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1 Introduction

The Space Research Institute (Institut for
Weltraumforschung, IWF) of the Austrian
Academy of Sciences (Osterreichische Akade-
mie der Wissenschaften, OAW) sees itself as a
focus of Austrian space activities. It cooper-
ates closely with space agencies all over the
world, with the two universities located in
Graz, with the Austrian Space Agency (ASA),
and with numerous other national and inter-
national institutions. A particularly intense
cooperation exists with the European Space
Agency (ESA). The institute participates in
various interplanetary missions as well as in
missions dedicated to the exploration of our
own planet Earth and its neighborhood. Mis-
sions with contributions “made in Graz” in-
clude:

e (Cluster and DoubleStar are and will be
exploring the space-time structure of the
terrestrial magnetic field and the magne-
tospheric plasma in unprecedented detail.

e GOCE will determine with high accuracy
the structure of the terrestrial gravitational
field. These measurements are expected
to contribute significantly to a better un-
derstanding of the Earth’s interior, global
ocean circulation, and heat transport
mechanisms.

e Fnvisat, due for launch shortly, will ob-
serve the Earth with the aid of a multi-
sensor remote sensing system. This mis-
sion continues the successful Earth obser-
vation missions ERS-1 and ERS-2 with
highly improved sensor techniques.

e Netlander will for the first time set up a
network of long term seismic, meteoro-
logical and magnetic measurements on the
surface of Mars.

e BepiColombo will investigate in detail the
innermost planet Mercury, using a fleet of
two orbiters and one lander.

e (Cassini/Huygens is currently on the way to
Saturn and its satellite system.

e Rosetta will investigate the coma and the
nucleus of the comet P/Wirtanen. For the
first time a soft landing on a cometary nu-
cleus will be tried.

Fig. 1.1. The “Forschungszentrum Graz".

In addition, the institute performs a wealth of
theoretical investigations, data analysis, and
laboratory experiments on gravitational and
magnetic fields, on atmospheres and on sur-
face properties of solar system bodies. More-
over, at the observatory Graz-Lustbihel one
of the most accurate laser ranging stations of
the world is operated. It determines the tra-
jectories of more than 30 satellites. Also lo-
cated at Lustbihel Observatory is a system of
antennas used to monitor the radio emissions
of Jupiter and the Sun’s. Finally, a network of
seven permanent GPS stations is operated in
order to monitor geodynamical movements in
Austria and its vicinity.



In October 2000 the institute found a new
home in a very attractive building, the “For-
schungszentrum Graz” (Research Center Graz)
of the Austrian Academy of Sciences (see Fig.
1.1). From January 2001 Prof. Dr. Hans Siinkel
and Prof. Dr. Wolfgang Baumjohann followed
Prof. Dr. Willibald Riedler as Managing Direc-
tor of the institute and Head of the Depart-
ment of Experimental Space Research, respec-
tively. The structure of the institute with three
departments was preserved:

e Experimental Space Research
(Head: Prof. Dr. Wolfgang Baumjohann)

e Extraterrestrial Physics
(Head: Prof. Dr. Helmut O. Rucker)

e Satellite Geodesy
(Head: Prof. Dr. Hans Suinkel)

The bulk of financial support for our research
comes directly from the Austrian Academy of
Sciences (Osterreichische Akademie der Wis-
senschaften, OAW). Substantial support also
comes from other national institutions, from
the Austrian Space Agency (ASA), from the
Austrian Science Fund (Fonds zur Férderung
der wissenschaftlichen Forschung, FWF), and
from the Austrian Academic Exchange Service
(Osterreichischer Akademischer Austausch-
dienst, OAD) and its partner institutions in
other countries. Last but not least, European
Institutions like the European Space Agency
(under the PRODEX and GOCE Programs) and
the European Union (under the INTAS and 5th
FP Programs) contribute significantly.



2 Solid Earth

How is the actual status of the surface of the
Earth and its near vicinity? Can permanent
monitoring lead to a possible prediction of
future global changes and, if yes, how?

Questions for our “blue planet” which find the
answer in a nearly unlimited bulk of data
placed at disposal by artificial satellites of
different kind and layout, equipped with spe-
cial sensors for different tasks. They outline a
global image of our planet with an, up to now,
unknown resolution which allows for the in-
vestigation of detailed structures. The task
remains how to de-correlate individual phe-
nomena and to pick out the specific elements
which are required for the understanding of
the basic physical processes.

For example, the precise knowledge of the
Earth’s gravity field and its temporal changes
contributes to the detection of the mecha-
nisms leading to the building of the Earth’s
crust, the evolution of the green house effect
and the realization of the ocean and air cur-
rents. The repeated determination of precise
station coordinates via GPS and Satellite Laser
Ranging leads to the definition of a temporal
changing velocity field which enables the in-
vestigation of the underlying driving forces
and the energy transport in the Earth’s crust.

2.1 Gravity Field

The Earth’s gravity field is the response to the
mass density distribution of the Earth and its
rotation. Mass density anomalies are mapped
onto gravity field anomalies. While the rota-
tional contribution to gravity is very simple,
the gravitational part is extremely difficult to
model and not known with sufficient accuracy

and resolution on a global scale. The gravita-
tional field is harmonic outside the Earth’s
surface and can be conveniently represented
by a series of solid spherical harmonics. In
order to model all of its irregularities (which
are due to the irregularities of the Earth’s
mass density distribution), strictly speaking
an infinite number of parameters (e.g., har-
monic coefficients) would be required. The
estimation of these parameters requires data
which are sensitive with respect to these pa-
rameters. Any finite data set can only provide
an approximation to reality. The data type,
data quality, and the spatial distribution of the
data control the degree of approximation.

Fig. 2. 1. Mapping the Earth’s gravity field with GOCE.

This gravitational field is the focus of atten-
tion of the dedicated gravity field missions
CHAMP, GRACE and GOCE.

GOCE Mission

The GOCE mission, as one of the dedicated
gravity field satellite missions, is based on a

sensor fusion concept: satellite-to-satellite



tracking (SST) in the high-low mode using the
GPS system, plus satellite gravity gradiometry
(SGQG). The planned GOCE mission, if success-
fully completed, will provide a huge data set
consisting of tens of millions of orbit data
(derived from SST) plus very precise in-orbit
gravity gradiometry data. This data contains
abundant information about the gravity field
of the Earth on a global scale, from very low
to high frequencies. Earth’s gravity field can
be represented by harmonic coefficients up to
about degree and order 300 which corre-
sponds to shortest half wavelength of less
than 70 km.

The quality of the global gravity field is usu-
ally expressed in terms of standard errors of
an individual geoid height or a mean gravity
anomaly. If the GOCE mission will be com-
pleted as planned, the geoid will become
known with an accuracy of better than 1 cm,
and the gravity anomalies with an accuracy of
better than 1 mGal on a global scale with
some degradation over the polar caps.

The ground data coverage must be global and
uniformly distributed. This leads to a repeat
period for the ground tracks of equal or larger
then 2 months. In addition, the perturbations
from the external environment must be kept
as small as possible. The selected GOCE orbit
is nearly circular, at a nominal mean spherical
altitude of 250 km.

The orbit is maintained by continuous thrust
in the direction of motion. Even after drag
control, such a ‘nominally circular’ orbit un-
dergoes variations in eccentricity (hence alti-
tude) due to the Earth’s oblateness, with both
short periodic (1 orbit) and long periodic (90
days) components. The magnitude of the ec-
centricity is less than 4.5-10-3 and the peak-
to-peak variation of the altitude can thus be
up to 50 km. The orbit inclination at the given
altitude is 96.5°.

The GOCE mission is designed to map the
Earth’s gravity field with both very high accu-

racy and resolution on a global scale. An indi-
rect and a direct gravity field sensor ideally
complement each other: The GOCE spacecraft
will be tracked by both the global positioning
system GPS and the global navigation satellite
system GLONASS which will provide the orbit
with an accuracy in the centimeter range. A
three-axis gravity gradiometer as the core
instrument on board the satellite will provide
local gravity field information along the orbit
in terms of second order derivatives of the
gravitational potential along the orbit, plus
linear and angular accelerations of the space-
craft which will be compensated for by ion
and cold gas thrusters such that the space-
craft remains in the perfect free fall motion.

The irregularities of the orbit can be con-
verted into gravity field structures with long to
medium wavelength, while the gravity gradi-
ometer delivers a map of the gravity field
structures with medium to short wavelength.
Based on the above mentioned instrument
configurations, it is foreseen that GOCE will
deliver the geoid as a unique equipotential
surface at mean sea level with a resolution of
70 km half wavelength and with a design ac-
curacy of T cm on an almost global scale.
Converted to gravity anomalies this corre-
sponds to an accuracy of better than 1 mGal,
as already mentioned above.

The transformation of the GPS/GLONASS
phase measurements plus the observed sec-
ond order derivatives of the gravitational field
(expressed in terms of EOtvos units, 1 E =
1 mGal/10 km), into Milligal, is a mathemati-
cally, numerically and statistically extraordi-
narily demanding task. It requires both the
exploration of the entire arsenal of sophisti-
cated preprocessing, processing, solution and
analyzing techniques, and a close scientific
cooperation of geoscientists across their indi-
vidual educational boundaries. The Space Re-
search Institute is actively involved in all as-
pects of GOCE preprocessing and processing
techniques.



E2mGal+ Project

In the scope of E2ZmGal+, the Institute is ac-
tively involved in (1) the elaboration of Satel-
lite-to-Satellite Tracking (SST) observation
equations for use in SST+SGG processing, and
(2) the investigation of temporal variation ef-
fects on high-low SST observations.

In order to determine the spherical harmonics
coefficients of the Earth’s gravity field, one of
the methods to be used is the SST determined
positions and position differences of the
GOCE satellite. Basically, there are several
solution strategies for the recovery of the
harmonic coefficients, each dependant on the
techniques used in the determination of the
Earth’s gravity field coefficients.

e Numerical integration of orbit perturba-
tions (classical concept)

e Evaluation of the energy equations based
on the Jacobi integral

e Derivation of satellite accelerations.

The first two methods were investigated by
our group and remarkable results were ob-
tained so far. We developed our own orbit
integration software which integrates the orbit
together with the variational equations and
takes into account many temporal variations
of the Earth’s gravity field which reflect them-
selves further in the satellite “disturbing” ac-
celerations. The integration of the satellite
variational equations delivers us the partial
derivatives of the satellite positions (and ve-
locities) with respect to the potential coeffi-
cients and after the least squares adjustment
we get the set of adjusted coefficients.

In Fig. 2.3 the RMS error per degree per coef-
ficient is presented, and in Fig. 2.2 the ob-
tained normal equation matrix is shown. A
closer look to Fig. 2.2 shows some interesting
properties. It has almost a block diagonal
structure, but also a horizontal and vertical
off-diagonal bands can be distinguished.
These resonance bands occur close to the

orbit resonance orders at 0, 16, and 32, which
represent the integer multipliers of the num-
ber of revolutions per day. We can also notice
a wide range in magnitude of the normal
equation matrix, indicating an unfavorable
condition with a condition number in the or-

der of 109°.
Cnm I

Snm

m=16 m=32 m=16 m=32

Fig. 2.2: The normal equation matrix.

Considering the Jacobi integral approach, or
popularly called the energy integral approach,
we also developed a working software for
gravity field refinement based on that method
which is currently in the test phase. It should
be mentioned here also that the results ob-
tained so far have surpassed our expectations
and we strongly believe that this approach will
adapt itself strongly in the GOCE final data
processing software.
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Fig. 2.3: RMS per degree per coefficient.

Furthermore, we performed a detailed study
of the temporal variations of the Earth’s grav-



ity field caused mainly by the influence of the
sun and moon on the mass redistribution. Our
investigations mainly focus on the ocean
tides, since they are identified as being the
one of the main contributors to variations of
the gravity field on a short time scale. Addi-
tionally favorable is the fact that they can be
modeled very well, since their signal can be
related to a single excitation frequency. Apart
from this, the set of additional parameters,
enlarging the system of a purely static gravity
field solution, can be kept small, therefore it
is well suited to gain an insight into the be-
havior of the resulting extended normal equa-
tions system.

As a second time varying component, we also
consider seasonal variations caused by other
phenomena such as ocean topography or land
hydrology variations. The major goal was to
investigate whether they map as a kind of bias
to the static gravity field solution. It has been
shown that most of the energy of the tempo-
ral variations phenomena is contributed to the
long-wavelength components of the Earth’s
gravity field, and therefore the major signals
can be expected to be inherent in the high-
low SST observations, while the signals con-
tributed to the SGG component are in the or-
der of the noise level of the gradiometer.
Therefore, these effect deserve special treat-
ment when we process SST data and have to
be somehow modeled in advance (which to a
great extent depends on the quality of our a
priori models) or these parameters have to be
estimated together with the static gravity field
unknowns. In this case, we speak about the
parameterization of these effects, and we are
favoring that approach in our investigations in
the scope of the E2mGal+ project. We per-
formed different combinations of the static
and dynamic coefficients and different solu-
tions have been investigated and are still be-
ing investigated at the moment with the goal
to find the optimal combination of our static
as well as the dynamic coefficients which will
produce an optimal gravity field determination

from the SST observations. The stability of the
normal equations system is under current
development as well as the studies on the
correlation and de-correlation of these effects
and numerical methods which will deliver us
the optimal solution in terms of the obtain-
able accuracy and computational efforts.

Fig. 2.4. The energy contribution of different temporal
variations phenomena to GOCE measurements.

2.2 Geodynamics &
Meteorology

The region where we can find life is a small
spherical shell extending from 10 km below
to about 8 km above sea level. This small
layer is affected by various forces induced by
the Earth itself, and by nearby extraterrestrial
objects (sun, moon, meteorites, etc.). While
slow variations of our environment have been
mastered during the ongoing evolution we are
not prepared to handle fast or even sudden
changes; we just miss the necessary time for
preparation and adaptation. Therefore,
prediction is the keyword, an undertaking
which requires understanding the underlying
dynamics and must be based, by definition,
on long term samples, which can only be
shortened by increasing the accuracy.

We use the Global Positioning System GPS for
our investigations, time series for coordinates
and tropospheric parameters are now avail-



able for nearly one decade, the accuracy al-
lows for the detection of velocities down to
1 mm/year.

Time series for GRAZ.

Latitude fem)

19986 1938
Time fyears)

2002

1992 1994 2000
Rate 1443 +- 0.02 mmiyr Repeatability 3.9 mm

Longitude {cm;)

o5

1882 1884 18396 1988 2000 2002
Rate 21.80 +- 0.04 mmiyr Time {years) Repeatability 4.7 mm

Height {em)

1992 1994 1996 1998 2000 2002
Rate -0.27 + 0.10 mmfyr Time {years) Repeatability 3.6 mm

Fig 2.5 Time series of Lustbiihel station coordinates.
Geodynamics/Global

A network of more than 2000 permanent GPS
stations covers our globe. Precise coordinates
are delivered every week, leading to a velocity
field which monitors the global, regional and
even local movements (see e.g. in Japan or
Southern California, the most seismic active
regions on Earth). At present Austria contrib-
utes with a permanent network of 15 stations,
4 of them are embedded in global and conti-
nental networks. The following figure shows
the coordinate time series of our fundamental
station Graz-Lustbiihel which is representing
the Eurasian continental plate. The picture
shows the north-east movement of Europe in
a well certified way.

Geodynamics/Regional

Most of the seismic events in Austria are in-
duced by the north-west movement of the

Adriatic Micro-plate (AM) which is responsible
for the mountain building of the Alps. The AM
is part of a large number of small plates which
are driven by the north-ward movement of
the African plate against the Eurasian plate.

Fig. 2.6. Plate boundaries in the Mediterranean, the red
part describing the location of the Adriatic microplate.

Like locked in pack-ice they move in this
stress field in different directions, seismic
activities in the Mediterranean area (historical
and now) describe their boundaries (earth-
quakes in Agadir, Skopje, Friuli; recent earth-
quakes in Turkey, Italy, Slovenia; active vol-
canism like Aetna).

The project “Crustal dynamics of the East-
Alpine and the adjacent Mediterranean Area”
sponsored under the frame of IDNDR (Interna-
tional Decade of natural disaster reduction)
during the last 10 years tries to find out the
active northern boundary of AM (red) and its
implications for Austria. As an example we
show the results of our measurements carried
out 1995 and 1998 (just after the earthquake
in Western Slovenia).

The red vectors in Fig. 2.7 describe the hori-
zontal movements (2.5 cm for the site RIBN
right-down) during 3 years. No significant
lateral movements can be seen at the ltalian
border indicating a change in velocity leading
to energy transfer towards the Italian border
which may have been a reason for this earth-
quake.

We consolidated this network with new sta-
tions (zero-measurements) and will extend it



to the Croatian border in order to be prepared
for the seismic events expected for that re-
gion. A new initiative within the project
CERGOP-2 of the Central European Initiative,
applied for EU-support in the 5th FP, aims at
the extension of these monitoring studies to
Croatia, Bosnia, Macedonia and Albania.
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Fig. 2.7: Crustal movements at the northern boundary of
the Adriatic microplate.

Geodynamics/Local

The creation of precise coordinate time series
presupposes the local stability of the refer-
ence sites for decades. Local movements may
mask the required de-correlation of secular
changes. As an example, we found out that
the coordinate time series of the station Hafe-
lekar north of Innsbruck lateral
changes of seasonal character.
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Fig. 2.8: Coordinate time series of the station Hafelekar.

As we do not know the origin of these move-
ments we established a local network around
this stations. The measurements during the
forthcoming year will give an indication
whether we have only a stability problem or a
significant movement of the “Nordkette” itself.

It must be emphasized that these local studies
are crucial for a proper interpretation of re-
gional and global crustal movements.

GPS and Meteorology

The signals transmitted by the GPS-satellites
are delayed by the ionosphere and the tropo-
sphere. Whereas ionospheric effects can be
reasonably monitored by using two carrier
frequencies, the influence of the troposphere
can only be modeled by assumptions based
on physical laws and expertise. Especially the
water vapor content of the troposphere above
the station is changing rapidly, only digital
weather forecast models give some estimate.
The improper modeling of these influences
leads to a degradation of the GPS height de-
termination by a factor of up to 3, compared
with the determination of horizontal coordi-
nates.
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Fig. 2.9: Zenith delays measured at Graz in comparison
with the ECMWF Numerical Weather Model.

On the other hand, we know that heights are
not changing during a short period and all
apparent height changes are due to modeling



errors of the troposphere. Fig. 2.9 shows the
high correlation between GPS-computed ze-
nith delays and numerical weather forecast
models.

We can conclude that GPS provides a suitable
mean to compute also parameters of
meteorological use which can supplement
meteo-data acquisition in near real-time and
on a low cost scale compared with the costly
launch of radiosondes. These results will be of
utmost use for climate research.

Fig. 2.10: Water vapour radiometer on the roof of FZG.

In order to verify the physical content of these
routinely computed zenith delays, namely, to
extract information on water vapor from the
geometrical zenith delay, a water vapor radi-
ometer (WVR) was recently installed in Graz
(on loan) which will give the opportunity to
compare the physical quantity “water vapor”
derived from WVR, radiosondes and GPS for
improving the modeling of troposphere for
the sake of improving GPS height determina-
tion by a factor of 3.

Altimeter Calibration

Transponders are useful for the calibration of
satellite born altimeters as well as for height
transfer if combined with precise GPS posi-

tioning, precise orbits, and suitable models of
the ionosphere and troposphere. The geomet-
rical vertical distance between the satellite
borne radar altimeter and a terrestrial refer-
ence plane can be computed, at least theo-
retically, with the knowledge of the satellite
orbit and the height of the reference plane.
Altimeter measurements determine this verti-
cal distance independently and can be used
for the calibration of the on-board altimeter.
In contrary to the ocean surface a transponder
disposes of a stable and very precise reflec-
tion reference (few millimeters), which allows
for a very precise determination of the vertical
distance provided that the signal delays can
be estimated properly.

The moving satellite altimeter transfers the
height information from one foot print to an-
other and connects not only individual points
of the sea surface but also establishes con-
nections between the dynamic sea surface and
stable terrestrial targets (transponders) and
also between two or more transponders.

Our instrument and knowledge will be used in
a experiment on Gavdos island, south of
Crete, for the calibration of the Jason-1 and
Envisat altimeters and for an independent
check of the tide gauges in that region.

Fig. 2.11: Transponder for the EU-project GAVDOS.

First experiments during the commissioning
phase of £RS-2 as well as the determination
of the height of an oil platform in the North
Sea showed that altimeter calibration and
height transfer can be monitored with an ac-
curacy of below 2 centimeters.



2.3 Satellite Laser
Ranging

Satellite Laser Ranging (SLR) is a satellite
tracking technique based on measuring the
slant range between a ground-based satellite
ranging facility and a satellite in orbit. A very
short laser pulse is generated by the laser
system at the ground station and emitted to-
wards the spacecraft where it is reflected by
means of onboard laser retro reflectors. An
extremely precise counting unit which is trig-
gered by the emission and detection of the
laser pulse at the ground facility measures the
2-way time of flight and yields - by means of
the well-known speed of light - the distance
to the satellite orbiting in up to several thou-
sand kilometers heights with an accuracy of
down to a few millimeters.

Fig. 2.12: Simultaneous SLR Tracking of Lageos satellite.

As one out of 5 Satellite Laser Ranging (SLR)
reference stations worldwide Graz-Lustbiihel
is measuring distances to about 30 satellites
as part of the global network comprising more
then 30 stations. During 2001 we acquired
data from about 4800 passes, an increase of
more than 20%. This improvement, and also
the increase in accuracy, is due to our ongo-
ing efforts to improve the SLR system per-
formance by implementing new technologies,
new algorithms and new ideas.

10

Fig. 2.13: SLR Graz laser system in operation.

Hardware

In September 1999, our new Event Timer (ET)
was installed, and is fully operational since
that time. In addition to some minor upgrades
of this timing system, we have installed a
third ET module, which will allow to simulta-
neously measure an additional laser stop
pulse in the near future. The required soft-
ware to include this Multi-Stop capability is
under development.

Fig. 2.14.: Graz Event Timing System.

With this new timer, the SLR station Graz now
accuracy, where Multi-Color
measurements, if performed simultaneously,
are capable to deliver useful results. Thus, we
have now started to design a new detection
package, suitable for simultaneous Multi-
Color / simultaneous Multi-Stop measure-
ments. The optics of this new package should

achieves an



allow for doubling the optical receiver effi-
ciency. The detection and electronics part
consists of several different detectors, with an
accuracy and stability in the range of a few
picoseconds.

With the previously used cluster of Time Inter-
val Counters, we were principally limited to
wait for the return before starting the next
laser shot (limiting e.g. measurement fre-
quencies to GPS satellites to 5 Hz). The new
Event Timer allows much higher shot rates -
up to the kHz range - if an accurate range
gate pulse can be produced at the same rate.
For this purpose the design and development
of a new high accuracy (resolution and accu-
racy < 500 ps) kHz Range Gate Generator has
been started. Due to the complex require-
ments, this device will be implemented with
Field Programmable Gate Arrays (FPGA's) and
it will finally allow to handle multiple laser
pulses in flight at the same time. This will
then enable us (1) to range to GPS satellites
with 10 Hz (instead of 5 Hz now) with the
present laser and thus not only doubling re-
turn rate, but also significantly improving the
acquisition and tracking of difficult targets,
and (2) to implement any higher-frequency
laser systems, as soon as they are available
(kHz - Solid State Picosecond Lasers).

Start: AFTER 10 Minutes Warm-Up

_ Normaized Start-Stop Time nterval [ps]; Cable Delay

Hours From Start

Fig. 2.15: Half-Day Drift of the Graz Event Timer.

Software

To reduce operational working load, the com-
plete process of downloading new IRV sets,
calculating and checking new prediction sets
as well as the data exchange between all 3

11

SLR station PCs, fully automatic routines have
been designed, which now allow a very effi-
cient and simple schedule of satellite passes.
This finally results in a very high tracking effi-
ciency (>98% of all possible passes are
tracked successfully).

Up to now the whole software system for real
time tracking and ranging, including most
house keeping programs was based on track
files containing Azimuth, Elevation, Ranges,
and spline coefficients to allow Cubic spline
Interpolations between pre-calculated points.
This system was optimized at the beginning
of the SLR Graz in order to optimize the data
transfer rates and real time CPU requirements.
But however, this system had some inherent
disadvantages and the whole software was
therefore completely redesigned. The Intro-
duction of new track files, containing X/Y/Z
coordinates, and applying 8-point Lagrange
interpolation between these coordinates -
where the Az/El/Range values are calculated
after the interpolations - gives some signifi-
cant improvements:

¢ No near-singularity in azimuth interpola-
tions in high elevation passes (close to 90°
elevation)

e No oscillations (during tracking in azimuth
and post-processing in range) due to
spline oscillations in such critical high ele-
vation passes

¢ No rejection of critical passes which yields
about 6% more possible passes,

e No rejection of satellite passes in far-
from-circular orbits, like AO-40, LRE etc.

e Allows better Range Bias adjustments in
post-processing.

The design of the new detection package re-
quires a completely different method to align
the 200 um SPAD surface to detect each single
photon returning from the satellite. One pos-
sible method involves tracking the moon, and
using the "far field" photons from the sun-lit
moon surface to align the SPAD. A special
moon tracking program has been written.



Generally, low earth orbiting (LEO) satellites
are difficult to track, due to the nearly unpre-
dictable atmospheric drag forces and the un-
expected solar activities which may cause sig-
nificant changes of the time bias within a few
hours. This makes daylight tracking activities
extremely difficult (very low Field-of-View,
Single Photon Sensitivity etc.). In order to im-
prove the tracking efficiency the station PC of
the Graz SLR now automatically collects all
passes which have been recently observed by
other stations and uses these normal points
to calculate an estimated time bias for the
next pass in Graz. This method has already
significantly improved our daylight efficiency
for these LEO satellites (Champ etc.).

Operation & Results

All previously mentioned improvements made
it possible for the SLR station Graz to deliver
very high density, extremely reliable and ut-
most accurate data. In order to support ongo-
ing research efforts for better atmospheric
refraction determination, we have decided to
track passes down to lowest possible eleva-
tions - usually, we try to start at elevations as
low as 5° for most satellites. Due to the very
smooth new Lagrange tracking system, this
low elevation tracking - which is also sup-
ported by some other SLR stations - is very
successful, and delivers the highest average
data yield e.g. for ERS-2.

The GPS-35 and GPS-36 satellites produce the
weakest return signals among all satellites
tracked by the SLR Graz. The average return
energy is somewhat below one photon and
therefore the majority of SLR stations is not
tracking this difficult satellite - at least not in
daylight conditions. Due to the enormous
sensitivity of the Graz detection package and
the efficiency of the software packages, Graz
is contributing a significant amount of data
from the GPS satellites only surpassed by the
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Grasse Lunar Laser Ranging station (France),
and the Australian SLR station in Yarragadee,
located in the eastern desert territory.

Another important parameter for SLR data is
its accuracy - a good measure is the Single
Shot accuracy to the calibration target. Due to
the new Event Timer System and the new Start
Pulse Detection System this calibration accu-
racy could be improved again. Our routine
calibration now achieves about 3.0 mm single
shot RMS and - even more important - the
distribution of these calibration returns is very
symmetrical, with an average skewness of
0.01 remaining.
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Fig. 2.16: Calibration single shot RMS.

Another major goal at the SLR Graz is the reli-
ability of the SLR measurements. This involves
a lot of automatic checks, recording and
monitoring of relevant data as well as the su-
pervision of all actions by software routines.
The main tasks are to detect any system
changes and drifts and to inform the observ-
ers about any hidden error conditions. To
implement this, we try to eliminate any error
we can detect in our or any other station's
data and to check all future data against these
errors.

This system has demonstrated in 2001 quite
well its efficiency: Almost all passes have been
accepted by the various international quality
checks.



SLR Data Quality Control

The tremendously improved level of accuracy
of satellite laser ranging measurements over
the past years facilitates an ever increasing
number of applications in the field of geodesy
and geodynamics. It goes without saying that
for such demanding applications the provision
of SLR data of utmost quality is of fundamen-
tal importance.

An SLR data quality assessment system was
developed in close cooperation with the Brit-
ish Natural Environmental Research Council
(former Royal Greenwich Observatory) which
is capable to analyze normal point observa-
tions of the geodetic satellites LAGEOS-1 and
-2 in order to assess the quality of the
observations in a fully automated near real-
time process.

The analysis procedure uses a short-arc or-
bital adjustment technique which exploits the

geographically dense clustering of the Euro-
pean SLR stations which contribute about 40%
of the global SLR data volume.

.
-t

Fig. 2.17: Sketch of data flow and products of the auto-
matic SLR data assessment system.

This system was constantly advanced during
the past years and is now capable to

e process the global data volume on a daily
and monthly basis

e monitor the SLR station tracking quality

o feed back tracking quality information to
the individual stations

e generate Quick-look Analysis Reports

e provide a local quality information data
base and a query interface for data down-
loads and

e generate satellite IRV predictions.

2.4 Gravitomagnetics

Today most modern theories of gravity are
metric theories, i.e. gravitation is considered
to reflect the metric properties of spacetime
rather than being a force in the conventional
sense. This interpretation is based on the fact
that in a gravitational field all matter, irre-
spective of its composition, experience the
same acceleration. Hence in a freely falling
system, the effects of gravity cancel out lo-
cally and the system is equivalent to an iner-
tial reference frame (equivalence principle).
On a global scale, gravity cannot be trans-
formed away since it shows up in tidal forces,
which, in the geometrical view, can be re-
garded as the effect of spacetime curverture
and which, albeit tiny, will lead to a number of
phenomena foreign to Newtonian physics.

In particular the close formal analogy between
Newton’s law of gravitation and Coulomb’s
law of electricity implies that any theory of
gravity compatible with Lorentz invariance will
contain a gravitomagnetic field generated by
the motion of matter in a similar way as a
magnetic field by moving charges in electro-
dynamics. However, all standard tests of gen-
eral relativity performed hitherto are related
to post-Newtonian gravitoelectric corrections
while gravitomagnetic phenomena still lack
direct observational evidence due to their
minute effects.

Among these new gravitomagnetic effects the
coupling of the orbital motion of test bodies
to the angular momentum of the source could
underlie a novel experiment to detect the ter-



restrial gravitomagnetic field. The rotation of
the Earth induces a difference in the proper
periods of particles revolving along identical
but opposite circular equatorial orbits and
amounts to ~10-7 s per revolution. The verifi-
cation of this difference and hence of the ex-
istence of the gravitomagnetic field could be
furnished by an experiment which involves the
accurate tracking of two ultra stable clocks
carried by satellites along pro- and retrograde
trajectories about the Earth.

The major difficulties of such a mission turn
out to be the exact determination of the true
orbits of the clocks and the modeling of the
many perturbing forces acting on the satel-
lites. Especially the latter is a difficult task
since the non-sphericity of the Earth alone
involves a change in the period of about 15 s
for a satellite of 7000 km altitude. Therefore,
to determine gravitomagnetic control on the
difference in the periods, the gravitational
potential of the Earth must be accurately
known, only then the relativistic effect may be
separated from all other perturbations. Upon
expansion of the terrestrial gravity field in
terms of spherical harmonics, it is found that
the current uncertainty in the lower coeffi-
cients limits the calculation of the time of
revolution of satellites orbiting in several
thousand km altitude to an accuracy of 10-5-
10-6s.
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Fig. 2.18: Errors of revolution time due to the uncertain-
ties of spherical harmonic coefficients.

Fig. 2.18 shows the error &P in the modeled
period as (a) a function of the even zonal
harmonics Cno and (b) due to the uncertainty
in the sectorial (n=2) and tesseral (n>2) coef-
ficients Cn2 and Sy of order 2 for 3 different
orbital radii. We note that the perturbations
induced by Cn; and Sy, are periodic and may
cancel out after a sufficient number of revolu-
tions, while the perturbations due to Cno are
secular and must be handled carefully. Thus a
clear observation of the gravitomagnetic clock
effect requires an improvement in the deter-
mination of the gravitational field of the Earth
which is likely to be achieved by upcoming
geodetic space missions.



3 Near-Earth Space

The physics of the Earth's space environment
is dominated by the interaction between the
solar wind and the terrestrial magnetic field.
The structures that are created in this interac-
tion are: the bow shock, in which the super-
sonic solar wind is decelerated; a transition
layer called the magnetosheath; the magneto-
pause, which is the boundary of the magneto-
sphere and the magnetosphere with its tail
where the magnetic field from the Earth's di-
pole is dominating, and the ionosphere. In
principle all these structures are magneto-
plasmas, i.e., electrically charged particles
(ions and electrons), where electric and mag-
netic fields dominate the physical processes.

3.1 Missions

In near-Earth space, the Institute is deeply
involved in the Cluster mission, which was
launched in 2000 and now yields a wealth of
new and exciting data. At the same time, we
are working on the hardware of the Dou-
bleStar mission, which will be launched in
2003, and we are actively involved in three
proposals for future NASA MidEx missions.

Cluster

The Cluster satellite project is one of the core
projects in the scientific program of the Euro-
pean Space Agency (ESA). Four identical satel-
lites encircle the Earth in closely spaced tra-
jectories. Simultaneous measurements at four
points allow to distinguish between temporal
and spatial effects and shed new light on our
understanding of the processes in and around
the Earth's magnetosphere, especially at the
aforementioned boundaries.
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The payloads of all four satellites are identical
and consist of 11 instruments to measure
magnetic and electric fields and charged par-
ticles over a wide range of energies. The Insti-
tute contributes to four of those instruments:

e ASPOC controls the s/c electric potential
e FGM measures magnetic fields

e £D/ measures electric fields

e PFACF measures the electron plasma

These instruments are described on the Insti-
tute’s home page.

Fig. 3.1. The Cluster Quartet.

Related to the Cluster mission is the Austrian
Cluster Data Center, which is part of a Euro-
pean consortium of national data centers,
which collect and prepare the Cluster data and
disseminate it to the scientists. As support to
Cluster a network of ground-based magne-
tometers in China and Italy (CH/IMAG) has
been installed by the Institute and is main-
tained in cooperation with the Chinese Acad-
emy of Sciences and the University of Aquila.



DoubleStar

China, in cooperation with ESA, has imple-
mented the DoubleStar Project (DSP) to launch
two satellites to study the Earth magneto-
sphere. DSP-Equator will be launched into an
equatorial orbit with an apogee of 11 Earth
radii in June 2003. DSP-Polar is expected to
be launched in December 2003, with a polar
orbit and an apogee of about 7 Earth radii.
More than half of the DSP payload will be pro-
vided by European Pls. The European instru-
ments are either spare flight models from the
Cluster mission or newly refurbished and de-
veloped models. Joint studies using Cluster
and DoubleStar data should increase the over-
all scientific return from both missions.

Fig. 3.2: DoubleStar orbits.

The Institute participates in this mission with
two experiments:

e DSP-ASPOC will control the electric poten-
tial of the equatorial spacecraft.

e DSP-FGM will measure the magnetic field
on both satellites.

Flux-Gate Magnetometer (FGM). Two identical
magnetometers with two sensors each will be
built for the two spacecraft. The leading insti-
tute for the DSP-Polar magnetometer is IWF
and the leading institute of the DSP-Equatoris
Imperial College London. Together with TU
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Braunschweig, the Institute will built one of
the sensors and its electronics for each of the
satellites.

Active Spacecraft Potential Control (ASPOC):
The objective of this instrument is to control
and reduce the effects of spacecraft charging
induced by solar UV. The instrument, which is
similar to the Clusterinstrument, is built in an
international collaboration under the lead of
the Institute. The Institute is also responsible
for the complete digital electronics of the in-
strument. An important part, the Indium ion
emitters, are built by the Austrian Research
Centers Seibersdorf. The electronics for the
power supply and high voltage generation is
developed by Forsvarets Forskningsinstitutt in
Kjeller, Norway. Instrument casing, lid and
shutter mechanism for the ion emitter mod-
ules and test support are the responsibility of
ESA/ESTEC.

3.2 Physics

Since ages experimental measurements and
their analysis play an important role in the
description of physical problems. For the de-
scription of the solar wind-magnetosphere
interaction in near-Earth space plasma pa-
rameters of the solar wind as well as the
strength and structure of the interplanetary
magnetic field are of great importance. To get
these parameters we use measurements of
various spacecraft. These measurements are
also as input to theoretical models, which try
to the appearance of different
phenomena in near-Earth space. The great
amount of spacecraft launched in the last

explain

decades is essential for the progress in the
description of the physics of near-Earth
space. Solar wind parameters, e.g. velocity,
density, temperature, composition, etc., and
characteristics of the interplanetary field can
of the
spacecraft ACE and Wind. Measurements in

be obtained from measurements

and near the magnetosphere are available
from the satellites Geotail, AMPTE, Interball,



Goes, Polar, and others. Great expectations
are set into the Cluster mission, which was
launched 2000.
spacecraft mission of four satellites orbiting
the Earth in the constellation of a tetraeder.

in Cluster is a multi-

The development of theoretical models and
the analysis of spacecraft data at the Institute
is done in co-operation with the State Univer-
sity of St. Petersburg (Russia), Institutes of the
Russian Academy of Sciences in Krasnoyarsk
and Moscow (Russia), the University of Sussex
(England), the Max-Planck-Institut fur extra-
terrestrische Physik in Garching (Germany),
and the University of New Hampshire (USA).

Bow Shock

The interaction of the solar wind, a supersonic
charged particle stream, with the Earth’s
magnetosphere forms the so-called bow
shock. At this fast shock the main part of the
kinetic energy of the solar wind is converted
into thermal energy downstream of the shock.
Moreover, the plasma parameters and the
interplanetary magnetic field change across
the shock, i.e., there is an increase of density,
temperature, pressure, and magnetic field
strength, and a decrease of the velocity from
upstream to downstream. Mathematically,
these changes are described by the Rankine-
Hugoniot equations. This set of equations is
obtained by integrating the magnetohydro-
dynamic equations, containing the conserva-
tion of mass, the conservation of momentum,
the conservation of energy, the conservation
of the tangential component of the electric
field, and the conservation of the normal
component of the magnetic field.

The Graz group has developed a theoretical
model taking into account various shock ge-
ometries as well as temperature anisotropies
upstream and downstream of the shock wave.
It is important to note that for anisotropic
plasma conditions, the set of equations is
underdetermined. As a matter of fact, one has
to use an additional equation as a closure
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relation. Therefore, experimental studies of
the thermal behavior of the magnetosheath,
the region between the bow shock and the
magnetopause, must be taken into account.
E.g., AMPTE/IRM observations have shown
that the double adiabatic equations do not
hold in the magnetosheath and the analysis of
Wind spacecraft data further have classified
most parts of the magnetosheath as margin-
ally mirror unstable.
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Fig. 3.3: Variation of plasma density and tangential mag-
netic field component across the shock for different an-
gles between magnetic field and shock normal (40, 50,
and 60 degrees) as a function of downstream pressure
anisotropy. Each curve starts with the threshold condition
of the firehose instability and the black dots denote the
corresponding values of the mirror instability.

The criteria of the fire-hose and the mirror
instability are used as additional equations to
determine the pressure anisotropy down-
stream of the shock. These two threshold
conditions give some additional restrictions to
the behavior of the plasma upstream and
downstream of the shock wave. Since the
Rankine-Hugoniot equations can only be ap-
plied to regions close to the shock wave, the



use of these plasma instabilities gives some
boundaries for the pressure anisotropy on
either side of the shock. We further note that
the analysis allows the study of magneto-
sheath parameters as functions of upstream
solar wind conditions in a wide range of
Alfvén Mach numbers, specifically the varia-
tions of the perpendicular and parallel com-
ponents of the temperature across the shock
front. It is found that the variations of the
parallel pressure, the parallel temperature,
and the tangential component of the velocity
are most sensitive to the pressure anisotropy.

As an illustrative example, Fig. 3.3 shows the
variations of plasma density and the magnetic
field strength for an Alfvénic Mach number of
10, a sonic Mach number of 8, and a pressure
anisotropy of 0.5 in the solar wind for three
different angles between the magnetic field
vector and the shock normal, i.e., 40, 50, and
60 degrees, as functions of the pressure ani-
sotropy downstream of the shock. We note
that each curve starts from the criterion of the
fire—hose instability and the black dots in each
panel correspond to the solution obtained via
the criterion of the mirror instability.

Magnetosheath

The region between the bow shock and the
magnetopause is the so-called magneto-
sheath. Characteristic features of the magne-
tosheath, e.g., the thermal behavior or its
thickness, are influenced by solar wind pa-
rameters like the dynamic pressure. Space-
craft observations have shown the anisotropic
nature of the magnetosheath, where the pres-
sure perpendicular to the magnetic field is
different to the parallel pressure. Thus the
magnetosheath is prone to both the mirror
and the electromagnetic ion cyclotron wave
instabilities.

Taking into account the tensor nature of the
plasma pressure, a three-dimensional and
time-dependent model was developed at the
Institute. For anisotropic conditions, the MHD
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equations are closed by a bounded anisotropy
ansatz using the inverse correlation between
the proton temperature anisotropy and the
proton plasma beta parallel to the magnetic
field. In addition, the variations of the plasma
parameters and magnetic field strength across
the shock by solving the Rankine-Hugoniot
equations for anisotropic plasma conditions
are used as input parameters to the numerical
calculations. Thus the model provides the
prediction of the magnetosheath parameters
as functions of upstream solar wind condi-
tions. We note that the aforementioned in-
verse correlation is related to the anisotropic
ion cyclotron instability. In our approach, the
total pressure is prescribed and thus included
heuristically.

WIND December 24, 1994 (GSM)
T T T T LIRSS

Fig. 3.4: Calculations of magnetosheath parameters (thick
line) versus Wind spacecraft observations (dots). From
left, the first vertical dashed line in each panel denotes
the bow shock, the second one the magnetic barrier and
the third one the magnetopause.

A further phenomenon found in the magne-
tosheath is the so-called magnetic barrier
effect: The solar wind plasma is streaming



around the magnetosphere and thus produces
a stagnation zone close to the subsolar point
of the magnetopause. As a matter of fact, the
frozen-in condition of the magnetic field
leads to an enhancement of the magnetic field
and analogously to a decrease of the plasma
density. Thus, this region is alternatively
known as the plasma depletion layer.

Comparing our theoretical model with space-
craft observations, it can be seen from Fig.
3.4 that the calculations are in good agree-
ment with spacecraft observations, indicating
that the bounded anisotropy method of clos-
ing the magnetosheath equations is valid and
reflects well the physics of the magne-
tosheath. In this example, we concentrate on
magnetosheath parameters observed by the
Wind spacecraft on December 24, 1994,
whereas the curve in each panel corresponds
to theoretical calculations.

Of further interest is the thermodynamic be-
havior of the anisotropic magnetosheath. A
phenomenological approach based on double
polytropic relations is useful to describe the
thermodynamics: In most cases it is found
that the perpendicular pressure is described
via an isothermal law, whereas the polytropic
index of the parallel degree of freedom ex-
ceeds unity.

Magnetopause

Satellite data like those of the C/uster mission
are important for the study of physical proc-
esses caused by the interaction between the
interplanetary magnetic field (IMF) and the
solar wind with the magnetosphere of Earth.

One of these processes is the so-called re-
connection of magnetic field lines of the IMF
and the terrestrial
magnetopause. The theoretical description of
magnetic field line reconnection starts with
antiparallel field lines separated by a tangen-
tial discontinuity. In a very small region, the
so-called “diffusion region” (DR), where the

magnetic field at the
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local conductivity reaches a finite value, ter-
restrial field lines are opened and reconnected
with field lines of the IMF. Regardless of the
precise mechanism, the DR acts as a source of
MHD waves, which propagate into the sur-
rounding medium. Under special
stances these waves steepen and may be con-
sidered as large-amplitude discontinuities. In
this structure, incoming plasma from the
magnetosheath is accelerated through a con-
version of magnetic energy to kinetic energy
along the magnetopause and is transported to
the night side.

circum-

In the case of time dependent reconnection a
reconnection pulse travels along the MP and
can be identified in observations as so-called
flux transfer events (FTE). This reduction of
magnetic field at the dayside MP and the
transport to the nightside is also called “ero-
sion of the magnetopause”. Erosion of the
magnetopause is seen as an earthward motion
of the MP and a large variety of inner magne-
tospheric signatures, such as an equatorward
motion of the cusp, an increase of the auroral
oval, the substorm growth phase, an increase
in tail lobe magnetic flux, and others.
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Fig. 3.5: Magnetic field erosion at geostationary orbit (AB)
versus negative IMF B:.



In cooperation with the University of New
Hampshire, USA, we studied magnetic field
line erosion at the geostationary orbit. One
important cornerstone of this study was May
11, 1999, known to the space science com-
munity as “the day the solar wind almost dis-
appeared”. During a long period within this
day the dynamic pressure of the solar wind
was close to zero and the terrestrial magnetic
field was a near-perfect dipole. We used this
period to separate effects of dynamic pressure
and southward interplanetary magnetic field
at geostationary orbit using measurements of
the Goes 8, 9, and 70 satellites at geostation-
ary orbit around magnetic noon. Including a
correction for higher values of dynamic pres-
sure, we finally obtained values of magnetic
field line erosion on geostationary orbit,
shown in Fig. 3.5 for 14 erosion events.

As a second aspect we developed a simple
theoretical model of the erosion of magnetic
field lines at the magnetopause on the basis
of time-dependent reconnection. First nu-
merical results show an inward motion of the
magnetopause by about one Earth radius due
to field line erosion.

Within the wide range of problems which deal
with magnetic field line reconnection we also
work on the following problems: (1) For the
initiation of reconnection in the diffusion re-
gion. It was shown that whether Petschek or
Sweet-Parker reconnection develops, depends
on whether finite conductivity is restricted to
a certain region or not. (2) Reconnection in an
anisotropic plasma is extended to time-
varying results. (3) Relativistic reconnection in
a black hole is an additional process which
can remove energy from the ergosphere of a
black hole.

Magnetotail

At our Institute, one of the main research ar-
eas in analyzing and interpreting spacecraft
data, such as Geotail, Equator-S, and Cluster,
is the study of the dynamics of the Earth's
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magnetotail, with special interest in the trans-
port processes.

Since July 2001 Cluster has started to observe
the magnetotail, covering regions between X
= -10 and -19 Re. The continuous measure-
ments with simultaneous observations from
the four spacecraft enable us to differentiate
spatial from temporal disturbances in the
magnetotail and provide a chance to obtain
essential parameters, which were not accessi-
ble before with a single spacecraft or from

fortuitous multi-point observations.

A number of studies have been initiated in our
team in terms of dynamics of the Earth's
magnetotail. These include: (1) structure and
evolution of plasma sheet flows, (2) global
reconfiguration of the plasma sheet and con-
vection near the plasma sheet during sub-
storms, (3) configuration of the current sheet,
(4) wave characteristics in the current sheet
and in fast flows, and (5) structure and evolu-
tion of the reconnection region. A first result
from the four-spacecraft analysis during a
dipolarization event is shown below.
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Fig. 3.6: Magnetic field observations from the four Cluster
spacecraft during a high speed flow interval (indicated by
the shaded area).

The role of the fast flows in substorm dynam-
ics is a still much-debated issue among sub-
storm researchers. A key to this problem is to
identify the temporal and spatial relationship
between the flows and magnetic disturbances
associated with the dipolarization. By analyz-
ing the plasma and magnetic field data from
the four Cluster spacecraft, we succeeded to



measure the expansion speed of the dipolari-
zation region associated with the flow distur-
bance.

Fig. 3.6 shows the Earthward component, By,
and the elevation angle, Ag, of the magnetic
field. The shaded interval shows when space-
craft (SC) 3 observed a high-speed plasma
flow with up to 490 km/s perpendicular to the
magnetic field. The flow event occurred in
association with a dipolarization, which can be
seen as an enhancement of Ag in the figure.
There were differences in the timing of the
dipolarization among the spacecraft, which we
analyzed in detail by determining the dipo-
larization direction from a minimum variance
analysis.

1000 T I I
1
i
zZ
1
: SC4 o
-1000 p— 1 | =
’ 5
I ~
! @
||Ill|||||Illl.llllllllll:lllll
B SC2 : —
1
1
1
1
-3000 | | !
3000 1000 km 11000

Fig. 3.7: Location of the four spacecraft relative to the
reference spacecraft (SC3) in a minimum variance coordi-
nate system (see for detail in the text). The arrows indi-
cate the flow direction (there are no flow measurements
on SC2), whereas the dotted lines indicate the direction of
the depolarization front.

Fig. 3.7 shows the location of the four space-
craft in a coordinate system where N is the
minimum variance direction, corresponding to
the normal direction of the depolarization
front, and V is the main flow direction pro-
jected onto the plane perpendicular to N. The
flow vectors, shown as arrows, are directed
mainly along the plane of the dipolarization
(dotted line). The large time difference be-
tween SC 2 and the other 3 spacecraft shown
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in Fig. 3.6 can be well understood by the dis-
tribution of the satellites in the normal direc-
tion in Fig. 3.7. That is, the dipolarization
front was expanding not only in the high-
speed flow direction but also in a direction
perpendicular to the main flow with a speed
of ~60 km/s.

lonosphere

The high-latitude ionosphere is highly vari-
able, partly because of the often unstable be-
havior of the neutral atmosphere (e.g. strato-
spheric warmings), but mainly due to the ex-
tremely variable ionization due to energetic
charged particles. The resulting electron den-
sities by far exceed those expected due to
solar irradiance alone. The D-region part of
these excess densities is responsible for the
absorption measured by a riometer, which
makes the latter a useful parameter to de-
scribe disturbances in the low ionosphere.
Existing models such as the International Ref-
erence lonosphere (IRI) only insufficiently de-
scribe the special conditions of the high lati-
tude lower ionosphere.
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An empirical model of electron densities in
the lower auroral ionosphere was developed
at the Institute in co-operation with the Tech-



nical University Graz. It is based on wave
propagation data from sounding rockets (over
100 altitude profiles) and incoherent scatter
data from the EISCAT radar (about 65,000
profiles). By combining both data sets into
one model one can take advantage of both the
more accurate, but fewer wave propagation
data down to low altitudes and the large
number of radar profiles. In the model, elec-
tron density profiles are analyzed according to
riometer absorption, and statistical profiles
for various degrees of absorption, including
0 dB, are established both for day and night.
An example is shown in Fig. 3.8. In order to
reduce the seasonal variation of the neutral
atmosphere in the present statistical analysis
the data are carried out at fixed pressure sur-
faces instead of altitudes. An inclusion of
these models into IRl is foreseen.

Auroral Kilometric Radiation

During 2001, we investigated the terrestrial
kilometric emission observed by the AKR-X
and POLRAD experiments on board /nterball-
7ail and Interball-Aurora, respectively. For the
first time the complete polarization parame-
ters of the Auroral Kilometric Radiation (AKR)
associated to the day- and nightside sources
have been determined (see Fig. 3.9). Taking
into account the hollow cone features associ-
ated with AKR, we derive the radio source lo-

calization. It could also be shown that the
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spectral structures (bursty and continuum) of
AKR emission seem to depend on the geome-
try between the observer (satellite) and the
source localization. Statistical studies show
that the AKR occurrence is increasing and
decreasing in the equinox and solstice peri-

ods, respectively.
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Fig. 3.9: Dynamic spectra of the Stokes parameters for
AKR observed in the dayside northern hemisphere.

We further used /nterball spacecraft positions
to obtain possible source locations of AKR.
The theoretical approach is based on geomet-
rical considerations and was performed in a
diploma thesis.



4 Solar System

The solar system is a gathering of nine plan-
ets, a yellow central star, 80+ moons and
countless asteroids, and comets, circling the
Sun in more or less elliptic orbits. It is filled
by magnetic fields, radiation of all kind and a
steady stream of charged solar wind parti-
cles. The Institute is engaged in many mis-
sions and studies on the solar system.

4.1 Sun

For us, the Sun is not only of interest as the
producer of the solar wind, which is the key
driver of much of the dynamics described in
the present and the previous chapter, we are
also interested in the central star of our sys-
tem itself. We observe our Sun in the radio
wave spectrum, from the ground and, hope-
fully, in the future also from space.

Solar Decametric Radiation

Studies of the Sun are done at the Lustbiihel
radio station. In particular, solar activity in
the decametric range was monitored. We
observed the Sun two hours before and after
the local transit meridian, by using in par-
ticular the digital spectro-polarimeter (DSP)
in the frequency range 30-42.5 MHz with a
time resolution of about 300 ms. A first
analysis of the year 2000-observations pro-
vides an estimate on the interference situa-
tion in the surrounding of the Lustbiihel ra-
dio station in the frequency range of the
observed solar radio bursts.

In cooperation with Ukraine (Kharkov Radio-
astronomical Institute) and France (Observa-
toire de Paris—-Meudon) a common observa-
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tion campaign was carried out in spring
2001. During this period the Austrian DSP
receiver was in operation at the Grakovo
radio station (Ukraine) for the observation of
solar decametric radio bursts, simultane-
ously with the other DSP receiver located at
the Nancay Decametric Array (France). At
present the observed dynamic solar burst

spectra are analyzed.
Solar Orbiter

Solar Orbiter is an ESA Flexi mission to Sun
which is still in the planning phase. The
spacecraft will orbit the Sun with a perihelion
distance between 0.2 and 0.3 AU. A Radio
and Plasma Wave Analyzer (RPW) to observe
solar radio emissions will be incorporated in
the spacecraft instrumentation. We made a
feasibility study to determine which kind of
antennas and receivers should be used and
found that the optimum configuration de-
pends on whether emphasis is put on direc-
tion finding, polarization measurements or
spectral observations.

4.2 Mercury

Up to now only a few spacecraft have been
sent to Mercury, the innermost planet of the
solar system, and none of them tried a land-
ing on its surface, which is a particular tech-
nical challenge due to the hot and harsh en-
vironment conditions expected.

BepiColombo

The satellite mission BepiColombo (see Fig.
4.1) is in several respects new and unique:



not only it is the first European-Japanese
cooperative mission - involving both ESA and
the Japanese space agency ISAS - it is also
for the first time that a small armada of
space probes (two orbiters and one surface
probe planned to land on Mercury’s night-
side) will simultaneously visit a planet. In
preparation of planned IWF contributions to
BepiColombo several activities have been
initiated in 2001. These will serve as the
basis for response to the announcement of
opportunity expected to be released in 2002.

Flarcury

Fig. 4.1: Mercury’s surface and the expected structure
of its magnetic field, to be investigated by ESA’s Bepi-
Colombo mission.

Lander and Orbiter/Magnetometers: The
Institute intends to participate in the devel-
opment of magnetometers for all three
spacecraft. In order to coordinate the activi-
ties the European-Japanese
MERMAG was created, where IWF participants
are a major partner. A meeting of this con-
sortium was held in Graz in August 2001.

consortium

Lander/Mole: One of the instruments pro-
posed for the investigation of Mercury’s
sub-surface layers is a so-called “Mole” (Mo-
bile Penetrometer). The sensors that will be
implemented in this instrument will measure
both thermal and mechanical properties of
the regolith. A major goal is the determina-
tion of the global heat flux, which is a key
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parameter to understand the geological evo-
lution of the planet. While the main respon-
sibility for this instrument will rest with DLR
Cologne and the University of Miinster (Ger-
many), the Institute has already significantly
contributed to the general design and the
evaluation of possible sensors to be imple-
mented.

Physics

Exospheric sputtering: A theoretical study
analyzed various processes associated with
Mercury’s exosphere. There is a great differ-
ence in the energy distribution and surface
number density if particle sputtering and/or
micrometeorite- or photon-stimulated de-
sorption are the relevant processes for Mer-
cury’s exosphere formation. The particles in
our study were released from the planetary
surface with a Monte Carlo simulated Max-
well distribution resembling the velocity dis-
tribution for photon-stimulated desorption
(H, He, O, and Na), particle-induced surface
sputtering (O, Na) and micrometeorite eva-
poration (Na, K). Since Mercury is so close to
the Sun, solar heating of the surface implies
that thermal desorption will also be an im-
portant source of exospheric Na. Solar wind
ions impinging on the daytime surface are
thought to be a major source of H and He
atoms, become neutralized and then re-
enter the exosphere.

Our simulated velocity distribution fits well
with the distribution found by laboratory
experiments. In cooperation with the Univer-
sity of Bern/Switzerland who will provide a
sensor for ions and atoms (MAIA) on the
planned Neutral Particle Analyzer (NPA) in-
strument on board of ESA’s MPO, the model
was used to provide input for a Monte Carlo
simulation of Mercury’s exosphere. These
calculations showed that the BepiColombo
planetary orbiter should be able to detect
neutral H, He, O and Na atoms between its
periherm (400 km) and apherm (1500 km).



An example is shown in Fig. 4.2. Heavy par-
ticles like O and Na only reach the spacecraft
altitude if they originate by energetic source
processes like particle sputtering or micro-
meteorite vaporization. Future studies will
include the effect of the radiation pressure
on particle trajectories and a study about the
areas where the solar wind particles can
reach Mercury’s surface.

Fig. 4.2: Simulated particle-sputtered sodium atoms at
Mercury. The dotted line shows the periherm of ESA’s
BepiColombo planetary orbiter: A particle detector on
board should be able to observe heavy atoms sputtered
from Mercury’s surface.

4.3 Mars

The planet Mars was one of the major re-
search topics in 2001, from the experimental
viewpoint as well as in a number of more
theoretical studies. Instruments to measure
the surface magnetic field and the mechani-
cal and thermal properties of the surface
layers are co-developed by the Institute.
Theoretical studies dealing with UV and par-
ticle fluxes at the Martian surface (both at
present and in the distant past) as well as
mineralogical investigations on Mars ana-
logue samples were also performed.

NetLander

The institute is involved in several experi-
ments within the upcoming Mars mission
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NetlLander, which is due for launch in 2007
and will set up for the first time a meteoro-
logical and seismic network on the Martian
surface, employing 4 identical landers. Fig.
4.3 shows an artists view of one of the lan-

der stations.

Fig. 4.3: Artist’s view of a NetLander station operating
on the surface of Mars.

SPICE: This experiment will measure tem-
perature (and the daily and seasonal cycles)
and the material strength in the uppermost
centimeters of the surface. The latter is the
main contribution of the Institute, while the
former is managed by the University of Miin-
ster, Germany. Concerning the strength
measurements, the basic design was devel-
oped in 2001. The sensor measuring the
penetration force into the Martian surface
will be integrated into the legs of the seis-
mometer, which needs a good ground con-
tact in order to detect seismic waves. These
legs are pushed into the soil by a motor,
allowing a small load cell to record the resis-
tance force of the ground.

A mock-up to test the performance of
strength measurements with different load
cells in various test materials (sand, ce-
mented soil, permafrost). has been installed
in our laboratory at IWF. This device will be
used in the following year to test the devel-
oped sensor tips and to investigate their
performance in various Mars analogue mate-
rials. Fig. 4.4 shows some components used
for the first development tests. Cooperation



with the seismometer teams at IPGP Paris

and at ETH Zurich is essential for this devel-
opment work.

Fig. 4.4. Some hardware built for first experiments on
the material strength measurements to be performed on
Mars in the frame of the SPICE experiment. Upper left:
force measurement in a Mars soil analogue material.
Upper right: One of the miniature force sensors used to
measure the penetration force. Lower left: conical tip
where the force sensor is integrated. Lower right: ex-
ploded view of the conical tip shown on the left side.

MagNet and ELF: These key experiments will
measure for the first time the magnetic and
electric field at the surface of Mars. With the
data to be recorded at the four lander sites,
the magnetic anomalies detected by the MGS
orbiter can be investigated directly. More-
over, the simultaneous measurement at four
sites allows in addition to determine the
electrical conductivity of the Martian surface.
The combination of magnetic and low fre-
quency electric field measurements may lead
to a better understanding of sandstorms on
Mars. MagNet consists of four fluxgate mag-
netometers designed to measure time vari-
able fields up to 20 Hz. Cooperation with the
ELF experiment team is essential. In 2001
preparatory work has been done.

Physics

Low-frequency electromagnetic waves. A
broad spectrum of electromagnetic waves is
generated in the foreshock region and in the
magnetosheath. We modeled the propaga-
tion of extremely low frequency electromag-
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netic waves (ELF) from the magnetosheath to
the surface. A major task was the calculation
of wave attenuation using the electron
densities and collision frequencies from
present neutral and ionospheric models. The

essential for the e-
sounding investigations
planned for the NetLander mission.

ELF waves are
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The main results of these theoretical studies
are: (1) Waves coming from the magne-
tosheath with f < 3 MHz are completely ab-
sorbed and cannot reach non-magnetized
surface regions; (2) Very low-frequency
Alfvénic waves could travel along the mag-
netic field lines produced by the crustal
anomalies; (3) If wind over the strongly
magnetized areas is able to produce currents
by the “ionospheric dynamo effect” above
110 km, this wave phenomenon can be de-
tected by the NetLander instruments on the
ground at several Hz, (4) Waves produced
near the surface by electrostatic discharge in
dust storms (dust devils) or geological activ-
ity, can propagate below 100 km with a very
low atmospheric attenuation.

Energetic Neutral Atoms: In view of the Japa-
nese Nozomi and ESA’s Mars Express mis—
sion, which will both arrive at Mars in 2003,
flux and energy distributions of planetary
energetic hydrogen atoms around Mars for
minimum and maximum solar wind condi-



tions were investigated. It was shown that
the energetic neutral atom distribution in the
Martian environment is characterized by par-
ticles belonging to two different sources:
one particle population originates from the
solar wind while the second stems from the
planetary atmosphere. Once the atmospheric
constituents become ionized, they are
treated as test particles and their motion in
the external electric and magnetic field is
determined. Some of these new-born plane-
tary ions take part in a charge exchange re-
action with particles of the upper Martian
atmosphere and will be transformed into
planetary energetic neutral atoms (Fig 4.6).

Our calculations suggest that the Energetic
Neutral Particle (ENA) detector aboard the
Mars Express spacecraft may be able to
separate the planetary energetic hydrogen
population from the solar wind population
by a careful analysis of the particle energies.
Such a separation is important for the study
of the evolution of the Martian atmosphere
and its water inventory.

Surface Radiation Exposure: Another study
concentrated on galactic cosmic ray and so-
lar UV radiation models on the ancient and
present Martian surface. Since Mars is one of
the prime targets in exobiology we investi-
gated with a theoretical model the particle
and UV surface fluxes and related effects on
possible organic molecules which are essen-
tial for the evolution of microbial life-forms.
We used a photochemical model for comput-
ing the vertical profiles of the Martian at-
mospheric compounds such as oxygen,
ozone and NO; which are responsible for UV
absorption in an ancient 1-bar CO, atmos-
phere calculated by considering atmospheric
loss processes.

The results shown in Fig. 4.7 indicate that
the molecules essential for life were pro-
tected against the incoming UV radiation
during the early period 3.5 Ga ago. Moreover
it was found that in such a dense Martian
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atmosphere only secondary cosmic ray parti-
cles reach the surface, while proton and
neutron fluxes are negligibly small.

Solar Mirdrmurm

3 35 40 43 S0 33 40 o3 7D
Log fiux [crm< 5]

Fig. 4.6. Total flux of energetic neutral atoms in three
different planes. the x-y plane contains the interplane-
tary magnetic field, the x-z plane the solar wind electric
field and the y-z plane is perpendicular to the Sun-
planet direction, black lines display the obstacle bound-
ary and the bow shock.



Fig. 4.7: Solar UV flux on the ancient Martian surface in
a pure CO: atmosphere (dotted line) and with inclusion
of a more complex photochemical model which pro-
duces an ozone layer at about 60 km above the Martian
surface. In such a case the atmosphere becomes trans-
parent to UV radiation above wavelengths of 290 nm
(solid line) .

The study shows also that an ozone layer
comparable to the Earth is produced via
photochemical reactions and that HOx radi-
cals in the ancient Martian atmosphere about
60 kilometers above the surface are absent.
A 1-bar ancient Martian atmosphere be-
comes transparent to solar UV radiation
above wavelengths of 290 nm if one includes
UV absorbing constituents
photochemical reactions. For understanding
the survival rate and the damaging effect to
a number of molecules essential for life we

produced via

calculated the survival rate and the func-
tional and structural stability of such mole-
cules and found that solar UV radiation was
not dangerous on the ancient Martian sur-

face for organic molecules.

Surface Oxidation Potential: For atmosphere-
surface interaction studies in the frame of
ESA’s Mars Express mission an investigation
of Mars soil analog-material with sediment-
petrographic methods and subsequent mag-
netic separation of sieving-fractions was
made. We determined the modal-mineralogy
by means of optical microscopy and X-ray-
diffraction and made a normative calculation
of the mineral-content
based on bulk chemistry. IR diffuse reflectiv-

in fine fractions
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ity experiments were conducted and an ex-
perimental arrangement for UV oxidation
experiments in Mars simulation chambers
with Martian precursor materials, as well as
for UV-induced O; adsorption on Mars soil
analogues were designed. A study where we
try to fit the physico-chemical properties of
the Martian soils (data of MP and MGS-TES
missions) by mixing of analogue-materials
with other natural or synthetic phases is un-
der way.

4.4 Jupiter and lo

The giant planet Jupiter, its magnetosphere
and the inherent plasma processes have ex-
tensively been investigated during the an-
nual period of 2001. Main emphasis was put
on studies of Jovian radio emission phenom-
ena and the lo-Jupiter interaction within and
in the environment of the lo flux tube.

DAM Radio Observations

New decametric (DAM) radio observations as

well as instrumental developments have

been performed
among 4 European nations, France, Austria,

in a cooperative project

Ukraine, and Russia. The main objectives
are to develop and validate new concepts for
high-sensitive ground-based measurements
of natural radio sources like Jupiter, the Sun
and pulsars. The project is based on the
availability of several powerful decameter
antennas, namely UTR-2 (Ukraine) and the
Nancay Decameter Array (France), in combi-
nation with the newly available type of wide-
band waveform digital receivers developed in
Austria and France. This instrumentation
enables unprecedented accuracy, resolution,
and sensitivity and dynamic range (at least
70 dB) for measurements at decameter
wavelengths.

In 2001 the third joint measurement cam-
paign within the project “New Frontiers in
Decameter Radio Astronomy” has been per-



formed (from late April through mid of June
2001). Furthermore the development of a
central data storage system at IWF was initi-
ated.

DAM modeling. Data analysis of Jupiter milli-
second radio bursts in the decameter range
obtained during previously performed cam-
paigns yielded new insights into this particu-
lar radio phenomenon. The studies are
based on simultaneous observations at the
radio stations UTR-2 in Kharkov (Ukraine)
and the Reseau Decametrique in Nancay
(France), where two digital spectro-
polarimeters were used and time synchroni-
zation (down to microseconds) was obtained
via GPS. The stations are widely separated by
approximately 2% hours in geographical
longitude, giving good conditions to study
the angular structure of the emission cone
mantles.

(1) Kharkov on February 27,2000 res.=2ms
s

15:30:12:500 15:30:13:000
UT [h:min:sec:mseg]

(2) Nancay on February 27,2000 res =6ms

15:30:13:500 15:30:14:000

intensity (db) above background

15:30:14:000

15:30:14:400 15:30:14:800

UT [h:min:sec:msec]

15:30:15:200 15:30:15:600

Fig. 4.8: Dynamic spectrum of the Jupiter lo-B radio
source, exhibiting single burst structures. The spectrum
recorded at Kharkov (upper panel) shows more details
than that recorded at Nancay (lower panel), due to
higher sensitivity and time resolution.

Cross correlation (Fig. 4.9) of simultaneously
recorded spectra (Fig. 4.8) reveals that radio
emission structures observed at Kharkov and
Nancay have no time-delay within the given
time-resolution of 2 ms. However, local ef-
fects are definitely visible in the spectra, first
of all due to the different effective antenna
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areas and also as a consequence of variable
local ionosphere conditions.
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Fig. 4.9: Correlation coefficient spectrum corresponding
to the previous figure. The broadening of maximum
correlation around zero delay time is very likely due to
the different spectral recordings of both stations,
whereas the slightly enhanced correlation at multiples
of £(40-60 ms) off the zero delay time mirrors the repe-
tition rates of the shown S-bursts.

Waveform Analyzer. Within the frame of a
doctoral thesis a digital Wave Form Receiver
(WFR) has been designed and developed,
which, in connection with the digital spec-
tro-polarimeter (DSP), can perform broad-
band high time and frequency resolution
recordings of the complete wave signal in-
formation. This WFR is the first broadband
receiving device reaching the maximum
theoretically possible time and frequency
resolution product. With a dynamical range
of about 70 dB and a bandwidth of 25 MHz,
the WFR is at the optimum for observations
of radio phenomena in the decameter wave-
length range. The only parameter of the WFR
that still needs improvement is the short
acquisition time (at present about 6 seconds
for observations with high time and fre-
quency resolutions leading to 100 MB of
data per second).

Wavelet analysis: Waveform observations
with this new WFR have been carried out at
Kharkov and at Nancay. The ability to ob-



serve a bandwidth of up to 25 MHz and di-
rectly save waveform data for several sec-
onds allows to perform Jovian millisecond
burst substructure analysis. Fig. 4.10 shows
a dynamic spectrum of such a burst and a
wavelet scalogram of part of the burst in the
microsecond time domain (indicated by an
arrow). The scalogram reveals that the burst
consists of several signal trains as short as
10 microseconds in time, with phase discon-
tinuities in between.
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Fig. 4.10: Dynamic spectrum (top) and wavelet scalo-
gram (bottom) of a Jovian millisecond burst signal.

HOM Radio Observations

Further analysis was done using data of the
Galileo PWS (in orbit around Jupiter) and the
Wind WAVES experiment (in orbit around
Earth) together with ground-based meas-
urements. Jovian hectometric emission, in
particular the HOM beam has been analyzed
during periods of favorable conditions (Aug
31 through Oct 22, 1996). Generally, the
overall structure of the HOM beam shape is
persistent in both PWS and WAVES spectra,
however structures (i.e. spectral
in the WAVES spectra,
maybe due to distortion effects as these

internal
arcs) are absent

HOM radio waves propagate through the lo
torus and through the interplanetary me-
dium over more than 4 AU.
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Cassini Jupiter Flyby

The calibration of the antenna system of the
Radio and Plasma Wave Science Experiment
(RPWS) onboard the Cassini/Huygens space-
craft is an important goal on the way to Sat-
urn where the IWF is deeply involved. A first
attempt to determine the effective length
vectors of the antennas was done some
years ago at the Institute, based on the con-
cept of rheometry. The results, of course,
were obtained in laboratory studies, but the
Jupiter flyby in December 2000 provided the
possibility to obtain the effective length vec-
tors via the measurement of Jupiter’s radio
emissions. Thus, several roll maneuvers dur-
ing the inbound and outbound phase pro-
vided the possibility to determine maxima
and minima of the RPWS antenna lobe pat-
terns . As input parameters we used meas-
ured auto- and cross-correlated voltages of
the 3 RPWS antennas and the angular posi-
tion of Jupiter as seen from Cassini. Two
steps had to be done in the analysis: First we
searched for the wave parameters of the
observed radio waves and second, the de-
rived Stokes parameters were used as initial
guess for the determination of the effective
length vectors of the antennas. The obtained
directions of the w/v antenna elements for
in good
agreement with those obtained by the con-
cept of rheometry.

high parameter resolution are

At the beginning of 2001, in analogy to the
pre encounter orbit of Cassini at Jupiter, roll
maneuvers were done to calibrate the third
RPWS antenna element. A first analysis
showed that the calibration of this electric
monopole is more complicated, since it is
closer to the spin axis of the spacecraft and

thus more influenced by the spacecraft body.
lo-Jupiter Interaction

The interaction of Jupiter with its satellite lo
has been subject of theoretical and experi-



mental research for many years. It is well
known that the orbital motion of lo leads to
the excitation of disturbances, traveling
along the Jovian magnetic field towards the
planet, and exciting some specific phenom-
ena in the Jovian system such as non thermal
radio emission and aurora on Jupiter (Fig.
4.11). In spite of the previous work in this
subject explaining the energy transfer, which
mainly works via Alfvén waves, we apply an-
other approach based on MHD slow mode
waves. These slow mode waves are gener-
ated by a pressure pulse in the vicinity of lo
and propagate along the converging Jovian
magnetic field accompanied by a supersonic
flow. Due to decreasing cross section and
the increasing magnetic field the bulk veloc-
ity of this plasma flow is enhanced.

Fig. 4.11: Schematic illustration of the development of a
nonlinear slow-mode wave and a field-aligned electric
field due to a pressure pulse at lo.

Such plasma flows lead to the generation of
an electric potential difference, which accel-
erates precipitating electrons as they pick up
the potential drop energy when they fall
through the potential. Such electron
distributions are a crucial ingredient for the
explanation of some magnetospheric pheno-
mena. The main point is that the slow mode
waves are much slower than the Alfvénic
waves and can provide an explanation for
the lag between some parts of the Jovian
decameter emission and the lo flux tube
which can be observed in experimental ob-

servations.
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4.5 Titan

The Institute is strongly involved in the Cas-
sini/Huygens mission to Saturn and its satel-
lite Titan. It contributed to several instru-
ments aboard the Titan entry probe Huygens
(HASI and ACP), whose descent through Ti-
tan’s dense atmosphere will take place in
Jan. 2005. In preparation to this event sev-
eral theoretical studies associated with Ti-
tan’s atmospheric layers have been con-
ducted.

Physics

Electrical parameters of Titan’s atmosphere.
The PWA (Permittivity, Wave and Altimetry)
instrument is part of the HAS/ experiment
and will investigate electrical properties and
electric field fluctuations in the atmosphere
and ionosphere of Titan below 170 km. We
have modeled the ion and electron density,
the electrical conductivity and the propaga-
tion of low frequency electromagnetic waves
in the lower ionosphere (Fig. 4.12). The ioni-
zation in this altitude range (below 400 km)
is mainly produced by galactic cosmic rays.
Electromagnetic waves could be generated
by lightning phenomena at very low alti-
tudes, as discussed in more detail below.

Fig. 4.12: The calculated electrical conductivity profile in
Titan’s atmosphere.

A major emphasis of our work was on the
calculation of the wave attenuation using



model electron densities and collision fre-
quencies and including the influence of the
surface electrical conductivity. The results
were compared with measurements in the
arctic and antarctic regions of Earth and with
those obtained from terrestrial balloon
flights.

Lightning on Titan: Titan lightning may pro-
vide the prime energy source for the genera-
tion of complex organic molecules which
could be the seeds of primitive life. The for-
mation of thunderclouds on Titan may be
very rare due to the difficult methane con-
densation, but massive clouds can occasion-
ally develop in the troposphere as is evident
from recent telescopic cloud observations.

A study showed that a rapid development of
thick, extensive methane clouds in the tro-
posphere would attract a high number of
free electrons, which are present due to the
low abundance of electrophilic species. The
entirely negative charge of the cloud may
cause temporary maximum electric fields in
excess of the breakdown field to initiate
cloud-to-ground lightning flashes in the
lowest 20 km of Titan’s atmosphere.

Such lightning flashes may provide addi-
tional energy for the formation of some trace
species including prebiotic molecules in the
troposphere, where other chemical proc-
esses are inactive. The lightning strokes pro-
duce a transient hot channel in which high
temperature chemistry (so-called Zel dovich
reactions) can take place. The sudden heat-
ing initiates dissociation of bonded mole-
cules. Atoms and ions are in equilibrium as
long as the channel is hot, but as the light-
ning channel begins to cool down by mixing
with the surrounding air and expansion,
various new molecules are formed by re-
combination of ions and atoms. Such
molecules remain in excess of the equilib-
rium concentration during cooling because
the rates of depletion reactions are greatly
reduced (freeze-out of molecules). An esti-
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mate based on our Titan lightning studies
suggests that a dissipation energy of about
2000 kJ gives a chemical yield per lightning
flash of about 1022-1023 HCN, C;H;, C;Hg4,
and C;He and about 1010 CsHg molecules.
The significance of lightning generated bio-
chemistry in Titan’s atmosphere depends
highly on the global lightning frequency.

In order to estimate the capability of the
Cassini/RPWS instrument to detect lightning
discharges during several close flybys, we
estimated the radiated energy of Titan light-
ning strokes. We showed that the RPWS in-
strument should be able to detect electro-
magnetic signals from such strokes in a fre-
quency range above approximately 500 kHz,
depending on the ionospheric plasma den-
sity caused by micrometeorites.

Meteoritic lonization. A model for studying
the meteoroid ablation and the ionization of
metallic ions in Titan’s atmosphere was de-
veloped. We studied the ion-neutral chemis-
try of metallic ions and calculated the con-
centration of the most abundant metal ions
and electrons. The study suggests that long-
lived metallic ions considerably change the
predictions of the electron density compared
to models considering only solar radiation
and electrons trapped in Saturn’s magneto-
sphere. The inclusion of metallic ions in Ti-
tan’s upper atmosphere leads to an increase
in the electron concentration below 800 km.
Our model shows that an ionospheric layer
which is produced by micrometeoroids
should be present at around 700 km altitude
with an electron density peak similar in
magnitude to the one produced by solar ra-
diation at 1000 km or cosmic rays at 90 km.

Ancient Solar Activity: Our recent studies on
isotope anomalies in planetary atmospheres,
especially in Titan’s atmosphere show an
indication that our early Sun underwent dur-
ing the first 600 million years after its origin
a very active period called the Post-T-Tauri
phase. The particle and radiation fluxes dur-



ing such an early solar period were up to
1000 times higher than at present. A di-
ploma thesis investigates how much such a
strong solar wind outflow affects non or
weakly magnetized planets and solar system
bodies. Increased X-ray luminosity and par-
ticle outflow of the young Sun and enhanced
solar EUV radiation will also affect the
photoionization rates of the paleo-
atmospheres of terrestrial planets and or-
ganic molecules during planetary formation.

4.6 Comets

The nuclei of comets are generally believed
to contain the most ‘primitive’ matter of the
solar system. Therefore the investigation of
their chemical composition and physical
structure is not only per se an interesting
topic, but may also provide clues to under-
stand the origin and evolution of the solar
system.

Rosetta

IWF participates in a number of experiments
that will be flown aboard the ESA corner-
stone mission Rosetta. This mission, due for
launch in January 2003, is targeted at comet
P/Wirtanen, whose activity will be observed
from a low orbit over a long period. More-
over, /in situ investigations on the nucleus’
surface will be performed by the Rosetta
Lander. The main contribution of IWF to the
Rosetta mission is the experiment MI/DAS
aboard the Rosetta Orbiter, which will collect
dust particles in the coma of the comet and
investigates their structure with the aid of an
atomic force microscope. In addition, there
are contributions to the mass spectrometer
COSIMA and to the magnetometer RPC-MAG.

For the Lander package, the Institute con-
tributes to the MUPUS and ROMAP experi-
ments and helped in the development of the
Rosetta Lander anchoring system. MUPUS is
a collection of sensors for investigating the
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thermal and mechanical properties of the
near-surface layer, while ROMAP measures
the magnetic field during the descent and its
possible time variation after landing.

MIDAS

A comet nucleus is emitting dust along with
the subliming ices as soon as the comet ap-
proaches the Sun. The WMIDAS (Micro-
Imaging Dust Analysis System) instrument
aboard Rosetta will investigate the physical
parameters of cometary dust with an atomic
force microscope (Fig. 4.13). It is developed
under the leadership of IWF.

Fig. 4.13: MIDAS, developed to perform extremely high
resolution imaging of cometary dust particles.

With the new method applied here, the tex-
ture of the dust particles can be measured
with a resolution of down to several nano-
meters. The smallest particles (from micro-
to nanometers) are very prevalent in the size
distribution of the cometary dust. Based on
structure one can deduce the contributions
of rocky material and of light elements. M/-
DAS is expected to give conclusive results on
the physical properties of comets as sources
of dust emission. Above and beyond this the
development of cometary activity during
solar approach and the interaction between
dust, gas and plasma in the surroundings of
the comet will be investigated.

MIDAS consists of a dust collecting mecha-
nism and an “Atomic Force Microscope”,



which provides three dimensional images of
the dust particles. During this operation, a
fine needle is brought very close to the sam-
ple until van-der-Waals and repulsive forces
start to act, which get measured with a deli-
cate sensor integrated in the cantilever sup-
porting the needle (Fig. 4.14). The needle is
guided along the height profile of the sam-
ple by a control loop, during which the sur-
face gets measured linearly across the sam-
ple. MIDAS will gather, measure, image and
statistically analyze the micro-dust particles.
This highly accurate measurement of the
particle's texture exceeds at similar bound-
ary conditions the accuracy of an electron
microscope. The imaging of particles is an
important complement to the other methods
of analysis in the Rosetta mission, especially
to the mass spectrometer COS/MA.

MIDAS consists of a single mechanical unit of
size 248 x 340 x 276 mm and a mass of 8
kg. The upper
Atomic Force Microscope and the mecha-
nisms that transport the collected dust parti-
cles to the sensors. The cone-shaped dust
inlet sticks out of the outer surface of the
spacecraft. The electronics are situated in

part contains the actual

the lower part of the casing. The microscope
consists of a row of 16 sensors that can be
finely adjusted around three axes through
piezo-electrical actuators. The maximal ex-
tent of motion is 100 pm parallel to the im-
aging surface and 10 ym perpendicular to it.
Each sensor consists of an approximately 0.5
mm long cantilever, which carries a needle of
approximately 10 um length at its end.

The needle tip's radius is approximately 10
nm. A piezo-electrical sensor at the base of
the cantilever obtains an electrical signal
through the bending of the cantilever, which
is used to control the scanning distance.

In the commonly used dynamic operation
mode the cantilever is put into vibration near
its resonance frequency of 90 kHz. During
intermittent contact between the needle and

34

the target, but also without contact, the am-
plitude and phase of the vibration changes
through damping. These parameters can be
controlled remotely. Structures up to ap-
proximately 5 pm can be investigated with
this atomic force microscope. The apparent
resolution is limited by the accuracy of the
steering system and the shape of the needle.
The tested resolution is approximately 1 nm.
Important international partners in the de-
velopment of this instrument are ESA/ESTEC
and Kassel University.
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Fig. 4.14: Working principle of the MIDAS atomic force
microscope: An extremely fine needle scans the surface
of dust particles and produces high resolution images.

COSIMA

The instrument COS/MA (COmetary Secon-
dary lon MAss Spectrometer) on board of the
Rosetta Orbiter will chemically and isotopi-
cally analyze the dust particles that are cap-
tured in the coma of comet P/Wirtanen. The
experiment works with secondary ion mass
spectroscopy (SIMS). A high energy primary
ion beam (Indium ions at 10 keV), hits the
target and knocks off molecules, of which
typically 0.1 to 10% are ionized, the so called
secondary ions. A time-of-flight mass spec-
trometer is connected in order to enable the
measurements over a large mass range. The
target can be spatially resolved, limited by
the cross section of the primary ion beam
(ca. 10 um).

COSIMA consists of a dust collector, a target
manipulator, a light microscope for target
inspection, the primary ion source and the



mass spectrometer with its ion optics and
ion detector. The development of the in-
strument is performed by an international
collaboration chaired by the Max-Planck-
Institut fur extraterrestrische Physik in
Garching, Germany. IWF is involved in the
hardware and electronics for the primary ion
beam system.

MUPUS

MUPUS consists of a “penetrator” and shock
accelerometers integrated in the anchoring
harpoon system. For the latter IWF provided
a major contribution. While the penetrator is
a hollow tube of low thermal conductivity,
hammered into the ground by a recoil-less
hammering device, the anchoring system
consists of a projectile shot into the ground
immediately after landing. The integrated
accelerometer measures the deceleration
during penetration. From this measured sig-
nal the strength distribution with depth can
be derived. Most of the shot tests with the
harpoon system were performed at MPE
Garching (the main contractor for the har-
poon) using pressurized nitrogen gas as a
driver. In 2001 the flight model harpoons
were mounted to the landing gear and test-
fired into sample material.

Fig. 4.15: Rosetta Lander harpoon/anchor system. The
accelerometer and temperature sensors are integrated
in the tip of the anchoring projectile.
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ROMAP

The experiment ROMAP (ROsetta Lander
MAgnetometer and Plasma Monitor) aboard
the Rosetta Landeris a multi-sensor experi-
ment (Fig. 4.16). A fluxgate magnetometer
(TU Braunschweig) investigates the magnetic
field, ion and electron rates are detected
with the help of an electrostatic analyzer
(KFKI Budapest/MPAe Lindau) and the ambi-
ent pressure is measured by Pirani and Pen-
ning sensors. The different sensors and their
accompanying electronics are controlled by
the ROMAP Controller developed at IWF,
which includes the instrument's telemetry
interface. In 2001 the flight unit was com-
pleted, thermal/vacuum tested, and finally
delivered. Moreover the software for the
ground support equipment was completed.

Fig. 4.16: The ROMAP sensor on the Rosetta Lander in
deployed position. This instrument will be used to
measure the magnetic field in the near vicinity of the
comet nucleus during the descent and after landing.

RPC-MAG

RPC-MAG is a fluxgate magnetometer built
for the Rosetta Orbiter to measure the mag-
netic field in the vicinity of comet
P/Wirtanen. It is based on the instrument
flown on the DS7 mission, which has recently
measured the magnetic field near comet
Borelly (see below). Fig. 4.17 shows the elec-
tronics board of an RPC-MAG prototype.



Fig. 4.17: Prototype of the RPC-MAG electronics board.

Deep Space 1

Deep Space 7 (DS1) is a NASA satellite devel-
oped to test some cutting-edge technologies
and concepts. It was launched in October
1998, with a solar electric ion propulsion
system. Under the lead of IGM/TU Braun-
schweig, a magnetic field experiment was
developed to measure both the interplane-
tary magnetic field and the magnetic field
produced by the ions emitting from the pro-
pulsion system. IWF is responsible for the
ADC board of the DS7 magnetometer.
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Fig. 4.18: Magnetic field data measured in the vicinity of
asteroid Braille.

Data were obtained during the flybys at as-
teroid Braille (July 1999) and comet Borrelly
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(September 2001). The magnetic field
around asteroid Braille is shown in Fig. 4.18.
These data were used to determine the mag-
netic moment of the asteroid.

4.7 Solar Wind

The solar wind plasma consists mainly of
protons, helium and electrons and continu-
ously streams from the Sun into surrounding
space. The particles get heated by magnetic
reconnection, accelerated and expand into
interplanetary space with supersonic speed
up to the limit of our planetary system, the
heliopause. The magnetic field is carried
along with the plasma. Processes on the Sun,
like coronal holes, solar flares and sunspots
cause temporal and spatial disturbances in
the solar wind and a sequence of fast and
slow plasma streams. This results in the in-
teractions of shock fronts.

Instabilities

Various kinds of waves and instabilities exist
in space plasmas. Small perturbations or
wave-particle interaction in an equilibrium
plasma state may lead to instabilities, char-
acterized by the growth rate of the ampli-
tude. We study in particular the Kelvin-
Helmholtz instability at the magnetopause,
the interchange instability, and the growth
rate of mirror modes in the terrestrial mag-
netosheath.

As an illustrative example, Fig. 4.19 shows
magnetic field and density fluctuations
(points) from AMPTE/IRM observations in
comparison with theoretical calculations,
shown as envelope curves (for different wave
numbers) in the first two panels. The posi-
tion of the extrema of both curves corre-
spond to regions where the threshold of the
ion cyclotron instability is satisfied. The re-
maining part of the magnetosheath is identi-
fied as marginally mirror-unstable.
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Fig. 4.19: Magnetic field and plasma density fluctuations
(top two panels) and smoothed profiles of AMPTE/IRM
spacecraft observations in comparison with theoretical
calculations.

Magnetic Clouds

Magnetic Clouds are produced in the solar
wind when solar eruptions carry material off
of the Sun along with embedded magnetic
fields. These magnetic clouds can be de-
tected in the solar wind through certain
characteristics: (1) relatively strong average
magnetic field, (2) large and smooth rotation
of field direction, and (3) lower proton tem-
perature than in the ambient plasma. Their
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passage over Earth usually lasts about 1-2
days and their dimension at 1 AU is ~ 0.25
AU. In a fast moving magnetic cloud, a shock
front is formed. Between this shock front
and the expanding structure of the cloud, a
so-called sheath region develops.

Fig. 4.20: Sketch of a magnetic cloud, modeled as a
cylindrical magnetic flux tube.

If the cloud is modeled as a cylindrical mag-
netic flux tube (see Fig. 4.20), the character-
istics of the cloud, i.e., the diameter, the
magnetic field strength in the center of the
cloud, the orientation of its axes, the helici-
ty, and further parameters with regard to the
position of the spacecraft, can be estimated.
Specifically, Wind and Ulysses spacecraft
observations are used for comparison.



38



5

Besides building instruments for space mis-
sions and analyzing the data thereof, the In-
stitute also makes its vast experience in the
production of space-qualified instruments
available to cooperating institutions. Further-
more, it helps with the in-flight calibration of
radio antennas and improves and develops
ground-based radio instrumentation. Last but
not least, we use our facilities to perform

exobiological laboratory experiments.

5.1 MMS

Multi-Magnetometer-Sensing (MMS) is a de-
velopment activity carried out for ESA/ESTEC.
It concerns the design of spacecraft with in-
struments for the measurement of space
magnetic fields onboard. IWF started this task
in 1998 and the end of the study is foreseen
for early 2002.

Fig. 5.1. S/C mock-up with coils, booms and magne-
tometers in the low-field chamber of IABG.

In detail, MMS determines the optimal number
and positioning of sensors on any spacecraft
in such a way that the error in the determina-
tion of the ambient field, i.e. the space mag-
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Other Instruments

netic field, is minimized. Theoretical results
are experimentally verified with a mock-up in
a test-environment (see Fig. 5.1), and a pro-
totype of a S/W tool for flight data analysis is
developed. The methods and results of the
study are implemented in a software package
called POLYMAG, a
which can be used as a design-tool for the

stand-alone program

development of spacecraft with now optimally
positioned magnetometers on board.

In 2001, the theoretical results of the MMS
study were experimentally verified using a
mock-up in a test-environment and a proto-
type of a S/W tool for flight data analysis was
developed. The mock-up consisted of coils
for the magnetic dipoles and up to four mag-
netometers on several booms. It was designed
and built together with sensor electronics and
data acquisition and measurement software.
The test campaign was performed in July 2001
in the test environment of IABG Ottobrunn
(near Munich), which offers a near-zero ambi-
ent magnetic field. The data analysis of the
tests showed a very good confirmation of the
theoretical predictions.

Furthermore, a study-and-design software
package was developed, containing all calcu-
lation methods and insights of the MMS study.
Calculation and visualization software is in
MATLAB, but the GUIs for data-input, selec-
tion and start of the chosen calculation-type
as well as choice and performance of the
visualization and documentation of the results
is written in C, to allow a stand-alone pro-
gram. The combination of MATLAB with a GUI
in C represented a strong challenge to the
programming techniques to be used, since
such a combination is not yet state of the art.



However, the problems were solved in an out-
standing way, resulting in a very powerful S/C
design tool called POLYMAG, which is a stand-
alone program for the development and de-
sign of spacecraft with magnetometers on
board. Already in a very early stage of space-
craft design, the POLYMAG S/C design tool
allows a determination of the optimal number
and positions of the magnetometers, such
that the ambient space magnetic field can be
determined with a minimal error. With a final
presentation for international
ESA/ESTEC in December 2001 or January
2002, as well as the delivery of the software
and documentation, the MMS project will be
completed.

5.2 Radio Antennas

audience at

Instruments for the observation of radio and
plasma waves consist of several parts which
define the signal path from the original quan-
tities of interest to the actually recorded data.
Each element in the propagation path has to
be carefully calibrated so that the physical
quantities can be accurately retrieved. Exact
knowledge and calibration of sensors, trans-
ducers, converters and data processing de-
vices improve observations not only from the
scientific but also from the economic point of
view: maximum information can be attained at
minimum costs. The effort made to improve
observation techniques comprises the deter-
mination of spacecraft antenna properties and
the construction and use of special receivers
for ground based observations.

Rheometry: The most antenna
quantity in analyzing received radio waves is
the effective length vector which combines the
effective antenna axis and the effective an-
tenna length. It describes the antenna proper-
ties in the low-frequency range, taking into
account the influence of the whole spacecraft
body. Rheometry is an experimental method
for the determination of the effective length

vector, based on electrolytic tank measure-

important
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ments with a scale model. Such measure-
ments have been performed for Cassini in
recent years. In the year 2001 rheometry
measurements for the POLRAD antennas on-

board the /nterball spacecraft have begun.

Numerical Simulation of Antennas: Numerical
simulations of spacecraft antenna systems are
more flexible than rheometry for the investi-
gation of movable devices and changes of
spacecraft parts. Therefore an antenna tool-
box for the analysis of spacecraft antennas
has been devised in the last years.

Fig. 5.2: Cassini wire grid model for determining the
reception properties of the RPWS antennas.

In 2001 it has been extended by several new
features which will be used in future research,
for instance the investigation of the POLRAD
antennas on /nterball. One part of the exten-
sion consists of routines for the generation
and handling of wire grid objects like shown
in Fig. 5.2. As the most important part, the
calculation of admittance and impedance ma-
trices of the whole antenna system is imple-
mented. This allows to estimate the influence
of the antenna terminal zones and the re-
ceiver input impedances on the effective an-
tenna reception properties. It is also used to
implement a new concept of antenna descrip-
tion using transfer matrices, which is a gener-
alization of the effective length vector con-
cept.



Furthermore, for the antennas of the RPWS
experiment onboard Cassinj, it was shown
that the magnetometer boom has an unex-
pectedly high influence. The results of these
calculations are in good agreement with the
method of rheometry (where the boom was
included, but its influence not determined).

Spectrum Analyzer: Observations of Solar and
Jovian radio emissions at the Lustbiihel Radio
Observatory require a new modern spectrum
analyzer. A Labview software package for
controlling this analyzer, including a special
time-frequency analysis toolset for dynamic
spectra, is being adapted and will be imple-
mented in the near future.

5.3 Exobiology

First steps to establish future contributions to
exobiological questions have been set
2001. It is intended to use existing hardware
(small cryo-vacuum chamber at the institute)
to support exobiological experiments. For this
purpose we cooperate with colleagues from
the Hungarian Academy of Sciences on the
Hungarian PUR (Phage and Uracil Response)
exobiology project selected by ESA for flight
on the International Space Station Expose fa-
cility.

in

Fig. 5.3 Sample holder and Uracil samples inside the IWF
space simulation chamber.

The main goal of the project is to investigate
and to quantify the effect of extraterrestrial
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solar radiation in anon-oxidative environment
on nucleic acid models acting as molecules
essential for life, well characterized in the
laboratory and used for UV-dosimetry in ter-
restrial conditions. We tested the stability of
phage T-7-DNA and uracil samples under
vacuum conditions in the IWF space simula-
tion chamber (Fig. 5.3). In the next stage the
samples were irradiated by a high power Deu-
terium lamp (300 W) producing a UVC emis-
sion spectrum (L < 240 nm) simulating the
extraterrestrial solar UV radiation.

Our studies on the photoreaction of nucleo-
tides imply that biologically harmful effects
can be reduced by shorter wavelength UV ra-
diation, which reduces also DNA damages
caused by UV radiation in wavelength regions
longer than 240 nm. This result may help to
understand how primitive microorganisms
might survive on planetary surfaces not pro-
tected by an ozone layer like on Mars or the
early Earth 2.5 - 3.8 Ga ago.

5.4 COROT

In co-operation with the Institute for Astron-
omy, Vienna University, the Institute contrib-
utes to the French space telescope mission
“COnvection, ROtation and Planetary Transit”
(COROT). The scientific goal is the investiga-
tion of dynamic processes in the interior of
stars and the search and survey of extrasolar
planets. In both cases the variation of the
brightness of stars is the key parameter. The
determination of these variations is done by
high precision photometry. In astroseismo-
logy, the amplitude and frequency of bright-
ness variations is used to derive the oscilla-
tion mode and to determine the physical and
chemical processes in the interior. Variations
in the brightness caused by bypassing planets
are used to identify extrasolar planets.

The COROT instrument is developed and built
by an international consortium under the lead
of the Observatoire de Paris, Meudon, and the



Centre National d'Etudes Spatiales. The insti-
tute develops the so-called extractor, a com-
puter system with dedicated pre-processors
for the selection and classification of image
data. The pre-processors allow the identifica-
tion of pixels, which are part of pre-defined
image areas, up to a data rate of 200
kpixel/sec. The essential technology is hard-
ware-supported data mining under the con-
straints of real-time operation. In addition to
the development and assembly of the space-
qualified hard- and software and the ground
support equipment, the institute will partici-
pate in the integration and test campaign.
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Fig. 5.4 Artist’s view of the COROT mission.
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/ Teaching & Workshops

/.1 Lecturing

Members of the Institute are actively engaged
in teaching at three universities. In summer
2001 and in the current winter term 2001/
2002 the following lectures are given, in addi-
tion to a number of practical exercises and
seminars:

KFU Graz

Cosmic Rays (Rucker)

Geophysical Measurement Methods Il with
exercises (Rucker)

Introduction to Plasma Physics (Rucker)
Planetary Magnetospheres (Rucker)
Introduction to Geophysics (Bauer)

Magnetohydrodynamics: Waves and Instabili-
ties (Biernat)

Plasmaphysics: Elementary Waves (Biernat)
Hydrodynamics (Biernat)
Solar-Terrestrial Relations (Biernat)

Instruments and Data Processing in Geophys-
ics and Space Physics (Boudjada)

Ice and Fire in the Solar System: Comets,
Moons and Planetary Surfaces (Komle)

TU Graz

Mathematical Methods 1 (Stinkel)
Adjustment Theory 2 (Siinkel)

Advanced Topics of Mathematical Geodesy
and Geo-Information Technology 1 with ex-
ercises (Stnkel)

Geo-Software Applications (Slinkel)

Dynamical Satellite Geodesy with exercises
(Suinkel)
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Geophysics & Geodynamics with exercises
(Stnkel)

Antennas and Wave Propagation (Riedler)

High-Frequency Engineering 2 (Riedler)

LMU Miinchen

Space Plasma Physics 1 (Baumjohann)

Space Plasma Physics 2 (Baumjohann)

Advanced Course

The Institute is also very actively engaged in
the Advanced Course Space Sciences, which is
a joint two-years post-graduate course at
both Karl-Franzens University of Graz and
Graz University of Technology. It covers three
main tracks, Space Physics, Remote Sensing,
and Space Communication & Navigation, and
ends with the degree “Master of Advanced
Studies Space Sciences’. Scientific coordinator
of this Advanced Course Space Sciences is
H. O. Rucker.

7.2 Theses

Besides lecturing, members of the Institute
are supervising Diploma and Doctoral theses.
In 2001, the following theses have been com-
pleted:

Dierschke, K.: Die Auswirkung magnetischer
Stirme auf die Plasmaschicht des Erdmagne-
tospharenschweifs, Diploma Thesis, LMU
Minchen (Supervisor: W. Baumjohann)

Harrich, M.: Empirical modeling of electron
densities in the high latitude mesosphere,



Doctoral Thesis,

Torkar)

TU Graz (Supervisor: K.

Kaufmann, E.: Source Locations of the Auroral
Theoretical Approach
and Spacecraft Observations, Diploma Thesis,
KFU Graz, (Supervisor: H. O. Rucker)

Kilometric Radiation:

Leitner, M.: Waveform analysis techniques of
Jovian S-burst observations, Doctoral Thesis,
KFU Graz, (Supervisor: H. O. Rucker)

Neagu, E.: Magnetic field and plasma flow
fluctuations in the near-Earth plasma sheet,
Doctoral Thesis, LMU Miinchen (Supervisor: W.

Baumjohann)

Schwarzl, H.: Development of a MATLAB Tool-
box for Analysis of Planetary and Interplane-
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tary Magnetic Fields, Diploma Thesis, TU Graz
(Supervisor: K. Schwingenschuh)

7.3 Workshops

In April 2001, together with the Institute for
Geophysics, Astrophysics and Meteorology of
the KF University of Graz, the IWF hosted the
5th International Workshop on Planetary Radio
Emissions (PRE V). This workshop was organ-
ized by H. O. Rucker (IWF Graz), M. L. Kaiser
(NASA/GSFC), and Y. Leblanc (Observatoire de
Paris Meudon). About seventy participants
from thirteen nations have attended this
workshop. Corresponding proceedings have
been published in Dec. 2001 by the Austrian
Academy of Sciences Press, Vienna.
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