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Le patnmmne architectural, scientifique et technique de I’Observatoire de la Cote d’Azur
s’inscrit dans le patrimoine culturel de la région. Un programme d’ouverture au public unique
en France est en cours de développement. Ce programme comprendra quatre volets

* Présentation et mise en valeur des batiments et instruments protégés au titre des Monuments
Historiques.

* Aménagements muséographiques et touristiques de sites du Calern et de Nice.

* Organisation en octobre 1996 d’un colloque international « Construction des observatoires en
Orient et Occident ».

* Réalisation d’une exposition de préfiguration sur les instruments historiques et actuels de
I’O.C.A.
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Présentation de I'O.C.A.

L'Observatoire de la Cote d'Azur (OCA)
résulte de la fusion en 1988 de deux
établissements : L'Observatoire de Nice et
le Centre d'Etudes et de Recherches en
Géodynamique et en Astronomie (CERGA).

Créé il y a plus d'un siecle grace au mécene
Raphaél Bischoffsheim, |'Observatoire de
Nice a été le premier centre de recherche
de la région nicoise. Installé sur le
Mont-Gros, il fut doté par son fondateur
d'instruments exceptionnels, de batiments
remarquables et d'une bibliotheque
scientifique tres riche.

Le CERGA a été créé en 1974 afin de
poursuivre les recherches d'astronomie de
position menées depuis plus de trois siécles
a |'Observatoire de Paris. Les instruments
sont installés au Plateau de Calern, au nord
de Grasse, les laboratoires et les bureaux
sont situés a Roquevignon, un secteur de
Grasse en plein essor.

L'effectif de I'OCA approche aujourd'hui les 250
personnes, chercheurs, ingénieurs, techniciens,
administratifs et personnel de service, ce qui en
fait'le second observatoire astronomique francgais
apres celui de Paris. Etablissement public de
recherche, 'OCA a une double mission : contri-
buer a la collecte d'informations astronomiques
et a leur interprétation, et former aux métiers de
la recherche par I'accueil d'étudiants, en
particulier dans le cadre de troisiéme cycle et de
theses, et par I'engagement de son personnel a
ces activités d'enseignements.

L'OCA s'insere efficacement dans le tissu
technologique et industriel de la Région
Provence Alpes Cote d'Azur grace a la maitrise
de techniques spécifiques a ses activités de
recherche : optique, métrologie du temps, lasers
de puissance, électromécanique de haute
précision, imagerie, vision artificielle, simulations
numériques, calculs paralléles, etc.

Le patrimoine architectural, scientifique et
technique de |I'Observatoire de la Céte d'Azur
s'inscrit dans le patrimoine culturel de la région.
Un programme d'ouverture au public est en
cours de développement dans le cadre
d'actions de tourisme scientifique.



Visites publiques
L'Observatoire de Nice

Actuellement |I'Observatoire se visite tous
les samedis a 15 heures.

La promenade guidée, dans les 35 hec-
tares du parc avec une superbe vue sur la
ville de Nice et la Baie des Anges, permet
de découvrir la coupole de Gustave Eiffel
(qui abrite une des plus grandes lunettes
du monde), ainsi que des réalisations
architecturales de Charles Garnier.

L'Observatoire de Calern

Le Plateau de Calern, au dessus de
Caussols sur les hauteurs de Gourdon est
le site moderne d'observation de I'OCA.
On y trouve un télescope de Schmidt
grand champ, une station laser-Lune, des
expériences d'interférométrie, et d'autres
instruments d'observation.

Une visite guidée sur le Plateau de Calern
permet d'approcher ces différentes instal-
lations.

Les visites sont organisées tous les
dimanches a 15h30 de mai a octobre.

Renseignements PARSEC : 04 93 85 85 58



Adresses

Observatoire de la Cote d\:
Observatoire de Nice
Boulevard de |'Observatoire
B.P. 4229
06304 - NICE Cedex 4
Téléphone : 04 92 00 30 11
Télécopie : 04 92 00 30 33

Observatoire de la Cote d'Azur
Avenue Copernic
06130 - GRASSE
Téléphone : 04 93 40 53 53
Télécopie : 04 93 40 53 33

Observatoire de la Cote d'Azur
Observatoire de Calern
2130 - Route de |I'Observatoire
CAUSSOLS
06460 - Saint Valliers de Thiey
Téléphone : 04 93 40 54 54
Télécopie : 04 93 40 54 33

Calern

Le Plateau de
Roquevignon
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“The whole of philosophy, I told her,

is based on two things,

curiosity and poor eyesight.

For if your eyes were better than they are

you would be able to see whether or not the stars are suns
which illuminate other worlds.

On the other hand, if you were less curious
you would not be bothered to know anyway,
which comes to the same thing.

But one wants to know more than one can see
and that's where the difficulty lies”.

B. Fontenelle,
French philosopher (1657-1757).

From “Entretiens sur la Pluralité
des Mondes (Premier soir)”

Translation by John A. Tully.

e




Detail of the main entrance fo the large
refractor.

on the flap :
*la Grande Coupole”, home of the large
refractor at the Observatory of Nice.

below :
General view of the Observatory in
1892, after C. Garnier.

on the cover :

Constell BOOTES (The Herd: ),
CANES VENATICI (The Hunting Dogs| and
Coma BERENICES in the J. Flamsteed's
Allas Celestis which was published in
1729 to accompany his star catalogue.

L

Drawing of the large refractor with its sup-
porting pillar and dome. *

One of the buildings designed by
C. Gamier at the close of the last century.
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IN 1879 RAPHAEL-LOUIS BISCHOFFSHEIM, A WEALTHY

banker and amateur astronomer, informed
the Bureau des Longitudes of his wish to
erect a lasting and worthy monument to
French Science. By 1881 the summit of
Le Mont Gros hill to the east of Nice had
been chosen because of its clear sky.
Bischoffsheim employed skilled craftsmen to
produce optical instruments and the machi-
nery necessary for driving and guiding the
refracting telescopes. The observatory was
provided with a magnificent library full of
scientific works iﬁcluding some complete
collections dating back to the XVII century.
He asked his friends Charles Garnier and
Gustave Eiffel to design the building which
was to house La Grande Lunette, the large
refractor with a 76 ¢cm objective lens. The
enormous dome, whose 24 m diameter
exceeds that of the Pantheon, could be rota-
ted easily since it was designed to float in
an annular tank of water.

UNDER THE LEADERSHIP OF HENRI PERROTIN, WHO

directed the observatory until 1904, astrono-
mers on Mont Gros became involved in both
positional and physical astronomy. They also
made regular meteorological and magnetic
recordings. It was during this period that the
speed of light was measured and Corsica
was linked geodetically to Nice.

N ORDER TO STRENGTHEN THE STUDY OF PHYSICAL
" astronomy, Bischoffsheim invited the talen-
ted young astronomer Henri Chrétien to join
the observatory staff. Chrétien was a creative
scientist welling over with ideas. During his
lifetime he invented some ingenious optical
instruments of which the most famous today
are the cataphote reflector, the special lenses
used in Cinemascope and the combination of
mirrors chosen for the Hubble Space

wduladonat Jeienze

Telescope. When Bischoffsheim died the
observatory was left, according to his will, to
the Sorbonne. It soon became apparent that
there was insufficient money to finance the
observatory and the First World War marked
the beginning of its slow decline.

THE IMPETUS GIVEN TO FRENCH SCIENCE IN THE EARLY

sixties, together with the arrival of Jean-
Claude Pecker as director in 1962, signalled
the start of a new era. Pecker called upon
young astronomers and physicists to collabo-
rate by bringing their observational and theo-
retical expertise to Le Mont Gros.
Instruments were set to work again; Eiffel's
dome and the great equatorial refractor it
covers were renovated; the library was com-
pletely transformed and modernised and so
became an asset for the region. The observa-
tory was one of the first laboratories in the
South East of France to acquire a digital
computer.

IN 1974 A NEW INSTITUTION KNOWN AS THE CERGA,

which means Centre for Geodynamical and
Astronomical Study and Research, was crea-
ted at Grasse by the French government. An
observing station specialising in geodyna-
mics and the development of up-to-date
equipment for astronomical observations was
set up on the Calern Plateau north of Grasse
and placed under the directorship of Jean
Kovalevsky. Today this centre of research
has grown considerably and now hosts new
teams of astronomers working with the
Schmidt telescope and optical interferome-
ters.

IN 1988 THE OBSERVATORY OF NICE, THEN OVER 100

years old, became allied to the youthful
CERGA to form a single institute
I'Observatoire de la Cote d’Azur.
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R.L. Bischoffsheim (1823-19006),
founder of Nice Observatory
in 1881.

H. Chrétien (18791956, astro-

nomer, physicist and invenfor.



Measuring

distances

by laser

techniques

laser ranged on the Moon by a
1.50 m felescope.

Surveying the Universe was
highly esteemed by the ancient
Greeks and is still an important
activity in modern astronomy. The
quest for greater precision is an
endless one and each additional
decimal place obtained for the
Earth’s diameter, or distance bet-
ween Earth and Moon, discloses
fine movements and subtle defor-
mations which result from the hid-
den structure of these well known
celestial bodies.

asers have revolutionised the technique of

measuring distance. One now measures the

time interval it takes for a reflected laser
pulse to make the round trip to and from a
target and from this measurement the distance
to the target is calculated. At the Cote d’Azur
Observatory laser pulses are aimed at artificial
satellites equipped with reflectors and also at
the cataphotes which were installed on the
Moon by American and Soviet astronauts. The
distance between the Earth and Moon is now
known to within a few centimetres, and that
of artificial satellites with even greater preci-
sion.

The light from a laser is ideal for this tech-
nique since it can be produced in very
short bursts each of which contains a

huge number of photons (typically

~1,000,000,000,000,000,000 in less than one bil-

lion’th of a second). The two lasers on the

2

Measuring

Calern Plateau operate at about ten shots per
second when aimed at satellites or the Moon.
The reflected photons are recaptured by teles-
copes and their arrival time is carefully moni-
tored. Because the lunar reflector is so far
away only one photon is recaptured on avera-
ge out of every 500 laser shots.

Laser shot diirected at a satellite.
The beam is emitted by a
device which is independent
of the telescope.
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Laser-Satellite and geodynamics

The Earth is only approximately a sphere : not
only is it flattened at the poles but its southern
and northern hemispheres are not exact
copies of each other since it rather resembles
a pear. We are able to study the form of the
Earth, as well as the movement of continents
and the internal constitution of our planet, by
carrying out accurate laser measurements of
satellite trajectories.

This technique is made possible by having
a network of tracking stations conveni-
ently distributed around the world.
: The Cote d’Azur Observatory
supports one of twenty such
stations in operation at

Laser-Moon and
the theory of gravitation

The complex motion of the Moon is the result  laser beam reflector placed on
of attractive forces between the Earth, Moon the Moon by asfronauis.

™ present.

and Sun. Precise measurements of the distan-
ce between the Earth and Moon allow gravita-
tional theories to be tested. Measurements car-
ried out for more than 20 years in Texas and
on the Calern Plateau have resulted in certain
Front view of the  theories being discarded whereas Einstein’s

lassreaieiile lescops. g Theory of Relativity has not been

challenged.
The Cote d’Azur Observatory acts as the Laser-

Moon Co-ordination Centre for the

International Earth Rotation Service. This _ ,

Figure representing the Earth.
The undulations are magnified
tion and data needed for the technological 100,000 times compared fo the
radius.

centre co-ordinates the exchange of informa-

development and scientific application of
Laser-Moon Telemetry.



The

dimensions

of stars

tarf s 3 /
Interference fringes obtained by

pointing two telescopes at

the star y Cassiopeiae.

A pair of fel
in ciment bc

Plateau

nted
lea

e Calern

One needs to know the size

of a star in order to understand
how the stellar machine works.
Astronomers only measure angu-
lar dimensions with their telesco-
pes, that is to say the area traced
out on the sky by a celestial
object. From this it is easy to
deduce the true size of a star if its
distance is known.

tars are certainly gigantic but are so far
away that they look to us no bigger than a
pea does at a distance of 1000 km. In theo-
ry it should be possible to see the disc of a
star with a telescope having a mirror that mea-
sures several hundred metres across; but to
make such a telescope is a technological chal-
lenge which is unlikely to be taken up for

many years (o come.

One way of dealing with the problem is to

use interferometry, which involves aiming two

(or more) telescopes at the same star.

Measuring

What matters now is not the diameter of the
telescopes but the distance separating them.
Thus two fairly small ground based telescopes
which are 100 metres apart can detect the
same sort of detail as a single 100 metres
telescope would if placed outside the Earth’s
atmosphere. But there is a drawback, for
although an interferometer can show up more
detail than a single large telescope, the
amount of light it collects is less. So an interfe-
rometer is not a substitute for a big telescope
but rather a complement. Its purpose and per-
formance are quite different and in particular
it can only be used to observe the brightest

stars.



the Umniuverse

details on the surfaces of stars and also to
detect very tightly bound double stars and
new planetary systems.

Lunar occultations
Because of its movement the Moon is conti-
nually passing in front of stars and blocking

out their light for anything up to two hours.

The time it takes for a star to disappear
behind the Moon is extremely brief, being less

than a tenth of a second. By rapidly recording
the event at around 1000 measurements a

General layout of the small interfe-
romefer on the Calern Plateau.

second one finds that the starlight actually
fluctuates before becoming completely extin-
guished. The size of the star determines the
shape of these fluctuations and astronomers
know how to interpret the curve and so find
the size as long as the star is bright enough.

The Great Nebula in Crion.

By allowing the light from both telescopes to
mix one obtains an interference pattern of
bright and dark fringes. There is an ideal
separation of the telescopes, related to the
angular diameter of the star being observed,
for which the fringes disappear. The pair of
telescopes are mounted on a portion of rail- |
way track about 200 metres long and in this ' :

way they can be easily moved during an
observation until the fringes vanish.

There are some very bold projects underway
Variation of the light from a star

as it vanishes behind the Moon.
The grey part lasts only a tenth
of a second.

which aim at putting interferometers into

space. These will be situated several hundreds
of kilometres apart in order to make out




Where are

the stars?

The European satellite Hipparcos,

launched in August 1989 by an
Avriane rocket.

above right

The constellation Pegasus from
J. Flamsteed's Atlas Coelestis
(1729).
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ince the start of the space age astrono- —

mers have not ceased observing from
beyond the Earth’s atmosphere in order ’,{l

to overcome atmospheric turbulence which
blurrs and alters the pointing precision of -
telescopes. The satellite HIPPARCOS was
launched in August 1989 and is now revol-
ving around the Earth above us at an altitu-
de which varies between 500 and 36,000
kilometres. The telescope it carries is obser-
ving continuously in order to monitor the
position, distance and brightness of 118,000
stars in our galaxy. The final results of this
remarkable space mission will not be avai-
lable until 1995, by which time computers
will have finished analysing the massive
amount of data produced by the detectors
on board the satellite. Two thousand years
after the Greek astronomer Hipparchus
constructed his famous list of stars, a new
stellar catalogue of unequalled precision
will become available for astronomers all

0

The well known Pleiades star cluster in the Taurus
constellation.

over the world to use. HIPPARCOS is a co-
operative European mission run by the
European Space Agency (ESA). The Cote
d’Azur Observatory houses the Co-ordina-
tion Centre for one of two groups which
are preparing and carrying out all the calcu-
lations needed prior to publication.
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Matter in the Universe

The material comprising the Universe is
assembled into galaxies which are formed
from myriads of stars, gas and dust. To
inventory and identify all of this material is
a long-term task which ought to lead to a
better understanding of how the Universe
was formed.

Galaxies are detected on photographs of
the sky having a large field of view taken
with a Schmidt telescope like the one instal-
led on the Calern Plateau. Each plate
contains several hundred thousand images
of objects (stars, galaxies, comets, asteroids
and artificial satellites) which have to be
sorted in order to extract the information
one wants. Some astronomers at the Cote
d’Azur Observatory have developed softwa-
re which enables galaxies to be detected
entirely automatically from amongst all the
images on a plate. Once it has been isola-
ted from the others the object is identified,
measured and catalogued.

The counting of galaxies together with

The Schmidt telescope at Calern.

other types of observation provides eviden-
ce of large scale structures in the Universe
whose origin is one of the great enigmas of
contemporary cosmology.

Distribution

of galaxies over

the celestial sphere.

5
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Cluster of distant galaxies in
Virgo.

The techniques of image
processing have applications
far beyond those of astronomy,
for example in the analysis of
medical images. A regional
collaboration in this field of
research has become possible
because of the
supercomputer installed at
Sophia Antipolis in the
National Institute of Research
in Computer Science and
Robotics. (The institute is
known by its French acronym
INRIA.) The computer is a new
generation machine which has
16,384 parallel processors.
Access to it, in particular from
the Céte d’Azur Observatory,
is by an ultra highspeed
network called the High Tech
Highway (La Route des
Hautes Technologies).



Movement

in the U niverse‘

Distribution of asteroids as defer-
mined by the infrared astronomi-
cal satellite IRAS.

Newtons’s celebrated Law

of Universal Gravitation allows
one to predict easily the move-
ment of two interacting bodies.
But this is no longer true for three
or more bodies, in which case the
movement becomes very compli-
cated and even chaotic as the
mathematician Henri Poincaré
pointed out towards the end

of the last century.

he solar system with its nine major pla-

nets and multitude of small bodies of

varying sizes comprising dust, grains,
rocks, mini-planets and comets, offers a
splendid environment for the study of chao-
tic phenomena which are found moreover
in many other disciplines such as chemistry,
biology and economy.

thousands
of them have been counted in the “belt”
they occupy between Mars and Jupiter.
They hurtle round the Sun in very irregular
orbits owing to the combined effects of the
Sun and planets. As for planetary rings, why
these consist of debris varying from tiny
particles of dust to huge chunks of rock
weighing several tons which are frequently
bashing into each other. All these complex

Take the asteroids for example :

movements are no doubt responsible for
the band-like structures which can be seen
both in the asteroid belt and in the rings
around planets.

8
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Thanks
to the very pre-
cise numerical methods developed
during the past twenty years, especially at
the Cote d’Azur Observatory, the origin of
the bands has been partly explained,
although many puzzling features still
remain.

Numerical simulation of turbulent flow displayed on a
computer screen.
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Gravitational force also controls the move-

ment of fluids such as the flow of water in
a river, or that of gas in stars and the atmos-
pheres of planets. Often the flow appears to
be turbulent and full of eddies.

All sorts of mathematical tools are used to
try and understand and predict the beha-
viour of turbulent motion. Pioneering
research at the Cote d’Azur Observatory has
been involved in the numerical simulation
of such movements. In one method the
fluid is approximated by millions of tiny
fluid cells and their movement is followed
with the help of supercomputers which can

be accessed from the observatory via cable
and satellite links. An alternative approach,
which is ideally suited for use on parallel
computers and has been developed in col-
laboration with many laboratories abroad,
consists of representing the fluid by a net-
work of fictitious molecules (up to a billion
of them) which are constrained to move
along the network mesh while obeying certain

Numerical simulation of a fluid flowing around
an obstacle

rules derived from classical mechanics.
Because of the scientific and technological
interests, applications of this method extend
well beyond its use in astronomy.

Numerical simulation of fractal
growth.
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(FR-LILTR-Ii] At the centre of the Sun
: : B o 15 million degree nuclear
OHCERLEEITIEE  furnace provides energy in the
form of photons which propagate
at the speed of light. In the less
dense outer layers energy is
transported towards the surface
by the upsurging of huge gas
bubbles : this is convection.
Photons from the Sun’s core are
absorbed and re-emitted many
times so that their journey
The Sun as it appears at X-ay outwards lasts millions of years.
BT Only those which are emitted
ce, some as far as the centre,
by a thin layer at the surface depends on the composition and
called the photosphere can structure of the solar material. Each

reach us directly. wave which reaches the surface
brings evidence about the depth of
the convection zone, the speed
with which internal layers are

— rotating, the temperature of
the interior, etc.” These
vibrations cause the

3 Sun’s surface to rise
and fall by between
10 cm and several

9 i i metres which,

" he Sun vibrates just as a musical instru-

ment does and the frequencies of all
those waves travelling beneath its surfa-

Power

Frequency in mHz

Diagram of the Sun’s 5 minute
vibrations as measured at the
South Pole.

318 9
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An archway of hot gas above the surface of the Sun.

compared to the 700,000 km radius, is very
small indeed. The vibrations have closely
spaced frequencies and in order to separate
them one needs to observe the Sun conti-
nuously for several days on end.

A team from the Astrophysical Laboratory at
Nice University, in collaboration with astro-
nomers of the Cote d’Azur Observatory,
succeeded in making the first ever conti-
nuous observation of the Sun by installing
their equipment at the South Pole. Members

Xray spectrum of ionised calcium during a solar eruption.

21 MAY 1980
21:05:35 HRS UT

Te=159 10K
N(CaXVIlI}/N(CaXiX)=0.19
N(CaXX)/N(CaXIX)=0.30
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of the team are now engaged in setting up
an international observation network in
order to keep track of the Sun from readily
accessible locations scattered around the
World. Within a few years a satellite belon-
ging to the European Space Agency will
take over the task of continuously monito-
ring the Sun’s vibrations.

Material which cannot be seen by the
naked eye extends far beyond the solar disc
and forms what is known as the solar coro-
na. This tenuous mantle of hot gas emits an
abundance of X rays which can be captured
and detected only in outer space. It is from
here that observations have shown just how
complex and rich this outer region is.
Material is seen to be trapped in great loops
of magnetic field; enormous dark regions
called coronal holes exist through which
streams of electrically charged particles
pour out into the interplanetary medium. A
few days after emerging from the Sun these
streams give rise to the Aurorae Borealis as
well as perturbing radio communications.
There are also enormous eruptions which
eject solar material out to distances of up to
500,000 kilometres.

Atomic physicists at the Cote d’Azur
Observatory are participating in the analysis
of X-ray radiation from these eruptive zones
in order to determine the temperature,
which is of the order of tens of millions of
degrees, as well as the density, chemical
composition and speed of the gas.

1

At the South Pole you have fo

do everything yourself ...

a smile.

with
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Some 200 people work at the Observatory of
whom about 80 are scientists, 80 are engineers or
technicians and 40 are in administration or mainte-
nance. There are also fifteen or so graduate students
studying for higher degrees. Apart from the

students, all members of the Observatory are state
employees. Salaries amount to around 25 million
francs a year.

Calern Plateau : Sunset over

Financial support

In 1990 the Ministry of National Education alloca-
ted 5.7 million francs to the Observatory. A further
4.2 million francs were provided by the CNRS for
funding research related to the construction of instru-
ments and developing computer science, etc. Grants
totalling 3 million francs came from organisations
such as the National Centre for Space Studies
(CNES), the European Economic Community,

the National Geographical Institute, efc.
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