one can interprète
the current ratios in terms of ambient air temperature. This in-
terpretation assumes, as was said befor,e thermal equilibrium
between electrons, neutrals and positive ions and the result is
shown in Fig. 7. First, the relation was applied to winter anom-
aly of which is known that the temperature is higher than that
listed in Standard Atmospheres like Cira 72 or in that of (Réf.
2), which is more detailed than CIRA 7S and the temperatures

so obtained are well within the limits of what was measured on
such days. The next application was on current ratios obtained
on a normal winter day. A normal winter day is defined as a day
on which the radio wave absorption corresponds to what is ex-
pected from the Sun's zenith angle. Such days can be identified
by using a parameter which takes out the seasonal variation of
the Sun's zenith angle (Réf. 3). For such days one can expect
that the air temperature corresponds in essence to that listed in
Standard Atmospheres (in this case, the Cole and Kantor atmos-
phere was used as a reference) and in turned out that there was
a reasonable agreement between derived temperatures and those
listed in the Cole and Kantor atmosphere between about 83 and
89 km but the temperatures around 90 km were far too high and
those below 83 km were too low. Tentatively the mass number
of positive ions were changed and insertion of mass number 24
(magnesium) brought back the large spike seen at 90 km close
to the C'ole and Kantor temperatures. (Mass spectrometer mea-
surements have shown that magnesium can be occasionally the

dominant positive ion at that height.) Below 83 km in which clus-
ter ions dominate a correction with relevant cluster ion masses
was attempted and the ledges disappear when mass numbers are
inserted which are known to be dominant there as mass spec-
trometer measurements tell. It should be mentioned in passing
that these corrections are quite sensitive. Only mass numbers
which are known to exist at the relevant heights give a fit, ar-
bitrarily chosen ones give no fit at all. In the next sample (Fig.
7c) the same procedure was applied to a spring/early summer
flight. It is known that cluster ions extend to greater heights
in summer and the best Mt is obtained for the mean between
the May and June temperatures of the Cole and Kantor atmos-
phere. Eventually in the last sample the result obtained for a
flight launched in October is shown. This flight was accidently
launched into an SID event which caused a black-out in the ra-
dio wave absorption measurement circuit. As might be expected
cluster ion corrections had to be applied below 84 km, and the
derived temperatures were not too far away from those given by
the Cole and Kantor atmosphere.

6. RESPONSE TO ELECTRIC FIELDS

Quite unexpectedly this probe responded to electric fields too and
the clearest case was seen at the end phase of the flight when the
payload which was separated at apogee from the rocket descended
head-on at subsonic speed and splashed into the sea. When the
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Figure 7. Conversion of current ratios into neutral air temper-
atures.m Below 85 km, cluster ion mass corrections
have to applied in order to get the derived tempera-
tures into the vicinity of the model temperatures. No
such corrections were applied to winter anomaly days.

END PHASE OF FLIGHT

ZERO LINE OF CURRENT

Z ~ 5 k m

Figure 8. End phase of flight. Left: response of the probe to
electric fair weather field over the sea: The probe re-
sponds to the field with a constant current for one po-
larity which increases with decreasing height and with
a sharp "spike" when the polarity of the draw poten-
tial is reversed. Right: Explanation. A) Draw poten-
tial vs. time. B) current response to be expected when
the displacement compensation gets out of balance. C)
Observation. D) Explanation: When the probe col-
bets a charge, (this charge is symbolized by a battery
with a high internal resistance) the effective capacity
of the probe appears to be reduced and consequently
only a smaller displacement current can flow while
the compensation capacitor delivers the compensation
current to which it was set, and the current meter am-
plifiers the difference. When the polarity is reversed
the "battery" is immediately shortened and the short
circuit current is seen as a sharp and transient "spike"
ID: Displacement current, i/t-: Compensation current.

ENTRY INTO
RADIO SHADOW

OR SPLASH
INTO SEA

2-3 DECADES
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payload had reached a certain height above the sea (estimates
vary between 1 and 3 km, there was no radar tracking) a con-
stant positive current was seen which increased with decreasing
height as is shown schematically in Fig. 8 and on reversed po-
larity a sharp spike appeared before the current settled to zero.
This response was caused by a pecularity in the design of the
current meter. At a sweep repetition rate of 20 Hz as was used
on this probe one has to care about displacement currents which
were of order of some 10"9A which was the most sensitive range
the current amplifier (a FET op. amplifier) was set to and it was
decided to use a compensation circuit which delivered a current
of opposite sign to cancel the displacement current. (Simplified
diagram Fig. 8, bottom right). This works well when the ca-
pacitor formed by the nose tip and the payload body carries no
charges. If there is a charge on the nose tip, which is equivalent to
a battery with a large resistor in series across the probe capacity,
the effective probe capacity appears to be reduced and less dis-
placement current is drawn. The compensation circuit however,
separated from the outside world, still delivers the compensating
curent to which it was set to and the current amplifier amplifies
the difference. When the polarity reverses, the battery is just
short -circuit and the short-circuited current is seen as a sharp,
transient spike. Observations of this kind were not confined to
the downleg but were made on the upleg too and, in retrospect
interpreted as vertical electric fields, fairly large field strengths
were seen occasionally in the upper stratosphere but were not
recognized as such.

7. SUMMARY

The results presented here show that one can distinguish with DC
probes between positive ions, negative ions and electrons and that
such probes work as mobility probes. The variation of the ratio
between electron and ion current with height and season was ex-
plained empirically as a combined ion composition/temperature
effect based upon the mobility concept which has not yet treated
theoretically.
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ABSTRACT

Within the German-Japanese cooperation COREX a
novel resonance cone (r.c.) instrument was de-
veloped, which measures electron density Ne,
temperature Te, and non-thermal plasma properties.
COREX was launched on Jan-25, 1989, ll:00h JST
aboard the K-9M-81 rocket from Kagoshima Space
Center, Japan. Results for Ne and Te profiles are
reported for the mid-latitude ionosphere. Non-
reciprocity effects that may be related to non-
Maxwellian distribution functions are discussed.
Non-thermal plasma properties could not be detected
in agreement with the absence of the typical
temperature anomaly around 90-120 km.

Keywords: plasma diagnostics, temperature anomaly,
resonance cone.

formed by the antenna and whose axis is aligned
with the magnetic field. The cone half-angle •S.ax
is sensitive to the plasma frequency and can
therefore be used as a measure for the electron
density. In a warm plasma the resonance cone shows
an internal structure (Fig. 1) due to the
interference of wavelets from the cold-plasma and
warm-plasma part of the dispersion surface. The
position flmi of the interference peak can be used
for determining electron temperature.

The radiation field of a point-like antenna has been
calculated within the kinetic theory of a hot plasma
using the electrostatic approximation (Réf. 5). From
these calculations a set of universal evaluation
charts for determining electron density and
temperature from two measured angles <9«x and
flint have been derived. The normalized quantities R
= r/'ri and QP = upe/uce are used, with r being the
distance of antenna and field point, n. =
(kBTe/me)"2/uce the electron thermal gyro-radius,
UP» the electron plasma frequency, and u» the
electron gyro-frequency.

1. INTRODUCTION

The electron temperature in the mid-latitude
ionosphere shows a winter-time anomaly at altitudes
of 100-120km (Réf. 1). T. values exceeding the
expected neutral gas temperature by factors of 2 -
3 have been reported. Since the anomaly is
correlated with the location of the focus of the Sq-
current system it was hypothesized that current
driven instabilities might be involved in the
electron heating mechanism. Measurements of the
electron distribution function (Réf. 2), which showed
high energy tails in addition to the temperature
increase, support this hypothesis. Probe
measurements, however, could not distinguish
isotropic (Bi-Maxwellian) distributions from
anisotropic (beam-plasma) distributions. Such a
decision can be made by the resonance cone
technique (Refs. 3-7).

1.1 The resonance cone technique

The radiation field of a small antenna in a
magnetized plasma, which is operated at a frequency
below electron gyro- and plasma frequency, is
resonantly enhanced for certain angles of wave
propagation. This lower oblique resonance Is located
on the surface of a double cone, whose apex is

Amplitude/dB

40°

Figure 1 Laboratory measurement of a resonance
cone in a thermal plasma

1.2 Non-thermal effects

In a plasma with a field-aligned motion of the
entire electron population the electrons experience a
doppler-shifted wave frequency. Therefore the two

PTOC. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(ESA SP-291, June 1989)
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Figure 2 Evaluation chart for obtaining the density
parameter QP and temperature parameter R from the
two measure angles Umax and -Jim

halves of the double cone become asymmetric: The
cone angle becomes wider upstream and narrower
downstream. It has been shown theoretically and in
laboratory experiments (Réf. 6) that the arithmetic
means Umax"" + flnax*01"1).^ and (•Smt'"' +
flln,do«n}/2 can still be used for determining Ne and
Te, whereas the asymmetry (^«a\u p - Umax11 "")
gives the drift velocity.

In beam-plasma situations (Réf. 6) the resonance
cone is mostly influenced by resonant particle
effects, which strongly alter the interference pattern
of the downstream halve of the double cone, whereas
the upstream halve is nearly unaffected. In such
cases, the upstream part of the cone serves for
determining Ne and Te in the usual manner. The
maximum energy can be determined from the
downstream interference spacing.

2. The COREX instrument

2.1 General

The application of the resonance cone technique to
the ionospheric plasma has been demonstrated earlier
by Gonfalone (Réf. 8), who used a transmitter on the
rocket tip and a receiver on a radial boom that
scans the radiation field utilizing the rocket spin. If
the angle CT between spin axis and magnetic field
direction deviates from 90° it is necessary to
recover the angle fl of wave propagation with
respect to the magnetic field from the spin phase »,
antenna angle o, and attitude CT according to the
formula:

cos fl = sin CT sin o cos » + cos CT cos a (1)

Therefore the accessible range of propagation angles
is limited to:

Moreover, for CT « 90° it is not possible to have
intersections with the upper halve of the resonance
cone.

2.2 Principle of operation

In order to measure both halves of the resonance
cone simultaneously we have chosen the following
novel approach. The three antennas used in the

Figure 3 The antenna arrangement and switching
scheme of the COREX instrument

COREX instrument can be operated as transmitter
and receiver (Fig. 3). Their role is rapidly (625 us)
interchanged according to the switching scheme
given in the inset. Different lengths have been
selected for the two radial booms in order to match
the attitude angle (T ,. which changes during the
flight because of the rocket's precession. The
antenna angles are 01= 28.7° and <n = 37.7°. The
attitude CT varied between 36° and 55° during the
flight.

The schematic of the instrument is shown in Fig. 4.
The transmitting antenna is sinusoidally excited at
600 kHz (0.7VPp). Part of the preamplifier and
antenna switch are integrated into the antenna
sphere, which has a diameter of 20 mm. The received
signal is bandpass filtered, amplified, and rectified
for subsequent 12 bit A/D conversion. Each data
word is completed with the actual antenna switch
position (2 bit).

2.3 Raw data

Typical sets of measurements for different altitude
regimes during the upleg of the rocket trajectory are
shown in Fig. 5 (a)-(d). The four interlaced
resonance cone traces are numbered RESl - RES-)
from bottom to top, the numbers correspond to the
switching scheme of Fig. 3. Data gaps are caused by
an interference from the impedance probe, which
slowly sweeps from 400 kHz to 11 MHz and crosses
the receiver's f i l ter bandwidth. The EMI during the
fast retrace of the sweep are not removed from the
curves.
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Figure 4
instrument.

Su-hématie diagram of the COREX

Resonance cones wi th thermal interference structures
similar to Fig. 1 are visible with comparable
amplitudes in all four channels of Fig. 5 (a).
Because of the different boom length the angles
»mai, and Vim are different for the sets RESl 2 and
RES 3 4.

RES3<MDi!l5< 128-256) C O B E X v I . B <
«x= 156

66.ZBZa
94.739k»

68 7BZa
95.8161«

61.29ZJ
96.88BlO

BESl/2Dol=(12B-Z56) CORK vl.8 (38-icp-BS)
«•»= Z18

6B.ZB2J
91.7391«

68.76Zj
95.BlBIa

61.ZBZa
96.BBBkIi

With increasing a l t i tude the electron temperature is
expected to rise. This tendency is apparent from the
increasing separation between V m a x and »im.
Because of the minimum accessible angle $ according
to eq. 2, the interference peaks tend to merge with
increasing a l t i tude . This effect becomes visible in
lower panel of Fig. û (c), which corresponds to the
shorter boom, and continues in the upper panel of
Fig. 5 (d) even for the longer boom. Moreover, the
lower panel of Fig. 5 (d) shows the merging of the
interference minima. We have calculated evaluation
charts similar to Fig. 2 based on main maximum
•imax and interference minimum flmm in order to
evaluate Xe and Te for altitude regimes, where the
interference maxima merge due to the unfavourable
rocket attitude. However, in the case of merging
minima, the methods fails.

Preliminary results for density and temperature were
already reported in Réf. 9. We have now refined the
evaluation by referring the phase angle readings to
the maximum of the horizontal magnetic field
component rather than taking half the distance of
corresponding peaks. This doubles the number of
data points and we can also look for systematic
shifts, which were averaged before.

There is a slight shift to the right of the upper
trace (RES 2,4) with respect to the corresponding
lower trace (RES 1/3), which turns out to be
systematic during the entire altitude regime. This
novel observation is summarized in Fig. 6.
Tentatively we attribute this effect to 'diffraction of
the rays in density gradients of the rocket
environment.

Figure ô(a) h = 96 km : r.c. traces from channels
RESl (bottom) to RES4 (top). R.c.'s with thermal
structures appear in all four channels.

BES3/<Do[=< 64-256) COREX vl.B OB-iap-SB)
•ax= 146

69.6BZs
IH. BtBk.

76.182s
115.921k»

78.6BZs
116.9461«

BESl/2Dn!=< 64-256) CODEX vl.B OB-iop-l
«>x= ZlB

T 1 1 1 1 1 T

yx-A

69.6BZa
IH. 8681.

7B.1B21
US. 921k.

71.6BZt
116.946k.

Fig. 5(b) h = 116 km : the separation of main
maximum and interference peak increases because of
the rising temperature.
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«ES3.MDol=< 32-256) C08KX ul.8 <38-iep-OD>
•ix= ZZB

73.692l
lZ3.585ta

71.3821
IZI.5381«

71.8BZJ
125.5551«

MSI/2lel=( 32-256) COREX vl.B (38-.Bp-BB)
•in; 161

73.882s
123.585k.

74.39Za
124.538k.

74.6821
125.555k.

Fig. 5<c) h = 124 km : due to unfavourable rocket
attitude the interference peaks begin to merge in
RES 1/2.

RES3/«ol=< 32-256) COBEX vl .B (38-iop-afl)
«•X= 212

79.682»
135.39<k.

88.6925
137.3B7ta

BESl/2DcI=( 32-256) COUEX vl.B (3B-IOp-BB)
•ax= 186

79.6121
135.391k.

St. IKl
136.4891«

SB.6»2l
137.387k.

Fig. 5(d) h = 136 km : with further increas ing
temperature the maxima merge in RL'S 3 4 whereas
even the minima merge in RES 1.'2.
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Figure 6 Apparent "right-shift" of the curve in the
upper panel (RES 2 '4 ) wi th respect to the lower
panel (RES 1 ;3) for the entire al t i tude regime h =
90-350 km.

3. RESULTS AND DISCUSSION

3.1 Electron derisit.s

The altitude profile of electron density is shown in
Fig. 7 in comparison with the results of the
impedance probe (Réf. 10). Only the larger of the
two angle readings in each r.c. was used, i.e.. thp
left peak in the lower and the right peak in the
upper panel , because the shift mentioned above has
a strongly asymmetric influence on the density
evaluation due to the approach of a resonance
condit ion. This effect becomes apparent from the
•9mas curves in Fig. 3. which : isj .mpti>tirally
approach a horizontal . Hence, for large QP a s l ight ly
larger angle reading leads to a tolerable decrease of
QP . but a smaller angle reading lets Op tond to
inf ini ty .

At the lowest alt i tude, close agreement w i t h the
impedance probe data is found. The r.c. data show a
similar , but s l i gh t ly larger density increase, and
finally a saturat ion close to the impedance probe
values. The expected aocurncy of HIP r.c. technique
is typical ly ±20°o at Ne = H)10Cm-3 arid decreases
to roughly a factor of two uncer ta inty at 1O11Cm"'.
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1010 1011

electron density
m- 3

Figure 7 Alt i tude profile of electron density.
Symbols: from RESl-4. solid line: from impedance
probe.

The saturation value of N"e at h = 120km is lower
than reported in Réf. 9, because the averaging of
the peak angles led to a systematic shift towards
larger \e, as discussed above.

3.2 Electron temperature

The - ectron temperature profile (Fig. 8 (a ,b)) is
evalu:!'."1 from the same data points that were used
for tr,^ density profile. For comparison the results
from the thermal electron detector (TEL) are shown.
TEL is based on a modulat ion technique at the
floating potential of a plane Langmuir probe (Réf.
11). In the upper al t i tude regime (Fig. 8 (b)) the
evaluation is based on the interference minima. Data
gaps are due to the merging min ima. Close agreement
is found wi th the TEL data.

In the lower a l t i tude regime, h = 100-115 km no
indication of an enhanced electron temperature is
observed. The values of 200 - 300 K are close to
the expected gas temperature (Réf. 1). The
apparently hot layer at h = 90-92 km is an artefact
from electron neutral coliisions. The interference
pattern is broadened by the collisions (Fig. 9). and
gives rise to a larger separation of main peak and
interference peak.

3.3 Nonthermal features
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Figure 8 Al t i tude profile of electron temperature.
Symbols give resonance cone results. For comparison
resul t s from thermal electron detector are indicated
by the solid line and scatter field resp.
(a) Lower panel; h = 90 - 120 km, (b) Upper panel:
h = 250 - 360 km (apogee).

In Réf. 9 the observation of three strong but very
localized non-reciprocity effects were reported.
Dur ing the evaluat ion of the upper a l t i t u d » regime,
several pronounced minima l ike those of Réf. 9 were
observed. However, the minima were scattered
randomly in the r.c. pattern. Their periodic
appearance once per second helped the Identif icat ion
as an EMI from the impedance probe: The minima
correspond to the ins tan t , when the impedance
probe's frequency equals the actual plasma
frequency.
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Figure 9 Calculated resonance cones with collisions.
R = 1 0 0 . Q = .5 , Qp = 1.

4. SUMMARY

The COREX r.e. instrument was successfully applied 6.
for measuring electron density and temperature in
the mid-latitude ionosphere. Satisfying agreement
with independent measurements of impedance probe
and thermal electron detector was found. However,
on the specific launch date no temperature anomaly
was detected by any of the instruments. There are 7.
indications, that the Sq-focus was not coincident
with the launching site on that day.

The simultaneous recording of four interlaced r.c.'s 8.
for the first time allowed the study of non-
reciprocities. The typical indications of plasma drift
or beam-like distortions were apparently absent. 9.
However, this non-detection is in agreement with
the absence of the temperature anomaly. A different
kind of non-reciprocity was discovered, which
appears as a right-left asymmetry of corresponding
channels. Tentatively this effect is related to 10.
density gradients, which refract the rays. This
effect still has to be clarified theoretically. 11.

During a companion experiment on the following day
the temperature anomaly was observed in connection
with enhanced plasma waves. It is therefore
suggested to repeat this coordinated r.c. experiment
for investigating the beam-plasma origin of the
anomalous heating at the heights between 100 and
120 km.

6. REFERENCES

Oyama KI, Hirao K, Banks PM & Wi l l i amson PR
1980, Is Te equal to Tn at the he igh t s of
100 to 120 km ? , Planet. Space ScL
28, 207

Oyama KI, Hirao K. Banks PM & Will iamson PR
1983, Nonthermal components of low energy
electrons in the ionospheric E and F region
J. Geomagn. Geoelectr. 35, 185

Fisher RK & Gould RW 1971, Resonance conus
in the field pattern of a radio frequency
probe in a warm anisotropic plasma.
Phys. Fluids 14. 857

Storey LRO & Thiel J 1978, Thermal and field
aligned drift effects near the lower oblique
resonance, Phys. Fluids 21. 2325

Pie! A & Oelerich G 1984, Experimental
study of kinetic effects on resonance cones.
Phys. Fluids 27, 273

Piel A., Oelerich G. & Thiemann H 1987.
Resonance cones in nonthermal plasmas:
laboratory experiments, Proc. 8th ESA Symp.
Europ. Rocket S Balloon Progr..
ESA SP-270, 143

Oelerich-Hill G & Pie! A. 1989,
Resonance cones in non-Maxwel l ian plasmas.
Phys. Fluids. Bl(2), 275

Gonfalone A 1974, Oblique resonances in the
ionosphere, Radio Sd. 9, 1159

Pie! A., Oyama KI, Thiemann H & Morioka A
1988, Resonance cone measurements of non-
thermal plasma properties in the mid-latitude
ionosphere. Adv. Space Sd. 8 (8)143

Morioka A 1988, private communication

Oyama K 1988, private communication

5. ACKNOWLEDGEMENT

Most of this work was done while one of the authors
(A.P.) was affiliated with the Institut fur
Experimentalphysik II, Ruhr-Universitât Bochum and
the Sonderforschungsbereieh 162 Plasmaphysik
Bochum-Julich. COREX was financially supported by
BMFT grant PA4-010M86080.



SESSION 5
VIKING-RELATED RESULTS

Chairman:
L. Eliasson



93

AURORAL PARTICLE ACCELERATION BY DC AND LOW FREQUENCY ELECTRIC FIELDS

L.P. Block and C.-G. Fàlthammar

Department of Plasma Physics, The Royal Institute of Technology,
S-10044 Stockholm.Sweden

ABSTRACT

Six independent methods to determine DC potential drops
along auroral magnetic field lines are described. Events
where more than one of these methods have been employed,
have recently been described in the littérature. The agree-
ment is generally quite good, indicating that DC accel-
eration plays a dominant role. The accelerated particles
are also heated by waves, induced by the same particles.
Strong evidence from S3-3 and Viking indicates that the
field aligned potential drops are made up of hundreds or
thousands of weak double layers. The average electric fields
are, therefore, much weaker than the fluctuating fields, as
seen on a satellite. Low frequency electric field spectra show
characteristic features that support these conclusions.

Key words: Aurora, Particle acceleration, DC Electric field,
Double layers, Waves.

1. INTRODUCTION

Experimental evidence, relevant to the auroral acceleration
mechanism has been accumulated by rockets and satellites
during almost three decades. Absolutely conclusive evi-
dence is, however, still lacking, although great progress has
been made recently, in particular by analysis of DE and
Viking data

Testing the assumption of potential drops, AV||, along the
magnetic field requires independent methods of observing
their consequences. Results of such tests are described in
section 3. Determining which mechanisms maintain the
corresponding electric fields, E^, requires accurate measure-
ments of electric fields and particle distributions. The per-
pendicular electric field, E±, should also be measured for
understanding of the structure of the equipotential surfaces,
if they exist.

2. METHODS TO MEASURE POTENTIAL DROPS

To date, six different methods to measure AV|| have been
employed. Figure 1 lists five methods that have proved to
be useful with satellite data. A sixth method is to measure
simultaneously E± at two different altitudes, e.g. with a

FIVE METHODS TO MEASURE A VIl

E
1) Widened Electron Loss Cone.

ONE satellite.

AV1, BELOW satellite.

OO 180

PITCH ANCiLF.

2) Upward Ion Beam Energy.

ONE satellite. AV,, BELOW satellite.

3) Downward Electron Beam Energy.

ONE satellite. AV( | ABOVE satellite.

4) Difference Between Downward Electron Beam
Energies At TWO Altitudes In Same Flux Tube.

TWO magnetically CONJUGATE satellites.

AV BETWEEN satellites.

c A V n = E - E11 i ii

5) Potential Drop
Along Satellite Orbit

ONE satellite
A V, BELOW satellite

Figure 1. Independent methods to determine AVj| from
satellite particle and electric field data.

rocket at high altitude and a radar at lower altitude in
the ionosphere. This is difficult or impossible to do with
a satellite, which passes too fast over an aurora. For a
detailed description of methods 1, 2, and 4, including error
sources, see Réf. 1. Method 4 is simply double use of
method 3. The fifth method was first used by Gurnett
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(Réf. 2). It is the most uncertain one, since it is difficult
to know where to begin the integration of Ej_, i.e. which
point on the orbit has the same potential as the ionosphere
on the field line whose AVj| we wish to determine. The
sixth method is described in Réf. 3.

3. MEASURED POTENTIAL DROPS

Reiff et al (Réf. 1) analyzed DE-I and -2 data with methods
1, 2, and 4. They found good agreement between all three
methods. Table 1 summarizes some results from Viking,
using methods 1 and 2. The agreement is quite good in
most cases. Even the largest discrepancies are within the
error bars. The one sigma errors for method 1 are about 10
percent for Viking, while method 2 has errors of the order
of 25 percent.

TABLE 1

Parallel potential drops calculated from electron loss cones,
, and from upward ion beams, AV .

Orbit Alt.(km)

266
343
343
1169
1169
1169
1169
1169
1169

8157
11788
11865
9192
9151
8496
8451
8410
8361

0.59
4.9
1.4
0.4
1.0
2.0
2.0
0.5
0.42

0.85
4.6
1.4
0.4
0.65
1.9
1.6
0.55
0.5

The accuracy of method 5 can be improved if methods 1
and/or 2 are used to determine A Vj| at two positions within
the same auroral arc. The difference should then equal AVj.
along the satellite orbit plus AVj. in the ionosphere. The
latter is usually small, due to high conductivity in arcs. The
method is illustrated in Figure 2, where the potential vari-
ation along a part of Viking orbit 343 is shown. The times
for the two AVj] from the same orbit in Table 1 are marked
with arrows. As seen in Table 1, the two AVj| differ by 3.5
kV or 3.2 kV, as estimated from the electrons (method 1)
and ions (method 2), respectively. The AVj. along the or-
bit is 3.0 kV. This fairly good agreement may of course be
a coincidence, but an extensive statistical study has been
started. Additional errors may occur, due to dynamic ef-
fects when the satellite is moving between the two points
of measurement.

Rinnert et al (Ref. 3) used a rocket and the EISCAT radar
to measure the potential drop, with method 6, between the
rocket at about 900 km altitude and a faint auroral arc.
The electric fields at the two altitudes agreed well with each
other, as long as the rocket was outside the magnetic flux
tube of the arc. As soon as the rocket entered the arc flux
tube, the fields began to differ significantly. The potential
drop above the middle of the arc was estimated to be about
450 volts.

4. DOUBLE LAYERS

The weak double layers earlier discovered by the S3-3 satel-

IUt 19 13 '» It '9-1B 79.21 'B. 23
HIT 1] JT 13:23 11:19 13-15 13:11

Figure 2. Potential variation (integrated 15j_) along Viking
orbit 343 over the dayside auroral oval at about 14.00 MLT.
AVJi was determined by methods 1 and 2 at the times indi-
cated by arrows within the large scale potential minimum,
shown in the upper panel (cf Table 1). The lower panel
shows an expanded view of part of the potential curve. AVx
between the two arrows is seen to be 3.0 kV, consistent with
the values of AV|| given in Table 1.

lite (Ref.4) have been studied in more detail by Viking (Ref.
5). The new results confirm the conclusions that such dou-
ble layers may account for a major part, or all, of the po-
tential drop, in good agreement with an early prediction
by Block (Ref 7). They also explain why the amplitudes of
the fluctuations in the 'parallel' electric field, E^, are much
larger than the average E\\, as observed on Viking (Ref. 6).
As shown in Ref 5, Figure 3, E\\ between the double lay-
ers and solitons is close to zero, and the distance between
them is large compared to the thickness of a layer. The
double layers are also observed to move upward along the
field lines with velocities of the order of 10-50 km/s.

5. LOW FREQUENCY FLUCTUATIONS

Figure 3 shows two power density spectra, one for E\\ and
another for EX > obtained simultaneously from Viking orbit
257. The corresponding electric and magnetic fields can be
seen in Figure 5 of Ref. 6, where the time resolution is
insufficient for observation of individual double layers. The
EX power density (PD) is two to three orders of magnitude
higher than the EU PD below 1-2 Hz. Above about 5 Hz the
difference is only a factor 5 or less. These characteristics
are typical of a majority of spectra in auroral acceleration
regions. The frequencies associated with double layers and
solitons should be ten to several hundred Hertz, since the
time between them is about 0.1 second, and their 'width' is
about 10 ms. If the fluctuations associated with the spec-
tra in Figure 3 are due to weak double layers, and if the
related equipotential surfaces look as those shown in Figure
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Figure 3. Power density spectra of the 'perpendicular', E±,
and 'parallel', E\\, electric fields, measured on Viking orbit
257 at 7750 km altitude over an auroral arc at 19.06 MLT
and 67.6 degrees invariant latitude.

1 of Ref 8, the PD of E± and E\\ should be about the same
above 5-10 Hz. The E± PD is, however, a few times higher.
The cause is probably a combination of enhanced packing
of the equipotential surfaces, and ion cyclotron and other
waves. The big difference in PD below one Hertz is a nat-
ural consequence of the fact that the potential drop along
the field lines is spread out over thousands of kilometers,
while the electrostatic shocks with very strong Ej. typically
have a width of 100 km or less.

6. CONCLUSIONS

In principle, both wave and DC electric fields can acceler-
ate charged particles. The results described in this paper
strongly suggest, if not prove, that DC electric fields play
a dominant role. No other mechanism is known, that can
accelerate electrons and ions in opposite directions to about
the same energy. The fact that the fluctuations have much
larger amplitude than the average DC field does not mean
that wave acceleration is more important. If AVj| is dis-
tributed in many weak double layers, the fluctuations must
have much larger amplitudes than the average. Further-
more, E\\ must fluctuate in both directions, up and down,
due to solitons and overshoots in the double layer poten-
tials (Refs. 4, 5), which have strong fields in both direc-

tions. Waves with higher frequencies, that appear as AC
for the particles, are found to cause heating. At least some
of these waves are driven by the already accelerated par-
ticles. Gustafsson et al (Ref 9) have found spectral peaks
below the local proton gyro frequency in Viking wave data.
They are related to shear Alfvén waves driven by downward
electron beams.
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OBSERVATIONS OF ELECTROSTATIC HYDROGEN CYCLOTRON
WAVES AND ELECTRIC FIELD FLUCTUATIONS

NEAR ONE Hz IN AURORAL ACCELERATION REGIONS
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ABSTRACT

Electrostatic hydrogen cyclotron waves and electric field fluctua-
tions below the oxygen gyrofrequency (a few Hz) are closely re-
lated to the acceleration of ions and are therefore of great im-
portance. The observations reported here are from Viking in the
altitude range 7000-13000 km of the electric field in two frequency
ranges, 0.2 - 2 Hz and /^ - 1.9 /cp. Wave data from seven orbits
passing through the mid-altitude acceleration region have been
studied in detail. A close correlation between the power in the
two frequency ranges was observed, in particular during ion conic
events, but also in ion beam events. The amount of power, the de-
tailed correlation, and the power ratio between the two frequency
ranges indicate the possibility that the low frequency fluctuations
may be a source of ion acceleration.

Keywords: Electrostatic hydiogen cyclotron wave, low frequency
electric fields, ion acceleration, ion beams, ion conies

1. INTRODUCTION

Our view of the composition of the Earth's magnetosphere has
undergone a fundamental change in the last 10 to 15 years. The
view of the magnetospheric plasma as being primarily of solar
wind origin has changed to a view where the plasma is largely of
ionospheric origin. Satellite observations of energetic ion compo-
sition have shown an outflow of energetic H+, O+, and sometimes
other ions from the ionosphere up to the magnetosphere, and also
that these ions are accelerated to energies in the keV range (for
review, see references 1 and 2). Acceleration processes operating
both parallel and transverse to the magnetic field are required to
explain the observations. The parallel acceleration is commonly
attributed to electrostatic acceleration in a potential drop (e.g.,
rsfs. 3, 4), while various wave processes have been inferred to
explain the transverse energisation (e.g. refs. 5, 6, 7, 8). It was
demonstrated by the S3-3 satellite, and first reported by Sharp
et al (réf. 5), that transverse acceleration of ions produces pitch
angle distributions known as conies. The conies are sometimes
elevated so that the ions with lowest energy are magnetic field
aligned, which indicates a possible combination of parallel and
perpendicular acceleration processes (e.g. refs. 9, 10, Ii).

The transverse acceleration of ions is a very common phenomenon,
which for instance was observed on almost every orbit on Viking.

Hence it is of great interest to study and explain this process. Sev-
eral mechanisms have been proposed, including electrostatic hy-
drogen cyclotron (EHC) waves (refs. 12, 13), narrow oblique po-
tential structures (réf. 14), lower hybrid waves (réf. 15), electro-
magnetic ion cyclotron resonance with left-hand polarised broad
band waves (réf. 16), and a magnetic moment pumping process
(réf. 17). None of the theories seem to be able to explain all
features of transverse ion energisation. For example, Peterson et
al (réf. 18) were unable to establish any event where there was
clear evidence for the ion energisation from plasma waves despite
a detailed study of a large amount of high resolution plasma data
from the Dynamics Explorer 1. On the other hand, there are not
sufficient observations to rule out any of the proposed processes.
It should be kept in mind that, when studying ion waves, both
ions and electrons must be considered as potential sources of free
energy as well as damping sinks for many of the wave modes (e.g.
ref 19).

Recently, it has been found from measurements on Viking (refs.
20,21) that ion beams and conies occur in regions with very strong
electric field turbulence in the frequency region below a few Hz,
i.e. below all characteristic frequencies of the plasma. The present
study has been carried out as a, first step towards establishing the
relative importance of these low frequency electric fluctuations
(LEF:s) and the electrostatic hydrogen cyclotron waves (EHC:s).
VVe will not provide any theoretical treatment of the observations
we present, but only indicate some possible conclusions of the
presented data.

2. OBSERVATIONS

In this report we study the correlation between the power in the
EHC:s and in the LEF:s as measured by the V4L low frequency
electric field experiment on yiking. This experiment measured
the electric field with spherical probes mounted on four 40 m wire
booms (i.e. 80 m tip to tip). Data from one of the boom pairs
are used in this study. The observations presented here are from
seven Viking orbits from April to September 1986 with different
altitudes and other characteristics, as can be seen in Table 1. As a
measure of the power in the EHC:s and LEF:s, we have integrated
the power spectra of the E-field. For the EHC the integration area
is between the proton cyclotron frequency, /^, and 1.9 f^,, while
the frequency range chosen for the LEF is from 0.2 Hz to 2 Hz.
When we use expressions like " the power in the EHC" or " the LEF
power", what we really mean is the power in the corresponding
frequency ranges. The upper frequency range was chosen so as to
include all contributions from the fundamental frequency of the
EHC (Figure 1). The lower limit of the LEF frequency range was
chosen because we wanted to avoid possible effects of the satellite
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spin frequency (0.05 Hz), and also because we wanted a time
resolution of the order of a spin period (20 s). We chose to study
wave phenomena below the lowest characteristic frequency of the
plasma, the local oxygen gyrofrequency, which is above 2 Hz for
all the events studied; hence the upper limit of the LEF frequency
interval. Also, both the V4L low-frequency wave experiment and
the Vl static electric field experiment on board Viking often see
a peak in the 0.2 Hz to 2 Hz range in regions with upflowing ions
(refs. 3,22).

We have neither made any attempt to make a distinction between
different wave modes in the EHC and LEF frequency regions nor
to distinguish effects of temporal fluctuations from spatial E-field
gradients. The latter are likely to be a not unimportant source of
apparent E-field fluctuations in the LEF range. A short discussion
of the effects of such a background LEF level is given below.

Figure 1 shows the general features of the low frequency waves
in the areas of interest. The EHC is seen as a rather broad dark
band just above the hydrogen cyclotron frequency /cp in the upper
panel. At times we can also see its first harmonic between 2 fcf

and 3 /cp (e.g. at 11:59:35 UT). In the lower panel we sec the
LEF below the oxygen ion cyclotron frequency /co+. We have
also marked the times when the V3 particle experiment on Viking,
observes upgoing ion beams. We notice a quite good agreement
between particles, EHC:s, and LEF:s.

A better understanding of the correlation between the EHC:s and
the LEF:s can be obtained from Figure 2a. The difference in
smoothness in the two curves is due to different time resolutions
(20 s for the LEF, 2 s for the EHC). We can see that there is good
general agreement between the wave activity in the two frequency
ranges in this event, when the V3 particle experiment detects ion

Hydrogen
Cyclotron
Frequency

Oxygen
Cyclotron
Frequency

O

11:58 11:59 12:00 12:01 12:02 12:03 12:04

UT

Figure 1. Example of low frequency wave emissions observed during a beam event during orbit 350 (see Table 1 for characteristics).
The dark spots at 50, 100, and 150 Hz in the upper panel e.g. at 12:02:35 and the white band in the lower just before 12:01 are not
physical features. The broad band emissions at e.g 12:01:30 are not studied in this paper. The time resolution is 2 s in the upper panel
and 20 s in the lower panel. This is the reason for the more smeared out appearance of the lower panel. The times when the V3 particle
experiment on Viking detects ion beams are marked with a black dot (•) in the space between the panels.
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Figure 2a. Example of LEF and EHC power spectral densities for Figure 2b. LEF power and some ion parameters for the same
an ion conic event. event as in figure 2a, From Lundin et al 1989 (réf. 22).

conies. We have not used particle data in any quantitative sense
in this study, but only to state qualitatively whether there are
upflowing ions present or not. In an earlier study (réf. 22) we
have studied correlations between particle parameters and EHC
and LEF power. Figure 2b is shown here in order to demonstrate
the connection between the LEF:s and the particles. Notice the
good correlation between the LEF power spectral density and the
temperature of the upflowing ions.

Another example of the relationship between the waves can be
seen in Figure 3a. Here the EHC power versus the LEF power
is plotted in a scatterplot where subsequent points (2 s between
each dot) have been joined with a line. This gives us an im-
pression of the time evolution of the power in the two frequency
regions. In this log-log diagram the points seem to line up very
nicely on a straight line between 04:48 and 04:49 UT, and on an-
other line after 04:50 UT. The correlation between the power in
the two wave modes is obviously very good for this event. Notice
in particular the correlation between 04:48 and 04:49 UT, when
the dots line up almost perfectly. In fact, Figure 3a also contains

information on the intimate relationship between waves and par-
ticles. Between 04:49 and 04:50 UT the V3 particle experiment
observes a distinct drop in ion temperature (R Lundin, private
communication). Hence the decrease in LEF power by a power
of ten between 04:49 and 04:50 occurs at the same time as the
particle characteristics change. The behaviour of other particle
parameters and their correlation with the wave power during this
time period will be the subject of a further study.

Figures 3b, 3c, and 3d show similar scatterplots as Figure 3a (but
with distinct points marked) for events with ion conies, events
with beams, and events with neither beams nor conies but in
the close vicinity of the beams, respectively. Events from orbits
with very different characteristics (see table 1) have been brought
together in the same plot. Bearing this in mind, the correlation
must be considered very good for conic and beam events (figs. 3b
and 3c). The points are least scattered in the conies plot (fig.
3b). When we go from higher to lower power values in Figure 3b
the points at first group very well around a straight line with a
slope of about 1, but at an LEF power between 1 (mV/m)2 and

Orbit Date UT MLT Inv lat Altitude (km) Particles

247
350
518
586
1113
1169
1199

April 7
April 26
May 27
June 8
Sept 12
Sept 22
Sept 27

18:21 -
11:53-
00:36 -
09:20 -
04:48 -
09:48 -
20:10-

18:28
12:09
00:58
09:37
05:01
10:07
20:18

20:06 -
17:18-
16:23 -
15:18-
10:50 -
10:56-
09:32 -

20:03
16:21
13:44
14:58
10:45
23:52
09:01

72-
74-
75-
69-
66-
84-
71-

77
81
81
75
69
82
73

7600-
10200-
10600 -
11600-
13100 -
9500-

12200 -

8600
11800
12400
12700
12500
6800
11500

beams
beams
conies
beams
conies
beams
conies

Table 1. Characteristicsof the time intervalsstudied in this paper.
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Figure 3. Log-log scatterplots of EHC power versus LEF power (EIC is here synonymous to EHC). a. Points joined with lines to show
time evolution of correlation for a specific event, b. Ion conic events from three orbits, c. Ion beam events from four orbits, à. Events
when no upgoing ions are observed from the same four orbits, in the close vicinity of the beam events. Orbit characteristics can be
found in Table 1.

10 (mV/m)2 there is a change in the slope of the point cluster.
There seems to be a minimum value of the LEF power without
a corresponding EHC power minimum. This can be interpreted
as an effect of background spatial structures. For events when
neither beams nor conies are detected, Figure 3d shows that most
of the points lie at LEF powers at or below the values where the
turn in the point cluster of Figure 3b occurs. If the values of
Figure 3d are taken as a measure of the background structures,
this is consistent with the interpretation of the bend in Figure 3b.

Actually, Figure 3d should be interpreted with some caution. The
particle detector looks down at pitch-angles close to zero, i.e.

along the magnetic field lines, in the direction of the upflowing
ions once in a spin period, i.e. every 20 seconds. If the detec-
tor failed to detect any upgoing ion beams during three or more
consecutive spin periods, i.e. for a time of at least forty seconds,
all this time interval was considered as being free from upgoing
beams. If we follow a more strict procedure and only study those
times we certainly know are void of upflowing ions (when the de-
tector looks down without detecting any ions), the power in the
EHC and LEF frequency ranges stays below about 10~2 (mV/m)2

and 10 (roV/m)2, respectively. Hence only the lower part of the
point cluster in Figure 3d is fully reliable.
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3. SUMMARY AND DISCUSSION

The observations presented in this report have been summarized
in Table 2. From this table, and from Figure 3, we observe the
following:

• The power in the LEF and EHC frequency ranges are much
higher when upgoing ion beams or conies are present as
compared to periods when no such ions are observed.

• The power in the LEF is higher than the power in the EHC.
The power ratio LEF/EHC is lowest for conies, higher for
beams, and still higher when neither beams nor conies are
present.

• The correlation of the power in the EHC and LEF frequency
ranges is very good for conic events, not so good for beams,
and worse still at times when no upgoing ions are detected.

• The slope k of a regression line fitted to scatterplots of the
type shown in Figure 3 is the exponent in an equation of
the form Power(EHC) ~ [Power(LEF)]*. For the orbits
studied, k is between O and 1 for conies, between 1 and
2 for beams, and anything between O and 2 for "empty"
events. We do not comment on the possible meaning of
those different fc-values in this paper.

It is beyond the scope of this paper to present any thorough dis-
cussion on the possible interpretations of these results. Here we
will just indicate how the results could be interpreted in terms
of interactions between the particles and the waves/fluctuations.
Making the fairly safe assumption that the correlation between
the EHC and LEF power is a real effect and not a very unlikely
coincidence, we have in principle five interpretation schemes:

1. Energy is transfered from the particles to both the EHC and
LEF wave modes.
2. Energy is transfered from the EHC:s to the particles, which in
their turn transfer energy to the LEF:s.
3. Energy flows from the LEF:s to the particles, which then trans-
fer energy to the EHC:s.
4. There is a direct coupling between the EHC:s and the LEF:s.
Energy can flow between the wave modes by some non-linear pro-
cess.
5. Some other process/structure transfers energy to the particles,
the LEF:s, and the EHC:s simultaneously.

Disregarding the fourth and fifth possibilities in this paper, we
are left with three wave-particle interaction schemes. The fact
that the correlation between EHC and LEF power is highest in
areas with ion conies is interesting. Ion conies are locally accel-
erated, and hence we are closer to the region where the particles
gained energy when ion conies are detected than when beams are
seen. If alternative number one, i.e. that the beams excite both
EHC:s and LEF:s, were correct, there is no a priori reason for
this higher correlation in ion acceleration/heating regions. The
results presented in this paper seem to be more consistent with
alternatives number 2 and 3 in the list above. In particular, the
third suggestion, i.e. energy transfer from LEF:s over the parti-
cles to the conies, is a possible interpretation. If we have a very
efficient process transfering energy from the LEF to the particles
we should expect to have a high damping of the LEF in the ion
acceleration areas, and we can see that the power ratio LEF/EHC
has its lowest value here (ion conic events in Table 2).

Particles: Conies Beams Neither

EIC power IQ-2 - 103 HT1 - 102 HT4 - 1

LEF power
(mV/mf

Power ratio
LEF/EIC
(typical)

Power Correlation
EHC to LEF

1 - 103

~3

0.89

1 - 103 10~2 - 10

~30 ~300

0.72 0.61

0 < k<
0.7

0<k K f c < 2
(typical) 1.4 (1.1)

Table 2. Summary of observations. The power correlation refers
to a fitting Power(EIC) ~ [PoweT(LEF)]k, i.e. fitting of a
straight line to the scatterplots in Figure 3. The range of value for
k refers to values obtained from single events, while the typical
values refers to the summary plots in Figure 3. The value 1.1 in
parenthesis is obtained if only the points with Power(EHC) >
l(mV/m)2 in Figure 3b is used.
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THE AURORAL CURRENT - VOLTAGE RELATIONSHIP

Kornelia Briining

The Royal Institute of Technology, Dept of Plasma Physics
100 44 Stockholm, Sweden

ABSTRACT

A classification of the field aligned current
voltage relationship in three parts is made:
1. Field aligned current without field aligned
acceleration. 2. "Ohms law" for the current
voltage relritkinship. 3. Saturation current. For
generation of discrete auroral arcs part 2 and 3
are important. The linear relationship between
the field aligned current and potential drop
appears when the fic;ld aligned potential drop is
smallur than the critical field aligned potential
drop V ne, that is needed to dcci'-liuale all
electrons at a certain altitude into the loss
cone. When the field aligned potential drop is
stronger than Vue a saturation current is
flowing. An example from Viking observations of
the "Ohms law" for the current- voltagu
relationship and an example for a saturation
current is shown.

1 . INTRODUCTION

The current voltage relationship is an essential
part of auroral physics and has been discussed by
many authors (for example Réf. 1-5). In general,
expressions for the upward field-aligned current
density due to electrons precipitating into the
ionosphere are derived from calculations of
adiabatic particle motion in a dipole magnetic
field. The presence of a parallel electric field
above the point where most magnetospheric
electrons would normally be reflected by the
magnetic mirror force causes a larger fraction of
the electrons to be precipitated, producing
auior.il .in1:;. While the exact expression relating
current to potential drop is fairly complex,
assumptions were often made, that simplify the
relationship, resulting in a current density
being linearly proportional to the field-aligned
potential drop, i. e. "Ohms law". This paper will
stress that the "Ohms law" is valid only in a
limited potential range. More recent satellite
observations, in particular of the altitude of
the acceleration region and of the characteristic
electron energy indicate that a field aligned
saturation current might be a common feature.
They give a different picture for the generation
of discrete duroral arcs. Using the «di.ibatic

particle theory this paper will start with the
general expression for the field aligned current
density and present a classification into three
groups. Assumptions that lead to the
simplification of the general expression will be
discussed and compared with satellite
measurements. Viking flying often above the
acceleration region of discrete auroral arcs
gives a good opportunity to determine the
properties of the source plasma, the field
aligned current density, the potential drops and
the relation between them. With an example fiom
Viking observations for the "Ohms law" and an
example for a saturation current, the importance
of the current-voltage relationship for the cause
of an auroral arc will be discussed.

2. THEORY

The full current-voltage characteristic in the
case of a Maxwellian source plasma has been
derived by Knight (1973), Lemaire and Scherer
(1974). Lundin and Sandahl (1978), Fridman and
Lemaire (1980), Lyons (1980) (Refs. 1-5) and
otherô. The field aligned current density at
ionospheric level is

l,=en(
2Jimc

!(8,/Bv-I) f 0>

1 1

I

T and n are the characteristic electron energy
and electron density, respectively, of the source
plasma incident upon a region of a field aligned
potential drop V||. BV and B1 are the
magnetic field strength at, respectively, the top
of the acceleration region and in the ionosphere,
itie is the electron mass, e the elementary
charge. Figure 1 shows the field aligned current
density as a function of the field aligned
potential drop, calculated for different values
of the plasma parameters: for T = 0.1 and 1 KeV,
Bi/Bv=10(*1.2RE altitude) and
Br/Bv=100(*3.6RE altitude), and n=1 cm'

3-

The curves can be devided into three parts
providing a basis for the following
classification:

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', lahnslein, FRG, 3—7 April 1989
(ESA SP-291, June 1989)
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1. Field aligned current without significant
field aligned acceleration: For eV|| « T
Eq.1 reduces to

Table 1.

,en(
Ifl

2îinv

2. 'Ohms law" for the current voltage
relationship: For eVB/T « Bj;/Bv Eq. 1
reduces to

j. = en (—)I/2 (!+!£)

„
(2)

(3)

showing a linear relationship between J j and

3. Saturation current: For eVj/T
Eq. 1 reduces to

T 1/2 Bi
B

(4)

which means, that the current density is
independent of the field aligned potential drop
and a saturation current is flowing.

Figure 1. Field aligned current density as a
function of the field aligned potential
drop calculated for
T = 1keV (thick lines) and
T = 0.1 KeV (thin lines) for each
case with

= 10 (solid lines) and
= 100 (dashed lines).

Figure 1 shows that with increasing
or/and increasing characteristic electron
energies T1 the part of the curves where "Ohms
law" is applicable moves to higher field aligned
potential drops.

2.1 Field aligned current without field aligned
acceleration

It can be seen from Figure 1 and according to
Eq. 2 that a small current can flow without a
potential drop or a potential drop much smaller
than the characteristic electron energy.
The maximum current density at ionospheric level
of such a current is summerized in Table 1.

ionospheric

nfcm-3|

TIeV]

electrons

1(>3-105

0.176

ions(0+)

103-105

0.176

mignciosphcric

electrons

10-1 - 10°

102-103

ions(H+)

10-1 -IflO

102 - 104

j|| U I)Wm2J 10-103 10-*. 10-2

JH It [(Wm2j 7-10-2 - 7-100 3-10-2 - 9-10-1

Satellites and rockets frequently observed upward
and downward currents of several pA/m^ in the
auroral zones (see for example Wilhelra et al.
1981, Réf. 6, Briining 1983, Eef. 7). Table 1
shows that downward current can be carried by
ionospheric electrons without any field aligned
potential drop. The main carriers of upward
current in discrete auroral arcs are
precipitating electrons. It is generally believed
that they originate from the magnetosphere
(plasmasheet or boundary layers). As the density
is small, a field aligned potential drop is
required to increase the number of electrons in
the loss cone.

2.2 "Ohms law" for the current voltage
relationship

The applicability o£ "Ohms law" or the linear
relationship (Eq. 3) between the field aligned
current density and the potential drop has been
pointed out by many authors (for example
Fàlthammar, 1978; Réf. 8, Lyons 1980, Réf. 5)
and has been confirmed by satellite and rocket
observations (for example Lyons et al. 1979,
RfI. 9, Lyons 1981, Réf. 10, Menietti and Burch
1981, Réf. 11). AE field aligned potential drops
often appear at a reversal of the electric field
perpendicular to the magnetic field lines, it was
suggested (for ex. Lyons 1980, Réf. 5) that an
auroral arc is caused by the reversal of the
convection elertric field in the magnetosphere.
The electric field maps down into the ionosphere,
where it drives horizontal currents, which also
reverse sign. The divergent horizontal currents
require a field-aligned current, that can be
stronger than the maximum current that ran be
carried by magnetospheric electrons without
significant potential drops (see Table 1). To
maintain current continuity field-aligned
potential drops have to occur to increase the
amount of electrons in the loss cone. The field
aligned potential drop increases the
precipitating energy flux into the ionosphere and
thus causes the appearance of an auroral arc.
With a field aligned potential drop the mapping
of the electric field is not perfect anymore.
However, a selfconsistent system between field
aligned current, potential drop and electric
field will be built up.

2.3 Saturation current

An upper limit for the field aligned current
density will be reached when at a certain
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altitude of the accélération region (or at a
given Bj/By) the field aligned potential drop
is sufficiently strong to <K-LV! crate all
electrons into the loss cone.
Assuming conservation of the first invariant the
loss cone for electrons with kinetic energy E can
be calculated (see for example Lin and Hoffman,
198?. Rpf. 12)

2 BV eV>sin a = —(1+—)
B1 h

(5)

For a - 90° all electrons with energies « E get
into the loss i:one and reach the ionosphere.
Then Eq. 5 heroines

eV,

~Ë~
(6)

Inserting Eq. 6 into Eq. 1 and putting E=T gives
an approximate limit to which a field aligned
current density can increase with the potential
drop for a given Bi/By. When this limit is
reached the linear relationship between the field
aligned current density and the field-aligned
potential drop (Eq. 3) is not valid anymore. Thin
means that the current increases very slowly with
the potential drop, because the number of
electrons decreases exponentionally for E>T. In
that case Eq. 4 becomes a good approximation,
where the current is independent of the potential
drop. In other words

(7)

is the critical field aligned potential drop for
which a majority of the electrons are accelerated
into the loss cone.

3. OHMS LAW AND SATURATION CURRENT

Ï.1 General observations

Most papers thai discuss the current voltage
relationship deal with the .'inear relationship
(for example (Falthammar 1973, Réf. 8, Fridman
and Lemaire 1980, Réf. 4, Lyons 1980, Réf. 5) or
even use it as fundamental assumptions from which
conclusion:; are drawn (for example Weimer 1997,
Réf. 13). In fact, if the top of the acceleration
region Js several earth radii away from the earth
for example at Bj/By=IOO at about 3.6 Rj;
or/and for high characteristic electron energies
T = 1keV (see Figure 1) the linear relationship
is a good approximation of Eq. 1. However recent
satellite measurements indicate that the
acceleration region is often below 2 earth radii
(Bi/Bv=27) and that characteristic electron
energy is often smaller than 1 keV.

3.1.1 Altitude of the acceleration region

Pottelette et al. 1988 (Réf. 14) for example
found from measurements of Auroral KiJometric
Radiation (AKR) on board the Viking satellite
that the acceleration region was located near and
below about one earth radius for the events
studied by them. A K R is supposed to be
generated in the acceleration region near the
electron gyrofrequency cutoff (see for example
Bahnsen et al. 1988, Réf. 15 and references in
it). When Viking is flying above the acceleration

region the top and bottom of the acceleration
region can be determined from the lowest and
highest observed frequency cutoff. Henietti and
Burch 1981 (Réf. 16) determined the top of the
acceleration region from electron spectra
measured below the acceleration region by the
Atmosphere Explorer D satellite. From 160 studied
cases they found that BJ/BV was typically
about 4.

3.1.2 Characteristic electron energy

The characteristic electron energy seems to be
smaller for dayside than for nightside auroral
arcs. Evans 1984 (Réf. 16) studied 84 individual
passes by the TIROS-N satellite near 850 km
altitude through the 14-15 MLT auroral sector. He
found that the characteristic electron energy was
typically of the order of 150 eV and the parallel
electric field acceleration was about 1 to 3
keV. This value for the characteristic electron
energy is typical for magnetosheet.h plasma.

Observations of plasma parameters associated with
nightside aurora reveal generally one, but at
times two components. Some authors like Briining
et al. 1986 (Réf. 17) or Kitayama et al. 1988
(Réf. 18) found from rocket or satellite
measurements below the acceleration region
characteristic energies of the order of 1 to 3
keV. Another group of authors (for example
Sandahl ct al. 1980; Réf. 19, Tanskanen et al.
1981, Réf. 20) determined from the accelerated
part of the electron spectra 2 source
populations. Sandahl et al. 1980, (Réf. 19) found
from rocket observations one population with
characteristic energies between 200 and 500 eV,
that might originate from the plasmashfet
boundary layer or perhaps even from the
magnetosheeth and a second population with
plasmasheet energies of the order of several
keV. Observations by the DE satellites (Reiff Rt
al. 1988, Réf. 21) above and below the
acceleration region show characteristic energies
of only a few hundred eV with higher energies

below the acceleration region, indicating that
the population was heated in the acceleration
region.

3.1.3 The critical field aligned potential drop

For field aligned potential drops V||«Vnc
JII is proportional to VN, and for

 vn»V||c
a saturation current is flowing. For dayside
aurora with T=150 eV and assuming the top of the
acceleration region to be located at about 1RE,
V||C is according to Eq. 7 aboi't 1 keV. However,
only precipitating electrons with energies above
1keV can reach altitudes below 150 km (Rees,
1963, Réf. 22) where they produce
discrete aurora, frequently observed on the
dayside (for example Murphree, 1981, réf. 23).
Evans observations (Réf. 16) of the 14 HLT sector
showed parallel electric field acceleration of 1
to 3 keV. This indicates that in this sector
either V|| > VUQ and a saturation current is
often flowing or the top of the acceleration
region is located at much higher altitudes. The
latter, however, seems not to be typical as
discussed in 3.1.1. However if the characteristic
electron energy is of the order of 1 keV as
sometimes observed for nightside arcs, V|C is 7
keV (with BI/BV=8) and an "Ohms law" can be
expected for the current voltage relationship.
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3.2 Examples from Viking observations

3.2.1 Example of the linear relationship between
Jn and V||

On April 9th, 1986 between 1818 and 1821 UT
Viking passed at about 7000 km altitude above the
poleward edge of a decaying westward travelling
surge. This event W<JK discussed by Opgenoorth et
al. 1988 (Réf. 24). Figure 2 panel 1 shows the
field aligned current density Jn (solid line,
positive downward), calculated for the
ionospheric level, and the potential along the
orbit P2 (dashed line) between 1817 and 1821 UT.
JII was deduced from the magnetic field
component r3 (approximately westward) presented
by the solid line in panel 2. The potential P2
results from the integration of the electric-
field component E2 (approximately southward),
shown as dashed line in panel 2. The scales for
JII (?2) and r3 (£2) are given on the left
(right) side of the diagram. i\ sliding average
over 5 seconds with one second increment was
used. It can be seen from Figure 2 panel 1 that
there are mainly 2 upward current regions (Ju
negative). Viking crossed the first between about
181820 and 181840 and the second between about
181900 and 181940 OT. Opgenoorth et al.
determined from the observations of upward ion
beams a field aligned potential drop below the
satellite of « 5 keV for the first and about 5
keV for the second period. Note that these values
are roughly consistent with the depths of the
corresponding minima in the potential ?2
integrated along the orbit (Figure 2, panel
1). Electron fluxes showed that during the first
period Viking was above and during the second
period in the acceleration region, with a field
potential drop of 6 k V above the satellite.
There was thus a total field aligned potential
drop of 11 k V during the second period. Moment
calculations indicate a characteristic electron
energy of 1.5 keV during the first interval and
2.3 keV during the second interval (Eliasson,
pers. communication, 1988). This means that the
observed field aligned potential drop during the
first interval is smaller than the critical field
aligned potential drop V||C, if the top of the
acceleration region is above an altitude of about

VIKING MBIT aa

Figure 2. Viking observations at about 7000 km
altitude above a westward travelling
surge. A sliding average over 5 s with
1 s increment was used. j|j (solid
line in panel 1) is positive for
downward current and was deduced form
r3 (solid line in panel 2). $2
(dashed line panel 1)was deduced by
integration over £2 (dashed line in
panel 2).

2800 km (BI/BV*I). During the second interval
Viking was at about 7600 km altitude
(Bi/Bv*10) in the acceleration region. This
shows that V|ic is at least ?.3 K-V. An tlie field
aligned potential drop was 11 KeV, <i linear
relationship between the current density and the
field aligned potential Orop can be expected.
Note in Figure 2 panel 1 that jj and P2 vary
during the two invervals in A manner that
suggests a linear relationship, apart from some
wavy structures superimposed on the larger scale
current variation.

VIKING orbit 862

-8
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I °
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Figure 3. Viking observations at about 2 RE
above a 14 MLT aurora. This figure is
the same than than figure 8 in Briining
et al 1989 (Réf. 24).
Panel 1: Field aligned current density

(positive downward).
Panel 2: Potential drop along the

orbit deduced by integration
over £2 (solid line), field
aligned potential drop deduced
from upward ion beams (dots)
and the widened loss cone
(bars).

Panel 3: Characteristic electron
energies deduced from the
moments.

Panel 4: Electron densities at the
satellite deduced from the
moments (dashed line), from
the plasma frequencies,
measured by the V4H experiment
(crosses and error bars) and
calculated from the field
aligned current density (solid
line).
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3.2.2. Example of a saturation current

On July 28, 198« between about 1343 and 1352 OT
Viking traversed an intense aurora at about 2
RE altitude in the 14 HLT sector. This event
was discussed by Bruning et al. 1989 (Réf. 25).
In Figure 3 the field aligned current density
(panel 1) is shown for comparison with the
potential drop (panel 2), the characteristic
energies (panel 3) and the electron densities
(panel 4.). The solid line in panel 2 shows the
potential deduced from integration over the
perpendicular electric field. It is perpendicular
at Viking but some of the variations may equal
VH, if some of the equipotentials close above
the ionosphere. The dots represent the field
aligned potential drop deduced from upward ion
beams. The bars indicate that the field aligned
potential drop is higher than 3 keV as seen from
the electron loss cones. The characteristic
energies (panel 3) were determined from the
moments of the electron spectra. When Viking
enters the region above the aurora near 1343 UT
they decrease to about 200 eV and stay constant
within the error bars during the whole time
interval studied. The electron densities in panel
4 were determined from the moments of the
spectra, (I, dashed line), fron the field aligned
current (solid line) and the electrons plasma
frequency (x and bars). See Bruning et al. 1989
(Réf. 25) for further details. They found from
AKR observations and the widened loss cone of
upward flowing electrons (on Viking) that the top
of the acceleration region was located at an
altitude of about one earth radius, where
BI/BV is 8. With these values and the
characteristic electron energy of 200 eV (Figure
3, panel 3) a critical field aligned potential
drop V||(- of 1.4 kV results from Eq. 7. Around
that energy (eVnc) upward ion beams were
observed to split into conies. From the widened
loss cone a field aligned potential drop that was
at least 3 kV was deduced between 1344 and 134630
UT. (See bars in Figure 3, panel 2). This
indicates that a saturation current was flowing
in the region that Viking passed during this
period.

4. SUMMARY AND DISCUSSION

Using adiabatic particle theory the field aligned
current behaviour was classified into three
groups: 1. Field aligned current without field
aligned acceleration. 2. "Ohms law" for the
current voltage relationship. 3. Saturation
current. While downward field-aligned current can
be carried by ionospheric electrons without a
field aligned potential drop (group 1) upward
currents of several pA/m^ require a field
aligned potential drop. Over a certain potential
range the field aligned current increases
proportional to the field aligned potential
drop. This potential range depends on the
characteristic electron energy and the altitude
of the top of the acceleration region. An upper
limit for the field aligned current density is
reached when the field aligned potential drop can
accelerate all available electrons into the loss
cone. When this critical field aligned potential
drop V||£ is reached the acceleration region has
to move to higher altitude to reach more
electrons or a saturation current will flow.

An example from Viking observations at 7000 km
altitude above and in the acceleration region of

a westward travelling surge indicated a linear
relationship between the field aligned current
density and the field aligned potential drop
below the satellite. The characteristic electron
energy was about 1keV.

An example from Viking observations at 2 RE
altitude above the acceleration region of a 14
MLT aurora showed that the acceleration region
did not move to altitudes above 1Rg. The field
aligned potential drop was stronger than the
critical field aligned potential drop that is
needed to accelerate the available electrons at
!RE with T x 200 eV into the loss cone. This
indicated that a saturation current was flowing.

As in auroral regions characteristic electron
energy of only few hundreds eV is not an
exception and the top of the acceleration region
was often found to be located near 1Rg or even
below, a saturation current might be a common
feature in discrete auroral arcs, produced by
precipitating electrons of several keV.

In the case of a linear relationship between the
field aligned current density and potential drop,
the strongest current density can be expected in
the region of the strongest field aligned
potential drop, which would be for a 17 and V
shaped potential in the center of the arc.
Observations however show often an enhanced
field aligned current density at the edge and a
maximum of the field aligned potential drop in
the center of an auroral arc (for example Arnoldy
et al. 1974, Réf. 26; Kintner et al. 1974, Réf.
27; Bruning and Goertz 1985, Réf. 28). This is
what one would expect when a saturation current
is flowing. The strong field aligned potential
drop (stronger than VK;) in the center of an
arc causes an enhanced ionospheric conductivity.
Conductivity gradients at the edge of the
precipitation region cause either an electric
polarisation field or/and a divergent ionospheric
current that drives the field aligned current
(see for example Marklund 1984, Réf. 29; Bruning
et al. 1985, Réf. 20). An enhanced field aligned
current at the edge of the arc can be carried,
because the electron source density is higher
than in the center of the arc. This can be seen
from Figure 3. The strongest field aligned
current density (panel 1) and enhanced electron
source densities (panel 4) were observed between
134330 and 1344 UT, when Viking passed above the
equatorward edge of the current sheet. The field
aligned potential drop (panel 2) was strongest
between about 1344 and 134630 UT, where the
electron source density was reduced.

Open questions arising with the observation of -a
saturation current are*. How can the potential
drop increase above VUQ? Why does the top of
the field aligned potential drop not move to
higher altitudes which could increase VHJ; and
the current density?
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HIGH PRECISION ROCKET ATTITUDE RECONSTRUCTION
USING STAR SENSOR AND MAGNETOMETER DATA

A Muschinski & H Liihr

Institut fur Geophysik und Météorologie,
Technische Universitdt Braunschweig, FR Germany

ABSTRACT 2. INSTUUMENTATION

A new method for the attitude reconstruction of sounding
rockets is presented. It is demonstrated how the attitude
accuracy achieved with star sensor data can be improved
with information from high resolution DO-magnetometer
data. In order to gain more insight into the relationships be-
tween the data and the requested attitude parameters, more
extensive analytical investigations were performed. Ma-
jor results are that spin frequency and phase can very
precisely be determined by the star sensor data; nutation
angle and phase, however, are more sensitively monitored
by the magnetometer data. The method was tested with
CAESAR-F2 data.

Keywords: rocket attitude, attitude determination, star
sensor, magnetometer.

1. INTRODUCTION

CAESAR-F2 was launched on January 30th in 1985 from
And0ya Rocket Range, Norway. A major objective of the
CAESAR project was the investigation of field-aligned cur-
rents. The payload reached an apogee of 703 km.

A star sensor was employed in order to enable an exact
transformation of the high resolution magnetometer data
into an inertial frame.

In spite of the nominal functioning of both instru-
ments, the transformed magnetometer data show residual
variation with the nutation frequency (Réf. 1) which are
obviously caused by inaccuracies in the attitude reconstruc-
tion. The official attitude determination was computed by
applying a Kalman-filter algorithm (Refs. 2,3).

In our new approach, we regard the payload to be a
rigid symmetrical gyroscope.

2.1 The Magnetometer

The Institut fur Geophysik und Météorologie der Techni-
schen Vniversitat Braunschweig provided the triaxial flux-
gate-magnetometer flown on the CAESAR payload. The
characteristics of the instrument ore:

Dynamic Range
Resolution
Band Width
Sample Rate

: ± 55000 nT
: 1.7 nT (16 bit)
: O ... 200 Hz
: 625 vectors/sec

More details of the magnetometer's design and func-
tion can be found in Réf. 4.

In order to make Rill use of the magnetometer data,
very precise information about the payload attitude for each
instant of the entire flight time is required. In the case
of CAESAR-F2, the magnetic field component within the
equatorial plane (x/y-plane) of the payload amounted to
about 13000 nT and the component along the spin-axis (z-
axis) to some 40000 nT. For example, a tilt of only 0.1°
about the x-axis produces a change of 22 nT in B1 and 70
nT in By .

2.2 The Star Sensor

The star sensor STS 5 was produced by the INIK company,
Luleâ, Sweden. Its design is presented schematically in Fig.
1.

A convex lense (focal length: 65 mm) forms images of
the stars on the focal plane. The angle between the optical
axis and the spin-axis amounts to 45°. Two narrow photo-
sensitive strips (length: 14 mm), fixed in the focal plane,
are parallel to each other (separation: 14 mm), and their
center-line should lie in the plane defined by the optical axis
and the spin-axis.

Due to the payload rotation, the star images cross the
two detector strips one after another. The two star-crossing
times are registered with a nominal accuracy of about 50
/<s and then transmitted to the ground.

For the evaluation, we take the average of the two times
and assume that at this instant the reference-star lies in

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', LaHn iein, FRG. 3—7 April 1989
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the plane defined by the center-line of the strips and the
optical axis. Henceforth, this plane is called the "star sensor
plane".

OPT» CAl-

FIGURE 1. Design of the star sensor STS 5 (INIK).

3. THE MATHEMATICAL MODEL

To describe the motion of a payload as a symmetrical rigid
gyroscope mathematically, we introduce the space-fixed
LRST-system and the payload-fixed J5T3M-system as follows
(see Fig. 2):

The z-axis of the space-fixed £55r-system is parallel
to the angular momentum vector, and its equatorial plane
is oriented in a way that the reference-star lies in the x/z-
plane. The angle between the beam to the star and the
equatorial plane of LRST is called the "aspect angle" 7 .

The payload-fixed .ffîM-frame is defined by the main
axes of inertia. The z-axis is identical to the axis of the
smallest moment of inertia. Since the ellipsoid of inertia
is assumed to be symmetrical relative to this axis, we can
orient the equatorial plane of the HTA in a way that its
z/z-plane is identical to the nominal star sensor plane.

It may be necessary to introduce a second payload-
fixed frame which defines the attitude of the real star sensor
plane with respect to the nominal one. This frame is called
the star sensor frame STS, and we obtain it by inclining the
HTA-îrame about its x-axis through a small misalignment
angle K. Therefore, the i/z-plane of STS is identical to the
real star sensor plane.

The attitude of the 5IT5-frame relative to the space-
fixed LRST-frame is given by the following time-dependent
matrix:

where

</>(*) = ftt + Vo
i9 = const.

r)(t) = ui + 770
K = const.

(1)

(2)
(3)
(4)
(5)

The matrix is composed of four single rotations. V de-
notes the nutation phase ang!a variing with the nutation
frequency ft, rf the half-angle of the nutation cone (shorter
"coning angle") and t] the body rotation phase angle which
varies with the body rotation frequency o>. The first three
rotations (through ^, $ and ri) describe the well-known
spin and nutation motion of a symmetrical gyroscope. The
fourth rotation corrects the star sensor misalignment.

Whenever the reference-star is seen by the star sensor,
the star lies in the x/z-plane of STS, and the y-component
of the star location in the STS-hame must vanish:

ysrs(ti) = O, (6)

where i; denotes the detection time within the zth rotation.
Furthermore, two subconditions have to be fulfilled be-

cause the field of view is limited to an approximately 12°
wide range in elevation. The x- and z-components of the
star location both have to be positive:

XSTS(Ii) > O

*srs(ti) > O
(7)
(8)

The coordinates of the reference-star with respect to
LRST are given by the definitions of LRST itself and the
aspect angle 7:

'cos 7
= I O

LRST sin 7

Using Eq. 1 and Eq. 9, we can construct the time-depen-
dent t/srs-coniponent of the reference-star as a function of
the five angles 7, /c, TJ, i? and V>-

We used an approximative solution for the requested
detection times ti which provides sufficient accuracy for
small coning angles $:

[ sin 0 tan 7! / tanK . A . .
+ - TrT^ (c o s^~: - smtH . (10)[ w + fi J V tan7 /

The approximation error of Eq. 10 can be estimated by

fqPprox f .

* *
Sin2»?

(11)

In the case of CAESAR-F2, the approximation error is
smaller than 14 fis. A detailed derivation of Eq. 10 can
be found in Réf. 5.
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^LRST

FlCiUHF, 2. Systems of coordinates used for the descrip-
tion of the payload motion: LRST (angular momen-
tum vector L. Rcfercncc-STar). HTA (main axes of in-
ertia, gennan: Haupt-Tragheits-Achsen). STS (STar
Sensor). The star sensor's field of view ("star sensor
plane") is signified by the hatched sector.

The expression in Eq. 10 is composed of three parts:
The first part is progressive with the spin counter i and
gives one detection per revolution, for CAESAR-F2 ev-
ery 614 ms. The second part is a constant, and the third
one produces a time shift which varies with the nutation
phase <l<. The shift amplitudes «mounted to about 2 ms for
CAESAR-F2. due to a coning angle of ô K 1.2° during the
whole flight time.

It is remarkable that the two frequencies u> and Q ap-
pear in Eq. 10 only as u; + fi, but not isolated. Con-
sequently, for small coning angles it is suitable to signify
uJ + fl as ''spin-frequency" and not u. In the special case
û = O, a separation in ui and fi is physically meaningless.
Therefore, we define the "spin period" by

in Eq. 10. Together with the spin period, they define the
amplitude A of the sinusoidal part:

A =
sint?

/tan2 7+ tan1 K . (13)

With the assumptions 7 « 45°, K <S 7 and Q -^ ui, we
obtain a very helpful rule of thumb:

(14)
T•*• apin

T.n,n = (12)

The aspect angle 7, the coning angle i? and the mis-
alignment angle K have no influence on the progressive part

4. THK EVALUATION or STAR SENSOR
AND MAGNETOMETER DATA

4.1 Attitude Information from Star Sensor Data

Fig. 3 shows the star sensor data from the reference-
star /3And (squares) and the fitted 2,-function obtained us-
ing the least squares criterion (solid line). The common
linear trend was subtracted.

In the upper panel, the time interval contains 100 s
respectively about 160 payload revolutions. The value of
standard deviation amounts to 60 /is, which accords to the
nominal time quantization of 50 /is. The sine-shaped part
is due to the coning, and the curvature is caused by a slight
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FIGURE 3. Star-crossing time measurements from ref-
erence-star /JAnd (squares) and the fitted function (sol-
id line). The common linear trend was subtracted.

increase in spin frequency, less than one p.p.m. per revolu-
tion.

These computations provide the spin period with very
high accuracy. In Fig. 4, we plotted the differences of our
spin period results relative to the spin period polynomial of
3rd order, calculated by the INIK company using a Kalman-
filter algorithm in compliance with Réf. 2.

The two different symbols denote the results of two
separate evaluations using the data of two different refer-
ence-stars (squares for /3And, diamonds for eUMa). Each
symbol represents a time interval of 100 s. We choose this
interval length because the parameters in Eq. 10 are suf-
ficiently constant during this time. Our two evaluations
differ from each other by less than 1 ,us.

The differences of our results relative to those of INIK
amount to about 4 fis at 500 s flight time. This is not
negligible since an error in the spin frequency function has
a cumulative effect on the spin phase function.

4.2 Attitude Information from Magnetic Field Data

By fitting the parameters of the detection-time func-
tion in Eq. 10 to the star sensor data, we obtain the para-
meters for the time-dependent attitude matrix in Eq. 1.

The magnetic field data, given in the payload-fixed
HTA-hame, are transformed into the space-fixed LRST-
frame. A typical result for the fix-component was plotted
in Fig. 5, where the variati<-..-> s^out the background field
are shown.

Results of Spin lime Analysis
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Results of Spin Time Analysis (3)
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FIGURE 4. Behavior of the spin period (squares: data
from /ÎAnd; diamonds: data from «UMa; solid line:
official evaluation by INIK). Upper panel: spin pe-
riod (constant amount of 614 ms subtracted); middle
panel: spin period (common linear part subtracted);
lower panel: differences between our spin period deter-
minations and those of INIK.

The time interval contains about 2 5 nutation periods
(Taut = ll.ls). In this case, the amplitude of AB1. amounts
to about 15 nT. The deviations can be explained as to be
caused by inaccuracies of the nutation parameters & and 0
obtained from the star sensor data. We found that these
residuals can be expressed by

where

(
=

\

[Da( Arf) + Z>v,(A0)] BLKST, (15)

O O sin0 \
O O - cos 0 I AiJ (16)

~sin0 cos0 O /



HIGH-PRECISION ALTITUDE RECONSTRUCTION 115

and

O cos t/> \

O -sinî/> I
- sin 0 O /

'• (17)

A complete derivation of Eqs. 15-17 is given in Réf. 5.
Ai) denotes the error of the coning angle and A^> the

error of the nutation phase angle. Eq. 15 yields the B-
residuals of all three components, for example

-=-î J = [Ai9] sin^ + [sinOA^] cos i/>. (IS)
"' /LRST

Using Eq. 18, we obtain the errors At? and AÎ/> unambi-
gously with Fourier's Analysis.

After another transformation with the corrected t? and
V>, the fluctuations almost vanish (Fig. 5). In the case of
Fig. 5, the Bx-residuals were caused by an inaccuracy of
only 0.02° in the coning angle rf.

Magnetic Field Residuals

-30
240 250 260

Flight Time [sec]

FIGURE 5. Variations of the fix-measurements about
the background field before and after the correction of
the nutation parameters.
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FIGURE 6. Half-angle of the nutation cone (squares:
results based on /JAnd and the magnetometer data; di-
amonds: results based on eUMa and the magnetometer
data; solid curved line: official evaluation by INIK).

Fig. 6 gives an impression of the degree of accuracy
which can be attained by this method: The coning angle
was plotted against the flight time. The curved continuous
line represents the coning-angle-estimates as part of the of-
ficial attitude time-history.

The symbols signify our results using both star sensor
and magnetometer data. The different symbols (squares
for /JAnd, diamonds for eUMa) denote the results of two
separate evaluations based on data from two different ref-
erence-stars (squares for /JAnd, diamonds for eUMa).

The value of standard deviation amounts to about
0.0015°, and the two regression lines differ from each other
by less than 0.001° over the entire flight time.

4.3 Attitude of the Angular Momentum Vector

The attitude of the angular momentum vector can be de-
termined from the spin phase differences (fu between the
detections of two different stars k and /.

Three identified stars k, I, m are necessary to deter-
mine the aspect angles 71;., 71 and 7,,, unambigously using

cos EK = sin jii sin 71 + cos 74. cos 71 cos tpu

cos elm = sin -/, sin 7m + cos 71 cos -ym cos tflm

cos Em* = sin 7m sin 71. + cos 7m cos 7* cos <pmi,, (19)

where the etj denote the exactly known angles between the
guidance-beams to the identified stars z and j. The aspect
angles define the attitude of the angular momentum vector
in space.

The <fij are determined as follows: Each reference-star
has its own LRST-ha.me. All LRSTs have a common z-
axis (the angular momentum vector), and the angles ^y
between their different orientations in the azimuth are given
by

Vi1 = lO/o + ^o )i - (T]O + V-o )j I (20)

and can be calculated using the differences between the
constant parts of two detection time functions which are
fitted to the data from two different reference-stars i and j.

For a three-star-constellation with <pu = <fi,n = <pmii
= 120°, u; + O = 10 rad/s and At = 20 ps, an angu-
lar momentum vector attitude accuracy of 0.01° should be
possible. In the case of 120°, the accuracy of the angular
momentum vector attitude is approximately equal to the
aspect angle accuracy.

5. SUMMARY AND CONCLUSIONS

The influence of the attitude parameters on the star sen-
sor data for small coning angles is completely described by
Eq. 10. Consequently, the accuracies of the different atti-
tude parameters can be stated as being dependent on the
accuracy of the measured star detection times.

With the definitions of w + ft as "spin frequency" and
T) + V> as "spin phase", the effects of spin on one hand and
nutation on the other hand on the star sensor data are easily
separable.
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The parameters concerning the nutation are resolved
more sensitively by the magnetometer than by the star sen-
sor (compare Eq. 10 and Eq. 18).

We think that these results are interesting not only
for the interpretation of magnetometer data. The system
star sensor/magnetometer is an effective tool for investigat-
ing the dynamical behavior of sounding rockets in general,
especially for studying "small" effects such as boom oscilla-
tions, slight changes in the mass distribution (for example
contraction due to the cooling, see Fig. 4), deviations from
a symmetrical ellipsoid of inertia, air drag and gravity drift.

We plan to apply the described evaluation method
to the star sensor and magnetometer data from the four
ROSE-payloads which were flown from And0ya (Norway)
and Esrange (Sweden) in winter 1988/89.
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ABSTRACT

The German Supernova 1987A sounding rocket
mission required the development of an attitude
control system and the refurbishment and launch
of a payload within a period of less than six
months. The ACS comprised an inertial platform
with a star tracker and two stellar TV cameras
with ground based interactive telecommand for
update and fine pointing. The ground and flight
telecommand systems were based on the 8052 and
8031 microcontrollers respectively and provided
precise offsets for the various manoeuvres,
automatic mode control and the facility for in-
flight corrections and the remote selection of
redundant operational modes. This report covers
the development, test, operation and flight
performance of the ACS for the project SUPERNOVA.

Keywords: Supernova 1987A, sounding rocket,
attitude control, telecommand, stellar television

1. Introduction

The discovery of supernova 1987 A on the 23rd of
February '87 marked the beginning of considerable
activity by scientists around the world, to
gather first hand data on the development of this
phenomenon, and presented the sounding rocket
community with a unique opportunity to
demonstrate that even for astronomy, sounding
rockets still have a part to play. The current
lack of operational spacecraft with telescopes
for EUV and X-ray detection meant that the only
possibility for exoatmospheric research with high
resolution, position resolving detectors, during
the most interesting first few months of the
development of the supernova, was to refurbish,
modify and launch existing sounding rocket
hardware. On the 2nd of March, the. Max Planck
Institute for Astronomy in Garching suggested the
possibility of refurbishing the ASTRO 4/2 payload
which comprised a 32 cm Wolter telescope with a
position resolving, low energy X-ray detector.
This payload had been constructed in 1977/78 and
launched from Woomera Australia in February 1979
to obtain X-ray images of Puppis and the Crab
nebula. The attitude control system (ACS) for
this payload had been developed by the DFVLR and

comprised an inertial platform with star tracker,
star television and telecommand system. The
question was whether this payload could be
refurbished and modified for a launch as early as
July or August of the same year.

2. System Requirements

The Supernova ACS was required to point the
Wolter telescope of the refurbished ASTRO 4/2
payload accurately (< 2 arc minutes) at the
supernova 1987A. It was also decided to make a
short observation of the nearby X-ray source
LMC-Xl to provide a positive test and calibration
of the telescope, detector and pointing system,
in case an unexpectedly low X-ray activity of the
supernova should cast doubt on the correct
functioning of the flight systems.

Although the original ACS could have been
refurbished, for a number of reasons it was
decided to develop a new system, despite the
extremely short preparation time from project
start in early April until launch at the end of
August. This decision was a tradeoff between the
risks of developing and constructing a totally
new system in less than a third of the time
normally available, and that of refurbishing and
modifying a ten year old system. A further
consideration was the fact that, in the event of
interesting scientific results, this payload and
experiment was likely to be reflown several times
and many of the subsystems developed by us over
the past ten years could be readily modified for,
this mission and would result in a better and
more reliable system and particularly an easier
system to calibrate, launch and refurbish.

3. Design Constraints

The choice of sensors was limited to those
available in house or obtainable within one to
two months. The sensors in question included a
MIDAS Analog inertial platform, a 3 axis rate
gyro package, an ITT star tracker (17 years old
and 6 flights) and a low light TV camera. As the
accuracy of the MIDAS platform is typically 1-2
degrees, over a normal flight period, the use of
optical sensors for star updating was essential.

Proc. Ninth ESAiPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
(ESA SP-291, June 1989)
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The nearest suitable guide star to the supernova
(brighter than magnitude +3.5) w-s Alpha Pictor
and this was approximately 10.4 degrees from the
two targets. This offset between the target and
guide star meant that with the star tracker
locked on the guide star, any motion or pointing
error in the roll axis would significantly
degrade the target pointing performance. The roll
motion effect on the target pointing was roughly
10 arc minutes per degree of roll error. This
cross coupling effect is illustrated in Figure 1
together with the ACS coordinate system.

dynamic performance was previously limited to a
limit cycle amplitude of about 1 degree p-p
because of a dead band in the MIDAS platform roll
servo loop. This would have resulted in a roll
generated, coupled lateral limit cycle motion
error of 10 arc minutes p-p which would have been
unacceptable. A solution to this problem was
provided by the generation of a corrected roll
signal using a composite of the MIDAS roll servo
and pickoff signals. This modification required
additional electronics which was not available in
the ASTRO 4/2 system.

«d TAURUS «CPICTOB 1887 A

* TABGET
•

VIEW
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QUIOE STAR
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EFFECT OF ROLL MOTION ABOUT GUIDE STAB ON TABGET POINTING

Fig.l ACS Coordinate System

The only solution to this problem was to use two
stars roughly 90 degrees apart and two optical
sensors. As only one star tracker was available,
a TV camera with ground based interactive control
was chosen as the second optical sensor element.
This technique uses an operator to generate a
manual correction of the platform drift from a TV
star image in real time and had been successfully
applied on ASTRO 4/2. Although the absolute error
and particularly the dynamic performance is not
as good as an automatic star tracker, the use of
this method for the less sensitive roll axis
offered an adequate performance. Canopus, a much
brighter star, would have been better for the
star tracker but was almost 20 degrees away and
would have resulted in an even greater roll
coupling problem and was therefore not used. The
guide star selected for TV roll control was Alpha
Taurus.

In addition, the forementioned coupling problem
demanded a dramatic improvement in the roll
dynamic performance of the ACS to avoid
disturbance of the fine lateral loops which
normally provide a pointing stability of 20 arc
seconds p-p with the star tracker. The roll

4. TV and Telecommand System

The ASTRO 4/2 TV camera was state of the art in
1978 and used a vidicon tube with a single stage
intensifier and comprised a pressurized camera
head and a separate signal processing unit. The
complete camera occupied a volume of about 5
litres, weighed 8 kg and consumed 40 watts of
power. This camera also operated with a non-
standard scan rate of 5 frames per second because
of the limited gain-bandwidth of the L-band
telemetry previously used.

With the current availability of high bandwidth
S-band telemetry, it was decided to investigate
the suitability of standard commercially
available CCD cameras. After successful testing
on real and simulated stars, a camera type was
selected and modified for flight use. In fact,
two cameras were fitted, one with a 10 x 7.5° fov
for roll correction, and the other with a 6.6 x
5° fov for possible lateral control in the event
of star tracker problems and supposing that the
supernova might still be bright enough for direct
boresighting. The physical (dimensions and power
consumption of each of these cameras were less
than 10% of those of the ASTRO 4/2 camera.

The flight telecommand system from ASTRO 4/2 was
also state of the art in 1978 and comprised 6
analog channels each with 10 bit resolution and 4
target stores and consisted of 7 PCB cards. The
ground encoder was based on an Intel 8080 micro-
processor, which was no longer complete. It was
decided to modify our 8031 flight processor,
designed and successfully flown on INTERZODIAK I,
to incorporate a modem link for input of the
serial telecommand data from the 407.1 MHz
receiver. The resulting flight card consisted of
only one single Europa card and provided 8 analog
output channels of 12 bit resolution, multiple
target stores, 8 analog input channels also with
12 bit resolution, 8 bit digital output and input
channels, a backup target timer and the threshold
logic for star tracker enable and coarse/fine
switching.

The ground system was also specially developed
for this mission and was based on a computer
designed by the Telemetry Group of MORABA and
which comprised an 8052 microprocessor, programm-
able in BASIC and a terminal for entry of
discrete command offsets. A control console with
5 "joy-sticks" for correction of the three
inertial and two star tracker offsets was
constructed with additional switches for target
load enable, coarse/fine override, tracker
disable and target selection.

The ground equipment for the television comprised
signal correctors, synch pulse separators and
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digital graticule generators for each channel.
This equipment was particularly critical as the
accuracy of measurement was totally dependent on
the stability of the graticule generation. The
pixel resolution of the cameras was of the order
of 1 arc min for lateral and 1.5 arc min for
roll, however, the multiple pixel distribution of
a point spread image of a bright star on the CCD
permitted considerably better measurement and
accuracies of better than 15 arc seconds were
repeatedly achieved during ground calibration.

The flight analog electronics was redesigned to
use a modified version of the PCB cards developed
for INTERZODIAK. Together with a newly designed
telemetry interface card, the analog electronics
was reduced from a 6 card system to 4 cards. The
operation of the control loops is described in
detail in Section 5. Software for the calculation
of angles between target, guide stars, star
tracker and TV cameras was developed and the
ASTRO 4/2 launcher coordinate program for the
calculation of target, star tracker and uncage
offset angles, was modified for this mission.

5. Control Loop Description

The operation of the ACS control loops is
illustrated in the schematic diagram Figure 2.
The lateral -coarse control consisted of two
identical loops where the sum of the platform
gymbal attitude pickoff signals with the
respective telecommand offsets were shaped in non
linear units to provide the required phase plane
acquisition characteristic and then summed with

rate signals. The results were then fed to the
pulse width/frequency modulators and valve
drivers. To correct the inertial coordinate frame
platform signals to the body fixed rate gyro and
gas jet coordinates, the pitch and yaw platform
signals were processed in the platform roll
resolver. In fine mode, the star tracker error
signals which were also body fixed, replaced the
platform signals and the rate signals were
appropriately scaled. The roll loop consisted of
the summation of the roll gymbal and roll servo
error signals, together with the telecommand
offset, shaping in a non linear unit and the
addition of a rate gyro signal.

The system logic was such that the inertial
manoeuvres from instantaneous uncage attitude at
T-30 seconds to the targets, were calculated on a
PC and loaded and stored in the flight telecomm-
and decoder. These manoeuvre angles are a result
of the Euler angles between the platform uncage
attitude in the launcher and the target in the
inertial coordinate frame, and the gymbal
coupling equations of the three gymbal platform.
After ACS initiation, the telecommand decoder
disables the tracker and holds the ACS in coarse
mode until the inertial errors are below a preset
threshold. When this threshold is reached, the
star tracker is allowed to search for a star and
when a star is locked, the ACS is switched to
fine mode. At this point the thresholds are
increased to prevent a return to coarse mode in
the event of significant platform drift. Under
normal operation, the accumulated drifts may be
compensated manually by telecommand during the
fine pointing phase.

Fig. 2.SUPERNOVA

ATTITUDE CONTROL SYSTEM
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6. Operational Modes

Various operational modes were incorporated in
the ACS to provide some redundancy in the event
of a sensor failure. The MIDAS platform and the
i =>';e gyros were non redundant, however, some
degree of excessive drift or offset could have
been compensated by telecommand, using the
optical sensors. Roll update was required during
star lock because of the coupling of roll error
into the lateral axes as described in section 3.
The absence of this update would have resulted in
a lateral error of some 15 arc minutes which,
because of the poor off-axis quality of the
telescope, would have degraded the X-ray image.
In the event of a roll TV failure, the lateral TV
camera could also have been used to generate this
correction. If the star tracker failed, the
lateral camera could be used to determine
corrections for the platform and in this case,
because the lateral TV was aligned with the
telescope, the payload roll orientation was
relatively unimportant. This latter mode was in
fact used for the supernova pointing phase after
failure of the star tracker in flight.

Pictor and the age of the sensor, the star
tracker was tested on a calibrated star simulator
for sensitivity and spectral range and was found
to be reliable to visual magnitude +4.0. The TV
cameras were also tested on the same simulator
and found to provide useable signals to magnitude
+6.0 which meant that although the supernova was
rapidly reducing in visible intensity it should
still be possible to use the lateral TV for
boresighting provided the launch took place
before September.

System performance and stability tests under
closed loop conditions were performed using a
static simulator and single and three axis air
bearings. Environmental qualification comprised
vacuum and temperature tests on all components
and subsystems. Vibration tests were performed on
the integrated payload. A planned lateral TV to
telescope and detector alignment test in an X-ray
test chamber was not performed because of lack of
time, but was replaced by optically boresighting
on the star simulator. Figures 4 and 5 illustrate
the ACS electronics without skin and in the
vacuum chamber.

Fig. 3 Ground Command Equipment

Figure 3 illustrates the control console, TV
displays, telemetry and telecommand equipment
during three axis air bearing tests. The
telecommand computer terminal was used to enter
the calculated manoeuvres prior to launch. The
control console contained five "joy sticks" to
provide fine corrections to the pre-launch
offsets for the three inertial control axes and
the two star tracker offsets. Five reset switches
provided the facility for imrîdiate zeroing of
the incremented correction In each channel in
case of possible "panic" overreaction. Motion
feedback to the operator was provided by two TV
displays of the CCD cameras and five panel meters
which indicated the inertial platform and star
tracker error signals or instantaneous deviations
from the commanded attitude. All housekeeping
data was available on analogue meters and two
chart recorders in case of problems.

Fig. 4 ACS Electronics

7. Test and Calibration

The test and calibration strategy for the ACS was
strongly influenced by the extremely tight time
schedule. Because of the low brightness of Alpha

Fig. 5 ACS in Vacuum Chamber

Acceptance testing at Oberpfaffenhofen included a
demonstration of the system operation on a three
axis air bearing, with automatic acquisition of a
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simulated star and manual telecommand acquisition
of a projected image of the larger Magellanic
cloud, using the "joy-stick" control as shown in
figure 6. These tests also provided relative
realistic flight simulation for the telecommand
operator.

Fig.6 Three axis air bearing tests.

The tight time schedule limited the launch site
preparation to three weeks, which was consumed by
installation of the ground support equipment and
performance of payload functional tests as well
as calibration and alignment of all sensors. The
telescope alignment to the lateral TV and star
tracker was calibrated using the star simulator
and confirmed on the actual stars and supernova
using the equatorial mount for the payload at
night. During one of the preliminary countdowns,
it was observed that the launcher azimuth pickoff
exhibited considerable hysteresis which was a
problem for the platform uncage reference. The
launcher synchro was replaced and as a backup,
fence posts were installed at 5 degree positions
in azimuth around the launcher as sighting points
for the roll TV.

8. Project Schedule

The significant difference from a normal project
development plan was the extraordinarily short
time period of 20 weeks from the informal request
from MPE to completion of acceptance tests and
delivery of the flight ready system. A number of
tasks which would normally be approached
sequentially, were of necessity performed in
parallel. This in turn carried the risk that a
major problem in any single area could have had
catastrophic repercussions on other areas
resulting in a cancellation of the mission. Some
of the more unusual characteristics of the
project schedule are mentioned in the following.

The manpower and resources were made available by
delaying the attitude control system development
of another sounding rocket and a balloon gondola
both by six months. In most cases long lead
components were borrowed from the INTERZODIAK II,
TEXUS and other programs. The electrical
interfaces of ASTRO 4/2 were retained as far as
possible to minimize interfacing problems with
the existing payload. New development was
restricted to areas where the likely benefit in
either reliability or performance outweighed the
risk involved.

Negotiations for the reactivation of the Woomera
Rocket Range were concluded in early May, half
way through the development period and the final
agreement was signed only two days before the
first launch attempt. Heavy equipment was
dispatched by sea transport in early June long
before the ACS was fully developed and qualified.
Official funding was received in mid May, also
half way through the development phase. Final
acceptance of the ACS was performed on the day
prior to departure of the Hercules transport
aircraft which delivered the payload and checkout
equipment directly to the range.

In spite of the fact that the Woomera rocket
range had been practically out of action since
1979, and bad weather which aborted the first
three launch attempts, the actual launch took
place on the 25th August which had been selected
as the ideal date, regarding sun, moon and target
position, already in May.

9. Flight Performance

The performance of the ACS and all ACS initiated
events was nominal until selection of the second
target at +2 min 18 sees. Because of a problem in
the autotracking system of the ground telemetry
station antenna control, no satisfactory
television reception was obtained until +1 min 50
sees. Fortunately, no manual operations were
forseen during this period and the only
detrimental effect of the absence of TV star
images until this time were an excessive
production of adrenalin and strong language by
the ACS and telemetry operators. A traumatic
nervous shock was suffered by the payload team,
who misinterpreted the intercom report to the
telemetry station,of extremely bad TV signals,
as indicating that the nose cone had failed to
release. In fact as TV reception was achieved at
+110 seconds the ACS was just completing the
automatic inertial acquisition of LMC-Xl and star
tracker lock on Alpha Pictor.

A residual roll error of -1.5 degrees was removed
by telecommand using the roll TV camera on Alpha
Taurus. After ensuring the correct operation of
the detector and pointing system with the
anticipated count level on LMC-Xl, the command
was given to move to the supernova at +2 min 18
sec., however, the star tracker lost track of
Alpha Pictor within 10 arc minutes of the target
and produced a false error signal which caused
the ACS to revert to inertial platform control.
Several attempts to correct the error by periodic
disabling of the star tracker by telecommand,
failed to correct the problem and it was decided
to change to manual control to position the
supernova in the centre of the lateral TV camera
image. Acquisition of the supernova by manual
control was achieved by +3 min 30 sec and the
pointing stability until reentry was better than
10 arc minutes.

The unexpected absence of a significant count
rate from the supernova precluded an in-flight
corroboration of the telescope pointing by the
experiment, however, the TV image of the super-
nova and two adjacent dim stars, the roll TV
image of Alpha Taurus and the expected count rate
from LMC-Xl confirmed the correct attitude.
Post-flight correlation of the various sensor
signals, TV images and experiment detector data



122 J. TURNER

from LMC-Xl as described in the following
sections, provided an attitude reconstitution to
better than 2 arc minutes.

10. Attitude Reduction

The failure of the star tracker on the second
target necessitated the use of TV camera data for
the pointing accuracy analysis. Both camera
signals were recorded on UMATIC video recorders,
however, the noise level of the recorded signal
coupled with the low brightness of the supernova
resulted in some difficulty in the post flight
analysis of individual frames. Noise reduction
was first performed by producing a second video
tape from the master but with contrast enhance-
ment and averaging of sequential frame pairs.
This tape provided a much clearer image of the
supernova position. The processed video-tape was
then fed through a titnebase corrector to a frame
freezer on the VAX/IDL image processing system
developed for the Giotto images. The relative
pixel location of the supernova was determined
for each second of operation in the controlled
phase and was accurate to better than 2 arc
minutes. From this it is apparent that the
supernova was within less than 10 arc minutes of
the centre of the 40 arc minute field of view of
the experiment detector for a period of four
minutes and the attitude reduction permits a
position correction of all photon counts to an
accuracy of the order of two arc minutes.

11. X-ray Image Correlation

Analysis of the photon count data from the
detector and their correlation with the motion of
the payload was complicated by the the degraded
optical performance of the telescope which
resulted in a point spread function of several
arc minutes, particularly for off axis targets.
In the case of the LMC-Xi pointing phase, the
photon count was relatively high in comparison to
the cosmic background. Also the limit cycle
amplitude of guide star pointing was of the order
of 20 arc seconds peak to peak, so that the
pointing error on the target was limited to the
roll coupled motion element as the platform roll
error was corrected by telecommand. In effect, a
first order correction to the order of a few arc
minutes was possible at the range with simple
means and the high count rate produced an obvious
image of the LMC-Xl source.

The confirmation of possible supernova photons
was considerably more difficult and the correl-
ation of the total of 152 photons during the
period from 3 min 38 seconds to 7 min 36 sees
produced a random distribution over the 40 arc
minute field of view of the detector and no
obvious statistical concentration as was to be
expected from a bright point source. From this
result and the fact that the detector and
pointing system had been calibrated and proven to
function correctIy on the well known LMC-Xl
source, only an upper limit for the radiation
level of the supernova can be determined. Even
so, the scientific purpose of the experiment and
performance of the payload can be considered as
successful as the lack of measureable soft X-ray
radiation, indicated an unexpected process in the
development of the supernova.

12. Conclusion

The SUPERNOVA project illustrated just what can
be achieved when enough people are sufficiently
motivated and enthusiastic about a task and
sufficient resources can be made available. The
refurbishment of the payload and development of
the ACS was a typical case of sounding rocket ad
hoc solutions to obtain the maximum perform- ance
from available components, within extremly tight
time scale and cost restraints. The use of
interactive remote control and star TV cameras as
a backup to automatic systems, enabled the
substitution of the faulty star tracker function
by manual control and resulted in the rescue of
the mission. At a time when the use of sounding
rockets for astronomy research in Europe had
almost come to an end, the supernova provided a
rare opportunity to demonstrate the unique
advantages of this technology over other forms of
space vehicles for quick, effective and cheap
solutions.
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ABSTRACT

In cooperation with NASA, the German Minister for
Research and Technology, BMFT, conducts studies to
provide a 3m class airborne telescope for SOFIA, a
successor to the extremely successful Gerard Kuiper
Airborne Observatory, KAO. In the next two decades,
SOFIA could provide a continuing and readily dé-
ployable observation possibility at heigths above
12.5km for sophisticated instrumentation from the
subnm well into the optical spectral range.
After studying feasible telescope concepts BMFT has
now proceeded into the telescope system definition
phase.

Keywords: Airborne Astronomy, Observatories,
Submm-FIR-IR techniques, Large lightweight mirrors

1. AIRBORNE ASTRONOMY

Starting with a CV-990 aircraft in the 1960's, NASA
now has the experience of almost a quarter of a
century in airborne astronomy. A 30cm open-port
telescope in a Lear Jet paved the way for the
Gerard Kuiper Airborne Observatory, KAO, with its
91cm diameter telescope, that provides up to now
the only permanent observation facility for infra-
red astronomy above the tropopause, leaving behind
the water vapour layer of Earth's atmosphere. Plans
for a "Large Airborne Telescope" finally led to the
initiation of feasibility studies for a 3m class
open-port telescope in a Boeing 747 aircraft, which
will be named SOFIA. In 1986 NASA invited the
German Minister for Research and Technology, BMFT,
to contribute the telescope system to this observa-
tory, acknowledging the high standard of astronomy
and telescope technology in the FRG and the great
interest shown in the participation in the KAO pro-
gram. After the feasibility of a 3m class telescope
in a 747 has been proven in phase A studies, NASA
and BMFT are now conducting definition studies for
the required aircraft modifications and the tele-

scope system in parallel. If funds are provided,
SOFIA'S development can have a new start in 1991
with the aim of beginning astronomy operations in
1994. Thus the successful, but ageing KAO will have
a much more powerful successor to natch the ever
growing interest in this up to now only poorly
exploited field of subrran & infrared astronomy as
well as to provide a larger number of science
flights to the now numerous groups with sophisti-
cated instrumentation. With an anticipated lifetime
of more than 20 years and 120 annual flights SOFIA
not only will serve submm & infrared astronomers
well into the next millenium thus bridging the gap
to the planned satellite observatories LDR and
FIRST, but also will be complementary to the cryo-
genically cooled though much smaller infrared
satellites SIRTF and ISO which are currently
developed.

2. THE OBSERVATORY

The definition study concept foresees a very thin
Zerodur meniscus parabolic mirror of now 2.7m dia-
meter and 60mm thickness as primary mirror. The
mirror has to be very fast with a focal ratio of
f/1.2 in order to have no parts of the telescope
exposed to the ambient air flow outside the cavity.
The optical configuration is of Ritchey-Chretien
type in Nasmyth arrangement with a chopping light-
weight secondary and dichroic tertiary mirror to
allow focal plane tracking simultaneously with
infrared observations. The telescope will be
balanced with a spherical air bearing supported by
a vibration isolation system mounted to an aft
bulkhead that separates the pressurized cabin from
the open cavity thus taking over the well proven
KAO design, which allows inflight access to the
science instruments.
The new technology for the fast thin mirror, the
bearing concept and the vibration isolation are
primary concerns for the study conducted in Germany
while the US side will define the necessary modifi-
cations to the aircraft of choice, a Boeing 747-SP,
other critical mission aspects as f.«. the control
of shear layer streaming over the cavity causing

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRC, 3—7April 1989
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seeing degradations and the necessary ground faci-
lities at the Ames Research Center.
For a total payload weight of around 32t (70000Ib)
the 747-SP provides the longest flight time of
about 7 hrs at and above 12.5km (41000 ft) due to
its steep ascent and long range capabilities. As
additional weight would have to be balanced by
ballast in the aft section of the plane, the tele-
scope system will not contribute more than 13.5t
(30000 Ib) to the budget, thanks to the lightweight
primary mirror and the extensive use of carbon
fiber reinforced epoxy CFRP materials.

3. SCIENCE REQUIREMENTS

The current definition especially of the telescope
system has the aim of maximizing telescope perfor-
mance at reasonable costs in order to meet the
scientific requirements, set up by an international
Science Working Group. A summary of the characte-
ristics for SOFIA is shown in fig.l in comparison
with the KAO.
Ease of interchange between flights of and inflight
access to state of the art focal plane instruments
are attractive attributes promising short turn-
around times for scientific investigations. With a
2.7m diameter telescope SOFIA will have 10 times
the sensitivity of the KAO for detecting compact
protostellar sources so that all the IRAS 60 and
100fin sources will then become observable. With its
factor of three in spatial resolution improvement
over KAO, SOFIA can probe e.g. the connection of
bipolar outflows and disk formation to the process
of starbirth. Meeting the pointing and tracking
stability requirements means high resolution infra-
red spectroscopy and photometric occultation obser-
vations of the giant planets will become possible
throughout a spectral range of 0.3-350/jn, revealing
new findings on the structure, the composition and
the chemistry of planetary atmospheres. As SOFIA
can readily be deployed to remote sites worldwide
it will be a powerful observatory for such exciting
ephemeral events as comets, supernovae and stellar
occultations of planets, which often cannot be
covered by large ground-based telescopes.

SOFIA COIVlPARiSON WITH KAO

AIRCRAFT-BOEING 747SP
MAXIMUM CROSS WEIGHT—703.000 Ib
TELESCOPE APERTURE-llfl In. dlam (3m)

AIRCRAFT—LOCKHEED C-141A
MAXIMUM GROSS WEIGHT—320.000 111
TELESCOPE APERTUHE—36 In. alun {O.gtmf

OBSERVATORY PLATFORM

Aircraft Lockheed C-141 Boeing 747SP
Operating Altitude 41-45,000 feet 41-46,000 feel
Endurance for research (241,000 ft.) 5 hours > 7 hours
Ranee 3,300 n. miles > 3,500 n. miles
I'ajtaid (typical) 6U1OOOIb 80,000 Ib
Investigator team accommodation < 10 people 210 people

OBSERVATORY TELESCOPE

Aperture 36 inch (91cm) -118 inili (3m)
Spectral range 0.3 -1600 \aa same
Diflraclion limited wavelength X< 10 (im (U 30 Jim
Pointing stability 0.3arcsccond O.ZarcseconU
Elevation range 35-75 degrees 20-60 degrees

Figure 1. Comparison of size and characteristics
of the KAO with the planned SOFIA facility. Note
that though the mirror diameter has increased by a
factor of three, the 747 SP aircraft is only
slightly larger than the C-141 aircraft, thus
forcing the development of an extremely compact
telescope assembly.
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ABSTRACT

SOLLY (Solar Lyman-Alpha Spectroscopy) is
the name of a new type of resonance
spectrometer. It was successfully
launched aboard a BLACK BRANT rocket on
October 24, 1988 and recovered by
parachute. This flight served as a first
experimental and technical improvement of
the new instrument , which was designed
to measure the solar line profile and
intensity within the core of the solar
Lyman-Alpha line at 121.6 nm. The
instrument comprises sequentially
arranged hydrogen and oxygen cells with
two independent detectors.

A brief technical description of the
instrument design and layout will be
presented.

Keywords: resonance spectrometer, detec-
tion of solar Lyman-Alpha line profile
(121.6 nm), hydrogen gas cell, oxygen gas
cell, channeltron detector,

2. EXPERIMENT CONCEPT

1. INTRODUCTION

Solly was successfully flown as part of
an American sounding rocket iayload.The
scientific goal and the experiment
consisting of a hydrogen cell and an
oxygen cell with data electronics were
defined by the University of Bonn
(Institut fur Astrophysik und extra-
terrestr-ische Forschung, IAEF).

Dornier built the instrument (sensor) by
order of the University of Bonn. PTS
(Freiburg) was responsible of' the NBS-
diode and the data electronics.

Owing to a very good cooperation between
the industry and MPAE (Katlenburg) as
concerns the procurement of components
for the cells and know-how transfer, the
instrument could be developed, built,
tested and supplied within a period of
only 5 months.

Figure i shows the experiment concept.
SOLLY consists of two sequentially
arranged gas cells (containing Ha and Oj
at low pressure) with two independent
detector systems (channeltron module and
NBS-diode), several baffle systems, data
electronics and power supplies.

The NBS-diode detects the direct solar
Ly-ot radiation at the rear of the oxygen
cell which is filled with O2 gas of about
'O mbar. The radiation enters the
hydrogen cell via the entry baffle, is
transmission-modulated by means ol"
different hydrogen partial pressures and
is narrow-band filtered in the oxygen
cell. The MgF2 windows gastightly sealing
the cells and provide for a broad-band
prefiltering of the solar radiation.

The channeltron detector system laterally
arranged on the hydrogen cell detects the
solar Ly-oC. photons that are resonantly
scattered on the hydrogen atoms. In this
connection, the intensity depends on the
hydrogen _oartiai pressure (ranging
between 10 and 10 mbar) which is
varied by the heated filament current in
.the hydrogen cell. The molecular hydrogen
is thus dissociated into an atomic
hydrogen.

The preamplifier is directly installed in
the NBS diode housing. The channeltron
module (CEM) consists of a special
ceramic channeltron (MPAE), charge
amplifier and a matching electronics for
the data electronics. A separate
converter generates the high voltage for
the CEM. The data electronics controls
the heated filament of the hydrogen cell,
processes the NBS-diode current and
counting pulses of the CEM. The processed
data are collected by a PCM encoder (part
of sounding rocket) and transmitted to
the ground station via telemetry.

PTOC. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRC, 3—7April 19S9
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Figure 1. SOLLY experiment functional block diagram

3. TECHNICAL LAYOUT

Figures 2 and 3 show the SOLLY instrument
design. Both gas cells form the main
parts. The hydrogen cell system consists
of the hydrogen cell (item 1) provided
with the heated filament and gastightly
sealed by three MgFa windows (Fl, F2,
F3), the entry baffle (item 5) to limit
the field of view to 4°, the side baffle
(item 6), the channeltron module (CEM,
item 3) and the gas filling connection
coupling. Based on the former experiments
ASTRO-HEL and INTERZODIAK, the
chaiineltron module was designed as very
solid new standard module.

The oxygen cell (item 2) is gastightly
sealed by two MgFa windows and is also
provided with a gas filling connection
coupling. It is connected to the hydrogen
cell by means of an intermediate baffle
(item 7). The NBS-diode is directly
flanged to the oxygen cell outlet. The
intermediate baffle and the CEM are
provided with big outgassing filters for
quick evacuation during payload ascent.

Special requirements were set on the
realization of the SOLLY instrument due
to the short time of development of only
5 months, on the extremely high gas
tightness of the gas cells for a storage
and life time of 1 year (.max. permitted
He leakage rate of 1 x 10 bar x cm3 x
sec ) and on the high cleanliness within
the cells. To meet all requirements set
on cleanliness and tightness, the cells
were made of stainless steel, only
materials with poor outgassing and
sealings made of metal (indium) were
used, and special baking-out and gas
filling procedures were employed.

All interior parts of the cells were
baked out in high vacuum. Metal parts at
40O0C and the Teflon parts of the
hydrogen cell at 27O0C. After the cells
had been integrated, their interior was
again baked out at 15O0C in high vacuum
for about 6 weeks, before they were
filled with Ha gas (0.2 mbar) and Oz gas
(40 mbar). Figure 4 shows the individual
parts of both cell systems. Figure 5
gives the complete SOLLY instrument in
flight configuration (without NBS-diode
and data electronics) with the entry
baffle in front and its channeltron
module arranged at right angles.

4. CONCLUSION

Owing to the good cooperation with MPAE
(Katlenburg), the flight model of a new
type of resonance cell photometer was
built within a period of only 5 months
and was successfully flown aboard a BLACK
BRANT sounding rocket.

It was possible to verify and qualify the
technology and the measuring concept also
in view of future experiments in
cooperation with US partners, e.g. in
connection with SHUTTLE missions. A new
and solid standard channeltron module was
developed that can in future also be
applied to other space projects.
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ABSTRACT

The identification of less abundant stratospheric
ions requires an improvement of mass resolution
and sensitivity of the instruments in use. A
modified Mattauch-Herzog analyzer was developed
for positive ion measurements in the mass range
12 to 500 u and will be upgraded for negative
ions. The main characteristics, design parameters
and first laboratory test results obtained with
it are described here. The ions are mass- sepa-
rated in combined toroidal electrostatic and
constant magnetic fields. The simultaneous mea-
surement of a spectrum part is achieved with the
use of two detectors. They consist of a 1-inch
microchannel plate, an attached phosphor screen,
a fiberoptic seal and a linear position sensitive
light detector. Ambient atmospheric ions are
sampled through a small orifice. The atmospheric
air density is reduced in the inlet region of the
instrument with a liquid helium cryopump. An
octopole HF-field was integrated into the ion
optics in order to reduce the ion loss.

KEYWORDS: Mass spectrometers, electro-optical
devices, atmospheric density, stratosphere.

1. INTRODUCTION

The nature and abundance of positive and negative
ion species in the stratosphere and mésosphère
can only be determined by means of in situ mass
spectrometer measurements. In the mésosphère ions
were measured with a detection limit of 1-10 cm
by Narcisi et al. (3965), Krankowsky et al.
(1972) and Zbinden et al. (1975), by using cryo-
genic pumping. Although the very first mass
spectrornetric measurements of positive ions in
the stratosphere were performed with rocket borne
instruments by Arnold et al. (1977), the use of
balloons turned out to be a much more appropriate
means for stratospheric ion sampling. Balloon-
borne instruments for stratospheric ion measure-
ments were developed and successfully flown by
Arijs et al. (1978) and Arnold et al. (1978). The
knowledge of the nature and abundance profiles of
mesospheric and stratospheric ions is essential
for the understanding of atmospheric electricity,
in particular the formation and loss mechanisms
of free electrons and positive and negative ion

t Current address: Electrowatt, CH-8008 Zurich

clusters. All these parameters strongly depend on
the ion composition. Stratospheric ion measure-
ments by Arnold et al. (1980) , Arijs et al.
(1983a, b) and Viggiano and Arnold (1983)
revealed the possibility to detect trace gases
with very low concentrations. Ions of the middle
atmosphere may also play an important role in the
formation of aerosols and they can provide addi-
tional support for the laboratory investigation
of thermoehemical and kinetic ion-molecule reac-
tion constants (see e.g. Arnold et. al., 1901).

So far only quadrupole mass filters have been
used successfully for stratospheric ion measure-
ments [for description and performance of instru-
ments see Nevejans et al. (1985) and references
therein]. Although such insturments have provided
a wealth of data on the major positive and nega-
tive ions in the altitude range 20 to 45 km and
gave a rather consistent insight into the major
stratospheric ion chemistry [for recent refer-
ences see reviews by Arnold (1982), Arijs (1983),
Arijs et al. (1984) and Arijs and Brasseur
(1986)] there still remain some questions about
the less abundant positive and negative ions in
the stratosphere. A lowering of the ion detection
limit, an increase of the mass resolution, and
the decrease of the integration time to build up
ion spectra during a balloon flight are necessary
to allow detailed investigations of small-scale
structures in the ion composition. Such struc-
tures may originate from dynamical and electro-
dynamical variations or from rapid fluctuations
of neutral minor constituents and the aerosol
formation. Furthermore, an improvement of sensi-
tivity and mass resolution is needed to extent!
the number of trace gas species which can be
inferred from ion composition measurements.

With these objections in mind we aimed to develop
a new balloon-borne mass analyzer with a mass
range of 12-500 u, a mass resolution M/AM = 250
at the 1% level, a sensitivity of lo"1 cm"3 with
100 s integration time and an altitude resolution
of 100 m. The instrument should also allow us to
measure minor ion species because of the enhanced
dynamic range 1:105 (100 s intégration).

We have investioated three basic types of instru-
ment, the time of flight (TOFS), quadrupole mass
filter (QMFS) and the double focussing magnetic
mass spectrometer (DFMS). All three instrument
types have been used in acronoaiic measurements in

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
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the Earth ' s atmosphere and in that of other
planets (cf. Nier and Hayden, 1971; von Zahn and
Mauersberger, ]978). The general requirements for
the instrument improvement can be best fulfilled
by the DFHS instrument which is capable of per-
forming a simultaneous measurement of ions within
a selected mass range. This feature is not avail-
able in QMPS instruments. The latter dévide the
mass range in small domains which are measured
separately (scanning).

The TOFS instrument would allow much larger ion
inlet apertures than QMFS or DFHS, but the im-
provements in ion transmission probability are
lost because this instrument is working in a
pulse mode. Incoming ions are only analyzed
during a small fraction of the time.

The selected instrument type is a modified Mat-
tauch-Herzog geometry (Mattauch and Herzog,
1934), a combination of a radial electrostatic
field and a homogeneous magnetic sector field. In
order to improve the ion transmission a toroidal
field is used. This field configuration allows
also axial focussing (g-plane). The imaging plane
has been chosen slightly (at least one gap) away
from the permanent magnet. By consequence, angles
of the ion beam at the entrance of the magnetic
field and the imaging plane are non-standard.

2. INSTRUMENT DESCRIPTION

The instrument from which the vacuum part is
shown in detail in Figure 1 uses the liquid
helium-cooled cryopump from EISA described by

Figure 1 Cross section of high vacuum part of
the mass spectrometer. 1) spring-
loaded opening device; 2) ion inlet
plate; 3) octopole ion transfer; 4)
liquid helium container; 5) ion lense
system; 6) Ion inlet slit; 7) toroidal
electrostatic deflector; 8) ion guard;
9) permanent magnet; 10) micro channel
plate; 11) fiberoptics; 12) liquid
helium filling part.

Ingels et al. (1978) and Mevejans et al. (1985).
The inlet plate, which is insulated from the
pump, has a typical sampling hole of 0.2 mm
diameter. The opening device is activated as soon
as the balloon reaches the desired altitude.

Ions entering the inlet opening are guided
through an octopole RF-field and are focussed and
accelerated by a lense system on the inlet slit
of the mass analyzer. The central ion beam passes
the toroidal condensor at a radius of 10.51 cm
and an angle of 59.4°. The tube between electro-
static and magnetic field keeps the region field
free. Ions of different mass to charge ratio are
deflected between a minimum radius of 2.80 cm and
a maximum radius of 8.39 cm by means of a perma-
nent magnet and are focussed on the imaging
plane. In case the total length of 9.7 cm of the
imaging plane could be used as detector, the mass
range of 12-500 u could be covered with two
different settings of the ion acceleration volt-
age. The magnetic deflection angle of the rare
earth cobalt magnet (Recoma 28 from tigimag) is
96.6°, its gap is 7.0 mm and the field strength
in the center is 0.64 T. A contour plot of the
magnetic field in the plane of the ion trajectory
is shown in Figure 2. At the border of the magnet
the field has decreased by about 10% and drops to

61 OO

Figure 2 Contour plot of the magnetic field B.
The central field is 0.64 T. Contours
are separated by 0.05 T. X/Y-scales
are given in mm.

about 20% within one gap distance away from the
magnet. In our configuration two 1-inch electro-
optical ion detectors are used. Each of the two
assemblies consists of a) a multichannel plate
(MCP), b) a phosphor screen deposited on the
vacuum side of a vacuum sealed fiberoptic rod
bundle and, c) a 1-inch 512-pixel linear photo-
diode array (LPDA). The LPDA is placed outside
the vacuum system at the end of the fiberoptic
rod bundle and stores the optical signals in an
analogous way. The active area of each pixel is
35 VIK * 2.5 mm with a pixel separation of 50 urn.
The large pixel size guarantees high pixel satu-
ration charge levels. The use of two detector
systems with one inch width requires four differ-
ent settings of the ion acceleration voltage to
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cover the mass range of 12-500 u as shown in
Table 1.

Similar instruments based on the Mattauch-Herzog
geometry which are operating with linear array
detectors for simultaneous detection of a mass
spectrum have been developed and investigated by
Giffin et al. (1974), Murphy and Mauersberger
(1985), Krankowsky et al. (19B6) and other
authors cited in their references.

Table 1 Mass ranges of the two detectors for
different ion acceleration voltage (IAV)

Det. A
(U)

12 - 28
28 - 65
42 - 98
64 - 148

Det. B
(U)

63 - 95
147 - 221
J21 - 334
333 - 504

IAV
(V)

1340
576
382
253

3. DETECTOR

A schematic view of the electron optical ion
detector is shown in Figure 3. The ions leaving
the magnetic field are accelerated towards the
entrance of the two MCPs. In this experiment
C-type MCPs with 25 urn curved channels (Galileo
Electro-Optics) are used. The details of the
performance of MCPs can be found in the papers by
Wiza (1979) and Timothy (1981). An ion striking
the front of the MCP causes an electron pulse of
the order of 106 electrons leaving the MCP. These
electrons are accelerated towards a conductive
P20 phosphor layer (AEG Telefunken) which is
deposited on the front surface of a fiberoptic
rod bundle (Galileo Electro Optics). The fiber-
optic rod bundle has fibers of 6 Um diameter and
an overall maximum diameter of 35 mm at its
reverse side. Two solid state optical image
detectors, each consisting of a 512 pixel self-
scanned linear photodiode array (Hamaraatsu
S 2304-512F) fitted to a fiber optic rod bundle
are used for the recording of mass spectra. The
two LPDA-arrays are read out simultaneously in

L O W P R E S S U R E
(< lOE-e mbtr)
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- INTEGRATED SEMICONDUCTOR
DEVICE

Elements of the linear electro-optical
array detector. The fiberoptics sepa-
rate the high vacuum part from the
electronic part at atmospheric pres-
sure.

54 ms and their serial analog video output sig-
nals are digitised by an ADC having a 12 bit
resolution.

Prior to the use of a new MCP in the detector at
least a three day period of extensive heat treat-
ment in vacuum at 30O0C was applied. After the
heat treatment the MCPs were burnt in with a low
intensity ion beam for about 10 hours, using
1000 V as the MCP-voltage at room temperature.
Our MCPs were at pressures below 2 x 10 6 mbar
and at a nominal supply voltage of 1.6 kV.

We have tested the ion optical detector configu-
ration in a homogeneous ion beam with constant
ion energy, different intensities and uniform
mass to charge ratio. Figure 4 shows a linearity
plot for N2 ions with a nominal impact angle of
50°. The plot is an average of over 100 read-outs
taken from the 200 center pixels out of the 512.
A value of 1550 V is used for the MCP voltage and
2200 V for the electron acceleration at the out-
put of the MCP towards the phosphor screen. A
current density of 8000 ions/mm2 s resulted in
3323 ADC charge counts being accumulated from a
single !,PDA-pixel during an integration time of
54 ms. The results show that in this configura-
tion one ion gave rise to an average number of
88 ADC-counts. The slight bending of the lineari-
ty plot is an artifact which originates from the
beam measurements with a reference detection
system.

5000

Figure 4 Linearity plot of the detector
measured with Nj ions with 2.5 kV
energy, 1.55 kV MCP voltage. The scale
of the LPDA read-out is given in units
of 500 with maximum ADC counts of 3323
at 8000 ions/mm2 s.

The 25 mm C-plate MCP (Galileo Electro Optics
No. 1034-201-012) has been tested similarly for
the investigation of the overall gain homogene-
ity. Again Na ions with an energy of 3000 eV and
a current density of 2500 ram * s"1 have been
used. Figure 5 displays the variability of ADC
counts of the Hamamatsu LPDA against the local
pixel position. The gain variability is for this
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5000

DETECTION POINT 500

Figure 5 Variability of the HCP gain of a
curved 1-inch C^ MCP. The measurement
was made with «2 ions at 3 kv energy
and 1.6 kv MCP voltage. The maximum
M)C count rate is 2378 on pixel 184
and the minimum 1716 on pixel 27.

case almost the same as observed in the original
beam. The gain uniformity is well within 10% for
this exceptionally good case. The puls_e height
spectrurc of the MCP as recorded for Kr ions of
800 eV energy with the same detector operation
parameter settings is shown in Figure 6. The
number of counts/ion is equivalent and linear to
the detector gain which is normally used for such
analyses. The maximum of the distribution is at
44 counts/ion and the distribution is within the
specification, 90% at half of the maximum (fwhm
"\, 90%) . In all measurements the number of ADC
counts were corrected by a subtraction of the
background spectrum recorded with the ion beam
turned off.

The full detector operation is shown with the
recording of a krypton spectrum in Figure 7. The
krypton ions were formed in a plasma ion source
and passed the magnet system with an energy of
900 eV. 100 spectra of 54 ms integration were
averaged and corrected with the LPDA background.
The main krypton peaks on masses 78, 80, 82, 83,
84, and 86 u are clearly visible. The peaks on
masses 87, 85, 79, and 77 u are spurious ions
created by the plasma ion source. Masses 87 and
85 can be identified as Eb isotopes. The mass
resolution M/ÛM at the 1%-level calculated at
84 u is 120.

4. PIXEL PROCESSOR UNIT (T4)

The T4 unit is a data processing and experiment
control unit, which has been developed for the
SIDAMS sounding rocket version. In the balloon
experiment the operation of the T4 unit is
reduced to the read-out and digitizing of LPDA-
data, subtraction of background signals, summa-
tion and averaging of a selected number of LPDA
read-outs and the data transfer over serial
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at 800 eV energy measured with a
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Figure 7 Laboratory spectrum of krypton ions at
900 eV energy measured from an ion in-
tensity of 5 x 1010/mm2 s. The maximum
number of counts is 3753 for 8l*Kr.
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Figure 8

Block diagram of the SIDAHS T4 pixel processor
unit. Explanation of abbreviations: PDA: Photo
diode array; RCHG: Recharge of pixels; GINT:
Gated integrator; LPF: Low pass filter; S/H:
Sample and hold; VADC: Video analog-to-digital
converter; Seq: Sequencer; HV: High voltage; PS:
Power supply; Oct: Octopole power supply; T:
Temperature sensor; p: Pressure sensor; He:
He-level sensor; switch: Break wire monitor;
P1xMOn: Power monitor; HK: Housekeeping unit; DSg:
Data acquisition system; Commo: Communications
interface; SCC: Serial communications controller;
DAC Digital-to-analog converter; CPU: Central
processing unit; EPROM: Erasable programmable
read only memory; SRAM: Static random access
memory; 48 In/Out: 3 16-bit parallel input/output
ports; Res/WD: Reset/Watchdog; dt: Delay for
parallel output; Opt In/Out: Isolated input/out-
put channels; T/C: Telecommand; T/M: Telemetry;
P/C: Payload Console.

interfaces to telemetry. The T4 unit can also
provide telecommand signals.

A schematic of the T4 unit is shown in Figure 8.
The pixel processor unit contains five basic
printed circuit boards, T4 IF, T4 ANSIO, T4 CPU,
T4 OPT IN and T4 OPT OUT.

The T4 CPU is a CMOS single board computer, based
on a 80C186 Intel microprocessor, a clock fre-
quency of 8 MHz, 128 Kbyte EPROM and static RAM.
The board has input and output registers and two
DMA channels for LPDA and TM data. The T4 ANSIO
is the analog input/output board for LPDA sig-
nals, equipped with a sample and hold unit, an
ADC with 12 bit resolution and 12.5 us conversion
time for both LPDA channels. The input and output

operates under DMA or interrrupt control. On the
T4 ANSIO board 16 channels can be used for the
experiment housekeeping and four RS-232 inter-
faces with handshake provide the communication to
the main experiment control, the test console and
telemetry.

On the T4 IF interface board the Intel 87C196
CMOS microcontroller generates the clock frequen-
cy. This board delivers also the necessary con-
trol signals to the T4 ANSIO board.

The two T4 OPT IN/OUT boards are used for the
optical isolation of input and output controls.
48 input and 48 output channels with 500 VAC
isolation can be used at a maximum data rate of
300 kbit/s.
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ABSTRACT

Inflatable sphere systems launched by meteorological
rockets have recently shown a significant improvement in
reliability. The intrinsic property of high accuracy of the
sphere system for temperature measurements, has also been
verified by a theoretical analysis, simulation, and flight
experiments. The resolution and precision of the technique,
however, is still limited by the tracking radar error. The
frequency analysis of the radar data reveals a specific frequency
components in the radar angle error, which may originate from
the tracking radar mechanism itself. Based on this analysis, we
apply an optimal (Wiener) filter to the radar data in order to
suppress the systematic angular error components selectively.
Using this technique, we achieve a significant improvement in
the signal to noise ratio of the resulting radar data and
retrieved atmospheric parameters. This makes it possible to
improve the resolution of sphere measurements which
previously was limited by the length of the polynomial filter in
the sphere data processing algorithm (HIROBlN).

However, the resolution of sphere measurements has been less
than satisfactory due to the low data acquisition rate of the
radar system and the long length filter used in the data
processing which filters out any features of less than 5 to 10
Km wavelength including atmospheric signatures at high
altitudes. The filter has been used to suppress the noise
amplitude in order for the data reduction algorithm to be able
to process the data with minimum error.

The resolution of sphere measurements becomes lower
at high altitudes where the information is most valuable, due
to the high fall velocity of the sphere and fixed data
acquisition rate. Furthermore, the measurement precision is
lower at high altitudes due to specific angular error
propagation characteristics of the radar measurements. The
cartesian coordinate position of the sphere is calculated from
the spherical coordinate position allowing a linear increase of
angular error effect as the altitude increases. Therefore, the
number of data points required for averaging increases as a
function of altitude, further reducing the measurement
resolution at high altitudes.

1. INTRODUCTION

High altitude atmospheric phenomena and dynamics
became of interest to the scientific community recently in
conjunction with unusual global climate changes such as the
greenhouse effect and Antarctic ozone depletion. Also
operational rocket launches and space shuttle flights require
accurate high resolution measurements of profiles of
atmospheric density, temperature, and wind for successful
missions. Satellite remote sensing techniques, although
providing synoptic data, do not satisfy some of the stringent
requirements for the above application. The conventional in-
situ sensors for middle atmosphere measurements, i.e.
Datasonde and inflatable falling sphere, provide better
resolution and precision.

Earlier work by Staffanson (ref.l) indicates that the
radiative processes of the bead thermistor, used in the
Datasonde system may cause biases in the temperature
measurement. Recent work by Schmidlin, et al (ref.2) on the
accuracy of temperature measurements by the inflatable falling
sphere discusses the intrinsic high accuracy of the temperature
measured by the sphere system when it is operated properly.
The high altitude coverage of the sphere system, beyond the
altitude that the Datasonde covers, is another advantage of the
sphere system in high altitude atmospheric measurements.

Time (sec)

Fig.l Radar angular noise (in degree) for a SO Hz operation
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Frequency (Hz)

Fig.2 Spectral power density function of the radar angular
noise

2. NOISE CHARACTERISTICS IN SPHERE MEASUREMENTS

In an effort to improve the sphere measurement
resolution at high altitudes, we have increased the radar
repetition rate to 50 Hz from the conventional 10 Hz in an
experimental flight, [f the radar noise is random, the higher
repetition rate should help to improve the altitude resolution
for the same signal to noise ratio. Upon processing the 50 Hz
data, however, we found that the radar noise is not random
but highly systematic with large amplitude components at low
frequencies as shown in Fig.l. We identified these low
frequency noise components to the pattern in radar angular
data. The spectral power density analysis of the radar angular
data shows a few strong components between 0.5 Hz and 10
Hz as shown in Fig.2

These particular components of the noise in radar angle
data are found originating from the mechanism of the radar
angle data acquisition. The radar tracks the target by
minimizing the tracking error signal generated by dithering the
tracking pedestal across the target. The spectrum of this
specific angular error is very narrow with a couple of large
amplitude peaks. Therefore, identification of these components
in the radar data spectrum is very straightforward. We note
the large amplitude of these components relative to the random
component revealed in the high frequency region of the
spectrum.

It is important to note that the high frequency random
noise component can be effectively reduced by a simple
running average method without compromising the output
altitude resolution. However, the low frequency radar angle
noise is difficult to filter out by the conventional running
average method without a significant reduction of altitude
resolution, in turn obscuring the signature of the atmospheric
features over a few Km wavelength. Therefore we need a
specific notch filter which filters the low frequency radar angle
noise components exclusively without an impact on the
atmospheric signatures. This requirement calls for an
application of the optimal filtering technique (ref.3).

3. OPTIMAL FILTER FOR RADAR NOISE SUPPRESSION

In order to reduce the amplitude of specific noise
components and to bring out the signature of the atmospheric
features, we apply the optimal (Wiener) filler. This technique
consists of identifying prominent oscillation frequencies by a

spectral power density (SPD) analysis and reducing the
amplitudes of the prominent oscillation components selectively.

In this method, the filter function, G(O, is constructed
by ratioing the SPD function of the data set, P(f), and a
smooth reference SPD function, R(f), with no prominent
oscillations as

G(f)=R(f)/P(f). Eq. (1)

This filter function is then multiplied by the Fourier spectrum
of the original data set, T(f), to give a modified Fourier
spectrum, T*(f), with the reduced magnitude of the prominent
Fourier components as

G(f). Eq.(2)

This modified Fourier spectrum, T'(f), is then retransformed to
give a new radar data set with reduced low frequency noise
components.

The reference SPD function is the same as the
calculated SPD function of the data set except for the narrow
band associated with the radar angle noise components. The
actual shape of the reference SPD function is subjected to our
intuition of the true signal spectrum, but the detailed feature
of the reference SPD function is not critical for the
performance of this filter. The net effect of the filter is to
suppress specific noise components selectively without affecting
the atmospheric signature.

It is important to note that this filtering method differs
from the generic running average method whereby non-
symmetric components of the spectrum produce a bias
corresponding to the difference of the positive amplitude and
the negative amplitude after filtering. In the present method,
prominent noise components are decomposed to Fourier
components of symmetric full cycle and thus the reduction of
the noise amplitude is symmetric. This technique does not
introduce a residual bias associated with non-symmetric
oscillations after filtering. This is a novel feature of the
optimal filtering technique which is essential for the sphere
data analysis whereby small signatures of atmospheric features
are imbedded in the large radar angle noise.

Before the SPD analysis the radar angle data is
reprocessed to obtain a difference data set by subtracting a
cubic polynomial fitting function of the original radar angle
data from itself. In this way the dynamic range of the data
set is maintained small for effective filtering. The polynomial
representation of the radar angle is then recombined with the
filtered difference data set at the end. An SPD function of a
typical sphere data set at high altitudes shown in Fig.2 reveals
a strong narrow band radar angular noise component at a few
Hz frequencies. We note that the radar angular noise
component is an order of magnitude larger than the other
noise components. Therefore it is not difficult to devise a
reasonable reference SPD function which will represent the
radar angle data in the absence of the systematic noise
components.

We have studied a few different reference SPD
functions, including a step function and a smooth analytical
function connecting both ends of the original SPD function
across the radar angle noise features, to find that the detailed
features other than the amplitude of the function is not
important for the performance of the filtering as predicted.
Thus, a step function reference SPD function is chosen in this
study for its simplicity and versatility. In this way, the filter
bandwidth and noise rejection rate is controlled simply by
varying the width and height of the step function. The
discontinuity in the reference SPD function (frequency space)
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Fig.3 Reference power density function used in the optimal
filter

has no direct effect in the reconstructed sphere data (time
space) in terms of continuity of the data set. We design the
optimum reference SPD function by adjusting the width and
height of the step function to filter the prominent radar angle
noise peaks exclusively to the level comparable to the
background amplitude in the high frequency region as shown
in Fig.3. Using this reference SPD function, we suppress the
radar angle noise component by as much as ten fold.

4. SPATIAL RESOLUTION AND FILTER CHARACTERISTICS

The filter characteristics are governed by the reference
SPD function shape which is prescribed by the step function
across the radar angle noise peaks. The location and width of
this step function must be designed to suppress the radar angle
noise components exclusively without affecting the atmospheric
features of interest. Nevertheless this requirement is not
always met throughout the entire altitude range of coverage
due to the varying fall speed of the sphere as a function of
altitude as shown in Fig.4. When the sphere is released near
the apogee of the rocket trajectory (approximately 120 Km),
the sphere accelerates to attain the terminal velocity. As the
sphere falls further down, the terminal velocity decreases at the
lower altitudes due to the increasing atmospheric density. For
a typical flight, the peak fall velocity reaches as high as 450
m/sec near 80 Km altitude and decreases down to 50 m/sec
or less at 30 Km altitude. With this large dynamic range of
fall velocity a variable filter function is required in order to
obtain a uniform altitude resolution.

Considering that the typical notch filter covers a range
between 0.5 Hz and 10 Hz and the peak fall speed is as high
as 450 m/sec, the lower bound of the filter covers up to 2 Km
wavelength near the peak fall velocity. Consequently any
atmospheric features of 2 Km or smaller wavelength also will
be filtered in the vicinity of 80 Km altitude. This limitation
becomes relaxed at other altitudes where the fall velocity is
substantially lower, enabling retrieval of shorter wavelength
atmospheric features. Considering the specific filter
characteristics and the apogee and terminal velocity
relationship, one may be able to design the experiment to
cover a specific altitude range of interest with a high spatial
resolution.
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Fig.4 Fall speed of a ROBIN of a typical flight as a function
of altitude

5. APPLICATION TO FLIGHT DATA

We apply the optimal filtering technique to an
experimental flight taken with the 50 Hz data acquisition rate.
This data was taken at Andoya, Norway as a part of the MAC
Epsilon campaign during October, 1987. This data set was
first processed using the conventional ROBIN program (ref.4)
which uses 10 Hz data to verify the data quality- The original
data set was, therefore, convened to a 10 Hz data set by
selecting one data point out of a successive five points. The
result of this processing is shown in Fig.5. After this process
we have tried unsuccessfuly to process the 50 Hz data using
conventional ROBIN program with appropriate modification to
account for the 50 Hz data rate. Later it was discovered that
the magnitude of radar angle noise discussed above is so large
and the frequency of it so low that the polynomial filter used
in ROBIN program did not function properly, resulting in
excessive oscillation in the velocity and acceleration
calculations. The polynomial filter was not very useful in
handling the low frequency radar angle noise as discussed
above. Consequently, the reduced time interval (.02 sec)
amplified the acceleration noise component by a factor of 25
from the conventional 10 Hz data result.

The optimal filter was then successfully applied to
process the 50 Hz data throughout the entire altitude range
from 100 km to 30 km. For the accuracy required the entire
data set was subdivided into 5 subsets with sufficient overlap
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Fig.5 Atmospheric temperature profile from operational
ROBIN program (10 Hz)

points between successive sets which could then be filtered by
the optimal filter individually. The resulting subsets were then
further filtered using a Henning filter algorithm. The length of
the Kenning filter was adjusted for each subset to provide
comparable altitude resolutions throughout the entire set.
Therefore the ultimate altitude resolution of the data will be
governed by the combination of the optimal filter and the
Henning filter.

The resulting subsets of data are then recombined to a
final data set. The data points at the overlap regions are
reconstructed by summing the two segments of data sets using
a weighting function which is linearly varying from one end of
the overlap segment tc the other. In this way, the second
derivative of the data set becomes free of artificial bias
originating from the averaging of the overlap data sets, thus
providing a continuity in the retrieved atmospheric parameters
across the overlap region. A preliminary result of 50 Hz sphere
data reduced using the optimal filter and successive short filters
in the ROBIN program is shown in Fig.6. As one can notice by
comparing Fig.5 and Fig.6, the optimal filter offers a possibility
of improving the resolution of the sphere technique at high
altitudes. The optimal filter technique enables us to process
the 50 Hz data suggesting a possibility of improving the signal
to noise ratio and consequently improving the altitude
resolution.

Fig.6 Atmospheric temperature profile from a preliminary
optimal filter algorithm (50 Hz)
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PRELIMINARY RESULTS OF THE ROCKET AND SCATTER EXPERIMENTS "ROSE"
-MEASUREMENTS WITH THE NEWLY DESIGNED SPHERICAL PROBE-

G. Rose

Max-Planck-Institut fur Aeronomie, D-3411 Katlenburg-Lindau, FRG

ABSTRACT

The ROcket and Scatter Experiments (ROSE) were designed to
measure at the same time in-situ and together with STARE and
EISCAT the parameters characterizing the modified two-stream
and the gradient drift instabilities occurring under radar auro-
ral conditions in the polar E-region between about 90 km and
120 km. Four rockets were instrumented and launched success-
fully, two from Andenes: Nov. 26, 1988, 17:00 UT, and Dec. 5,'
1988,22:33 UT, and two from ESRANGE-Kiruna:F»6. 7,1989,
23:36:30 UT1 ancf Fefc. 9,1989,23:42 UT. Each rocket contained'
nine different experiments and a star sensor. Because the exper-
iments were carried out very recently, only a few preliminary
results can be communicated by some of the individual exper-
imenters yet. This paper mainly deals with some of the total
A.C. E-field measurements in the frequency range from 120 Hz
to 3.5 kHz obtained with the small (0=23cm), newly designed
spherical probe. A joint paper taking into account all the results
from the individual measurements will be published in time.

Keywords: Rocket Experiments, Plasma Instabilities, Auroral
E-region, Coherent and Incoherent Backscatter.

1. THE MEASURED INSTABILITIES AND THE
ACQUISITION OF THE LAUNCH CRITERIA

The scientific payload with the different instruments, as well as
the scientific aim of the combined ground-based and in-situ mea-
surements have been described earlier already (Réf. 1). There-
fore only a short summary is given here.

There are two important instabilities occurring under radar au-
roral conditions in the E-region: the modified two-stream and
the gradient drift instability, (Réf. 2).

If there is a difference in the bulk velocity of the electrons rela-
tive to the ions, a deviation from the Maxwell-distribution may
occur, such that the electrons -in the frame of the ions- have
a "bump in the tail" with the number densities N(V) increas-
ing in a certain velocity range, say, from VD to VI (v\ > VQ). It
can easily be shown that there are more particles present in this
range, feeding energy into the always present weak oscillations
of the plasma, than energy is fed from these weak waves to the
particles.

To excite the modified two-stream instability the drift velocity
difference has to exceed a certain threshold velocity perpendicu-
lar to the earth magnetic field which is of the order of the velocity
of the ion acoustic waves which is normally between 350 and 400
m/s in the E-region.

Because the B-field is (nearly) vertical in the auroral region,
a sufficiently large horizontal E-field causes an ExB drift and,
the threshold drift vector velocity difference perpendicular to
the earth magnetic field can be exceeded. The drift velocity
difference again is due to the different mobilities of the electrons
and ions caused by the collisions with the neutrals. The unstable
waves excited by this instability propagate within a small cone at
nearly right angles relative to the B-field. The associated wave-
lengths are of the order 0.5-5 m, the frequencies are roughly
within about 50Oa-1 - SOOOs"1.

In case of the gradient drift instability a density gradient has to
be present in the plasma. The destabilizing force is again an ExB
drift. For the gradient drift instability nothing like a threshold
exists. Both the dispersion relations of these two instabilities are
the same. The frequencies of the associated unstable waves are
roughly of the order 2s"1 — 20Os"1 and the wavelengths range
from roughly about 10 m to 1000 m, (Réf. 2, 3).

The unstable waves produced by these instabilities can be de-
tected by suitable VHF radars as e.g. by the STARE sys-
tem, (Réf. 4). The Scandinavian Twin Auroral Radar System
STARE, consisting of two radar stations at Malvik/ Norway and
Hankasalmi/Finland, is able to monitor an area of 230,000 km2

over northern Scandinavia, (Ref.4). The data can be transmitted
via modems by telephone to the launching site.

A quasi on-line data evaluation by a suitable computer at the
relevant site enables to observe the phase velocity vectors of the
measured Im irregularities on screen in the whole range of obser-
vation at a spatial resolution of 15x15 km2 and at a temporal of
20s. If desired, the measurements of each of the individual two
STARE stations can be observed alone to obtain the measured
phase velocity components along the 8 adjacent individual beam
directions of the station, and the field-strength distributions of
the received signals backscattered from the observed wave pat-
terns at the same time.

The STARE vector observations and a phone connection to EIS-
CAT/Troms0 during the hot phase preceding each launch -the
drift velocity vector observations above the prospected rocket
apogee of the three EISCAT stations were communicated- de-
termined the go or no go condition, provided that all the other
parameters were ok, e.g. the winds were small enough.

The wanted launch conditions aimed at a homogenious phase
vector velocity distribution around the rocket trajectory at sig-
nificant speeds: at medium (about 300-500m/s) and high speeds
(above 600-700m/s), if possible.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein. FRG, 3—7April 1989
(ESA SP-291, June 1989)
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2. THE MKASUHED PAHAMETEIlS, IN-SlTU AND
GROUND-BASED

The spatial arrangement of the nine different experiments con-
tained in the payload, as well as the in-situ and ground-based
-partly redundantly- measured parameters have been published
earlier already, see Réf. 1. The measured parameters included:
the D.C. and A.C. E- and B-fields, electron density and electron
temperature along the rocket trajectory at a high temporal res-
olution, the ion mass distribution and the density of the neutral
air.

The ground-based observations included, from STARE: The scat-
tering intensities, the mean vector Doppler velocities and the
spectral distributions of the scattered signals; and from EISCAT:
The ion drifts, ion temperatures and the profile of electron den-
sity, lonosonde and the earth magnetic field data were available
from both launching sites. Riometer observations were more or
less disturbed from time to time at both the stations.

3. SCIENTIFIC AIM OF THE PROJECT

Plasma instabilities play an important role in the physics of the
high latitude E-region. Despite the fact that they have been
studied quite along time from the experimental and theoretical
point of view, many problems still remain. Some of the questions
to be solved by the Rocket and Scatter Experiments are the
following:

(a) Of the three parameters measured by STARE -the ampli-
tudes of the scattered waves, the Doppler shifts, and the spec-
tral distributions of the backscattered signals- the Doppler shift
is the best understood. Therefore it is widely used. Starting
with a simplified wave dispersion relation based on fluid theory
it is possible, to obtain the drifts from the observed phase veloc-
ities as determined by the Doppler shifts. The drift velocities on
the other hand are proportional to the underlying E-fields which
can thus be determined at the same time.

Comparisons between the EISCAT and STARE measurements
have shown, however, that the drift velocities obtained from both
observations do not agree at higher speeds (Réf. 5, Réf. 6),
because the phase velocities measured by STARE appear to be
limited at velocities not much above the ion acoustic speed.

A more rigorous dispersion relation based on plasma theory,
however, contains more parameters which must simultaneously
be known, if again the E-fields shall be obtained at a higher accu-
racy. It is one of the aims of the rocket and scatter experiments
to combine the ground-based and rocket observations with the-
ory to obtain more information about this problem, e.g. on the
question: what governs the phase velocity of the unstable waves
in the unstable cone?

(b) Another question is related to the true E-field amplitude dis-
tribution, especially of the short scale two-stream waves, which
could up to now not be observed without severe attenuation
caused by the large E-field probes used so far, having dimen-
sions of typically 3-5 m.
Using the newly designed spherical probe, measurements have
been performed of these waves up to a frequency of 3500 Hz
continuously during the four rocket flights. First results of these
in-situ observations are presented further down.
(c) As far as the STARE amplitudes of the backscattered signals
and the spectral shapes of these echoes are concerned there is
not yet a suitable theoretical formulation available. Of course,
data analyses (Réf. 7) show that the spectral width depends
on the drift velocity. Theoretical simulations (Réf. 8) confirm
this. Moreover a strong dependence of the spectral shape on the
angle between the radar line of sight and the direction of the
earth magnetic field -the aspect angle- seems to exist. Together

with our combined ground-based and in-situ measurements it is
probable to obtain again more information about the relevant
relations.

4. T H E S P H E R I C A L PROBE
In the acoustic range, from 120 Hz up to 3.5 kHz, the A.C.
electric fields of the unstable electrostatic waves, produced by
the modified two-stream and the gradiejit-drift instabilities, have
been determined with a newly designed spherical probe (=KugeI-
sonde: "KUSO"): The frequency range was limited by well tuned
active 10-pole, 0.1 dB Chebychef filters in each of the 3 channels.
The surface of a hollow, metallized plastic sphere (4> = 23 cm)
is divided into G separated, largest spherical segments with the
angles at their centres being very nearly 90 degrees. Each two
of the diametrically located segments, forming a dipole, are con-
nected to a symmetrical input current pre-amplifier of low input
impedance inside the sphere. The remaining 8 spherical triangles
are connected to the common point of neutral reference. Thus
the sphere as a whole is conducting and equivalent to three elec-
tric dipoles perpendicular to each other at the same time. In
the following the sphere is assumed to be on floating potential
in the plasma.

Because of the very low input impedance of the amplifiers rela-
tive to the prevailing impedance within the E-layer'of the sur-
rounding ( t h i n ) ion sheath, connecting each of the 6 segments to
the plasma, the sphere can theoretically be treated in the same
way as an ideally conducting sphere (Réf. 9, Rcf 10). If, there-
fore, the abo- : sphere is placed into a homogenious A.C. E-field
of a plane r ectrostatic wave with the associated wave-lengths
large compared to the diameter of the sphere, and with the ion
sheath thin compared to it, the resulting displacement current
amplitude through a dipole of this sphere is:

/o ~ wF Eg cos a (D

a being the angle between the wave normal and the relevant
dipole axis (= the line connecting tfie centres of two opposite
spherical segments), F is the area of the spherical segment pro-
jected into the direction of the associated dipole axis, EO is
the E-field amplitude in the plasma without thasphere present,
w = 2?r/ the frequency, and /o the amplitude of the generated
displacent current through the dipole under consideration. The
factor of proportionality can be shown to be Se0. The factor 3
is a consequence of the spherical geometry.

If there were only displacement currents present, then A/|, the
square of the effective displacement current in A/ is:

A/2 = 4 (2)

The mentioned factor of 3 has to be considered in the above equa-
tion by taking F three times the projected area of one spherical
segment.

If the surrounding plasma is conductive, conductivity currents
are flowing at the same time through the spherical probe. If the
sphere is on floating potential, the relation between the conduc-
tivity current and the associated electric field in the free plasma
can be estimated in the foiling way:

The potential on the surface of the sphere is given by R,IC (R,
is the resistivity of the ion sheath at the surface (x = O) of
the sphere, if it is on floating potential, and if ln(im/me) >

R, = (3)

/c is the total conductivity current flowing into F, uf = 2)r/p the
plasma frequency). The course of the potential as a function of
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the radial distance x from the (large) sphere within the (small)
ion sheath is given by:

= 00exp(-|i|/Aw).

AD is the Debye length:

A0 = (tre/me

(4)

(5)

(6)

Assuming the free plasma E-field equal to E = E(x = pAjj) one
obtains:

and E(X) is given by:

E =
AD exp(p) ' (7)

Adding the sqares: A/2 + A/j = A/2 and solving for Eejf(f) =
2, one finally arrives at the total field:

...
I >

The factor exp(2p) can later on be determined experimentally by
comparing E(f) with the final results of the D.C. E-field probe,
because that instrument covers a part of the lower frequency
range up to several hundred Hertz at the same time. For the
moment, p was assumed arbitrarily: p = 3, and m, = 5 • 10~26 kg
was used. A more accurate theoretical evaluation of the reac-
tion of the spherical probe to the unstable waves along its way
through the ionospheric E-layer is intended to be used later on.

The experimental results obtained so far are encouraging as
shown below.

5. SOME PRILIMINARY EXPERIMENTAL RESULTS

All the four instrumented rockets were successfully launched. In
the following some preliminary results obtained from the second
and the fourth launch, F2 and F4, are briefly communicated.

F2 was launched on Dec. 5, 1988 at 22:33 UT from Andenes.
Fig. 1 shows two STARE records obtained 100 s and 140 s after
launch when the rocked had reached heights of about 85.3 km
and 106. 8km on upleg. The phase velocities around the prospect-
ed rocket trajectory, indicated in Fig. 1 , were between about
200m/s up to about 500 m/s at the most. The velocities were
generally directed to the east with some smaller components to
the south.

The following STARE phase velocity measurements -which are
not shown here- pointed to decreasing scattering intensities of
the 2m STARE waves after the rocket had passed the E-layer.
As a result, some of the velocity vectors around the northern
part of the rocket trajectory disappeared shortly after the flight,
because the scattering intensities were too low to be correctly
indicated at that position.

In the record of the earth magnetic field, see Fig. 2, the moment
of lift-off is indicated by an arrow.

The ionogram of Fig. 3 was obtained when the rocket was just on
downleg, passing a height of about 113.2 km. Unfortunately, the
prospected apogee of 125 km was not reached. Due to a certain
tip-off angle of the rocket when leaving the launcher, the apogee
did not exceed a height of about 113.3 km. It shall be noted,
that the critical E-layer frequency was about 4 MHz during the
flight.

STARE
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Figure 1: Two STARE phase velocity vector presentations ob-
tained during the F2 flight. Temporal resolution: 20s,
sample separation: 15 km. The starting points of the
vectors are marked by dots.

The effective total current I-eff [A] measured in the frequency
range from 120 Hz to 3500 Hz by the spherical probe in the E-
layer during the F2 flight is plotted in Fig. 4. Each individual
I-eff current represents a total of 8704 individual measurement
points obtained during 1.088 s.
The ion drift velocities during this flight as deduced from the
EISCAT observations were reported to be between about 400 m/s
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Figure 2: Record of the earth magnetic field at Andenes. The
time of lift-off is indicated by an arrow.

Station: Andenn. 08/12-188« 22:MUT

Figure 3: lonogram obtained during the F2 flight at Andenes.

and a bit more than 500 m/s when the rocket was in the E-layer,
decreasing from 500 m/s to 400 m/s after the rocket has passed
its apogee.
As to be seen there was an asymmetry between the up- and
downleg with markedly lower currents on the downleg. This was
probably due to the above mentioned fact that the scattering
intensities and the ion drift velocities tended to decrease after
apogee.
In order to convert the spectral analyses of the recorded cur-
rents into spectral fieldstrength distributions, the course of the
plasma frequency along the relevant rocket trajectory must be
known. Because these are not available yet, some fieldstrength
evaluations have only been performed at heights were the plasma
frequency was assumed to be approximately equal to fmax(E) as
measured by the associated ionograms.
Two such (preliminary) spectral E-field energy evaluations of
the F2 flight at heights of about 108 km on the upleg and at
104 km on the downleg are shown in Fig. 5 and Fig. 6. The

presentations are given in dB over one (mV/m)2 /Hz as the unit.
The unit, however, was still determined with the above men-
tioned assumptions, which shall be replaced later on when more
results from the other experiments are available. All the spectra
represent 4096 data points, e.g. 0.512 s of measurement each.
Each 50 of the obtained individual spectral lines were averaged,
however, in the above presentations. It has been found, that the
variations with time of the shapes of the individual spectra were
relatively slow and steady. (It shall be mentioned that each set
of data points was subjected to the well known sin2 (Banning)
window prior to the analysis; the resulting loss of amplitude (of
the noise-like spectra) was approximately corrected by introduc-
ing a factor of 1.63).
It should be noted that the spectral distributions are quite dif-
ferent in both the cases. The dB differences between the highest
and lowest presented frequencies, however, are between about
15 dB and 20 dB at the most. Compared to a paper by Pfaff
et al. (Réf. 11, Fig. 5), the decrease of the field energy dis-
tribution with increasing frequency appears to be significantly
lower in our case, probably due to the small size (23 cm) of our
spherical probe which is able to measure smaller wave-lengths
more correctly than the very large (3-5 m) double probes can
do.

In case of the F4 launch, Feb. 9, 1989, the prospected apogee of
>120 km was reached. The STARE data pointed to phase ve-
locities of about 500 m/s and a bit more around the trajectory
with an increasing tendency and the EISCAT ion drift velocities
increased from about 700 m/s to a bit more than 900 m/s during
the flight through the E-layer. This is reflected by Fig. 7 where
the measured total currents, I-eff(120...3500 hz), are consider-
able larger on the downleg. Compared to the F2 flight the two
ranges of significant current measurements are well separated
with only relative small residual currents above about 120 km of
height, which is duo to the fact that the collisional frequencies
arc so small there, that the drift velocity differences between the
electrons and ;ons nearly vanish.

Two (preliminary) spectral E-field energy distributions obtained
for F4 are presented in Fig. 8 and Fig. 9, the corresponding
heights are about 115 km on the upleg and 118 km on the down-
leg. The shapes of the two distributions differ most significantly
in the frequency range below about 1000 Hz. The energy differ-
ences between the highest and the lowest frequencies of both the
figures are close to about 15 dB e.g. again much smaller than
those obtained by Pfaff, (Réf. 11) with the long double probes.

A very first comparison of the data trends in the low frequency
range obtained simultaneously with the spherical and the D.C.
E-field probes point to conformity.

6, SUMMARY

The modified two-stream and the gradient drift instabilities play
an important part in the physics of the auroral E-region. Despite
the fact that they have been investigated already for a long time
from the experimental as well as the theoretical point of view,
many problems still remain. Therefore a combined effort of si-
multaneous Rocket, STARE, and EISCAT investigations have
been attempted during winter 1988/89. Some very first prelim-
inary results obtained by the newly designed spherical probe to
measure the E-field energy distribution in the E-region during
radar auroral conditions are communicated. It appears that the
E-fii-ld energy distribution of the unstable waves as a function
of frequency tends to decrease more slowly at frequencies above
about IkHz than measured earlier by the large, 3-5 m double
probes. Further results taking into account the combined re-
sults from all the observations will be published in time.
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Figure 5: Preliminary spectral E-field energy distribution in dB
over one (mV/tn)2/Hz, obtained at h=107.9km on the
upleg of the F2 flight. Provisional approximations: see
text.

Figure 8: Preliminary spectral E-field energy distribution in dB
over one (mV/m)2 /Hz, obtained at h=114.7km on the
upleg of the F4 flight, see also Fig. 5.
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Figure 6: Same presentation as in Fig. 5 for the downleg of the
F2 flight at h=103.8km.
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ELECTRIC FIELD MEASUREMENTS ON BOARD THE ROSE PAYLOADS

Klaus Rinnert

Max-Planck-Institut fiir Aeronomie, D-3411 Katlenburg-Lindau, FRG

The main scientific objective of the ROSE project is to
understand the details of plasma wave generation in the
high latitude E-region as a result of d.c. electric fields (two-
stream instabilities and gradient drift instabilities). These
plasma waves are responsible for the echoes of r.f. waves
used in auroral radars such as STARE. In-situ measurement
of d.c. and a.c. electric fields is an important subject in
this project. The electric field measuring instrument was a
"floating double probe" system utilizing two crossed boom
pairs. The deployed tip-to-tip distance was 3.6 m and the
two boom pairs were mounted 2 m apart. The potential
difference between any two sensors mounted on the boom
ends was measured simultaneously and sampled with a rate
of 4 kHz and an amplitude resolution correspondig to 0.1
mV/m. Because the attitude information obtained from a
star sensor is not yet available the data reduction could not
yet be performed. The following brief report is supposed to
give a rough impression of the measured a.c. electric fields.

ROSE F4, Konol 1, 9. Feb. 1989

500 -

„ 400 .

300 -

200 . •

100 .

!2O

80

20

50 100 150 200 250 300

FLIGHT TIME [s] START 23:42:00 UT

Wave activity measured on board ROSE paytoad F4.
(For further details see text.)

For instance, "Kanal 1" provides the potential difference
between the two probes of the upper boom pair. The a.c.
signal of this channel has been divided into 250 ms inter-
vals, which is about 1/3 of a spin period, and subjected to
a FFT. The amplitude spectra of four consecutive intervals
have been added yielding 1-second averages as a measure
of the wave activity versus flight time. The figure shows a
contour plot of data: spectral amplitude in arbitrary scale
versus frequency and nighttime for the fourth flight. The
asterisks indicate the altitude of the payload versus flight
time. Between about 95 km and 115 km of altitude the pay-
load has passed a region of wave activity. The occurrence
of wave fields is very limited in altitude, and in this case
the measurements are similar for upleg and downleg which
occurred about 30 km apart. Another peculiarity is that in
the lower part of this region of wave activity the signal is
dominated by low frequency waves with frequencies around
the cyclotron frequency of the dominant ions.

All four flights provided interesting data and it is expected
that the final evaluation will yield insight into the details
of these plasma instabilities.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research'. Lahnstein FRG 3-7Anril 19X9
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PRELIMINARY RESULTS OF ELECTRON DENSITY FLUCTUATION
MEASUREMENTS DURING THE ROSE ROCKET FLIGHTS

K. Schlegel

Max-Planck-Institut fur Aeronomie, Katlenburg-Lindau, FRG

In this rocket experiment a retarding potential analyzer
was used in the saturation mode in which the current
through the grid system onto the collector is proportional
to the ambient electron density. A fast sampling of this
current allowed to measure density samples every 0.25 ms,
a FFT of one second intervals thus yielding density fluctu-
ations in the range of 0-2000 Hz. Two sensors have been
used, one looking along the rocket spin axis, the second
perpendicular to it. During all four ROSE flights the ex-
periment worked well and supplied excellent data. Since
the detailed evaluation depends crucially on the rocket at-
titude and spin information which was not available yet,
only some preliminary results are given below.

1. The height range where enhanced density fluctuations
caused by the modified two stream plasma instability
have been observed extends from about 95 km to about
110 km and is thus slightly below the region where
echoes from the same instability have been detected
with auroral radars. The maximal relative density fluc-
tuations are of the order of a few percent in agreement
with similar earlier rocket experiments.

2. The frequency spectra of the density fluctuations show
that the power is mainly concentrated in the range of a
few Hz to about 500 Hz. A new and interesting result
was that the average frequency of the fluctuations with
the highest power levels increased with altitude.
Assuming that the unstable waves propagate with the
ion acoustic velocity c,, this average frequency can be
interpreted as an average wavelength. We thus found
that the average wavelength of the irregularities is de-
creasing with altitude. This has probably to do with
the ion-neutral collision frequency responsible for the
damping of the unstable waves.

3. Using the above mentioned results an estimate of the
k-spectrum of the unstable waves is possible. In the
range of 0.5 < k < 10 m~' (0.6 < A < 12 m) the k-
spectrum can be approximated by a power law with an
exponent n = 0.52.

Detailed evaluations and interpretations of the experimen-
tal results will be published in a forthcoming paper.
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Background electrodynamics measured
by EISCAT during the NEED campaign
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ABSTRACT

TIw EISCAT UHF radar was used as a diagnostic tool
for determining the launch conditions for the NEED rocket
flown from Andoya rocket range in November 19S8. As
an instrument in its own right. EISC'AT has been able
to provide information on the background ionosphere
before and during the flight. Here we will concentrate
on data obtained during the flight, and present electron
densities, electron and ion temperatures and line-of-sight
ion velocities. \Ve shall also discuss electrodynamics and
particle energy determination.

INTRODUCTION

The NEED rocket (Non-Maxwellian Electron Energy
Distribution) was launched at 1902UT on the 7th Novem-
ber 1988. The purpose of the NEED experiment will not
be discussed here, nor will the data obtained with the
payload. However, in order to determine whether the
prevailing ionosphere complied with the launch criteria,
a number of ground-based instruments were employed,
among them the European Incoherent Scatter UHF radar
(EISC'AT) (Réf. 1). Although no new technology was
employed by EISCAT. it is worthy of note that this was the
first time data analysed in pseudo real-time had been re-
layed to the Andoya Rocket Range (ARR) for the purpose
of indicating possible launch conditions. In this paper,
we shall concentrate on the state of the ionosphere during
the time of the rocket flight, although rather more data is
available as is evident from the Figures. Indeed, Figure 2..
which we shall discuss in more detail later, reproduces the
display seen at ARR before and during the actual flight.
The F-region electron terni i-nture enhancement coupled
with the onset of auroral precipitation evident from the
increase in E-region ionisation shortly after 1850UT were
assessed as fulfilling the launch criterion, that of the
presence of a non-Maxwellian electron energy distribution.

GEOMETRY

When attempting to determine height profiles of atmo-
spheric parameters it is common practice to direct a radar
beam either vertically or along the local magnetic field line.
In order for EISCAT to assist in determining the presence
of desirable conditions for the launch of the NEED rocket,
however, it was necessary on this occasion for the beam
to be directed at the rocket's apogee. Due to the spatial
separation of EISCAT and the Andoya rocket range, it. is
necessary to be aware of the geometry of the observation.
This is because we shall be interested in comparing rocket
and radar data from different altitudes, and utilising elec-
tron density measurements in such a way that demands
spatial homogeneity in the geomagnetic horizontal. As we
shall sec. during the prevailing geophysical conditions, the
ionisation was far from horizontally homogeneous, so any
analysis in which this is an implicit assumption must be
treated with caution.

For the purposes of this study, we shall separate the
EISCAT measurement into three separate parts: a so-
called "long pulse" which provides us with atmospheric
parameters in the F-region, a so-called "multipulse" which
provides atmospheric parameters in the E-region, and a
so-called "power profile" which provides electron densities
from the D-region to the F-region. In Table 1. we sum-
marise the geometry of these various parts. Furthermore,
additional receivers in Kirima and Sodankylà were able to
determine the Doppler shifts at an altitude of 328km, and
hence it was possible to estimate the full vector ion velocity
at this height, which roughly corresponded to the rocket
apogee. Figure 1 schematically depicts the geometry and is
self-explanatory. Again, however, it must be stressed that
it is important to bear this figure in mind when assessing
and comparing data.

As we see from the table, we must be cautious when com-
paring E- and F-region data due to the inherent space-time
ambiguity we must accept when not directing the radar
beam up the local field line. Later, we shall see how it is
possible to obtain information on the precipitating particle
energy distribution and on ionospheric conductances, but
that due to the geometry of the observation, these must be
treated as qualitative only.
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Table 1. Experiment summary

i'f yon

long pulse
prime measurement region Jp — r< (jitm
height range 131 - 327A-m
height resolution '20Mm
geographical coordinates - start gate 69.85°.Y. 17.470E
geographical coordinates - finish gate 70.51°.Y. 12.51".E
parameters measured .Y, ,T,,T,.r,

multipulse
prime measurement region E —
height range 78 —
height reolutjon '2Akni
geogra]>hical coordinates - start gate 09.75°.Y. 18.IS0E
geographical coordinates - finish gate 70.31°.Y. 12.510E
parameters measured .Y,.T,.T,.i;

power profile
region D - andE - rdjio
height range 68 - 131&i/i
height resolution 2.4/'???
geographical coordinates - start gate 69.71".Y. 18.420E
geographical coordinates - finish gate G9.S9°.Y. 17.220E
parameters measured .V,

tristatic gate
region F - n i/iou
height range 328A1Iu
geographical coordinates 70.21°.Y. 14.9C0E
parameters measured .Y,. T,. T1. r,

Where:
-Y. is electron density
T, is electron temperature
T, is ion temperature
r. is ion velocity

Fig. 1. Experiment geometry showing position*
EISCAT and the XEED rocket trajectory.

DIRECTLY DETERMIXED PARAMETERS

Inder the classification of "directly determined param-
eters we include electron and ion temperatures, electron
density and line-of-sight ion motion as measured monostnt-
ically. These parameters are deduced from the incoherent
scatter spectrum as described in Réf. 2.

Figure 2 shows the electron density in the E-region as
a function of time (lower panel) and the corresponding
F-region electron temperatures (upper panel). In Figure
3 we present both temperatures, electron density and ion
velocity as four panels over a wider height range and derived
from the "long pulse" part of the experiment. It is clear that
early in the timeslice the F-region ionisation is modulated
in an apparently periodic way and that a similar response
is seen in electron temperature. Due to the dominance of
magnitude of the horizontal bulk ion drift over any vertical
motion, we shall assume that the line-of-sight velocities are
representative of zonal flow. We see a marked oscillation
in this zonal flow field which may be the cause of the
modulation in ionisation. We shall not. however, discuss
this phenomenon here; it will be the subject of a separate
study. Rather, we shall confine ourselves to discussion of
the period following the onset of precipitation. The first
indications of precipitation occured at 1S45UT. with a
burst of particles lasting around 2 minutes. At 1S33UT. a
less interrupted flux of particles was evident. At the onset
ion flow became consistently eastward and remained so for
the remainder of the observation period at heights above
118km. This eastward flow commenced a lit tie earlier in the
F-region than in the E-region: the commencement in the

Fig. 2. E-region electron density compared with F-region
electron temperature. This is the form of the display
actually used at ARR during launch.
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Fig. 3. Electron density, electron ami ion temperatures
;in<l ion line-of-sight velocity.
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E-region coinciding exactly with the precipitation
Prior to this, ion flow had .been westward at all E-region
heights, with the line of sight velocity exceeding GOm/-''
at 11 Skiu. Below llSkiu. the flow remained westward or
variable. indicating a well-marked shear in the cast-west
direction at around llSkm. apparently associated with the
precipitation. Variation iu electron temperature during
this period was essentially confined to altitudes above the
E-region and with enhancements reaching perhaps 300OK
at times.

DERIVED PARAMETERS

The scattered signal from the so-called "common vol-
ume" provides us with a tri-static measurement and hence
the possibility to determine the full vector velocity. By
employing a model value for the geomagnetic field, we are
then able to estimate the electric field. The results of this
calculation are shown in Figure4 (upper panel). The lower
panel of Figure 4 shows the corresponding H-component
of thi' geomagnetic field. We see how the electric field
is consistently south-west until about 1902UT, turning to
the west thereafter. The field strength was unremarkable:
of the order of 20mV/m at the beginning of the period and
decreasing. During the same period a modest negative
bay developed in the H-component reaching a maximum
of almost 30OnT at around 1900UT.

EISCAT TROMSO CP-1
From 881107. Height 326.2 km

During the period all-sky TV indicated considerable
structure in ionisation. This may be taken as an indication
of the danger inherent iu attempting to interpret the
measurements of electron density along the radar beam as
a height, or rather field-line, profile. Nevertheless, we have
!it tempted to estimate the Hall and Pedersen conductances
as functions of time. The metho.l is described in Ref 3
in some detail. The two time-series ni'f shown in Figure
O. The initial values of around lOniliO are primarily
due to photoionisation. The sharp incease at 1S47UT
C(>rres]>onds to the discrete injection of paricles seen at
the same time on the electron density plot. A 4-mIiiute
quiet period follows, and then the conductances Increase
to over 2OmIiO. YVe do not, however, detect any dramatic
and consistent tendency toward higher Hall conductances,
which would have indicated hard precipitation. We may
further investigate this aspect by inverting the electron
density "profiles" in order to estimate the precipitating
electron energy distribution. This method is described
in Réf. 4. Again, as for the conductances, these results
must be taken as being somewhat qualitative due to the
combination of experiment geometry and non-homogeneity
of the ionisation. The results are shown in Figure O where.

EISCAT TROMSQ CP-I
From 861107. Height 1569 km
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Fig. 3. Estimated Hall and Pederseii conductances.

ENERGY FROM EISCAT CP-1
WaI energy (W/m ! » KT"! RMS energy IkeV)
From 198811 07

Fig. 4. East and north components of electric field
(geomagnetic frame).

Fig. 6. Estimated precipitating particle eurgy flux and
characteristic energies.
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rather than attempt to show individual spectra, we Ivave
rhosc-n to de'ermine a total energy flux and a characteristic
energy ("mis energy") at each timestep. No attempt
has been made here to correct the production rates for
photoionisation, so that the slightly positive energy fluxes
at the beginning of the period are overestimates. We see,
from the figure, an indication of harder precipitation prior
to the commencement of the main event. This is consistent
with prior observations of hard particles in the growth
phase of auroral absorption events, e.g. Ref 5. The main
(•vent exhibits characteristic energies of around 5keV.

SUMMARY

During the XEED campaign, EISCAT demonstrated its
capability to act as a diagnostic tool to help in determining
suitable ionospheric conditions for the rocket launch. In
almost real-time, it was possible to display directly deter-
mined ionospheric parameters at ARR. A more advanced
analysis was then possible later, and it is primarily these
results which are described here. We have seen that
the rocket was launched into an unremarkable substorm.
which nonetheless exhibited indications of non-Maxwellian
electron energy distributions, and also some rather atyp-
ical dynamics. We have not attempted to interpret the
data here1, merely to provide an overview of prevailing
conditions as observed by the radar. Subsequent work will
involve the coiiiparison of rocket and radar data.

157/
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THE EFFECTS OF GRAVITY WAVES ON HORIZONTAL LAYERS: SIMULATION AND INTERPRETATION

U.-P. Hoppe

Norwegian Defense Research Establishment
N-2007 Kjeller

Norway

ABSTRACT

When horizontal layers like e.g. noctilucent clouds
or airglow from specific species are imaged, they
usually display gravity wave activity. Frequently,
horizontal wavelengths and phase velocities are es-
timated from such observations. In this paper, such
observations are simulated by computer. A luminous
layer of given finite thickness and profile is as-
sumed. This is then modulated with gravity waves of
typical wavelengths and amplitudes representative
of the gravity wave spectrum. The image is genera-
ted by integrating the luminous intensity along the
line of sight through the layer at the various
angles representing each picture element. The
results are compared with observations published in
the literature. It is shown which waves of the
spectrum are most prominent in the images. Ground-
based imaging and imaging from space are compared.

Keywords: Horizontal Layers, Gravity Waves, Imag-
ing, Simulation, Airglow Imaging, Auroral Imaging

1. INTRODUCTION

The observation of gravity waves perturbing layered
airglow emissions has been reported by a number of
authors (Refs. 1,3,8,14).

2. SIMULATION METHOD

2.1 Simulation Of Imaging

An intensity distribution is defined in earth cen-
tered coordinates. For simulation of the OH layer,
a height of 86 km and a Gaussian profile with a
FWHfI of 6 km is assumed. A relative intensity from
O to 1 is adopted, although absolute intensities in
Rayleigh can be used. An observation position and
looking direction for the imager is defined. When
imaging from space is simulated, an altitude of
824 km is assumed. This is the orbital height for
ESA's planned Polar Platform. The image is simula-
ted with 512 x 512 picture elements. A square field

of view with 20 on a side is adopted. For each of
the picture elements, the coordinates for the
center ray are computed, and the intensity along
each ray is numerically integrated, see Fig. 1.
This assumes that the airglow layer is optically
thin, and that multiple scattering does not occur.
The numerical integration is performed with
Simpson's formula and 128 elements. A simulation of
the finite size in steradian for each picture
element is not attempted.

Fig. 1. Imaging geometry (Réf. 8)

2.2 Simulating The Laver Response To Gravity Waves

The unperturbed layer is assumed to be horizontally
homogeneous and optically thin. The background wind
is assumed to be O. Chemical processes due to the
temperature variation caused by gravity waves as
described by Walterscheid et al (Réf. 15) are not
included in this model. They may have to be includ-
ed in a more realistic approach. Presently, the
time constants for chemical reactions altering the
tracer density are assumed to be long against the
periods of the gravity waves considered. The wind
oscillation of a gravity wave generally has both a
horizontal and a vertical component. It acts to
transport the tracer, giving the layer an undulat-
ing appearance as sketched in Fig. 1 (e.g. Réf. 8).
An upward wind will by advection lead to a greater
tracer density above the layer maximum and a
smaller tracer density below. In addition, the
upward wind will lead to an adiabatic expansion of
the advected air, leading to a somewhat smaller
tracer density than at the original height. A down-
ward wind has the inverse effects. By the combined

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG. 3—7 April J9S9
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processes, the same gravity wave will have greater
effect on the layer below its maximum than above,
as pointed out by Refs. 13 and 6. The response of
the layer to a gravity wave perturbation is given
by Réf. 6 as

n(r_,t)

» = 1 + — expC-^lcosdut - k r) (2)
f-1 2H

n and n» is the perturbed and unperturbed
tracer density profile, r the position vector, Y
the ratio of specific heats, H the atmospheric
scale height, R relative density perturbation, u>
wave frequency, and k the wavenumber vector.

2.3 Choice Of Gravity Wave Parameters For Simulation

A representative spectrum of gravity waves should
be chosen for these simulations. Hines (Réf. 9)
quotes the most dominant modes at 90 km as within a
factor 2 of A » 460 km and AZ * 11 km.
The horizontal wavelength most frequently observed
by airglow imaging is around 60 km with extreme
values between 25 and 70 km (e.g. Réf.13). Vertical
wavelengths at these heights have been observed by
radar and rockets as between about 3 km and greater
than 40 km (e.g. Refs. 7,16).

To cover this spectrum, 7 values for A (25,
50, 70, 150, 230, 460, 920 km), and 5 values for
AZ (3, 5.5, 11, 22, 44 km) were chosen. For
each of the 35 possible combinations, ui was deter-
mined from the dispersion relation given by Réf. 9:

(3)

Eq. 3 has been derived for an isothermal atmosphere
and small gravity wave amplitudes. It should be
kept in mind that both these assumptions are not
strictly valid in the mésosphère. The values for tu
are thus only very approximate. They are logarith-
mically evenly distributed in the spectrum corre-
sponding to oscillation periods between 6 minutes
and 24 hours.

pendence, observation data of Fukao et al (Réf. 5)
is used. Réf. 5 gives a relative k -tu spectrum
for 73-95 km averaged over 15 observation days.
This two-dimensional spectrum extends from periods
of 6 minutes to 200 minutes. Table 1 gives the
periods and u' values found in this way. Oscilla-
tions with periods significantly greater than
200 minutes are left open and will not be consid-
ered here. As a test for consistency, the
Power(k ) of the oscillation modes obtained
was plotted (not shown here). This spectrum follows
the k "2 law found experimentally by Fritts et
al (Réf. 4). The vertical perturbation velocity w'
was estimated from u', k , and k . For
the A < 22 km waves, we can use the asympto-
tic relation (Réf. 9)

w'/u' 'Vkz
(5)

to estimate the vertical perturbation component w'
from the horizontal component u'. For the waves
with A2 of 22 and 44 km, the full polarisation
relations from Réf. 9 are used. The relative
density perturbation R is also determined from u',
k , k , and a with these polarisation re-
lations. The vertical displacements tsz are simply
the integral dt over w'(t) for half an oscillation
period. Also w', Az, and R are given in Table 1.
The values in Table 1 are r.m.s. averages. The tem-
perature was assumed to be 187 K, the speed of
sound 275 m/s, the acceleration of gravity
9.55 ms"2. This table may be useful reference not
only for our purposes here, but also for comparison
with other gravity wave observations. Note that mo-
nochromatic waves, not wave packets, are assumed.

One well-documented observation of an individual
gravity wave propagating through a set of airglow
layers is described by Taylor et al (Réf. 14).
These authors give A as 26 km and the oscil-
lation period as 11.4 minutes. They have later mod-
ified the oscillation period to 17 minutes. Apply-
ing the method outlined above on this example, one
arrives at A = 12 km in the first case, and
A = 7.6 km in the second. The typical pertur-
bation amplitude is A2 = 0.2 km in both cases, R is
0.64 % in the first case, 0.63 % in the second.

To assign typical amplitudes to these 35 oscilla-
tion modes, data from radar observations were used.
Johnson & Luhmann (Réf. 11) give spectra of zonal
and meridional winds from 86 km for periods between
24 minutes and 4 days. Averaging together the zonal
and meridional winds of three years, the mean hori-
zontal wind spectrum can be described as

log(Power(v» = -5/3 log(v) - 0.78 (4)

where v is oscillation frequency in Hz and Power(v)
is given in m2s"2Hz"1. This spectrum is the inte-
gral over all vertical (or equivalently: horizon-
tal) wavenumbers. It is valid from about
2.5 10"s Hz (period of 10 hours) to 6.9 10~4 Hz
(period of 24 minutes), but we will extend it to
the Brunt-Vaisâla frequency. For the wavenumber de-

3. CASE STUDIES

3.1 Airglow Imaging

3.1.1 Ground-Based Airglow Imaging Tarrago £ Chanin
(Réf. 13) have summarized ground-based airglow
imaging characteristics: The maximum contrast

max ma*+Imin> '« fc „ , „ , ,
two consecutive fringes is of the order of 0.2 for
elevation angles between 5° and 15°. It is greater
than 0.03 between 2° and 28°. These authors have
demonstrated that the assumption of a linear layer
response (Réf. 2) does not adequately describe the
observations. This has also been explained by
Gardner & Shelton (Réf. 6).

Fig. 2 shows a simulation of the image observed by
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5.5 11 22 44

25 Period [hh:mm]
u' [m/s]
W [m/s]
Az [km]
R [%]

0:40
2.7
0.33
0.2
0.64

0:22

2.7
0.6
0.2
0.64

0:12

2.6
1.1
0.2
0.65

0:07

2.2
1.8
0.2
0.64

0:06

2.0
3.1
0.3
0.82

50 Period [hh:mm]
u' [m/s]
w' [m/s]
Az [km]
R [%]

1:20
2.8
0.17

0.2
0.65

0:44

3.6
0.4
0.3
0.84

0:22

3.6
0.77

0.3
0.84

0:12

3.0
1.2
0.2
0.74

0:08

2.3
1.6
0.2
0.61

70

150

230

Period [hh:mm]
u' [m/s]
w' [m/s]
uz [km]
R [%]

1:51
2.5
0.11
0.2
0.59

1:01
4.2
0.33
0.3
0.97

0:31
4.2
0.65
0.3
0.99

0:17

3.9
1.1
0.3
0.93

0:10

2.5
1.2
0.2
0.62

Period [hh:mm]
u' [m/s]
w1 [m/s]
Az [km]
R [%]

Period [hh:mm]
u' [m/s]

[m/s]
[km]

w'
Az
R [*]

3:59

6:06

2:11
5.8
0.21

0.4
1.3

1:06

5.8

0.42
0.4
1.3

0:34
5.5
0.74
0.4
1.3

0:20
4.2
0.93
0.3
0.98

3:20
6.9
0.16
0.5
1.6

1:41
6.8
0.32
0.5
1.6

0:52
6.4
0.57
0.4
1.5

0:30
4.9
0.7
0.3
1.1

460 Period [hh:iran]
u1 [m/s]
w1 [m/s]
A3 [km]
R [%]

12:12 6:40 3:22

9.5
0.22

0.7

2.2

1:44

9.9

0.44

0.7

2.3

0:59

6.6

0.47

0.4

1.5

920 Period [hh:mmJ
u' [m/s]
w' [m/s]
Uz C km]
R [*]

24:24 13:20 6:44 3:29

13.7

0.3

0.9

3.2

1:57

9.7

0.35

0.6

2.2

Table 1. Typical gravity wave oscillations in the upper mésosphère. Oscillation periods,
horizontal and vertical perturbation velocities (r.m.s), vertical displacements, and relative
density perturbations as a function of horizontal and vertical wavelengths.

Taylor et al (Réf. 14), and corresponds to their
Fig. 4a. In the simulated image, the field of view
is 20° by 20°, as opposed to 18° by 24° in the ob-
served one. The bottom rim is the horizon. For re-
production reasons, Fig. 2 is a negative, with
greatest intensity shown in the darkest tone. The
wave was concentric on 45.2° N, 0.8C E. The obser-
vation was made from 46.0° N, 7.8° E, 3125 m. The
camera was aimed WNW (azimuth = 287 ) with an ele-
vation of 9°. The field of view was 24 horizontal
by 18C vertical. The striking similarity between
the observed and simulated images suggests that the
parameters derived for the gravity wave by Taylor

et al (Réf. 14) describe their observation well,
and that the simulation technique presented here is
plausible. The contrast achieved with a density
perturbation of R = 0.63 *, the r.m.s. typical
value for a wave of these wavelengths, is 0.04 at
an elevation of -37° and would thus be detectable.
Fig. 2 was generated with a density perturbation
amplitude of R = 5 * for better visibility. This
appears to agree with the contrast in Fig. 4a of
Réf. 14.

Note the apparent phase jump in the lower third of
the image. It is due to the greatest intensity oc-
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Fig. 2, Simulation of a ground-based airglow
observation. See text for details.

curring at those viewing angles where the integra-
ted line of sight intersects the densest parts of
the perturbed layer. Because of the wavefronts'
curvature and, to a lesser degree, because of the
OH -layer's curvature, these maxima do not occur at
the sams phases of the wave. The effect is visible,
though not as apparent, also in Fig. 4a of Réf. 14.
In Fig. 6a of Réf. 14, there appears to be a small
but significant systematic deviation of the great-
est intensity from the best-fit circles. This devi-
ation is due to just that geometrical effect.

3.1.2 Airglow Imaging From Space The feasibility of
imaging airglosi structures modified by gravity
waves has been demonstrated from space by Hersé
(Réf. 8). It has been proposed for ESA's Polar
Platform by Réf. 10. Fig. 3 is a simulation of the
same wave as in Fig. 2, but seen from an orbit of
824 km. The azinurch of observation is the same for
both images, the elevation angle for the center of
Fig. 3 is -40°. The position of the space platform
was chosen such that the centers of Figs. 2 and 3
coincide at 86 km.

It is obvious that a much larger portion of the
wave field is visible from space, and that it is
less distorted. Just as it is unlikely that the
real wave pattern was as regular and coherent as
this simulation may suggest, an observation of the
real degree of coherence over the entire field of
view could give valuable information on the excita-
tion mechanism and on the propagation of the wave.
The real perturbation amplitude would also be of
great interest in order to determine the degree of
saturation of the wave. If the imager is properly
calibrated and the vertical wavelength is known,
the perturbation amplitude can be determined from
the image.

Fig. 3. Simulation of the same wave as in Fig. 2,
but seen from an orbit of 824 km.

3.2 Auroral Imaging

The imaging simulation method presented above may
also be used to demonstrate auroral imaging as
proposed for ESA's Polar Platform by Réf. 12.

4. SPECTRAL SENSITIVITY

In order to evaluate the sensitivity of airglow
imaging to different likely combinations of hori-
zontal and vertical wavelengths, the 28 combina-
tions of Table 1 were simulated. The propagation
direction was taken in the plane of the observation
azimuth. The maximum contrast, (I max-Imin>/<I max

+I
min>-

and the elevation angle for which it occurs were
determined for observation from the ground and from
space. The results are compiled in Table 2 for
ground-based observations, and in Table 3 for ob-
servations from 824 km. The best elevation angles
are rounded to the full 5 .

For ground-based observations of gravity waves
passing through airglow layers, an elevation angle
of 5° to 20° seems to be optimal. This agrees with
many observations. The maximum contrast for a
r.m.s. wave is between .06 and .36 for waves of ho-
rizontal wavelengths shorter that 460 ton, and it is
best for the shortest horizontal wavelengths. Haves
with horizontal wavelengths of 460 km and more
cannot be detected at these amplitudes. It must be
added that individual waves may have substantially
larger amplitudes than the r.m.s values used hers,
and thus may show greater contrast. Also, wave
packets may appear to have greater amplitudes than
the monochromatic waves simulated here.

For the observation of gravity waves passing
through airglow layers from a space-based platform,
an elevation angle of -30° is clearly optimal. From
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A2CKmI- 5.5 11 22 44 5.5 11 22 44

25

50

70

150

230

460

920

Contr.
Elev.

Contr .
Elev.

Contr .
Elev.

Contr.
Elev.

Contr .
Elev.

Contr .
Elev.

Contr .
Elev.

.36 .34
10D 10°

.07 .08
15° 20°

.07 .09
10° 10°

.08
5°

.07
5°

.31
10°

.08
15°

.09
15°

.08
5°

.07
5°

.00
-

.00
~

.22
5°

.08
15°

.08
10°

.08
5°

.07
5°

.00
-

.00
~

.09
20°

.07
10°

.07
10°

.08
5°

.06
5°

.00
-

.00
~

Table 2. Maximum contrast and best elevation for
ground-based observation of the waves of Table 1.

824 Km, the limb at 86 Km is at -26°. The maximum
contrast is similar to that observed from the
ground, but waves with horizontal wavelengths of
230 km and longer are not detected at r.m.s. ampli-
tudes.

5. CONCLUSIONS

A simulation technique for airglow images with
gravity wave perturbations has been demonstrated.
The wave structures observed by many authors can be
explained purely by vertical transport and adiabat-
ic expansion or compression. This does not exclude
that perturbations of the chemical equilibrium by
temperature perturbations have an additional
effect. Both ground-based and satellite-based ob-
servations are insensitive to the longest horizon-
tal wavelengths, the latter to a greater degree.
This has to be Kept in mind when interpreting
airglow observations. The optimal observation angle
from 824 Km is near an elevation of -30 .
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ABSTRACT

While many of the details of the excitation mechanisms for the
nightglow emissions are still the subject of discussion, an empirical
approach has allowed us to develop a model which is self-
consistent under a wide variety of geophysical conditions. A Earth
mechanism Is assumed for the excitation of 0(1S) and a similar
mechanism, with O2 as the transfer agent, is used for the
production of 02(b

1£g
+). In these cases laboratory rates are used

for the quenching of the emitting states by atmospheric
constituents while empirical coefficients were derived for the
production and loss of the precursor states. A rigorous test of the
model was provided by other rocket observations made under very
different geophysical conditions, in these flights the atomic oxygen
green line intensity varied from JQ to 400 Rayleighs. The model
was used to derive an atomic oxvoen profile by inversion of the (O-
O) atmospheric band measurement and the expected height
profiles of the other emissions calculated. The agreement with
observation was founa to be very satisfactory.

Keywords: Airglow, Nightglow, Green line, Atmospheric
Band, Meinel bands, Herzberg bands.

1. INTRODUCTION

The light of the night sky consists of many components (Réf. 1 ) but
it is the airglow that can give us information about the outer
reaches of our atmosphere. However, although quantative
measurements of the light intensities Involved have been made
from the ground, since 1930 (Réf. 2), and from rockets, since 1956
(Réf. 3), no fully consistent model of the numerous emissions has
been produced. This is mainly due to disagreements about the
excitation mechanisms for the various emitting species. In
addition, laboratory measurements of the rate constants, necessary
for the valid interpretation of observations, are very difficult. The
article by Bates (Réf. 4) on the oxygen green line is an excellent
exposé of the problems and pitfalls.

During the late 1970's and early 1980's some of the more important
quenching rates for the emitting species have been established in
the laboratory (Réf. 5,6,7). By combining these with carefull rocket
studies of the various emissions' height distribution'it was possible,
as a first step, to establish the correctness of one proposed
excitation mechanism over another (Réf. 8-10) and, at a later stage
when more complete measurements were available, to derivet

empirical values for some of the unknown reaction rate constants
(Réf. 11-13). It is by combining the results of these studies that a
consistent model of at least four of the common nightglow
emissions, namely; the atomic oxygen green line, the O2 Herzberg
bands, the O2 Atmospheric bands and the OH radical's vibration-

rotation bands, can be obtained.

2. THE MODEL

The model presented here is based almost exclusively on the
results of one rocket campaign, ETON. This campaign was
designed to study Energy Transfer In the Oxygen Nightglow and
took place from South Uist (57.40N, 7.38°W) in the Outer Hebredies,
Scotland. The results of the ETON measurements have already
been presented in a number of publications (Réf. 11 -15).

The excitation energy for all the emissions discussed with the
exception of the OH Meinel bands comes from the recombination
of atomic oxygen in the presence of a third body to produce excited

O + O +• M —> O2 + M (1)

The O2 can then either emit, be quenched or transfer its excitation
energy to another atom or molecule which can subsequently emit
the observed radiation.

2.1 The atmospheric bands

The atmospheric band emissions occur at wavelengths of 720 nm
(0-0) and 864 nm (0-1). The (0-0) band cannot be studied from the
ground because it undergoes self-absorption between the emitting
layer and the observer. The emissions originate from an
approximately 10 km thick layer centred at about 94 km altitude (in
the dynamically undisturbed atmosphere). This Is a few kilometers
below the other main oxygen emissions discussed here which,
combined with earlier laboratory evidence (Réf. 16), led Gréer et al.
(Réf. 9) to suggest that the emitting state is excited via an energy
transfer mechanism with O2 as the transfer agent:

O2*+ O2 "00-, + O2(D
1S9

+) (2)

Allowing for the quenching of the precursor state and O2Cb1E+)
by various atmospheric constituents McDade et al. (Réf. 12)
obtained the following expression for the volume emission rate

{A2+k2° [N2]+k2°[0]}{C°' [02]+C°[0]}

The coefficients C0z and C° that represent the quenching of the
precursor state were derived empirically from the ETON
measurements and are given along with the other rate constants in
Table 1 . Since the rate constant for the quenching of 02(b

1S.+) by
O atoms, k2°, is somewhat uncertain for the conditions in the
emission region two limiting values were assumed in Réf. 10 and
two sets of empirical coefficients derived. Both sets of coefficients

PTOC. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRC, 3—7April 1989
(ESA SP-291, June 1989)



168 D. MURTAGH

are given In Table 1.

TABLE 1. Adopted rate coefficients and excitation parameters

Coeff. Value

k, 4.7XJO-33POOXT)2

K2
0' 4.0x1 Q-'7

k2
Nz 2.2x1 0'15

k2° 8x1 0-14

K2
0 O

k5 4.0x10-12exp(-865/T)

k6 9.0X10'12

A, 0.079

A2 0.083

A5 1.18

A6 1.35

A7 6.25

Parameter Value

C'°! 15

C'° 211

for use withk2° = 8x1 0'14-

C°2 6.6

C° 19

for use with k2° = o

C°2 7.5

C° 33

ot 3%

Reference

(25)

(7)

(7)

(6)

(5)

(14)

(26)

(26)

(27)

(27)

(28)

Reference

(10)

(10)

(10)

(10)

(10)

(10)

(14)

All coefficients are in molecule cm3 second units.

2.2 The oxvaen green line

The green line emission comes from a layer centred around 97 km
altitude and is one of the most studied airglow features. The
excitation of the emitting 0(1S) state has been the subject of
considerable controversy but the consensus of opinion now seems
to favour the Barm mechanism (Réf. 10,13,14). This Involves the
transfer of a precursor O2* molecule's excitation energy to an
oxygen atom.

O2* + O -> O2 + Q(1S) (4)

where O2* Is not necessarily the same state as in Eq. 2.

{Aa+k5[02]HC'°'[02]
(5)

Again the coefficients C'°* and C'° were determined from the
ETON measurements (Réf. 12).

2.3 The Herzberg bands

The Herzberg band system covers the wavelength range from
250 nm - 400 nm in the near UV. This makes obtaining the entire
system intensity from a rocket photometer measurement of only
one or two Isolated bands difficult. To do this the vibratfonal
population distribution must be known and the photometer
measurement must be corrected for contamination by emission in
the overlapping Herzberg Il and Chamberlain band systems.
Unfortunately, the vlbrational population distribution is not well
established and it is not yet certain that it is invariant. Further, the
relative intensties of the various band systems is only
approximately known. These points remain the subject for
research (Réf. 18). Murtagh et al. (Ref 13) have discussed the
various techniques that can be used to try and resolve these
problems.

The excitation of the emitting state, O2(A
3E1/), seems to be

described best by the direct mechanism of Eq. 1. However, in
order to reproduce the altitude profiles measured on rockets the
O2(A

3E11
+) molecules must be quenched by O2 at rates much

larger than those measured in the laboratory. Murtagh et al. (Ref
19) tried to resolve these discrepancies by «uggestfng that the
O2(A

3E11
+) molecules are produced through quenching of a

precursor molecule by 0-atoms. They showed, however, that such
a model did not provide as good a dlscription of the behaviour of
the Herzberg bands under varying geophysical conditions as the
direct production mechanism (Ref 18,19). The volume emission
rate of the Herzberg band system can be represented by the
equation

(6)
A7^k6[O2]

The values of the coefficients are given in Table 1.

2.4 The OH Melnel emission

The last of the four emissions considered here does not originate in
a reaction such as described by Eq. 1 but is nevertheless intimately
related to odd oxygen chemistry in the mesopause region. The
main source of vibrationaly excited OH is the reaction of ozone with
atomic hydrogen:

O3 + H -> OH*(v'< 9) + O2 (7)

Ozone has a relatively short lifetime in the emission region at night
(20 min. at 90 km) and is therefore in an approximate steady state.
It is produced through! the recombination reaction

O + O M-> O3 + M (8)

and reaction (7) is the main loss pathway. As a result of this latter
fact the concentration of OH , and hence the Meinel band system
intensity, is independent of the atomic hydrogen density. That is

OH*
[O][O2][M]

(losses of OH )

Considering the various quenching terms the volume emission rate
is given by :

Reaction (7) mainly produces OH* In vlbratlonal states (V= 7,8,9)
(Ref. 20) and the other states must be populated by radiative and
collisional cascade. Llewellyn et al. (Ref. 21) and McDade et al.
(Ref.s 14, 22) have constructed models of these processes and
obtained values for the quenching parameters on the basis of
ground based observations alone.
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TABLE 2. DETAILS OF THE ANALYZED AIRGLOW MEASUREMENTS

Identifier Site Date Measured zenith intensities

Green line Atmospheric band

OXYGEN/335

S310.10"

Esrange,
Sweden.
67.9N, 21.IE

Uchinoura,
Japan.
31.2N, 131.IE

ETON P229H South Uist,
Scotland.
57.4N, 7.4W

OASIS

SOAP/WINE

White Sands,
New Mexico.
32.4N, 106.3W

Esrange,
Sweden.
67.9N, 21.IE

07/2/1981

24/8/1981

23/3/1982

11/6/1983

10/2/1984

400 R

180 R

150 R

300 R

30 R

11.0 kR

6.7 KR

4.0 kR

6.8 kR

2.2 kR

Ogawa et al. (1987)

3. TESTING THE MODEL

As stated in section 2 the model is based almost entirely on
measurements during one rocket campaign and it is therefore
desirable to test it with other data. Table 2 lists a number of
different campaigns where some or all of the emissions were
measured. It is clear from the range of intensities that the
geophysical conditions were widely varying. This is further
illustrated in Fig. 1 which shows the measured A-band and green
line profiles.

The test procedure adopted has been described by Murtagh et al.
(Réf. 23). By inverting Eq. 2, the Atmospheric band profile was
used to derive the atomic oxygen density profile. This was then
used to calculate the green line, and Herzberg emission profiles
that should be expected If the parameterisations are self-consistent.
Direct comparison of the results with the measurements constitutes
the test.

Fig. 2 illustrates the results for the OASIS and OXYGEN/835

rockets. The agreement is remarkable. In the OXYGEN/835 case
the discrepancy around 90 km is in part due to the suppression of
the lower peak in the measurement. This occurred because of the
low altitude resolution of the measurement and the data reduction
techniques used to produce the profile. Similar results are
obtained for the Herzberg bands but are not shown. In the
SOAP/WINE case the modelled emission profile was about 40%
more intense than the measurement as seen in Fig. 3. This figure
also illustrates the importance of using an appropriate background
atmosphere for the calculations. The best results were obtained
using the temperature and densities measured near the time of the
flight (see Réf. 23 for details). Using the MSIS-86 model (Réf. 24),
without regard to the dynamically disturbed state of the
atmosphere, increased the discrepancy to over 100%.

The OH Meinel band model of McDade et al. (Réf. 14) is adequately
tested with the ETON data alone since it is not based on those
measurements. The modelled and measured profiles are shown in
Fig. 4. It Is worth noting that the earlier model of Llewellyn et al.
also gives excellent results.
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The modelled green line profiles (or ka° = O (solid line) and k2° = 8 x 1O-14 cm3 s-1 (dashed line)
compared to the measurements (+). (a) OASIS, (b) OXYGEN/835

4. Model Predictions

Having established the validity of the model under a variety of
geophysical conditions it is interesting to carry out a few simple
experiments. FIg. 5 plots the intensities of the various emissions as
a function of the green line Intensity while the peak concentration of
the parameterised atomic oxygen profile is varied from 1 x 1011 to
9 x 1011 cm'3. This particular presentation is chosen because
when measurements are made from the ground the density and
distribution of atomic oxygen is unknown and the green line
Intensity must be adopted as a substitute. The effect of the
different molecularities of the production and loss mechanisms is
illustrated by the curvature of the plots. Fig. 6 repeats the process
but with the peak altitude of the atomic oxygen profile at 92 km
instead of 98 km. Note how the ratio of atmospheric band to green
line has greatly increased. This is a result of the production step's
quadratic dependence on the density. The hydroxyl emission is
also seen to be greatly enhanced for similar reasons. However, in
this case, it is the lower ledge of the oxygen profile that is important
and this simple experiment which meariy moves a fixed shape O
profile down in altitude does not take account of the chemical and
dynamical process that may greatly affect the shape of the profile in
this region of steep gradients. As can be seen the Herzberg band
emission is not greatly affected by the altitude change and this
presumably contributes to the good agreement between the model
and observation seen in Fig. 7.

10 20 30 40 !
Volune Emission Rate (Photons ca-3 s-1)

Figure 3. The effect of changes in the background
atmosphere on the modelled green line for
SOAP/WINE with the atmosphere based on met.
rockets (solid line) and with a pure MS)S
atmosphere.

5. CONCLUSIONS

The empirical models of the four common nlghtglow emission that
have developed out of the ETON campaign have been shown to be

satisfactory even under widely differing atmospheric conditions. By
combining them into a single model a powerful tool for the
interpretation of ground based measurements is obtained. A few
important points must be noted. One Is the sensitive dependence
of the model on the chosen background atmosphere which can
make the separation of atmospheric density effects from O-
distribution effects difficult. A second is the necessity of measuring
as many emissions and atmospheric parameters, such as
temperature in the emitting regions, as possible. Thirdly, the Meinel
band emission model used in these calculations Is a steady state
model. In view of the lifetime of ozone at these altitudes small scale
dynamical disturbances, such as short period gravity waves
(T < 1 h), will disturb this steady state and this model can
therefore not be used unmodified to study the effect of such
phenomena on the OH emission.

VOLUME EMISSION (pttatons cm"3 e:

Figure 4. Measured OH(8,3) band volume emission profile
(*) and the model profiles.
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Figure 5.
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INTERZODIAK II : OBSERVATION OF EUV-RESONANCE RADIATION

G. Lay H. J. Fahr H. U. Nass
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Universitat Bonn, Auf dem Hugel 71, West Germany

ABSTRACT

On September 3, 1988 at 14.10 UT the payload
INTERZODIAK II was carried on board a SKYLARK 12
from Natal, Brazil, to an apogee of 857 km. A
total of 13 different celestial targets in the
vicinity of the sun were observed during the 16
minute flight. EUV radiation from interplanetary
space and the geocorona was measured with several
spectrophotometric sensors at the resonance
wavelengths 58.4 nm (He) and 121.6 nm (H).

Keywords: EUV-radiation, Dayglow, Sounding Rocket

1. THEORY

About 20 years ago the theory was formulated by
our group describing how interstellar neutral
gases penetrating the solar system would be
affected by the solar gravitation, solar wind,
radiation pressure and ionizing solar EUV
radiation. Accounting for these interactions, a
well defined density and velocity distribution of
the interstellar wind ( OP LISM = Local
Interstellar Medium ) within interplanetary space
could be established (Réf. 1).

In the Jîiean time, instruments on high flying
rockets, satellites and space probes have measured
the resonantly scattered solar EUV radiation
especially at Ly-oc 121.6 nm (hydrogen) and 58.4 nm
(helium). These measurements not only verified the
increasingly refined theory, but also yielded
values for the parameters of the interstellar
wind.

About 10 years ago, again in Bonn, another
source of interplanetary backscattered radiation
was postulated. The reasoning was briefly the
following:
The interplanetary dust, also called zodiacal

dust, spirals towards the sun on nearly circular
orbits due to the Poynting-Robertson-effect.
During this motion - with residence times of
several ten thousands of years within the orbit of
the earth - the dust grains are subject to the
solar wind bombardment. Solar protons and
a-particles impinge on and penetrate into the
surface of the meteorites where they become
neutralized. Taking into account theQ well-known
solar wind particle flux of about 10 cm" s" at
1 AU, saturation of the dust particles with

hydrogen and helium occurs within only a few
months or years, depending on the size of the
grain. After that time the dust particles cannot
absorb any more solar wind particles: the former
solar wind ions become neutralized and eventually
leave the dust particle with relatively small
velocities with respect to their parent grains. It
can be asbumed that this desorption of neutrals
from the grain surface occurs as an isotropic
emission according to a temperature comparable to
that of the grain surface itself. The net result
is that fairly high energy solar wind Ions are
converted into neutral gases (hydrogen and helium)
with temperatures of 200 to 300 K that move around
the sun with a velocity distribution function
similar to that of the dust grains. The most
likely distribution function can be deduced, for
instance, from HELIOS zodiacal light measurements
(Réf. 21.
The t.olar EUV radiation resonantly scattered at

these dust-generated neutral helium and hydrogen
atoms should be measurable, thereby yielding
information on the properties of the dust surface
as well as the dust dynamics.

A detailed description of the dust - solar wind
interaction can be found in Réf. 3.

2. EXPECTED CONTRIBUTIONS TO THE SIGNAL

For EUV observations from the vicinity of the
earth, calculations show that the contribution of
this "zodiacal" component becomes comparable to
the "interstellar" component' only for a
line-of-sight (LOS) with a small small solar
offset angle. In Fig. 1 the expected backscattered
integrated intensity (in Rayleigh) at a wavelength
of 58.4 nm (He) is plotted versus the solar offset
angle of the LOS in the ecliptic. Two different
observational positions have been used for the
interstellar component: INTerstellar SUMMER
Position means that the observer is at a position
upstream of the sun in the interstellar wind (
case for June ), INTerstellar SPRING Position
means the LOS is perpendicular to the interstellar
wind vector ( case for March or September ). The
plot shows that, even in the favorable spring
position, the interstellar contribution is still
comparable with the DUST signal even for small
solar offset angles.
The situation gets remarkably better if the

spectral distribution is analyzed instead of the

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnslein, FRG, 3—7 April 1989
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Table 1 : EUV - Radiation ( HeI 58.4 nm )

IT SOUfl OFFS AWlU

Figure 1. Theoretical integrated intensities at
S8.4 nm for small solar offset angles of
the LOS in the ecliptic plane.

Source

1) Zodlakal dust

Z) LISM

3) Solar corona

4) Geo-corona

S) Particles

Intensity

5-102 2.

S-IO2 2.

1-102 0.4

6-104 240.

3 • 10 5.

-2 -1 „
cm s R

Mear.s, of reduction

Time of year
resonance cell

Light baffle

Launch site
resonance cell

Launch site
EM - baffle

iO ft «ni

Figure 2. Theoretical spectral intensities around
58.4 nm (A = O) at a solar offset angle
5° of the LOS in the ecliptic plar'.

integrated signal. Fig. 2 shows - again for helium
and the LOS in the ecliptic - the spectral
behavior of the different intensities for a solar
offset angle of the LOS of 5° versus distance isom
line center. In addition, the vertical bars close
to A=O (=line center at 58.4 nm) mark the typical
contribution of thj helium geocorc •• with a
temperature of 1200 K. It is obviou that the
interstellar contribution is more concentrated
toward the line center.The dust-generated
component, because of the large Doppler shift at
these small solar distances, extends up to A=20 pm
(a solar offset angle of 5° corresponds to a
closest solar distance of the LOS of about 20
solar radii where the orbital velocity of the
dust-generated helium atoms is about 100 km/s).
Therefore, by means of a tunable resonance cell

spectrometer one is able to separate the different
radiation contributions to the signal.

Table 1 lists the typical intensity
contributions to be expected in an experiment
carried out on board a high flying sounding rocket
above Natal, Brazil, with a field of view of 2° ,
a detector (i.e. channeltron) efficiency of 1OX
and a solar offset angle of 5° at 58.4 nm. The
last column gives the means by which the
respective contribution can be reduced in or even
removed from the signal. The last row specifies a
contribution that - strictly speaking - is not a
radiation signal, but a contribution due to
electrons and/or protons. A corresponding signal

seen in the previous sounding rocket mission
ASTROHEL ( also carried out in Natal, Brazil, in
1979 ) was identified as a contribution due to
electrons in the energy range around 10 key within
the field of view of the detector (Réf. 4).

3. THF EXPERIMENT INTERZODIAK

One of the prinary goals of the rocket
experiment INTERZODIAK was to measure for the
first time this aforementioned "dust-generated"
EUV radiation and hence to prove the underlying
theory.

The payload consisted of:
a) Two helium sensors each consisting of a
channeltron as a photon counter, an attached He
resonance cell and -becruise of the small solar
offset angles of the LOS - a light baffle to
suppress stray solar light. In order to screen off
the unwanted particle signal (5) in Table 1,
cylindricalIy shaped capacitors, maintained at a
voltage of 9 kV, were mounted providently within
this baffle system. This capacitor system kept
electrons up to an energy of 36 keV away from the
detectors.
b) one helium sensor, mounted 40° off-axis without
an attached resonance cell, desigp.c-U to measure
the geocoronal 58.4 nm radiation.
c) one hydrogen cal1 sensor contributed by H.
Lauche ( Max-Planck-Institut fur Aeronomie in
Lindau ), consisting of a channeltron and an
attached hydrogen resonance cell designed to
observe the Ly-<x resonance line. During most of
the flight this sensor was pointed 40° off-axis to
observe the geocorona. Close to the apogee,
however, the region close to the sun was observed
with the help of a convertible mirror device.

Figure 3 shows the mission program: During its
way up and down the payload was pointed at 13
different targets ( 1 thi-ough 13 ) on the sky and
kept there for about 70 seconds each. The upper
panel of the picture shows the position of these
targets close to the sun and the ecliptic.
The first attempt to launch the payload

INTERZODIAK on board a SKYLARK 12 took plr.-,e on
March 3, 1985 at local noon in Natal, Brazil.
Unfortunately, due to a failure in the separation
of the third stage, the experiment did not
function properly and the data was barely usable.
INTERZODIAK II was launched on September 3, 1939
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Figure 3. INTEEiZODIAK mission program. For the 13 observational cycles the
solar offset angle of the payload axis is shown in the lower panel.
The corresponding LOS positions of the sensors Sl and SZ close to
the ecliptic plane are given in the upper panel. Time increases with
cycle number.
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Figure 4. The relevant raw data of INTERZODIAK II versus time of flight. Some
geophysical data are given in the lower left corner.
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again at local noon with a SKYLARK 12 from Natal,
Brazil. This time the launch was a perfect
performance. Nevertheless, the experimental data
did show some irregularities.

4. THE DATA AND A FIRST ANALYSIS

Fig. 4 shows a plot of the relevant data
obtained versus time of flight. Since the final
attitude tape is not yet available, only the raw
data can be discussed at the present. Some
interesting features, however are apparent in the
data. The panels in Fig. 4 show from top to
bottom: Cl and CZ, the helium channel 1 and 2 data
and the corresponding helium cell pressure Pl in
mb; C3, the off-axis looking 58.4 nm channel data;
C4, the hydrogen channel data and the
corresponding filament heating steps as an
indication for the pressure P4 in the hydrogen
cell; HV, the high voltage applied to the
shielding capacitor in the baffle system in kV,
and Z, the altitude of the payload in km. All
intensities are given in counts/s.
For reasons not yet presently understood, the

high voltage shows a height dependence and,
therefore, was switched off during some parts of
the mission ( from 300 to 450 sec). During that
time the Ly-a signal C4 shows the expected
stepping down as the hydrogen gas pressure P4 is
increased in the absorption cell.

At about BOO s flight time the on-board computer
controlling the experiment failed, leaving all
switches and valves as they where at that instant
of time. This breakdown was very probably caused
by a high energy particle event that led to a dead
loop in the computer program.
Above a height of about 500 kilometers the

signal in the helium channels increased
unexpectedly, showing a distinct dependence on
height. Since the aperture of channel 1 stayed
closed after the computer failure at 600 without
any influence on the signal Cl, it can be deduced
that this enhanced signal is not of radiative
nature. It is obvious to assume this signal being
due to particle events. Using the same argument as
above and the fact that the signal is not
influenced by the applied screening high voltage,
however, shows that the energy of these particles
cannot be in the expected energy range of 10 keV.
A rough estimate using the Bethe-Bloch formula for
particle penetration of at least 1 mm aluminum
gives a lower energy limit of about 1 MeV. Only
particles above this energy are able to penetrate
the skin of the payload and the material
surrounding the channeltrons. For a more detailed
investigation of the contribution of these
particle events, and how they are related to the
magnetic field of the earth, a more precise

knowledge of the payload trajectory and the
attitude is needed.

Even at this preliminary stage of analysis,
however, it can be concluded that an Increasingly
large number of highly energetic particles were
present during the two launches at heights
starting at 500 km upwards. We hope that a
detailed analysis of our data will yield more
information about this interesting feature that
appears to be stable over a time period of 10
years.

The next step in analyzing the data will be to
remove this particle related signal by carefully
evaluating its dependence on height and attitude.
The data remaining after this separation procedure
are those that the mission INTER20DIAK was
designed to record: the interplanetary and
geocoronal EUV resonance ^adiation of HeI and HI.

Acknowledgement: The project INTERZODIAK was
funded by the German Ministerium fur Forschung und
Technologie.

REFERENCES

1. Fahr H J 1974, The Extraterrestrial
UV-Background and the Interstellar Medium,
Space Science Reviews 15, 483-540.

2. Leinert C, Hanner M & Pitz E 1978, On the
Spatial Distribution of Interplanetary Dust
near 1 AU, Astron.Astrophys. 63, 183-187,

3. Fahr H J, Ripken H W & Lay G 1981, Plasma -
Dust Interactions in the Solar Vicinity and
their Observational Consequences, Astron.
Astrophys. 102, 359-370.

4. Fahr H J & Lay G 1984, Radiation Belt
Particles and Oil Emissions determined as
Contaminations of geocoronal Helium Airglow
Observations, J Geophys 54, 219-229.



SESSION 9
MIDDLE ATMOSPHERE

Chairman:
E.V. Thrane



179

NEUTRAL AtR TURBULENCE IN THE MIDDLE AND UPPER ATMOSPHERE
OBSERVED DURING THE MAC/EPSILON CAMPAIGN

W. Hillcrt t F.-J. LUbk«n

Physikalisches Institut der Universitat Bonn, FR Germany

ABSTRACT

During the MAC/EPSILON campaign in autumn 1987
small scale fluctuations of the total air density have
been measured by ionization gauges in the altitude
range from 60 to 115 km above Andoya (69° N, 16° E).
In addition, measurements of the number densities of
nitrogen and argon have been performed by a mass
spectrometer in the altitude range from 95 to 125 km.
From the spectral analysis of the measured density
fluctuations altitude profiles of turbulent parameters,
such as the spectral index, mean turbulent velocity
and energy dissipation rate, are derived with one
kilometer altitude resolution.

Keywords: ionization gauge, mass spectrometer,
mésosphère, lower thermosphère, small
scale turbulence, spectral index, turbulent
energy dissipation rate

1. INTRODUCTION

In the upper mésosphère and lower thermosphère,
turbulence affects profoundly the neutral gas
composition and the heat budget. Yet, limited
Information is available about the source of turbulent
energy and temporal and spatial extend of turbulent
layers. For this, one of the main goals of the
MAC/EPSILON campaign was a detailed study of
turbulence phenomena occuring in the mésosphère and
lower thermosphère. The University of Bonn shared in
this campaign with three rocket-borne mass
spectrometers and three new developed instruments
using an ianization gauge to measure total air number
density fluctuations (Liibken, 1987). Both experiments
take advantage of the effect of turbulence on the
neutral atmosphere producing vertical excursions of
air parcels and thus leading to local number density
variations. The spectral analysis of these measured
density fluctuations concentrates on. small scale
features (10 - 500 m) with corresponding spectral
scales of the so called "inertial subrange" of
turbulence, where isotropic and homogenous
conditions apply (Kolmogoroff, 1941).

2.THE INSTRUMENTS

2.1. The Neutral Gas Mass Spectrometer

The BUGATTI instrument (Bonn University Gas
Analyser for Turbulence and Turbopause
Investigations) consists of a double focussing mass
spectrometer of the Mattauch-Herzog type, which
allows to measure simultaneously absolut number
densities of inert gases (Fig. 1). A special ion source
design, an effective ion extraction out of the ion
source and differential pumping of the analysing
section allows to extent the operational range of the
instrument towards high ion source pressures (up to
1 x 1O-? mbar). The produced ions travel through an
electric and magnetic analyser and are collected by
electrometers and multipliers. For Ar, a combination
of electrometer and multiplier is used to improve the
argon measurement at low pressures. To allow
precise measurements of absolut number densities, a
calibration takes place only seconds before the
atmospheric sounding. For this purpose a small
amount of gas of well known composition and density,
sealed in a glass vial, is fed into the ion source on
upleg of the rocket flight. After this calibration, the
BUGATTI instrument is opened to the ambient
atmosphere by means of an ejectable cap at 110 km
height on upleg.

2.2. The lonization Gauge

The TOTAL instrument consists of an ionizatfon gauge
with casing, a so called accommodation chamber and
an ion getter pump to save high vacuum during test
and integration phase (Fig.3). The gauge is a
specialized type for the use at high pressures (up to 1
mbar). It operates with a constant sensivity over a
pressure range of approximately 5 orders of
magnitude. The accommodation chamber allows the
ambient particles to enter the ionizing regime only
after at least one reflection, thus leading to a
thermalisation of the incoming gas species. As the
BUGATTI instrument the TOTAL sensor is opened
pyrotochnically to the atmosphere at approximately 75
km on upleg.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7 April 1989
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figure 3 Cross section of the TOTAL-sensor

2.3. Payload Confiquration

The BUGAIfI mass spectrometer and the IOIAL
ionization gauge are the lowermost instruments in a
E-T payload, both mounted on the same platform (Fiq.
S). Their inlet openings nrc failing towards the motor,
both located at the same level to reach a free field of
view of almost Z n steradian for each of the sensors.
The volumes surrounding the sensors and the
associated electronics are kept pressurized with 1 bar
dry nitrogen in order to avoid arcing ot the various
high voltages employed in the instruments. Both
sensors measure on downlug of tlie flight. Tlie
investigated altitude regime reaches from apogee to
95 km for the mass spectrometer and down to
approximately 60 km for the ionization gauges.

3. THE HOCKET FLIGHTS

As part of the international MAC/EPSILON campaign,
one BUGATTI and three TOTAL, instruments were
successfully launched from Andffya (690N, 16° E),
Norway. The first of these bunches (E-TI, "BLfGATT!
10" and ' 1 O t A L 10") took place at iO:52:00 Uf on
October 15. 1987 under geomagnetically quiet
conditions as part of the Day Salvo, the second (E-T3,
"TOTAL 9") ?1:33:?0 UT on October 21, !987 under
geomagnetically weak to moderate disturbed
conditions as part of the first Night Salvo A and the
third (E-TS, "TOTAL 11") at 0:21:20 UT on November
12, 1987 under strong disturbed geomagnetic
conditions as part of the second Night Salvo B.

4 . DATA PROCESSING

4.1. Number Densities

The measured electrometer currents or multiplier
count rates Ui) of the gas species i are converted to
ion source densities na(i) by

Mil
(t)

where EIi) is the sensivity of the sensor for the gas
species i. Due to the fact that the incoming gas is
pressed into the ion source by the fast motion of the
payload on downleg, the ion source densities are
enhanced over the atmospheric densities. The ion
source densities arc converted to atmospheric
densities by a ram correction, which depends on the
influence of the varying attitude and velocity of the
rocket (Horowitz et al., 1957)

(2)

with n = atmospheric number density
nn = ion source densities
T3

 r temperature of the accommodation
chamber

1 = atmosheric temperature
F = ram factor

This ram correction is derived from a self consistent
iterative process: in a first step, ion source densities
arc corrected with the measured attitude of the
rocket and a given temperature profile which had been
taken from the USSA 76. The corrected densities are
used to compute a temperature profile by integration
of this corrected density profile. In a next step,
atmospheric number densities are recalculated using
the new temperature profile. Repeating these two
steps for 4 or 5 times, a vertical profile of
atmospheric density and temperature is obtained
covering the height region from 95 to 125 km for the
mass spectrometer and from 95 to 115 km for the
ionization gauge (molecular flow region). Fig. 4 and
Fig. S show the temperature profiles, together with
other derived quantities such as temperature gradient
(dT/dz), scale heights of nitrogen (HNp ) and total air
number densities (H,,), pressure scale height (Hp) and
brunt Vàisàla Period (P8), which are used for the
quanitative analysis of the turbulent parameters. The
profiler, ;ire extended towards lower altitudes by using
density profiles measured by passive falling spheres
during the MAC/F.PSH ON salvos.
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Figure 4. Temprature (T), temperature gradient (d'l/dz) and Brunt-Vàïsala-Period (PB) for the Day Salvo (O.S.).
Night Salvo A (N. A.) and Nigh» Salvo B (N. B.)
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Figure 5. Scale height of nitrogen (HN2), total air
number density (Hn) and pressure scale
height <HP)

4.2. Spectral Analysis

The spectral analysis of the measured density
fluctuations was performed using the nitrogen
densities of the mass spectrometer and the total air
densities of the ionization gauge. After ram
correction, the data stream of each instrument was
splitted into sections of 1 km height intervals centered
at integer altitudes. Below 95 km, we used the
uncorrected ion source densities. This does not affect
the small scale analysis of turbulent phenomena,
because the ram factor varies slowly in comparison
with the turbulent structure and this situation is still
validât altitudes below 95 km. For each section, a
reference density profile n re f(z) containing the large
scale modulations greater than about 0.5 km was
calculated by applying a third order polynomial fit to
the measured density profile n(.>>. Relative density
fluctuations or so called residuals ., defined as

n(z)-nrcf(z)

nrnf(z)
(3)

were computed using the reference values nref. The
obtained residuals contain in addition to the truly
turbulent component a noise component caused by the
instrument itself and a small modulation with the spin
of the payload (see Liibken et al., 5983). At lower
altitudes (appro», below 85 km), the spin modulation
turns out to grow more and more dominant, whereas
at higher altitudes (above 105 km) the turbulent
component is completely covered by the instrumental
noise. Here, only the height region between 85 and
105 km was used to perform the small scale analysis.
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By applying a Fast - Fourier - Transform program
(RFFT), power spectra of the residuals were
calculated for each height interval). The instrumental
induced noise equivalent power is represented by the
last part of each power spectrum where it is the very
dominant component and can easily be removed by
fitting a constant value to this part of the spectrum
and subtracting it. For the further analysis one has to
take care of the influence of the finite time constant t
of the instruments. In a simple approach, the
pressure inside the sensors (P<;) is correlated to the
ambient pressure (PA' by

r <HA<t) - Ps(t)) (41

This differential equation can be solved for a well
known ambient pressure PA as a function of time.
Assuming an empirical time scrio of PA, the influence
of T on the power spectral density can be studied
easily by Fourier transformation of PB. This was done
several times with different time scries of PA,
yielding to a correction formula

SP|PA(t)! - (l • (2 Ti « <*ï)Z) SP|Ps(t)î (5)

with SPIPj3I = spectral power of the pressure Pn

inside the sensor

SPIPA ( = spectral power of the ambient
pressure PA

V = frequency

a = empirical fit constant

which was used with oc ~ 1.2 to correct the power
spectra. Next, the spectral index C of the power
spectra, defined as the s'ope in the
double-loyarithmic plut, WdS derived from a straight
line fit to SP(v) in the frequency range from t 'to 20
Hz, together with an upper and a lower limit. In rase
of agreement with the $ - -6/3 critérium of
Kolmogoroff for the inertia! subrange within the
determined limits of Ç(z), the structure function
constant Cn (see e. g. Tatarsky 1971, Hocking 1985)
was derived using

, s. _
Av Pit

SPIv) 8 (•*- v )
VR

(6)
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Figure 7. Spectral index versus altitude

-T. 3Jl 9 Cn?

w 1 ' M , ( 1 i S
* - -

(7)

-,H0

with Hn •- density scale height
Hp = pressure scale height
UQ = angular Brunt frequency
g - acceleration of gravity
T = adiabatic coefficient

E ^- 0.49 w5 4iB

K = 0.81 .? ,

(8)

(9)

with Av = frequency spacing of the spectrum

Vp = velocity of the rocket

which takes into account the normalization used in
RFFT (von Zahn ct a!., 1988). Once the Cn value was
known mean vertical turbulent velocities (w), energy
dissipation rates (E) and turbulent diffusion
coefficients (K) were derived, using the Following
relations which are descibed in detail in Ihrane et al.,
1985 and BHx, 1988:

t>. HESULlS

Kig. ? shows the height profiles C(z) of the spectral
index for the three salvos. The dashed line represents
the 5/3 value expected for the inertia! subrange. All
obtained values are in rough agreement with -5/3 but
with considerable variations. Above 105 km, the
spectral indicées obtained by the mass spectrometer
tend to significant higher values. In fact the turbulent
intensities measured during the day salvo were
somewhat smaller - as demonstrated on Fig. 8 - than
those observed during the other salvos, thus closing
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Fiqure 8. Altitude profiles of energy dissipation rate (e), mean vertiacl turbulent velocity (9) and turbulent
diffusion coefficient, derived from BUGATTI 10 (M10), TOTAL 10 (T10). TOTAL 9 (T09) and TOTAL 11
(Dl). The dashed line represents the shifted «-Profile of the USSA 76 (see text).

out altogether the inertia! subrange at this altitudes.
Energy dissipation rates, mean vertical turbulent
velocities and turbulent diffusion coefficients are
presented on Fig. 8. The dashed line represents the
K-Profile of the USSA 76, shifted 10 km downwards
for comparison reasons. In the height region between
SO and 100 km, the measured values are
approxemately one order of magnitude lower than
those predicted by the mean K-Profile of the USSA
76, which is in agreement with measurements
performed during the MAP/WINE campaign (Lubken et
al.. 1987).

6. CONCLUSIONS

A new instrument - the TOTAL sensor - has been
developed and been operated - together with the mass
spectrometer - successfully during the MAC/EPSILON!
campaign. Vertical profiles of turbulent parameters
have been derived for all 3 flights covering an altitude
range of 25 km.
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ABSTRACT.

Mesospheric observations at Tromstf were made with
the EISCAT VHP radar, using the OEN-Il correlator
programme to determine pulse-to-pulse correlation
functions for Barker-coded double pulses. On one
occasion lasting for a total of 5 hours a
relatively weak Polar Mésosphère Summer Echo (PMSE)
was observed at a height of 85 km with its
intensity increasing to a maximum at intervals of
approximately 27 minutes. In the region below the
PMSE layer, height profiles of vertical velocity
showed an atmospheric gravity wave, also with a
period of about 27 minutes. In most cases the
maximum intensity of the PMSE corresponded to the
maximum upward velocity associated with the wave.
It is suggested that particle precipitation,
adiabatic cooling due to the upward velocity and
wave steepening and breaking at the roesopause all
appear to play a role in creating the conditions
for PMSEs to be observed.

Keywords : Polar Mésosphère Summer Echoes (PMSEs),
Incoherent-Scatter Radar, Atmospheric Gravity
Waves, Heavy Ion Clusters, Turbulent Energy
Dissipation, Inertial Sub-range.

1. INTRODUCTION

Throughout the summer, EISCAT (the European
Incoherent-Scatter radar) operating at 22li MHz,
regularly receives strong echoes from narrow layers
in the mésosphère, called Polar Mésosphère Summer
Echoes or PMSEs (Réf. 1-3). These echoes are far
stronger than the incoherent-scatter echoes
normally received from the middle- and
upper-atoosphere, and suggest quasi-coherent
scattering. In June, July and August 1988 an
international campaign was organised to make
extensive observations of PMSEs using two
categories of EISCAT experimental programmes. In
the first category, programmes based on the GEH-Il
radar modulation (Réf. U) used a series of
Barker-coded double-pulses to observe the
mésosphère between 70 km and llU km with a height
resolution of 1.05 km and a spectral resolution of
3.6 Hz. In the second category, programmes using
complementary codes observed the PMSE layers with a
height resolution of 150 or 300 ro but covered a
more limited height range between 80 and 90 km. All
programmes measured height profiles of the power
received, the spectral width and the mean Doppler
shift of the scattered signals.

2. EISCAT OBSERVATIONS AND ANALYSIS

EISCAT is situated in Rarofjordmoen in Norway
(69.6°N,19.2°E) and consists of two systems
operating at VHF and UHF (Réf. 5). The observations
reported in this paper were made using the VHF
radar in a frequency band centred on 22lt MHz. This
is a roonosttttic radar and the signals are
transmitted and received through a parabolic trough
antenna with a total size of l*6n x 120ro (Réf. 6).
The first successful observations of the mésosphère
with this radar were carried out in February 1987
and are described by Hall et al. (Réf. 7).

The EISCAT VHP transmitter is designed to operate
with two klystrons but in the summer of 1988 only
one klystron was available, operating with a peak
power of about 1.2 MW. This offered the possibility
of transmitting linear polarisation from the whole
antenna to roaximuroize the signal-to-noise ratio, or
circular polarisation from half of the antenna to
avoid any possible error due to Faraday rotation.
In the PMSE experiment the signal-to-noise ratio
for the echoes was always so strong that the latter
mode was used.

The observations reported in the present paper were
made using the GENII radar modulation. Double
pulses were transmitted, each with 13-bit
Barker-coding to give a height resolution of 1.05
km. Echoes were received fï-ora 1(2 independent range
gates and the digital correlator performed
pulse-to-pulse correlation to provide height
profiles of the autocorrelation functions. GEN-Il
is described in detail elsewhere (Réf. U,7) and
only the main features are suromariser! in Table 1.

The autocorrelation functions of the echo'es from a
given range-gate were first post-integrated for 150
seconds. The mean Doppler shift was then determined
to indicate the Hne-of-sight component of plasma
velocity at that range. For all the heights
considered in the present paper (70 to 92 Jan) the
ion-neutral collision frequency was sufficiently
high that it could be assumed that the measured
component of plasma velocity represented the
vertical velocity of the neutral atmosphere.

The measured correlation functions were then
corrected for Doppler shift and by extrapolating
the corrected auto-correlation functions to zero
lag we obtained the total scattered power and the
half-power spectral width for each gate. For those
gates where only incoherent scatter occurred the

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(ESA SP-291, June 1989)
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total scattered pover was used to determine the
actual electron concentration (Réf. 8). This did
not apply to gates where PMSEs were seen, but for
convenience scattered PMSE power was represented as
an equivalent electron concentration.

Table 1.

Experimental Parameter Value

Transmitter peak power
Antenna position
Number of lags in ACF
Lag spacing
Frequency resolution
Barker code
Bit length
Height resolution
Height range observed

1.2 MW
vertical
22
6.666 œs
3.6 Hz
13 tit
7 us
1,05 km
70 km - Uh km

3. RESULTS

During observations made between 0100 and 0600 UT
on 12 August 1988, echoes were received from the
height range 85-86 to. Thej showed the
characteristic features of PMSEs, namely strong
echo power and narrow spectra (Réf. 2). However,
although the PMSEs were much stronger than the
echoes received from the background D-region, they
were significantly weaker than the PMSEs observed
in June and July. This allowed simultaneous
measurements to be made of both the PMSEs and the
background D-region without the background
measurements suffering unduly from receiver
saturation, or from "side-lobes' of the PMSE layer
which are seen in the power-profile as a result of
the Barker-coding.

The PMSEs observed on 12 August were intermittent,
with sharp peaks in scattered power occurring in a
quasi-periodic manner at OlltO, 0210, 0238, 0310,
0350, 01(15, OJ(I(O, 0507 and 0535 UT, as shown in
Figure Ia. This figure also shows the actual
electron concentration at heights above the PMSE
layer. It is clear that PMSEs were only observed
when particle precipitation was strong enough to
create a. background electron concentration greater

Figure Ib presents the corresponding measurements
of vertical velocity and these also show evidence
of a quasi-periodic variation. It is apparen', from
a quick comparison of Figures Ia and Ib that in
roost cases the peaks of scattered power from the
PMSE layer correspond to the maximum upward
velocity in the neutral atmosphere at heights just
below the layer. To confirm this quantitatively, a
simple wave function of the form :-

V(z,t) = A(z).sin(2ir [t/T̂ z/ (1)

was natohed to the set of velocity measurements
between 0300 and 0600 OT for all heights between 70
and 86 km. A(Z), T and * were varied to obtain
the "least-squares" deviation of the fitted wave
frco the data.

The results confirm the presence of a 27.5-minute
wave with downward phase-propagation corresponding
to a vertical wavelength of 35 km. The amplitude of
the wave increased steadily with height up to
80to, reached a maximum at about 82 km and then
decreased. These characteristics suggest an
atmospheric gravity wave (AGW) with group-velocity
directed upwards.

This wave is illustrated in Figure 2 where the time
variation of the total power scattered fron the
PMSE layer is compared with the average vertical
velocity over the height ranges 70-fk km, 7U-78 km,
78-82 km and 82-86 km. An AGW with a period of 27.5
minutes and a vertical wavelength of 35 km is also
indicated in the figure, with a continuous line to
mark the roaximuro upward velocity and a broken line
to mark the maximum downward velocity. This diagram
confinas the relationship between the maxima in
scattered power and the maxima in upward velocity.

The results also indicate that the regular pattern
of the AGW does not extend above the PMSE layer.
Figure Ib shows that the wavelike oscillations
change their period and vertical wavelength
abruptly above 86 km. The same effect has been
observed in other EISCAT roesospheric experiments
(Réf. 7).

Similar variations in the period of oscillation
have been reported in the upper troposphere and
lower stratosphere where it was demonstrated that
the variation of wave oscillation period was
consistent with the temperature lapse rate deduced
from radiosonde temperature profiles (Réf. 9)« It
follows that in this case it was possible to relate
a fairly sharp increase in oscillation frequency to
the presence of the tropopause.

Applying the same argument to the observations in
Figure Ib we can identify the change frco longer to
shorter periods in the vertical velocity
oscillations with the roesopause. In this way we can
estimate the height of the roesopause to be around
87 km, with the PMSEs occurring at, or a little
below, this height. It is therefore difficult to
explain the reduction of wave oscillation amplitude
with altitude in terms of supersaturation which
occurs at the stable mesopause and above, and is
associated with turbulence (as suggested by Fritts
and Van Zandt 1989, personal communication).

Instead we would suggest that the presence of the
temperature inversion causes heavy retardation of
the upward-moving air parcels at or below the
mesopause, and hence a dramatic foreshortening of
the gravity wave wavelength in the region of
negative lapse rate.

Such an effect would supply a mechanism for
generating turbulence. However, it is not certain
at present if turbulence is generated, or needed to
cause the PMSEs, since this should manifest itself
in a widened Doppler spectrum (Réf. 2).

A similar relationship between maximum power
scattered frcn> the PMSE layer and maximum upward
velocity was also seen on several other days,
including 13 August; although the results were not
so clear cut, once again there was evidence of a
quasi-periodic variation in the PMSE corresponding
to an AGW at lower heights.
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Figure Ia. Contours of electron concentration on the morning of 12 August 1988 as functions of height
and time. For the PMSEs the values are not true electron concentrations but 'equivalent1 values based on
the total scattered power.
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Figure Ib. Contours of vertical plasma velocity on the morning of 12 August 1988 as functions of height
and tine.
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Figure 2. Quaoi-periodic variations in the total power scattered by the PMSE layer at 86 'km, and the
average vertical velocity for the height ranges 70-71I, 7U-78, 78-82 and 82-86 km. An atmospheric gravity
wave with a period of 27.5 minutes and a vertical wavelength of 35 km is indicated, with to
mark the maximum upward velocity and — — —to mark the maximum downward velocity.
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'
U. CONCLUSION

These observations demonstrate a definite
association between waves in the neutral atmosphere
and a periodic variation in the strength of the
PMSE.

Two possible mechanisms for this have been
suggested :-
a) adiabatic cooling during the uplift phase of the
oscillation, which in August reduces the raesopause
temperature sufficiently to cause nucleation of
heavy ions and ice particles;
b) wave steepening and breaking at the mesopause.

Adiabatic cooling would cause a sufficient drop in
temperature for the forward reaction in the
formation of proton hydrates to outstrip the
backward reaction, so that very large hydrated ions
were produced. Clusters of large ions have been
suggested as the reason for the narrow spectral
widths sometimes observed at these heights (Réf.
10).

In the presence of such ions the arobipolar
diffusion coefficient may decrease sufficiently for
the inertial subrange of the electron gas to extend
to wavenurobers well beyond the limit for the
neutral gas. If this subrange extends to large
enough wavenurobers for the Bragg condition to apply
to the EISCAT VHF transmissions, the scattering
mechanism suggested by Kelley et al. may be
feasible (Réf. 11).

In contrast, rapid warming of the descending air
would bring about the destruction of cluster ions
over tiroeseales considerably less than the gravity
wave period.

It is therefore likely that heavy ion clusters are
concentrated in patches as a result of localised
cooling during the upward phase of vertical
oscillation, and are destroyed by warming during
the downward phase. We may therefore expect very
localised changes in Schmidt number and hence very
localized changes in the refractive index which
cause Fresnel reflections, provided the vertical
scale-length of these changes is less than the
radar wavelength. Fresnel reflection could also be
expected because we note from other observations
(Réf. 2) and from recent high-resolution
complementary code measurements (La Hoz et al.,
private communication) that the echoes often stero
from vertically very thin layers. They also axhibit
a very strong signal power which could not be
explained by conventional scattering from such thin
layers, which are often quite calm internally and
inactive rather than strongly turbulent.
It remains questionable, therefore, as to whether
the turbulence is always present and the
concentration of passive tracers is modulated by
the atmospheric gravity wave or whether the passive
tracers for turbulence are always present and the
turbulence itself is periodic in association with
the wave. It is also possible that both phenomena
occur in phase.
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OPERATIONAL ACTIVITY IN FRANCE
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ABSTRACT

The aim of this account is, on the one hand,
to present French balloon activities through
che most significant statistical data and
on the other a new method of temperature pi-
loting : an interesting procedure for balloon
flight in cold stratospheres.

500 kg with dispensation) and the high
ceilings ; however the tensioned load train
launching technique of these balloons reaches
the limits of the present launch area at AlRE
sur 11ADOUR. This area will be enlarged in 1989
when the present administrative building will
be demolished and replaced by a new one further
away from the launch area.

It can be noted on figure 1 that medium size
balloons remain the mainstay of AIRE sur -
1'ADOUR : average number of launches per year
(over 5 years) : 15 flights/annum.

The demand for big size balloons has now stabi-
lised at around 10 flights/annum.

On the other hand there has been an increase in
small size balloons (12 flights/annum) which
are often used for technological launchings of
experiments destined to fly under long duration
balloons and which use AIRE sur 11ADOUR as a
test bed.

I - EVALUATION OF THE STRATOSPHERIC BALLOON
ACTIVITIES IN FRANCE FOR 1982

1. NUMBER OF ANNUAL FLIGHTS (see fig. 1)

The flights have been divided into three cate-
gories :

- Type A flights : corresponding to small
balloons with a volume less than 50 000 m3
(e.g. Pl, P2 12 SF, etc...)

- Type B flights : balloons with a volume
between 50 000 m3 and 330 000 m3;this is
the type of balloon most frequently laun-
ched over the last few years. (100 SF, 100
ZED)
And intermediate balloon, developed by Zodiac

in 1987, following CNES proposals, has rein-
forced this range : the 150 ZED.

- Type C flights : balloons with a volume over
330 000 m3 (350 SF, 400 ZED, 600 ZED). These
balloons are perfectly adapted for the heavy
loads of AIRE sur l'ADOUR (maximum payload

A.M. PROGRAMME AEROSTMMARTlEH

( V, SSOOOOm1

50000m1 < V1 < 330000m1

33000Om1SVj

T '3 • * • NOMBRE OE VOLS/AN
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The evaluation of small size balloon flights
does not take into account the "AEROSTAT
MARTIEN" project being developed at the CNES.
This concerns "coupled flights" of small
experimental balloons : 15 balloons of this
type were launched in 1988 which brings the
number of type A FLIGHTS FOR 1988 to 28 and
the total number of all types of flight for
1988 to 52.

2. PAYLOADS CARRIED (see figure 2)

Figure 2, showing the evolution of payloads
since 1983, draws out three facts :

- big size balloons (500 ZED) have enabled the
flight of increasingly heavy payloads approa-

ching the maximum limit with dispensation of
500 kg ; limit allowed by the CNES for metropo-
litan flights.

- The pay loads on small size balloons are
increasingly lighter (the payloads on the

AEROSTAT MARTIEN programme experimental flights
are not taken into consideration).

- An interesting paremeter is the number of
kilogrammes of the scientific loads (exclu-

ding gondolas ballast, telemetry) carried
yearly : 10, 656 metric tons (1988)

Charge uttle (kg]

I

~28~ 33

3. FLIGHT DURATION (see figures 3 and 3a)

Figure 3 shows the total flight duration for
each type of balloon : this total duration
equals the ascent plus the constant level cei-
ling and/or the slow valve controlled descent.
We note that big size balloons are evidently
not used to the maximum of their possibilities
as their average flight duration remains infe-
rior to that of medium size balloons (shorter
ascent time, flight in the lower layers where
the average winds are weaker).

f;a. 3 . EVOLUTION DES HEURES DE UOL

S2 63 8J 35 66 67

EVOLUTION DES CHARGES UTILES

Over the last six years we see that the average
number of hours of flight annually is 248 H/an-
num.

1 VOLUME

'
I V

I 50«

! v

< 50

V e 330

> 330

TOTAL

POIDS

1 607

4449

4600

ID 655

CHARGE AU

3461

7 106

7805

IB 372

!

I

!
i

i

This corresponds to approximately 150 hours of
flight useful for scientists, excluding the
time for ascent (which is not always true cf.
LMD, S.A., CEA/CFR, etc...).

Concerning GAP, it is interesting to note that
the flight duration is well above average.

, CHARGES TOTALES TRANSPORTEES EN 1968
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1987

Niveau plafond (Hpa)

6.8

4.5

9.5
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OShDO

10 h 36

4,8 08 h 20
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11 56

09 40

07 14

06 h 59

10 h 36

1OhOO

« .3 a . DUREEMOYENNEDESVOLSaGAP

4. CEILING - FAILURE RATE (see figure 4)

Aeronomy has the largest part (about 80% of the
experiments). On average over half the experi-
ments transported are carried out by foreign
laboratories (Mainly, German, then Belgian).
Astronomy represents only 15% of the experiments
carried aloft (average over 5 years) but for
the last few years there has been a clear reduc-
tion in this activity in France ; only one expe-
riment flies regularly : FOCA 1000 of LAS 'and
Geneva Observatory.
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£
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7
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3
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2

t

NZ

1

<
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The failure rate of the transport system, i.e.
the balloon and the flight train, is in the
order of 6% (average over 6 years) with, of
course, a lower rate for small size balloons
(*~heir long term development has enabled a
Hi.;.ner rate of reliability).

T1J' ̂  ' PLAF°ND * TAUX DE DEFAILLANCE BALLON

5. DISTRIBUTION OF EXPERIMENTS BY DISCIPLINE
(see figures 5 and 6)

Table 5 shows thé distribution of experiments
carried by balloons launched by the Balloon
Launch Centre (CNES) (excluding ONES technolo-
gical flights) either at AIRE sur I1ADOUR, GAP
or sites outside the country (Sweden).
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6. LAUNCHING PERIODS (see figures 7, 8, 9, 10)

Two points arise from the graph (f ig. 7)

- With favorable weather conditions the Centre
can launch an average of 10 to 12 balloons

per month. Thus, during very favourable periods
(June at GAP, September/October at AIRE sur
I 1 A D O U R ) it car be noted that the operational
possibilities of the Balloon Launch Centre are
not fully exploited.

- On the other hand, for flights not requiring
a ceiling above 7 Hpa (see fig. 9), the other

periods in the year allow interesting flight
durations (in particular valve controlled
flights).

D Q 0 B 0 B 0 B D D G A P

PERIODESOESLANCEMENTS

cnes
BJtCL

It remains nevertheless that the possibilities
of rapid recovery of AIRE sur 1'ADOUR as well
as the support the Centre provides for the la-
boratories enables certain scientists to fly
their experiments several times during the same
period or even the same campaign ; examples
taken for 1987 :
- CEA/CFR 2 flights in the autumn campaign

- LMD 2 " " "
- S.A. 2 flights in the year
- JULICH 2 " "
- HEIDELBERG 3 "
- BA/LD 2 " " plus 3
flights in the same campaign.
This repeat edness is an interesting asset for
the Balloon Launch Centre.

• f ' . & DEBUTSDEPLAFOND

MOIS DE MARS A MAI
SEPTEMBRE ETOCTOBRE

I 1 3 Hpa
1 7 Hpa

f'g. 3 . DEBUTS DE PLAFOND

MOIS DE NOVEMBRE A FEVRIER

[ I 3 Hpa
I I 7 Hpa

^. IU. DEBUTSDEPLAFOND

MOIS DE JUIN A AOUT

I I 3 Hpa
I I 7 Hpa
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U - TEMPERATURE PILOTING OF AN OPEN STRATOS-
PHERIC BALLOON

89/03 R 100 Z

1. The winter campaigns in Lapland (CHEOPS 1
and CHEOPS 2) have shown the difficulty in

carrying out balloon flights in cold stratos-
pheres while maintaining rapid ascent rates.
This relatively rapid ascent rate is necessary
so that the flight's scientific programme can
be completed before the balloon's separation
near the Finnish/Soviet border.
The rapid ascent rate obtained by a free lift
10% up to 11%,brings about a signifi-
cant adiabatic cooling of the gas .

This cooling of the gas, and, consequently
of the balloon skin can cause the envelope to
burst : this ripping occurs when the vttreous
transition temperature of polyethylene is rea-
ched i.e. -95° to -105° (see diagram 11).

Fi8.!
TQ - » IMuhlmlil ptKontMhn)

DRT/M/EE

KiIO*
OMKng

Loxlllhour)

In order to make cold zone flights more relia-
ble a first step has been to decrease the
balloon's free lift rate (8%) which must howe-
ver remain compatible both with the operatio-
nal constraints of the flight path and with the
phenomena of temperature inversions which can
halt the balloon's ascent (see diagram 12 and
13).

JorH
Ie i^ss

V^

//p

r/ ter, \_iur
*&t-
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Following the technological flights carried out
in France (GAP campaign 1988) the effects of
valve openings and ballast release on the ther-
modynamic system "GAS + ENVELOPE + ENVIRONMENT"
were clearly shown.

Thus the opening of the valve enables a signifi-
cant warming up (up to 6°) of the mass of gas ;
on the other hand, the release of ballast causes
a cooling down (see figure 14 and 15).

89/03 R 100 Z

89/03 R 100 I 89/03 R 100 2 ,„ i.«.mn,.M
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An obvious solution for preventing balloons from
bursting in cold stratospheres due to the vi-
treous transition phenomenon was to warm up the
gas by using the valve.

2, The TECHNOPS campaign during the winter of
1989 enabled us to :

- Fly widely instrumented experimental balloons
of 100 000 m3 i.e. with gas and skin tempera-

ture probes.

These flights have enabled us to better unders-
tand the physics of balloor. flight in cold stra-
tospheres in semi diurnal and nocturnal condi-
tions.

The data from these flights are being analysed
by the specialists of the Etudes et Evaluations
department of the CNES/Toulouse.

- Validate the concept of lightly instrumented
operational balloons : 2 gas probes

The handling of these balloons should be simple
despite the thermistors inside the envelope, and
the cost as low as possible.

- To qualify new materials developed by the
Etudes et Evaluations department of the CNES

Toulouse (data are being analysed the results
will be communicated to the participants of the
CHEOPS campaign in June 89 ).

- Validate the temperature piloting procedure
which takes place as follows :

a) The "wind-temperature" sounding taken before
the flight enables, by a computer programme,
the simulation of flight conditions (ascent
speed, gas temperature) according to the
atmospheric temperature profile measured by
the probe.

b) This computer simulation means that the dan-
ger zones for the balloon can be established
i.e. at what level the gas temperature will
cross the threshold where the balloon skin
reaches the vitreous transition temperature
(correlation between the temperature at the
heart of the gas and the balloon skin :

skin
A x T

gas
B x T . )

air

c) During the real balloon flight the pilot, in
the operations room, will watch the evolution
of the gas temperature, particularly in the
danger zones forecast by the pre-flight simu-
lation.

only practicable if this ballast release, which
will cool the gas, does not take place in a dan-
ger zone for the skin i.e. when the air tempéra-
ture increases, (see figure 16)

89/03 R 100 Z

r
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3. CONCLUSION

The CNES/AIRE sur I1ADOUR thinks it has develo-
ped here a new practice of temperature piloting
of balloons which means that balloon flights in
cold stratospheres will be more reliable. It is
evident that this method entails certain draw-
backs which should shortly disappear (a finer
determination of the coefficients of correlation
T / T , . , the representativeness of the
gas skin ^

point of gas measure as regards the whole bal-
loon in view of the variety of gas temperatures
within the envelope).

Other medium term improvements are being deve-
loped at Toulouse, in particular the perfecting
of new materials that have a lower vitreous
transition temperature.

The correlations "T - T 1 . " mean that the
gas skin

temperature limit that the gas must not cross
can be established : when the T reaches this

danger threshold the pilot will open the valve
to warm up the gas and thus the envelope. This
operation can be repeated providing it does not
halt the balloon's ascent. The major inconve-
nience of the method is the slowing down of the
balloon's ascent leading to a risk of shortened
flight because of the proximity of the Finnish/
Soviet borcer. To counteract this the ballast
release sysoem can be used enabling the balloon's
ascent to b-:- accelerated ; this procedure is
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LARGE HEAVY DUTY BALLOONS IN EUROPE

A. Soubrier

CNES, 18 avenue Edouard Belin, 31055 Toulouse Cedex, France

ABSTRACT

Large "Ht>avy Duty" Balloons an- regularly operated
in Furopi' ttu'u thv ODISSI-A organization, managed
by I-ranee, Italy and Spain.

The difficulties encountered by the balloons in
the previous years seem to be now overcome, thanks
to the development of new materials. The success
ot the 1>)!<7 transmediterranean flights campaign
brings evidence of this new situation.

The domaine of large balloons activity has been
extended to the Southern Hemisphere, where CNES
organized in 1988 a first campaign in cooperation
with the austral!an government, concluded with a
full success.

A constant improvement of balloons and equipments
increases the overall efficiency of these flights.

Large "Heavy Duty" Balloons have been operated in
Europe since 1977, by the ODISSEA organisation,
created and managed by the three national agen-
cies : CNES from France, CNR from Italy, and
INTA from Spain. Normally conducted during the
1987 year, the activity was interrupted in 1988,
as CNES was initiating, along with the australian
government, a new program of flights in the
Southern Hemisphere.

The 1987 campaign took place in the transmediter-
ranean flight facilities of Trapani (Sicily),
Palma and El Arenosillo (Spain). The program
included four flights. All four of them were
successfully achieved, evidencing the high
quality of the new material developped by CNES
and flight tested during the 1986 campaign. The
french made balloons had a volume ranging from
400 000 m3 to 800 000 m3, and they carried pay-
loads from 1000 l<g to 2200 kg. The flight dura-
tions were in the range of 19 to 21 hours. Most
of t.ie experiments flown, were devoted to astrono-
my observations (X rays, gamma rays and infra-red
radiaiions) and few of them to geophysics (magne-
tic field measurements).

The successful I achievement of this campaign, res-
tored the. confidence, in the large balloons, which
had been lost in the previous years, following a
long series of failures all over the world. This
confidence was high enough to encourage CNES to
initiate a program of flights in the Southern
Hemisphere able to satisfy the stong demand of
the scientific community. A cooperation was ini-
tiated with the australian government in order to
develop new facilities to carry out transaustra-
lian flights. The first campaign of this program
took place during the months of octcber-november
1988. The launching center was installed on the
airport of Charleville, sm; H town of the S. W
Quennsland (26° 25'), and a down range station
was set up in the outback country of the Northern
Territory. 1300 km West of Charleville. Two flights
were scheduled. The first one with a ZODIAC made
balloon of 400 000 m3, carrying a one ton infra-red
experiment, prepared by four french institutes,
and due to observe the galactic center and diffe-
rent regions of the Southern sky. The second one,
with a ZODIAC made ballon of 800 000 mj carrying
a 2.2 ton gamma-ray experiment, prepared in coo-
peration by four french and Italian institutes
and due to observe the Super-Nova 1987-a and seve-
ral other sources. The flights were carried out on
October 29th and November .15th. Both were entirely
successful1, and offered respectively 19h30mn and
23h40mn of observation without any trouble of
balloon, equipment, or experiment. Intended to be
carried out in a well established regime of easter-
ly upper winds, the second flight was actually
achieved in a typical turn-around situation, parti-
cularly unusual in late november. Although the
flight was entirely controlled by the prime trac-
king station, it was continously followed in the
down-range station thanks to a direct telephone
link, achieved thru the australian Digital Data
Network. This connection, which allowed the trans-
mission of telemetry data at a reduced rate of 10
kbps, performed with a remarkable efficiency.

CNES intends to conduct further campaigns in these
new facilities, during the next coming years.
Flights will be carried out, either during the
turn-around periods, or in summer with well esta-
blished easterly winds. They might even be exten-
ded to the west, with the implementation of a
second down-range station in Western Australia.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 19S9
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!•'lights of .}s hours or more, could then bo achio- llio u.so ol' (il1"- I inio signal lia-: al low.'(I an CJIM
veil. i»-.11 it or ing ol' ( h i - clok-, in (he t racking M a i IDII-,

K Î t i l .in accuracy of I micro second, even in ri'inoi c
!'ho overall q u a l i t y of these f l i g h t s h.is boon areas,
constant ly improved in ( I w lasi few .V(MPM, and
w i l l be so in the next f igure , thanks to I he A ne'.v v c l o m e t r y ! paiisnii ! t er work in;; in the 1 îiV
de\'eIopmiMit of nivw balloons and equipmiMit .s . Mil/ ran;>e has been tc - s t ec l and w i l l be -,oon in
Among Chem we may note : operation. I t w i l l a l l o i v a larjfer bandwid th

( 2 Mi l / ) and w i l l avoid the in t orferenco.s <'ncouii-
Hie new balloons, made of LP!- m a t e r i a l , wiiich ai-e tercel i n the over-crowded ranj^e of 4^^ Mil/,
now able to carry a payload of -.- ton-, at J mb.
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tant K i l l y improved w i t h the use of new aer ia ls HIUl and I'o I ecommand in I^>2.
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ver t ica l polapi/at ion. A gain of l> db has been
obtained on the l i n k budget, and -sudden at ienua-
t ions have been overcome.
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AN00YA ROCKET RANGE - NEU INSTALLATIONS. FUTURE PLANS AND INVESTMENTS

K Aiuifsen, P A Nikalsen and I Nyheint

Norwegian Space Centre, findoya Rocket Range, Andenes, Norway

*••

ABSTRACT

This paper describe?- the installations and
investments made at the Andaya Rocket Range in
connection with the extensive MAC/SINE and
MAC/EPSILON campaign in 1987 and future
operations.

A brief historical review
possibilities are also included.

and launch

area of up to more than 1900 km away. This allows
several choices of rocket trajectories which
permit observations in different directions and
impact areas. Together with a net of ground-based
observations, this provides a great flexibility
in selecting launch condition and types of
ph">nomena to be studied.

The facilities at Andoy have been continuously
improved to keep up with the new demands of
users.

2. INSTALLATIONS

Key words: Sounding Rockets, Balloons, Ground
Installations.

2.1 Buildings

1. INTRODUCTION

Andaya Rocket Range, situated in Northern Norway,
has been in operation and owned by NTNF, Space
Activity Division since August 1962. In June 1987
NSC, Norwegian Space Centre took over the
ownership and management.

Since July 1972, the range has been partly
supported by a number of ESA member states. In
return for this support, contributing ESA members
may use the range on a marginal cost basis. Other
users are charged on a non-profit basis.

Since the first launch of a Nike/Cajun on August
18- 1962, a number of 441 sounding rockets have
been launched.

In addition the range has been involved in
launching of a total of 418 scientific balloons.

Personal from more Chan 70 institutes and
universities in Europe, Japan, Canada and USA
have been engaged in scientific programmes
carried out at the range.

The range has a large sea impact area permitting
four stage rockets to be launched into an impact

A four stage plan for refurbisment and new
construction of the office/laboratory and living
facilities has already started and will be
completed in 1992 :

Phase 1 : New building containing a living quarter
with 32 bedrooms, laboratory and a
training center for space technology.

In addition a separate transformer /
emergency power supply building and
extension of the LIDAR building by 30

Phase 1 will be completed in May /June
this year.

Phase 2: Refurbisment of current living quarter
to staff and guest offices.

Phase 3: New garage and storage building and an
extension of the main assembly hall in
the launch area.

Phase 4: Refurbisment and extension of current
main building.

2.2 Telemetry and timing system

A 20-foot telemetiy tracking antenna system,
delivered by Scientific-Atlanta, has been
installed. This system operates with simultaneous
reception of both 1650-1750 MH2 and 2200-2300 MHz
telemetry signals with antenna gain of 37 dBi and
40 dBi, respectively. The antenna is covered with

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
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a 30-foot radome with a transmission loss of only
0.22 dB at 2.5 GHz.

A new timing and video information system will be
installed in 1989. All information nreded for
operation will be shown on videoscreens.

2.3 Science Operation Centre

The main goal for all project scientists is to
launch the rockets when scientific conditions are
optimal. To enable this it is necessary to have
access to real-time data from ground-based
support instrumentation.

Significant improvements have been made at the
range the last two years to increase the
possibilities for the project scientist to study
scientific conditions in real-time.

In the SCIENCE OPERATION CENTRE data from a broad
spectra of ground-based instruments is available
in real-time, such as riometers, fluxgate and
pulsation magnetometers, photometer, VLF and
ionosonde.

Data from remote site installations such as PRE,
SOUSy, STARE and EISCAT, is also available in
real-time on special request.

2.4 EISCAT

During the NEED-I campaign in November 1988, a
real-time display of data from the EISCAT radar
system was available in SCIENCE OPERATION CENTRE.

Data was displayed on a colour graphics screen,
with a colour hardcopy unit connected. Electron
temperature and electron density at various
altitudes were displayed simultaneously in two
separate diagrams on the screen, using colour
codes to indicate high and low temperatures and
densities.

The real-time display of EISCAT-data was a very
useful diagnostic tool during this campaign, and
it will also be used during the NEED-II campaign
in November 1989.

2.5 STARE

During the ROSE-campaign in November - December
1988, the computer was connected to the two
STARE-computers at Malvik in Norway and
Hankasalmi in Finland. Data from the two STARE
radars was displayed in real-time on a colour
graphics screen with a hardcopy unit connected.

The measured Doppler velocities and backscatter
intensities together with other radar parameters
were displayed for each station separately. In
addition, by combining the data from the two
radars a vector-diagram was plotted, showing the
electric field and electron drift velocities over
an area of size 400 x 400 km of the northern part
of Scandinavia.

STARE real-time data proved to be a very
important tool to the Project Scientist during
the ROSE campaign.

3. FUTURE PLANS

Andaya will in 1989 install a new computer system
and develope software to collect and present data
from various ground-based instruments. The
instruments to be included are:

- Fluxgate magnetometer
- Pulsation magnetometer
- Riometers
- Photometer
- lonosonde
- VLF <20Hz-20kHz>

In addition it will be possible to display and
record data from remote installations as e.g.
STARE and EISCAT.

The system will be based on an Ethernet-
connection between personal computers and a
workstation as file-server. The PC's will read
data from the instruments, and store them on the
server-disk. The PC's will also store data
locally to prevent loss of data.

The server will be a computer running the UNIX
operating system. Applications using X-Windows in
UNIX will be developed to display the instrument-
data. This will make it possible to display data
from a selected group of instruments at the same
time, on the same screen.

The server will also be equipped with modems.
Instrument-data may then be transmitted to remote
users, or remote users may run a program on a
UNIX-workstation or a MS-DOS PC to display the
data. This program will be developed by the Range
and distributed to the users. For the instruments
with low data-rate, it will even be possible for
remote users to look at the data in real-time.

The modems may also be used to receive data from
remote ground-based instruments, e.g. Svalbard
and ESRANGE.

4. LAUNCH FACILITIES

During the last two years the
investments have been made:

following major

Modifications of the universal launcher No. 2.
A new hydraulic system, including new piston and
some modifications of the structure, now permits
a SWL (Safety Weight Load) of 27 ton m. A new
BBX rail is also mounted, thus permitting the
launcher to be used for many rocket
configurations. A mobile container is used for
protection of the front part of the beam. This
autumn a remote control system will be installed.

Two new launch pads for HAD-launchers have been
made. These pads can also be used for other
launchers with the same capacity.

Completion of a new blockhouse No. 2 by 35 m2.
From this blockhouse the Payload manager or
controller can operate.

Renewal of power supply for both 220 and 38OV.
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4.1 Manor planned investments

Building of a new universal launcher, including a
mobile protective house. This launcher will have
the following dimentions:

Rail length 20.5 m
Hight underneath the rail 2.5 m
Total capacity 250 ton ra SWL

This permitts the handling of rocket
configuration with a center of gravity weight up
till 20 tons.

The protective housing may also be used as an
assembly hall, and will have the following
dimentions: 45 m x 6 ra, included is a permanent
house with 80m2.

A new generator able to supply the whole area
with sufficient 22OV emergency power will be
installed.

5. ACTIVITIES

Since the Sunne meeting, 108 rockets have been
launched from Andoya.

5.1 MACXEPSILOM

During the MAC/EPSILON campaign in the autumn
1987, 34 rockets were launched. Most of them in
salvoes, which consisted of both instrumented and
meteorological rockets. The biggest salvo
consisted of 4 Nike/Orion, 1 single Orion and 8
meteorological rockets. The instrumented payloads
were launched in 20 seconds '"'-.ervals.

5.2 MASA'S 35.024 UE

An other interesting campaign is NASA's project
in December 1988. This was a Black Brant XC
configuration, and was launched in an elevation
of 76°.

Launch criteria

At least two of the optical sites (Poker
Flat/Alaska, Longyearbyen/Svalbard, Sandre
Stremfjord/Greenland) shou.'d have clear sky with
functioning cameras and data recording equipment.
Meridian scanning photometer functional at
Longyearbyen. Auroa in the polar cap at dayside -
not interferenced by moon/sun at the height
around 450 km (detonations of the shaped
charges).

Performance

The payload performance was
subsystems worked. The rocket
of approximately 515 km and a
1800 km (86°). Rocket
coordinated from Svalbard,
scientist was situated during

5.3 Oedipus A

successful, and all
reached an altitude
horizontal range of
measurements were
where the project
the campaign.

Launch criteria

An active auroral arc in solar darkness (sun
shadow height 900 km). Clear sky sufficient for
observations at launch site.

Performance

Both payloads performed successfully and all
subsystems worked. The rocket reached an altitude
of 511 km and a horizontal range of approx. 950
km. Launch criteria was fullfilled.

The next OEDIPUS campaign will be launched with a
Black Brant XII from Andoya. This is a four stage
configuration and will be the biggest rocket ever
launched from Europe.

In the past there have been some interest from
the users to have the payloads recovered. This is
a new field for the range, but in close co-
operation with the coast guard, this will take
place in the following campaigns:

in September/October 1989.
in February/March 1990.

This was a Canadian campaign with a l='jpch of
a Black Brant X configuration.

TURBO/RECOMMEND
TURBO/DYANA

5.5

The Norwegian Space Centre plans to build a
satellite launch site on Andaya, based on
requirements of the LittLeo launch vehicle and
other launch vehicles.

A suitable site has been located and an area of 5
km2 in the middle of the island has been
provisionally selected as a suitable place for
recovery operations.

A down range and tracking station on Svalbard is
planned to provide tracking, telemetry and
control facilities.

The possible Andoya Satellite Launch Site will
therefore offer the user a number of significant
benefits:

- A European location offering easy and rapid
access.

- An adjacent recovery area.
- The ability to interrogate or command a
spacecraft on every pass from one station.

- Both polar and sun-synchronous orbits.

6. CONCLUSION

With the above mentioned investments in new
buildings and technical installations at the
Andaya Rocket Range, the range should be well
prepared for coming campaigns. The range is
interested in new ideas from the users to make
the life and scientific work at the range more
useful.

More information can be obtained by contacting
the Andoya Rocket Range.
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Observational sites

Sites

Alta (field station)
Andoya Rocket Range (research station)
Baremsburg (Cap Heer) (field station)

Bjornoya (meteorological station)
Dombâs (obsevatory)
Hopen (meteorological station)

Hornsund (field station)
Jan Mayen (Loran station)
Lavangsdalen (field station)

Lidar obsevatory (reseach station)
Longyearbyen (research station)
Malvik (reseach station)

Ny-Alesund (research station)
Ramfjordmoen (research station)
Skibotn (obsevatory)

Saraya (field station)
Univ Bergen (Institute of Geophysics)
Univ Oslo (Department of Physics)

Univ Tromse (The Auroral Observatory)

Coordinates
Geographic Magnetic11

Lat Long Lat Long
N E N E

69.90
69.30
78.05

74.50
62.10
76.50

77.00
70.90
69.40

69.30
78.20
63.40

78.92
69.59
69.35

70.50
60.27
69.91

69.70

23.00
16.00
12.24

19.20
9.11

25.00

15.60
351.30

19.30

16.00
15.70
10.73

11.95
19.23
20.33

22.20
5.21

10.73

18.90

66.44
67.12
74.69

70.94
61.97
71.60

73.43
73.06
66.63

67.12
74.28
62.85

75.31
66.81
66.41

67.10
61.04
59.04

66.96

120.92
114.78
128.88

125.07
101.28
132.45

128.06
96.67

117.48

114.78
131.12
103.91

131.24
117.66
118.21

121.07
96.15

101.01

117.54

Lvalue
at 100 km

6.3
6.2

14.5

9.5
3.9

10.5

13.1
9.1
6.1

6.2
14.4
4.1

16.5
6.2
6.1

6.5
3.5
3.6

6.2

Note 1: Dipole coordinates with North Pole at 78°.8 N. 289°.l E geographic (Epoch 1980)



AND0YA ROCKET RANGE 207

10°



208 K. ADOLFSEN, P.A. MIKALSEN & I. NYHEIM

Ground-based instrumentation in northern Norway

Andeya Lavangs- Ramfjord- Skibotn Univ
dalen moen Tromse

All-Sky camera
Auroral TV
ELF '/VLf emissions
lonosonde
Magnetometer
- Absolute
- Variations
- Pulsation
Meridian scanning
photometer
Riometer

X1 Sl X2I X2I

X I 3 I

X I3 I

X2>

X2>

X" X21 X2-31

X1 ' X21

X1.3) X2.3)

xl.4) X2 4) X2'4' X^l

Remarks:
1 Operated by Andeya Rocket Range

Contact: K Adolfsen
HWoId

2 Operated by the University of Tromse
Contact:
Magnetometers: A Brekke
Riometer/lonosonde: T L Hansen
All-sky camera/
Photometer: K Henriksen

3 Operated on ad hoc basis only.
4 Equipment by P Stauning, Danish Meteorological

Institute. Geophysical Division. Denmark.
5 Jointly with E Nielsen. MPAE. Lindau. FRG.

Ground-based instrumentation on the Svalbard archipelago

All-Sky camera
All-Sky imaging camera
Auroral TV
ELF/VLF emission
Magnometer
- Absolute
- Variations
- Micropulsations
Merdian scanning
photometer
Riometer
Auroral spectrometer
Fabry-Perot interferometer

Bjemeya Hornsund

X"

X2>

X» X"»

X2) X2.5I

X2.6]

Xl.7| Xll|

Jan Longyear- Ny-
Mayen byen Alesund

X3) x l )

X2.4)

X2.3) X2.5)

X2.5I

X»

X»

X2.5)

X1.3.6I X2.6I

X1-'' X1-781

X1.3I

X«

Remarks:
1 Jointly with the University of Tromse

Contacts:
Magnetometers: A Brekke
Riometer: T L Hansen
All-sky camera/
Photometer: K Henriksen

2 Jointly with the University of Oslo
Contacts: B Lybekk

TSten
3 Jointly with the University of Alaska.

Geophysical Institute, USA.
4 Jointly with AFGL, USA.
5 In cooperation with the University of Tokyo,

Geophysical Research Laboratory, Japan.
6 Operated on ad hoc basis only.

7 Equipment by P Stauning, Danish Meteoro-
logical Institute. Geophysical Division, Denmark.

8 Jointly with E Nielsen, MPAE, Lindau, FRG.
9 Jointly with R Pellinen, Meteorological Institute,

Helsinki, Finland.
10 Jointly with the Polish Academy of Science.

Warsaw, Poland.
11A Ranta, Geophysical Observatory, Sodankylà.

Finland.
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QUALIFICATION DU PROPULSEUR 4EME ETAGE DU
LANCEUR BRESILIEN - VLS: UME NOUVELLE FUSÉE SONDE
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RÉSUMÉ

Le développement du Véhicule Lanceur de
Satellite VLS, un des principaux segments
de la Mission Complète Brésilienne,pré
sente, sur son Plan de Développement, le
besoin de la qualification en vol du
4ème étage, pour l'acquisiton de tous
les paramètres propulsifs, dans les
conditions de vide.

cons
déjà
2ènie
4ème

Les études de faisibilité ont montré
comme solution plus économique, la réali
sation d'une fusée Sonde bi-étage,
tituée du 1er étage SONDA IV ,
qualifié au sol et en vol, et du
étage, constitué du propulseur du
étage du lanceur VLS. Ce système sera
capable d'icer le 4ème étage VLS au delà
de 50 - 60 Km d'altitude.

Mots-Clés: Programme Spatial Brésilien,
Véhicule Lanceur de Satellite - VLS,
Système VS-40, 4ème étage VLS.

1. INTRODUCTION

Le programme de développement du lanceur
brésilien, composé de 4 étages, tous a
poudre solide, présente comme chemin
critique dans le programme de déve
loppement du système propulsif priricipaf,
le développement du 4ème étage, destine
à la mise en orbite du satellite.

Le 4ème étage, avec propulseur ^ en
structure bobinée (Kevlar), devra être
qualifié dans les conditions réelles de
service, pourtant, vol dans le vide.

Les études pour la mise au point d'un
banc d'essais avec simulation d'altitude,
ont montré que les coûts et les délais
ne sont pas compatibles avec la
programmation déjà établie pour la
réalisation du vol du 1er prototype VLS.
Une analyse des possibilités de réaliser
les essais a l'extérieur, ont montré
aussi que les coûts, les risques et les
difficultés matérielles pour la réalisa
tion de au moins deux tirs, présente une
contrainte difficille de surmonter.

La solution finalle adoptée^a été la mise
au point d'une nouvelle fusée onde, de
la même taille du SONDA IV ( en phase
finalle de qualification en vol), utilisant
son 1er étage, sans le système de contrôle.

Ce système, nommé VS-40 , pourra être
utilisé pour le lancement des charges uti
les scientifiques et/ou technologiques,de
diamètre jusqu'à 1.200 m et masses de 300
a 700 Kg.

2 . DESCRIPTION DU SYSTÈME VS-40

Le système sera constitué de deux étages
a poudre solide, avec stabilisation aero
dynamique pour 4 empenages cruciformes ,
système de séparation d'étages par
ceinture ejectable utilisant, le plus
possible, les matériels et technologies
déjà acquises au long du développement
des fuséas SONDA II, SONDA III et SONDA IV.
Dans le Figure 1, Configuration du VS-40.
Dans la table 1, les principaux matériels
constituant le système, ainsi comme leur
état actuel de développement et les masses
correspondantes.

/
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r
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XCOW STAK MOTOR .t>44|

WNlTM t BIMNATION MV

FlMT STAK HOTON(|.40I

ï
LIFT-OM HASI i f,t Tut.

VS-40 CONFIGURATION

Fig. 1 - Configuration du VS-40

froc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(BSA. SP-291, June 1989)
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- JUPE ARRIERE

. Système rétro-propulseur

. Empenages

. Structure Jupe

- PROPULSEUR

. Tuyère

. Enveloppe Propulseur

. Propergol

. Gouttières

. Système de Destruction

- JUPE AVANT

. Structure

. Système de Séparation

- PROPULSEUR

. Tuyère

. Jupe Arrière

. Enveloppe Propulseur

. Propergol

. Jupe Avant

- CASE A EQUIPEMENTS

. Structure

. Equipements

- Pour l'écoulement aeroydinaque
et ballastage pour la stabili
sation aérodynamique pendant
la phase propulsée 1er étage,
(valable pour le 1er vol)

ETAT ACTUEL DE DEVELOPPEMENT

Qualifié au Sol et en Vol (3 vols SIV)

Idem

Même conception et techonologies des
j jpes interestages et systèmes de
séparation du lanceur VLS, en état
avancé de développement.

Conception et technologies nouvelles.
Chemin critique du programme de déve
loppement du système propulsif princi
pal du VLS.

Même conception et instrumentation
utilisées dans les cases à équipements
des fusées SONDA III et SONDA IV ,
qualifié au sol et en vol.

MASSE
KG

130

4.997

82

948

110

300
à

600

MASSE TOTALE 6.567 à 6.867

Table

3. CARACTERISTIQUES DES PROPULSEURS

4.1 1er Étage

Enveloppe moteur en acier très haute
résistance technologie roulle-soudée ,
déjà epprovée dans les programmes de
développement des fusées Sondas SONDA III
et SONDA IV.

Poudre composite, classique (PBHL/P.A. /
AL): polibutadiene + perclorate d'amonion
+ aluminium en poudre, impulsion spécifique
standart de l'ordre de 235 s.

Tuyère classique, carter en acier, diver
gent bobiné en tissus de silice / résine
phenolique. Col en graphite policristaline,
haute densité.

Dans la Figure 2. le Propulseur S-40.

Allumeurs classiques,pastillés.

Statistique: 3 tirs au banc d'essai
3 en vol avec succès.

et

II I i \ i tsamà
I I I ur,£R\ \

/ I \ INlTlMQfI
-

Fig. 2 - Propulseur S-40
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4.2 2ème Étage

Propulseur destiné au 4ème étage du lanceur
Brésilien qui se trouve en début de déve
loppment. La 1ère structure est en phase
de bobinage et devra, une fois chargée de
matériels inertes, intégrer la maquette
pour les essais dynamiques.

Structure en filament Kevlar/resine époxy,
protection thermique interne en caoutchou
nitrilique. Poudre PBLH/P.A./Al, Bloc de
Poudre avec canal cylindriqye, allumeur
pyrogenique. Tuyère noyée, col en carbone/
carbone 4 directions, protections thermi
ques carbr-ne/phenolique.

Etant donné que le développement de ce
moteur est dans le chemin critique ^ du
programed de développement du système
propulsif du lanceur, dans la Figure 3.1a
Configuration du Propulseur S-44 et dans
la Table 2, ses principalles caractéristiques.

KEVLAR/EPOXI MOTOR CASE
HTPB/AP/A?

NITRILIC RUBBER/SILICA \ /
INSULATION

HITTiILC RUSSER/STJCA
'

ALUMINUM ATTACHMENT SKIRTS

VUS FOURTH STAGE MOTOR ( S - 44 )/2nd STAGEVS4O

Fig. 3 - Configuration du S-44

PARAMETER

Propellant Mass, Kg
Burning Time (web),s
Action Time,s
Average Pressure, MPa
Average Vacuum Thrust, kN
Total Vacuum Impulse, MN, s
Vacuum Specific Impulse,s
Sea Level Specific Impulse,s
TVC Type
Vectoring Capability, Degree
Nozzle Initial Area Ratio
Nozzle Exit Diameter, mm
Motor Total Mass» Kq

Table 2

4 th Stage
s-44

815
73.0
74.0
4.0
30.8
2.25
281.9

spin stab

70.0
602
917

4. PROFIL DE VOL

Le profil pour le 1er vol est donné dans
la Figure 4. Une fois relevé la position,
altitude, la vitesse et acceleration dans
les trois axes, ainsi comme la pression
interne due à la combustion de la poudre,
sera estimée, par calcul, l'impulsion
spécifique et l'impulsion totale dans les
conditions très proches des conditions
réelles de vol du 4ème étage VLS. Au même
temps, seront réalisés plusieurs mesures
de température dans les points plus
critiques du propulseur.

VS-40 PTOI
EVENTS SEQUENCE

Fiq. 4 - Profil de Vol_

5. PLAN DE DEVELOPPEMENT - SINTESE

Ci-dessous, sintese du Plan de Développe
ment du Système VS-40. Due à la grande
charge de travail et le retard déjà
accumulé dans le programme de développe
ment du propulseur S-44, le premier vol,
prévu pour la fin de 1990, a été reporté
pour la fin de 1991.

ACTIVITES 's89

Eludes preliminores - Spécifications . _

Etudes de Définition - Dossier de Définition . LJ _ .
I

Développement des sous- systèmes
Modification des sous- systèmes SW-tS L

Propulser S-44 = Quotif icatron au soL.L. . . .

Prototype VS-40/PT-01 'Recette du

19! > 1991

I

IE IL J

1
V \Q VS ko

ffm::± I

Fig . 5 - Plan de Développement
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6. CONCLUSION

Le système VS-40 est basé sur des techno
logies déjà bien dominées au niveau fusée
Sonde. Son succès est lié directement à
la réussite du développement du propulseur
S-44, destiné au 4ème étage du VLS.

Le grand avantage du VS-40 par rapport à
la fusée SONDA IV sera au niveau prix ,
facilité d'opération (stabilisation aero
dynamique) et diamètre (1 a 1,2 m) et
volume disponible pour la charge utile.

Nous espérons que la communité internatig
nale chargée de la recherche spatiale
pourra utiliser le système VS-40 dans le
futur, pour la réalisation des programmes
de coopération avec le Brésil.

Dans la Figure 6, Agocrée x Masse Charge
Utile pour les véhicules SONDA IV et VS-40.
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ABSTRACT

The Brazilian Space Program, MECB, comprises
three segments: the Satellite Launcher,
wich is the most complex part , the
Satellite itself and the Launching Range.

The VLS project is the result of more than
20 years of experience in development and
operation of the sounding rockets SONDA I,
SONDA II, SONDA III and SONDA IV.

The great difficulty concerning the
development of VLS is the recent policy of
export restriction of materials and services
imposed, by the countries of the Cocon.

In this paper we present a description of
the IAE acitivities with sounding rockets
programs and in the actual VLS program.

Keywords: Brazilian Space Program, Sounding
Rockets SONDA I, SONDA II, SONDA III ,
SONDA IV, Brazilian Satellite Launcher-VLS,
Alcantara Launching Center.

1. INTRODUCTION

The Brazilian Space Program began in the 60's
in a coherent and economic way using the
existing technologies to start a new development.

The program is sponsered by the Brazilian
Comission for Space Activities (COBAE) with
direct subordination to the Brazilian
Presidency. This comission is supported
by three organizations: Institue for Space
Activities (IAE), Alcantara Launching Center
(CLA) and Institute for Space Research (INPE).
The IAE and CLA are under the Ministry of
Aeronautics and INPE of the Ministry of
Science and Technology.

The IAE objective is to continually assure
and enhance the capability to implement
research and development projects in the
field of space and technology , seeking
thereby to créât and improve a family of
sounding vehicles and satellite launch systems.

The CLA has the task of planning, building
and operating a new rocket launching site.

2. RESUME OF SPACE ACTIVITIES IN BRAZIL.
CHRONOLOGY OF THE SOUNDING ROCKET PROGRAM

Brazilian Space Activities can be
characterized by two different phases: in
the first phase the RSD of sounding rockets
used aerodynamics as the basic stability
factor; the second phase, now in progress,
includes guidance and control in the system.

The first phase under IAE management started
in 1965 with the design and manufacture of
the SONDA I system. This rocket served as
a learning ground in the field of solid
propellants and the development of short
range rockets.

The SONDA I system (Fig.l) was designed for high
atmosphere sounding in altitude range from
60 to 75 Km and specifically intented for
using in the International Exametnet Program.

The INPE purpose is to carry out
development of artificial satellites.

the
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The development of the SONDA II system,
started in 1966, as a mono-stage rocket with
the capability to carry a 44 kg payload to
an altitude of 100 km. (Fig.2).

This rocket is in production and launched
regularly in three different versions. The
SONDA II basic missions is to test
technology inovations under the management
of IAE, such as new thermal protections,
new propellants, aerodynamic configurations
and electronic components. The SONDA II
program has been the basis of Brazilian
rocket technology . wich has experienced a
steady growing at each new and more
advanced projet.

More than fifty SONDA II vehicle have been
launched in the past 18 years.

d
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MAXtUOM A1AtLAHiTION lit./**) 250
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AVERAGE THRUST IMI 3GOO

PATLOAD UASSIlg)

FIG t - SONOA H STSTCM

In 1969 IAE started the design and
development of a two stage rocket ,
designated SONDA III, with a basic mission
to transport 50 kg payload to an altitude
of 500 km (Fig. 3).

This system included for the first time,a
complete instrumentation system, separation
system, second stage ignition, technological
payload for data acquisiton during all
the flight, teledestruction . 3 axes attitude
control of payload, sea recovery system
and many sophisticated electronic devices.

The prototype vehicle was launched on
26th february 1976 and up to this date, 23
rockets of this type have been launched.

Due to the different mission requirements,.
SONDA III has been developed in two versions.
The basic configuration for small payloads
(50 kg to 80 kg) and high altitudes uses
the regular SONDA II motor (S-20) as its
second stage. The alternative version, for
longer and heavier payloads (130 kg to 160
kg) and lower altitudes uses a reduced
SONDA II motor (S-23) as its second stage.
For both versions the total lenght of the
vehicle is the same,, approximately 8 meters.
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The second phase . i.e. . R&D rockets with 3
axes control system started in 1974 with
the preliminary design studies and
specifications of the SONDA IV system (Fig .4) .

It was stablished that a series of five
prototypes would be launched for the
vehicle qualification and also testing of
mostof the VLS systems.

The first SONDA IV prototype flew
sucessfully on november 21 , 1984. The
second one also few sucessfully in November
19, 1985, Carrying a technological and
scientific payload and the third prototype
was launched on October 8, 1967.
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Most of the technologies required for the
satellite launcher concerning the materials
TVC by secondary injection system, stage
and payload separations,, auxiliary propulsion
system and flightsafety devices are present
in the SONDA IV rocket.

In 1978 the satellite launcher (VLS)program,
that also included the development of the
satellite by INPE . obtained the official
approval. This program named the "Complete
Brazilian Space Mission - MECB" is an
integrated program with IAE responsible
for the development and qualification on
the launcher vehicle, INPE responsible for
the satellite and CLA is in charge for the
launching operation.

The objective of this program is to put in
orbit two satellites for earth observation
and two remote sensing satellites. For
earth observation the orbit will be near
circular equatorial (maximum inclination
252) at 700 km altitude and the remote
sensing satellites will have a
heliosynchronous orbit with 982 inclination,
550 km apogee and 350 km perigee.

The chronologic events for the
launching are in Fig. 5.
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3. THE SATELLITE LAUNCHING VEHICLE - VLS

The VLS, shown in Fig.6, ,is a conventional
four stages satellite launcher utilizing
solid propellant motor in all stages. It
is being designed and developed based on
the available technlogy from 20 years of
experience by IAE on solid propellant
rockets. The choice of solid propellant
propulsion instead of liquid propulsion is
due to the lower initial investments
required for the program. The vehicle will
hbva the capability to inser a 100 to 200
kg satellites into circular orbits ranging
from 250 to JOOO km in altitude, and with
a large spectrum of inclinations when
launched from Alcantara, located (2.3^S ,.
44.42W) . as shown in Fig. 7.

The main features of the VLS are listed as
follows :

Number of stages 4
Lift-off mass 50.730 kg
Overal lenght 18.8 m
Diameter 1.0 m
Diameter of fairings 1.2 m
First stage Propellant mass..28.900 kg
Second stage Propellant mass. 7.140 kg
Third stage Propellant mass.. 4.370 kg
Fourth stage Propellant mass. 820 kg
Nominal payload capability... 150 kg into

750 km circ.
equatorial orbit.

The VLS is made up of five major subsystems:

a) First propulsive stage;
b) Seccn3 propulsive stage;
c) Third propulsive stage with the Roll

Control Module;
d) Fourth propulsive stage with Guidance

and Control Module, the Attitude Control
System and 4th stage spin-up system ;

e) Payload Heatshield.

The system breakdow with the weight summary
is presented below:
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Fig. 6 - VLS Configuration

Subsystems

Payload
Heatshield*

4th stage:
At burnout
Propellant + consumable
At ignition

3rd stage:
At burnout
Propellant + consumable
At ignition

2nd stage:
At burnout
Propellant + consumable
At ignition

1st stage:
At burnout
Propellant + consumable
At ignition

Mass
Subsystem

170
820

1.330
4.370

1.680
7.140

6.200
28.900

(kg)
Total

120

990

5.700

8.820

35.100

VLS at lift-off Mass (kq) 50.730

60* 50* 40* 30' ZO' 10'

EOUATOR

ALCANTARA AND THE OTHERS SOUTH AMERICA LAUNCHING SITES

Fig. 7 - VLS Launching Site

* Heatshield is separated at beginning of
3rd stage flight.
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The first, second and third stages have a
three axis control while the fourth stage
is spin stabilized.

The first stage of VLS is an assembly of
four S-43 motors strapped on the central
second staqe motor. The four motors are
ignited simultaneously to lift the vehicle
off the launching pad.

The three axis control during the first
stage flight is accomplished by means of
liquid Secondary Injection TVC system
assembled in each of the four motors.

The attachment of each first stage motor
to the core (2nd stages) is made by means
of two sleeves in the forward skirt of the
motor and two sleeves i i the sXirt plus
a thrust force transmission spherical pin
also in the aft part. Each of the sleeves
has an internally gas pressurized actuator,
so that, few seconds after the burnout of
the first stage motors, pyrotechnic shaped
charges are detonated to cut simultaneously
all the physicals links of the four motors
to the 2nd stage. The internal gas pressure
of the sleeves provides the required
separation velocity to the empty motors.

The second stage also uses the S-43 motor
but with substancial differences in the
nozzle portion . because of the vectorable
flex-joint nozzle used in this stage as
the TVC system. Since the
atmospheric pressure is lower
for the first stage
diameter sized up

operating
than that

a larger nozzle exit
to the limit of

aerodynamic an design constraints was
adopted to achieve the maximum specific
impulse.

The third stage consist of two major
subsystem: the S-40 motor and the Roll
Control System. The S-40 motor has also a
TVC system utilizing flex-joint movable
nozzle for pitch and yaw axis control. For
the roll axis control . reaction forces
provided by the liquid propellant micromotors
from the ACS are used . for both second and
third stage flights. This system is to
control the vehicle in pitch and yaw to a
proper attitude during the long coast
phase and to spin it up prior to the 3rd
stage separation and the 4th stage motor
ignition. The 4th stage . beside the rocket
motor, includes also the Guidance and
Control Module, the Attitude Control System
and the 4th stage spin-up system.

Most of equipments for telemetry ,tracking
an.'J self-destruction are placed on the
f'.-urth stage at the payload adapter cone .
Other equipments such as transponder,
teledestruction and S-band Telemetry
antennas are placed around the 4th stage
motor's front and aft skirt?.

The heatshield is adapted on the front
skirt of the S-44 motor.The VLS heatshield
is a cone-cylinder-cone configuration and
will be assembled in two half shells of
fiberglass composite structure with
aluminium reinforcements. The internal
diameter is 1,.18O mm . the lenght of the
cylindrical portion is 1,180 mm the
external diameter is 1,200 mm. A total
weight lower than 125 kg is expected. It
is planned to use for the VLS heatshield

separation, a system based on confined
detonating cord which once actuated
fractures the thin walled structure that
joints the two halves. The aft flange
attachment will use a V-Band fixture and
its separation is also actuated by means
of a pyrotechnic device.

Some other design and performance
characteristics of the S-43 motor along
with the second, third and fourth stage
motors parameters are presented in table 1.
The performance capability for circular
orbits in shown in Fig. 8.
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The typical fliqht sequence during the VLS mission is given in Pig. 9.

VLS - MISSION PROFILE

INSTITUTO DE ATIVIOAOES ESKCIAIS *"•»• 1T

\ T'MSESS, u«o

. yraBT maa**tiMtii,
T * TIME (SECONDS!

.1 HxALTITUDE (KILOMETERS)
I V » VELOCITYlMETERS Ftn SECOND!

LRCS ' LIQUID ROLL CONTROL SYSTEM

Fig. 9 - Typical VLS Mission Profile

4. CONCLUSIONS

The design phase of the VLS solid
propellent motor is already completed. One
static firing test of the first stage S-43
motor was successfully performed. The same
encouraging results are expected for all
the qualification tests to be undergone
over the course of the coming two years,
despite that several difficulties will be
raised in each step of the development.
Among the critical development points, we
can mention as remarkably hard, the
qualification of the fourth stage S-44
motor. The dispersion on the thrust tail-
off of the four first stage motors may also
demand careful motor parts construction
and propellant processing because of the
implications on boosters separation
dynamic and on vehicle control.

The main propulsion system based on solid
rocket motor is cost effective for a VLS
class launcher and particularly appropriate
for the Brazilian Space program's primary
steps toward the competence on Satellite
Launchers. Despite this fact, for future
higher launch capability , propulsion
system based on both liquid and solid
propellants is foreseen. It is worthy to
note that cooperation with other countries
must be the key element for development of
this next generation satellite launcher.

Concerning the new Launching Site at
Alcantara, we are sure that its
implementation will provide favorable

conditions and benefits for launching or
tracking purposes not only for Brazilian
Space Program, but also for the
worldwide space community.
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INTERSTELLAR MEDIUM AND INFRARED EMISSION OF THE GALACTIC DISK
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ABSTRACT

The measurements of the galactic disc
infrared emission are summarized
(particularly those made using balloon-
borne instruments). The empirical models
made to explain the spatial distribution
of the infrared fluxes emitted by the
galactic disc are recalled. Then, a review
of the dust models is given with special
emphasis on the difficulties to account
for the observations, using the standard
dust models. The proposition of a new
component of the interstellar matter : the
polycyclic aromatic molecules (PAH) is
discussed. Recent results obtained using
the AROME balloon-borne instrument are
reported. These results strengthen the
identification of the galactic
interstellar very small grains to PAH
molecules. The present new vision of the
interstellar medium is described.

Keywords : Interstellar matter. The
Galaxy, Balloon-borne instrumentation,
infrared, Polycyclic Aromatic Hydrocar-
bons, molecular clouds.

1. INTRODUCTION

Balloons and rockets have been used for
astronomical observations in the infrared
and submillimeter range, mainly in two
fields.

The first one concerns the observation of
the diffuse extragalactic background
radiation. For example, measurements of
the anisotropies have been made with
balloon-borne and rocket-borne instruments
: i) cosmic background dipole and ii)
fluctuations at intermediate angular scale
(a few degrees) (see for example Réf.
1-5).

The second field is related to the Milky
Way emission. Bldimensional maps have been
established giving informations about the
galactic structure. The flux measurements
at several wavelengths allowed to know the
spectral distribution of the power
radiated in the infrared and submillimeter

range by our Galaxy. These results induced
a significant increase of our knowledge
about the interstellar medium in the
galactic plane.

Only the problems related to this second
field will be discussed in this paper, as
an example of what can be done, in
Astrophysics, with balloons and rockets.

2. INFRARED CONTINUUM EMISSION
AND GALACTIC MODELS

As is wellknown, the atmospheric
transmission is very poor from 5|im up to
700|im. Except for a few atmospheric
windows (35, 350, 450|im) the atmosphere is
totally opaque in the far infrared range
(x > 30|im) even at mountain altitudes. At
the ceiling altitude for balloons the
atmosphere become hightly transparent (>
99 %). But the infrared emission is still
very important and much higher than the
intensities of most of the astronomical
sources. This atmospheric emission implies
specific techniques for the detection
systems. Chopping or fast scanning
procedures have to be applied in the
infrared range even when the atmospheric
emission is reduced because the optics are
emiting an intense infrared background.
This makes measurements of extended
sources difficult.

In the IR range from a few |im up to 1 mm,
some observations have been made '.-rom
rockets. The diffuse flux emission of the
galactic disc has been measured for the
first time by an instrument carried above
the atmosphere by a rocket in 1970 (Réf.
6). Another example of observations made
using rockets is a sky survey at 4, 11 and
20|im. Sixty percent of the galactic disc
has been surveyed during the AFGL Infrared
sky survey (Réf. 51). These maps show at
the three wavelengths an intense galactic
ridge with bright spots superimposed to an
unresolved diffuse emission. But, many
astronomical observations in the infrared
range have been made using balloon-borne
instruments.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
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In spite of the higher level of the
residual atmospheric emissivity ,
stratospheric balloons have been more
convenient than rockets for the infrared
astronomy, thanks to the much more longer
available observing time (20 hours
compared to 10 minutes). This is the
reason why a lot of papers have been
published, reporting observational
infrared data obtained with balloon-borne
instruments. The references ((A)7, 8,
(A)9, 10, (A)Il, 12, 13, (A)14, .(A)15,
(A)16, 17, (A)18, (A)19) summarize the
main balloon observations published about
the galactic plane emission. Among these
references, those with the preceding
letter A report results obtained with the
balloon borne instrument AGLAE.

AGLAE has been a french balloon-borne far
infrared and submillimeter instrument.
With a beam of about an half of degree, it
was equiped for each flight with two
wavelength bandwidths, one being X 114
-196̂ m and the other K 71-95(im, except for
the last flight in which it was K > 380|im.

The data obtained during the five flights
have been published in the form of
galactic profiles (integrated galactic
plane emission over * 1° in galactic
latitude versus the galactic longitude,
that is to say, along the Milky Way). The
Figure 1 shows such measured profiles.

These profiles show an intense diffuse
emission from the inner galactic regions
roughly from Carina to Cygnus. Sources are
superposed on the diffuse emission, most
of them correlated to HII Region/Giant
Molecular Cloud Complexes, but it is
difficult to separate the respective
contributions of each source and of the
unresolved component.

From the balloon observations it has been
also possible to get brightness contour
maps. Galactic maps obtained with the
AGLAE balloon-borne experiment have been
published (Réf. 15, 18). Two components
seem to be present : i) discrete sources
and Ii) diffuse or unresolved component.
Several methods have been used to separate
the source emission from the unresolved
component. The brightest spots in the maps
have been generally identified with
wellknown HII regions whose distances are
known. Each far infrared source is usually
more extended than the HII region alone.
It is associated with the giant molecular
cloud-HIl region complex. The distance of
the complex can be known using the radial
velocity deduced from the radio-line
observations. In this way, it has been
possible to locate each far infrared
source associated with a giant molecular
cloud-HII region complex (most of them),
in the galactic plane. The brightest
infrared sources being associated with a
warm giant molecular cloud appear to be
located mainly along the spiral galactic
arms. An important problem was to know
what is the flux contribution of such
sources to the general galactic emission.
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Figure 1. Longitude profile of the avera-
ged (|b| < 1.25°) brightness of
the galactic disc at three equi-
valent wavelength, K » I55um,
K « 100(im, K » 380|im. The measu-
rement at X - 100|im has been
made from the IRAS data ; the
profiles at A. 155|im and Jt 380(im
result from the AGLAE balloon-
borne instrument.

(Refs. 18, 19).

From the balloon
been possible to
assessment of the
each source because
the differential

observations it hasn't
give an accurate
flux contribution of
the sensitivity and
procedure of the

observations doesn't allow a good
determination of the flux in the wings.
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Fortunately, in 1983 an "Infrared
Astronomical Satellite" named IRAS was
launched. This instrument was composed of
a 0.60 cm diameter Cassegrain telescope
cooled at cryogenic temperature and a four
bands photometer : X 12|im, K 25|im, K 60(im
and X 100|im using photovoltalcs and
photoconductive detectors (Refs. 20, 21).

IRAS made a survey in these four
photometric bands of 95 % of the sky. The
high sensitivity allows to measure the
fluxes emitted not only by ponctuai
sources, but also by extended infrared
objects. After substraction of the
zodiacal emission, bidimensional maps of
the galactic and extragalactic infrared
sky have been made.

All the essential characteristics of the
galactic diffuse infrared emission
discovered previously with balloon-borne
or rocket-borne instruments have been
confirmed by the IRAS observations (with a
higher sensitivity). The Figure 1 shows
the galactic profile computed at K lOOpim
from the IRAS data ; it can be compared to
the profiles measured using the ballon-
borne instrument AGLAE at K 155|im and X
380pim.

There have been several works making out a
modélisation in the aim to explain the
spatial distribution of the infrared
galactic emission (Refs. 22-26). As an
example, the main conclusions of the model
published by Caux et al. (Réf. 26) are
reminded. The infrared galactic emission
is believed to be due to the interstellar
dust emission. In the interstellar medium
the dust grains are mixed with the gas.
The interstellar gas (80 % hydrogen and 19
% helium) is mostly made up of two
components : the atomic hydrogen HI (in
low density clouds or in the extended
diffuse medium), and the molecular
hydrogen H2 (in dense cores with high
densities or in giant molecular clouds
with total gas masses reaching 10e Mo).

In Caux et al model (Réf. 26), 55 % of the
total power radiated in the infrared range
by our Galaxy is attributed to the
emission by dust mixed with the HI
component, 45 % being attached to the dust
embeded in the H2 gas component. This last
contribution related to the molecular
hydrogen gas can be divided in two sub-
components : the first one (15 % of the
total power) is due to cold dust mixed
with quiet molecular clouds and the second
(30 % of the total power) being emitted by
warm dust embeded in molecular cloud - HII
complexes in which an active star
formation is occuring.

This model, like the others, gives a good
representation of the spatial distribution
of the galactic emission. The absolute
values of the infrared fluxes have been
assessed supposing that the dust to gas
ratio is the same everywhere in the Galaxy
and using the gas column-densities
accounted from the radio observations (X
2.6 mm CO line giving informations about

the H2 column-densities and X 21 cm HI
line for the HI column-densities). The
model is based also on the following
hypothesis : the infrared luminosity (per
volume unit of the Galaxy, for example) is
proportional to the local dust density and
to the local interstellar radiation field
provided by the light emitted by the
surrounding stars. The computed absolute
values of the infrared fluxes are in a
quite good agreement with the IRAS
observations. But this model doesn't
produce information about the dust nature.
In fact, this model is based on an
empirical spectrum based on the
observations. The question to explain the
spectrum shape remains still open. The
spectral distribution of the power
radiated in the infrared range depends on
the grain temperature distribution
depending critically on the model used to
describe the dust grain
absorption/emission properties.

3. DUST MODELS

Numerous dust models have been made in
order to account for the interstellar
extinction curve. This curve describes the
variation with the wavelength (in the UV,
visible and very near infrared range) of
the star light extinction (absorption and
diffusion) by the interstellar medium. The
extinction decreases continously from the
UV to the IR, with a local enhancement at
about X = 2200 A (the "UV bump").

These models use a set of solid materials
assuming single grain size or a size
distribution generally contained between
O.Oliim and 0,25|im for the radius of the
grains supposed to be spherical.

Two main kinds of grain models are taken
into account. In the first one the
material that make up the grains are
assumed to be pure silicate for one family
and pure graphite for the other. The grain
size distribution is supposed to be
described by a power law : n(r) = r"3'5, r
being the radius of a grain assumed to be
spherical and n(r) is the number of grains
per volume unit. In such models the grains
are supposed to be produced mostly in the
atmospheres of cool stars. Classical
papers presenting these models, are for
example. Réf. 27 (often noted "MRN
model"in the littérature) and Réf. 28.

The second kind of grain models take into
account a mixture of various materials to
make up each grain. A typical case is
based on a grain structure with a graphite
core surrounded by a mantle of silicates
and ice. A special case has been published
by Greenberg (Réf. 29) who assumes a grain
mantle with organic refractory material
remaining after processing in dense
molecular clouds. A review published by
Tielens and Allamendola discuss the
various grain models (Réf. 30 ).
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In all these models, all grains are
supposed to be in thermal equilibrium.
Each grain is heated by absorbing the
photons (mostly in UV and visible range)
of the interstellar radiation field (ISRF)
and cooled by the infrared emission.

Assuming the thermal equilibrium for each
grain, the total energy absorbed (mostly
in UV and Visible range) can be written to
be equal to the total energy reradiated
(in the infrared). This quantity
normalised per hydrogen (H) atom,
U

LIR can be computed directly from the

empirically known two quantities, u (A.),
the ISRF density and 0..(A.), the absorptionn
cross section of the interstellar matter
normalised per :

,H _ ,H atom

with

IR : f OH
Juv,v H

(X) U (A.) dX

thec the light velocity and A,
H

wavelength. The LIR value computed by
Puget and Léger (Réf. 31) for the local
galactic disc region is :
LHR - 5.7 x 10~

31 W/H atom. The value de-
duced directly from the observations in
high galactic latitude directions by
Boulanger and Perault (Réf. 32) is
L"R « 6.1 x ICf31 W/H atom . The good
agreement between these two values give
and indication "at posteriori" that the
empirical values of u (A.) and o (X) are

U

rather wellknown. From the LIR knowledge

it is possible to assess the temperature
of each grain using one of the various
grain dust model. The temperature value is
critically model dependent. Using a
standard grain model (MRN), Draine and Lee
(Réf. 28) found temperatures between 17 K
and 20 K for pure graphite grains and 15 K
and 18 K for pure silicate grains. But,
the results found for these computations
give a spectral distribution of the
diffuse galactic emission which cannot be
in agreement with the observations. Two
main discrepancies can be noticed between
the measured spectrum of the galactic dif-
fuse emission and the predictions based on
the standard dust models : i) the near in-
frared fluxes are underestimated (see for
example the figure 1 of Réf. 31) and ii)
the values of the color ratio between the
IRAS photometric bands are significantly
different.

Building an empirical model of the grain
dust temperature distribution in the
purpose to account for the galactic
diffuse emission spectrum, Pajot et al.
(Réf. 33 ) found an extended hot component
in the interstellar matter which could not
be explained by dust in the vicinity of
stars. What's the origin and nature of
this hot component ?

In an other hand, Caux et al. (Réf. 18)
noticed that, for large HII regions-
molecular clouds complexes, the mid-
infrared emission (X ll|im and X 20(im)

correlated very well with the far infrared
emission (A, > 100|im) on scales larger
than 100 pc where no hot dust was
expected. In fact, these difficulties to
understand the infrared diffuse galactic
spectrum are similar to those yet found in
particular objects. Andriesse (Réf. 34)
noticed a discrepancy between the spectrum
of dust emission and the predictions of
the standard dust model in the photometric
data for the HII region M17. He proposes
the presence of very small grains to
account for the observations. More
recently, Sellgren (Réf. 35) observing
reflection nebulae in the near-infrared (X
2|im to X 5|im) found an excess emission and
a color temperature independent with
distance to the heating star. This was
interpreted as evidence for emission by
grains heated to a thousand K following
single photon absorption. Such emission do
not depends on the radiation field
intensity ; it depends only on the
physical properties of the grains and on
the photon energy. Puget et al. (Réf. 36)
derived from this idea, a model for the
emission of the Interstellar Matter that
predicted a strong excess around X 10|im in
particular nearby clouds at high galactic
latitude (named "cirrus") observed later
(Réf. 37). In the same time. Draine and
Anderson (Réf. 38) deduced from the IRAS
color ratio X 60/X 100|im value, that the
dust size distribution should be extended
down to a few Angstroms.

What could be the constituent and the
physical characteristics of these small
grains ? It was wellknown for a long time,
that particular features in the near
infrared range are present in the spectrum
of various astronomical sources.

In many objects (for example, reflection
nebulae, galaxies...) a same family of
spectral bands was observed in emission :
3.3|im, 6.2|im, 7.7|im, 8.6|im and 11. Sum
(Réf. 39). Among them the X 3.3pim and
11.3|im features have been attributed to
vibrational transitions of carbon-hydrogen
bond, the carbon atom being included in an
aromatic nucleus (Réf. 40).

Léger and Puget (Réf. 41) proposed that
these bands are emitted by polycyclic
aromatic hydrocarbon molecules which are
identified in the same time with the very
small particles out of thermal equilibrium
found by Sellgren. These molecules could
be hydrogenated graphite platelets with 20
to 100 carbon atoms cluster ; for example
the coronene C H . If this proposition
was true, such molecules would be present
everywhere in the diffuse Interstellar
Medium and in consequence, the near
infrared aromatic bands would be present
in the infrared diffuse galactic emission.
This point was, in 1986 at the origin of
the AROME project.
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4. INFRARED LINES IN THE DIFFUSE GALACTIC
EMISSION AND THE AROME BALLOON-BORNE

INSTRUMENT

The AROME balloon-borne instrument has
been devoted to observe the K 3.3\im
feature in the diffuse galactic emission.

Made by a collaboration between four
French CNRS institutes and the CNES, the
instrument consists in two 15 cm diameter
Cassegrain telescopes with wobbling
secondary mirror (angular amplitude of the
beam in the sky = 1.7° and 18 Hz
frequency) and two photometers, each one
having two channels (wide and narrow
photometric band locked in the wavelength
X - 3.3̂ m). All this scientific
instrumentation is oscillating around the
vertical axis, producing a slow azimutal
scanning (O.B°/s) of the beam on the sky
with an angular amplitude of ± 9 °. The
scan direction was roughly perpandicular
to the galactic plane.

Two flights have been made with the AROME
balloon-borne instrument. For the first
one, the balloon was launched on August 4,
1987 from the launching station of
Trapani-Milo in Sicilia and the gondola
landed in Andalucia (Spain), 24 hours
later. The galactic plane was observed
from Sagittarius to Cygnus (galactic
longitudes between 1 =8° and 1 » 90°).
The Orion region and several bright
infrared stars, for the in-flight calibra-
ibrations have also been observed.

The results obtained with this AROME
flight have been published (Refs. 42, 43).
The second flight happened in October 29,
1988 in Australia with a duration of about
20 hours at an altitude of about 3.5
millibars. It allows to observe the
Southern part of the galactic plane, for
galactic longitudes between 1 = 295° to 1
= 60°. The Orion region was observed a
second time, while the flux provided by
bright infrared stars was measured for the
in-flight calibrations.

The first flight allows to demonstrate the
presence of the X 3.3|im feature in the
diffuse galactic emission. This result has
been confirmed by the second flight. This
detection was made by comparing the
diffuse galactic flux measured in the
narrow band (AX - 0.16um) with the one
measured in the wide band (AA. - 0.61|im).
This emission feature was found to be
present at all directions along the
galactic plane for the inner regions of
our Galaxy (in other directions the signal
to noise ratio is not sufficient). The
average power measured, attributed to the
feature in the diffuse galactic plane
emission is about 10" W m"2 sr"1. This
value shows that the power radiated in the
A. 3.3|xm feature by the galactic disc
represents a few 10"3 of the total power
radiated in the infrared and submillimeter
range from A. * O.Siim to X * 1 nun. The
figure 2 shows the galactic infrared
spectrum.

io' io2
Lambda (micron)

10

Figure 2. Plot of the averaged A. . I A.
surface brightness in the inner
Galaxy (8.5° < 1 < 35°), |b|<l°)
in the IR and submillimeter
range. Horizontal bars show the
experimental bandwidths if X. IX
< 20, whereas vertical bars are
error bars. The two points at
3.3|im are from AROME measure-
ments (a wide and a narrow band-
width ) . Other data are from
Hayakawa et al. 1981 (2.4|im)
(Réf. 45), Price 1980 (4.2(im)
(Réf. 52), IRAS satellite (12,
25, 60 and 100|im) and Caux and
Serra 1986 ( 145 and 380|im )
( Réf. 19). The insert show a
detail of the AROME measure-
ments. A typical observed pro-
file of the 3.3(im aromatic fea-
ture from Muizon et al. 1986
(Réf. 53 ) has been scaled to
match the data.

(Réf. 42).

The results obtained with the AROME
instrument have been published (Réf. 43)
in the form of two Milky Way maps for
galactic longitudes in the range (5°-35°)
and galactic latitudes between -6° and
+6°. The map obtained in the wide band (AX

0.61|im) related to the continuous
emission at X 3.3|im is very similar to
those made at 2.4|im (Refs. 44-46) and it
can be attributed to starlight. The other
one in the narrow band (AX - 0.16|im)
presents a very different spatial
distribution with intense spots in the
direction of Giant molecular Cloud/HiI
region complexes where the continuous
emission is weak. In the direction of such
complexes the column-densities of the
interstellar matter increases. This fact
shows that the origin of the 3.3(im feature
is correlated with the interstellar matter
while the decrease of the continuous
emission can be accounted for the galactic
interstellar extinction enhancement. The
anticorrelation between the respective
fluxes in the feature and in the continuum
can be seen, also, in the galactic
profiles as it is showed in the figure 3.
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Figure 3. Longitude distributions of AROME
3.3 (ira measurements and other
correlated emissions. All quan-
tities plotted in figures 2a to
2f are averaged over ± 1° of ga-
lactic latitude and 0.5° or 1°
of galactic longitude. The IR
fluxes, figures 2a to 2d, are
X. IX a/ band B of AROME (ie
continuum from 2.8|im to 3.6|im),
b/ X.IK(A) - K.IX(B) difference,
c / X.IX (A) / X.IX (B) ratio,
d/ 12|im IRAS flux, e/ 2.6 nun
1 CO line integrated intensity
(adapted from Sanders et al.
1986, Réf. 54), f/ 5 GHz con-
tinuum brightness temperature
( Haynes et al. 1978, Réf. 55).

(Réf. 42).

In the same order of idea, it can be
noticed that the 3.3(im feature map
presents the same trends that the surface
brightness measured in the X 12u.m band by
the satellite IRAS. The 3.3|im feature is
assigned to a C-H transition in Polycyclic
Aromatic Hydrocarbons molecules (PAH). But
such molecules radiate also in others IR
bands. The fluxes values measured by the
balloon-borne AROME instrument in the
3.3|im galactic emission feature, imply
that a large fraction (about an half) of
the IRAS X 12|im galactic fluxes arises
from the aromatic molecule bands at X 7.7,
8.6 and 11.3|im and the associated
continuum.

All these points push to assume that : 1)
PAH molecules are present everywhere in
the galactic interstellar medium ; 2) the
interstellar very small grains could be
identified with these PAH molecules.

If the hypothesis of free PAH molecules in
the interstellar medium is rejected, the
interpretation of the balloon observations
at X 3.3|im is becoming very hard. Some
authors propose to assume that PAH
molecules are sticked on hydrogenated
amorphous carbon large grains (size ~ 200
to 2000 A) (Refs. 47, 48). But, in this
option there is a main problem. How the
energy of an incident photon can remain
localized in a single molecule to explain
the temperature increase essential to
account for the emission observed ?

On the contrary, the proposition of free
PAH in the interstellar medium give an
available interpretation of the 3.3|im
feature diffuse galactic emission detected
by the balloon-borne AROME instrument. In
the same time this proposition allows the
interpretation of two others observational
points : i) the origin in the aromatic
bands of the non stellar energy radiated
between X 3|im and X 15|im by the starburst
gala-ty M82 (Réf. 49) and ii) the fraction
of thfc flux measured in X 12nm IRAS band
in reflection nebulae, accounted for the
emission in the aromatic bands and their
associated continuum (Réf. 50).

5. CONCLUSION

In conclusion, the balloon observations
have constituée! an essential contribution
to the development of the new vision of
the interstellar medium.

The far infrared measurements from balloon
borne instruments gave the first far
infrared maps of the Milky Way before the
entire sky maps produced with an higher
sensitivity from the IRAS data. These
observations allowed to know the first
component of the interstellar dust,
consisting of large grains with size
distribution given by a power law with a
-3.5 exponent (size between 0.01|im and
0.25|im). These large grains, described by
the "standard dust models" are supposed to
be constitued by graphite and silicates.
Between 50 % and 60 % of the galactic
radiation field (star light) is absorbed
by such grains and rerediated in the far
infrared range (X 50pm to X 1.2(jm).

But, only this kind of grains is not
sufficient to explain the observations.
For example, to account for the X 2200 A
bump it is necessary to take into account
very small grains with sizes smaller than
100 A. So, the existence of a second kind
of particles is assumed today. It consists
of very small solid grains which can be
supposed spherical with radius between 20
and 100 A. These particles have to be
refractory. Their chemical composition
could be graphite, metal oxyde or metal
but not silicate (because characteristic
features in emission are not observed).
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But this two kinds of particles : very
small grains and large grains, cannot
explain all the observations, particularly
the spectral bands emitted in the near
infrared by the interstellar matter. This
is the reason why it seems reasonable
today to admit the existence of free
Polycyclic Aromatic Hydrogeneous molecules
everywhere in the interstellar medium.
This new component could be clusters of 20
to 100 Carbon atoms organised in planar
graphitic structure with hydrogens atoms
bonded with a part of the périphérie
Carbon atoms. The size of such particles
could be between 3 and 10 A. The PAH
molecules would play an important role in
the interstellar chemical and physical
processus. 20 % of the interstellar Carbon
atoms could be present in such PAH
molecules, giving at this component the
largest geometric area what could have an
essential incidence on the interstellar
chemistry. Aproximately 20 % of the power
radiated by the interstellar matter would
be emitted by PAH molecules.

To resume the present situation, it can be
said that a new vision of the Interstellar
medium is emerging today (see the review
in Réf. 31). It results at least for a
large part from an increase of the
infrared measurements of the galactic
emission. An extensive contribution has
been given using balloon-borne

instruments. In the years to come, the use
of balloon-borne instruments will remain
of importance in infrared and
submillimeter astronomy. In particular the
use of large FIR and Submra telescope in
balloons, is expected in the next two or
three years. Several such projects have
been approved (for example, in France,
PRONAOS) or are still in discussion.
Another main contribution about the
Interstellar Galactic Medium knowledge is
also expected from the next infrared
astronomical satellites, particularly from
the european project ISO.
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OPTICAL OBSERVATIONS OF INTERPLANETARY PICK-UP IONS: THE EXPERIMENT HELLY
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ABSTRACT

Recently direct observations of both cometary
and interplanetary pick-up ions in the solar wind
plasma flow obtained by in-situ plasma analyzer
measurements have been reported by several
authors. While in these cases very sophisticated
electrostatic plasma-investigation techniques were
used for the detection of these halo ion
populations, interesting observational studies of
such ions yielding complementary information are
feasible by appropriate EUV optical methods. On
the basis of this idea we are conceiving a new
rocket mission, called HELLY, which will be
devoted to the observation of solar HeII-304 A
photons resonantly scattered at plasmaspheric and
interplanetary HeII ions. Such observations will
be carried out at the night side of the earth from
where a scan out of the sunlit part of the
terrestrial plasmasphere into the antisolar core
shadow region can be carried out. The 304 A signal
seen there is of extraterrestrial origin and its
strength is sensitively determined by the shape of
the velocity distribution function of
interplanetary Hell-pick-up ions. In the following
we shall describe in some detail the scientific
objectives of the HELLY mission.

1. INTRODUCTION

As is well known interstellar gas is flowing
over the solar system. Its neutral component
mainly consists of H- and He-atoms that can
penetrate deeply into the inner region of the
heliosphere before they will become ionized by
photoionization, electron impact ionization or
charge exchange. The originating ions are called
pick-up ions since immediately after their
creation they are picked up by the frozen-in
magnetic fields of the solar wind plasma flow and
are convected radially outwards. First direct
observations of such HeII pick-up ions convected
from regions inside 1 AU to the earth's orbit have
been carried out by Mbbius et al.(Refs. 1,2,3).
What concerns the differential energy flux of
these ions and their distribution on the orbit of
the earth these measurements can well be
understood by the underlying theory (Refs. 4,5)
yielding results shown in Figure 1. More difficult
to explain, however, is their distribution in

velocity space, because relevant processes like
pitch angle scattering, nonlinear energy diffusion
due to plasma-wave interactions, adiabatic cooling
in diverging magnetic fields and possibly Coulomb
relaxation processes interfere into the business
with unclear relative importance. .The results
obtained by Mobius et al. (Refs.1,2,3) for ions
coming from inside 1 AU seem to allow for the
interpretation that mainly energy-conserving
pitch-angle scattering and adiabatic cooling
processes are of importance, however, at larger
distances nonlinear wave-particle interactions
should systematically increase their relative
importance (Réf. 6). In addition it is not yet
clear how complete the toroidal seed particle
distribution is converted into a spherical shell
distribution by pitch angle scattering. On the
other hand it is just this phenomenon that
substantially counts for the resonant scattering
properties of HeII ions, because only ions which
are Doppler shifted from the center of the solar
Hell-Ly-a line by less than 100 km/s are able to
effectively scatter solar line photons. Thus in
their initially toroidal distribution ions, since
moving relatively slowly with respect to the sun,
are in a favorite mode for resonant scattering,
whereas the major part of the spherical shell
distribution population, due to the high solar
wind bulk velocity of about 400 km/s, is unable to
scatter line photons. The degree of "spherization"
of the distribution function is thus sensitively
reflected in the intensity of the interplanetary
304 A glow. Looking antisolar from an upwind
position of the earth, one could expect to see an
interplanetary 304 A glow intensity of 0.35
Rayleigh, if all interplanetary HeII ions would be
at rest with respect to the sun, whereas the
resulting intensity would only amount to S.S-10"S

Rayleigh for HeII ions moving antisolar with the
solar wind bulk velocity of about 400 km/s (see
e.g. Réf.7). Thus vie are stressing the point here
that a measurement of the absolute intensities of
the 304 A interplanetary glow would give clear
indications for the velocity space behavior of the
interplanetary HeII pick-up ions.

2. MISSION PERFORMANCE

In an earth-bound observation, either by rocket
or by satellite, it is hardly avoidable to see an

PTOC. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(ESA. SP-291, June 1989)
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Figure 1. Shown are total interplanetary He pick-up ion fluxes for a varying
position with respect to the interstellar wind vector at the orbit of the
earth. For underlying theory and LlSM parameters see Réf. 5.
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Figure 2. Schematic illustration of 304 A
observations carried out from an earth-bound
position (High altitude rocket or satellite
in low circular orbit, e.g. small type
Explorer- class).

He 11-resonance glow. This terrestrial radiation
component is due to HeII ions of the ionosphere
and of the plasmasphere that are resonantly
excited by direct s<~ .ar 304 A line emission. Since
these terrestrial plasma regions are optically
thin in 304 A, the terrestrial signal only appears
in the registrations when the line of sight of the
instrument passes through the sunlit />art of these
regions (see Figure 2). In an experiment carried
out with the Berkeley EUV-telescope from the
Apollo-Soyuz spacecraft in a 215 km circular
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Figure 3. Shown versus time are 304 A glow
intensities observed with the EUV telescope
of the SAG (Berkeley) on board of
Apollo-Soyuz (Réf.7) and the corresponding
variations of D and R, the length of the line
of sight within the sunlit plasmasphere and
the distance on the line of sight to the
terminator shadow.
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Figure 4. Shown as function of the "spherization"
time T of He+ pick-up ions is the
interplanetary HeII-304 A resonance glow
intensity seen in antisolar direction from
the earth in upwind position. Two different
values for the solar 304 A emission line have
been studied, i.e. 100 and ISO mA.

orbit and devoted to 304 A observations it was
shown (Réf.7) that the signal drops from values
larger than 1 Rayleigh to the dark current value
of the instrument which corresponded to an
intensity level at 304 A of 0.05 Rayleigh when D -
the length of the line of sight through the sunlit

plasmasphere - drops to zero (see Figures 3a and
3b). In that earlier paper (Réf.7) we have
analyzed the meaning of a possible interplanetary
304 A signal of this intensity level and have
shown that such a level only would be explainable
if the resonantly scattering HeII pick-up ions
would stay in their quasi-toroidal distribution
for at least 10 to 10 sec whereas all
wave-particle interaction theories up to now
predict typical times of around 10 sec
(Refs.3,6,6).

In Figure 4 we have shown the dependence of the
interplanetary 304 A glow intensity on the time
period T for complete "spherization" of the

pick-up ion distribution function (i.e. complete
pitch angle scattering). The two different curves
given in this figure correspond to two different
values of the FWHM solar 304 A line width that are
proposed in the literature (i.e 100 mA and 120
mA). The intensity calculations have been carried
out for an observation in antisolar direction from
the earth in its upwind position. If instead, in a
forthcoming experiment HELLY, we would aim at
carrying out similar measurements from the earth
in its downwind position when the antisolar
direction passes through the interplanetary helium
cone structure, in view of the enhanced pick-up
ion flux there (see .r;igure 1), we can expect
intensities higher by & factor 5 as compared to
those shown in Figure 4.
When carrying out interplanetary 304 A glow

observations from the night side of the earth by
avoidance of the sunlit part of the plasmasphere

Figure 5. Preliminary technical design for the HELLY rocket payload.
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within the angle of acceptance of our instrument
we are left with a cone of a FWHM width of 35°
within which we can monitor the interplanetary
radiation field. With an angle of view'of about 5°
FWHM we thus would have the chance to nicely
resolve the interplanetary isophotal 304 A glow
pattern around the helium cone region reflecting
the pick-up He ion behavior there.

In order to effectively work out from the above
mentioned observations a confident number for
these times one had to measure the interplanetary
304 A radiation by instruments with an intrinsic
dark current rate corresponding to 304 A
intensities of much lower than 0.01 Rayleigh, With
the instrumentation shown in Figure 5 and
conceived for the forthcoming HELLY mission we are
aiming at lower intensity limits of 10" to 10~
Rayleigh enabling an affirmative determination of
pitch angle scattering periods T of HeII pick-up

C ^ions down to 10 sec.
In Figure 5 we are showing the EUV

instrumentation planned for the HELLY rocket
experiment. By a large collecting paraboloid
mirror segment the EUV radiation from a 5° fxngle
of view is focused through an entrance slit under
grazing incidence conditions onto a concave
grating system from where the different
wavelengths are forwarded to their specific
positions on the associated Rowland circle. At the
positions where the wavelengths HI-1216 A, 011-834
A, HeI-584 A, and HeI 1-304 A are focused
channeltron detectors are placed. In order to
enhance selectively the efficiency by which 304 A
photons are forwarded to their detector the
grating (Jobin Yvon) will be blazed for the
wavelength 304 A yielding a specific gain at 304 A
by a factor of 1.5 with respect to the unblazed
grating.
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INTERPLANETARY DUST CLOSE TO THE SUN (F-CORONA): ITS OBSERVATION
IN THE VISIBLE AND INFRARED BY A ROCKED-BORNE CORONAGRAPH

B.KneijSel I.Mann H. van der Meer

Bereich Extraterrestrische Physik
Ruhr - Universitàt Bochum

D - 4630 Bochum

ABSTRACT

The observation of the F - Corona provides
a favourable opportunity for studying the
annihilation and creation of dust within
circumstellar dust clouds in detail. The
various kinds of dust show specific pat-
terns of scattering light and thermal ra-
diation in the infrared. A dedicated
space-borne remote sensing experiment re-
garding the radiation properties of dust
in the visible for scattered sunlight and
in the infrared for the thermal emission
of grains permits the analysis of this
complex scenario. Thus a rocket-borne twin
coronagraph is now under design at the
Bereich Extraterrestrische Physik in
Bochum.

Keywords: F - Corona, optical and infrared
properties of dust, dynamics of interpla-
netary dust, coronagraphs

1. INTRODUCTION

Within the recently increasing interest in
the solar environment also interplanetary
dust surrounding the sun on close orbits
effecting the Fraunhofer-Corona (distance
to Sun smaller than 20 solar radii) has
raised attention. So a rocket-borne coro-
nagraph observing the Fraunhofer-Corona in
the visible and infrared spectral range is
now under development at the Bereich
Extraterrestrische Physik.

2. THE F-CORONA WITHIN THE ECOLOGY OF THE
METEORITIC COMPLEX

The investigation of dust close to the Sun
provides the possibility of studying pro-
cesses detailed which are fundamental for
the dynamics of circumstellar dust clouds.
Interplanetary dust is created either by
collisions of minor planets in the aste-
roid belt or by outgassing of comets du-
ring their perihelion passage. These
particles then spiral into the inner the

solar system under the decelarating drag
of Poynting-Robertson effect (passage time
about 10.000 years) (Refs. 3,8). Within
that passage interplanetary dust between
10 and 100 micron in size gives the zodia-
cal light by scattering of sunlight. Close
to the Sun (less than 0.1 AU solar
distance) increasing collisions comminute
the particles (Réf. 2) thus resulting into
three populations: saved big zodiacal
particles and two populations of small
particles (about less than 1 micron in
size), one of transparent (i.e.silicate)
and the other one of absorbing
(i.e.graphite) nature.

Every population has its own dynamic
according to the strength of radiation
pressure and gravitational force. As small
silicate particles are transparent they
are dominated by gravitational forces in
contrast to the big zodiacal particles and
small absorbing grains, on which both
forces effect (Réf. 7). Thus silicate
particles stay close to the sun, where
they completely sublimate. Also big
particles are sublimated close to the sun.
But small absorbing particles are blown
off the solar system because of radiation
pressure.

Furthermore the orbits of the particles
are affected by the perturbing forces of
the interplanetary magnetic field on the
charged dust grains (Réf. 6). In the case
of the big zodical dust grains this would
lead to an increase of inclinations thus
resulting into a more spherical shape of
the dust cloud close to the sun in
comparison to the global zodiacal dust
cloud.

3.REMOTE SENSING OF INTERPLANETARY DUST
CLOSE TO THE SUN

Remote sensing of interplanetary dust
close to the sun means observing the
brightness from all radiating components
spent alony the observer's line of sight:
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!.atmospheric molecules and aerosols,
2.dust in the global zodiacal cloud,
3.three components of dust populations
close to the sun, 4.in case of white light
observations an additional component from
scattering at electrons (K- Corona).

As contamination of the signal by
atmospheric contributions is avoided by
the use of a space-borne coronograph (cf.
as here proposed an instrument mounted on
a sounding-rocket), the other radiating
components still have to be disentangled
from each other by their characteristic
radiation properties.

The scattering properties of dust are
described by their effectiveness of
scattering light in dependence from scat-
tering angle (scattering function) and
wavelength (colour of scattered light).
Typically one can find for the run of
scattering functions in the case of big
particles an enhancement for back-
scattering due to their regolith like sur-
face structure. In contrast to the blue-
ning of scattered light from small par-
ticles known to be the the Rayleigh-effeet
many big particles of extraterrestrial
material show a reddening. But very signi-
ficant for the specific physical pro-
perties of dust is the scattering angle
dependent run of polarization. Cf. small
absorbing (magnetite or graphite) grains
reach maxima of about 80 % at scattering
angles around 90 degrees, for small sili-
cate grains the polarization pattern runs
very flat, whereas zodiacal particles show
a moderate polarization of about 30 % at
rectangular scattering.

The thermal radiation of dust is mainly
described by their spectral run in the in-
frared following a Planck-function deter-
mined by the grains temperature. Big zo-
diacal particles in general are supposed
to radiate as blackbodies, small graphite
grains should have temperatures appre-
ciatly higher than blackbodies, and final-
ly small silicate grains deviate in their
temperatures from a blackbody. Furthermore
will show the so-called silicate-feature
at 10 microns.

The difficulties of disentanglement be-
tween these different components will in-
crease considerably if one is referred to
observations in the near infrared between
1-5 microns. In this wavelength domain a
superposition from scattered sunlight and
thermal emission is indicated. So in the
visible one only has to take scattered
components into account, and in the mid-
infrared only thermal emission.

4.EXISTING OBSERVATIONS

In the visible wavelength range there have
been a lot of observations from eclipses
and space-borne instruments, but they are
all faced with the difficulties of sepera-

ting between dust and plasma. So one still
has to rely on the separation made by
Blackwell et al. (Réf. 1) using the depth
of Fraunhofer-lines in the white-light ra-
diation as a criterion. Concerning the po-
larization detected in the whitelight co-
rona there are discrepancies for larger
observational elongations (more than 7
solar radii) reaching a factor more than 2
(Réf. 5).

Observations in the infrared are mainly
restricted to small observational elon-
gations (about 4 solar radii) and to the
unfavourable 2 micron wavelength region.
Only a few observations, in disagreement,
have measured the thermal emission of dust
at 10 micron wavelength band (Réf. 5).

5. CONCEPT OF A ROCKET-BORNE TWIN
CORONOGRAPH

Thus a synoptic observation of the corona
in the visible and infrared is needed.
Such a goal is aimed by a rocket-borne
twin coronagraph observing the solar
corona in the infrared and in the visible
which is under design at the Bereich
Extraterrestrische Physik. This instrument
will consist of two externally occulting
coronagraphs, where external occulting is
provided by a set of three disks covering
the sun in front of tf.3 entrance aperture
(Réf. 4). The proposed capabilities of the
instrument are listed in the table 1.

Table 1.

Properties of the twin coronagraph

visible infrared

field of
view:

spectral
range

resolution:

optical
system:

3.5 to 15 solar radii

colours:
V,R,I

15' '

5-15 microns

30'

refractive reflective

Whereas the design of the visible branch
can be confirmed already, the infrared
instrument is at the beginnig.

6.CONCLUSIONS

As this scenario of annihilation and crea-
tion of dust close to the sun is so com-
plex in its dynamics itself and hard to
disentangle from remote sensing the com-
bined observation of as many as possible
quantities is needed. This is most favour-
able provided by a synoptic coronagraph,
which is dedicated to the solution of
these specific problems.
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Figure 1. Sublimation zones of three
dust populations (shadded
areas) close to the sun.
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DEEP DETECTION OF HOT STAR POPULATIONS AT BALLOON ULTRAVIOLET WAVELENGTHS

B. Milliard^», M. LagetW, J. Donas<l>, D. BnrgareliaW, H. MoulinecW, D. HugueninW

Laboratoire d'Astronomie Spatiale, Les Trois Lues, 13012 Marseille France
Observatoire de Gen«ve, Sauverny, Suisse

ABSTRACT

As part of an on-going deep-sky imaging programme
dedicated to hot stellar population studies, a total of Kt
SO sq. deg. of the sky has been observed with a 40-cm
balloon borne telescope. With a limiting visual mag-
nitude above 20 for blue objects and an in-flight image
resolution of 13 arcsec the bulk of the observations con-
cern SeId galaxies, cluster of galaxies and a few galactic
globular clusters. An automated reduction technique
allows numeric summation of night sky Imited individ-
ual exposures to reach an equivalent observing time
which may reach one hour. Results concerning the
space distribution of horizontal branch stars up to the
central part (> 1 arcmin) of the globular cluster M13
and the star formation activity of galaxies member of
the cluster Abell 1367 are presented.

Keywords : UV Astronomy - Galaxies - Globular clus-
ters - A1367 - M13 - Star formation - Horizontal Branch
stars -

1. INTRODUCTION

In the frame of a continuing long term intermediate
cost program, the repetitive flights of a balloon-borne
deep sky imaging ultraviolet 40 cm telescope have pro-
duced a significant set of data relevant to hot star
populations studies, with special emphasis on stars in
globular clusters and on galaxies located in low-redshift
clusters. With a limiting visible magnitude above 20
and an in-flight image resolution of 13 arcsec, most of
the objects investigated are out of reach from existing
spectroscopic space instruments in this spectral region
(IUE), and only a limited sample of such objects has
been observed by rocket flights. Similar observations
however, in the far ultraviolet, are part of the planned
ASTRO mission on the space shuttle.
The hot star populations in stellar systems, which cor-
respond to critical, short-lived phases in stellar evolu-
tion, are of spécial interest for the understanding of
star formation phenomena in galaxies and of the final
stages of stellar evolution. In star forming galaxies,
the ultraviolet fluxes are proportional to the intensity

of the star formation. A sufficiently large sampling is
a way to relate physical parameters to the prominant
mechanism that possibly triggers large scale star for-
mation. In old, evolved objects like globular clusters
or elliptical galaxies, the faint hot evolved stars can
dominate the ultraviolet fluxes; this allows a precise
evaluation of their numbers and individual ultraviolet
fluxes, which put constraints on models for stellar evo-
lution.

2. THE EXPERIMENT, OBSERVATIONS
AND DATA REDUCTION

The FOCA experiment is a second generation 40 cm
aperture imaging ultraviolet telescope, placed on-board
a 4 arc sec rms stabilized gondola (Huguenin, this
conference). A 1.5 deg field of view is imaged at
w 200nm wavelenghth on an ITT 40 mm diameter
sealed MCP intensifier with a CsTe photocathode fibre-
coupled with to a HaO emulsion on film support.
The « 6 hours cumulated effective observing time at
nominal performance, covering a total of « 50 square
degrees, have been devoted to 3 open clusters, 2 glob-
ular clusters, 7 individual well resolved nearby galax-
ies, 5 clusters of galaxies and 2 low extinction regions
near the galactic pole. An automated software pack-
age with secure checkpoints has been developed on a
VAX 11/780 computer using the Munich !mage Data
Analysis System (MIDAS) to numerically superimpose
the multiple, maximum DQE exposures of the astro-
nomical targets required to balance the still limited
size of the telescope. The software was also primarily
designed to give linear intensity maps of the observed
fields, corrected for classical instrumental effects (flat-
flelding, distortion, ion noise correction,...) and a pho-
ton noise limited photometry of the resolved and unre-
solved objects, even in the presence of variable image
quality across the field; the equatorial coordinates of
the detected objects are based on those of the several
dizains per field in common with the Guide Star Cat-
alog (Space Telescope Science Institute), and special
attention has been put to identify candidates in on line
astronomical catalogues (CDS, STARCAT) or special-
ized papers.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
(ESA SP-291, June 1989)



237 238 B. MILLIARD ET AL.

The final product of the software for each field is a ta-
ble of the detected objects with equatorial coordinates,
ultraviolet relative fluxes, candidate identifications in
catalogues, aud a set of calibration constants for abso-
lute fluxes; the last rest on existing ultraviolet measures
in the field and on visible observations via star model
atmosphere calculations and a synthetic instrumental
bandpass. The internal dispersion is found near 0.16
mag r.m.s. on a sample of artificial vacuum tank stars
covering a range of 8 magnitudes.

3. RESULTS

3.1 The cluster of galaxie» Abell 1367

This nearby irregular little evolved galaxy cluster has
been observed 20 minutes in the spring of 1987. More
than one hundred galaxies identified in the catalogue
of Godwin and Peach (1982) have been detected in
the V magnitude range 13.5 to 20.5. After correction
for galactic and internal extinction, the observed inte-
grated fluxes of the 27 member galaxies with measured
HI mass have been translated in total star formation
rates (SFR) using techniques similar to those used for
a sample of isolated galaxies observed with a smaller,
1st generation instrument (Donas et al., 1987). A good
correlation is found between the SFR per surface unit
and the neutral gaz surface density of the cluster galax-
ies, which extends to lower densities the correlation al-
ready observed for the isolated galaxies sample. The
median gaz time depletion scale, evaluated as the gaz
mass divided by the total SFR is found lower in the
cluster than in the field, suggesting a more efficient
star formation in A1367 than in the field.

3.2 The globular clutter M13

The galactic globular cluster M13 is the second direc-
tion for which the data (equivalent integration time of
« 800 sec) have been reduced ; this is the first full
image of a globular cluster at ultraviolet wavelengths.
The major findings presently under discussion concern
the detection of the entire sequence of hot stars known
as Horizontal Branch (HB) down to a central radius
of » 1 arcmin ; subdwarf stars are also accessible in
the outer part of the cluster. The surface distribution
of HB stars shows a more concentrated profile than
the red giants stars observed in visible light, providing
evidence for a possible radial mass segregation. The
(2000-V) vs (B-V) color-color diagram of HB shows a
few exotic cases under analysis seen in contrast with
the little dispersion (a few tenths) observed of the ul-
traviolet color. A total of « 400 horizontal branch stars
are measured.

4. CONCLUSION

The observed performance and reliability of three
years flights with the experiment FOCA emphasize
the unique opportunity to perform deep-sky ultravi-
olet imagery at moderate cost from balloon-borne in-
struments, at a sensitivity level not currently achieved
by operating space experiments.
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PROJECT SUPERNOVA 1987

Horst Hippmann

Max-Planck-Institut fur Physik und Astrophysik
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Immediately after the appearance of SN 1987 A
on February 24 1987, MPE made the proposal to
perform an X-ray experiment on a sounding
rocket to investigate the Supernova in the soft
X-ray-radiation-range.
On the basis of the recovered payload of ASTRO
4/2 , a payload was designed and built by MPE
(experiment), DS (structure, payload systems),
DFVLR (ACS), DFVLR MORABA (recovery, TV-system,
rocket).

Supernova Programs, Supernova Payload

The Project Supernova shows in a most exciting
way the powerful features of sounding rocket
programms.
No other vehicle allows experimenters to react
as fast and flexible on unexpected scientific
questions in space physics above 100 km, as
with experiments on sounding rockets.
It seems to me, that the dream (which is still
alive) to perform laboratory-type experiments
in space, becomes reality only with sounding
rockets.
On February 24 1987 a Supernova was dedected in
LMC, it was called 1987A, the first in 1987, it
was the nearest observed phenomena of this type
since 1604.
An IAU-Telegramm statet, that a mag 5 object,
ostensibly a supernova was discovered around
24.23 GMT in the Large Magalanic Cloud by seve-
ral observatories.
The next day, scientists in our institute
discussed the possibility to contribute to the
investigation of the star explosion by measu-
ring the low energy X-ray flux.

D Rounded Nose Cone
(Ejectable)

n Woltei Telescope
(2 Sections)

a Position Sensitive
Proportional Counter
(PSPC)

O Experiment
Electronics

D Instrumentation
Section

D ACS-Eleetronics

—n ACS-CoId Gas System

D Recovery System

Figl Scheme of Supernova Payload
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The payload from project Astro IV-2, success-
fully flown and recovered on February 22 1979
in Woomera South Australia, seemed suitable for
a reflight within the next half year.
Management in the institute looked for colabo-
ration and money.
DFVLR HORABA was asked about launch possibili-
ties, telemetry, command control and recovery,
DFVLR (angewandte Datentechnik) was contacted
for attitude control, Dornier System was con-
tacted to look into the refurbishment of the
instrumentation, DFVLR-PT was asked to finance
the project.
The first Meetings with all parties envolved
were helt in late March 1987, the payload was
launched 5 month later on August 24 from Woo-
mera South Australia.

The time in between was filled with many acti-
fities:
A first technical meeting on march 20 was fol-
lowed by a management meeting with DFVLR PT a
week later.
All parties started work immediately.
DFVLR looked for a rocket and found it in a
scheduled programm of Dr. Fahr, who gave up
his launch opportunity in late 1987, we thank
him for that. Negotiations with the Australian
authorities through the German government and
directly in a meeting end of April, lead to the
reopening of the Woomera Range, which was clo-
sed in 1979 right after Astro IV. The contract
was signed two days before launch after only 3
month of negotiations.
The legal difficulties with safety and security
on the range were worked on by MORABA together
with the German government and, especially in
the field of skylark safety, the Swedish Space
Corporation.
We sent the formal request to finance the pro-
gramm after collecting all the costs on Mai 15
to BMFT and got the official OK in time.
Some important milestones for the hardware
were:

-Payload refurbishment
April 15 to June 3

-ACS devlopment and test
April 15 to June 23

-Instrumentation Refurbishment
April 15 to Mai 18

-Integration
June 24 to July 16

-Sea Transport
June 1

-Air Transport
July 20

-Launchpreparation
August 3 to August 26

-Launch
August 24.69 GMT

-Publication of Scientific Results
Letter August 25
Paper November 19 (Nature)

The payload launched, consisted of the main
parts of Astro IV-2.
The payload skin was painted, a new nosecone
was built. The telescope was refurbished and
calibrated in the X-ray test facility of MPE.
The instrumentation was tested, batteries were
changed, the telemetry frequency was altered
from P-band to S-band with new transponder and
antennas. The Attitude Control System (ACS) was
redesigned using the old (17 years) ITT star
tracker, two commercial TV cameras and a new S-

band command control system. A new recovery
system was integrated.
The payload measured 5,5 m and weighed 316 kg.
The Skylavk 7 rocket (8 m long and 2020 kg),
carried the payload to an altitude of 260 km
and allowed a total measuring time above 100 km
of 250 sec on LMC-Xl (10sec) and Supernova 1987
A (240 sec). The payload was recovered the day
after launch.
By looking at the recovered Raven motor, we
found out, that the launch was a very lucky
success, because the motor has been close to
burn through inspite the fact, that it was mo-
dified before launch triggered by the Texus-15
launch failure in early 1987.

Fig 2 Launch of Supernova Payload

Fig 3 Recovered payload

Conclusion
Astronomical X-ray experiments request conditi-
ons, which sounding rockets are not especially
suited for:

lo-.g observation time
low particle background.

This programm however, showed, that sounding
rockets offer possibilties offerded by STS in
the early days and never came true, the possi-
bility to react fast on unexpected phenomena.
The result of the Supernova experiment is, af-
ter 2 years, still the best measurement in this
energy band.
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ABSTRACT

For the German Supernova-rocket-project, the Astro 4/2
scientific payload was refurbished and recalibrated in
our institute. The payload consists of a 32 cm X-ray
telescope with a focal length of 143 cm and an effective
collecting area of 23 cm2, and a position sensitive pro-
portional counter (PSPC) with an aperture of 23 mm,
corresponding to a FOV of 50 arc min. The PSPC was
designed for an energy range from 0.2 to 2,0 keV and
has an energy resolution of 45% (FWHM) at 1 keV. Its
positional resolution is 300 [im (FWHM), also at 1 keV.
The half power width of the telescope - detector combi-
nation is approximately 1.4 arc min. With its high quan-
tum efficiency and its good background rejection of
about 95%, the PSPC is especially suited for low surface
brightness extended X-ray sources, such as the new
supernova SN1987 A.

1. INTRODUCTION

sitive proportional counters (Réf. 8). Our rocket type
PSPC had a sensitive circular area of 30 mm diameter
(later reduced to 23 mm). Based on this detector we
then developed a PSPC with a window diameter of 80
mm for the ROSAT telescope (Refs. 9, 10).
We had two successful rocket flights of the 32 cm te-
lescope with the PSPC in 1979 and 81, obtaining spec-
traly resolved X-ray images of the supernova remnants
Puppis A, Cas A, and the Crab nebula (Refs. 11, 12, 13).

After the outburst of the supernova SN1987 A in Feb.
1987, we discussed a refurbishment of the now already 8
years old rocket payload in order to search for soft X-
rays from SN1987 A. Because of several constraints, we
concluded that this could only be done in a very short
time scale. It was then planned, prepared, organized,
financed, and carried out within 5 months. This was
possible only with the effective cooperation of the
German BMFT, the Australian DITAC, the DFVLR secti-
ons in KoIn and Oberpfaffenhofen, and Dornier System.

The development of imaging X-ray telescopes and de-
tectors is an ongoing program at the MPI, culminating
with the launch of the ROSAT satellit (Réf. 1), which is
scheduled for Feb. 1990.
The mirror development is being carried out in close
cooperation with the Carl Zeiss Company and was ini-
tiated in 73 with an extensive study on flat mirror sam-
ples, essentially to select materials and find polishing
techniques (Refs. 2, 3). The next step was to built and
test paraboloidal concentrators of 15 cm diameter and 1
m length. A cluster of 12 paraboloidals was flown twice
on Aries rockets in 1977/78 (Réf. 4). In 1976 we began
the development of imaging X-ray telescopes with 32 cm
diameter for rocket experiments (Réf. 5), and in 1978 we
initiated the development of a large, fourfold nested
telescope with a diameter of 83 cm: the main mirror of
the Rontgensatellit ROSAT (Refs. 1, 6).
In parallel to the mirror development, we began a pro-
gram on X-ray detectors. For the paraboloidals we built
non imaging single wire proportional counters (Réf. 7),
and in 1976 we started with the multi wire position sen-

2. THE 32 CM TELESCOPE

The 32 cm telescope has been designed to fit into the
envelope of Skylark or Black Brant rocket bays. There-
fore it has a front aperture of 32 cm and a focal length
of 143 cm. Using the Wolter type 1 geometry; the mir-
rors have been optimized with respect to the effective
collecting area at 1 keV X-ray energy, leading to a
length of the paraboloidal and hyperboloidal sections of
43 and 38 cm respectively. The basic material of the te-
lescope is aluminum with a thickness of 14 mm, plated
with a 70 (Jm thick kanigen layer. The kanigen layer was
ground and then polished in several steps, and in bet-
ween monitored by X-ray scattering measurements. Af-
ter the final polishing step, the kanigen surface was
coated with about 600 A of gold. The final mour.ling of
the mirror sections was done under microscopical con-
trol of the focal image in visible light. (A more detailed
description of the fabrication of the telescope is given in
Réf. 5). Figure 1 shows a photograph of the telescope.
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Fig. 1; Photograph of the 32 cm telescope

Three telescopes have been built and then tested in our
Panter 13Om X-ray test facility. The ful l width half
maximum of the central part of the point spread functi-
on is between 5 and 6 arc sec. The microroughness, as
deduced from X-ray pencil beam measurements (Refs. 2,
5) in conjunction with Beckmann's scattering theory,
varies between 6 and 13 A for the three telescopes. In
Figure 2 the solid line shows the theoretical collecting
area as function of X-ray energy. Included in the figure
are measured effective areas: the best telescope almost
reached the theoretical values (open circels, measured in
1977), whereas the telescope, which was available for the
supernova rocket, had a somewhat reduced effective
collecting area (closed circels, measured in 1978). We re-
peated the measurement in 87 and found no significant
further degradation of the mirror (exept for 0.28 keV;
crosses in Fig. 2).
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Fig. 2: Effective collecting area of the telescope
solid line : theoretical collecting area
open circles : best measured telescope
filled circles: SN-telescope (measured 1978)
crosses : SN-telescope (measured 1987)

3. THE POSITION SENSITIVE PROPORTIONAL COUNTER

The PSPC is a multi wire proportional counter, consis-
ting essentially of two separate counters: the anode grid
Al with the two cathode grids Kl and K2 as the position
and energy sensing detector, and the anticoincidence
counter A2 for background rejection. Figure 3 is a sche-
matic diagram of the PSPC.which is described in detail in
Réf. 9. An X-ray photon, entering the counter through
a 1 |im polypropylen window is absorbed in the counter
gas, producing a photo electron, which in turn looses its
energy by collision ionisation with the counter gas,
producing the primary electron cloud which drifts to-
wards the anode Al. Near the anode the cloud is ampli-
fied by a factor of about S»104, leading to a charge sig-
nal at the anode and an induced signal at the cathodes
which are sensed by charge sensitive preamplifiers. The
anode signal is used for energy determination, whereas
the position is obtained from the cathode signals, using
a charge division algorithm. The grid system is accom-
modated in a counter housing, filled with a gas mixture
of 60% argon, 20% xenon and 20% methane to a pressure
of 1.4 bar. Figure 4 is a photograph of the PSPC.
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Fig. 3: Schematic diagram of the PSPC
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Fig. 4- Photograph of the PSPC
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Fig. 5: PSPC efficiency including T'5% transmission
of the supporting grid

Fig. 6: Image of a circular mask, obtained with
0.93 keV X-ray photons

The PSPC was designed for an X-ray energy range from
0.2 to 2.0 keV. In this range the quantum efficiency is
determined mainly by the X-ray transmission of the
counter window, since the column density of the counter
gas gives an X-ray absorption of nearly 100%. Figure S
shows the transmission of the window as function of
the X-ray energy. Included is the energy independent
75% transmission of a supporting grid, which is neces-
sary to withstand the gas pressure against vacuum.

The energy resolution of a single wire proportional coun-
ter is inverse proportional to the square root of the
energ/, having a typical value of 40% (FWHM) at 1 keV.
hi multi wire proportional counters, each anode wire
acts as a single wire counter. The overall resolution as
well as the positional variation of the gas gain depend
therefore very sensitively on the positional accuracy of
the wires and grids to each other. For our PSPC we mea-
sured an energy resolution of 43% at 0.93 keV with a
mean variation of the gain of only 3% across the sensi-
tive area of the detector. Tests at other energies showed
the inverse proportionality of the resolution to the
square root of the energy.

The position resolution is also a function of the energy
of the incoming photons, because the main contribution
to the resolution is the statistical uncertainty of the
center of gravity of the primary electron cloud. This
uncertainty is inverse proportional to the square root of
the number of primary electrons which, for a proportio-
nal counter, is proportional to the photon energy. With
an array of pinholes (0.1 mm diameter holes) we found a
position resolution of about 300 (im and 500 [tm FWHM
at 0.93 keV and 0.28 keV X-ray energy respectively.
Important for imaging devices are image distortions.
With the pinhole mask we deduced an average deviation
of the measured pinhole positions from their nominal

positions of 20 urn. To demonstrate the image capability
of the PSPC, we show in Fig. 6 the image of a circular
mask, obtained with 0.93 keV X-rays. Ar is 1 mm from
ring to ring; the ring width is 0.1 mm.

PSPC's have intrinsically a low background. To increase
the background rejection, we use in addition to the veto
anode A2 the signals of the outer wires of the two ca-
thodes Kl and K2 in an anticoincidence circuit. A further
increase is given by the position information: events
outside the field of view are rejected. Altogether we
achieved a background rejection efficiency of about 95%.

4. THE PSPC - TELESCOPE PERFORMANCE

Photons reflected on the telescope are incident on the
PSPC entrance window at an angle of about 6 degrees.
Therefore, in addition to the intrinsic spatial resolution
of the detector, the finite penetration of the photons in-
to the counter gas before absorption causes a broade-
ning of the point spread function of the PSPC-mirror
combination. For 1 keV X-rays the absorption depth is
about 0.5 mm for the counter gas used. The position of
the detector with respect to the focal plane has to be
optimized for maximum resolution.

We have made measurements of the 50% power radius
with 0.93 kev X-ray photons, and with the PSPC move-
able along the optical axis of the telescope. Fig. 7 shows
the 50% power radius as function of the distance bet-
ween the focal plane and the plane of the entrance win-
dow of the detector. A negative distance means that the
focal plane is inside the detector. The crosses indicate
the measurements. The solid line is a bestfit parabola to
find the optimum position of the detector, being at
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Fig. 7: Half power radius as function of the distance
between the focal plane and the plane of the entrance

window of the PSPC

Fig. 8: Integral, respectively normalized point spread
function of the telescope — PSPC combination

minus 0.7 mm. For this position. Fig. 8 shows the inte-
gral, respectively normalized point spread function of
the telescope - PSPC combination, measured with 0.93
kev X-rays out to a radius of ten arc min. The 50%
power diameter is 80 arc sec.

5. REFERENCES

1. Trumper J 1983, Adv. Space Res. Vol. 2, 241.

2. Aschenbach B, Brauninger H, Hasinger G1 Trumper J
1980, Proceedings of the Society of Photo-Optical
Instrumentation Engenieers Vol. 257, 223.

3. Hasinger G 1980, Die Strenting von Rontgenstrahlung
an polierten Oberflachen, Diplomarbeit, Universitat
Munchen.

4. Burkert W, Zimmermann H U, Aschenbach B,
Brauninger H, Williamson F 1982,
Astron. & Astrophys. Vol. 115, 167.

5. Trumper J, Aschenbach B, Brauninger H 1979,
Proceedings of the Society of Photo-Optical
Instrumentation Engenieers Vol. 181, 12.

6. Aschenbach B 1986 ,
Proceedings of the Society of Photo-Optical
Instrumentation Engenieers Vol. 733, 186.

7. Williamson F, Zimmermann H U 1978, Nucl. Instr.
and Meth. Vol. 148, 231.

8. Pfeffermann E, Briel U 1981, Mitteilungen der
Astronomischen Gesellschaft Vol. 54, 242.

9. Briel U G, Pfeffermann E 1986,
Afuc/. Instr. and Meth. Vol. A242, 376.

10. Briel U G, Pfeffermann E, Hartner G, Hasinger G
1988, Proceedings of the Society of Photo-Optical
Instrumentation Engenieers Vol. 982, 401.

11. Pfeffermann E, Aschenbach B, Brauninger H,
Heinecke N, Ondrusch A, and Triimper J 1979,
Bull. AAS Vol. 11, 789.

12. Pfeffermann E, Aschenbach B, Brauninger H,
and Trumper J 1981, Space Sd. Rev. Vol. 30, 251.

13. Briel U G, Pfeffermann E, Aschenbach B, Brauninger H,
Trumper J, Cruddace R, Fritz G 1983,
Ball. AAS Vol. 15, 953.



245

OBSERVATION OF THE SOLAR LYMAN-ALPHA LINE
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ABSTRACT

On October 24, 1988 at 18.05 UT the payload SOLLY
was launched with a BLACK BRANT IX rocket from
White Sands Missile Range/USA and reached an
apogee of about 350 km. The experiment SOLLY
consists of a hydrogen cell containing molecular
hydrogen at low pressure and is sealed by
magnesium fluoride windows. A hot filament
dissociates the molecules into hydrogen atoms. By
measuring the scattered Ly-a photons with a
sideways mounted detector, the core region of the
solar Ly-a line can be studied. Another detector
is positioned along the optic axis at the rear of
the instrument and measures the total intensity of
the solar photons near 1216 A. First results of
the rocket flight will be presented and discussed.

Keywords: Solar
sounding rocket

Ly-a line, resonance cell,

1. INTRODUCTION

The problem of analyzing both the properties of
the local interstellar hydrogen gas and the Ly-a
albedos of the giant planets Jupiter, Saturn,
Uranus, and Neptune based on resonance glow
interpretations is closely connected with the
exact knowledge of the spectral profile of the
solar Ly-a line. Especially the shape near the
center of this line is of great importance, since
only photons of this region can be resonantly
scattered by the planetary and interplanetary
hydrogen atoms.
The analysis of solar line shapes can be done,

for instance, with the help of resonance cells.
Fig. 1 shows the transmitted intensity of a pure
Gaussiar. input profile as a function of the gas
density in an absorption cell at room temperature.
This figure was taken out of a paper by Wu and
Ogawa (Réf. 1) and shows the situation for
analyzing the solar Helium line. As more and more
gas is introduced into the cell, the wings of the
absorption line become optically thick and the
transmitted intensity is reduced. Therefore, by
measuring the transmitted intensity at various gas
densities we can gain information about the line
shape and width. But on the other hand, if we want

to analyze the very center of the line, we
encounter two major difficulties: a) First, we
have to_areduce the gas densities to values lower
than 10 Torr. But to measure.such small pressure
values is not an easy task, b) Second, the
transmitted intensity at these small pressure
values is about 99% of the input intensity, this
means that we only modulate IJ! of the total
intensity. The measurement of such a small
modulation rate is a difficult task, too.
Therefore, in order to gain information about the
center of the line, one should not measure the
transmitted signal, but the resonantly scattered
one.

2. MODEL CALCULATIONS

Fig. 2 shows a sketch of such a cell for the
analysis of the solar Ly-a line. A detailed
description of this cell was already given by E.
Weber in a previous paper (Réf. 2), so that we can
restrict ourselves to some remarks: In front there
is a light baffle to suppress stray light,
followed by a cell containing molecular hydrogen
and sealed by magnesium fluoride windows. Sideways
mounted to this cell there is a channeltron
detector to measure the scattered Ly-a photons and
at the rear end of the cell there is a

(Cl

Figure 1. The transmitted profiles of a pure
Gaussian line shape as a function of gas
pressure

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7 April 1989
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Figure 2. Sketch of the SOLLY experiment

end of the cell there is a aluminum-dioxide diode
to measure the total flux of the solar Ly-cc line.
Two heating filaments inside the cell dissociate
the molecules into hydrogen atoms with a
concentration controlled through the input power
supplied to the filaments. These two filaments are
needed for calibration purposes, too. During the
calibration we have recorded the modulation pate
of an external Ly-a source, if either one or two
filaments were heated. From these values then, we
could infer the density of atomic hydrogen in
dependence of the heating current. The result is
shown in Fig. 3. As one can see, the obtained
density values are within the region of 10" to
ICf6 Torr.

In order to estimate the count rates at the
sideways mounted detector, we earned out
extensive Monte-Carlo calculations. The solar
input line was taken from the OSO-8 measurements
(Réf. 3) and is given in Fig. 4. The dip at the
line center is due to the geocoronal hydrogen
absorption and the dashed line segment is a guess
for the chromospheric seIf-absorption feature.
Fig. 5 shows the output at the sideways mounted
detector, if a pressure value of 10 Torr is
realized inside the cell. The mean free path for
photons of the line center region is here about
10 cm, i.e. since the detector is only 5 cm away
from the front magnesium fluoride window, we would
expect that the output line looks like a Gaussian
without any self-absorption features. This is
clearly shown in Fig. 5. On the other side, if we
increase the pressure value up to a value of

250
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Figure 4. The solar Ly-a profile as given by OSO-8
measurements

I!!!:!; L : . :. Lj :!• •••••"• ! : :: î ï î i:: =. :.::.::| ::

flliilF111"1

itHiiiiiiii::::::::::
:!••;;::::£

::::: ::
.. ..!!!!!!i!!! !!!!!!il

!!!!!!.

JHJpLj
':::::::::

-35 35 mA

Figure 3. Atimic hydrogen density in dependence of
the heating current

Figure 5. The expected line shape at the sideways
mounted detector, if a pressure value of
10"s Torr is realized inside the cell

10 Torr, the mean free path will decrease to
1 cm and the output line should show some
seIf-absorption features. Fig. 6 nicely shows this
effect. However, increasing the density inside the
cell means, that more and more photons outside of
the line center will be scattered, i.e. the total
count rate should increase as a function of the
density. This is clearly shown by our simulation:
Fig. 5 consists of about 1000 photons, whereas
Fig. 6 is composed of roughly 4000 scattered
photons.

3. ANALYSIS AND RESULTS

On October 24, 1988 the above described solar
spectrophotometer was flown aboard a Black Brand
IX rocket, which was launched together with an
American payload from the White Sands Missile
Range/USA. Fig. 7 shows all count rates of the
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Figure 6. Same as Fig. 5 but for a pressure value
of IQ"4 Torr

is really a good fit of the background signal.
Fig. 10 shows again this curve but together with
all pressure modulated values. As one can clearly
see - in the downleg region even more clearly - on
the average all count rates are above this
background signal. The stars show the values for
an atomic hydrogen density of 10" Torr whereas
the circles give the count rates for a density of
4. 10~B Torr. In Fig. 11 we have only plotted the
values belonging to the highest temperature of our
heating filaments, and we have subtracted out the
background signal. It is evident that we have a
height dependence of these count rates. This
height dependence is due to the fact, that the
solar Ly-a line is Doppler shifted in the
reference frame of the moving resonance cell. Fig.
12 shows the same but for the smallest heating
rate. One can recognize a height dependence here,
too. Furthermore, all values are smaller than in
Fig. 11, as was expected by our model
calculations. The negative count rates given here,
indicate that the fit of the background signal in
the apogee region must still be improved a little.

4. CONCLUSIONS

Our experiment has demonstrated for the first time
that analyzing the scattered photons in a

TIME (SECl

Figure 7. All count rates of the sideways mounted
detector belonging to zero current

sideways mounted detector belonging to zero
current, i.e. there should be no atomic hydrogen
inside the cell. This means Fig. 7 shows the
measured background signal. Two facts are evident;
a) First, there is a height dependence of the
background signal and b) second, the count rates
belonging to equal heights are different. To show
the second effect more clearly, we have plotted in
Fig. 8 the difference of the count rates against
the time passing between the two upleg/downleg
height realizations. The full curve is a
polynomial fit to this values and so gives the
drift of the channeltron detector. In Fig. 9 we
have plotted again all count rates belonging to
"zero current" operational mode, but we have
subtracted out the drift of the 'channeltron
detector. The height dependence of the background
signal, which is evident now, should be due to
atmospheric reasons, i.e. it should be possible to
fit this part of the signal with the help of a
barometric law for the absorbing atmospheric
constituents. We have done this and combining both
fit curves we gain the full curve of Fig. 7, which

200 300

U TIME [SEC l

Figure 8. The drift of the channeltron detector
with time

300 too

TIME [SEC)

Figure 9. Height dependence of tne background
signal due to absorbing atmospheric
constituents
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Figure 10. All pressure modulated count rates together with the background
signal (full curve)

resonance cell and not the transmitted ones, can
give excellent information on the very center of
the solar Ly-a line. The data are in good
agreement to our Monte-Carlo calculations, if one
subtracts out a certain background signal. The
background signal itself seems to be due to the
following effect: Fig. 13 shows the solar spectrum
between 1000 A and 1300 A as given by Hall et. al.
(Réf. 4). As one can see, there is a broad

300

TIME ISEC)

d
ic

Figure 11. All count rates belonging to the
highest temperature of our heating
filaments after subtraction of the
background signal

300

TIME ISEC)

Figure 12. Same as Fig. 11 but for the lowest
temperature value

continuum aside of the Ly-a line of the order of
10s photons/cm**2/sec/A. On the other hand looking
at a part of the molecular hydrogen emission
spectrum, which is given in Fig. 14 and was
obtained by Schubert and Hudson (Réf. 5), one sees
a lot of emission lines beside the Ly-a line. This
means, that the molecular hydrogen, which is of
course the dominant part in our hydrogen cell,
should be able to resonantly scatter the Just
mentioned continuum of the solar spectrum. In
other words, if one wants to enhance the signal to
noise ratio, one should attempt to still narrow
down the spectral input profile. For the possible
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Figure 13. The solar EUV spectrum

Figure 14. The molecular hydrogen emission
spectrum

249/A
reflight of our cell in August this will indeed be
achieved by means of an interference filter.
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DIURNAL VARIATION OF THE SODIUM IiAYER AT POLAR LATITUDES IN SUMMER

H. Kurzawa and U. von Zaim

Institute of Physics, University of Bonn,
Nussallee 12, 5300 Bonn 1, Federal Republic of Germany

ABSTRACT

Na LIDAR measurements under daylight condi-
tions were performed at Andrfya, Norway
(690N, 160E) during the summers 1986-1988.
Na density profiles were derived from these
measurements. Our observations show a sig-
nificant diurnal variation in the Na column
density as well as in the maximum Na densi-
ty. Part of this diurnal variation is at-
tributed to the occurrence of 'Sudden Sodium
Layers' (SSL).

Keywords: Sodium Layer, Polar Latitude,
Summer, Diurnal Variation, Sudden Sodium
Layer, LID̂ R

(FSR) of the optical elements which we
employed in various stages of our experi-
ments. All the étalons had fixed spacers,
except for the one with 1.7 pm bandwidth.

Table 1. Optical Elements

Period of Bandwidth [pml/FSR
Observation IF-FiI ter !.Etalon 2

summer
summer
summer

1986
1987
1988

or

730/-
730/-
730/-
504/-

28
26
26

.9/867

.0/694

.0/694

O
2
1

tpm]
. Etalon

.9/25

.7/73

.7/40

.5

.1

.0

1. INTRODUCTION

The Na LIDAR technique has proven to be an
excellent method to study the mesopause
region by probing the atmospheric Na layer.
These measurements can be employed for mo-
nitoring the Na density, atmospheric tem-
perature and wave activity. A Na LIDAR ex-
periment works by emitting laserlight at a
Na resonance line vertically into the atmo-
sphere. The backseattered signal is caused
by resonance fluorescence of free sodium
atoms that mainly exist in an altitude
range between 80 and 110 km. Rayleigh scat-
tering is responsible for the backscatter-
ed signals from 30 to 80 km. This Rayleigh
signal, which is proportional to the air
density, is employed for normalization of
the sodium signal to derive Na density
profiles.

A ground-based Na LIDAR instrument, that
was built by the University of Bonn, is
located at Andoya, Norway (690N, 160E). A
description of this instrument and results
of wintertime observations are .given in
Réf. 1. The main problem of operating this
instrument during summer at its polar lati-
tude location is the permanent daylight.
Scattered sunlight causes a strongly en-
hanced background in the registered signals.
In order to reduce this background, narrow-
band filters are employed in front of the
photon-counting multiplier. Table 1 shows
the bandwidths and free spectral ranges

2. OBSERVATION TIME AND DATA PROCESSING

Our LIDAR instrument was in operation du-
ring parts of the summers 1986, 1987 and
1988. Long-duration observations are par-
ticularly valuable for the study of diur-
nal variations in the atmospheric Na lay-
er. Table 2 gives a survey of long-dura-
tion observations that we were able to
perform in 1987 and 1988.

Table 2. Long-Duration Observations
with Na LIDAR at 690N

Date Time [UT] Duration

June
June
July
July
July
July
July
Aug.
Oct.
Oct.
Oct.
Nov.

24/25,
28,
4/ 5,
5,
15,
25/26,
27,
5/ 6,
14/15,
19,
21/22,
12/13,

1988
1988
1988
1988
1987
1987
1988
1987
1987
1987
1987
1987

12:06
0:20
17:30
10:22
7:40
13:30
8:53
12:40
19:13
5:11
13:05
15:08

- 4:27
- 8:08
- 0:28
- 0:00
- 23:14
- 13:40
- 21:34
- 12:47
- 13:30
- 18:44
- 22:15
- 8:02

16:21
7:48
6:58
13:38
15:34
24:10
12:41
24:07
18:27
13:33
33:10
16:54
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Figures 1 - 3 show the frequencies of our
observations vs. local tine during summer
and autumn 1987 and summer 1988. Unfortuna-
tely there are only a few observations
near noon in summer.

i-
s.
h.

time [UT]

Fig. 1 Frequency of observations during
summer 1987

.5

.1

.0

Summer 1988

IO 20

time [UT]

Fig. 2 Frequency of observations during
summer 1988

10

time [UT]

Fig. 3 Frequency of observations during
autumn 1987

A single raw data profile consists of the

backscattered signal integrated over 1000
up to 5000 laser pulses which gives a time-
resolution between 1.5 and 6 min. Density
profiles can be calculated from every
single raw data profile. In daylight it is
necessary to average over a longer period
of time in order to reduce the error of
the calculated Na density, which is pre-
dominantly caused by the statistical error
of the Na signal and the fluctuation of
the background signal. Na densities were
calculated by normalization to the Ray-
leigh signal from 30 km altitude. The air
density at 30 km altitude was taken from
Réf. 2. Temperatures were taken from the
CIRA 1986 (Réf. 3) to calculate the cross
section for Na resonance fluorescence,
which depends on the temperature.

3. VARIATIONS OF THE NA LAYER

3.1 Variablitv of Summer Densities

Measurements during the three summers of
1986 - 1988 showed both strong short-term
variations in the sodium densities as well
as unexpected variations from year to year.
On an average the maximum Na density measu-
red during the summer of 1987 was only in
the range of 1200 atoms/cm" (Réf. 4). In
the summers of 1986 and 1988, however, Na
densities were factors of 2 to 3 higher
than in the intermediate summer. Hence,
derivation of a 'common1 diurnal variation
throughout the entire period of our obser-
vations needs some special considerations.

3.2 Diurnal Variations

In order to account for the different
behaviour of the sodium layer during the
three summers of our observations we have
calculated the diurnal variation in Na
column desnity separately for the three
campaigns of summer 1987, summer 1988,
and, for comparison purposes, for autumn
1987. Figure 4 demonstrates the derived
diurnal variation of the normalized Na
column density during the summers of 1987
and of 1988. 'Normalized' means that it is
the ratio of measured Na column density
over the mean Na density measured during
this particular campaign.

^ULY/AUG. 87

JUNE/DULY 88

0 : O D 6:00 12:00 18:00 O
time CLT]

Fig. 4 Diurnal variation of the norma-
lized Na column density in the
summers of 1987 and 1988
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In order to arrive at a single curve for
the diurnal variation in summer one could
give equal weights to the two curves of
Fig. 4 (which may not be fully justified,
however). Averaging the two results yields
the curve shown in Fig. 5 for the diurnal
variation of normalized Na column density
vs. local time (solid line). It is compared
with similar results obtained from our data
taken in the autumn 1987 campaign which
lasted from October 14 until November 13
(broken line).

SUMMER 87/88

density increased rapidly up to 2.4*10*
atoms/cm2. After this maximum in Na content
the column density decreases and remains
stable at about 1.1-10' atoms/cm* for
several hours. There is a strong correla-
tion between the increase of the column
density and the maximum density of the Na.

6:00 12:00 16:00
t ime [LT]

a l t i t ude ( k m )

Fig. 6 Hourly mean Na density profiles
of 5/6 August 1987

Fig. 5 Diurnal variation of the norma-
lized Na column density in summer
1987/88 and autumn 1987

4. DISCUSSION

In both summers which we studied we find a
strong diurnal variation of the Na column
density. The maximum column density occurs,
however, at different local times in the
two summers. It falls close to 6 a.m. du-
ring the summer 1987 and close to midnight
during the summer of 1988. Minimum densi-
ties occur in the late evening. If one ave-
rages the two conditions the resulting
curve for the diurnal variation is consi-
derably flattened with respect to the cur-
ves of the individual summers. Neverthe-
less, even then., a significant diurnal
variation remains which is clearly stronger
developed than any semi-diurnal component.

The conditions encountered during the summer
1987 leading to a very strong diurnal vari-
ation deserve special attention. They are
evidently related to the frequent occur-
rence of sudden sodium layers (Réf. 5) du-
ring this time period. As an example we
show in Fig. 6 the Na densities vs. altitude
and local time during the night of the 5/6
August 1987. The evening profiles are flat
and show no significant temporal variation.
In the 0:00 LT-profile a sudden and locally
limited increase in density occurres: a
sudden sodium layer (SSL). After formation
of this SSL the main layer enlarges and
broadens. Figure 7 shows the development of
the Na column density and the maximum Na
density during the same night. At the be-
ginning of these observations the Na column
density remained stable at about 4-10"
atoms/cm2. Between 0:00 and 2:00 the column

109

o
5000

Fig. 7

) 15:00 1:00 7:00

time [LT)

The Na column density and maximum
density during the night of 5/6
August 1987

Additional measurements confirm that during
nights without SSLs the Na density remained
lower than in nights with SSLs. He conclude
that in particular during the summer of
1987, when the mean Na density was extreme-
ly low, the accummulated effects of SSLs
became so strong that these SSLs and their
following enhancements of the Na layer
produced most of the diurnal variation
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exhibited in the curve of Fig. S. If this
is so then it implies that under these con-
ditions a considerable amount of sodium is
cycled diurnalIy between the atomic state
(which we can observe) and other states
(which we can not observe) such as molecul-
ar, ionic or being adsorbed to solid par-
ticles.

At lower latitudes diurnal variations of
the sodium layer have been studied at 230S
latitude by Clemesha et al. (Réf. 6) and
Batista et al. (Réf. 7), as well as at 410N
by Kwon et al. (Réf. 8). At both sites thé
amplitude of the semidiurnal variation was
found to be strongly dominant over the
diurnal component, except for altitudes be-
low 85 km at 230S. These authors argue that
most of the observed variations are caused
by vertical oscillations of the sodium lay-
er induced by the passage of tidal waves.
At 690S, however, Nomura et al. (Réf. 9)
did not observe any significant semidiurnal
variation of the Na layer in winter. Summer
measurements are not yet available from
southern polar latitudes.

We have suggested that the formation of
SSLs may well be related to the passage of
tidal waves through the sodium layer (Réf.
10), although in a more complex way than
just pure linear oscillatory air motions.
Hence, tidal waves may play a role in the
behaviour of the sodium layer not only at
low and middle latitudes, but also at polar
latitudes. Their interactions with the so-
dium layer are, however, of a different
kind at different latitudes. These interac-
tions will be studied in more detail once
the observations of tidal winds are publish-
ed which have been collected in 1987 at
7O0N by Manson and Meek (Réf. 11).

5. CONCLUSIONS

Observations of the atmospheric Na layer
in polar summer show significant 24-hour
variations in the Na column density and the
maximum Na density. The diurnal increase in
Na density shows a strong correlation with
the development of SSLs. Thus, the behaviour
of the Na layer at polar latitudes is dif-
ferent from that at middle and low latitu-
des where a dominance of the 12-hour varia-
tions has been observed. Further investiga-
tions at polar latitudes are necessary to
obtain more information about the diurnal
variation of the Na layer and the correla-
tion between these variations and SSLs.
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The DYANA Campaign 1990

D. Offermann

Wuppertal University, FRG

ABSTRACT

DYANA is an international campaign of
coordinated ground based, balloon and
rocket borne experiments (GBR) at various
places on the globe for case studies of
middle atmosphere dynamics up to about
100 km. Campaign duration is from January
to March 1990. Emphasis is on planetary
waves, gravity waves, and turbulence.
Relationship to minor constituents
distributions will also be studied.
The campaign heavily relies on meteoro-
logical rockets (plus radiosondes) and
ground based lidars and radars for
measurements of density, temperature
and wind. Various other ground based or
rocket borne experiments will also be
involved. The measurement sites are set
up in a way that they form a network with
varying mesh width, which is adapted to
the horizontal scales of the dynamical
features studied.

1. INTRODUCTION

Extensive dynamical analyses of the
middle atmosphere have been performed in
the past by means of satellite data.
These are especially suitable for
evaluation of large scale planetary waves
(low wave numbers). Satellites are,
however, much less helpful if higher wave
numbers are involved. Their basic
drawback is that they have either good
horizontal or good vertical resolution,
depending on their scan mode. Recent
rocket measurements indicate that the
vertical struture of planetary waves may
at least occasionally differ considerably
from Lamb wave modes. Surprisingly strong
gradients in the vertical profiles of
wave amplitudes and phases were observed
(Offermann et al., 1987). Standing waves
with nodes were suggested by these rocket
data. They require an altitude resolution
of the order of 1 km to detect. This is
not available from present day satellite
instruments, nor will it be in the near
future.

Due to their limited vertical and time
resolution satellite measurements do not
contribute much to the investigation of
gravity waves either. This is especially
true for short period gravity waves,
which appear to be the more interesting
ones for momentum and energy transport.
Relevance of satellite data for the key
issues of atmospheric turbulence is also
very limited, at least at higher alti-
tudes. As concerns middle atmosphere
dynamics in general it must be noted that
up to now and for a few years to come
(until UARS) there are no wind measure-
ments from satellites in the altitude
regime in question.

The deficiencies mentioned can be
overcome by campaigns of rocket flights
and coordinated ground based measurements
of lidars, radars, spectrometers, etc.
Quite a number of such campaigns were
performed in recent years on the American
continent, in Europe and elsewhere (see
for instance Zimmerman et al., 1974;
Philbrick et al., 1974; Offermann 1977;
Offermann, 1985; v. Zahn, 1987; Thrane,
1986). Planetary waves, gravity waves,
and turbulence were all studied exten-
sively. A few comparative data on minor
constituents are also available, as trace
species can act as valuable tracers for
dynamics (e. g. Grossmann et al., 1987).

These GBR campaigns suffered, however,
from their lack of horizontal coverage.
Most of them were performed at one place
only, and hence their results were one-
dimensional in space. In those cases when
some horizontal coverage was tried either
the altitude regime studied or the
horizontal extension was limited.

To improve this situation, the DYANA
campaign covers a fairly extended part of
the Northern hemisphere, with some
stations on the Southern hemisphere also
participating. Of course, such a campaign
is of limited duration, and thus will be
a case study only.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(ESA SP-291, June 1989)
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2. CAMPAIGN OBJECTIVES

Obviously there is a clear need for
middle atmosphere dynamics measurements
with high resolution in the vertical
direction, in the horizontal direction,
and in time. This applies equally well to
the study of planetary waves, gravity
waves, turbulence, and minor constituents
distributions. The DYANA campaign is
therefore designed such that measurements
are taken at various places simultaneous-
ly. The measurement and launch sites form
a network with a mesh width varying from
a few hundered kilometers in its central
part (Western Europe) to global extent in
its outer part. Also the measurements
frequency (e. g. rocket launch frequency)
will be adjusted to the dynamical
features studied. The key questions to be
studied this way are as follows:

1. Planetary waves

1.1. Zonal wavenumbers from low to high
(by the network stations and by
satellite data)

1.2. Meridional wavenumbers from low to
high

1.3. Vertical amplitude and phase
structure with high spatial
resolution up to the mesopause (by
rockets and lidars); search for Lamb
waves.

1.4. Search for "standing planetary
waves", study of vertical modal
structures and of their horizontal
extent.

1.5. Damping/saturation in the mésosphère
by gravity waves, turbulence, etc.

1.6. Coupling of the middle atmosphère to
the troposphere and thermosphère
(wave excitation and damping)

1.7. Comparison of temperature and wind
oscillations

2. Gravity waves

2.1. Local characteristics, determined by
different techniques in the same
area

2.1.1. Horizontal and vertical
structure

2.1.2. Vertical distribution of energy
2.1.3. Sources: orography, jet stream,

geostrophic adjustment, etc.

2.1.4. Dissipation: breaking by
convective or dynamical
instabilities, relationship
with turbulent layers

2.1.5. Saturation of spectrum; wave -
wave interaction

2.2. Large scale distribution, determined
by simultaneous measurements at
different locations (Southern
France, Northern Scandinavia, Japan)

2.2.1. Variation of activity with
latitude, orography and
stratospheric circulation
(polar vortex over Northern
Scandinavia, Aleutian high)

2.2.2. Interaction of gravity waves
and planetary waves, tides, and
the mean flow

3. Turbulence

3.1. Characteristics of turbulence
3.1.1. Occurrence
3.1.2. Intensity
3.1.2. Variation with height, time,

and geographic location
3.1.4. Minimum of e near 80 km

3.2. Energy dissipation and diffusion
rate due to turbulence

3.3. Relation between gravity waves and
turbulence

3.3.1. Momentum and energy flux in the
wave field and turbulent field

3.3.2. Spectral characteristics of
gravity waves and turbulence

4. Minor Constituents

4.1. Altitude profiles of Oa, H2O, NO,
O, H, and various source gases in
the upper stratosphere, in the
mésosphère, and/or lower
thermosphère.

4.2. Influence of dynamical
disturbances on minor constituents
vertical profiles; relative
importance of photochemistry and
dynamics; study of upper
mésosphère Oi spring maximum.

4.3. Non-LTE excitation mechanisms of
O, NO, 03 and HzO.

5. Intercomparisons

5.1. Rocket and lidar measurements
5.2. Suborbital and satellite

measurements

3. EXPERIMENTAL SET-UP

3.1. Spatial structure

The main idea of DYANA is to set up a
station network with a mesh width that
is small in its central part and
increases towards its outer parts. The
network consists of a "central", an
"inner", and an "outer" part. The
"central" part (Fig. 1) is located in
Western Europe and consists of nine lidar
stations, two rocket ranges, and several
other ground experiments. Typical mesh
width is 500 - 1000 km. The "inner"
network extends northward and eastward,
and includes stations in Northern
Scandinavia and in the USSR. The mesh
width is 2000 - 4000 km. The "outer" net
finally extends to America and Eastern
Asia. The mesh width in the zonal
direction is 8000 to 12.000 km. The
Eurasian part of the network extends
almost from the pole to the equator.

3.1.1. Ground based experiments. Most of
the ground based experiments participa-
ting in the campaign are shown in Fig. 1
and given in more detail in Tab. 1.
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90' 120 150' 180'

Fig.1 DYANA network

Table 1

STATION
(GBOGR. COORD.)

GROUND BASED

TECHNIQUE
(PARAMETERS)

• Rocket

O Balloon

O oplkiil, ground hased

• LIQAH

• iooospliertc measurements
x Radar

EXPERIMENTS

EXPERIMENTER
(INSTITUTION)

Sondre Stromfiord
(67 0 N, 52 0 W)
+ Calgary
(51.03°N, 114.05°W)
Logan

Saskatoon
(52 0N, 1070W)

Denver
(39°N. 105»W)

Durham
(43°N, 710W)

Sao Jose dos Campos
(23° S. 450W)
Cachoeira Paulista
(23 0S, 45 0 W)

Fortuleza
(4°S, 38»W)
El Arenosillo
(370N, 6°W)

Aberystwyth
(520N, 30W)

Spectrometer
(OH Meinel intensity,
temperature)

M.F. Imaging Radar
(Winds, Turbulence,
Electron Density)
M. F. Radar
(Winds, Waves (FW, Tides,
GW) 60 - 110 km)
Solar IR spectrometer
(HNO3, Oa, other trace gases)
Meteor Radar
(Winds, 80 - 110 km)

LIOAR
(Sodium, 80 - 105 km)
Airglow Photometer
(OI 5577, 02 8645, NaD 5893,
OH<9.4), temperature from
O: + OH emissions)
see above

Dobson Spectrometer
(Oo , O - 30 km)
A3-absorption

Airglow Spectrometer
(Temperature: OH(6-2)
Oz (' Z) ; 85 and 95 km)
LIDAR
(Molecular densities,
temperatures)
VHF Radar
(Winds, Waves, Turbulence)

Sharp
(Space Physics Res. Lab.,
Ann Arbor)

Adams
(Utah State University)

Hanson
(University of Saskatchewan)

D. Murcray
(University of Denver)
Clark
(Electrical and Computer
Engr. Dept., UNH, Kingsbury)
Clemesha/Takahashi
(INPE)
Clemesha/Takahashi
(INPE)

Clemesha/Takahashi
(INPE)
Gil Ojeda/Cisneros
(INTA)
Morena
(Estacion des sondeos de
El Arenosillo)
Scheer
(PRONARP)

Thomas / Mitchell
(University of Wales)
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Table 1, continued
STATION
(GSOGR. COORD.)

TSCOlKOUE
(PARMISTBRS)

BXPERIMSHTSR
(INSTITUTION)

Biscarosse
(44°N, I0W)
CEL
<44°N, I0W)
Bordeaux
(45°N, 1°W)

South Pole

Tortosa
!410N, 0«E)
Toulon
(43°N, 50E)
Obs. Haute Provence
(44°N, 6° E)
Bologna
U4°N, 6« E)
Jungfraujoch
(46°N, 8« E)

Garmisch-
Partenkirchen
<48°N, 11»E)
Hohenpeifienberg
(480N, U0E)
Frascati
(42° N, 12° E)

Pruhonice
(50°N, 14.6»E)
Graz
(4TN, 15«E)
Bleik
(69°N, 16« E)

Andoya
(69°N, 16° E)

Tromso
(7O0N, 190E)

Skibotn
(69°N, 2O0E)
Sodankylâ
(67°N, 270E)

Onsala

Pushkhino
(550N, 370E)

Rayleigh LIDAR
(Density, Temperatures)
IR-Speotrometer
(OH*-temperatures, 86 km)
Microwave Spectrometer
(O3 ; z 2 35 km)
Dobson Spectrometer
(O3)
LIDAR
( Aerosol -Rayl eigh )
A3-absorption

VHF ST Radar
(Winds, tropopause altitude)
LIDAR
(Density, Temperature, Winds)
Meteor Wind Radar
(Winds, Waves)
Isocon TV camera
CCD Imaging Photometer
(OH-emissions at - 85 km,
OI 555.7 nm, Na 589.2 nm)
IR absorption spectrometer
(Minor constituents,
trace gases)
Aerosol-LIDAR

Ozone-LIDAR

Rayleigh-LIDAR
(Density, Temperature)
(80 - 100 km)
A3-absorption

A3-absorption

SOUSY-VHF-Radar
(Winds, 60 - 90 km)
SOUSY-Lidar
(Density)
LIDAR
(Temperature from 20
to 50 km and 80 to 110 km;
total density from 20 to 50 km)
IR-Spectrometer
(OH*-temperatures, 86 km)
STARE coherent radar
(backscattered intensity,
estimates of electron
velocity)
Partial reflection experiment
(electron density, turbulence)
EISCAT
(Winds, 70 - 90 km)
(Temperature!?), Positive Ion
Masses(?})
Rayleigh-LIDAR
(Température, Density)
Michelscn Interferometer
(Winds, Temperature)
Riometer measurements
(ionospheric absorption)

Microwave Spectrometer
(mesospheric CO and O3)
Microwave Spectrometer
(mixing ratio of O3, vertical
distribution in 25 - 65km)

Chanin / Hauchecorne
(CNRS)
Offermann/Bittner/Graef
(BUGW)
De la Noë
(CNRS)

Fiocco
(University of Rome)
Alberca
(Obs. del Ebro, Roquetes)
Crochet
(LSEET)
Chanin / Hauchecorne
(CNRS)
Cevolani
(FISBAT/CNR)
Rothwell
(University of Sussex)

Zander/Delbouille
(University of Luttich)

Jâger
(FHG)

Wege/Hartmannsgruber
(Deutscher Wetterdienst)
Adriani/Gobbi
(CNR)

Lastovicka
(Geophys. Inst., Prague)
Friedrich
(University of Graz)
Czechowsky/Ruster
(MPAe Lindau)

v. Zahn
(University of Bonn)

Offermann/Bittner
(BUGW)
Nielsen
(MPAe Lindau)

Hansen
(Auroral Obs., Tromso)
Hoppe
(NDRE, Kjeller)

Chanin
(CNRS)
Thuillier/Herse
(CNRS)
Ranta
(Geophys. Obs. of the
Finnish Acad. of Science
and Letters)
Elldér
(Onsala Space Observatory)
Salomonovich
(Lebedev Physical Inst.)
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Table 1, concluded
STATION
(GEOGR. COORD.)

TECHNIQUE
(PARAMETERS)

EXPBRIMBNTSK
(INSTITUTION)

Gorky
(56°N. 46« E)

Irkutsk
(52°N. 104«E)

Hatukosek
(TS. 1120E)

Fukuoka
<33»N, 130«E)
Nagoya
(35«N, 136«E)
Shigasaki
(35«N, 136"E)

Tsukuba
(36«N, 140«E)

Scott Base
(78° S, 167« E)

Christchurch
(44« S, 173°E)

VLF signal generation
Crossmodulation Measurements
(Direction of ionopheric
currents, turbulence, periods
of acoustic gravity waves and
vertical wavelengths, Ne(h),
Yt* (h)profiles
Ionospheric winds
by Dl method, 4f-range

Ionospheric Transceiver

Rayleigh-LIDAR
(Density, Temperature)
LIDAR
(Density, Temperature)
MU-Radar
(Winds, Waves)

LIDAR
(Oa, Density, Aerosols)

Medium frequency partial
reflection spaced antenna
wind radar
(horizontal winds)
as above

Kotik
(Radiophys. Res. Inst., Gorky)

Kazimirovsky
(Siberian Institute of
Terr. Magn., Ionosphere and
Radio Propagation)
Soegijo
(Indonesian Inst. of
Aeronautics and Space,
Bandung)
Shibata/Maeda
(Kyushu University)
Iwasaka
(Nagoya University)
Kato/Fukao/Yamanaka
(Kyoto University)
Tamaka
(Water Res. Inst., Nagoya)
Nakane
(National Inst. for
Environmental Studies)
Fraser
(Univ. of Canterbury)

Fraser
(Univ. of Canterbury)

Numerous lidars will measure atmospheric
density and temperature, or minor con-
stituents as ozone and sodium. Various
MST, ST and other radars will determine
horizontal and vertical winds. Some of
them will also detect atmospheric tur-
bulence. Minor constituents and their
reactions to dynamical disturbances will
be monitored by a variety of spectro-
meters and photometers/radiometers for
emission as well as absorption measure-
ments in the visible, infrared and micro-
wave p*rt of the spectrum. A network of
ionospheric stations will observe D- and
E~region reactions to atmospheric
dynamics.

3.1.2. Balloon experiments. Balloon
experiments are mostly dedicated to
stratospheric ozone. Variations in the Oa
field are good indications for dynamical
disturbances on various scales (see for
instance De Bakker, 1988). Other balloon
flights are planned to determine various
minor constituents in the stratosphere.
Details are given in Tab. 2. Coordination
of a CHEOPS campaign with DYANA is a
possibility.

3.1.3. Rocket experiments. A large
number of meteorological rockets will be
flown in the stratosphere and mésosphère
(Datasondes, M 100, falling spheres).
They complement the lidar and radar
measurements to determine a full set of
dynamical parameters (winds, density,
temperature) with high vertical

resolution, good time and altitude
coverage, and independence of local
weather. Pairs of rockets with passive
falling spheres and Datasondes cover the
largest possible altitude regime. This is
important because some planetary waves
exhibit characteristic structures in the
60 - 75 km and 30 - 50 km regime. Good
radiosonde data are required as a basis
for the rocket data analysis, and to
provide the link to the troposphere.
Hence a number of radiosonde releases
is planned. Falling spheres require
precision tracking radars, and are
therefore launched only from places where
such radars are available (RIR 774 C,
MPS 36, FPS 16, etc.).

A number of larger rockets are planned
for the study of turbulence in the upper
mésosphère/lower thermosphère. They will
be launched in Northern and Western
Europe. It is intended to study
latitudinal differences of turbulence
this way.

Several larger rockets will be launched
to determine minor constituents in the
middle atmosphere (Oa, source gases,
radicals). Minor constituents are very
sensitive to atmospheric dynamics. This
holds especially for Oa and HzO in the
mésosphère, but also for many other
species in the middle atmosphere. Some
ionospheric parameters will also be
measured. Details of the rocket
experiments are given in Tab. 3.
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Table 2 BALLOON SXPBRIMSUTS

STATIOH EXPERIMENT
(GBOGR. COORD. ) (SOHBSR)

El Arenosillo Oa -Sonde
(3TN, 6°E) (20 x ECC)
Hohenpeifienbera O» -Sonde
(47«N. 11»E) (3 x B/M

per week)
Garmisch- Oa -Sonde
Partenkirchen (B/M)
(47«N. 11«E)
ESRANGE ?

Hyderabad Cryo Sampler,
(17»N, 78« E) Radiation payload

Pameunpeuk Oa -Sonde
(7«S. 107« E)
Southern Scientific
Hemisphere Balloon Gondola

Table 3 SOCKS

STATION VSSICLS NUMBER
(GSOGR . COORD. ) (EXPSRIMSNT)

Cold Lake Super Loki 18
(54» N, 110» W) (Datasonde)

El Arenosillo Super Loki 15
(37« N, 6° W) (Datasonde)

Super Loki 5
(Datasonde)

CEL Viper IIIA-12A 31
(44«N. I0W) (Falling Sphere)

(3 test flights)

Viper IIIA-12A 15
(Chaff)
Viper IIIA-12A 8
(Chaff)

Viper IIIA-12A 4
(Falling Sphere)

Nike Orion 8
(TURBO)

Andoya Viper IIIA-12A 33
(69« N, 16« E) (Falling Sphere)

Super Loki 24
(Datasonde)

Viper IIIA-12A 15 &
(Chaff)
Nike Orion 8
(TURBO)

FLOAT
ALTITUDE

35 km

35 km

35 km

40 km

T SXPS

APOGEE

73 km

73 km

73 km

113 km

z S 110 km

z S 110 km

113 km

125 km

113 km

73 km

110 km

125 km

OBJECTIVE

Ozone

Ozone

Ozone

Trace ?
Constituents ?
Minor
Constituents

Ozone

Trace
Constituents,
Temperature ,
Potential
Temperature

R IMENTS

OBJECTIVE

Temperature ,
Winds
(z <; 65km)

Temperature ,
Winds
(z <. 65 km)
as above

Density, Tempe-
rature , Winds
(z S 100 km)

Winds
(60km - 105km)
Winds
(60km - 105km)

Density, Tempe-
rature , Winds
(z & 100 km)
Turbulence,
Density

Density, Tempe-
rature, Winds
(z <. 100 km)
Temperature ,
Winds
(z <; 65 km)
Winds
(65km - 105km)
Turbulence,
Density

EXPERIMENTER
(INSTITUTION)

Gil/Cisneros
(INTA)
Wege/
Har tmannsar uber
(DWD)
Jâger
(FMG)

Schmidt ?
(KFA Jiilich) ?
Borchers /
Subbaraya
(MPAe / PRO
Soeoi jo
(LAPAN)
Aimedieu,
(CNRS)

EXPERIMENTER
(INSTITUTION)

Offermann/Bittner
(BUGW)
Soule
(CFB Cold Lake)
Schmidlin
(NASA)
Offermann/Bittner
(BUGW)

Gil
(INTA)
Offermann/Bittner
(BUGW)
Mourié
(CEL)
Hauchecorne
(CNRS)
Widdel
(MPAe)
v.Zahn /
Siebenmorgen
(Univ. of Bonn)
v. Zahn /
Siebenmorgen
(Univ. of Bonn)
v. Zahn/Lûbken
(Univ. of Bonn)
Thrane/Blix
(NDRE)
Offermann/Bittner
(BUGW)

Offermann/Bittner
(BUGW)

Widdel
(MPAe)
v. Zahn/Lûbken
(Univ. of Bonn)
Thrane/Blix
(NDRE)
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TaJbJe 3. concluded
STATION
(GSOGR. COORD.

Esranae
(68«N, 210E)

Volgograd
(48° N, 44° E)

Heiss Island
(81°N, 58«E)

Thumbs
(9°N. 75« E)

Jiuquan
(40«N. 980E)

Pameunapeuk
(7° S, i07«E)

Kaaoshima
(31«N, 1310E)

Ryori
(390H, 1410E)

VEHICLE NUMBER APOGEE
) (EXPERIMENT)

Viper IIIA-12A 4 113 km
(Falling Sphere)

Viper IIIA-12A 8 <: 110 km
(Chaff)

Skylark 6 (or 7) 2 180 km
(SISSI)

Super Loki 4 73 km
(Datasonde)

Orion 1 65 km
(RASMUS)
M-IOOB 16

M-IOOB 16

M-IOO 33

Ozone Rockets 12

Super Loki 19 73 km
(Falling Sphere)
(4 test flights)

Super Loki 15 73 km
(Datasonde)

Viper IIIA-12A 15 113 km
(Falling Sphere)
(3 test flights)

Super Loki 14 73 km
(Datasonde)
(2 test flights)

MT-135 2 120 km

Meteorological
Rockets

OBJECTIVE

Density, Tempe-
rature , Hinds
(z Z 100 km)
Winds
(65km - 105km)

Minor
Constituents

Temperature,
Winds
(z S 65 km)
Source gases

Temperature,
Winds , Pressure ,
Density, Chaff,
Electron Density
Temperature ,
Winds , Pressure ,
Density, Chaff,
Electron Density
Temperature ,
Winds
03 -measurements

Temperature ,
Winds

Temperature ,
Winds
(z S 65 km)
Temperature ,
Density, Winds
(z <: 100 km)

Temperature ,
Winds
(z S 65 km)

Minor
Constituents
Temperature ,
Density, Winds

EXPERIMBHTBR
(INSTITUTION)

v. Zahn /
Siebenmorgen
(Univ. of Bonn)
v. Zahn /
Siebenmorgen
(Univ. of Bonn)
Gro&mann/Homann
(BUGW)
Ulwick
(Utah State Univ.)
Friedrich
(Univ. of Graz)
Grofimann/Homann
(BUGW)

Fabian/Borchers
(MPAe)
Kokin
(CAO)

Kokin
(CAO)

Subbaraya/Perov
(ISRO/SCHCNE)
Subbaraya/Perov
(ISRO/SCHCNE)
Offermann/Buhler
(BUGW)
Schmidlin
(NASA)
Chen Zhao
(CASI)
Soegijo
(LAPAN)

Offermann/Bittner
(BUGW)
Schmidlin
(NASA)
Oyama/Itoh/
Yamanaka
(ISAS)
Offermann/Bittner
(BUGW)
Schmidlin
(NASA)
Oyama/Itoh/
Yamanaka
(ISAS)
Ogawa
(Univ. of Tokyo)
Kojima
(JMA)

Satellite measurements of atmospheric
temperature and other parameters will be
used to the extent that they are
available.

3.2. Temporal structure

The campaign will be conducted during
Northern hemisphere winter (1989/90), to
provide a reasonable probability of well
developed planetary waves, gravity waves,
and turbulence. A measurement period of
about two months should be sufficient to

cover the scientific goals described.
Best probability of high wave activity is
expected for the January/February time
interval. In 1990 there is a good chance
of finding a major stratospheric warming
if the QBO behaves regularly. Minor
constituents measurements prefer a
slightly later date (March), if they want
to study the interplay of dynamics and
photochemistry.
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The campaign starts early in January 1990
with a pre-phase, during which the
dynamical state of the atmosphere will be
explored (two weeks). This will be done
by one rocket station, one lidar and one
radar in the central or inner part of the
network, in conjunction with other around
based instruments like OH*-spectrometers.

If the pre-phase stations find suffi-
ciently strong dynamical disturbances,
the main phase will be started. It will
last for eight weeks. During this phase
two meteorological rocket launches per
week will be performed at each rocket
range. At places where Datasondes as well
as falling spheres are available, two
falling spheres and two Datasondes will
be launched per week. Lidar and other
ground based activity will be at a high

level during this part of the campaign.
In case weather is good this will allow
not only for identification of planetary
waves, but also for determination of the
time development of their amplitudes.
A preliminary launch scheme for these
rockets is given in Tab. 4. A common
local time (21 h) is chosen for the
rocket launches to avoid tidal effects as
much as possible. Night launches are
chosen to facilitate laser measurements,
other ground based optical experiments,
and a number of rocket experiments.

During the main phase there will be
several intervals with increased rocket
launch frequencies. Two of them are
intended for close examination of gravity
waves and turbulence. Each of them
contains launches of up to six falling

Rocket launch sequence for planetary nave studies
15. Jan. - 15. March 1990

Weekly launch days;

Station Monday Tuesday Wednesday Thursday Friday Saturday

Cold Lake Datasonde
El Arenosillo Datasonde
CEL

Datasonde

Andoya Datasonde

Volgograd M 100
Heiss Island M 100

Thumba
Jiuquan
Pameungpeuk
Kagoshima
Ryori

M 100

Datasonde

Sphere
Chaff
Sphere
Chaff

M 100
Sphere

Sphere

Datasonde

Datasonde

M 100
M 100

Datasonde

M 100

Sphere

Sphere

Sphere

Sphere

spheres, two Datasondes (if available),
two TURBO and four chaff payloads. The
rockets will be launched as closely
together in time as the range facilities
allow. A respective scheme is presently
being developed. These launches will be
from Andoya and CEL. Lidars and other
rockets will provide near real time alert
data that will trigger these gravity
wave/turbulence salvoes. Lidars and all
other ground stations will be in the
highest activity mode during these
salvoes and some time afterwards. At
least one of these salvoes at Andoya will
be synchronized with minor constituent
measurements at Esrange (SISSI, RASMUS).

Towards the end of the main phase there
will be a study period for minor
constituents. This will be from the

beginning of March onward. The rather
late date allows for sufficiently loner
daily periods of sunlight in the
atmosphere to study the interplay of
dynamics and photochemistry. It should be
remembered that the mesospheric ozone
spring maximum determined by SME occurs
around the middle of April. It takes more
than one month to go from the 50 * level
of the Oa increase to its 100 % level.
Part of this build-up phase of Oa would
thus be within reach of the DYANA
campaign. The Oa increase is believed to
be related to gravity wave activity. This
is another reason for synchronizing one
of the gravity wave/turbulence salvoes at
Andoya and the minor constituents
measurements at ESRANGE.
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THE SKYLARK SOUNDING ROCKET PROGRAMME AND FUTURE
LAUNCHER DEVELOPMENTS BY BRITISH AEROSPACE

(SPACE SYSTEMS) LTD.

J.A. ELLIS

BRITISH AEROSPACE (SPACE SYSTEMS) LTD.
BRISTOL
ENGLAND

ABSTRACT

The paper relates briefly to the past history of
the Skylark Sounding Rocket, and provides a
background to the rationalisation of the
variations of Rocket now available. It lists
the last two years launch programme , with a
summary of future scheduled progammes, a brief
description is then given of the future
interrests of BAe in Rocket Launchers, in
particular LittLEO the Small Launcher for
payloads into Low Earth Orbit.
Keywords: Sounding rocket, Skylark,
Programme, LittLEO,

1. INTRODUCTION - SKYLARK

Several times in the past 15 years some users ot
Sounding Rockets have considered they would
become obsolescent. However 31 years after the
first launch of a Skylark, sales of the Rocket
are continuing and it is the work horse of the
European Sounding Rocket Programme.

To date 410 rockets have been launched not
including the current TEXUS programme, which
will bring the number to 412 .

The highly successful Skylark vehicle was first
built by the Royal Aircraft Establishment RAE
and launched at Woomera Australia in 1957. In
1961 British Aerospace,or as it was then known
the British Aircraft Corporation BAC, became
responsible for the preparation of Skylark
Payloads, followed in 1964 by becoming the
Design Authority for the Rocket. BAe also
assumed the responsibility for the launches of
Skyark Rockets and had some 200 people working
on the project. Launches were carried out in
locations from Australia, Norway, Sweden, Spain,
Sardinia, Brazil and Argentina.

During the period up to 1976 the team at Bristol
were involved in programmes for both the
British National Sounding Rocket Programme and
for ESA. Unfortunately in the late 1970's both
of these programmes were phased out in favour of
Satellite payload missions. In recent years the
skylark vehicles have been used by the various
German Programmes for both Scientific and
Micrograviy payloads. Since 1957 there have been
many developments of motors and many
configurations offered. At the previous ESA
Symposium in Sweden the Skylark 17 was presented
as an option for the Longer Duration Sounding
Rocket Programme which gives some idea of the
number of variations that have been considered.
To day British Aerospace (Space Systems ) Ltd
offer three options a one two and three stage
Rocket known as Skylark 5, 7 and 12. These
Rockets I'm sure are familiar to you all, the
most common being Skylark 7 with a typical
performance of 300kg payload to 300Km, and the
Skylark 12 with a typical performance of some
125Kg to 850Km.

In 1987 there were two failures of Skylark 7 at
Kiruna in Sweden. BAe and Royal Ordnance
conducted exhaustive investigations into these
failures and demonstrated two unrelated causes.
Appropriate modifications to the Second Stage
Raven XI motor were introduced and a test flight
in Hay 1988 demonstrated the effectiveness of
the changes and that Skylark was back on course.

2. SKYLARK LAUNCH PROGRAMME

Since the test flight in May 1983 there have
been seven successful launches for the various
German programmes, these were:-

MISSION
LAUNCH SITE

INTERZODIAC
NATAL, BRAZIL

ROSE
ANDOYA, NORWAY

LAUNCH DATE
VEHICLE

3 SEPT 88
SKYLARK 12

26 NOV 88
SKYLARK 7
5 DEC 88
SKYLARK 7

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7 April 1989
(ESA SP-2'.»1, June 1989)
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ROSE,
KIRUNA, SWEDEN

TEXUS 19 S 20
KIRUNA, SWEDEN

7 FEB 89
SKYLARK 7
10 FEB 89
SKYLARK 7

28 NOV 88
SKYLARK 7

Future programmes include the current TEXUS 21
and 22 launches and following a further order of
Skylark 7 Rockets by MBB/ERNO this confirms
Skylarks for the TEXUS programme up to the
Autumn of 1993.

The selection of a Skylark 12 for the MAXUS test
flight in Autumn 1989 is also an important
future launch in the Skylark programme.

3. FUTURE DEVELOPMENTS - LITTLEO

LittLEO is a European Small Launcher initiative
proposed by a European consortium led by General
Technology Systems Ltd, of which British
Aerospace is playing a major role, through Space
Systems Ltd and Royal Ordnance.

The world market for a Small cost effective
launcher capable of lifting some 500kg - 1000kg
into a Low Earth Orbit has been studied in great
depth by numerous Market Surveys. Its existence
has been shown quite clearly, but there are
numerous Competitive initiatives for launch
vehicles being put forward by consortia around
the world. An important factor in the market
will be the existence of a cost effective
recoverable capsule for microgravity experiments
and again various options have been proposed.

LittLEO is unique in it being a European answer
to the requirement and is linked with the
development of Andoya by the Norwegian Space
Center as its initial launch Site for Polar
orbits.

4. LITTLEO CONFIGURATIOK

The Rocket has developed from its initial
concept driven by the need to keep costs down
and the related Motor development by Morton
Thiokel of the Castor IVB motors with Thrust
Vector Control.

The first Second and Third Stage will all be
based on the Castor IVB Motors of Morton
Thiokel, with the Third Stage a shortened
version. The Fourth Stage is the Star 48 apogee
motor. The performance will be some 766Kg into
low earth polar orbit,from Andoya, and some
1022kg from an equatorial launch.

CONHGUKATlON

STAGE MOTORS

1 4 x CASTORIVB
2 IxCASTORIVS
3 CASTOR WB (Shortened Vtfflon)
4 STAR-4»

5. LITTLEO APPLICATIONS:

Proof of Concept Missions:
For the practical demonstration of the viability
of new concepts or systems in small and low cost
Satellites.

System Replenishment:
The replacement of one of a cluster or system of
low orbit satellites to a regular schedule or as
a result of a failure.

Novel Space Science:
An opportunity for Space Scientists to carry out
experiments of limited scope without being
dependant upon the availability of piggy back
launches.

Technology Qualification:
The qualification of newly developed technology
in an operational satellite particularly where
trials are required prior to inclusion in a
larger spacecraft.

Microgravi' y:
For Experiments where conditions of microgravity
are required for periods in excess of those
offered by Sounding Rockets. Such research
includes material Sciences and Life Sciences.

Satellites in Education:
An opportunity for school, college and
University students to become involved in Space
Sciences at an early stage

6. LITTLEO ORGANISATION AND SCHEDULE

The project team led by General Technology
Systems Ltd (GTS) comprises of British Aerospace
(Space Systems) Ltd, Royal Ordnance PIc,
Norwegian Industry Group Norwegian Space Centre
and SAAB Space.
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The plan for the development of LittLEO is now
complete and the project is on the eve of its
full development programme, leading to a launch
in late 1S91 of the initial test flight. The
Development Plan is shown:

DEVELOFMENTPlAN

I im I 1MO ! IMl

British Aerospace is confident that a Small
Launcher will prove a commercially viable
project within Europe and will work with the
team to ensure its success.
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TELEMETRY MONITORING AND STORAGE

B LJUNG

Swedish Space Corporation
P.O. Box 4207, S-171 04 Solna, Sweden

TELEMETRY
MONITORING SYSTEM

SWEDISH SPACE CORPORATION
PROJECTINFORMATION
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PREDICTION OF THE 10 CM SOLAR FLUX INDEX

P. Lantos

Forecasting Center, Paris Observatory, Meudon, France

\

ABSTRACT

The 10.7-cm solar flux index evaluates and
forecasts solar radiation in the X and UV range,
thereby predicting effects on the terrestrial
atmosphere. The origin of the centimeter emission
is reviewed, and the operational, short-term
prediction method (a few days in advance) is
evaluated. Long term predictions for the next
solar cycle maximum (in 1990) are given. The
present cycle is probably one of the strongest
solar activity cycles.

Keywords: Solar Radiation, Solar Activity
Prediction, Solar-Terrestrial Physics

1. INTRODUCTION

The solar flux at 10.7-cm wavelength is widely
used as an index of solar activity to study the
effect of solar radiations on the Earth's
atmosphere because it represents an acceptable
substitute for more recent and more difficult
absolute X and UV measurements (see review by
Lean,Réf. 1). The 10.7-cm solar flux has been
measured with ground-based radiotélescopes since
1946, ensuring a continuous set of data over four
11-year solar cycles. The reference observatory is
located in Canada and the measure of the 10.7-cm
flux at 17 UT is taken conventionally as the daily
index. Unlike the sunspot number index (obtained
by sunspot counting), the 10.7-cm flux is a
measured physical index. As the solar X and UV
flux is of importance for the equilibrium of the
Earth atmosphere, particularly below 200 km, the
applications of the 10.7-cm index measurement and
prediction deal with aeronomy and ionospheric
physics (including radio propagation). Satellite
drag predictions based on atmospheric models at
higher altitudes also need solar centimetric
indices.

2. ORIGIN OF THE 10-cm SOLAR EMISSION

When monthly mean values are considered, the
10.7-cm flux is closely related to the number of
sunspots present on the disk, the correlation
coefficient being 0.99. A linear regression
analysis leads to the simple relation: S = 62.76 +
RI * 0.8789 where S is the 10.7-cm flux in solar
flux units (10(-22) W/m2/Hz) and RI is the monthly

mean international sunspot index. Figure 1 shows a
comparison of 10.7-cm flux and sunspot index for
the last cycle.
The two terms of the relation correspond . to two
distinct components of the solar radio emission at
10 cm wavelength in the absence of flares. A
slowly varying component is superimposed on a
quiet sun background. The background is similar in
size to the solar optical disk ond is of thermal
origin. The slowly varing component is also of
thermal origin but localized above active centers.
Its emission mechanisms are bremmstraiilung and
gyromagnetic effect (i.e. related v electron
breaking respectively by ions and by magnetic
fields). The excellent correlation with sunspot
numbers, when monthly mean values are considered,
must not hidde the fact that the centimeter
emission around 10 cm is (as UV and X-ray flux)
also dependent on the solar faculae area within
the active regions.
On a daily basis, the relationship between sunspot
number and radio flux is less strict and thus the
similarity between both indices is particularly
usefull for long term prediction.

p i i T | - i r i i | T ! i r | n r i | i i i-rf i i i r| n i-rn
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Figure 1. Comparison of RI and 10.7-cm indices for
the last cycle (1976-1986).
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3. SHORT TERM PREDICTION

The prediction of the solar radio flux is based on
the observed daily flux. Extrapolation takes into
account the center-to-limb effect and the
predicted evolution of each active region. Figure
2 shows a comparison of the observed daily flux
(O) over seven months with the flux (P) predicted
one day in advance. The mean relative error is
0.1* and the rms dispersion is 3.5 X. For a
prediction two days in advance, the rms dispersion
is 6 X and it falls to 8 X for a prediction three
days in advance.
Predictions of the solar flare flux can also be
made, but as it is not presently done on a regular
basis, it is not possible to evaluate the accuracy
of the prediction.
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Figure 2. Comparison of daily observed 10-cm flux
(O) with the prediction one day in advance (P).

4. LONG TERM PREDICTION

The sunspot numbers are measured since 1750 and
less reliable data are available since at least
1610. It is relevant to use RI indices rather than
radio observations for long term predictions, as
both indices are equivalent. Several other methods
have been proposed for long-term predictions but
none of them has been sufficiently reliable. For
long-term prediction smoothed monthly mean values,
which are one year running averages, are used. For
the present cycle the smoothed values are
available up to the 23 rd month starting from the
minimum. In figure 3, the profiles of the other
strong cycles (cycles number 3, 8,11,18,19, and
21) have been normalised to the minimum (A) and to
the last available value (B) of the cycle 22
(RI=113). The average maximum in this reference
frame may be used for a prediction of the present
cycle maximum. The results of this method are a
predicted maximum sunspot number of 218 (± 25) and
a predicted month of the maximum of 41 (which
corresponds to february 1990). For comparison the
highest historicaly measured cycle is the cycle
numbered 19 with an observed maximum of 201. In
this evaluation, the profile of the cycle 18 is
eliminated because the predicted value is too
different from the others.

Figure 3. Predicted 22 th cycle profile from
normalization of previous strong cycles.

The above method is rather sensitive to the chosen
epoch of cycle minimum. To avoid this limitation,
we may consider the derivatives of the cycle time
profiles. Derivatives are less sensitive to the
cycle minimum definition because the present
period is close to the curve inflexion points.
Most of strong cycles, except cycle 19, have
maximum smoothed RI values around 150. Their
average derivative versus time is plotted as curve
A on figure 4. In the same figure the cycle 19 and
and 22 derivatives are found close to each other
and thus we can conclude that the cycle 22 will be
similar to the cycle 19. Thus the present cycle
will be the first or the second of the highest
cycles since the XVII _th _ç_entu_ry.
In terms of smoothed 10.7-cm radio flux, according
to the relation given in paragraph 2 and to the
value of the cycle 19, one can predict a maximum
smoothed value around 240 W/m2/Hz for the present
cycle. For many applications, in particular when
short time scales are involved, it is relevant to
use data obtained during the cycle 19 to forecast
the range of future effects of solar activity on
the Earth atmosphere.
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Figure 4. Comparison of derivatives: cycles 19, 22
and average of other strong cycles (A)
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In the following a survey is given of the
ongoing and planned projects of extrater-
restrial research within the German Space
Program, making a distinction between
astronomy and exploration of the solar
system.

The German Space Research Program distin-
guishes between national, bilateral, and
European projects. Germany is a strong
supporter of the ESA long-term space plan
"Horizon 2000" and executes a substantial
complementary national program.

In the field of astronomy/astrophysics
the current program contains participa-
tion in the Hubble Space Telescope, in
the data evaluation of the International
Ultraviolet Explorer IUE, launched in
1978, and in ESA's astrometry satellite
project HIPPARCOS.

To ESA's Infrared Space Observatory ISO,
two German teams are contributing focal
plane instruments (ISOPHOT; ISO-SWS)
which are built in close cooperation with
other European scientists.

The German X-ray satellite ROSAT is
designed for a sky survey and for pointed
observations in the energy range from
0.04 to 2 KeV. Manufactured in Germany
with contributions by NASA and SERC,
ROSAT will be launched with an expendable
launch vehicle in 1990.

Germany supplies an imaging Compton
telescope for 1 - 3 0 MeV (COMPTEL) and a
major part of the Energetic Gamma Ray
Experiment Telescope 20 MeV - 30 GeV
(EGRET) to NASA's Gamma Ray Observatory
(GRO).

An advanced 1 m EUV telescope ORFEUS is
under development for the free flyer
system ASTRO-SPAS, to be released from
the Space Shuttle for a short duration
mission.

Exploration of the solar system is
divided into three parts

- Magnetospheric research/Plasmaphysics
- Aeronomy research and
- Planetary system research
In the area of magnetospheric research
Germany participated with SERC and NASA
in the three satellites Active Magneto-
spheric Particle Tracer Explorer AMPTE,
successfully launched in 1984, with
ongoing data evaluation.
SOHO, the Solar and Heliospheric Obser-
vatory, and CLUSTER form the Solar
Terrestrial Physics cornerstone of the
ESA long-term program. Many German
scientists have been selected for sup-
plying instrumental contributions to this
program.

In aeronomy research, CRISTA, a cryogenic
infrared spectrometer/ telescope for the
atmosphere is specially developed for a
second mission of ASTRO-SPAS, to be
released from the Space Shuttle.
ASTRO-SPAS is a reusable Space Shuttle
dedicated satellite for space science and
application missions.

In planetary system research using space
probes, the solar probes HELIOS A and B
successfully supplied scientific data for
over 11 years which are still evaluated
by international teams.
German scientists contributed numerous
scientific experiments to the GIOTTO
probe which successfully encountered
Halley's comet in March 1986.
The other space probe projects with
German participation are GALILEO to
explore Jupiter and its moons and ULYSSES
with the former designation International
Solar Polar Mission (ISPM), which are now
scheduled for launch on the Shuttle in
1989 and 1990.

In the soviet PHOBOS project, which
consists of two planetary probes to orbit
Mars' moons, German investigators are
involved in six instrument developments.
Germany plans to contribute a High
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Resolution Space Camera HRSC to the
MARS-94 mission of the USSR
Germany will also participate in the NASA
project CRAF (Comet Rendezvous and
Asteroid Fly-by mission) with scientific
instruments and a propulsion system
module.
In addition to this, several sounding
rocket projects in all disciplines have
been performed - for instance a campaign
in Australia for the SN 1987a, and
several campaigns for the middle atmo-
sphere program - and more are planned for
the future. Germany is a strong supporter
of the ESRANGE special project with many
campaigns in Andoya/N and Kiruna/S.
Besides future German participation in
the ESA long-term space plan, national/-
bilateral projects are in a planning and
preparatory phase:
SPEKTROSAT as a ROSAT successor with
improved spectral resolution and a German
"Planetenteleskop" with a 1 m-mirror and
< 0,1 arcsec pointing and tracking
accuracy. To the NASA project SOFIA -
Stratospheric Observatory for Infrared
Astronomy - the contribution of the
telescope system is in a definition
phase. A German participation in the US
Orbiting Solar Laboratory OSL (former
observatory HRSO) with a spectrograph for
the visible spectral range as part of its
coordinated instrument package is pre-
sently investigated. Also a German
participation in the FREJA project in
cooperation with Sweden, USSR, Great
Britain is under discussion.

Technological aspects of future projects
are studied in most promising areas and
in preparation for these projects or
their sophisticated scientific instrumen-
tation.

The German Program makes use of the
opportunities of the ESA science program
as well as of the cooperation offered
from other organizations (e.g. NASA,
IKI ) , Supplemented by national comple-
mentary programs it stands as a well-
balanced, comprehensive long-term program
with time phase priorities on different
scientific subjects.

Figures
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LONG DURATION BALLOON FLIGHTS IN THE MIDDLE STRATOSPHERE

Pierre Malaterre

Centre National d'Etudes Spatiales (ONES)
Division Ballons
18, avenue Edouard Belin
31055 Toulouse Cedex, France

ABSTRACT

A scries of long duration flights has been car-
ried one in the Soucnern Hemisphere, at levels
of 25 co 32 kras. Ttie scientific experiments con-
cerned stratospheric water vapor measurements
with an experiment from L.H.D. (Laboratoire de
Météorologie Dynamique), Paris), and an experi-
ment of geophysics with the measurement of magne-
tic crus'cal anomalies over the Atlantic and
Pacific ocean prepared by I.P.G. (Institut de
Physique du Globe, Paris).

The balloon LS playing in important role between
satellites and ground stations measurements,
by providing in-situ datas. This is specially
true for the regions of the globe where meteorolo-
gical sounding stations are scarce, for monito-
ring of constituants such as water vapor, ozone,
N02, on long range and period, in the layers
of the atmosphere where they are presents.

To meet requirements outline above, C.N.E.S.
has developped a balloon platform able to fly
several weeks in the lower stratosphere with
a 40 to 80 kg payload, which correspond to the
actual demand of the French scientific teams
involved in these kind of measurements. This
platform can be used for any kind of experiment,
so far : it needs a long time and distance flight,
the payload -is not too heavy, and the flight
altitude re.nains in the lower stratosphere. That
is the way a geophysics experiment on magnetic
crustal anomalies and a humidity measurement
package have been flying during November/December
1988, over Atlantic ocean, South America, then
Pacific ocean, and that a stratospheric dynamics
package will be launched for a Transatlantic
flight during the next campaign in November HJfjy.

According to the foregoing, the main character! s-
tics of such a balloon are its ability to main-
tain the payload at flight levels for sufficiently
long periods, and to transmit real time datas
to ground stations 'oecause, generally, payloads
are not designed so as to be recovered.

Major objectives can be fulfilled with a superpres-
sure balloon, but this way, after being investiga-
te, still needs additionnai work and C.N.E.S. team
involved in those long duration flights has put
its efforts to develop the MIR Project (Infrared
Montgolfière). The starting point was an idea
put forward by Service d'Aéronomie from C.N.R.S.
(.1 P Pommereau and A Hauchecorne ), in 1976
(Réf. 1). The first proof of concept flight took
place in December 1977. The balloon used for
this flight displaced 5 800 m3 and featured a
transparent lower part and aluminised upper part.
The principle is that the lower part, and the
inner skin of the balloon, absorbs infrared ener-
gy radiated by the earth and the background,
while the rate of re-emission of the same energy
is kept as low as possible by the shape of the
enveloppe and a thermal coating of the upper
half which is covered with aluminium film.

The overall efficiency of the system is such
that, at night, with a clear sky beneath the
balloon, the temperature inside the enveloppe
is 25° C above ambient. This implies that the
Infrared Montgolfière (IRM) principle only works
well for relatively large balloons made of ultra-
light materials. IRM's currently opperated by
C.N.E.S. are made of 12 microns polyester (1/2
mil) and expands to a volume of 36 500 m3> An
interesting feature of the IRM1s is that, at
sunset, the absorption of the solar flux by the
enveloppe greatly increases the temperature of
the air making the balloon ascend of more then
10 km from its night level. This gives an opportu-
nity to make an automatic vertical sounding twice
a day, and add to the interest of the horizontal
sounding. So far, about 30 IRM1s have been laun-
ched in six campaigns of 3 to 8 launches each.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Relatea Research', Lahnstein, FRG, 3—7April J989
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The scientifi.es payloads that have been flown
are listed below :

Campaign

1981

1982

1983

1985

1987

Experiment / Laboratory

Gravity waves CNRS/LMD
measurements

Gravity waves CNRS/LMD
measurements

Water vapor measurements
Stratospheric radiative budget
Dynamics of the statosphere

CNRS/SA

Water vapor measurements

CNRS/SA

Gravity waves CNRS/LMD

No scientific payload

Reference

Réf. 2

Réf. 3

Réf. 4

The 1988 campaign was set up to measure very
low concentration of water vapor in the stratos-
phere, and to measure crustal geomagnetic field
anomalies . Two French Institutes are concerned
by the scientific results : the L.M.D. (Labora-
toire de Météorologie Dynamique) for the water
vapor measurements, and the I.P.G. (Institut
de Physique du Globe) for the magnetics measure-
ments.

The water vapor experiment is built around a
dew-point hygrometer that use Peltier thermo-
elements to cool a mirror on which the water
deposit is controlled. A pump help the air going
through the analysis cell. The measurement cycle
is microprocessor controlled so as to optimise
the parameters of the regulation that depend
greatly of the flight altitude (in fact of the
air ambient temperature and pressure). This expe-
riment was previously tested on stratospheric
flights of few hours in France where concentra-
tion as low as 2 ppm were recorded (Réf. 5)-

The geomagnetic field experiment use a proton
magnetometer. The probe itself is attached along
the flight train far enough in such a way that
the magnetic perturbations due to the electronic
equipment were negligible. This experiment was
previously tested on stratospheric flights between
Sicilia and Spain (24 hours flight), (Réf. 6).

On the whole, six flights have been launched
during the period November/December 1988, three
of them for technological purpose. The mean dura-
tion on six flights is of 30 days with a maximum
to 53 days with a 40 kg payload and a new design
for the shape and materials of the enveloppe.
On figure 1 to 6 are given the trajectories of
the différents flights.

The next campaign will take place in November
1989 with an experiment on the study of Stratos-
pheric Dynamics (C.N.R.S./S.A.), followed, in
1990/1991, by the first launches for Améthyste
Project, set up by C.N.R.S./L.H.D. to study the
water vapor concentration in the equatorial lati-
tude. Other experiments are expected, to join
the Project.
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SN 1987 A TELEMETRY DECODING SYSTEM

Siegfried Muller

Max-Planck-lnstitut fiir
extraterrestrische Physik

Garching
Germany

ABSTRACT

The Supernova telemetry data decoding
and display system has been realized by
using Personal Computers with a
special interface card. The software
supports data recording on hard disk,
individual colour screen layouts for
the different payload units, serveral
data display types, limit checks and
screen hard copies. After flight, a
playback version is available to review
data stored on hard disk at variable
speed or in single steps.

Keywords : Supernova,
keeping data

telemetry, house-

1. INTRODUCTION

Because time to realize the telemetry
decoding system was only some months
and the previously systems and
computers used for data processing were
no longer available, we decided to use
well known Personal Computers (PC's) to
install a system which is inexpensive,
easy to handle and unproblematic in
transportation.

2. TELEMETRY DECODING SYSTEM

The Supernova telemetry data delivered
from the telemetry station (Bi-0/M) was
converted into NRZ data and clock by a
bit synchronizer (see Figure 1) . This
signals were decoded by the frame
synchronizer into the frame data words
(8bit parallel). A time code reader was
converting the central time code (IRIG-
B) into time data (Sbit parallel) . A
analog tape recorder was available as
backup.

The telemetry data processing system
was realized using two IBM-AT
compatible personal computers and one
Atari computer, each with a printer.

2.1 Housekeeping Data Processing

One PC was used for data recording on
its hard disk and for displaying
housekeeping data using serveral screen
windows. After flight, disk data has
been reviewed with a playback version
of this program, in order to get direct
access to different data frames at
variable speed or single step.

In figure 2 you can see the screen
layout created for the Supernova
payload housekeeping data. The first
line shows the logging status with time
of day information. The big window
displays the selected housekeeping
screen with frame receive time. On a
color screen the names will be
displayed white and the values green,
if they are within the limits or red
blinking, if they are out of limits.
The lower left window shows only
critical housekeeping data independent
from the selected screen, if they are
out of limit. The lower right window is
the command window, where the operator
can control the program, receive
program messages and telemetry status
information. Optionally this command
window can be logged onto hard disk,
too. The bottom line shows the
corresponding function keys for all
available housekeeping screen layouts.

The individual colour screen layouts
for the differe.it rocket units (e.g.
experiment, ACS) are hold in table
files. These screens can be selected by
the operator via function keys. The
telemetry data can be displayed in
hexadecimal frame format, as converted
values, bit decoded schematic diagram
or as analogue bar. This display type
together with a data name, conversion
parameters, limits and a unit for each
frame data word is controlled by a
housekeeping table.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
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All housekeeping data and screen layout
tables are stored in ASCII files and
therefore changeable by the operator
without program modification to satisfy
special last minute requirements.
Special processing is programmable and
was used for the PSPC countrate
calculation. Screen hardcopy for
documentation and online-help is
available.

2.2 PSPC Experiment Data Processing

The second PC was used for independent
special processing of the experiment's
PSPC data. The resulting data was sent
via serial interface to the Atari
computer, which was running a program
for online generating colour PSPC
images at its monitor.

2.3 Interface Card

In order to feed the telemetry data and
time code' into the PC's, a special
interface card was developed. This card
centaines two buffers for frame data
words and the frame receive time. This
card fits into one long 8bit slot of a
PC. The software can get data from this
card controlled via interrupt
subroutine or data polling.

3. COMCLOSION

The telemetry data rate was 156.25
kbit/s and the relevant flight data
(about 18 min) could therefore be
stored onto hard disk with 20 MByte
capacity. We used an PC-AT running at 8
MHz and a hard disk with about 80 ms
access time. With this configuration it
was possible to store all data frames
in realtime onto hard disk and
additionally make 1 screen update per
second. Then it is about 50% spare time
available.

The program is fully written in Pascal.
If the data rate is higher, it is
recommended to use a faster PC and hard
disk or translate speed dependent parts
into assembly language.

PCPC Image
Display

Receiver Bi-a/n

HK Data
Processing
And Display
Data Logging

Figure 1. Telemetry decoding units
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ESRANGE

J Englund, t. Helper, A Wikstrôm, L Marcus

Swedish Spac>5 Corporation, Esrange, Sweden

ABSTRACT

Esrange offers a complete range of services for
sounding rocket and balloon launchings to users
from all over the world.

Experiments carried out include microgravity,
geophysics, space physics, astronomy and the
chemistry of the upper atmosphere. Data from the
extensive network of ground based scientific
instruments in northern Scandinavia can be
displayed at Esrange.

Most types of sounding rockets including high
performance vehicles such as Terrier Black Brant
and Skylark 12 can be launched. The latest develop-
ment, MAXUS (MBB-ERNO/SSC), is offering 15 rain,
of microgravity and 1000 km altitude. Balloon
payloads up to 500 kg are regularly flown from
Esrange. The land recovery operations are very
reliable concerning both rockets and balloons.

1. GENERAL

Esrange is an international space operations
center for sounding rockets, balloons and satel-
lites. It is situated close to the modern town
of Kiruna in northern Sweden (68 N, 21 E).

The base is owned and managed by the Swedish Space
Corporation (SSC).

The operations are co-ordinated by the European
Space A£.e-"v (ESA) within the framwork of the
Esrange 817?ial Project (ESP) and financially
supported by France, Germany, Switzerland and
Sweden in co-operation with Norway.

Scientists from all over the world are'invited
to use the Esrange facility. The range user
community includes scientists from e.g. Japan,
USSR, Western Europe, USA and Canada.

Esranee offers a complete range of services for
souiding rocket and balloon launchings. The
experiments can be co-ordinated with the reception
of oata from scientific satellites.

Hew installations and investments are continously
made in order to meet new requirements from the
scientists.

The following general support facilities are
available: mechanical workshop, spare parts store,
offices, conference rooms, secretarial assistance,
10 hotelrooms at the range and a good restaurant.

The recreational facilities include satellite-TV,
sauna, billiard, gym, fishing and hunting.

There are daily flight connections betvieen
Kiruna and Stockholm.

2. SOUNDING ROCKETS

322 sounding rockets have been launched from
Esrange since 1966. The most common experiments
are in the field of: Auroral research, Aeronomie,
Astronomy, Ozone research and Microgravity.

Esrange offers a unique possibility to make
simultaneous measurements of Auroral activities,
Ozone hole etc. by means of sounding rockets,
balloons, satellites, aeroplanes and ground based
measurements.

An extensive network of scientific instrumentation
such as EISCAT, STARE, CUPRI-radar has been
established in northern Scandinavia and data can
be linked directly to Esrange. Facilities arc
available for installation of the users oim equip-
ment e.g. ozone-lidars and spectrographs.

Six permanent universal launchers are available,
enabling simultaneous launchings as well as
launchings of salvos. A big variety of rockets
have been launched e.g. Aries, Skylark, Black
Brant, Mike Orion, Taurus Orion, Terrier Black
Brant and Super Loki.

Saab Space is at present developing an attitude
control system (SPIMRAC) for vehicles with
exoatmospheric burning on a contract from
Swedish Space Corporation (SSC). SPINRAC will
enable launchings up to altitudes between 500 and
1000 km with three stage vehicles such as Sky-
lark 12 and Black Brant 10. The first launching
with SPINRAC will take place in December 1989.

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstein, FRG, 3—7April 1989
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is a joint MBB-ERNO/SSC
Project enabling launchings to

1000 Kn altitude.
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There are also plans to develop a three canard
version of >.he 319 guidance system. The 30 meter
Skylark launcher can then be used for all types of
guided 19 inch diameter vehicles.

The biggest future program at Esrange will be
MAXUS. MAXUS is a joint venture between MBB-ERNO,
West Germany and SSC, Sweden. MAXUS is a develop-
ment of the German program TEXUS and the Swedish
program MASER. MAXUS will primarily be used for
microgravity experiments but will also be avail-
able for other applications. Launch vehicle will
be a CASTOR IB with flexed nozzle and a capability
to carry 350 kilos of experiments to 1000 km alti-
tude. The first launching is planned from Esrange
in November 1990. A new launch complex including
extension of the blockhouse and a rocket storage
hall will be built for the CASTOR UB.

All payloads launched from Esrange can be equipped
with a recovery system and easily recovered in the
land impact area by helicopter. Recovery operations
have so far been very successful and the payload
is normally back at the range within one hour.
This is of greatest importance concerning biologi-
cal experiments in microgravity.

3. BALLOONS

Balloon activities started at Esrange 1971. Since
then 127 stratospheric balloons have been released
from the range. The balloons are mostly utilized
by scientists in the field of ozone research,
astronomy, auroral research and microgravity.

All balloons are released by auxiliary balloon
techniques. The launching pad enables launchings
of balloons up to the size of 500 000 m . An ex-
tension of the pad is planned.

A preparation hall for balloon payloads is situated
close to the pad. This hall will be built out ar.d
will also accommodate a control center for balloon
operations.

Experiments, release of ballast and cut down can
be commanded from Esrange.

Long duration flights with experiment times
between 10 and 20 hours can be carried out during
the turn around periods in April-May and August-
September when the high altitude wind is very low.
Recovery of the payload can then be carried out
close to Esrange. During the winter time westerly
winds are predominant at high altitudes. This wind
situation is typical during ozone research cam-
paigns in January-February. Recovery is then
carried out over the eastern part of Finland.
Normal flight times are 3-1 hours. Recovered ex-
periments have many times been re-flown just a few
days after the first flight.

A stratospheric balloon launch during the ozone campaign CHEOPS 2, January 1988.
Photo Torbjorn Lôvgren
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4. SCIENTIFIC AND TECHNICAL SUPPORT FACILITIES

In order to support new areas of research and
'•.eohnical requirements from scientists, Esrange is
oontinously developing instrumentation, equipment
and technical functions. Besides classical ground
based scientific instruments, data from more
sophisticated instruments like STARE (The Scandi-
navian Twin Auroral Radar Experiment), EISCAT
(European Incoherent Scattering Scientific Associ-
ation) and CUPRI (Cornell University Portable
Radar Interferometer) are linked to Esrange.

These instruments are located far away from the
the range but data is transferred via the public
telecommunication network and is displayed in real
time.

IRF (Swedish Institute of Space Physics) and
EISCAT are situated close to Esrange. This gives
unique possibilities to co-ordinate research in
the atmosphere.

Telescience is a new field of operations which
will be tested in the near future. Data will be
transferred from the scientist's instrument
directly to the own laboratory which may be
located thousands of kilometers from Esrange. By
means of teleoommands it will be possible to mani-
pulate the instrument and observe the results in
real time. Broadband video signals will be trans-
ferred via satellite communication.

New systems are being built to enable data recep-
tion and telecommanding of payloads flown as high
as 1000 kilometers.

4.1 Scientific support facilities

There are different possibilicies to display and
record data from Esrange ground based scientific
instruments. All instruments can operate as
separate systems but it is possible to connect
them to a new powerful Data Acquisition system.
Data from tha acquisition system is available to
scientists upon request.

Magnetometers
A new instrument was installed during 1988. Flux-
gate sensors for measuring three components of the
earth's magnetic field are located 300 metres
north-west of the main building, in an area which
is free from magnetic interference.

The analog signals are presented in real time on a
colour CRT display and on a multi channel paper
recorder.

Data is recorded in the instrument and also in the
Data Acquisition system.

Auroral TV-system
An extremely sensitive camera system for night sky
observations is available.

The field of view is either 180° all sky or 50°.
The camera is mounted outdoors on a remotely
controlled pedestal.

The TV picture is displayed in Scientific Centre,
including universal time and count-down time. The
composite signal is recorded on a time lapse video
recorder which allows up to 24 hours of unattended
image recording.

Photometers
A four-channel photometer measures specific
spectral lines in auroral emission. Data from the
instruments is displayed in Scientific Centre.
Different portions of the sky can be examined as
determined by a remotely controlled pointing
mechanism. Data collection can be done in the data
acquisition system.

Riometers
Two riometers are in use, at 27.6 MHz and 35.1 HHz.
The location and configuration of instruments has
been chosen to minimize effects of earth rotation
and radio frequency interference. The output from
the riometers are today complemented with
additional antenna systems. It is possible to
choose narrow or wide beam antennas when measuring
with the instruments. It is also possible to use
the data acquisition system to record data from
the riometers,

Ionospheric sounders
A vertical-incidence ionospheric sounder is
installed at Esrange down range station.

The sounder transmits RF pulses which are reflected
by different layers in the ionosphere. The RF
frequency is swept from 0.25 MHz to 20 MHz.

The result of the measurement is recorded on 35 mm
photographic film as virtual height vs. frequency.
The height range is up to 1000 km.

A new digital ionospheric sounder will be installed
at IRF, located about 30 kilometres west of
Esrange. It will be possible to receive real time
data via modem links and display and record data
at Esrange Scientific Centre.

Faraday transmitters
Four Faraday transmitters are installed near the
launch area. These transmitters can be used to
emit linearly polarized RF energy into the ionos-
phere. The RF frequencies are normally fixed but
can be moved to meet special requirements.

All-sky camera
A camera system with a field of view covering the
full hemisphere is used to record the aurora. The
pictures are in colour or black/white 35 mm film
including timing information.

STARE
The Scandinavian Twin Auroral Radar Experiments
is a system that provides ionospheric electric
field estimates in real time. Two coherent radar
stations, one in southern Finland and one in
southern Norway, cover a 200 000 km field of view
of the E-region over northern Scandinavia,
including Esrange. Real time data is received via
modem links and plasma drift data can be presented
in beam range or vector mode by a computer system
on a graphic colour terminal. The instrument
belongs to MPI and can be operated upon request.

CUPRI
The CUPRI-radar is placed in Lycksele in the north
of Sweden. This radar is owned by Cornell
University and is used by scientists visiting
Esrange. The frequency is 50 MHz and it is used
for auroral studies.



ESRANGE 297

4.2 Technical support facilities

Telemetry
The telemetry station is very flexible and can
quickly be configured for different missions.
Several telemetry links can be maintained simul-
taneously. RF downlinks in P-, S- or L-band are
used. Equipment for demodulation and recording at
PCM, FM and TV signals is included in the station.
Signal decommutation and conditioning for quick
look is also performed. Flight data is presented
in real time or post flight, using several diffe-
rent media and format.

Computer compatible tapes can be generated both
for PCM and FM data.

Esrange telemetry station has been modernized
during last year. The station will in future be
supervised, logged and reconfigured by computers.
A new ranging system will give complete information
about the flight trajectory from take-off to impact.
New equipment for distribution of TV-signals is
installed.

To receive data from rockets at very high altitudes
the Esrange satellite antennas will be used. Data
will be linked from the antennas to the Esrange
and DLR telemetry stations.

C-band radar
The main system to obtain information about the
flight trajectory is a C-band tracking radar,
located about 3 kilometres from the launcher. In
skin-tracking mode it gives a high accuracy
trajectory up to 130 kilometres altitude for most
rockets. If the payload is equipped with a radar
transponder, the complete trajectory from take-off
to impact is obtained with an accuracy in altitude
of +/- 120 metres.

A new acquisition aid system has been purchased
and will be installed on the slaved platform to
the radar. Pointing data from this system will
also be sent to satellite antennas and to the
parabolic telecommand antenna.

Telecommand system
A ground to space transmitter system is available.
This system is used for commanding and manoeuvring
of experiments flown on rockets or balloons.

The system is also used for flight safety purposes
to terminate balloon or rocket flights.

Two carrier frequencies are used, one for experi-
ment commanding and the other for flight safety
commands. The system will be equipped with two
low gain helix antennas for short range operations
and one high gain parabolic antenna for long
ranges.

Steering information to the parabolic antenna is
received from other systems.

Upper air observations
A radiosonde system is used to measure the atmos-
pheric conditions. Temperature, pressure and
relative humidity as well as the ozoneprofile can
be measured and transmitted to a ground station.
An aerogram for all these parameters is produced
in real time.

Facilities for installation of user instruments
are available at the range.

Recovery system
The recovery system relies on a homing beacon in
the payload. Helicopters with special receivers
and associated antenna equipment localize and
recover valuable equipment within hours.

Laboratory facilities
One general purpose laboratory and one clean room
are available since a few years. They have been
equipped with general laboratory equipment, such
as workbenches, cupboards, chairs, chemistry
benches and laminar flovi benches. Apart from this,
other equipment such as high-temperature oven,
vacuum pumps, microscopes, refrigerators and
freezers are available.

As a result of the increased number of biological
experiments a decision has been taken to build
four completely new laboratories during 1989. They
are intended to be used in biological science in
different microgravity projects. Similar equipment
which exists in the present laboratories will also
be installed in these new ones. The four new bio-
labs will be finished and ready for use as from
autumn 1989.

Besides the above mentioned facilities there is a
mobile clean room which can be used for different
types of payloads. With fairly simple measures it
can be extended to preferred dimensions.

Scientific Centre
The Scientific Centre will be completely rebuilt
to match the demands of complex scientific and
technical operations. The aim is to provide an
efficient and pleasant work environment for each
mission.

5. SATELLITES

Esrange is an important centre for the support of
many national and international satellite projects.

The facilities for reception, processing and
display of data from scientific satellites may be
of particular interest to the users of sounding
rocket and balloon experiments.

Data from scientific satellites, sounding rockets
and balloons can be received simultaneously at
Esrange. This gives unique opportunities to make
correlation and verification studies of data taken
at different points in the polar region. Data
received from scientific satellites could also be
used as a basis for deciding the launch instant
for sounding rockets and balloons.

The other satellite support function that may
be of interest to Esrange users is the Tracking,
Telemetry and Command (TTC) support to any
satellite in a high inclination orbit.

6. CONCLUSION

Esrange is an international space operations
centre that offers a complete range of services
for sounding rockets, balloons, satellites and
ground based measurements.

New installations and investments are continously
made in order to meet new requirements from the
scientists.



298 J. ENGLUND ET AL.

The latest extensions and developments at Esrange
are:

MAXUS for 15 minutes of microgravity and
1000 km capability for other experiments
Introduction of Skylark 12 and other exoatmos-
pheric burning vehicles with capability of up
to 1000 km altitude
Improvements of the balloon operation facili-
ties
Improvements of the scientific and technical
instrumentation and data reception from
external scientific ground installations
Extended space for payload preparation and
laboratories
Improvements of in flight command and data
reception

In summary, the main advantages to the user of
Esrange are:

Land recovery of rocket and balloon payloads
The northern location
The wide range of services available
The high standard of the technical and
scientific installations
The competent staff
The possibility of co-ordinated rocket,
balloon, satellite and ground based measure-
ments

WELOTtE TO ESRANGE!
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ALIS - AN AURORAL LARGE IMAGING SYSTEM IN NORTHERN SCANDINAVIA

A. Steen

Swedish Institute of Space Physics, Kiruna, Sweden

ABSTRACT

Recent advancements in solid state imagers, random access
mass storage and computer/data communication technologies
make it possible to plan for a new generation of ground-
based auroral imaging systems. In this report we discuss a
complementary (to satellite imaging) ground-based imaging
system, ALIS (Auroral Large Imaging System). The propos-
ed system consists of a two-dimensional array of 28 mono-
chromatic imagers and a Control Centre (CC). Each station
images with a medium field of view (90 deg.), and transfers
the image data in real-time to CC, where a grand image is
constructed with 300*600 km coverage in latitude and
longitude and 2000*4000 pixels resolution. Parameters
derived from the grand image will be available at CC for
telescience applications.

Keywords: Auroral Imaging, 3-D Distribution of Auroral
Emissions, 2-D Maps of Energy of Precipitating Particles.

1. INTRODUCTION

The aurora is one of the end results of processes in the
ionosphere and magnetosphere, starting with the interaction
between the solar wind and the outer boundaries of the
Earth's magnetosphere. From the point of view of measure-
ment techniques the aurora is a three-dimensional time-
dependent signal with additional information content in the
spectral regime. Ground-based auroral imaging started as
early as the beginning of this century (Réf. 1), and con-
centrated efforts during the IGY 1957/58 produced important
scientific results, such as the concept of the auroral oval
(Réf. 2). Auroral imaging from space opened up the pos-
sibility to observe the whole auroral oval, which at present
can be made with a time resolution of a few tens of seconds
(Réf. 3). For some time, satellite imaging experiments
seemed to make ground-based imaging techniques obsolete.
However, the ground-based auroral imaging methods possess
a number of unique qualities, which make them complemen-
tary to satellite imaging techniques rather than inferior.

In a certain local time sector, the auroral oval can be
monitored only periodically from a satellite, due to the

orbital motion. In following the evolution of an auroral
structure, a degradation in resolution is caused by the speed
of the satellite. The studied auroral structure and the satellite
will be on the same field line only for a short time interval.
The finer details in the aurora are difficult to measure from
space also because of the unprecisely known value of the
effective albedo. An additional advantage of the satellite
imaging techniques in the global imaging perspective, is the
capability to use UV-emissions for the measurement of
sunlit dayside aurora.

The major disadvantage of ground-based auroral imaging
techniques is the weather dependence. However, given a
clear sky during the dark hour period, the ground-based
method can produce continuous measurements in a certain
local time sector. If the number of observing stations is
large, the aurora will always be measured reasonably close
to the local magnetic zenith.

Another argument in favour of the ground-based auroral
imaging method is related to the experience from more than
half a century of ground-based optical measurements. This
data set has provided the reference frame for the scientific
community in the classification and modelling of various
auroral forms. The satellite imaging experiments contribute
with a new type of measurements, but there remains the
need to know how the aurora appears from below.

Northern Scandinavia has become an area with excellent
facilities for auroral research. In this area two rocket ranges,
And0ya and Esrange, have the capability to launch sounding
rockets, to receive data from polar orbiting satellites, and
eventually in the future to launch polar orbiting satellites.
An incoherent scatter radar system, EISCAT, has been
constructed, with the main objectives to measure plasma
parameters in the auroral ionosphere. The coherent radar
system, STARE, will continue to provide valuable ionos-
pheric electric field data in an upgraded version (E. Nielsen,
priv. comm.). In addition to these major installations for
auroral research, several observatories exist in the three
Scandinavian countries. At Svalbard observatory measure-
ments have expanded during the last years. In the discussion
of where to place a new sophisticated ground-based auroral
imaging system, the northern part of Scandinavia is a very
strong candidate.

Proc. Ninth ESA/PAC Symposium on 'European Rocket and Balloon Programmes and Related Research ', Lahnstem, FRG, 3—7 April 1989

(ESA SP-291, June 1989)



300 À.STEEN

2. PROPOSED IMAGING SYSTEM

In principle, the only acceptable situation for absolute meas-
urements of auroral intensities, is when the auroral structure
is located in the magnetic zenith of the measurement site. In
practice, an auroral imaging station uses information from
large zenith angles. However, the necessary photometric cor-
rections (Fig. 1) increase rapidly with increasing zenith
angle. An acceptable compromise is 90 deg. total field of
view. The resulting coverage of an imaging station is for
that case only about 200 km in diameter. The logical step to
improve the total coverage of the imaging capability is to
increase the number of stations. Here we propose an Auroral
Large Imaging System (ALIS), consisting of 28 stations with
100 km separation between the stations (Fig. 2). Figure 3
shows that this configuration causes the fields of view to
overlap. The overlapping fields of view provide a trian-
gulation capability across the whole coverage of ALIS.
Triangulation of auroral structures is an old method (Réf.
1,4), but has continued to be a valuable method for finding
the altitude and altitude distribution of auroral emissions
(Réf. 5-7).

The ultimate imaging technique is a system which provides
a large number of absolute auroral intensity measurements in
the magnetic zenith over a large part of the auroral oval.

Figure 2 Auroral Large Imaging System (ALIS), a
proposed complement to satellite imaging.
Crosses illustrate stations belonging to ALIS. The
realization of ALIS includes 28 stations with 100
km separation and 90 deg. field of view. The
stations inside the dotted line represent a
suggested mini-version of ALIS, Mini-ALIS.
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Correction factors g(z) (including atmospheric
and geometric effects) as a function of zenith
angle, calculated to correct the measured auroral
intensities at X427.8 nm and X630.0 nm. T is the
atmospheric extinction coefficient and Tra is the
ozone extinction coefficient.

The proposed system, ALIS, with its 28 stations, is an ap-
proximation to that. Accordingly, a grand image should be
formed from the 28 sub-images. Each sub-image should be
corrected according to the best available model for at-
mospheric scattering effects (an example is Fig. 1), before it
is mapped to a geographic scale.

One of the most important parts in the technique represented
by ALIS is the real-time availability of the image data at a
Control Centre (CC). The data links (Fig. 4) can be satellite
links, fibre optics links, radio links, or some combination.
The data links should be designed to support at least 1
Mbyte/s sustained data rate into CC. The CC sends data and
commands to the stations at a much lower data rate (1
kbyte/s). At CC a large (several tens of Gbyte) digital opti-
cal disc stores the image data. Normally, no data are stored
at the stations, but for special high temporal experiments, a
local data storage must be considered. At CC a powerful
image workstation constructs and displays the grand image.
Also the parameters derived from the grand image should be
possible to access almost in real-time.

Each station should be equipped with at least two imagers
and filter wheels. Both monochromatic (filters for e.g. N2*
427.8 nm, OI 630.0 nm, H1, 486.1 nml and white light
recordings are essential. Some of the stations may contain
additional imagers, adapted for special experiments (e.g.
non-auroral measurements). Data from imaging spectro-
meters at one station at each latitudinal chain can be added
to the high rate data communication links. Table 1 sum-
marizes the specifications of the proposed large-scale
imaging system. Table 2 contains a preliminary set of
specifications for a station belonging to ALlS.
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Table 2. Preliminary specification of a station in ALlS

-100
Distance (Km)

Figure 3 A suggested configuration of ALIS, with 90 deg.
field of view and 100 km separation. The fields
of view overlap above 50 km altitude, which
facilitates triangulation of the altitude distribution
of auroral emissions.

CONTROL CENTRE
!optical disc)

DATA LINKS

STATION 1

Figure 4 A schematic representation of the data com-
munication strategy for ALIS. A possible method
of data transfer can be based on fibre optics
links, radio links or satellite links. The estimated
data transfer rate at CC is 20 Mbyte/s .

Table 1. Preliminary specification of ALIS

No of stations

Total coverage of
grand image

No of pixels in
grand image

Spatial resolution of grand image

Time resolution of grand image

Separation between
stations

Data transfer rate at CC

Communication
technique

28

300 km lat.*600 km long.

2000 lat.*4000 long.

0.2km

I s

100 km, 50 per cent overlap

20 Mbyte/s (estimate)

radio links, satellite links or
fibre optics links

Field of view

Type of imagers

No of imagers

No of pixels in CCD

Initial digitalization

Data storage

Imaging spectrometer

Pointing adjustments

90 deg.

intensified and
non-intensified CCD

at least 2

1024*1024

12 bits and intensifier
gain adjustments

yes, at least 1 Gbyte

one spectrometer imaging
in the meridian plane at

each latitudinal chain

azimuth/elevation drive

3. SCIENTIFIC OBJECTIVES

The primary result from ALIS is the grand image covering
an area of about 300*600 km in latitude and longitude
(corresponding to 2000*4000 pixels) and with 1 s time
resolution. Higher time resolution can be used but at the
expense of reduced spatial resolution. Since the measured
auroral signal is photon limited, a broader spectral region
(also white light) has to be used if fast (ms) variations
should be studied. Preliminary scientific objectives of ALIS
are:

1. Non-stable auroral forms. In this category, the evolution
in time and space of non-stable auroral structures is
recorded, by using the large-scale coverage of ALIS. Ex-
amples of auroral situations of interest are substorm onset,
WTS, folds, spirals, rays and omega bands. Also the poorly
understood pulsating aurora phenomenon belongs to this
group.

2. Stable auroral forms. The least complex auroral form is
probably the auroral arc. Although, the auroral arc has been
the topic of many studies during the last 30 years, the basic
understanding of the ionospheric environment in and around
an arc is still vague (e.g. enhanced aurora). The incoherent
scatter radar, EISCAT, can make detailed measurements in
the ionosphere. However, to become fully useful for auroral
research, those measurement have to be related to data from
a high-resolution imaging system. Further examples of
studies in this group are double arc systems, black aurora
and the statistics of auroral arc thickness.

3. Characteristic energy of particles. The spectroscopic
ratio between auroral emissions has been used to obtain
estimates of the characteristic energy of the precipitating
particles (Réf. 8). An example is the ratio between 1(630.0
nm) and 1(427.8 nm). Obviously the ratio technique requires
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simultaneous measurements at different wavelengths at all
stations. To avoid doubling the data flow, calculations must
be made at each site. The estimated characteristic energies
will be available over the whole observational area. The 2-D
maps of the characteristic energies can be produced with 1 s
time resolution and a few hundred metres spatial resolution.
That is not possible to achieve with non-imaging techniques.

4. A 3-D image. The altitude and altitude distribution of
auroral emissions can be estimated by triangulation, since
the fields of view overlap. ALIS can produce 2-D maps of
the altitude distribution of different auroral emissions. That
representation will be a pseudo-true 3-D image of the
aurora. The development of techniques for visualizing the
variations (both in time and space) in the 3-D auroral
image is an interesting but non-trivial exercise.

5. Relation between electron and proton aurora. The
energetic primary auroral particles are mainly electrons and
protons. The proton aurora is of lower intensity than the
electron aurora and is also of a more diffuse nature. The
relation between electron and proton aurora is obtained by
using, e.g. the emissions N2* 427.8 nm and Hp 486.1 nm.

6. Non-auroral studies. ALIS will normally be operated
during the dark hours for auroral studies. The rest of the
time the system will be available for other type of measure-
ments. A possible application is to study the formation of
high altitude (20 km) clouds, which are important for the
depletion of the ozone content. Other applications can also
be considered.

4. MODES OF OPERATION

It is desirable that the operational costs of the high rate data
links can be minimized, e.g. by only transmitting data (dial-
up mode) when the observing conditions are acceptable. The
computers at the stations must have enough information
from sensors to take that decision.

1. Special campaign mode. The real-time data transfer
capability to CC makes ALIS suitable for campaign oper-
ation, during which the scientists can program all of the
stations in ALIS from CC, to carry out special types of ex-
periments. The special experiments can involve artificial
intelligence (AI) at the stations (e.g. to identify a special
auroral form).

2. Common program mode. In a similar way as EISCAT
operates a set of standard experiments, ALIS can have an
operational mode activated when no special experiments are
taking place. Each individual station transmits data only if
the optical conditions are acceptable.

5. FINANCES AND ORGANIZATIONAL STRUCTURE

The total investment cost of ALIS is too much for a single
research group or even for a single country. A vital
prerequisite for a realization of ALIS is that an international
group can be formed with sufficient scientific interest in the
project to raise the necessary funds.

The estimated investment cost for an observing station
depends on where it is placed relative to populated areas.
Two types of stations are identified. Stations of type A will
not have easy access to commercially available electrical
power, instead electrical power has to be generated on-site,
e.g. by wind power and batteries. Stations of type B will be
close enough to power lines, so that a small amount of
resources is necessary to provide the electrical power. Table
3 shows that the cost estimates for a station are divided into
six modules (Imager, Computer, Storage, Environment,
Power, and Data communication modules). In total, the
estimated investment cost for a station of type A is
£85,500, and for a station of type B £66,500. Assuming
that we need 14 A-stations and 14 B-stations, we get
£2,128,000 for 28 stations. At CC, computers, data storage
and data communication modules are estimated to be
£200,000. The estimated total investment for ALIS is
therefore £2,328,000.

The operational costs are more difficult to estimate. The
major cost will most likely be caused by the data com-
munication links. We estimate the total operational cost to
be £100,000, annually.

At this stage it is premature to have any definite opinion on
how the organizational structure of ALIS should look like. A
way of avoiding any unnecessary bureaucratic expansion, is
if the interested groups individually take up direct respon-
sibilities (technical and economical) of the different modules
in ALIS (e.g. computers, imagers). The specification of
interfaces (hardware and software) between the modules and
the technical specifications of the modules are resolved
jointly by the interested groups.

Table 3. Estimates of costs for stations of type A and B

Imager module (2)

Computer module (1)

Storage module (1)

Environment module (1)

Power module
station A (1)
station B (1)

Data communication
module (1)

£30,000

£5,000

£3,000

£7,500

£20,000
£1,000

£20,000

Total station A £85,500
station B £66,500
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CONSTRUCTION
MINI-ALIS CONSTRUCTION ALIS

1989 1990 91 92

OPERATION
MINI-ALIS OPERATION ALIS

TRANSITION
MINI-ALIS/ALIS

93 94 95 96 97 98 99 2000 year

FREJA AURIO

Figure 5 A preliminary time schedule for a realization of ALIS during the 1990's. A mini-version of ALIS, Mini-ALIS,
consisting of only four stations, is suggested as an initial step, in the process of realizing the full system with 28
stations.

6. TIMESCHEDULE

Several polar orbiting satellite projects are planned for the
second half of the 1990's, e.g. AURIO (Réf. 9). A realiza-
tion of ALIS must be a stepwise process, in which a limited
number of stations (e.g. 4) are initially taken into operation.
We propose that a mini-version of ALIS, Mini-ALIS, is
constructed and operated during the first half of the 1990's.
Experiences gained from Mini-ALIS should go into the final
design and operation of ALIS. Figure 5 is a tentative time
schedule for the realization of Mini-ALB/ALIS. The goal is
to have a well tested and fully operational ALIS in 1996.
The design of ALIS should be flexible enough to permit a
continuous upgrading of components and software.

7. OTHERQUESTIONS

Figure 2 shows that a few of the stations have been placed
in the USSR. It is our hope that a cooperation can be es-
tablished with our colleagues in the USSR so that an
eastward expansion of ALIS is possible. A westward
expansion is not possible due to the sea. The Svalbard
region is not included in the initial coverage of ALIS.
Interesting studies can be undertaken, e.g. correlation of the
polar cap aurora with the aurora in the oval, if a high-
resolution (both in time and space) extension of ALIS is
established at Svalbard.

8. SUMMARY

In this report we suggest an international collaboration to
establish a large-scale ground-based imaging, system, ALIS.
The major objective of ALIS is auroral research, but other
non-auroral applications are possible, especially during
daytime. The technique represented by ALIS is a comple-
ment to satellite imaging. A tentative time schedule for
ALIS is development and testing during the first half of the
1990's, and operations starting during the last five years of
this century, coinciding with the measurement phase of
several large space programs.
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CONCLUDING REMARKS
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It has been 25 years ago that ESRO launched
its first sounding rocket payload. It has
been 16 years ago that the first of the
ESRO/ESA symposia on sounding rocket re-
search took place at Spfltind, Norway. It
will be in only a few minutes that our Sym-
posium, the '9th ESA Symposium on European
Rocket and Balloon Programmes and Related
Research1, will draw to a close. Therefore,
it might be appropriate to reflect briefly
on the questions: where do we stand with
respect to (1) the Symposium series and (2)
the general environment in which we perform
our scientific research or technical ser-
vices ?

(1) The aim of the Symposium series is,
above all, the presentation of the results
of scientific research as well as a friend-
ly exchange of ideas. In this it is not dif-
ferent from any other major scientific con-
ference. Yet, our Symposia have developed
a few special features which, although not
based on written rules, seem to reflect a
common understanding among those organizing
this series:

We have always kept the door open for par-
ticipation of technical services and indus-
try. This provides for an intense exchange
of information between scientists and those
who in fact make the dreams of scientists
come true: those who build the payloads,
balloons, rockets, and launch and recover
them. How much this opportunity of contact
is really appreciated was demonstrated yes-
terday afternoon when - during the session
on 'Range Facilities'- this room was as
crowded as I have ever seen it during this
Symposium.

In this drive for maximum information ex-
change we have allowed presentations on
future projects more than is common at most
scientific conferences. This appears justi-
fied because of the rather short time scale
for planning and execution of the research
projects discussed at these Symposia. Many
of the cooperative ground-based measure-
ments, balloon projects, and rocket cam-
paigns are planned and executed in less
than two years, some in less than one year.
Hence, rapid release and receipt of infor-

mation about research opportunities is a
definite help for the interested scien-
tists and is fostered by this Symposium
series. ESTEC has developed means t'o pub-
lish the Symposium Proceedings in a very
speedy way as ESA Special Publications.
This quick response makes it really at-
tractive for many of us to put papers
into these Proceedings.

Last, but not least, the former Program
Committees as well as the current one have
usually selected hotels located at more or
less isolated places as meeting places for
these Symposia. This assures the partici-
pants lots of time for discussions beyond•
the official session periods and in an in-
formal and relaxed atmosphere. It also
helps to convert colleagues to friends.

(2) In the two years which have passed
since the last Symposium we have witnessed
at least three scientific highlights which
already have or will in the future impact
on the work of many of us:

The 'Ozone Hole'.
Let me remind you about the fact that du-
ring a major international ozone confe-
rence only 5 years ago, the ozone hole was
still an unknown. Since then the rapid
growth of the ozone hole has suddenly and
tremendously increased the interest of the
public in the results of atmospheric re-
search. Formation of the ozone hole final-
ly convinced a number of politicians that
middle atmosphere research is not only for
the fun of a few playful scientists, ra-
ther it is an absolute necessity for the
well-being of mankind. The discovery of
the ozone hole was made through ground-
based observations at one of the most re-
mote places on Earth. It was neither dis-
covered by one of the multi-hundred-million
dollar satellites or the much heralded
space shuttle, nor was the ozone hole
predicted by any computer simulation of
the middle atmosphere. Its discovery sti-
mulated on the one hand an intense rush
into ground-based, airborne and balloon-
borne experiments, on the other hand it
focussed our attention on the importance
of heterogeneous processes in the middle

Proc. Ninth ESAIPAC Symposium on 'European Rocket and Balloon Programmes and Related Research', Lahnstein, FRG, 3—7April 1989
(ESA SP-29I, June 1989)
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atmosphere. These trends will without doubt
continue to influence our work.

The Labitzke-van Loon Effect.
Labiztke and van Loon discovered that the
thermal structure of our entire atmosphere
responds with significant, yet complex pat-
terns to changes in the level of solar ac-
tivity. The cause of the effect remains
largely unexplained. However, due to its
potentially massive importance for long-
term climate predictions it is easy to
forecast that considerable effort will be
spent in the coming years to gain an under-
standing of the atmospheric processes and
interactions which cause this most unexpec-
ted and again unpredicted response of the
atmosphere to what amounts to a very, very
small change of the solar constant.

Supernova 1987A.
'ihe occurrence of the supernova 1987A trig-
gered another rush into sounding rocket
and balloon experiments. In fact, its oc-
currence has thoroughly mixed up the sche-
dule of previously planned rocket campaigns
at least in Germany and the U.S.A. Many
scientists regarded sounding rockets and
balloons as the best means for achieving
rapidly observations of the supernova from
outside the atmosphere. Admirably, the
first sounding rocket aimed at studying the
supernova with complex instrumention was
launched only 6 months (!) after the super-
nova 1987A was discovered. Yet, the scien-
tific interest in supernova 1987A is far
from being over. It will continue to impact
our work for many years to come by making
demands on the limited resources of teams
and facilities required for launching rocket
and balloons.

Turning to the general level of activities
during the past two years I argue that it
remained on a high level, perhaps even
slightly increasing. The Scandinavian
rocket ranges saw the execution of major
international rocket campaigns like SINE,
Epsilon, CHEOPS, TEXUS, MASER, ROSE, to
name a few. The AndeSya Rocket Range launched
108 rockets during this time frame. In 1988
the French balloon activities reached a new
record of 52 launches/year. New capabilities
for scientific measurements were added or
became operational: e.g. the EISCAT facility
started up its VHF system, ground-based
LIDAR instruments provided operational
temperature soundings from 30 to 110 km
altitude; high-altitude balloons carried
payloads up to 2.2 tons, IR-Mongolfieres
reached an operational status for long-
endurance flights (> 3 weeks), balloon and
rocket launch activities in the southern
hemisphere and at polar latitudes increased
considerably; meteorological rockets provi-
ded for 50-m-resolution wind measurements
up to an altitude of 100 km. All these are
but examples of the ever increasing spectrum
of new capabilities for studying the middle
and upper atmosphere and regions beyond.

But not only new techniques are asked for.
The improved or more efficient use of pro-
ven techniques provide for advances in
scientific return from individual missions

too. Here I would like to emphasize the
great value of the sophisticated equipment
which has been recently introduced at some
of the launch sites for real-time moni-
toring of data obtained from ground-based
and remote sensing instruments like magne-
tometers, riometers, various types of
radars, lidars etc. This equipment enables
the project scientist to obtain a detained
picture of the atmosphere and ionosphere
above him and to launch his precious hard-
ware under much better defined geophysical
conditions than we were used to earlier.
The near perfect match of geophysical con-
ditions sought for and finally achieved
by the four ROSE sounding rockets are an
impressive example for the value of this
investment in ground-based equipment.
Another example of improved use of avail-
able resources is the introduction of
1telescience' into sounding rocket pay-
loads which is designed to enable the
scientist to supervise and to operate his
instrument in real-time during the rocket
flight.

Is everything bright and shiny ? Well,
shortcomings needing improvements will
always exist. Here I want to mention but
one which, however, concerns me quite a
bit. It is the lack of a high precision
tracking radar owned by either one of the
Scandinavian launching ranges. With the
level of rocket (and balloon) launches
achieved in recent years the lack of range-
owned precision radars seems unexcusable
to me. It causes considerable limitations
or additional cost for the major scientific
projects carried out at these ranges. For
example, upper atmosphere soundings by
means of inflatable falling spheres or by
foil clouds can only be carried out emp-
loying high precision radars. Multiple
simultaneous rocket launches, which have
been performed during the projects MAP/WINE
and MAC/Epsilon and which are planned for
most future rocket campaigns, require now
deployment of up to 3 mobile radars. I
feel uncomfortable in a situation where
essential parts of our scientific work
depend totally on a national asset like
the German MPS-36 radar, the availability
and operation of which is entirely outside
the control of the rocket ranges. If our
Scandinavian ranges would really like to
stay competitive and attractive at least
one of them, if not both, should acquire a
modern radar like the multiple-object-
tracking radar AN/MPS-39.

I want to conlude these remarks with thanks
from all of us to the persons and institu-
tions involved in preparing and performing
this Symposium: the members of the ESA/PAC
Secretariat in Paris and the organizing
committee at the DLR, my colleagues of the
Program Committee, the chairpersons and
the speakers during the Symposium, and the
editor of the Symposium Proceedings, who
now must make good on my promises of a
speedy publication of the Proceedings.
Last, but not least, I'd like to thank the
members of the 'Doktor Jazz Ambulanz' Band
for entertaining us with dixies and hot
jazz during a most enjoyable night.
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Aeronomy, 23
Airborne astronomy, 123
Airglow, 167
Airglow imaging, 161
Astronomy, 23
Atmosphere, 63
Atmospheric band, 167
Atmospheric density, 129
Atmospheric gravity waves, 187
Attitude control, 117
Attitude determination, 111
Aurora, 93
Auroral E-region, 141
Auroral imaging, 161, 299

Balloonborne instrumentation, 221
Balloons, 3, 13, 23, 203
Brazilian space programme, 209,

213

Channeltron detector, 125
Coherent/incoherent backscatter,

141
Coronagraphs, 233

Dayglow, 173
DC electric field, 93
DC probes, 79
Diurnal variation, 253
Double layers, 93
D-region, 79
Dynamics of interplanetary dwst,

233

Electric fields, 79
Electro-optical device, 129
Electrostatic hydrogen cyclotron

wave, 97
Enhanced electron density, 35
E-region, 35
EUV radiation, 173
Experiments, 23
Extraterrestrial research, 23

EISCAT, 35, 153

F-corona, 233
Foil chaff, 59

Galaxies, 237
Galaxy, 221
Germany, 23
Globular clusters,237
Gravity waves, 161
Green line, 167
Ground installations, 203, 213

Heavy-ion clusters, 187
Herzberg bands, 167
Horizontal-branch stars, 237
Horizontal layers, 161
Housekeeping data, 289
Hydrogen gas cell, 125
Hygrometry, 43

Imaging, 161
Incoherent-scatter radar, 187
Inertial subrange, 187
Infrared, 221
Interstellar matter, 221
Ion acceleration, 97
Ion beams, 97
Ion conies, 97
Ionisation gauge, 179
Ionosphere, 13

Large lightweight mirrors, 123
LittLEO, 269
Lower thermosphère, 179
Low-frequency electric fields, 97
LIDAR, 63, 253

MÏ3, 237
Magnetometer, 111
Magnetosphere, 13, 23
Mass spectrometer, 129, 179
Meinel bands, 167
Mesopause, 63
Mésosphère, 179

Metallic ions, 35
Microgravity research, 23
Middle atmosphere, 59, 79
Mobility, 79
Molecular clouds, 221

NEED campaign, 153
Nightglow, 167

Observatories, 123
Optical/IR properties of dust, 233
Oxygen cross-sections, 49
Oxygen gas cell, 125
Oxygen photodissociation, 49

Particle acceleration, 93
Payload recovery, 13
Plasma diagnostics, 85
Plasma instabilities, 141
Polar latitude, 63, 253
Polar Mésosphère Summer Echoes,

187
Polycyclic aromatic hydrocarbons,

221
Preferred heights, 59
Resonance cell, 245
Resonance cone, 85
Resonance spectrometer, 125
Rocket, 3
Rocket attitude, 111
Rocket experiments, 141

Schuhmann-Runge, 49
Satellite launcher, 209
Simulation, 161
Skylark, 269
Small-scale turbulence, 179
Sodium layer, 253
Solar activity prediction, 277
Solar Lyman a line, 125, 245
Solar radiation, 277
Solar-Terrestrial physics, 277
Sounding rockets, 13, 23, 117, 173,

203, 213, 245, 269
Spectral index, 179
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Stratosphere, 43, 129
Substorm growth phase, 35
Submm/FIR/IR techniques, 123
Sudden sodium layer, 253
Summer, 59, 63, 253
Supernova 1987 A, 117
Supernova payload, 239

Supernova Programme, 239, 289
Switzerland, 3
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Telemetry, 289
Temperature anomaly, 85
Temperatures, 63, 79
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Turbulent energy dissipation rate,
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