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Cover illustration

The onset of an auroral substorm seen simultaneously by the EISCAT incoherent
scatter radar (centre panel) and the VIKING satellite (lower right-hand panel). The
EISCAT measurements are of electron density between altitudes of 80 and 160 km. The
series of sharp increases to the left of the centre are due to intense, structured auroral
arcs appearing just after the onset. The VIKING measurements are of electrons (0.01 to
40 keV) and positive ions (0.04 to 40 keV) as the satellite crosses from north to south
across the auroral oval. Counter streaming electron beams and ion conies mark the
poleward edge of the expanding substorm.
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Introduction

You are now holding in your hands the first annual report of the Swedish Institute
of Space Physics, in Swedish Institutet för rymdfysik (IRF), which has been the n3w
name of Kiruna Geophysical Institute since July 1, 1987. The change of name, as well
as a new charter and organization were decided upon by the Government in the spring
of 1987 as a result of a survey which was conducted by the National Swedish Board of
Universities and Colleges in 1985 and 1986.

The organizational changes to a large extent formalize changes which have been
more or less on the way over the past several years as a result of the development of the
Institute and of Swedish space research. It is the latest step in a development which
started in 1957 when Kiruna Geophysical Observatory (KGO) was established by the
Royal Swedish Academy of Sciences. Uppsala Ionospheric Observatory was founded in
1952 as a part of the Swedish Defence Research Establishment. Since then our research
program has increased steadily. The first sounding rockets were launched in 1962 and
our first satellite instrument, on ESRO 1A, went into space in 1968.

In 1973 KGO became an independent governmental research institute and the name
was changed to Kiruna Geophysical Institute (KGI). At the same time KGI took over the
responsibility for Lycksele Ionospheric Observatory. The space research group at the
University of Umeå, which had been founded in 1967, was already a part of the
Institute. Uppsala Ionospheric Observatory became a part of KGI in 1976 and in 1979 the
Laboratory of Mechanical Waves (LMV) was established by the Institute in Sörfors
near Umeå.

IRF thus has activities in Kiruna, Lycksele, Sörfors, Umeå, and Uppsala, places
which are widely spread geographically. The distance between Kiruna and Uppsala is
roughly 1000 km, about equal to the distances between Copenhagen and Strasbourg,
Paris and Florence, London and Toulouse, Helsinki and Moscow, or Washington DC

During 1987 IRF for the first time received research grants from two Swedish banks, Svenska
Handelsbanken and PK-banken. The grants were given by the respective Kiruna offices. Here
professor Bengt Hultqvist with two representatives for PK-banken, Lars-Ovc Olsson, regional
director and Thomas Larsson, director of the Kiruna office.



and Chicago. The Institute is, with more than 100 employees, the largest research
organization in the field of space physics in Sweden.

The Swedish Institute of Space Physics (Director: Prof. Bengt Hultqvist) consists
since 1 July 1987 of four divisions, the Kiruna Division (IRF-K, the Director is Divi-
sion Head), the Laboratory for Mechanical Waves (IRF-LMV; Division Head: Prof.
Ludwik Liszka), the Umeå Division (IRF-Um; Division Head: Dr. Kjell Rönnmark),
and the Uppsala Division (IRF-U; Division Head: Prof. Rolf Boström). IRF-LMV and
IRF-Um were earlier parts of the Kiruna Division. Each division has its own research
programme and separate project grants.

"Space physics" describes our activities better than "geophysics." The word geo-
physical has frequently lead people to believe that we do research in solid earth geo-
physics which indeed might be logical in Kiruna boasting the largest underground
iron ore mine in the world.

This annual report covers the activities at all four divisions. It thus succeeds the
annual reports of both Kiruna Geophysical Institute and Uppsala Ionospheric Observa-
tory.

When you read the present annual report you will hopefully notice how the different
divisions of IRF complement each other. The analysis of data from the Swedish satel-
lite Viking, one of the most important tasks during 1987, is a good example. The
Kiruna Division has the principal responsibility for the particle instrument and the
Uppsala Division for the wave instrument. In Umeå, data from both these instruments
are used for theoretical work on wave-particle interactions. Many scientific papers are
written in cooperation between the divisions.

Scientific cooperation between fairly independent divisions is thus characteristic of
the Swedish Institute of Space Physics today and the amount of scientific cooperation
will hopefully grow in the future.

Bengt Hultqvist
Director of the Institute



Facts about the Institute

The Swedish Institute of Space Physics (IRF) is an independent governmental
research institute under the jurisdiction of the Ministry of Education and Cultural
Affairs and with the National Swedish Board of Universities and Colleges (UHÄ) as
the central Government authority.

The main task of the institute is to conduct research and perform observatory
measurements in the field of space physics. It shall also provide postgraduate educa-
tion in space physics.

IRF consists of four divisions. The largest division as well as the main office is
situated in Kiruna. This makes IRF the only Swedish governmental authority with its
headquarters north of the arctic circle. The other divisions are the Laboratory of
Mechanical Waves in Sorfors (IRF-LMV), the Umeå Division (IRF-Um) at the
University of Umeå, and the Uppsala Division (IRF-U) in Uppsala. Lycksele Iono-
spheric Observatory belongs to the Kiruna Division. The different divisions have
independent research programmes and separate research grants.

On December 31, 1987 IRF had a staff of 97 persons, 57 in Kiruna, 4 in Lycksele, 4 in
Sörfors, 1 in Jam ton, 5 in Umeå and 26 in Uppsala.

IRF is supported financially by direct annual grants from the Swedish Government
and by research grants, mainly from the Swedish Board for Space Activities and the
Swedish Natural Science Research Council.

Board of the Institute

Dr. Nils-Henrik Lundquist Appointed by the Government
(Chairman)

Prof. Rolf Boström
Prof. Hermann Grimmeiss
Mr. Thor Hedman - " -
Prof. Lennart Stenflo
Mr. Jan Stiernstedt
Prof. Hans Wilhelmsson -"-
Prof. Bengt Hultqvist Director of the institute
Mr. Herman Andersson Representative of the IRF staff"
Mr. Bengt Holback



The Staff at IRF

Kiruna, LMV, and Umeå Divisions

Scientific staff

Prof.
Dr.
Mr.
Mr.

Mr.
Mr.
Mr.
Mr.

Dr.
Prof.
Dr.

Mr.
Mr.
Mr.
Ms.
Dr.
Dr.
Dr.
Mr.
Mr.

Mr.

Dr.
Dr.

Mr.
Dr.

Bengt Hultqvist
Mats André
Bruno Aparicio
Hans Borg

Lars Eliasson
Lars-Åke Holmgren1

Ingemar Häggström
Christer Jurén

Sheila Kirkwood*
Ludwik Liszka
Rickard Lundin

Bo Lundkvist (until 870831)
Lligo Matson
Tord Oscarsson
Asta Pellinen-Wannberg
Kjell Rönnmark
Ingrid Sandahl
Krzysztof Stasiewicz
Åke Steen
Anders Stjernman

Tommy Sturk

Bo Thelin
Gudmund Wannberg

Assar Westman
Sten Yngström

Kiruna
Umeå
Kiruna
Umeå

Kiruna
Vilhelmina
Kiruna
Kiruna

Kiruna
Sörfors
Kiruna

Sörfors
Umeå
Umeå
Kiruna
Umeå
Kiruna
Kiruna
Kiruna
Kiruna

Kiruna

Kiruna
Kiruna

Kiruna
Kiruna

Head of IRF
Viking, Giotto, Ulysses
Viking, GEOS
EGSE software development,
GEOS, Giotto, Viking,
ASPERA
Viking, sounding rockets
ESRO4,GEOS
EISCAT
Computer simulation of space
plasmas
EISCAT
Head of LMV
Instrument design.Viking,
PROMICS-1-3, ASPERA
LMV
Theory
Viking
EISCAT
Head of Umeå Division
Viking, sounding rockets
Viking, Theoretical models
Optical instruments
Remote sensing by means of
radio waves
Remote sensing by means of
radio waves
Spectroscopy, Viking
EISCAT, Remote sensing by
means of radio waves
EISCAT
Theoretical physics

Administrative and technical staff

Inger Anderberg
Herman Andersson
Mikael Andersson
Inger Bergström
Arne Björk
Stig Björklund
Väinö Björnström
Göte Dahlén
Annika Falle
Lars-Göran Fernström
Helga Flygare
Anna-Lena Fors

computer operator
engineer
engineer, LMV
librarian
engineer
printer
engineer
mechanic
administrative assistant
programmer
cleaner
administrative assistant

not employed by IRF



Yvonne Freiner
Maj-Britt Hammarström
Irene Heldebro
Britt Johansson
Hugo Johansson
Jan Johansson
Kent-Ove Johansson
Elisabeth Johansson-Ahlnander
Eivor Jonsson
Christina Jurén
Nicklas Keskitalo (until 870109)
Ove Klang
Knut Koskenniemi
El sy Lanttö
Aarne Luiro
Elli Lundbäck
Fritz Lundbäck
Håkan Lundbäck
Kurt Lundgren
Kjell Lundin
Robert Långström
Torbjörn Lövgren
Inge Marttala
Arne Moström
Birgitta Määttä
Carl-Göran Niemi
Sven Oisen
Ann-Christine Olsson
Elvy Persson
Börje Rautio
Fredrik Rutqvist
Hannele Spets (until 871127)
Ela Stasiewicz
Lena Söderberg (until 870802)
Lars-Göran Vanhainen
Roger Wikström
Lars Wittikko
Ingemar Wolf
Erik Wäcklén
Ingrid Åkerström

administrative assistant
technician
administrative assistant
administrative assistant
engineer
engineer
programmer
administrative assistant
secretary
head of administration
"ungdomslag"
engineer, Lycksele
engineer
computer operator
mechanic
administrative assistant
master mechanic
caretaker
technician, Lycksele
head of electronics group
engineer, Lycksele
photographer
engineer
programmer
draftsman
engineer
chief-engineer
"ungdomslag"
cleaner, Lycksele
engineer
engineer, LMV
"ungdomslag"
"beredskapsarbete"
engineer, LMV
engineer
technician
engineer
head of EISCAT receiver station
programmer, LMV
technician, LMV

Temporarily employed students

Jan-Erik Brännvall
Mats-Ola Finn
Per Nilsson
Jonas 01 sen
Kristina Pettersson
Peter Poromaa
Fredrik Sjölander
Michael Wang

Temporarily employed

Astrid Holm
Jan Liszka, LMV
Per-Olov Markström
Irma Revoniemi
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Uppsala Division
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Scientific staff

Prof. Rolf Boström
Dr. Harald Derblom
Prof. Georg Gustafsson

Dr. Åke Hedberg
Mr. Bengt Holback

Dr. Gunnar Holmgren

Mr. Thomas Leyser
Dr. Bengt Lundborg
Mr. Håkan Lönnqvist
Dr. Hermann Opgenoorth
Dr. Bo Thidé

Mr. Jan-Erik Wahlund

Head of Uppsala Division
Research on radio wave propagation, HEATING
Viking, theoretical research and data analysis
space projects
Experimental research, HEATING/backscatter
Experimental research, Viking, sounding
rockets
Experimental research, sounding rockets
(active and passive), Viking
HEATING and radar related investigations
Theoretical research on wave propagation
Viking
EISCAT, backscatter and optical measurements
Theoretical and experimental research
HEATING/EISCAT
EISCAT

Administrative and technical staff

Allan Andersson
Inger Ariefjärd
Stellan Bergman
Elisabeth Dackborn
Anders Florin
Hans Gunnarsson
Sven-Erik Jansson
Arne Nilsson

Irene Ohlsson
Anita Rogelius

Harley Thomas
Ingrid Wahlberg

Lennart Åhlén
Kerstin Åkerlindh

Caretaking, odd jobs
Programming, evaluation of observatory data
System programming
System programming
Electronics service, maintenance, construction
Electronics work, supervision of buildings
Design and development of electronics
Attendance of observatory instruments,
electronics work, drawing
Secretary
Administration, bookkeeping, budget and staff
matters
Mechanics work, caretaking
Secretary, library attendance, travel
arrangements, expense accounting
Design and development of electronics
Cleaning
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Obituaries

Johan Nordling (1957-1987)

Johan Nordling, research student with the Uppsala
Division, died in a drowning accident on March 15, 1987,
during a visit to the Arecibo National Radio Observatory
in Puerto Rico. He was only 30 years old and had been
with the Uppsala EISCAT/Heating group for four years.
Nordling was educated at Åbo University in Finland
where he also started graduate studies in theoretical
physics, before he obtained a NFR grant (doktorandtjänst)
for EISCAT-related studies in Sweden.

He was a brilliant student with a very sharp intellect
matched with a good scientific intuition and he never left
a problem until he had fully resolved all questions. He
was about to present his PhD thesis which would have been
based on the theoretical interpretation of experiments per-

formed with the heating facilities, incoherent scatter radars and other equipment in
Tromsö and Arecibo. In data from these experiments Nordling had been able to find
new effects that amazed the elder scientists. The purpose of the visit to Arecibo was to
prove their existence also at low latitudes, which he also managed to do, and to improve
the measurement technique.

Johan Nordling is deeply missed by all his colleagues within IRF who valued so
much the frequent and lively scientific discussions with him as well as his
comradeship.

Willy Stoffregen (1909-1987)

Dr. Willy Stoffregen, former head of Uppsala Iono-
spheric Observatory (now Uppsala Division of IRF), died
suddenly in a heart attack on 16 March 1987. He was born
and educated in Germany and conducted his first scienti-
fic work for a German auroral expedition to northern
Norway during the Second Polar Yoar 1932-1933. Work-
ing at the Auroral Observatory in Tromsö with Professor
Leiv Harang, he reported in 1939 the first observations of
radio aurora (HF backscatter). During the war he had to
leave Norway for Finland and Sweden, but returned after
the war to Norway to work for the Defense Research Estab-
lishment on ionospheric research. In the early 1950s he
moved to Sweden and established the Ionospheric Obser-
vatory, where he was director for more than 20 years.

There he developed numerous research instruments, among them the all-sky camera,
which became known as the Stoffregen camera. For the IGY he organized a world-wide
network of these cameras and performed an extensive analysis of ASCA plots. He also
developed ionosondes and backscatter radars and spectrometers for auroral studies
and he was a pioneer in the early Swedish sounding rocket experiments to study the
auroral ionosphere. In 1968 he was awarded a Doctorate of Philosophy honoris causa by
the University of Uppsala. Even after retirement he retained an active interest in
auroral studies, but was also a devoted composer of music, some of which has been
performed in public.
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Finances

The fundings for the fiscal year 1986/87 are given and the expenditures spread over
activities are shown in Table 1.

State grant
(20)

Research
councils

(7)

Contracts
(3)

Fundings 1986/87 in million SEK and percent for IRF.

Table 1. Costs spread out over activities 1985/86 and 1986/87

Activity

Personnel

Rocket and satellite

programme

Ground based programme

Observatory programme

Basic operation^

Others

Costs 1985/86

14.898.000

2.293.000

698.000

646.000

9.803.000

778.000

29.116.000

Per cent

51

8

2

2

34

3

100

Costs 1986/87

17.074.000

2.374.000

950.000

760.000

8.934.000

1.173.000

31.165.000

Per cent

55

8

3

2

29

3

100

including rents, management, administration, library, workshops, technical

equipment
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Budget for 1987/88

From July 1, 1987 IRF is divided into divisions and every division has its own budget.
The finances for 1987/88 for the divisions are shown below and Table 2 shows the
estimated costs spread out over activities.

LABORATORY OF MECHANICAL
KIRUNA DIVISION WAVES (LMV)

State grant
(16)

State grant
(1.2)

Research
councils

(3.5)

Others
(2.5)

Contracts
(3)

Others
'005)

Contracts
(009)

UMEÅ DIVISION UPPSALA DIVISION

Research councils
(0.27)

State grant
(0.39)

State grant,

Umeå
_ University -

Others ( 0 331 Others
(0.0M (0.6)

Finances 1987/88 in million SEK and per cent.

Research
councils

(3)

Contracts
(0.7)

Table 2. Estimated costs 1987/88.

Personnel
Rocket and satellite

programme
Ground based

programme
Observatory

programme
Basic operations
Others

(including RFA)
Rent
Contingencies

Kiruna

11.055.000

1.595.400

229.600

929.000
3.397.000

2.320.000
5.060.300

500.000

LMV

735.000

0

120.000

0
115.000

324.900

Umeå

785.000

40.000

0

0
190.500

50.000
(for all buildings)
35.000 12.000

Uppsala

5.050.100

868.900

745.400

55.000
1.483.300

0

77.900

Total

17.625.100

2.504.300

1.095.100

984.000
5.185.800

2.694.900
5.060.300

624.900

Per cent

49

7

3

3
14

8
14
2

25.086.300 1.329.900 1.077.500 8.280.700 35.774.400 100
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Research activities

The Kiruna Division

In situ hot plasma investigations

The field of study taking up most resources at IRF in Kiruna today is the in situ hot
plasma investigations. We develop and build various types of plasma spectrometers
for the energy range from 1 eV to several hundred keV. To date instruments con-
structed in Kiruna have been flown on eight satellites and more than 40 sounding
rockets. We have also developed ground support equipment for a plasma experiment on
board the Giotto spacecraft.

Substorm signatures in geostationary orbit (GEOS-2)

S-310 data are being used for a joint study of westward travelling surges and
instabilities in the plasma sheet boundary layer. The study is being conducted by
scientists from France, Germany, Finland, and Sweden. Another investigation led by
Dr. 0. Pokhotelov from Moscow concerns a quantitative model of the snbstorm onset
mechanism.

Studies of the magnetospheric boundary layer and the solar wind
(PROMICS-1 and -2)

The experiments PROMICS-1 and -2 on board the Soviet satellites Prognoz 7 and 8
consisted of ion mass spectrometers for the energy range 0.2-17 keV and electron/posi-
tive ion spectrometers for the energy range 0.01-40 keV. Both experiments gave good
data during the periods of satellite operation, 7 and 8 months respectively.

The results give important contributions to studies of processes in the magneto-
spheric boundary layer. Data from PROMICS-2 are being used for solar wind studies
by our Soviet colleagues and for the construction of software for the ASPERA experi-
ment.

Viking

The Swedish Viking satellite, successfully launched on February 22, 1986, ceased to
operate on May 12, 1987 as a result of a failure in a voltage regulator. However, during
about 15 months of lifetime, the satellite has provided a large amount of excellent
scientific results. For instance, the electron and ion spectrometers have given more
detailed energy and angular distributions than any other instrument flown in a high
apogee polar orbit.

One of the unique characteristics of the Viking project has been the campaign
concept which enabled instantaneous interaction between experimenters during and
after real-time data taking periods. The highly appreciated Viking scientific cam-
paigns have been a fruitful basis for collaboration between the different science team
members.

As a complement to the very useful Quick-Look Plots (QLPs), particle data are also
available in a color-graphics form with 16 mm film mounted in micro-fiche jackets.
This form of data representation, the whole data set in one microfiche cover, has turned
out to be extremely valuable in the data analysis. Color-fiche data have been produced
for ten scientific groups.



20

Acceleration processes on auroral field lines (Viking)

The Viking satellite has successfully achieved its prime scientific objective, to
study auroral acceleration processes utilizing a unique composition of on-board
experiments. Viking has provided detailed measurements of the local plasma pro-
perties with a yet unrivaled resolution.

The Viking hot plasma data have provided a fair amount of new interesting know-
ledge about the acceleration of plasma on auroral field lines. Not only was the fine
structure in the data somewhat of a surprise (Lundin et al., 1987) but also the power of
the low-altitude ionosphere as an accelerator region was unexpected. Electron accele-
ration upward to tens of keV at low altitudes was not considered possible before. An
example of such an energetic electron beam is shown in Fig. 1.

180

VIKING-V3 ELECTRONS
DATE: 860325 UT: 213510-213540
ALT: 12741km INVL: 74.3
MLT. 8.46 ORBIT: 176
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Fig. 1. An upward accelerated electron heam, one of the unexpected
discoveries by Viking, The shape of the beam tellx us that the
acceleration has taken place far below the satellite.

An interesting characteristic of the field aligned acceleration process has been the
observation of upward electron conies in conjunction with a field aligned acceleration
of electrons (downward) and ions (upward). These types of electron conies are expected
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to form within regions of highly variable electric potentials. Electrons accelerated
downward and reflected by e.g. low-altitude mirroring may "leak" upward when the
potential decreases (Lundin et al., 1987).

Similarly, a fluctuating field aligned acceleration process may give rise to simul-
taneous upward acceleration of ions and electrons (Hultqvist et al., 1987). The much
lower velocity of the ions makes them sensitive to the dc component of the field, whilst
the much faster electrons respond to the stronger, very low frequency ac component of
the field. Upward acceleration of ions and electrons is then possible for an upward dc
component during the downward phase of the ac component (Hultqvist 1987b).

Particle signatures of auroral structures in the region traditionally called the polar
cap have been studied (Eliasson et al., 1987). Acceleration processes below 2 Re produce
enhanced electron loss cones and tield aligned upward ion beams. The acceleration
occurs at higher altitudes at the edges than in the center of the arcs. The characteristics
of the particles are similar to those observed in the plasma sheet boundary layer. Opti-
cal signatures identified as polar cap arcs from the imager data are often better de-
scribed as an expanded poleward edge of the oval when the particle characteristics are
taken into account.

VIKING results of the temperature and composition of individual upward flowing
ion beams suggest that they originate from a combination of magnetic moment "pump-
ing" by transverse electric field pulses (shocks) and a field aligned acceleration. The
evidence for this is the characteristic difference in peak energy between O+ and H+ ion
beams (Fig. 2).

VIKING Ion beams, Orbit: 266, 051731

10
ENERGY (keV)

Fig. 2. In upward flowing ion beams there is a characteristic
difference in peak energy between protons and oxygen ions.
This suggests that the beams are created by a combination of
field aligned acceleration and magnetic moment pumping.

The morphology and dynamics of the polar cusp and cleft (Viking)

A statistical study of the cusp proper, distinguished in the Viking data by a con-
tinuous contact with the magnetosheath, is presently going on. The hot plasma charac-
teristics in the cusp proper show good correlation with solar wind properties as
determined by IMP-8 (density and flow direction). An example of the cusp dynamics is
shown in Fig. 3.
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The cusp proper (MLT =1100 - 1300) is characterized by dense plasma of solar wind
origin and mii.ute signatures of energization. The cleft region, comprising the re-
mainder of the dayside high-latitude portion of the auroral oval near noon, is quite
different compared to the cusp. The cleft is characterized by an intermittent contact
with the magnetosheath (plasma injection) and significant energization of magneto-
spheric and ionospheric plasma The cleft is most likely magnetically connected to the
low latitude boundaiy layer on predominantly closed field lines.

CUSP POSITION

00
UJ

LU
CO

15

10

SW FLOW FROM WEST

SW FLOW FROM EAST

09 10 11 12 13 14 15

TIME (MLT)
Fig. 3. The position of the cusp depends on the east-west component of the solar wind flow
direction.

Magnetospheric projections (Viking)

In a study by Stasiewicz et al. a magnetospheric model is used for field-line tracing
of the particle and optical structures observed by Viking. The optical aurora seen by the
Viking UV camera and the satellite trajectory are projected into the distant magneto-
sphere as the intersections with the equatorial plane or with the tail cut at a fixed
distance from the Earth. An example of such projections is shown in Fig. 4. The left
hand side of the picture shows projections at 100 km altitude above the Earth in polar
coordinates (magnetic local time and invariant latitude) whilst the right hand side
contains magnetospheric projections. Projections of this kind help to understand rela-
tions between the aurora excited at ionospheric altitudes and the distant magnetotail
phenomena.
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VIKING PROJECTIONS:
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Fig. 4. Magnetospheric projections of optical structures seen by the Viking camera and of the
satellite trajectory (Stasiewicz et al.).

Comet Halley investigations (Giotto)

IRF participates in a consortium which is responsible for a hot plasma experiment
on Giotto. Our contribution consists of experiment ground support equipment. The
consortium is led by a group from Mullard Space Science Laboratory, MSSL, UK. Giotto
was launched on July 2, 1985 and reached comet Halley on March 14, 1986.

During 1987 a graphical program package for display of the particle data has been
implemented on the HP-9000 computer in Kiruna. The program package has been
developed by South West Research Institute, San Antonio, USA. A working group has
been formed for the scientific analysis including scientists from Umeå and Kiruna.

Future satellites

ASPERA

ASPERA is a three-dimensional plasma experiment which is to be flown on the two
Soviet Phobos spacecraft, a mission to the planet Mars and its nearest moon Phobos.
ASPERA is a very ambitious plasma experiment which measures electrons in the
energy range * 1 eV to 50 keV and ions with mass resolution in the energy range * 0.5
eV to 25 keV. A split-beam measuring technique allows ions to be measured with both
high and low mass-resolution. The spectrometer design enables a 360° field of view
divided into 10 sectors for ions and 6 sectors for electrons. The instrument design is
shown in Fig. 5.
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The spectrometer unit is mounted on a mechanical scanner which performs a 180°
scan in about 2 minutes. This gives a full 4TC coverage, less the spacecraft shadow (8 %
on spacecraft 1 and 35 % on spacecraft 2).

To reduce the data rate, the on-board processor computes the first three moments of
the plasma distribution function for various plasma species (number density, mean
flow velocity, and pressure tensor). In addition to plasma moments, averaged energy-
mass spectra, and partial plasma moments are also determined.

Fig. 5. The plasma experiment ASPERA will
measure ions and electrons near Mars and its
moon Phobos. The instrument is 45 cm high and
weighs 8.5 kg.

ASPERA is a plasma experiment encompassing many scientific objectives. During
the cruise phase it will emphasize studies of the solar wind dynamics and ion
composition. ASPERA will provide a higher data rate in interplanetary shocks and
during crossings of the distant geotail. The higher data rate is triggered by either
internal conditions (high energetic electron fluxes) or external conditions (magnetic
field transients).

During the Mars orbiting phase ASPERA will provide maximum data rate that
makes it possible to study the solar wind interaction with the Martian ionosphere and
upper atmosphere. Of particular interest is to study the ionospheric ion outflow from the
planet.

During the Phobos flyby ASPERA will be switched into a special flyby mode. The
flyby mode has two main objectives:

1) to study the solar wind interaction with Phobos and
2) to act as a support instrument for the active laser and ion beam (Kr+) experi-

ments. About one third of the time the mass-spectrometers are tuned to Kr+. The back-
scatter rate of Kr+ contains information about I'hobos surface properties.

Three flight units of ASPERA were delivered to the Space Research Institute in
Moscow during 1987 - the first one in Juno and the last one in October. Extensive
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calibrations and tests at the IRF calibration and test facility in Kiruna were performed
before delivery. Figure 6 was tak°n during these tests. An example from the mass
calibration is shown in Fig. 7.

Fig. 6. Börje Rautio, Sven Olsen and Rickard Lundin work with tests of ASPERA.

ASPERA F-3, Mass-Sensor (S-17), 605 eV

20 40
Mass channel

Fig. 7. ASPERA mass calihratinn.

60
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PROMICS-3

The PROMICS-3 experiment is a three-dimensional plasma experiment for ions
and electrons to be flown on two Soviet spacecraft in the Interball project. One experi-
ment unit will measure ions with mass resolution in the energy range 1 eV to 100 keV
and the other unit will measure electrons or positive ions in the energy range 10 eV-40
keV. Launch is planned to take place in 1990.

The Interball project consists of two satellites, each one with one subsatellite. One
satellite pair will have its apogee at 200.000 km altitude close to the equatorial plane
and the other pair will fly in a 24.000 km apogee polar orbit. The objective is to study
dynamic processes in the magnetosphere, for example substorms.

During 1987 a thermal model of the PROMICS-3 experiment has been manufac-
tured.

Ulysses

The objective of the Ulysses mission is to perform measurements well outside the
ecliptic plane and above the poles of the sun. IRF is coinvestigator in a particle instru-
ment, EPAC. Because of the Challenger accident the launch has been delayed and is
now planned to take place in October 1990 from the Space Shuttle.

CAMMICE

IRF is a part of the consortium responsible for the CAMMICE (Charge And Mass
Magnetospheric Ion Composition Experiment) experiment on board the Polar satellite
within ISTP (International Solar-Terrestrial Physics Programme). The main
responsibility for the experiment lies with Dr. T. Fritz, Los Alamos. We shall design
and manufacture test (ground support) equipment required to test and calibrate the
experiment and to support real time data analysis. We shall also provide high voltage
supplies for the experiment. The project is included in NASA's budget as a new start
1988. Launch is planned for 31 december 1992.

Proposed satellite projects

IRF participates in the planning of several new satellite projects. As examples can
be mentioned Freja, IMPACT, and Cluster. Freja is a proposed Swedish satellite which
is planned to be used for ionosphere/magnetosphere research. The suggested orbit has

its apogee at 1780 km, perigee at 650 km and inclination 63° . The goal is to achieve a
better spatial resolution than any previous satellite, 70 m. IMPACT means Investiga-
tions of Magnetospheric Particle Acceleration and Turbulence. The project comprises
two satellites in orbits similar to the Viking orbit.

The ESA project Cluster, with four closely grouped satellites is intended to study the
three-dimensional morphology and dynamics of small-scale structures of the mag-
netosphere, in particular in its boundary regions. Cluster will be an important element
of the International Solar-Terrestrial Physics Programme.
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Research based on sounding rocket experiments

Plasma instrumentation from IRF has to date flown on 40 sounding rockets. We
have specialized in measuring electrons and positive ions in the energy range from 1
eVto200keV.

The Viking related rockets Aureld-VIP-High and Aureld-VIP-Low were launched
or November 4 and December 12 1986. During 1987 the data analysis has started
(Sandahl et al. 1987).

Both rockets were flown in auroral forms which were simultaneously passed by
Viking, thus fulfilling the goals of the campaign. In both cases the real time images
from Viking were used to take the launch decision.

Aureld-VIP-High was launched during a magnetic storm into an inverted-V-type
auroral arc. The parallel potential drop was nearly 10 kV. The rocket measured very
regular oscillations with a period of about 10 seconds at the same time as Viking
observed a field-aligned downgoing high energy electron beam. We are now inves-
tigating whether these observations can be explained as caused by kinetic Alfvén
waves. According to the Viking data this auroral structure mapped to the plasma sheet
boundary layer. Figure 8 shows the aurora, the trajectory of Viking, and the location of
the rocket apogee.

VIKING V5 Ultraviolet Imager Reconstruction

861104 2043; 23 UT
Fig. 8. Sketch of the auroral image obtained by Viking just before the
launch of Aureld-VIP-High. The location of the rocket apogee is shown
by a small cross in the middle of the circle, and the simultaneous
position of Viking projected along the magnetic field to 120 km is shown
by a ring.
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Aureld-VIP-Low flew at the northern edge of a quiet arc located in the southernmost
part of the auroral oval. Electron energy spectra measured on both the rocket and on
Viking show that this arc originated in the central plasma sheet. There is very good
agreement between rocket and satellite data.

Coordinated EISCAT measurements were done during the flight of Aureld-VIP-
High.

In December the University of Calgary was visited for a careful analysis of the
Viking images obtained during the two rocket flights.

The planning of future rocket projects is continuing. The next Swedish auroral
sounding rocket project is COSMIC-MAS (Coordinated Study of Magnetosphere-
Ionosphere Coupling - Multiple Arc Study), a 900 km apogee rocket to be launched from
Esrange. The preliminary design of the particle instrument has been completed.
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Wave emissions recorded
during orbit 1408. The two
spectrograms display in dif-
ferent frequency regions the
power of the electric field
component (the colour scale
gives the logarithm of the
intensity in (mV/m)2/Hz).
Distinct emissions are seen
around half the local proton
gyrofrequency (240 Hz in this
case), and in the upper part of
the frequency region hiss
emissions are seen (modu-
lated by the 20 second spin
period of the satellite).

Viking electron and positive
ion data from November 4,
1986.
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Research based on ground based instrumentation

EISCAT

EISCAT (European Incoherent Scatter Facility) is a radar facility for ionospheric
research. It is owned jointly by six countries: Finland, France, West Germany,
Norway, Sweden, and United Kingdom. There are two separate radar systems. The
UHF system working at 933 MHz has been in operation since 1981. Its transmitter is
located in Tromsö and the receivers in Tromsö, Kiruna, and Sodankylä. The an-
tennas are 32 m paraboloids. The transmitter/receiver antenna for the VHP system is
placed in Tromsö. This system, which works at 224 MHz, has been in test operation
during 1987. The EISCAT data give information about electron density, electron and
ion temperature, ion composition, and plasma drift velocity. From these basic plasma
parameters some other quantities e.g. conductivities, neutral winds, heating rates etc
can be derived.

EISCAT-Viking Research

The period of Viking operation in 1986 was also a period of intense activity for the
IRF EISCAT group. A program of measurements with the EISCAT radar was coor-
dinii ed with Viking passes over Scandinavia, with data collected in one of three
different modes, according to the geomagnetic situation. Over 200 hours of data were
collected and summary plots of ionospheric parameters were prepared for distribution
to collaborating groups in Finland, France, West Germany, Norway, Sweden, and
United Kingdom. During 1987 it has been possible to devote more time to the interpreta-
tion of the data collected.

Work so far has concentrated on the analysis of substorms. These have been
identified, and the context of the radar measurements in terms of the substorm develop-
ment has been determined, by combining observations by ground magnetometers, rio-
meters, all-sky cameras and the Viking imager. Data from the ground-based instru-
ments belonging to the Finnish Meteorological Institute, Sodankylä Geophysical
Observatory, Danish Meteorological Institute and the University of Braunschweig
have been collected together. The radar measurements of E-region electron density
profiles and E- and F-region vector ion drift have been used to determine Hall and
Pedersen conductivities, electric fields and E-region neutral winds associated with
various substorm features - e.g. growth-phase precipitation, break-up arcs, westward-
travelling surge, diffuse aurora associated with the westward substorm electrojet This
shows that, although the main westward electrojet is reasonably represented by exist-
ing models, the dynamic features in the few minutes after onset are not. Conductivities
in the intense, discrete aurora leading the northward and westward substorm expan-
sion are 3-4 times higher than previously assumed and the transient magnetic signa-
tures associated with their appearance and propagation are probably driven largely by
the E-region neutral wind.

The E-region electron density profiles can also be "inverted" to determine the
energy-flux spectrum of precipitating electrons which would produce the measured pro-
file. A program has been developed to make this inversion, taking into account the
time rate of change of electron density and matching the energy resolution of the fitted
spectra to the altitude resolution of the profiles. A study of the spectra characterizing the
various substorm features and a comparison with the Viking particle measu/ements is
underway. In Fig. 9 are shown electron energy spectra derived from the EISCAT mea-
surements.

Besides EISCAT-Viking measurements there has been a special Swedish interest in
Viking coordination with EISCAT in connection to the Aureld-VIP rocket campaign.
The EISCAT data from Aureld-VIP-High, which was launched 4 November 1986 ii;
conjunction wi'h a Viking passage, are being analysed and interpreted. The two
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different program modes which were chosen to be run during and after the rocket flight
worked very well. Only very few dumps of data were contaminated with rocket echoes.
Good estimates of electric fields above the rocket were obtained. The EISCAT data
agree well with the other simultaneous measurements.

14 FEBRUARY 1985

ELECTRON ENERGY (keV)

Fig. 9. Primary electron energy spectra derived from EISCAT
data during a westward travelling surge.

Acoustic waves

A proposal for an EISCAT experiment for detecting acoustic waves in the ionosphere
generated by strong ground explosions at Apatity on the Kola peninsula was accepted by
the Swedish EISCAT committee. Earlier two possible cases of such waves have been
recognized in Common Program Data. However their origin can not be absolutely
confirmed. A cooperation with Prof. M. Gokhberg, Moscow, has been established to
make new measurements with well defined sources.

High resolution ion composition measurements - new EISCAT code

One parameter that can be deduced from the incoherent scatter spectrum is the
composition of the ion gas. Since very high spectral resolution is needed the analysis is
difficult and usually a model of the ion composition is used. Another problem is that the
transition from molecular to atomic ions is in a region that is difficult to measure with
high enough height resolution together with good statistics. By using the new (1987),
statistically improved, field-aligned common program experiments and very long
integration times it was. however, shown that it is possible to obtain the ion composi-
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tion. It was found that the transition region from molecular to atomic ions is narrower
than measured earlier in experiments using the range-gated single pulse technique
(Häggström, 1987).

By using the so called alternating codes (Lehtinen and Häggström, 1987) it has been
possible to improve the measurement speed by a factor of more than 10 over the classical
multi pulse codes. The first experiments using alternating codes were run in 1987 in
collaboration with Finnish groups. The experiments were carried out in April (3 hours)
and October (23 hours). The analysis of these experiments is not completed but it has
been shown that the method works according to the theoretical predictions. Fig. 10
shows an example of how the ion and electron densities vary through the Fl-region for
the April experiment.
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Fig. 10. Molecular (30.5 amu) (dotted line), atomic (16 amu) (dashed line)
and electron (full line) densities in the upper E-region and F-reginn
obtained from the first alternating code experiment. The integration time
is 20 minutes and the height resolution is 4 km.
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The ionospheric trough __ •̂>•' s

The main ionospheric trough has been studied using over one year of solar mini-
mum latitude scanning experiments with the EISCAT radar (about 450 hours of data).
No seasonal dependence of the location was apparent, but no troughs were found during
summer. An empirical model of trough location versus Kp has been proposed for
latitudes covered by EISCAT. A detailed study of four selected days gave the trough
minimum to be situated between the equatorward boundary of convection and the
equatorward boundary of the auroral oval independent of local time and latitude Fig.
11 (Collis and Häggström, 1987).
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minimum.
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Additional EISCAT antenna in Kiruna

The construction of a new transmitter/receiver which will be used together with
EISCAT and placed adjacent to the EISCAT Kiruna site is underway. The antenna is
an 8.5 meter antenna acquired from the Swedish Air Foice. It will be extended to 12.5
meters. During 1987 the transmitter final stage and driver stage have been built and
the design of the antenna mounting has been almost completed.

The scientific goal of this project is to make simultaneous observations of plasma
drifts at two or more altitudes, enabling the study of the temporal development of drift
motions in the ionosphere with much increased time resolution as compared to the
present day EISCAT system. This is expected to be of particular value in highly
dynamical situations such as substorm breakups. In spite of the small reflection size it
will be possible to determine drift velocities with the same accuracy as that obtained
with the 32 meter antenna in Sodankylä.

Remote sensing by radio methods (RFA)

In late 1985, IRF received a special research grant from the Swedish Government for
the purpose of establishing a research programme in the remote sensing field. The
grant was motivated to a large extent by the extensive commercially oriented space
activities which already existed in the Kiruna area (Esrange and Satellitbild AB). The
remote sensing group at IRF consists of three physisists. The work is concentrated on
the study of propagation and scattering of microwave radiation which is used as a probe
in remote sensing by radio methods. The experimental program consists of two parts:

1) investigations of the relevant processes in the lower and middle atmosphere
using EISCAT and

2) investigations of microwave scattering from vegetation and solid ground.
The preparations for the experimental work are now in the final stage. A proposal

for MST measurements with the EISCAT radar was submitted in October to the Swedish
EISCAT committee. A preprocessor based on a Motorola VME system is being con-
structed.

For the microwave scattering measurements an HP8510 network analyzer has been
bought. This purchase was made possible thanks to a special grant of 1.5 million SEK
from the Wallenberg foundation. Laboratory measurements of dielectric constants for
various vegetation samples are expected to begin during the first part of 1988. The
network analyzer is already in operation (Fig. 12).

Fig, 12. Anders Stjernman working with the newly purchased
HP8510 network analyzer.
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Members of the group have made a number of study visits to other remote sensing
research groups. In November the Swedish Defence Research Establishment at
Linköping was visited.

In December participation in the AGU Fall meeting was combined with visits to
Wave Scattering Research Center, University of Texas, Arlington and Radar Systems
and Remote Sensing Laboratory, University of Kansas, Lawrence.

Research with optical methods

Auroral dynamics studied with optical methods in Kiruna

During 1987 four scientific studies on auroral dynamics have been completed. The
scientific topics of the four publications are related to each other, and ground-based
optical data have been used in combination with data from other instruments, for
example EISCAT.

On April 8, 1986 (Steen et al.,1988a) an eastward travelling fold in an auroral arc
passed overhead the EISCAT station at Tromsö. As a precursor to the arrival of the fold
strong enhancements of the F-region ion temperature, indicative of intensified iono-
spheric electric fields, were measured by EISCAT. On December 10, 1986 (Steen and
Collis,1987) the formation of a westward travelling surge was observed in geomagnetic
zenith at Kiruna by a monochromatic TV-camera. The subsequent northward expan-
sion of the auroral activity was recorded by the EISCAT radar at Tromsö. Arguments
are presented that both the fold in the auroral arc on April 8 and the formation of the
westward travelling surge on December 10 were caused by the Kelvin-Helmholtz in-
stability in a velocity shear zone in the magnetosphere.

A study, which has been in progress since 1983, (Steen et al. 1987) describes a giant
pulsation event on January 10, 1983, during which a gradual transition occurred in the
morning sector between Ps6 activity with auroral torches and surge-like pulsations.
The Kelvin-Helmholtz instability is suggested to be the responsible mechanism caus-
ing both types of pulses on the ground and a simultaneous modulation in the particle
intensity at the geostationary orbit.

The optical program has since long included measurements of the F-region neutral
wind, carried out in collaboration with Dr. David Rees, UCL, London. An observation
of a characteristic decrease in the F-region meridional neutral wind prior to intensifi-
cation of auroral arcs (e.g. substorm onset) has been found to be associated with
intensified ionospheric electric fields. The neutral wind reduction is understood to be
caused by enhanced Joule heating prior to the auroral intensification (Steen et al.,
1988b).

A description of the new optical laboratory in Kiruna, completed in the fall of 1986,
has been published in the IAGA News. A first analysis of the optical rocket experiment,
carried out during the Aureld-VIP campaign has been made, showing that the one-
dimensional auroral imager functioned properly. The data interpretation will be
difficult due to the heavy snowfall during the rocket launch. A joint Canadian/Swe-
dish analysis of Viking UV-imager and ground-based optical data has been made and
will be published during 1988.

Research on spectral line intensities

The new method of organizing spectral line ratio fluctuations has been further
developed (Thelin, 1987). Earlier studies were mainl,, based on data obtained from
spectrochemical measurements using hollow cathode and ICP light sources together
with a computerized spectrometer system, IDES. These studies have been published in
the field of optical spectroscopy in the Analyst and one paper has been accepted for
publication in Talanta. The method has now been found also to organize spect"ophoto-
meter data of auroral and nightglow emission and atomic and ionic barium lines
during a barium release.
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A stringent mathematical proof for the correctness of the formula has been construc-
ted using absolute differentials.

The other new method of organizing absolute intensities from spectral data tables
has also been improved and gives a strong support of the new intensity formula from
the ultraviolet to the far infrared region for a large number of different elements
(Thelin, 1987). Newer investigations on ionic spectral lines from different elements
have given results which do support the new intensity formula at much larger energy
ranges. The formula has successfully been used on recently published measurements
by other workers, giving better correlations than those obtained in the original papers.
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The Laboratory of Mechanical Waves (IRF-LMV)

The work at the Laboratory is concentrated on applied and basic research in the field
of mechanical waves, especially concerning infrasound and low frequency vibration.
The research is divided into two projects:

Development of methods for the detection and signal processing of
mechanical waves

This project includes the development of sensors and application of artificial intel-
ligence (AI) techniques, in particular pattern recognition techniques and expert
systems for processing of low frequency sound and vibration.

During 1987 the main area of research at the Laboratory has been to find further
areas where the method for remote machine monitoring developed at the Laboratory
may be used. The work has been carried on in cooperation with Keltronics AB, a com-
pany which has been started as a direct result of the research carried out at IRF.

The machine monitoring system has been adapted for monitoring of gear boxes in
heavy vehicles. Such a system has been in commercial operation since May 1987 at
Umeå harbour, where 24 large loading vehicles are monitored (Fig. 13).

Another area of application is monitoring of electrical motors with adherent gear
boxes. This project has been developed together with ASEA Brown Boveri Service. A
monitoring system which resulted from that work will be in commercial operation
during the beginning of 1988 in Sweden and will be distributed by ABB Service in other
countries during coming years.

The machine monitoring systems developed at the Laboratory were displayed at
SPCI 87,The World Pulp and Paper Week.April 7-10, 1987 in Stockholm.

Fig. 13. The gear boxes of these heavy loading vehicles of the harbor of Umeå are being watched
over by a machine monitoring system development at LMV.
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Investigation of the middle atmosphere through measurements of the
propagation of infra-acoustic waves

During 1987 work has been started to modify the present network of infrasound re-
cording stations belonging to IRF. Eaoh recording station will during 1988 be equipped
with a PC for data collection on 5 1/4 " diskettes. The equipment will now record both
levels and angles of arrival within the frequency range 2 to 20 Hz. It is expected that the
network will provide much more useful information about the infrasound propagation
in the middle atmosphere than the previous stations operated at a single frequency of 2
Hz.

One of the recording stations has in December 1987 been programmed to search for
solitons in the infrasonic range. The existence of solitons in the neutral atmosphere
has been predicted theoretically (Stenflo, 1987) and a confirmation of their existence
would be of great scientific interest. The data acquisition unit at that recording station
is programmed to search for signal characteristics which have been predicted for an
infra-acoustic soliton. Data may then be transferred to the central computer for further
analysis and for storing.
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The Umeå Division (IRF-Um)

Experimental studies using satellites

Research on wave-particle interactions (Viking)

Many interesting simultaneous observations of particles and both high and low
frequency waves have been obtained by the Viking satellite. For example, the varying
properties of ion waves during ion beam events (André et al., 1987a) and the waves at
high multiples of the proton gyrofrequency (Koskinen et al., 1987) have been investiga-
ted. More recent studies concentrate on ion heating in the polar cusp region (André et
al., 1987b) and the interaction of electron beams with waves below the proton gyroire-
quency, as well as the electron distributions obtained within the generation region of
AKR (Auroral Kilometric Radiation).

It is well known that ions in the magnetosphere can be heated perpendicularly to the
ambient magnetic field. These ions may then move adiabatically along the field lines
of the inhomogeneous terrestrial magnetic field and form so called ion conies in
velocity space. For example, ion heating is known to occur in the polar cusp region in
the dayside magnetosphere. Observations by Dynamics Explorer 1 and other spacecraft
show that this region is an important source of upwelling ions (the "cleft ion foun-
tain"), but the ion heating mechanism(s) are not unambiguously identified. One
possible source of free energy is downflowing ion distributions which can develop an-
isotropies in velocity space, "ring distributions", which then may generate waves near
multiples of the ion gyrofrequency. These waves may then cause perpendicular ion
heating. However, observations by Viking show that local transverse ion energization
often occurs near the equatorward edge of the polar cusp region (Fig. 14). This heating

0

Vz(105m/s)

Fig. 14. Ion velocity space distri-
bution obtained near the equtorward
edge of the polar cusp region. The
+V direction corresponds to down-
flowing particles. For simplicity,
all ions are assumed to be protons.
The contours are labeled with
Dlog(F), where F is the distri-
bution function in units of s Im .
Intense broadband low frequency
emissions were observed simul-
taneously with these locally heated
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can occur outside the region of ions injected from the magnetosheath and without the
presence of waves at multiples of the ion gyrofrequency. However, the heating is clear-
ly associated with increased electron fluxes and also with waves that have most of their
power concentrated below the ion gyrofrequency. Mean particle calculations and
Monte Carlo simulations show that even if only a minor part of the spectral density
observed near the ion gyrofrequency is due to lefl-hand polarized waves (and thus in
resonance with the ions) this may cause considerable heating. Heavy ions with lower
gyrofrequency should usually be heated to higher temperatures, since the broadband
waves usually are more intense at lower frequencies. It seems reasonable that broad-
band low frequency waves in the cusp region may cause significant ion heating,

especially of heavy ions, and may even cause 0+ conies with pitch angles near 90° at
high altitudes.

The Viking ac electric field and density waveform measurements have been used to
study waves in the frequency range both below and above the local proton gyrofre-
quency. Narrow-banded waves below the gyrofrequency are observed in auroral
acceleration regions with electron precipitation and upward directed Birkeland
currents. The colour figure on page 29 shows a spectrogram of such a wave, and simul-
taneously observed electrons are shown in Fig. 15.

10-15

Fig. 15. Electron velocity space distribution obtained simultaneously with a wave emission in
Figure 3. The +Vz direction corresponds to downflowing particles. Note the downgoing electron
beam at about 7 keV.
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The general characteristics of these waves are:
- emissions usually occur near 1/2 the local proton gyrofrequency
- typical amplitudes are usually a few mV/m but sometimes tens of mV/m
- the relative bandwidth at half maximum varies from 0.1-0.4
- about 20 per cent of the auroral oval passes show these waves
- maximum amplitude is observed perpendicular to the magnetic field
- the waves show high correlation with electron precipitation, upward Birke-

land currents and VLF hiss emission.
A preliminary study has been made in order to determine in which mode these

waves propagate. There are several different candidates, and so far it has not been
possible to single out a specific one. However, it is interesting to note that the so called
beam-mode may get unstable in the observed frequency interval in a plasma with
characteristics similar to those observed in our case.

Theoretical Research

Magnetospheric waves

During the last decades, the quality and quantity of observations of magnetospheric
waves have grown rapidly. At the same time, considerable progress has been made in
the theory of plasma waves and instabilities. These developments have increased the
need for mor% quantitative methods, which can be used to compare theoretical predic-
tions with wave and particle observations. The research in Umeå is generally directed
towards the development and application of such quantitative methods.

In a recent paper, the evolution of spectral densities in weakly inhomogeneous
plasmas has been considered (Rönnmark, 1987). This study introduces a formalism,
which allows the observed space and time varying frequency spectra to be reconciled
with the idealized theoretical picture involving plane waves extending throughout an
infinite homogeneous plasma. Assuming the waves to obey linear theory and the laws
of geometric optics, a remarkably simple equation for the variation of the spectral
density is derived. From this equation, it is possible to construct an algorithm, which
allows the observable spectral density to be computed if the dispersion relation and the
appropriate boundary conditions are known.

An important link between wave observations and theory is provided by the wave
distribution function (WDF), which describes the distribution of wave energy in space
and time as well as in wavevector space. This function has been studied, and Rönn-
mark and Larsson (1987) have shown how it can be properly defined in terms of the
electromagnetic field. They have also derived a simple continuity equation obeyed by
the wave distribution function, and discussed the local properties of spectral measure-
ments compared to the global nature of power spectra in theory.

At CNRS/LPCE in Orleans, a group led by F. Lefeuvre has shown that in some cases
it is possible to reconstruct the wave distribution function from observed frequency
spectra. A new and more flexible method for reconstructing the WDF is being
developed by the Umeå Division. This method is based on numerical solutions of the
dispersion relation, and can therefore handle almost any linear wave mode in a
number of complex plasma models. The method is being tested on a model problem
with simulated data.
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The Uppsala Division (IRF-U)

The Uppsala Division of the Swedish Institute of Space Physics (IRF-U) was earlier
called Uppsala Ionospheric Observatory. This Division has an independent research
programme and separate research grants. IRF-U also constitutes a department of the
University of Uppsala with responsibilities for education in Space Physic.

The research programme covers space plasma physics, in particular high latitude
ionospheric phenomena and phenomena related to the interaction of the ionosphere
with the magnetosphere and with the neutral atmosphere. For the study of these, in situ
experiments are performed, with support provided by the Swedish Board for Space
Activities, using sounding rockets and the Swedish Viking satellite. Ground-based,
remote-sensing, experiments are also performed, with support provided by the Swedish
Natural Science Research Council, using radar and radio techniques, in particular
EISCAT, backscatter radars, and equipment for observing stimulated electromagnetic
emissions from "heating" experiments.

Within the observatory programme, routine monitoring of ionospheric conditions
are performed using the ionosonde, riometer, and backscatter radar techniques. The
SABRE VHF radar has been operated at IRF-U within a joint project with the Max
Planck Institute for Aeronomy.

Within the educational programme advanced courses and seminars are given.
IRF-U has also been commissioned to conduct some minor, applied studies for the

Swedish Defence Research Establishment of the influence of ionospheric phenomena
on radio wave propagation.

Highlights of IRF-U activities 1987

1987 has to a large extent been a year of data analysis from the very prosperous
Viking enterprise and the similarly successful Viking coordinated EISCAT opera-
tions. About 1000 tapes of data were collected from our Viking Wave Experiment and
more than 200 hours of related EISCAT data were gathered during 1986. Both data sets
proved to be of unprecedented quality. Our 1987 analysis activities have provided
further insight into, for example,

- ion waves in relation to ion beams
- drift velocities of plasma irregularities
- polar cap electric fields
- the nature of solitary waves and weak double layers
- the auroral substorm onset
- anomalously thin auroral ionization layers.

Our series of experiments on ionospheric modification by powerful radio waves
culminated with a comprehensive campaign at Arecibo in March 1987. Results include
proof of subharmonic, as well as harmonic, stimulated electromagnetic emissions and
overshoots, and other temporal features. Extensive theoretical work was also carried
out on the ionospheric standing wave pattern of the pump wave and on the nonlinear
coupling between three and more waves during the modification experiments.

Viking

Analysis of data from the wave experiment on the Viking satellite has been
continued during 1987. A number of studies have been in progress and results have
been reported to journals and different conferences. Some of these studies are
mentioned here.
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Ion waves in relation to upgoing ion beams

Waves with frequencies of the order of and above the ion gyro frequency are often
observed on auroral field lines. One well known type of emission is the EHC
(Electrostatic Hydrogen Cyclotron) waves, which occur in bands up to a few multiples
of the proton gyrofrequency. These waves, seen earlier on the US satellite S3-3, are
observed to nearly always occur in regions where energetic ions are flowing out of the
ionosphere, sometimes also related to Birkeland currents. It has been suggested that
ion beams with a positive slope in the velocity distribution in the direction parallel to
the ambient magnetic field is a source of free energy that could drive these EHC waves.
On the other hand, even a small amount of cool electrons will cause strong Landau
damping so the appearance of these waves is not only a function of the presence of ener-
getic ion beams, but also of the occurrence of damping thermal electrons. On auroral
field lines, Viking data often show broad areas, observed for minutes, with upgoing
energetic ions. During these events the wave emissions vary quite considerably bet-
ween narrow band EHC and broad band turbulence. The cause of these variations has
been interpreted as damping of the waves due to variable presence of cool electrons
'André et al. 1987a). In Figure 16 the two spectrograms show the difference between the
narrow band and the broad band emissions.
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Fig. 16. Electric field spectra from two times
during an ion beam event. Multiples of the
proton gyrofrequency /"_, are indicated in the
upper part of each panel. Note the variability
of the spectrum: while the upper figure shows
a narrow band EHC emission just above /"™

the lower figure shows enhanced broad band
turbulence belou /*c_.
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The interferometer measurements

The interferometer instrument is a unique asset of the Viking mission. It is the first
interferometer flown on a satellite and the data acquired have proven to be very useful
for plasma irregularity drift measurements and plasma turbulence studies. A new
method for analysis of the interferometric plasma density probe measurements has
been developed during 1987. (See fig. 17.) With this method, a component of the v x B
equivalent electric field can be evaluated to an accuracy of about 1 mV/m and with a
time resolution down to a few hundred milliseconds. The method is, however, de-
pendent on ambient conditions like the satellite orbit, the state of the plasrr i, and the
ambient magnetic field. The resulting plasma drifts transformed to v x B fields have
been compared with direct measurements of the corresponding electric field component
with good agreement.

Viking V4L Orbit 393 May 4, 1986
Grey scale coded phase difference
Eight levels from -180° to 180°

07:34:30 07:35:30
Time UT

Figure 17. The figure above shows an example of the new cross spectrum analysis technique of
Langmuir probe interferometer data. The diagram contains grey scale coded phase differences
between signals measured at the two probes as a function of frequency (wavelength). Eight grey
scale levels are used with white corresponding to -180" phase difference between the probes and
black 180° phase difference between the probes. The figure covers 1 minute of data with 300 ms
between "spectra." The data clearly shows the spin period of the spacecraft (20 s), with 0 (grey)
phase difference, independent of frequency, when the probes are oriented perpendicular to the
plasma density gradients, and + /• 180° (black I white) in a periodic structure when the probes are
oriented along the plasma density gradients.

The results can be summarized as follows:

1) The interferometer instrument on Viking is capable of measuring the drift
(phase) velocity of plasma irregularities in most of the polar cap region.



46

2) There is in general a good agreement between the v x B and the corresponding
electric field component measured by the probes operating in electric field mode.

3) The electric field and irregularity drift measurements complement each other,
since the drift measurements transform to an electric field component perpen-
dicular to the satellite spin plane, the most unfavorable component to measure in
electric fie'.d mode due to short boom lengths in that direction.

4) The frequency domain analysis of the interferometer data reveal a variation in
phase velocities related to various wavelength intervals. This can possibly be
interpreted as a wave motion superimposed on a drifting plasma.

5) Since the combined probe instrument on Viking yields both the convection
electric field and the plasma irregularity drift velocity as a function of wave-
length (frequency), the perpendicular plasma wave phase velocities in a proper
reference frame (the plasma reference frame) can be derived.

Double layers and solitary waves

Another feature of the probe measurements is the possibility to make individual
point measurements 80 m apart of the local plasma potential and the plasma density. In
this way it has been possible to study not only the amplitudes of potential and density
variations but also the velocity and dimension of small-scale solitary structures.

Structures resembling ion holes and weak double layers are frequently seen in the
auroral acceleration region at the same time as upward flowing accelerated ions. The
structures appear as individual "spikes" on the probe signals with a time (or phase)
difference of a few ms varying with spin angle to the magnetic field direction. The
probe that happens to be lowest (closest to earth) always records the structure first and
the longest delay between the spikes recorded by two probes is observed when the probes
have a maximum separation in the direction of the field. From this it is concluded that
the structures travel along the field lines and typical velocities have been measured to a
little more than 10 km per second. In density mode the spikes are negative
corresponding to density depletions up to 50 %. In the potential mode the signals always
show negative potentials of up to a few volts relative to the ambient plasma potential.

Viking V4L waveform orbit 202
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Figure 18. Waveform data from simultaneous measurements of plasma density variations
An I n (upper panel) and potential difference variations <Pj-&4 (lower panel) displaying solitary
waves and weak double layers. The booms carrying the potential probes are nearly aligned with
the magnetic field with probe 3 above the spacecraft and probe 4 below the spacecraft. Upward
propagating negative potential wells (solitary waves) are then recorded as a signal that first
goes positive, then negative (lower panel). Asymmetric signals imply net potential drops
(double layers). Distinct density depletions occur at the same moments (upper panel), but the
density measurement is also affected by the presence of large amplitude electrostatic ion
cyclotron waves.
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The scale size of the structures is found to be of the order of 100 m, i.e. the probe sepa-
ration of 80 m is just ideal to study these structures. Frequently the structures display a
net potential drop of about a volt each with a lower potential above the structure than
below. As the structures appear in large numbers they may contribute to the accelera-
tion of auroral particles by cumulative effects.

Sounding rocket projects

Centaur

Centaur (Cyclotron Energization Through AURoral waves) is a US sounding rocket
project, with D.Winningham, South West Research Institute as project scientist. IRF-
U has been invited to participate with a An/n instrument.

The primary scientific aim is to make a detailed study of the perpendicular accele-
ration of ions in the ionosphere by wave-particle interactions.

The first payload within the project was launched January 18, 1986 from the Andoya
rocket range. Unfortunately, almost no scientific data were obtained due to a
mechanical failure at the deployment of the nosecone. The mechanical design has now
been improved, and two more payloads are approved by NASA to be launched from
Andoya in January 1989 and 1990, respectively. One of the new payloads will be
launched on the recently developed Black Brant XII rocket motor reaching an altitude
of 1300 km. This makes it possible for us, for the first time with a sounding rocket, to
reach an altitude range where important auroral particle acceleration processes are
believed to take place. During 1987 planning for the new experiments has been going
on.

Maimik

The Norwegian sounding rocket project Maimik is an active space experiment in
which IRF-U has participated. The scientific aim of the experiment was to study the
energy transfer from a fast electron beam to the ionospheric plasma for various beam
currents and plasma conditions, and to study the extent and intensity of the variety of
plasma processes created by the electron beam and how these affect the neutralization of
the electron accelerator.

The Maimik rocket was successfully launched November 10, 1985 from the And0ya
rocket range, Norway. The payload was of a mother/daughter type with a conducting
wire between the mother and the daughter. The daughter accommodated the electron
gun. With this arrangement it was for the first time possible to make an accurate
determination of the vehicle charging in connection with the firing of an electron
beam. We contributed a Langmuir probe on the mother payload. The IRF-U experiment
shows clear evidence of the electron pulses.

In order to clarify some ambiguities regarding the interpretation of the probe
response in terms of plasma density variations or rocket potential variations, plasma
chamber simulations of the socket measurements were performed in Oslo in September
1987. The simulations were successful, and made possible an unambiguous interpreta-
tion of the results in terms of rocket potential fluctuations.

Aureld-VIP

Data analysis has been carried out for the two Aureld-VIP payloads that were flown
from Esrange during the autumn of 1986. The intention was to launch the rockets at the
same time as the Viking satellite passed overhead in order to make correlated
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measurements. We supplied an electron density instrument on each of the rockets and
both worked normally. Density profiles have been evaluated and wave analysis on the
data will be made during 1988. Some preliminary results were presented at the ESA/
PAC symposium at Sunne.

Cosmic-MAS

During the autumn of 1987 the Cosmic-MAS project has been started with primary
planning meetings and design of the payload. Detailed descriptions of the wave
instrument proposed by IRF-U have been prepared.

EISCAT research

Substorm studies using EISCAT and Viking

After the extensive period of EISCAT experiments in coordination with the Viking
satellite in 1986 we have not carried out any new EISCAT experiments in 1987. Instead
we concentrated on the analysis of the over 200 hours of Viking associated data,
collected during the 8 campaigns of 1986. Several cases of substorm onsets, westward
travelling surges, and other features of substorm development were studied in detail.
Already in the Uppsala Ionospheric Observatory annual report for 1986 we described
some coordinated EISCAT and Viking observations of a decaying westward travelling
surge at the end of a magnetospheric substorm. This study has been completed. Another
case of coordinated observations of a westward travelling surge is presented on the
front cover of this annual report (for details see the description in the IRF-K section of
the report).

In a special session during the Viking Workshop at Skokloster in September 1987
other cases of substorm onset and expansion were discussed mainly on the basis of
Viking imager and EISCAT data (IRF-U is co-investigator on the Viking imager
experiment). It was realized that the current model for the development of the
magnetospheric substorm might need a major revision. The "well known" features of
a substorm, including distinct features and a more pronounced expansion at the
westward edge of the active region, appear to be only one of several possibilities for
auroral behaviour after substorm onset. Cases of stationary intensifications, or
pronounced eastward expansions, appear to be as common as "typical" substorm
bulges. The set of EISCAT data coordinated with the Viking satellite data appears to
contain enough material to start a critical discussion of the classical substorm model.
In order to guarantee a thorough treatment and to provide a solid data base for our
studies a large number of participating co-investigators will be involved. This
procedure generally does not allow a speedy publication of new results, but yields more
complete and conclusive final results.

E and F layer coupling

Like any project providing an extensive amount of data the EISCAT/Viking
coordination will, as a "spin-ofT," produce unexpected results. The data set of un-
precedented temporal and spatial resolution has, for example, drawn our attention to
the study of responses in the ionospheric F layer to electron precipitation events in the E
layer. The mechanisms controlling the coupling between the nightside ionospheric
layers during disturbed times, and particularly the heating of the F layer during high
energy electron precipitation, appear to be poorly understood. The EISCAT/Viking data
set offers a possibility for a detailed study of such mechanisms. Together with
scientists from the Zentralinstitut fiir Astrophysik in Potsdam, GDR, we investigate
the role of substorm onsets, in the high latitude auroral oval, in the formation of the



midlatitude ionospheric F-layer trough. The experience gained from these pilot studies
will be useful for our participation in a Norwegian campaign dedicated to coordinated
EISCAT and rocket measurements of E- and F-layer coupling and F-layer heating
processes (NEED).

Thin ionization layers during pulsating auroras

Another unexpected result from the EISCAT/Viking data set was the observation of
anomalously thin ionization layers in association with pulsating aurora. Fig. 19
shows an electron density profile observed with the EISCAT/Viking UHFl program
(stationary field-aligned antenna pointing) during a two hour long event of pulsating
aurora. The program provides an altitude resolution of 2.7 km with slightly
overlapping rangegates. The observed thin layers of ionization are typically observed
in no more than 2 rangegates. In order to gain a sufficient signal to noise ratio for the
analysis of the data, we have integrated the received signals for 1 minute. This
postintegration will introduce a widening of the observed structure if the layer does not
remain on a constant altitude during the integration. In the noisy data for the original
time resolution of 5 s the thin ionization layers are observed to appear and disappear in
phase with the optical auroral patches within the EISCAT antenna beam, recorded
simultaneously by a ground-based auroral TV system.
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Figure 19. An example of an anomalously thin layer of enhanced electron
density during pulsating aurora. For comparison a theoretically derived
profile (dashed line) is shown, which corresponds to collisional ionization by a
mono-energetic field-aligned electron beam. The altitude extent and
particularly the sharp decrease of electron density at the upper boundary of the
layer can hardly be explained even by this most tailored model for particle
precipitation, which is not likely to occur in nature. Hence, unconventional
mechanisms must be sought.
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In spite of the possible broadening of the observed layer by our experimental
technique, the observed electron density profiles can hardly be explained by normal
collisional ionization produced by precipitating electrons. The dashed curve in Figure
19 shows that only collisional ionization by an ideal beam of truly mono-energetic
electrons can produce an electron density profile of the observed altitude extent. Such
an electron precipitation is most unlikely to occur. The observed pattern of field-
aligned ion drift velocity in this case also excludes neutral wind shear, which is the
agent for the formation of the well known non-auroral sporadic E layers, as an
alternative production mechanism. Hence, we conclude that for the first time a feature
has been observed in the ionospheric ionization which might correspond to very thin
auroral luminosity layers. The occurrence and possible production mechanisms of
such auroral layers, common in all kinds of active aurora and particularly within
pulsating patches, have been discussed extensively in the literature since their dis-
covery about eight years ago. Our observations of the thin ionization layers adds a new
dimension to these discussions.

EISCAT, rocket and radar experiment

During 1987 we also continued our work on the EISCAT-coordinated HF-radar
experiments. A paper on the results of the coordinated EISCAT/CUPRI campaign in
1986 was recently accepted for publication. Preparations are now underway for a new
improved campaign to observe so-called Type III and Type IV coherent E-region echoes
with coordinated EISCAT, CUPRI, and rocket-borne experiments (ERRRIS). For this
purpose we have prepared a new site for the CUPRI radar at Kramfors in northern
Sweden and constructed instruments for measurements of the plasma density
variations, as a part of the wave experiments on the two ERRRIS rockets to be launched
in March 1988 from Esrange.

Ionospheric modification by powerful radio waves

Our discovery in Tromsö, Norway, in 1981 that a strong HF wave gives rise not only
to parametrically excited electrostatic waves but also secondary electromagnetic waves
laid the basis for the new stimulated electromagnetic emission (SEE) technique which
we since then have refined and developed. In experiments in Arecibo, Puerto Rico, we
have made extensive systematic studies comparing signatures observed in the 430
MHz incoherent scatter radar spectra and features in the HF sidebands caused by SEE.
We have also undertaken similar experiments in Tromsö by utilising the EISCAT 933
MHz incoherent scatter radar in conjunction with the SEE measurements.

With the continuing series of discoveries of new spectacular effects in the
experiments, the need for a detailed theoretical analysis of the interaction between the
plasma and strong electromagnetic radiation has emerged. Since all the observed
physical processes are caused primarily by the injected strong HF radio (pump) wave
we have, as the first natural step, studied the structure of the pump wave alone in the
region where it is reflected, assuming an initial linear response of the plasma. Using
a uniform approximation technique, we have been able to derive accurate analytic
formulas for the pump field in this region. These formulas have proved to be very
useful for the analysis of our experiments.

Experiments

In 1987 one very comprehensive campaign was carried out in Arecibo. In addition to
our own SEE technique we used the Arecibo 430 MHz incoherent scatter radar in chirp
mode and in high-frequency resolution mode. The chirp experiments showed a
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somewhat more complicated picture compared to earlier such experiments in which
signatures of small-scale (-1 m) plasma depletions ("cavitons") were seen. On
several instances we saw a separation in time, frequency, or both between different
enhanced plasma lines indicating a 1 - 2 km separation in range. The behaviour was
also found to be strikingly different for different HF on/off cycle times.

Analysing the HF spectrum in the frequency domain we were able not only to
confirm the generation of harmonics of the HF frequency within the ionospheric
plasma but also to unambiguously detect the ionospheric generation of HF sub-
harmonic emissions (see Fig. 20).
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Figure 20. Spectrum of the HF heater induced emission at half the HF frequency
as observed in Arecibo, March, 1987.

If the harmonic emissions are due to a combined parametric decay and a Raman
up-conversion, as we conjecture, the straightforward spectrum analysis of these
emissions, together with a standard type incoherent scatter diagnostic of the iono-
sphere, can provide very detailed information on parameters such as ion masses and
the local magnetic field.

An elaborate setup was used for analysing the time-domain behaviour of the SEE
sidebands and the harmonic/subharmonic emissions. A large data base containing
recordings of overshoot and other prominent time-history features was collected. The
object was to study these features in detail and to compare them with similar features
seen in the HF enhanced plasma line. Due to a tragic accident the experiments could
not be completed the way we had planned. For instance, the search for incoherent
scatter radar signatures associated with the subharmonic emissions could not be
carried out fully.
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Theory

In 1985 we introduced a uniform approximation technique, based on the use of a
suitable comparison equation, for solving the time-independent wave equation,

d?F
dz2

Q(z)F =

describing uncoupled waves propagating in a stratified medium. In 1986 we published
results where this technique was applied to calculating the standing wave pattern of the
strong HF pump wave in the ionosphere.taking into account the influence of collisions
and coupling due to the geomagnetic field. Utilising this new analytic tool, we have
analysed SEE data and found a plausible explanation for certain sharp sideband peaks
in the SEE spectra in terms of medium-scale plasma (-100 m) cavity formation. These
new results provide a means for estimating the E field of the HF pump wave very near
its turning point (see Fig. 21).
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Figure 21. Theoretically calculated electric field strength at the first HF pump
wave maximum vs frequency offset fo-fe of the "downshifted peak" feature in
SEE for two different temperature ratios.

In 1987 we also initiated a new study of the the non-linear coupling between three
and more waves in a plasma. The aim is to use a combined analytical and numerical
approach to develop a computer package for modelling the interaction between a strong
HF wave and the inhomogeneous, magnetised plasma encountered in the ionosphere
and goes beyond existing models used by other groups.

The uniform approximation technique has recently been extended to cover new
classes of problems involving a resonance, i.e., an infinity in the effective refractive
index squared. Important applications of these new formulas are the X mode wave
when the wave frequency is higher than the electron gyro frequency and the O mode
wave when the wave frequency is lower than the electron gyro frequency.
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Equipment

During 1987 several major upgrades were made to the equipment used in the
experiments and the analysis of the data. A new in-house developed dual-channel 16
bit sampling system that is very fast ( > 400 kHz per channel, parallel sampling) was
built. This system was first used in the 1987 Arecibo campaign and proved to be very
efficient for fast data taking. With an on-line workstation equipped with FFT in
hardware it was possible to capture and spectrum analyse the HF sky wave on a very
short time scale. An example of the quick-look outputs from this system is shown in
Figure 22.
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Figure 22. Phase (left) and power spectral density in the range -100 kHz - +100
kHz (right) of the reflected HF sky wave. The three time windows are separated
in time by 1.24 ms with the bottom one recorded at HF turn-on. For
supplementary on-line spectrum analysis via a high-performance HF receiver
we utilised a commercial dynamic FFT analyser that is now also part of our
field instrumentation.

With the new 32 bit/25 MHz workstation that we procured in December, 1987, to
replace the old 16 bit/8 MHz one, the data taking can be improved substantially. In fact,
the system will be flexible enough to be used also for data taking and spectrum analysis
in incoherent scatter radar experiments and can provide improved dynamic range
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and/or speed compared to the existing equipment at Arecibo and EISCAT. The more
than tenfold improvement in computational speed compared to the old workstation will
also make it possible to perform very advanced data analysis and modelling. The new
workstation is shown in Figure 23.

Fig. 23. Heating campaign at Arecibo Observatory, Puerto Rico. Bo Thidc operating
instruments from IRF-U in the radar control center.
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Observatory programme

The Institute carries out routine ground based observations in Kiruna, Lycksele
and Uppsala. In addition infrasound is recorded in Jämtön.

Instrumentation in Kiruna

The instruments listed below are operated at IRF-Kiruna on a routine basis.
- Magnetometer (analogue standard and storm recording, digital recording).
- All-sky camera.
- Ionosonde.
- Riometers.
- Seismograph (supervised by the Institute of Seismology, Uppsala University).
- Solar radiation monitor (supervised by the Swedish Meteorological and Hydro-

logical Insitute).
- Radioactivity monitor (supervised by the Swedish Defence Research Establish-

ment).

Data from the magnetometer, riometer, and all-sky camera are published in a
quarterly publication, Kiruna Geophysical Data. The ionosonde data is published
monthly by the Swedish Defence Research Establishment in a publication entitled
Ionospheric Data Sweden.

Variations of the geomagnetic field are recorded continuously by a La Cour vario-
meter and a digital fluxgate magnetometer.

The La Cour recordings are made in two sets, a normal recording with high
sensitivity and a storm recording with low sensitivity on photographic paper. The
fluxgate recordings are stored on magnetic tape with a sampling interval 20 s and are
handled by the Nord computers. The new acquisition system for the fluxgate magneto-
meter has proven to be very reliable and has the possibility to change the sampling
interval.

The all-sky camera records on 16 mm colour film. The normal rate is one frame
per minute, but the sampling frequency can be increased to up to six frames per minute
during selected periods.

The Kiruna ionosonde operates in the frequency band 0.5-16 MHz and makes
soundings every half hour. The data are recorded on film.

Riometer registrations are obtained regularly by means of two riometers (ARI and
La Jolla), both at a frequency of 30.0 MHz. In this way non-deviative ionospheric
absorption can be recorded in Kiruna. The registrations from the ARI riometer are
stored on magnetic tape and all data can be handled by the Nord computers. Coopera-
tion with the University of Lancaster, England concerning these registrations is going
on.

Lycksele Ionospheric Observatory (LIO)

Lycksele Ionospheric Observatory has been a unit of IRF since July 1, 1973. The
observatory is situated about 380 km south of Kiruna and thus well south of the auroral
zone. Under disturbed conditions, however, aurora occurs overhead and south of
Lycksele. Lycksele is also the only ionospheric observatory in Scandinavia between
the latitudes of Kiruna and Uppsala. The following recordings are made at Lycksele:

- Magnetometer (fluxgate together with a La Cour variometer).
- Riometer (ARI) with a frequency of 30 MHz.
- Ionosonde measurements (in cooperation with the Swedish Defence Research

Establishment) of the electron density in the ionosphere. The frequencies used
are in the range 0.3-20 MHz.
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All-sky camera 16 mm (StofFregen) is continuously operated for registration of
optical auroral phenomena (1 picture per minute).
Spectrophotometer (SPI) is operated on a campaign basis. The normal spectral
range used is between 425.0-640.0 nra, where 12 spectral sweeps per hour can be
performed.
Photometer (SID) is operating with four filters (427.8, 486.1, 557.7, and 630.0 nm).
This instrument is scanning along the meridian with 4 sequences/hour.
Infrasonic waves are recorded at 2 Hz. Data from three microphones arranged
in a triangle yield the direction to the infrasonic source.

Instrumentation in Uppsala

The instruments listed below have been in operation at IRF-Uppsala during 1987 on
a regular routine basis:

- Ionosonde 0.5-16 MHz. One record every hour on the hour. Digitized ionograms
stored on magnetic tape and analog ionograms on film.

- Riometer 30.1 MHz. Strip-chart recording, 20 mra/h.
- Magnetometer. H-intensity only. Strip-chart recording, 20 mm/h.
- Infrasound 4 Hz. Magnetic tape recording.

The ionosonde data are scaled for each hour according to international rules and
published in cooperation with the Swedish Defence Research Establishment. For daily
prediction of HF radio wave propagation conditions data on the F-layer and sporadic E
(UFOFH, UMUFH, UFESH) are stored in our computer and on request transferred to
CNETS, Lannion, France every working day morning. A new ionosonde receiver has
been developed. Some tests have been made with the aim to exchange the power output
stage of the transmitter from the vacuum tube version to a commercially available
solid state unit. In case of success these parts will become standard at all three Swedish
stations.

The riometer and magnetometer have been in operation continously.
Infrasonic waves at 4 Hz have been recorded regularly. Data from three micro-

phones arranged in a triangle yield direction to the infrasound source.
SABRE - the VHF auroral radar operated at Uppsala for 8 years in collaboration

with the Max-Planck-Institute fiir Aeronomy, Lindau has been dismounted during the
fall and the equipment returned to MPI. These measurements are thus terminated.

Data from the observatory programme have been used for external education and
information directed to personnel within national defence organisations. Our staff
members have also assisted in evaluation of communication systems in which the
ionosphere acts as part of the propagation path.

During May 4-8, an education and training seminar in ionospheric physics was
organized for Swedish technicians and scientists scaling and using ionospheric data.
About twenty persons from different organisations attended this meeting. Test tasks
performed during the seminar showed that sealers at the three Swedish Ionospheric
stations scale according to international rules and the interpretation of ionograms is
highly uniform.

A study has been in progress during the year of the possibility to use measured
Swedish ionosonde data for MUF-forecasting within Sweden on small personal
computers. Eighteen years of data covering different solar activity levels have been
analysed and converted to standard values which could easily be used for predictions.
The result so far is promising. By comparison with measured values it is also found
that the values of f0E and f0Fl can be calculated with sufficient accuracy by simple
formulas.
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Other activities

Viking workshop

IRF-U organized a Viking Workshop that was held at Skokloster in September 1987.
Representatives from all the different experiments on Viking, as well as from other
communities, such as EISCAT, were present. The data evaluation was discussed with
emphasis on events seen by the various instruments and topics of common interest.
Both models of the global electrodynamics and the local microphysics, such as
acceleration processes, were discussed. Due to an excellent attendance the meeting
proved to be very effective and fruitful.

BUS1 - A new financial and accounting system at IRF

The financial and accounting system at IRF is integrated with the system for the
Swedish Government. In order to get information into and from this big system in a
fast and effective way, IRF has installed a local system, BUS, with connection to the
governmental one. We use a Norsk Data computer, Compact. Fully operating, the sys-
tem will serve all divisions and projects at IRF with current statement of account.

IRF-around

For the fifth time, the ski-racing in Kiruna, IRF-around took place on March 10,
1987. Well prepared, ski-waxed and fit for fight almost everyone did their best to beat
their personal record. Those not skiing, walked and tried to answer intelligent
questions correctly. Those who had joined the race for five times received a nice medal
and we all had coffee with "semla" afterwards.

(Semla = bun filled with cream and almond paste eaten during lent.)

Colloquium

A Colloquium was held on 12 October 1987 under the joint auspices of EISCAT
Headquarter and IRF to reward Dr. Tauno Turunen's achievements during his time
as Assistant Director of the EISCAT Scientific Association.

BUS is developed at Luleå University and freely translated into english "BUSa"

means "to have dashed fun."
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Committe appointments

Some of the IRF staff are or have been engaged in organizations closely related to our
research field:

Georg Gustafsson:
Member of:

Research Committee, Swedish Board for Space Activities
Secretary of:

SRS
Convener, IACA meeting, Vancouver, Canada, August 1987

Bengt Hultqvist:
Chairman of the:

Research Committee, Swedish Board for Space Activities
Swedish EISCAT Committee
Swedish National Committee for Geodesy and Geophysics
Section GH, The Swedish National Committee for Radio Science (SNRV)
Esrange Advisory Committee
Royal Swedish Academy of Science 11th class
EISCAT Council

Swedish representative:
ESA Science Programme Committee
Danish Space Research Institute

Member of Advisory Committees:
Space Science Division, ESA
Danish Meteorological Institute
Max-Planck-Institute for Extraterrestrial Physics, Garching

Member of EvaluationGroups of PUF, NFR.
Member of:

CLUSTER Science Team, ESA
SCOSTEP
Steering Board of KELTRONICS AB

Rickard Lundin:
Member of:

ESA Solar System Working Group (1987-1989)
Sub-Commission D.3, COSPAR
SCOSTEP (Scientific Discipline Representative)
Editorial Advisory Board, Planetary and Space Science

Convener, EGS-meeting in Strasbourg, France, April, 1987.
Hermann Opgenoorth:

Member of:
Swedish EISCAT Committee, NFR
EISCAT Scientific Advisory Committee

Kjell Rönnmark:
Member of:

Cluster Science Assessment Panel
Ingrid Sandahl:

Member of:
Sub-commission D.3, COSPAR

Gudmund Wannberg:
Member of:

Swedish EISCAT Committee, NFR
Viking-EISCAT Coordination Group.
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Educational programme

In educational matters the Swedish Institute of Space Physics constitutes departments
of space physics (in Swedish: rymdfysik) at the Universities of Umeå and Uppsala.
Thirteen students are working toward their doctor's degree. The group in Umeå works
in close cooperation with the department of plasma physics at the University.

During 1987 one person has earned an academic degree:
1987-09-15 Bo Thelin, Docent in applied spectroscopy at the University of Umeå.

Bo Thelin

Seminars 1987

Several visitors have given seminars during 1987:

Kiruna Division

Jan 22
Feb5
Feb23
Mar 12
Mar 24
Apr 14
May 5
May 19
May 25
Jun 2
Jun 4
Jun 5
Jun 10
Sep 9
Sep 22
Sep 22
Sep 22
Sep 22
Oct 7
Oct20
Oct 22
Oct 22
Oct 23
Nov 5
Nov 6
Nov 9
Nov 10

Dr. M. André
Dr. A. John stone
Dr. V. Bednajevsky
Dr. H. Koskinen
Dr. M. Temerin
Dr. V.A. Troitskaya
Dr. D. Williams
Dr. K. Sauer
Dr. R.A. Goldberg
Dr. R. Singh
Dr. N. Pissarenko
Dr. J. LaBelle
Dr. P. Kintner
Dr. S. Ram
Dr. G. Kremser
Dr. R. Pottelette
Dr. H. de Feraudy
Dr. B.M. Pedersen
Dr. C.-U. Wagner
Dr. R. Boström
Dr. L. Liszka
Dr. K. Rönnmark
Dr. 0. Motschmann
Dr. V. Chmyrev
Dr. G. Kremser
Dr. T. Oguti
Dr. P. Collis

KGI, Umeå, Sweden
MSSL, Dorking, UK
Izmiran, Troitsk, USSR
UJO, Uppsala, Sweden
SSL, Berkeley, USA
Institute of Physics of the Earth, Moscow, USSR
APL, Laurel, USA
Inst. f. Kosmosforschung, Berlin, DDR
NASA Goddard SFC, Greenbelt, USA
Benares Hindu University, India
IKI, Moscow, USSR
MPE, Garching, FRG
Cornell University, Ithaca, USA
Delhi, India
MPAE, Lindau, FRG
CRPE, Saint-Maur-des-Fosses, France
CNET/CRPE, Issy-les-Moulineaux, France
Obs. de Paris, Meudon, France
Central Inst. for Astrophysics, Potsdam, DDR
IRF-U, Uppsala, Sweden
IRF-LMV, Sörfors, Sweden
IRF-Um, Umeå, Sweden
Berlin, DDR
Izmiran, Troitsk, USSR
MPAE, Lindau, FRG
University of Tokyo, Japan
EISCAT, Kiruna, Sweden
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Novl2
Nov24
Nav 26
Nov27
Dec 3

Dr.
Dr.

Dr.

0.
V.

E.

Pokhotelov
Mishin

it

Ponomarev

Inst. of Physics of the Earth, Moscow, USSR
SiblZIMIR, Irkutsk, USSR

SiblZIMIR, Irkutsk, USSR

Uppsala Division

Jan 19
Mar 25
May 5
May 12
Jun 1
Jun 2
Jun 11
Sep 14
Sep 14
Sep 14
Sep 30
Oct 2
Novl7
Novl8
Nov30
Dec 16
Dec 16

Dr. C. Hall
Dr. M. Temerin
Dr. V.A. Troitskaya
Dr. T. Oscarsson
Dr. P. Kintner
Dr. J. LaBelle
Dr. M.P. Sulzer
Dr. K. Rönnmark
Dr. T. Iijima
Dr. G. Rostoker
Dr. C.-U. Wagner

M

Dr. V. Chmyrev
Dr. R. Lundin
Dr. S. Chapman
Dr. V. Mishin
Dr. E. Ponomarev

Participation in conferences

Kiruna Division

EISCAT, Tromsö, Norway
SSL, Berkeley, USA
Institute of Physics of the Earth, Moscow, USSR
KGI, Umeå, Sweden
Cornell University, Ithaca, USA
MPE, Garching, FRG
Arecibo Observatory, Puerto Rico
IRF-Um, Umeå, Sweden
APL/JHU, Laurel, USA
Univ. of Alberta, Edmonton, Canada
Central Inst. for Astrophysics, Potsdam, DDR

Izmiran.Troitsk, USSR
IRF-K, Kiruna, Sweden
Queen Mary College, London, UK
SiblZIMIR, Irkutsk, USSR
SiblZIMIR, Irkutsk, USSR

URSI Symposium on Microwave Signatures
in Remote Sensing,
Göteborg, Sweden, 19-22 January.

3rd EISCAT International Workshop,
Bad Lauterberg, FRG, 21-26 March.

Fifth International Conference on
Antennas and Propagation, ICAP 87,
York, UK, 30 March-2 April.

EGS XII General Assembly,
Strasbourg.France, 9-14 April.

Ionogram Interpretation Meeting,
Mariehamn, Åland, 4-7 May.

ESA-PAC Symposium,
Sunne, Sweden,18-22 May.

Colloquium Spectroscopicum Internationale (CSI)
Toronto, Canada, 21-26 June.

A. Stjernman
T. Sturk
G. Wannberg

I. Häggström
A. Pellinen-Wannberg
A. Stjernman
T. Sturk
G. Wannberg
A. Westman

G. Wannberg

R. Lundin

A. Pellinen-Wannberg

L. Eliasson
I. Sandahl

B. Thelin
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21st ESLAB Symposium,
Bolkesj0,Norway, 21-25 June.

24th Culham Plasma Physics Summer School,
Culham, England, 28 June-10 July.

IAGA-Meeting,
Vancouver, Canada, 11-21 August.

URSI
Tel Aviv, Israel, 24-28 August.

Viking Workshop,
Skokloster, Sweden, 15-17 September.

Interball Symposium
Suzdal, USSR, October.

National Meeting on Atomic and Molecular Physics,
Göteborg, Sweden, 11-12 November.

Symposium on the Technologies for Optoelectronics,
Cannes, France, 16-20 November.

SRS Meeting,
Göteborg, Sweden, 1 December.

AGU Fall Meeting,
San Francisco, USA, 7-11 December.

Symposium on Advanced Planetary Physics
Varanasi, India, 14-19 December.

L. Eliasson

A. Stjernman
T. Sturk
A. Westman

I. Häggström
S. Kirkwood
A. Pellinen-Wannberg
K. Stasiewicz

G. Wannberg

B. Aparicio
L. Eliasson
S. Kirkwood
R. Lundin
A. Pellinen-Wannberg
I. Sandahl
K. Stasiewicz

R. Lundin

B. Thelin
S. Yngström

A. Steen

L. Eliasson
B. Hultqvist
R. Lundin

I. Sandahl
A. Stjernman
T. Sturk

B. Hultqvist

LMV

IAGA-Meeting,
Vancouver, Canada, 11-21 August.

L. Liszka

Umeå Division

1st Cambridge Workshop on Theoretical
Geoplasma Physics,
Boston, USA, 25 July-3 August.

M. André
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URSI
Tel Aviv, Israel, 24 August-2 September.

Viking Workshop,
Skokloster, Sweden, 15-17 September.

Chapman Conference on Plasma Waves and
Instabilities in Magnetospheres and at Comets,
Sendai/Mt. Zao, Japan, 12-16 October.

AGU Fall Meeting,
San Francisco, USA, 7-11 December.

T . Oscarsson
K. Rönnmark

L. Matson

M.André

M. André

Uppsala Division

SUNDIAL Conference,
La Jolla, California, USA, 22-28 February.

3rd EISCAT International Workshop,
Bad Lauterberg, FRG, 21-26 March.

Fifth International Conference on
Antennas and Propagation, ICAP 87,
York, UK, 30 March-2 April.

EGS XII General Assembly,
Strasbourg.France, 9-14 April.

RVK-87, Uppsala, 21-24 April.

Ionogram Interpretation Meeting,
Mariehamn, Åland, 4-7 May.

ESA-PAC Symposium,
Sunne, Sweden,18-22 May.

21st ESLAB Symposium,
Bolkesj0,Norway, 21-25 June.

24th Culham Plarma Physics Summer School,
Culham, England, 28 June-10 July.

1st Cambridge Workshop on Theoretical
Geoplasma Physics,
Boston, USA, 25 July-3 August.

IAGA-Meeting,
Vancouver, Canada, 11-21 August

G. Gustafsson

H. Opgenoorth
Å. Hedberg
J-E. Wahlund

Å. Hedberg

B. Thidé
T. Leyser
G. Holmgren
H. Koskinen

H. Derblom

H. Derblom
Å. Hedberg
A. Florin
H. Gunnarsson
I. Ariefjärd

R. Boström
B. Holback
G. Holmgren
H. Lönnqvist

R. Boström
G. Holmgren

H. Lönnqvist
J-E. Wahlund

H. Koskinen

H. Opgenoorth
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Atmospheric Studies by Optical Methods, G. Gustafsson
Granada, Spain, 6-13 September.

Viking Workshop, R. Boström
Skokloster, Sweden, 15-17 September. G. Gustafsson

H. Opgenoorth
B. Holback
G. Holmgren
H. Lönnqvist

SUNDIAL Conference, G. Gustafsson
Williamburg, Virginia, USA, November.

SRS Meeting, G. Gustafsson
Göteborg, Sweden, 1 December. G. Holmgren

AGU Fall Meeting, R. Boström
San Francisco, USA, 7-11 December. G. Gustafsson

G. Holmgren
H. Opgenoorth
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Publications and Reports
(conference abstracts are not included in the list)

Kiruna Division

André, M., H. Koskinen, G. Gustafsson, and R. Lundin, Ion waves and upgoing ion
beams observed by the Viking satellite, Geophys. Res. Lett.,14, 463-466,1987.

Björnå, N. and Kirkwood, S., Derivation of ion composition from a combined ion-
line/plasma-line experiment. Accepted for publication in J. Geophys. Res., 1987.

Collis, P.N. and I. Häggström, Plasma convection and auroral precipitation processes
associated with the main ionospheric trough at high latitudes. Submitted to J.
Atmos. Terr. Phys., 1987.

Collis, P.N. and Kirkwood, S., Localised features in the auroral D-region observed by
EISCAT, Advances in Space Research, in press 1987.

Eliasson, L., R. Lundin, and J.S. Murphree, Polar cap arcs observed by the Viking
satellite, Geophys. Res. Lett, 14, 451-454,1987.

Eliasson, L. and R. Lundin, Acceleration/heating on auroral field lines as observed
by the Viking spacecraft, in Proceedings of 21st ESLAB symposium, Bolkesjö,
Norway, ESA SP-275, 87-91,1987.

Eliasson, L., Characteristics of particle acceleration at high latitude, in Proceedings of
the 8th ESA symposium on European rocket and balloon programmes and related
research, Sunne, Sweden, 17-23 May, 1987, ESA SP-270, 51-54,1987.

Erlandson, R.E., R. Pottelette, T.A. Potemra, LJ. Zanetti, A. Bahnsen, R. Lundin,
and M. Hamelin, Impulsive electrostatic waves and field-aligned currents
observed in the entry layer, Geophys. Res. Lett.,14, 431-434, 1987.

Häggström, I., High resolution ion composition measurements with EISCAT.
Submitted to J. Atmos. Terr. Phys., 1987.

Hultqvist, B., The Viking Project, Geophys. Res. Lett., 14, 379-382,1987.

Hultqvist, B., R. Lundin, K. Stasiewicz, L. Block, P.A. Lindqvist, G. Gustafsson, H.
Koskinen, A. Bahnsen, T A. Potemra, and L.J. Zanetti, Simultaneous observation
of upward field aligned energetic electrons and ions on auroral zone field lines,
IRF Preprint 102, 1987.

Hultqvist, B., On the acceleration of electrons and positive ions in the same direction
along magnetic field lines by parallel, electric fields, IRF Preprint 103, 1987.

Hultqvist, B. and R. Lundin, Some Viking results related to dayside magnetosphere -
ionosphere interactions, Ann. Geophysicae, 5, 503-510, 1987.

Hultqvist, B. and R. Lundin, Parallel electric fields accelerating ion and electron in
the same direction. Submitted to Astroph. and Space Sci., 1987.

Johnstone, A.D., AJ. Coates, B. Wilken, W. Stiidemann, W. Weiss, F.R. Cerulli-
Irelli, V. Formisano, H. Borg, S. Olsen, JD. Winningham, D.A. Bryant, and SJ.
Kellock, The Giotto three-dimensional positive ion analyser. J. Phys. E; Sci.
Instrum., 20, 795-805,1987.

Kirkwood, S.C. and Collis, P.N., The high-latitude lower ionosphere observed by
EISCAT, Advances in Space Research 7(6), 83-86, 1987.

Koskinen, HEJ., P.M. Kintner, G. Holmgren, B. Holback, G. Gustafsson, M. André,
and R. Lundin, Observations of ion cyclotron harmonic waves by the Viking
satellite, Geophys. Res. Lett.,14, 459-462,1987.

Koskinen, H.E.J., G. Gustafsson, M. André, and R. Lundin, Viking observations of
wave-particle interactions and ion wave instabilities in the high-latitude magneto-
sphere, Proceedings from ISS-3 conference in Beaulieu, France, 1987.
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Lehtinen, M.S. and I. Häggström, A new modulation principle for incoherent scatter
measurements, Radio Set, 22, 625-634, 1987.

Lundin, R., L. Eliasson, B. Hultqvist, and K. Stasiewicz, Plasma energization on
auroral field lines as observed by the Viking spacecraft, Geophys. Res. Lett., 14,
443-446,1987.

Lundin, R., K. Stasiewicz, and B. Hultqvist, On the interpretation of different flow
vectors on different ion species in the magnetospheric boundary layer, J. Geophys.
Res.,92, 3214-3222,1987.

Lundin, R., Acceleration/heating of plasma on auroral field lines: Preliminary
results from the Viking satellite. Accepted for publication in Ann. Geophysicae,
1987.

Lundin, R., Processes in the magnetospheric boundary layer. Accepted for publication
in Physica Scripta, 1987.

Lundin, R., L. Eliasson, and I. Sandahl, First Viking results: Hot plasma. Accepted
for publication in Physica Scripta, 1987.

Marklund, G.T., L.G. Blomberg, TA. Potemra, J.S. Murphree, F.J. Rich, and K.
Stasiewicz, A new method to derive "instantaneous" high-latitude potential
distributions from satellite measurements including auroral imager data,
Geophys. Res. Lett., 14, 439-442, 1987.

Potemra, T.A., L.J. Zanetti, R.E. Erlandson, P.F. Bythrow, G. Gustafsson, M.H.
Acuna, and R. Lundin, Observations of large-scale Birkeland currents with
Viking, Geophys. Res. Lett.,14, 419-422, 1987.

Potemra, T.A., L.J. Zanetti, P. Bythrow, R.E. Erlandson, R. Lundin, G.T. Marklund,
and P.-A. Lindqvist, Resonant geomagnetic field oscillations and Birkeland
currents in the morning sector, Submitted to J. Geophys. Res., 1987.

Primdahl, F., G. Marklund, and I. Sandahl, Rocket observations of E-B-field
correlations showing up- and down-going poynting flux during an auroral breakup
event. Planet. Space. ScL, 35, 1287-1295, 1987.

Providakes, J., D.T. Farley, B.G. Fejer, J. Sahr, W.E. Swartz, I. Häggström, Å.
Hedberg, and JA. Nordling, Observation of Auroral E-region plasma waves and
electron heating with EISCAT and a VHF radar interferometer, Submitted to J.
Atmos. Terr. Phys., 1987.

Rees, D., N.S. Lloyd, T.J. Fuller-Rowell, and A. Steen, Variations of thermospheric
winds in northern Scandinavia between 1980 and 1986: A study of geomagnetic
activity effects during the last solar cycle. Surveys in Geophys., 9, 197-214 1987.

Sandahl, I., Å. Steen, A. Pellinen-Wannberg, B.Holback, F. Söraas, and J.S.
Murphree, First results from the Viking associated Aureld-VIP rocket and EISCAT
campaign, in Proceedings of the 8th ESA symposium on European rocket and
balloon programmes and related research, Sunne, Sweden 17-23 May 1987, ESA
SP-270, 55-60, 1987.

Sandahl, I., Recent developments in pulsating aurora studies, in "Proceedings of the
13th annual meeting on upper atmosphere studies by optical methods." (Ed. K.
Måseide) Lysebu, Oslo, Norway 19-23 August, 1985. University of Oslo, Department
of Physics, Report 86-28, 141-159,1987.

Sandahl, I., L. Eliasson, and B. Holback, Investigation of precipitating electrons
during an auroral breakup. Accepted for publication in Physica Scripta, 1987.

Stadsnes, J., K. Aarsnes, CD. Anger, J. Bjordal, A. Brekke, D. Bryant, K. Brönstad,
J. Carter, C. Chaloner, L.L. Cogger, C.S. Deehr, A. Egeland, D.J. Gorney, K.
Henrikgen, U. Hoppe, W.L.C Imhof, I.B. Iversen, R. Lundin, D.L. McKenzie, B.N.
Maehlum, K. Måseide, D. Ramsden, M.H. Rees, C.J. Rice, T.J. Rosenberg, I.
Sandahl, I. Singstad, K Stamnes, A, Steen, F. Söraas, M.J. Taylor, S. Ullaland, E.
Ungstrup, E.V. Thrane, R.R. Vondrak,E H.D. Voss, AURIO - A proposal for flying
an auroral imaging observatory on the polar platform in the space station/Columbus
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programme, in Proceedings of the 8th ESA Symposium on European rocket and
balloon programmes and related research, Sunne, Sweden, 17-23 May, 1987, ESA
SP-270, 401-404,1987.

Stasiewicz, K., A gyro-viscous model of the magnetotail current layer and the substorm
mechanism, Phys. Fluids, 30, 1401-1409, 1987.

Stasiewicz, K., R. Lundin, and B. Hultqvist, The origin of the power-law component in
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Technical report 033, 1987.
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Steen, A., P.N. Collis, and I. Häggström, On the development of folds in auroral arcs.
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Steen, A. and P.N. Collis, High time-resolution imaging of auroral arc deformation at
substorm onset. Submitted to Planet. Space Sci., 1987.
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wind play in auroral intensifications. Submitted to Planet. Space Sci., 1988.
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Gloeckler, The May 2-3, 1986 magnetic storm: First energetic ion composition
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ratio fluctuations of different elements, KGI Preprint 097, 1987.

Theliii, B., A new method of organizing spectral line intensity ratio fluctuations of
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Umeå Division
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