Radio and Space Science
Annual Report 2007

Dear reader,
Please feel welcome to find out about our activities during 2007. These include research, teaching and the spreading of information to the society. All our expectations,
as well as our strategies, visions, and goals have in some way been transformed into a
historic archive. Producing an annual report fulfills three important tasks.
Gunnar Elgered,
Head of Department.
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Firstly, it motivates us to take a moment to reflect over why we are where we are and
why things turned out as they did. Secondly, we write down and document some of
the most important events of the year, thereby producing an archive both for ourselves
and others for the future when the memories that are so strong today start to fade away.
Thirdly, last but not the least, we get the opportunity to spread our exiting (as well as
those not so exiting) research results and teaching accomplishments to the public and
other interested parties.
The department includes eight research groups and the National Facility for Radio
Astronomy – the Onsala Space Observatory. Some selected highlights are presented in
this report together with presentations of the Licentiate and Doctoral theses produced.
The publication list at the end of the report is also an interesting reading. Is it not
remarkable how much text about our findings that is produced in one year? Remember, however, that trying to measure quality of research by counting papers and their
citations is a less meaningful exercise that cannot replace the critical assessment of the
content of these papers.
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As always, the achievements of a department is the sum of many individual contributions. They all deserve to be mentioned – an impossible task. However, it feels right to
mention a few important staff changes that occurred during 2007:
– René Liseau, earlier at the Stockholm University, was employed as professor 		
in Radio Astronomy.
– Kay Justtanont and Fredrik Schöier also moved from the Stockholm University
to our department. They are now active as senior scientists in the 			
research group of Radio Astronomy and Astrophysics and the National Facility
for Radio Astronomy, respectively.
– Michael Olberg and Gary Smith Jonforsen were given the competence of associate
professor (docent) in Radio Astronomy and Radar Remote Sensing, respectively.
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– Hans Nordman was promoted to university lecturer and associate professor in
Electromagnetic Field Theory
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– Alessandro Romeo was awarded the Chalmers Pedagogic Prize 2007
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– Wolfgang Dierking visited the Radar Remote Sensing research group as one
out of three jubilee professors at Chalmers during 2007. Wolfgang is a senior
scientist from the Alfred Wegener Institute for Polar and Marine Research in 		
Bremerhaven, Germany.
In summary, I dare to say that 2007 was a reasonably good year for the department.
From my point of view it means that we were able to start up some new projects –
results from these will hopefully be seen in future annual reports. It also means that
our knowledge today is significantly larger than a year ago. Fortunately, that important
knowledge that we possibly missed to learn, we are not yet aware of and it will therefore not give us any worries.
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Public outreach
The Department of Radio and Space Science has a
considerable activity informing the society about ongoing research. It includes visits to schools and clubs,
press releases through Chalmers Public Relations
and Press Office, interviews in the media, as well as
receiving visitors to the department.
Some examples:
• Around 1400 persons, from a variety of associations
representing different parts of the society, visited
the Onsala Space Observatory during 2007.
• Water vapour is important for the greenhouse effect
and climate models, Donal Murtagh was interviewed
in Swedish Radio 15 May.
• Scientists from the department discuss questions
such as: ”How did life start on Earth?” and ”Is
there life at other locations in the universe?”
at the International Science Festival Göteborg
(Vetenskapsfestivalen).
• Tünde Fülöp gave a presentation with the title:
Fusion - energy for the future (“Fusion - framtidens
energi”) at the International Science Festival
Göteborg (Vetenskapsfestivalen).
• During Nov–Dec 2007, Hans Olofsson and Carina
Persson answered questions once a week in the
radio channel Mix Megapol about “space news”
– for instance explained new research results in
astronomy, noted observable planets and comets,
and informed about events and research at the
department.

• Carina Persson lectured in Kiruna, together with two
other female Doctoral students, for girls between
14 and 19 years old as SET-routes ambassadors.
The intention was to encourage young girls to
continue research within Science, Engineering and
Technology (SET).
• Susanne Aalto presented her research in astronomy.
Populär Astronomi nr 2, 2007 (Jun)
• ”Sjöfartens skitiga svavelutsläpp – så kan fartygens
rökgaser renas och mätas” (Lecture on Sulfar
emissions from shipping). Miljöperspektiv 2007,
GMV och Ekocentrums föreläsningsserie 12
september, Johan Mellqvist
– Wolfgang Dierking gave an open seminar ”Climate
Change in the Polar Regions – Observed from
Space” at the Chalmers Campus on November 15.
Bringing astronomical experiences to the classroom
Astronomy is an excellent vehicle for teaching
physical sciences to students at all levels. During
2007, Cathy Horellou and collaborators completed
the Swedish contribution to the European Hands-On
Universe (EUHOU) project to bring astronomical
research experiences into school classrooms. This
project, supported by the European Union, delivered a
complete educational package: an internet-accessible
radio telescope plus pedagogical materials to guide
its use. The telescope and receiver were developed
in cooperation with staff members of Onsala Space
Observatory. The EUHOU project demonstrated the
use of the telescope in classrooms in Sweden and
elsewhere in Europe.

Department Council
The Department Council shall identify and take
position on strategic and comprehensive questions
relevant to the activites in the department in the long
term. It shall also support the management of the
department. The council met three times during 2007.
Chairman: Göran Netzler
External members: Hans Andersson, SP Swedish
National Testing and Research Institute, Sven Grahn,
Swedish Space Corporation, Marie Rådbo, Göteborg
University
President’s representative: Dag Winkler,
Microtechnology and Nanoscience, Chalmers
Head of Department: Gunnar Elgered
Staff’s representatives: Michael Olberg
Hans-Georg Scherneck, Leif Helldner
Doctoral students’ representative: Eva Wirström
Students’ representative: Erik Steinmetz,
Maciej J. Soja
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First Degree
and Master’s Studies
The department is active at several levels of teaching:
we give courses for students at Chalmers’ three-year
engineering programmes in Electrical Engineering
and Computer Engineering and five-year master of
engineering programmes in Electrical Engineering,
Automation and Mechatronics Engineering, and Engineering Physics. We also run a Master’s programme,
participate in the Foundation Year at Chalmers, and
teach astronomy at Göteborg University.
In 2007, the department was responsible for 25
courses at Chalmers. Our teachers also participated in
a few more courses given by other departments, and
gave two basic astronomy courses at Göteborg University. The subjects range from basic electrical engineering to courses closely related to our research in, e.g.,

Chalmers courses given 2007
(*also for Göteborg University students)

A Foundation Year
Physics, part B
Engineering programmes
Electrical Engineering
Telecommunication
Master of Engineering programmes, year 1–3
Electric circuits
Engineering measurements
High frequency electromagnetic waves
Sensors, signals and systems (measurements part)
Master’s courses and equivalent
Advanced numerical methods and applications
Astrophysics and earth science

astrophysics, remote sensing, receiver development,
and plasma physics. An important subject is measurement techniques. We have our own laboratory which is
used exclusively for teaching and where students get
hands-on experience with measurement instruments.
In addition to giving courses, our teachers supervise thesis projects. In 2007, third year bachelor’s
thesis projects were included in Chalmers’ five-year
programmes for the first time. The students worked
in groups, and our department supervised five such
project groups. Both students and supervisors enjoyed
this new experience, and the thesis reports were of
high quality. In 2007, the department also examined 27
master’s thesis projects, more than half of which were
supervised internally.
In 2007, the last students of our international
master’s programme Advanced Techniques in Radio
Astronomy and Space Science (RAMAS) completed
their course work and started their master’s thesis
projects. Since its start in 2002, RAMAS has attracted students from 23 countries in most parts of the
world. Graduates of the programme are now pursuing
Doctoral studies at universities in Sweden and abroad,
or work with science and applications in international
organisations and as engineers in industry. With the
reorganisation of Chalmers’ education, RAMAS has
been replaced by a new, and somewhat broader, master’s programme called Radio and Space Science, with
specialisations in Astrophysics, Earth observations and
Technology. The first students of this new programme
started in the autumn of 2007, and our teachers have
been very busy planning the new courses. This new
programme is described elsewhere in this report.

Electromagnetic waves and spectroscopy
Image processing
Interferometry for astronomy and geodesy
Microwave engineering in communications
MM and subMM receiver technology for
instrumentation
Modern cosmology*
Project course in radio and space science
Radar and remote sensing
Radio and microwave engineering
Satellites in communications and navigation
Space environment
Space science and techniques
Stellar physics*
The interstellar medium*

Courses at Göteborg University
Astrobiology
The planetary system and space probes
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Magnus Thomasson,
Vice Head of
Department.

Master’s Programme
The department offers a master’s programme in Radio and Space Science.
This is an internationally unique multi-disciplinary two-year programme whose
unifying theme is the remote sensing of both Space and Earth. After common
courses in the first semester, students choose among three tracks: Astrophysics, Earth Observations, and Radio and Space Technology. The programme
ends with a master’s thesis in the last semester, i.e. a research project at a
research institution, or in industry. All courses are given in English.
A career in radio astronomy and
astrophysics?
There has probably never been a better time to begin
a career in astronomy. New global multi-billion
Euro facilities being built or planned will allow new
astrophysics inspired by observations across the whole
electromagnetic spectrum. At millimetre and radio
wavelengths, these facilities include the ALMA and
the SKA. They will require highly educated men and
women in both science and technology.

Why study Earth observations?
Earth observations are the key to understanding
today’s global climate and environmental problems.
The world needs qualified and skilled engineers and
researchers to achieve a sustainable development. This
requires an interdisciplinary education that focuses on
measurements methods using instruments for different wavelengths, together with atmospheric sciences,
geophysics and environmental sciences.
Why study radio and space technology?
Radio and space technology is the basis for measurements and observations in astrophysics, remote sensing and space geodesy, and for commercial applications like communication, navigation, and radar. These
techniques are in the forefront of today’s research and
will increase in importance in the future.

Our eye in the sky, the Odin
satellite. With receivers built
at Chalmers, Odin observes
molecules in Earth’s atmosphere
and interstellar gas clouds.

Students performing field experiments at Onsala Space Observatory.
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Bachelor’s thesis reports
Tomas Bergqvist, Emma Franzén, Johan Lindberg &
Joel Lindkvist: Mapping the Milky Way.
(Supervisor: Daniel Johansson)

Ola Benderius, John Finér & Hans Törnqvist: Geographical projection of satellite radar images.
(Supervisors: Leif Eriksson & Annelie Wyholt)

Marcus Ahlberg, Jakob Andersson, Simon Börjesson,
Caroline Ebbesson & Anders Kjellson: Simulation of
the origin of the solar system - rotation of the planets.
(Supervisor: Magnus Thomasson)

Moa Berglund, Johan Broberg & Erik Holmgren: The
Earth’s radiation balance - a study of the radiation
properties of the atmosphere.
(Supervisors: Mattias Ekström & Donal Murtagh)

Fredrik Andersson, Patrik Andersson & Anders Billander: The trip between Göteborg and Varberg and
other problems in calculus of variations.
(Supervisors: Dan Andersson & Mietek Lisak)

Master’s thesis reports
Dulancic, Amer & Sandy, Ehsan: Galvanic bearing
currents in marine propulsion systems
(Supervisor: Gunnar Elgered)

Das, Koyel: An application of a new exact method:
Determination of unknown level populations.
(Supervisor: John Black)

Romero-Canizales, Cristina: Star formation in the
bright-rimmed molecular cloud Barnard 35
(Supervisor: John Black)

Moren, Mona: RFI environment characterization
and receiver front-end design for radio astronomical
observations below 30 MHz.
(Supervisor: John Conway)

Nagpal, Vinayak: An FPGA based phased array processor for the sub-millimeter array.
(Supervisor: John Conway)
Mashaei, Maziar: Quasi-linear analysis of whistler
waves destabilized by a relativistic runaway electron
beam in Tokamaks.
(Supervisor: Tünde Fülöp and Mietek Lisak)
Johansson, Lisa: Volume estimation of oil spills from
airborne platforms using digital image processing.
(Supervisor: Johan Mellqvist)
Moya Espinosa, Michael: SATTRACK. Satellite Tracking Ability for the VLBI Field System.
(Supervisor: Rüdiger Haas)
Beecken, Jörg & Borgentun, Carl: A non-dispersive
instrument using the solar occultation flux method for
gas emissions from volcanoes and industries.
(Supervisor: Johan Mellqvist)
Ghafoori, Fatemeh: Observation of pre-seismic ionospheric disturbances with GPS.
(Supervisor: Rüdiger Haas)
Sodolamu, Kolawole: Comparison of ocean tide models using GPS observations.
(Supervisor: Hans-Georg Scherneck)
Zhu, Jian: Filter-bank design for the ALMA water
vapor radiometer prototype.
(Supervisor: Victor Belitsky)
Coignet, Josselin: Galileo Technical Features and
Potential Performance Enhancement.
(Supervisor: Rüdiger Haas)
Friedrich, Martina: Simulating the dynamics of highredshift galaxies.
(Supervisor: Alessandro Romeo)
Sibois, Aurore: Analysis and characterization of multipath errors.
(Supervisor: Jan Johansson)

Isaksson, Hanna: Phase-retrieval methods for quick
SAR assessment.
(Supervisor: Tünde Fülöp)
Joxe, Ludovic: Remote observation of ship-tracks by a
geostationary satellite
(Supervisor: Patrick Eriksson)
Eriksson, Johan: Electric actuation in controllable
pitch propellers – Design feasibility study
(Supervisor: Gunnar Elgered)
Tangdamrongsub, Natthachet: Monitoring hydrologically induced deformations in Göteborg with GNSS.
(Supervisor: Rüdiger Haas)
Soudarissanane, Sylvie Shoba: Co-seismic ionospheric
disturbances. Observation of CID with GPS-TEC
measurements.
(Supervisor: Rüdiger Haas)
Bjerkeli, Per: N-body simulations of interacting
galaxies.
(Supervisor: Cathy Horellou)
Ibwe, Salum: Assessment of diurnal and semi-diurnal
signatures in intergrated precipitable water vapour in
the tropical region of Africa using GPS observations.
(Supervisor: Rüdiger Haas)
Huan, Nguyen Cong: Assessment of diurnal signatures
in integrated precipitable water vapour in Asian tropical and sub-tropicle zones using GPS observations.
(Supervisor: Rüdiger Haas)
Badescu, Alina Mihaela: Constraints on cosmological
parameters from observational data.
(Supervisor: Cathy Horellou)
Lin, Ying-Tsen: Trajectory estimation of a sounding
rocket by using differential global positioning system
and double-differencing algorithm.
(Supervisor: Rüdiger Haas).

7

Doctoral Programme
Donal Murtagh, Vice
Head of Department.

The doctoral programme is organised as three possible
specialisations within the subject area of Radio and
Space Science. These specialisations are Astronomy,
Environmental Science and Electrical Engineering
reflecting the diversity of the research carried out at
the department. The school aims to give the student a
thorough understanding of the research area they have
chosen and in depth studies in a particular subject with
the aim of achieving Chalmers’ goals for post-graduate
education.
There are currently 39 research students in the
programme most of whom are employed at the department although a handful have positions in industry or
at other institutes.
During the past year 5 Doctoral degrees and 8 Licentiate degrees have been awarded.
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Doctoral Dissertations
Marco Forzati

Richard Udiljak

Phase modulation techniques
for on-off-keyed transmission in
optical fibres.
March
Supervisor: Dan Andersson

Multipactor in low pressure
gas and in nonuniform RF field
structures.
March
Supervisor: Mietek Lisak

Björn Hallberg

Rodrigo Parra

Synthetic-aperture radar imaging
of forests in the VHF and UHF
bands: Electromagnetic models
and data analysis.
May
Supervisor: Lars Ulander

Compact radio sources in
luminous infrared galaxies.
June
Supervisor: John Conway

Martin Lidberg
Geodetic reference frames in
presence of crustal deformations.
November
Supervisor: Jan Johansson

Licentiates
Surat Pramualsakdikul

GPS measurements of atmo
spheric water vapour in a
low-latitude region.
March
Supervisor: Rüdiger Haas

Ashley Jones

Bengt Rydberg
Satellite microwave measure
ments of ice cloud properties.
April
Supervisor: Patrick Eriksson

Patrik Sandquist

Techniques for the validation of
Odin and ENVISAT satellite data.
April
Supervisor: Donal Murtagh

Suprathermal electroncs and
Alfvén eigenmodes in sawtoothing
tokamak plasmas.
April
Supervisor: Mietek Lisak

Mattias Johansson

Claudia Rivera

Development and use of optical
remo-te sensing methods for
studies of mega-city air pollution
and volcanic gas emissions.
May
Supervisor: Bo Galle

Application of scattered sunlight
spectroscopy for quantification of
gas emissions from anthropogenic
and natural sources.
May
Supervisor: Bo Galle

Jörgen Börjesson

Yan Zhang

GLONASS contributions to
space geodesy.
August
Supervisor: Jan Johansson

Development and implementation
of a wireless sensor network for
volcanic gas emissions monitoring.
October
Supervisor: Bo Galle
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Advanced Receiver
Development
Research group leader
Victor Belitsky.
Staff
Victor Belitsky
Vincent Desmaris
Sven-Erik Ferm

The Group for Advanced Receiver Development (GARD) is a research and
engineering group working on the field of scientific instrumentation and
shares the engineering staff with the National Facility for Radio Astronomy,
the Onsala Space Observatory. GARD develops and builds instruments
for millimetre and submillimetre wavelengths used in radio astronomy and
environmental science. During the year 2007, the major GARD projects were
the APEX facility receiver, the ALMA Band 5 cartridge development, and the
3-mm receiver for the Onsala 20 m antenna.

Mathias Fredrixon
Doug Henke
Igor Lapkin
Denis Meledin
Håkan Millqvist
Alexey Pavolotsky
Erik Sundin
Magnus Svensson
Vessen Vassilev
Doctoral students
Bhushan Billade
Dimitar Dochev
Olle Nyström
Raquel Rodriguez
Monje

In December 2007, the APEX facility receiver, which
is a state-of-the-art heterodyne instrument for highresolution spectroscopic observations in the frequency
band 211 – 1390 GHz (divided into several bands), has
successfully passed the pre-shipment review and will
be installed in the APEX telescope during the beginning of 2008.
The ALMA Band 5 Project was progressing quite
well under 2007: we have completed the design and
the verification of the RF optics, the latter in collaboration with University of Maynooth, Ireland. The design
of the sideband separation mixer has been advanced
accordingly and all major design problems were successfully resolved. The preparations for experimental
verification and mixer measurements, to occur during
the winter of 2008, were started.
A new 3-mm band SIS mixer has been commissioned for the 20 m telescope at Onsala. The mixer
has been built using a sideband separation technology

using a layout originally developed by GARD. During
the observation season 2007/2008 the receiver will
be going through the scientific commissioning and
verification.
During 2007, we have made significant upgrading of our thin-film technological facilities placed at
Chalmers Clean Room Facility: in particular all backpumps on the Pfeiffer SLS630 vacuum system have
been replaced with new oil-free pumps. As a result,
we have achieved a better vacuum in both processing
chambers with improved residual content. Another
sputter system, from AJA Inc., has received a more
powerful turbo-molecular pump, in order to achieve
a better ultimate vacuum (lower than 10-8 mbar). In
order to improve the control of the thickness of the
photoresist baking, we have purchased a computer
controlled advanced hot-plate that is to be installed in
the Chalmers Clean Room during January 2008.

Scanning Electron Microscope picture showing the back piece of APEX T2 HEB
mixer fabricated using unique micro-fabrication technology developed by GARD. The
waveguide dimensions are 80x160 μm; the picture shows the waveguide with the
substrate channel made for suspended microstrip line configuration. The material is
gold-plated copper.
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Global Environmental
Measurements
The Global Environmental Measurements Group has continued working on several topics related
to atmospheric sciences. The algorithms for analysing ongoing measurements of the Swedishled Odin satellite, in orbit since 2001, have been further refined and particular effort was placed
on inter-comparison activities in order to provide the community with a quality assessed
global data set. Scientific studies have been dedicated to the study of chemical and dynamical
processes related to the current state of the stratospheric ozone layer, to the test and validation
of chemistry-climate models, as well as to the study of processes governing the distribution of
water vapour and ice clouds in the middle atmosphere, from the altitude range of the climate
critical upper troposphere/lower stratosphere altitude region around 10-20 km up to the upper
mesosphere and lower thermosphere (~100 km).

Testing state-of-the-art climate-chemistry
models
An important aspect of the groups work is to confront
he uncertainties in climate prediction.
Five years of HNO3 and NO2 observations from the
Odin satellite, combined with data from a photochemical box model, have been used to construct a stratospheric proxy NOy climatology. The combination of
good temporal and spatial coverage, a relatively long
data record, and good accuracy and precision make this
NOy product very valuable for model assessments.
Comparisons between Odin and the Canadian Middle
Atmosphere Model (CMAM), shown in Fig. 2, result
in an agreement to within 20% and 2 ppb throughout

Patrick Eriksson
Peter Forkman
Donal Murtagh
Joakim Möller
Joachim Urban

Fig.1: Seasonal evolution of Odin/SMR daily mean
HNO3 volume mixing ratio at high equivalent latitudes
south of 70°S.
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Pressure [hPa]

An example is the study of the state of the stratosphere
by examination of the global distribution of nitrogen
containing species of the so-called NOy family (NO2,
HNO3, NO, 2N2O5, ClONO2, ...). The chemically
reactive radicals (NOx = NO, NO2,...) of this family
are responsible for a major ozone catalytic destruction
cycle in the stratosphere. The two instruments OSIRIS
(Optical Spectrograph and InfraRed Imager System)
and SMR (Sub-Millimetre Radiometer) on the Odin
satellite provide global observations of the three most
abundant NOy species (NO2, HNO3, NO). As an example, the vertical structure and seasonal evolution of
the observed nitric acid (HNO3) fields at high southern
equivalent latitudes is presented in Fig. 1. The measurements highlight the strong seasonal cycle of themain
HNO3 layer between 20–30 km with maxima during
late autumn and considerable depletion from June to
October-November owing to the removal of HNO3
from the gas-phase during the formation of polar stratospheric clouds mainly in the lower stratosphere below
~25 km, as well as middle and upper stratospheric
HNO3 enhancements forming typically in July-August
above ~30 km and descending gradually during winter.

Staff

most of the stratosphere except in the polar vortices. A
problem with the model in the Antarctic vortex region
in October was identified and has been corrected.
Chemistry-climate models of this type are used for
assessing the future evolution of the ozone layer in a
changing climate system.
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Global distribution of stratospheric nitrogen
compounds

Research group leader
Donal Murtagh.

CMAM
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Fig.2: Comparison of simulated NOy mixing ratios from the
CMAM model (bottom) with Odin proxy NOy data (top),
as a function of latitude and pressure (corresponding to
the range ~15-45 km), for the months of September and
October.
11

Doctoral students
Samuel Brohede
Mattias Ekström
Ashley Jones
Bengt Rydberg
John Rösevall
Claudio Sanchez

Nonlinear
Electrodynamics
The Nonlinear Electrodynamics Group carries out successful research and teaching activities
within a wide spectrum of basic and applied nonlinear electromagnetic wave propagation.
Currently the main directions are: plasma physics with applications to fusion energy generation
and space communication as well as in nonlinear optics with applications to high-speed optical
fiber communication and light beam dynamics in nonlinear media. The group has extensive and
multi-facetted collaboration with universities, research institutes and industries.
Burning fusion plasmas

Research group leaders
Dan Anderson and
Mietek Lisak.

Staff
Dan Anderson
Tünde Fülöp
Per Helander (adj. prof.)
Mietek Lisak
Håkan Smith (-Feb)
Doctoral students
Marco Forzati
(industrial student) (-Mar)
Tobias Hansson (Feb-)
Istvan Pusztai (Sep-)
Patrik Sandquist (-Aug)
Richard Udiljak (-Apr)

The goal of the European programme is the joint
construction of safe, environmentally sound, prototype
fusion reactors that meet the needs of the society. The
theoretical research activity of the Nonlinear Electrodynamics Group within fusion plasma physics concerns
fusion plasma processes in a magnetically confined
systems and is strongly integrated in the European
programme with close international collaboration. The
extrapolation from present fusion experiments to the
Next-Step fusion prototype reactor “The International
Thermonuclear Experimental Reactor” (ITER) and
then to a commercial fusion reactor is a significant
scientific and technological challenge. The extrapolation of plasma performance is based on empirical data
combined with theoretical analysis. The large step in
parameters underlines the importance of understanding
from first principles, which is the basic research profile
of the Nonlinear Electrodynamics Group. The theoretical work of the group is based on both analytical and
computer simulation methods and we have front-line
experience on these areas. The main areas
of research are: (i) collective fast ion effects
in burning fusion plasmas, (ii) electron
runaway in tokamaks, and (iii) edge plasma
transport phenomena in tokamaks. These
areas belong to the priority R&D of the
European fusion physics programme and
are vitally related to the main objectives of
devices such as JET EFDA and the planned ITER. In
particular, the mission of ITER is connected with the
investigation of alpha particle production, confinement
and consequent alpha particle heating of D-T plasmas.
Microwave breakdown in space borne RF
equipment
The power levels needed for space communications are
becoming successively higher and microwave components must be able to handle the concomitant high
levels of electric fields and voltages. In this situation
there is an increasing risk of causing electric discharges, such as Multipactor (in vacuum) and Corona
(in gases) discharges, which may seriously deteriorate
signal transmission and even damage the RF components. The trend to build the new generation equipment
in very compact form and to use multi-carrier opera12

tion, which involves occasional high power peaks when
several signals are in phase, also increases the risk
further and space companies are becoming increasingly
aware of the problem of microwave breakdown. The
basic physics involved in these kinds of microwave
breakdown phenomena is well known. However, current day applications involve complications in terms of
design geometry and time variation of the rf power for
which a satisfactory theoretical as well as experimental
picture is lacking. A broad research work is carried
out on different aspects of microwave breakdown by
the Nonlinear Electrodynamics Group in collaboration
with, in particular, the French Space Agency – CNES in
Toulouse and the Institute of Applied Physics in Nizhny
Novgorod, Russia. The work is directed towards determining criteria for predicting the critical microwave
power at which electrical breakdown occurs in space
borne RF equipment.
Nonlinear optics
The coherence of laser light has made possible many
important scientific and technical achievements
since the advent of the laser. This is particularly so
in the context of nonlinear optical phenomena where
coherence has been considered as a crucial property
for the appearance of many nonlinear phenomena.
However, it was recently demonstrated experimentally
that many of these phenomena persist also for partially
coherent light. This result has inspired much subsequent
research on the effects of partial coherence on nonlinear
wave dynamics, an area that currently is one of the
most promising and fascinating branches of nonlinear
optics and one that can be expected lead to many
new important scientific results as well as technical
applications. The Nonlinear Electrodynamics Group has
a long tradition of research in nonlinear optics and has
contributed to this new development by investigations
of the dynamics of partially coherent wave structures in
nonlinear media e.g. by developing a new fundamental
formalism for describing the propagation of partially
coherent light in nonlinear media. This formalism has
also been used to analyze the existence and stability
of partially coherent solitons and vortices in nonlinear
optical media and to study the effect of partial
coherence on different nonlinear instabilities e.g. the
modulational and collapse instabilities.

Optical Remote Sensing
The Optical Remote Sensing Group is working with development and application
of ground-based optical remote sensing methods for atmospheric measurements.
In specific we are focusing on tailoring instruments and measurement strategies
to address specific measurement problems related to environmental research and
monitoring needs. The work is very international and field oriented, and spans a large
variety of disciplines.
Volcanic gas measurements
Since 2001 we are strongly involved in developing
methods to quantify gas emission from active volcanoes. The EU-project NOVAC (Network for Observation of Volcanic and Atmospheric Change), coordinated
by Chalmers, was initiated in fall 2005. This project
aims at establishing a network of instruments for gas
measurements on 20 of the most active volcanoes in
the world. During 2007 focus has been on installations.
In total 24 instruments was installed on 9 volcanoes;
Piton de Fournaise (Reunion Island), Nyiragongo (D.R.
Congo), Tungurahua and Cotopaxi (Ecuador),
Galeras (Colombia), Masaya and San Cristobal (Nicaragua) and Popocatepetl and Colima (Mexico).
Industrial hydrocarbon emissions
Emission of hydrocarbons from various industrial
activities as well as from storage and shipping, constitutes an important environmental problem. We have
developed a method for quantification of hydrocarbon
emissions based on IR Solar Occultation. During 2006
we participated in a major field campaign in Houston,
USA. The aim with this campaign was to quantify
hydrocarbon emissions from refineries and petrochemical industries in southern Texas to facilitate actions
towards a reduction of the high regional ozone levels
in the area. During 2007 a final report was presented,
showing that the measured emissions were a factor of
10 higher than what was reported by the industry.

Research
group leader
Bo Galle.

instrument is part of NDSC (Network for the detection
of Stratospheric Change), and its main purpose has been
to study the composition of the stratosphere in relation
to chemically induced stratospheric ozone loss, as well
as satellite validation and validation of Global Chemical Transport Models. During 2007 emphasis has been
on using the spectral database also to derive tropospheric molecules, primarily those related to climate change
research. This work has been conducted under the EUprojects HYMN and GEOMON.
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Emissions from ship
A special measurement strategy using Solar occultation
spectroscopy has been developed for quantifying real
emissions from ship and aircraft. During 2004-2005
the method has been tested in several field-campaigns
in and outside Gothenburg harbour. Based on these
results a new project was started in beginning of 2006
aiming at developing an operative method to identify
“gross-polluters” from an airborne platform, as well
as to provide an instrument that can automatically
check the emission from various ships in for example a
harbor. In 2007 measurements of flue gas emission of
ships were measured very successfully from the CASA
plane of the Swedish coast guard and from a stationary
measurements site at Älvsborgs fästning.

Urban air monitoring in Megacities in
Developing countries
Optical remote sensing offers a number of advantages
and interesting measurement strategies for studies
and monitoring of air pollution in megacities. Recent
development of spectroscopic instrumentation, computers and evaluation algorithms, has paved the way for
an exploitation of these techniques for cost-effective
studies of air pollution in megacities. One major activity
conducted during fall 2007 was a field campaign in Beijing where a new measurement strategy for air pollution
monitoring was tested.
A doctoral student
measures emissions
from vessels, from the
Swedish Coastguard´s
CASA aeroplane

Stratospheric ozone depletion and satellite
validation
Since 1994 we are operating a high resolution FTIR for
Solar spectroscopy at Harestua in southern Norway. The
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Chalmers 150th
Anniversary Visiting
Professorship 2007.
In 2007 Wolfgang
Dierking visited
the Radar Remote
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three Anniversary
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the Climate Sciences
Department at Alfred
Wegener Institute
for Polar and Marine
Research (AWI)
in Bremerhaven,
Germany.

Research in the Radar Remote Sensing Group is based on understanding of radar
system properties, allowing us to analyse and design new systems with improved
measurement accuracy. The main applications studied in the group are forestry and
mapping of sea-ice. For forests the goal is to retrieve biomass and changes caused
by deforestation, fires, replanting, etc. Global mapping is required to understand the
role of forest in the global carbon cycle, and hence their effects on global climate
change. Sea ice mapping is also of interest for climate studies since the ice cover
is a good indicator of climate change, as well as affecting the transfer of energy
between the oceans and atmosphere.
Ice monitoring
One topic that has received extensive media coverage
this year is global warming and the melting of seaice in the Arctic. Satellites with Synthetic Aperture
Radar (SAR) are used for ice monitoring because with
satellites it is possible to observe large remote areas
several times per week and SAR data can be received
independent of cloud coverage and light conditions.
Over the last two years the number of available SAR
satellites has doubled and this number will continue
to increase in the coming years. This gives access
to data from several frequencies and polarizations
and with increased geometric resolution. In January
2007 the Radar Remote Sensing group, together
with the Swedish Meteorological and Hydrological
Institute, started a project to evaluate how data from
these satellites can improve mapping and monitoring
of sea-ice. To validate the satellite results, a large
field campaign, ”Bothnia Ice SAR Experiment”, was
conducted in the Gulf of Bothnia. Wolfgang Dierking,
one of Chalmers 150th Anniversary Visiting Professor
2007 and a leading scientist in this field, participated
in the project.
Radar technology evaluation
The Radar Remote Sensing Group participated in the
calibration and validation of the PALSAR (Phased
Array type L-band Synthetic Aperture Radar) sensor
on the Japanese satellite ALOS (Advanced Land
Observing Satellite). One of the important topics
was to evaluate models and measurement
techniques for estimation of the Faraday
rotation that occurs when the radar
signals travel through the ionosphere. The
evaluation shows that the methods give
reliable results. Images from ALOS have
also been used for forestry applications.
One of the applications is detection
and mapping of changes in the forest
cover. The work is performed in close
cooperation with the Department of Forest
Resource Management at the Swedish
University for Agricultural Sciences and
the Department of Radar Systems at the
Swedish Defence Research Agency.
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During the Bothnia Ice SAR Experiment, satellite
images were acquired over sea-ice in the Gulf of
Bothnia. With helicopter it was possible to collect
validation data from large areas shortly after the
satellite images were taken.

Tree biomass estimation
Another important application is estimation of tree
biomass in forests. Methods for stem volume estimation are being analysed both for satellite- and airborne
radar sensors. Topographic effects is one of the problems that can reduce the estimation accuracy. To quantify these effects electromagnetic models for scattering
of the radio waves have been developed. These efforts
are included in a study for the BIOMASS satellite,
one of six candidates for the next Earth Explorer Core
Mission of the European Space Agency (ESA). During
the spring 2007 the Radar Remote Sensing Group participated in the two-month BIOSAR campaign where
airborne radar data were collected over boreal forest in
Southern Sweden. These data will be used to evaluate
the possibilities to make global biomass measurements
with the BIOMASS satellite.
Synthetic-aperture radar uses advanced signal
processing algorithms to generate imagery from raw
radar data as well as to analyse the resulting imagery.
In 2007, the group was involved with projects developing and evaluating algorithms for autofocus as well
as image segmentation.

Radio Astronomy
and Astrophysics Group
The Radio Astronomy and Astrophysics Group carries out a broad range of
basic scientific research. Some work, like the development of real-time verylong-baseline interferometry over the internet, has direct connections with
technology and communications. In general, our research is motivated primarily
by curiosity.

Research group
leader John Black.

Summary of 2007
Thanks to support from the Swedish National Space
Board (SNSB), we were able to welcome a new
professor (René Liseau) and a new researcher (Kay
Justtanont) to our group.
In another joint activity with Onsala Space Observa
tory led by John Conway, real-time very-long-baseline
interferometry (eVLBI) passed new milestones, in
cluding the implementation of a 10 Gbit/s communi
cations link and a test with the eMerlin array in the
United Kingdom. Conway and Doctoral student Rodrigo Parra finished a radio imaging study of 110 acti
vely star-forming galaxies. They found compact radio
sources, which provide evidence of supermassive black
holes in a very high fraction of galaxies with compact
star-forming regions..
The Odin satellite made possible a unique spectroscopic survey of the Orion molecular cloud at submm
wavelengths that provided new insight into the chemical composition, chemical stratification, and physical
conditions in this star-forming region. These efforts
were led by Carina Persson and former group member
Henrik Olofsson, with several members of our group
as co-authors. A careful examination of Odin data on
the Ophiuchus molecular cloud led to publication of a
significant detection of molecular oxygen in the interstellar medium, again with several group members as
co-authors.
Cathy Horellou and Doctoral student Daniel Johansson carried out theoretical studies of the SunyaevZeldovich (SZ) effect in clusters of galaxies and SZ
observations with the Atacama Pathfinder EXperiment
(APEX) telescope in Chile. The observational SZ programme is a collaboration with the Max-Planck Institute for Radio Astronomy in Bonn and the University
of Bonn.
Alessandro Romeo’s work with the Cosmology
and Computational Astrophysics group at Zurich
University includes a wavelet-statistical study of discreteness effects in cosmological simulations and an
exploration of the dynamics of high-redshift galaxies
using state-of-the-art computer simulations. Susanne
Aalto and collaborators in The Netherlands reported
the first extragalactic detection of the protonated water molecule, H3O+. Together with Doctoral student
Raquel Monje (from the GARD group) and others, she
investigated radiatively excited molecules like HNC

and cyanoacetylene as probes of the deeply obscured
central regions of galaxies. Doctoral student Evert Olsson investigated a molecular ring and outflow in the
starburst-driven galaxy NGC 5218 with Susanne Aalto
and Magnus Thomasson.
John Black and Fredrik Schöier, together with colleagues from The Netherlands, published a computer
program for rapid non-equilibrium analysis of interstellar line spectra. Black also worked with groups from
Europe, Japan, and the USA to prepare a benchmark
comparison of their 11 different computer codes for
making models of photon-dominated regions of molecular clouds. These modelling techniques are directed
toward interpretation of observations with Herschel,
SOFIA, APEX, and ALMA.
The evolution of red giants along the asymptotic giant branch (AGB) toward the planetary nebula stage
is the most spectacular change occurring in the life
of most stars. Michael Lindqvist, Hans Olofsson, and
Fredrik Schöier are part of a long-term project using the Plateau de Bure Interferometer in France, the
IRAM 30m telescope in Spain and the APEX in Chile,
to study the circumstellar envelopes of nearly 50 AGB
and early post-AGB stars. An example of the surprisingly complex structure of a circumstellar envelope
is shown in the image of the CO (J=1-0) brightness
toward the red giant R Cassiopeia (below). They have
also found evidence of non-equilbrium chemistry in
studies of the SiS
molecule in AGB
stars, where the abundance of this mole
cule is very sensitive
to the overall ratio
of carbon to oxygen.
Existing observations,
and detailed modelling, of water emission obtained by the
ISO and Odin satellites are being used to
plan measurements of
water in circumstellar
envelopes to be carried out with Herschel
Space Observatory.
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The focus of our research are geodynamical phenomenon and atmospheric
processes. We address these research topics by theoretical work and observations
where we use primarly space geodetic and geophysical techniques, and microwave
radiometry. The range of research topics includes Earth rotation variations over
sub-diurnal to decadal time scales, terrestrial reference frames, inter- and intraplate tectonic motions, crustal deformation due to oceanic and atmospheric loading,
glacial isostatic adjustment, distribution and variation of atmospheric water vapour
for short term applications such as weather forecasting as well as long term climate
monitoring and research.
A new geodetic reference frame for the
Nordic countries
In collaboration with the National Land Survey of
Sweden we established a new geodetic reference frame
for the Nordic countries. It is based on a homogenous
analysis of more than a decade of continuous GPS
observations. The results provide the state of the art
velocity field of global isostatic adjustment (GIA) in
Fennoscandia.

Diurnal and semi-diurnal signatures in the
integrated precipitable water vapour (IPWV)
in the tropical region
We analysed several years of GPS data from sites in
the tropical region to investigate diurnal and semidiurnal variations in the integrated precipitable water
vapour content. It was found for most sites that the
diurnal signatures were more dominant than the
semi-diurnal ones. Stations close to the equator show
relatively large seasonal variations.

GPS measurements of water vapour for
weather forecasting
The amount of water vapour in the atmosphere varies
rapidly in space and time. Local weather forecasts for
the next few hours (sometimes referred to as nowcasting) can therefore gain in accuracy from additional
observations of the water vapour. We developed an
operational data analysis based on basic research
where GPS signals are used both for measuring the 3D
motion of the Earth’s crust and the simultaneous atmospheric propagation delay. This application is now
used by the Swedish Meteorological and Hydrological
Institute (SMHI) for more than 200 GPS stations in the
Nordic countries within the European project E-GVAP.
The National Land Survey of Sweden delivers data
from 140 stations in the SWEPOS network and we
have the overall responsibility for the data analysis.
SMHI is now starting to assess the influence on the
quality of weather forecasts from these new results.

Example for diurnal and
semi-diurnal variation
in IPWV at Lae (Papua
Ny-Guinea) derived
from GPS data analysis
(black circles). The
diurnal signal (blue
line) is stronger than
the semi-diurnal (red
dashed line). Both are
stronger during wet
season than during dry
season.

Water vapour condenses into clouds which
sometimes result in precipitation.

High-rate GPS-measurements for seismic
observations
We simulate seismic events with an industrial robot
and measure its movements with a high-rate GPS
equipment mounted on the robot. The analysis gives
insight into the potential for seismic studies. This is of
importance for the future combined use of the independent American GPS and European Galileo systems.
Simulations for VLBI2010

GPS antenna mounted on an industrial robot. The
robot is used to simulate movements, such as during
seismic events.
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VLBI2010 is the planned next generation geodetic
Very Long Baseline Interferometry (VLBI) system
that is currently designed by an international working
group. Our contribution to this work is the simulations
of atmospheric propagation delays using turbulence
models. These simulations are used to assess different
VLBI2010 designs.

Transport Theory
The main areas of our research are turbulent transport and stability of resistive wall modes
in magnetized toroidal plasmas with application to thermonuclear fusion research. The
research reaches from fundamental statistical physics aspects (kinetic) to direct applications
(mainly fluid) and code work. The more basic work includes analytic theory for fluid models
and statistical kinetic models (Greensfunction techniques) while the more applied work
uses transport and MHD codes. Main topics include mode locking to the wall, momentum
transport, inward ‘pinch’ fluxes, transport barriers and fluid closure.
International collaborations
In addition to the participation in international working groups, the group has extended collaborations
within the European Fusion Development Agreement
(EFDA). Traditionally the group also has had extensive collaboations outside EFDA on nonlinear effects
in plasmas. Right now we have two formal agreements
of collaboration. These are with General Atomics,
San Diego (RWM), the Institute of Plasma Research
(IPR), Gandhinagar, India and with the University of
California at Irvine (UCI). A collaboration with the
Bogoliubov Institute for Theoretical Physics in Kiev
has been going on since the 1990’s.
Momentum transport
Momentum transport is important for generating
transport barriers in tokamaks. It has been simulated
both within the JET and the ITPA frameworks. Good
agreement has been obtained with experiments on JET,
D-III-D and TCV. In particular the non-Markovian
mixing-length in our transport model has turned out to
be important for the result. New toroidal pinch effects
have been implemented during 2007. Our model has
also been successful in recovering the poloidal spinup
of the poloidal momentum observed in transport
barriers on JET. We have participated in the ITPA
Transport and ITB and Confinement, Modeling and
Database topical groups in Lausanne where results on
momentum transport, including poloidal spinup, were
presented.
Particle transport
Particle transport is important both for main ions and
impurity ions in tokamaks. While impurities dilute the
fuel and reduce the reaction rate, main ions contribute
to the reaction rate. Particle pinches of main ions can
thus increase the reaction rate since central fuelling
will not be possible in a reactor. We have during 2007
studied both main ion and impurity ion transport. An
important aspect here is that convective and off diagonal transport often gives inward “pinch” fluxes. These
are, in turn, sensitive to various kinds of dissipation
from e.g. kinetic wave-particle resonances and collisions. Thus the fluid closure in our model is important.
Comparison with the US code Gyro has given agreement of impurity fluxes within a factor 2. Main ion
pinches are more sensitive to kinetic resonances. Here

Research group
leader Jan Weiland.

comparison with nonlinear kinetic codes can not yet be
made under consistent conditions.
A quasilinear kinetic code has been developed
during 2007 in order to study the effect of the linear
kinetic resonances on particle transport.
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Critical gradient response of our model

Doctoral students

The drift wave instabilities in our model are unstable
when density and temperature gradients exceed certain
critical values. Since the drift wave instabilities are
quite strong, they are often able to force temperature
and density profiles towards radial profile that have
gradients close to the critical gradients. Thus the critical gradient response of our model has been studied
for different experimental situations. One result is
that pinches can lead to an effective threshold which is
higher than the linear threshold.

Annika Eriksson
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(industrial student)

Resiasive wall modes
Results from JET, D-III-D and NSTX have shown that
nonlinear interaction between
the RWM, damping of plasma
rotation and error fields are important. Several of these issues
are investigated in our simulations. Feedback stabilization
of the RWM is investigated
for ITER advanced scenarios,
specifically in two aspects.
First, the choice and optimization of radial sensor coils can
yield a significant improvement of the control. Secondly,
extensive simulations have
been performed to clarify the effect of 3D conducting
structures on the RWM stability and control in ITER.
Theory
Parallel to the predictive simulations of transport
and RWM we have improved the transport model
by developing the basic drift wave theory and the
RWM model by improving the description of kinetic
resonances. The most recent results are on effects of
magnetic shear on electron trapping, effects of curvature contributions from the stress tensor on the parallel
momentum transport, effects of RF heating on particle
pinches and statistical theory of the fluid closure.
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This figure shows the
induced eddy current
pattern in the ITER inner
wall, when the external
error field correction coils
are used as feedback coils.
The simulation involves
MHD calculations by
MARS-F, coupled to 3D
eddy current calculations

Onsala Space Observatory
Director
Hans Olofsson.

Onsala Space Observatory is the Swedish National Facility for Radio Astronomy.
The observatory operates two telescopes in Onsala, a 25 m diameter cm-wave
telescope and a 20 m diameter mm-wave telescope, we are one of three partners
in the Atacama Pathfinder Experiment (APEX), a new 12 m diameter submillimetrewave telescope in Chile. Together with research groups at the Department, the
observatory is in charge of the scientific investigations with the Odin satellite. The
observatory also provides the channel through which Sweden is involved in large
international radio astronomy projects, such as EVN (European VLBI Network),
LOFAR (Low Frequency Array), ALMA (Atacama Large Millimeter Array), and SKA
(Square Kilometer Array).
The Onsala telescopes
In the autumn of 2007, a new receiver for the 3 mm
wavelength band was installed on the Onsala 20 m
telescope and test observations started. The low noise
temperature of the new receiver, built by the Group for
Advanced Receiver Development (GARD), will allow
more sensitive observations.
Close to twenty single-dish projects were scheduled on the 20 m telescope during 2007, ranging from
observations of star formation processes, through
studies of the chemistry of interstellar gas clouds, to
searches for masers in active galactic nuclei. The 20 m
telescope was also used for VLBI (very long baseline
interferometry) observations by both the astronomical
and geodetical communities, and the 25 m telescope
was used for astronomical VLBI observations.
The funding from the Swedish Research Council of
the activities at Onsala Space Observatory increased
during 2007, allowing two new interesting developments concerning LOFAR and ALMA. Preparations
for placing a LOFAR station in Onsala have started.
LOFAR is a project led by ASTRON in the Netherlands to construct a large array of simple antennas for
frequencies below 250 MHz. The station in Onsala
will increase the resolution of the array by allowing
long baselines, and will provide Swedish scientists
with opportunities to use LOFAR for their research.
ALMA, a large international radio interferometer with
66 radio telescopes, is presently being
constructed in Chile. ALMA Regional
Centres (ARCs) will assist astronomers
preparing observations with ALMA and
analyse their results. A node of the European ARC is now being established
in Onsala, to assist Nordic astronomers.

Radio map of the central parts of the
active galaxy J0000+4054, produced
with real-time VLBI.
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The time and frequency laboratory, operated in
collaboration with SP Technical Research Institute
of Sweden, is essentially ready, and the work on
installing a superconducting gravimeter at Onsala is in
progress.
The observatory is a member of the large EU
funded network RadioNet. Its Trans-National Access
programme supports European astronomers’ use of
the Onsala 20 m telescope and the European VLBI
Network.
Disturbances from electronic devices, for example
mobile telephones, are an ever increasing problem for
radio astronomy. Based on a new law on protection
of sensitive research, the County Administration of
Halland decided in 2007 to restrict public access to the
area around the observatory telescopes.
APEX
The year 2007 was the first year of regular science
observations with APEX, and the demand for observing time was high. The 295-channel 850 μm bolometer
array LABOCA finished its first successful observing
season, with studies of, e.g., continuum emission from
dust in star forming regions, in discs around young
stars, and in external galaxies. The other facility receiver, the 350 GHz heterodyne instrument, was used
for molecular spectral line studies of both galactic and
extra-galactic objects. The development of the fourchannel heterodyne receiver (230, 350, and 500 GHz,
and 1.3 THz) has continued at GARD and was almost
completed during 2007. The receiver is expected to
become operational during 2008.
Odin discovers oxygen molecules in space
Oxygen is a fairly common element in the Universe,
and it has long been expected that oxygen molecules
would be abundant in cosmic molecular clouds. Radiation from oxygen molecules would then be important
for keeping molecular clouds cold enough for gravity
to overcome pressure and new stars to form. Now, for
the first time, the Odin satellite has observed oxygen
molecules in a cosmic gas cloud, ρ Ophiuchi A. The
observations were made at the frequency 119 GHz.
The signal is very weak, and advanced data processing of 34 days of observations was needed to detect

The radome housing
the Onsala 20 m
telescope.
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it. The amount of oxygen molecules is only 5·10–8 of
the amount of hydrogen molecules. This is much less
than expected, and new chemical models for molecular
clouds need to be developed. Earlier attempts to detect
cosmic oxygen molecules with other telescopes and
satellites have been fruitless. Observations from satellites are not disturbed by the radiation from molecular
oxygen in Earth’s atmosphere.
New successes for e-VLBI
Onsala Space Observatory has been one of the pioneers in the development of e-VLBI (real-time electronic very long baseline interferometry), where radio
telescopes in several countries are connected with optical fibres to quickly deliver observational results with
very high resolution. In June 2007, observations with
telescopes in Sweden, England, Italy, the Netherlands
and Poland were carried out. For the first time, data

from six telescopes was transferred in real time at 512
Mbps to a processor in the Netherlands, which quickly
produced a radio map. The target observed was a
so called “compact symmetric object”, a probably
young (about 1000 years) and small (about 1000 light
years) radio source in the centre of an active galaxy,
assumed to be powered by a massive black hole. In
September, the same e-VLBI technique was used to
observe a supernova which had suddenly occurred in a
distant galaxy. This was the first e-VLBI detection of
a supernova, and it proves the ability of the technique
to respond quickly to sudden astronomical events.
The EU project EXPReS supports the development of
e-VLBI, aiming at reaching a real-time 16 telescopes
capability at 1 Gigabits per second data transfer to the
correlator in the Netherlands.
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The Odin satellite
has observed the
elusive oxygen
molecule in the
cosmic gas cloud

ρ Ophiuchi A.
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Publications
The list includes work that was actually published during 2007. The publications are
presented for each research group and ordered alphabetically based on the first author´s last
name. Peer reviewed papers are listed first followed by other types of publications. A few
publications with authors from more than one research group are listed in each group.
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