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INTRODUCTION

This rpporh summarizes some of the results of the space phys-

ics research carried out at Kiruna Geophysical Institute (ex-

cept at Uppsala Ionospheric Observatory which reports sepa-

rately) during 1984. The research programme includes experi-

mental work using ground based instruments, e.g. EISCAT and

optical instruments, and instruments carried on sounding rock-

ets and satellites. The experimental projects are supported by

theoretical investigations. The following five titles sum-

marize the major fields of investigation:

1) Acceleration mechanisms for auroral particles

2) Magnetospheric wave-particle interactions as observed

primarily in the particle populations

3) Composition measurements in the hot magnetospheric plasma

4* Convection electric field effects on magnetospheric par-

ticle populations

5) EISCAT related research.

Kiruna Geophysical Institute (formely Kiruna Geophysical Ob-

servatory) was created in 1957 by The Royal Swedish Academy of

Sciences with the objective to conduct research in the physics

of near space with emphasis on auroral zone phenomena.

On July 1, 1973 the institute was taken over by the Swedish

Ministry of Education and on July 1, 1976 Uppsala Ionospheric

Observatory became a part of KGI. In educational matters, the

institute acts as a Department of the University of Umeå.

The largest part of KGI is located in Kiruna. Most of the

theoretical research is done by the KGI-group at the Univer-

sity of Umeå. The Laboratory for Mechanical Waves is also

based in Umeå. The institute has an Ionospheric Observatory in

Lycksele and a measuring station in Jämtön.

KGI is supported financially by a direct annual grant from the

Swedish Government and by research grants, mainly irom the

Swedish Board for Space Activities.



STEERING BOARD of Kiruna Geophysical Institute

Dr. Nils-Henrik Lundquist,

chairman

Prof. Rolf Boström

Dr. Fredrik Engström

Prof. Hermann Grimmeiss

Mr. Thor Hedman

Prof. Lennart Stenfio

Prof. Hans Wiihelmsson

Prof. Bengt Hultqvist

Mr. Herman Andersson

Mr. Gunnar Holmgren

Appointed by the Government

Director of the institute

Representative of the KGI staff

Lars Mårdell in memoriam

University director Lars Mårdell, the former chairman of the

KGI board, passed away suddenly and unexpectedly on June 9,

1984.

I had heard a great deal about Lars Mårdell long before i

first met him personally at a meeting of the KGI board ten

years ago. He was known as an extraordinarily capable univer-

sity administrator. He had a good understanding of the needs

of research and education, and the ability to find reasonable

ways for these needs to be met within the existing complicated

budgetary and administrative structure.

His work as chairman of the board of KGI was characterized by

the sime properties. KGI is a unit that does not fit into any

reyular patterns, but with his enthusiasm for the Institute's

tasks he was always able to find successful ways to promote

the interests and goals of KGI.

We are sincerely grateful to him for all his efforts for KGI

and deeply regret his passing away. I have to express a feel-

ing of inadequacy as I now take over tĥ > chairmanship.

Nils-Henrik Lundquist
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Yvonne Freiner, Maj-Britt Hammarström, Irene Heldebro, Britt

Johansson, Elisabeth Johansson-Anlnander, Hugo Johansson,

Kent-Ove Johansson, Kerstin Johansson, Eivor Jonsson,

Christina Jurén, Ove Klang, Knut Koskenniemi, Elsy Lanttö,

Aarne Luiro, Elli Lundbäck, Fritz Lundbäck, Håkan Lundbäck,

Martha Lundbäck, Kurt Lundgren, Kjell Lundin, Robert

Långström, Torbjörn Lövgren, Inge Marttala, Arne Moström,

Anders Mäkitaavola, Birgitta Määttä, Carl-Göran Niemi, Sven
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The photograph shows the majority of the staff members based in Kiruna

co

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Håkan Lundbäck
Carl-Göran Niemi
Knut Koskenniemi
Sten Yngström
Krister Fjällborg
Gudmund Wannberg
Lars-Göran Vanhainen
Christer Jurén
Bruno Aparicio
Helge Lanti
Leif Nilsson

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Väinö Björnström
Herman Andersson
Hugo Johansson
Lars Wittikko
Birger Blomqvist
Aarne Luiro
Ingrid Sandahl
Göte Dahlén
Christina Jurén
Kjell Lundin
Krzysztof Stasiewicz

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Helga Flygare
Inger Anderberg
Inger Bergström
Yvonne Freiner
Britt Johansson
Maj-Britt Hammarström
Asta Pellinen-Wannberg
Inge Marttala
Bo Thelin
Sven Oisen
Elisabeth Johansson-
Ahlnander

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

Eivor Jonsson
Fritz Lundback
Annika Falle
Birgitta Mäattä
Lars Eliasson
Åke Steen
Kent-Ove Johansson
Bengt Hultqvist
Rickard Lundin
Ingemar Wolf
ElIi Lundbäck
Arne Moström







11

FINANCES

The fundings for Kiruna Geophysical Institute are given below

in 1.000 SEK for the fiscal years 83/84 and 84/85.

National budget

DFR

NFR

University of Umeå

UUH

KBS

Wallenberg foundation

AMS

AFGL

ElSCAT

Others

1983/84

12420

3280

270

260

270

160

780

410

-

1940

320

1984/85

11910

3670

490

290

130

170

-

340

220

2470

260

Total 20110 19950

Expenditure for the fiscal year 1983/84,

Personnel

Management of buildings

Administration and Library

Research based on

satellite and rocket experiments

ground based instruments

Applied research

Observatory operation

Workshops and computers

Permanent technical equipment

Others

Total

9540

3890

720

20110

DFR Swedish Board fv S, : -e Activities

NFR Swedish Natural Science Research Council

UUH Equipment Board for the Swedish Universities

KBS The National Swedish Board of Public Building

AMS The National Labour Market Board

AFGL Air Force Geophysics Laboratory





13

RESEARCH ACTIVITIES

Hot plåstra studies by means of satellite measurements

KGI has participated with experiments in five ESA/ESRO satel-

lites and two experiments have been flown on satellites from

the Soviet Union. These projects are listed in Table 1 and the

more recent ones are described below. The future satellite

projects in which KGI will participate with experiments or as

co-investigator are also reviewed. A sketch of the orbits of

satellites carrying KGI instruments is shown in Fig 1.

Figure 1. Instruments built at KGI have been flown on seven

satellites in different types of orbits.
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Geostationary particle distribution measurements (GEOS 1/2)

The Kiruna particle spectrometers S-310 have been flown on

board the ESA (European Space Agency) satellites GEOS-1 and

GEOS-2.

GEOS-1 recorded useful data from May 1977 until the end of

June 1978 whereas GEOS-2 was active from August 1978 untxl the

end of February 1983.

The scientific data analysis has continued during the year,

mainly in cooperation with other GEOS experimenters. One such

study entirely based on GEOS-1 data concerns the morphology of

keV-electrons in tie Earth's magnetosphere. The study is based

on fitting electron spectra to multi-Maxwellian distributions

and it was found that more than 80% of the data could be fit-

ted to two superimposed bi-Maxwellian distributions with

temperatures around 0.45 and 6.5 keV respectively. An example

of such a fitting is shown in Figure 2. Densities and energy

flax, however, varied strongly with activity level and local

time, showing the effects of convection and precipitation,

Densities at 90° pitch angle were consistently larger than

densities at 15°, indicating that anisotropic pitch angle

distributions are prevalent in the outer magnetosphere.

An example of a comparative study with data from two space-

craft is found in a report by Townend and André, "Simultaneous

Observations of Electron Spectra in the Auroral Zone and near

the Equatorial Plane by the DMSP-5D-F2 and GEOS-1 Satellites".

It was found that spectra in the precipitation region and in

the plasma sheet can be similar, both in shape and magnitude.

The features of auroral electron precipitation could be deter-

mined by the particle characteristics in the conjugate equato-

rial plane, and dumping of particles occurred without any

significant acceleration by electric fields parallel to the

Earth's magnetic field.
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Figure 2 Fit of two bi-Maxwellian distributions to an

electron distribution measured by GEOS-1 .

Magnetosphere Ion Composition studies (PROGNOZ-7/8)

These studies are based on hot plasma distribution measure-

ments from the PROMICS-1 and PROMICS-2 (Prognoz Magnetospheric

Ion Composition Spectrometers) experiments which were flown on

board the Soviet PROGNOZ-7 and PROGNOZ-8 spacecraft. Both

satoiHtes were launched into highly elliptic orbits with an

apogee cf about 200.000 km, an inclination of 65s and a line

of apsides which was elevated some 80° and 50* respectively

above the ecliptic plane. These orbits have enabled us to per-

form detailed measurements in the magnetospheric high latitude

boundary layers, in the magnetosheath, in the solar wind as

well as in the ring current.

A morphological study based on PROMICS-1 data of the ion den-

sity distributions has been extended.

The influence of MeV electrons from the radiation belts on the

ion measurements has been studied particularly for those ions

whose densities are low, e.g. He + +. Different levels of dis-

crimination based on the behaviour of fluctuations of the

background counts (least significance tests) have been applied

in order to examine their influence on the measurements.
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Boundary layer studies (PROGNOZ-7/8)

The theoretical and experimental study of the physical proces-
ses at the magnetospheric boundary layers has continued. The
observed strong time variations, spatial gradients, and dis-
tribution anisotropies can not be correctly described by an
MHD approximation.

The acceleration of local plasma of ionospheric origin in the

dayside boundary layer has been studied in detail and inter-

esting results have been found. Ionospheric ions have been ob-

served to have the same velocity in a direction along the

magnetospause perpendicular to the magnetic field irrespective

of their mass. This "beam" velocity is 2-4 times greater than

the velocity perpendicular to the magnetic field and the beam

direction. These results are explained in a paper by Lundin

and Dubinin.

Theoretical research on wave particle interactions

An important part of the analysis of satellite data is the

interpretation of observed wave phenomena in terms of linear

instabilities of the surrounding plasma. In such studies, it

is necessary to calculate the properties of waves propagating

in the kind of plasma which is observed by the particle detec-

tors on board the satellite. The observed particle distribu-

tions are normally very difficult to handle analytically, and

numerical methods must then be used to compute the wave dis-

ersion relation.

When comparing observations of particles and (plasma) waves

made onboard rockets and satellites or in a laboratory with

theoretical work, it is important to have an adequate display

of all wave modes that may be excited. Many theories in common

use have rather limited validity and can be used only e.c.

when there is no ambient magnetic field in the plasma or wher.

the magnetic field component of the (plasma) wave can be neg-

lected. With the computer code WHAMP, developed at KGI, we can

solve a rather general dispersion relation and display fre-

quency as a function of wave-vector (Fig 3). A report includ-



17

ing several such dispersion surfaces, covering frequencies

from below the proton gyrofrequency to above the electron

gyrofrequency, is now available.

Figure 3. Dispersion surfaces which show the relation between

frequency and wavevector for a typical plasma near geostation-

ary orbit on the dayside of the Earth's magnetosphere.
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When wave experiments on rockets and satellites detect waves

in the ionosphere or magnetosphere, the corresponding particle

data is surveyed to find sources of free energy which can

cause the emissions. Since particles with energies of a few eV

as well as plasma components with temperatures of many keV can

be important for plasma instabilities, data from several par-

ticle experiments often have to be considered. The plasma is

then modelled and the dispersion relation is solved with

WHAMP, giving a range of unstable frequencies and wave-vectors

and also the corresponding group velocity. Since complete par-

ticle measurements for all interesting energies and for all

directions rarely are available, wave observations and theory

often have to be used to deduce some of the plasma parameters,

e.g. the density of low energy particles.

On the GEOS-satellites energy sources such as currents along

the ambient magnetic field and ion loss-cone distributions are

observed and simultaneously waves with frequencies of the

order of the ion gyrofrequency (ion waves) are detected. One

of the important results of theoretical studies of GEOS events

is the understanding of how electrostatic ion waves can be

powered by the observed particle distributions, also in the

presence of the cool (a few eV) electrons in the dayside

magnetosphere.

When the electrons have such a low temperature, electrostatic

ion waves are also seen at an altitude of some thousand km

above the auroral oval and are often associated with streaming

particles or positive slopes in ion velocity space. Using data

from the S3-3 spacecraft, the WHAMP program is used to inves-

tigate wave-particle interaction in these high latitude re-

gions, thus preparing for the VIKING mission.

Wave-wave interactions

A non-linear process, involving the coalesence of strong elec-

trostatic upper hybrid waves with low frequency waves, has

been suggested as a mechanism which can generate the so called

non thermal continuum radiation in the magnetosphere. It has

been shown that this process can account for the average radi-
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ated power if low frequency ion Bernstein waves are reason-

ably common in the regions where the radiation is produced.

Further studies of continuum radiation, carried out in cooper-

ation with the GEOS wave experimenters P. Christiansen, P.

Gough, and J. Etcheto, have shown a considerable amount of

fine structure in the so called continuum. This fine structure

may be explained if the cadiation is generated by a decay,

instead of a coalescence process. In a study presented at the

1984 URSI General Assembly, the possibility that upper hybrid

waves may decay into low frequency electrostatic waves and

electromagnetic radiation has been considered.

Formation of aurora] arcs

Auroral arcs, as observed from the ground, have thicknesses

from 100 m up to a few kilometers and horizontal extensions

of hundreds of kilometers. Their projection along the magnetic

field lines would result in a magnetospheric plasma structure

with the width (perpendicular to B) of the order of a hot ion

gyroradius.

In a paper by Stasiewicz the following conclusions are made:

An auroral arc corresponds to the upward current sheet

generated at the magnetically connected edge of a distant

plasma cloud. Such clouds originate in the magnetotail as

high speed plasma streams (beams).

The perpendicular to B motion of a plasma beam is due to

the polarization electric field (ExIJ drift). The thinness

of the beam is a necessary condition for the beam perpendi-

cular propagation.

. After the beam is stopped it becomes an intruding plasma

cloud with a different pressure than in the ambient plasma.

A pressure gradient at the boundary between the cloud and

the ambient plasma drives a magnetization current that

leads to electric charge separation and to a pair of field-

aligned currents (see Pig. 4).
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Figure 4. Establishment of field-aligned currents driving an
auroral arc due to the presence of a low-pressure plasma cloud
in the equatorial magnetosphere.

The influence of low-frequency electrostatic turbulence on the

flux of precipitating magnetospheric electrons is analysed by

Stasiewicz in the framework of the quasilinear kinetic ecrua-

tion. It is shown that an electron population in a turbulent

region with an electric field parallel to the ambient magnetic

field can be separated into two parts by introducing a pitch

angle dependent runaway velocity vr(0). Lower energy elec-

trons with parallel velocity V||<vr are effectively scat-

tered by plasma waves, so they remain in the main population

and are subjected to an anomalous transport equation. A dis-

tribution function f«v-k (or the particle flux versus energy

J«E-1) is established in this velocity range. Faster electrons

with v >v are freely accelerated by a parallel electric

field, so they contribute directly to the hot electron fluxes

which are observed at ionospheric altitudes. The characteris-

tic shape of inverted-V electron spectra can be explained by a
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comined action of a weak parallel • lectric field, which pro-

vides the parallel acceleration, and low-frequency electro-

static turbulence which provides isotropisation due to reso-

nant wave-particle interactions (see Fig. 5). Thus, the

inverted-V electron spectra are consistent with the parallel

electric field supported locally by anomalous resistivity, as

well as by distributed double layers embedded in a turbulent

region and providing a weak (spatially averaged) electric

field.

TL IQ9"

ENERGY (keV)

Figure 5. New interpretation of inverted-V electron spectra.

I) Electrons turbulently heated via n=1 cyclotron resonance

to a quasi-stationary distribution J^E"1 (f«v"4) and con-

vectively transpcrted from a turbulent region.

II) Runaway particles from the turbulent region. U denotes

the total potential drop over an acceleration region.

III) Magnetospheric electrons entering the acceleration region

with velocities v>vr ("run-through" particles). The

source plasma is shown to be composed of a cooler compo-

nent (a) superimposed on a hotter component (b).
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Future satellite projets

GIOTTO

The European Space Agency (ESA) decided in 1980 to send a

spacecraft to Halley's comet. It is aimed to pass by the nuc-

leus of the comet within a few hundred kilometers.

The Kiruna group participates in the GIOTTO-project as a part

of a consortium under the supervision of a British group at

Mullard Space Science Laboratory (MSSL).

KGI has designed and manufactured two test equipments used for

testing and calibration of the experiment. One test equipment

will also be used to support real time analysis of the scien-

tific data.

During 1984 the main efforts were devoted to maintenance and

extensions of the software during tests of the experiment.

During the year both the Engineering Model (EM) and the Flight

Model (FM) of the experiment have been integrated on the

spacecraft and been completely tested. Definition and prepara-

tions for the real time data analysis system have also been

performed during the year.

VIKING

The study of the ionosphere and magnetosphere traditionally

holds a strong position in Swedish research. It is thus quite

natural that the first Swedish research satellite to be flown

aims at studying ionospheric and magnetospheric phenomena at

high latitude?. The satellite, named VIKING, will make in-situ

measurements in a region in the magnetosphere where most like-

ly processes of fundamental importance for the dynamics of the

entire magnetosphere take place. VIKING is shown in Figure 6.

For a comprehensive picture of the plasma processes the fol-

lowing physical parameters will be measured

- electrostatic vector field

- geomagnetic vector field
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Ficfuro 6 The VIKING satellite - integration of the

KGI hot plasma instrumentation.
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- cold plasma density

- hot plasma distribution functions

- hot ion composition

- electrical waves

- magnetic waves

- plasma density waves

- ultraviolet images of auroral forms

KGI is responsible for the very ambitious charged particle ex-

periment on board the spacecraft. During 1984 some small modi-

fications of the instrumentation were made based on the test

results. The major effort has been the development of software

for data reduction and analysis. A colour graphics system has

been installed and tested. Also hardware for the data handling

at Esrange has been bought. The planning of scientific

campaigns has started.
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ULYSSES (ISPM)

KGI is co-investigator in the EPAC (Energetic Particle Compo-

sition) experiment that will be flown on this spacecraft which

will study the solar wind properties outside the ecliptic

plane. Launch is planned for January 1986.

PROMICS-3

The PFOMICS-3 experiment is our most recent development of Ion

Composition Spectrometers (ICS). Except for a "new" toroid

concept of the analyser, with a 180* field of view divided in

5-8 angular intervals, the ICS are still based on a well

proven measuring technique using electrostatic analysers,

Wien-filters and channel electron multipliers (CEM). However,

the experiment is likely to be the first in situ plasma exper-

iment capable of measuring the three-dimensional ion distribu-

tion function for the four major ion constituents iH+, He++,

He+ and O+) individually. The "stacked" geometry provides a

maximum of volume saving for an optimized system, which con-

sists of one set of spectrometers for the 0-1000 eV/q range,

another for the 1 - "*0 keV/q range, and a third system for the

3-100 keV/q energy range. PROMICS-3 also comprises an analyser

system for measuring electrons or positive ions in the energy

range of a few eV to »50 keV.
»

PROMICS-3 will be put on two spacecraft in the Soviet INTER-
BALL-project. One spacecraft will have an apogee of 30-40

Rg, its line of apsides lying close to the ecliptic plane

(30°). The main object of this spacecraft is to study the

geomagnetic tail and plasma sheet. Consequently it has been

termed "Tail".The other spacecraft is going in a lower orbit

more suitable for studies of auroral phenomena and is thus

termed "Aurora".The apogee and line of apsides for "Aurora"

are yet to be determined, but the apogee will be at least

20.000 km. The objective of having a pair of satellites is to

study dynamical processes during magnetospheric substorms by

means of simultaneous measurements on high altitude (»20.000

km) auroral field lines and in the geomagnetic tail.
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During the report period a mechanical model of the experiment

was designed. A cylindrical yoke with 5 velocity analyser

sectors was constructed for test purposes. The design of the

data processing unit (DPU) started in 1983. The DPU will

contain a powerful 16-bit processor which will both control

the experiment, do sorting of data from the 19 sensors and do

real-time computations of the moments of the plasma

distribution func-tion for the four major ion constituents

plus the electrons. These on board computations make it

possible to use a very low telemetry bit rate and still get

the most essential plasma parameters (e.g. density, flow velo-

city, pressure and temperature) with maximum time resolution

(determined by the spin).

The maximum telemetry requirement will in fact be as low as

12 bits per second (bps). The computed moments will for in-

stance enable an accurate determination of dynamo effects

(difference in drift motions, see e.g. the PROGNOZ-7 studies),

plasma density, temperature, flow and origin. For more detail-

ed comparisons with other plasma parameters (e.g. wave fields)

spectral information has to be included in the data format as

well.

ASPERA

ASPERA is a particle experiment for two spacecraft from the

Soviet Union that are to be sent to Mars. During 1984 the ex-

periment design was almost finalized. The launches are sched-

uled to take place late 1987 or early 1988. The experiment

will measure electrons in f.he 1 eV-50 keV range and positive

ion distribution and composition in the energy range -0-

30 keV. A sophisticated on board compression of data will be

made to meet the low telemetry bit rate offered to the experi-

ment. A preliminary instrument design is shown in Figure 7.
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Figure 7 ASPERA - Automatic space plasma experiment with rotating

analyzer. Perliminary design.
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CAMMICE

KGI-Kiruna is a part of the consortium responsible for the

CAMMICE (charge and mass magnetospheric ion composition exper-

iment) experiment on board the POLAR-and EQUATOR-satellites

within ISTP (International Solar-Terrestrial Physics Pro-

gramme). The main responsibility for the experiment lies with

Dr. T. Fritz, Los Alamos. The Kiruna group shall design and

manufacture test (ground support) equipments required to test

and calibrate the experiment and to support real time data

analysis. No final decision to carry out the project has yet

been taken, but some preparatory work has been performed.

Other satellite projects

KGI is participating in the planning of several new satellite

projects. As examples can be mentioned CLUSTER and VIKING 2.

The proposed ESA project CLUSTER, with four closely grouped

satellites, is intended to study the three-dimensional mor-

phology and dynamics of small-scale structures of the magneto-

sphere, in particular in its boundary regions. Cluster will be

an important element of the International Solar-Terrestrial

Physics Programme.
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Ionospheric and maqnetospheric research based on sounding

rocket experiments

Instrumentation from KGI has to date flown on 38 sounding

rockets. We have specialized in measuring electrons and posi-

tive ions, mainly in the energy range 0.01-200 keV, in order

to study acceleration and precipitation mechanisms in differ-

ent types of auroras. The particle spectrometers are developed

and built at KGI.

During 1984 a study of a pulsating aurora based on data from

the third Substorm-GEOS rocket resulted in a Ph.D. thesis by

Ingrid Sandahl. The thesis was successfully defended on Decem-

ber 7 with Dr. Duncan Bryant, Rutherford and Appleton Labora-

tory as opponent.

It was possible to combine data from the KGI electron spectro-

meters, with wave and particle data from the GEOS-2 satellite

and with data from many ground based instruments, above all

low-light-level TV. This is the first pulsating aurora study

ever to join data from a rocket and a satellite. Wave and

electron distributions in the equatorial plane and electron

distributions in the ionosphere agree well with those expected

if pulsation maxima are caused by increased pitch angle scat-

tering in the equatorial plane through Doppler shifted elec-

tron cyclotron resonance with whistler mode waves. Theory pre-

dicts that the electrons loose energy when they are scattered

from large pitch angles into the loss cone and the data ob-

tained by GEOS-2 indicates that this was indeed the case. None

of the theories presented so far about the primary cause for

pulsating auroras is in complete agreement with the data.

The comparison between optical data from low-light-level TV

and electron data from the rocket clearly shows that the opti-

cal pulsations were caused by modulated electron fluxes. This

was also true of the 3±1 Hz modulation.

The TOR (Trigger Optimized Repetit n) sounding rocket was

launched October 24 at 16.58 UT from Esrange. The scientific

objective was to investigate how the ionosphere-magnetosphere
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reacted on a sudden local, artificial disturbance in the lower

ionosphere. Explosive charges containing cesium were detonated

on the downleg of the trajectory at 169 and 109 km respec-

tively. The mother payload equipped with diagnostic instru-

ments flew through the two artificial plasma clouds. The

rocket was launched in a magnetically calm situation with no

aurora but with an electric field in the ionosphere strong

enough to be detected by the STARE radar. All technical sys-

tems worked well, and preliminary analysis indicates that all

scientific instruments have delivered data of good quality.

Aureld-VIP-1 is a rocket project involving two payloads to be

launched in connection with the VIKING satellite. The campaign

is being planned for December 1985 - January 1986. KGI is par-

ticipating with particle spectrometers and with a three-

dimensional imaging optical instrument, the latter one in col-

laboration with Dr David Rees, University College London.

During 1984 much of the building of the instruments was carri-

ed out.

Research based on ground based instrumentation

EISCAT

The UHF-system in EISCAT (European Incoherent Scatter Scienti-

fic Association) is in operation since autumn 1981. It con-

sists of three 32 m paraboloids with transmitter in Tromsö and

receivers in Tromsö, Kiruna, and Sodankylä.

One or several pulses of approximately 1 MW and 933 MHz are

transmitted from Tromsö and are incoherently scattered by the

electrons in the ionosphere. From the spectrum of the received

signal the electron density, electron and ion temperature, ion

composition and plasma drift velocities are derived, at Tromsö

from several ranges and at Kiruna and Sodankylä from the

intersection volume of the antenna beams.

EISCAT is run by the member countries (UK, FR Germany, France,

Sweden, Norway, and Finland) with both common and special pro-

grammes. The common programmes are common for all member coun-
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tries and are run for 24 hours/week. Of the special programme
time Sweden has 10%, that is about 100 hours/year.

An experiment for measuring Joule and particle heating with

EISCAT was run during campaigns in winter 1983-84. Valuable

experiences about how to improve the measuring technique were

obtained.

In autumn 1984 Asta Pellinen-Wannberg was visiting SRI Inter-

national at S^ndre Strjrfmf jord radar site in Greenland and in

Menlo Park in California for two months. The intention of the

visit was to become more familiar with the incoherent scatter

radar technique and analysis processes and to co-operate with

Roland Tsunoda from SRI International. The work to study

F-region irregularities in the form of "blobs" together with

him continues.

A secondary receiving antenna has been transported to Kiruna

and preparations have been made for its installation in 1985.

Major parts of the electronics have already been built. The

rotary base previously used to support the "rotating boom"

riometer antenna has been cleared of obsolete equipment and

will be fitted with a support for the parabolic dish. The sup-

port is presently being designed at AIB/Kiruna.

Theoretical calculations of antenna performance have been per-

formed. It has become evident that an increase in aperture

diameter from 8.5 m to 12.5 m is desirable both from a resolu-

tion point of view as well as to increase the signal to noise

ratio. It has been shown that when the diameter is increased,

the added antenna will require only about twice as long inte-

gration time as presently required at the 32 m dish in Sodan-

kylä to achieve equal statistical uncertainties in velocity

measurements.

Efforts have been made to organize a coordinated EISCAT cover-

age of the VIKING mission. A preliminary proposal for a major

campaign was designed in cooperation with Hermann Opgenoorth

of UIO and put forward to the EISCAT SAC-tieeting in Sodankylä

in September 1984. As a result, an international working group
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with participation from all EISCAT member states was formed to

handle the detailed planning and coordination of the proposed

joint campaign.

Research with optical methods

Under this heading we summarize work carried out by the use of

optical instrumentation as well as other related research

activites.

Early in 1984 a one-dimensional detector was successfully

taken into operation after two years of development work. The

detector consists of an intensified Reticon photodiode array

with 1024 pixel.5. The field of view is imaged on the faceplate

of an image intensifier with a monochromatic telecentric lens

system. The image intensifier is coupled with fiber optics to

the Reticon array. The specific auroral emission recorded by

the Peticon array is selected from a four position filter

wheel. The field of view is manually interchangeable between

50*, 90°, and 170" field of view. The operation of the detec-

tor is controlled by a computer. Normally a standard integra-

tion time of one second is used but it can be reduced to

milliseconds if the auroral intensity is high enough. The con-

struction of a second detector was completed in the fall of

1984. The two detectors form a bistatic system (HMS) for real-

time triangulation of the height of auroral structures, The

base line of HMS is 13 km. Early in 1985 the first HMS-

measurements will be made.

Three years ago a monochromatic TV-system (ADIS) was developed

at KGI. To improve the performance of a two dimensional mono-

chromatic imaging system a new project was started. The new

project, MMA, is planned to image the sky in four different

auroral emissions. The field of view is projected on an inten-

sified two-dimensional CCD-array.

The MMA-project is still in the development phase

New detector technology is used in a collaborative rocket

project, A3DAI, with Dr. David Rees, UCL, London. A 20-channel
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one-dimensional detector has been developed. A telecentric

lens system with 120° field of view looks approximately per-

pendicularly to the rocket spix axis. The spin and altitude

movements of the rocket make a three-dimensional tomographic

inversion technique possible. The three-dimensional distribu-

tion of an auroral emission will be derived.

Since 1980 Fabry-Perot interferometers have continously been

operated at KGI in collaboration with UCL. At present a single

stage etalon interferometer and a Doppler imaging interfero-

meter are used. The single etalon system obtains Doppler in-

formation in seven directions with a standard integration time

of 90 seconds and a cycle time of 12 minutes. The Doppler

imaging system obtains line of sight neutral wind velocities

originally in 64,000 points over a 120° field of view. A

standard integration time of 300 seconds is used. The inter-

ferometers use the oxygen red emission at 630.0 nm.

The first Swedish optical EISCAT campaign took place between

February 24 and March 3, 1984. In that campaign several EISCAT

proposals were executed. One optical EISCAT experiment was

dedicated to the study of the westward travelling surge (WTS).

In the WTS-experiment the horizontal variation of ionospheric

parameters was measured during the passage of a surge.

Another optical EISCAT experiment focused on the pulsating

aurora. Altogether 10 hrs of Swedish special radar time were

used for the combined optical EISCAT experiments. The analysis

of the data, during several interesting events, is in prog-

ress.

An ongoing event study is the investigation of giant iono-

spheric and magnetospheric pulsations occurring on January 10,

1983. The event has been reported earlier, as a conference

report, but a more detailed analysis, involving data from

three satellites and data from many ground based instruments,

is being carried out.
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The search for the oxygen green and red lines during artifi-

cial heating by the Max-Planck-Institut heating facility at

Ramfjordmoen near Troms^ is continued. The newly developed

detector for HMS will be used in that research.

The maximum entropy method is valuable in many areas of spec-

trum analysis. Besides the normal use of EISCAT a report has

been published where a non-linear maximum entropy method is

used for the derivation of the incoherent scatter spectrum.

Research on spectral line intensities

Some activities are going on in studying spectral line ratio

fluctuations in a new way. These studies ar-1? based upon data

obtained from spectrochemical measurements, where different

optical light sources were studied on a computerized spectro-

meter system (IDES). The result from this study is that it

seems to be possible to organize these simultaneously measured

line ratio fluctuations from different elements into a linear

graph. From these fluctuations graphs it seems to be possible

to reveal fundamental atomic physical properties concerning

the emissions of photons.

The same kind of analysis method has also been used on data

from spectrophotometer measurements of auroral and airglow

emissions, where very interesting results have been revealed

concerning the deexcitation mechanisms of these emissions.

There is also a theory developed, which support these experi-

mental results.
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Other ground based instrumentation

The following instruments are operated at KGI 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 Meteoro-

logical and Hydrological Institute)

- radioactivity monitor (supervised by the Research Institute

of National Defence).

Details of the ionosonde, the magnetometers, and the riometers

are given below.

Ionosonde

The Kiruna ionosonde operates in the frequency band 0.5-16 MHz

and makes soundings every half hour. The data are recorded on

film and hourly data are sent daily by telex to the inter-

national centre in Darmstadt. KGI is operating the station but

the data reduction is done by the Research Institute of

National Defence.

A new receiver has been installed in the system and the quali-

ty of data has been improved. The receiver output will also be

digitized and post-processed by a dedicated microcomputer and

made available to modem-equipped users on a call-up basis. The

exact procedures for data compression, storage and retrieval

are still under consideration.



37

Magnetometer

Variations of the geomagnetic field are recorded continuously
by a La Cour variometer and a digital fluxgate magnetometer.
The La Cour recordings are made in two sets, a normal record-
ing with high sensitivity and a storm recording with low sen-
sitivity on photographic paper. The fluxgate recordings are
stored on magnetic tape and are handled by the Nord computer.

Riometer

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 re-

corded in Kiruna. The registrations from the ARI riometer are

stored on magnetic tape and all data can be handled by the

Nord computers. Cooperation with the University of Lancaster,

England concerning these registrations is go'.ng on.

New instrumentation

Two antennas with a separation of some 600 m along the

meridian have been installed during 1984 at KGI. The purpose

is to receive signals from NNSS satellites in a study of scin-

tillations and ionospheric irregularities. The data reduction

is carried out by a PDP 11/23 computer with the entire system

designed for minimum attention by an operator. Responsible

groups are University College of Wales and the Rutherford and

Appleton Laboratories.
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Lycksele Ionospheric Observatory (LIO)

LIO has been a unit of KGI 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 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.

- backseatter radar registrations of the Doppler width of the

146 MHz line in cooperation with UJO, Uppsala.

- ionosonde measurements (in cooperation with the Research

Institute of National Defence) of the electron density in

the ionosphere. The frequencies used are in the range 0.3-

20 MHz.

- all sky camera (ASCA) 16 mm (Stoffregen) is continously

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 4250-6400 Å, where 12

spectral sweeps per hour can be performed.

- photometer (SID) is operating with four filters (4278 Å,

4861 Å, 5577 Å and 6300 Å). 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 direction to the

infrasonic source.
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- radioactivity in the air and the rain is also measured in

cooperation with the Research Institute of National Defence.

The SAFARI HF-radar measures the direction and speed of the

irregularities in the ionosphere. The registration in Lycksele

has been going on in cooperation with ISEET in Toulon, France.

Figure 8 Lycksele Ionospheric Observatory
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The Laboratory for Mechanical Waves in Umeå (IW)

The work at the Laboratory for Mechanical Waves began in 1979.

The purpose of the laboratory is to carry out applied and

basic research in the field of mechanical waves, especially

concerning infra- and ultrasound. The research is divided into

two projects.

Development of methods for the detection and analysis of

mechanical waves

This project includes the development and application of

methods to measure

- direction of arrival

- velocity of propagation

- power spectra.

During 1984 the main area of research at the Laboratory was to

develop a method for analysis of power spectra of vibration in

complex mechanical systems. The method may be used for remote

machine monitoring.

A system has been developed for automatic sampling of time

series at local data acquisition units for further processing

in a central computer and an FFT frequency analyser. Also

methods have been developed to read significant information

from frequency spectra automatically and to classify and

quantify differences between frequency spectra from mechanical

systems. The later method uses multivariate analysis, a tech-

nique for pattern recognition and gives an early warning about

failures developing in machines beeing monitored.

The system has been tested during 1984 at 5 industrial plants

including a paper making machine, fans, compressors, a pump

station and gearboxes. Early detection of developing faults

has in fact been obtained during several periods of measure-

ments, both during regular operation and during forced experi-

ments.

The system is at present being adapted for commercial opera-

tion and will be exploited by a company in Kiruna: Keltronics

AB.
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Investigation of the middle atmosphere through measurements of

the propagation of infra-acoustic waves.

Infra-acoustic waves (with frequencies far below the audible)

propagate in the altitude range below 100 km over very large

horizontal distances (several thousand kilometers). The damp-

ing of such waves is very small. The propagation depends to a

large extent on the large scale wind and temperature distribu-

tions in the middle atmosphere. More or less continous regi-

stration of arrival direction, travel time and power spectra

of infra-acoustic waves facilitate the investigation of these

distributions. Relative changes are most easily observed. The

measured effects depend on the conditions along the whole path

of propagation, but usually the largest contribution comes

from altitudes close to the height of reflection where the

wave spends the largest part of its propagation time.

Infrasound with frequencies around 2 Hz is continously

registered at four measuring stations in Sweden. All of them

belong to KGI and have been in operation for about 10 years.

Among the observations are registrations from different

sources of infrasound, for example regular Concorde flights

ever since these began in 1976.
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COMMITTEE APPOINTMENTS

During the fiscal year 84/85 some of the KGI staff are engaged

in organizations closely related to our research field:

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

Steering board of KELTRONICS AB.

Swedish representative of:

SSA 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 evaluation groups of PUF, NFR.

Member of:

Survey committee for ESA long term space programne

CLUSTER Science Team, ESA

SCOSTEP.

Convener, Vlth Quadrennial International Symposium on Solar-

Terrestrial-Physics, Toulouse, July 1986 (SCOSTEP).

Co-ordinator, SCOSTEP's International Program on Polar and

Auroral Dynamics (PAD).

Rickard Lundin:

Member of CLUSTER Science Team.

Gudmund Wannberg:

Member of Swedish EISCAT committee, NFR.
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EDUCATIONAL PROGRAMME

Kiruna geophysical institute acts as an institution of space

plasma physics (in Swedish: geokosmofysik) at the University

of Umeå in educational matters. Thirteen persons are working

towards their doctor's degree. The group in Umeå works in

close cooperation with the department of plasma physics at the

University.

During 1984 the following persons have earned an academic

degree:

1984-10-09 Kjell Rönnmark, docent

1984-12-07 Ingrid Sandahl, Ph.D.

Several visitors at KGI have given seminars during 1984:

1984-02-02 Georg Gustafsson, UJO, Uppsala.

1984-02-14 Novimir Pissarenko, IKI, Moscow, USSR.

1984-04-16 Roland Tsunoda, SRI, Menlo Park, US.

1984-04-18 Yaroslav Sakharov, PGI, Apatity, USSR.

1984-05-04 Rama N. Singh, Varanasi Hindu University, India.

1984-05-10 Henrik Lundstedt, AIL, Lund.

1984-05-15 Rama N. Singh, Varanasi Hindu University, India.

1984-05-16 Walter Heikkila, University of Texas at Dallas,

Richardson, US.

1984-06-04 Vytenis Vasyliunas, MPAE, Lindau, PRG.

1984-06-13 Eigil Ungstrup, DSRI, Lyngby, Denmark.

1984-06-14 - " -

1984-09-19 Akiyoshi Matsuzaki, ISAS, Tokyo, Japan.

1984-10-22 Hannu Koskinen, UJO, Uppsala.

1984-10-24 Fritz Primdahl, DSRI, Lyngby, Denmark.

KGI scientists have participated in a number of international

conferences, in most cases presenting results from the

research activities at KGI.

RVK-84, Linköping, Sweden. Bengt Hultqvist

Gudmund Wannberg

Ingemar Häggström
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SAR-meeting, Skibotn, Norway

XXIst General Assembly of URSI,

Florence, Italy

ARCAD-3 Symposium, Toulouse, France

Symposium on achievements of the IMS,

Graz, Austria

COSPAR meeting, Graz, Austria

Viking scientific team meeting,

Skodsborg, Denmark

Space Plasma Physics School,

Warsaw, Poland

International Conference on Plasma

Physics, Lausanne, Switzerland

Nato Advanced Research Workshop,
Lillehammer, Norway

12th annual meeting on atmospheric

studies by optical methods,

Stockholm, Sweden

FACSS conference, Philadelphia, US

AGU fall meeting, San Francisco, US

Rickard Lundin
Ingrid Sandahl
Krzysztof Stasiewicz
Asta Pellinen-Wannberg
Gudmund Wannberg
Ingemar Häggström

Kjell Rönnmark

Asta Pellinen-Wannberg

Gudmund Wannberg

Bengt Hultqvist
Lars Bliasson

Bengt Hultqvist

Rickard Lundin

Krzysztof Stasiewicz

Bengt Hultqvist

Bengt Hultqvist

Rickard Lundin

Lars Eliasson

Kjell Rönnmark

Bengt Hultqvist

Mats André

Rickard Lundin

Åke Steen

Åke Steen

Bo Thelin

Sten Yngström

Rickard Lundin
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LIST OF PUBLICATIONS AND REPORTS

(Conference abstracts are not included in the list).

André, M., Dispersion surfaces, in Proceedings of the Inter-

national Conference on Plasma Physics, 27 June - 3 July,

1984, Lausanne, Switzerland, Accepted for publication in

J. Plasma Phys., 1984.

André, M., Ion waves generated by ion loss-cone distributions

or drifting particles, KGI Preprint 070, Submitted to Ann.

Geophys., 1984.

André, M., Ion waves generated by streaming particles, KGI

Preprint 065, Accepted for publication in Ann. Geophys.,

1984.

Bahnsen, A., M. Jespersen, T. Neubert, P. Canu, H. Borg, and

P.E. Frandsen, Morphology of keV-electrons in the Earth's

magnetosphere as observed by GEOS 1, Ann. Geophys., in

print, 1984.

Christiansen, P.J., J. Etcheto, K. Rönnmark, and L. Stenflo,

Upper hybrid turbulence as a source of nonthermal continuum

radiation, Geophys. Res. Lett., JM_, 139-142, 1984.

Christiansen, P.J., P. Gough, J. Etcheto, J.G. Trotignon, K.

Rönnmark, and L. Stenflo, Terrestrial continuum radiation

study during the IMS, Adv. Space Res. (COSPAR 1984), in

press.

Eliasson, L., Observations of auroral electrons with sounding

rockets and the GEOS-2 geostationary satellite, Proceedings

of the ARCAD-3 Conference, Toulouse, in print, 1984.

Gustafsson, G., Corrected geomagnetic coordinates for epoch

1980, in "Magnetospheric Currents" (Ed. T. A. Potemra),

American Geophysical Union, Washington, 276-283, 1984.

Henriksen, K., W. Stoffregen, B. Lybekk, and Ä. Steen,

Photometer and spectrometer search of the oxygen green and

red lines during artificial ionospheric heating in the

auroral zone, Ann. Geophys. 2_, 73-76, 1984.

Hultqvist, B., A method of solving the dispersion equation for

electrostatic electron waves in magnetized plasma, KGI

Preprint 071, Submitted to Plasma Phys. and Controlled

Fusion, 1984.
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Hultqvist, B., The hot ion composition in the magnetosphere,

KGI Preprint 069, Proceedings of the ARCAD-3 Conference,

Toulouse, in print, 1984.

Hultqvist, B., Growing electrostatic waves with a wavelength

of 67 cm in the upper ionosphere, Proceedings of the

ARCAD-3 Conference, Toulouse, in print, 1984.

Häggström, I., J. Murdin, and D. Rees, Determination of the

thermospheric neutral wind from incoherent scatter radar

measurements, KGI report no. 186, November 1984.

Lundin, R., and E. Dubinin, Solar wind energy transfer regions

inside the dayside magnetopause - I. Evidence for magneto-

sheath plasma penetration, Planet. Space Sci., 32^, 745-755,

1984.

Lundin, R., Solar wind energy transfer regions inside the day-

side magnetopause - II. Evidence for an MHD generator

process, Planet. Space Sci., 32_, 757-770, 1984.

Lundin, R., and E. Dubinin, Solar wind energy transfer

regions inside the dayside magnetopause - III. Accelerated

plasmaspheric ions as tracers for MHD-processes in the day-

side boundary layer, KGI Preprint 074, Accepted for publi-

cation in Planet. Space Sci.

Lundin, R., Plasma composition and flow characteristics in the

magnetospheric boundary layers connected to the polar cusp,

in "The Polar Cusp" (Eds. J. A. Holtet and A. Egeland),

Reidel publ. co. Dordrecht, in print, 1984.

Pissarenko, N.F., E.M. Dubinin, A.V. Zakharov, E. Yu. Budnik,

and R. Lundin, Observations of He+ ions in the solar wind,

KGI Preprint 064, 1984.

Rees, D., A. H. Greenaway, R. Gordon, I. McWhirter, P. J.

Charleton, and Å. Steen, The doppler imaging system:

Initial observations of the auroral thermosphere, Planet.

Space Sci., 32, 273-285, 1984.

Rees, D., N. Lloyd, P. J. Charleton, M. Carlson, J. Murdin,

and I. Häggström, Comparison of plasma flow and

thermospheric circulation over northern Scandinavia using

EISCAT and a Fabry-Perot interferometer, J. Atmos, Terr.

Phys., 4£, 545-564, 1984.
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Rees, D., R. W. Smith, P. J. Charleton, F. G. McCormac, N.

Lloyd, and A. Steen., The generation of vertical

thermospheric winds and gravity waves at auroral latitudes

- I. Observations of vertical winds. Planet. Space Sci.,

312, 667-684, 1984.

Rönnmark, K., A Galilean invariant theory of wave energy in

warm plasmas, Submitted to J. Plasma Phys., 1984.

Rönnmark, K., Ray tracing in dissipative media, Ann Geophys.,

2, 57-60, 1984.

Sandahl, I., Pitch angle scattering and particle precipita-

tion in a pulsating aurora - an experimental study, KGI

Report 185, 1984.

Stasiewicz, K., Generation of magnetic field-aligned currents,

parallel electric fields, and inverted-V structures by

plasma pressure inhomogeneities in the magnetosphere, KGI

Preprint 073, 1984.

Stasiewicz, K., On the formation of auroral arcs, KGI Preprint

068, Accepted for publication in Proceedings of the XXV

COSPAR Conference in Graz, Austria, Advances of Space

Physics, 1984.

Stasiewicz, K., The influence of a turbulent region on the

flux of auroral electrons, KGI Preprint 072, Accepted for

publication in Planet. Space Sci., 1984.

Steen, Å, and D. Rees, Optical characteristics of a Ps6 event,

Proceedings of the 11th Annual Meeting of Upper Atmosphere

Studies by Optical Methods, Max-Planck-Institut fCir

Aeronomie, Katlenburg-Lindau, (Eds. G. Lange-Hesse and H.

Lauche), 1983.

Steen, Å., C. H. Chen, J. Murdin, and G. Wannberg, A nonlinear

maximum entropy method for spectral estimation applied to

incoherent scatter radar measurements - I. Application to

synthetic incoherent scatter data, J. Atmos. Terr. Phys.,

46, 613-618, 1984.

Steen, Å., An intensified photodiode array applied to 1-D

auroral imaging, Accepted for publication in Rev. Sci.

Instrum., 1985.

Thelin, B., An explanation of the spectral seasonal variations

in the night airglow emissions, KGI Preprint 066, March

1984.
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Townend, N. and M. André, Simultaneous observations of

electron spectra in the auroral zone and near the equato-

rial plane by the DMSP-5D-F2 and GBOS-1 satellites, KGI

Report 184, 1984.



TABLE 1

Satellites with KGI participation

Spacecraft

ESRO 1 A

ESRO 1 B

ESRO 4

GEOS 1

GEOS 2

PROGNOZ 1

PROGNOZ 2

KGI instru-

mentation 1)

±: 1-13

±: 1-13

±: 0.5-200

±: 0.3-20

±: 0.3-20

±: 0.01-45

IM 0.2-17

±: 0.01-45

IM 0.2-17

Launch

date

68-10-03

69-10-01

72-11-22

77-04-20

78-07-14

78-10-30

80-12-25

Launch

place 2)

WTR

WTR

WTR

ETR

ETR

BAJ

BAJ

Apogee

(km)

1533

378

1177

38000

36000

202771

198708

Perigee

(km)

285

281

245

2050

36000

476

555

Inclination

(degrees)

93.7

86.0

91

26.5

-0

65.03

65.17

Period

1h 42m

1h 30m

1h 38m

12h

24h

98h 0m

95h 21m

1) -: X!-X2 electrons Xi-X2 keV

+: Xj-X2 positive ions X^-Xj keV

IM: Xj-X2 ion mass spectrometer Xi~X2 keV

2) WTR Western Test Range, California, USA

ETR Eastern Test Range, Kennedy Space Flight Center, Florida, USA

BAJ Bajkonor, USSR



TABLE 2

Sounding rockets with KGI participation

Designation

1

2 F6

3 F10

4 F11

5 F12

6 C14-1

7 C14-2

8 F15

9 C14-3

10 F18

11 S43-1

12 S43-2

KGI instru-
mentation 1)

Photometer

+

±

+:

+

+:

+

+:

+

+:

• 40-104

• 40-104

40-104

: 40-104

• 3-110

5-110

3-110
5-110

3-10
1-14
3-110
50-110

3-10
1-14

3-110
. 50-110

1-150
50-150

Launch
date UT

1962

64-03-02

65-03-15

65-03-22

65-11-20

66-02-22

66-02-24

67-03-14

68-03-06

68-09-20

68-11-25

69-03-15

Launch
place 2)

KRO

AND

AND

AND

AND

AND

AND

AND

ESR

AND

ESR

ESR

Rocket

4Nike-Cajun
lArcas

Nike-Apache

Nike-Apache

Nike-Apache

Nike-Apache

Centaure

Centaure

Nike-Apache

Centaure

Nike-
Tomahawk

Skylark

Skylark

Data
Quality

Good

TM-loss No data

Too low apogee

Too low apogee

Partially good

Partially good

Good

Good

Malfunction No data

No data

No aurora



TABLE 2 Cont.

Designation

13 C39-1

14 C39-2

15 C62-1

16 C62-2

17 F24

18 K70
Twilight 1

19 K70
Twilight 2

20 K70
Twilight 3

21 K70
Twilight 4

22 K70
Twilight 5

23 S67-1

24 S67-2

KGI instru-
mentation 1)

+: 10-100 MeV

+: 10-100 MeV

+: 10-100 MeV

+ : 10-100 MeV

±: 1-12

Faraday
rotation

Faraday
rotation

Faraday
rotation

Faraday
rotation

Faraday
rotation

-: 1-150
+: 50-150

-: 1-150
+: 50-150

Geophysical
situation

PCA

PCA

SVA 3)

SVA

Aurora

Twilight
El. density

Twilight
El. density

Twilight
El. density

Twilight
El. density

Twilight
El. density

Recovery

Auroral arc

Launch
date UT

69-04-14

69-04-15

69-11-27

69-11-27

70-03-08

70-03-19

70-03-19

70-03-19

70-03-19

70-03-19

70-10-28

70-10-29

Launch
place 2)

ESR

ESR

ESR

ESR

AND

ESR

ESR

ESR

ESR

ESR

ESR

ESR

Pocket

Centaure

Centaure

Centaure

Centaure

Nike-
Tomahawk

Skua

Skua

Skua

Skua

Skua

Skylark

Skylark

Data
quality

Rocket failure

No nose cone se-
paration No data

Good

Good

Malfunction No
data

Good

Good

Good

Good

Good

Good

Good



TABLE 2 Cont .

Designation

25 F23

26 SNT7-1

27 SNT7-2

28 SI 0-2

29 S10-1

30 S17a
Mor-Dotter

31 S17b
Mor-Dotter

32 S22
Aurora

33 S21
Trigger

34 S23-L1
Substorm-GEOS

35 S23-H
Substorm-GEOS

KGI instru-
mentation 1)

±

+

+

+ :

+ •

+ :

+ •
IM:

+ :
IM:

: 1-12

: 1-150

: 1-150

. 0.2-200
: 0.5-200

: 0.2-200
: 0.5-200

0.01-20
0.5-200

0.01-20
0.5-200

0.01-200
. 0.3-15

• 0.01-15
2
0.01-200
0.1-200
1-16

0.01-200
0.1-200
1-16

Geophysical
situation

Auroral arc

Auroral arc

Pulsating
aurora

Breakup

Substorm

No aurora

Cesium
release

Auroral arc

Breakup

Launch
date UT

70-11-13

72-02-07

73-02-09

74-02-20

74-02-20

76-01-22

76-03-06

77-02-08

77-02-11

79-01-27

79-01-27

Launch
place 2)

AND

ESR

ESR

ESR

ESR

ESR

ESR

ESR

ESR

ESR

ESR

Rocket

Nike-
Tomahawk

Nike-
Tomahawk

Nike-
Tomahawk

Nike-
Tomahawk

Nike-
Tomahawk

Nike-
Tomahawk

Nike-
Tomahawk

Skylark 3

Nik e-Tomah awk

Black Brant VC

Nike-
Black Brant VC

Data
quality

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good



TABLE 2 Cont

Designation

36 S23-L1
Substorm-GEOS

37 S29
Ba-GEOS

38 S36
Aureld-
High

39 S38
TOR

KGI instru-
mentation 1)

-: 0.01-200
+: 0.1-200
IM: 1-16

-: 0.01-40
+: 0.05-20
IM: 0.8-9

-: 0.01-40
+: 0.05-15
[M: 0.05-0.8

-: 0.07-35
+: 0.001-0.02

Geophysical
situation

Pulsating
aurora

Barium
release

Auroral arc

Cesium
releases

Launch
date UT

79-01-27

79-09-24

83-01-19

84-10-24

Launch
place 2)

ESR

ESR

ESR

ESR

Rocket

Black Brant VC

Nike-
Black Brant VC

Terrier-
Black Brant VC

Black Brant VC

Data
quality

Good

Good

Good

Good

1) -: Xi-X2 electrons Xi~X2 keV
+: X1-X2 positive ions Xi~X2 keV
IM: X1-X2 ion mass spectrometer Xj-X2 keV

2) KRO Kronogård, Sweden
AND Andöya, Norway
ESR Esrange, Sweden

3) SVA Slowly varying absorption
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ADDRESSES AND GEOGRAPHICAL LOCATIONS

Kiruna Geophysical Institute

P.O. Box 704

S-981 27 Kiruna, Sweden

Telephone: 0980-12240

Telex: 8754 GEOFYSK S

Uppsala Ionospheric Observatory

S-755 90 Uppsala, Sweden

Telephone: 018-30 00 20

Telex: 76036 UJONOS S

Kiruna Geophysical Institute

University of Umeå

S-901 87 Umeå, Sweden

Telephone: 090-130505

Telex: 54060 UBUMEA S

Kiruna Geophysical Institute

Laboratory for Mechanical Waves

Sörfors 15398

S-905 90 Umeå, Sweden

Telephone: 090-30297

20°

Lycksele Ionospheric Observatory

P.O. Box 100

S-921 00 Lycksele, Sweden

Telephone: 0950-11457

Kiruna:

Geogr. coord. 67.8°N, 20.4°E, Corr. geomagn. 64.3°N, 104.1°E

Lycksele:

Geogr. coord. 64.7°N, 18.8°E, Corr. geomagn. 61.2°N, 100.7°E

Uppsala:

Geogr. coord. 59.8°N, 17.6°E, Corr. geomagn. 56.1°N, 91.0°E


