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1 Introduction 
The Space Research Institute (Institut für 
Weltraumforschung, IWF) of the Austrian 
Academy of Sciences (Österreichische Akade-
mie der Wissenschaften, ÖAW) understands 
itself as a focus of Austrian space activities. It 
cooperates closely with space agencies all 
over the world, with the two academic univer-
sities located in Graz, with the Austrian Space 
Agency (ASA), and with numerous other na-
tional and international institutions. A par-
ticularly intense cooperation exists with the 
European Space Agency (ESA). IWF participates 
in various interplanetary missions as well as in 
missions dedicated to the exploration of our 
own planet Earth and its neighborhood. In 
particular: 

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

• Cluster is exploring the space-time struc-
ture of the terrestrial magnetic field and 
the magnetospheric plasma in unprece-
dented detail. 

• DoubleStar, the first European-Chinese 
space mission cooperation, will support 
the Cluster mission. 

• Rosetta will investigate the coma and the 
nucleus of a comet. For the first time a 
soft landing on a cometary nucleus will be 
tried. 

• Mars Express will investigate water on 
Mars by an on-board radar system. 

• Venus Express will investigate the atmos-
phere and ionosphere of the Earth's near-
est planetary neighbor, Venus. 

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

• Envisat’s radar altimeter will be calibrated 
by a transponder system, owned by IWF, 
at a cross-over site on the Greek island 
Gavdos. 

• GOCE will determine with high accuracy 
and resolution the structure of the terres-
trial gravitational field. These measure-
ments are expected to contribute signifi-
cantly to a better understanding of the 
Earth’s interior, global ocean circulation, 
heat transport mechanisms, and to a 
worldwide unification of regional height 
systems. 

In addition, IWF performs a wealth of theoreti-
cal investigations, data analysis, and labora-
tory experiments on gravitational and mag-
netic fields, on atmospheres and on surface 
properties of solar system bodies. Moreover, 
at Lustbühel Observatory in Graz one of the 
most accurate laser ranging stations of the 
world is operated. Its data are used to deter-
mine the orbits of more than 30 satellites. 
Also located at Lustbühel Observatory is a 
system of antennas used to monitor the radio 
emissions of Jupiter and the Sun. Finally, a 
network of nine permanent GPS stations is 
operated by IWF in order to monitor geody-
namical movements in Austria and its vicinity. 

IWF is located in an attractive building, the 
“Forschungszentrum Graz” (Research Center 
Graz) of the Austrian Academy of Sciences 
(see Fig. 1.1). Its managing director, Prof. Dr. 
Hans Sünkel, is at the same time vice rector 
for research of the Graz University of Tech-
nology. 

IWF is structured into three departments: 
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• Experimental Space Research 
(Head: Prof. Dr. Wolfgang Baumjohann) 

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

• Satellite Geodesy 
(Head: Prof. Dr. Hans Sünkel) 

 
Fig. 1.1: A view inside the “Forschungszentrum Graz“. 

The bulk of financial support for our research 
comes from the Austrian Academy of Sciences 
(Österreichische Akademie der Wissen-
schaften, ÖAW). Substantial support is also 
provided by other national institutions, the 
Austrian Space Agency (ASA), the Austrian 
Science Fund (Fonds zur Förderung der wis-
senschaftlichen Forschung, FWF), the Austrian 
Council for Research and Technology Devel-
opment (Rat für Forschung und Technologie-
entwicklung, RFTE), and by the Austrian Aca-
demic Exchange Service (Österreichischer 
Akademischer Austauschdienst, ÖAD) 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 Framework Pro-
grams) contribute substantially. 
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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 pro-
vided by artificial satellites of different kind 
and layout, equipped with special sensors for 
different tasks. They outline a global image of 
our planet with, up to now, unknown resolu-
tion, which allows for the investigation of de-
tailed structures. The task remains how to de-
correlate individual phenomena 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 ocean currents. The 
repeated determination of precise station co-
ordinates via GPS and Satellite Laser Ranging 
leads to the definition of a temporally chang-
ing velocity field, which enables the investiga-
tion of the underlying driving forces and the 
energy transport in the Earth’s interior. 

2.1 Gravity Field 
The gravity field of the Earth is the sum of the 
gravitational and centrifugal force, with the 
first being the response to the Earth’s interior 
density distribution and the latter caused by 
its rotation. Up to now the gravitational part is 
far from being well known on a global scale, 
which is reflected in the low accuracy of cur-

rent global gravity Earth models. A quantum 
leap forward, as far as accuracy as well as 
resolution of these satellite derived gravity 
models are concerned, will be made in the 
near future by three dedicated gravity field 
satellite missions, namely Champ, Grace and 
GOCE. The GOCE mission (Gravity Field and 
Steady-State Ocean Circulation Explorer) will 
be the prime focus of attention, as the num-
ber one ranked mission in ESA’s Earth Ex-
plorer program. 

GOCE Mission 

The sensor fusion concept of the GOCE satel-
lite (Fig. 2.1) will enable an accuracy gain over 
the whole wavelength spectrum of the gravity 
field, making use of two complementing 
measuring devices: satellite-to-satellite 
tracking (SST) in high-low mode using GPS 
and providing the long to medium wavelength 
information, plus the satellite’s core instru-
ment itself for performing satellite gravity 
gradiometry (SGG) yielding information in the 
short wavelength range. In technical terms, 
this gravity field information is represented by 
harmonic coefficients of a spherical harmonics 
series expansion up to degree and order 300, 
which corresponds to shortest half wave-
lengths of less than 70 km. The derived geoid 
model will become known with an accuracy of 
better than 1 cm on a global scale. 

The selected GOCE orbit is nearly circular with 
a nominal mean satellite altitude of 250 km, 
the orbit inclination at the given altitude is 
i=96.5º (sun-synchronous orbit). The repeat 
period for the ground tracks for global cover-
age is equal or larger than 2 months, and in 
the two measurement phases of 6 months 
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each the huge amount of tens of millions of 
orbit data will have to be processed. A three-
axis gravity gradiometer as the core instru-
ment 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. 

 

Fig. 2.1: Exploded view of the GOCE satellite showing the 
gradiomete  instrumen  (in red  and the mic o- hrusters
loca ed a  the ends of the body. 

r t  ) r t  
t t

Additionally it will provide linear and angular 
accelerations of the spacecraft, which will be 
compensated for by ion and cold gas thrust-
ers such that the spacecraft remains in a per-
fect free fall motion with perfectly controlled 
rotation. The transformation of the GPS phase 
measurements plus the observed second or-
der derivatives of the gravitational field (ex-
pressed in terms of Eötvös units, 
1 E = 1 mGal/10 km), into Milligal, is the sci-
entific focus in the course of the GOCE data 
processing. Numerics, statistics, and espe-
cially tailored processing algorithms, making 
extensive use of parallel computer hard- and 
software, will be the scientific working tools 
to accomplish this laborious and extremely 
demanding task. The long history in partici-
pation in several ESA project studies  

enables our GOCE team to be well prepared in 
facing this forthcoming challenge. 

E2mGal+ Activities 

The E2mGal+ project is following the previous 
“From Eötvös to Milligal” (E2mGal) project, 
which continues the long sequence of GOCE 
related studies on behalf of the European 
Space Agency. The work offered in this project 
was performed by the TUG/ÖAW consortium, 
the Austrian Competence Center for satellite 
based gravity field determination, located in 
Graz, Austria. The scientific team consists of 
two academic institutions: 
• Institute of Geodesy, Department of 

Theoretical Geodesy, Graz University of 
Technology (TUG) 

• Space Research Institute (IWF), Depart-
ment of Satellite Geodesy, Austrian Aca-
demy of Sciences (ÖAW) 

The TUG/ÖAW consortium was supported by 
the scientific consulting of the Institute of 
Astronomical and Physical Geodesy of the 
Technical University of Munich (Germany) and 
the Institute of Theoretical Geodesy of the 
University of Bonn (Germany). 

One of the focal points in the project study 
was the demanding task of accomplishing the 
satellite-to-satellite tracking concepts, i.e. the 
implementation of the SST high-low compo-
nent, focusing in particular on temporal varia-
tion phenomena and their influence on the 
GOCE orbit. In the course of the project, we 
developed from scratch our own ARCSST 
software for arcwise SST GOCE data process-
ing, which integrates the orbit together with 
the variational equations and takes into ac-
count many temporal variations of the Earth’s 
gravity field. Furthermore, another alternative 
procedure to compute the spherical harmo-
nics coefficients based on the Jacobi Energy 
integral (energy conservation law) approach 
was developed. In order to assess the sensi-
tivity of both methods to the orbital noise, a 
realistic orbital error description in terms of 
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propagated position variance/covariance ma-
trices together with the corresponding posi-
tion noise distribution was provided by TU 
Munich, where simulations of GOCE Precise 
Orbit Determination (POD) was carried out 
based on the kinematic POD approach. 

Fig. 2.2 shows the obtained results in terms of 
RMS per coefficient per degree for different 
gravity field estimation runs. From this we can 
deduce that in the noise-free scenario the 
energy balance approach shows a better accu-
racy than the numerical integration technique. 
However, a major difference is the run-time, 
which is in the present configuration ap-
proximately 20 times longer for the numerical 
integration approach. 

 
Fig. 2.2  RMS plot for different SST solutions. :

As far as the noisy scenario is concerned, 
from Fig. 2.2 we see that, in order to obtain 
roughly the same accuracy as the numerical 
integration, the velocities have to be known 
with an accuracy of at least 10-4 m/s, and 
even then we have a lower accuracy compared 
to the numerical integration approach in the 
spectral range up to degree 35. Summarizing, 
the numerical integration approach has 
proven itself to be superior to the energy bal-
ance approach when noise with a realistic am-
plitude is introduced, although it requires 
more computational time. 

In the further context of the E2mGal+ project, 
we performed a detailed study of the temporal 
variations of the Earth’s gravity field caused  

mainly by the influence of the Sun and the 
Moon on the mass redistribution. Our investi-
gations mainly focused on the ocean tides, 
since they are one of the main contributors to 
variations of the gravity field on a short time 
scale. As a second time varying component, 
we also considered seasonal variations caused 
by other phenomena such as ocean topogra-
phy or land hydrology variations. 

In the course of the GOCE data processing, 
there are two main strategies to deal with 
temporal variation effects. The optimum ap-
proach would be to model these contributions 
based on external geophysical models and to 
reduce them from the GOCE observations. 
However, the quality of this strategy is highly 
related to the accuracy of the external models. 
If we follow this strategy, the crucial point will 
be the accuracy of the external models. 
Therefore, in these studies we did not only 
investigate the absolute contribution of tem-
poral variations to the Earth's gravity field, but 
also the magnitude of residuals between dif-
ferent, independently generated state-of-the-
art geophysical models. For the analysis of 
semi-diurnal and diurnal ocean tide signals 
the ocean tide models CSR4.0, AG95.1 and 
SR95B were assessed. All models are given as 
in-phase and quadrature 0.5° x 0.5° equi-
angular grids. Considering the long periodic 
temporal variations, for the land hydrology 
contribution assessment, we selected the SiB2 
model, generated by the Colorado State Uni-
versity, as well as the ISBA model provided by 
Meteo-France for further studies. The soil 
moisture and snow cover data are given as 
representative values on a 1° x 1° equi-
angular grid. For the ocean topography the 
ECCO model as well as the POCM, also known 
as the Semtner & Chervin model was used, 
with a nominal lateral resolution of 
1/4° x 1/4°. 

Fig. 2.3 shows the RMS amplitude of geoid 
heights, related to the lunar semidiurnal M2 
constituent of the ocean tide model AG95.1. 
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Fig. 2.3: RMS of geoidal height [mm] of M2 constituent 
based on ocean tide model AG95.1 

Evidently, the principal lunar ocean tide 
component M2 causes gravity field signals up 
to 3 cm. In order to estimate the magnitude of 
potential modeling errors, occurring if such 
models are used for the external reduction of 
ocean tide signals, Fig. 2.4 shows the corre-
sponding deviations of the CSR4.0 from the 
AG95.1 ocean tide model. 

 

Fig. 2.4: Geoid height differences [mm] of M2 constituent
between AG95.1 and CSR4.0. 

 

Although most of the ocean regions are mod-
eled very well, there remain some large differ-
ences predominantly in the coastal areas, 
which are mainly due to the fact that in the 
CSR4.0 some new regional off-shore models 
are included, which are not inherent in 
AG95.1. 

The land hydrology and the ocean topography 
have complementing definition domains. 

Therefore, a merge of the two temporal varia-
tion effects to one global model suggests it-
self in order to perform a combined sensitivity 
analysis. Fig. 2.5 shows the cumulative annual 
gravity anomaly signal based on the SiB2 soil 
moisture and snow cover model combined 
with the ocean model ECCO complete up to 
degree 50 masking those regions where the 
signal is below the 1 µGal-level. Compared 
with only the SiB2 component, it becomes 
obvious that the land hydrology contributes 
by far larger signals to the gravity field than 
the non-steric (caused by water mass 
changes) ocean topography effect. 

 

Fig. 2.5: Sensitivity analysis: Cumulative gravity anomaly 
contributions [µGal] up to degree 50 of SiB2+ECCO 
models. 

 

Fig. 2.6: Discrepancies between SiB2-ISBA and ECCO-
POCM, resp. Cumulative GOCE g avity error level at 
degree 50:1 µGal. 

r

Correspondingly, also in the difference plot 
Fig. 2.6 of the annual component, comparing 
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SiB2 and ISBA over the continents as well as 
POCM and ECCO over the oceans, the domi-
nating influence of land hydrology is evident. 
Small additional signals, due to the non-steric 
ocean topography, occur in the Pacific Ocean, 
but the amplitudes are small compared with 
the errors in the land hydrology component. 

In the further context of the project, we as-
sessed the contribution of these temporal 
variation effects to the gravity field in terms of 
RMS, and it has been noticed that most of the 
energy of the temporal variations phenomena 
is contributed to the long-wavelength com-
ponents of the Earth’s gravity field, and there-
fore the major signals can be expected to be 
inherent in the high-low SST observations, 
while the signals contributed to the SGG com-
ponent are in the order of the noise level of 
the gradiometer. Therefore, these effects de-
serve special treatment when we process SST 
data and have to be somehow modeled in 
advance (which is to a great extent dependant 
on the quality of our a priori models). Alterna-
tively, these parameters have to be estimated 
together with the static gravity field un-
knowns. In this case, we speak about the 
parameterization of these effects. We per-
formed different combinations of the static 
and dynamic coefficients and different solu-
tions were investigated with the goal to find 
the optimum combination of our static as well 
as the dynamic coefficients, which will deliver 
an optimum gravity field determination from 
the SST observations. 

The summary of different tests is presented in 
Fig. 2.7 where several runs corresponding to 
different reduction and/or prediction proce-
dures in the treatment of these phenomena 
are presented. The parameterization process 
was restricted to the prediction of lower de-
grees only, since the contribution of the 
higher degrees falls below the SST noise level. 

At first, an idealized scenario was assessed, 
where only the static coefficients up to degree 
and order 20 and the 8 main ocean tide con-

stituents up to degree and order 10 were in-
cluded in the orbit, and a combined prediction 
of static and dynamic coefficients was per-
formed in a noise-free scenario. We noticed 
that even in this simplified case, the solar 
constituents are predictable with very low 
accuracy, despite of the well-conditioned 
normal equation system, and correspondingly 
the results are even getting worse if additional 
noise is included, leading to errors in the or-
der of ±1 m in terms of static geoid heights 
(the purple curve in Fig. 2.7). 

 

Fig. 2.7  Deg ee RMS for differen  ARCSST runs including
the POD noise. 

: r t   

In the case that only the static coefficients are 
parameterized in the course of the adjustment 
process, we obtained slightly improved results 
of about ±25 cm (the green curve Fig. 2.7). 
Therefore, a reduction of the ocean tides by 
means of an external model was simulated, 
and naturally the accuracy of the results 
largely depends on the quality of the model 
applied. The red curve shows the obtained 
accuracy in terms of RMS when a “wrong” 
model is used in the reduction process, lead-
ing to ±2.5 cm geoidal height error. The best 
result was achieved when only selected con-
stituents are parameterized, namely M2, N2 
and O1, but still discrepancies in the order of 
±1.5 cm in terms of geoid height errors oc-
curred. This corresponds to the yellow curve 
in Fig. 2.7. 

Therefore, we conclude that in the real GOCE 
SST data processing an external model reduc-
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tion, supported by the prediction of selected 
ocean tide constituents, is currently the best 
strategy. 

The E2Mgal+ project was completed and pre-
sented at ESA/ESTEC in Noordwijk, The Neth-
erlands, on October 1, 2002. 

2.2 Geodynamics & 
Meteorology 

Disaster prevention is one of the most impor-
tant challenges for our society to preserve life 
and property. Disaster prediction relies on 
experience, which in our days is not only 
based on history but on well certified data 
sets. The more accurate these sets are, the 
better short wave and even secular processes 
can be monitored. Precise coordinates are the 
prerequisite for geodynamical investigations, 
for real-time products for fast dynamic 
changes such as e.g. changes in the atmos-
phere. Besides, we also have to include the 
monitoring of the sea-surface as their status 
is intimately connected with geodynamical 
events (e.g. Tsunamis) and climate changes, 
which enables indirect conclusions about the 
net-effects of these influences. We cannot 
cover the whole field but we try to give valu-
able contributions in the global context. 

Reference Frame 

We operate a data and analysis center where 
all data of the Austrian as well as of the 
CERGOP-2 GPS reference stations are stored 
and where the coordinates of a selected set of 
European stations are computed on a regular 
basis (daily/weekly). The results are included 
in the European weekly solution, which de-
termines the actual, time varying reference 
system of Europe. In addition, we are respon-
sible for monitoring sudden changes of coor-
dinates in southeast Europe (down to Israel), 
which may indicate a response to geodynami-
cal activities (Fig. 2.8), the part of Europe 

showing the most seismic activities during the 
last decades. This perfectly fits into our pro-
gram of monitoring crustal movements. 

 

Fig. 2.8: EUREF stations (velocities) con rolled by IWF. t

CERGOP-2/Environment 

A considerable part of the efforts was devoted 
to the 5th FP EU project CERGOP-2/Environ-
ment, which got an “okay” in April 2002. The 
start of this project is scheduled for January 
2003. 

 

Fig. 2.9: The geodynamic refe ence frame CEGRN. r

The aim of the project with all-together 14 
partners from 13 countries of the Central 
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European Initiative is the establishment, 
maintenance and monitoring of a reference 
frame for geodynamical research covering 
about 15% of the European area. Local inves-
tigations in seismic active regions (7 work 
packages) will supplement the objectives. The 
final output will be a timely varying velocity 
field, which gives the basis for geodynamical 
investigations in this region, i.e. allocation of 
the underlying forces and the energy transfer 
leading to earthquakes. Fig. 2.9 shows the 
present distribution of GPS monitoring sta-
tions. This project is also highly correlated 
with the planned INTERREG initiative for 
monitoring the complete alpine region. 

GAVDOS 

The 5th FP EU project GAVDOS started in De-
cember 2001 with 9 partners, the coordinator 
is the Technical University of Crete. The pro-
ject title is “Establishment of a European radar 
altimeter calibration and sea-level monitoring 
site for Jason, Envisat and EURO-GLOSS”. We 
are responsible for Work Package (WP) 3 “Use 
of a transponder for determining the radial 
and along track component of satellite orbits”, 
leading to an independent method for altime-
ter calibration and orbit determination. 

 

 

Fig. 2.10: Response of the Jason-1 altimete  to 
ansponder signals. 

r
tr

The failure of first test measurements led to a 
complete check and update of the equipment, 
subsequent test-measurement to Jason and  

Envisat were successful (Fig. 2.10). 

During a working meeting in Toulouse with 
the Jason team it was decided to use the al-
timeter calibration mode 2 for further test, 
which implies a partial re-design of the trans-
ponder. Further successful observations to 
Envisat were carried out during December 
2002 and a detailed discussion with Ruther-
ford Appleton Lab (UK) for software support 
arranged during the recent Envisat meeting in 
Frascati prior to the deployment at Gavdos 
(see Fig. 2.11). 

 

Fig. 2.11: Location of Jason-1 (blue) and Envisat (red) 
sub-tracks over Gavdos. 

ISDR (former IDNDR) 

The program ISDR (International Strategy of 
Disaster Reduction) is the successor of the UN 
Project IDNDR (International Decade of Natural 
Disaster Reduction, 1990-2000). This pro-
gram of the National Science Research Minis-
try, managed by ÖAW, gave us the required 
additional funding for establishing a reference 
network in Austria for monitoring local crustal 
movements. During the year 2002 we could 
actuate two more stations near Kitzbühel and 
Trafelberg, the latter providing collocation 
with the geodynamic base station of the Cen-
tral Institute of Meteorology and Geodynamics 
(Fig. 2.12). 
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Fig. 2.12: The new geodynamic station Trafelberg 
(November 2002). 

Altogether the Federal Office for Metrology 
and Surveying and ÖAW operate 15 perma-
nent GPS stations (Fig. 2.13), further activities 
will be set in 2003. Detailed investigations 
like the check of seasonal variations of the 
coordinates of Hafelekar (Innsbruck) are in 
progress, the planned re-monitoring of Slove-
nian sites (after the earthquake 1998) is now 
included in WP 10.1 of CERGOP-2/Environ-
ment. 

 

Fig. 2.13: The Aus ian permanent a ray of GPS 
monitoring sta ions. 

tr r
t

EU Action COST-716 

We gave a valuable contribution to this action, 
which uses GPS products (zenith-delays) for 
real-time numerical weather forecast. The 
Austrian permanent GPS network delivers 
hourly data for that purpose; a water-vapor 
radiometer (on loan from UBW Munich) was in 
operation at FZG Graz during the first half of 
2002. A work package of CERGOP-2/ 
Environment is dedicated to study the influ-

ences of the troposphere on GPS height de-
termination or, equivalently, to extract the 
delay information with pre-supposed fixed 
height for meteorological applications. COST-
716 will be terminated in June 2003 giving, as 
a result, an operable European GPS network 
for near real-time water vapor predictions. 

2.3 Satellite Laser 
Ranging 

Current Measurements 

The main tasks in 2002 were 

• to obtain a maximum number of meas-
urements with ultimate accuracy, 

• upgrading the station capabilities, and 

• preparing for further major upgrades. 

In the first task we were extremely successful: 
The SLR Station Graz (see Fig. 2.14) measured 
distances to more than 30 satellites during 
this year. In addition to those which are al-
ready in orbit since some time, additional new 
satellites are now successfully measured from 
Graz: Envisat, Grace–A, Grace-B, Reflector, 
METEOR-3M, Jason-1. Details of these satel-
lites and their missions can be viewed at the 
home page of the International Laser ranging 
Service (http://ilrs.gsfc.nasa.gov/). ADEOS-2 
and ICESAT were launched in December 2002 
and January 2003, respectively. 

 

Fig. 2.14: SLR Station Graz at Lustbühel Observato y. r
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Already at the end of October 2002, we had 
measured more passes than in 2001. This 
performance became feasible mainly due to 
an extensive optimization of the tracking 
software. 

For a number of satellites, we measured more 
Normal Points than any other SLR station 
worldwide (see Fig. 2.15). 

SLR Tracking of ENVISAT
Measure Normal Points by SLR Station, in 2002
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Fig. 2.15: SLR tracking of Envisat. 

The accuracy of the measurements is also at a 
very high level. As an example, the achieved 
accuracy of ERS-2 observations and calibra-
tion accuracy, as evaluated by ILRS, are shown 
in Fig. 2.16. 

RMS: ERS-2 + Calibrations
3rd Quarter 2002

<KG, 2002-10-28>
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Fig. 2.16: ERS-2 RMS. 

Other highlights of our tracking activities in 
2002 are as follows: 

• On October 1, 2002 SLR Graz collected 
the highest number of altimetry satellites’ 
passes, ever measured during a 24 hours 
period (27); the second-best value was 21 
passes. 

• The measurements at SLR Graz are not 
only very accurate, but also very stable: 
We achieved the best long-term bias sta-
bility of all SLR stations worldwide. 

The drawback of these results: Due to man-
power limitations, we spent a major part of 
our time for ranging, keeping the ranging 
machine running, and looking for best possi-
ble absolute validity of our results. Besides 
the standard ranging and data processing 
tasks, this involves weekly and daily repairs of 
electronics, replacements of parts, handling 
some old laser parts, dealing with no-more-
available spare parts, etc. 

Hardware Developments 

The new Range Gate Generator (RGG), as al-
ready described in the Annual Report 2001, 
was designed, built and implemented into the 
Graz SLR system. This device offers a resolu-
tion of < 500 ps, allows laser repetition rates 
of some kHz, and is fully programmable via 
PC and a standard 16-bit interface. It is im-
plemented in FPGA technology (Field Pro-
grammable Gate Arrays), and therefore very 
flexible for future upgrades and add-ons. 

This new RGG already now allows 10 Hz laser 
repetition rates for all satellites, including 
ETALON, GLONASS, GPS etc. This not only 
increases the data rate for these satellites – 
which we had to observe up to now with 5 Hz 
due to a time-of-flight of more than 100 ms – 
but also significantly improves the search, 
acquisition and tracking optimization of these 
high-altitude, single-photon-returns satel-
lites. The RGG has been tested already with 
simulated laser repetition rates of up to 
200 Hz, where up to 30 laser pulses are in 
flight simultaneously, and is intended as an-
other major step towards kHz laser ranging. 

Software Developments 

In preparation for a possible – and highly de-
sirable - upgrade of SLR Graz with a kHz la-
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ser, a new real-time tracking and ranging 
program was developed and tested. It allows 
for completely free running laser pulses, with 
laser repetition rates from 10 Hz up to kHz 
ranges. Tests have been carried out very suc-
cessfully on a standard PC environment with 
repetition rates of up to 70 Hz. Computer 
hardware replacement allowed already a 
200 Hz Laser simulation. At kHz repetition 
rates, more than 100 shots are in flight simul-
taneously to and from LAGEOS, and even 
more from high orbit satellites. This new 
software has to handle all start and stop 
pulses, to associate the emission and detec-
tion events correctly, to set the RGG accord-
ingly, etc. 

Coincidence Laser Pulse / Return
Laser Firing time shifted to avoid Backscatter during Returns 
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Fig. 2.17: Coincidence p oblem sta t/stop pulses. r r

c

Another problem with kHz laser ranging is the 
possible coincidence between laser start 
pulses and expected returns (Fig. 2.17). Dur-
ing the first 200 µs after the laser start, sig-
nificant backscatter photons are impinging on 
the detector. If any return photon – and we do 
expect mainly single photons due to low laser 
energy – of an earlier laser shot arrives within 
these 200 µs, the detector might be blocked 
already by the noise. With a 1 kHz laser, this 
situation arises for 20 % of all shots. To avoid 
this situation, we investigated different meth-
ods. A promising approach is to shift the laser 
repetition rate on a shot-by-shot basis in a 
proper way, so that it never fires when a re-
turn is expected within the next 200 µs. 

For better and faster acquisition of difficult 
targets (LEOs - Low Earth Orbiters, like 
Champ, Gra e, GOCE etc.) a set of programs 
was designed and written, which collects – in 
intervals of 1 hour - all recently measured 
passes from all SLR stations via ftp, uses these 
results to calculate their measured time bias, 
and supplies a table with the most recent time 
biases of these satellites to the observer. This 
allows good assumptions of time biases to be 
expected, helping to acquire these satellites 
much faster. 

Another approach was chosen by the EU-
ROLAS group: Using these most recent 
passes, a server in Bern tries to predict the 
expected actual time biases of all satellites, 
applying also the predicted drag, and thus 
giving another estimation of the actual time 
bias value. The Graz programs transfer these 
results in regular intervals or on request, and 
display this time bias table for the observer. 

The general Mount- and Telescope Control 
Software has also been significantly improved. 
In the previous versions, the telescope had to 
move always back to a zero-azimuth position 
to avoid ambiguity problems (maximum azi-
muth rotation is ±270°) when switching be-
tween passes. Now it commands the telescope 
directly to the starting position of the next 
pass, while taking into account all ambigui-
ties, mechanical rotation limits, optimization 
of travel distances, etc. 

SLR GRAZ: Tandem Passes
Pass Switching Time: 10 secs between real returns
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Fig. 2.18: Pass switching between 2 pairs of tandem sats. 
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With Topex/Poseidon and Jason-1, and then 
with Gra e-A and Grace-B, we have now two 
pairs of “tandem” satellites (Fig. 2.18). All 
real-time programs have now been enhanced 
to allow fast switching between those tandem 
satellites. The usual time between last return 
of the one and first return of the other tan-
dem satellite has been reduced to about 
10 seconds. This allows quite frequent 
switches, even between low and fast flying 
satellites, like both Grace satellites. This sys-
tem again allowed a significant increase of 
tracked passes. 

c

Since 1995, a scientific pressure sensor was 
used to read atmospheric pressure with 
0.1 hPa accuracy. Due to operational con-
straints, this sensor was never re-calibrated, 
but was compared in regular intervals via 
internet readings of instruments of the nearby 
Graz airport, but with a limiting resolution of 
1.0 hPa only. Since a few months, this resolu-
tion is now 0.1 hPa. During summer, we com-
pared it with a similar, calibrated sensor of 
the Herstmonceux (U.K.) SLR station, revealing 
an offset of 0.55 hPa. This triggered the in-
stallation of a second Meteo Device, in order 
to have an independent and accurate control 
of the air pressure values. The range bias due 
to the 0.55 hPa averages to about 2 mm. 

SR620/1 - E.T.: > 4,000,000 Points
1677 Passes from 2002 / Day 130 - 186
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Fig. 2.19: Non-linearity of SR620 time interval counter. 

During 2 months in spring 2002 we measured 
all passes not only with our Event Timer (E.T.), 
but also with 3 of our Time Interval (TI) 
Counters (2 x Stanford SR620, HP5370A). 
Storing all single shot values for each counter, 

gave more than 4 million values to check the 
TI counter linearity against the E.T. From the 
results it is obvious that the SR620 counters 
have significant non-linearity (Fig. 2.19), but 
also that this behavior is rather stable with 
time, regardless of internal counter calibra-
tions etc. 

2.4 Gravitomagnetism 
Since in the weak field and slow velocity limit 
the gravitational field equations reduce to a 
set of Maxwell-type equations, gravitational 
phenomena in the solar system are expected 
to be similar to those known from electrody-
namics. In particular, a mass current should 
produce a gravitomagnetic field in analogy to 
the magnetic field caused by electric currents. 
Therefore, the mass currents associated with 
the rotation of the Earth will produce a dipolar 
gravitomagnetic field, which in turn will per-
turb the orbits of satellites circling the Earth. 
Hence gravitomagnetic effects as predicted by 
general relativity can in principle be tested by 
the accurate determination of the orbits of 
near Earth satellites. 

A number of gravitomagnetic observables, 
which are both sensitive to the direction of 
motion and expressible in terms of standard 
Keplerian elements, have been investigated. In 
particular, for two satellites along identical 
but opposite orbits the difference in the pre-
cession rate of the perigees is affected by 
gravitomagnetic perturbations, but is not in-
fluenced by the secular even zonal perturba-
tions due to the nonsphericity of the Earth. 
Moreover, a choice of the orbital inclination of 
63.4° (the so-called frozen perigee configura-
tion) would make many of the periods of the 
time varying perturbations affecting the non-
relativistic perigee motion reasonably short. 

Another physical quantity suitable to study 
gravitomagnetic phenomena is the sidereal 
period of a satellite. Since the motion of a test 
particle about a rotating source is slower 
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when moving in the same direction as the 
rotation of the central body and faster in the 
opposite direction, the difference in the side-
real periods of two counter-revolving satel-
lites reveals a gravitomagnetic signature 
which could in principle be detected with ac-
curate orbital determination techniques. In 
order to observe this so-called gravitomag-
netic clock effect, the orbit of the satellites 
must be known to the centimeter level over a 
time span of several years (Fig. 2.20). Prelimi-
nary error analysis suggests that the most 
critical orbital parameter for the time shift 
might be the orbital inclination and that 
equatorial orbits should be given preference 
over more inclined ones. 

Although the clock effect will be masked by 
many gravitational and non-gravitational per-
turbations, its measurement seems to become 
possible with regard to the great experience 
gained in the LAGEOS-LAGEOS II Lense-
Thirring experiment. 

 

Fig. 2.20: Maximum tole able error ∆a and ∆e in the 
semimajor axis a and eccent icity e pe  revolution for a 
nominal orbit of a=12000 km, e=0.01 and orbital 
inclination i=63.4°; in the upper panel a is given in Earth
radii. 

r
r  r
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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 IWF is deeply involved in 
the Cluster mission, which now yields a wealth 
of new and exciting data. Corresponding data 
evaluation and analysis has been performed 
as outlined below in detail. In addition to 
Cluster also Interball data have been investi-
gated. 

DoubleStar 

Within the DoubleStar Project (DSP), two satel-
lites to study the Earth's magnetosphere on 
near-equatorial and polar orbits, respectively, 
shall be launched in 2003/2004. DSP is a joint 
effort by China and ESA. More than half of the 
DSP payload will be provided by European PIs. 
IWF participates in this mission with two ex-
periments, DSP-ASPOC to control the electric 
potential of the equatorial spacecraft, and 
DSP-FGM to measure the magnetic field on 
both satellites. IWF is also Co-Investigator for 

the PEACE and HIA experiment and will set up 
a European data distribution center for the 
mission. Further information on the history 
and objectives of this mission can be found in 
the Annual Report 2001 and on the IWF web-
site. 

After the formal kick-off of the project the 
activities to (re-)design and to build the in-
struments entered an intensive phase. Engi-
neering Models (EMs) of the instruments, 
largely inherited from the Cluster mission, 
were refurbished and successfully integrated 
with a prototype of the spacecraft systems. 

Flux-Gate Magnetometer (FGM): Unlike most 
of the other European instruments for DSP, 
FGM has been re-designed to accommodate 
the ITAR (International Traffic in Arms Regula-
tions) requirements and will be built from 
scratch. The EM model has been verified suc-
cessfully through the pre-integration test in 
September 2002. Two identical magnetome-
ters with two sensors each will be built for the 
two spacecraft. The flight model delivery is 
envisaged in September 2003. 

Active Spacecraft Potential Control (ASPOC): 
Lessons learned from Cluster, changed 
boundary conditions in the new mission and 
last, but not least ITAR have driven some 
modifications of the on-board software and 
hardware. The ion emitters have been opti-
mized for this mission, and a prototype emit-
ter has undergone first tests. Whereas the 
electrical interfaces between ASPOC and the 
spacecraft have been successfully verified at 
the EM (Fig. 3.1), the mechanical and thermal 
compatibility is to be tested using a struc-
tural-thermal unit of ASPOC, which has been 
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manufactured and delivered to China for vi-
bration and thermal balance tests. The manu-
facturing of the Flight Model is on track for a 
delivery in the middle of 2003, following a last 
adjustment of the design based on the ex-
perience with the EM. 

 

Fig. 3.1: ASPOC Enginee ing Model during the pre-
integration tests. 

r

European DoubleStar Data Distribution System 
(EDDS): As part of its commitments for Dou-
bleStar, IWF took responsibility for the imple-
mentation of a Data Distribution System as a 
service for the European investigators. The 
center is to collect raw science data from the 
mission and to provide an interface for con-
venient data retrieval, with some similarities 
to the Cluster data facilities. The architecture 
and the interfaces of the EDDS have been de-
fined. 

3.2 Physics 
A fleet of spacecraft within the terrestrial 
magnetosphere and in the near-Earth inter-
planetary space, like Cluster, Geotail, AMPTE, 
Interball, Goes, Polar, ACE, Wind, and others, 
only to mention the most important of them, 
provide us with an enormous amount of data 
representing the plasma and magnetic field 
behavior in this region. We developed various 
theoretical models describing physical proc-
esses, which are responsible for the formation 
of structures and phenomena in the near-
Earth space. These are e.g., the evolution of 

the bow shock and the magnetosphere, the 
reconnection of magnetic field lines at the 
dayside magnetopause or in the nightside 
magnetotail and many others. In addition 
theoretical models are compared with space-
craft data. 

Bow Shock 

As a consequence of the interaction of the 
solar wind with the Earth’s magnetosphere, a 
so-called bow shock forms standing off the 
obstacle. At this non-linear wave the physical 
parameters rapidly change. This has been 
successfully modeled taking into account the 
anisotropic nature of the plasma on either 
side of the shock. The approach is based on 
two plasma instabilities bounding the pres-
sure anisotropy in the magnetosheath, namely 
the fire-hose and mirror instability. The varia-
tions across the shock are derived as func-
tions of upstream parameters for various 
shock geometries and were further compared 
with spacecraft observations. It has to be 
noted that the two threshold conditions of the 
plasma instabilities are obtained in a kinetic 
approach using a bi-Maxwellian distribution 
function and thus limitations to the theory are 
implied. 

Consequently, a more generalized distribution 
function has to be taken into account, the so-
called kappa (κ) distribution, containing the 
loss cone index as well as the spectral pa-
rameter κ. In the limit κ → ∞, this distribution 
transforms to the bi-Maxwellian one and thus 
a certain range of the spectral parameter 
gives additional information on the plasma, 
specifically on high-energy particle popula-
tions. This fact was applied to the bow shock 
and the modified threshold conditions of the 
fire-hose and that of the mirror instability are 
derived with the use of a kappa distribution 
function. Similarly to the approach as de-
scribed above, the modified threshold condi-
tions give a limiting range of stable solutions 
with regard to the pressure anisotropy down-
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stream of the shock. For the sake of simplic-
ity, the loss cone index was dropped in the 
analysis. 

Fig. 3.2 shows the variation of the density 
across the shock as a function of the pressure 
anisotropy downstream of the discontinuity. 
The pressure anisotropy in the solar wind, λ1, 
is chosen to be 0.5, the angle between the 
upstream magnetic field and the normal vec-
tor of the shock is assumed to be 45°, and the 
upstream Alfvén Mach number, MA, is taken to 
be 5. The parameter As, i.e. the ratio of the 
upstream perpendicular pressure to the solar 
wind dynamic pressure, is considered to be 
0.01. Additionally, the fire-hose and mirror 
criteria are computed for different values of 
the parameter κ raising up to the limit with 
respect to the bi-Maxwellian approach (blue 
lines in Fig. 3.2). 

 
Fig. 3.2: Variation of the density across the shock as a 
function of the pressure anisotropy downstream of the 
discontinuity for different values of κ. 

Magnetosheath 

Experimental data show the solar wind plasma 
to be essentially anisotropic, especially in 
shocked regions, such as the magnetosheath. 
The anisotropy in a collisionless plasma origi-
nates from the independent evolution of the 
plasma temperatures in the directions parallel 
and perpendicular to the local magnetic field. 

The disagreement of the different models with 
the experimentally deduced plasma anisot-
ropy behavior is usually explained by proton 
scattering by a rather intensive wave turbu-
lence in the magnetosheath. The fluctuations 
predominant in the magnetosheath are mir-
ror-like and proton-cyclotron-like. 

We estimated the value of the effective colli-
sion frequency from experimental data during 
various magnetosheath crossings of 
AMPTE/IRM. Three different regions charac-
terized by different plasma turbulence modes 
and intensities could be distinguished. The 
first thin layer adjacent to the bow shock is 
characterized by rather intensive wave turbu-
lence, most probably, of the ion-cyclotron 
mode. The second layer, occupying the largest 
part of the magnetosheath, is characterized 
by a gradual increase of the plasma anisot-
ropy relaxation time in the midst of the mag-
netosheath and a subsequent decrease to-
wards the magnetopause (Fig. 3.3). The pre-
dominant waves there seem to be mirror 
waves. The third region is the innermost 
magnetosheath layer adjacent to the 
magnetopause, with the predominant waves 
again the ion-cyclotron modes. 

We found that the characteristic time of the 
proton temperature anisotropy relaxation dis-
tinctly depends on the intensity of mirror 
waves, which may be considered as an evi-
dence for a significant role of these waves in 
the proton scattering. Besides, we could show 
that the sheath regions adjacent to the bow 
shock are characterized by intensive wave 
turbulence, most probably of the magne-
tosonic mode. It is supposed that this kind of 
turbulence is generated at the bow shock. 

Due to the fact that these results have been 
obtained from an analysis based on a rather 
limited amount of data, the problem of wave 
turbulence and proton pitch-angle diffusion 
within the magnetosheath needs additional 
theoretical and experimental studies. 
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Fig. 3.3: Magnetosheath profiles of the observed running 
mean values of the proton empe atu e aniso ropy (the 
thi k solid line) and the calculated values for different 
days. 

t r r t
c

Magnetopause 

Commonly, the location of the boundary of 
the terrestrial magnetic field, the so-called 
magnetopause, is defined at a distance where 
the planetary magnetic field pressure equals 
the dynamic pressure of the solar wind (ne-
glecting the small contribution of the inter-
planetary magnetic field (IMF)). It emerges 
from the above that the primary source of 
magnetopause motion is a change in solar 
wind dynamic pressure. However, it has to be 
noted, that under special circumstances the 
magnetopause moves inwards even when the 
dynamic solar wind pressure remains un-
changed. This phenomenon is called “erosion” 
and was already identified in the 1970s when 
magnetopause crossings made by OGO 5 
spacecraft were investigated. Since a persis-
tent southward orientation of the IMF is a pre-
requisite for magnetic reconnection to hap-
pen, a physical connection between the ero-

sion and reconnection phenomenon was evi-
dent. 

Thus, on the basis of former works on time-
dependent reconnection, which have been 
carried out at IWF in collaboration with co-
workers from the Institute of Physics in St. 
Petersburg, the Institute for Computational 
Modelling in Krasnoyarsk, Russia, and the 
Institute for Earth, Oceans, and Space of the 
University of New Hampshire, USA, we devel-
oped a new theoretical model, which de-
scribes the motion of the magnetopause after 
reconnection was initiated at the sub-solar 
magnetopause. Even more, within this model 
also an earthward displacement of the bow 
shock can be calculated. 

 

Fig. 3.4: Erosion of the magnetopause (blue line) and the 
bow shock (orange line . The blue and the red line show a
econnection pulse formed of two slow shocks, which a e 

travelling along the magnetopause to the Cusp. Green 
lines show disturbances in the magnetoshea h. 

)   
r r

t

Fig. 3.4 shows the numerical results of our 
calculations. The zeroth level on the z-axis 
marks the magnetopause - below is the mag-
netosphere and above the magnetosheath, 
which ends at the bow shock at height h=1. 
The blue and red lines show the shape of two 
slow shocks emanating from point (0,0), 
where reconnection was initiated. At the left 
hand side of this reconnection pulse we can 
discover a shift of the current sheet of -0.015. 
Taking into account the scaling parameters, 
B0=50 nT and T0=100 s, we get for the 
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vA0=500 km/s and for the characteristic scale 
length, L0=8 RE. Thus, this means that the 
magnetopause moves of about 0.1 RE after the 
first reconnection pulse. Green lines show 
disturbances in the magnetosheath resulting 
in a shift of the bow shock of -0.057, which 
gives a local bow shock motion of ~ 0.4 RE 

(orange line). Thus, the bow shock cannot be 
a smooth structure, in contrary, small bulges 
should be observed in the shape of the bow 
shock. 

Magnetotail 

At IWF, one of the main research areas in ana-
lyzing and interpreting spacecraft data, such 
as Geotail, Equato -S, and Cluster, is the 
study of the dynamics of the Earth's magneto-
tail, with special interest in the transport 
processes. 

r

The Cluster quartet of satellites allows, for the 
first time, to separate spatial and temporal 
variations in arbitrary geometry measure-
ments of space plasma parameters. This is of 
particular importance in a highly variable and 
dynamic region like the Earth’s magnetotail 
and provides completely new insight into 
magnetotail dynamics. Further new under-
standing comes from new and improved in-
strumentation.  

The Cluster spacecraft were launched in sum-
mer 2000 and put into a polar orbit and 
experienced the first tail passage from July to 
October 2001. The orbit of the Cluster quartet 
is almost fixed in the inertial frame, so that 
they pass the magnetotail from the dawn side 
flank to the dusk side flank as the Earth's 
magnetosphere revolves around the Earth 
once in a year in the inertial frame centered in 
the Earth. Of particular interest is the orienta-
tion and shape of the Cluster tetrahedron 
when it traverses the plasma sheet at its apo-
gee from north to south at a radial distance of 
about 20 RE. Fig. 3.5 shows the typical tetra-
hedron configuration during current sheet 
traversals: of particular importance for the 

current sheet studies will be that spacecraft 
(s/c) 3 leads the other s/c by about 1500 km 
on their north-to-south orbit. 

 

Fig. 3.5: Typical orienta ion of the Cluster tetrahedron 
during plasma sheet aversals in 2001. 

t
tr

Tail Lobe Convection: The interplanetary 
magnetic field (IMF) interacts with the Earth's 
dayside magnetic field through magnetic re-
connection. The solar wind drags the recon-
nected field lines from the dayside to the 
night side, stretches the field lines, and stores 
the energy in the form of magnetic tension. 
The stored energy is released when the open 
magnetic field lines reconnect again to form 
closed field lines, which return toward the 
Earth. The convection in the lobe is tightly 
connected to dayside reconnection. The 
plasma density in the near-Earth lobe is typi-
cally lower than 0.01/cc, which makes the 
observations of lobe convection by particle 
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detectors difficult. Yet, by using the Elect on 
Drift Instrument (EDI) the averaged near-Earth 
tail lobe convection and its relationship to IMF 
polarity can be studied. 

r

 

Fig. 3.6: Average lobe convection for different IMF clock 
angles (du k is toward positive Ys GSM). 

Fig. 3.6 is based on EDI data from July to Oc-
tober 2001 from three Cluster spacecraft (on 
s/c 4 EDI is not operated) and shows average 
tail lobe convection for 90-deg IMF clock an-
gle sectors centered on ±BZ and ±BY. One can 
draw the following conclusions from this fig-
ure: First, the vectors point toward the neutral 
sheet in both panels. Second, the flow direc-
tion in the Y-Z plane changes between +BY 
and -BY conditions. For +BY, the vectors in all 
four quadrants have a counterclockwise com-
ponent in this Y-Z plane, while for -BY a 

clockwise component appears (that the vector 
in the northern dawn quadrant in the -BY case 
has a different sense may be caused by the 
small amount of data for that state/bin). 
Third, as expected, the velocity becomes lar-
ger for IMF -BZ, because for this IMF polarity 
dayside reconnection occurs most efficiently. 

The most notable point is the difference of 
the velocity in the Y-Z plane under ±BY condi-
tions. For +BY, field lines, which reconnect 
with the geomagnetic field in the dayside re-
gion and are subsequently transported to the 
night side by the solar wind, have a duskward 
velocity component in the northern and a 
dawnward component in the southern lobe. 
This will make a counterclockwise rotation of 
the convection in the night side. The opposite 
is true for -BY. 

Current Sheet Thinning: On August 12, 2001 
Cluster observed a fast flow event in the 
plasma sheet associated with a small sub-
storm intensification at 18:38 UT. Cluster, 
located in the plasma sheet, experienced sig-
nificant thinning of the current sheet associ-
ated with a high-speed Earthward flow of 
900 km/s. The upper two panels of Fig. 3.7 
show the ion velocity from s/c 1, 3, and 4 and 
the magnetic field data from the four space-
craft. 

The flow and field disturbance can be divided 
into three intervals, delineated by the dashed 
lines. (1) During the first interval, when the 
flow starts to develop, the field traces for each 
s/c are quite different and so are the flow 
traces. The flow at s/c 3 is more developed 
compared to that at s/c 1 or 4. Since s/c 3 
was located southward and closer to the cen-
tral plasma sheet, the difference suggests that 
the flow is more developed near the neutral 
sheet. (2) During the second interval, on the 
other hand, the three traces of the flows are 
more similar, although the satellites are lo-
cated at quite different places relative to the 
neutral sheet, i.e., north and south of the 
neutral sheet. Hence high-speed flow seems 
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spread throughout the plasma sheet. (3) Dur-
ing the third interval, the three satellites in 
the northern hemisphere, which are located 
nearly at the same distance from the neutral 
sheet, differed significantly in the magnetic 
field traces. This indicates an enhancement in 
the local current density at the three northern 
spacecraft regions. On the other hand, the 
flow traces are similar to that of interval (2). 

 
Fig. 3.7: Sunward component of ion velocity and magnetic 
field (data) and current sheet half width and cur ent 
density (model). 

 
r

The magnetic field data was fitted to the Har-
ris current sheet to examine quantitatively 
how the current sheet is structured during the 
flow interval. In a Harris sheet the magnetic 
field is represented by BX(z)=BLtanh{(z-z0)/L} 
where BL is the lobe field outside the current 
sheet, z0 is the location of the neutral sheet 
and L is the half-thickness of the current 
sheet. Simultaneous measurements from 
three spacecraft allow to estimate the three 
parameters and to compare the estimated 
model BX at the location of the fourth space-
craft with the actual data to check the validity 
of the estimation. The bottom two panels of 
Fig. 3.7 show the result of the Harris sheet 
estimation for several sequences before and 
during the flow interval together with the av-
eraged data. Results shown are mostly con-
centrated during interval (2). Nonetheless, it 
can be seen how the current sheet structure 

changes during the flow event. Before the 
onset of the flow, the spatial scale of the cur-
rent sheet is 5000 km. After southward ex-
cursion of the current sheet, during interval 
(2), the scale reduces to 500 km, which is 
comparable to the ion inertial length. The 
maximum current density predicted from the 
Harris sheet model increases from 5÷10 to 
20÷40 nA/m2. 

Bifurcated Current Sheets: The 1500 km sepa-
ration of the Cluster spacecraft during the 
2001 tail passages was not well suited to 
study the internal structure of the current 
sheet. However, at times, the current sheet 
underwent large-scale flapping motions with 
north-south velocities of up to 100 km/s. 
Since the current density profile did not 
change during these up-and-down motions, 
comparison of the difference in the magnetic 
fields measured by the southernmost and the 
northern spacecraft triad allowed the determi-
nation of the current density profile. On two 
different days, the tail current sheet clearly 
did not resemble a Harris sheet, but rather 
exhibited a double-peaked, bifurcated struc-
ture, with a pair of current sheets separated 
by a layer of weak quasi-uniform magnetic 
field in the center of the plasma sheet. 

The first example was observed on August 29, 
2001, during the recovery phase of an iso-
lated substorm. Starting at 10:55:30 UT, 
Cluster detects a sudden expansion or flap-
ping motion of the current sheet caused by a 
wave-like transient passing the Cluster tetra-
hedron. A multi-point timing analysis yields 
that the wave propagates toward dusk with a 
velocity of about 200 km/s and has a charac-
teristic period near 90 s. The average normal 
(north-south) velocity of the current sheet 
motion is 60 km/s. The wavelength of the 
transient wave is about of 3 RE, and the am-
plitude near 0.5 RE. The wave travels toward 
dusk. 

The observation of current sheet bifurcation is 
shown by a detailed analysis of the interval 

21 



around 11:01 UT (upper panel of Fig. 3.8). At 
the beginning of the interval all four space-
craft measure the same weak (about 2.5 nT) 
magnetic field. The same situation holds 
about a minute later: all four Cluster space-
craft observe a very weak (about 0.5 nT) mag-
netic field. Therefore, at these instances Clus-
ter is located in an extended layer of very 
weak uniform magnetic field in the vicinity of 
the neutral sheet. In the center of this interval 
the traces of s/c 3 and the northern group 
(s/c 1, 2, 4) are different: s/c 3 stays in a 
weak field region (about 1 nT), while the 
northern group measures 6÷8 nT. The average 
vertical gradient of the magnetic field within 
the northern group of spacecraft is 
9 nT/103 km, which corresponds to a current 
density of 7 nA/m2. The lower panel of Fig. 
3.8 illustrates the bifurcated current sheet 
model, superimposed on a wavy flapping mo-
tion (kink mode). The current sheet forms a 
wave structure, while its thickness remains 
relatively constant. The characteristic scale of 
the weak uniform field layer is of the order of 
the spacecraft separation, 2000 km. 

 

Fig. 3.8: A possible interpretation of the Cluster/Flux-
Gate Magnetometer (FGM) measurements around 
11:01 UT (upper panel : Cur ent sheet bifurcation 
associated with a kink-type flapping oscillation. 

) r

A different event, observed on September 26, 
2001, also clearly exhibits kink mode flapping 
and current sheet traversal. The wave travels 
again toward dusk, but in this case has larger 

amplitude, near 1 RE. Using the difference 
∆BX= of the X-components measured by s/c 1 
and 3 and the s/c separation ∆Z yields the 
current density ∆BX/µ0∆ZcosΦ, where Φ is the 
angle between Z-axis and tilted (due to the 
kink mode) current sheet normal. As a label of 
position in the current sheet where this cur-
rent density has to be assigned, the BX com-
ponent value in the mid point, that is 
<BX>=0.5(BX3+BX1), is used. 

 

Fig. 3.9: Distribution of ion densit  and magnetic field 
difference for oscilla ion B versus B

y
t tX during two curren  

sheet traversals. 

A hodogram (at the top of Fig. 3.9) of ∆BX 
versus <BX> during two complete current 
sheet traversals displays a systematic behav-
ior, with a deep local minimum in the central 
part (where BX~0) and the maximum ∆BX at 
|BX|~10÷15 nT. This bifurcated current struc-
ture was nearly stable for the next 15 min-
utes. The ∆BX value at the current maximum 
of about 25 nT yields ~12 nA/m2 (vertical 
separation about 1500 km), which is the lower 
limit for the current density in the maximum 
region. The bifurcated current peaks at 
|BX|~0.5 BL (lobe field BL~27 nT) and has a 
deep (a factor 2÷3 lower than the peak value) 
broad valley in the central part of the current 
sheet. Note that the plasma density (lower 
panel) shows the typical flat profile between 
±0.5 BL and then drops off toward the lobe. 

Further Studies: Further studies have obtained 
very interesting characteristics of the current 
sheet in terms of (1) extreme orientation of 
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the current sheet and (2) wave and turbulence 
characteristics. 

(1) Based on analysis using the four point 
measurements a number of cases were found 
when the orientation of the current sheet ex-
tremely deviated from the average configura-
tion. It was found that a twisted and warped 
current sheet superposed on oscillations can 
even tilt the current sheet orientation more 
that 90 degree so that a reversed current 
sheet orientation can occur. Such a vertical 
current sheet was also observed during a pe-
riod of northward IMF and interpreted as be-
ing formed due to high-latitude reconnection. 

(2) In another study on large scale current 
sheet oscillations, it was found that these os-
cillations can be modeled as a magnetoacous-
tic eigenmode of the current sheet, with a 
damping rate related to the thickness of the 
current sheet. In addition to these large-scale 
oscillations, persistent compressional waves 
in the 30÷60 mHz band were observed. The 
latter waves show clear dependence on sub-
storm activity and/or fast flows. Magnetic 
field fluctuations were further examined using 
a multifractal-based algorithm. It was found 
that the intermittent fluctuations in the mag-
netic field during fast flow and current sheet 
oscillation events show a clear indication of 
cross-scale energy flow. 

Spacecraft Charging 

The Cluster payloads include instruments for 
active spacecraft potential control (ASPOC) 
developed under the leadership of IWF (see 
the Annual Report 2001 and the IWF website 
for details), with the objective to minimize the 
disturbances of low-energy plasma measure-
ments caused by high spacecraft potentials, 
which often reach several tens of volts posi-
tive in the Earth's magnetosphere and may 
severely affect both electron and ion meas-
urements at low energies. Spacecraft potential 
control ensures effective, complete measure-
ments of the ambient plasma, which is par-

ticularly important for comparative, multi-
spacecraft studies. 

ASPOC emits an Indium ion beam of 5 to 
50 µA (typically 10 µA) and 6 to 9 keV. This 
current adds to the plasma electron current 
and helps to set an upper limit to the space-
craft potential when the plasma is too tenuous 
to support currents of the order of the photo-
electron current originating at the spacecraft 
surface. 

The spacecraft potential measured by the 
double-probe experiment EFW in 2001 have 
been analyzed, and an example is given in 
Fig. 3.10, showing (in red) a histogram of 
spacecraft potential on Cluster 3 for all times 
when ASPOC was active. The potential is at or 
below 7 V, whereas the black curve, showing 
of simultaneous data on the uncontrolled 
spacecraft 1, includes a significant fraction of 
potentials up to 50 V, mainly measured in the 
lobes. The similarity of the histograms below 
5 V - mainly data in the solar wind region - 
where the ion beam only marginally affects 
the charge equilibrium, confirms that both 
spacecraft 1 and spacecraft 3 typically saw the 
same plasma environment at nominal inter-
spacecraft distances between 600 and 
2000 km. 

 

Fig. 3.10: Histogram o  spacecraft poten ial on Clus er 1
and 3 in 2001, during ASPOC operations on Cluster 3. 

f t t  
 

Terrestrial Radio Emissions 

Within the terrestrial magnetosphere various 
types of non-thermal radio emissions are 
generated providing evidence of wave-particle 
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interactions. After having analyzed the Auroral 
Kilometric Radiation (AKR) as observed by 
Interball/POLRAD it turned out to be of essen-
tial importance to validate the reception prop-
erties of the antenna system in order to yield 
reliable results. Corresponding investigations 
have been performed (see 5.2 Radio Anten-
nas). 

Plasmaspheric fine structures observed by the 
Cluster WBD experiment: In collaboration with 
the University of Iowa, Department of Astron-
omy (Prof. Gurnett) we investigated the radio 
emissions generated in the Earth’s plasma-
sphere. We used the data observed by the 
wideband plasma experiment (WBD) on board 
of the Clu ter satellites, in the frequency 
range between 1 and 20 kHz. Special empha-
sis was laid on the spectral features of the 
triggered very low frequency (VLF) emissions, 
which appear as narrowband and fine struc-
tures with distinctive shapes as shown in Fig. 
3.11. First results concentrated on the quasi-
periodic (QP) and the fine structures. The ori-
gin of the QP structures seems to be related 
to the ultra-low frequency (ULF) emissions, 
which are generated during the motion of the 
magnetopause towards the Earth. The EM fine 
structures observed in the Earth’s plasmas-
phere, however, were found to have similar  

spectral features as in the case of emissions 
within the Jovian magnetosphere. 

 

Fig. 3.11: Radio signatures o  plasmaspheric structures 
observed by the WBD experiment aboard the Cluster 
satellites. 

f
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Ionosphere 

The modeling work on the lower ionosphere, 
which in 2001 had concentrated on the dis-
turbed, auroral regions, was complemented 
by a model of the neutral atmosphere at high 
latitudes, based on experimental data. The 
new reference atmosphere models the transi-
tions winter-spring and summer-autumn 
more accurately than CIRA-86, and it will pro-
vide a firm basis for the ion-chemical model, 
which is under development. 
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4 Solar System 
In continuation of previous studies IWF is en-
gaged in many missions, experiments and 
corresponding data analysis of a multitude of 
solar system phenomena. The physics of the 
Sun as central star with an expanding atmos-
phere, the so-called solar wind, its interaction 
with solar system bodies (magnet-
ized/unmagnetized, planets, comets), and 
various kinds of planetary atmosphere/ 
surface/subsurface interaction phenomena 
are under detailed investigation. 

4.1 Sun 
Specific parts of the complex dynamics within 
the low solar corona have been modeled and 
simulated by a magnetohydrodynamic ap-
proach, as outlined below. Additionally, the 
Sun was also observed and investigated as 
emitter of radio waves, generated over a wide 
radial range along coronal structures, which 
are heavily influenced by energetic particle 
beams and shock structures. 

Solar Orbiter 

Solar Orbiter is a mission to the Sun, which is 
still in the planning phase. The spacecraft 
shall surround the Sun with a perihelion be-
tween 0.2 and 0.3 AU. Utilizing this very good 
observation condition for solar radio emis-
sions, a Radio and Plasma Wave Analyzer 
(RPW) will be incorporated in the spacecraft 
instrumentation. After a feasibility study, 
which analyzed the kind of antennas and re-
ceivers that could be used to meet scientific 
objectives under certain observation restric-
tions, preliminary wire grid constructions were 
made in 2002. These wire grids will be fin-

ished when definite spacecraft configuration 
layouts will be available. Then these grids can 
be used for numerical simulations of the RPW 
antennas and their reception properties. 

Physics 

Particle beams in solar magnetic flux tubes: 
We have studied the magnetohydrodynamic 
response of a plasma in the low solar atmos-
phere to a changing current system of a flar-
ing magnetic tube, which contains a beam of 
fast non-thermal electrons. The local distur-
bances of a current system within a magnetic 
tube are estimated using the classical idea of 
a return current. According to this idea, after 
injection of a beam, the total current density 
in a magnetic tube, which includes as well the 
current density of the beam jb, should not 

change compared to the current density in the 
tube before the injection. In order to keep 
constant the total current density j=j'+jb, the 

current density of the magnetic tube j' in fact 
changes. This change is due to a return cur-
rent jr . c .=-jb, which compensates the current 

density of the injected beam of fast electrons. 
Various types of magnetic tube response onto 
injection of a beam of energetic electrons 
have been studied using the dynamic models 
developed in previous investigations. 

Solar magnetic loops: Effects of electromag-
netic inductive interactions in groups of 
slowly growing current-carrying loops have 
been investigated. Each loop is considered as 
an equivalent electric circuit with variable re-
sistance and inductive coefficients. These pa-
rameters depend on the geometry of the loop, 
its position with respect to neighboring loops, 
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as well as on the plasma temperature and 
density in the magnetic tube. By means of 
such a model the process of generation of 
currents and temperature change in coronal 
loops moving relative to each other, and their 
dynamic interaction were analyzed. There are 
three main results of this analysis. First, the 
possibility of a relatively quick development of 
a significant longitudinal current in a rising 
and initially current-free magnetic loop is 
demonstrated. Second, the processes of fast, 
flare-like, plasma temperature increase in 
inductively connected growing loops with high 
enough currents, ~1010÷1011 A, as well as 
run-away electrons acceleration in the loops 
by inductive electric fields are modeled. And 
third, based on the analysis of a ponderomo-
toric interaction of current-carrying magnetic 
loops, conditions for their oscillations or a 
fast change of the loops inclination, possibly 
resulting in their coalescence and magnetic 
reconnection, have been investigated. The 
observational information about the 3D struc-
ture of coronal loops and their global dynam-
ics (rising, twisting, oscillation) is crucial for 
the considered models, and we expect that 
the data from the NASA STEREO mission, 
planned for launch in 2005, will appear as a 
good test for verification of the models. 

Solar decametric emission: Solar decametric 
observations have regularly been performed 
at the Lustbühel radio station in Graz, Austria, 
(http://www.radiotelescope-graz.oeaw.ac.at) 
since September 2000. A logarithmic-periodic 
(log-per) antenna connected to a digital spec-
tro-polarimeter (DSP) and a multichannel re-
ceiver (MC) provided dynamic spectra of the 
solar coronal radio emission in the frequency 
range from 30 MHz to 50 MHz. The Lustbühel 
radio station is part of the European network, 
which includes Kharkov radio telescope UTR-2 
(Ukraine), the Tremsdorf radio telescope close 
to Potsdam (AIP Potsdam, Germany) and the 
Nançay Decametric Array (Observatoire de 
Paris-Meudon and Nançay, France). The com-
bined efforts lead to simultaneous high-

resolution observations of the low frequency 
radiation (down to 15 MHz) emitted by the 
solar corona. 

The solar radio data from October 2000 until 
January 2001 of the DSP of the Lustbühel ra-
dio station (Graz, Austria) have been statisti-
cally analyzed. A catalogue containing rele-
vant parameters (duration, bandwidth, inten-
sity) of the emissions, selected according to 
their spectral features was established, which 
provides information on separating man-
made interference and instrumental effects 
from natural radio source signatures. Four 
main events of solar activity have been further 
analyzed and compared, estimations of burst 
evolutions (e.g. drift rate) showed different 
characteristics of solar type III bursts (see Fig. 
5.3). 

 
Fig. 4.1: Crossed log-per antenna for the observation of 
sola  radio bu sts a  Lustbühel Observatory. r r t

Within the frame of the INTAS project “New 
frontiers of decameter radio astronomy” IWF 
planned and performed during June-
November 2002 in cooperation with the Ra-
dioastronomy Institute Kharkov the solar radio 
measurement campaign C4 using the world-
largest decameter antenna array UTR-2. Even 
after having passed the maximum of solar 
activity in the year 2000, high activity in radio 
emission has been observed during this cam-
paign indicating a second solar maximum. 
Detailed studies on type II solar radio bursts 
connected to strong shock events have been 
initiated. 
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4.2 Mercury 
Mercury is the planet nearest to the Sun. It is a 
significantly dense planet, which suggests a 
large iron core and possesses a weak global 
magnetic field. Until now only one space 
probe, Mariner 10, has done measurements 
around Mercury during three flybys. The 
planned ESA mission BepiColombo to Mercury 
will explore the planet in detail and over a 
longer period of time in the coming decade - 
with Austrian participation. 

BepiColombo 

BepiColombo is a satellite mission to Mercury. 
It is new and special in several ways. Not only 
is it the first joint European-Japanese satellite 
project, in which both the European Space 
Agency ESA and the Japanese Institute for 
Space and Astronautical Science (ISAS) are par-
ticipating, it is also the first time that two or-
biters are flying to this innermost planet. 

Although the final selection of the experi-
ments will be made in 2003 only, it is almost 
definite that IWF will participate in several of 
them. 

Within the scope of the European-Japanese 
MERMAG Consortium, IWF will participate in 
proposals for magnetometers on both space-
craft. IWF will likely be in charge of the MER-
MAG-M magnetometer on the Japanese-built 
Magnetospheric Orbiter. IWF will also partici-
pate within the NPA Consortium (Neutral Par-
ticle Analyzer) on the proposed MAIA experi-
ment (Mercury Apparatus for Ions and Atoms) 
on board of ESA's Mercury Planetary Orbiter. 

Physics 

Mercury exosphere: A Monte-Carlo model of 
Mercury’s exosphere density was developed to 
study if the proposed MAIA instrument on 
board of ESA's BepiColombo Mercury Planetary 
Orbiter (MPO) will be able to detect and iden-

tify the exospheric composition along the 
MPO orbit. We study the exospheric densities 
by using a Monte-Carlo technique, which has 
the advantage that different particle release 
processes from Mercury’s surface can be 
modeled. Our model follows the trajectories 
of each particle by numerical integration until 
the particle hits Mercury's surface again or 
escapes from the calculation domain. From 
many of these trajectories bulk parameters of 
the exospheric gas are derived, e.g. particle 
densities for various atomic and molecular 
species (Fig. 4.2). Our study suggests that 
MAIA should be able to detect at least at 
MPO's periherm all particle species, which are 
released from the surface. 

 

Fig. 4.2: Calculated exosphere densities for mic o-
meteo iti  impact vapo iza ion (left panel) and surface 
sputtering (righ  panel). 

r
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fEf iciency of particle surface release proc-
esses: In a second step we studied the effi-
ciency of several particle surface release proc-
esses by calculating stopping cross sections, 
surface sputter yields (Fig. 4.3), and source 
rates for particle sputtering and Photon 
Stimulated Desorption (PSD). A solar UV model 
was used to yield the surface UV irradiance at 
any time and place over a Mercury year. Sea-
sonal and diurnal variations are calculated and 
PSD fluxes along Mercury's orbit were evalu-
ated. We found that a solar UV “hotspot” is 
created towards perihelion, with significant 
average PSD particle release rates and an Na 
flux of about 3.0×106 cm-2s-1. The average 
source rates for Na particles released by PSD 
are about 1024 s-1. For surface particle sput-
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tering we used in the calculation of the stop-
ping cross section the “Universal Potential” 
because this fits well the laboratory data for 
atomic collisions. 

 
Fig. 4.3: Sputter yields for Na (dashed-dotted line, sputter 
agen s Nt

s
t r rt c

+, binding energy 2 eV; dotted line H+ sputter 
agents, binding energy 1.2 eV; solid line H+ sputter 
agents, binding energy 2 eV), O (dashed line), K (long-
dashed line) and Ca (da hed-dotted-dotted line) atoms as 
function of energy and inciden  sola  wind H+ pa i les. 

For the estimation of the surface sputtering 
source rates a modified Tsyganenko T96 
model was used for the calculation of the ge-
ometry of the magnetic field that could char-
acterize Mercury and its response to the 
variations of the impinging solar wind and of 
the interplanetary magnetic field. The precipi-
tating particle flux and energy was evaluated 
as a function of the open field line position, 
according to different solar wind conditions. It 
is possible to derive an open field line area 
where a typical value is about 2.8×1016 cm2. 
By taking this area we get average surface 
sputter rates for Na of about 4.5×1021 s-1 
÷6.0×1022 s-1 and for O of about 2.8×1023 s-1 
÷4.4×1024 s-1. The results depend strongly on 
various parameters like binding energies, so-
lar wind density, magnetic field direction, 
open field lines and variability and Mercury's 
regolith composition. All of these parameters 
at present can only be determined within a 
given range due to the lack of experimental 
data. Our results suggest that the average 
source rates for the exosphere from solar 
particle and radiation induced surface proc-
esses during quiet solar conditions are about 

in the same order as particles, which are re-
leased from the surface by micrometeoroid 
vaporization. 

4.3 Venus 
Venus, like other planets in the solar system, 
is under the influence of a continuous flow of 
charged particles from the Sun, the solar 
wind. However, lacking of an intrinsic mag-
netic field makes Venus a unique object to 
study the interaction between the solar wind 
and the planetary body. Venus has a dense 
atmosphere, but no magnetic field, thus the 
solar wind interacts directly with the upper 
atmosphere. The absence of a planetary mag-
netic field leads to important differences be-
tween Venus' and Earth's atmospheric escape 
and energy deposition processes. 

Previous missions, Venera and Pioneer orbit-
ers, found that the current induced by the 
solar wind electric field (in the frame of Ve-
nus) forms a magnetic barrier that deflects 
most of the solar wind flow around the planet 
and leads to the formation of the bow shock. 
The ionosphere is terminated on the dayside, 
developing rapid anti-sunward convection and 
tail rays. However, the short lifetime of the 
Venera orbiters, and insufficient temporal 
resolution of the Pioneer plasma instrument 
did not allow to study the mass exchange 
between the solar wind and the upper atmos-
phere of Venus and energy deposition to the 
upper atmosphere in sufficient detail. 

Venus Express 

Venus Express (Fig. 4.4) is an ESA mission to 
Venus with the re-use of Mars Express space-
craft platform. IWF takes the lead on one of 
the core payload instruments, the magne-
tometer. The magnetometer aboard Venus 
Express will conduct the following studies: 

1. Provide the magnetic field data for any 
combined field, particle and wave studies 
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such as lightning and planetary ion pickup 
processes; 

2. Map with high time resolution the mag-
netic properties in the magnetosheath, 
magnetic barrier, the ionosphere, and the 
magnetotail. Identify the plasma bounda-
ries between the various plasma regions; 

3. Study of the solar wind interaction with 
the Venus atmosphere. 

 

Fig. 4.4: Venus Express orbiting Venus. 

Physics 

Solar wind interaction: The solar wind interac-
tion with Venus leads to an ionopause sepa-
rating the ionosphere and the solar wind 
plasma. Even though Venus is unmagnetized, 
the solar wind flow around the ionopause is 
strongly affected by the interplanetary mag-
netic field (IMF). This effect becomes stronger 
as the ionopause is approached, giving rise to 
a magnetic barrier, characterized by an in-
creased magnetic pressure and a low plasma 
beta. The effect of the magnetic barrier also 
intensifies, when the Alfvén Mach number 
upstream of the bow shock decreases. The 
equilibrium of the subsolar ionopause is pro-
vided by a pressure balance, namely, the 
ionosphere plasma pressure is equal to the 
solar wind dynamic pressure. The plasma 
pressure has a specific non-monotonic be-
havior from the bow shock towards the iono-
sphere: first it decreases to a minimum value 
in the magnetic barrier and then it increases 

again to a large value corresponding to that at 
the ionosphere. This is the case when the in-
terchange instability has to grow up. This in-
stability is similar in nature to the Rayleigh-
Taylor instability in classical hydrodynamics, 
where the magnetic stress plays the role of an 
effective gravitational force. The interchange 
instability modes grow up when the magnetic 
tension acts in a direction of the gradient of 
the plasma pressure in the layer. 

The ionopause with the magnetic barrier of 
Venus is shown to be an unstable structure 
with respect to the interchange instability. 

Fig. 4.5 shows the distribution of the total 
pressure as a function of the x, y coordinates: 
x is the distance along the subsolar line with 
origin at the center of the planet, and y is the 
distance along the ionopause in the direction 
perpendicular to the magnetic field. These 
coordinates are normalized to the curvature 
radius of the ionopause. 

 

Fig. 4.5: Distribution of the to al pressu e pe u ba ions 
versus the x (subsola  line) and y (along the ionopause, 
perpendicular to the magnetic field) coordinates. 
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From Fig. 4.5 one can see that the perturba-
tions are mainly localized within the magnetic 
barrier. They do not disturb the magne-
tosheath region adjacent to the bow shock. 

The physical reason for this instability is that 
the plasma pressure increases across the 
ionopause from the magnetic barrier towards 
the ionosphere. A steady-state ideal MHD 
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solution with mass loading is used as a back-
ground for the instability analysis. In the MHD 
treatment, a growth rate of the interchange 
instability is calculated as a function of the 
wave number, curvature radius and the iono-
spheric ion density. For an increasing wave 
number, the instability growth rate increases 
monotonically until saturation. The perturba-
tions with smaller length scales are more 
unstable. In particular, for a length scale of 
about 100 km, the growth time of the insta-
bility is less than the time scale of the mag-
netic barrier formation. The perturbations of 
the magnetic field and plasma parameters 
related to the interchange instability are 
mainly localized inside the magnetic barrier. 
The interchange instability of the ionopause 
enables the penetration of magnetic flux 
tubes from the magnetosheath into the iono-
sphere of Venus. 

Energetic Neutral Atoms (ENAs): Due to the 
interaction of the solar wind with the upper 
atmosphere of Venus, ENAs can be produced 
via electron impact, charge exchange or 
photoionization. When an atmospheric con-
stituent becomes ionized, it is accelerated by 
the induced electric field and eventually 
transformed back by charge exchange into a 
neutral particle, thus forming an ENA. 

Another source of energetic hydrogen atoms 
is the solar wind, since they can also be pro-
duced directly from the solar wind via charge 
exchange. 

Since the production of ENAs is an additional 
mechanism for the erosion of a planetary at-
mosphere, the distribution of energetic hy-
drogen and oxygen atoms at Venus has been 
simulated in view of the evolution of the Ve-
nusian atmosphere. 

Fig. 4.6 shows an example of both the flux 
and the energy of energetic O atoms through 
a sphere centered at Venus and with a radius 
of 3 planetary radii. Here, 0° latitude corre-
sponds to the magnetic equator defined by 

the direction of the interplanetary magnetic 
field and the electric field points into the di-
rection of increasing latitude values, i.e. into 
the northern hemisphere. Because of their 
large gyro radii, the O+ ions are mainly accel-
erated upward into the direction of the elec-
tric field. 

In comparison with Mars, the particles are 
more energetic at Venus, while their flux is 
higher at Mars since the Martian neutral co-
rona is more extended with respect to the 
planetary dimensions than at Venus. 

First observations of the ENA distribution near 
Venus will be obtained by the neutral mass 
spectrometer aboard Venus Express, which 
will then also allow a closer comparison be-
tween experimental and theorectical results. 

 

Fig. 4.6: Flux and energy distribution of energetic oxygen
atoms for solar maximum on a sphere centered at Venus
and with a radius o  3 planetary radii. The interplaneta y
magnetic field is assumed pe pendicular to the solar wind
and the electric field points in the upwa d direction. 
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Planetary atmospheres: Isotopic fractionation 
by gravitational escape processes: Present 
natural “data bases” for abundances of the 
isotopic compositions of noble gases, carbon 
and nitrogen inventories can be found in the 
Sun, the solar wind, meteorites and the plane-
tary atmospheres and crustal reservoirs. Mass 
distributions in the various volatile reservoirs 
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provide boundary conditions, which must be 
satisfied in modeling the history of the pre-
sent atmospheres. Such boundary conditions 
are constraints posed by comparison of iso-
topic ratios in primordial volatile sources with 
the isotopic pattern, which was found on the 
planets and their satellites. 

Observations from space missions and Earth-
based spectroscopic telescope observations of 
Venus, Mars and Saturn's satellite Titan show 
that the atmospheric evolution of these 
planetary bodies to their present states was 
affected by processes capable of fractionating 
their elements and isotopes. The isotope ra-
tios of D/H in the atmospheres of Venus and 
Mars indicate evidence for their planetary wa-
ter inventories. Venus' H2O content may have 
been at least 0.3 % of a terrestrial ocean. 
Analysis of the D/H ratio on Mars imply that a 
global H2O ocean with a depth of < 30 m was 
lost since the end of hydrodynamic escape. 

We used a Monte Carlo model for the simula-
tion of the time evolution of the 15N14N iso-
tope anomalies in the atmospheres of Mars 
and Titan. These simulations show that the 
Martian atmosphere was at least ≥ 20 times 
denser than at present and that the mass of 
Titan's early atmosphere was about 30 times 
greater than its present value. A detailed 
study of gravitational fractionation of isotopes 
in planetary atmospheres furthermore indi-
cates a much higher solar wind mass flux of 
the early Sun during the first half billion years. 
Studies are under preparation, which investi-
gate if such a strong solar wind and solar EUV 
(extreme ultraviolet) fluxes, which are 100 
times higher, could have been responsible for 
the D/H isotope fractionation in Venus’ at-
mosphere. 

4.4 Mars 
The planet Mars continued to be in the focus 
of research activities in 2002. New investiga-
tions concerning a possible participation in 

ESA’s planned ExoMars mission have been 
started. Model calculations concerning the 
behavior of ice melting probes that might be 
developed in the foreseeable future to explore 
the vertical structure of the Mars polar caps 
have been performed. The theoretical studies 
concerning the UV and particle fluxes and 
their influence on atmospheric loss mecha-
nisms have been continued and extended. 

NetLander 

The main goal of the NetLander mission is to 
set up a meteorological and seismic network 
at the surface of Mars, using 4 identical 
landers. The launch of the mission has been 
postponed from 2007 to 2009. 

SPICE: The main activity associated with the 
NetLander/SPICE experiment was the devel-
opment of a new penetrometry test stand (see 
Chapter 5.3). First prototypes for the SPICE 
tips with integrated load cells were designed 
and built. 

The second main activity, performed in coop-
eration with ETH Zürich, were seismic meas-
urements with a standard STS2 seismometer 
mounted on the SPICE tips equipped with the 
foreseen load cells. It turned out that the load 
cells had a rather strong influence on the 
seismic measurements. These results lead to a 
redesign of the construction insofar as the 
load cells will now be mounted at the rear end 
of the legs instead of the tips. Further tests 
with the new design are in preparation. 

Physics 

Evolution of the Martian Water Inventory: We 
studied the evolution of the Martian atmos-
phere escape and atmosphere-surface-
interaction processes with regard to its water 
inventory which is influenced by thermal at-
mospheric loss processes of H, H2, non-
thermal atmospheric loss processes of H+, 
H2+, O, O+, CO2, O2+ and chemical weathering 
of oxygen with the surface soil (Fig. 4.7). 
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Fig. 4.7: Thermal and non-thermal loss processes of 
hydrogen and oxygen f om the present to 3.5 Gyr ago 
PU: ion pick up, SP: a mosphere sputtering, DR: 

dissociative recombination, * thermal escape). The dotted 
lines a  the top of the plot show an area where escape 
rates a e comparable to hyd odynamic escape. 
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Since the evolution of thermal and non-
thermal escape processes such as exospheric 
loss of oxygen via dissociative recombination, 
atmospheric sputtering and ion pick up de-
pend on the history of the intensity of the 
solar EUV radiation and the solar wind density 
we used actual data from the observation of 
solar proxies with different ages for recon-
structing the Sun's history of the spectral evo-
lution from X-rays to EUV, from the present to 
3.5 Gyr ago. The high X-ray activity and the 
fast rotation of the young solar-like stars in-
dicate a much higher solar wind for the young 
Sun. We used a correlation between mass loss 
and X-ray surface flux for a power law rela-
tion, which indicates a solar wind up to 1000 
times more massive in the distant past. A gas 
dynamic test particle model which involves 
the motion in the interplanetary electric and 
magnetic field for the estimation of the pick 
up ion loss rates (found to be the most effi-
cient non-thermal loss process of the Martian 
atmosphere) was used together with newly 
calculated atmospheric sputter yields and 
exospheric loss rates. 

Our study suggests a total loss of water from 
Mars since 3.5 Gyr ago of an amount, which is 
equivalent to a depth of a global ocean of 
about 17 m. From the evolution of the D/H 
ratio in the Martian atmosphere and SNC me-

teorites we estimated a depth of a water res-
ervoir of about 27 m 3.5 Gyr ago if the water 
originated from comets and about 20 m by 
using the terrestrial seawater D/H standard. 
Our results suggests that much more H2O, 
necessary for the explanation of geological 
surface features, should have been lost from 
Mars before 3.5 Gyr via hydrodynamic escape 
caused by the early active Sun, or liquid CO2 
may have been involved in the formation of 
certain geological features in the Martian past. 

Further, we found in our evaluation of the 
water loss to space that the total escape proc-
esses of oxygen to space from present Mars 
cannot maintain the sum of thermal and non-
thermal atmospheric loss rates of hydrogen in 
the ratio of 2:1. At present the ratio is about 
25:1. Our result suggests that atmospheric 
escape to space can therefore not be the only 
sink for oxygen on Mars since the desirable 
ratio of 2:1 of H:O loss rates should be estab-
lished. 

Atmosphere-surface-interaction: We studied 
atmosphere-surface-interaction processes 
where oxygen is incorporated from the at-
mosphere into the Martian surface by chemi-
cal processes, which oxidize the soil. Based 
on our results on the evolution of the Martian 
water inventory a global surface sink of about 
2×1042 oxygen particles into the Martian soil 
over geologic time-scales must be assumed. 
Due to intense oxidation of inorganic matter 
this may lead to the formation of considerable 
amounts of sulfates and ferric oxides on Mars 
(Fig. 4.8). 

 
Fig. 4.8: Deg ee of oxidation with depth for Carr and 
Neukum cra er-ra e da asets. 
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Our results show that the present Martian 
atmosphere reacts strongly with the soil, re-
sulting in combination with UV surface fluxes 
in the production of adsorbed oxygen ions 
and biologically hostile radical products and 
have important implications for subsurface 
radar sounding techniques and for the toxi-
cology of the surface soil. 

4.5 Jupiter 
One of the most intriguing solar system phe-
nomena is the Jupiter-Io interaction leading to 
specific physical processes, as there are active 
volcanism, shock pulses along the Io flux tube 
and triggered non-thermal radio emission. 
These processes are of specific interest to us, 
thus both experimental and theoretical inves-
tigations have continuously been performed. 

Cassini Jupiter Flyby 

During the Jupiter flyby phase in December 
2000, several roll maneuvers of the Cassini 
spacecraft were done to calibrate the three 
RPWS (Radio and Plasma Wave Science) anten-
nas using components of the non-thermal 
radio emissions of Jupiter, the broad-band 
kilometric (bKOM) and the hectometric (HOM) 
emission, respectively. In collaboration with 
the scientific leading team at University of 
Iowa, Iowa City (USA) and French colleagues 
(Observatoire de Paris-Meudon), the theoreti-
cal approach is based on singular value de-
composition technique (SVD) which enables 
the estimation of the electric direction of each 
antenna element independently. Using auto- 
and cross-correlation measurements of the 
three antennas and several strong restrictions 
to the data sets, i.e., a) circularly polarization 
of the observed electromagnetic waves, b) 
difference between the calculated direction of 
the radio signals and Jupiter’s position is less 
than 5 degrees, c) frequency range, f, is cho-
sen to be 575 kHz ≤ f ≤ 1.2 MHz, d) high pa-
rameter resolution for both, the co-latitude 
and azimuth of each electric monopole, the 

effective length vectors are finally calculated 
for the u/v monopoles under the SVD ap-
proach. As a result one gets the co-latitude (θ) 
and the azimuth angle (Φ) of the u and v elec-
tric monopoles. Specifically, the direction of 
the u antenna is θ(σ): 106.38° (1.08°) and Φ(σ): 
15.52° (1.65°) whereas the direction of the v 
antenna is derived as θ(σ): 107.58° (1.39°) and 
Φ(σ): 163.07° (1.58°), where the numbers in 
brackets give the standard deviation. It has to 
be noted that the w electric monopole cannot 
unambiguously be determined within the SVD 
approach. 

Jupiter Radio Observations 

Polarization studies at decametric wave-
lengths: The multichannel receiver at Graz, 
Lustbühel Observatory, is connected to two 
logarithmic periodic antennas (east and west 
side of the main building). Their polarization 
planes are oriented orthogonally against each 
other and they cover a frequency range from 
13 to 32 MHz, i.e. in the decameter (DAM) 
wavelength range. 

The multichannel receiver is now ready to run 
in four different observation modes including 
the polarimetric mode (time resolution 
16 ms). In the single signal mode, time reso-
lution of 4 ms is possible (Fig. 4.9). 

 

Fig. 4.9: Jupi e  millisecond radio bu ts observed a  
Lustbühel Observato y, Dec. 13, 2002. The bursts in this 
dynamic spect um a e under polarimet ic investigation  
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The polarization mode is specifically adjusted 
to measure the state of polarization of ex-
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tremely short radio burst phenomena. For 
Jupiter millisecond radio bursts this property 
enables the determination of radio source 
conditions. Observations have been per-
formed in combination with the world-largest 
decameter array at Kharkov (Ukraine), which is 
most sensitive to DAM radio emission but still 
unable to provide polarization information. 
Since this is still an open question with regard 
to millisecond radio bursts, further observa-
tions and studies are necessary. 

Modulation Lanes: During the INTAS C2 
measurement campaign (February–May, 2000) 
Jovian radio emission was simultaneously re-
corded by DSP receivers in Kharkov (Ukraine) 
and in Nançay (France). 

Spectral resolution was possible down to 2 ms 
and 12.5 kHz. Both stations were simultane-
ously (time synchronized by GPS) operating in 
defined sequences alternatively with medium 
and high time resolution. The present analysis 
concentrates on Jovian decametric radio phe-
nomena, in particular on simultaneously ob-
served modulation lanes and S-burst features. 

 

Fig. 4.10: Zoom in o a Jovian L-burst, recorded on 
Februa y 27, 2000, when the Jovian radio source “Io-B“ 
was active. The striped pattern of modulation lanes i  the 
dominant featu e. 
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Geometrical source conditions can be derived 
from the shape of these modulation lanes: the 
lead angle α of the active field line (i.e. the 
angle between the position of Io and the field 
line carrying the source) or the cone half-
angle β of the emission cone. Five red spots in 

Fig. 4.10 mark the edge of one modulation 
lane reaching from 22 MHz up to 26 MHz, 
thus a lead angle in the range of 40° < α < 50° 
can be deduced. 

Hectometric “caustic-like” pattern: As ob-
served by the Wind/WAVES experiment in the 
frequency range from 1 to 7 MHz, i.e. in the 
hectometer (HOM) wavelength range, the 
analysis on a “caustic-like” pattern in the 
beam associated to the Jovian hectometric 
emission was performed for the period 1996 
through 2000, with changing Jovicentric dec-
lination. There exists a selective effect where 
only part of the hectometric beams (HOM) 
could be observed at the Earth’s orbit by the 
satellite Wind. We show that the origin of the 
“caustic-like” pattern is related to the geo-
metric observation conditions between Sun, 
Jupiter and the Earth. 

Fig. 4.11 shows the occurrence of the “caus-
tic-like” pattern versus the central meridian 
longitude (CML) and the Jovicentric declina-
tion. The origin of the “caustic-like” pattern 
seems to be directly related to physical condi-
tions occurring in the Io-torus during some 
specific periods of time. 

 

Fig. 4.11: “Caustic-like” pa ern occurrence versu  the 
central meridian longi ude (CML) and the Jovicentric 
declination (D
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Sounding of the Jovian magnetosphere activity 
using hectometric and kilometric radio emis-
sion: We analyzed the variation of the Jovian 
radio emission in the frequency range be-
tween 10 kHz and 6 MHz by combining Gali-
leo and Wind observations. Special emphasis 
was laid on emissions observed during the 
second Galileo’s orbit, which corresponds to 
the period from August 31 to October 23, 
1996. For a given period of time, the central 
meridian longitudes associated to the ob-
server (Wind or Galileo spacecraft) were evi-
dently different. This opportunity enabled us 
to compare the variation of the hectometric 
radiation as observed by the two satellites, 
Wind on the dayside and Galileo on the night-
side of Jupiter. 

We show that periodic intermittent enhance-
ments of hectometric emission during long 
(several days) or short (few hours) intervals 
are quasi-simultaneously recorded by both 
spacecraft. Such Jovian “sub-storms” seem to 
affect also lower frequencies and in particular 
the Jovian kilometric radiation. The spectral 
boundaries of the HOM and KOM (kilometric) 
emission during these particular phases and 
their inter-correlations have been analyzed in 
detail. 

Io-Jupiter Interaction 

Many energetic phenomena near the iono-
sphere of Jupiter, including non-thermal radio 
emission and aurora, are triggered by the or-
bital motion of the satellite Io. From the theo-
retical point of view, the moon Io can be con-
sidered as a source of disturbances, which are 
guided along the magnetic field thereby 
transporting energy from Io towards the sur-
face of Jupiter. 

Within the frame of MHD, there are two differ-
ent modes of wave propagation providing a 
possible theoretical background for the de-
scription of this energy transport, i.e., the 
Alfvén and the slow magnetosonic wave. It is 
well known that in contrast to the Alfvén 

wave, which is propagating strictly along the 
direction of the magnetic field, a slow mode 
wave shows a deviation from the ambient 
magnetic field. This deviation is determined 
by the dispersion equation for the slow mode 
wave. With the help of this dispersion equa-
tion we present a theoretical study of the spa-
tial and temporal evolution of an initial pres-
sure disturbance in a homogeneous and con-
stant background magnetic field. The main 
factor determining the amount of the devia-
tion is the so-called plasma beta, i.e., the 
ratio of magnetic to thermal energy. We ob-
tain that for a low beta plasma, as it is the 
case near Io due to the strong Jovian magnetic 
field, the disturbance propagates more or less 
strictly along the magnetic field. 

 

Fig. 4.12: Evolution of a pressure pul e along the 
magnetic field. 

s

In Fig. 4.12 the evolution of a pressure distur-
bance is shown for successive times scaled to 
l0/cS and for a plasma beta of 0.5 for a clear 
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view of the occurring effects. For the presen-
tation of the solution a coordinate system is 
chosen co-moving with the pressure distur-
bance in order to focus on the behavior per-
pendicular to the magnetic field. 

4.6 Titan 
Titan, the Earth-like moon of Saturn, will be 
investigated by the joint NASA/ESA mission 
Cassini/Huygens. The planetary probe Huy-
gens will descend to Titan’s surface in January 
2005 (Fig. 4.13) and the Cassini Orbiter will 
investigate the Saturnian System for several 
years. 

 

Fig. 4.13: Huygens probe descending to Titan’s surface. 

IWF developed modules of the Huygens At-
mospheric Structure Instrument (HASI) and the 
Aerosol Collector and Pyrolyser (ACP) and 
participates in the Huygens Gas Chromato-
graph and Mass Spectrometer (GCMS) and the 
Cassini Radio and Plasma Wave Science Ex-
periment (RPWS), too. In order to prepare for 
the data analysis several physical models of 
the atmosphere/ionosphere and surface are 
under development at IWF. 

Physics 

Schumann resonances at Titan: The so-called 
Schumann resonances are characteristic prop-

erties of electromagnetic waves in a cavity 
formed by the conducting surface and the 
ionosphere. At Earth they occur in the ex-
treme low frequency range with the funda-
mental mode at about 8 Hz. They are trig-
gered by lightning phenomena. The meas-
urements of the Schumann resonances is one 
method to detect lightning activity on Titan, 
which is predicted be several models. 

The Huygens Atmospheric Structure Instru-
ment (HASI) aboard the Huygens probe is ca-
pable to detect low frequency electric fields in 
the frequency range up to 100 Hz (Schumann 
mode). We investigated theoretically the 
propagation of low-frequency electromagnetic 
waves in the atmosphere/ionosphere of Titan. 
First we used two concentric shells (surface, 
ionosphere) with a uniform conductivity as a 
representation of the ionospheric waveguide. 
The results of calculations applied on the ter-
restrial case reveal that the resonance fre-
quencies are 30 % too high in comparison to 
the experimentally measured frequencies. 
Additionally, the use of a numerical method 
provided the opportunity to include realistic 
electrical conductivity profiles of the atmos-
phere. The Transmission Line Method yielded 
satisfactory results for the resonance curves. 

 

Fig. 4.14: Titan Schumann resonance spectra for different 
typical a mospheric conductivity p ofiles. t r

The main difference of the lower atmosphere 
of Titan with regard to the Earth's cavity is its 
higher conductivity. Our Titan results are 
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based on models of the neutral and ion at-
mospheric chemistry. Due to the geometric 
properties of the cavity the resonances are 
expected to be a factor of 2.5 higher than on 
Earth. We calculated the Titan Schumann 
spectrum and found it much broader than that 
for Earth (Fig. 4.14). Taking into account the 
uncertainty of the conductivity profile the 
higher resonances can also almost disappear 
for very high conductivity levels. 

The simulations will be continued and im-
proved in order to have an appropriate tool 
for the analysis of the Huygens 2005 descent 
data. 

Lightning on Titan: The search for lightning 
on Saturn's satellite Titan is one of the scien-
tific targets of the Cassini/Huygens mission. 
Although Voyager 1 did not detect any radio 
emissions attributed to lightning during its 
flyby in November 1980, one cannot generally 
rule out their existence because of low flash 
rates or ionospheric radiation blockade. The 
thundercloud model in Titan's troposphere, 
which was discussed in the Annual Report 
2001, favors the existence of lightning and 
predicts the charge densities as a function of 
altitude for simulated clouds charged by elec-
tron attachment or collisional charging. A 
study was performed by replacing the hori-
zontally homogenous charge densities of the 
model by homogenously charged spheres, 
and electrostatic energy considerations were 
made for various stages of a possible light-
ning stroke: In the initial stage the thunder-
cloud is approximated by two spherical 
charges at certain heights. The intermediate 
stage is the situation just before the return 
stroke, when a certain amount of charge is 
distributed along the so-called leader chan-
nel, and in the final stage all this leader 
charge is neutralized in the return stroke 
process. The energy of the system in the 
leader stage behaves in an interesting way 
and has a minimum, which corresponds to a 
certain leader charge, which will preferentially  

be lowered in the following return stroke 
process. It was also found that the energy in 
the return stroke stage mainly depends on the 
length of the channel and the amount of low-
ered charge. For a simulated Titan monopolar 
cloud charged by electron attachment cloud-
to-ground lightning strokes lowering 30 C 
(Coulomb) of charge and dissipating energies 
around 1010 J (Joule) were calculated. For the 
modeled bipolar clouds charged by collisional 
charging these values are a few C of lowered 
charge and about 108 J of dissipated energy, 
which are quite similar to typical Earth values. 

Titan atmosphere chemistry simulation: Using 
the available Titan atmospheric data, simula-
tions are currently under preparation, which 
will be done with a program called ASPEN. 
This program works with all acknowledged 
thermodynamic models. The choice of the 
right thermodynamic model depends on the 
number of the expected phases, the polarity 
of the substances, and their interaction. To 
get as close as possible realistic results we 
support our theoretical studies with laboratory 
experiments by means of a chemical reactor 
where we can simulate Titan’s atmospheric 
conditions also close to its surface. The ex-
perimental set up and the experiments, which 
are carried out in the reactor, are currently 
developed. 

4.7 Comets 
Comets are considered to have their origin in 
cool and distant regions of our solar system at 
very early stages of its evolution. Thus, 
cometary matter might have preserved some 
original signatures of the materials at that 
time. The scientific interest in comets is char-
acterized by their dual role as messengers 
from the beginnings of the solar system and 
as relatively unexplored, "exotic" small bod-
ies. So far, our current knowledge is based on 
the cometary missions to comet Halley in the 
late 1980's, which were not more than a quick 
snapshot of a cometary nucleus. 
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Rosetta 

ESA took a lead in closing some of the knowl-
edge gaps by assigning a cornerstone mission 
to the exploration of a comet in all detail by 
measurements in-situ. This mission, labeled 
Rosetta, will monitor the evolution of a comet 
during its approach nearer to the Sun over a 
long period of time from an Orbiter. In addi-
tion, a Lander will be dropped on the surface 
of the nucleus. Due to problems with the Ari-
ane-5 rocket, the launch, which was foreseen 
for January 2003, was postponed. Scientists 
believe that Rosetta can no longer reach its 
original target, comet P/Wirtanen. Rosetta’s 
new flight path and the comet on which it will 
land have not yet been determined.  

IWF participates in a number of experiments 
in this key ESA mission. It is leading the in-
vestigation of dust particles collected in the 
coma by means of an atomic force micro-
scope. This instrument MIDAS on the Rosetta 
Orbiter is to investigate the structure, flux and 
magnetic properties of the grains. IWF also 
contributes to the mass spectrometer COSIMA 
and to the magnetometer RPC-MAG on the 
Orbiter. 

The Lander instrumentation has contributions 
by IWF to the MUPUS and ROMAP experiments 
and to the development of the Rosetta Lander 
anchoring system. MUPUS consists of a group 
of sensors to measure the thermal and me-
chanical properties of layers near the surface. 
ROMAP is a magnetometer to investigate the 
magnetic field during the descent to the sur-
face and of possible variations after the land-
ing. 

MIDAS 

The dust emitted from the nucleus when solar 
irradiation becomes strong enough to subli-
mate the ices is not only creating an essential 
part of the spectacular coma; it also carries 
important information on the nucleus. The 

instrument MIDAS (Micro-Imaging Dust 
Analysis System) on board of the Rosetta Or-
biter will allow to investigate the texture of 
individual grains and statistical features of the 
dust flux by means of atomic force micros-
copy. The instrument has been developed 
under the leadership of IWF (see the Annual 
Report 2001 and the IWF website for details). 

The MIDAS Flight Model had been completed 
and integrated on the Rosetta Orbiter in Sep-
tember, 2001. Since then it has remained on 
the spacecraft and accompanied it during the 
long series of system level tests in 2002, 
starting with the thermal vacuum test in the 
new facility at ESTEC (Fig. 4.15). 

 

Fig. 4.15: The Rosetta spacecraft being mounted inside 
the thermal vacuum facility a  ESTEC. t

The environmental and functional system 
tests continued until August with acoustic and 
vibration tests, electromagnetic compatibility 
test, and system validation tests. All tests 
were performed at ESTEC. Based on results 
collected during the tests and on further ex-
perience gained by operating the Qualification 
Model of the instrument at IWF, the flight 
software was upgraded including new mod-
ules for on-board processing of the collected 
images of cometary dust particles. The final 
flight software was uploaded to the instru-
ment and verified in August, just before the 
transport of the spacecraft to the Kourou 
launch site. Another abbreviated functional 
test and a system validation test were per-
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formed in Kourou. MIDAS, as all payload, par-
ticipated in these tests. The data could even-
tually be retrieved both at the ESA flight con-
trol center in Darmstadt, Germany (ESOC) and 
at IWF, using the Rosetta Data Disposition 
System. 

In parallel to the flight model activities, the 
experimental program on the ground contin-
ued. A spare unit of the instrument, to be 
used for investigations on cometary analogue 
materials throughout the next decade, has 
been completed. This unit will also serve as a 
test bed for procedures to be executed on the 
flight unit later on. For this unit, parts of the 
Engineering Model (EM) had to be refurbished. 
As the latter is to be kept at ESOC for com-
mand verification purposes, the parts re-
moved form the EM had to be replaced by 
functionally equivalent elements, and a copy 
of the final flight software had to be installed. 

The accompanying ground investigation pro-
gram based on atomic force microscopy until 
and during the near-nucleus operations phase 
(2012 to 2013) requires a significant number 
of spare sensors for the AFM, which are very 
susceptible to mishandling in the laboratory 
and also show degradation after extensive 
use. Sensors for additional 40 scanner heads 
have been received and inspected, and the 
assembly of the heads has started. 

COSIMA 

The acronym COSIMA stands for Cometary 
Secondary Mass Spectrometer, an instrument 
on board the Rosetta Orbiter dedicated to the 
chemical and isotopic analysis of dust grains 
collected in the coma. The work principle is 
that of secondary ion mass spectrometry 
(SIMS), when a primary ion beam of high en-
ergy is focused to a small spot on the target 
where it releases molecules out of the target 
material and ionizes a fraction of 0.1 to 10%. 
In the case of COSIMA, a primary beam of In-
dium ions at 10 keV is applied. The small spot  

size of ca. 10 µm radius allows to spatially 
resolve chemical features on larger single 
particles. The secondary ions extracted from 
the target are fed into a time-of-flight mass 
spectrometer with a large mass range. 

The development of the instrument is per-
formed by an international collaboration 
chaired by the Max-Planck-Institut für extra-
terrestrische Physik (MPE) in Garching, Ger-
many. IWF provides electronics for the primary 
ion beam system, consisting of high voltage 
and heater supplies for the ion sources. 

In 2002, the manufacturing of the flight 
model electronics was completed. After test-
ing and calibration the hardware was deliv-
ered to the PI institute for integration into the 
instrument. After a series of tests the instru-
ment was finally integrated into the Rosetta 
spacecraft in July 2002. 

MUPUS 
In 2002 both the MUPUS penetrator and the 
Rosetta Lander anchors have been delivered 
to ESA, shipped to the Kourou launch site and 
mounted at the lander. All FM tests have been 
successfully so far. Some calibration tests with 
the ground reference models are still to be 
done. 

ROMAP 

The experiment ROMAP (Rosetta Lander Mag-
netometer and Plasma Monitor) aboard the 
Rosetta Lander is a multi-sensor experiment. 
A fluxgate magnetometer (TU Braunschweig) 
investigates the magnetic field, ion and elec-
tron rates are detected by means of an elec-
trostatic analyzer (KFKI Budapest / MPAe Lin-
dau) and the ambient pressure is measured by 
Pirani and Pennings sensors. The different 
sensors and their accompanying electronics 
are controlled by the ROMAP Controller devel-
oped at IWF, which includes the instrument's 
telemetry interface. 
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In parallel to ROMAP, plasma parameters are 
measured by the Rosetta Orbiter. This makes 
it possible to investigate the comet / solar 
wind interaction (generation of the coma and 
the plasma tail) as function of the distance from 
the Sun at two different points. 

The following tasks have been performed in 
the year 2002: 

• Several integration tests with the Flight 
Model 2 at MPAe Lindau and at the 
Kourou launch site 

• Production and assembling of a Flight 
Reference Model 

• GSE software improvements 

• Design of a data conversion module for 
data visualization at the Rosetta Lander 
Data Center. 

RPC-MAG 

The fluxgate magnetometer RPC-MAG is one 
of the five instruments included in the Rosetta 
Plasma Consortium (RPC, Fig. 4.16). It is de-
signed to measure the magnetic environment 
of a comet and to determine its magnetic 
property. During the two years period of 
Rosetta orbiting around the comet, the comet 
tail will be observed in detail for the first time. 

 

Fig. 4.16: External view of the RPC-0 Box. 

The lead institution of the RPC-MAG consor-
tium is the Institut für Geophysik und Meteo-

rologie of TU Braunschweig. The analogue-to-
digital converter of the magnetometer is built 
by IWF. 

In 2002, the Graz team has participated in 
various tests and calibrations. For the Rosetta 
Orbiter, the determination and compensation 
of the magnetic stray field are very important. 
IWF has developed a special GSE software and 
made tests together with TU Braunschweig. 
After a series of tests at ESTEC, RPC was fi-
nally integrated into the Rosetta spacecraft 
and transported with the spacecraft to French 
Guyana in September 2002. 

4.8 Solar Wind 
The particles emanating from the Sun, the so-
called solar wind, consist of protons, helium, 
and other particles, including electrons. Pro-
cesses on the Sun, like coronal holes, solar 
flares and sunspots cause temporal and spa-
tial disturbances in the solar wind and a se-
quence of fast and slow plasma streams. This 
results in the interactions of shock fronts. 

Instabilities 

Various kinds of waves and instabilities exist 
in space plasmas. We study in particular the 
Kelvin-Helmholtz instability at the magneto-
pause, the interchange instability, and the 
growth rate of mirror modes in the terrestrial 
magnetosheath. Both instabilities are of inter-
est for studying phenomena at planet Venus 
and therefore important for the upcoming 
space mission Venus Express. 

Non-thermal particles 

Numerous in-situ observations indicate 
clearly the presence of non-thermal electron 
and ion structures as ubiquitous and persis-
tent feature of most space plasma environ-
ments. The three detected dominant devia-
tions from multi-temperature Maxwellians are 
suprathermal particle populations, loss-cone 
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structures and, provided by recent high-
resolution data analysis, gyrophase-bunched 
electron and ion distributions at plasma 
boundary layers. 

After clarifying the occurrence of specific 
non-thermal features in various space plasma 
environments, different generation mecha-
nisms of energetic particles can be deduced 
and studied in view of coronal/solar wind and 
magnetospheric conditions. Wave-particle 
interaction based on a Fokker-Planck ap-
proach demonstrates how Landau interaction 
ultimately leads to kappa-distributions, fa-
vored in astrophysical plasma modeling. In 
turn, it can be shown that these distributions 
are theoretically a consequence of non-
extensive thermo-statistics, thus can be con-
sidered as plasma equilibrium state. More-
over, magnetic field gradients can act as cata-
lyst for the generation of energetic particle 
populations up to relativistic energy due to 
synergetic effects in a multi-stage accelera-
tion process relevant, for instance, for solar 
flare conditions. 

With regard to further studies of wave-particle 
interaction processes and instability analysis a 
class of highly general analytical representa-
tions of velocity space distributions was de-
veloped, shown to model accurately observed 
complicated situations ranging from multi-
component, two-temperature high energy tail 
structures and loss-cone features to non-
gyrotropic distributions, where Maxwellians 
are recovered as special case. 

Multi-component solar wind models from 
non-extensive entropy environments: Most 
astrophysical plasmas are observed to have 
velocity distribution functions exhibiting non-
Maxwellian suprathermal tails where the high-
energy particle populations are accurately 
represented by the family of kappa-
distributions. Since these distributions turn 
out as equilibrium state within the framework 
of pseudo-additive entropy, non-extensive 

thermo-statistics have been considered as 
ideal basis for the development of highly ac-
curate solar wind velocity space distributions 
and used to formulate a theoretical founda-
tion of multi-component solar wind models. 

Grow h rates of mirror and ion-cyclotron 
modes for suprathermal-, loss-cone, ring and 
non-gyrotropic velocity space distributions: In 
view of equilibrium conditions magnetic fluc-
tuations were recognized in a large variety of 
space plasmas by increasingly high resolution 
in-situ observations as mirror wave mode 
structures. Similar as for the ion-cyclotron 
instability, a typical requirement for the exci-
tation of mirror modes is a dominant perpen-
dicular pressure in a high beta plasma envi-
ronment. It was demonstrated from a realistic 
kinetic analysis how details of the velocity 
space distributions are of considerable sig-
nificance for the mirror instability threshold. 

t

Magnetic Clouds 

Magnetic clouds belong to the phenomena of 
Coronal Mass Ejections (CME) and can be de-
termined by several characteristics. They are 
different from the surrounding solar wind and 
have (1) an enhanced field strength, (2) a 
large and smooth rotation of the magnetic 
field vector, (3) lower proton temperature and 
(4) low plasma-beta. After their release at the 
Sun they move away and since they are gener-
ally moving faster than the normal solar wind 
they often drive a shock front. While their 
propagation outward they are expanding 
which is often finished when they reach 1 AU. 

For corresponding studies observations from 
the Wind spacecraft at 1 AU, and HELIOS 1 & 2 
spacecraft, positioned at 0.3÷1.0 AU, were 
used. 

The developed model regards the magnetic 
cloud to be locally a cylinder with a force-free 
magnetic field configuration, and it is based 
on a least-square fit to the x-, y-, and z-
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components. Since HELIOS observations were 
made at different radial distances from the 
Sun, changes of the cylindrical diameter, the 
maximum magnetic field strength, and 
changes of the orientation with radial distance 
were examined. 

Usual magnetic clouds are driving a shock 
front, and the relation of the stand-off dis-
tance of the shock with the maximum field 
strength of the magnetic cloud were deter-
mined. As a result we state that with an addi-
tional magnetic field the stand-off distance 
increases, which can clearly be seen in the 
observations. 

An example of a magnetic cloud observed by 
the HELIOS 1 spacecraft at 0.84 AU is shown 
in Fig. 4.17. The thick red lines in the Bx, By 
and Bz panels is an estimated fit to these 
magnetic cloud’s magnetic field components. 

 
Fig. 4.17: From top to bottom: The total magnetic field 
strength with the components in x-, y- and z-direction 
(12 minute ave ages in GSE coordinate system). Red lines 
show an estimated fit to the magnetic field components. 

 

r
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5 Laboratory Experiments 
The vast experience of IWF in the develop-
ment and building of instruments for space 
missions and subsequent data analysis en-
ables the institute to perform experiments in 
IWF laboratories, to develop software and to 
provide calibration tools for radio antennas. 

5.1 Magnetic 
Cleanliness 

The Multi-Magnetometer-Sensing (MMS) 
study was completed at the close up meeting 
held at IWF in October 2002. The main topics 
of this meeting were the final review of the 
s/c development software tool POLYMAG, dis-
cussions about first POLYMAG design results 
for the Venus Express mission and the follow-
on project MAGLAB. The start of MAGLAB, 
planned as cooperation between ESA (The 
Netherlands), IGM (Germany) and IWF, was 
postponed to the middle of 2003. IWF was 
invited to work on this new international 
MAGLAB project and a decision about partici-
pation will be taken at the beginning of 2003. 

The main tasks of the MMS activities in 2002 
were the maintenance of the POLYMAG soft-
ware, the completion of the technical reports 
and the first application of the software pack-
age for the s/c mission Venus Expre s. During 
extensive tests and study procedures several 
software modifications were implemented. All 
technical reports have been revised and deliv-
ered to ESA/ESTEC. In more detail, the POLY-
MAG software package was used to determine 
an optimum geometrical configuration of 
boom and magnetic field sensors for the 
planned Venus Express mission. 

The insights and results of this first applica-
tion showed that the POLYMAG s/c design 
tool constitutes a valuable support for opti-
mizing real magnetic field measurements on 
s/c. 

5.2 Radio Antennas 
One main competence of IWF is the capability 
to determine the reception properties of radio 
antenna systems of spacecraft as well as of 
ground-based radio telescopes, by various 
means and tools. Following the already per-
formed investigations on the Cassini RPWS 
antenna system, which yielded remarkable 
coinciding results by means of rheometry, 
wire-grid numerical calculations and in-flight 
calibration, recent studies concentrated on the 
determination of the effective antenna vectors 
of the Interball POLRAD and the Mars Express 
MARSIS antenna systems. 

The POLRAD experiment on Interball 2: The 
joint Austrian-Russian project “Rheometry 
analysis of the antenna system of the POLRAD 
experiment aboard the Interball 2 satellite 
(AURORAL PROBE)“ aims for the rheometric 
determination of the reception properties of 
the POLRAD antennas. The rheometry tech-
nique is based on electrolytic tank measure-
ments, using a down-scaled spacecraft model 
with the POLRAD antennas (Fig. 5.1). The 
measurement series performed in 2002 
showed that the electrically effective antenna 
axes of four antennas are tilted by about 
6 degrees from their respective nominal (me-
chanical) axes towards the –X (symmetry) axis. 
The results will be used for improved evalua-
tion of POLRAD AKR data, in particular the 
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study of radio wave polarization and calibra-
tion techniques. Furthermore, it provides an 
estimation of the influence of the non-
operational element (antenna arm) of the 
POLRAD antenna system. 

 

Fig. 5.1: In erball 2/POLRAD rheometry model, scale 1:30. t

MARSIS antennas aboard Mars Express: The 
MARSIS (Mars Advanced Radar for Subsurface 
and Ionosphere Sounding) experiment aboard 
Mars Express is a ground penetrating radar 
for the investigation of the Martian surface 
and subsurface structure, especially to map 
underground water and ice, which is thought 
to be essential in the search for microbial life 
on Mars. The MARSIS antenna system consists 
of a primary dipole for transmission and re-
ception of radar pulses, and a secondary re-
ceiving monopole for the cancellation of sur-
face clutter echoes. The exact knowledge of 
the null-axis (axis of minimum sensitivity) of 
the monopole is decisive for the sounding 
technique. As the effective axis of the mono-
pole is significantly perturbed by the space-
craft body, the determination of the offset of 
the axis from the nominal direction is crucial. 

In the year 2002 we performed preliminary 
numerical simulations to determine the re-
ception properties of the clutter monopole, 
especially its effective axis. The calculations 
are based on a wire grid model representing 
those features of the Mars Express spacecraft 
which are most important with regard to the 
antenna properties: the central body, solar 
panels, dipole arms and the monopole an-

tenna (Fig. 5.2). First results show the enor-
mous influence of the solar panels and the 
primary dipole antenna. In particular, the 
monopole radiation pattern is very sensitive to 
the termination impedances of the dipole. It 
was found that a realistic description of the 
reception properties of the clutter antenna 
could only be accomplished by taking into 
account the impedance matching network of 
the dipole in the modeling. This is planned for 
future simulations, including improvements of 
the wire grid design. 

 

Fig. 5.2: Wire grid for numerical simulation of MARSIS 
antennas aboard Ma s Express. The monopole antenna is
7 m long, the dipole consists of two 20 m elements, and 
the size of the central body is approx. (1.65x1.7x1.4) m. 

r  

Radio emission visualization by Spectrum 
Analyzer (SA): The Anritsu MS2661C is a 
modern spectrum analyzer for observations of 
solar and Jovian decametric radio emissions at 
the Lustbühel radio station. It is a swept fre-
quency analyzer, which measures the input 
signal at a number of frequency channels in a 
serial way by analyzing one channel after an-
other. A time-frequency representation can be 
obtained by sweeping in a certain time from 
the start to the stop frequency by means of a 
tunable band pass filter (with a certain resolu-
tion bandwidth), whose center frequency is 
periodically deplaced. 

For the visualization of the observed radio 
emissions by means of a so-called dynamic 
spectrum (i.e. a signal intensity plot versus 
the frequency and the time) it was necessary 
to implement a computer control, which can 

44 



display such a spectrum and save the corre-
sponding data. LabView was used as a pro-
gramming tool to implement such a remote 
computer control.  

Fig. 5.3 shows solar bursts recorded with the 
SA at August 21, 2002, with the start time 
11:48:48.14 UT. Two type III bursts can be 
identified with a lower frequency limit of 
about 27 MHz, and the more intense one has 
a time duration of about 50 seconds. The ver-
tical streaks in the spectrum are caused by 
lightning from a nearby thunderstorm. 

 

Fig. 5.3: Sola  radio bursts recorded with the Anrit u 
MS2661C spec um analyzer at Lustbühel Observato y. 
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5.3 Space Simulation 

Solid State Greenhouse Effect 

As a new project (funded by FWF) the investi-
gation of the solid-state greenhouse effect in 
planetary ices has been started in mid 2002. 
Its goal is to reach a better understanding of 
the energy conversion processes in cometary 
near surface layers and in other planetary ice 
layers, like the poles of Mars and the icy sat-
ellites in the solar system. Two main activities 
have been commenced: 

• Development of a thermal model describ-
ing the heat transfer in optically transpar-
ent ices, and 

• Build-up of an irradiation system (solar 
simulator), which is combined with our 

existing cryogenic vacuum chamber. The 
solar simulator is currently being in-
stalled. A result of one of the model cal-
culations, showing the typical subsurface 
temperature maximum inside an irradi-
ated transparent ice layer, is given in Fig. 
5.4. 

 

Fig. 5.4: Temperature dis ribution in an ir adiated 
anspa en  ice layer, as calculated by a thermal model. 

The upper panel shows temperatu e profiles for different
absorption scale lengths, while the lower panel shows the
effect of varying the albedo. 
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Exobiology 

EXPOSE/Phage and Uracil Response (PUR): 
Theoretical studies and laboratory experi-
ments for the PUR experiment, which is se-
lected for the first mission of ESA’s EXPOSE 
space exposure facility at the ISS, have been 
performed. The main goal of the studies is to 
examine and quantify the effect of specific 
space parameters such as VUV, UV radiation, 
dehydration effects, non-oxidative environ-
ments etc. related to space vacuum conditions 
on nucleic acid models. We used Uracil thin 
layers in the ground-based experiments as a 
part of the living RNA as a model of UV dam-
age in a biological system. A new improved 
method for the evaluation of the fine optical 
changes in Uracil due to UV irradiation was 
developed using the second derivatives of the 
absorption spectra allowing the optimization 
of the signal-noise ratio. Short-term tests of 
vacuum and temperature stability of the 
sandwich samples were performed under 
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simulated space vacuum condition in the 
space simulation chamber at IWF Graz and 
DLR Cologne. Our experiments show that 
dimerization caused by the UV exposure of a 
Hg germicidal lamp can effectively be reverted 
by the use of a lamp with shorter wavelength 
components emitting radiation also below 
200 nm. We could demonstrate experimen-
tally, for the case of a Uracil thin-layer that 
the photo-reaction process of the nucleotides 
can be both, dimerization and the reverse 
process: monomerization (Fig. 5.5). These 
results are important for the study of solar UV 
exposure on early organisms in the terrestrial 
environment more than 2 Gyr ago where Earth 
had no UV protecting ozone layer and in the 
search for live on Mars since we can show that 
biological harmful effects can also be reduced 
by shorter wavelength UV radiation, which is 
important for reducing DNA damages pro-
voked by wavelengths longer than about 
240 nm.

 
Fig. 5.5: Decrease of the optical density of a Uracil layer 
due to dimerization by the exposure with a germicidal 
lamp. A follow-up exposure o  the same U acil layer with
a short wavelength Deuterium lamp shows a strong 
reversion in monomers. 
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 Experiments on Extremeophiles under Martian 
Conditions: Experiments of halobacterial cells 
under simulated Martian conditions were also 
carried out at the IWF space simulation facil-
ity. Halobacteria are considered suitable 
model organisms for exploring the possibility 
of long-term survival of microorganisms on 
Mars. First results showed a reduction of vi-
able cells. 

Response on Organisms in the Martian Envi-
ronment (ROME): Due to our participation in 
the ESA Topical Team ROME, seasonal and 
diurnal variations in Martian surface UV irra-
diation with particular emphasis placed on the 
interpretation in a biological context of the 
data were studied. A solar UV model was used 
to yield the surface solar UV irradiance at 
Martian latitude at any time and place over a 
Martian year. Seasonal and diurnal variations 
are calculated, and biological effective dose 
rates evaluated. The biological interpretation 
of the solar UV dose rates is performed by 
determining the DNA damage effects upon 
Uracil and Phage T7, which are used as exam-
ples for biological UV dosimeters. Our studies 
show that a solar UV “hotspot” is created to-
wards perihelion in the southern hemisphere, 
with significant damaging effect upon these 
species. The results are used now for landing 
site discussions of future Mars landers whose 
focus is the search for microbial life. 

Penetrometry Test Stand 

A new penetrometry test stand with the pri-
mary purpose to be used for tests within the 
NetLander/SPICE experiment has been in-
stalled at the IWF laboratory. This device al-
lows to perform controlled material strength 
tests over a wide range of cohesive strengths. 
Its operation is controlled by a LABVIEW pro-
gram, which performs both the data acquisi-
tion and secures the sensitive load cells 
against damage by overload. Two load cells 
are incorporated: one covering a range up to 
2000 N, allowing penetration tests with hard 
materials (e.g. consolidated soils or ice 
crusts), acting also as monitor for the test 
stand and one with a range of 25 N in com-
pression, corresponding to the range relevant 
for the SPICE experiment. An example of such 
a measurement, showing the resistance force 
of a conical tip penetrating into Mars analog 
soil, is shown in Fig. 5.6. 
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Fig. 5.6: A typical da a set mea ured by the new 
penetrometry device. It can be seen that the insertion 
force exponentially increases with depth. 

t s

Vacuum Chamber 

For functional tests and calibration of space 
instruments, including future electron beam 
experiments, a large vacuum chamber with 
manipulators and sensors is necessary. A 
suitable chamber, which had been used for 
similar purposes, has been received from MPE 
Garching/Germany. The refurbishment of this 
chamber has started by adding thermal isola-
tion (Fig. 5.7), the renewal of flanges as nec-
essary, and the replacement of some mecha-
nisms. A new set of vacuum pumps and a new 
control system will complete this facility, 
which will allow IWF to proceed with its long-
term plans for space instrumentation. 

 

Fig. 5.7: Vacuum chamber with thermal isolation. 

Temperature Test Facility 

During space missions, scientific sensors 
mounted outside of the spacecraft are usually 

exposed to extreme temperature conditions. 
This is in particular true for spacecraft of the 
upcoming ESA missions to Venus (Venus Ex-
press, launch 2005) and Mercury (BepiCo-
lombo, launch 2010). 

For this reason a special temperature test fa-
cility (Fig. 5.8) for magnetic field sensors was 
constructed at the Magnetometer Laboratory. 
It enables all basic test and calibration meas-
urements (offset, scale factor, transfer func-
tion …) for especially low-range magnetic 
field sensors over an extended temperature 
range (-170 °C through +200 °C). The test 
facility consists of a three layer magnetic 
shielding set, the temperature control equip-
ment and a calibration coil for magnetic field 
stimuli. 

 

Fig. 5.8: Temperatu e test facility for magnetic field 
sensors. 

r

5.4 COROT 
In co-operation with the Institute for Astron-
omy, University of Vienna, IWF contributes to 
the French space telescope COROT (Convec-
tion, Rotation and Planetary Transit). The sci-
entific goal is the investigation of dynamic 
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processes in the interior of stars and the 
search and survey of extrasolar planets. In 
both cases, astroseismology and exoplanetol-
ogy, the variation of the brightness of stars is 
the key parameter. The determination of these 
variations is done by high precision photome-
try, with a resolution better than 10 ppm. In 
astroseismology, the amplitude and frequency 
of brightness variations is used to derive the 
oscillation mode and furthermore to deter-
mine the physical and chemical processes in 
the interior. Variations in the brightness can 
be caused by bypassing planets too; there-
fore, this effect is used to identify extrasolar 
planets. To distinguish variation due to oscil-
lations from bypassing planets, spectral 
analysis in the red and blue zone is per-
formed. In astroseismology, only a few targets 
are observed, while in exoplanetology the 
data of 6000 stars are processed simultane-
ously. 

IWF develops the so-called extractor (Boîtiers 
Extracteur, BEX) a computer system with dedi-
cated pre-processors for the selection and 
classification of image data. The in-house 
developed pre-processors allow the identify-
cation of pixels, which are part of pre-defined 
image areas, up to a data rate of 200 kpixel. 
The essential technology is hardware sup-
ported data mining under the constraints for 
real-time operation. In addition to the devel-
opment and assembly of the space-qualified 
hard- and software as well as the ground 
support equipment, IWF will participate in the 

integration and test campaign. 

The pre-defined image areas are irregular 
patterns, which compensate the non-linearity 
of the optics. The processor load is directly 
depending on the position of the pre-defined 
areas; therefore, clustering shall be avoided. 
The so-called look-up table generator pro-
gram supports the placement, creates the 
look-up table and estimates the needed sys-
tem performance. 

 

Fig. 5.9: Screen shot of the look-up table generator 
program. 

The design activities dedicated to the hard-
ware are almost finished and the design was 
presented during the Preliminary Design Re-
view. Presently the laboratory model is as-
sembled and the electrical tests will be fin-
ished by the end of 2002. 
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7 Teaching & Workshops 
7.1 Lecturing 
IWF members are actively engaged in teaching 
at five universities. In summer 2002 and in 
the current winter term 2002/2003 the fol-
lowing lectures are given, in addition to a 
number of practical exercises and seminars. 
The majority of the lectures are given in Ger-
man. 

KFU Graz 
Introduction to Geophysics (Bauer) 

Introduction to Meteorology (Bauer) 

Magnetospheric Coupling (Selected Chapters of 
Space Physics and Aeronomy) (Biernat) 

Plasma Physics (Foundations) (Biernat) 

Plasma Physics (Transport) (Biernat) 

Solar-Terrestrial Relationships (Waves and Insta-
bilities) (Biernat) 

Instruments and Data Processing in Geophysics and 
Space Physics (Boudjada) 

Introduction to Planetology (Kömle, Lammer) 

Measurement Methods in Space Physics and Aeron-
omy (in-situ measurements) (Rucker) 

Measurement Methods in Space Physics and Aeron-
omy (remote sensing) (Rucker) 

Planetary Radio and Plasma Waves (Rucker) 

TU Graz 
HF-Engineering 1 (Riedler) 

HF-Engineering 2 (Riedler) 

Dynamical Satellite Geodesy (Sünkel) 

Satellite Geodesy (Sünkel) 

Theory and Practice of Active Plasma Experiments 
in Space (Torkar) 

JKU Linz 
Mathematics for Students of Computer Sciences in 

Economics I (Hausleitner) 

LMU München 
Space Plasma Physics I (Baumjohann) 

Space Plasma Physics II (Baumjohann) 

University of Calgary 
Advanced Mathematical Methods and Applications 

in Satellite Geodesy (Sünkel) 

Advanced Course 

The joint two-years post-graduate university 
course MAS Space Sciences at both Karl-
Franzens University of Graz and Graz Univer-
sity of Technology continued in 2002 with the 
second and third semester, where candidates 
get prepared for the master thesis in the 
fourth semester in 2003. Several scientific 
members of IWF are supervisors of the par-
ticipants of the MAS Space Sciences 
(http://www.spacesciences.oeaw.ac.at). 

Summer University 

The Summer University “Graz in Space – Cur-
rent Space Research” has been organized by 
IWF in cooperation with lecturers from Karl-
Franzens University of Graz, Graz University of 
Technology, Joanneum Research, Vienna Uni-
versity of Technology and Magna Steyr Space 
Technology. These summer university lecture 
presentations took place from September 23 – 
27, 2002, and provided an extensive overview 
on Space Physics, Remote Sensing, Space 
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Communication and Navigation, as well as on 
Life Sciences. One day was specifically de-
voted to manned space flight to Mars. Main 
coordinator and organizer was H.O. Rucker 
(http://www.grazinspace.oeaw.ac.at). 

7.2 Theses 
Besides lecturing, IWF members are supervis-
ing Diploma/Doctoral Theses and Habilita-
tions. In 2002, the following theses have been 
completed: 

Mühlbachler, S.: Studies of Dayside Magnetic Field 
Line Erosion Signatures, Doctoral Thesis, KFU 
Graz (Supervisor: H. Biernat) 

Pail, R.: Selected problems in the framework of the 
GOCE data processing”, Habilitation, TU Graz 
(Supervisor: H. Sünkel) 

Pany, T.K.: Entwicklung und Anwendung von Mo-
dellen für die troposphärische Laufzeitverzöge-
rung von GPS Signalen basierend auf Modellen 
der numerischen Wettervorhersage und der 
Turbulenztheorie, Doctoral Thesis, TU Graz (Su-
pervisor: H. Sünkel) 

Steindl, M.J.: Hardware-Entwicklung eines Range-
gate-Generators, Diploma Thesis, Fachhoch-
schule Deggendorf/BRD (Supervisor: G. 
Kirchner/P. Sperber) 

Töfferl, H.: Data Preselection using a Lookup Table 
for the Space Telescope COROT, Diploma  

Thesis, TU Graz (Supervisors: M.B. Steller, H. 
Ottacher/B. Rinner) 

Valavanoglou, A.: Concept Study and First Realiza-
tion of a Sigma-Delta Fluxgate Magnetometer, 
Diploma Thesis, TU Graz (Supervisor: W. Mag-
nes/M. Friedrich) 

Wagner, B.: Gravitoelektromagnetismus und Lense-
Thirring-Effekt - Bewegung eines Testteilchens 
in der linearisierten Kerrmetrik, Diploma Thesis, 
KFU Graz (Supervisor: H.I.M. Lichtenegger/A. 
Hanslmeier) 

7.3 Workshops 
From September 16 – 19, 2002, together with 
the Institute for Geophysics, Astrophysics and 
Meteorology (IGAM) of the KFU Graz, the IWF 
hosted the 2nd European Workshop on Exo-/ 
Astrobiology. This workshop was organized 
by H. Lammer (IWF Graz) together with IGAM, 
the European Exo/Astrobiology Network As-
sociation (EANA) and ESA. About 300 partici-
pants from 21 nations have attended this 
workshop. Corresponding proceedings have 
been published in November 2002 by ESA. 

In addition, H.O. Rucker organized a session 
at the 2002 Western Pacific Geophysics Meet-
ing in Wellington, New Zealand, and W. Baum-
johann organized sessions at the EGS Meeting 
in Nice, France, and the German Physical Soci-
ety Meeting in Leipzig. 
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