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Editorial

Omnium rerum principia parva
sunt.

Marcus Tullius Cicero, philo-
sopher and politician in ancient
Rome, knew that the beginning
of all things is inconspicuous. This
is also true for Spatium, whose
50" issue we are proud and pleased
to present to you today. This an-
niversary gives us an opportunity
to pause a little and remember with
gratitude the personalities whose
visions laid the foundation for the
exact sciences in Bern and thus
also for the ISSI. With their excit-
ing “Cosmographia Bernensis”,
Anuschka Pauluhn and Andreas
Verdun present this history on the
following pages.

The beginning of our Spatium is
also inconspicuous. We find this
beginning in a brief remark made
by Peter Creola at the meeting of
the ISSI Foundation Board in
autumn 1997, pointing out that
although the Institute’s scientific
publications have gained a great
deal of resonance in the inter-
national research community, this
does not give ordinary citizens ac-
cess to the Institute’s programmes.
With a popular science publica-
tion, ISSI should give the inter-
ested layperson an insight into
the fascination of space research.
Johannes Geiss immediately took
up this idea, appointed Hansjorg
Schlaepfer as editor and also of-
fered him to write the content for
the first issue. The name Spatium
was to be the programme, a name
that would briefly stand for the
broad horizon intended of the new
publication.
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With his report “Entstehung des
Universums”, Johannes Geiss had
provided Spatium with momentum
and appeal, and so it was easy for the
editor to invite other prominent
scientists to give lectures for Pro
ISSI and thus guarantee the further
success of Spatium. The first issues
appeared in German because the
Swiss audience was the main focus
at the time; however, it soon be-
came apparent that the publication
could also appeal to the growing
number of scientists from all over
the world who visited ISSI. There-
fore, Spatium soon switched to Eng-
lish. A largely unnoticed moment
in the history of Spatium came when
ISSI Beijing launched the first issue
of Taikong, a sister publication, so to
speak, with similar objectives as
Spatium. Furthermore, issue 41 in
May 2018 marked a significant
milestone when a newly assembled
editorial team of three presented
their first Spatium.

Spatium has now become an inte-
gral part of ISSI’s publications, and
one can note with satisfaction that
it successfully brings the allure of
space research to a wider audience
and hopetully also helps facilitat-
ing the entry of a younger gener-
ation of researchers into this scien-
tific field, which is so important
for Switzerland. My heartfelt
thanks go to all those who contri-
bute to the success of Spatium, to
the speakers presenting their fields
of activity with great enthusiasm
and to the many readers around the
world, whose interest is the raison
d’étre of Spatium.

Hansjorg Schlaepfer
Brissago, October 2022
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Title Caption

Comet Donati at its 1859 appearance
observed in the evening sky over
Bern. Drawing by R. Kiener, 1859.
(Credit: AIUB)



Cosmographia Bernensis
ISSI’s place in the history of Bernese cosmography

Anuschka Pauluhn and Andreas Verdun

The term cosmography was coined
during the 16th century, particu-
larly by the works of Peter Apian
(1495—1552) and Sebastian Miin-
ster (1488—1552). It has two distinct
meanings: traditionally it has been
the protoscience of mapping the
general features of the Cosmos,
i.e., Heaven and Earth; more re-
cently, it has been used to describe
the ongoing effort to determine
the large-scale features of the ob-
servable Universe. Similarly, the
research at the International Space
Science  Institute  (ISSI)  is
interdisciplinary including all
fields of research to describe the
“Cosmos” observed from Earth
and from space. ISSI is situated in
Bern since its foundation in 1995.
This happened not by chance.
Bernese cosmography has a long-
lasting tradition. The goal of this
50" issue of Spatium is to outline
ISSI’s place in the history of
Bernese cosmography.

1. Early modern science
in Bern

The disciplines of early modern ex-
actscience associated with cosmog-
raphy, e. g., astronomy, geodesy, and
mathematics, were not yet estab-
lished on a sophisticated level in
Bern from the 16th to the middle
of the 18th century. Astronomy was
still intertwined with astrology,
“geodesy” was limited to survey-
ing, and mathematics did not ex-
ceed fundamentals in arithmetic, al-
gebra, and geometry. Scientific
activity consisted, if at all, of adopt-
ing established main stream knowl-
edge. Writings printed in Bern or
published by Bernese authors com-
prised almanacs and calendars,
mostly mixed with astrological
prognostics, broadsheets on celes-
tial phenomena as rainbows, halos,
comets, and bright meteors, as well

as arithmetic school books and trea-
tises on commercial computing.
There are, however, some few out-
standing works relevant for the his-
tory of Bernese cosmography. In
1556, Benedicht Marti (1522—-1574),
also named “Aretius”, published his
“Brevis cometarum explicatio” (Fig-
ure 1). He studied theology, botany,
mathematics, and astronomy, and
was a student of Johannes Dryander
(1500—-1560), a famous manufac-
turer of astronomical instruments.
His library, containing works by
Nicomachus, Sacrobosco,
Regiomontanus, Peter Apian, and
Orontius Fineus, is still preserved
in the University Library of Bern.
The “Brevis cometarum explicatio”
is one of the first catalogues of com-
ets ever published. Therein, Marti
describes 72 appearances of comets
as well as his own observations of
comets, sometimes recorded in his
own hand.

Fig. 1: Title page of “Brevis co-
metarum explicatio”, published in
1556 by Benedicht Marti (Aretius) in
Bern. (Credit: UB Bern, MUE H
XXVII 332)
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Fig. 2: Engraved large copper plate added to the treatise “Der bedenckliche
Janus”, published in 1665 by the Bernese printer and publisher Georg Sonn-
leitner. It shows the path of the comet of 1664/65 through the constellations as
well as a halo phenomenon. (Credit: UB Bern, MUE Rar alt 4452:2)
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Fig. 3: Title page of the
1741 German edition of
Maupertuis’s “Figure of
the Earth”, translated by
Konig. (Credit: Library
of A. Verdun)

Fig. 4: Theodolite used
by Tralles for measuring
the mountains of the
canton of Bern.

(Credit: UB Bern,
MUE H I 147)

Even in the 17th century, comets
were still considered as scary phe-
nomena often described with bad
connotations and astrological in-
terpretations. Also the comet of
1664/65, as described in the book
titled “Der bedenckliche Janus”
and published in 1665 by the
Bernese printer and publisher
Georg Sonnleitner, was attributed
with such kind of meanings. At-
tached to this book is a large en-
graved copper plate showing the
path of this comet through the
constellations along with a halo
phenomenon (Figure 2). All these
works on comets are closely related

Fig. 5: Tralles’ triangulation network for measuring the canton of Bern.

Note the baseline at Thun. South is up. (Credit: UB Bern, MUE H I 147)
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to observational astronomy. The-
oretical or mathematical astron-
omy was represented by the works
of Johann Rudolf von Graffenried
(1584-1648) and Jakob Rosius
(1598-1676). Both authors became
widely known beyond the borders
of the canton of Bern, the former
by his books on arithmetic and
particularly by his treatise “Com-
pendium Sciotericorum” pub-
lished in 1617 and (heavily en-
larged) in 1629 on the construction
of sundials and astronomical in-
struments, the latter by his numer-
ous calendars and almanacs pub-
lished yearly on a regular basis.

These works did not hide the fact
that “science” was dominated by
dilettantes at that time. The situa-
tion changed drastically during the
18th century, when mathematics
and natural philosophy became
more and more institutional disci-
plines at the University of Bern,
and when scientific work went
over to professionals. Moreover,
the driving force which pushed the
exact sciences in Bern to a high
level of research was an emerging
discipline joining both mathemat-
ics and astronomy to a new field,
namely geodesy. Triggered by the
empirical findings on the flattened
shape of the Earth resulting from
the expeditions sent to Lapland
and South America, Pierre Louis
Moreau de Maupertuis’s (1698—
1759) famous report published in
1738 in French was immediately
translated into several languages,
among others into German (Fig-
ure 3) by the son of the Bernese
theologian and mathematician
Samuel Konig Sr. (1661-1750). He
was the first full professor for math-



ematics at the University of Bern
and became well known in history
of science by his son Samuel Konig
Jr. (1712—1757), who ignited the
famous quarrel on the discovery of
the principle of least action, involv-
ing among others Maupertuis and
Leonhard Euler (1707-1783). In
1785, Johann Georg Tralles (1763—
1822) was appointed professor for
“Matheseos et Physicae Experi-
mentalis” at the University of
Bern. Four years later, in 1789, he
started with his works for survey-
ing the Bernese Alps and the can-
ton of Bern with the goal to ex-
tend these measurements for whole
Switzerland. He published his
projects and first results for a geo-
detic and topographic national sur-
vey in 1790 and the following years
(Figures 4 and 5).

Johann Friedrich Trechsel (1776—
1849), student and successor of
Tralles, continued these projects
in the framework of the “Carte de
France” initialized by the Aca-
démie des sciences. Trechsel de-
cided to establish a fundamental
place (a former ammunition depot)
in Bern used as origin for setting
up and establishing a triangulation
network which enabled visual
connections to sights situated on
Jurassic mountains. Along with the
French engineering geographers
Henry and Delcros he founded in
1812 a primary station (“Station
primaire”) on the top of the bas-
tion “Hohliebi”, which was part of
the fortification of Bern (Figures 6
and 7). The cottage may already be
identified on a city map of Bern
published in 1807 (Figure 8).

Fig. 6: Geodetic meas-

urement report docu- Fig. 7: The bastion “Hohliebi” (on the right hand side of the
menting the foundation image) as part of the fortification of Bern.
of the primary station (Credit: SNB, GS-GUGE-SCHIEL-B-2)

in 1812. (Credit: IGN,
cai48 paq2 car46)

Fig. 8: City map of Bern drawn by Bollin in 1807 showing the cottage (encircled) which
became the primary station of the geodetic national survey. (Credit: Library of A. Verdun)
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2. Bern’s

“Uraniae”
I

“Uraniae” was the name of the first
Bernese astronomical observatory
founded by Trechsel in 1822, de-
voted to the goddess “Urania”,
who was, in Greek mythology, the
daughter of Zeus by Mnemosyne
and also a great granddaughter of
Uranus, as well as the muse of
astronomy. The octagonal stone
house contained, among other as-
tronomical instruments and clocks,
a meridian circle mounted exactly
at the fundamental point defined
in 1812 by the “Station primaire”
which became the origin of the

national coordinate system used for
the Dufour map (Figure 9). The
whole western fortification was
successively removed during the
1830s so that only the observatory
remained on a hill that resulted
from the dismantling of the bas-
tion “Hohliebi” (Figures 10 and 11).

Johann Rudolf Wolf (1816—1893)
took over the observatory from
Trechsel as its new director in 1847.
Trechsel gave him a Daguerrotype
of the observatory taken in 1845
by the Bernese veterinary physi-
cian Friedrich Andreas Gerber
(1797-1872), a pioneer of photo-
graphy. It is probably the oldest
photograph ever taken of an astro-
nomical observatory building
(Figure 12). The observatory was in

Fig. 10: Map of the western part of Bern drawn by Piseux in 1838 showing the remaining
fortification with the bastion “Hohliebi” and the observatory. (Credit: StABE, AA IV 1651,1)
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a bad condition and equipped with
out-of-date instruments (Figures 13
and 14). Until his appointment to
Zurich in 1855, Wolf successfully
managed to enlarge the observa-
tory in two steps. In 1848, the ob-
servatory building was extended
along the south-west and north-
east direction, and in 1853/54,
the cupola was removed and a cy-
lindrical tower supporting a rotat-
able dome was added close to the
west side of the main building
(Figure 15). This second rebuilding

Fig. 9: The observatory “Uraniae”
shown on a lithography by Burg-
dorffer published in 1822. (Credit: UB
Bern, J1 BeM ZB Nat XI 68:1)

Fig. 11: The observatory “Uraniae”

on the top of the hill which resulted
from the dismantling of the bastion
“Hohliebi” (part of the Bernese forti-
fication) in 1844. (Credit: StABE, AA
IV 1661 [cutout from the right hand
side marginal drawing])



was caused by the need of regular
time determinations required for
the newly installed telegraph sys-
tem introduced in Bern by Stein-
heil as well as for the regulation of
the clocks mounted in the then
newly built railway station of Bern.
For that end a new meridian circle
made by Ertel in Munich was in-
stalled in the meridian hall of the
observatory. The dome housed a
refractor made by Fraunhofer and
Utzschneider in Munich. Using
this telescope Wolf observed the
sunspots systematically. In combi-
nation with the analysis of historic
observations of the Sun, he discov-
ered the 11-year solar cycle in 1853
(Figure 16).

Heinrich von Wild (1833-1902)
became appointed professor for
physics and astronomy of the Uni-
versity of Bern in 1858.

Fig. 12: Daguerrotype of the
observatory “Uraniae” made by

F. A. Gerber in autumn/winter 1845.
The view is from the west side, so that
the meridian slit is not visible.

The cupola was used as planetarium.
(Credit: Library of the ETHZ,
KGS-454-0)

Fig. 15: Ground plan of the observatory hill and the building “Uraniae” in 1848.
The two quadratic extensions to the hexagonal building can clearly be identified
on the cutout image. West is up. (Credit: StABE, AA VIII II 67a)

Fig. 13: Gregorian reflector made
by Short, London, 1764. This tele-
scope was used at the observatory
“Uraniae”. It is well preserved and
archived at the Physics Institute of
the University of Bern.

(Credit: PIUB, Photo A. Verdun)

Fig. 14: Keplerian refractor made by
Dollond, London, about 1780. This
telescope was used at the observatory
“Uraniae”. The objective lens is bro-
ken but still in its original lens mount.
This telescope is archived at the Phys-
ics Institute of the University of Bern.
(Credit: PIUB, Photo A. Verdun)

ey s
. Hes N -
x w4 g
Ay

P

Ao
lEes

R 4/ P

Fig. 16: Sunspot observations pub-
lished by Rudolf Wolf. He discovered
the 11-year solar cycle in 1853.
(Credit: Library of A. Verdun)
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Fig. 17: Wild’s plan for the extension of the observa-
tory and its transformation into a meteorological
central station. This enlargement was built in 1861.
(Credit: StABE, BB IIIb 652)
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He was director of the observatory
from 1862 to 1868, when he left
Bern and accepted a position in
Russia, where he built up and es-
tablished the Russian meteorolog-
ical central station. He transformed
the astronomical observatory of
Bern into a meteorological central
station. For that end he constructed
and manufactured self-recording
meteorological instruments (a nov-
elty at the time) which he installed
on the platform of a new extension

of the observatory which was built
in 1861 according to his own plan
(Figure 17). As a consequence, the
astronomical observations were re-
duced to a minimum, as the obser-
vation journal, started in 1859 by
Wild, proves (Figure 18). The obser-
vatory and its meteorological in-
struments installed on the new
platform may be identified on pho-
tographs taken between 1864 and
1868 (Figures 19, 20 and 21).

1861

O

Fig. 18: Title page of the
observation journal started
by Wild in September 1859.
(Credit: ATUB)
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Fig. 19: The observatory of Bern viewed from a building in the
south of the railway station taken in 1864. This image is a very
small cutout of a photograph documenting the demolition of the
Christoffel Tower (part of the fortification of Bern) in 1864.
(Credit: BBB, FP.E.78)
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Fig. 20: The observatory of Bern at the top of the remaining hill
of the bastion “Hohliebi” viewed from a building in the south of
the railway station taken in 1865. The roofs of the “Burger”
hospital (left corner) and of the railway station (bottom right) are
also displayed. (Credit: EAD, EAD-144661)

Fig. 21: The observatory of Bern viewed from the northern side
taken by the Bernese photographer Vollenweider in 1868. In front
of the observatory is a new small building, and on the left hand side
there is a small wooden meteorological station. (Credit: Library of
A. Verdun)



3. The “Telluric

Observatory”
I

The successor of Heinrich von
Wild was Aimé Forster (1843—
1926). He was appointed professor
for physics and meteorology at the
University of Bern in 1869 and be-
came director of the observatory
in 1871. His field of research was
geophysics, which is why he pro-
posed the transformation of the
astronomical/meteorological ob-
servatory into a “Telluric Obser-
vatory” in 1874. Already in 1876,
the old observatory of Bern was
demolished and the much larger
Telluric Observatory was built ex-
actly at its place as first geophysics
and physics institute in Bern
(Figure 22). To enlarge the ground

area, the height of the observatory
hill was reduced by the half. The
new building contained laboratory
rooms, a workshop, alecture room,
a meridian hall, an astronomical
tower bearing the dome and a me-
teorological tower for the meteor-
ological and geophysical instru-
ments, and — last but not least — the
official residence for the director
(Figure 23). The total costs for build-
ing this Telluric Observatory were
tremendous, but finally accepted
by the political institutions. The
dome housed the Fraunhofer re-
fractor, which actually belonged
to the Realschule Bern. However,
this telescope was never used at its
new dome. It existed there in a
very bad shape until at least 1935,
afterwards its tracks covered. The
Telluric Observatory never reached
the expected status of a scientific
beacon. As a geophysical observa-

tory situated in the center of the
city of Bern, the sensitivity of
the instruments could not be ex-
hausted to their limits due to small
terrestrial vibrations (caused by
railway traffic), due to atmospheric
and magnetic turbulences, and
due to thermal effects. Only heavy
earth-quakes were registered from
time to time. The most important
scientific output of this observa-
tory consisted in the meteorologi-
cal observations recorded on a
regular (subdaily) basis comprising
all relevant meteorological para-
meters.

When Rudolf Wolf in Zurich was
informed about the demolishment
of the old observatory, he success-
fully advocated for preserving the
reference point as origin of the na-
tional cartographic coordinate sys-
tem represented by the meridian
circle installed in the old observa-

Fig. 22: Plan of the front side of the Telluric Observatory or Phys-
ics Institute, dated 25 November, 1875. Note that there were slight
differences between this plan and the realized building, e.g., the
extension on the right hand side of the main building does not cor-
respond to the meridian hall as displayed on the photograph of Fig-
ure 23. (Credit: StABE, AA IIT 907, 1)

Fig. 23: Photograph of the new Observatory or Physics Institute of
the University of Bern taken before 1880, showing the large lec-
ture room on the left hand side of the two-story main building, the
meridian hall at its right hand side, and the two towers, the squared
one used for meteorological/geophysical observations and the
round one carrying the dome used for astronomical observations.
(Credit: BBB, FPa.10 Nr. 46)
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tory. Before the beginning of the
demolishment, the exact place of
this origin was trigonometrically
measured against auxiliary refer-
ence marks outside the structure of
the building. The meridian circle
was then revised and mounted in
the meridian hall of the Telluric
Observatory in 1877/78 (Figures 24

and 25), so that its displacement was
very precisely known. In order to
calibrate its position, three targets
(so-called mires) were installed,
one of them as collimator placed
directly in front of the meridian
hall, two others in distances up to
about 50 metres in southern direc-
tion (Figures 26 and 27). However,

no systematic observations of any
scientific value were performed
with this instrument. The merid-
ian circle was lent to the Bernese
Historical Museum in 1927, where
it is preserved until now. In the
1930s, the slit of the meridian hall
was walled up.

Fig. 26: Ground plots of the old and the telluric observatory (top). The origin of
the national coordinate system defined by the “Station primaire” was trigono-
metrically measured against reference points set outside the observatory struc-
tures by special targets (so-called mires) which also were used to calibrate the
alignment and position of the meridian circle. The small cottage housing a light-
ing device is displayed at the right hand side of Figure 27. (Credit: swisstopo)

Fig. 24: The meridian circle by Ertel remounted
in the meridian hall of the Telluric Observatory in
1878. (Credit: AIUB)
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Fig. 25: The two pillar
mount of the meridian circle
by Ertel in the meridian hall
of the Telluric Observatory

in 1878. (Credit: AIUB) Mest ==& i
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Forster was very interested in the
emerging astrophysics, particularly
in the new techniques, such as
spectroscopy and astrophotogra-
phy. He also held many public lec-
tures on these topics, one of them,
entitled “The beginning and end
of the world”, was published in
1874 (Figure 28). One of his “hob-
bies” was the application of the
newly discovered color photo-
graphy to meteorology. A couple
of his color photographies on
clouds and the sky survived (Fig-
ure 29). In this respect, he belonged

most likely to one of the pioneers
in this métier. Forster continued
the meteorological observations
started by Wild. Moreover, he ex-
tended the measurements by using
newly developed instruments, e. g.,
to record the sunshine duration by
a coelostat (Figure 30). However, the
detection and registration of all
relevant meteorological parameters
on a regular basis, e. g., each hour,
from 5 a.m. until 10 p.m., includ-
ing weekends and holidays, was
very hard and not his business. For
that purpose he employed women,

called “weather fairies”, thus play-
ing down the extremely hard work
they had to overcome. Thousands
of handwritten measurements and
records in dozens of folios are still
preserved in the archive of the As-
tronomical Institute of the Univer-
sity of Bern (Figure 31). Today, these
records are relevant for climate re-
search, in particular for the recon-
struction of the local climate of
Bern. Only a small part of these
measurements were regularly pub-
lished as “Yearbooks” (Figures 32
and 33).

Fig. 28: Forster’s public talk on the beginning and
end of the world published in 1874, with his hand-
written dedication. (Credit: Library of A. Verdun)
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Fig. 31: A couple of meteorological journals bound
in large folios containing thousands of meteoro-
logical measurements and observations written by
female assistances. Dozens of such records are pre-
served in the archive of the Astronomical Institute
of the University of Bern. These data comprising
time series back to the 1850s are relevant today for
climate research. (Credit: ATUB)

Fig. 29: Color photograph showing
the sky and clouds (and the main
building of the University of Bern)
taken by Forster in 1907.

(Credit: StABE, FN Forster D.6)

Fig. 32: First volume of the “Results
of meteorological observations” pub-
lished by the observatory of Bern in
1874. (Credit: AIUB)
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Fig. 30: Coelostat for the registration
of the sunshine duration used at the
Telluric Observatory of Bern.
(Credit: PIUB, Photo A. Verdun)

Fig. 33: First volume of the “Year-
books” published by the Telluric
Observatory of Bern in 1879.
(Credit: ATUB)

SPATIUM 50



4. Theoretical

astronomy
I

Already during the last decade of
the “old” observatory of Bern,
practical astronomy was reduced
to regular determination of time
using the Ertel meridian circle. Ob-
servational astronomy was no
longer existent during Forster’s era
in the Telluric Observatory. As-
tronomy became part of mathemat-
ics and was taught and studied as
“new” academic discipline, called
theoretical astronomy, including
celestial mechanics. During 1876 to
1922, theoretical astronomy was a
domain of the Bernese mathemati-
cians Georg Sidler (1831-1907),
Gottlieb Huber (1847-1923) and
Christian Moser (1861-1931).

Sidler studied mathematics at the
University of Zurich and contin-
ued his studies from 1852 to 1854
in Paris at the famous Sorbonne.
There, he attended the lectures
on celestial mechanics given by Ur-
bain Leverrier (1811-1877) and
Victor Alexandre Puiseux (1820—
1883). In September 1854, he
became a “doctor philosophiae
summa cum laude” with his PhD
thesis “Sur les inégalités du moyen
movement d’Uranus dues a I'action
perturbatrice de Neptune” at the
University of Zurich (Figure 34). Af-
ter having received his “venia do-
cendi” due to a lecture on the
method of least squares, he moved
to Berlin in November 1854 to ex-
tend his studies in mathematics,
physics, and theoretical astronomy
by attending the lectures given
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(among others) by Dirichlet, En-
cke, Steiner, and Clausius. In au-
tumn 1856, he moved to Bern,
where he started his research and
teaching in celestial mechanics at
the University of Bern in the sum-
mer semester 1857 as “Privat-
dozent” (Figure 35). He became Pro-
fessor  for  astronomy  and
mathematics in 1866. After his

death, he left over 50000 manu-
script sheets, mainly on mathemat-
ics and theoretical astronomy,
which are still preserved at the
Burgerbibliothek Bern (Figure 36).
It was Sidler who introduced the
long-lasting tradition of celestial
mechanics at the University of
Bern, thus laying the foundations
of space science in Bern.

Fig. 34: Title page of Sidler’s PhD

thesis on the motion of Uranus per-
turbed by Neptune published in 1854 in
Zurich. (Credit: Library of A. Verdun)
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Fig. 35: Title page of Sidler’s “Theo-

rie der Kugelfunktionen” (Theory on
spherical functions) published in 1861
in Bern, when he was “Privatdozent”

at the University of Bern.
(Credit: Library of A. Verdun)

Fig. 36: Lecture notes by Sidler from
the lecture on “Astronomie physique”
given by Leverrier in Winter 1852/53
at the Sorbonne. (Credit: BBB)

Fig. 37: Title page of Huber’s

“Die Kegelfokalen” (The conic foci)
published in 1893 in Bern.

(Credit: Library of A. Verdun)




Gottlieb Huber and Christian
Moser continued the lectures on
celestial mechanics at the Univer-
sity of Bern since the beginning of
the 20™ century. Huber was, how-
ever, much more engaged in this
matter (Figure 37) and on a higher
level than Moser, who eventually
focused his research activity on
mathematical statistics and insur-
ance. The lectures on celestial me-
chanics given by Huber are still
preserved as manuscripts written
by Huber himselfin the archive of
the Astronomical Institute of the
University of Bern (Figures 38 and
39). They reveal that almost all rel-
evant topics in celestial mechanics
were covered at the time, includ-
ing perturbation theory and orbit
determination, however only as

theoretical disciplines without the

[ S )

processing of real astronomical ob-
servations for, e. g., the determina-
tion orbits of minor planets and
comets, since no astrometric ob-
servations were performed at the
Telluric Observatory.

It was the goal of Sigmund Mau-
derli (1876-1962) to change this
situation and revive observational
astronomy in Bern by combining
it with theoretical astronomy,
which was established by the be-
ginning of the 20" century. He
studied mathematics, astronomy,
and physics at the University of
Lausanne from 1898 and contin-
ued his studies at the University of
Zurich in 1900, where he achieved
his PhD thesis on the stability of
dynamical systems in celestial
mechanics in 1909 (Figure 40). This

thesis was supervised by Alfred
Wolfer, a student, assistant, and
successor of Rudolf Wolf in Zu-
rich. Mauderli became “Privatdoz-
” at the University of Bern in
1910 after having returned from
the Berlin-Babelsberg Observa-
tory. While living as teacher in
Solothurn, he planned a new astro-
nomical observatory in Bern,
which later should become the As-
tronomical Institute of the Univer-
sity of Bern, particularly when he
became associated Professor in
1918 and ordinary Professor for as-
tronomy in 1921 there. He knew
that the Telluric Observatory was
still in the hands of the geophysi-
cist Forster and that no coopera-
tion was possible with him, so that
a new observatory had to be built

ent

as solution of this problem.

17

Fig. 38: A double page out of Huber’s manuscript of
his lecture on orbit determination. (Credit: ATUB)

Fig. 39: A double page out of Huber’s manuscript of
his lecture on celestial mechanics and perturbation
theory. (Credit: ATUB)

Fig. 40: Title page of Mauderli’s PhD
thesis published in Solothurn in 1910.
(Credit: Library of A. Verdun)
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5. Observational

astronomy
5

Observational astronomy, astro-
physics, and experimental physics
were established in Bern during
the years 1922 to 1961 by Mauderli
and Heinrich Greinacher (1880—
1974), the successor of Forster and
first professor for experimental
physics in Bern. Greinacher be-
came famous by the invention of

what today is called the “Grein-
acher circuit”, a device for electric
power amplification. Mauderli had
been able to successfully acquire
enough money from “crowdfund-
ing” and major sponsors to build
an astronomical observatory at the
Muesmattstrasse in Bern (Figure 41).
On 25 November, 1922, this ob-
servatory was officially inaugu-
rated and committed to the Uni-
versity of Bern as new Astronomical
Institute (Figure 42) with Mauderli
as its first director. It was equipped
by a 175 mm refractor manufac-

Fig. 41: The building of the Observa-
tory at its construction phase in 1922.
(Credit: StaBE, BB IIIb 653, Akte 2)

Fig. 44: The meridian circle made by Lerebours &
Secrétan in Paris used at the Astronomical Institute
for the observation of stellar occultations by the
Moon. (Credit: StABE, FN Tschirren N 11.69, 8)
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Fig. 42: The newly built astronomical
observatory and Astronomical Insti-
tute of the University of Bern in
November 1922 after its inauguration.

(Credit: AIUB)

Fig. 45: The comet searcher and mi-
nor planet telescope at the Astronomi-
cal Observatory and Institute of the
University of Bern. (Credit: StABE,
FN Tschirren N 11.69, 2)

tured by Georg Merz in Munich
(Figure 43). Mauderli was forced to
focus his activities mainly on as-
tronomical education due to the
limited observation conditions
caused by the location of the ob-
servatory within the near environ-
ment of the city and due to the
small aperture of the telescope.

Fig.43: The 175 mm refractor made
by Merz in Munich in its dome at the
Astronomical Institute. (Credit:
AIUB)

Fig. 46: Sigmund Mauderli working
at the time transfer station in the As-
tronomical Institute of the University
of Bern. (Credit: StABE, FN Tschir-
ren N 11.70, 6)



However, the Institute’s scientific
program consisted in the observa-
tion of stellar occultations by the
Moon on a regular basis since 1938
by using a Meridian circle manu-
factured by Lerebours & Secrétan
in Paris (Figure 44). These observa-
tions were used for the determina-
tion of the Earth’s variable speed
of rotation. The Muesmatt Obser-
vatory thus was listed as standard
site in the “Explanatory Supple-

ment to the Astronomical Alma-
nac” since 1961. Other routine op-
erations comprised the observations
of minor planets and comets with
a dedicated telescope (Figure 45), the
determination of their orbits, as
well as of time determination and
transfer by telegraph (Figure 46).

Mauderli became elected member
of the International Astronomical
Union (IAU) at its second general

assembly in Cambridge, UK, in
1925. He also participated to the
assemblies of the TAU in 1928 in
Leiden, in 1938 in Stockholm, and
in 1948 in Zurich. On occasion of
these conferences he got acquainted
with such famous astronomers as
Arthur Eddington, Harlow Shap-
ley, Walter Baade, Edwin Hubble,
Knut Lundmark, Willem de Sitter,
George Lemaitre, and Fred Hoyle,
to mention but a few (Figure 47).

Fig. 47: General assembly of the IAU 1928 in Leiden. Mauderli is sitting at the
right front end in the governing board, along with Eddington and de Sitter.
Shapley, Hubble, Baade, Lundmark, and Lemaitre are sitting in the plenum.
(Credit: Kapteyn Astronomical Institute Groningen)

Fig. 48: Small cutout of the group photograph taken at the general assembly of
the TAU 1948 in Zurich showing Schiirer (left in the back row), Mauderli (third
from the left in the back row), Shapley (right), and Hubble (second from right).

(Credit: AIUB)

Fig. 49: Backside of the solar camera
during the total solar eclipse observed
by Schiirer in the year 1952 in Khar-
toum, Sudan. (Credit: AIUB)

Fig. 50: Solar telescope mounted by
Schiirer in Oskarshamn, Sweden, in
1954 for confirming the “Einstein
effect”. (Credit: AIUB)
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One of the highlights in the career
of Mauderli was the organisation
and realisation of the general as-
sembly of the Astronomische Ge-
sellschaft (AG) held in Bern in
1935. The AG was founded in 1863
and was a predecessor organisation
of the TAU. Mauderli was member
of the governing board of the AG
from 1935 to 1945, along with
Eddington and Lundmark.

Max Schiirer (1910-1997) was
PhD student of Mauderli and be-
came his successor and second di-
rector of the Astronomical Insti-
tute of the University of Bern in
1946. His field of research was the
structure and dynamics of the
Milky Way. He collaborated with

Fig. 51: The Zimmerwald Observatory after the
installation of the Schmidt-Cassegrain telescope
in 1959. (Credit: AIUB)

Emanuel von der Pahlen (the first
PhD student of Karl Schwarz-
schild) and with Wilhelm Becker,
von der Pahlen’s successor and
director of the Astronomical Insti-
tute of the University of Basel.
Schiirer was widely known for his
much simpler derivation of a po-
tential function first described by
Subrahmanyan Chandrasekhar,
which is now called the Chan-
drasekhar-Schiirer transformation.
Schiirer organized the IAU general
assembly of 1948 in Zurich
(Figure 48). He had a good feeling
for telescope construction and was
also interested in the observation
of total solar eclipses for confirm-
ing the “Einstein effect”, e.g., the
tiny displacement of the star posi-
tions near the Sun due to spacetime
curvature (Figures 49 and 50).

Schiirer was well aware that signif-
icant astronomical research was no

longer possible at the Muesmatt
Observatory. He therefore planned
and realized an observatory in
Zimmerwald, situated 15 km south
of Bern at an altitude of almost
1000 m. It was finished in 1956 and
equipped with a Schmidt-Casse-
grain telescope in 1959 (Figures 51
and 52). He employed Paul Wild
(1925-2014) as observer, who was
a student of Wolfgang Pauli, Her-
mann Weyl, and Emanuel von der
Pahlen at the ETH in Zurich, and
assistant and collaborator of Fritz
Zwicky (1898—1974) on Palomar
Mountain at that time. Zwicky and
Wild published a catalogue of
galaxies in seven volumes (Figure 53).
Wild discovered in 1953 an inter-
acting group of galaxies called later
on “Wild’s triplet” (Figure 54). Only
13 years later, Halton Arp published
his famous catalogue of peculiar gal-
axies. At that time it was realized for
the first time that galaxies are not

Fig. 52: The Schmidt-Cassegrain
telescope in 1959. (Credit: AIUB)

Fig. 53: Fritz Zwicky in Pasadena
with his fists on the seven volumes of
his catalogue of galaxies.

(Credit: AIUB)

Fig. 54: Wild’s triplet of interacting galaxies
discovered by Paul Wild in 1953 on Mount Palomar.
(Credit: ATUB)
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Fig. 56: Comet Bennett 19681 taken
on 16 April 1970 by Wild with the
Schmidt camera at the Zimmerwald
Observatory. Wild discovered six

Fig. 55: One of the almost 50 supernovae discovered by Paul Wild at the comets, among them Comet Wild-2,
Zimmerwald Observatory. The discovering image is on the left hand side, which was targeted by NASA’s Star-
the comparison image on the right hand side. (Credit: AIUB) dust mission. (Credit: AIUB)

completely isolated “islands”, but
interact gravitationally with each
other. Back in Zimmerwald, Wild
continued the observation of galax-
ies in the framework of Zwicky’s su-
pernovae search programme. Wild
discovered almost 50 supernovae
and novae (Figure 55), almost 100 mi-
nor planets and 6 comets (Figure 56),
among them Comet Wild-2, which
was a target of NASA’s Stardust
mission.

When Zimmerwald Observatory
started to operate the Schmidt-
Cassegrain telescope for super-
novae search on a regular basis, the
era of the Telluric Observatory
came to an end. As physics insti-
tute it had to harbour the facilities
not only for physical experiments,
but for lectures as well. There was
only one “big” lecture room
crammed with experiments for ed-

Fig.57: The “big” lecture room in the shadow of the University’s main building.
(Credit: StABE, FN Nydegger 4292)
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ucational purposes (Figures 57 and
58). The lecture room was always
crowded due to the increasing
number of students (Figure 59). The
small “laboratories” were over-
filled with instruments. Shortage
of space was present everywhere.
In this difficult environment, the
first mass spectrometer, called “Su-
sanne”, was developed and cali-
brated in 1958 (Figure 60). It was the

beginning of a series of such de-
vices, which later on were inte-
grated into spacecrafts. During
these years, a young physicist and
“Privatdozent” gave his first lec-
tures in experimental physics (Fig-
ure 61): Johannes Geiss (1926—
2020). Along with other physicists
and astronomers of the University
of Bern he transferred Bernese cos-
mography into the upcoming space

age. It was more than a symbolic
coincidence that with the begin-
ning of the space sciences the Tel-
luric Observatory or Physics Insti-
tute was demolished and a new
center for exact science was built
at its place, harbouring the Insti-
tutes for Astronomy, Physics,
Mathematics, Statistics, and Cli-
mate and Environmental Physics.

Fig. 60: The first mass
spectrometer called
“Susanne” developed
at the Telluric Obser-
vatory and Physics In-
stitute. (Credit: PIUB)

Fig. 58: The blackboard and the physical experiments in the “big”
lecture room of the Telluric Observatory around 1900.
(Credit: PIUB)

Fig. 61: Johannes Geiss
as “Privatdozent” dur-
ing a lecture on experi-
mental physics in the
“big” lecture room of
the Telluric Observa-
tory and Physics Insti-
tute in 1957.

(Credit: PIUB)

Fig. 59: The “big” lecture room crowded with students during a
lecture on experimental physics held in 1957. (Credit: PIUB)
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6. New branches
of science
in Bern
I

The sixties of the last century
were the era when space-related
research took off from the mili-
tary to the university. In 1952,
Friedrich “Fritz” Georg Houter-
mans (1903-1966) had joined the
Physics Institute of the University
of Bern (PIUB) and applied the
methods he had been using as a
nuclear physicist in Gottingen to
astrophysics and geosciences.

Fig. 62: The transformation from the old astronomical observatory “Uraniae”
and the Telluric Observatory or Physics Institute (Credit: swisstopo) ....

In his research groups, which
worked on nuclear physics, astro-
physics and geophysics, Houter-
mans established methods for
radiometric decay measurements
for age determination of minerals
and in meteorites. He was the  fig 64: Fritz Houtermans on his motor bike at the University of Bern 1952.
driving force in what was later  (Credit: PIUB)

termed the “Berner Schule”
(Bernese School).

Fig.63:...into the “ExWi” (short for
“Gebiude Exakte Wissenschaften”),
one of the rare university institutes
harbouring a complete train station.
(Credit: PIUB)
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Fig. 66: Fritz Houtermans in the
laboratory at the University of Bern,
around 1952. (Credit: PIUB)

Fig. 65: Title page of a publication on
isotopic composition in meteorites by
Houtermans in 1953.

(Credit Library of A. Verdun)

Fig. 67: The follow-up version of the mass spectrometer “Susanne”, called “Evelyne”.

(Credit: PIUB)

For applying mass spectroscopy
to determine the age of meteoritic
matter, Houtermans employed
Johannes Geiss, who had been
using that technique in Gottingen
to determine the isotopic com-
position of lead (Spatium 27 by
H. Schlaepfer provides an over-
view of the life and work of
J. Geiss). Geiss brought his mass
spectrometer with him, and, as
described before, this served as a
starting point for the development
of the prototype spectrometer “Su-
sanne”. These mass spectrometers
and their further developments and
successors became the base of
numerous extremely successful
Bernese projects and missions.

In particular, they served for the
evaluation of the (as simple as in-
genious) solar wind sail experi-
ment, which propelled the physics
department of the University of
Bern to the forefront of research
in extra-terrestrial experimental
physics. The group of Johannes
Geiss had developed a special ultra-
pure aluminium foil in order to
capture the particles of the solar
wind during the Apollo-11 astro-
nauts’ stay on the moon, the solar
wind collector (SWC). As the
Moon lacks an atmosphere and a
magnetic field, it had been identi-
fied a perfect location for collect-
ing information about the solar
wind’s composition. It took Geiss
a year of intense lobbying in
Houston to have the experiment
finally secured and the Bernese foil
(including its engraved Swiss flag)
planted into the lunar soil on
21 July 1969 by Edwin E. Aldrin
even before the American tlag.



Fig. 68: Astronaut Edwin E. Aldrin Jr., Lunar Module pilot, is photographed during the Apollo-11 extravehicular activity (EVA) on the
lunar surface while “planting the Swiss flag”. In the right background is the Lunar Module “Eagle”. On Aldrin’s right is the Solar Wind
Composition (SWC) experiment, already deployed. Neil A. Armstrong took these photographs on 21 July 1969 with a 70 mm lunar sur-
face camera. (Credit: NASA, Neil A. Armstrong)

Similarly, the experiment was an
integral part of the setup on four
other Apollo missions. The time
exposure to the solar wind parti-

cles was 77 minutes on Apollo 11, Fig. 69: Herbert Cerutti explains the evaluation of the SWC experiment to

18 hours and 42 minutes on Apollo 1, Apollo-13 crew (Jack Swigert, Fred Haise, Jim Lovell). The photo was taken
12,21 hours on Apollo 14, 41 hours  at the ion accelerator of the spectrometer, October 1970. (Credit: PIUB)

and 8 minutes on Apollo 15, and
45 hours and 5 minutes on Apollo
16. The subsequent analysis of the
particles collected in the foil,
especially the ratio of the helium
isotopes, revealed the average
baryonic density of the Universe
as a whole to be 0.2 atoms per
square metre. Moreover, after this
success, the field of mass spectro-
scopy in combination with a sig-
nificant experience in the design
of space experiments should be-
come a solid cornerstone of re-
search at the University of Bern for
decades to come.
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Fig. 71: The article in Science 166,
Nov. 1969, by Biihler, Eberhardt,
Geiss, Meister and Signer, with the
first reported results of the solar
wind composition experiments.
(www.science.org)

Fig. 70: Letter sent from the Apollo
crew to Johannes Geiss.
(Credit: Estate of Johannes Geiss)




As director of the PIUB, Fritz
Houtermans did not only foster
astrophysics but also had Hans
Oeschger (1927-1998) found a
Laboratory of Low Level Count-
ing in 1963, from which later the
division of Climate and Environ-
mental Physics emerged. In 1962,
Oeschger had started to study firn
and ice and to extract physical and
chemical information of the envi-
ronment from these samples
(Figure 72).

In addition to successtully using
mass spectroscopy, Oeschger de-
veloped the proportional gas count-
er, a highly sensitive instrument
that measured low levels of activ-
ity of natural radionuclides. The
first nuclide was radiocarbon, *C,
which was used to date old waters
from the deep layers of the Pacific
Ocean. The Bern radiocarbon
measurement was known for its
unprecedented sensitivity giving

access to samples as old as 50000
years. Low level counting soon ex-
tended to other nuclides (*’Ar, *Ar,
8Kr, *H), through a series of PhD
theses under Hans Oeschger’s su-
pervision. Measuring activities of
a palette of radionuclides enabled
anew and extended understanding
of relevant physical and chemical
processes in the Earth system. In
1971, the group started monitor-
ing of water isotope composition
via an oxygen isotope record of the
precipitation in the city of Bern,
which was extended to a Swiss
network in the following years.
Oeschger had the vision to apply
the radiocarbon dating method to
old ice from Greenland and Ant-
arctica. Consequently, he and his
team participated in numerous in-
ternational expeditions to Green-
land and Antarctica and collected
dating and environmental infor-
mation from isotopes within polar
ice cores (Figures 73 to 79).

Fig. 72: Hans Oeschger in the labora-
tory of the Physics Institute, control-
ling the evaluation of "C data

(ca. 1960). (Credit: OCCR)

Oeschger and his team continued
to push the limits of environmen-
tal analytics. They developed so-
phisticated extraction systems of
gas enclosed in bubbles in the
polarice and coupled these devices
to a series of available measurement
techniques (laser absorption spec-
troscopy, electron capture and gas
chromatography). This enabled the
determination of trace gas concen-
trations in the enclosed bubbles, in

Fig. 74: Very basic fieldwork, snow shoveling for the water provi-
sion at Byrd Station, Antarctica (January 1968). (Credit: OCCR).

Fig. 73: Working in the ice tunnel of the US Army camp Tuto
near Thule (now Qaanaaq) in Greenland. The vessel was used
for the extraction of CO, from ice in order to determine the *C

fraction (1965). (Credit: OCCR)
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particular CO,, CH, and N,O. For
CO,, the ice sample is crushed to
liberate the enclosed air; for CH,
and N,O, samples are melted and
slowly refrozen to access the gas
fraction.

In the mid 1980s, the pre-indus-
trial levels of these greenhouse
gases could be determined, and
soon after, first measurements of
ice age samples were carried out.
With that, Hans Oeschger and his
team were now in the position to
address fundamental questions of
climate science. The participation
of the Bern team in international
deep drilling projects in Greenland
and Antarctica gave access to
samples.

Fig. 75: Fieldwork at Byrd Station, Antarctica,
retrieving CO, samples (30.11.1968).
(Credit: “Official US Navy Photograph™)

Fig. 76: Fieldwork in Greenland for
the International Glaciological Green-
land Expedition (EGIG), together
with Bernhard Stauffer from Bern
(right) and Henrik Clausen from
Denmark, 1967.

(Photo: Gianni della Valle)

Fig. 77: Ice core from
a polar drilling site.
(Credit: OCCR)

Fig. 78: Not only space ships promised new insights and adven-
tures: fieldwork in Greenland during the International Glaciologi-
cal Expedition 1967 (Photo: Bernhard Stauffer)
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Fig. 79: On the Danish research vessel Tycho Brahe: Oeschger
(right) together with Willy Dansgaard (left) and Henrik Clausen
(middle) in 1967. (Photo: Bernhard Stauffer)




To date, the oldest ice core was re-
trieved from Dome C (Antarctica)
and a paleoclimatic record dating
back 800000 years could be con-
structed (Figure 80).

Climate modelling, already recog-
nised by Oeschger’s team, held the
key to a deeper understanding of
the paleoclimatic records. This
component of research was en-
hanced by Hans Oeschger’s succes-
sor, Thomas Stocker (born 1959),
and his team since 1993. The com-
bination of analytical capabilities
with climate models unleashed
synergies that are a hallmark of
physics-based climate research at
the University of Bern.

Hans Oeschger was able to dem-
onstrate, among other things, that
the rising concentrations of green-
house gases in the atmosphere are
a result of the burning of fossil
tuels. In 1978, Uli Siegenthaler and
Hans Oeschger predicted levels of
CO, for the turn of the millen-
nium, based on their understand-
ing of the global carbon cycle. In
this paper, published in “Science”,
they declared that “a maximum
permissible level of atmospheric CO,
might be found which should not be
exceeded if the radiation balance is not
to be disturbed in a dangerous way.”
They estimated that a 50 % increase
of the pre-industrial CO, concen-
tration would lead to a man-made
warming of 1°C to 2°C in the
global mean. Today we are exactly
at this concentration and measure
a global mean surface warming of
1.1°C, including about 0.4°C cool-
ing through anthropogenic aero-
sols. The Bern team’s assessment
was decades ahead of its time and

Fig. 80: Global atmospheric carbon dioxide (CO,) concentration in parts per
million (ppm) for the past 800000 years. The peaks and valleys track ice ages
(low CO,) and warmer interglacials (higher CO,). During these cycles, CO, was
never higher than 300 ppm. The increase over the last 60 years is 100 times faster
than previous natural increases. In fact, on the geologic time scale, the increase
from the end of the last ice age to the present looks virtually instantaneous.

(Credit: Th. Stocker)

remarkably precise. It is still rele-
vant today, as expressed in Arti-
cle 2 of the United Nations Frame-
work Convention on Climate
Change.

A further key insight from polar
ice cores was the limited stability
of the Earth System. Together with
the Danish geophysicist Willi
Dansgaard, Hans Oeschger was
able to show that climate changes
were taking place at an alarmingly
rapid pace. A series of climatic
swings, now referred to as “Dans-
gaard-Oeschger events”, are evi-
dence of a new potential risk of
anthropogenic climate change, the
risk of crossing thresholds that lead
to large and irreversible climate
change. The deep insight from the
paleoclimatic record into mecha-
nisms determining the global cli-
mate prompted Hans Oeschger to
become actively involved. Conse-
quently, he announced the results
from his fundamental research to

the public and warned early of
the consequences of changes of the
greenhouse  effect
through the burning of fossil fuels.
In 1990/1992, he was one of the
authors of the First Assessment
Report of the Intergovernmental
Panel on Climate Change (IPCC).
Since then, team members of Cli-
mate and Environmental Physics
have been involved in all six As-
sessments Reports of the IPCC in
leading positions. Hans Oeschger
was also a founding director of
the Past Global Changes (PAGES)
initiative of the International
Geosphere-Biosphere Programme
(IGBP). The international project
office is still in Bern and engages
a network of hundreds of scientist
around the globe.

enhanced



7. Global
beacons of
Bernese

cosmography
T

With the tremendous success of
the various projects of the physics
and astronomy departments of the
University of Bern, the need for
extended activities became clear.
The heirs of the “Berner Schule”
were mature to further develop
and at the same time specialise and
broaden their research, as well as
disseminate it.

The
international geo-, astro- and gen-
eral space missions lead to the
foundation of dedicated research
institutes and groups, some of them
not only specialised in their par-
ticular research but also fostering
interdisciplinarity and internatio-

increased involvement in

nal cooperation.

The Astronomical Institute
of the University of Bern

The competence in optical astro-
nomy, celestial mechanics, and sat-
ellite geodesy, including Satellite
Laser Ranging (SLR) is strength-
ened in the 1980s. In particular,
the synergies between geophysics
and astronomy are advantageously
used. For example, the analysis of
data from the satellites of the
Global Positioning System (GPS)
is established. In the following
decade, Gerhard Beutler (born
1946) promotes research in this
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Fig.81: The Zimmerwald Observatory of the Astronomical Institute of the
University of Bern (ATUB) specialised in satellite geodesy and precise orbit de-
termination. In the sixties, it started using not only optical (photographic)
astrometry but also lasers for tracking geodetic satellites, and meanwhile it
operates a laser ranging station, a true “beacon”. Recently, the tracking of space
debris has become an increasingly important project and duty. (Credit: ATUB)

field at the AIUB, particularly ce-
lestial mechanics and satellite ge-
odesy, the research topics already
started by Max Schiirer around
1960. Bern consolidates as a centre
of international importance for the
study of satellite orbits and various
data products for application and
science.

In the late 1980s, the observatory
at Zimmerwald (Figure 81) starts a
cooperation with the Swiss Federal
Oftice of Topography (swisstopo)
and the geodesy group at the ETH
Ziirich, and a new 1 m telescope is
taken into operation for astrome-
try and laser ranging. The latter is
integrated as an observatory in the
worldwide International Laser
Ranging Service (ILRS) network
of about 40 stations. This service
from the International Association

of Geodesy provides global satel-
lite and lunar laser ranging data and
their derived data products to
support research in geodesy, geo-
physics, lunar science, and funda-
mental astronomy.

With Adrian Jiggi (born 1976) as
Beutler’s successor, the latter stud-
ies are intensified and extended to
gravity field determination and
planetary geodesy. With the im-
portance of Global Navigation
Satellite Systems (GNSS), like the
US-American GPS, the Russian
GLONASS, the European Galileo
and the Chinese BeiDou (BDS)
ever increasing, the Bernese GNSS
software (for GPS and GLONASS)
provides a state-of-the-art soft-
ware package for high-precision
analysis of space geodetic data.
Since 1992, the AIUB operates the



Center for Orbit Determination in
Europe (CODE) global Analysis
Center for the International GNSS
Service (IGS) in a consortium with
the Swiss Federal Office of Topo-
graphy (swisstopo, Wabern, Swit-
zerland), the Bundesamt fiir Karto-
graphie und Geodisie (BKG,
Frankfurta. M., Germany) and the
Institut fir Astronomische und
Physikalische Geodisie, Technis-
che Universitit Miinchen (IAPG/
TUM, Germany).

The ATUB has thus, besides pure
research, established a strong basis
for providing important services
for the geodetic and geophysical
communities, namely positional
and tracking information with ob-
servations and modelling, estab-
lishing and maintaining references

and standards (Figure 82).

In particular, the satellite laser
ranging (SLR) with high accuracy
as well as the GNSS measurements,
i.e., the microwave-band measure-

ments using the satellites from the
global positioning systems, are used
to determine precise satellite orbits,
the terrestrial reference frame and
the Earth’s rotation parameters, the
Earth’s gravity field and for
worldwide time synchronisation
(see Spatium 10 by G. Beutler and
Spatium 31 by R. Rummel).

The precise orbit determination
(POD) of Low Earth Orbit (LEO)
satellites, i.e., satellites flying at
low altitudes of roughly 200 km to
2000 km is of fundamental impor-
tance. This holds especially for de-
termining the Earth’s time-varia-
ble gravity field by using precise
orbits of the satellites (see Spatium
49 by A. Jiggi), as well as for altim-
etry missions (see Spatium 46 by A.
Cazenave) that measure the sea
surface height via the return time
of a radar signal. For these kind of
missions, any radial orbit error
directly affects the sea-level height
measurements.

Fig. 82: The activities of the Satellite Geodesy Group of the AIUB. EUREF is a
European collaboration for maintaining a standard coordinate reference system.

(Credit: ATUB)

Data from various satellite missions
are employed, such as from Chal-
lenging Minisatellite  Payload
(CHAMP), Gravity Recovery and
Climate Experiment (GRACE)
and GR ACE-FO (follow on), and
Gravity Field and Steady-State
Ocean

(GOCE).

Circulation  Explorer

In addition, data from the NASA
lunar gravity mission GRAIL
(Gravity Recovery and Interior
Laboratory) were studied and the
Moon’s gravity field has been mod-
elled using the Bernese software.

In the SLR, a global network of
observation stations measures the
round trip time of flight of ultra-
short laser pulses to satellites
equipped with
This provides range measurements
at a precision level of a few milli-
metres, which can be accumulated
to provide accurate measurement
of orbits. As the laser pulse can also
be reflected by the surface of a sat-

retroreflectors.

ellite without a retroreflector, it
can be used for tracking space de-
bris, thus supporting the classic op-
tical CCD astrometry in its detect-
ing and cataloguing (see also
Spatium 52 by T. Schildknecht).

The Oeschger Centre for
Climate Change Research

In 2007, the Oeschger Centre
for Climate Change Research
(OCCR) was founded as an inter-
disciplinary institution to study the
complex Earth System and its
global response to perturbations in
the past and the future. For this
purpose, it brings together re-
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searchers from physics, geography,
biology, chemistry, history, econ-
omy, political sciences and philo-
sophy. The OCCR also offers
training to young scientists in spe-
cial graduate programmes and takes
part in international assessment
processes such as the Intergovern-
mental Panel on Climate Change
(IPCC) and the Intergovernmental
Platform on Biodiversity and Eco-
system Services (IPBES), for which
members of the OCCR were
elected as co-chairs.

The main scientific focus is on the
climate system and its interactions
with society. The core research
topics are global and regional cli-
mate dynamics, consequences of
climate change as well as climate
risks and consequences of climate
change for the economy and soci-
ety as well as the adaptive and le-
gal strategies that are derived from
them.

In 2010, the chair in Climate
Change Impacts in the Alpine Re-
gion was established through funds
from the Mobiliar insurance asso-
ciation and in 2013, the Mobiliar
Lab for Natural Risks has been
founded, which serves as an impor-
tant link between fundamental sci-
ence and application. The Public
Private Partnership is a key in bet-
ter understanding risks of anthro-
pogenic climate change and offer
science-based solutions to mitigate
and prevent adverse climate im-
pacts, particularly through ex-
treme climate and weather events.
The most recent interdisciplinary
addition to OCCR's portfolio is a
cooperation with the Medical
Faculty and the establishment of a

Fig. 83: Artist’s impression of the CHEOPS spacecraft. (Credit: CSH)

senior research position on the
topic of Climate and Health. The
past few years have demonstrated
that this topic will rapidly increase
in importance, driven by the com-
pound effect of demography and
continuing climate change.

The Albert Einstein Center
for Fundamental Physics

The Albert Einstein Center for
Fundamental Physics (AEC) has
been founded within the Depart-
ment of Physics and Astronomy in
2011. It comprises the Institute for
Theoretical Physics (ITP) and the

Laboratory for High Energy Phys-
ics (LHEP). The focus is on exper-
imental and theoretical particle
physics and its applications, as well
as on the related spin-off and out-
reach activities (see Spatium 7 by
K. Pretzl or Spatium 20 by U.].
Wiese). Its aim is to foster high-
level research and teaching in fun-
damental physics at the University
of Bern as well as interdisciplinary
collaborations with other institutes
such as the OCCR and the CSH.
Collaborations with accelerator
facilities in fundamental research
as well as for medical applications
are pursued.



The Division of Space
Research and Planetary
Science and the Center for
Space and Habitability

The expertise of the Bernese Phys-
ics Institute in mass spectroscopy de-
veloped further at its Division
of Space Research and Planetary Sci-
ences (Weltraumforschung und
Planetologie, WP): lunar rocks and
samples of meteorites were studied
to determine the ratios of noble gas
isotopes and their variations. Mass
spectrometers were developed not
only for lunar missions, but also to
fly on solar spacecraft, such as
Ulysses, SOHO, ACE, WIND,
STEREQ, and Solar Orbiter. Im-
portantly, research on comets and
other minor bodies in the Solar Sys-
tem was done (see Spatium 4 by K.
Altwegg), from Giotto to the RO-
SETTA mission. The latter, for ex-
ample, ended very spectacularly in
September 2016 with the landing on
comet  67P/Churyumov-Gerasi-
menko. The on-board mass spec-
trometer ROSINA, developed at
University of Bern by a team led by
Kathrin Altwegg (born 1951), could
monitor the composition of the vol-
atiles surrounding the comet nucleus
over a time span of two years. In
2012, ESA selected the Characteris-
ing Exoplanet Satellite (CHEOPS)
mission, led by Willy Benz, as its first
small-class mission (Figure 83).
CHEOPS carries a photometric
space telescope observing extrasolar
planets using the transit technique.
It is the first ESA satellite led by Swit-
zerland and was launched in 2019,
determining with extremely high
precision the radii of extrasolar plan-
ets (see Spatium 48 by A. Fortier).

Also in 2012, the Center for Space
and Habitability (CSH)
founded by the University of Bern.
Kathrin Altwegg served as its first
director. The centre’s goal is the
investigation of all aspects of
habitability and space research,
theoretical and via space missions,
in particular the origin and evolu-
tion of planets both in the Solar
System and around other stars,
their composition and atmospheres
and their potential of hosting life
(see, e.g., Spatium 6 by W. Benz and
Spatium 29 by P. Wurz). Today, the
Division of Space Research and
Planetary Sciences is built upon
two pillars. The first is experimen-
tal Solar System research by build-
ing and exploiting scientific in-
struments that fly on the most

‘was

important international space mis-
sions to Solar System bodies. This
is the backbone of the division and
itself consists of two aspects: in-situ

compositional measurements using
mass spectroscopy (group of Peter
Wurz, born 1961), which contin-
ues the heritage from the past, and
as a new addition since 2003 re-
mote sensing with optical imaging
(group of N. Thomas). The latter
has yielded stunning images of
various Solar System bodies like
comets (with the OSIRIS camera
on ROSETTA) or of Mars with
the CaSSIS (Colour and Stereo
Surface Imaging System) camera
on board the Trace Gas Orbiter, an
ESA satellite currently orbiting
the red planet (see Spatium 15 by
N. Thomas). This camera was de-
veloped at University of Bern by a
team led by Nicolas Thomas (born
1960). An impressive image taken
by CaSSIS in 2019 is shown in
Figure 84.

The second pillar are theoretical
models of planet formation and

Fig. 84: Image of dune formations taken by CaSSIS in the north-pole region
of Mars. Gas ejections during melting of CO, ice produce the dark regions.
The shape of the dunes gives hints to the prevailing wind direction and sediment

transport. (Credit: ESA/Roscosmos/CaSSIS)




Fig. 85: The building Hallerstrasse 6,
where ISSI has taken office, in walk-
ing distance to the Physics Institute of
the university. (Credit: ISSI)

evolution that are used to interpret
the observations and experimental
results obtained both for the Solar
System and for extrasolar planets.
The study of these distant worlds
has revolutionised our understand-
ing of how planets form and is to-
day one of the fastest growing
fields in modern astronomy. The
theory of planet formation and the
study of extrasolar planets was
brought to Bern by Willy Benz
(born 1955), who served as the di-
rector of the Physics Institute and
leader of the theory group for
many years. With Christoph Mor-
dasini (born 1978) as Benz’s suc-
cessor, these theoretical studies are
intensified and extended to statis-
tical comparisons between theo-
retical formation models and exo-
planet observations (see Spatium 41
by Ch. Mordasini). Impact pro-
cesses that have shaped many ob-
jects in the Solar System (like the
comet 67P/Churyumov-Gerasi-
menko, but also Mars and Mer-

cury) are also a main research line
in the theoretical pillar. The next
step will be the search for life on
an extrasolar planet by finding bi-
omarker gases in its atmospheric
spectrum. The division is contrib-
uting to this exciting perspective
by building parts of the high-
resolution optical spectrograph
ANDES, which will be an instru-
ment of ESO’s Extremely Large
Telescope (ELT) that is currently
being built in the Atacama Desert
in Chile. The first light of this co-
lossal telescope (diameter of the
main mirror: 39 metres) 1S ex-
pected in 2027.

The International Space
Science Institute

The International Space Science
Institute (ISSI) in Bern is a non-
profit organisation and foundation
under Swiss law. Its mission to fa-
cilitate and support space-related
research in international coopera-
tion has in fact been a visionary
idea of Johannes Geiss. Internatio-
nal communication and coopera-
tion and joint effort were already
the basis for missions like Giotto
to Halley’s Comet in the mid-
eighties, which required the com-
mon involvement of several space
agencies.

After Johannes Geiss’ retirement
from university, he fully pursued
the realisation of an organisation
that could proactively foster the ex-
change of scientific knowledge and
ideas in an interdisciplinary and in-
ternational way. During his time
in Houston working for the SWC
Apollo experiments, he had ac-

Fig. 86 ISST’s founder Johannes Geiss
at the entrance in 1995. (Credit: ISSI)

quired enough experience in how
to successfully lobby for his ideas
and projects. He had the enthusi-
asm and eloquence not only to
convince decision makers at the
European Space Agency (ESA), the
Swiss Confederation, the Swiss
National Science Foundation (SNF)
and the University of Bern to pro-
vide the financial resources, but
also to secure a significant initial
endowment by the leading Swiss
space company Contraves Space
AG, later Oerlikon Space AG and
now a part of RUAG. Moreover,
exponents of the main stakehold-
ers as well as universitarian and
private supporters had organised
themselves in the association Pro
ISSI to actively promote the crea-
tion of the International Space
Science Institute, and it finally
could be inaugurated in 1995. The
location of the Institute and its
founder at the entrance are shown
in Figures 85 and 86, respectively. In
2013, the International Space Sci-
ence Institute Beijing (ISSI-BJ)
was founded, based on an agree-



ment of cooperation in space sci-
ence between ISSI Bern and Chi-
na’s National Space Science Center
of the Chinese Academy of Sci-
ences (NCCS, CAS).

The “added value” that ISSI pro-
vides is a genuine environment for
scientific discussion and exchange,
in workshops, teams and dedicated
working groups. Its “deliverables”
are scientific publications of vari-
ous formats to gain, secure, dis-
seminate, and transfer knowledge.
Starting from heliospheric research
and Sun-Earth relations, space
plasma physics and planetary phys-
ics, also research on Earth and cli-
mate science has been added to
ISSI’s porttolio.

Fig. 87: Half of the ISSI staff in 1996, left to right: Vittorio Manno,
Rudolf von Steiger, Bengt Hultqvist. (Credit: ISSI)

Not only planning and organisa-
tion of missions in a global context
but also calibration and mainte-
nance of spacecraft needs a forum
for international exchange, as well
as the handling and evaluation of

the growing number of data from
the various missions and how to
best make use of it. ISSI is exactly
providing this kind of platform.
Figures 87 to 89 show impressions
from the very first activities at ISSI.

Fig. 88: ISSI staff and the participants of the first ISSI workshop 1996 on
“The Heliosphere in the Local Interstellar Medium”.

(Credit: ISSI, Photo Urs Lauterburg)

Fig. 89: The outcome of the first

workshop, the first volume in the
Space Science Series of ISSI, 1996.
(Credit: ISSI)

The Heliosphere in the
Local Interstellar Medium

R. von Steiger, R. Lallement and M. A Lee (Eds.)

riz-

Kluwer Academic Publishers
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8. ISSI today

As of today, ISSI has been host to
about 6500 visitors from nearly
60 countries in team meetings,
workshops, working groups, fora,
or as visiting scientists. It has been
successfully seeding cooperation of

Fig. 90: Johannes Geiss and Roger Bonnet,
ISSI director since January 2003, during the hand-
over statement. (Credit: ISSI)

agencies and laboratories, of indi-
vidual scientists and groups. Dur-
ing the pandemic, an emphasis has
been put to remote meetings and
the organisation of video confer-
ences and seminars, for example,
the “Game Changer Series” of ISSI
featuring various 45 min talks on
a certain topic. So far, the featured
subjects have been space missions
that acted as “game changers”, so-
lar physics, and Earth and climate,
a round on cosmology is about to
start. All seminars can be followed
in a live stream, as well as later on
YouTube. In 2015, the Johannes
Geiss Fellowship has been estab-
lished to associate an internation-
ally respected scientist to ISSI for
several visits within one year.

Still, the organisation of ISSI has
been kept lean, with a minimum
of staff, and its directorate and sci-

entists representing the various
fields of space research. The infra-
structure has undergone major up-
grades and is optimised for hosting
meetings; in particular, the equip-
ment of the modern “Johannes
Geiss Auditorium” features a
highly developed video conferenc-
ing system.

The spectrum of ISSI’s disciplines
has broadened, covering the range
from astrophysics and cosmology
to Solar System physics and plane-
tary sciences and from Earth sci-
ences to astrobiology. Similarly,
the objective of the association
Pro ISSI has been changed — from
founding organisation to support-
ing organisation. Special focus has
been put to the public relation
activities for ISSI, with hosting
meetings and publication of the
Spatium.

Fig. 91: Group photo at the celebration of 20 years of ISSI, 2015. (Credit: ISSI)

SPATIUM 50



9. Review of
ISSI’s
publication
highlights

since 1995
N

This selection has strongly been
biased towards “local” research,
and merely gives an overview over
the broad variety of research top-
ics. It is by no means fully repre-
sentative, and it is highly recom-
mended to visit https:/www.
issibern.ch/publications.

Selection from ISSI Space
Sciences Series

The books from ISSI’s Space Sci-
ence Series present the results from
Workshops held at ISSI. Thus, as
the workshops, the volumes coher-
ently cover well-defined topics
from heliospheric research, general
solar physics, plasma physics, plan-
ets, comets, Earth and planetary
climates, astrobiology, galaxies,
Black Holes, supernovae, Earth
observation, and star formation.
This fast-growing series of research
papers by leading experts focuses
on a special topic summarising
latest research results. All papers

11

12

15

17

25

28

47

49

58

66

73

R. von Steiger, R. Lallement, M. A. Lee (Eds.),
The Heliosphere in the Local Interstellar Medium, October 1996

K. Altwegg, P. Ehrenfreund, J. Geiss, W. Huebner (Eds.),
Composition and Origin of Cometary Materials, 2000

W. Benz, R. Kallenbach, G. W. Lugmair (Eds.), From Dust to Terrestrial Planets, 2000

E. Friis-Christensen, C. Frohlich, J.D. Haigh, M. Schiissler, R. von Steiger (Eds.),
Solar Variability and Climate, 2000

R. Kallenbach, J. Geiss, W.K. Hartmann (Eds.),
Chronology and Evolution of Mars, 2001

G. Paschmann, S. Haaland, R. Treumann (Eds.),
Auroral Plasma Physics, 2003, 2™ ed. 2005

G. Beutler, R. Rummel, M.R. Drinkwater, R. von Steiger (Eds.),
Earth Gravity Field from Space — from Sensors to Earth Sciences, 2003

O. Botta, J. Bada, J. Gémez Elvira, E. Javaux, F. Selsis, R. Summons (Eds.),
Strategies of Life Detection, 2008

H. Balsiger, K. Altwegg, W. Huebner, T. Owen, R. Schulz (Eds.),
Origin and Early Evolution of Comet Nuclei, 2008

A. Balogh, A. Bykov, P. Cargill, R. Dendy, T. Dudok de Wit, J. Raymond (Eds.),
Microphysics of Cosmic Plasmas, 2014

M. Falanga, T. Belloni, P. Casella, M. Gilfanov, P. Jonker, A. King (Eds.),
The Physics of Accretion onto Black Holes, 2016

A. Cazenave, N. Champollion, F. Paul, J. Benveniste (Eds.),
Integrative Study of the Mean Sea Level and its Components, 2017

R. de Grijs, M. Falanga (Eds.),
Astronomical Distance Determination in the Space Age, 2019

N. Thomas, B. Davidsson, L. Jorda, E. Kithrt, R. Marschall, C. Snodgrass, R. Rodrigo
(Eds.), Cometary Science: Insights from 67P/Churyumov-Gerasimenko, 2021

are peer-reviewed and published in
parallel as issues of Space Science
Reviews or Surveys in Geophys-
ics. Some journal papers are open
access.

Fig. 92: The first book of the ISSI
Scientific Reports series. Two work-
shops in 1996 and 1997 resulted in the
publication of the volume in 1998.
(Credit: ISSI)

Fig. 93: The “Century of Space Sci-
ence”, a compendium on space-related
research by leading experts, meticu-
lously edited, in two volumes, of 2000
pages in total. (Credit: ISSI)

The Century
of Space Science

Edited by
Johan AM. Bleeker, Johannes Geiss
and Martin C.E. Huber

Khuwer Academic Publishers
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Selection from ISSI
Scientific Reports

ISST’s Scientific Reports Series pub-
lish the results from Working
Groups or Teams. In general, they
deal with spacecraft or technical
topics, as well as with research on
methods and techniques.

10

14

G. Paschmann, P. W. Daly (Eds.), Analysis
Methods for Multi-Spacecraft Data, 1998

A. Pauluhn, M. C.E. Huber, R. von Steiger
(Eds.), The Radiometric Calibration of
SOHO, 2002

J. Geiss, B. Hultqvist (Eds.), The Solar Sys-
tem and Beyond — Ten Years of ISSI, 2005

M. C.E. Huber, A. Pauluhn, J.L. Culhane,
J.G. Timothy, K. Wilhelm, A. Zehnder
(Eds.), Observing Photons in Space —

A Guide to Experimental Space Astronomy,
2010; 2™ ed. 2013

N. Kiampfer (Ed.), Monitoring Atmospheric
Water Vapour — Ground-based Remote
Sensing and In-situ Methods, 2012

V. Minier, R. M. Bonnet, V. Bontems, T. de
Graauw, M. Griffin, F. Helmich, G. Pilbratt,
S. Volonte (Eds.), Inventing a Space Mission —
The Story of the Herschel Space Observa-
tory, 2017

ISS/I’s millennium
monument and other
special publications

Apart from its regular publications,
ISSI has been supporting several
books and volumes of special inter-
est. A very prominent example is
the “Century of Space Science”

SPATIUM 50 -

(eds. Bleeker, Geiss and Huber, 2
vols., 2001), which covers all im-
portant space-science related topics
of the last century that have been
enabling today’s research. Another
example of this kind is the book
“Surviving 1000 Centuries” by
Bonnet and Woltjer (2008), which
gives a scientific assessment of a sus-
tainable future life on Earth.

50 issues of Spatium
in retrospect

In 1998, not too long after ISSI
had been established, Hansjorg
Schlaepfer, then Contraves Space,
was convinced by Johannes Geiss to
help disseminate and transfer the
main research areas of ISSI beyond
the circle of the research commu-
nity (for more history see Spatium
No. 27, 2011). He became the first
editor and doyen of the Spatium
series, documenting basics of re-
search at ISST and many of the ISSI
seminars held for scientific audience
and the interested public. The very
first issue, of course by Johannes
Geiss, titled “Entstehung des Uni-
versums”, was published in April
1998, followed by “Das neue Bild
der Sonne” by Ruedi von Steiger
in November 1998. The first few
issues had been published in Ger-
man; however, with growing inter-
est and audience on the speakers’ as
well as on the readers’ side, the lan-
guage was switched to English.

Fig. 94: “Surviving 1000 Centuries.
Can we do it?” An assessment of the
physical conditions and boundary con-
ditions for sustainable future life on
our planet, by R.M. Bonnet and L.
Woltjer, 2008. (Credit: ISSI)

Fig. 95: The Spatium No. 1, 1998,
by Johannes Geiss, edited by
H. Schlaepfer. (Credit: ISSI)
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In 1946, Harry Harper published
the book “The Dawn of the Space
Age”, with which he not only
announced a new era, but also
coined the term “Space Age”,
which was used to describe this era
from then on. It heralded both
manned and, more importantly,
unmanned exploration of near-
Earth space and the Solar System.
A rapid development began with
the goal of sending humans into
space and exploring the universe
from space with satellites and space
probes. In the 1940s and 1950s, this
exploration was still limited to the
upper atmosphere with so-called
“sounding rockets”. But with the
first launch of an artificial Earth
satellite in 1958, the technical
conditions were in place to con-
duct astrophysics from space. The
two central persons in this devel-
opment were James A. van Allen
and Homer E. Newell. They
pushed forward that unmanned
exploration of space with artificial
satellites and space probes, which
we today call “Space Science”. The
foundation was laid by van Allen
with the publication of the confer-
ence volume “Scientific Uses of
Earth Satellites” in 1956. In the
same year, the Proceedings “Earth
Satellites as Research Vehicles”
contained an important contribu-
tion to the “International Geo-
physical Year” 1957/58 by Newell.
In 1958, the Committee for Space
Research (COSPAR) was founded.

Already in 1961, the basic works
by Lloyd V. Berkner and Hugh
Odishaw “Science in Space” and
by William Liller “Space Astro-
physics” were published. The first
comprehensive textbook entitled
“Introduction to Space Science”
was published by Wilmot N. Hess
in 1965.

The physicists of the University of
Bern were involved from the very
beginning. The first international
Space Science Symposium was held
in Nice from 11 to 16 January, 1960
and its proceedings were published
in the same year under the title
“Space Research” by Hilde Kall-
mann Bijl. Two articles by Bernese
physicists appeared in it, by the
author duos Hans Debrunner and
Friedrich Georg Houtermans and
Johannes Geiss and Hans Oeschger.
The further development of Space
Sciences in Bern was mainly driven
and shaped by the American Apollo
programme and by various mis-
sions to comets. Missions like
Cobe, WMAP, Planck, Chandra,
Spitzer, Hipparcos, Gaia, SOHO,
SDO, Parker, Kepler, CHEOPS,
HST, JWST or Seasat, Geosat,
ERS-1, ERS-2, Envisat, TOPEX/
Poseidon, Jason and the Sentinel
satellites or probes like Voyager 1
and 2, Cassini/Huygens, as well as
all Mars rovers, to mention but a
few, have revolutionised our know-
ledge in Earth sciences, planeto-
logy, astrophysics, and cosmology.

This rapid development of space
sciences led not least to the foun-
dation of the International Space
Science Institute (ISSI) in Bern by
Johannes Geiss in 1995.

On the occasion of the 50" issue of
Spatium, this development and es-
pecially the location of the ISSI in
Bern have been put into a larger
historical context and illustrated
with pictures. In particular, it has
been documented that in Bern the
observation of the Earth and the
cosmos, whether from the ground
or from space, as well as their de-
scription can look back on a long
tradition, starting with the “old”
astronomical observatory “Ura-
niae” (founded in 1822), its succes-
sor, the so-called “Telluric Obser-
vatory” (founded in 1876 and
predecessor of the Physics Insti-
tute), the outposts Muesmatt and
Zimmerwald Observatories, up to
the Building of Exact Sciences,
harbouring the Institutes of As-
tronomy, Physics (theoretical and
applied), Mathematics, and Cli-
mate and Environmental Physics
including its diverse centres, i.e.,
Center for Space and Habitability
(CSH), Albert Einstein Center for
Fundamental Physics (AEC), and
the Oeschger Centre for Climate
Change Research (OCCR).



