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On 25 October 2006 NASA’s STEREO A and B spacecraft were successfully launched. This picture shows the 
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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 universities located in 
Graz, and with numerous other national and 
international institutions. A particularly in-
tense cooperation exists with the European 
Space Agency (ESA). IWF participates in vari-
ous interplanetary missions as well as in mis-
sions dedicated to the exploration of our own 
planet Earth and its neighbourhood: 

 Cassini is orbiting Saturn and exploring its 
system. 

 Cluster, the four-spacecraft mission is still 
working well and gathering data. The mis-
sion has been extended until 2009. 

 Double Star, the Chinese-European mag-
netospheric mission, is taking data in 
good collaboration with the Cluster mis-
sion, and the mission has been extended 
until late 2007. 

 Rosetta is on its way to comet 67P/Chury-
umov-Gerasimenko.  

 Venus Express arrived at Venus on 11 
April, and explores the space environment 
around the planet. 

 STEREO was launched on 25 October, and 
the WAVES experiment has already ob-
served solar radio bursts. 

 COROT was launched on 27 December 
(Fig. 1.1), and will search for extra-solar 
planets and analyze the oscillation modes 
of stars. 

 
Fig. 1.1:  The launch of the COROT spacecraft from 
Baikonur on 27 Dezember. 

 GOCE will determine the structure of the 
terrestrial gravitational field to better un-
derstand the Earth’s interior, to map 
ocean currents, and to contribute to a uni-
fication of regional height systems. 

 THEMIS will fly five identical microsatel-
lites to probe the causal relationship in the 
chain of processes called magnetospheric 
substorm and the origin of the aurora. Its 
planned launch date is in February 2007. 

 BepiColombo will investigate in detail the 
innermost planet Mercury, using two or-
biters: one with instruments specialized 
for magnetospheric studies, and the other 
for remote sensing of the planet. 

 MMS will carry out 3D measurements, us-
ing four identically equipped spacecraft, to 
explore the acceleration processes that 
govern the dynamics of the Earth's mag-
netosphere. 
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Highlights in 2006 were the successful arrival 
and launches of several spacecraft.  On 11 
April Venus Express arrived at Venus (Fig. 1.2 
shows the Venus Orbit Insertion event at IWF, 
see Sect. 7.6). On 25 October STEREO was 
launched from Cape Canaveral, USA, and on 
27 December COROT was launched from 
Baikonur. 

  
Fig. 1.2: The VOI event in the atrium of IWF. 

IWF, of course, is also very much engaged in 
analyzing data from these and other space 
missions. This analysis is supported by the-
ory, simulation, and laboratory experiments. 
Moreover, at the Lustbühel Observatory in 
Graz, one of the most accurate laser ranging 
stations of the world is operated. Its data are 
used to determine the orbits of more than 30 
satellites. Also located at Lustbühel Observa-
tory is a system of antennas used to test new 
radio wave equipment. Finally, a network of 
nine permanent GPS stations is operated by 
IWF to monitor geodynamical movements in 
Austria and its vicinity. 

Scientific highlights in 2006 were, amongst 
others: 

 the SLR team at Lustbühel has determined 
for the first time the spin parameters of 
several satellites in detail using the Satel-
lite Laser Ranging method (see Sect. 2.3); 

 Cluster has measured for the first time the 
fine structure of the Earth’s magnetotail 
current sheet during reconnection (see 
Sect. 3.2); 

 at Venus the first observations of ion cy-
clotron waves were made in the foreshock 
region by Venus Express (see Sect. 4.3); 

 and the first detection of SEDs (Saturn 
Electrostatic Discharges) from the ground 
(see Sect. 4.5) has been performed.  

Last but not least, IWF also hosted two inter-
national conferences with about 30 and 75 
participants from five continents. 

IWF structure and funding 

IWF is structured into three departments: 

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

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

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

Its managing director is Prof. Dr. Wolfgang 
Baumjohann. 

The bulk of financial support for the research 
comes from ÖAW. Substantial support is also 
provided by other national institutions, the 
Austrian Research Promotion Agency 
(Österreichische Forschungsförderungsgesell-
schaft, FFG), the State of Styria, the Austrian 
Science Fund (Fonds zur Förderung der wis-
senschaftlichen Forschung, FWF), and by the 
Austrian Academic Exchange Service 
(Österreichischer Akademischer Austausch-
dienst, ÖAD) and its partner institutions in 
other countries. Last but not least, European 
institutions like ESA and the European Union 
contribute substantially. 



 3

2 Solid Earth 
Earth sciences are concerned with the investi-
gation of the state and the dynamic behaviour 
of the Earth system and strive to predict 
global changing processes. In order to under-
stand the Earth it is very useful to watch the 
blue planet from space.  

Satellite-based measurements are the most 
practical and cost-effective techniques for 
producing observations over a wide range of 
spatial and temporal scales.  

Satellite geodesy comprises the observational 
and computational techniques which allow 
geodetic problems to be solved by means of 
artificial Earth orbiting satellites. The objec-
tives of satellite geodesy at the IWF are in par-
ticular: 

 Determination of the Earth’s gravity field; 

 Measurement and modeling of regional 
and local geodynamical phenomena; 

 Precise tracking of geodetic and low Earth 
orbiting satellites by means of satellite la-
ser ranging; 

 Analysis of the measured data. 

2.1 Gravity Field 
The Earth’s gravity field 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.  A major advancement in the 
knowledge of our planet’s gravity field on a 
global scale has already been achieved by the 
dedicated satellite missions CHAMP and GRA-
CE, and the forthcoming GOCE mission will 
deliver even new revolutionary insights. 

GOCE 

In the framework of ESA’s Living Planet Pro-
gramme the satellite mission GOCE (Gravity 
field and steady-state Ocean Circulation Ex-
plorer) strives for a high-accuracy, high-
resolution model of the Earth’s static gravity 
field (see Fig. 2.1 for an image of the satel-
lite). GOCE is based on a sensor fusion con-
cept, i.e. the satellite’s orbit information is 
exploited, applying satellite-to-satellite trac-
king in high-low mode (hl-SST) using GPS. 
This delivers the long and medium wave-
lengths of the Earth’s gravity field. An on-
board gradiometer, flown for the first time, 
will provide the detailed structure of the grav-
ity field through satellite gravity gradiometry 
(SGG). 

 
Fig. 2.1: Artists impression of the  GOCE satellite 

Data Processing 

An operational hardware and software system 
for the scientific processing (Level 1b to Level 
2) of GOCE data has been set up by the Euro-
pean GOCE Gravity Consortium EGG-C. One 
key task of this software system is the proc-
essing of a spherical harmonic Earth’s gravity 
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field model and the corresponding full vari-
ance-covariance matrix from the precise 
GOCE orbit (SST data) and the SGG data. This 
key component is operated by the GOCE team 
Graz, which is a close co-operation of IWF 
with the Institute of Navigation and Satellite 
Geodesy of the Graz University of Technology 
(TU Graz). A rigorous solver approach is im-
plemented, which solves the huge linear 
equation systems using parallel software and 
hardware facilitating “Scientific Supercomput-
ing” on a PC cluster of TU Graz. 

Gravity Field Core Solver 

A numerical case study based on the data of 
an ESA GOCE end-to-end simulation, an op-
timum gravity field solution complete to de-
gree/order (d/o) 200 has been computed to 
demonstrate the full processing chain of the 
timewise gravity field solver.  

 

Fig. 2.2: Degree error median for diverse GOCE gravity 
field solutions (d/o 200 model). 

The first component of the solver consists of 
the SST processor, based on the energy inte-
gral principle, which uses the kinematic orbit 
data. A solution up to d/o 90 has been com-
puted to deliver the long wavelength part (see 
Fig. 2.2 for the SST degree error statistics, red 
curve). 

The SGG processor operates on the calibrated 
gravity gradients, which are directly related to 
the unknown potential coefficients, resulting 

in the linear observation model for all tensor 
components.  Fig. 2.2 again depicts the solu-
tion in terms of the corresponding degree 
error median (d/o 200, green curve).  

Finally, the SST and SGG normal equations are 
superposed applying an optimum weighting 
of the individual data types. The ill-posedness 
of the normal equations due to the polar data 
gaps is managed by applying a Spherical Cap 
Regularization. To fulfil the goal of a GOCE- 
only solution an independent SST-only solu-
tion with d/o 50 was used as the stabilizing 
function. The overall combined solution is 
shown in Fig. 2.2. (blue curve). 

The output of the processing is the coefficient 
solution and a full variance-covariance matrix, 
complete to d/o 200. In order to prove the 
plausibility of this matrix, rigorous covariance 
propagation was performed to propagate the 
coefficient errors to geoid height errors on a 
global grid. Fig. 2.3 shows the specific error 
structure of this field. Compared with the am-
plitude of absolute geoid height errors their 
statistical error estimates match quite well, 
proving consistency of this numerical closed-
loop case study.  

 
Fig. 2.3: Geoid height standard deviations [m] at degree 
200, propagated from the full variance-covariance matrix 
of the gravity field coefficients). 

In addition to the core solver, also an inde-
pendent solution of the long wavelength part 
of gravity coefficients coming from SST obser-
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vation is developed as a validation and backup 
solution. It is based on a different approach 
from the energy integral, performing the di-
rect numerical integration of the variational 
equations of the satellite orbit. Its perform-
ance is however hampered by its numerical 
integration effort for the relatively big number 
of satellite partials to compute. Therefore it is 
adapted to work in parallel on a local com-
puter cluster to speed up processing time. It 
has been tested so far and promising results 
are obtained.  Its advantage is however, that 
no orbit-velocity information is necessary. 
This strengthens the SST solution and it is 
useful to have one solution dependent on 
orbit positions only, in order to avoid possible 
inaccuracies and availability of velocities. 
GOCE gravity field solutions for the long 
wavelength part will be independently vali-
dated applying SLR techniques. The hardware 
of the SLR station Lustbühel is currently being 
upgraded for tracking very low orbiting satel-
lites like GOCE, and the corresponding soft-
ware is developed. 

2.2 Geodynamics 
The contributions to geodynamics by the De-
partment of Satellite Geodesy can be divided 
into two parts. First it contributes to the 
monitoring, improving and creating of ITRF 
(International Terrestrial Reference Frame) the 
most precise reference system for positioning. 
Secondly, mainly velocity models for tectonic 
units in some parts of the Earth are derived. 
The focus lies on three areas, Austria and its 
surroundings (Eastern Alps), Central Europe 
between the Baltic and the Mediterranean Sea 
and the Near East with parts of the Indian 
Ocean, Africa and Central Asia. 

Reference Frames 

The recent realization of ITRF2005 (released 
in October 2006) used refined results derived 
from the products of analysis centres regard-
ing the behaviour of permanently observing 

stations for the first time. To reach sub-
centimetre precision a permanent monitoring 
of all stations is needed, determining and 
applying sudden changes of coordinates 
(jumps), caused by equipment changes, local 
weather or tectonic events. The institute’s 
contribution consists of the delivering of GPS 
and SLR data of some Austrian stations to the 
international community with Graz as one of 
the about 50 fundamental stations in the 
world. The work on GPS data is mainly re-
stricted to the European part of the reference 
frame of the regional organization EUREF 
(European Reference Frame), which deals with 
about 150 permanent GPS stations, five of 
them belonging to IWF. More important, a 
group under the “trademark” of OLG (Obser-
vatory Lustbühel Graz) is maintaining the sec-
ond largest data centre for GPS permanent 
stations in Europe, ranking among the first 
ten in the world. The number of available GPS 
stations is about 200 public ones and addi-
tionally 80 national, and international stations 
are kept for own usage and projects. OLG is 
also in the top three of the 16 analysis centres 
of EUREF providing results at a weekly basis to 
monitor the reference system. About 30 sta-
tions are monitored for outliers, jumps and 
other probable misbehaving, which might 
distort the reference frame.  

Tectonic Movements 

Deriving velocities from the coordinates of 
GPS permanent stations would be easy, if 
there were no other sources of disturbances. 
It requires separating the overlays, which are 
effects of equipment, atmosphere and other 
influences. A combination of the results be-
tween 2000 and 2006 and a reprocessing of 
the years 2000 and 2001 (because the ex-
tended area was not covered in the beginning) 
yielded velocities of the main plates (Anato-
lian, Arabian and Aegean) with a precision of 
about 2 mm/year in the lateral extensions. 
This is compliant to more than 90% with the 
MIT results which were unfortunately pub-
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lished three months before the intended pub-
lication.  

 
Fig. 2.4: Residual velocities of GPS permanent stations of 
AMON (lateral). 

Whereas in the Near East results can be inter-
preted very quickly, intra-plate movements of 
1-5 mm/yr need more time. The largest vec-
tors in Fig. 2.4 show only local movements 
independent from the tectonics. 

CERGOP-2/Environment 

 
Fig. 2.5: Station distribution: red squares (permanent), 
red triangles (epoch), white squares (planned) 

The third project year ended in March 2006, a 
prolongation until end of July 2006 was ac-
cepted. The aim of this EU project was the 
establishment, maintenance and monitoring 
of a reference frame for current geodynamic 
research and later hazard mitigation. Local 
investigations in seismic active regions of 
Eastern Europe supplemented the overall ob-
jectives. The final output is a time varying 
velocity field to be used as a backbone for 
geodynamic research during the next six 
 

years, i.e. allocation of sudden velocity 
changes to explain the nature of the underly-
ing forces and the energy transfer leading to 
seismic events and earthquakes. Thirteen 
countries, covering 15 % of the European area, 
combined with the Central European Initiative 
(mainly the Central and East-European region) 
contributed to this project coordinated by 
AAS.   

2.3 Satellite Laser  
Ranging 

SLR-Technology 
The Graz kHz SLR facility - fully operational 
since 2006 - is still the only kHz SLR station 
worldwide, but other stations such as 
Herstmonceux (GB),  TIGO, Wettzell (GER) and 
SLR2000 (USA) are now also changing to kHz 
tracking, and several other stations will follow 
in the near future. 

  
Fig. 2.6: Differences between successive kHz calibration 
values 

The main reasons to upgrade an SLR station 
to kHz ranging are not only the dramatic in-
crease of returns per pass and per normal 
point with a consequent improvement of the 
accuracy far into the sub-mm range, but es-
pecially the stability of the system. Compared 
to the previous flash-lamp pumped 10 Hz 
laser the new Solid State Diode Pumped Laser 
(SSDPL) shows a significantly improved stabil-
ity (Fig. 2.6) as indicated by the differences 
between successive calibrations, which most 
times are less than 1-2 mm (inclusion or  
elimination is determined in post-processing).  
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Another major advantage of this new system 
is the very short pulse length of 10 ps to-
gether with the high repetition rate, allowing 
identification and to separation of echoes 
from single retro-reflectors. This makes it 
further possible to determine the spin pa-
rameters for several spinning satellites. 
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Fig. 2.7: Apparent spin velocity changes of AJISAI as ob-
served from the ground laser station. 

For AJISAI the spin rate and its slow-down was 
determined with high accuracy. The spin di-
rection of AJISAI can also be determined by 
means of the apparent spin effect (shown in 
Fig. 2.7), which reveals a clockwise spin mo-
tion. 

The identification of a different number (3-
12) of retro-reflectors per revolution allows 
an accurate frequency analysis and yielded a 
spin rate of about 0.5 Hz and a slow-down of 
8×10-3 Hz/yr for AJISAI.  

 

Fig. 2.8: Laser retro-reflectors onboard of GP- B. 

For other satellites like Gravity Probe–B (GP-B) 
which carries 8 reflectors in a ring-formation 
(Fig. 2.8) and needs 77.5 seconds for full 
revolution this computation is more difficult. 
Due to its lower orbit, the contribution of the 

apparent spin increases, and is already 
changing the apparent spin significantly, thus 
spoiling the accuracy in any frequency analy-
sis. A new method was developed to compare 
the results of a complete simulation with the 
actual data of selected passes (Fig. 2.9).  

This method allows determination of even 
such a long inertial spin period with an accu-
racy of about 1 second, and the spin direction 
(GP-B is spinning CW when looking straight 
into its retro-reflectors). In addition, using 
echoes of the ninth central corner cube, the 
spin axis orientation for several GP-B passes 
could also be determined with an accuracy of 
a few degrees.  

 

 
Fig. 2.9: Comparision of actual GP-B data with a complete 
simulation. 

Even more difficult was the determination of 
LAGEOS-1 spin parameters. The spin period 
increased to about several thousand seconds 
during the last 30 years. Apart of kHz SLR 
there is now no other method to measure its 
rotational motion.  Again the method of simu-
lation and comparison with the measured data 
was used, which shows clearly visible tracks 
from individual corner cubes or groups of 
them. By a simulation of the whole pass with 
all parameters (Earth rotation, satellite orbit, 
satellite spin, retro orientation, retro effective 
reflectance functions, etc.) it was possible to 
determine the spin period (about 6000 sec-
onds, ±5 %), spin direction, and spin axis ori-
entation (Fig. 2.10).  



 8 

 
Fig. 2.10: Colatitude of Lageos-1 spin axis during a 6 
months period. 

kHz SLR in Graz opened up also other appli-
cations: Backscatter images of the transmitted 
laser beam at night time are processed to 
derive atmospheric seeing values along the 
path of the laser beam in real time (Fig. 2.11).  

 
Fig. 2.11: Correlation of the tracked elevation with the 
seeing values derived from the kHz laser image. 

2.4 Demeter 
The relationship between the seismic event 
occurrence and the VLF and ELF emissions as 
recorded by the DEMETER/ICE experiment is 
investigated. By introducing the so-called 
‘spectral method’ the VLF/ELF activity level for 
each half-orbit of the micro-satellite can be 
estimated. A ‘VLF-index’ parameter can be 
 

defined which shows the activity of the domi 
nant observed components, i.e., the hiss and 
the chorus emissions (Fig. 2.12). The advan-
tage of such method is discussed, and the 
way to link it to the occurrence of the seismic 
events is analyzed. The detrended fluctuation 
analysis (DFA) method is applied to ground-
based ULF magnetic field data. The aim is to 
separate between seismic-related ULF signals 
and magnetospheric ones prior to moderate 
earthquakes (5 < M < 5.5) which occurred in 
the Adriatic region in November 2004. A data 
set (August 2004 to February 2005) is studied 
for the fractal dimension behaviour of both Z 
and H components of the magnetic field in 
day and night conditions using one hour in-
tervals. This analysis combined with simulta-
neous DEMETER observations will lead, in the 
near future, to an explanation of how pre-
seismic ULF signals are related to seismic 
events.  

 

Fig. 2.12: Plasmaspheric components observed by the 
DEMETER/ICE experiment on 15 November 2004, be-
tween 2230 and 2300 UT.  
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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 (the boundary of the magnetosphere), 
and the magnetosphere itself, where the 
magnetic field from the Earth’s dipole is 
dominating. In principle all these structures 
are magnetoplasmas, i.e., electrically charged 
particles (ions and electrons), where electric 
and magnetic fields dominate the physical 
processes. 

3.1 Missions 
In near-Earth space physics IWF is deeply in-
volved in the Cluster mission, which was 
launched in 2000 and still yields a wealth of 
new and exciting data. The data from the re-
cently launched Double Star mission corrobo-
rates the Cluster data. In addition, THEMIS is 
ready to be launched in mid February 2007.  
IWF is presently involved in building instru-
ments for another magnetospheric mission, 
MMS. 

Cluster 

The four Cluster spacecraft, launched in 2000, 
are still in operation, taking data while circling 
the Earth in polar orbits. By now, the space-
craft have made observations in the Earth’s 
magnetotail at several different separation 
distances, varying from 500 km to 10,000 km. 
This ESA mission has now officially been ex- 
 

tended until the end of 2009. Many new re- 
sults come out of this mission, and now com-
bined with the Chinese-European Double Star 
mission an extra dimension is added to the 
investigation of the magnetotail. 

All of the Cluster high resolution data and 
other allied products will be archived in a new 
database called the Cluster Active Archive 
(CAA), which is being established and will be 
maintained by ESA.  The instrument team in 
IWF is currently processing and preparing data 
to be archived in CAA.  A web interface of CAA 
has been completed and became accessible to 
the wider science community since mid 2006. 

Double Star 

Within the Double Star Project (DSP), two sat-
ellites are observing the Earth’s magneto-
sphere on near-equatorial and polar orbits. 
The TC-1 and TC-2 spacecraft, launched in 
2004 and 2005, have had their initial one year 
missions extended until the end of 2006. Fur-
ther extension until late 2007 was approved 
by ESA and waiting for approval from the Chi-
nese agency. 

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 European PEACE, HIA and STAFF instru-
ments and various Chinese experiments. IWF 
further provides two core services for the ex-
change of data: European Double Star Data 
Distribution System (EDDS) and the Austrian 
Double Star Data Centre (ADC). 
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THEMIS 

The NASA mission THEMIS (Time History of 
Events and Macroscale Interactions during 
Substorms) is designed to explore the origin 
of magnetic storms and auroral phenomena. 
THEMIS will be launched in February 2007 and 
fly five identical micro-satellites through dif-
ferent regions of the magnetosphere. 

 
Fig. 3.1: Five Themis spacecraft mounted to the probe 
carrier during a test of the launch configuration. 

IWF participates in THEMIS by providing sci-
ence support. It has also contributed to the 
mission concept design as well as the instru-
ment development of the fluxgate magne-
tometer FGM, which has been developed un-
der the leadership of TU Braunschweig (TUBS). 
In 2006, all five probes including FGM were 
made ready for launch (Fig. 3.1). 

MMS 

The next multi-spacecraft mission in which 
IWF is involved is the NASA MMS (Magneto-
spheric Multiscale) mission, consisting of four 
identically equipped spacecraft flying at closer 
separation distances than the Cluster space-
craft. MMS will carry out 3D measurements to 
explore the acceleration processes that gov-
ern the dynamics of the Earth’s magneto-
sphere. 

IWF takes the lead for the spacecraft potential 
control and participates in the electron beam 
instrument as well as in the magnetometer 
 

DFG with ASIC (Application Specific Integrated 
Circuit) based sensor electronics. MMS is due 
for launch in 2013. 

 
Fig. 3.2: Chip photograph of the magnetometer ASIC. 

3.2 Physics 
A fleet of spacecraft within the terrestrial 
magnetosphere and in near-Earth interplane-
tary space, like Cluster, Double Star, Geotail, 
and Interball, provides an enormous amount 
of data representing the plasma and magnetic 
field behaviour in this region. Data were ana-
lyzed and various theoretical models were 
developed to describe the physical processes 
responsible for the formation of structures 
and phenomena in near-Earth space. 

Solar Wind 

Evolution of Magnetic Clouds:  About every 
third Coronal Mass Ejection (CME) manifests 
itself in interplanetary space as a Magnetic 
Cloud (MC). Generally, in-situ observations 
show a striking rotation of the magnetic field 
vector and very low plasma-β besides other 
varying signatures. For the first time, the in-
terplanetary evolution of MC parameters is 
investigated by fitting a force-free model to a 
large dataset consisting of 130 MCs. Observa-
tions are provided by Helios, Wind, Voyager, 
Pioneer and other spacecraft.  
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Fig. 3.3: Central magnetic field strength of force-free 
modelled Magnetic Clouds vs. heliospheric distance rh. 
The inset shows a fit for the inner heliosphere (< 1 AU). 

It was found that the maximum magnetic field 
strength inside MCs scales with heliospheric 
distance as rh–1.64 for distances < 1 AU, and 
the average diameter of MCs increases quasi-
linearly. This agrees well with predictions 
from a self-similar expanding flux-rope 
model, which assumes a central field strength 
described by a power law rh-1.84 and a line-
arly increasing diameter. It can also explain 
the kink in the profile around 2 AU in Fig. 3.3. 

Magnetotail 

The interaction of the solar wind and its dy-
namical processes with the Earth’s magneto-
sphere finds its culmination in the dynamics 
of the Earth’s magnetotail. This stretched 
magnetic field structure, behind the Earth with 
respect to the Sun, intermediately stores the 
energy input from the solar wind. Any 
changes in the latter may release the stored 
energy explosively, with the grandeur of the 
northern lights, or aurora, as a result. 

At IWF, one of the main research areas is the 
study of this dynamics of the Earth’s mag-
netotail, with special interest in the transport 
processes and the current sheet in the tail. A 
current sheet represents a general form of 
boundary between different plasmas in space. 
Instabilities and dissipative processes, being 
developed in current sheets, define the evolu-
tion of the larger scale system, e.g. the mag-

netotail. The current sheets at the Earth’s 
magnetopause and in the magnetotail are 
most readily available for direct probing, and 
therefore natural plasma laboratories. 

Data from the four Cluster and two Double 
Star satellites are at the center of interest. 
Theoretical modeling, relevant to observations 
is done, which combined with data analysis 
and theory gives new insight into magnetotail 
dynamics. 

Thin current sheet during reconnection: De-
tailed structure of thin current sheets and 
their evolution during reconnection is studied 
when Cluster experienced several rapid cur-
rent-sheet crossings within a couple of ion 
gyro times. Based on four-point observations 
with a tetrahedron scale of about 200 km, the 
thickness and fine structures of the thin cur-
rent sheet could  be quantified, as shown in 
Fig. 3.4.  
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Fig. 3.4 Thin current sheet observations. (a) Current den-
sity profile in jy and jx. (b) Jx Components relative to the 
magnetic field. Illustration of the current sheet in Y-Z 
plane (c) and in X-Y plane (d).  See more details in the 
text . 

Multiple peaks are identified in the tail current 
density jy profile accompanied with negative 
(positive) jx in the northern (southern) hemi-
sphere (Panel a). The jx current mainly flows 
parallel to the ambient magnetic field (Panel 
b).  The current sheet was extremely titled as 
illustrated in (Panel c). Its unique profile sug-
gests that the Hall-current signatures for a 
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magnetotail reconnection with a strong guide 
field were detected for the first time. 

Contribution of BBFs to dipolarization: One of 
the most dynamic phenomena during a sub-
storm are the bursty bulk flows (BBFs) in the 
magnetotail and the reduction of the cross-
tail current in the inner magnetosphere. The 
orbits of Cluster and Double Star are designed 
to allow large-scale multi-point observations. 
Such simultaneous observations of the inner 
magnetosphere and the near-Earth tail are 
essential to study how these two key regions 
are linked in terms of fast flow and magnetic 
field dipolarization.  

(a)
ClusterTC1

ClusterTC1

(b)

 
Fig. 3.5: (a) 5-min averages of TC1 BZ before the dipolari-
zation/BBFs against X position of TC1 in case of the dipo-
larization events (blue circles) and the non-dipolarization 
events (red rectangles). (b) Tail configuration for events 
when TC1 observed dipolarization (upper panel) and no 
clear dipolarization (lower panel). 

The relationship between BBFs observed at 
Cluster and dipolarization observed at TC1 is 
surveyed. The Cluster BBF events are then 
separated into two types, depending on 
whether TC1 observes dipolarization in the 
inner magnetosphere at the same time. The 
main result is that the TC1 pre-event BZ has 
mainly a stretched field configuration (lower 
curve in Fig. 3.5 (a)) in the TC1 dipolarization 
events (blue circles) and a more dipolar con-
figuration (upper curve) in the TC1 non-
dipolarization events (red rectangles).  This 
suggests that the earthward BBF penetration is 
controlled by the initial configuration of the 
inner magnetospheric magnetic field as shown 
in Fig. 3.5 (b). 

Determination of the reconnected flux: The 
process of magnetic reconnection leads to the 
occurrence of reconnected flux, which can be 

seen as one of the most important parame-
ters. Analytical solutions for impulsive recon-
nection in a time-dependent model make the 
determination of the reconnected flux possi-
ble by integrating Bz over time when the dis-
tance Δx and Δz between the spacecraft and 
the reconnection site is known.  

 
Fig. 3.6 Ratio between the maximum BZ to the entire 
variation of BZ and its dependence on ΔX and ΔZ. 

The distance Δx can be determined from the 
model by analyzing magnetic field Bz pertur-
bations, typically bipolar Bz structures that 
are asymmetric with respect to the time axis 
The degree of asymmetry depends on the 
distance from the reconnection site i.e. Δx is 
determined from the variation of Bz and Δz is 
known from a magnetotail model (Fig. 3.6). 
Thus the reconnected flux can be determined 
by evaluating magnetic field Bz signals and 
integrating them over time. 

Spatial structure of turbulence: Recent labora-
tory results supported by numerical simula-
tions indicate that large-scale gradients im-
posed on a turbulent velocity field induce ani-
sotropic and intermittent fluctuations of the 
small-scale scalar fields. Accordingly, the 
probability density function (PDF) of the ani-
sotropic small-scale scalar field (e.g. magnetic 
field magnitude) is skewed with asymmetric 
tails and is also leptokurtic (peaked). Cluster 
multipoint magnetic and plasma measure-
ments allowed for the first time to see the 
difference between boundary and non-
boundary fluctuations (Fig. 3.7). The scale 
evolution of 3rd (skewness) and 4th (kurtosis) 
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statistical moments confirmed the effect of 
large-scale gradients on small-scale magnetic 
fluctuations. 
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Fig. 3.7: Quadratic relationship between skewness and 
kurtosis   

The simultaneous increase of skewness and 
kurtosis near flow boundaries provides evi-
dence for the existence of non-local coupling. 
Large-scale boundaries or gradients in the 
plasma sheet can directly affect field fluctua-
tions near the ion-gyrofrequency, just the 
opposite of what one could expect in turbu-
lent cascades where the successive genera-
tions of small-scale structures lose informa-
tion of the large-scale structure of the flow. 

Local structure of the magnetotail current 
sheet: The important features of a current 
sheet, defining its stability, are the ratio of the 
sheet half-thickness to the ion gyro-radius, 
normal and guide magnetic fields, and the 
current sheet structure (distributions of the 
plasma density, temperature, and electric cur-
rent density along the sheet normal).  

Multi-point measurements on-board the 
Cluster spacecraft provide a possibility to 
probe the local current sheet structure and to 
estimate its scales during episodes of rapid 
flapping of the sheet. Fig. 3.8 shows the verti-
cal profiles of the current density recon-
structed from the four-point magnetic field 
measurements during 78 rapid crossings of 
the magnetotail current sheet in 2001. 
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Fig. 3.8: Vertical profiles of the electric current density in 
flapping current sheets. 

The reconstructed profiles exhibit three 
classes of the current sheet structure: Central 
single peak (I), bifurcated (II), and asymmetric 
(III).  The half-thicknesses of these structures 
vary in the range of 3 – 10 gyroradii. The 
normal magnetic field at the neutral sheet is 
on average 0.2 and the guide (current aligned) 
field is about 0.5 of the total field jump dur-
ing the current sheet crossing. All of the ob-
served current sheets are found to be embed-
ded into a thicker plasma sheet and are far 
from the simple Harris-type equilibrium.   

Auroral Kilometric Radiation 

The terrestrial auroral kilometric radiation 
(AKR) is a strongly polarized variable electro-
magnetic emission. It is generated at frequen-
cies between 20 and 1000 kHz in the Earth’s 
magnetosphere from sources located along 
auroral field lines at altitudes from 2000 to 
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19000 km above the Earth. It is emitted near 
the local gyro-frequency of electrons in low-
density source cavities, which are identified 
with acceleration regions characterized by 
upward directed parallel electric fields. 

Polarization properties of AKR: Data provided 
by the Polrad polarimeter onboard Interball-2 
(August 1996 – January 1999) have been used 
to investigate AKR.  On the basis of 198 AKR 
events it has been statistically demonstrated 
that the AKR is fully circularly polarized. The 
errors of measurement and the numerical 
instabilities of the applied mathematical rou-
tines can explain small portions of linear po-
larization in AKR.  

New investigations of the AKR source location 
and dynamics (Fig. 3.9) have been performed 
using already established procedures of di-
rection finding with three orthogonal anten-
nas.  The analysis of the AKR source locations 
in various parts of the magnetosphere allows 
 

to judge about the operation of the electron- 
cyclotron maser under different magneto-
spheric conditions. 

 
Fig. 3.9: Example of localization of the AKR sources. Top 
panel presents the calculated AKR source positions in 
MLT- invLat coordinates for the selected time interval and 
frequency range (black rectangles in the bottom panels). 
Bottom panel shows the dynamic spectra of the AKR 
intensity.   
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4 Solar System 
IWF is engaged in many missions, experi-
ments and corresponding data analysis ad-
dressing solar system phenomena. The phys-
ics of the Sun, and the solar wind, its interac-
tion with solar system bodies, and various 
kinds of planetary atmosphere/surface inter-
actions are under investigation. 

4.1 Sun 
The Sun is a strong source of radio waves. IWF 
investigates these emissions, as well as the 
complex dynamics near the Sun’s surface. 

STEREO 

Analysis of the STEREO/WAVES antenna sys-
tem: The WAVES experiment onboard the 
STEREO spacecraft (launched on 25 October 
2006) is dedicated to the measurement of the 
non-thermal radio spectrum from the solar 
environment, receiving from a few kHz up to 
about 16 MHz. Three orthogonal monopole 
antennas, each 6 meters long, are employed. 
With this configuration direction finding is 
also possible (i.e. the determination of the 
direction and the polarization state of incident 
radio waves).  

For the evaluation of the SWAVES data the 
receiving properties of the antennas, influ-
enced by the spacecraft body, have to be 
known accurately. These properties are repre-
sented by the so-called effective length vec-
tors. A detailed analysis of the whole an-
tenna-spacecraft system was performed, con-
sisting of the antennas themselves and the 
spacecraft body. For this purpose electrolytic 
tank measurements with a scale model (scale 
1:20, see cover picture) were applied and 

wire-grid modelling applying two different 
electromagnetic computer codes. The final 
results of these different approaches agree 
within 1.5 deg in effective directions and 
some percent in effective lengths (Fig. 4.1). 

 
Fig. 4.1: Mechanical antennas (blue) of SWAVES antenna 
elements and their effective length vectors for open ports 
(green) and ports loaded with base capacitances (red). 
View is –X  in  the spacecraft reference frame.  

In order to achieve such a high accuracy a 
careful modelling was essential, which was 
improved gradually by comparing the results 
of the different methods. Additionally, a new 
technique for the compensation of inexact 
antenna radii modelling was developed. Unre-
alistic radii have to be used for several rea-
sons (in wire-grids because of the thin wire 
assumption of certain computer programs; in 
rheometry models for directional stability of 
antenna rods). The developed technique en-
ables the correction of the antenna capaci-
tance matrices, finally giving very accurate 
effective length vectors for loaded antennas 
(where base capacitances are included). The 
resulting effective length vectors are illus-
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trated in Fig. 4.1 in comparison with the an-
tenna rods. 

Physics 

Study of solar prominence oscillations damp-
ing mechanisms: Collisions between ions and 
neutrals are known to be an efficient energy 
dissipation mechanism, responsible for strong 
damping of MHD waves in partially ionised 
plasmas. The relevance of this mechanism in 
the damping of small amplitude prominence 
oscillations was evaluated. It has been shown 
that the presence of neutrals in the promi-
nence plasma mostly affects the fast wave 
damping. The strongest damping takes place 
in a medium with a strong magnetic field, low 
density and low ionisation fraction.  

 
Fig. 4.2: Dynamic spectrum of long period modulation 
and microwave intensity profile before and after the flare 
on Sep. 15, 2001.  

Microwave diagnostics of dynamical processes 
in solar active regions: Long-periodic modu-
lations of solar microwave radiation were ana-
lysed using the "sliding window" Fourier 
analysis method. The dynamic spectra of 
these modulating signals (Fig. 4.2) make it 
possible to infer the physical and dynamical 
conditions in solar active regions and related 
groups of coronal magnetic loops. Using this 
method, 3-12 min damped post-flare kink- 
and sausage-mode oscillations of large and 

small loops and 55-min long-lived oscilla-
tions related to solar seismology processes, 
were detected.   

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. The European/Japanese mis-
sion BepiColombo to Mercury will explore the 
planet in detail. 

BepiColombo 

The satellite mission BepiColombo to Mercury, 
the planet closest to the Sun, is not only the 
first big joint European-Japanese satellite 
project, it is also the first time that two space-
craft - Magnetospheric (MMO, Fig. 4.3) and 
Planetary Orbiter (MPO) - are simultaneously 
flying to this innermost planet. BepiColombo 
is scheduled for launch in 2013. 

IWF is the lead institution for the magnetome-
ter aboard the Japanese MMO (MERMAG-M) 
while for the MPO magnetometer (MERMAG-P) 
IWF is responsible for the overall technical 
management. 

 
Fig. 4.3: An artist’s impression of one of the BepiColombo 
spacecraft. 

IWF also leads the building of a particle ana-
lyzer for ESA’s MPO. The instrument PICAM 
(Fig. 4.4), which is part of the SERENA instru-
ment suite, is an ion mass spectrometer oper-
ating as an all-sky camera for ions in the en-
ergy range up to 3 keV in the environment of 
Mercury. 
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In 2006, the definition of the magnetometers 
as well as of PICAM has been finalized. 

 
Fig. 4.4: The Planetary Ion Camera (PICAM) for MPO 

Physics 
Mercury 3-D Exosphere modeling: A 3-D 
exosphere model was developed which can 
use the geochemical composition based on 
fits of simulated ground based vis-NIR spectra 
of Mercury’s surface. This surface corre-
sponds of a mixture of 75% plagioclase and 
25% of pyroxene with 0.1% submicroscopic 
iron particles (SMFe) and 30 µm grain size 
(1.2% FeO).  For ion sputter exosphere simu-
lations, the so-called TRIM code is connected 
to the exosphere model. This code is a part of 
the Stopping and Range of Ions in Matter 
(SRIM) program. The program calculates via a 
Monte Carlo method the stopping and range 
of ions (10 eV - 2 GeV / amu) into matter by 
using a full quantum mechanical treatment of 
ion-atom collisions. TRIM accepts complex 
targets made of compound materials with up 
to eight layers, each of different materials. 
Energy and ejection angle distributions of the 
particles are modelled at the surface with the 
emission process determining the actual dis-
tribution functions. The 3-D exosphere model 
follows the trajectory of each particle by nu-
merical integration until the particle hits Mer-
cury’s surface again or escapes from the cal-
culation domain. By using a large set of these 
trajectories, bulk parameters of the exo-
spheric gas are derived. Fig. 4.5 shows first 

results of the 3-D simulations (cut through 
the equator) for sputtered Ca atoms from 
Mercury’s surface.  

 
Fig. 4.5: Exospheric density distribution of sputtered Ca 
atoms as a function of altitude.  

Substorms at Mercury: Although Mariner 10 
observed some magnetic signatures which can 
be associated with substorms, the actual exis-
tence of substorms at Mercury is still a de-
bated issue. 
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Fig. 4.6: Solar wind observations (two upper panels) and 
expected response of Mercury magnetotail (bottom panel) 
in case there is substorm (red trace) and without sub-
storm (other traces). 
The direct response to solar wind changes 
may produce similar magnetic field perturba-
tions. The expected observations at Mercury 
are compared and contrasted for cases with 
and without substorms. Fig. 4.6 shows a 
comparison of the total pressure of Mercury’s 
tail based on Geotail data (in the Earth’s mag-
netotail but at a location similar to the up-
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coming MMO spacecraft; red trace) and em-
pirical models applied to Mercury which take 
into account only the direct solar wind re-
sponse (other traces).   

4.3 Venus 
Venus, the second planet from the Sun is now 
under great scrutiny after the arrival of Venus 
Express. 

Venus Express 
Venus Express, ESA's first mission to Venus, 
was launched successfully on 9 November 
2005 in Baikonur. IWF takes the lead on one 
of the seven payload instruments, the magne-
tometer VEX-MAG. The Venus Express mag-
netometer MAG measures the magnetic field 
vector with a cadence of 128 Hz. It maps the 
magnetic properties in the magnetosheath, 
the magnetic barrier, the ionosphere, and the 
magnetotail. It is instrumented to identify the 
plasma boundaries between the various 
plasma regions and to study the solar wind 
interaction with Venus' atmosphere.  

 
Fig. 4.7: An artist’s impression of Venus Express in its 
orbit around the planet. 

On 11 April 2006, the Venus Express space-
craft was successfully inserted into a Venus 
orbit (Fig. 4.7) and captured by the gravity of 
Venus. The magnetometer was switched on 
12 April and the instrument performs nomi-
nally. On 4 June, Venus Express started nomi-
nal operation. Continuous data have been 
obtained. Data processing preparation for the 

magnetic field measurements is undertaken. A 
neural network algorithm has been built to 
automatically recognize patterns of disturbed 
magnetic field caused by spacecraft stray 
fields. Various models, with the help of 
spacecraft housekeeping data, have been built 
to remove the spacecraft field disturbances. 
The first version of cleaned data was issued to 
the science community on 17 November 
2006. 

Physics 

First results from Venus Express: Renewed 
interest in the topic of the solar wind interac-
tion with the planet Venus has been generated 
with the Venus Express mission. Although 
Venus has no internal magnetic dynamo, an 
induced magnetic field plays a major role in 
shielding the planet’s atmosphere from ero-
sion by the solar wind. The current under-
standing of the solar wind interaction with 
Venus is derived from measurements at solar 
maximum when the ionosphere and the in-
duced magnetosphere are well developed. 
Venus Express observations at solar mini-
mum, with improved instrumentation and new 
orbital trajectory, will improve the under-
standing of the interaction of the solar wind 
with the Venus atmosphere also for different 
circumstances. 
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Fig. 4.8: A fit of the Venus Express bowshock crossings 
with respect to the solar zenith angle. 
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Preliminary results are deduced from the 
magnetic field measurements using the dual-
sensor magnetometer on board Venus Ex-
press. It is found that the bow shock stands 
off from the planet at a distance only slightly 
inside of the position at solar maximum (Fig. 
4.8). Nevertheless, the ionosphere appears to 
be completely magnetized and the ionopause 
location is much lower than that at solar 
maximum. The near magnetotail appears to 
be toroidal with near complete wrapping of 
the interplanetary magnetic field around the 
planet. These results indicate that the Venus 
interaction at solar minimum resembles that 
at solar maximum when the solar wind pres-
sure dominates the ionospheric pressure. 

 
Fig. 4.9: Power spectrum of magnetic field data, showing 
enhanced power at the local proton cyclotron frequency 
at times where the SC is upstream of the Venus bow 
shock. 

Furthermore, the appearance of proton cyclo-
tron waves in the solar wind was detected for 
the first time (Fig. 4.9). The magnetometer 
detected left-hand polarized waves at the 
local proton cyclotron frequency already up-
stream of the Venus bow shock. These waves 
are interpreted as being generated by pick-up 
ions, due to ionization of exospheric hydro-
gen and subsequent acceleration by the solar 
wind electric field. This result shows that also 
at Venus pick-up processes are already taking 

place at large upstream distance from the 
planet.  

The escape of particles is an important key 
towards understanding the Venus atmos-
pheric composition and evolution over the 
lifetime of the solar system. The new observa-
tions prove that in addition to thermal escape 
also pick-up processes from the extended 
exosphere by the on-streaming solar wind 
play a significant role in removing hydrogen 
from the atmosphere. 

The Kelvin-Helmholtz instability at Venus: 
When the solar wind is diverted around the 
ionosphere of Venus, a relative velocity shear 
between the solar wind and the ions in the 
ionosphere exists. Due to this velocity shear, 
the Kelvin-Helmholtz (KH) instability can 
arise. Considering a finite thickness of the 
boundary layer between the solar wind and 
the ionosphere, across which both the velocity 
and the density change, the growth rates of 
the Kelvin-Helmholtz instability are calculated 
for different solar wind and ionospheric con-
ditions in the vicinity of Venus.  
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Fig. 4.10: Normalized growth rates γ as a function of the 
normalized wave number K. Black lines are the results for 
a ionospheric density of 103 cm-3, red lines are for a 
density of 104 cm-3. The two upper black/red curves are 
for high, the two lower black/red curves are for low solar 
activity. 

The results show on the one hand that the 
growth rates are larger for high solar activity 
than for low activity and on the other hand 
that a denser ionosphere decreases the 
growth rates substantially (red curves in Fig. 
4.10). Comparing the characteristic instability 



 20 

growth times with the wave propagation 
times, we see that KH waves are able to grow 
and possibly break, which causes a turbulent 
boundary and can lead to the detachment of 
plasma clouds. Observations at Venus show 
wave-like structures at the boundary between 
the solar wind and the ionosphere and plasma 
clouds in the magnetosheath above this 
boundary. 

Exosphere temperature influence by hot at-
oms: The discrepancies were studied between 
Venusian exospheric temperature determina-
tions from topside plasma scale heights and 
from electron distributions near the iono-
spheric maximum. The reason seems to lie in 
the fact that thermal and photochemical equi-
librium applies only at altitudes below 170 
km, whereas topside scale heights are derived 
for much higher altitudes where they are 
modified by transport processes and where 
local thermodynamic equilibrium (LTE) condi-
tions are violated.  

 
Fig. 4.11: Exospheric daytime temperature estimations 
based on the data of various missions during the solar 
cycle for Venus. Only Chapman-fits through the iono-
spheric electron peak give similar exobase temperature 
values as observed by PVO. 

Moreover, from simulating the energy density 
distribution of photochemically produced 
moderately energetic H, C and O atoms, as 
well as CO molecules, it is argued that exo-
spheric temperatures inferred from Lyman-α 
dayglow and UV airglow observations (Fig. 
4.11) result in too high values. The reason is 
that these energetic neutral atoms are trans-
formed via charge exchange processes, and 

may contribute to the observed neutral hot 
gas planetary coronae.  

4.4 Jupiter 
Jupiter, the largest planet of our solar system, 
is a strong source of radio emissions. Some of 
these are generated by an interaction with the 
satellite Io, others also by the interaction of 
the solar wind with the strong Jovian magnetic 
field. 

Modulation lanes in decametric radiation 
spectra: Intriguing kinds of modulations pre-
sent in the Jovian dynamic spectra are the so 
called “modulation lanes”: groups of lanes 
with alternating high and low intensity, drift-
ing in the frequency-time plane. These fea-
tures can exhibit different drifts (positive, 
negative) and comprise an average drift rate 
of 100 kHz/s. The classical modulation lanes 
generally cover the whole frequency range 
and the usual frequency spacing between ad-
jacent modulation lanes is approximately 100 
– 300 kHz. The modulation depth (i.e. the 
intensity variation) is a few dB. The sign of 
drift shows a very strong dependence on the 
Jovian Central Meridian Longitude (CML) and 
this is the essential argument in favor of the 
suggestion that this modulation effect takes 
place in the Jovian magnetosphere. 

  
Fig. 4.12: Modulation lanes in the radio spectrum from 
Jupiter observed from ground stations. 

While modulation lanes intersect Jovian S-
burst emission (Fig. 4.12), new specific case 
studies revealed one of the many localizations 
of the origin of this phenomenon, as field-
aligned magnetospheric density inhomoge-
neities near the magnetic shell of Amalthea. 
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4.5 Saturn and Titan 
In 2006 Cassini has continued its investiga-
tion of the Saturnian system and has made 
several flybys of the moon Titan and various 
others like Enceladus and Tethys. After the 
successful landing of the European Huygens 
probe on Saturn’s largest moon Titan, the 
data of the various experiments are now being 
processed and interpreted. 

IWF is strongly involved in the Radio and 
Plasma Wave Science Experiment (RPWS) on-
board the Cassini orbiter as well as the Huy-
gens Atmospheric Structure Instrument (HASI), 
the Aerosol Collector and Pyrolyser (ACP), and 
the Surface Science Package (SSP) aboard 
Huygens. 

Physics 

Ground-based observations of SEDs at Saturn: 
During the Voyager 1 and 2  flybys at Saturn 
in the early 80s of the last century Saturn 
Electrostatic Discharges (SEDs) have been de-
tected as a radio phenomenon caused by huge 
lightning storms in the Saturnian atmosphere. 
These short-lived radio bursts comprise a 
wide frequency band from a few MHz up to 
the maximum detectable frequency of the 
Cassini Radio and Plasma Wave Science ex-
periment (RPWS) experiment.  

  
Fig. 4.13: Ground based UTR-2  observations of SEDs. 

The RPWS could again successfully observe 
this phenomenon. Embedded within atmos-

pheric storm systems differentially rotating 
with Saturn, several atmospheric systems with 
corresponding lightning have been detected 
with various rotational periodicities. 

Since the first spacecraft detection of SEDs 
strong emphasis has been laid on the obser-
vational verification from Earth, given the fact 
that both frequency and flux density (between 
100 and 1000 Jy) would enable a correspond-
ing detection. The new implementation of 
state-of-the-art backend facilities (Digital 
Spectro Polarimeter, DSP, a joint Austrian-
French development) at the world-largest 
decametric radio telescope UTR-2 at Kharkov 
(Ukraine) made the detection of Saturn SEDs 
possible in early 2006 (Fig. 4.13).  

Saturn Kilometric Radiation: Within the frame 
of the RPWS/CASSINI experiment several top-
ics were investigated. The spectral and tem-
poral evolutions of long periodic modulations 
of the Saturnian Kilometric Radiation (SKR) 
and near-Saturn solar wind parameters were 
analyzed using “sliding window” Fourier 
transform and  nonlinear Wigner-Ville meth-
ods. The observed modulations (Fig. 4.14) 
may be related to influences of particular Sat-
urn’s moons on the SKR generation, solar 
wind parameter variations, as well as internal 
dynamic processes in Saturn’s magneto-
sphere. 

 
Fig. 4.14: Example of the long periodic modulation lines 
of SKR. The ~10.7 hour and ~12.8 days lines are shown. 
A statistical study of SKR spectra using differ-
ent types of envelope spectra has been per-
formed to derive the high and low frequency 



 22 

limits of the radiation and their variation. The 
RPWS full polarization measurement capability 
allows a separate analysis of the northern and 
southern radio sources.  

The release of the Huygens probe in the be-
ginning of the Saturn orbital tour requires a 
new in-flight calibration of the RPWS anten-
nas. New antenna calibration analysis uses 
solar type III bursts. 

 
Fig. 4.15: Upper panel: Vertical wind component at 164° E 
as derived from the GCM. Lower panel: The dotted line 
shows the zonal wind height profile derived from the 
Huygens Doppler Wind Experiment. The solid line depicts 
the zonal wind height profile derived from the GCM at 
latitude 7.3° N and longitude 164° E, corresponding to the 
atmospheric entry point of the Huygens probe. 

Titan 3-D circulation modeling: A 3-D General 
Circulation Model (GCM) to Titan's atmosphere 
was applied which differs from traditional 
models in that respect that the hydrostatic 
equation is not used and all three components 
of the neutral gas velocity are obtained from 
the numerical solution of the Navier-Stokes  

equation. The GCM uses a predescribed tem-
perature field in the model region avoiding 
the complex simulation of radiative transfer 
based on the energy equation. The wind 
speeds obtained from the GCM correspond 
well with data obtained during the Huygens 
probe descent through Titan's atmosphere as 
shown in Fig. 4.15. 

Chemical evolution in Titan’s atmosphere and 
surface: The Huygens probe provided data on 
the composition of Titan’s atmosphere and 
surface. These were taken as initial conditions 
in an experimental laboratory setup at the 
University of Innsbruck. 

A simulation of chemical processes under the 
given conditions, involving lightning bolts 
showed that, in addition to the production of 
higher hydrocarbons, the inclusion of water 
ice in the reaction scenario leads to oxygen 
containing compounds which include several 
basic molecules relevant for the formation of, 
e.g., amino acids. Thus the chemistry on Ti-
tan’s surface may produce C-H-O-N com-
pounds under completely different atmos-
pheric conditions compared to those assumed 
for the primordial earth. 

4.6 Comets 
Rosetta 

ESA’s Rosetta probe continues its journey to 
comet Churyumov-Gerasimenko, where it will 
arrive in 2014 to investigate the evolution of 
the comet during its approach to the Sun from 
an orbiter and by a landing module which will 
be dropped onto its nucleus. Under the lead-
ership of IWF an atomic force microscope MI-
DAS was built. Furthermore, the institute has 
built parts of the mass spectrometer COSIMA, 
parts of the two magnetometers RPC-MAG 
and ROMAP on both orbiter and lander, and 
participated in developing and building the 
penetrometer MUPUS, which will measure the 
heat conduction and elasticity of the cometary 
surface. 
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Regular check-outs of the payload and the 
spacecraft are scheduled during the cruise 
phase. Two check-outs without real-time 
contact were carried out in March and August 
2006, followed by an "active" check-out in 
December with the possibility for real-time 
telemetry reception and commanding of criti-
cal activities. No problems were reported. In 
parallel, format and contents of the archive 
data sets have been reviewed, and first data of 
ground and cruise phase measurements have 
been delivered to the archive.  

4.7 Exoplanets 
Exoplanets, i.e., planets around stars other 
than our Sun, have become a new and exciting 
research topic since their discovery in the late 
1990s. Many have been found now (approxi-
mately 200), it started with “super Jupiters” in 
close orbits around their star, but as tech-
niques improved, smaller and more distant 
planets have been observed. 

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, Fig. 
4.16).  

 
Fig. 4.16: The COROT instrument integrated with the 
PROTEUS platform (Photo CNES). 

The scientific goal is the investigation of dy-
namic processes in the interior of stars and 
the search and survey of extrasolar planets. In 
both areas, astroseismology and exoplaneto-
logy, 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. To dis-
tinguish variations due to oscillations from 
bypassing planets, spectral analysis in the red 
and blue zone is performed. 

IWF developed and built the so-called extrac-
tor BEX (Boîtiers Extracteur), a computer sys-
tem with dedicated pre-processors for the 
selection and classification of image data. The 
in-house developed pre-processors allow the 
identification of pixels, which are part of pre-
defined image areas. The essential technology 
is hardware supported data mining under the 
constraints for real-time operation. 

The first half of 2006 was dedicated to tests 
with the integrated payload. Due to problems 
with the new launcher Soyuz 2-1b, the COROT 
launch planned for July was shifted to Decem-
ber 2006. 

Physics 

CME-Hot Jupiter interaction: To study the 
mass-loss effects of colliding stellar Coronal 
Mass Ejections (CMEs) on the atmospheres of 
Hot Jupiter’s for the first time, the exoplanet 
HD209458b (r = 1.43rJup, M = 0.69MJup), 
which orbits a 4.0 - 5.0 Gyr old Sun-like star 
at a distance of about 0.045 AU, is taken as 
an example. The results show that the collid-
ing dense CME plasma at 0.045 AU can com-
press the magnetospheric stand-off distance 
of short periodic Hot Jupiters down to the 
heights at which the ionization and pick-up of 
the planetary neutral atmosphere by the CMEs 
plasma flow take place (Fig. 4.17). The at-
mospheric mass loss is calculated with a nu-
merical test particle model. Using the ob-
served solar CME occurrence rate and assum-
ing the same for the host star, the possible 
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total mass loss rates of HD209458b, over its 
lifetime can be estimated. It is found that un-
der different estimated values of expected 
magnetic moments, HD209458b could have 
lost from 0.2 up to several times its present 
mass. Because it is doubtful that HD209458b 
could have lost mass of more than its present 
value, these results may be considered as an 
indication that this planet, and similar Hot 
Jupiters, should have intrinsic magnetic fields 
which are strong enough to balance the dense 
CME plasma flow at sufficiently high planeto-
centric distances.  

Hot Jupiters with weaker magnetic moments 
should be highly eroded or may even not sur-
vive the interaction of their atmospheres with 
the dense CME plasma flux. It is expected that 
such lower mass bodies or remaining cores of 
 

short-periodic gas giants should be observed 
at close stellar distances during the CoRoT 
mission. 

 
Fig. 4.17: Neutral hydrogen density profile of the upper 
atmosphere of HD209458b. The dotted and dashed lines 
mark the magnetopause stand-off distance correspond-
ing to the minimum and maximum CME plasma densities 
respectively, and the maximum expected magnetic mo-
ment Mmax = 0,1 MJup. 
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5 Engineering & Testing 
Instruments onboard spacecraft are exposed 
to harsh environments, e.g., vacuum, large 
temperature ranges, radiation and high me-
chanical loads during launch. Furthermore, 
these instruments are expected to be highly 
reliable, providing full functionality over the 
entire mission time, which could last for 
even more than ten years. 

5.1 Test Facilities 
Vacuum Chambers 
Large Vacuum Chamber: This large size vac-
uum chamber features a stainless steel body 
and door with a horizontal cylindrical con-
figuration, a vision panel, two turbo molecu-
lar pumps (500 litres/s each) and a dry scroll 
forepump (500 litres/min), see Fig. 5.1. A 
vacuum chamber pressure of 10-7 mbar can 
be achieved. The cylinder has a diameter of 
650 mm and a length of 1650 mm. During 
shutdown the chamber is vented with nitro-
gen. Electrical feed-through to the experi-
ments is provided by sub-D connectors as 
well as light wave conductor plugs. A target 
manipulator inside the chamber allows for 
computer-controlled rotation of the target 
around three mutually independent perpen-
dicular axes. The vacuum chamber is en-
closed by a permalloy layer for magnetic 
shielding. In order to enable the baking of 
structures and components to outgass vola-
tile products and unwanted contaminations, 
the chamber is equipped with a heater 
placed symmetrically around the circumfer-
ence.  

Thermal Vacuum Chamber: This thermal 
vacuum chamber is fitted with a turbo 
pumping system which allows quick change-

over of components. The test chamber sup-
ports a temperature range between   -90 °C 
up to +140 °C at a pressure level of 10-6 
mbar. The vertically oriented cylindrical 
chamber allows a maximum experiment di-
ameter of 410 mm and a maximum experi-
ment height of 320 mm. The system is 
equipped with a turbo molecular pump, a dry 
scroll forepump (300 litres/min), and an ion 
getter pump (500 litres/s). A thermal plate is 
installed in the chamber which is used for 
the thermal cycling of electronic boxes and 
other components. Nitrogen is used for 
cooling and venting. Several electrical feed-
throughs are installed (1 x 37-pin sub D 
connector, 1 x 61-pin sub D connector, 2 x 
Space Wire; 2 x 8-pin connectors). 

  
Fig. 5.1: Large Vacuum Chamber 

Small Size Vacuum Chamber: This is a 
manually controlled, cylindrical vacuum 
chamber (dimensions: 160 mm diameter, 
300 mm length) for small electronic compo-
nents or printed circuit boards. The system 
features a turbo molecular pump and an oil 
lubricated rotary vane fore pump. A pressure 
level of 10-10 mbar can be achieved. Installed 
electrical feed-troughs are a 19-pin circular 
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connector and 4+10 high voltage connec-
tors. 

Temperature Test Chamber: The tempera-
ture test chamber allows to verify the resis-
tance of the electronic components and cir-
cuits to all temperature conditions that occur 
under natural conditions. The chamber has a 
test space of 190 litres and is equipped with 
a powerful 32-bit control and communica-
tion system. The temperature ranges from -
40 degrees to +180 degrees Celcius. 

Chamber Surface Laboratory: dedicated to 
surface science research, LN2 cooled. Di-
ameter 40 cm, height 40 cm with extensions 
to 80, and 120 cm. Two rotary vane pumps, 
one turbo-molecular pump, min. pressure 
10-5 mbar.  

Sample chamber: dedicated to the measure-
ment of sample electrical permittivity. One 
rotary vane pump, min. pressure 10-3 mbar, 
8µ particle filter.  

Other Facilities 

Clean Bench: The laminar flow clean bench is 
a work bench which has its own filtered air 
supply.  It provides product protection by 
ensuring that the work in the bench is ex-
posed only to HEPA-filtered air (HEPA = High 
Efficiency Particulate Air). The clean bench is 
class B certified according to the EG-GMP 
regulations. The internal dimensions are 
1.18 x 0.60 x 0.56 meters. 

Vapour Phase Soldering Machine: The vapour 
phase soldering machine IBL SLC304 for in-
line use is suitable for mid size volume pro-
duction. The maximum board size is 340 x 
300 x 80 millimetres. Vapour phase solder-
ing, also known as VP soldering, or vapour 
phase reflow, is currently the most flexible, 
simplest and most reliable method of sol-
dering. It is ideally suited for all types of 
SMD components and base materials. It al-
lows processing of all components without 

the need of any complicated calculations or 
having to maintain temperature profiles. 

Clean Room: Class 10.000 (according to U.S. 
Federal Standard 209e) certified laboratory 
with a total area of 30 square metres. The 
laboratory is used for flight hardware as-
sembling and testing and accommodates up 
to 6 engineers. 

Penetrometry Test Stand: A penetrometry 
test facility designed to measure mechanical 
soil properties, like bearing strength, is 
available since January 2004.  

UV Exposure Facility: The UV exposure facil-
ity is capable to produce radiation between 
200-400 nm (UV-A, B, C).  

Magnetometer Calibration: A three-layer 
magnetic shielding made from mu-metal is 
used for all basic magnetometer perform-
ance and calibration tests. The remaining DC 
field in the shielding is < 10 nT and the re-
maining field noise is < 2 pT/√Hz at 1 Hz. A 
special coil system allows the generation of a 
3-D field vector with an absolute value of up 
to +/-30.000 nT around the sensor under 
test. 

Temperature Test Facility: With the IWF tem-
perature test facility magnetic field sensors 
can be tested over an extended temperature 
range from -170 °C up to +220 °C in a low 
field and low noise environment. Liquid ni-
trogen is the base substance for the regula-
tion which is accurate to +/-0.1°C. A mag-
netic field of up to +/-100.000 nT can be 
applied to the sensor during the test cycles. 

5.2 New Instruments 
Magnetometer Chip: An instrument front-
end ASIC (Application Specific Integrated 
Circuit) for magnetic field sensors (fluxgate 
principle) has been developed by IWF in co-
operation with the Fraunhofer Institute for 
Integrated Circuits in order to reduce in-
strument size, mass and power consumption 
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while increasing the radiation tolerance at 
the same time.  

In 2006, the second version of the chip 
(0.35 μm CMOS process from Austria Micro-
systems) was designed and manufactured. 
The noise level in the magnetic field chan-
nels could be further reduced so that it is 
now below 10 pT/√Hz for frequencies above 
1 Hz (Fig. 5.2). The shaped quantization 
noise above 100 Hz, which is typical for 
sigma-delta modulator based digitization, is 
filtered out by the decimation filters in the 
digital part of the chip.  
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Fig. 5.2: Power spectral density (PSD) of one of the three 
magnetic field channels 

Flexible EGSE Platform: The development of 
flight hardware requires dedicated test 
equipment to simulate and verify the instru-
ment interfaces to spacecraft and sensors. 

A flexible Electrical Ground Support Equip-
ment (EGSE) platform usable for several ap-
plications was developed, a General Purpose 
EGSE (GP-EGSE), Fig. 5.3. After the analysis 
of typical EGSE applications, a stand-alone 
device with standard interfaces, USB and 
Ethernet, was build, to communicate with a 
computer. The present design is built around 
the XILINX VIRTEX-II XC2V2000, providing 
space for logic design up to an equivalent 
gate count of two million system gates.  

Four connectors provide 148 digital I/O lines 
interfacing to application specific daughter 

boards with necessary interface drivers or 
analogue circuitries. To facilitate the logic 
design, the 16-bit full duplex FIFO based 
data interface is provided as VHDL code. The 
driver routines at the PC side and a basic 
LabView application for configuration and 
operation of the GP-EGSE are provided too.  

 
Fig. 5.3: Photograph of the GP-EGSE board 

8085 VHDL CORE: In the course of the con-
troller developments for the projects Bepi-
Colombo/PICAM and MMS/ASPOC a synthe-
sisable 8085 VHDL microprocessor core has 
been developed by IWF. Although the core 
module was primarily intended for use in an 
ACTEL RTAX1000 FPGA it can be easily im-
plemented in any other FPGA device. For the 
core’s functional verification debug hardware 
and software have been developed in paral-
lel.  

The implementation of a test interface en-
ables access to all internal 8085 registers. 
Together with appropriate debug hardware 
this feature offers a valuable debug function 
during programme design. The core emu-
lates almost all instruction codes of Intel’s 
original 8085 microprocessor. Furthermore 
the user can select which instructions should 
be implemented and can so reduce the re-
quired FPGA resources. The core’s pro-
gramme code can be run either in FPGA-
internal or external RAM. Four hardware in-
terrupts (RST and Trap) as well as all soft-
ware interrupts are supported. The resource 
usage for an ACTEL RTAX1000S FPGA is 14 % 
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of the combinational cells and 6 % of the 
sequential cells. 

Melting Probe: Major work was devoted to 
the development of a first prototype of a 
melting probe in the frame of an ESA con-
tract. The probe is a 6 cm diameter and 22 
cm long device of cylindrical shape. It con-
sists of three compartments: an ogive-
shaped tip made of brass, a central part 
containing the steering and measurement 
electronics, and a rear part where the tether 
is stored. Temperature sensors are distrib-
uted inside the probe both in the vicinity of 
the heater foils (which are installed in the tip 
and along the cylindrical mantle) and inside 
the electronics and cable compartments. 
After preliminary tests in a vacuum environ-
ment, an ice penetration test was performed 
in September 2006 in the big space simula-
tor at DLR Köln. shows the probe melted into 
the ice after completion of the test. It is 
planned to continue this activity over the 
next two years, in the course of which an-
other prototype with improved performance 
will be built and tested. 

 
Fig. 5.4: Melting probe in an ice sample after comple-
tion of an ice penetration test under cryo-vacuum con-
ditions. 

Mutual Impedance Measurements: In order 
to characterize the electrical properties of 
iron rich minerals as they occur at the sur-
face of Mars an impedance spectrometer, 
which enables to measure the permittivity  
 

and impedance of such materials, was used. 
Part of the measurements was carried out 
under vacuum or low atmospheric pressure 
conditions. This database was then used to 
continue the work on a mutual impedance 
instrument which was inherited from ESA. 

 
Fig. 5.5: Results of the impedance measurements 

The instrument can detect inclusions of, e.g., 
water rich minerals embedded in other ma-
terials (see Fig. 5.5: Results of the imped-
ance measurements). An improved version of 
this method is proposed as part of the HP3 
instrument for the “Geophysical Package” on 
the EXOMARS mission. 

Rheometry principles: Rheometry is a 
method to study antenna properties on the 
basis of electrolytic tank measurements. 
Although this technique is well established, 
several improvements have been achieved at 
IWF recently. They involve the determination 
of error influences and the measurement of 
antenna capacitances and surface imped-
ances. The measurement of self- and mutual 
antenna capacitances enables one to deter-
mine the antenna effective length vectors for 
the loaded antenna. So a complete analysis 
of spaceborne electric field sensors (mono-
poles) for the quasi-static frequency range is 
achieved on the basis of the rheometry tech-
nique.
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7 Teaching & Workshops 
7.1 Lecturing 
IWF members are actively engaged in teaching 
at three universities. In summer 2006 and in 
the current winter term 2006/2007 the fol-
lowing lectures are given: 

KFU Graz 
Plasma Physics (Biernat) 
Solar-terrestrial Relationship (incl. Space 

Weather) (Biernat) 
Space Physics and Aeronomy (Biernat, Rucker) 
Magnetism and Terrestrial Magnetic Field 

(Biernat) 
Ionospheres of Earth and Planets (Biernat) 
Introduction to Planetology (Kömle) 
Ice and Fire in the Solar Systen (Kömle) 
Data Processing in Geophysics and Space 

Physics (Nakamura) 
Meaurement Methods in Space Physics and 

Aeronomy 1 (in-situ measurements)(Rucker) 
Meaurement Methods in Space Physics and 

Aeronomy 2 (remote sensing) (Rucker) 
Cosmic Rays (Rucker) 

TU Graz 
Advanced Space Plasma Physics (Baumjohann) 
Digital Audio Techniques (Magnes) 
Information Techniques (Magnes) 
Applied Space Physics (Riedler) 
HF Techniques 2 (Riedler) 
Active Plasma Experiments in Space (Torkar) 

JKU Linz 
Mathematics for Students of Computer Sci-

ences in Economics I+II (Hausleitner) 

Advanced Course 

The two-years post-graduate university 
course Space Sciences in cooperation with 
both KFU Graz and TU Graz leads to the inter-
nationally acknowledged Master of Science 
(MSc) “Space Sciences.” Several members of 
IWF are lecturers of this inter-university 
course led by H.O. Rucker. 

7.2 Theses 
Besides lecturing, members of the Institute 
are supervising Diploma, Master and Doctoral 
Theses. In 2006, the following theses have 
been completed: 

Cristea, E.: Calibration of satellite radar al-
timeters and height transfer using a dedicated 
transponder, Doctoral Thesis, Graz University 
of Technology, 144 pages (2006). 

Fessel, M. Über eine mögliche Verletzung des 
schwachen Äquivalenzprinzips in der Allge-
meinen Relativitätstheorie, Diploma Thesis, 
Graz University of Technology, 101 pages 
(2006) 

Fischer, D.: Design study of a low noise and 
radiation tolerant sigma-delta digital-to-
analog converter for space application, Di-
ploma Thesis, Graz University of Technology, 
101 pages (2006). 

Grießmeier, J.-M.: Aspects of the magneto-
sphere-stellar wind interaction of close-in 
extrasolar planets, Doctoral Thesis, Technical 
University Braunschweig, 179 pages (2006). 
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Taubenschuss, U.: “The Linear Prediction The-
ory applied to Cassini data”, Master Thesis, 
ULG “Space Sciences,” 68 pages (2006) 

Zambelli, W.: Development of the micro-
controller software for the magnetometer 
VEX-MAG aboard ESA´s Venus Express mis-
sion, Diploma Thesis, Graz University of 
Technology, 146 pages (2006). 

7.3 Science Meetings 
From 5 to 10 February and from 27 November 
to 1 December ISSI Team Meetings on "Tran-
sient Processes and Localized Structures in 
the Magnetotail: Analysis, Modelling and The-
ory", were held in Bern, Switzerland, with ap-
proximately 15 participants from Austria, 
France, Finland, Germany, Japan, Norway, 
Russia and UK. This meeting was organized by 
R. Nakamura. 

An ISSI Team Meeting on “The evolution of 
habitable planets” was held in Bern, Switzer-
land, from 20 to 22 February 2006 with 20 
participants from Austria, Germany, France, 
Italy, USA, The Netherlands, Russia and Swit-
zerland. This meeting was organized by H. 
Lammer. 

From 12 to 15 September IWF hosted the 
UN/Austria/ESA Symposium on "Space Appli-
cations for Sustainable Development" with 
approximately 75 participants from all over 
the world. 

From 25 to 28 September the second “Inter-
national Workshop on Penetrometry in the 
Solar System” took place at IWF, Graz. Ap-
proximately 30 participants from 8 countries 
participated. This workshop was organized by 
G. Kargl and N. Kömle. 

Within the framework of EUROPLANET, several 
Science Meetings with 10 to 30 participants 
have been organized and co-organized by 
IWF’s EUROPLANET N3 Graz team (H.O. 
Rucker, M. Khodachenko, H. Lammer, R. Na-
kamura): 

 “Coordinated Observation of SMART-1 low 
altitude operation and impact“ at ESTEC, 
the Netherlands;  

 “Atmospheres/exospheres and their dy-
namics/composition on Venus and Mars” 
in Vienna, Austria;  

 “Amateur astronomer coordinated obser-
vations in support of Venus Express and 
SMART-1” at IWF Graz, Austria;  

 “Coordinated observations of Jupiter to-
gether with New Horizons Pluto Express 
Jupiter fly-by” in Liege, Belgium;  

 “Workshop on Ionosphere-Magnetosphere 
Coupling of Fast Flows/Flux Ropes in the 
Earth’s Magnetotail" at IWF Graz, Austria;  

 “Meteor orbit determination (MOD)”, at 
Rhoden, the Netherlands; 

 “2nd Workshop on Comparative Aurorae” 
at UCL, London, UK. 

In addition: G. Kargl organised a session 
about “Space Instrumentation” at the EGU 
meeting in Vienna; G. Kirchner organized a 
session on “kHz SLR" at the 15th International 
Laser Ranging Workshop in Canberra; R. Na-
kamura organised the session “Substorms and 
other magnetotail phenomena” at the 12th 
Cluster Workshop held in Saariselkä, Finland; 
H.O. Rucker organized the sessions “Planetary 
Radio Emissions” at the Europlanet Science 
Congress (Berlin) and “Solar and Heliospheric 
Radio Emissions” at the General Assembly of 
the European Geosciences Union (Vienna); H. 
Lammer convened the session “Comparative 
exospheres: From the upper atmospheres of 
Solar System gas giants to extra-solar Hot 
Jupiters” and the session “Biomarkers on ex-
trasolar Earth-like planets and the early at-
mosphere of Earth” at the Europlanet Science 
Congress (Berlin).  

7.4 Project Meetings 
Besides several project meetings with less 
than ten participants, 7 larger meetings with 
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international participation were organized at 
or by IWF/ÖAW in 2006. 

On 30 and 31 March, the Cassini RPWS Team 
Meeting took place at ASA (Vienna) with 20 
participants including people from France, 
Sweden, UK, USA, and Austria. 

On 22 and 23 May 2006, a project meeting on 
EUROPLANET was held at Paris with 12 par-
ticipants (France, Germany, Austria, Finland) 
reporting on N3 activities (coordination of 
ground-based and space-based observa-
tions). 

From 27 to 28 June 2006 a PICAM Team 
Meeting with 11 participants from Austria, 
France, Germany, Hungary and The Nether-
lands was held at IWF. 

A VEX Team Meetings has been held at IWF, 
from 28 to 31 August 2006, with approxi-
mately 10 participants from Austria, Germany 
and the UK. 

7.5 Awards 
In 2006 the planetary naming committee of 
the International Astronomical Union (IAU) has 
named an asteroid (21109) after Prof. Hans 
Sünkel. Six staff members of IWF received a 
NASA award in recognition of their excellent 
work on the THEMIS project. Also twelve staff 
members were awarded recognition for their 
contributions for Venus Express by ESA. 

Furthermore: Wolfgang Baumjohann was 
elected as a member of the Space Science 
Advisory Committee of ESA; Helmut O. Rucker 
was elected as member of the Commission for 
Astronomy of ÖAW; H. Lammer was elected as 
a member of the Solar System Working Group 
of ESA. 

7.6 Public Outreach 
From 19 January to 23 March IWF organized a 
book exhibition at the Karl-Franzens-
University Library. The topic was “Science Fic-

tion & Weltraum”. A catalogue with several 
essays was published. 

On 11 April, approximately 150 interested 
persons visited the Venus Orbit Insertion (VOI) 
event at IWF. Popular scientific lectures were 
held, and during a live connection with the 
operating centre in Darmstadt the guests 
could experience the anxiety of the techni-
cians at mission control as Venus Express 
went behind the planet. After a few minutes 
the spacecraft appeared sound and well again 
on the receivers.  

On 7 and 8 September, a 2-days lecture series 
„Graz in Space 2006 – Aktuelle Weltraumfor-
schung“ has been presented at the Karl-
Franzens University Graz with 18 presenta-
tions of lecturers from Space Research Insti-
tute and other institutions. This event was 
organized and led by H.O. Rucker. 

On 7 October IWF participated in the “Lange 
Nacht der Physik” during the “Lange Nacht der 
Museen” at BRG Kepler. Staff members of IWF 
gave presentations on space missions to Ve-
nus and Mars. 

On 23 October, Günter Kargel, and on 6 De-
cember, Konrad Schwingenschuh organized a 
“Teacher’s vocational training” at IWF. Up to 
15 participants were given lectures on “Space 
Research – National/International” and  “Pla-
netary probes investigating the atmosphere 
and surface of comets, moons and planets in 
our solar system.“ 

On 27 December, more than 150 space en-
thusiasts visited IWF to witness the launch of 
the COROT spacecraft from Baikonur. Several 
popular scientific lectures were given and a 
direct connection with the launch site was 
used to show the spectacle of the lift-off of a 
Soyous Fregat rocket. Included into the event 
was a children’s competition of making card-
board models of the COROT spacecraft. 
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