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Foreword

The past year was an eventful one for the Observa-
tory. In January 2000, the Faculty of Science initiated a
process aimed at a merger of the Observatory into a De-
partment of Physical Sciences, which was to be founded.
Following a whole year's work �lled with reports, meet-
ings, appeals, etc., the Faculty of Science decided on De-
cember 14th, 2000 that the Departments of Astronomy,
Geophysics, Meteorology and Physics shall be merged
into one large institute. On January 17th, 2001, the
Senate of the University of Helsinki decided, however,
that the Department of Astronomy shall remain inde-
pendent, while the former Departments of Geophysics,
Meteorology and Physics will begin to operate at the
Kumpula Campus as the new Department of Physical
Sciences from August 1st, 2001 onwards.

Regardless of the �nal positive outcome of this \ad-
ministrative adventure", the past year 2000 was extreme-
ly demanding for the Observatory sta� and students.
Fortunately, we can now again concentrate on our fore-
most duties which remain the research and teaching of
Astronomy. The board of the Observatory has done its
best to secure that these duties are performed. I thank
the board for their support.

As for the next years, I wish that we may peacefully
concentrate on our work, and that the administration of
the University would give us suÆcient resources for this.
The fact that the fraction of external funding reached
80% in our last year's budget, already proves by itself
that the Observatory sta� has performed high quality
research. My de�nition of a fully operative Observatory
is that the annual volume of our research remains at the
level of at least 40 refereed papers, and that the annual
number of completed M.Sc. degrees rises to 3 from the
current mean value of 1 1
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, while the number of Ph.D.

degrees remains at the steady level of one or two per
year.

Lauri Jetsu
Director of the Observatory
Helsinki, June 11th, 2001
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1 Strategy of the Observatory

In order to guarantee the development of astronomical
research and teaching in the University of Helsinki, we
aim for high quality research in those �elds of Astronomy
that are pursued by the four research groups currently
working at the Observatory. The chosen strategic means
are:

Participation in large scienti�c projects: High qual-
ity research requires access to the best existing in-
struments. The membership in international or-
ganizations o�ers this advantage. The Observa-
tory is actively involved in several ESA (European
Space Agency) projects, such as ISO, INTEGRAL,
SMART-1 and Planck. We are looking forward to
the new resources o�ered by the imminent mem-
bership of Finland in ESO (European Southern
Observatory). Among our ongoing joint research
projects are, e.g. the use of Swedish-ESO Submil-
limetre Telescope (SEST) and the Nordic optical
Telescope (NOT). Our active participation in sev-
eral international projects secures the continuity of
high quality astronomical research.

Increasing the volume of research with external fund-

ing: Modern astronomical research is team work,
where one often encounters the term \critical mass"
used in de�ning a functional research group. The
Observatory encourages all e�orts by the perma-
nent sta� to acquire external funding for their re-
search groups. The most important funding sources
are the Academy of Finland, the National Tech-
nology Agency of Finland, European Union and
private foundations.

Space research: Our increasing space research ac-
tivity is an investment to the future of Astronomy.
Our space research instrument development guar-
antees us future observing time with several satel-
lites. Furthermore, we get positive publicity, as
well as new students to this expanding �eld of As-
tronomy. The fraction of space research funding in
the Observatory budget has been steadily increas-
ing. The fact that Astronomy is one of the most
popular natural sciences, has allowed us to utilize
the opportunities in space research, and our contri-
bution in de�ning the goals of this �eld of research
in Finland has been signi�cant.

EÆcient Ph.D. teaching: The Ph.D. degree is the
\basic degree" for a researcher in Astronomy. The
time to reach this degree will be shortened, which
will also increase our research volume. We aim for
a more eÆcient Ph.D. student supervision inside

the research groups, and we continue to partici-
pate actively in the national \Graduate School for
Astronomy and Space Physics". In spring 2001,
we initiated a program, where a personal \teacher
tutor" is selected even for every undergraduate stu-
dent studying Astronomy as his/her main subject.
In short, we do our best to encourage close con-
nections between the students and the research
groups.

Public Outreach: Astronomy enjoys the interest of
the general public, and it is also a highly pop-
ular minor subject in the University of Helsinki.
We aim at increasing our e�ectiveness in report-
ing about astronomical research, e.g. in the press,
television and www. We have close connections to
the Almanac OÆce at the Observatory, as well as
to the Finnish Amateur Astronomer Association
URSA.

The popularity of the basic courses in Astronomy has
been constantly growing. Continuous development of
these basic courses also strengthens the motivation of
students majoring in Astronomy. Another major goal
for these basic courses is to teach the modern world pic-
ture of natural science to the students from all faculties
of the University of Helsinki. The direct connection be-
tween Astronomy courses and the research performed at
the Observatory will be strengthened. As an example
of the e�ectiveness of this strategy, we mention that the
research project performed by the students during one
undergraduate level course has already been published
in an international refereed journal.

The funding and the volume of our research between
1995 and 2000 is illustrated below. The chosen strategy
seems to predict a successful future for the Observatory
of the University of Helsinki.
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2 Research of interstellar medium

and star formation

Project number 81525002
Research agreements Academy of Finland
Type of research Basic research
Director of research Prof. Mattila, Kalevi

Telephone 09-19122947
Fax 09-19122952
E-mail Kalevi.Mattila@Helsinki.Fi
Research sta� with a Ph.D. Kalevi Mattila, Prof

Jorma Harju, Docent
Mika Juvela, Docent
Kimmo Lehtinen, Ph.D.
Mark Rawlings, Ph.D.
Delphine Russeil, Ph.D.
Viktor, T�oth, Ph.D.

Ph.D. student(s) P�aivi Harjunp�a�a, Phil. Lic.
Jere Kahanp�a�a, M.Sc.
Samu Kontinen, M.Sc.
Asko Palviainen, M.Sc.
Petri V�ais�anen, M.Sc.

M.Sc. student(s) Peter Johansson
Cajus Pomren

Associated research sta� Lauri Haikala, Docent
Technical sta� Mikko Toriseva, Lic. Tech.

2.1 Research activities

The activities of the Interstellar Medium and Star For-
mation research group are directed to the following �elds:
1) the evolution of dust and molecular gas in interstellar
clouds; 2) the formation of protostars in dense molecular
cloud cores; 3) radiative transfer and magnetohydrody-
namic (MHD) modeling of interstellar clouds; and 4) star
formation history and dust emission at high redshifts.

The �rst topic involves the study of grain populations
and their physical properties and distributions in molec-
ular clouds, which are correlated with the properties and
chemical composition of the gas component. The aim
is to understand the interrelation between interstellar
gas and dust and its dependence on physical conditions,
such as the kinetic temperature, density, star-formation
activity and external radiation �eld. These studies are
conducted via observing far-infrared and (sub)millimetre
continuum emission from dust and molecular line emis-
sion from gas.

The second topic contains protostellar accretion disks
and the violent ejection of `surplus' material through
jets, which drive shocks and outows in the surround-
ing gas. The parameters of shocks associated with ac-
cretion/outow are studied with the aid of thermal and
maser line emission. The nature and the origin of pro-
tostellar jets are studied with the aid of interferometric
continuum imaging.

The study of the star formation in the early Uni-
verse concentrates on the far-infrared and optical/ near-
infrared background radiation, and infrared-bright galax-
ies. Both topics are related to the dust content of the
forming and very young galaxies, and depend on the
physical processes taking place in them. The group is
developing methods of component separation to disen-

tangle the extragalactic background from Galactic cirrus
and other foreground components.

The Monte Carlo radiative transfer codes developed
in the group are essential tools of research for this group.
The codes are used for modeling of radio spectral lines
and infrared emission from galactic and extragalactic
molecular clouds. The combination with realistic cloud
models from MHD calculations makes it possible to de-
rive the physical characteristics of a source from its emis-
sion properties.

The results emerging from the research of this group
will allow detailed testing of the current theories con-
cerning interstellar cloud evolution, chemistry, and star
formation in the Milky Way and other galaxies at their
earliest stages.

2.2 Progress

The group is following a multi-wavelength observational
approach where top-class spaceborne and ground-based
infrared, (sub)millimetre, and radio telescopes are being
utilized. So far the two observational facilities most im-
portant for the group have been ESA's Infrared Space
Observatory (ISO) and the Swedish-ESO Submillimetre
Telescope (SEST) at ESO/La Silla. The launch of the
Odin satellite in February 2001 has opened up an impor-
tant new and unique research opportunity for the group.
Based on its ISO experience, the group is participat-
ing since 2000 in the relevant Planck Surveyor science
projects.

2.2.1 Recent work and achievements

The group has discovered for the �rst time the
so-called Unidenti�ed Infrared Features between
6.2 and 11.3 �m in the di�use disk emission of
an external galaxy (NGC891) with ISO. The car-
riers of these features which are suspected to be
some form of the Polycyclic Aromatic Hydrocar-
bons (PAH's) are a major, still unidenti�ed compo-
nent of the interstellar medium in our Galaxy and
in other galaxies (Mattila, Lehtinen & Lemke
1999). Earlier we have discovered, also for the �rst
time, the "PAH" bands in a local interstellar cir-
rus cloud (Lemke,Mattila, Lehtinen et al. 1997)
and in the disk emission of our Galaxy (Mattila,
Lehtinen et al. 1996).

Based on extensive ISO far-IR mapping we have
analysed the dust properties and detected proto-
stars and newly formed stars in several nearby mo-
lecular clouds, star formation regions, and globules
(Lehtinen et al. 1998, 1999, 2000)

Using SEST we have carried out several research
projects which, in addition to their own scienti�c
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value, have served also as preparatory studies for
the Odin satellite or as complimentary/follow up
studies for our ISO projects: Extensive mappings
of nearby molecular clouds have been used to study
the dynamical and chemical evolution of pre-stellar
and protostellar cores and their relation to newly-
born stars (e.g. Anderson et al. 1999, Konti-
nen et al. 2000). Interaction between protostel-
lar systems and their immediate surroundings have
been studied with the aid of high-resolution spec-
tral line (SEST) and radio continuum (ATCA) ob-
servations (Anderson et al. 1997a,b; Harju et al.
1998, 2000).

Using ISOPHOT far-IR maps of several very dark
patches in the sky we have been able to detect new
extragalactic sources and perform galaxy counts at
90, 150, and 180 m (Juvela, Mattila & Lemke
2000). The sources already detected form a sub-
stantial part of the cosmic infrared background ra-
diation. Extensive galaxy counts at the near-IR
J and K bands have been performed in two large
�elds which were included in the joint European
Large Area ISO Survey (ELAIS). These counts are
the most extensive ones so far performed at the
intermediate J magnitude range. The results indi-
cate a high normalization for the NIR galaxy lu-
minosity function without strong evolution in the
giant galaxy population (V�ais�anen et al. 2000).

An eÆcient Monte Carlo code has been developed
for the treatment of radiation transfer in clumpy
molecular clouds (Juvela 1997). It has been suc-
cessfully applied to the interpretation of an exten-
sive SEST multitransition CS survey of high-mass
star formation regions (Juvela 1998), to modelling
of CO emission from local clouds (Padoan, Juve-
la et al. 1998, 1999a, 1999b), and to modeling of
CO emission from protogalaxies (Jimenez, ..., Ju-
vela, et al. 2000).

The group has a substantial publication record for
the past 5 years: 50/55 papers have been pub-
lished/accepted in refereed journals during 1996-
2000.

2.3 Money and resources

2000: Man-months of work: 129

External �nancing:

Academy of Finland: 1 900 000 FIM

Graduate School for Astronomy and Space
Physics: 190 000 FIM

EU TMR-Network (ELAIS) 1996-2000, to-
tal: 22 000 FIM

2.4 Tests of learning

Kontinen, Samu

T�ahtienv�alisten molekyylien pylv�astiheyksien
johtaminen radiospektriviivahavainnoista; M.Sc.
thesis; 2000; Department of Physics, University of
Helsinki

2.5 Visits abroad

Mattila, Kalevi

MPI f�ur Astronomie, Germany, 23.-24.10. 2000,
2 days

European Southern Observatory, Garching, Ger-
many, 6.-7.6. 2000, 2 days

European Southern Observatory, Garching, Ger-
many, 28.-29.11. 2000, 2 days

University of Leiden, Netherlands, 20.6. 2000,
1 day

Svenska rymdbolaget, Solna, Sweden, 8.9. 2000,
1 day

Copenhagen University Observatory, 15.11. 2000,
1 day

Harju, Jorma

Australian Telescope National Facility, Par-
kes, Australia, 8.-23.4. 2000, 16 days

Australian Telescope National Facility, Nar-
rabri, ATCA, Australia, 21.-31.5. 2000, 11 days

Observatoire de Paris, France, 13.-15.9. 2000,
3 days

T�oth, Viktor

University of Manchester (IAU General As-
sembly), Great Britain, 9.-16.8. 2000 , 8 days

Konkoly Observatory, Budapest, Hungary, De-
cember 2000, 7 days

Rawlings, Mark G.

Royal Astronomical Society, Astrophysical Chem-
istry Group, United Kingdom, 3-7.3. 2000, 5 days

NATO Advanced Study Institute Summer School,
Italy, 4.-17.6. 2000, 14 days

U.K. Infrared Telescope (U.K.I.R.T.), Hawaii,
United States, 10.-22.8. 2000, 13 days
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V�ais�anen, Petri

Imperial College, Great Britain, 15.-16.6. 2000,
2 days

European Southern Observatory, Germany, 7.-
8.12. 2000, 1 day

University of Manchester, Great Britain, 14.-
19.8. 2000 6 days

2.6 Visiting academics

Stephen Hotzel, Dipl.Phys., doktorand, Germany,
45 days

Jan Wouterloot, Ph.D., Netherlands, 60 days

Gianfranco De Zotti, Italy, 3 days

Viktor T�oth, Ph.D., Hungary, 20 days

2.7 Papers read at scienti�c confer-

ences, symposia, meetings etc.

Mattila, Kalevi

"Results from the Infrared Space Observatory",
XXXIV Annual Conference of the Finnish Physical
Society, 9.-11.3.2000, Espoo, Finland

"UIR band emission from NGC 891", Work-
shop, Lorentz Center, University of Leiden, 20.6.
2000, Leiden, Netherlands

"Extragalactic background radiation in the in-
frared", 24.10. 2000, Heidelberg, Germany

Harju, Jorma

"Odinin laukaisu marraskuussa 2000 - Linnun-
radan tason ja pimeiden sumujen tutkimusohjel-
mat", VIII Cospar-Meeting of the Finnish Space
Researchers, 25.-27.9. 2000, Helsinki-Tukholma-
Helsinki, Finland

"Radio imaging of protostars and prospects
for studies with ALMA", XXXIV Annual Confer-
ence of the Finnish Physical Society, 9.-11.3.2000,
Espoo, Finland

Juvela, Mika

"Cosmic infrared background: ISOPHOT source
counts", XXXIV Annual Conference of the Finnish
Physical Society, 9.-11.3.2000, Espoo, Finland

"Far Infrared Extragalactic Background Radi-
ation: Source counts with ISOPHOT ", IAU Gen-
eral Assembly, Symposium 204, 15.-18.8. 2000,
Manchester, Great Britain

"Far Infrared Extragalactic Background Ra-
diation: Source Counts with ISOPHOT ", IAU
General Assembly, Symposium 204, 15.-18.8. 2000,
Manchester, Great Britain

"Linnunradan cirruspilvet ja ekstragalaktinen
taustavalo", VIII Cospar-Meeting of the Finnish
Space Researchers, 25.-27.9. 2000, Helsinki-Tuk-
holma-Helsinki, Finland

Lehtinen, Kimmo K.

"ISOPHOT FIR surveys of nearby molecular
clouds", Planck LFI Consortium Meeting, Plan-
ning the Planck-satellite research, 24.-26.2. 2000,
Saariselk�a, Finland

"ISOPHOT far-infrared survey of nearby molec-
ular clouds", XXXIV Annual Conference of the
Finnish Physical Society, 9.-11.3.2000, Espoo, Fin-
land

"ISO-satelliitin havaintoja t�ahtien syntyalueis-
ta", VIII Cospar-Meeting of the Finnish Space Re-
searchers, 25.-27.9. 2000, Helsinki-Tukholma-Hel-
sinki, Finland

"Suomen T�ahtitieteilij�aseura esitt�aytyy", VIII
Cospar-Meeting of the Finnish Space Researchers,
25.-27.9. 2000, Helsinki-Tukholma-Helsinki, Fin-
land

"Compact molecular clouds, cloud cores, glob-
ules", Planck LFI Consortium Meeting, Planning
the Planck-satellite research, , 19.-21.10. 2000,
Jodrell Bank Observatory, Maccles�eld, Cheshire,
Great Britain,

V�ais�anen, Petri

"New wide �eld near-infrared galaxy counts",
XXXIV Annual Conference of the Finnish Physical
Society, 9.-11.3.2000, Espoo, Finland

"New wide �eld J- and K-band galaxy counts
and the extragalactic background radiation", IAU
24th General Assembly, 16.8. 2000, Manchester,
United Kingdom

"Galaksitutkimus avaruusteleskoopeilla ISO ja
SIRTF", VIII Cospar-Meeting of the Finnish Spa-
ce Researchers, 25.-27.9. 2000, Helsinki-Tukhol-
ma-Helsinki, Finland

"New near-infrared galaxy counts and the cos-
mic NIR background radiation", 7.12. 2000, ESO
Southern Observatory, Garching, Germany

"New wide �eld J- and K-band galaxy counts
and the extragalactic background radiation", IAU
24th General Assembly, 15.-18.8. 2000, Manch-
ester, United Kingdom
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T�oth, Viktor

"Pre-stellar cores", Seminary of the Astron-
omy Section of the Hungarian Physical Society,
13.12. 2000, Budapest, Hungary, invited speaker

Rawlings, Mark G.

"Heavily-reddened lines of sight in the galaxy
(Rawlings, Mark G. & Adamson, A. J. & Whit-
tet, D. C. B.)", NATO Advanced Study Institute
"Solid State Astrochemistry", 5.-16.6. 2000, Erice,
Italy, poster

"ISOPHOT Studies of the interstellar medium
& reection nebulae (Rawlings, Mark G.& Leh-

tinen, Kimmo K. & Mattila, Kalevi)", VIII
Cospar-Meeting of the Finnish Space Researchers,
25.-27.9. 2000, Helsinki-Tukholma-Helsinki, Fin-
land, poster

Kontinen, Samu

"Molecular line study of evolution in proto-
stellar cloud cores", YERAC 2000 (nuorten eu-
rooppalaisten t�ahtitieteilij�oiden vuosittainen kon-
ferenssi), 17.-20.9. 2000, Granada, Spain

Kahanp�a�a, Jere

"Galaksin NGC 253 kaukoinfrapunaemissio -
matka ISO-havainnoista fysikaaliseen malliin", VIII
Cospar-Meeting of the Finnish Space Researchers,
25.-27.9. 2000, Helsinki-Tukholma-Helsinki, Fin-
land, poster

2.8 Membership in scienti�c and schol-

arly societies

Harju, Jorma

Finnish National Committee of URSI, 2000-
2002, Finland, board member

Lehtinen, Kimmo K.

Suomen t�ahtitieteilij�aseura ry, 1.1.-31.12. 2000,
Finland, chairman

T�oth, Viktor

Astronomy Section of the Hungarian Physical
Society, 1999-2001, Hungary, chairman

2.9 Acting as Opponent and pre-exam-

inations of doctoral dissertations

Mattila, Kalevi

Alan Nielsen: "An Observational Study of Photo-
Evaporating, Bright-Rimmed Interstellar Star Form-
ing Clouds in the mm- and Optical Regime.", Uni-
versity of Copenhagen, 15.11. 2000, Denmark, act-
ing as Opponent

2.10 Additional information

Mattila, Kalevi

European Southern Observatory, expert advi-
sor in ESO Observing Programmes Committee

Member, Scienti�c Organizing Committee of
the ODIN Satellite

Co-Investigator of the ISOPHOT Experiment
(ESA/ISO)

Associate Scientist, Planck Surveyor (ESA)

Rawlings, Mark G.

Acted as scienti�c referee for proposals to the
U.K. panel for the allocation of telescope time (P.-
A.T.T.). Granted observing time for 3 proposals
for telescope time (principal investigator on two,
co-investigator on one).
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3 Planetary Astronomy

Project number 91525004
Research agreements Academy of Finland

National Technology Agency (appl.
(tech. research, ended in April 1999)
National Technology Agency
(Pigment project, 1999-2001)

Type of research Basic research, share: 70 %
Applied research, share: 20 %
Development work, share: 10 %

Director of research Prof. Lumme, Kari

Telephone 19122910
Fax 19122952
E-mail Kari.Lumme@Helsinki.Fi
Research sta� with a Ph.D. Kari Lumme, Prof

Lars Lamberg, Ph.D.
Ph.D. student(s) Kim Green, M.Sc.
M.Sc. student(s) Riikka Kangaslampi

Antti Penttil�a
Seppo Pietarinen
Jani Tyynel�a

3.1 Research activities

The Planetary Research Group (PRG) does research in
light scattering and radiative transfer and applies it to
various planetary system objects and to various techno-
logical applications, speci�cally to pigments and paper.

3.2 Progress

The PRG at the University of Helsinki Observatory has
concentrated on some key theoretical problems relevant
to modern solar system studies. These activities include
the analysis and modelling of dust and aerosol parti-
cles both on the surfaces of atmosphereless solar system
bodies, in Martian atmosphere and in the interplanetary
space and cometary comae. Interestingly enough light
scattering studies have recently found applications also
in the pigment, paper and paint industries. The reason
for this is that in these areas scattering plays an essen-
tial role. This research has been supported both by the
National Technology Agency of Finland and various in-
dustrial companies.

Lumme is participating at a Co.I level both in the
Mars Express/HRSC-experiment and in the Micrograv-
ity project (ICAPS) on board the International Space
Station (ISS). The PRG is taking the responsibility to
analyze and model the properties of the small dust par-
ticles in the Martian atmosphere. In the ICAPS-project,
the group is responsible for developing and testing vari-
ous light scattering and radiative transfer codes.

The PRG has systematically studied and further de-
veloped demanding codes to compute light scattering
by nonspherical particles. Developed by our own group
we have formulated a so-called IntEq (integral equation)
code which is capable of computing light scattering by
any irregular solid or aggregated particle. The particle
can also be optically anisotropic or inhomogeneous.

There also exist codes which can very fast compute
light scattering by a rotationally symmetric solid particle
or an aggregate composed of spheres. These codes have
been improved and some fundamental errors have been
corrected.

The PRG has also actively been studying how par-
ticle size and shape statistic can be deduced from their
projections, mainly obtained from the TEM-images. We
have also been able to develop quite new algorithms how
irregular solid can be closely-packed without any over-
lapping. These are important both in the �eld of cosmic
dust studies and several industrial applications.

We are currently trying to understand the large data
set of cometary polarization by applying our extensive
pool of light scattering codes. It seems quite reasonable
that in near future we will know much more about the
cometary dust.

The PRG consists of seven researchers and students
partly paid by the funds from the Academy of Finland
and the National Technology Agency. The group leader
Kari Lumme has in the last few years given several
invited talks in international meetings. Eight refereed
papers have been published in the last three years.

3.3 Money and resources

2000: Man-months of work: 30

Basic resources: 500 000 FIM.

3.4 Visits abroad

Lumme, Kari

Observatoire de Paris, France, 4.-8.3. 2000, 5
days

3.5 Visiting academics

Hadamcik Edith, Dr., France, August 2000, 20
days, research guest

3.6 Papers read at scienti�c confer-

ences, symposia, meetings etc.

Lumme, Kari

"Light scattering by cosmic dust", Asteroids,
comets..., 9.-14.4. 2000, Canterbury, Great Britain

"Komeettap�olyn polarisaatio ja tulkinta val-
onsirontamenetelmill�a", VIII Cospar-Meeting of the
Finnish Space Researchers, 25.-27.9. 2000, Helsin-
ki-Tukholma-Helsinki, Finland
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4 High Energy Astrophysics

Project number 91525005
Research agreements Academy of Finland

National Technology Agency
Type of research Basic research, share: 50 %

Development work, share: 50 %
Director of research Docent Vilhu, Osmi

Telephone 19122801
Fax 19122952
E-mail Osmi.Vilhu@Helsinki.Fi
Research sta� with a Ph.D. Osmi Vilhu, Docent

Juhani Huovelin, Docent
Diana Hannikainen, Ph.D.
Jarkko Laukkanen, Ph.D.
Jukka Nevalainen, Ph.D.

Ph.D. student(s) Lauri Alha, M.Sc.
Sami Maisala, M.Sc.
Panu Muhli, M.Sc.
Juho Schultz, M.Sc.

M.Sc. student(s) Eero Esko
Petter Nikula
Iiris Soranta

Associated research sta� Pasi Hakala, Docent
Juri Poutanen, Docent

4.1 Research activities

The research programme is divided into two parts:

I. Fundamental science

II. Development of new instruments.

I. The �rst part consists of scienti�c return (guar-
anteed time) from the instrument projects the group
is involved in (INTEGRAL, SMART-1, SRG), comple-
mented by data from satellites already existing (e.g. X-
MM-Newton, Chandra, HST). The second part is a con-
tinuation to the ongoing hardware projects including re-
search also in detector and material physics, with active
collaboration between several institutes inside and ex-
ternal to the University of Helsinki.

The science topics addressed by our research include
hard tails and superorbital periods of Low Mass X-ray
Binaries, broad band spectral modelling of microquasars
and AGNs, spectral evolution and afterglows of Gamma-
ray bursts, coronae and aring in active stars and the
Sun, and X-ray scattering from the lunar surface. In
particular, the very broad spectral coverage (e.g. INTE-
GRAL , SRG) and the possibility for a very long moni-
toring (SMART-1 cruise phase), coupled to sophisticated
theoretical modelling, are the key incredients of our sci-
ence programme.

II. Development of future instruments is a natural
continuation to the ongoing projects, where the group
has gained experience, providing valuable access to the
guaranteed time also in the future. The aim is to utilise
advances in instrument performance carried along with
bigger telescopes, larger �eld-of-view and decreased noise
of new systems in the future plans of ESA (XEUS), indi-
vidual countries (ROEMER/Denmark, Submillimetron/
Russia) and MIT/NASA (AXM/GEM). The speci�c im-
provements which are meaningful are:

1) the huge enhancement of sensitivity and spectral res-
olution with XEUS, which enables studies of X-ray spec-
tra of Galactic sources with the same quality we nowa-
days can investigate the solar corona,
2) almost full sky �eld-of-view in X-rays with moder-
ate spectral resolution (AXM) giving a freedom to select
targets of interest and study their temporal and spectral
behaviour in all time scales from seconds to months,
3) fast response to Gamma-ray bursts (ROEMER/ Bal-
lerina) enabling studies of early phases of the X-ray and
optical afterglows.

4.2 Progress

The group has received observation time from astronomi-
cal satellites (ASTRO-E, XMM-Newton, Rossi-XTE, Ch-
andra). The Nordic Optical Telescope (NOT) in La
Palma, and MOST in Australia have also been used by
the group. The group has studied accretion disks of bi-
nary stars, microquasars, hot plasma of galaxy clusters
and X-ray activity of Sun-like stars. On the theoreti-
cal side, genetic algorithms and mechanisms producing
optical and X-ray polarisation have been studied. An
important part of the group's work consists of scienti�c
instrument projects for satellites. These include the X-
ray spectrometer SIXA (SRG satellite, launch in 2004,
PI and 2 Co-I's in the group), X-ray monitor JEM-X
(INTEGRAL satellite, launch in 2002, 4 Co-I's in the
group), and solar X-ray monitor XSM and lunar uo-
rescence analyzer D-CIXS (SMART-1 satellite, launch
in 2003, Co-PI and 2 Co-I's in the group). Major mile-
stones in instrument development during 2000 were,
1) SIXA passed satellite level acceptance tests,
2) the Quali�cation Model of JEM-X was completed, and
3) mechanical model of the XSM was completed and de-
livered.

The educational activities of the group included uni-
versity courses and supervising of doctoral and under-
graduate students, resulting to 2 doctoral, and 1 mas-
ter's degree in our group during 2000. Also, 2 persons
with recent doctoral degrees obtained an international
level post-doc position abroad (University of Southamp-
ton; ESA/ESTEC).

4.3 Money and resources

2000: Man-months of work: 125

External �nancing:

Academy of Finland: 1 200 000 FIM

National Technology Agency: 5 964 000 FIM
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4.4 Tests of learning

Nevalainen, Jukka

Determining cosmological parameters using X-
ray analyses of clusters of galaxies and the Cepheid-
luminosity relation; dissertation; 2000; Department
of Astronomy, University of Helsinki

Laukkanen, Jarkko

Advanced experimental methods in Compton
scattering spectroscopy; dissertation; 2000; Depart-
ment of Physics, University of Helsinki

Vili L�ams�a

A soft X-ray Solar Monitor for SMART-I satel-
lite; M.Sc. thesis; 2000; Department of Physics,
University of Helsinki

4.5 Visits abroad

Vilhu, Osmi

Danish Space Research Institute, Denmark,
6.-8.12. 2000, 3 days

University of Granada, Spain, 3.-14.9. 2000,
12 days

Huovelin, Juhani

European Geophysical Society, France, 27.-29.4.
2000, 3 days

SMART-1 D-CIXS/XSM TeamMeeting, United
Kingdom, 16.-18.10. 2000, 3 days

Nordic Optical Telescope, Spain, 5 days

Hannikainen, Diana

Department of Physics and Astronomy, Uni-
versity of Southampton, Great Britain, 7-11.2. 2000,
5 days

Department of Astrophysics, School of Phy-
sics, University of Sydney, Australia, 9.3-3.4. 2000,
26 days

AAO/ANTF, Australia, 16-17.3. 2000, 2 days

University of Alicante, 4th INTEGRALWork-
shop, Spain, 4.-8.9. 2000, 5 days

Department of Physics and Astronomy, Uni-
versity of Southampton United Kingdom, 10.5.-
2000, 235 days

Laukkanen, Jarkko

European Synchrotron Radiation Facility, ESRF,
Grenoble, France, 19.-29.4. 2000, 11 days

SMART-1: D-CIXS/XSM TeamMeeting, Great
Britain, 16.-18.10. 2000, 3 days

ESRF, Grenoble, France, 25.10.-4.11. 2000,
11 days

Muhli, Panu

University of Southampton, Great Britain, 19.-
20.10. 2000, 2 days

European Geophysical Society, France, 27.-29.4.
2000, 3 days

Osservatorio Astronomico di Palermo, Italy,
3.-10.9. 2000, 8 days

SMART-1 D-CIXS/XSM TeamMeeting, United
Kingdom, 16.-18.10. 2000, 3 days

Schultz, Juho

Nordic Optical Telescope, Spain, 5 days

Nordic Optical Telescope, Spain, 4 days

ASA/ESA Summer School "Ectragalactic As-
tronomy and cosmology from space", Austria, 18.-
27.7. 2000, 10 days

4.6 Visiting academics

Ene Ergma, Dr.Sc., professor, University of Tartu,
Estonia, 120 days

Mait M�untel, University of Tartu, Estonia, 120
days

4.7 Papers read at scienti�c confer-

ences, symposia, meetings etc.

Vilhu, Osmi

"Deep Integral Printing towards Large Magel-
lanic Clouds", 4th Integral Workshop, September
2000, Alicante, Spain

"Thermal Comptonization in GRS 1915-105",
3rd Microquasar Workshop, September 2000, Gra-
nada, Spain

"Jem-X: X-ray monitor on board Integral",
Observing with INTEGRALWorkshop, April 2000,
Les Diableters, Switzerland

"AXM ja mikrokvasaarit", VIII Cospar-Meet-
ing of the Finnish Space Researchers, 25.-27.9. 2000,
Helsinki-Tukholma-Helsinki, Finland

"Integral-satelliitin havainto-ohjelma 1: Suu-
ri Magellanin Pilvi", VIII Cospar-Meeting of the
Finnish Space Researchers, 25.-27.9. 2000, Helsin-
ki-Tukholma-Helsinki, Finland
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Huovelin, Juhani

"The X ray spectrometer (XSM) for SMART-
1", Conference of the European Geophysical Soci-
ety, 26.-30.4. 2000, Nice, France, poster

"BeppoSAX-havaintoja Linnunradan keskus-
alueesta kohteen EXS 1737.9-2952 suunnassa", VIII
Cospar-Meeting of the Finnish Space Researchers,
25.-27.9. 2000, Helsinki-Tukholma-Helsinki, Fin-
land

"The X-ray solar monitor (XSM) for SMART-
1 space probe", Proceedings of the XXXIV Annual
Conference of the Finnish Physical Society, 9.-11.3.
2000, Espoo, Finland, poster

Hannikainen, Diana

"The radio emission from GRO J1655-40 dur-
ing the 1994 ejection episodes", AAO/ATNFWork-
shop, 16-17.3. 2000, Hunter Valley, Australia

"The radio emission from the X-ray transient
XTE J1550-564", 4th INTEGRAL Workshop, 4-
8.9. 2000, Alicante, Spain

"XTE J1550-564: A superluminal ejection event
during the September 1998 outburst", 3rd Micro-
quasar Workshop, 11-13.9. 2000, Granada, Spain

Laukkanen, Jarkko

"Electronic momentum anisotropy in quasi-
crystals - Inelastic X-ray scattering study on Al0:71-
Co0:17Ni0:11", XXXIV Annual Conference of the
Finnish Physical Society, 9.-11.3. 2000, Espoo,
Finland, poster

"Inelastic scattering study on the high-Tc su-
perconductor La1:85Sr0:15CuO4 - Anisotropy and
electronic properties", Sagamore XIII - Conference
on Charge, Spin and Momentum Densities, 3.-9.9.
2000, Stare Jablonki, Poland, poster

"Compton-sironta kvasikiteist�a", X-ray physics
laboratory Nobel-seminar 2000, 8.12. 2000, Baltic
Sea

"D-CIXS/XSM update", X-ray physics labo-
ratory Nobel-seminar 2000, 2000, 8.12. 2000, Baltic
Sea

Muhli, Panu

"Monitoring X-ray binaries with long-term vari-
ability", XXV General Assembly of the European
Geophysical Society (SMART-1 D-CIXS Splinter
Meeting), 27.-29.4. 2000, Nizza, France

"Monitoring the long-term variability of X-ray
binaries with SMART-1", X-Ray Astronomy 2000,
3.-10.9. 2000, Mondello (Palermo), Italy

"Monitoring the long-term variability of X-ray
binaries with SMART-1", SMART-1 D-CIXS/XSM
Team Meeting, 16.-18.10. 2000, Abingdon, Great
Britain

Schultz, Juho

"Kertym�akiekkojen polarisaatio", VIII Cospar-
Meeting of the Finnish Space Researchers, 25.-27.9.
2000, Helsinki-Tukholma-Helsinki, Finland

"Simulations of polarization from accretion disks",
34. XXXIV Annual Conference of the Finnish Phys-
ical Society, 9.-11.3.2000, Espoo, Finland

4.8 Membership in scienti�c and schol-

arly societies

Vilhu, Osmi

International Astronomical Union. Commis-
sion 42 "Close Binary Stars", board member

International Astronomical Union, Commis-
sion 44 "Space Astronomy and High Energy As-
trophysics", board member

4.9 Additional information

Vilhu, Osmi

Principal Investigator of SIXA (on board SRG
launch 2003).

Co-Investigator of Jem-X (on board Integral
launch 2002).

Co-Investigator of XSM (on board SMART-1
launch 2002).

Huovelin, Juhani

Principal Investigator of ESA's SMART-I XSM
experiment

Co-Investigator of INTEGRAL/JEM-X

Co-investigator of SIXA (onboard SRG)
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5 Stellar-planetary Astronomy

Project number 91525007
Research agreements Academy of Finland
Type of research Basic research
Director of research Docent Muinonen, Karri

Telephone 19122941
Fax 19122952
E-mail Karri.Muinonen@Helsinki.Fi
Research sta� with a Ph.D. Karri Muinonen, Docent

Lauri Jetsu, Docent
Mikko Kaasalainen, Ph.D.
Jukka Piironen, Ph.D.

Phd student(s) Thomas Hackman, M.Sc.
Mika Kokko, M.Sc.
Jenni Virtanen, M.Sc.
Johanna Torppa, M.Sc.
Teemu Laakso, DI
Sanna Kaasalainen, M.Sc.

M.Sc. student(s) Joonas Lyytinen
Jyri N�ar�anen
Olavi Lindroos

Associated research sta� Timo Nousiainen, Ph.Lic.

5.1 Research activities

The scienti�c interests of SPA can be divided into three
main overlapping categories:

(i) astronomical observations

(ii) fundamental physics

(iii) inverse problems

Astronomical observations are carried out using mod-
ern telescopes (e.g., Nordic Optical Telescope) in aster-
oid photometry, polarimetry, and astrometry, and the
photometry and spectroscopy of late-type stars. SPA
plays a crucial role in the calibration of the forecoming
multi-wavelength SMART-1/AMIE and D-CIXS obser-
vations of the Moon in the visual and X-rays. In fun-
damental physics, both theoretical and experimental ad-
vances are being made. As to theory, the SPA research
is focussed on scattering and absorption of light by sin-
gle small particles and by particulate media, and the
celestial mechanics of the few-body problem, whereas
experiments are being carried out to measure albedos
of single small particles and backscattering characteris-
tics of particulate media (scattering laboratory at the
Observatory). SPA is participating in the ICAPS exper-
iment (Interactions in Cosmic and Atmospheric Particle
Systems) aboard the International Space Station (ISS).
The SPA inverse problems can be divided into mathe-
matical methods and astronomical applications. As to
the former, SPA is developing techniques for statistical
determination of asteroid orbits, for the computation of
collision probability of near-Earth objects, for lightcurve
inversion of physical properties of asteroids (e.g., rota-
tion and shape, microscopic surface properties), and for
time-series analyses. As to the latter, the applications
include, e.g., the impact hazard from near-Earth objects,
interpretation of lunar visual and X-Ray imaging during

the SMART-1 mission, time-series analysis applications,
stellar magnetic activity, and industrial applications.

5.2 Progress

In what follows, SPA publications in the year 2000 are
briey reviewed. Erikson et al. (2000) published their
third compilation paper on near-Earth asteroid observa-
tions, including lightcurves of 12 asteroids. This work is
organized by DLR (Berlin) and Piironen contributed by
observing asteroid (1917) Cuyo in 1995. Piironen et al.
(2000) compiled all outdoor data of small-phase-angle
measurements from the years 1979-81, 1985, 1987 and
1999. Their results indicated that snow shows coherent-
backscattering-type enhancement of intensity near zero
phase angle. Piironen participated in two observational
campaigns of an active star EV UMa and a quasar (Kata-
jainen et al. 2000, Villata et al. 2000). Both of these
objects exhibit occasional and non-periodic outbursts.

Tedesco et al. (2000) examined a promising new tech-
nique for detecting near-Earth asteroids: space-based
infrared observations. Computer simulations indicated
that such a space-based survey would be signi�cantly
more eÆcient than a groundbased visual survey.

Muinonen (2000a) reviewed light scattering by sto-
chastically shaped particles (in particular, Gaussian ran-
dom particles) for a cornerstone book on Light Scatter-
ing by Nonspherical Particles (Academic Press). Mui-

nonen (2000b) further introduced a so-called axisym-
metric Gaussian random particle, which is computation-
ally attractive (cf., T-matrix method) and has intriguing
future applications. Muinonen & Saarinen (2000) pub-
lished a pioneering study of light scattering by Gaussian
random cylinders, with foreseeable applications in pulp
and paper industry, andMuinonen (2000c) studied the
e�ect of clustering on the scattering characteristics of
Gaussian random particles.

S. Kaasalainen et al. (2000) carried out a compara-
tive, partly semiempirical study of the opposition e�ects
for atmosphereless solar system bodies. Using a statis-
tical, inversion-theoretical technique, they were able to
estimate the amount and character of photometric data
necessary for well-de�ned opposition e�ects. Stankevych
et al. (2000) continued their thorough study of the shad-
owing mechanism in particulate media of opaque spher-
ical particles. M. Kaasalainen & Torppa (2000) pre-
sented new, robust methods for deducing the shapes,
rotational states, and scattering properties of large ir-
regular bodies from their lightcurves.

Nousiainen et al. (2000) applied the second-order
perturbation theory to radar backscattering by nonspher-
ical ice particles (with emphasis on the University of
Helsinki radar). Miloslavskaya et al. (2000) studied the
wavelength and polarization dependence of transmission
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of light through thin slabs of particulate material, sum-
marizing some challenging open transmission problems.

Jetsu & Pelt (2000) demonstrated how the round-
ing of terrestrial impact crater ages introduces spuri-
ous (i.e., unreal) periodicities into such a series of time
points. Hackman in collaboration with the Oulu Uni-
versity Astrophysics group, continued to investigate the
evolution of magnetic regions of FK Comae type stars.
The two stars, HD199178 and FK Comae, included in
the observation programme (Nordic Optical Telescope),
both show long-lived large high latitude spots (Korho-
nen et al. 2000, Hackman et al. 2000). Jetsu et al.
(2000) analyzed a time series of BV-photometry of the
chromospherically active binary V815 Her. Spots on the
surface of the star caused an amplitude of 0.05-0.2 in
the V-lightcurve. Variations in the photometric rotation
period indicate surface di�erential rotation.

Since the beginning of its activities in 1998, SPA has
published altogether (7+1)+(10+6)+(9+8) = (26+15)
= 41 articles in either refereed scienti�c journals or refer-
eed scienti�c proceedings (in addition, as of March 2001,
with 2+0 published, 10+0 in press and 6+0 submitted).
Along with its steeply growing publication rate, SPA
is becoming an ever more successful scienti�c coalition,
with great prospects for its future.

Keywords: absorption, scattering, multiple scatter-
ing, coherent backscattering, small particles, reection,
regolith, asteroids, comets, planetary satellites, plane-
tary rings, interplanetary dust, atmospheric particles,
celestial mechanics, statistical orbit determination, im-
pact hazard, collision probability, numerical integrators,
Hamiltonian dynamics, time series analysis, solar-type
stars, cool stars, variable stars, stellar activity, stellar
magnetism, stellar spots, stellar di�erential rotation, stel-
lar Doppler imaging

5.3 Money and resources

2000: Man-months of work: 108

Special resources: 130 000 FIM.

External �nancing:

Academy of Finland, 'Light Scattering by
Gaussian Random Media': 450 000 FIM

Academy of Finland, 'Coherent multiple back-
scattering by inhomogeneous media': 42 300 FIM

Academy of Finland, Academy Research Fel-
low post: 280 000 FIM

Ministry of Education, 'Graduate School for
Astronomy and Space Physics': 190 000 FIM

5.4 Visits abroad

Muinonen, Karri

Lowell Observatory, Arizona, United States,
27.10.-3.11. 2000, 3 days

SAGEM S.A., France, 12.-13.1. 2000, 2 days

Piironen, Jukka

Uppsala University, Astronomiska observato-
riet, Sweden, 14.-25.2. 2000, 12 days

Hackman, Thomas

Uppsala University, Astronomiska Observato-
riet, Sweden, 5.-9.4. 2000, 4 days

Nordic Optical Telescope, Spain, 7.-19.8. 2000,
13 days

Virtanen, Jenni

Lowell Observatory, United States, 29.9.-22.11.
2000, 55 days

5.5 Visiting academics

Yurij Shkuratov, FT, visiting scientist, Astronom-
ical Observatory, Kharkov State University, Uk-
raine, 8.-19.5. 2000, 12 days

Yurij Shkuratov, FT, visiting scientist, Astronom-
ical Observatory, Kharkov State University, Uk-
raine, 6.-17.11. 2000, 12 days

Dmytro Stankevich, FT, visiting scientist, Astro-
nomical Observatory, Kharkov State University, Uk-
raine, 8.-19.5. 2000, 12 days

Dmytro Stankevich, FT, visiting scientist, Astro-
nomical Observatory, Kharkov State University, Uk-
raine, 6.-17.11. 2000, 12 days

Olga Myloslavskaya, FT, visiting scientist, Insti-
tute for Low Temperature Physics and Engineer-
ing, Ukraine, 9.-19.5. 2000, 12 days

Olga Myloslavskaya, FT, visiting scientist, Insti-
tute for Low Temperature Physics and Engineer-
ing, Ukraine, 6.-17.11. 2000, 12 days

Vadim Kaydash, FT, visiting scientist, Astronomi-
cal Observatory, Kharkov State University, United
Arab Emirates, 6.-17.11. 2000, 12 days

Andriy Ovcharenko, FT, visiting scientist, Astro-
nomical Observatory, Kharkov State University, Uk-
raine, 8.-19.5. 2000, 12 days

Asta Pellinen-Wannberg, FT, dosentti, Swedish In-
stitute of Space Research, Kiruna, Sweden, 12.12.
2000, 1 day of department
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5.6 Papers read at scienti�c confer-

ences, symposia, meetings etc.

Muinonen, Karri

"Collision probability for Earth-crossing as-
teroids.", US-European Celestial Mechanics Work-
shop, 3.-7.7. 2000, Poznan, Adam Mickiewicz Uni-
versity, Poland, invited speaker

"Light scattering by axially symmetric Gaus-
sian random particles", Light Scattering by Non-
spherical Particles, 28.8.-1.9. 2000, Halifax, Canada

"Initial statistical ranging of orbits for trans-
Neptunian objects", International Astronomical
Union, The XXIVth General Assembly, Joint Dis-
cussion 4, The Transneptunian Population, 7.-18.8.
2000, Manchester, United Kingdom

"Coherent Backscattering of Light by Solar
System Bodies: EÆcient Vector Computation", 32nd
Annual Meeting of the Division for Planetary Sci-
ences, Americal Astronomical Society, 23.-27.10.
2000, Pasadena, CA, United States

"SMART-1 AMIE ja D-CIXS/XSM kokeiden
teoreettiset valonsirontamenetelm�at", VIII Cospar-
Meeting of the Finnish Space Researchers, 25.-27.9.
2000, Helsinki-Tukholma-Helsinki, Finland

"Computations of coherent backscattering and
shadowing e�ects for atmosphereless solar system
objects", Light Scattering by Nonspherical Parti-
cles , 28.8.-1.9. 2000, Halifax, Canada, poster

"Wavelength dependent depolarization of light
transmitted through slabs of Al2O3 powder", Light
Scattering by Nonspherical Particles, 28.8.-1.9. 2000,
Halifax, Canada, poster "Coherent backscattering
by interplanetary dust particles", IAU Colloquium
181, Dust in the Solar System and Other Plane-
tary Systems, 10-14.4. 2000, Canterbury, United
Kingdom, poster

"Circular polarimetric observations of aster-
oids", 32nd Annual Meeting of the Division for
Planetary Sciences, Americal Astronomical Soci-
ety, 23.-27.10. 2000, Pasadena, CA, United States,
poster

Piironen, Jukka

"Lightcurve inversion of asteroid 6489 Golevka",
European Geophysical Society, XXV General As-
sembly, 24.-29.4. 2000, Nice, France

"SMART-1 AMIE: kokeelliset menetelm�at",
VIII Cospar-Meeting of the Finnish Space Research-
ers, 25.-27.9. 2000, Helsinki-Tukholma-Helsinki,
Finland

"The SMART{1 AMIE and D-CIXS/XSM ex-
periments: implications to the lunar opposition ef-
fect", European Geophysical Society, XXV Gen-
eral Assembly, 24.-29.4. 2000, Nice, France, poster

Kaasalainen, Mikko

"Asteroid shapes, periods, poles and photo-
metric properties from lightcurves ", Division of
planetary Sciences, 2000, American Astronomical
Society, October, Pasadena, CA, United States

"Valok�ayr�ainversio asteroiditutkimuksessa",
VIII Cospar-Meeting of the Finnish Space Research-
ers, 25.-27.9. 2000, Helsinki-Tukholma-Helsinki,
Finland

"Deducting the shapes and scattering proper-
ties of asteroids and other irregular bodies from
their lightcurves", Light Scattering by Nonspher-
ical Particles, 28.8.-1.9. 2000, Halifax, Canada,
poster

Hackman, Thomas

"Surface imaging of star spots", VIII Cospar-
Meeting of the Finnish Space Researchers, 25.-27.9.
2000, Helsinki-Tukholma-Helsinki, Finland, poster

"Surface imaging of late type stars", Finnish
Astronomical Society Meeting, 26.5. 2000, Helsinki,
Finland

Kaasalainen, Sanna

"Modelling of shadowing and coherent back-
scattering: comparison to planetary phase curves",
International Astronomical Union, The XXIVth
General Assembly, Joint Discussion 12, Highlights
of Planetary Exploration from Space and from Earth,
7.-18.8. 2000, Manchester, United Kingdom, poster

"Comparative studies on the opposition e�ect
in the solar system", 32nd Annual Meeting of the
Division for Planetary Sciences, Americal Astro-
nomical Society, 23.-27.10. 2000, Pasadena, CA,
United States, poster

"J�aisten aurinkokunnan kappaleiden opposi-
tioefektin vertailua", VIII Cospar-Meeting of the
Finnish Space Researchers, 25.-27.9. 2000, Helsin-
ki-Tukholma-Helsinki, Finland, poster

Virtanen, Jenni

"Collision probabilities for Earth-approaching
asteroids", 32nd Annual Meeting of the Division
for Planetary Sciences, Americal Astronomical So-
ciety, 23.-27.10. 2000, Pasadena, CA, United States

"Initial-orbital-ranging for EKOs and NEOs",
VIII Cospar-Meeting of the Finnish Space Research-
ers, 25.-27.9. 2000, Helsinki-Tukholma-Helsinki,
Finland
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5.7 Membership in scienti�c and schol-

arly societies

Muinonen, Karri

International Astronomical Union, Commis-
sion 15, 1997-2000, secretary

International Astronomical Union, Commis-
sion 15, Organizing Committee, 2000- , board mem-
ber

International Astronomical Union, Working
Group for Near-Earth Objects, Organizing Com-
mittee, 2000-, board member

International Astronomical Union, Working
Group for Near-Earth Objects, Technical Review
Committee, 2000-, expert member

The Spaceguard Foundation, 1996-, board mem-
ber

Finnish National Committee of Astronomy, 1998,-
Finland, secretary

Piironen, Jukka

Telescopio Nazionale Galilei, Time Allocation
Committee, Italy, expert member

Hackman, Thomas

Ursa, 14.11. 2000-, Finland, board member

5.8 Additional information

Muinonen, Karri

International Astronomical Union, Working
Group for Distant Objects, member 2000-.

International Space Station, ESA Topical Team
on Cosmic Dust, member 1997-.

5th Conference on Electromagnetic and Light
Scattering by Nonspherical Particles: Theory, Mea-
surements, and Applications, Halifax, Canada, 2000
28.8.-1.9. 2000, Member of Scienti�c Organizing
Committee.

VIII Cospar-Meeting of the Finnish Space Re-
searchers, 25.-27.9. 2000, Helsinki-Tukholma-Hel-
sinki, Finland, Member of Organizing Committee.
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6 Publications

6.1 Scienti�c monographies

Nevalainen, Jukka: Determining cosmological
parameters using X-ray analyses of clusters of galax-
ies and the cepheid period-luminosity relation. Ph.D.
Dissertation. University of Helsinki 2000, 43, [49]
p.

VIII Cospar-Meeting of the Finnish Space Research-
ers: Program and abstracts, Helsinki-Tukholma-
Helsinki 25.-27.9. 2000. University of Helsinki
2000, 38 s.

6.2 Articles in refereed journals

1. Durouchoux, Ph., Sood, R., Oka, T., Seers, M.,
Sa�-Harb, S., Vilhu, Osmi, Huovelin, Juhani,
Thresher, D., Corbel, S., O'Neill, P.: Jet interac-
tion of SS 433 with the ambient medium. Advances
in space research 25 (2000): p. 703-708

2. Durouchoux, Ph., Sood, R., Smith, I., Corbel, S.,
Hannikainen, Diana, Lover, R.: Millimeter ob-
servations of the candidate soft gamma-ray repeater
SGR 1814-13. Advances in space research 25 (2000):
p. 765-768

3. Erikson, A., Mottola, S., Lagerros, J. S. V., Lind-
gren, M., Piironen, Jukka, Oja, T., Hahn, G.,
Lagerkvist, C.-I., Harris, A. W., Nathues, A., Neu-
kum, G.: The Near-Earth Objects Follow-Up Pro-
gram: III: Lightcurves of 12 objects from 1992 and
1995. Icarus 147 (2000): p. 487-497

4. Green, Kim, Lamberg, Lars, Lumme, Ka-

ri: Stochastic modelling of paper structure and
Monte-Carlo simulation of light scattering. Ap-
plied optics 29 (2000): p. 4669-4683

5. Hannikainen, Diana, Hunstead, R. W., Campbell-
Wilson, D., Wu, K., McKay, D. J., Smits, D. P.:
Radio emission from GRO J1655-40 during the 1994
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