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Abstract

The aurora, or the northern lights, represent a direct viewing
window into the near-Earth plasma universe. The fascinating
auroral displays, easily detectable by the unaided human eye, are
the optical result of energetic particles colliding with the
atmosphere above about 85 km altitude. The complexity and varia-
bility of the auroral structures are caused by a complicated
chain of plasma processes starting with the interaction between
the solar wind and the magnetosphere of the tarth.

This study 1is an experimental investigation of the dynamics of
the aurora, describing both the systems developed for the optical
measurements and the results obtained.

The auroral ovals are the instantaneous distributions of the
auroral luminosity surrounding the two geomagnetic poles. In the
oval, east-west oriented auroral arcs often become deformed from
their stable configuration. It is found that during such a defor-
mation, a fold travelling eastward along the arc is associated
with an enhanced F-region ion temperature of 2700 K, measured by
EISCAT, indicative of enhanced ionospheric electric fields.

The intensity of the aurora may suddenly increase, very often
combined with rapid movements along the arcs. The onset of the
active period is rather Tlocalized. It 4s shown that for an




auroral break-up, the large-scale westward travelling surge (WTS)
is the last developed spiral in a sequence of spiral formations.

It is proposed that the non-linear development of the Kelvirn-
Helmholtz instability in a velocity shear zone in the magneto-
sphere is the responsible prccess. During the passage of the WTS
it is inferred from photometer recordings that the spectral
hardening of the precipitating particles, associated with the
WTS, shows a cessation, typically of 1 min duration.

In another event it is shown that large-amplitude long-lasting
pulsations, observed both in ground-based magnetic field and
photometer recordings, correspond to strong modulations of the
particle intensity at the equatorial orbit (6.6 RE). In this
event a gradual transition occurs between pulses classified as
Ps6/auroral torches toward pulses with characteristics of sub-
storms. The observations are explained by the Kelvin-Helmholt:z
instability in a boundary layer as suggested by Rostoker and
Eastman [1987].

The meridional neutral wind, at abcut 240 km altitude, is found
to be reduced prior to or at the onset of auroral activity. These
findings are suggestive of iarge-scale reconfigurations of the
jonospheric electric fields prior to airoral onsets.

A new real time triangulation technique developed to determine
the altitude of auroral arcs is presented, and an alternative
method to analyze incoherent scatter data is discussed.

Keywords: Aurora, optical measurement techniques, low light-level
imaging, incoherent scatter data, maximum entropy method, auroral
altitudes, thermospheric neutral wind, Ps6, WIS, magnetospheric
substorm, Kelvin-Helmholtz instability.
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Figure 1 An active auroral display during the expansive phase of
a substorm recorded by an all-sky camera in Kiruna at 2105 UT on
10 December 1986. Geomagnetic South is in the direction of the
metal bar. Geomagnetic East is in the direction of the time
display. The full Moon can be seen in the South-West 4t Jow

elevation.




1. Introduction

The complexity and variability of auroral displays can easily be
detected by the human eye. An observer watching a clear night
sky, at auroral latitudes, will have a fair chance to see a
drastic change in the auroral scenery during the course of the
night. In the evening, quiet east-west oriented arcs can exist
for hours. When magnetic midnight is approached the auroral arcs
can suddenly be deformed and broken up. During the most active
phase, with a duration of only a few minutes, rapid movements of
the aurgral 1luminosity occur, and short-lived (seconds), red
lower borders of the arcs may appear [Gattinger et al., 1985].
The active aurora 1is gradually replaced by a more diffuse and
patchy aurora, which sometimes shows a quasi-periodic (2-10 s)
on/off oscillation in its intensity [Pemberton and Shepherd,
1975]. After about one hour or so, quiet arcs may reform and a
similar sequence of events can be repeated {Horwitz, 1985]).
However, for many nights the time history of the aurora can not
be described as above |[Pytte et al., 1978].

Since the aurora 1is one of the end results of the interaction
between the magnetized solar wind plasma and the internal
magnetic field of the Earth [Akasofu, 198laj, the system to be
studied is of a three-dimensional nature with important time
variations in the range 0.1 s to a few h. The validity of a con-
clusion drawn from any loc1l measurement, ground-based or space-
borne, must therefore be discussed with relation to the unavoid-
able incomplete knowledge of the ionosphere-magnetosphere-solar
wind system as a whole.

An accepted method in physics, when trying to establish a
reatistic model of a physical system, is to repeat an experiment
with known values of the controlling parameters and to observe
the outcome of the experiment. I[f the tested model and the
physical system produce the same results, the model is judged
useful, at least for the set of parameters tested. In the case of
the ionosphere-magnetosphere-solar wind system it is not exactly
known what thé controlling parameters are. The aurora represents
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a part of the output from this system. Simultaneous measurements
of the global distribution of the aurora with the desirable time
resolution of 1 s, is even today a great challenge. Alsg, in the
auroral case we cannot ourselves control the input parameters.
Instead, we have to measure over a long period of time (prefer-
ably a solar cycle) to be sure to acquire data from a
sufficiently large range of input parameters.

One of the oldest branches in auroral research is the optical
technigue, which today uses photons of energies in the UV,
visible and near-IR range, for the detection of signatures of the
auroral processes. The auroral 1light is the consequence of
energetic particles, accelerated along the magnetic field lines,
and their collision with the atmosphere above about 85 km alti-
tude. The energetic auroral particles are mainly electrons and
protons. Since the aurora produced by protons is of low intensity
and diffuse, the electron aurora is normally of most interest.
The diffuse nature of the proton aurora is caused by the large
gyro radius of the proton (= 200 m for 5 keV protons) and also
because the protons spend part of their trajectories as hydrogen
atoms, not infiuenced by the magnetic field. The discrete elec-
tron aurora is produced by electrons of energies in the range
typically 0.3-20 keV [Hultgvist, 1973], with a corresponding
altitude interval of the maximum ionization rate between 100 and
260 km. Some of the emissions in the auroral spectrum can be used
for a quantitative estimate of the energy of the primary auroral
electrens (e.g., the ratio between I(0I 630.0 nm) and I(N,*(0,1)
427.8 nm), Rees and Luckey [ 1974 |). The optical method
represents a valuable source of information, mainly because of
its ability to observe the auroral displays in two- or even
three-spatial dimensions.

Two important steps towards better and more useful auroral models
were taken with the introduction of the auroral oval [Feldstein,
1960}, which mainly organizes the aurora in space, and the
auroral substorm [Akasofu, 1964], which organizes the auroral
phenomena in time. The aurora) oval represents the instantenous
large-scale pattern of the auroral luminosity in relation to the
incoming solar wind flux. The auroral oval surrounds the




corrected geomagnetic pole and is fixed relative to the sunward
direction. The oval 1is Jlocated nearer to the pole by 10° in
latitude on the dayside in comparison with the nightside. The
latitude of the northern and southern boundaries of the oval
varies with the activity level (Kp) in the magnetosphere, which
in Sweden causes aurora to be seen in the more densely populated
latitudes only for Kp >5 -6 |Gussenhoven et al., 1983]. The
auroral oval concept was derived initially from all-sky camera
recordings and so reflects mainly the distribution of the intense
aurora. As new data become available from e.g., monochromatic
satellite imaging, the auroral oval concept may have to be
redefined in some respects (e.g., for sun-aligned arcs, Murphree
et al. [1987}). The auroral substorm is a proposed frame of
reference into which the temporal variations of the aurora are
organized. The auroral substorm picture [McPherron, 1970} divides
the auroral activity into different phases: the quiet phase (no
substorm activity), the growth phase, the expansive phase, and
the recoverv phase. However, several indications exist that this
scheme many be too restricted and 1leaves many observations
outside its frame of reference [Steen et al., 1988a].

The magnetospheric substorm, seen in the 1ionosphere as the
auroral substorm, is a large-scale process and affects a major
part of the magnetosphere ({Baker et al., 1981]. However, the
onset of the expansive phase of the substorm, as seen in the
jonosphere, is initially a small-scale feature [Steen and Collis,
1988}. This transition between small ard large scales represents
one or the reasons why important contributions can be made with
local auroral measurements, e.g., ground-based optical measure-
ments.

The interactions between the ionosphere and magnetosphere, and
between the magnetosphere and solar wind, represent a near-Earth
manifestation of the plasma universe. The basic properties of
jonized matter, plasma, are generally believed to be the same
everywhere in the universe. The magnetosphere of our own planet
should naturally be a first choice for a deeper study of matter




in the plasma state. The aurora is a visible result of the iono-
sphere-magnetosphere interactions and represents a projection
onto the atmosphere of magnetospheric regions, where the condi-
tions of the magnetospheric plasma are such that field-aligned
current systems are set-up and energy dissipation is started
[Feldstein and Galperin, 1985]. The aurora therefore provides an
ideal opportunity to study a part of the near-Earth plasma
universe. Magnetospheric regions not directly connected to the
auroral oval do not offer this viewing window into plasma
physics. Auroral morphology is the variation in time and space of
the three-dimensional ionospheric image of an important part of
the near-Earth plasma universe.

Over the years several more or less complete models have been
proposed for the ionosphere-magnetosphere-solar wind system.
Recently, a consensus was arrived at by five authors active in
magnetospheric substorm research [Rostoker et al., 1987]. The
paper presents an overall phenomenology but does not describe the
actual physical processes that go on in the regions of the wmag-
netosphere which map to the nightside of the auroral oval. The
energy dissipation in the ionosphere is considered to be caused
by two processes operating simultaneously. The driven process
dissipates energy as a direct consequence of the energy input
from the solar wind into the magnetosphere. The other process is
that of loading-unloading in which energy from the solar wind is
first stored and then after an arbitrary period of time suddenly

released by some triggering mechanism. It may be deduced from
this view that the total energy (UT) being cissipated and
deposited in the ionosphere and magnetosphere (per unit time) is
composed of four components [Rostoker et al., 1987],

Up = Up+U #Up+Uy; (1)

the kinetic energy of auroral particles being lost in
the ionosphere.
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UJ = the Joule heating associated with electric currents in
the ionosphere.

UR = energy deposited in the equatorial ring current.
UMT= energy stored in the magnetotail,




The total eanergy consumed in the magnetosphere must be supplied
from the solar wind. The ¢ parameter introduced by Perreault
and Akasofu [1)78] represents an estimate of this energy coupling
function [Aka‘ .fu, 1981b].

An explicit model for the magnetospheric substorm has recently
been suggested by Rostoker and Eastman [1987]. The boundary layer
model by Rostoker and Eastman [1987] describes the expansive
phase of the magnetospheric substorm as the result of the
development of a Kelvin-Helmholtz instability (KHI) in a velocity
shear zone separating the central plasma sheet and the low-lati-
tude boundary Tlayer/plasma sheet boundary layer. The westward
travelling surge (on the evening-side) and eastward drifting
omega bands and torches (on the morning-side) possibly represent
the development of the KHI into the non-linear regime [Steen and
Collis, 1988].

The part of the Earth's atmosphere located above the mesopause
(~85 km) is defined as the thermosphere. The diurnal heating
pattern, caused by soiar electromagnetic radiation at wavelengths
shorter than 200 nm, creates pressure gradients that drive a
global thermospheric circulation. However, at high latitudes a
comparable amount of energy and momentum s provided by the
auroral processes. To improve the understandirg of the complex
and dynamical interaction between the convecting ions and the
neutral atmosphere, three-dimensional thermospheric general
circulation models (TGCM) have been developed (e.g.,
Fuller-Rowell and Rees, [1980}). To numerically simulate recent
observations of the behaviour of the thermosphe: ‘- neutral wind
in relation to auroral activity [Steen et al., 1938b] a new gene-
ration of coupled magnetospheric/ionospheric/thermospheric models
is needed.

Scientific questions and topics concerned with auroral dynamics
and addressed in this study are

0es the spectroscopic ratio 1(427.8 nm)/1(63G.0 nm) vary in a
characteristic way during the passage of the westward travel-
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1ing surge, as a result of associated changes in the energies
of the precipitating electrons ?

- Are deformations of auroral arcs (e.g., folds) caused by
ionospheric or magnetospheric processes ?

- According to the boundary layer model of the magnetospheric
substorm [Rostoker and Eastman, 1987] the westward travelling
surge and omega bands/torches are generated by the same
process. [s it possible to observe a gradual transition
between the two phenomena ?

- The growth phase [McPherron, 1970] is suggested to be a
preparatory stage in the magnetosphere before onset of the
substorm. A more distinct interpretation of the period before
substorm onset would be as a time interval of increased mag-
netospheric convection, preceding the first triggering of an
instability, which leads to a substorm onset.

* The time constant of the response of the thermospheric neutral
wind to changes in the ion convection pattern is considered to
be at Tleast several tens of minutes. At, or even prior to,
substorm onset a decrease in the meridional neutral wind is
observed. The characteristic decrease seems to be associated
with increased Joule heating, indicative of an enhanced and
possibly reconfigured ionospheric electric field pattern.

Future satellite projects, e.g., the Norwegian initiative of an
imaging observatory (AURIO) on the Polar Platform [Stadsnes et
al., 1987], and new ground-based imaging experiments [Steen ,
1989] may provide necessary data to bridge a part of the gap
between well-founded auroral models and models which necessarily
have to contain toc much guess work. Some of the most fundamental
questions to be addressed by future projects are

- How does the i{onospheric convection electric field pattern
change with respect to variations in IMF and magnetospheric
substorm activity ? Instantaneous pictures of the high
latitude electric field convection pattern are needed.
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- The neutral atmosphere is the base of the ionosphere and the
region where most of the solar wind energy input is finally
deposited. To correctly understand the variations in the con-
vection electric field and in the luminosity and form of the
auroral oval, supplementary information on the neutral wind
pattern and neutral temperatures at high latitudes are needed.

- Since essential changes in the auroral oval commence on a
small scale (a few tens of km) and develop within a few
seconds to major reconfigurations in the distribution of the
auroral luminosity, high-resolution auroral imaging is needed
in both time and space. The high-resolution images may be
produced by a combinatic.: of images from several ground-based
stations or images from polar orbiting satellites.
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Table 1: Optical research facilities in Kiruna 1979-1987

Facility

Standard all-sky camera
(ASCA)

MSP (YORK)
Auroral Dynamics Imaging

System (ADIS)

Height Measuring System
(HMS)

Meridian Measuring Array
(MMA)

A3DAI

Opt.Lab

Red line FPI

Green 1ine FPI

DIS

Triple FPI

Description

16 mm colour film, 6 frames/min.
Information on cloudiness and

auroral activity.

A 4 channel meridian scanning
photometer, 10 s scan time.

A low light level gv-system.

Monochromatic, 170 FoV.

High time resolution auroral

morphology.

A bistatic system for triangu-
lation of auroral heights in

real time. One-dimensional in-
tensified Reticon arrays. Gives
also information on the inten-
sity along the magnetic meridian.

A thermoelectric cooled 2-D CCD-
camera. Digital optical disc
used as a storage unit, High
quality imaging of aurora.

Rocket experiment

channel array, 60 FoV, 3-D

1-D 20

distribution of auroral

emissions.

Laboratory for optical auroral
research, 150 m?, 13 domes,

6 roous.

Single-etalon Fabry-Perot Inter-
ferometer. Neutral wind and
temperatures at 240 km altitude.
7 directions, 30 s integration

time.

Single-etalon Fabry-Perot Inter-
ferometer. E-region neutral

wind.

Doppler Imaging System,

bistatic. Wind Battern over
800x800 km, 120"FoV, 5 min time

resolution.

Triple-etalon Fabry-Perot Inter-
ferometer. Thermospheric winds

during full daylight.

Status

routine operation
(IRF)

operated during
1979-1983 (IRF)

operated during
campaigns (IRF)

routine operation
1984/85, 85/86
(IRF)

Test operation
during 1987/88
(IRF)

launched Dec.12,
1986
(IRF/UCL)

open since fall
1986
(IRF)

rout ine operation
since 1980/81
(UCL/IRF)

operated during
campaigns
(UCL/IRF)

monostatic: in
operation,

bistatic: start
1987. (UCL/IRF)

start during 1987/
88. Permanent 12
months 1988,
(UCL/IRF)
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2. The optical program in Kiruna 1979-1987

The primary goal of the optical program has been of a scientific
nature, although the chosen approach resulted in significant
developments on technical matters. The main scientific objective
of the measurement program has been to observe characteristic
dynamic variations 1in auroral structures and to relate these to
processes in the ionosphere and magretosphere. This study
resulted in many nights of auroral observations (more than 500
nights). Trying to capture interesting auroral events from a
single station is accompanied by difficulties in not being at the
right local time and/or not having clear sky. The total amount of
data gathered and stored from the different systems is therefore
large.

At the end of the 1970's the International Magnetospheric Study
period, 1976-1979 [Russell and Southwood, 1982], was an ongoing
project, in which ground-based optical measurements from northern
Scandinavia could make significant contributions. Also, EISCAT
was in its initial construction and planning phase, with the
prospect of regular operations quite soon thereafter. At that
time it was realized that a major effort was necessary to
strengthen the optical measurement program in Kiruna. It was then
expected that the developed optical systems should be operated
in combination with other instruments, e.g., EISCAT.

With a focus on the initiated optical projects, a historical
review is presented in the following, What was planned and what
in reality became realized did not always coincide, very often
caused by shortage in manpower or funding. Several scientific
auroral studies were carried out with the optical systems as the
only intrumentation. Table 1 is a summary of the optical
instruments deeloped and/or used during the period 1979-87.

An all-sky camera (ASCA) of a new design [Hypponen et al., 1974}
was installed at Kiruna in 1977, The all-sky camera technigue
with the photographic film as photon detector has continued to be
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extremely valuable ever since its general introduction during the
IGY in 1957/58. The advantage of the standard all-sky camera
technique is that it 1is well-proven and that the image is
captured by a relatively fnexpensive film. The main disadvantages
are the usually poor time resolution and that the data are not in
a digital form. In addition to being a monitor of auroral
activity, the ASCA is used today for information on the degree of
cloudiness, which is essential to know for interpretation of
other optical measurementcs.

A four-channel meridian scanning photometer system (YORK) was
assembled with a four-channel photometer, brought to Kiruna by
Prof. Gordon Shepherd, as the key component. Background and dark
signals associated with the studied emissions were obtained by
varying the off-axis angle by a rotating mask [Shepherd et al.,
1978]. The control and data acquisition were performed by a real
time program executed on a time-sharing computer. A mirror
scanned along the magnetic meridian with about 10 s scan time and
each channel was sampled at 50 Hz. On January 25, 1979, the first
data from VYORK were obtained and it remained in operation until
the spring of 1983, with only minor modifications. The
experiences gained from the operation of YORK provided much of
the basis for later work on auroral imaging systems. Since a
scanning system does not obtain simultaneous measurements along
the scanned meridian, the technigue is not well suited for
situations when both temporal and latitudinal variations occur in
the aurora. True parallel recordings are only provided by imaging
techniques. Examples of studies using data from YORK are Steen
and Gustafsson [1981], Henriksen et al. [1984], and Gustafsson
et al. [1985].

Low light-level imaging with TV cameras has been applied in
auroral research since the middle of the 1960's [Davis, 1966]. A
monochromatic TV-system (ADIS, Auroral Dynamics Imaging System)
was developed for the Kiruna optical program, using an RCA ISIT
TV-camera as photon detector, and a telecentric 1lens system
[Steen, 1983]. The total field of view was mhnually inter-
changable but ADIS was normally operated with 170° field of view.
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The ADIS was computer controlled for selection of interference
filters, filter sequence and start/stop times. In addition, ADIS
incorporated a Quantex digital processor for processing of the
auroral images. Hcwever, it was fairly soon realized that the
digitized analogue signal contained considerable noise. The low
signal to noise ratio made it difficult to use ADIS for aurora
with intensities much 1less that 1 kR measured at 427.8 nm. The
basic time resolution of 20 ms provides possibilities for studies
of rapid auroral variations. The time resolution is decreased
somewhat due to the persistency of the phosphor, which can amount
to several seconds for intense spike-like events. However, for
aurora with moderate intensity, measurements by ADIS provide
valuable data (Steen and Collis, 1983].

it became evident in 1980 that a major part of the incoherent
scatter measurements by EISCAT would be made in the plane through
Tromso and Kiruna, coinciding well with the magnetic meridian
plane through Kiruna. To complement the EISCAT measurements in
the common program mode, a histatic height measuring system (HMS)
was planned and constructed [Steen, 1988]|. The HMS was designed
to obtain real time estimates of the height of auroral arcs above
the EISCAT station at Tromso and was operated on a routine basis
for the two seasons 1984/85 and 1985/86. Due to limitations in
the available computer power, the triangulation procedure was not
executed in real time. Each station used an intensified pheto-
diode array as detector [Steen, 1985]. The telecentric 1lens
system imaged the field of view on the linear array, allowing
simultaneous measurements to be made at all zenith angles.

To test and evaluate some recent technological developments in
optical devices, a 2-0 CCD imaging system has been acquired. The
meridian measuring array (MMA) consists of a cooled non-intensi-
fied CCD-camera and a camera interface from Photometrics, a
VME-bus system, a digital optical disc and a controlling
computer. The objectives of the MMA are (1) to investigate if a
high quality 2-0 CCD (charge-c0up1ed—bevice) array can be used
for scientific auroral imaging without ' incorporating an image
1ntens%f1er and (2) to find out if thﬁ traditional ASCA can be
replaced with a new type of camera bas;d on CCD-optical disc
technoiogies.
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A very accurate (at 1least 1in theory) determination cf the
altitude distribution of an auroral emissicn can be made with a
side-looking photometer onboard a rocket. The three-dimensional
distribution of an auroral emission can, in principle, be derived
if the rocket is spinning and the payload contains a 1-D imager
aligned with the rocket spin axis. On December 12, 1986 the
AURELD-VIP-LOW rocket was launched from ESRANGE. The payload was
equipped with A-Three-Dimensionali-Auroral-Imager experiment
(A3DAL) developed in collaboration with University College
London [Rees and Steen, 1987}. A3DAI used 20 channels over 60°

field of view and the rocket spin rate was 7 Hz |[Sandahl et al.,
1987}. Unfortunately, the rocket was launched during a period of
heavy snowfall, excluding the support of any optical ground-based
measurements. Preliminary analysis of data from the A3DAI experi-
ment shows a clearly identifiable E-region, deduced from the
427.8 nm emission. The data from the first test of this new
measurement technique will be used for software development for a
tomographic inversion procedure.

Any developing research program needs floor space, and with
funding from The National Board of Public Buildings and The
Equipment Board for the Swedish Universities, a new optical
laboratory was designed and constructed {Steen, 1987]. The
optical Tlaboratory has six measurement rooms. Each room can be
set at an individual temperature. Outside the measurement rooms a
common long corridor 1is wused for computers and data storage
units. Plexiglas domes and openings, with and without windows,
are available in each measurement room.

Direct measurements of parameters of the ionospheric plasma are
obtained by EISCAT, and the auroral morphology is captured by
imaging techniques. A third important component in the physics of
the ionosphere-magnetosphere is the state of the neutral atmo-
sphere. A thermospheric neutral wind measurement program has been
running at Kiruna since 1981 in collaboration with Dr. David
Rees, University College London. The neutral wind is measured by
Fabry-Perot interferometer systems of different types [Rees et
al., 1983; Rees et al., 1984a; Rees et al., 1984b; Rees et al.,
1987; Steen et al., 1988b]. The interferometer station 1in Kiruna




17

is part of a werld wide net of interferometers [Romick et al.,
1987 ], with the objective to determine the global! circulation of
the thermosphere, for which the energy and momentum input at high
latitudes play an important role.

Three EISCAT experiment proposals, dedicated to the study of
auroral dynamics with a combination of optical and incoherent
scatter measurements, have been designed. The experiments have
been executed during special Swedish EISCAT campaigns and the
scientific analysis is still in progress. The scientific topics
of the proposals are, respectively, I. Pulsating aurora [Steen
and Gustafsson, 1980], II. Westward travelling surge [Steen et
al., 1982], and III. F-region dynamics in the auroral oval and in
the polar cap (unpublished manuscript).

3. Summary of papers I-VIII

The papers 1in this study consist of two categories, which are
scientific publications (papers I, IV, Vv, VI, VII) and technica}
publications (papers II, III, VIII). The scientific papers all
discuss various aspects of auroral dynamics, and the technical
papers present methods and techniques which are used in the study
of auroral dynamics.

PAPER | is a short note on a characteristic property of the spec-
troscopic ratios I(427.8 nm)/1(630 0 nm) and I(427.8 nm)/ 1(557.7
nm), observed in the magnetic zenith, during the passage of the
westward travelling surge (WTS). It is found that the ratios do
not increase monotonically, but instead a plateau of about 1 min
duration is formed. A likely interpretation of the plateau 1is a
temporary cessation in the spectral hardening of the precipita-
ting particles associated with the WTS. The characteristic energy
corresponding to the plateau is about 1 keV above the level prior
to the beginning of the surge. Without excluding that the source
modulates the spectral bhardening in this specific way, the
possibility of an extra process is discussed. The extra process
is probably activated when the current exceeds a certain value., A
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proposed example of such a process is the current driven insta-
bility [Kindel and Kendel, 1971), which needs a total
fiela-aligned current of 2-10-% to 2-10-° Am 2, to be turned on
(the beginning of the plateau). The turn-off (the end of the
plateau) of this instability is probably caused by a high ambient
electron density associated with the arrival of the WTS.

EISCAT is an important instrument for the study of auroral
dynamics. However, the time resolution of jonospheric parameters
estimated by EISCAT is seldom comparable to the time scales of
dynamic auroral processes (a few seconds and shorter). The EISCAT
measurements are based on the autocorrelation function (ACF)
technique. PAPER II is an attempt to investigate an alternative
approach to derive the ionospheric parameters from an estimate of
the power spectrum of the received radar signal. The power spec-
trum of the transmitted radar signal is convolved with the power
spectrum of the ionospheric density fluctuations (the ionospheric
spectrum). The ionospheric spectrum is related to the physical
state of the ionospheric plasma in the scattering volume, and can
theoretically be parameterized. The power spectrum of the
measured signal is an estimate of the result of the
multiplication between the receiver frequency response and the
result of the convolution. The presently used fitting procedure
in the time domain compares, in principle, theoretical ACF:s with
measured ACF:s. The alternative approach is to compare
theoretical spectra with measured spectra. Paper II is a com-
parison of parameters obtained by the ACF method and by the spec-
trum method. A nonlinear maximum entropy method is used to
estimate spectra from generated time series. It is found that the
spectrum method could become useful especially for determining
the position of peaks in the incoherent scatter spectrum and
possibly also for short integration times.

The most common technique used to measure the distribution of
auroral emissions along a magnetic meridian has traditionally
been to scan the meridian with a mirror (meridian scanning photo-
meter, MSP)., PAPER 1[Il describes a new imaging technigue,
utilizing an intensified photodiode array (Reticon) as detector.
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The imaged meridian is divided into 1024 picture elements
(pixels). Each pixel 1is digitized into 4096 levels (12 bits),
after an integration time (typically 1 s) controlled by a
computer. To achieve longer integration times (2 5 s) without
saturating the pixels by a thermally generated signal, the array
is cooled to about -30° C with a Peltier element cooler. During
the initial operations the complete detector system was operated
in a mode resulting in 10 R/count at 427.8 nm and 5 R/count at
630.0 nm, with corresponding saturations at 40 kR and 20 kR,
respectively. The system described in Paper III contains details
of system design, software development and hardware design.

PAPER IV is a study of an event during which an auroral arc in
the midnight sector developed from diffuse to discrete with
subsequent large-scale folding. During this transition the arc
was located close to the Tromso magnetic field 1line and was
observed by EISCAT operating in the (P-1 mode. lon drift velo-
cities in the F-region, as measured by EISCAT, were consistently
eastward throughout and after the whole period of development,
whilst the ion temperature showed two large enhancements Jjust
prior to the appearance of the main auroral fold. The fold moved
eastward and crossed the EISCAT antenna beam, appearing as a
short-lived spike 1in electron densities at altitudes between
about 100 km and 400 km. The spike in electron density came
progressively later at higher altitudes. The observations are
interpreted as the result of enhanced convection in the iono-
sphere and in the magnetosphere. The auroral arc folding, and the
associated delayed arrival of the soft precipitation, s
suggested to be caused by the Kelvin-Helmholtz instability in a
velocity shear zone in the magnetosphere,

PAPER V is a very interesting example of auroral dynamics obser-
ved both in the ionosphere and in the magnetosphere. The long-
lasting, large-amplitude pulsation event on January 10, 1983,
02-06 UT, was initially discovered "in ground-based MSP data, soon
after its occurrence. A first report of the event was presented
at the optical meeting at Lindau, FRG in the fall of 1983 ([Steen
and Rees, 1983], but the interpretation was at that time not
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clear. After that it took four years to gather compiementary
ground-based and satellite data. The new data set and the new
model for magnetospheric substorms advocated by G. Rostoker
(e.g., Rostoker and Eastman [1987]) were combined into the inter-
pretation of the event, contained in paper V. In the ionosphere
the characteristics of the pulsations changed from being Ps6/
auroral torches towards substorms and back to Ps6 over the 4 h
period. At the geostationary orbit ( 6.6 RE) the corresponding
characteristics were a modulation of the high energy (> 20 keV)
particle intensity and plasma dropout. The gradual transition
between Ps6 pulsations and substorm striuctures is interpreted as
being different results of the Kelvin-Helmholtz instability,
caused by different states of the magnetospheric convection.
Based on the observation that the event is a repetition of pulses
(varying between Ps6 and substorms) a simplified scheme (not
using the growth phase concept) of the substorm sequence is
discussed.

Paper V is an observation of a series of eastward travelling or
stationary pulses in auroral luminosity. PAPER VI describes high
time-resolution measurements of the actual formation of a series
of spirals in an auroral arc. Two intervals of spiral formation
were observed, and the second of these generated a westward
travelling surge. Since the surge formation occurred on a time
scale of a few seconds, this type of observation can only be made
with high time-resolution imaging devices. The auroral develop-
ments took place in the zenith above Kiruna, where they were
recorded by moruchromatic imagers. The subsequent poleward
expansion of the activity was observed by the EISCAT radar 200 km
to the north of the initial activation. Since the westward
travelling surge was the last developed spiral, it is proposed
that the instability (Kelvin-Helmholtz instability) responsible
for the final break-up of the arc is self-destructive. A proposed
model of the substorm time sequence in the form of a flow chart
js presented. '

The relation between the mylti-cell plasma convection pattern and
the circulation of the neutral air at high latitudes is not well
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known. PAPER VII presents observations of a characteristic
decrease in magnitude of the thermospheric meridional neutral
wind in relation to auroral intensifications. The decrease
precedes the auroral arc activation and stops at the moment of
intensification. The neutral wind is measured from Kiruna by a
Fabry-Perot interferometer. To avoid erroneous conclusions, as a
result of scattered light and cloudiness, data from other ground-
based measurements (e.g., EISCAT) and data from the UV imager on
the Viking satellite are used. The observed decrease of the
meridional neutral wind 1is associatied with increased Joule
heating prior to the auroral activation, which is interpreted as
an indication that the decrease is an effect of increased neutral
gas heating. Since the wind reduction occurs prior to the
explosive release of substrom energy, it it 1likely to be
associated with the directly driven process of energy dissipation
[Rostoker et al., 1987].

The final paper in this study, PAPER VIII, is a technical
description of a bistatic aurcral neight measuring system, HMS,
and an illustration of initial results. Each station used a
detector of the type discussed in paper III. HMS was designed to
measure the heights of aurora with a time resolution of 1.5 s.
The base-line between the two stations was short, i3 km, which
generated similar looking meridian profiles of the measured
auroral emissions. The meridian profiles were obtained with
intensified photodiode arrays, operated in a monochromatic
imaging mode. The estimated optimal accuracies of the deter-
minations of the latitudinal position of an auroral arc, and the
altitude of an identified auroral point, are 10.01o and +1 km,
respectively. HMS is especially adapted to measure during periods
of disturbances in auroral arcs. As an example, the altitude and
latitude of an auroral point, for an 80 s long sequence, during
an event with eastward travelling folds in an arc, is given. With
a least-squares fitting procedure, the maximum in the measured
auroral intensity is found, and defined as the auroral point.

Papers III and VIII discuss applications of relatively new
imaging technology (see also the presentation of MMA in chapter 2
and Table 1). However, anticipated advancements in imaging,
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storage and computer/communication technology make it necessary
to discuss and speculate on much more sophisticated ground-basad
auroral imaging systems. An example of that is the proposal of a
Grand Imaging System (GIS, Steen [1989]) consisting of a net of
medium (650) field of view imagers, separated by about 50 km. The
suggested total number of stations in GIS is 45 to 50. All
stations in GIS are controlled by a center (CC: controlling
center), causing simultaneous sub-images to be taken with a time
resolution of 1 s or less and with a revolution of 512x512
picture elements. Since e>ch station observes close to the
Zzenith, it is only necessary to apply small photometric correc-
tions. The sub-images are combined at CC into a grand image,
covering an area of about 900 km (longitude) x 400 km (latitude),
with a suggested resolution of 5000x2000 picture elements. From
the two-dimensional maps of true auroral intensities, three-
dimensional images of the distribution of auroral intensities
could be derived using a triangulation procedure and overlapping
fields of view. Another scientific objective of GIS is the
derivation of two-dimensional maps of the energy characteristics
of the precipitating particles using the method of spectroscopic
ratios [Rees and Luckey, 1974].
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