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DLR Physics of Small Bodies and Extrasolar Planets Section 
Annual Report 2002 

 
 
1 . Introduction (E. Kührt) 
  
The Section “Physics of Small Bodies and Extrasolar Planets“ was established in the Institute 
of Space Sensor Technology and Planetary Exploration of the DLR (German Aerospace 
Center) in January 1997. At the end of 2002 the staff numbers 7 scientists, one technical 
employee, 4 PhD students, one guest scientist, and our secretary.  
 
Our scientific work focuses on investigations of comets, asteroids, and extrasolar planets, 
mainly in the visible and infrared wavelength ranges, and includes modelling of associated 
physical processes and contributions to relevant space missions, including the delivery of 
hardware. Other fields of interest are risk evaluation of impacts of small bodies on our 
home planet and the transfer of space technology to solve environmental problems on 
Earth.  
 
This report describes the results of our research and other activities in 2002. Highlights 
were:  
- the International Asteroids, Comets, Meteors 2002 Conference in Berlin and a national  
  workshop on planet formation, the scientific programmes of which were planned and   
  managed by members of our group 
- the first commissioning campaign of the remotely controlled Calar Alto 1.23 m Telescope 
- the delivery of the Flight Models of ROLIS and MUPUS-TM for the Rosetta Mission 
- our entry into the COROT mission 
- the observation programs of comets and asteroids at large telescopes within international  
  teams 
- our ground-based planet search program BEST 
- the commercialisation of the AWFS-technology (Autonomous Forest Fire Recognition  
  System).  

 
The Appendix summarises publications, project contributions, observation campaigns, and 
public outreach activities.  
 
Comets and asteroids are thought to be remnant material from the processes of formation 
and initial development of planets, and therefore a source of information on conditions in 
the early Solar System. Many scientists believe that comets and asteroids have significantly 
influenced the evolution of the terrestrial planets and life on Earth. In particular, public 
interest in near-Earth asteroids has risen dramatically in recent years as a result of the 
recognition that such objects occasionally collide with the Earth with potentially 
catastrophic consequences.  
 
The investigation of extrasolar planets promises to greatly improve our understanding of the 
development of planetary systems. Within the last 8 years about 100 extrasolar planets 
have been discovered and this field has become a focal point of space science.  
 
Berlin, February 2003 
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2. Scientific activities 
 
2.1 Asteroids, Comets, Meteors 2002 
  
Section members were responsible for the planning 
and management of the scientific programme of 
the Asteroids, Comets, Meteors conference which 
took place in Berlin from July 29 to August 2. The 
Asteroids, Comets, Meteors (ACM) series of 
conferences has a distinguished history going back 
to 1983 when the first ACM conference was held 
in Uppsala. Since then the ACMs, which are now held every three years, have been hosted 
by Uppsala (1985 and 1989), Flagstaff (1991), Belgirate (1993), Versailles (1996), Ithaca 
(1999) and Berlin (2002). The ACMs have become the most influential and popular 
international meetings in minor-body research. ACM 2002 was a very large undertaking, 
the organization of which made large demands on a number of Section members during 
the year. More than 460 people from 34 countries attended the conference, which had an 
ambitious scientific programme covering 5 days. Section members were authors or co-
authors of 22 papers presented at the conference. 
  

 
Scientific highlights of the conference included new results on optical and radar 
observations of binary asteroids and modelling of asteroid collisions and rubble piles, new 
estimates of terrestrial impact probabilities, discussions of the importance of the Yarkovsky 
Effect for the orbital evolution of small asteroids, detailed results and modelling of the 
comets Borrelly and Hale-Bopp, and the discovery of the "Neuschwanstein" meteorite, a 
fragment of the bright bolide seen over the Alps in April, which was brought to the 
conference and attracted much interest from journalists. The proceedings are published by 
the European Space Agency. 
 
According to the comments of many attendees the conference was rated a great success; it 
attracted massive media interest: Related reports and interviews featured on TV 
programmes such as "ZDF Morgenmagazin" (26.7.02) and "Zeitspiegel" (BR, 7.8.02) and 
on the news and current affairs broadcasts of various other TV stations. Many interviews 
were given by conference attendees to radio stations such as "Deutsche Welle", and 
reports appeared in newspapers such as the "Berliner Morgenpost" and the "Süddeutsche 
Zeitung", and magazines such as the British "Astronomy Now”. 



 

2.2 Planet formation: The solar system and extrasolar planets 
 
During 18 - 20 February the workshop "Planetenbildung: Das Sonnensystem und 
extrasolare Planeten" took place at DLR-Adlershof with participation of more than 80 
scientists from various research facilities in Germany. The workshop was devoted to aspects 
of planetary system formation, including evolution, diversity in structure, conditions for life 
as well as observational techniques for searching of extrasolar planets. The main purpose of 
the workshop was to view the open questions on formation and evolution of planetary 
systems from different research disciplines (e.g. planetology, astronomy, geology, 
geophysics, biology and climatology) with the aim to exchange results and reach synergetic 
effects within the German research community. The responds from the participants were 
very positive and the complexity of planetary systems highlighted in more than 40 
presentations.  
 
During March 2003 a second workshop devoted to the same theme took place in Weimar 
and the series is expected to continue in Münster next year. The organization is planned to 
alternate between institutes with background in astronomy and planetology to bring 
together the competence of both fields to the various aspects of planet formation. 
 
2.3 Cometary science  
 
The chemistry of C2 and C3 in the coma of comet Hale-Bopp (J. Helbert, H. Rauer) 
 
The formation of the C2 and C3 radicals 
in the coma of comets has been 
studied. Although these radicals form 
the most prominent emission bands in 
optical spectra of comets and have, 
therefore, been observed since the 
beginning of spectroscopic studies of 
comets, their formation was still 
unclear. The data set of the long-term 
monitoring program of comet Hale-
Bopp (C/1995 O1) ) (Rauer et al. 1997, 
2003), started in 1995 at 4.6 AU 
heliocentric distance up to 2.9 AU pre- 
perihelion and continued from 2.8 AU 
to 12.9 AU post-perihelion, was used to 
investigate the formation of C2 and C3.  
 
Two parent species, C2H2 and C2H6, had 
been proposed in the literature as parent s
detected in IR spectra of recent bright com
pathways between these parent species an
particular the relative role between the two
been detected in comets yet. The C3H4 mo
parent in our study. The extended data set
model of the cometary coma developed by
Research Institute, San Antonio, Texas. The
recent results on the relevant formation ch
Fig. 1  Comet Hale-Bopp during its perihelion passage in 
spring 1997. 
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shown, that optical long-slit profiles of the emission of C2 and C3 can indeed be used to 
determine the production rates of their parents, providing the link from parent to daughter 
formation. Therefore, the developed model scheme greatly increases the scientific output of 
optical spectroscopic observations of comets.  
 
This work is part of the Phd thesis of Jörn Helbert and was supported by a DFG grant (Ra 
714/2-3). Jörn Helbert has submitted his thesis end of 2002 to the FU Berlin. 
 
The long-term dust activity of comet C/1995 O1 Hale-Bopp (M. Weiler, H. Rauer,  
J. Knollenberg, J. Helbert) 
 
Based on the data obtained during 
the optical long-term monitoring 
program of comet Hale-Bopp, the 
Afp-parameters and the color of the 
comet’s dust coma were determined 
from 4.6 AU to 2.8 AU heliocentric 
distance pre-perihelion and 2.9 AU to 
12.8 AU post-perihelion. In Fig. 3 the 
typical appearance of comet Hale-
Bopp at large heliocentric distances 
can be seen. The Afp-parameters 
were found to be in good agreement 
with previously published values. No 
significant variation of the coma 
dust color was found. 
 
From the quantity Afp the dust 
mass and number production rates 
were determined. A gas dynamical model was used to compute the size-dependent velocity 
of dust particles in the coma and the maximum radius of dust grains that could be lifted 
from the nucleus surface. With the results of this model, an approximately constant dust to 
gas mass ratio was derived over the range of heliocentric distances covered by the data of 

the monitoring program. This constant ratio 
is in contrast to the Afp to gas ratio which 
varies by about a factor of 10 in the same 
range of heliocentric distances. This 
variation is caused by the influence of the 
dust velocity on Afp, since the dust velocity 
is changing with heliocentric distance. Fig. 2 
shows the Afp�to gas- and the dust to gas 
mass ratios. The dotted lines are linear fits 
to the dust to gas mass ratios of this work, 
determined with different assumptions on 
the nucleus radius, active fraction of the 
nucleus surface and the dust size 
distribution. 

Fig. 2  The Afp to gas- and the dust to gas mass ratio versus 
heliocentric distance. Values from some other publications are 
plotted for comparison. The dotted lines are linear fits to the dust 
to gas mass ratios determined with different model assumptions. 

Fig. 3  Comet Hale-Bopp, observed on April 4 
2000 at a heliocentric distance of 10.8 AU. The 
image covers approximately 3.2 million km in the 
plane of the cometary nucleus. 



 

 
These results were presented as a diploma thesis in physics at the Technische Universität 
Berlin in February 2002. The work was supervised by Dr. H. Rauer and Prof. E. Sedlmayr. 
 
From Hale-Bopp's activity to properties of its nucleus (E. Kührt) 
 
The exceptional data base for Hale-Bopp’s production rates of several volatiles over a wide 
range of heliocentric distances provides a powerful tool for the analysis of cometary activity 
and physical properties. Water molecules probably come directly from the surface. The 
production rates of this species offer the simplest way to obtain information about the 
nucleus. The analysis of extremely volatile species like CO is more complex. It is not 
completely understood where they are released, but observations indicate that CO is 
released both from the nucleus and from extended source.  In the models of nuclear activity 
it is usually assumed that the nucleus is highly porous and that the sublimation fronts of the 
strongly volatile ices are at a depth of several meters below the surface. However, such 
models cannot describe the observations adequately or need complex assumptions. 
 
A thermal model has been applied 
to calculate gas production rates of 
Hale-Bopp. The strong obliquity of 
the spin axis causes pronounced 
seasonal effects and, therefore, an 
asymmetry of activity with respect 
to perihelion. By comparing 
measured and calculated rates (Fig. 
4), properties of the nucleus have 
been derived. It was found that 
even at large heliocentric distances 
the production of very volatile 
molecules such as CO is mainly 
driven by the energy input and, 
therefore, by heliocentric distance, 
rather than by the properties of the 
nucleus. This is in contrast to the 
sublimation processes of water ice. The 
CO production of Hale-Bopp is 
consistent with the release from a CO 
source of 40 km2 at the surface or at 
shallow depths. One reason for the 
surprising result that CO may be stored at 
which the majority of micropores in a com
 

Fig. 4  Measured and calculated CO production of Hale-
Bopp. Solid lines represent sublimation from the surface or 
from shallow depths. An assumed sublimation from larger 
depths (dotted and dashed lines) doesn’t fit the data 
points.  
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2.4 Asteroid science 
 
Thermal infrared observations and thermal modelling of near-Earth asteroids 
(A. W. Harris) 
 
The year 2002 was another successful one in terms of data acquisition. Proposals submitted 
in collaboration with M. Delbo (Univ. Turin, formerly DLR, Berlin), R. Binzel (MIT), S. J. Bus 
(Univ. Hawaii) and J. K. Davies (ATC, Edinburgh) resulted in telescope time being awarded 
on the Keck-1 Telescope (1 night), the NASA Infrared Telescope Facility (6 half-nights), 
UKIRT (5 half-nights) and the ESO 3.6-m telescope (4 nights). 
 
With the 10-m Keck 1 
telescope we are 
continuing our study of 
the albedos of small near-
Earth asteroids and an 
apparent correlation 
between size and surface 
brightness. Knowledge of 
the albedo distribution of 
the NEA population is 
important for converting 
the absolute brightness 
distribution into a size 
distribution, which is 
required for quantitative 
assessment of the 
terrestrial impact hazard. 
We find the albedos of 
near-Earth asteroids tend to 
be significantly higher on 
average than the mean 
albedo observed for (larger) 
main-belt asteroids. A 
possible reason for this is a 
lack of space weathering of 
the smaller and younger 
asteroid fragments. 
According to theory, space 
weathering leads to a 
gradual darkening of 
asteroid surfaces by the 
condensation on dust grains of 
iron vapour, which is released 
from surface minerals by the 
action of the solar wind and 
micrometeorite bombardment. 
Unlike main-belt asteroids, small 
near-Earth asteroids may be too 
young for space weathering to 

Fig. 5  The very low albedo and highly elliptical orbit of 2000 PG3 
suggest this near-Earth asteroid may have once been a comet, but has 
since exhausted its volatile material and no longer shows a coma or 
tail. 
Fig. 6  Mean lightcurve-corrected thermal-IR flux measurements 
of 1580 Betulia obtained with the NASA Infrared Telescope 
Facility. The curves are thermal-model fits (n.b. the point at which 
the model curves intersect is actually a data point with a small 
error bar). The high thermal inertia model (dashed line) cannot be 
fit to the data. The best-fitting model (dotted line) implies normal 
surface thermal properties, a diameter of about 4.4 km and an 
albedo of about 0.1.
6
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have had a significant effect. Space weathering can confuse the interpretation of asteroid 
spectra in terms of mineralogy. 
 
Our results have revealed that the near-Earth asteroid population exhibits a very broad 
range of albedos, indicating the presence of many different mineralogical types. Results 
from our programme have revealed that a few near-Earth asteroids, such as 2000 PG3 (see 
Fig. 5) have albedos of only 4% or less and we are investigating the possibility that these 
may be “dead” comets, i.e. comets that have exhausted all or most of their volatiles and 
have thus become indistinguishable from asteroids. What fraction, if any, of near-Earth 
asteroids have a cometary origin is one of the current hot topics of asteroid science. 
 
Our observations of the near-Earth asteroid 1580 Betulia with the NASA Infrared Telescope 
Facility in June produced an unexpected result. Betulia was first observed in the thermal 
infrared, albeit at 10 µm only, in 1976, when results based on simple thermal models 
indicated that it had an unusually high thermal inertia and a very low albedo. These results 
were notable since Betulia became the first asteroid for which the standard thermal model, 
which assumes low thermal inertia, apparently could not be applied. The high thermal 
inertia was explained in terms of a regolith-free surface of bare rock. It was thought that 
small asteroids with very weak gravity may not retain the collisional debris from impacts, 
unlike the Moon and larger asteroids, and therefore may not possess a significant 
thermally-insulating surface layer of rubble and dust. However, our IRTF multi-filter 
photometry (Fig. 6) cannot be fit by a high-thermal inertia thermal model (dashed line in 
Fig. 6). Contrary to previous results we find no evidence for unusual surface thermal 
properties in the case of Betulia. Indeed, the majority of near-Earth asteroid thermal-IR 
continua we have observed to date are not consistent with the predictions of high-thermal 
inertia models. The albedo of Betulia obtained from our thermal-model fitting to the data is 
about 10%, a value consistent with optical reflectance spectra indicative of carbonaceous 
surface material. The results presented here are preliminary: analysis is still in progress. 
 
The thermal-infrared work 
described here is partly 
supported by a grant from 
the DFG (German 
Research Council). 
 

 
 
 
Mission analysis for in-situ exploration and deflection of hazardous asteroids and 
comets (R. Kahle, G. Hahn) 
 
The design and analysis of technically credible missions to mitigate against hazardous 
asteroids and comets is the subject of a PhD project being carried out in collaboration with 
the Dresden University of Technology. A very promising non-nuclear technology for 

Fig. 7  The NASA Infrared 
Telescope Facility on the 
summit of Mauna Kea, 
Hawaii (elevation 4200 m). 
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mitigation is the solar 
concentrator, in which solar 
radiation is concentrated onto 
the NEO surface with a 
lightweight (parabolic) reflector. 
Depending on the duration and 
intensity of illumination, the 
material within the spot is 
heated up and vaporized 
delivering a low but continuous 
thrust. Over several months 
even large objects of several 
hundred meters in diameter 
could be diverted from their 
collision path in this way. A 
feasible concentrator design has 
been found that meets the 
limited payload capability of current interplanetary launchers. Other mitigation techniques 
under investigation include kinetic energy impacts, mini-magnetospheric plasma propulsion, 
and the use of chemical thrusters along with the in-situ fuel production. The last option 
could be attractive for comets, where rocket fuel components hydrogen and oxygen could 
be gathered from the existing water ice.  
 
To analyse mitigation mission requirements (e.g. energy requirements, time constraints, 
etc.) a mission analysis program has been developed, which finds energy-optimal impulsive 
transfer trajectories to a desired target. Simple elliptical transfers, multiple-encounter 
transfers, and gravity-assist trajectories are considered. Furthermore, virtual collision 
candidates are processed based on a de-biased NEO population statistic, to allow realistic 
simulation. Finally, orbit propagation with the numerical integrator RADAU will prove model 
assumptions and reveal the influence of planetary flybys.  
 
Statistics of asteroid sizes: a physical 
model (D. de Niem, S. Werner) 
 
The origin of asteroid families and the 
observation of asteroid satellites are difficult 
to understand in the light of existing hydro-
dynamical models. Subsequently, grid-less 
(smooth particle-SPH) hydrodynamics 
method coupled to self-gravitation have 
been applied  (e. g. P. Michel et al., 2002, 
Science, Vol. 294, No. 5547, 1996). Yet the 
amount of energy dissipated and the 
consequences for the ejection velocities of 
fragments remain unclear, and minimum 
fragment sizes are limited anyway by the 
relatively low number of 'particles'.     
We developed a new model for the size 
distribution in the main belt, requiring 
compatibility of the distribution of smaller 

Fig. 8  Artist’s impression of a deployable solar concentrator for 
asteroid diversion 

Fig. 9  Size distribution of main-belt asteroids 
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(D < 100 km) asteroids with that of the completely observed asteroids above (D ~ 100 km). 
The outcome of asteroid collisions is parameterised in the form of scaling laws, allowing 
comparison with hydrodynamic simulation. The only two parameters of this scaling of 
specific energy at the threshold of catastrophic fragmentation are an exponent of shock 
wave damping (obtained from laboratory experiments and nuclear explosions) and an 
overall proportionality constant of order one. 
 
The resulting size distribution for the smaller (D < 100 km) is characterized by waves, in a 
double-logarithmic plot of numbers vs. diameter (Fig. 9). 
 
Asteroid search programmes and the EARN database (G. Hahn) 
 
UDAS – Uppsala-DLR Asteroid Survey: 
Observations at the Kvistaberg Station have continued, resulting in 9469 astrometric 
observations of asteroids and comets. Details and current observing statistics can be found 
at http://earn.dlr.de/udas/  
 
ADAS – Asiago-DLR Asteroid survey: 
6506 astrometric positions of asteroids and comets were obtained during the first three 
months of 2002. Until then the observing programme came to a halt due to an upgrade of 
the telescope and camera system. Details at http://planet.pd.astro.it/planets/adas/index.html  
 
DANEOPS – DLR-Archenhold Near-Earth Object Precovery Survey: 
Pre-discovery images of 13 NEAs and 9 TNO and scattered disc objects have been obtained 
by R.M. Stoss, Heppenheim Observatory, in the course of this project, which have resulted 
in orbital improvements. New orbits were published in Minor Planet Electronic Circulars. 
Up-to-date results and images can be found at http://earn.dlr.de/DANEOPS/ 
 
Physical properties and discovery circumstances of NEOs are available at 
http://earn.dlr.de/nea/, where a constantly updated database of all known NEOs (as 
announced and published by the Minor Planet Center - MPC) is maintained, providing a 
“home-page” for each asteroid. These pages contain the discovery circumstances and all 
published data on the physical properties, including references. Shortly it will contain an 
update to the table of physical properties of NEOs to be published in Asteroids III. 
 
2.5 Impact phenomena 
 
Hypervelocity impact of comets and asteroids (D. de Niem) 
 
Impacts of asteroids or comets on planetary surfaces as well as mutual collisions are 
important as geological processes in the solar system. Physical data reach from craters 
present on satellite images to detailed geo-chemical and mineralogical analyses, as for the 
K/T boundary impact, e.g. or laboratory results of lunar samples. Size relationships in 
asteroid families, the overall distribution of small objects in the asteroid and Kuiper belts, 
and impact rates on the Galilean satellites require physical understanding of energy 
partitions in hypervelocity impacts, and it is unclear how the data of laboratory experiments 
can be accurately scaled to asteroid sizes.  
 
In computational physics, hypervelocity impacts are challenging because of the need to 
model multi-material hydrodynamic phenomena in the presence of interface instability, and 

http://earn.dlr.de/udas/
http://planet.pd.astro.it/planets/adas/index.html
http://earn.dlr.de/DANEOPS/
http://earn.dlr.de/nea/
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over a huge range of Mach numbers, 
densities, and pressures.  A basic goal 
is to understand the partition of the 
kinetic energy of the impactor and 
the consumption of this energy at 
various stages of crater formation. 
Numerical simulations (programs 
called hydrocodes) have to be carried 
out with sufficient accuracy to answer 
questions about ejecta speeds, the 
local thermodynamic state of material 
(melt, vapour phases etc.), late-stage 
cratering phenomena (fracture, crater 
collapse), or about density (Fig.10).  
 
Firstly, we continued investigations of 
upwind-type methods without 
material interface reconstruction, 
but it became clear early in 2002 
that modelling of impact craters 
required material description on the 
sub-cell level. A volume-of-fluid (VOF) treatment of material interfaces in multi-material 
upwind-type methods has been developed and tested (two materials, or one material and 
vacuum in 1D). Our first attempt generalized the upwind-type method AUSM (M. S. Liou, 
1996, J. Comp Phys., Vol. 129, 364) to more materials in combination with VOF interface 
reconstruction, requiring complete re-formulation of the energy equations for single 
materials. Difficulties in strong rarefactions at the rear of a meteorite moving through air, 
and phenomena like wall heating, became apparent. However, the benefit of the 
development was insight in material volume advection schemes that avoid over- and 
undershoots. The next step was to develop a multi-material Godunov method using mixture 
theory to yield an effective Riemann problem for the bulk material, similar to Miller and 
Puckett (1996). 
 
Secondly, we developed an entirely new multi-material Godunov method, together with a 
wave-propagation type algorithm for the transport volume of materials. The basic idea is to 
make wave speeds depend on the material traversed, locally, and to weight quantities 
according to actual propagation time, unlike in mixture theory. Material volume 
compression or extension occurs in every section of material interface trajectories with one 
of the elementary wave fronts of the Riemann problem, complicating the volume advection 
equations. The Riemann problem and the volume advection equations are connected and 
require an iterative solution. Unphysical energy exchange of materials is absent in a series of 
test problems.  Wall heating is avoided through conservative redistribution of material 
impulse (velocity relaxation). The method still has problems with vacuum in extreme 
rarefactions, because explicit vacuum formation is not implemented in the Riemann solver 
yet. Further research is necessary to refine the current algorithm.  
 
Condensation of impact-generated vapour clouds: recent contributions (D. de 
Niem) 
 
Geo-chemical and mineralogical signals of impacts are inclusions of high-temperature and 

Fig. 10  Density of ejacta after 3 s following the impact of a 
10 km diameter asteroid 
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magnetized minerals, of Ni-Fe spherules, abundances of Platinum group elements, tektites 
glasses etc. But evidence is interpreted differently, depending on the physical model of 
formation. Experimental diagnostics must be complemented with adequate theory to 
disentangle the information hidden in compositional and structural characteristics of 
meteorite and impactite samples. Direct numerical hydrodynamic simulations are limited in 
the number of materials, and coupling condensation kinetics on a cell basis is not 
practicable. Investigations about composition are confined to the condensation of major 
element compounds as an equilibrium process.  If the cloud of vaporised and liquid ejecta is 
larger than a few atmospheric scale heights, gravity is the dominating force, and the 
rarefied gas follows nearly ballistic trajectories.  Simple geometric assumptions about the 
flow-field can be made to treat the key problem of phase transitions in a rapidly   cooling 
and expanding dense vapour of meteoritic composition. In a Lagrangean description, the 
energy equation does not require explicit knowledge of the velocity field, but only the local 
value of the velocity divergence. An analytical approximation has been developed, that 
yields the velocity divergence. 
 
Final sizes and compositions of metallic droplets and dust grains crucially depend on non-
equilibrium effects.  A preliminary investigation yielded several generations of condensates 
even for the simple case of one mineral species. Non-equilibrium kinetics of condensation 
have to be applied to yield size distributions, compositional effects, and thermal history of 
condensates and glassy spherules. Recently a new approach for kinetics of condensation of 
transition metals in the early solar system appeared (K. K. Tanaka et al., 2002, Icarus, Vol. 
160, 197), going beyond the classical theory of nucleation. However, the model used a 
prescribed exponential temperature decrease, which is too simple in an impact situation. 
For the actual thermal history in the course of hydrodynamic evolution, we preferred to 
generalize the derivation of our own energy equation to multiple species. Related efforts to 
collect relevant thermo-chemical data are not yet complete. Preliminary results indicate 
trends in composition of high-temperature Ni-Fe liquids forming in a dense hot vapour 
composed of chondrite-like material. Certain metallic element ratios are tracers of the (P, T) 
conditions at condensation. Platinum-group element abundances at high temperature are 
enhanced, and inter-element ratios are temperature-variable. 
 
Suvasvesi South – a possible impact structure (S. Werner)  
 
The circular Suvasvesi South structure is located in Central East Finland (62°41'N, 28°11'E) 
and correlates with the Haapaselkä lake area, the southern of the two Suvasvesi lakes. 
Suvasvesi S was first perceived in satellite images and might form a crater doublet with the 
proven Suvasvesi North impact structure. Evidences, such as the presence of fractured 
target rocks and shatter-cone like boulders on the eastern shore of Haapaselkä, suggest 
that the Suvasvesi South is also an impact structure.  
 
During the summer of 2002 we carried out another field survey in the area of the Suvasvesi 
lakes, which led to the discovery of shatter cones in boulders. We also discovered impact 
melt boulders in gravel pits along the roadsides at Mannamäki, about 5 km southeast of 
the structure. Microscopic studies of the thin sections of impact melt and of the shatter 
cone boulders reveal the presence of well developed, decorated PDF's, maskelynite, fluidal 
structures and kink bands in biotite. It is unlikely that the boulders with shatter cones and 
impact melt blocks stem from the northern impact structure, because its material 
transported by the ice drift would not pass this area. The outcrops on the islets are heavily 
fractured and show shatter-cone like features (and their mirror images). We interpreted 



 

these to be of impact origin because their axes point towards the lake Suvasvesi South. 
However, no clear microscopic evidence has been found from the outcrops so far. 
 
2.6  Extrasolar planets  
 
Planetary obliquity evolution in the 47 UMa habitable zone (A. Erikson) 
 
The obliquity evolutions of the 
terrestrial planets in the Solar 
System have a high probability of 
encountering chaotic regimes, 
thereby initiating large-scale 
variations with profound 
implications for the long-term 
atmosphere and surface conditions 
of the planets. The recent discovery 
of an extrasolar planetary system 
(47 UMa), that could potentially 
harbor small terrestrial planets, has 
raised questions about the 
conditions for habitability in such a 
system. In that context the effects 
of the obliquity evolution might be 
of significance and has been 
numerically simulated for 
hypothetical small planets located in the 
habitable zone of 47 UMa. First results 
indicate that large but regular variations 
(~10º- 40º) on relative short time-scales 
(104 – 105 yr) could be present for such 
an object (Fig. 11). The study was perform
Uppsala). 
 
Resonance phenomena in extrasolar pl
Rauer) 
 
The nature and stability of mean motion re
been studied by numerical integrations. Co
for a wide planetary mass range, the orbita
searched for stable configurations. Such a 
most common mean motion resonances co
masses of newly discovered systems. The s
(Univ. Copenhagen) who stayed for 6 mon
 
Dynamical star-planet interaction (H. R
 
The currently found planets show a lack of
M. Pätzold, Univ. Köln, it was investigated 
interaction of the planet with its central sta
Fig. 11  The spin axis evolution of a hypothetical Earth 
like planet located in the habitable zone of the 47 UMa 
system. The parameter X corresponds to the sin of the 
spin axis latitude. The amplitude of the variation is 
around 20°.  
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Fig. 12  Flux density from Bastian et al, Astrophys. J. 
545, 2000 
 
 

 

massive planet can spiral into the central star on time scale shorter than the stellar life time. 
Therefore, this mechanism may provide an explanation for the observed statistics of planets. 
 
Emission of radio radiation from exomagnetospheres (U. Motschmann, J-M. 
Griessmeier, E. Kührt) 
 
Planets with a strong magnetic field are known in our solar system as non-thermal radio 
emitters. Fig. 12 shows the radio spectra of the terrestrial emission and those of the giant 
planets. The energy of the 
radiation is quite considerable 
and probably visible beyond 
our planetary system. Within 
the framework of the project 
we examine to what extent 
big exoplanets can also be 
sources of strong radio 
radiation and whether the 
radiation can be detected 
from Earth. It is assumed that 
the majority of the exoplanets 
have an internal magnetic 
field and a distinct 
magnetosphere.  
 
The interaction of this 
magnetosphere with the 
stellar wind makes it possible 
to pump a maser with 
consequent emission of 
radiation in the decametre 
wavelength range. The underlying 
cyclotron maser instability can be 
driven by a loss-cone distribution 
or shell distribution of the 
electrons. It is estimated, that the 
current sensitivity of about 1 Jy 
(Jansky) for efficient radio telescopes is still approximately one order of magnitude below 
the calculated incident radio emission of selected exoplanets.  
 
Fig. 13 shows the estimation for the exoplanets Rho Coronae Borealis and Tau Bootis. 
UTR2+Robin2 marks the sensitivity forecast of radio telescopes for 2005. Therefore, in the 
near future detection seems possible. 
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2.7 Investigation of Mars 
 
Chronostratigraphy on Mars  (S. Werner) 
 
Dating Martian impact basins  
 
Global stratigraphic schemes for planetary bodies us
resurfacing process: the impacts of planetesimals, w
related features (e. g. ejecta) on planetary surfaces. 
process, the counting of the superimposed number 
units offers a valuable procedure in understanding th
the impact structures. Neukum proposed a non-pow
record. This SFD has kept its shape over a period of m
the crater-generating family of projectiles from the l
application of cratering scaling laws allows to estima
crater SFD as well as to transfer the lunar impact cra
major conclusion is that the terrestrial planets are m
projectile source, i.e. bodies derived from the astero
best estimate of the Mars/Moon cratering rate ratio 
 

Fig. 13  Estimated radio-flux density of the 
exoplanetes Rho CrB and Tau Boo: Estimated 
radio-flux density of the exoplanetes Rho CrB 
and Tau Boo. Currently the sensitivity still lies 
about 1 Jy. From 2005 a sensitivity is expected in 
the mJy range. The VLA measurement at 74 MHz 
was not successful. [Rucker, ESA-SP 518,  2002].
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A good test is dating the large impact 
basins with the derived Martian production 
function. In case of Moon, the large basins 
were produced no later than about 3.8 
Gyr ago and the situation should be similar 
for Mars following the idea of a marker 
horizon. The ages of Martian basins 
accumulate around 3.8 to 4.1 billion 
years (filled columns) while the lunar 
basins (empty columns) appear to be on 
average older with the majority of 
occurrence prior to 4 Gyr. The Martian 
surface we observe today appears to be 
not any older than 4.1 billion years, in 
accordance with the oldest basin ages. 
Lunar basins show ages between 3.85 and 
about 4.3 billion years. The number of 
basins per age period appears to be in the 

right proportion between the Moon and 
Mars. Mars shows for the time span 3.7 - 
4.0 Gyr a total of 16 basins whereas the 
moon has for the same age period 10 
basins. This is roughly in accordance with 
the fact that the Martian highland surface 
which shows basins is almost a factor of 
two larger than the total surface of the 
Moon which is the reference surface for 
the 43 lunar basins. 
 
Erosional history of Athabasca Valles  
 
As one of the former candidate Mars Explorati
ellipse in the Athabasca Valles was under cons
proposed area is complex and diverse. The vall
and 220° W longitude and extends from the e
called Cerberus Planitia, part of Elysium Planitia
Elysium volcano group in the northeast. The m
southwest direction, but spreads out as gullies
overall topography in southeast direction. The 
the Cerberus Fossae, a set of sub-parallel grab
rising of the Elysium volcano bulge. To the sou
been able to confirm earlier age estimates by B
the valley system itself has undergone over a p
cycles which were dominated by volcanic proc
the age of the valley system itself is older than
 
The research described here is partly supported
Council). 
 

Fig. 14  The frequency distribution of the ages of lunar 
(empty) and Martian (filled) impact basins are given 
here. The lunar distribution shows a maximum prior to 
4 Gyr ago while the Martian data shows maximum 
basin occurrence at 4 Gyr ago. This means that on 
Mars the oldest crustal structures we observe today are
no more than 4 Gyr old whereas on the Moon we look 
probably back to 4.3 or 4.4 Gyr. On Mars the earlier 
record has been erased by endogenic and surface 
erosional processes or covered up by sedimentary or 
volcanic layers.
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2.8  Telescopes 
 
Berlin Exoplanet Search Telescope (BEST) 
a ground based detection system  
(H. Rauer, H.Voss, A. Erikson) 
 
Several search projects have confirmed the 
existence of 103 extrasolar gas giant planets  
in 88 planetary systems by the radial velocity 
method up to now. In order to better 
understand the general formation 
mechanisms for such planetary systems, a 
larger sample of known extrasolar planets is 
needed. This can be achieved by a variety of 
different observational techniques. An efficient 
method is photometric observations of a large 
number of stars to detect transit events (i.e. a 
planet passing in front of a star) from which 
general characteristics of an exoplanet can be 
determined (Fig. 15). 
 
The Berlin Exoplanet Search Telescope (BEST) is a 
ground based system designed to search for 
transit events. The system consists of a 20-cm 
flat-field camera equipped with a CCD with 2048x2
3.1x3.1 degree, thereby allowing several thousand s
system is operated as a ground-based support and t
scientific participation in the COROT satellite mission
view as well as acquisition and data analysing seque
role in the COROT project. 
 
Since July 2001 the system is operated from the Thü
(TLS), observing selected target fields on a regular ba
fields are near the galactic plane with more than 350
observed whenever the weather conditions have per
In addition, potential COROT target fields were obse
with the observations a gradual improvement of the
operations has taken place. The data reduction pipe
data reduction process and the transit detection cap
candidates have been found and radial velocity mea
determine the character of the eclipsing secondary o
 
At the end of 2002 we started preparing for the BES
observational site (Observatoire de Haute-Provence) 
conditions and access to the star-rich regions of the 
potential COROT target fields. 
 

Fig. 15  Lightcurve of a field star (type G0V) of 
magnitude 13.5 showing a dimming of the 
stellar light of 3.2 % for about 2 hours duration, 
measured with BEST. Subsequent radial velocity 
follow-up observations performed at the 
Thüringer Landessternwarte Tautenburg by A. 
Hatzes and E. Guenther have confirmed that this 
dimming is caused by an eclipsing binary system. 
The orbiting star is of 0.22 solar masses and 
orbits at a distance of 0.065 AU. 
16

048 pixels. The field of view is around 
tars to be observed simultaneously. The 
est facility in the framework of our 
. Due to the similarities in the field of 
nces, BEST is well suited to play a vital 

ringer Landessternwarte Tautenburg  
sis. In 2002 three target fields (two  
00 stars detectable by BEST) have been  
mitted (48 out of 216 possible nights). 
rved during 5 nights in April. In parallel 
 system to allow remote controlled 
line was upgraded to allow a faster 
abilities were refined. The first transit 
surements have started at TLS to 
bjects. 

T system to be relocated to an 
with more suitable meteorological 
southern hemisphere, including all the 
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Calar Alto 1.23 m Telescope – commissioning phase (S. Mottola, E. Kührt) 
 
In addition to our observations of asteroids 
and comets at several large telescopes (see 
Appendix) all over the world, the 
Astronomical Observatory of Hamburg and 
DLR signed a contract in 2002 for remote 
operation of the Max Planck Institute 1.23 
m telescope on Calar Alto (Fig. 16). The 
contract, covering a period of five years, 
grants DLR access to the telescope for 72 
nights per year. The telescope is fully 
remote controlled, and is operated from 
the respective home institutions via the 
Internet.  
 
For this purpose a telescope control station 
has been set up in our institute, from which 
data acquisition and processing is 
performed. Computer programs have been 
developed that allow the user to perform 
automated acquisition sequences, as well 
as a quick-look analysis. In November 2002 
the first commissioning campaign has been 
carried out, during which the observation 
procedures and the software routines have 
been thoroughly tested. 
 
The telescope, which is equipped with a 
large-field CCD, will be mainly used to 
perform spectrophotometry of asteroids and 
comets in the visible range. 
 
 
3. Space missions 
 
3.1  ROSETTA 
 
MUPUS-TM - Hardware for the ROSETTA-Mission (J. Knollenberg, E. Kührt) 

 
MUPUS-TM (Fig. 17) is an experiment onboard the 
ROSETTA cometary lander, a subunit of the MUPUS 
suite of instruments (PI: T. Spohn, University of 
Münster), which is dedicated to the measurement of 
physical properties of the near surface layers (down to a 
depth of about 0.5 m) of the target comet. MUPUS-TM 
consists of a small sensor head equipped with 
thermopile-IR detectors and a front-end electronics unit. 
In the MUPUS framework the main task of TM is to 
measure the surface temperature at the landing, and to 

Fig. 16  The MPI 1.23 m telescope on Calar Alto. 

Fig. 17  The Flight Model of MUPUS-TM 
integrated on the balcony of the Rosetta 
Lander. 



 

derive thermophysical properties of the comet. During 2002 a series of functional tests of 
the integrated Rosetta Lander was performed. Especially noticeable here from the MUPUS 
point of view was the S-D-L-test (“Separation-Descent-Landing”) where the landing 
sequence was tested in detail, including the foreseen calibration of MUPUS-TM during 
descent. The test was successful and showed that MUPUS-TM was fully operational and 
that the calibration procedure is compatible with the landing scenario. Furthermore, during 
2002 the Qualification Model was modified slightly and functionally tested again, in order 
to serve it’s new purpose as Ground Reference Model in the future.  
 
3.2  COROT   
 
The COROT mission (led by CNES, with strong European and Brazilian participation) is the 
first satellite mission to search for extrasolar planets (launch foreseen for November 2005). 
In addition, the pulsation of stars is investigated to analyse stellar evolution. Planet search is 
performed using the transit method, which measures the dimming of stellar light by an 
orbiting planet. DLR WP participates in the mission by scientific contributions, development 
of the onboard software of the instrument and ground-based observational support (e.g. 
BEST).  
 
Objective prism observations (H. Rauer, H. Voss, A. Erikson) 
 
The COROT satellite uses an objective prism in the light path of the part of the FOV used for 
exoplanet search. Each star in the field produces a low-resolution spectrum. This will aid in 
separating planetary transit events from false detections, caused, for example, by stellar 
spots. To prepare for the analysis of such spectra, observations at the 2m Schmidt telescope 
of the Thüringer Landessternwarte Tautenburg have been made using their objective prism.  
 
The first test spectra were made in September 2002 and were presented at the 4th COROT 
science week, Liège, Belgium. 
 
Dynamical simulations of planetary 
systems as mission support (A. 
Erikson, H. Rauer) 
 
Forthcoming space missions dedicated 
to the search for exoplanets via transits 
(e.g. COROT, Eddington) are expected 
to significantly increase the number of 
known exoplanetary systems. The 
dynamical evolution of a newly 
discovered system can be studied by 
numerical integrations of the equations 
of motion. By performing such 
integrations one can, for each  
planetary system, characterize its long-
term stability (Fig. 18), improve observed 
orbital parameters and make predictions 
for follow-up observations. A software 
package (Xint) to perform the above tasks 
has been implemented and its application 
Fig. 18 Dynamical stability based on numerical integrations 
of two Jupiter-sized planets in coplanar orbits around a 
solar-type star. The start location of one planet was fixed 
(a=0.27, e=0) and the other integrated for 500 equally 
distributed start orbits. In the figure black represents stable 
and white unstable orbits after an integration time of 
10000 yrs. The reaming orbital configurations were semi-
stable over the time scale investigated. 
18
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to the COROT and Eddington mission scenarios investigated. First results have been 
presented in December 2002 at the 4th COROT science week, Liège, Belgium. 
 
3.3  DIVA (H. Rauer) 
 
The German mission DIVA, aimed to astrometrically scan the sky, has been in severe 
financial difficulties during 2002. Unfortunately, these problems could not be solved and 
the mission planning has therefore been stopped early 2003. 
 
3.4  Eddington (H. Rauer) 
 
Work on our Eddington participation in the science data center study group and the study 
group for the Eddington camera has continued on a basic level, because the mission 
planning and structure has changed during 2002. Therefore, the organisational structure 
changes in future. We are in close contact to the mission and continue our interest and 
work for Eddington. 
 
3.5 Earthguard-I - Phase-A study for ESA (S. Mottola, A. W. Harris, E. Kührt, D. de 

Niem, G. Hahn) 
 
In the period July 2002 – January 2003 a 
phase-A study under contract to ESA has 
been carried out in collaboration with 
Kayser-Threde. The goal was to define a 
mission to search for Near Earth Objects 
(NEOs) which are difficult or impossible to 
detect from groundbased locations. Based 
on long-term orbital evolution studies of 
known NEOs it is expected that a significant 
fraction of the NEO population has orbits 
that are mostly or completely inside the 
Earth's orbit - the so called Atens and Inner-
Earth Objects (IEOs). Due to their short 
orbital periods of less than one year their 
encounter frequency is high, and so is their 
potential impact risk. A space platform 
orbiting in the inner region of the Solar 
System would be a vantage point from 
which these objects could be efficiently 
discovered and characterized. 
 
The Earthguard-I study resulted in a design for a telescope, including a turntable with one 
degree of freedom, sensor electronics and a data processing unit, which could be 
accommodated on a planned spacecraft such as the BepiColombo mission to Mercury (Fig. 
19), or a dedicated spacecraft which would cruise to a heliocentric orbit of around 0.5 AU 
utilizing low-thrust propulsion. 
 
In the course of this study several observation strategies were numerically simulated in order 
to estimate the efficiency of the discovery process. We studied the effects of varying the 

Fig. 19  The Earthguard-I telescope accommodated 
on the BepiColombo Service Module in orbit around 
Mercury.  
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radio tower 

solar elongation of the scan centers and the telescope aperture sizes for different orbits and 
mission durations.  
 
 
4. Technology projects 
 
The Autonomous Forest Fire Recognition System AWFS (E. Kührt, J. Knollenberg) 
 
Every year fires produce damage totalling some ten million Euro in Germany and several 
billion Euro in Europe. The groundbased Autonomous Forest Fire Recognition System AWFS 
(Fig. 20) has been under development since 1998. The project was supported by the 
European Union and by DLR-TI.  
 

The aim of AWFS is to detect smoke clouds arising 
from forest fires up to a distance of 10 km within 10 
minutes. The complex system consists of advanced 
hardware and sophisticated image processing software 
on the basis of IDL. The camera with 1024x1024 pixels 
was originally developed for space applications. 
 
In 2002 this technology has been successfully 
transferred to a company that is active on the German 
market. 22 systems were sold under the name 
FIREWATCH in three German Bundesländer 
(Brandenburg, Sachsen and Mecklenburg-
Vorpommern). 
 
The institute's experience in the development of 
camera systems for space missions and in planetary 
image processing was of great benefit to this project.  

camera 

        control center

Fig. 20  AWFS/FIREWATCH 
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(LINEAR). Minor Planet Electronic Circ., 2002-J36 (2002). 
 
 
4. Publications in the popular literature and public outreach  
 
G. Hahn 
 
TV appearances: 
 Sonde, SWR, 14.3.02 
 Bedrohung aus dem All: Das Spacewatch-Projekt. Abenteuer Erde, HR, 20.4.02 
 Die wilden Gesellen im Sonnensystem. Wie gefährlich sind Kometen und Asteroiden? 
 Documentary produced by Bayerischer Rundfunk, shown on 16.5.02 
 (BR), 27.8.02 (ORB), 18.9.02 (HR),  
 
A. W. Harris 
 
Harris, A. W., Delbo, M., and Bus, S.J., NASA Infrared Telescope Facility Science Highlight 
#18, "Thermal-infrared observations of near-Earth objects", 30.10.02, 
http://irtfweb.ifa.hawaii.edu/Science/pdf/No.18_ScHl.pdf 
 
Consultant for articles on near-Earth asteroids in: 
 Die Welt, 26.10.02 
 Financial Times Deutschland, 26.9.02 
 Max magazine, October 2002 issue 
 New Scientist, 14.9.02 
 Süddeutsche Zeitung, 13.8.02 
 
Radio interviews for Deutsche Welle, MDR, NDR ("Unsere Erde – eine Zielscheibe für 
Asteroiden?", 1.8.02), SR, u.a. 
 
TV appearances: 
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 Sonde, SWR, 14.3.02 
 Bedrohung aus dem All: Das Spacewatch-Projekt. Abenteuer Erde, HR, 20.4.02 
 Deutsche Welle TV, 20.6.02 
 RTL Nachtjournal, 24.7.02 
 ZDF Morgenmagazin, studio guest, 26.7.02 
 Zeitspiegel, BR, 7.8.02 
 Die wilden Gesellen im Sonnensystem. Wie gefährlich sind Kometen und Asteroiden? 
 Documentary produced by Bayerischer Rundfunk, shown on 16.5.02 
 (BR), 27.8.02 (ORB), 18.9.02 (HR),  
 Lexi-TV, studio guest, MDR, 6.11.02 
 
  
Lecture to students of the Humboldt Gymnasium, Eichwalde, "Asteroiden and Kometen", 
8.1.02. 
 
Lecturer "Studium Generale", Technical University of Dresden, 26.6.02. 

E. Kührt 
 
Kührt, E., Mottola, S.,. Asteroids Comets Meteors (ACM) 2002 in Berlin. Echtzeit 10, 2002. 
 
Kührt, E., Schlesier, C.,  Lizenzvertrag zum Erkennungssystem von Waldbränden. Echtzeit 9, 
2002. 
 
Radio interview for Antenne Brandenburg on the occasion of the CEBIT, 12.3.2002 
 
H. Rauer 
 
News on the German COROT participitation in, e.g., Spiegel Online, TreKZone Network, 
DLR Nachritchten.; Report on workshop on planet formation in Tagesspiegel, 27. Feb. 
 
Radio interviews on extrasolar planets at, e.g. Radio 1, Deutschlandfunk 
 
Lecture at MINT, Workshop for school children to support interest in science 
 
 
5. Space Mission responsibilities 
 
 
E. Kührt 
 
- Co-Investigator ROSETTA-experiments OSIRIS, RPC and MUPUS 
- Team member DAWN 
- Co-Investigator NETLANDER-SPICE 

 
 

S. Mottola 
 

- Co-Investigator ROSETTA-experiment ROLIS 
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H. Rauer 
 
- COROT: Co-I, member of scientific council, project leader of  DLR WP contributions 
- Rosetta: Co-I of MIRO and COSAC experiments, associated scientist of OSIRIS 
- DIVA: Co-I 
- Eddington: member of study teams (EddiCam, Eddington SDC) 
 
 
6. Observing campaigns in 2002 
 
Thermal-IR observations of near-Earth asteroids 
 
Date  Telescope   Targets 
_____________________________________________________ 
 
13 Feb.  IRTF*    Clouds 
20  Feb. Keck I*    4 NEAs 
29 May   ESO 3.6-m + Danish 1.5-m  Clouds 
4 June  IRTF*    1580 Betulia 
16-20 Sept. UKIRT     NEAs     
1,2,4,6 Nov.     IRTF*    1997 XF11 
_____________________________________________________ 
 
* UKIRT is the 3.8-m UK Infrared Telescope on Mauna Kea, Hawaii 
  The Keck 1 is a 10-m telescope on Mauna Kea 
  The IRTF is the 3.0-m NASA Infrared Telescope on Mauna Kea, Hawaii 
 
Number of observing nights with BEST (Berlin Exoplanet Search Telescope) at the 
Thüringer Landessternwarte Tautenburg 
 
 

Jan   Feb Mar  Apr  May Jun   Jul Aug   Sep Oct Nov Dec    Total 
Nights:  12    7      8     14   13     7     8    8      17    5    6      4      109 
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7. Other events and activities 
 
 
G. Hahn 
 
 - Chairman of the Scientific Organizing Committee and member of the Local Organizing  
   Committee of the conference "Asteroids, Comets, Meteors 2002", held in Berlin, 29 July   
   2 August, 2002. 

A. W. Harris 
 
- Member of the ESA expert committee established to review proposals for space-based  
  studies of near-Earth objects.  

 
- Member of the Local Organizing Committee of, and acting chairman of the Scientific  
  Organizing Committee during, the conference "Asteroids, Comets, Meteors 2002", held  
  in Berlin, 29 July – 2 August, 2002. 

 
- Invited speaker, Workshop on Scientific Requirements for Mitigation of Hazardous Comets  
  and Asteroids, workshop sponsored by NASA, Sept. 3 - 6, 2002 , Arlington, Virginia. 

 
- Member of the organizing committee of Commission 15, "Physical Studies of Asteroids  
  and Comets", of the International Astronomical Union. 

R. Kahle 
 
- Presented invited paper, Workshop on Scientific Requirements for Mitigation of Hazardous   
  Comets and Asteroids, workshop sponsored by NASA, Sept. 3 - 6, 2002, Arlington,  
  Virginia. 
 
E. Kührt 
 
- Member of the DFNK (Deutschen Forschungsnetzes Naturkatastrophen) 

 
- Member of the Scientific Organizing Committee for the conference “Asteroids, Comets,   
  Meteors 2002 

 
- Invited talk at: Ministry of Environment Sachsen, 11/25/2002 
 
H. Rauer  
 
- Initiates national workshop on planet formation: Planetenbildung: Das Sonnensystem und  
  extrasolare Planeten, held on February, 18-20, 2002, in Berlin with 80 participants from  
  many German planetary and astronomical institutes. 
 
- Member of the Local Organizing Committee of the conference "Asteroids, Comets,  
  Meteors 2002", held in Berlin, 29 July – 2 August, 2002. 
 
- Invited talks at: 
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 Workshop Planetenbildung: Das Sonnensystem und extrasolare Planeten, 18. – 20. 
 Februar 2002, Berlin 
  
 66. Physikertagung der Deutschen Physikalischen Gesellschaft, 18. – 22. März 2002. 
 Leipzig  

 
S. Werner 
 
- Member of the Local Organizing Committee of the conference "Asteroids, Comets,    
  Meteors 2002", held in Berlin, 29 July – 2 August, 2002. 

 
 
8. Funding 
 
In 2002 a significant part of the funding of the Section came from sources external to DLR. 
Projects such as 
 
- Rosetta 
- Corot 
- Dawn 
- Asteroids and comets research 
- Extrasolar planets research 
- Autonomous Forest Fire Recognition System (AWFS)  
 
were funded by DLR, whereas the following activities were funded by external industrial 
and scientific partners: 
 
- Earthguard-1 (Kayser-Threde/ESA) 
- Corot (German KMU) 
- Calibration of AWFS (IQ wireless GmbH) 
- The work of PhD students (DFG) 
 
Furthermore, the AWFS project provided DLR with considerable proceeds from the license 
agreement with IQ wireless GmbH, Berlin.  
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