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Foreword

This annual report is a compilation of the input from the di�erent research
groups at the Observatory. Following people have provided text and �gures
for the report:

Jorma Harju and Kalevi Mattila: Interstellar medium and star formation.

Juhani Huovelin and Osmi Vilhu: High{energy astrophysics.

Karri Muinonen and Lauri Jetsu: Stellar{planetary astronomy

Kari Lumme: Planetary astronomy

Heikki Oja: University Almanac OÆce

The report covers the sta� and its activities including also visits to the
Observatory during 1998. Also some continuing acitivities from 1997 have
been included to the report. At the end of the report, there is a reference
list of the publications during 1998.

Editor



Observatory
Sta�

E-mail addresses are:
Firstname.Lastname@gstar.astro.helsinki.�
if not otherwise stated. To phone numbers
add +358{9{ in front of the number, when
calling from other countries.

NOTE: Research group abbreviations in sta�
list are:

HEA High{Energy Astrophysics
ISM{SF Interstellar Medium and Star Forma-
tion
PRG Planetary Research Group
SPA Stellar{Planetary Astronomy

Permanent and semipermanent
sta�

Haikala, Lauri, Dr.rer.nat., Docent, Assis-
tant, ISM{SF, on leave during 1998 at ESO,
substitutes T. Hackman (January{October)
and P.Harjunp�a�a (November{December), E{
mail Lauri.Haikala@eso.org

Huovelin, Juhani, PhD, docent, Amanuen-
sis, on leave as Senior Research Fellow of
the Academy of Finland August{December
1998, HEA, phone 19122948

Isaksson, Eva, M.Sc., Librarian, phone
19122940, E{mail Eva.Isaksson@helsinki.�

Jetsu, Lauri, PhD, docent, Assistant, SPA,
phone 19122946

Lind, Veikko, Janitor, phone 19122949

Lumme, Kari, PhD, Personal Extraordinary
Professor of Astronomy, Director of the Ob-
servatory January{September 1998, PRG,
phone 19122910

Mattila, Kalevi, PhD, Professor of Astron-
omy, Director of Observatory from Septem-
ber 1998, ISM{SF, phone 19122947,E{mail
Mattila@cc.helsinki.�, on leave January{June
1998, subsituted by O. Vilhu.

Muinonen, Karri, PhD, docent, Amanuen-
sis, on leave as Senior Fellow of the Academy
of Finland, SPA, phone 19122941, substi-

tutes V. Forsstr�om (January{April) and S.
Maisala (May{December).

Oja, Heikki, PhD, docent, Head of Univer-
sity Almanac OÆce, phone 19122942
E{mail Heikki.Oja@helsinki.�

Palo, Anu, Secretary, 19122940, E{mail
Anu.Palo@helsinki.�

Toriseva, Mikko, Tech.Lic., Amanuensis, ISM{
SF, phone 19122904

Vilhu, Osmi, PhD, docent, Laboratory Engi-
neer, HEA, phone 19122801,on leave January{
June 1998, substituted by J. Huovelin

Vacant: Observator, substitute T. Hackman
(November{December).

Externally Funded Research Sta�

Donner, Karl Johan, PhD, docent, research
on galactic and extragalactic astronomy

Hakala, Pasi, PhD, HEA, phone 19123478

Harju, Jorma, PhD, ISM{SF, phone 19122945

Heikkil�a, Arto, PhD, ISM{SF, phone 19122945
E{mail Arto@obs13.astro.helsinki.�

Juvela, Mika, PhD, ISM{SF, phone 19122909

Kaasalainen, Mikko, D.Phil., SPA, phone 19122802

Lehtinen, Kimmo, PhD, ISM{SF, phone 19122909

Piironen, Jukka, PhD, on leave during 1998
at European Comission Joint Research Cen-
ter, Ispra, Italy, PRG and SPA, phone 19123718

PhD Students

Alha, Lauri, dipl.eng., HEA, phone 19122943,
E{mail Lauri.Alha@lynx.astro.helsinki.�

Hackman, Thomas, M.Sc., SPA, phone 19122946

Hannikainen, Diana, M.Sc., HEA, phone
19122907, E{mail diana@carina.astro.helsinki.�

Harjunp�a�a, P�aivi, Phil.Lic., ISM{SF, phone
19122904

Ker�anen, Sanna, M.Sc., PRG, phone 19122940
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Kokko, Mika, M.Sc., SPA, phone 19122802

Muhli, Panu, M.Sc. HEA, phone 19122943

Nevalainen, Jukka, M.Sc., HEA, phone +1{
617{4967663, During 1998 on leave as Pre-
doctoral Student at the Smithsonian Astro-
physical Observatory
E{mail jukka@head-cfa.harvard.edu

Palviainen, Asko, M.Sc., ISM{SF, phone
19122909

V�ais�anen, Petri, MSc, ISM{SF, during 1998
on leave as Predoctoral Student at the Smith-
sonian Astrophysical Observatory

M.Sc. Students

Kahanp�a�a, Jere, student, ISM{SF, phone
19122909

Laakso, Teemu, student, SPA, phone 19122940

Maisala, Sami, student, HEA, phone 19122907

Schultz, Juho, student, HEA, phone 19122940

Torppa, Johanna, student, SPA, phone 19122802,
E{mail jtpesone@gstar.astro.helsinki.�

Vestama, Mikael, student, PRG, phone 19122940

Virtanen, Jenni, student, SPA, phone 19122940

Other sta�

Latvala, Arja, Cand.Sc., Almanac Secretary,
University Almanac OÆce, phone 191 22942

External Docents

Brandenburg, Axel, PhD, Professor, Univer-
sity of Newcastle upon Tyne

Markkanen, Tapio, PhD, phone 1912335

Moss, David, PhD, Mathemathical Depart-
ment, Manchester University, UK

Prusti, Timo, PhD, ESA Astrophysics Di-
vision, ISO Science Centre, VILSPA

Rahunen, Timo, PhD, Planetarium S�ark�an-
niemi Oy, Tampere, Finland

Tuominen, Ilkka, PhD, Professor of Astron-
omy, University of Oulu, phone 08-5531930,
E{mail Ilkka.Tuominen@oulu.�

Urpo, Seppo, Professor, Director of Mets�ahovi
Radio Research Station, Helsinki University
of Technology, phone 4512235

Valtonen, Mauri, Professor, Director of Tuorla
Observatory, University of Turku, Finland

Zinchenko, Igor, Dr.Sc., Head of Radiophysics
Department, Institute of Applied Physics,
Russian Academy of Sciences, (Nizhny Nov-
gorod), a semi-permanent member of the in-
terstellar medium group

Visiting Scientists 1998

The ISM{SF group hosted the Odin Science
Team and Astronomy Working Group meet-
ings, held at the Observatory on May 25-
29, with ca. 30 participants from Canada,
France, and Sweden.

Dan Clemens, Associate Professor, Depart-
ment of Astronomy, Boston University, U.S.A.,
June 15 - 18.

Lev Pirogov, Radiophysics Department, In-
stitute of Applied Physics, Russian Academy
of Sciences, Nizhny Novgorod, Russia, Novem-
ber 11 - 30.

Andrej Sobolev, PhD, Ural University, Eka-
terinburg, Russia, April 20 - 25.

Shkuratov, Yu., PhD, Kharkov State Uni-
versity, 1998 June 15-25.

D. Stankevych, PhD, Kharkov State Univer-
sity, 1998 June 15-25

Edward Tedesco, PhD, Mission Research Cor-
poration, USA, 1998 March 23-25

Igor Zinchenko, Dr. Sc., Head of Radio-
physics Department, Institute of Applied
Physics, Russian Academy of Sciences, Nizhny
Novgorod, Russia, November 11 - 30.
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Research

Activities

Interstellar Medium and

Star Formation

The general goals of the research group can
be formulated as follows:

� To investigate the physical and chemical
propetrties of interstellar molecular clouds,
especially the initial conditions for star for-
mation, i.e. the temperature, density, radia-
tion �eld and chemical composition. The ra-
dio spectroscopical studies performed by the
group have been directed towards the follow-
ing three main �elds:

1) Dynamical processes and chemistry in
nearby low-mass star forming regions
2) Physical properties and chemical compo-
sition of giant molecular cloud cores and their
variation as a function of the galactocentric
radius
3) Modeling of the structure of dense molec-
ular clouds with the aid of Monte Carlo ra-
diative transfer calculations of spectral line
pro�les and three{dimensional cloud models
These three lines of investigation are inter-
related and are instrumental to the under-
standing of the evolution of molecular clouds
and the star formation process in general.

� To investigate the properties and composi-
tion of interstellar dust grains in dense and
di�use clouds, especially by means of the in-
frared emission and scattered radiation.

� To measure the intensity of the extragalac-
tic background radiation at optical and in-
frared wavelengths. This is connected with
the development of methods for separating
the extragalactic component from the galac-
tic cirrus and other foreground components.

The group has utilized a multi-wavelength
approach where radio, infrared, and optical
telescopes have been used. The observational
facilities most important for the group have
been the Swedish-ESO Submillimetre Tele-
scope (SEST), the Infrared Space Observa-
tory (ISO), and starting 1999 the Odin sub-
millimetre satellite. Considerable e�ort has
been invested into the development of meth-
ods and, especially for space-born observa-
tions, into the preparation of extensive ob-

serving programs. More details are given in
Section 'Instruments and Facilities' of this
report.

The group collaborated in 1998 mainly with
the following foreign institutes: the Max-
Planck-Institute for Astronomy (Heidelberg,
Germany, especially the ISOPHOT Team),
Stockholm Observatory, Onsala Space Ob-
servatory (Sweden), Institute of Applied
Physics (Nizhny Novgorod, Russia), and As-
tronomical Observatory and Theoretical As-
trophysics Centre, Copenhagen.

Lehtinen defended on June 16th his PhD the-
sis \Studies of dust and starformation in glob-
ules". The oÆcial opponent was Professor
Dan Clemens of Boston University and the
Custos Professor Kalevi Mattila.

Infrared studies with ISO: Mid-

infrared emission of Unidenti-

�ed Infrared (UIR) Bands

.

The objective of this program is to measure
the intensities of the Unidenti�ed Infrared
(UIR) emission features, and to determine
the distribution of their carriers in di�er-
ent components of the interstellar medium in
the Milky Way Galaxy and another Sb spiral
NGC891. The UIR features are suspected to
be caused by Polycyclic Aromatic Hydrocar-
bons (PAH) which are a constituent between
the largest interstellar molecules identi�ed so
far and the classical interstellar grains (ca.
0.05 to 0.3 �m in size). Prior to ISO, these
features (with the exception of 3.3 and 6.2
�m) had been detected only in very bright
nebulae, and it has not been clear whether
they are present also in the normal di�use
interstellar medium.
The second objective is to measure the emis-
sion spectra by small and large dust grains
along the same lines of sight in the galactic
disk as the UIR spectra. Using the combined
data base the connections and correlations
between the three (or possibly more) di�er-
ent dust components will be studied in the
galactic scale.

The di�use emission of the inner Galaxy be-
tween 5.8 and 11.6 �m has been observed
using the ISO low-resolution spectrometer
PHOT-S in an ISOPHOT GT project with
Mattila as PI. The UIR features at 6.2, 7.7,
8.6, and 11.3 �m were detected in each spec-
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trum towards the inner galactic plane (l �
45Æ). The �rst results of this study were pub-
lished in the special issue of Astronomy and
Astrophysics devoted to ISO results (Mat-
tila et al.,1996, AA,315, L353). In order to
correlate the galactic distribution of the UIR
band carriers with the molecular gas 13CO(1
- 0) spectra have been observed with SEST
at the ISO positions (Kahanp�a�a and Mat-
tila).

Mattila, Lehtinen and Liljestr�om together
with Lemke and Herbstmeier (Heidelberg),
Laureijs (ESA, VILSPA), and L�eger (Paris)
have detected the unidenti�ed infrared (UIR)
emission bands at 7.7 and 11.3 �m in the
emission of an isolated cirrus cloud in
Chamaeleon (G300.2-16.8), externally heated
by the typical interstellar radiation �eld
(ISRF) of the solar neighbourhood. For the
observations the ISOPHOT-S spectrometer
was used. The detected UIR bands have ab-
solute intensities 1/1000th of the values
typically observed in planetary and reec-
tion nebulae. The intensity ratio 11.3 to 7.7
�m is at the higher end of the range observed
for reection nebulae, planetaries, HII re-
gions, or for the di�use emission of the inner
Galaxy. The observations presented give fur-
ther evidence that the UIR features seem to
be ubiquitous throughout the galaxy. This is
in support of the PAHs as carriers of the fea-
tures and, moreover, as key agents in trans-
forming the stellar UV into infrared radia-
tion (Lemke et al. 1998).

Mattila and Lehtinen together with Lemke
(Heidelberg) have observed the spectrum of
the UIR emission bands between 5.9 and 11.7
�m for the �rst time in the disk of an ex-
ternal galaxy (NGC 891). They have used
the low-resolution spectrometer ISOPHOT-
S. The UIR bands at 6.2, 7.7, 8.6, and 11.3
�m have absolute intensities which are sim-
ilar to the values observed for the di�use
emission of our own Galaxy. The UIR bands
between 5.9 and 11.7 �m contribute � 9%
of the total IR radiation of NGC 891. The
intensity ratios and band widths in the NGC
891 disk emission are similar to the di�use
emission of the Milky Way, pointing to a
common carrier for the UIR bands in the two
galaxies. However, there are some notable
variations of the band ratios along the ma-
jor axis of the galaxy (Mattila et al. 1999).
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Figure On the left PHT-SL spectra along
the major axis of NGC 891. On the right op-
tical B band image of NGC 891 from the Dig-
ital Sky Survey with the observed 24"�24"
areas superposed (Mattila, Lehtinen and Lemke
1999)

Infrared studies with ISO: Far

Infrared emission of galactic star

forming regions, molecular clouds

and cirrus.

The purpose of these ISO programs is to
study the distribution and properties of dust
in nearby molecular and cirrus clouds. Es-
pecially condensations of very cold dust and
very early phases of newly-born (proto)stars
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are being searched. The connection of dust
distribution and dust properties to the pres-
ence of newly-formed stars is studied.

Lehtinen, Mattila and Haikala together with
Lemke (Heidelberg) have observed a quies-
cent small globule, the Thumbprint Nebula,
with the ISOPHOT far-infrared camera at
100 and 200 �m. The observed emission
is optically thin thermal emission from dust
at a temperature of 14-16K. The energy
budget of the cloud is studied by consider-
ing the energy input (interstellar radiation
�eld), and outputs (scattered and emitted
radiation). It is found that the ISRF is suÆ-
cient to be the only heating source of dust in
the cloud. The authors have derived values
of absorption cross sections of dust at 100
and 200 �m, and found them to be in good
agreement with current dust models (Lehti-
nen et al. 1998).
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Figure Greyscale and contour plots of the
surface brightness of the Thumbprint Nebula
at 100 �m (a,c) and 200 �m (b,d). The con-
tour levels are from 12 to 14 by 0.5MJy sr�1

at 100 �m, and from 33 to 48 by 3MJy sr�1

at 200 �m. In panel e is shown the grayscale
image of the surface brightness at R-band
(ESO/SRC red Sky Survey Plate), and in the
panel f is shown the 13CO(J=1{0) column
density contour map
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Figure The spectral energy distribution of
the emitted radiation Iemit and the scattered
radiation Iscat for the Thumbprint Nebula.
The upper limits of the IRAS 12, 25 and
60 �m emission at 2 � level are indicated with
an arrow. The mean intensity of the inter-
stellar radiation �eld (ISRF) between 0.0912{
8.0 �m is shown for comparison. The ISRF
plotted with a dotted line is the portion of the
ISRF that su�ers extinction in the cloud

Lehtinen and Mattila together with Lemke
(Heidelberg) have analyzed the far-infrared
GT observations of the dark cloud DC303.8-
14.2 made with the ISOPHOT instrument
at 60, 100, and 200 �m. An IRAS source
is located in the centre of the cloud. This
is a deeply embedded young stellar object
(YSO). The purpose of this research is to
study the properties of cold dust in the cloud,
and to derive more reliable estimates of the
evolutionary stage of the YSO. The dust tem-
perature decreases towards the centre of the
cloud, where it is about 14 K. The circum-
stellar mass of the YSO is estimated to be
about 0.2 M�. The authors classify the YSO
to be between the Class 0 and Class I evolu-
tionary stages. They have also compared the
cloud DC 303.8-14.2 with the Thumbprint
Nebula, a morphologically similar cloud which
has no signs of star formation (Lehtinen et
al. 1999).

Lehtinen, Haikala and Mattila together with
Lemke (Heidelberg) have analyzed the 70,
100, 150, and 200 �m GT and OT obser-
vations of the Cederblad 110 star formation
region in Chamaeleon I. Analysis of the large
70 - 200 �m maps covering the whole central
and southern parts of Cha I is in progress,
as well as the comparison of these maps with
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the extensive C18Omaps obtained with SEST.

Mattila, Lehtinen, and Haikala together with
Lemke (Heidelberg) have analysed the 100
and 200 �m maps and 3 { 200 �m spec-
trophotometry of L183, a very opaque (AV >
20 mag) dark cloud above the galactic plane.
Preliminary results have been given in Mat-
tila et al., 1997, Astron.Ges. Abstracts Ser.
13, 128. For the purpose of comparing the
cold dust and molecular gas distributions the
cloud core has been mapped at SEST in the
J = 1 - 0 lines of 13CO, C18O, H13CO+, and
the J=2 - 1 line of DCO+ (Juvela).

Mattila has collaborated with Herbstmeier et
al. (Heidelberg) and Laureijs (ESA/VILSPA)
in a study of the small-scale structures in
the far-infrared background. At 180 �m the
small-scale uctuations were studied for the
�rst time by a cold space telescope with arc-
minute-resolution. For cirrus clouds the spa-
tial frequency spectrum in the far-infrared
has a similar shape as that derived from 21cm
line observations of the interstellar neutral
hydrogen. In faint regions the uctuations
are caused presumably by randomly distributed
extragalactic sources (Herbstmeier et al. 1998).

Radio spectroscopic studies of

nearby low-mass star forming

regions

Anderson, Caselli, Haikala and Harju have
investigated with the SEST the deuterium
and 13-carbon fractionation in HCO+ towards
the nearby R Coronae Australis molecular
cloud core. The purpose of this study was to
test chemistry models and in particular the
predicted temperature dependence of deu-
terium fractionation, and to estimate the de-
gree of ionization in this star-forming core.
The H13CO+/HC18O+ abundance ratio was
found to vary little from 10 within the mapped
region, in excellent agreement with the
13CO/C18O abundance ratios derived ear-
lier towards the cloud. This corroborates
the close relationship between HCO+ and
CO predicted by the ion-molecule chemistry.
The variation of the DCO+/HCO+ abun-
dance ratio within the core was shown to be
due to the rise of the kinetic temperature (as
derived from methyl acetylene observations)
near the cluster of newly born stars.

Figure Chemical fractionation in the R Coro-
nae Australis molecular cloud core. The 13C-
and D variants of HCO+ show di�erent spa-
tial distributions. DCO+ thrives in the cold-
est dense clumps. The maps are from the
work Anderson, Caselli, Haikala and Harju
(1999).
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The temperature rise results in two e�ects:
Firstly, the reaction H2D

+ ! H+
3 becomes

faster; and secondly, an intensi�ed desorp-
tion from grain surfaces makes the abun-
dance of neutral atoms and molecules in-
crease in the gas phase, which leads to an ef-
fective destruction of the H+

3 and H2D
+ ions.

Both processes decrease the DCO+/HCO+

ratio. Far from the active region around
IRS 7 the derived abundances of neutral
species indicate the presence of depletion.
The observations suggest furthermore that
the fractional electron abundance rises along
with the distance from IRS 7. This is also
connected with the high degree of gas phase
depletion in the dense, quiescent gas (Ander-
son et al. 1999).

Harju, Winnberg and Wouterloot have stud-
ied the distribution of the OH radical in Tau-
rus Molecular Cloud-1, with the purpose to
predict the distribution of O2 which would
serve as guidance for the coming observa-
tions with the Odin satellite. Further mo-
tivation was to �nd out the rôle of depletion
onto the grain surfaces in the well-known
chemical gradient in the cloud, which is likely
to be reected in the OH abundance. It was
shown that the cyanopolyyne peak in the
southern part of TMC-1 corresponds to a
distinct OH maximum. This maximum may
represent the so called 'radical peak', which
according to some chemistry models occurs
when depletion starts to dominate the cloud
chemistry. The OH observations thus sup-
port the recently presented idea that the ex-
istence of complex molecules not necessarily
require chemical youth but may also indi-
cate a high degree of depletion. On the ba-
sis of comparison between OH and earlier SO
data the authors suggest that in the north-
ern part of TMC-1 OH has been converted
to O2. This suggestion will be tested during
the Odin mission (Harju et al. 1999).

Garay, Kohnenkamp, Bourke, Rodriguez and
Lehtinen have observed with the SEST rota-
tional transitions of SiO, CS, CH3OH and
HCO+ towards the highly collimated bipo-
lar outow BHR 71. Broad wing emission
was detected toward the outow lobes in all
the observed molecular lines. The shapes
of the pro�les are strikingly di�erent from
molecule to molecule. The integrated wing
emission is extended and shows well-sepa-
rated blueshifted and redshifted lobes. The
abundance of methanol and silicon monoxide
in the outow lobes is found to be enhanced
with respect to that of the ambient cloud by
factors of up to � 40 and � 350, respectively

(Garay et al. 1998).

Radio spectroscopy of giant

molecular cloud cores

Harju, Lehtinen, Booth and Zinchenko have
conducted a survey of thermal SiO line emis-
sion towards galactic giant molecular cloud
cores in order to study the characteristics of
shocks associated with molecular line masers
and embedded far-infrared sources. Gaseous
SiO is not assumed to exist under normal
conditions in dense interstellar clouds. For
this survey which contained 369 objects they
used the 15-m SEST and the 20-m Onsala
radio telescopes. It was found that for ux
and luminosity limited samples the SiO de-
tection rate is higher in the inner 7 kpc from
the galactic centre than elsewhere. This sug-
gests that dense cores belonging to the so
called \molecular ring" provide particularly
favourable conditions for the production of
SiO. Although the line shapes in general agree
with a model where the emission arises from
turbulent wakes behind bow-shocks, there
are a large number of cores with symmet-
ric, relatively narrow pro�les. This indicates
a contribution from the quiescent gas com-
ponent, which cannot be well understood in
terms of current chemistry models. In subse-
quent studies presently under way the group
uses the obtained SiO data base for correla-
tion with various maser and thermal lines to
understand better where the masers are ex-
cited, and for search for 'Orion like', strong
SiO maser sources (Harju et al. 1998).

Zhinchenko, Pirogov, and Toriseva surveyed
55 northern non-stellar H2O masers in the
CS(J = 2 � 1) line with the 20-m Onsala
radio telescope. They detected 47 CS cores
associated probably with 50 masers. From
the CS maps and optically thin C34S emis-
sion they derive the basic physical parame-
ters of the cores: size, LTE mass, mean den-
sity, virial mass. Combining the present re-
sults with the previous SEST data they ob-
tain statistical distributions of the core pa-
rameters and analyze the dependence on the
galactocentric distance R. The mean den-
sity of the cores drops with increasing R in
the interval R � 7 � 14 kpc. It is consis-
tent with an exponential law with a scale
length of about 3 kpc. The IR luminosity
to mass ratio changes probably in a similar
way. The core size increases with R in accor-
dance with the density decrease and constant
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mass.(Zinchenko et al. 1998).

Molecular gas in the Magel-

lanic Clouds

Heikkil�a has observed line emission from CS,
SO and H2S in a sample of molecular clouds
in the Large Magellanic Cloud (LMC) and
the Small Magellanic Cloud (SMC). The re-
sulting average SO/CS column density ratio
is about 1, falling in between that of Galactic
di�use clouds (typical ratio >1) and dense
clouds (typical ratio <1), respectively. Con-
sidering dense clouds, the higher SO/CS ra-
tio in the LMC and the SMC as compared to
the Galaxy could be due to a higher oxygen-
to-carbon (O/C) ratio; although then the
apparent lack of di�erence in the SO/CS ra-
tio between the LMC and the SMC is un-
expected. Since the variation of the SO/CS
ratio from cloud to cloud is small, the ra-
tio does not seem to depend strongly on the
cloud age. An alternative production path
for SO, via gas-phase ion-neutral reactions,
was briey investigated. This involves the
reaction SO++H2 !HSO++H. Using a re-
cent estimation of the formation heat of HSO+,
the reaction quoted above is found to be en-
dothermic by about 172 kJ/mole (�20 700K)
and, accordingly, does not appear to be able
to compete with known neutral-neutral reac-
tions, except possibly in gas which is highly
energetic and where atomic sulphur is almost
exclusively in the form of S+, e.g. the hot
part of a photon-dominated region (PDR), a
strong shock, or a hot molecular core. Since
spectroscopic data for rotational transitions
are not available for HSO+, at the moment it
is not possible to observationally test whether
this ion is important in interstellar sulphur
chemistry (Heikkil�a 1999).

Radiative transfer modelling of

dense molecular clouds

Juvela analysed CS and C34S spectra ob-
served towards southern massive star form-
ing cores with the aid of radiative transfer
calculations performed with the Monte Carlo
method using three dimensional clumpy cloud
models. The density distributions of the
model clouds are either fractal or consist of a

hierarchy of spherical clumps. He has searched
for models that would simultaneously repro-
duce all the observed CS and C34S spectra.
In most cases satisfactory �ts could be found
with models having constant kinetic temper-
atures. The models tend to have very low
volume �lling factors, typically < 0:2. The
radial density dependences of the original
models were n � r�� with � � 1:0. Al-
though this provided in general a good cor-
respondence with the observations, emission
from the high rotational transition
CS(J = 7 � 6) was underestimated. Bet-
ter �ts were obtained with models having
steeper radial density distributions and with
models with kinetic temperature increasing
inwards (Juvela 1998).

Figure An example of the three-dimensional
density distributions used in the modelling
of interstellar clouds. The density distri-
butions were created with di�erent methods
(e.g. fractal algorithms) and a radiative trans-
fer program was used to calculate molecular
line spectra that could be compared with ob-
servations. The density distribution of the
�gure is based on the structure tree method.
(Juvela 1997)
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Figure Spectra calculated from a three-dimen-
sional cloud model (continuous lines) together
with spectra observed towards a southern mas-
sive star forming core (histograms). Average
spectra were calculated for four CS and C34S
transitions at distances � = 0, 20 and 40 arc
seconds from the core centre and the model
parameters (e.g. density and temperature)
were adjusted in order to obtain a good �t.
(Juvela 1998)

Padoan, Juvela, Bally and Nordlund studied
the dynamics of molecular clouds by using
numerical solutions of the three-dimensional
compressible magnetohydrodynamic (MHD)
equations in a regime of highly supersonic
random motions. The non-LTE radiative
transfer calculations are performed through
the complex density and velocity �elds ob-
tained as solutions of the MHD equations,
and more than 5�105 spectra of 12CO, 13CO,
and CS are obtained. In this way they build
synthetic molecular clouds of 5 and 20 pc
diameter, evolved for about one dynamical
time from their initial con�guration. They
use a numerical, super-Alfvenic ow with-
out gravity or external forcing. The syn-
thetic maps and spectra bear a remarkable
resemblance to the corresponding observa-
tions of real clouds and are therefore more
realistic than previous calculations (Padoan
et al 1998).

Padoan, Bally, Billawala, Juvela and Nord-
lund have compared the predictions of the
MHD models with observations of interstel-
lar clouds. The calculated spectra have en-
abled direct comparison of the models with
e.g. the extensive 13CO(1{0) mapping made
of the Perseus molecular cloud complex. The

model spectra show a remarkable similarity
with the observations and this demonstrates
that the three-dimensional structure and dy-
namics of the region can be adequately de-
scribed by random super-Alfv�enic MHD ows
(Padoan et al. 1999a)

Padoan, Juvela, Bally and Nordlund have
used the MHD models and the spectra pro-
duced with radiative transfer calculations to
test methods that are commonly used to an-
alyze molecular line observations. The study
has shown that LTE analysis of 12CO and
13CO spectra usually underestimates the true
13CO column density and in extreme cases
this error can be more than a factor of �ve
(Padoan et al. 1999b).

Jimenez, Padoan, Juvela et al. have com-
puted spectral energy distributions of proto-
galactic starbursts at high redshift. The cal-
culations include the modelling of synthetic
stellar populations, the chemical evolution of
the interstellar medium and the changes in
the star formation rates. In addition to es-
timates of the visible and infrared emission
predictions are calculated for molecular line
radiation of e.g. 12CO and O2. The obtained
CO luminosity of 108L� for a proto-galaxy
of � 1010M� is in agreement with current
CO detections at high redshift (Jimenez et
al. 1999).

Polarisation, extinction and the

CO/H2 ratio in dark clouds

Juvela presents simulated extinction measure-
ments using di�erent three-dimensional mod-
els for the density structure of interstellar
clouds. It is shown that the observed small
scale extinction variations are very e�ective
in limiting the free parameters of the cloud
models. On the other hand, all the tested
models (i.e. fractal and structure-tree mod-
els) are able to reproduce the observed ex-
tinction variations with some parameter val-
ues. This is found to be true even for a
model consisting of randomly placed clumps
of constant density. The extinction measure-
ments can, however, be used to get crude
estimates of the volume �lling factor of the
clouds. Comparison between the models and
the observations of the cloud IC 5146 indi-
cates a volume �lling factor in the range 0.1-
0.2 (Juvela 1998).
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Harjunp�a�a together with Kaas, Carlqvist and
Gahm (Stockholm) has carried out deep CCD
polarimetry in the I band in selected �elds
in three �lamentary, molecular clouds, the
L1400 complex, L204, and MBM25. I mag-
nitudes and the degree and direction of linear
polarization were measured with satisfactory
accuracies for 387 stars down to I = 19:5.
The measurements show that the patterns of
polarization are remarkably smooth over the
�elds studied, particularly in the L1400 com-
plex. There is no indication of any statisti-
cally signi�cant di�erence in polarization an-
gle and degree between obscured and non-
obscured regions. The method opens the
possibility to study small-scale irregularities
in the polarization pattern on angular scales
down to a few arc seconds. Comparing the
extinctionAV and P=AV in the �eld observed
in the H and K bands the authors �nd that
P=AV can attain high values (close to the
P = 3AV relation) only for small values of
AV. (Harjunp�a�a et al. 1999).

Harjunp�a�a has investigated the ratio of car-
bon monoxide column density to colour ex-
cess E(J-K) and H2 column density in the di-
rection of background �eld stars in three dif-
ferent globules: B133, B335 and L466. This
is a continuation of the study of Harjunp�a�a
and Mattila (1996) of the same relations in
the direction of three nearby molecular clouds,
Cha I, R CrA and Coalsack. The N(CO) to
E(J-K) ratio was found to vary from cloud
to cloud: it is larger in the active star form-
ing globule B335 than in the more quiescent
globules B133 and L466. The results can be
understood in two alternative ways, either
the N(CO)/N(H2) ratio is higher in active
star forming regions (B335) than in regions
without star formation (B133, L466), or the
ratio N(H2)=E(J�K) changes from cloud to
cloud and is higher in active star forming re-
gions than in quiescent clouds. (Harjunp�a�a
1998).

Infrared studies of external

galaxies and clusters of galax-

ies.

Mattila has collaborated with Haas et al. (Hei-
delberg) in a complete 175 �m (ISOPHOT)
mapping of the Andromeda galaxy (M31) at
1 arcmin resolution. The bulk of the dust
has a temperature of only 16 K, consider-

ably colder than the 21-22 K previously in-
ferred from the IRAS data and also colder
than the 19 K found for the Milky Way. For
the cold dust component the mass was esti-
mated from its emission yielding 3 107 M�,
a dust mass about a factor of ten higher
than inferred from the IRAS 60/100 �m data
alone. The new cold dust mass - if evenly dis-
tributed in the plane of the galaxy - would
be suÆcient to make the disk of M31 mod-
erately opaque in the optical (Haas et al.
1998).

Mattila and Haikala have collaborated with
Stickel et al. (Heidelberg) in a study of the
far-infrared emission of intracluster dust in
the Coma galaxy cluster. The ISOPHOT
C200 has been used to detect the extended
far infrared emission from the Coma cluster
of galaxies. A conservative value for the ex-
cess surface brightness at 120 microns is 0.1
MJy/sr, corresponding to a total net ux of
� 0.7 Jy. The detected excess emission rep-
resents the �rst direct evidence for intraclus-
ter dust in a galaxy cluster. Since dust is
destroyed e�ectively by the hot intracluster
medium, the dust detected may result from
galaxy stripping during the ongoing merging
process in Coma. (Stickel et al. 1998).

V�ais�anen, while continuing his predoctoral
studentship period at the Smithsonian As-
trophysical Observatory (SAO), has taken
part in the ELAIS collaboration as member
of the Helsinki Observatory team. He has
done, together with Eric Tollestrup (SAO),
NIR followup observations with the Mt. Hop-
kins 1.2-m telescope equipped with the STER-
LIRCam array camera, and with the 3-m
IRTF telescope at Mauna Kea. The NIR
survey has concentrated in the ELAIS �elds
N1 and N2 where there are data in opti-
cal, sub-mm, and radio bands, in addition
to the ISO mid- and FIR-bands. In addi-
tion to the science coming out from the com-
bined e�ort of the ELAIS consortium, the
NIR data have been used to study the J-
and K-band galaxy counts. These will be
the �rst published wide-�eld, medium-deep
J-band galaxy counts.

The extragalactic infrared and

optical background light (EBL)

The cosmic infrared background radiation car-
ries information from the otherwise unob-
servable "dark ages" of the Universe between
the redshifts 4 and 1000, during which e.g.
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the formation of galaxies has taken place.
Also here interstellar dust grains, formed dur-
ing the �rst phases of galaxy evolution, are
the "elementary" emitting particles for far-
IR. For the disentanglement of the di�er-
ent foreground components, ISOPHOT of-
fers some advantages and complimentary fea-
tures as compared with COBE/DIRBE. The
150 and 180 �m maps of some very dark
patches of the sky near the North Galactic
Pole, belonging to an ISOPHOT EBL pro-
gram (PI Mattila), have been preliminarily
analysed in 1998. The analysis shows that
ISOPHOT is sensitive and stable enough for
this type of extremely demanding measure-
ment.

Juvela and Mattila in collaboration with Lemke
et al. (Heidelberg) have been searching point
sources in far infrared maps observed with
the ISOPHOT C200 and C100 cameras in
several very dark areas of the sky, mapped
for the ISOPHOT EBL project and some
other projects. Majority of the detected
sources can be assumed to be extragalactic.
In many cases no previously known sources
can be associated with the detected objects.
It is probable that dust-enshrouded, distant
galaxies form a signi�cant fraction of the de-
tected sources. The number counts of the
detected sources are compatible with strong
evolution models and exclude no-evolution
models at a high con�dence level. The inte-
grated surface brightness contribution from
the detected sources forms 5 - 10 % of the
cosmic far infrared background if the value
announced by the DIRBE team is adopted.

V�ais�anen and Tollestrup (SAO) (1998) have
presented a review of the faint and low sur-
face brightness galaxy contributions to the
extragalactic optical background radiation.
This is an extension of the previously pub-
lished results (V�ais�anen, P., 1996, A&A 315,
21). The review also presented work on a
uctuation method which can be used to study
faint galaxy populations by complementing
EBL results and direct source counts. This
has been applied to SIRTF deep survey pre-
dictions and confusion limit determinations.

Optical and infrared night sky

brightness

Mattila and Haikala have collaborated with
Leinert and twelve further colleagues from
France, Germany, and U.S.A. in the compila-
tion of an extensive review paper on the dif-

fuse night sky brightness. The paper presents
material in tabular and graphical form, with
the aim to allow the non-specialist to obtain
a realistic estimate of the di�use night sky
brightness over a wide range of wavelengths
from the far UV longward of Ly� to the far-
infrared. At the same time the data are to
provide a reference for cases in which back-
ground brightness has to be discussed, in-
cluding the planning for space observations
and the issue of protection of observatory
sites (Leinert et al. 1998).

Instruments and facilities

The use of SEST has been made possible
through an agreement of the Academy of
Finland and the Swedish Science Research
Council, according to which Finnish astron-
omers can use a 10 % share of the Swedish
observing time at SEST. Since the beginning
of the SEST operation in 1987 The Univer-
sity of Helsinki group has been responsible
for utilizing ca. half of the Finnish time at
SEST.

Members of the group have frequently used
the Onsala 20-m and the E�elsberg 100-m
telescopes. The group has used the Mets�ahovi
14-m radiotelescope of the Helsinki Univer-
sity of Technology since 1979. It has been
responsible for the construction and running
of the spectrometre system. At present the
group uses the telescope mainly for student
training.

The research goals of the group have moti-
vated a strong involvement in infrared obser-
vations, 2 to 200 �m. Mattila was invited to
become co{investigator in the ISOPHOT
consortium and he has also had the task of
the coordinator of the ISOPHOT interstellar
medium research program.Members of the
group have participated in the preparation of
the Guaranteed Time (GT) program of the
ISOPHOT team. The group has leadership
in three extensive GT programs. In addi-
tion, six open or discretionary time projects
were granted observing time.

Odin is a small Swedish satellite under de-
velopment for sub-millimeter heterodyne spec-
troscopy of interstellar clouds and the Earth's
atmosphere. Launch is scheduled for Decem-
ber 1999. The group has co{investigator sta-
tus in Odin and is responsible for the Finnish
share of its astronomical research program.
Harju has been appointed as an Odin Lead
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Scientist and has the task to coordidate the
international e�orts to set up a well coor-
dinated observing program for dark clouds.
Mattila has been member of the Odin Sci-
ence Team.

Commitments

Harju continued as member of the
Onsala/SEST Programme Committee until
June 1998.

Lehtinen was elected to chairman of the
Finnish Astronomical Society, starting au-
tumn 1998

Mattila continued (until spring 1998) as a
member of the Board of Directors of Astron-
omy and Astrophysics (A European Jour-
nal), as co{investigator of the ISOPHOTCon-
sortium, as member of the ODIN Science
Team, as external team member of the EU
funded ELAIS project (European Large Area
Infrared Survey), as member of the Scienti�c
Organising Committee of IAU Colloquium
No. 171 \The Low Surface Brightness Uni-
verse" and the Ringberg Conference on \ISO
surveys of a dusty Universe", and as reviewer
of funding applications of the Swedish Na-
tional Space Board. He continued as mem-
ber of the Finnish Academy of Science and
Letters, as member of the Finnish National
Committees of IAU, URSI, and COSPAR.
He was Co-ordinator of the EU/INTAS
Project \Dense cores in interstellar molec-
ular clouds". He was appointed a member
of the Finnish Ministry of Education ad hoc
Working Group on Large facilities in Astron-
omy, and a member of the Organising Com-
mittee of the Finnish Graduate School for
Astronomy and Space Physics.

Observations

SEST:
Harju 25.{28.2. and 6.{8.10.; Harjunp�a�a 4{
20.8.; Heikkil�a 10.{17.12.; Juvela 28.1.{13.2.;
Kahanp�a�a 10{12.10.

Mt. Hopkins 1.2{m infrared telescope:
V�ais�anen 3.{8.4

Mauna Kea 3{m IRTF:
V�ais�anen 11.{15.6

Visits and conferences

Harju participated (with poster) in the Zer-
matt conference on Physics and chemistry of
the interstellar medium 22.{25.9.

Harjunp�a�a accomplished several visits to
Stockholm Observatory in the framework of
collaboration wiht professor G. Gahn.

Juvela participated in the ISOPHOT Con-
sortiummeeting in Heidelberg 22{23.6. (with
a talk), participated (with poster) in the Zer-
matt conference on Physics and chemistry
of the interstellar medium 22.{25.9 the 7th
COSPAR-meeting of Finnish space scientists,
14{15.9., in Kiljavanranta (poster).

Kahanp�a�a participated in the ESO-OHP Sum-
mer School 14{25.7.

Lehtinen participated in the ISOPHOT Con-
sortium meeting in Heidelberg 22-23.6.(with
a talk), attended the ESA Conference \The
Universe as seen by ISO", 20{23.10. in Paris
(poster), the 7th COSPAR-meeting of Finnish
space scientists, 14{15.9. in Kiljavanranta
(poster), the Conference \Solid state inter-
stellar matter- the ISO revolution", 1.{8.2,
in Les Houches, France (poster), participated
(with poster) in the Zermatt conference on
Physics and chemistry of the interstellar
medium 22.{25.9.

Mattila attended the ESA Conference \The
Universe as seen by ISO", 20{23.10. in Paris
(poster), the Annual meeting of the Finnish
Physical Society, 19{20.3. in Tampere (poster),
the 7th COSPAR-meeting of Finnish space
scientists, 14{15.9. in Kiljavanranta (review
talk), and the Nordic conference \Astrophys-
ics with NOT", 12-14.8. in Turku. He par-
ticipated in the ISOPHOTConsortiummeet-
ing 22{23.6. in Heidelberg, the Odin Science
team meetings on 11.2. and 26{27.11. in
Stockholm, and the LSA Consortium Board
meeting on 12.11. in Bonn.

V�ais�anen participated in IAU Colloquium
No. 171 \Low Surface Brightness Universe"
6{10.7. in Cardi� (invited talk).
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High-Energy Astrophysics

Activities in space instrument

projects

The High Energy Astrophysics team has been
working on the Silicon X-Ray Array (SIXA)
for the Spectrum-X-Gamma satellite (esti-
mated launch during 2001-2002). The team
also participated in the science data analysis
software development of the X-ray monitor
JEM-X on board INTEGRAL (launch 2001)
and initiated planning for the X-ray Solar
Monitor (XSM) for the SMART 1 mission
(launch 2001).

�
�
�
�

�
�
�
�

SMART-1

XSM detector locations (tentative)

ion or plasma thruster

Figure SMART{1 spacecraft

These project activities were directed by O.
Vilhu (Principal Investigator for SIXA, and
Co-I for JEM-X and XSM) and J. Huovelin
(Principal Investigator for XSM, and Co-I
for SIXA and JEM-X). In all these space
instrument projects, the Finnish company
Metorex International Inc. is the manufac-
turer of the detectors. There is also collab-
oration with the X-ray physics laboratory of
our University in the SIXA and XSM projects.
The Technology Development Centre
(TEKES) and the Academy of Finland pro-
vided funding for these instrument-related
projects.

Activities in fundamental

science

Vilhu and Nevalainen, using RXTE observa-
tions, discovered a peculiar X-ray variabil-
ity in the superluminal jet-source ('micro-
quasar') GRS 1915+105, seen as a ring{shaped
pattern in the two-color diagram (ApJ, 508,
L85, see Fig.4). The rings are thought to
exhibit phenomena close to the black hole
horizon under super-Eddington accretion.

Huovelin, Vilhu, Pohjolainen (from the Mets�a-
hovi Radio Research Station) and J. Virta-
nen started detailed study of the
SOHO/SUMER observations of the X-ray
bright points (XRBP's) of the Sun conducted
in October 1996 by Vilhu (see Fig. 5). The
observations show a fairly detailed spatial
shape (1 arcsec/715 km resolution) and short
term evolution (about 1 hour time span with
4 minutes time resolution) of the XRBP's.
Among other interesting results, the spatial
intensity distribution of the observed emis-
sion reveals the fact that the transition re-
gion heating on the Sun is not strictly con-
�ned in the XRBP's. This may be a sign
of rapid heat di�usion in the atmosphere,
or sub-arcsecond spatial structures of small
magnetic loops on the Sun, causing localised
temperature enhancements which are not re-
solved by our observations (MNRAS, in prepa-
ration).

Hakala concentrated on further development
and application of forward folding inversion
techniques in astronomy (especially genetic
algorithms). His contributions to this �eld
have included the construction of the �rst
ever map of the magnetic white dwarf sur-
face and modelling the eclipse pro�le light
curves of polars (MNRAS 297, 1261; MN-
RAS 302, 362).

Hakala and Muhli developed a geometrical
3D modelling code to �t the light curves of
X-ray binaries. Their code can be used to de-
rive crucial parameters of X-ray binary sys-
tems, including inclination of the orbital plane,
mass ratio of the binary components and ver-
tical structure of the accretion disk around
the compact star. Hakala and Muhli used
their code to �t the multicolor light curve of
the black hole binary candidate 4U 1957+115,
obtained earlier at the Nordic Optical Tele-
scope (NOT). The system has shown evi-
dence of dramatically evolving optical light
curves on timescales of years, even though no
signi�cant variations have been observed in

13



the overall luminosity of the system. The �t-
ting results gave proof of a non-axisymmetric
accretion disk with substantial vertical thick-
ness in its outer rim. Evolving shape of the
outer rim is suspected to cause the pronounced
variations in the light curves.

Hannikainen and collaborators at the Physics
Department of the University of Sydney, Aus-
tralia, explored links between radio and X-
ray emission from Galactic radio-jet X-ray
binaries, especially their behavior during jet
ejection episodes. Primarily three sources
were studied: GX 339{4, GRS1915+105 and
GROJ1655{40. The �rst two are black hole
candidates, whereas the third is conjectured
to be a black hole based on optical radial
velocity measurements. GRS1915+105 and
GROJ1655{40 are known to exhibit jets with
velocities �0.92c, while GX339{4 is not a
con�rmed jet source. GROJ1655{40 has had
one major multiple jet ejection episode ac-
companied by aring states in both the radio
and the X-rays (in 1994), while GRS1915+105
has undergone several such episodes (once in
1994 and again in 1997). D. Hannikainen re-
duced and analyzed Molonglo Observatory
Synthesis Telescope (MOST) and Australia
Telescope Compact Array (ATCA) data. The
principal results to emerge from these stud-
ies was the discovery of a signi�cant amount
of linearly polarized radio ux during the jet
ejections and radio aring episodes in
GROJ1655{40, and the discovery of a ar-
ing episode which occurred simultaneously in
the radio, soft and hard X-rays in GX339{4
which strongly suggested the outowing of
matter from the system.

Figure The MOST 843 MHz, RXTE/ASM
2-12 keV, and BATSE 20-100 keV light curves
of GX 339-4, showing the aring episode in
all three wavelength regimes on TJD 50300.

Muhli, Hakala and collaborators at Univer-
sity of Oxford and IAC, Tenerife, examined
optical data, obtained earlier at the Nordic
Optical Telescope (NOT), of an enigmatic
radio source, GT2318+620. Earlier radio
images have revealed jet-like features around
an unresolved core. Based on radio observa-
tions and a very limited set of optical data
previous authors have classi�ed the source as
a Low Mass X-Ray Binary. However, NOT
images uncovered a very red, extended source
instead of a stellar point source suggesting
that the source might be an active radio galaxy.
On the other hand, NOT spectroscopy ex-
hibited ONLY interstellar lines in absorption
which does not favor the active galaxy sce-
nario. Further optical and infrared observa-
tions were taken by the IAC collaborators in
late 1998 to unveil the mystery of
GT2318+620.

Muhli and Hakala prepared two applications
for observing time with the NOT in order to
study three X-ray binaries with high speed
photometry and spectroscopy. Both propos-
als were granted observing time, 10 nights
in total, for 1999. One of the targets, 4U
0614+09, a neutron star binary with unknown
orbital period has exhibited periodicities be-
tween 15-30 mins in earlier observations. If
con�rmed by the forthcoming NOT observa-
tions as an orbital period the short periodic-
ity would give proof of a double degenerate
system, crucial for understanding interact-
ing binary evolution. The two other targets,
4U 1957+115 and MS 1603+2600, are both
potential black hole binaries and show dras-
tically evolving optical light curves. How-
ever, as the overall luminosity of both sys-
tems remains roughly unchanged, the varia-
tions cannot be due to changing mass accre-
tion rate. Using NOT observations and the
3D disk modelling code Muhli and Hakala
intend to study variations in the geometrical
structure of the systems.

Using NOT and ROSAT, Hakala and Vilhu
collaborated with the German group and dis-
covered a new polar RX J1015.5+0904 near
the lower period limit 80 min (Burwitz et al.
AA, 331, 262). Hakala, Muhli and Vilhu col-
laborated with D.H. Chaytor and S.L. Mor-
ris and �nished a long term program of
MS1603+2600 (using NOT and ROSAT) and
concluded that this short period binary can
be a new soft X-ray transient in quiescence
(X-ray nova) never seen in outburst.

Nevalainen has undertaken his doctoral the-
sis research work in Harvard-Smithsonian Cen-
ter for Astrophysics, Cambridge, USA, with
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William Forman andMaximMarkevitch since
September 1997. The work has included-
generating software to �t spatially resolved
ASCA X-ray temperature data, combined with
ROSAT X-ray imaging data of clusters of
galaxies with hydrostatic mass models. The
aim is to �nd out dark and baryonic mat-
ter distributions in clusters. The data of
the A401 and A3571 clusters have been suc-
cessfully �t using this software, and �ts for
clusters A85, A539 and AWM4 are currently
being run. The essential result is that the
ASCA spectroscopy reveals that in most clus-
ters the intracluster gas temperature declines
with increasing radius, contrary to earlier
isothermal assumptions, and that the masses
derived are consequently signi�cantly smaller
than what was thought before. This im-
plies that the value of the cosmological mat-
ter density parameter would be smaller than
what the cluster analysis gave prior to ASCA
data, in strong conict with Einstein-de Sit-
ter universe.

Nevalainen and Roos from the Physics De-
partment of the University of Helsinki stud-
ied the metallicity e�ect of LMC calibrated
Period-Luminosity relation of Cepheid vari-
able stars. Combining all the available data
(mainly Hubble Telescope measurements of
galaxy and supernova magnitudes, galaxy ve-
locities and galaxy metallicities) Nevalainen
and Roos determined the value of the metal-
licity coeÆcient, which describes quantitavely
how the Cepheid metallicity a�ects the ob-
served galaxy distances. With this method,
previously very discrepant Hubble constant
values were brought into agreement (A&A
339, 7).

Vilhu, Muhli, Huovelin, Hakala, S.M. Rucin-
ski and A. Collier Cameron (AJ 115, 1610)
used the Hubble Space Telescope and found
bimodal line pro�les of the transition region
CIV 1549 line in quiescence (indicative of
microaring) and detected several impulsive
ares in the young star AB Doradus.

Vilhu and Huovelin collaborated with the
french-US group (Durouchoux, Grindlay, Bally
et al.) and conducted a multiwavelength study
(including SEST) of the new black hole can-
didate EXS 1737.9-2952 and carefully mapped
its surroundings (Durouchoux et al. ApJ
507, 781).

Vilhu was a co-editor (with N.J. Westergaard
and R. Svensson) of the proceedings of the
Nordic Conference in High Energy Theoreti-
cal Astrophysics (Physica Scripta T77, 1998)

where several papers of the group members
can be found.

Observing runs

Hakala visited the Nordic Optical Telescope
twice (March and June). Four di�erent ob-
serving programs were carried out during these
visits.

Hannikainen and S. Corbel (CEA, Saclay,
France) visited the Swedish-ESO Submillime-
tre Telescope (SEST) in February 1998 and
conducted two observing runs, mappingmolec-
ular clouds associated with Galactic X-ray
and gamma-ray sources.

Huovelin, Vilhu, et al. obtained BeppoSAX
X-ray satellite observations (30000 seconds
of observing time) of the gamma/X-ray tran-
sient EXS 1737.9-2952 near the Galactic Cen-
tre in April, 1998. Preliminary studies of
these observations revealed previously undis-
covered distribution of X-ray emission en-
hancements in the observed �eld, which are
currently under more detailed study by the
team (A&A, in preparation).

Huovelin and Ph. Durouchoux (CEA, Saclay,
France) visited the SEST in March 1998, and
conducted mapping of e.g. the SS 433 region
at 115 GHz and 230 GHz (CO-lines).

Muhli continued his long-term program for
photometric monitoring of the optical coun-
terparts of X-ray binaries at Mets�ahovi Ob-
servatory, Kirkkonummi, attaining a total of
seven nights in 1998.

Conferences and other visits

Hakala visited the Oxford University, the
Mullard Space Science Laboratory and Le-
icester University for a two-week visit to dis-
cuss scienti�c projects in June 1998. Hakala
attended the Annapolis magnetic CV work-
shop in July, the XMM workshop at ESTEC
in September, and the NOT-OPC meeting
on La Palma in December.

Hakala and Muhli visited their collaborators
at the University of Oxford in November for
a scienti�c colloquium.

Hannikainen gave a talk at the 2nd Galac-
tic Sources with Relativistic Jets Workshop
hosted by the Open University, Milton Keynes,
in April 1998, attended the workshop on High
Energy Processes in Accreting Black Holes,
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Gr�aft�avallen, Sweden, in July, and in Decem-
ber participated both at the Second Work-
shop on Relativistic Jet Sources in the Galaxy
and the 19th Texas Symposium on Relativis-
tic Astrophysics and Cosmology, both in Paris,
France.

Hannikainen visited her collaborators at the
University of Sydney in August 1998 to con-
tinue the reduction and analysis of radio data.

Huovelin andAlha participated in the COSPAR
meeting of the Finnish Space Scientists in
Kiljava, 14th September 1998, where Huovelin
presented a talk on High energy Astrophysics
at the University of Helsinki.

Hannikainen and Muhli attended the 19th
Texas Symposium on Relativistic Astrophysics
and Cosmology, Paris, France.

Vilhu gave talks in the AAS meeting in May
(San Diego), Accreting Black Hole workshop
in Sweden (July) and Relativistic Jet sources
workshop in December (Paris) and partici-
pated with a poster in the 3rd INTEGRAL
workshop in September (Tormina). He also
acted as a member in the organizing commit-
tees of the IAU Commission No. 42 'Close
Binaries' and Division XI 'High Energy As-
trophysics and Space Astronomy', as well as
in the NORDITA Astrophysics sub�eld com-
mittee.
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Planetary Research Group

The planetary research group (PRG) has con-
tinued research work in its two main �elds:
light scattering and radiative transfer. In
both cases the PRG has been studing speci�c
applications and possibilities for generaliza-
tion of the existing methods. One impor-
tant question has been to explain two long-
standing observational ubiquitous phenom-
ena in planetary photometry. Atmosphere-
less bodies (moons, asteroids and comets)
and the Zodiacal light all show a nonlinear
rapid increase in brightness towards the ex-
act backscattering geometry i.e. the plan-
etary opposition. Also, linear polarization
of these objects always shows the same pat-
tern being negative at small phase angles,
changing sign at about 20 degrees and reach-
ing maximum close to 90 degrees. Although
these phenomena have been known for decades
no quantitative and physically plausible ex-
planation has been been o�ered. Our sys-
tematical study on light scattering has shown
that both solid irregularly shaped particles
and tightly packed aggregates can almost au-
tomatically produce these phenomena. Our
light scattering code carries out these com-
putations in compact and versatile way.

Interestingly enough exactly the same meth-
ods can be used for various technologically
important mundane problems. The PRG has
actively participated in paint and paper in-
dustry research. With our existing code we
can, among other things, explain how small
pigments should be distributed in paints and
how the best paper quality can be achieved
with a proper selection of coating pigments.

Radiative transfer approach is a fundamen-
tal tool in studing reection properties of
planetary bodies. Once proper observations
exist the data can be inverted to yield phys-
ical informaton on the structure of the re-
golith, i.e. the loose dust layer covering the
surfaces of most solid atmosphereless objects.
The PRG has been able to generalize the
classical theory of radiative transfer into the
case where the interface of the layer is a
stochastically rough surface.

Lumme participates in the Mars
Express{ space project at a Co.I- status. His
task will be to use the state-of-the-art meth-
ods of light scattering in order to derive in-
formation on the Martian dust and clouds.
These problems are also closely connected to
various green house and Sahara sand ques-
tions.

Lumme and Piironen are among the roughly
ten international experts who participate in
the light scattering experiment under micro-
gravity on board the International Space Sta-
tion (ISS). To sup port this experiment and
the ongoing basic research in light scatter-
ing and radiative transfer work the PRG is
currently carrying out a feasibility study on
building both a goniometer and a scatterom-
eter for further testing of the theories. These
instruments would be the only existing ones
in whole Scandinavia and could also bene�t
industrial research in the �eld.

Piironen defended his PhD Dissertation 'Pho-
tometry of asteroids at small phase angles
with related laboratory measurements', Pro-
fessor Lumme acted as custos and Dr. Al-
berto Cellino, Osservatorio Astronomico di
Torino, as opponent. Ker�anen �nishes her
MSc degree .

Visits and observing runs

Piironen acted the whole year 1998 as an
detached national expert in European Com-
missions Space Application Institute, Ispra,
Italy. He worked as a group leader of Euro-
pean Goniometric Facility (EGO). Ker�anen
visited EGO to provide photoklinometric data
of di�erent rough surfaces with varying gaus-
sian statistics.
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Stellar{Planetary

Astronomy Group

Numerous NEOs (Near{Earth Objects), near{
Earth asteroids and comets, orbit the Sun in
the neighborhood of the Earth. The vast
majority of these objects are unknown to us.
These celestial bodies can be remnants of the
early solar system material, from which the
Earth and the other planets were formed,
and some can be either active, coma{covered
or dormant asteroidal comets.

NEOs are an important research topic be-
cause of several reasons. They can provide
us essential information about the origin and
early evolution of the solar system. Know-
ing the NEO population is of utmost im-
portance when interpreting the cratered sur-
faces of the Earth and the Moon. NEOs im-
pose a signi�cant impact hazard upon the
Earth; the Jupiter{impact by Comet Shoe-
maker Levy 9 in summer 1994 proved that
cosmic impacts take place in the present evo-
lutionary phase of the planetary system.
NEOs can be important future resources of
ore minerals, and they are excellent targets
for space missions: Rosetta, one of ESA's
(European Space Agency) cornerstone mis-
sions, will be launched to study Comet
P/Wirtanen, which is a near{Earth comet
on a highly chaotic orbit.

Near{Earth asteroids and comets are small
bodies of the planetary system with orbital
perihelia less than 1.3 AU from the Sun (AU
is the distance between the Sun and the Earth).
On average, one 1 km comet passes between
the Earth and the Moon per century, and
one impacts the Earth or the Moon every
few hundred thousand years. Several 100 m
{ 1 km asteroids pass between the Earth and
the Moon every year.

The young stellar-planetary astronomy
-project (SPA) started its activities in the
beginning of 1998. The overall goal of the
SPA is to gain new insights into the phe-
nomena and collective properties of late-type
stars and planetary systems. Currently, SPA
covers a wide spectrum of research areas that,
to name a few, consists of

� theoretical and experimental physical
studies of electromagnetic scattering
by small particles and media thereof,

� photopolarimetric observations and
lightcurve analyses of near-Earth and
main-belt asteroids,

� orbit determination and collision prob-
ability analyses of near-Earth aster-
oids,

� Hamiltonian dynamics of n-body sys-
tems, time series analyses applied to a
multitude of scienti�c problems,

� surface imaging of late-type stars

See more detailed information from the SPA
page in the server:

http://albedo.astro.helsinki.fi/.

Muinonen (1998) published the �rst applica-
tion of the so-called Gaussian random sphere
to the modeling of the shapes of asteroids
and cometary nuclei. The Gaussian random
sphere was reviewed in detail, and exemplary
lightcurves were computed for sample Gaus-
sian asteroids. Intriguingly �ne lightcurve
details showed up in the computations that
partly explained the increase of the asteroid
lightcurve amplitudes with increasing solar
phase angle.

Figure Sample Gaussian sphere

Nousiainen andMuinonen (1999) applied the
Gaussian random sphere to model the ir-
regular shapes of oscillating raindrops and,
indeed, were the �rst to study light scat-
tering by oscillating raindrops in the visi-
ble domain of the electromagnetic spectrum.
Muinonen and Saarinen (1999) established
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the stochastic geometry of the Gaussian ran-
dom cylinder, completing their earlier work
(Muinonen and Saarinen 1996), and published
the ray optics approximation for computing
light scattering by such cylinders.

Lamberg (article under preparation with
Muinonen and others) provided a maximum
likelihood estimator for solving the inverse
problem of deriving the statistical param-
eters of the Gaussian random sphere from
sample shapes. By making use of existing
three-dimensional shape models of asteroids
and planetary satellites and extending the
work by Lamberg et al.,Muinonen and Lager-
ros (1998) succeeded in describing the shapes
of small solar system bodies with a small
number of statistical parameters. Their sta-
tistical model promises to be applied in nu-
merous simulations of the physics of small
solar system bodies (see back page of this
annual report).

Battaglia et al. (1999) computed light scat-
tering by Gaussian particles in the Rayleigh-
ellipsoid approximation. They developed a
new method for describing the shapes of ir-
regular particles with ellipsoids: the so-called
best-�t ellipsoid is the one that maximizes
the common volume of the particle and the
ellipsoid. Extensive light scattering simu-
lations were carried out, and the Rayleigh-
ellipsoid approximation turned eÆcient in the
computation of scattering by elongated par-
ticles.

At an international meeting on Light Scat-
tering by Nonspherical Particles, Muinonen
(1998) gave an invited presentation on light
scattering by stochastically shaped particles
and, subsequently, wrote a review chapter
for a book soon to be published by Academic
Press.

Piironen et al., (1998) published single-particle
albedo measurements of several types of me-
teorite particles. The measurements were
carried out at the Institute of Technical Ther-
modynamics (DLR, Stuttgart) by making use
of novel technique based on electrodynamic
levitation of small particles (technique paten-
ted in Germany with Muinonen and Piiro-
nen among participants). Piironen et al.
(1999) published the �rst experimental re-
sults on the opposition e�ect of various snow
samples. It appears that coherent backscat-
tering (Muinonen 1994, and references therein)
can explain the observed narrow peaks close
to the backscattering direction.

Shkuratov et al. (1998) published a paper on
the diagnostic sense of the opposition e�ect

of solid planetary surfaces, making use of re-
cent snow measurements by Piironen et al.
(1999). In order to study shadow-hiding in
porous particulate media, Muinonen (1999)
extended the ray optics computations to clus-
ters of Gaussian random particles. The �rst
results showed the gradual strengthening of
shadow-hiding e�ect with increasing number
of member particles in clusters. Stankevych
et al. (1999) completed an extensive study of
the shadow-hiding e�ect in inhomogeneous
layered particulate media. The results o�er
important insight into understanding the op-
position e�ect of airless solar system bodies.

Muinonen participated in the ESA Topical
Team on Interactions in Cosmic and Atmo-
spheric Particle Systems that designed ex-
tensive experiments aboard the future Inter-
national Space Station (Blum et al. 1998).
Worms et al. (1999) worked on lidar imag-
ing of small to medium-sized space debris in
low-Earth orbit.

For his invited talk on the discovery of
Tunguska{sized bodies in the Spaceguard Sur-
vey of near-Earth objects at the International
Workshop Tunguska'96 in Bologna, Italy,
Muinonen (1998) carried out discovery and
follow-up simulations for small Earth-crossing
asteroids, down to the diameter of 10 m,
reaching substantial conclusions about the
discovery biases for various classes of near-
Earth objects. These simulations will help
design eÆcient groundbased and spaceborne
search programs for near-Earth objects in
the visible and infrared regime of the elec-
tromagnetic spectrum.

The near-Earth asteroid 1997 XF11 made the
news media headlines in spring 1998 as it was
suggested that a collision with the Earth in
October 2028 could not be ruled out with the
existing astrometric data. Muinonen (1999)
participated in the vivid discussion about
the collision probability (with interviews by
Science and Nature scienti�c journals) and
showed, using rigorous statistical methods,
that the collision probability was, in fact,
vanishingly small. The aforedescribed arti-
cle culminated from two invited lectures by
Muinonen on near-Earth asteroid searches
and orbit determination at an international
Advanced Study Institute in July 1997
(Maratea, Italy). In the resulting volume en-
titled The Dynamics of Small Bodies in the
Solar System (Kluwer Academic Publishers),
Muinonen and Milani (1999) coordinated an
important Section on near-Earth objects.
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Figure Impact parameter distribution for the
near{Earth asteroid 1997 XF11 during the
2028 close encounter.

The following abstracts coverJetsu's research
activities during 1998. The 4th paper re-
ports the research carried by the 11 students,
who attended and passed the docent lectures
\Time series analysis in astronomy", which
were presented at the Observatory in spring
1998.

Jetsu, Pelt, and Tuominen analysed Stan-
dard Johnson UBVRI photometry of V1794
Cyg (HD199178) between 1975 and 1995. In-
stead of the traditional constant period
ephemeris, we determine the seasonal peri-
odicities (Pphot) and the primary and sec-
ondary minima epochs (tmin;1, tmin;2) of the
normalized UBVRI magnitudes using the
three stage period analysis (TSPA) and com-
plementary methods. Our tmin;1 and tmin;2

estimates with variable Pphot can adapt eas-
ily to both di�erential rotation and longitu-
dinal activity migration. The seasonal Pphot
are utilized in modelling the mean (M) and
total amplitude (A) of contemporary light
curves in UBVRI. TSPA reveals that the long{
term M and A changes of V1794 Cyg are
unpredictable. We search for active longi-
tudes from the tmin;1 and tmin;2 series of time
points with nonparametric methods. The
critical level of 0.0029 for the best 3:d3175
period detected with the Kuiper method is
high, but exceeds the 0.001 signi�cance for
rejecting the hypothesis that the phases of

tmin;1 and tmin;2 are randomly distributed.
The activity centres in V1794 Cyg are rarely
disrupted, and most probably undergo con-
tinuous longitudinal migration, because only
one abrupt disruption is observed during 20
years. As for di�erential rotation, the irregu-
lar changes of seasonal Pphot are 7.5%. The
surprisingly regular 3.3% changes of yearly
Pphot may provide a stellar analogy of the so-
lar \buttery" diagram. (Jetsu, Tuominen,
and Pelt, 1998).

Jetsu and Pelt generalized the multistage pe-
riod search and analysis method for the case
when the data error estimates (i.e. statis-
tical weights) are available. Adjustment of
model parameters allows us to detect com-
plex wave forms in noisy data. Complemen-
tary statistical tests are also presented to es-
timate the signi�cance of the detected peri-
odicities, to verify the modelling reliability,
and to separate real periodicities from spuri-
ous ones. The application of these methods
is illustrated on di�erent samples of real pho-
tometric data.(Jetsu and Pelt, 1998)

Jetsu, Tuominen, Bopp, Ezhkova, Grankin,
Hackman, Heckert, and Ibragimo combined
six years of new photometry of V1794 Cyg
is combined with the previously published
data. These data are processed into two
decades of homogeneous standard Johnson
UBVRI photometry, which contains 1207, 1837,
1927, 867 and 75 observations in U, B, V, R
and I, respectively. (Jetsu et., 1998).

Kahanp�a�a, Jetsu, Alha, Ezhkova, Grankin,
Hackman, Ibragimov, Kokko, Kondratiev,
Laakso, Lindroos, Mel'nikov, Nikula, Schultz,
Shevchenko, Torppa, Tuominen, Tyynel�a and
Virtanen accomplished time series analysis
of V368 Cep photometry that ascertains the
rotation period of 2:d74 uniquely. The mani-
festations of starspot induced luminosity vari-
ations in this chromospherically active star
include rapid light curve changes and di�er-
ential rotation of about 3%. We conclude
that the single rapidly rotating variable V368
Cep is a high inclination K1V post T Tauri
star. (Kahanp�a�a et., 1998).

Jetsu and Pelt presented a simple solution to
the controversy over periodicity in the ages
of terrestrial impact craters or the epochs of
mass extinctions of species. The �rst evi-
dence for a 28.4 million year cycle in catas-
trophic impacts on Earth was presented in
1984. Our re-examination of this earlier
Fourier power spectrum analysis reveals that
the rounding of the impact crater data dis-
torted the Monte Carlo signi�cance estimates
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obtained for this cycle. This conclusion is
con�rmed by theoretical signi�cance estimates
with the Fourier analysis, as well as by both
theoretical and Monte Carlo signi�cance es-
timates with the Rayleigh method. We also
apply other time series analysis methods to
six subsamples of the currently available more
extensive impact crater record and one sam-
ple of mass extinction epochs. This analy-
sis reveals the spurious \human signal" in-
duced by rounding. We demonstrate how
the interference connected to data rounding
enhances such arti�cial periodicities between
10 and 100 million years. Only integer peri-
odicities connected to irregular multimodal
phase distributions reach a signi�cance of
0.001 or 0.01. We conclude that there is no
real periodicity in the ages of terrestrial im-
pact craters, nor in the epochs of mass ex-
tinctions of species. (Jetsu and Pelt, 1998).

Hackman continued investigating spot activ-
ity of late type stars. The work concentrated
on the FK Comae type stars FK Com (Ko-
rhonen et al. 1998) and V1794 Cyg (Hack-
man et al. 1998). With the surface imag-
ing method surface temperature maps of the
stars were calculated. The main feature in
the maps are long-lived high-latitude spots.
New data for the continuation of this re-
search was retrieved in July and October
1998 using the SOFIN high resolution spec-
trograph of the Nordic Optical Telescope, La
Palma.

Collaboration

SPA collaborated, in particular, with the As-
tronomical Observatory, Uppsala University
(Sweden), the Astronomical Observatory,
Kharkov State University (Ukraine), Low-
ell Observatory (Flagsta�, Arizona), and the
Department of Mathematics, University of
Pisa (Italy). In Finland, SPA collaborated
with the Department of Meteorology (Uni-
versity of Helsinki), the Department of Physics
(University of Helsinki), Tuorla Observatory
(University of Turku), and with the Finnish
Geodetic Institute. As for industrial appli-
cations of the light scattering work, SPA col-
laborated with ABB Corporate Research
(Vaasa, Finland).

Conferences attended

Muinonen attended the General Assembly
of the European Geophysical Society giving
two oral presentations (the other one invited)
and as co-author in one more oral presen-
tation (April 1998, Nice, France). By invi-
tation, Muinonen attended the International
Seminars on Planetary Emergencies (August
1998, Erice, Italy), where he gave a work-
shop presentation on how to compute colli-
sion probabilities for near-Earth objects. He
gave a poster presentation at the meeting en-
titled Astrophysics with the NOT (August
1998, Turku, Finland) and participated in
the National COSPAR-meeting (September
1998, Kiljavanranta, Finland) with an oral
presentation and as co{author in a poster
presentation.

Muinonen attended the Conference on Light
Scattering by Nonspherical Particles: The-
ory, Measurements, and Applications giving
an invited talk and as co-author in an addi-
tional poster presentation (September 1998,
New York City, New York) and the Annual
Meeting of the Division for Planetary Sci-
ences of the American Astronomical Society
giving an oral presentation and as co-author
in one more oral presentation (October 1998,
Madison, Wisconsin). In between the two
meetings, Muinonen visited Lowell Observa-
tory to give a colloquim and to collaborate
with E. Bowell on asteroid orbit determina-
tion problems and on LONEOS (Lowell Ob-
servatory Near-Earth-Object Search. See for
details web servers:

http://www.lowell.edu

page

users/elgb/abstract vulcano 1995.html ).

Observing runs at di�erent ob-

servatories

Hackman visited Nordic Optical Telescope
(NOT) continuing several times the spectro-
scopic observations of cool stars. Piironen
and Muinonen carried out photopolarimet-
ric observations of near-Earth and main-belt
asteroids were carried out on several occa-
sions at the Nordic Optical Telescope on La
Palma, Canary Islands (NOT).
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Degrees earned

Muinonen acted as Advisor to the PhD the-
sis by Piironen (PRG and SPA). He further
Co-Advised the PhD thesis by Lagerros at
Uppsala University, and advised the M.Sc.
thesis by Ker�anen (PRG) at the University
of Helsinki.

Patents

Patent Nr. 196 10 438 in Germany enti-
tled \Verfahren und Vorrichtung zur Bes-
timmung der Lichtabsorption eines beliebig
geformten Partikels" by Dr. Christian Sasse,
Dr. Karri Muinonen, Mr. Jukka Piironen,
and Mr. Hermann Spegassner, M�unchen,
1998 November 26.

22



Other Activities

University Almanac OÆce

The University Almanac OÆce was estab-
lished at the end of 1994, when the old priv-
ilege of Helsinki University to publish cal-
endars and almanacs in Finland was abol-
ished. The Almanac OÆce has a sta� of
two astronomers, one docent and one Can-
didate of Science.The Almanac OÆce serves
all publishers who wish to make calendars
in Finland from school classes to the biggest
publishing houses. The Almanac OÆce is re-
sponsible for the University Almanac, which
is a yearly Finnish best-seller with a print-
run of about 300 000 copies. The OÆce also
computes local times for sunrise and sunset
for over 100 newspapers, local radio stations
and airports in Finland. The University Al-
manac OÆce is situated at the Observatory
and works in close cooperation with the as-
tronomers, but it is administrationally part
of Helsinki University Development Services.

The Almanac OÆce opened its Web pages
at the end of 1998 at the address:

http://almanakka.helsinki.fi/

The Almanac OÆce took part in new deci-
sions concerning Finnish calendars in 2000.
The leap day will be moved to February 29
from its present date of February 24 (the
date that was selected by Julius Caesar in
46 B.C.).

Commitments

Oja continued as National Representative of
Finland in IAU Commission 46, Teaching of
Astronomy.

Oja became Almanac Chief in the University
Almanac OÆce that was established in 1994
and Managing Editor of the new informa-
tion leaet of the Almanac OÆce, Kalenteri-
maailman kuulumisia (News of the Calendar
World) that was started in 1998.

Teaching activities

Nearly all of the research sta� of the Ob-
servatory take part in teaching, and a wide
range of subjects is covered. The main pur-
pose of teaching, beside the basic courses, is
to train researchers in astronomy. About 100

students attended the introductory astron-
omy courses in 1993, and there were about
10 graduate students. Most graduated stu-
dents continue to the PhD degree, and most
of them participate in the research of the Ob-
servatory's research groups.

The low number of vacancies in astronomy
restricts the number of main subject stu-
dents. But astronomy is a useful minor for
school teachers, and the subject's general in-
terest boosts the number of participants in
the basic courses. The basic course in astron-
omy is taught also in the Helsinki Summer
University by the same teachers as in the
University proper, and the summer course
has attracted both younger and older people
than the winter courses.

Lecture series given in 1998 (in Finnish)

� Approbatur{level

� Universe Now (H. Oja)

� Fundamentals of Astronomy (H. Oja)

� Basics of Observational Astronomy (T.
Hackman, J. Harju, and J. Huovelin)

� Cum Laude{level

� Introduction to Theoretical Astrophysics
(O. Vilhu)

� Galaxies and Cosmology (K.J. Don-
ner)

� Physics of Solar System (K. Lumme)

� Laudatur{level

� Time Series Analysis in Astronomy (L.
Jetsu)

� Electromagnetic RadiationMechanisms
(K. Muinonen)

� Advanced Course of Observational As-
tronomy : Methods of Radio{ and In-
frared Astronomy (K. Mattila)

� Laudatur{seminar (P. Hakala, J. Harju,
and K. Muinonen)
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� Seminar in Interstellar Matter and For-
mation of Stars (J. Harju and K. Mat-
tila)

� Seminar in High{Energy Astrophysics
(J. Huovelin)

� Seminar in Planetary Astronomy (K.
Lumme)

� Seminar in Light Scattering (K. Lumme)

� Seminar in Asteroid, Comet and Plan-
etary System Research (L. Jetsu and
K. Muinonen)

Publications in 1998

Scienti�c monographies

Lehtinen, Kimmo K.: Studies of dust and
starformation in globules. Dissertation. Re-
port 1/1998, Observatory, University of
Helsinki.

Piironen, Jukka: Photometry of asteroids at
small phase angles with related laboratory
measurements. Dissertation. Helsinki : Uni-
versity of Helsinki, 1998. Report 2/1998,
Observatory, University of Helsinki.

Articles and conference papers

in refereed journals

Burwitz, V., Reinsch, K., Schwope, A.D.,
Hakala, P.J., Beuermann, K., Rousseau, Th.,
Thomas, H.-C., G�onsicke, B.T., Piirola, V.,
and Vilhu, O.: A new ROSAT discovered po-
lar near the lower period limit:RX J1015.5+0904
in Leonis. Astron. Astrophys. 331(1998):
262-270

Durouchoux, Ph., Hannikainen: Galactic radio-
jet sources. (Proceedings of the Nordic sym-
posium in theoretical high energy astrophysics
: use of the Spectrum X-Gamma and IN-
TEGRAL missions, Copenhagen, Denmark,
September 14-16, 1997.) Physica scripta T77
(1998), 75.

Durouchoux, P., Vilhu, O., Corbel, S., Wal-
lyn, P., Dwarakanath, K.S., Chapuis, C.,
Huovelin, J., Corbel, S., Anantharamaiah,
K. R.., Grindlay, J., Park, Y.S., Bally, J.,
Mahoney, W.: Multiwavelength observation
of a new black hole candidate: EXS 1737.9-
2952. Astrophys. J. 507 (1998): 78 -793.

Garay, G., K�uhnenkamp, I., Tyler, I., Bourke,
L., Rodriguez, L.F., and Lehtinen, K.K.: Molec-
ular abundance enhancements in the highly
collimated bipolar outow BHR 71. The As-
trophysical Journal 509 (1998): 768-784.

Haas, M., Lemke,D., Stickel, S., Hippelein,
H., Kunkel,M., Herbstmeier, K., and Mat-
tila, K.: Cold dust in the Andromeda Galaxy
mapped by ISO. Astron. Astrophys. 338
(1998): L33-L36.

Hakala, P. J., Chaytor, D. H., Vilhu, O.,
Piirola, V., Morris, S. L., and Muhli, P. Op-
tical and X-ray study of MS1603+2600. As-
tron. Astrophys. 333 (1998): 540-546.
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Hannikainen, D. and Durouchoux, Ph.: Su-
perluminal radio-jet X-ray sources: binary
systems? (Proceedings of the Nordic sympo-
sium in theoretical high energy astrophysics
: use of the Spectrum X-Gamma and IN-
TEGRAL missions, Copenhagen, Denmark,
September 14-16, 1997.) Physica scripta T77
(1998), 82-83.

Hannikainen, D., Hunstead, R.W., Campbell-
Wilson, H., and Sood, R.K.: MOST radio
monitoring of GX 339-4. Astron. Astrophys.
337 (1998): 460-464.

Harju, J., Lehtinen, K., Booth, R.S.,
Zinchenko, I.I.: A survey of SiO emission
towards interstellar masers. I. SiO line char-
acteristics. Astron. Astrophys. Suppl. Ser.,
132 (1998): 211-231

Herbstmeier, U., Abraham, P., Lemke, D.,
Laureijs, R. J., Klaas, U., Mattila, K., Lein-
ert, C., and Surace, C.; Kunkel, M.: Small-
scale structures in the far-infrared background.
Astron. Astrophys., 332 (1998): 739-747.

Juvela, M.: Clumpy cloud models for CS
and C34S spectra observed towards southern
massive star forming cores. Astron. Astro-
phys. 329 (1998): 659-682.

Juvela, M.: Interstellar extinction and its re-
lation to the three-dimensional cloud struc-
ture. Astron. Astrophys., 338 (1998): 723-
728.

Lagerkvist, C.-I. Belskaya,I., Erikson, A.,
Schevchenko, V., Mottola, S. Chiorny, V.,
Magnusson, P., Nathues, A., and Piironen,
J.: Physical studies of asteroids: XXXIII.
The spin rate of M-type asteroids. Astron.
Astrophys. Suppl. Ser. 131 (1998): 55-62.

Laitinen, H. and Lumme, K.: T-matrix
method for general star-shaped particles: �rst
results. Journal of Quantitative Spectroscopy
and Radiative Transfer 60 (1998): 325-334.

Lapinov, A.V., Schilke, S.,Juvela, M., and
Zinchenko, I.I: Studies of dense cores in re-
gions of massive star formation VI. Multi-
transitional CS and CO observations of G
261.64-2.09, G 268.42-0.85, G 270.26+0.83
and G 301.12-0.20. Astron. Astrophys. 336
(1998): 1007-1023.

Leinert, Ch., Bowyer, S., Haikala, L.K., Han-
ner, M.S., Hauser, M.G., Levasseur-Regourd,
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